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Foreword

The definition of genius is taking the complex and making it simple. 
 —Albert Einstein.

It is what it is. 
 —Bill Belichick, winning coach of five Super Bowls

The above two famous quotes describe a whole lot about this book and its 
editors. Hal Martin and Juan Gomez-Hoyos have brought together some bril-
liant minds and simplified the most poorly understood part of our musculo-
skeletal anatomy. They use colored diagrams, striking dissections of fresh 
cadavers, and photographs of actual pathology to make this anatomy simple. 
They unveil answers to anatomic and pathological mysteries within our deep 
derriere. Don’t get me wrong. We readers cannot just sit back with a glass of 
sherry and read this book casually. Understanding this anatomy is not all that 
easy. There is a lot to it and a lot of it. New England Patriot Coach Belichick 
might say, “The anatomy is what it is.” There are a lot of twists and turns. This 
anatomy remains treacherous. Many diagnoses dwell here that possibly 
explain the various types of suffering that we see.

The book’s title, Posterior Hip Disorders, is brilliant. Among surgeons, 
there are currently two definitions of the hip. It is either just the ball and 
socket or, more inclusively, the entire side of our body between the top of the 
lower extremity and waist (https://www.collinsdictionary.com/us/dictionary/
english/hip). The two editors deftly dodge this semantic issue. The definition 
of the hip remains however one wants to define it. The exact definition does 
not matter. The many anatomic sources of pain in this region apply no matter 
the definition. No doubt, we need to understand more. By creating this book, 
Martin and Gomez-Hoyos have now laid the anatomic foundation from which 
we can build our new understandings about this region.

As I see it, the entire unit of the body from mid-chest to mid-thigh remains 
largely unstudied. That is why I am coming out soon with a book called 
Introducing the Core. With their book, Martin and Gomez-Hoyos now make 
me look good. They have now tackled the part of the core anatomy that I 
struggled with the most. Thank you, Hal and Juan. You have done me, and 
everyone who wants to know a lot more about the core, a great service. And 
you are helping so many patients.

PA, USA William C. Meyers

https://www.collinsdictionary.com/us/dictionary/english/hip
https://www.collinsdictionary.com/us/dictionary/english/hip
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Posterior Hip Disorders: Clinical Evaluation and Management is a novel text 
intended for all health providers caring for patients with pain coming from 
anatomic structures around the posterior part of the hip.

Interest in posterior hip disorders has increased in recent years as new 
studies and theories have emerged regarding the disease process. Although 
most of the differential diagnoses mentioned in this text have traditionally 
been considered uncommon, recent reports suggest that these problems have 
instead been commonly overlooked. Understanding of the etiology and evolv-
ing research on intra- and extra-articular hip problems is essential to diagnose 
and treat the spectrum of posterior hip diseases.

Patients presenting with posterior hip pain require a methodical history 
and physical examination with specific diagnostic tests to assess all structures 
around the hip. These structures are categorized into five levels as osseous, 
capsulolabral, musculotendinous, neurovascular, and kinematic chain. The 
influence of the biomechanics in producing hip pathology has been marginal-
ized for a long time; however recent scientific advances have proven that our 
human body works as a unit and any change in the normal range of motion of 
a joint could lead to compensatory changes both caudal and cephalic to that 
given joint. The complex biomechanics require a balanced interaction 
between anatomic structures, neuromuscular activity, and range of motion.

Apart from structural explanations for specific diseases, we truly believe 
in the mind-body-spirit connection as an essential part of the treatment of 
diseases generating chronic pain. Failure to identify the organic cause of pos-
terior hip pain in a timely manner as well as an unnoticed mind-body-spirit 
connection problem can increase pain perception, deteriorate patient’s hope, 
and consequently affect quality of life.

This book presents advances in physical examination, diagnostic tools, 
therapy, and surgical techniques from different parts of the world as valuable 
information to doctors to help ensure that the final result will give our patients 
a new hope. We are confident that this book on posterior hip disorders will be 
a valuable source of theoretical and applied knowledge enabling human-cen-
tered care.

Dallas, TX, USA Hal D. Martin, DO 
Dallas, TX, USA / Medellín, Colombia  Juan Gómez-Hoyos, MD 

Preface
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 Introduction

The deep gluteal space is the cellular and fatty tis-
sue located between the middle and deep gluteal 
aponeurosis layers [1, 2]. This space is anterior 
and beneath the gluteus maximus and posterior to 
the posterior border of the femoral neck, with the 
linea aspera (lateral), the sacrotuberous and falci-
form fascia (medial), the inferior margin of the 
sciatic notch (superior), and the hamstring origin 
(inferior) (Fig. 1.1). At its inferior margin, it con-
tinues into and with the posterior thigh. Laterally 
it is demarcated by the linea aspera and the lateral 
fusion of the middle and deep gluteal aponeurosis 
layers extending up to the tensor fasciae latae 
muscle via the iliotibial tract. The anterior limit is 

formed by the posterior border of the femoral 
neck and the greater and lesser trochanters 
(Table 1.1). Within the space, superior to inferior, 
the piriformis, superior gemellus, obturator inter-
nus, inferior gemellus, and quadratus femoris are 
included. The medial margin is comprised of the 
greater and minor sciatic foramina (Fig. 1.2). The 
greater sciatic foramen is bounded by the outer 
edge of the sacrum, greater sciatic notch (supe-
rior) and sacrospinous ligament (inferior). The 
limits of the lesser sciatic foramen are the lesser 
sciatic notch (external), sacrospinous lower bor-
der (superior), and the upper edge of the sacrotu-
berous ligament (inferior) [1–3]. Our aim is to 
describe gross and endoscopy anatomy of the 
structures within this space.
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Fig. 1.1 Schematic of the deep gluteal space (Modified 
from Hal Martin et  al. [2]) IT isquial tuberosity and 
hamstring origin, LA linea aspera, LT lesser trochanter, 
OI obturator internus, PF piriformis, QF quadratus fem-
oris, SSL sacrospinous ligament STL sacrotuberous 
ligament

Table 1.1 Limits and contents of the deep gluteal space

Limits
    • Posterior limit is the gluteus maximus muscle
    •  Anterior limit is formed by the posterior border of 

the femoral neck
    •  Laterally is limited by the linea aspera and the 

lateral fusion of middle and deep gluteal 
aponeurosis layers reaching the tensor fasciae latae 
muscle (iliotibial tract, ITT)

    • Medial: sacrotuberous and falciform fascia
    • Superior: inferior margin of the sciatic notch
    • Inferior: hamstring origin
Content
    • Sup/inf gluteal nerves
    • Vessels, ACFM
    • Ischium
    • Sacrotuberous/sacrospinous ligaments
    • Sciatic nerve
    • Piriformis
    • Obturator int/ext
    • Gemelli
    • Quadratus femoris
    • Hamstrings

19

11

13

20

12

14

17

15

4

16

1 6

5

3

2

18
8

4

7

10

9

Fig. 1.2 Osteoarticular dissection of the hip joint (lateral 
view). (1) Head of femur. (2) Acetabular fossa or cotyloid 
fossa, with the pulvinar. (3) Lunate articular surface. (4) 
Acetabular labrum. (5) Ligamentum teres. (6) Fovea capi-
tis. (7) Capsule of the hip joint (resected). (8) Paralabral 
sulcus, labrum-capsular sulcus, or perilabral recess. (9) 
Anterior inferior iliac spine. (10) Rectus femoris tendon 
cut (reflected and straight heads of the rectus femurs ten-
don). (11) Greater sciatic foramen. (12) Lesser sciatic 
foramen. (13) Sacrospinous ligament. (14) Sacrotuberous 
ligament. (15) Greater trochanter. (16) Lesser trochanter. 
(17) Ischial tuberosity. (18) Pubic tubercle. (19) Sacroiliac 
joint. (20) Coccyx

 The Ligaments

Within the deep gluteal space of great importance 
are the sacrotuberous and sacrospinous ligaments 
and the ischiofemoral ligament and the femoral 
arcuate ligament (orbicularis ligament).

The ischiofemoral ligament arises from the 
ischiatic rim of the acetabulum, and attaches 
to the posterior aspect of the femoral neck 
(Fig. 1.3). Due to its posterior position, the main 
function is to restrict the internal rotation but also 

L. Pérez-Carro et al.
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the adduction when the hip is flexed. The femo-
ral arcuate ligament (orbicularis ligament) origi-
nates at the greater trochanter; passes deep to 
the ischiofemoral  ligament, around the posterior 
aspect of the femoral neck; and attaches to the 
lesser trochanter. This ligament acts tensioning 
the capsule in extreme flexion and extension of 
the hip. Previously this ligament was described 
as orbicularis zone because of the direction of its 
fibers [4, 5].

The sacrotuberous and sacrospinous liga-
ments create the greater and lesser sciatic fora-
men, which communicate the deep gluteal space 
with the true pelvis and ischioanal fossa 
(Fig. 1.4).

The sacrospinous ligament (SSL) consists of 
dense connective tissue and contributes to the sta-
bility of the bony pelvis. It attaches to the ischial 
spine laterally and lower part of the sacrum and 
coccyx medially. The internal pudendal and infe-
rior gluteal vessels, sciatic nerve, and other 
branches of the sacral nerve plexus pass through 
the greater sciatic foramen in close proximity to 
the ischial spines and SSL.

The sacrotuberous ligament. From its broad 
superomedial attachments (posterior portion of 

Fig. 1.3 Posterior view of the right hip joint. Observe the 
presence of the ischiofemoral ligament (IFL) and femoral 
arcuate ligament (orbicularis ligament) (FAL) that passes 
below the first one

a b c

Fig. 1.4 (a–c) Sacrotuberous and sacrospinous ligaments. 
Sacrospinous ligament (SS): It attaches to the ischial spine 
laterally and lower part of the sacrum and coccyx medially. 
Sacrotuberous ligament (ST): From its broad superomedial 

attachments (posterior portion of the iliac crest, the lower 
three sacral vertebrae, and the coccyx), the fibers of the 
sacrotuberous ligament converge as they pass downward, lat-
erally and slightly anteriorly toward the ischial tuberosity

1 Gross and Endoscopic Posterior Hip Anatomy
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the iliac crest, the lower three sacral vertebrae, 
and the coccyx), the fibers of the sacrotuberous 
ligament converge as they pass downward, later-
ally and slightly anteriorly toward the ischial 
tuberosity. A number of ligamentous and muscu-
lar structures are intimately associated with the 
sacrotuberous ligament. The sacrotuberous liga-
ment is normally composed of two parts: a liga-
mentous band and a membranous falciform 
process [6]. Both sacrospinous and sacrotuberous 
ligaments are anatomically close to the pudendal 
nerve and may be involved in the entrapment of 
this nerve.

 The Muscles

The muscles covering the posterior aspect of the 
hip joint form two layers. The outer layer consists 
of the gluteus maximus, which together with the 
fascia lata and the tensor fasciae latae form a con-
tinuous fibromuscular sheath that can be viewed 
as the “pelvic deltoid” as Henry noted, because it 
covers the hip much as the deltoid covers the 
shoulder [7] (Fig. 1.5). The inner layer consists of 
the short external rotators of the hip, the pirifor-
mis, the superior gemellus, the obturator inter-
nus, obturator externus muscle, the inferior 
gemellus, and the quadratus femoris. The gluteus 
medius and minimus cover the lateral pelvis, and 

by their insertion to the greater trochanter, they 
act as hip abductors (Fig. 1.6).

The gluteus medius muscle has three differ-
ent groups of fibers [8] that act over the hip 
joint in a different way: anterior fibers produce 
an abduction and internal rotation of the hip, 
posterior fibers produce also abduction but 
external rotation of the hip, and finally the mid-
dle fibers only produce abduction. The gluteus 
medius attachment can also be divided into 
three parts [9].

• The main tendon arose from the central poste-
rior portion of the muscle, and it is attached to 
the superoposterior facet of the greater tro-
chanter. The thickness of this main tendon is 
not homogeneous, so the medial part is thicker 
than the lateral one.

• The lateral part of the tendon takes its origin 
from the undersurface of the gluteus medius 
muscle, and it is usually thin. It is attached 
into the lateral facet of the greater trochanter 
and continues anteriorly covering the insertion 
of the gluteus minimus tendon.

• The anterior part of the tendon is surrounded 
and attached by the gluteus minimus muscle.

The gluteus minimus muscle, which is covered 
by the gluteus medius muscle, attaches to the 
greater trochanter through two different 

Anterior

Proximal

Fig. 1.5 Posterior view 
of the right gluteus 
region. The gluteus 
maximus has been 
partially resected to 
show the gluteus medius 
main attachment into the 
superoposterior facet of 
the greater trochanter. 
(1) Gluteus medius m. 
(2) Gluteus maximus m. 
(3) Greater trochanter. 
(4) Tensor fascia latae 
m. (5) Iliotibial band
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 components [9] (Figs. 1.7 and 1.8). The main ten-
don is attached mainly in the anterior (lateral and 
inferior aspect) facet of the greater trochanter. 
The fibers that compose this main tendon are the 
anterior muscle fibers. The secondary part of the 
gluteus minimus is attached through a muscular 
insertion into the anterior and superior aspect of 
the hip capsule.

The quadratus femoris muscle (QFM) is a flat 
and quadrilateral muscle, situated within the deep 
gluteal space of the hip [10]. It has a somewhat 

striated appearance, the fibers running along the 
axial plane. They are more closely opposed along 
the femoral end of the muscle. Along the ischial 
aspect, they are more loosely arranged and have 
more interspersed fat. Quadratus femoris nerve 
arose from the ventral surface of L4, L5, and 
S1  in 79.4% of population. It exits the pelvis 
through the greater sciatic notch, travels inferi-
orly along the anterior surface of the gemellus 
and obturator internus muscles, and enters the 
quadratus muscle along its anterior surface [8–
10]. The QFM is bordered anteriorly by obturator 
externus muscle, iliacus-psoas distal tendon, the 
lesser trochanter, and the posteromedial intertro-
chanteric area of the femur; posteriorly by deep 
gluteal space fat, hamstring tendons, and the 
anterior surface of the gluteus maximus muscle; 
superiorly by obturator internus-gemelli com-
plex; and inferiorly by the adductor magnus 
(Fig. 1.9). QFM is an adductor and external rota-
tor of the thigh.

The obturator internus muscle originates from 
the pelvic surface of the obturator membrane and 
surrounding bones. It inserts on to the greater tro-
chanter medial surface in union with the gemelli 
tendons. Its actions are the same as superior 
gemellus. It is innervated by the nerve to obtura-
tor internus from the sacral plexus containing 
fibers from the L5–S2 spinal nerves. The obtura-
tor internus muscle belly is located  intrapelvically. 

Proximal

Medial

Fig. 1.6 View of the short external rotators of the hip. P 
piriformis, G Sup superior gemellus, OI obturator inter-
nus, G Inf inferior gemellus, I ischion, TrMr lesser tro-
chanter, G Med gluteus medius, NP pudendal nerve, S 
sacrum

Anterior

Proximal

Fig. 1.7 Cranial view of 
the gluteus minimus 
attachment. Differentiate 
the two components: (A) 
main tendon attached to 
the anterior facet of the 
greater trochanter and 
(B) secondary attachment 
to the hip capsule. (1) 
Gluteus minimus m. (2) 
Piriformis tendon. (3) 
Internus obturator tendon 
with both gemelli. (4) 
Quadratus femoris 
muscle. (5) Sciatic nerve. 
(6) Posterior cutaneous 
nerve. (7) Gluteus 
medius muscle (resected)

1 Gross and Endoscopic Posterior Hip Anatomy



6

It usually turns tendinous as it exits the pelvis 
through the lesser sciatic foramen. Although the 
gemelli superior and inferior and obturator inter-
nus muscles are usually described separately, 
because they have a common insertion, they can 
be considered three heads of a single muscle, 
similar to the triceps brachii muscle [11] 
(Fig. 1.10).

The obturator externus has a proximal attach-
ment to the obturator foramen and courses later-
ally, inferior to the femoral neck, to insert into the 
trochanteric fossa [12]. The tendon of the obtura-

tor externus has been observed to connect to the 
hip joint capsule. The obturator externus muscle 
is technically considered a muscle of the medial 
thigh and receives innervation from the posterior 
division of the obturator nerve but is considered 
with the short rotators of the gluteal region given 
its shared function with these muscles.

The superior gemellus originates from the 
ischial spine and inserts on to the medial aspect 
of the greater trochanter in union with the tendon 
of obturator internus. The superior gemellus 
action is external rotation of the thigh; when the 

Proximal

Medial

Fig. 1.8 View of the 
relationship of the hip 
capsule with the 
piriformis. (1) Posterior 
hip capsule. (2) Gluteus 
minimus. (3) Piriformis. 
(4) Internus obturator 
with both gemelli. (5) 
Quadratus femoris. (6) 
Sciatic nerve. (7) 
Posterior cutaneous 
nerve. Gm gluteus 
medius (resected), GMt 
gluteus max tendon, IT 
ischial tuberosity, VL 
vastus lateralis

Proximal

Medial
Fig. 1.9 Quadratus 
femoris muscle view. (1) 
Gluteus medius. (2) 
Quadratus femoris. (3) 
Greater trochanter. (4) 
Sciatic nerve

L. Pérez-Carro et al.
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hip is flexed, it aids in thigh abduction. A branch 
from the nerve to the obturator internus from the 
sacral plexus containing fibers from the L5–S2 
spinal nerves provides innervation to the superior 
gemellus. The superior gemellus may be absent 
or small or may be doubled and inserted into the 
hip joint capsule. It may fuse with the piriformis 
or gluteus minimus muscle [11].

The inferior gemellus muscle originates from 
the ischial tuberosity and also inserts on to the 
medial aspect of the greater trochanter in union 
with tendon of obturator internus. Its actions are 
the same as the superior gemellus. A branch of 
the nerve to the quadratus femoris from the sacral 
plexus and lumbosacral trunk containing fibers 
from the L4–S1 spinal nerves innervates the infe-
rior gemellus. The inferior gemellus may be dou-
bled and rarely absent. It may fuse with the 
quadratus femoris [11].

The piriformis muscle occupies a central posi-
tion in the buttock and is an important reference 
for identifying the neurovascular structures 
emerging above and below it (Fig.  1.11). This 
muscle arises from the ventrolateral surface of the 
S2–S4 sacral vertebrae, gluteal surface of the 
ileum, and sacroiliac joint capsule. It runs later-

ally through the greater sciatic foramen, becomes 
tendinous, and inserts to the piriformis fossa at the 
medial aspect of the greater trochanter of the 
femur often partially blended with the common 
tendon of obturator/gemelli complex. Distal to the 
piriformis muscle is the cluster of short external 
rotators: the gemellus superior, obturator internus, 
gemellus inferior, and quadratus femoris muscle 
[13, 14]. The branches of the L5, S1, and S2 spi-
nal nerves innervate the piriformis muscle.

There are six possible anatomical relationships 
between the sciatic nerve and the piriformis mus-
cle [15, 16] (Fig. 1.12): (1) Sciatic nerve passes 
below the piriformis muscle; (2) divided nerve 
passes through and below the muscle; (3) divided 
nerve passes through and above the muscle; (4) a 
divided nerve passes above and below the muscle; 
(5) undivided nerve passes through the piriformis; 
or (6) undivided nerve passes above the muscle. 
In 120 cadaver dissections, Beason and Anson 
[15] found that the most common arrangement 
was the undivided nerve passing below the piri-
formis muscle (84%) followed by the divisions of 
the sciatic nerve between and below the muscle 
(12%). In 130 anatomic  dissections, Pecina [16] 

Proximal

Lateral

Fig. 1.10 Gemelli superior and inferior and obturator 
internus view. Because they have a common insertion, 
they can be considered three heads of a single muscle, 
similar to the triceps brachii muscle. (1) Greater trochan-
ter. (2) Obturator internus. (3) Sciatic nerve. Gm gluteus 
medius

Proximal

Lateral

Fig. 1.11 Piriformis muscle. Tendon inserts to the piri-
formis fossa at the medial aspect of the greater trochanter 
of the femur often partially blended with the common ten-
don of obturator/gemelli complex. (1) Piriformis muscle. 
(2) Sciatic nerve

1 Gross and Endoscopic Posterior Hip Anatomy
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found that the undivided nerve passed below the 
muscle in 78% of his dissections and the divided 
nerve passed through and below the muscle in 
21%. He noted the relation between high-level 
divisions of the sciatic nerve (i.e., in the pelvis) 

and the common peroneal nerve passing through 
the piriformis muscle.

Function: The piriformis muscle potentially 
plays a role not only in external rotation of the 
hip but also in restricting posterior translation of 

b e

f

g

a

d

c

Fig. 1.12 Anatomic variations of the relationship 
between the piriformis muscle and sciatic nerve. Diagrams 
illustrate the six variants, originally described by Beaton 
and Anson. (a) An undivided nerve comes out below the 
piriformis muscle (normal course). (b) A divided sciatic 
nerve passing through and below the piriformis muscle. 
(c) A divided nerve passing above and below an undivided 

muscle. (d) An undivided sciatic nerve passing through 
the piriformis muscle. (e) A divided nerve passing through 
and above the muscle heads. (f) An undivided sciatic 
nerve passing above an undivided muscle. (g) Diagram 
showing an unreported additional B-type variation con-
sisting of a smaller accessory piriformis (AP) with its own 
separate tendon
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the femoral head when the joint is flexed due to 
the shift toward a more posterior position of this 
muscle with respect to the hip joint in hip flexion 
[17]. Hip flexion, adduction, and internal rotation 
stretch the piriformis muscle and cause narrow-
ing of the space between the inferior border of the 
piriformis, superior gemellus, and sacrotuberous 
ligament.

 Hamstrings

The long head of biceps femoris (BFlh) and the 
semitendinosus (ST) have a common origin and 
a common tendon originating from the ischial 
tuberosity which ultimately divides into two sep-
arate tendons at a mean distance of 9.1 ± 2.3 cm 
from the ischial tuberosity [18] (Fig.  1.13). 
These findings correspond well with those of 
Miller et  al. and Garrett et  al. who found this 
division at a mean distance of 9.9  ±  1.5 and 
approximately 10 cm from the ischial tuberosity. 
The semimebranosus origin is located lateral on 
the ischium, while the conjoined tendon is 
located distal and posterior. The most proximal 
part of the semimembranosus tendon is conjoint 
with the BFlh/ST common tendon and gets sepa-
rated at a mean distance of 2.7 ± 1.0 cm from the 
ischial tuberosity. Garrett et  al. described this 
division more distally, at approximately 5  cm 
from the ischial tuberosity [19, 20].

 Bones Peritrochanteric Anatomy

 Proximal Femur
The typical morphology of the greater trochanter 
is produced by the architecture of the abductor 
mechanism [21, 22]. Pfirrmann et al. [9] described 
the presence of four different facets in the greater 
trochanter.

• The anterior facet can be identified on the 
anterolateral surface of the trochanter and cor-
responds to the attachment of the gluteus min-
imus tendon and is oval in shape and shares a 
medial border with the intertrochanteric line. 
The anterior border is formed by the intertro-

chanteric line just posterior to the capsular 
insertion of the hip.

• The superoposterior facet is located in the top 
of the greater trochanter and has an oblique 
transverse orientation. It gives attachment to 
the gluteus medius tendon.

• The lateral facet has an inverted triangular 
shape. It is in contact with the superoposterior 
facet through its posterior-superior border. In 
the same way, that superoposterior facet is com-
pletely covered by the gluteus medius tendon.

• The posterior facet is placed in the posterior 
aspect of the greater trochanter. It is in close 

SM

Lateral

Distal

Fig. 1.13 Hamstring tendons. The long head of biceps 
femoris (BI) and the semitendinosus (ST) have a common 
origin and a common tendon originating from the ischial 
tuberosity which ultimately divides into two separate ten-
dons. G Mr gluteus maximus, QF quadratus femoris, SM 
semimembranosus, SC sciatic nerve

1 Gross and Endoscopic Posterior Hip Anatomy
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contact with the lateral and superoposterior 
facets through its superior border. This facet 
does not receive any tendon attachment, but it 
is covered by the trochanteric bursa.

 Hip Bursae Complex

A number of trochanteric bursae have been 
described. Three of the most important ones are:  
trochanteric bursa, subgluteus medius bursa, and 
subgluteus minimus bursa [21, 23, 24]. The 
description of the “bursae complex” was per-
formed by Pfirrmann et al. [9]:

• The trochanteric bursa is the largest hip bursa. 
It is located beneath the gluteus maximus 
muscle and iliotibial tract. Its function is to 
cover the posterior facet of the greater tro-
chanter, the gluteus medius tendon, and the 
proximal part of the vastus lateralis origin.

• The subgluteus medius bursa is placed deep to 
the lateral part of the gluteus medius tendon.

• The subgluteus minimus bursa lies beneath 
the gluteus minimus tendon, in a medial and 
superior position. It covers partially the ante-
rior area of the hip capsule.

 The Nerves

Seven neural structures exit the pelvis through the 
greater sciatic notch: posterior femoral cutaneous 
nerve (sensory innervation of the gluteal region, 
perineum, and posterior thigh and popliteal fossa), 
superior gluteal nerve (motor innervation: gluteus 
medius, gluteus minimus, and tensor fascia lata), 
inferior gluteal nerve (motor innervation of gluteus 
maximus), nerve to obturator internus (motor inner-
vation of superior gemellus and obturator internus), 
nerve to quadratus femoris muscle (motor innerva-
tion of inferior gemellus and quadratus femoris and 
sensory innervation of hip capsule), pudendal nerve 
(motor innervation of perineal muscles, external ure-
thral sphincter, and external anal sphincter and sen-
sory innervation perineum, external genitalia), and 
sciatic nerve (motor innervation of semitendinosus, 
biceps femoris, semimembranosus, extensor portion 

of the adductor magnus, and leg and foot muscu-
lature and sensory innervation of the leg and foot, 
except for the saphenous nerve dermatome) [25]. 
Accompanying the respective nerves are the superior 
gluteal vessels, inferior gluteal vessels, and internal 
pudendal vessels. It is important to differentiate nor-
mal neurovascular bundles and isolated nerves that 
normally run along the deep gluteal space and not to 
confuse them with fibrovascular bands.

The superior gluteal nerve is formed by the 
posterior roots of L4, L5, and S1and exits the pel-
vis through the greater sciatic foramen (sciatic 
notch), just superior to the piriformis muscle 
(sometimes the superior gluteal nerve can 
 perforate the piriformis muscle) [26]. It courses 
with the superior gluteal artery between the glu-
teus medius and minimus muscles (Fig. 1.14). At 
a variable distance from the greater sciatic notch, 
it divides into a superior and an inferior branch 

Lateral

Medial

Fig. 1.14 Posterior view of a left hip showing the supe-
rior gluteal nerve and artery path (the gluteus maximus 
and medius muscles have been resected). (1) Superior glu-
teal nerve. (2) Superior gluteal artery. (3) Piriformis mus-
cle. (4) Gluteus minimus muscle. (5) Sciatic nerve
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[27]. Some authors described three branches [28, 
29]. The superior branch accompanies the upper 
branch of the deep division of the superior gluteal 
artery and innervated the gluteus minimus mus-
cle, gluteus medius muscle, and tensor fascia 
latae muscle. The inferior branch runs with the 
lower branch of the division of the superior glu-
teal artery across the gluteus minimus muscle 
and also innervates the gluteus medius muscle as 
well as the tensor fascia latae muscle. The infe-
rior branch is thicker than superior one.

The inferior gluteal nerve, the main motor 
nerve of the gluteus maximus, originates from 
the dorsal L5, S1, and S2 rami and leaves the pel-
vis through the greater sciatic notch, just inferior 
to the piriformis muscle and medial regarding the 
sciatic nerve. After its pass inferior to the piri-
form muscle, it divides into different branches 
which pass posteriorly into the deep surface of 
the gluteus maximus muscle (the number of 
branches can vary from 3 to 7) [30]. Apaydin 
et  al. measured the mean distance between the 
closest branch to the greater trochanter and the 
greater trochanter, and the result was 0.8  cm 
(0–2.2  cm) [30]. Ling and Kumar reported that 
the inferior gluteal nerve entered into the deep 
surface of the gluteus maximus muscles approxi-
mately at 5 cm from the tip of the greater trochan-
ter of the femur, over the inferior one-third of the 
belly of the gluteus maximus muscle [31]. The 
nerve may also send a branch to the posterior 
femoral cutaneous nerve.

 The Sciatic Nerve

The sciatic nerve, the terminal branch of the 
sacral plexus, exits the pelvis through the greater 
sciatic notch and courses anterior to the pirifor-
mis muscle in the pelvis. Descriptions of varia-
tions concerning the relationship between the 
piriformis muscle and sciatic nerve have been 
limited [15, 32–34]. It originates from the ventral 
rami of L4–L5 and S1–S3 spinal nerves. Part of 
the ventral ramus of L4 joins the ventral ramus of 
L5 to originate the lumbosacral trunk, which 
joins the first three sacral ventral rami to form the 
sciatic nerve. This nerve has two components, the 

tibial nerve (on the medial side), which is derived 
from the anterior divisions of L4–L5 and S1–S3, 
and the common peroneal nerve (on the lateral 
side), which is derived from the posterior divi-
sions of L4–L5 and S1–S2. In the gluteal area 
and proximal thigh, a third component can be 
described. That corresponds to the most medial 
part of the nerve, and it is formed by the fibers 
providing the motor innervation to the hamstring 
muscles. The sciatic nerve may divide into its 
common fibular and tibial nerve components 
within the pelvis [33]. Prevalence was 16.9% in a 
meta-analysis of cadaveric studies and 16.2% in 
published surgical case series [32]. The nerve 
exits the greater sciatic foramen as distinct tibial 
and peroneal divisions, enclosed in a common 
nerve sheath. It is not infrequent (10–15% of 
cases) [35] that the two components of the sciatic 
nerve can be easily distinguished as separate 
nerves, during their entire course, from the pelvis 
to the popliteal fossa. In those cases, usually the 
common peroneal nerve pierces the piriformis 
instead of passing caudal to it. This variation is 
usually interpreted as an “early division” of the 
sciatic nerve and understood as a premature sepa-
ration of both components. Anatomy dissections 
demonstrate instead that, regardless of their 
apparent single or obvious double macroscopic 
appearance, both components run invariably 
together, inside a common sheath, from the infe-
rior border of the piriformis muscle to the popli-
teal fossa.

Six categories of anatomic variations of the 
relationship between the piriformis muscle and 
sciatic nerve were originally reported in 1938 by 
Beaton and Anson [15]. Smoll presented the 
overall reported incidence of these six variations 
in over 6,000 dissected limbs. Relationships A, 
B, C, D, E, and F occurred in 83.1, 13.7, 1.3, 0.5, 
0.08, and 0.08% of limbs, respectively [32]. 
Therefore, with the exception of relationship A 
(normal course), the B-type piriformis-sciatic 
variation is the most commonly found. An 
 additional and unreported B-type variation con-
sisting of a smaller accessory piriformis with its 
own separate tendon is often seen. Nerve fibers of 
the fibular and tibial components maintain a pat-
tern of fiber separation in these branches and in 
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the sciatic nerve. The sciatic nerve physically 
splits in tibial and fibular divisions at highly vari-
able locations from the pelvis to the popliteal 
fossa, although this split is more frequent at the 
distal thigh [36]. Often, the split is oblique and 
may not be seen in a uniplanar MRI view [37]. 
The nerve fibers of the sciatic nerve do not course 
between the tibial and fibular divisions [25]. 
Neural tissue and nonneural tissue compose the 
sciatic nerve. The ratio neural/nonneural tissue 
changes from 2/1 at the level of piriformis muscle 
to 1/1 at the midfemur, and there is an increase in 

the nonneural tissue contribution as the sciatic 
nerve courses distally [38].

After leaving the piriformis muscle, the sciatic 
nerve runs posteriorly to the obturator/gemelli 
complex and quadratus femoris muscle. It passes 
between the ischial tuberosity and the greater tro-
chanter lying close to the posterior capsule of the 
hip (Fig. 1.15a, b). Miller et al. performed a cadav-
eric study and concluded that the sciatic nerve is 
located at a mean distance of 1.2 ± 0.2 cm from the 
most lateral aspect of the ischial tuberosity, and it 
has an intimate relation with proximal origin of the 

a

b

Proximal

Lateral

Proximal

Lateral

Fig. 1.15 (a) Sciatic 
nerve. Posterior view of 
a left hip. (1) Superior 
gluteal nerve, (2) 
superior gluteal artery, 
(3) piriformis, (4) ischial 
tuberosity, (5) 
sacrotuberous ligament, 
(6) inferior gluteal 
artery, (7) posterior 
femoral cutaneous 
nerve, (8) sciatic nerve, 
(9) quadratus femoris 
m., (10) gluteus medius 
resected, (11) obturator 
internus. (b) Sciatic 
nerve. Posterior view of 
a left hip. (1) Superior 
gluteal artery, (2) 
inferior gluteal artery, 
(3) gluteus medius
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hamstrings like the inferior gluteal nerve and 
artery [19]. As it runs down, the nerve describes a 
wide curve cephalad to the ischial tuberosity. On 
reaching the lateral aspect of this prominence, the 
sciatic nerve changes direction to run almost verti-
cally down toward the thigh. The sciatic nerve has 
a segmental arterial supply by branches of the 
inferior gluteal artery, medial circumflex femoral 
artery, and perforating arteries of the thigh (usually 
the first and second) [39–41], and the venous 
drainage is performed through the perforators to 
the femoral profunda system in the thigh and to the 
popliteal vein at the knee [42].

Under normal conditions, the sciatic nerve is 
able to stretch and glide in order to accommodate 
moderate strain or compression associated with 
joint movement. During a straight leg raise with 
knee extension, the sciatic nerve experiences a 
proximal excursion of 28.0 mm at 70–80° of hip 
flexion [43].

Function: Most sciatic neural fibers are des-
tined to motor and sensory innervation distal to 
the knee. However, important branches arise 
from the nerve in the deep gluteal space and 
thigh. It provides knee flexion by innervation of 
the posterior thigh muscles and almost all sen-
sory and motor functions below the knee. The 
tibial nerve provides all motor function to the 
posterior compartment of the leg and to the plan-
tar muscles of the foot, while the common pero-
neal nerve provides motor function to the anterior 
and lateral compartments of the leg.

Anatomical studies have demonstrated that 
the sciatic nerve in adults is located at about 
10 cm from the midline in the gluteal area [44]. 
The sciatic nerve enters the thigh deep to the 
biceps femoris muscle. In here, as opposed to the 
gluteal area, the position of the nerve with respect 
to the midline is influenced both by the degree of 
hip abduction as well as by the amount of fat 
accumulating in the inner thigh.

 Posterior Femoral Cutaneos Nerve

The posterior femoral cutaneous (PFCN) arises 
from the dorsal branch of the first and ventral 
branches of the second and third sacral rami. 

Also known as posterior femoral cutaneous 
nerve, it is not a branch of the sciatic nerve, 
although both have a close relationship in the 
midgluteal area. It exits the pelvis through the 
greater sciatic foramen, first medial and then 
superficial (more posterior in anatomic posi-
tion) to the sciatic nerve. Somewhere caudal to 
the ischium, the posterior cutaneous nerve of the 
thigh pierces the deep fascia (fascia lata) and 
becomes a superficial nerve (Fig.  1.16). The 
perineal branch innervates the upper inner 
region of the thigh, curves forward across the 
hamstrings below the ischial tuberosity, and 
runs through the fascia lata alongside the super-
ficial perineal fascia to reach the skin around the 
scrotum in men and the skin around the labia 
majora in women. It communicates with the 
inferior rectal and  posterior scrotal branches of 
the perineal nerve. The perineal branch gives off 
numerous branches to the skin of the upper part 
of the back and inner portion of the thigh, the 
popliteal fossa, and the proximal area of the 
back of the leg [45]. It provides sensory innerva-
tion to the posterior thigh as far down as the 
popliteal fossa and upper leg. It also supplies the 
sensory innervation of the lower buttocks. 

Proximal

Lateral

Fig. 1.16 Posterior femoral cutaneous nerve. This nerve 
is not a branch of the sciatic nerve, although both have a 
close relationship in the midgluteal area. (1) Sciatic nerve. 
(2) Posterior femoral cutaneous nerve
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Therefore, at the level of the subgluteal fold, 
this sensory nerve is separated from the sciatic 
nerve by the thick fascia lata, explaining why a 
subgluteal approach to the sciatic nerve will not 
consistently anesthetize the posterior thigh [46]. 
The inferior gluteal artery descends within the 
thigh alongside the PCNT and distributes blood 
to the posterior surface of the thigh [47].

 The Pudendal Nerve

The pudendal nerve arises from the sacral plexus. 
Subsequently, it passes around the ischial spine 
and reenters the pelvic cavity through the lesser 
sciatic foramen. It then courses under the levator 
ani muscle on top of the obturator internus mus-
cle. Along its course in the ischiorectal fossa, the 
nerve gives off small inferior rectal branches and 
one or two perineal branches. The nerve coursed 
through the gluteal region between the sacrospi-
nous and sacrotuberous ligaments and moved 
toward the inner surface of the obturator internus 
muscle [48] (Fig. 1.17).

 The Vessels

The anatomic positions of the superior, inferior 
gluteal artery (IGA), and medial circumflex fem-
oral artery (MCFA) are relevant within the deep 
gluteal space. Accompanying the respective 
nerves that exit the pelvis through the greater sci-
atic notch are the superior gluteal vessels, infe-
rior gluteal vessels, and internal pudendal vessels. 
The gluteus maximus muscle is a class III mus-
cle, having two dominant vascular pedicles (the 
superior gluteal artery or SGA and the inferior 
gluteal artery or IGA) and its additional contribu-
tions (the medial and lateral circumflex femoral 
arteries, the first perforating branch of the femo-
ral artery, the internal pudendal artery, and the 
lumbar artery) from the surrounding area [49]. 
The SGA exits from the pelvic cavity to the glu-
teal region in the company of the superior gluteal 
nerve lying above the piriformis muscle in the 
greater sciatic notch. The IGA enters the deep 
gluteal space with the inferior gluteal nerve and 
supplies the gluteus maximus muscle (Fig. 1.18). 
This artery also gives a superficial arterial branch 
that crosses the sciatic nerve laterally between 
the piriformis and superior gemellus muscles. 
Another branch of the IGA is the descending 
branch, which runs along the posterior femoral 
cutaneous nerve in a frequency of 72% according 
to a cadaveric study [47].

The medial circumflex femoral artery follows 
the inferior border of the obturator externus and 
crosses over its tendon and under the external 
rotators and piriformis muscle [50] (Fig. 1.19). It 
has its origin medially from the femoral artery 
between the pectineus and iliopsoas tendons, 
along the inferior border of externus obturator 
muscle. The existence of an anastomosis between 
the inferior gluteal artery and the medial femoral 
circumflex artery is frequent [51]. The vascular 
supply of the femoral head is mainly provided by 
the medial femoral circumflex artery (MFCA) 
and its branches. The MFCA has its origin from 
the deep femoral artery (83%) or the femoral 
artery (27%) [51]. The MFCA has usually five 
branches: ascending, descending, acetabular, 
superficial, and deep. The deep branch of the 

Proximal

Lateral

Fig. 1.17 Pudendal nerve. The nerve coursed through the 
gluteal region between the sacrospinous and sacrotuberous 
ligaments and moved toward the inner surface of the obturator 
internus muscle. OI obturator internus, PN pudendal nerve
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MFCA is the most responsible for femoral head 
and neck vascularization and passes just deep to 
the external rotator muscles [52].

 Surgical Technique and Normal 
Endoscopic Anatomy of the Deep 
Gluteal Space: Deep Gluteal Space 
Access

Careful preoperative planning, precise portal 
placement, a knowledge of the anatomy and 
potential complications, and a methodical 
sequence of endoscopic examination are essen-
tial for effective arthroscopy/endoscopy of any 
joint or space [53]. The deep gluteal space is a 
recently defined anatomic region for endoscopic 
access [1]. The deep gluteal space is the posterior 
extension of the peritrochanteric space so 
entrance into the deep gluteal space is accom-
plished by portals traveling through the peritro-
chanteric space, which is between the greater 
trochanter and the iliotibial band. In most cases, 
the procedure is performed in the supine position 
and may be performed concomitant to a hip 
arthroscopy of the central and/or peripheral com-
partments, if indicated.

Voos et  al. [54]. described the arthroscopic 
anatomy of the hip in the peritrochanteric com-
partment: The borders of the peritrochanteric 
compartment consist of the tensor fascia lata and 
iliotibial band laterally, the abductor tendons 
superomedially, the vastus lateralis inferomedi-
ally, the gluteus maximus muscle superiorly, and 

Proximal

Lateral
Fig. 1.18 Close detail 
of the superior and 
inferior gluteal arteries. 
The superior gluteal 
artery (1) exits from the 
pelvic cavity to the 
gluteal region in the 
company of the superior 
gluteal nerve lying 
above the piriformis 
muscle (3). The inferior 
gluteal artery (2) enters 
the deep gluteal space 
with the inferior gluteal 
nerve and supplies the 
gluteus maximus muscle

Proximal

Medial

Fig. 1.19 Posterior view of the pelvitrochanteric muscles 
on a left hip. The quadratus femoris muscle has been par-
tially removed to show the ascendant branch of the medial 
femoral circumflex artery. (1) Medial femoral circumflex 
artery. (2) Hip capsule. (3) Greater trochanter. (4) Lesser 
trochanter. (5) Sciatic nerve

1 Gross and Endoscopic Posterior Hip Anatomy
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its tendon posteriorly. Within the space exist the 
trochanteric bursae and the gluteus medius and 
minimus tendons at their attachment on the 
greater trochanter.

Different portals have been described to access 
the peritrochanteric space. Basically, we can 
divide these portals into two groups: (1) standard 
portals redirected to the peritrochanteric space 
(anterolateral, anterior, and posterolateral portals) 
and (2) portals described to access the peritrochan-
teric space [55] (proximal anterolateral accessory 
portal, distal anterolateral accessory portal, 
peritrochanteric space portal, and auxiliary pos-
terolateral portal) (Fig. 1.20a, b). The peritrochan-

teric space portal is established at the level of the 
modified mid-anterior portal 1  cm lateral to the 
anterior superior iliac spine and in the interval 
between the tensor fascia lata (laterally) and the 
sartorius (medially). This portal enters peritro-
chanteric space underneath IT band at level of vas-
tus lateralis ridge. Entering at  vastus lateralis ridge 
avoids inadvertent deep penetration of vastus late-
ralis or gluteus medius muscle. The proximal 
anterolateral accessory portal is placed directly 
posterior to the proximal mid-anterior portal 
3–4 cm proximal. It perforates the junction of the 
gluteus maximus and tensor fascia lata to form the 
iliotibial band, entering into the peritrochanteric 

a

b

Fig. 1.20 (a, b) Left 
gluteal region showing 
portal placement for 
subgluteal endoscopy. 
(1) Midanterior portal. 
(2) Distal anterolateral 
accessory portal. (3) 
Anterolateral portal. (4) 
Posterolateral portal. (5) 
Auxiliary posterolateral 
portal placement
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space. The distal anterolateral accessory portal is 
placed distally to the peritrochanteric space portal 
at the same distance that exists between the first 
two portals (proximal anterolateral accessory and 
peritrochanteric space portals). It penetrates into 
the peritrochanteric space just anterior to the ilio-
tibial band. This portal is the only one which has a 
structure at risk, the transverse branch of lateral 
femoral circumflex artery. This artery courses in 
close proximity to the distal anterolateral acces-
sory portal before going deep into the vastus late-
ralis muscle. Robertson et al. located this artery at 
a mean distance of 23.4 mm (range 17–40 mm) 
medially to the portal [55].

Technique: Following the completion of the 
central and peripheral work, any traction is dis-
continued, and the leg is abducted to about 
15–20° in order to open the interval between the 
trochanter and the iliotibial band, and the leg is 
internally rotated 20–40°, for the same reason. 
We perform the procedure with the 70° arthro-
scope, and in some cases or larger patients, the 
use of an extra longer arthroscope is required 
(Fig. 1.21). First the peritrochanteric space portal 
is established. A 5.0-mm metallic cannula is 
positioned between the ITB and the lateral aspect 
of the greater trochanter, and the tip of the can-
nula can be used to sweep proximal and distal to 
ensure placement in the proper location. 
Fluoroscopy can also be used to confirm that the 

cannula is located immediately adjacent to the 
greater trochanter at the vastus ridge (Fig. 1.22).

The arthroscope is placed perpendicular to the 
patient, and look in a distal direction in order to 
identify the gluteus maximus tendon inserting 
into the linea aspera of the femur posteriorly. 
Then the peritrochanteric space is entered 
through the anterolateral accessory, distal antero-
lateral accessory, and posterolateral portals as 
working portals, and systematic inspection of this 
space is performed. Visualizing through the 
peritrochanteric portal, the examination begins at 
the gluteus maximus insertion at the linea aspera 
(Fig. 1.23a, b). Fibrous tissue bands may need to 
be removed from the space in this location to 
visualize the coalescence. Once this structure is 
identified, the area of the sciatic nerve can then 
be known. It lies directly posterior to this struc-
ture as it exits the deep gluteal space. Rotating 
proximally, the vastus lateralis fibers are identi-
fied and can be traced toward its insertion on the 
vastus tubercle. Rotating the arthroscope anterior 
and superior, the gluteus minimus tendon is visu-
alized anteriorly. Moving anteriorly above the 
gluteus minimus lies the gluteus medius tendon 
and its attachment to the greater trochanter. 
Fibrous bands from the trochanteric bursa may 
need to be removed in order to best visualize the 
medius attachment to the greater trochanter 
(Fig.  1.24). The iliotibial band sits posteriorly 

Fig. 1.21 Equipment. 
Perform the procedure 
with the 70° 
arthroscope, and in some 
cases or larger patients, 
the use of an extra 
longer arthroscope is 
required
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a b

Fig. 1.23 Endoscopic view of the right hip. Visualizing through the peritrochanteric portal, the examination begins at 
the gluteus maximus insertion at the linea aspera. (a) Gluteus maximus insertion. (b) Vastus lateralis

a b

Fig. 1.24 (a, b) Endoscopic view of the right hip. Fibrous 
bands and bursa from the trochanteric bursa may need to 
be removed in order to best visualize the medius attach-

ment to the greater trochanter. (a): (a) Fibrous bands and 
bursa, (b) vastus ridge. (b): (a) Greater trochanter, (b) glu-
teus medius

Fig. 1.22 Right hip. Entering at vastus 
lateralis ridge avoids inadvertent deep 
penetration of vastus lateralis or gluteus 
medius muscle
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and can be seen with a small posterior maneuver 
of the arthroscope and rotation. For better sciatic 
nerve assessment, we switch the scope to the 
anterolateral portal and the procedure then con-
tinues by exposure of the bursa and resection of 
abnormal bursal tissue, and the sciatic nerve is 
identified. It lies 3–6 cm directly posterior to glu-
teus maximus tendon inserting into the linea 
aspera as it exits the deep gluteal space. Sciatic 
nerve assessment is carried out through the 
anterolateral and posterolateral portals in many 
cases, but sometimes we need an auxiliary pos-
terolateral portal [1]. It is placed 3 cm posterior 
and 3  cm superior to the greater trochanter. It 
allows a better visualization of the sciatic nerve 
up to the sciatic notch. There is a significant risk 
of injury of the superior gluteal nerve if the glu-

teus medius muscle is perforated with the can-
nula by error.

Inspection of the sciatic nerve begins distal to 
the quadratus femoris (Fig. 1.25), just above the 
gluteal sling. Visualize the sciatic nerve as it 
courses posterior to the quadratus femoris, noting 
the color, epineural blood flow, and epineural fat. 
A normal sciatic nerve will have noticeable epi-
neural blood flow and epineural fat, whereas an 
abnormal sciatic nerve will appear white, lacking 
epineural blood flow (Fig.  1.26). The epineural 
fat in many cases is diminished or completely 
obliterated. Take care to preserve as much of the 
epineural fat pad as possible during dissection 
[57]. A blunt probe or surgical dissector can then 
be employed to expose the sciatic nerve and 
determine the tension [56]. After the dissection at 

a b

c d

Fig. 1.25 (a–f) Endoscopic view of the left hip. Dissection 
at the level of the quadratus femoris. (a): (a) Quadratus femo-
ris, (b) window to access the sciatic nerve. (b): (a) Sciatic 

nerve. (c): (a) Sciatic nerve, (b) quadratus femoris. (d): (1) 
First perforating femoral artery (distal to quadratus), (2) qua-
dratus femoris. (e, f): (1) Quadratus femoris, (2) sciatic nerve
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e f

Fig. 1.25 (continued)

a b

c

Fig. 1.26 (a–c) Sciatic nerve vascularity. Normal sciatic nerve will have noticeable epineural blood flow and epineural 
fat, whereas an abnormal sciatic nerve will appear white, lacking epineural blood flow
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the level of the quadratus femoris, turn the scope 
distal and perform all distal decompression 
before any proximal work. Inspect the ischial 
tunnel (Fig. 1.27), hamstring origin, and sacrotu-
berous ligament (Fig. 1.28), releasing any fibers 
from the sciatic nerve. Assess the lateral, medial, 
and retrosciatic borders of the sciatic nerve to 
ensure the distal release is complete. Identify the 
posterior cutaneous nerve (Fig.  1.29). After the 
distal dissection, move proximal for a trochan-
teric bursectomy, while paying attention to keep 

the shaver blade directed away from the gluteus 
medius. The sciatic nerve should now also be 
possible to visualize proximally, and care must 
be taken to avoid nerve damage caused by the 
motorized instrument or excessive traction. When 
the piriformis tendon is identified (Fig. 1.30), it 
should be possible to identify the tendons of the 
gemellus and obturatorius internus muscles 
(Fig. 1.31). Clean any vascular scar bands over 
the quadratus femoris and the conjoint tendon of 
the gemelli and obturator internus. A blunt 

a b

Fig. 1.27 (a, b) Endoscopic view of the right hip looking distally showing the ischial tunnel. (a) Sciatic nerve. (b) 
Hamstring tendons

Fig. 1.28 Left hip. H hamstring origin, IT ischial tuber-
osity, Q quadratus muscle at the isquial tuberosity inser-
tion, ST sacrotuberous ligament Fig. 1.29 Endoscopic view in a right hip looking distally. 

(a) Sciatic nerve. (b) Posterior femoral cutaneous nerve

1 Gross and Endoscopic Posterior Hip Anatomy
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a

c

e

d

b

Fig. 1.30 (a–e) Piriformis tendon is identified proximally. 
(a): Left hip: (1) sciatic nerve, (2) piriformis muscle, (3) piri-
formis tendon. (b): Right hip: (a) sciatic nerve, (b) piriformis 
muscle, (c) piriformis tendon. (c): Right hip: (a) releasing the 

piriformis tendon, (b) sciatic nerve. (d): Left hip: (1) sciatic 
nerve, (2) branch of the inferior gluteal artery, (3) piriformis 
muscle (4). (e): (1) Piriformis tendon, (2) piriformis muscle, 
(3) branch of the inferior gluteal artery, (4) sciatic nerve
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 dissector, such as a switching stick, can be 
employed for release of scar bands. Fibrovascular 
tissue can also be cauterized with a radiofre-
quency probe (Fig. 1.32). The concept of fibrous 
bands playing a role in causing symptoms related 
to sciatic nerve mobility and entrapment repre-
sents a radical change in the current diagnosis of 
and therapeutic approach to DGS [10] (Fig. 1.33).

With the arthroscope visualizing the nerve, the 
hip can be flexed and rotated in any direction in 
order to assess not only the mobility but also for 
any evident of impingement. The kinematic 
excursion of the sciatic nerve is then assessed 
with the leg in flexion with internal/external rota-
tion and full extension with internal/external 
rotation [1]. Finally, the piriformis muscle is 
located, and any abnormal anatomical variants 

Fig. 1.31 Right hip: (1) sciatic nerve, (2) obturator 
internus

a

c

b

Fig. 1.32 (a–c) Vascular bands. (a): Right hip showing 
vascular tissue being cauterized with a radiofrequency 
probe. (1) Sciatic nerve. (2) Venous branch close to the 

nerve. (b) Right hip: (1) confluence of vessels, (2) sciatic 
nerve. (c) (1) Vessels after release, (2) piriformis (3) sci-
atic nerve

1 Gross and Endoscopic Posterior Hip Anatomy
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a

c

b

Fig. 1.33 (a–c) Fibrotic bands. (a): Right hip: (1) Fibrotic 
band. (2) Sciatic nerve. (3) Piriformis muscle. (b): Left 
hip: (1) Sciatic nerve. (2) Fibrofatty band. (3) Piriformis. 

(c): Right hip: (1) Proximal band. (2) Medial band. (3) 
Lateral medial band

a b

Fig. 1.34 (a, b) Anatomical variants of the sciatic. 
Endoscopic view showing a type B of Beaton. Left hip. 
(a): Before the identification of the sciatic branches, the 
sciatic nerve is passing through the piriformis muscle. (1) 
Sciatic nerve. (a) Superior piriformis. (b) Inferior pirifor-

mis. (b): After dissection, a divided sciatic nerve passing 
through and below the piriformis muscle is identified. (1a) 
Sciatic nerve: tibial branch. (1b) Common peroneal nerve 
pierces the piriformis. (2a) Inferior piriformis. (2b) 
Superior piriformis
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are identified (Fig. 1.34). Constant attention must 
be paid to the branches of the inferior gluteal 
artery lying in proximity to the piriformis mus-
cle. Looking back proximal, in the region of the 
obturator internus, a superficial arterial branch of 
the inferior gluteal artery crosses the sciatic nerve 
laterally between the piriformis and superior 
gemellus muscles and must be cauterized and 
released prior to inspection of the piriformis with 
a radiofrequency probe. Some cases involve a 
large vessel or a confluence of vessels which may 
require ligation. The piriformis muscle can be 
classified as split, bulging split with the sciatic 
nerve passing through the body, split tendon with 
an anterior and posterior component, and split in 
two distinct components with one dorsally and 
one inferiorly going between a bifurcated sciatic 
nerve [1].

In many cases, a thick tendon can hide under 
the belly of the piriformis overlying the nerve. A 
rotatory shaver can be used to shave the distal 
border of the piriformis muscle to gain adequate 
access to the piriformis tendon. Carefully grasp 
the tendon with arthroscopic scissors and pull the 
scissors toward you to ensure only the tendon is 
released. The superior gluteal nerve and artery 
are in proximity and must be diligently avoided. 
Identify the inferior gluteal nerve after its pass 
inferior to the piriform muscle and possible ana-
tomical variations of the sciatic nerve (Fig. 1.35). 

Finally probe the sciatic nerve up to the sciatic 
notch (Fig. 1.36).

 Summary

Currently, there is unprecedented enthusiasm for 
hip arthroscopy, as this modality is transforming the 
management of hip injuries. The development of 
periarticular hip endoscopy has led to an under-

a b

Fig. 1.35 (a, b) Right hip. Sciatic nerve at the sciatic 
notch. (a): (a) inferior gluteal nerve after its pass inferior 
to the piriform muscle, (b) sciatic nerve, (c) piriformis 

tendon after release. (b): (1) peroneal branch of the sciatic 
nerve, (2) tibialis nerve branch of the sciatic nerve, (3) 
inferior gluteal nerve, (4) sciatic nerve running distally

Fig. 1.36 Fluoroscopic view showing location of the 
scope and instruments in the deep gluteal space. Probe at 
the sciatic notch. Switching stick at the ischial tunnel

1 Gross and Endoscopic Posterior Hip Anatomy
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standing of the pathophysiological mechanisms 
underlying piriformis syndrome, which has sup-
ported its further classification. Careful preopera-
tive planning, precise portal placement, a knowledge 
of the anatomy and potential complications, and a 
methodical sequence of endoscopic examination 
are essential for effective arthroscopy of any joint. A 
better knowledge of the deep gluteal space anatomy 
will help the surgeons to identify the different struc-
tures and treat their pathologies. The whole sciatic 
nerve trajectory in the deep gluteal space can be 
addressed by an endoscopic surgical technique, 
allowing the treatment of the diverse causes of sci-
atic nerve entrapment. The technique of endoscopic 
decompression of the sciatic nerve requires signifi-
cant hip arthroscopy experience with familiarity 
with the gross and endoscopic anatomy.
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 Introduction

Low back pain is an epidemic with an estimated 
80% of the global population complaining of 
symptoms [1]. The complex nature of the pathol-
ogy and confounding variables that attribute to 
the pain are poorly understood. In the United 
States, more than 1.5  million lumbar magnetic 
resonance imaging studies are performed every 
year. Three hundred thousand MRIs report nerve 
root compression, and only 200,000 patients 

obtain relief from discectomies or surgeries 
directed at relieving pressure on the spinal roots 
[2]. Physicians who treat spinal-related com-
plaints should recognize that other orthopedic 
diagnoses involving the hip or lower limb are 
present in approximately 86% of the cases [2].

The prevalence of low back pain in the popu-
lation results in a high level of cost for treatment. 
Currently, the low back pain symptoms are the 
most frequent motive for consultation, generally 
treated by both orthopedic surgeons and neuro-
surgeons. Low back pain treatment varies 
depending on the surgical discipline consulted; 
however, the majority of patients display no 
abnormalities on MRI and do not achieve pain 
relief from procedures directed at alleviating 
pressure on the spinal roots [2]. Failure to diag-
nose the underlying pathology may result in opi-
oid addiction.

The first description of a coexistence between 
lumbar pain and hip abnormalities was produced 
by Offierski in 1983 [3]. Lumbar pathology has 
been shown to explain hip pain, as hip pathology 
has been involved in the development of lumbar 
pain by the disruption of normal lumbopelvic 
kinematics. The classical definition of hip-spine 
syndrome proposed by Offierski considers a con-
comitant hip and spine pathology and differenti-
ates presentation as “simple,” “complex,” and 
“secondary.” Simple hip-spine syndrome is con-
sidered as only one source of pathology, whereas 
the complex is a dual hip and spine disability 
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without a clear pathologic source. The “second-
ary” classification recognizes a coexistent contri-
bution of hip and spine pathology to pain [3–5]. 
This rudimentary classification requires updating 
based on current understanding of biomechanics. 
Hip pathologies that contribute to lumbar pain 
include flexion deformities [3], osteoarthritis [6, 
7], developmental dysplasia of the hip [8], and 
limited hip range of motion [9, 10]. Recently, 
biomechanical studies have been developed to 
investigate the biomechanical relationship 
between abnormal hip pathology and lumbar 
spine kinematics. The biomechanical studies aim 
to address specific contributors to lumbar pathol-
ogy arising in the hip, as opposed to the classical 
definition in which the disease occurs simultane-
ously. The authors of the biomechanical studies 
instead propose a unique categorization of flex-
ion, extension, and flexion and extension hip-
spine effect (Table 2.1).

Accurate assessment of the hip joint requires a 
multi-level approach that takes into consideration 
the numerous structures surrounding the hip. These 
levels include the (1) osseous, (2) capsulolabral, (3) 
musculotendinous, (4) neurovascular, and (5) kine-
matic chain (see Chap. 3). The kinematic chain 
level is the most critical level for advanced under-
standing of the hip-spine relationship because 
the hip is the center axis of body movement. 
Abnormalities in any of the levels of the hip joint 

affect the overall kinematic chain motion and lead 
to disruptions in normal movement. Maintaining a 
registry that includes iHot, mHHS, and Oswestry 
Disability Index is recommended.

Structural anatomic orientation is a critical 
factor for proper body function. Any deviations 
from normal anatomy may have a profound 
impact on body motion through kinematic chain 
disturbances. The comorbidity of hip- and lum-
bar-related pain is especially observed in athletic 
activities including baseball and golf. Causation 
of pain during activity may be directly related to 
amplified mechanotransduction of forces and 
compensatory joint kinematics [11]. Cam 
impingement specifically is abundant in a 
younger athletic population in which large hip 
range of motion is required [12–16].

Current treatment methods for hip and lumbar 
spine pathologies have largely focused on the 
individual components without accounting for 
the global effects of the structures involved. The 
biomechanics of hip pathology must be studied 
in depth to provide a discreet knowledge of dis-
eases. Advanced understanding will allow for 
more comprehensive surgical and conservative 
treatment planning, as well as the development of 
devices that correct the problem effectively and 
economically. Ben-Galim et al. reported improve-
ment in low back pain symptoms following total 
hip arthroplasty [6]. Similar publications address-
ing low back pain relief after hip pathology treat-
ment including arthroscopy [9] and physical 
therapy [10] have produced promising conclu-
sions about the hip-spine relationship.

Osseous impingements that restrict normal 
hip motion include ischiofemoral impinge-
ment and femoroacetabular impingement. 
Femoroacetabular impingement is an abnormal 
osseous contact between the proximal femur and 
acetabular rim that occurs during end-range hip 
motion [13].

Recent investigations regarding the biome-
chanical interactions between hip pathologies 
including ischiofemoral impingement, femoroac-
etabular impingement, and femoral version have 
been conducted. Patients seeking treatment of 
these commonly diagnosed and treated hip 
pathologies have reported low back pain relief. 

Table 2.1 Descriptive classification of the Hip-spine 
effect

1. Limited hip motion in extension
  1.1 Ischiofemoral impingement
  1.2 Anterior capsular hip contracture
  1.3 Quadricep contracture
2. Limited hip motion in flexion
   2.1. Anterior hip impingement
  2.1.a. Pincer-type
  2.1.b. Cam-type
  2.1.c. Mixed-type
  2.1.d. Subspinous
   2.2 Posterior hip capsular contracture
   2.3 Hamstring contracture
3. Flexion and extension hip-spine
   3.1 Abnormal femoral neck version
   3.2 Abnormal pelvic tilt
   3.3 Hip osteoarthritis
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To fully understand the relationships between 
these pathologies and lumbar pain, cadaveric 
models have been developed. The cadaveric 
model provides a scientifically reproducible 
medium for testing the intricate hip-spine inter-
actions due to real-life conditions and variability 
within samples that reflect a more normal popu-
lation. Regional deformation and load change in 
the lumbar region as a consequence of abnormal 
hip anatomy provides valuable information on 
how the hip affects the spine, and its converse.

This chapter will introduce the structural 
aspects of the complex biomechanical relation-
ship between hip pathology, including ischiofe-
moral impingement, anterior hip impingement, 
and abnormal femoral anteversion, with the lum-
bar spine.

 Ischiofemoral Impingement

Ischiofemoral impingement is characterized as 
decreased space between the lesser trochanter of 
the femur and ischium of the pelvis (Fig.  2.1). 
The smallest distance between these two osseous 

structures is commonly defined by magnetic res-
onance imaging, with the feet taped in the natural 
walking position to dynamically assess the 
pathology. An ischiofemoral space distance less 
than 17 mm is a diagnostic feature for ischiofe-
moral impingement [17]. Reports by Torriani 
et al. included subjects reporting low back pain 
symptoms resulting from ischiofemoral impinge-
ment restrictions in hip motion [18]. Gómez-
Hoyos et  al. introduced two clinically relevant 
examinations to diagnose ischiofemoral impinge-
ment with high sensitivity [19]. The ischiofemo-
ral impingement test yielded a sensitivity of 0.82 
and the long-stride walking test a sensitivity of 
0.94. The reproduction of pain during these 
examinations suggests a significant cause-effect 
relationship with a terminal hip extension block. 
Secondary responses to the impingement can 
influence lumbopelvic kinematics.

Ischiofemoral impingement was utilized by 
Gómez-Hoyos et  al. as a hip extension deficit 
model to simulate a primary hip-spine effect due to 
the limited terminal hip extension effect produced 
by the hip pathology [20]. The study was the first 
to develop a biomechanical cadaveric model for 
measuring a hip-spine interaction. Ischiofemoral 
impingement was simulated by creating a zero-
space impingement between the lesser trochanter 
and lateral aspect of the ischial tuberosity using 
metallic washers (Fig.  2.2). The specimen was 
positioned laterally, and the leg was moved to 
10° and 20° hip extension in neutral hip abduc-
tion (Fig. 2.3). The loading differential between 
the native ischiofemoral space state and simulated 
impingement state, measured in newtons (N), of 
the L3-L4 and L4-L5 spinal facet joints was used 
to assess the biomechanical relationship between 
the hip pathology and lumbar spine. The spinal 
facet joints were accessed through a direct poste-
rior approach. An incision was created in the facet 
joint to allow placement of ultra-sensitive piezo-
resistive force sensors (Tekscan, Inc.) (Fig. 2.4). 
Resultant data described significant increase in 
lumbar facet joint loading during the impinge-
ment state, as compared to the native state for 
L3-L4 and L4-L5 spine segments. An aver-
age 30.81% increase in facet joint overload was 
observed between impinged state and native state.

Fig. 2.1 Ischiofemoral impingement visualized with 
MRI

2 Hip-Spine Effect: Hip Pathology Contributing to Lower Back, Posterior Hip, and Pelvic Pain
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The load-bearing properties of facet joints and 
intervertebral disks in response to frontal plane 
pelvic obliquity were recently investigated by 
Popovich et al. [21]. The characteristic patterns 
studied showed significant interactions in the 
load-sharing properties of the lumbar spine 
 segments during various directional loading 
parameters commonly experienced. Cadaveric 
lumbosacral segments were subjected to flexion/
extension, lateral bending, and axial rotation with 
the facet joints and intervertebral disks measured. 
The largest facet joint loading was observed dur-
ing rotation moments, especially when combined 
with pelvic obliquity. Conversely, intradiscal 
pressure was found to be highest in flexion and 
lateral bending positions of the spine. Isolated 
lumbar spinal flexion resulted in the lowest value 
facet joint loading. This finding is relevant to 
ischiofemoral impingement and supports the bio-
mechanical relationship observed in the study by 
Gómez-Hoyos et al. Ischiofemoral impingement 
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Fig. 2.3 Experimental 
setup and testing 
methods for 
ischiofemoral 
impingement and 
femoral version  
(1. Superior view of 
specimen positioned 
laterally on a dissection 
table with two fixated 
boards; 2. Surgical 
approach and sensor 
placement; 3. Engineer 
operating force sensor 
device; 4. Physical 
therapist manipulating 
leg positions for testing 
conditions; 5. Surgical 
assistant; 6. Computer 
software recording peak 
lumbar facet forces; 7. 
Sensor placement in 
facet joints; 8. Custom 
designed PVC frame)

Fig. 2.2 Lesser trochanter osteotomy to simulate ischio-
femoral impingement (F femur, HT hamstrings’ tendon 
origin, IT ischial tuberosity, LT lesser trochanter, QFM 
quadratus femoris muscle)
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causes a terminal block during hip extension. The 
resulting mechanism is a pelvic anterior tilt. 
Further consequences of the block result in lum-
bar spine extension and an increase in spinal 
facet joint loading due to premature coupling. 
Although intervertebral disk measurement were 
not reported in this study, one can safely assume 
a decrease in intervertebral disk loading, as the 
disk is unloaded in the spine extension state.

The presented studies addressing lumbar spine 
biomechanics in the presence of altered move-
ment and impingement provide significant insight 
into possible low back pain and Sacroiliac joint 
mechanisms. Ischiofemoral impingement was 
shown to increase lumbar facet joint loading. 
Facet joints function to transmit applied loading 
to the spine in addition to directing motion [22–
26]. These mechanotransduction properties 
inhibit potential overloading to not only the spi-
nal segments but nerve roots and intradiscal tis-
sue. A biomechanical study performed by Yang 
et al. describes facet joints bearing approximately 
3–25% of compressive loads [23]. The facet joint 
capsule contains several mechanoreceptive, pro-
prioceptive, and nociceptive nerve endings. The 
nerve endings can also be found in abundance 

within the subchondral bone and synovium [24, 
27–30]. The presented biomechanical studies 
describe significant increased loading profiles in 
response to hip movement. An untreated pathol-
ogy, such as ischiofemoral impingement, causing 
consistent prominent joint loading can result in 
low back pain due to increased nerve ending acti-
vation. Secondary issues can influence central 
nervous system response and dysfunction [22].

Ischiofemoral impingement is but one of sev-
eral factors that can contribute to abnormal hip 
and spine mechanics. A terminal hip extension 
block resulting from the impingement causes 
increased loading in the spinal facet joints. 
Further sections utilize the spinal facet joint to 
measure the impact of other hip pathologies.

 Femoral Version and the Iliofemoral 
Ligament

Femoral neck version is the axial orientation of 
the femoral neck in relation to the horizontal axis 
of the posterior femoral condyles [31–33]. For 
males, average femoral neck version is anteriorly 
oriented in 10° and 20° for females [33, 34]. 

a b

Fig. 2.4 Ultra-sensitive piezoresistive (a) force sensor and (b) placement in L3-L4 and L4-L5 lumbar facet joints. (FJ 
facet joint, ISL interspinous ligament)

2 Hip-Spine Effect: Hip Pathology Contributing to Lower Back, Posterior Hip, and Pelvic Pain
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Patients presenting with abnormal femoral neck 
version have concomitant gait symptoms as a 
result of rotational misalignment of the lower 
extremities. Decreased femoral neck version 
occurs when the femoral neck version is less than 
10° and the femoral head has a posterior projec-
tion into the acetabular cup. Femoral retroversion 
is considered as femoral neck version below 0°.

The vector ground reaction force changes 
through the gait cycle. Upon initial contact, 
heel strike, the ground reaction vector force is 
toward the anterior region of the hip joint. The 
vector then moves posteriorly as the gait cycle 
progresses [35]. Any alterations to the natural 
anatomy, whether osseous, musculotendinous, 
or capsulolabral, affect the normal transmis-
sion of the force vector during the gait cycle. 
Specifically, the axial orientation of the femo-
ral neck affects the capsulolabral and musculo-
tendinous structure of the hip and lumbar spine. 
Therefore, the ground reaction forces transmitted 
during gait may be interrupted by an abnormal 
femoral neck angle. Gómez-Hoyos et al. investi-

gated the effect of abnormal femoral version and 
the iliofemoral ligament on the lumbar spine, in a 
cadaveric model [36]. The authors hypothesized 
an increase in lumbar facet loading would occur 
in the presence of simulated decreased (−10°) 
femoral version.

Increased (+30°) and decreased (−10°) femo-
ral version were simulated in cadaveric models. 
The femoral version values were chosen due to 
bony impingements causing a premature  coupling 
block beyond the values. A transverse osteotomy 
was created distal to the lesser trochanter, and a 
lateral external fixator held the femoral segments. 
The distal portion of the femur was internally/
externally rotated to achieve desired femoral ver-
sion, based on native version measurements per-
formed with CT imaging (Fig. 2.5). The hip was 
dynamically moved from 0°to 10° and 20° hip 
extension, with neutral abduction (Fig.  2.3). 
Ultra-sensitive piezoresistive force sensors were 
used to measure loading changes in the spine 
facet joints of L3-L4 and L4-L5 (Fig. 2.4). The 
increased/decreased femoral version state was 

a b

Fig. 2.5 Increased (+30°) and decreased (−10°) femoral 
version simulation. An osteotomy was performed prior to 
experimentation. The osteotomy was held in place with an 

external fixator (a). Femur distal to osteotomy was rotated 
to achieve increased or decreased femoral version with the 
foot in 0° rotation (b)
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compared to the native state loading. Upon com-
pletion of version experiments, the medial and 
lateral arms of the iliofemoral ligament were 
released, at the mid-aspect of the ligament.

Contrary to the original hypothesis, the 
authors discovered a significant decrease in lum-
bar facet loading in the presence of decreased 
femoral version. Native version measures at 20° 
hip extension were reported to be 149.7 N in the 
L3-L4 facet joint and 147.9 N in the L4-L5 facet 
joint. In the simulated decreased femoral version 
(−10°) state, the measured loading was 74.3 N in 
the L3-L4 joint and 103.4 N in the L4-L5. The 
peak percent change between native and 
decreased femoral version was a 173.95% 
decrease for L3-L4 and 176.69% decrease for 
L4-L5. Increased femoral version, +30°, resulted 
in the largest mechanotransduction to the facet 
joints with reported values being 167.5  N in 
L3-L4 and 175.2 N in L4-L5.

Motivation to investigate the femoral version 
effect on lumbar facet loading is largely based 
on clinical observations. A recent case study by 
Martin et al. reported femoral de-rotational oste-
otomy to restore native femoral version resulted 
in relief of low back pain symptoms in all 
patients included in the cohort [37]. Mean Harris 
hip score postsurgery increased 24.5% from an 
average presurgery average of 70.7–88.0. Visual 
analog scale showed significant improvement, 
with patients reporting a 70.6% improvement 
postsurgery. The discrepancy between clinical 
observations and laboratory experiments for 
decreased femoral version concludes a profound 
impact on the lumbar spine resulting from abnor-
mal hip anatomy.

Femoral version dictates the rotatory align-
ment of the long axis of the femur. Version of the 
femoral head, associated with inclination of the 
pelvis, allows for hip flexion to be transposed 
into rotatory movements of the femoral head 
[38]. Factors including muscle activity and 
kinetic direction are contributors to rotatory 
movements and are guided by pelvic tilt and rota-
tion. Facet loading compensation can also be a 
factor of pelvic tilt. Femoral version dictates 
sacral slope, therefore inducing lumbar lordosis 
adaptations and consequent inhibitions of trunk 

flexion [39, 40]. In the case of +30° anteversion, 
the sacral slope is increased, therefore introduc-
ing lumbar hyperlordosis. The hyperlordosis 
inhibits trunk forward flexion [40]. These abnor-
malities may also be influenced by mal-aligned 
hip prostheses.

Iliofemoral ligament release in the −10° 
femoral version state resulted in decreased lum-
bar facet joint loading in L3-L4 and L4-L5. 
Specifically, a 245.7% decrease was observed in 
L3-L4 and a 257.3% decrease in L4-L5, in 20° 
terminal hip extension. The hip capsule functions 
to restrict medial rotation, followed by exten-
sion, abduction, and finally lateral rotation [41]. 
During mid-stance to pre-swing of the gait cycle, 
the leg rotates medially. Capsuloligamentous 
and muscular restrictions to hip extension and 
medial rotation force the lumbar spine to rotate 
increasingly as a compensatory mechanism. As 
previously mentioned, the facet joints function 
to inhibit axial rotation; therefore, axial lumbar 
rotation may cause increased compressive forces 
of the impacted facet joint.

Gait analysis for patients with decreased fem-
oral version was performed by Schröder et  al. 
Real-time gait analysis provides valuable infor-
mation on joint kinematics resulting from hip 
pathologies. Significant findings from this study 
include a decreased in terminal hip extension in 
the decreased femoral version cohort and signifi-
cantly increased anterior pelvic tilt throughout 
the gait cycle. Additionally, L5 markers demon-
strated increased contralateral rotation during the 
gait cycle. The results support findings and expla-
nations of hip-related pathologies contributing to 
abnormal lumbar kinematics.

 Femoroacetabular Impingement

Anterior hip impingement, specifically femoro-
acetabular impingement, is increasingly observed 
in the population [13]. The pathology exists in 
two forms: cam impingement and pincer impinge-
ment. Cam impingement is characterized by a 
bony overgrowth along the superior portion of 
the femoral head, resulting in an increased radius 
of the femoral neck at the femoral head-neck 

2 Hip-Spine Effect: Hip Pathology Contributing to Lower Back, Posterior Hip, and Pelvic Pain
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junction [42]. The cam impingement produces 
shear forces which results in an “outside-in” ace-
tabular cartilage damage and labral tears. 
Excessive hip flexion maneuvers place the anter-
osuperior femoral head within the acetabulum. 
The presence of a cam-type impingement ampli-
fies the damage as the femoral head-neck junc-
tion rolls into the acetabulum [13]. Hip flexion 
may contribute to abnormal lumbopelvic kine-
matics. Kim et al. reported significantly decreased 
hip flexion in the seated position in subjects with 
low back pain and increased posterior pelvic tilt 
[43]. Pincer impingement is a bony overgrowth 
along the acetabular border and is a result of 
abnormal acetabular development. Similar to the 
pincer impingement, continued excessive hip 
movements contribute to labral damage and 
delamination of cartilage. Pain is associated with 
these degenerative mechanisms, and early onset 
of osteoarthritis is a significant factor [12]. Cam 
and pincer impingement can occur independently 
or as a combination of the two.

As previously described with ischiofemo-
ral impingement, abnormal bony hip anatomy 
alters normal lumbopelvic function and trans-
mits increased mechanotransduction through the 
pelvis and spine. Cam and pincer impingements 
have been described to contribute to increased 
sacroiliac and lumbar spine stresses [11, 44–47]. 
Khoury et al. conducted a study to investigate the 
effect of cam-type impingement on lumbar spine 
loading [48]. Cam impingement was simulated 
in cadaveric models based on previously pub-
lished methods [42] (Fig.  2.6). Ultra-sensitive 
 piezoresistive force sensors were placed directly 
into the anterior portion of L3-L4, L4-L5, and 
L5-S1 intervertebral disks (Fig. 2.7). Loading in 
the disks was measured in the native and impinged 
state during 90° and 120° hip flexion, as well as 
hip flexion plus internal rotation. The final move-
ment was an impingement test, at which the hip 
was flexed, internally rotated, and adducted. Peak 
intradiscal loading was observed in the L5-S1 
segment (116 N) compared to L4-L5 (101 N) and 
L3-L4 (51  N) (p  <  0.001). Hip flexion to 120° 
as well as flexion plus internal rotation resulted 
in the largest intradiscal pressures, 110  N and 
106  N, respectively. The presented study con-

firmed a direct link kinematic chain relationship 
between simulated anterior hip impingement and 
lumbar intradiscal pressure during hip flexion 
and internal rotation.

Recent investigations regarding anterior hip 
impingement and lumbopelvic consequences 
have been conducted. Birmingham et  al. intro-
duced a simulated cam impingement to assess 
the impact of rotational motion at the pubic sym-
physis. Resultant data concluded cam impinge-
ment contributing to pubic symphysis rotation, 
an approximate 35% increase, after impingement 
occurs. Although pubic symphysis motion is com-
mon, premature contact as a result of abnormal 
bony hip parameters including cam impingement 
or decreased femoral version results in patho-
logic motion, especially during sports activity. 
Lamontagne et al. studied pelvic motion during 
maximal squat in subjects with cam impingement 
[12]. No differences in hip motion during the 
squat motion were observed in subjects with FAI 
compared to the control group; however the FAI 
group on average was not able to squat as low. 

Fig. 2.6 Cam-type femoroacetabular impingement simu-
lation. A fabricated wood was placed at the femoral head-
neck junction
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A significant finding observed was a decrease in 
sagittal pelvic range of motion in the FAI group 
compared to the control group. The authors pro-
pose premature contact between the femur and 
acetabulum may occur with reduced sagittal 
pitch, however femoral torsion parameters were 
not controlled.

 Nerve Kinematics and the Hip-Spine 
Effect

The presented three hip pathologies contribute to 
pelvic and spine symptoms through interruption 
of normal sciatic nerve kinematics. Nerve elon-
gation, compression, and position are directly 
proportional to hip flexion and extension range of 
motion [49]. The location of the sciatic nerve 
within the deep gluteal space increases the likeli-
hood of injury resulting from abnormal femoro-
pelvic anatomy. The resultant nerve injuries are 
secondary effects of the hip pathology. In the 
case of ischiofemoral impingement, the sciatic 

nerve transverses through the ischiofemoral 
space. The decreased space may subject the nerve 
to increased compression forces as the lesser tro-
chanter comes in contact with the ischium during 
hip extension (Fig.  2.8). Femoral version has 
been proven to influence sciatic nerve complica-
tions as well, independent of the lesser trochanter 
orientation and space. The increased femoral ver-
sion can lead to greater trochanteric sciatic 
impingement (Fig. 2.9), in addition to hip flexion 
abduction and external rotation (FABER), and 
deviations from a normal kinematic track. Martin 
et al. described the effect of femoral version on 
nerve kinematics and proved the nerve relaxes 
with increasing abduction angles [50]. The poste-
rior projection of the femoral head, observed 
with decreased femoral version, has been shown 
to elongate the sciatic nerve bedding during hip 
flexion [49]. Visual observations of the nerve dur-
ing hip flexion revealed a torsional characteristic 
to the medial line [50]. The “spiraling” effect has 
not been proven in the literature; however ana-
tomic descriptions of fiber band alignment exist 

Fig. 2.7 Sensor placement in L3-L4, L4-L5, and L5-S1 intervertebral disk
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and support this claim [51–53]. Lumbar spine 
and pelvic pain can be associated to increased 
mechanotransduction arising from abnormal 
femoral anatomy in addition to interruption of 
normal sciatic nerve kinematics.

 The Pelvis and Sagittal Plane 
Balance

A critical factor within the hip-spine-pelvis core 
pathomechanics is sagittal plane imbalance. The 
impingements and bony abnormalities addressed 
affecting the mechanotransduction of load 
through the spine do so by influencing pelvic 
planes. Deviations in pelvic position alter spinal 
alignment [54]. The normal curvature of the lum-
bar spine allows for load to be uniformly distrib-
uted through the length of the spine.

 Future Directions

Three-dimensional motion capture technolo-
gies provide an important medium to study hip-
spine interactions. Studies including Schroder 
et al.’s not only act as research mediums for these 
interactions but also act as diagnostic tools for 
patients in a clinical setting. Simplified systems 
 incorporating electromagnetic sensor systems 
are cost-efficient and provide ease of use for 
clinicians at any level. Primary investigations 
by the Hip Preservation Center regarding the 
lateral ischiofemoral impingement test describe 
a visualized anterior pelvic tilt during hip exten-
sion maneuvers. These findings support those 
 determined by Schröder et al. and confirm ante-
rior pelvic tilt occurs not only in the gait cycle 
but in a lateral position. Additional findings by 
the hip preservation group include the visualiza-
tion of a hip-pelvis pathology in deep hip flex-
ion with decreased femoral version subjects. The 
hip-pelvis interaction is a future direction of the 
overall hip-spine pathology. Premature coupling 
of the hip joint due to bony impingements and 
abnormal femoral version significantly impact 
normal lumbopelvic kinematics. Hip-spine-core 
abnormal kinematics directly influence kinemat-
ics opposite the plane of motion and affect all 
four levels of the human anatomy.

Fig. 2.9 Sciatic nerve impingement within the greater 
trochanter

Fig. 2.8 Sciatic nerve impingement within the ischiofe-
moral space
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 Clinical Examination of the Patient 
with Posterior Hip Pain

The diagnosis and treatment of patients with pos-
terior hip pain has continued to evolve due to an 
increase in understanding of hip biomechanics, 
clinical anatomy, and treatment options available 
[1]. The hip has an intimate biomechanical rela-
tionship with the spine and lower limbs and an 
anatomic proximity with intra- and extrapelvic 
structures. Patients presenting with intra-/extra-
articular posterior hip pain require a comprehen-
sive history and physical examination with 
specific diagnostic tests to assess all structural 
levels comprising the hip joint. These structural 
levels are defined as the osseous, capsulolabral, 
musculotendinous, neurovascular, and the kine-
matic chain. The understanding of anatomy and 
biomechanics of each level is essential to the 
clinical examination of posterior hip pain. The 
establishment of a group of diagnostic tests as the 
background on which to cast the shadow of the 
pathologic condition is key to the recognition of 
any complex pattern. A comprehensive standard-
ized battery of physical examination tests and 
techniques will provide reliability and lead to an 
accurate diagnosis in all layers of the hip.

The osseous level includes the femur, pelvis, 
and acetabulum which involve congruency, ver-
sion, stability, and alignment. Traditionally, 
abnormalities of the osseous level are thought of 
as bony overcoverage or undercoverage of the 
hip joint when the source of pain is largely due to 
capsulolabral insult. However with posterior hip 
pain, consideration should also be given to how 
osseous abnormalities can directly (snapping hip, 
nerve impingement) or indirectly (contracture, 
instability) involve the musculotendinous, neuro-
vascular, and kinematic levels of hip pain. The 
three planar geometry of the hip joint is complex 
and has a balanced interaction between soft tis-
sue structures, neuromuscular activity, and range 
of motion [2]. Subtle alterations in osseous align-
ment can produce posterior hip pain both cephalic 
and caudal to the joint.

The capsulolabral level involves the hip liga-
ments, capsule, and labrum, which function pri-
marily as hip joint stabilizers. The contribution to 
limiting range of motion for the ischiofemoral 
ligament, pubofemoral ligament, and medial and 
lateral arms of the iliofemoral ligament has been 
documented [3]. Recent research has shown the 
important role of the pubofemoral and teres liga-
ments in limiting hip rotation in hip flexion [4, 5]. 
Capsulolabral hip pain generators can occur con-
comitantly with posterior hip pain and should be 
sorted out accordingly. Lack of terminal hip 
extension is a major source of posterior hip pain 
and can be due to osseous, capsulolabral, and 
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musculotendinous etiologies affecting each level 
including the neurovascular and kinematic chain.

The musculotendinous layer involves the 
musculature around the hip joint and functions as 
a dynamic stabilizer for hip, pelvis, and trunk 
motion. Pain and weakness of hip joint muscula-
ture can be the primary source of pain as a muscle 
tear, tendonosis, or tendonitis. Musculotendinous 
pathology can be a primary source of posterior 
hip pain (piriformis, obturator internus, or ham-
strings) or secondary to osseous and capsulo-
labral pathology (a compensatory response to hip 
pain).

The neurovascular layer involves the neural 
and vascular structures of the hip joint. Pain, 
motor control, and proprioception contribute to 
hip joint kinematics and health. Neurovascular 
posterior hip pain can be illusive, however easily 
diagnosed with a comprehensive physical exam 
and thorough understanding of the neurovascular 
anatomy and biomechanics discussed in Chap. 2. 
Neurovascular generators of posterior hip pain 
can be extrapelvic and/or intrapelvic and there-
fore require a complete spine, urologic, and 
gynecologic history.

The kinematic chain encompasses the hip 
joint, lumbar spine, abdominal trunk, knee, and 
their interrelationship. The dynamic connection 
of the hip joint, lumbar spine, sacroiliac joint, 
and knee joint ultimately functions as a unit [6]. 
Any incongruity from all structural layers can 
result in a disruption of the kinematic chain. All 
structural levels of the hip joint and neighboring 
joints can affect the kinematic chain.

Independently, or in combination, DGS can be 
associated with distal etiologies, such as ham-
string syndrome and ischiofemoral impingement 
(IFI). The presence of a scarred sciatic nerve to 
the hamstring tendon, in cases of hamstring syn-
drome, and sciatic nerve impingement between 
the ischium and the lesser trochanter are isolated 
causes of posterior hip pain that can be distin-
guished between intrapelvic and extrapelvic sci-
atic nerve entrapment [1, 7–11].

Ischiofemoral impingement and hamstring 
syndrome are two sources of posterior hip pain 
that can simulate symptoms of DGS. These two 
dynamic pathologic conditions are associated 

with physical activity, and the coexistence of 
both conditions cannot be excluded [1, 7]. To 
evaluate the etiology of posterior hip pain, it is 
necessary to understand, correlate, and assess the 
interaction between the osseous, capsulolabral, 
musculotendinous, neurovascular, and kinematic 
levels. The combination of a comprehensive his-
tory and physical examination with imaging and 
ancillary testing is critical to diagnose DGS pre-
cisely [1, 7, 12, 13].

Johnson first described the surgical treatment 
for IFI in 1977, when noticing a narrowing 
ischiofemoral space associated with posterior hip 
pain after a total hip implant. The case was suc-
cessfully treated with resection of the lesser tro-
chanter [14]. More recently, Martin et  al. in a 
2-year outcome study showed an improvement of 
the symptoms after partial lesser trochanterplasty 
in subjects diagnosed with IFI [15]. Surgical pro-
cedures to treat chronic hamstring tears and avul-
sions have reported positive outcomes in 
comparison with nonoperative treatment. Positive 
outcomes are also confirmed for surgical proce-
dures to release scar tissue between the hamstring 
tendons and sciatic nerve [8, 16–18].

The goal of this chapter is to demonstrate how 
to recognize and diagnose the distal causes of 
DGS.  Readers will be able to distinguish inde-
pendent IFI or hamstring syndrome, which can 
exist with or without sciatic nerve impingement.

 History and Physical Examination

The assessment of posterior hip pain requires a 
complete history, comprehensive physical exami-
nation, standardized radiographic exploration, 
and specific diagnostic tests as directed [1, 13]. A 
comprehensive history of the patient is obtained 
prior to the physical examination of the hip and 
should consider all hip levels, including the kine-
matic chain. The present condition is documented 
including the date of onset, presence or absence 
of trauma, and mechanism of injury. The pain 
features and presence or absence of popping will 
aid in the determination of intra-articular versus 
extra-articular causes. Related symptoms of the 
spine, abdomen, and lower extremity are 
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 documented. The following items must also be 
addressed: previous consultations, surgical inter-
ventions, past injuries, childhood or adolescent 
hip disease, ipsilateral knee disease, suggestive 
history of inflammatory arthritis, and risk factors 
for osteonecrosis. Treatments to date must be 
clearly defined, and current limitations are 
detailed.

Participation in sports and other activities is 
documented and can help determine the type of 
injury and help guide treatment planning consid-
ering the patient’s goals and expectations. The 
hip pain and function can be scored utilizing one 
or more of the following questionnaires: Harris 
hip score (HHS) [19], modified HHS [20], inter-
national hip outcome tool (iHOT)-33 [21], and 
iHOT-12 [22].

Patients with DGS/sciatic nerve entrapment 
often have a history of trauma and symptoms of 
sit pain (inability to sit for >30  min), radicular 
pain of the lower back or hip, and paresthesias of 

the affected leg [23]. Hamstring syndrome and 
IFI have posterior hip pain that can be similar to 
the symptoms of DGS. Patients with hamstring 
syndrome and ischiofemoral impingement can 
present with radicular pain, and the coexistence 
of these conditions should be considered [1, 7].

The physical examination to diagnose DGS, 
hamstring syndrome, and IFI should be included 
in the standard hip joint evaluation protocol when 
posterior hip pain is a complaint (Table 3.1) [1, 7, 
12, 13, 24, 25]. In the present work, a brief 
description of the key points and the main six 
tests previously validated to diagnose posterior 
hip pain will be given. All hip joint evaluations 
should assess of the three planar kinematic axes, 
comprising an analysis of gait and passive/active 
maneuvers in seated, supine, and lateral 
positions.

Posterior hip pain localized to proximal or dis-
tal regions producing distal SN impingement 
have different complaints from those who exhibit 

Table 3.1 Steps for diagnosis and treatment of posterior hip pain

Condition Diagnosis Treatment
Ischiofemoral impingement Assess structural contributing 

factors
Distal pain lateral to the ischium
Gait—long-stride walking 
(recreation of pain) versus 
short-stride (alleviated pain)
Ischiofemoral impingement test

Nonoperative:
  – Abductor strengthening
  – Arch support
  – Injections
  – Limit stride length in sports and ADLs
Operative:
  – Open resection of the LT
  – Distalization of the LT
  – Ischioplasty—associated 

semimembranosus tear
  – Ischioplasty + LT resection: recreate 

normal
  – THA—associated osteoarthritis
  – Femoral osteotomy
  – Endoscopic LT resection

Hamstring syndrome Pain lateral to the ischium
Gait—heel strike (recreation of 
pain)
Active hamstring test—30° versus 
90°

  – Hamstring + IFI → ischioplasty + repair
  – Hamstring + sciatic nerve entrapment 

→open with neuromonitoring

DGS Consider spine, SI, intrapelvis, and 
gluteal space pathologies
Pain proximal at the level of the 
piriformis
Passive piriformis stretch test
Active piriformis test

Nonoperative:
  – Physical therapy—pelvic floor therapy
  – Guided injections
  – Steroids and neuromodulators
Operative:
  – Open sciatic nerve decompression
  – Intrapelvic laparoscopic decompression
  – Endoscopic decompression

IFI ischiofemoral impingement, LT lesser trochanter, SI sacroiliac joint, THA total hip arthroplasty. Modified from [24]
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pain with walking or sitting. An example of pain 
exacerbated by sitting can include driving; when 
the hip is in 30° flexion, the hamstrings (semi-
membranosus) have a different force vector angle 
in comparison with 90° activation. Activities with 
the hip in 30° hip flexion can reproduce SN 
 complaints when the hamstrings are activated. 
Conversely, patients with IFI are more comfort-
able sitting and, however, have pain while walk-
ing at terminal hip extension. At terminal hip 
extension, the space between ischium and the 
lesser trochanter is diminished [1, 26]. Within 
this ischiofemoral space is the location of the sci-
atic nerve, and if the normal biomechanics of this 
space is disrupted, dynamic impingement of the 
SN is possible.

During the analysis of gait, the morphologic 
abnormalities of the hip joint, muscle weakness, 
pain patterns, and the long-stride walking test can 
provide important information to differentiate 
hamstring syndrome and IFI. IFI has been found 
to be more frequent in subjects with increased 
femoral version [26, 27]. An internal foot pro-
gression angle during gait can present an 
increased femoral version and consequently 
found with IFI [27]. A positive Trendelenburg 
sign can happen due to weakness of the gluteus 
medius muscle. A combination of hip adduction 

and pelvic tilt associated with rotational motion 
in axial load may contribute to lesser trochanteric 
impingement against the ischium, producing IFI 
symptoms [1, 26, 27]. The pattern of pain occur-
ring during gait can be key to the diagnosis of 
posterior hip pain pathologies specifically long-
stride walking versus short-stride walking. The 
long-stride heel strike test (LSHS) encourages 
dynamic hip flexion with knee flexion at heel 
strike (Fig. 3.1a and b). During initial heel strike, 
the hamstring muscles act eccentrically, followed 
by a concentric contraction with knee flexion. 
Subjects referring pain lateral to the ischium with 
hip flexion/knee flexion may present a positive 
sign for proximal chronic or acute hamstring 
tears [25]. Differentially, the long-stride walking 
(LSW) test for IFI encourages dynamic hip 
extension [7, 15]. The long-stride walking test is 
positive when the patient refers pain lateral to the 
ischium during terminal extension that is relieved 
with short steps [7, 15] (Fig.  3.1c and d). The 
LSW has a sensitivity of 0.94 and a specificity of 
0.85 for the diagnosis of IFI [7].

In the seated position, palpation of the gluteal 
structures can also guide and distinguish sources 
of posterior hip pain [1] (Fig. 3.2). The physician 
palpates in three positions of the gluteal area 
using the ischial tuberosity as a reference point: 

a b c

Fig. 3.1 Long-stride walking tests. (a) Long-stride heel 
strike (LSHS) test: the patient is instructed to walk at a 
self-select gait. (b) LSHS: the patient is instructed to per-
form a long-stride gait. A positive test is an immediate 
reproduction of pain proximal and lateral to the ischium 

with hip flexion at heel strike. Reprint with permission 
from [25]. (c) Long-stride walking (LSW) with extension, 
self-selected gait: no pain. (d) LSW, recreation of pain 
lateral to the ischium with terminal hip extension. Reprint 
with permission from [24]
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Fig. 3.2 Hand positioning for palpation of the deep glu-
teal space. From medial to lateral, the pudendal nerve 
entrapment is considered in cases of pain sensation medial 
to the ischium [1] in association with a tender sacrotuber-
ous ligament, pain lateral to the ischium may represent 
hamstring syndrome [2] or ischiofemoral impingement 
[3], and finally pain sensation at the sciatic notch charac-
terizes the piriformis muscle [4]. Reprint with permission 
from [24]

the piriformis (lateral/superior), at the level of the 
external rotators, and lateral to the ischium. If 
pain is localized at the ischium, rule out ischial 
tunnel syndrome, the hamstring bursa, or ham-
string tears; and if the pain is lateral to the 
ischium, consider ischiofemoral impingement. If 
pain is more medial, one should evaluate the 
pudendal nerve. The seated palpation test can 
also be performed during the seated piriformis 
stretch test (Fig. 3.3a) which is a flexion, adduc-
tion with internal rotation test performed with the 
patient in the seated position [12, 23]. The exam-
iner extends the knee (engaging the sciatic nerve) 
and passively moves the flexed hip into adduction 

with internal rotation while palpating 1 cm lateral 
to the ischium (middle finger) and proximally at 
the sciatic notch (index finger). A positive test is 
the recreation of the posterior pain at the level of 
the piriformis or external rotators. The piriformis 
stretch test is performed (sensitivity of 0.52, 
specificity of 0.90) to diagnose DGS as the source 
of posterior hip pain rotators [12].

The active hamstring test at 30° (A-30) and at 
90° (A-90) of knee flexion (Fig.  3.3b and c) is 
performed with the patient in the seated position 
while the examiner palpates the ischium, semi-
membranosus, and conjoint tendons. The patient 
is asked to actively flex the knee against resis-
tance for 5  s with the knee in 30° flexion and 
again with the knee in 90° flexion. A positive test 
is recreation of the pain proximal and/or lateral to 
the ischium and/or weakness. Radicular com-
plaints suggest sciatic nerve involvement. The 
use of both tests together yields a sensitivity of 
0.84 and specificity of 0.97 [1, 25]. Proximal ver-
sus distal SN entrapment can be distinguished by 
the location of the symptomatic pain recreation.

Two tests to differentiate IFI and DGS are 
assessed in the lateral. The active piriformis test 
showed sensitivity of 0.78 and specificity of 0.80 
to diagnose DGS and when used in association 
with the passive piriformis stretch test is a major 
contributor to diagnose sciatic nerve entrapment 
by the piriformis muscle. The patient is instructed 
to drive their heel into the examination table, ini-
tiating active hip abduction and external rotation 
against resistance from the examiner position 
(Fig. 3.4a). Similar to the piriformis stretch test, a 
positive test is the presence of posterior pain at 
the level of the piriformis or external rotators 
[12]. While the patient is in the lateral position, 
the IFI test is performed (Fig. 3.4b and c). The 
pain is produced when the examiner extends the 
hip in adduction or in neutral position. To con-
firm the suspicion of IFI, the examiner extends 
the hip in abduction with no symptom of pain, 
proving the presence of an impinging pathology. 
The IFI test showed a sensitivity of 0.82 and 
specificity of 0.85 and in combination with the 
long-stride walking is utilized to identify IFI [7].

Assessment of the biomechanical axis align-
ment will provide information of the pelvic 
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positioning. In normal osseous morphologic con-
ditions, the balance between hip flexors and exten-
sors influences the pelvic positioning in the sagittal 
axis. An abnormal pelvic positioning, posteriorly 
or anteriorly, has been associated with weakness 
and/or stiffness of the hip muscles involved with 
pelvic positioning, and this factor may contribute 
to the development of DGS and IFI [28–31].

The influence of limited hip range of motion 
on spine mobility and function has been shown as 
one of the causes of chronic low back pain 

[32–36]. Patients with ischiofemoral impinge-
ment may present associated symptoms of low 
back pain due to the limited hip extension. This 
clinical observation was confirmed by Gomez-
Hoyos in a cadaveric study [6]. Limiting hip 
extension by decreasing the ischiofemoral space 
resulted in increased intra-facet joint pressure of 
the lumbar spine (L3–L4 and L4–L5). A com-
plete physical examination of the hip must 
include a lumbar spine evaluation and cases of 
low back pain should include a hip evaluation.

a b c

Fig. 3.4 Lateral tests for differentiation of distal causes 
of DGS. Lateral position test. (a) Active piriformis test: 
recreation of pain lateral to the piriformis muscle helps to 
distinguish proximal from distal involvement etiologies, 

(b) ischiofemoral impingement test (recreation of pain lat-
eral to the ischium), (c) alleviation of the symptoms with 
hip abduction. Reprint with permission from [24]

Fig. 3.3 Seated piriformis stretch test and seated hamstring active tests. (a) Piriformis stretch test, (b) active hamstring 
test at 30° knee flexion, (c) active hamstring test at 90° knee flexion. Reprint with permission from [24]

a b c
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 Differential Diagnosis

During the comprehensive history and physical 
examination, the examiner must be aware of 
DGS symptoms simulated by intra- and extra-
pelvic structures. Cyclic pain with a history 
of urogynecologic conditions (endometriosis, 
bladder or bowel issues, and dysmenorrhea) 
may indicate an intrapelvic sciatic nerve 
entrapment [1, 37]. Pudendal nerve entrapment 
is an isolated condition that may be associated 
with DGS that can be differentiated by a pain 
location and typical characteristics. Patients 
with pudendal nerve entrapment present with 
pain medial to the ischium and sensations of 
burning, tearing, stabbing, lightning-like, elec-
trical, and sharp shooting, and/or foreign body 
sensation, which is made worse with sitting 
(alleviated with toilet stool sitting) and reduced 
with standing [38]. The nerve can be entrapped 
in more than one location (piriformis, obtura-
tor internus muscles,  sacrotuberous and sacro-
spinous ligaments, or the falciform process), 
and a pelvic floor manual test performed by a 
trained physical therapist will assist the diag-
nosis and relationship of these intrapelvic con-
ditions [38].

 Imaging and Ancillary Tests

The standard imaging studies include the stand-
ing AP pelvis, false profile, and lateral images. 
All intra-articular pathology is ruled out through 
a comprehensive history and physical examina-
tion assessing the five levels of osseous, 
 capsulolabral, musculotendinous, neurovascular 
structures, and the kinematic chain. Specifically 
in posterior hip cases, the T3 MRI is performed 
to rule out intrapelvic sources of SN entrapment 
versus extrapelvic sciatic nerve entrapment. The 
extrapelvic MRI patient positioning is important 
for IFI assessment. The feet are secured in a neu-
tral walking position, which will most closely 
simulate a dynamic assessment of the ischiofe-
moral space. If the feet are not secured in this 
functional position, a false impression of 
decreased ischiofemoral space could occur. The 

assessment of the semimembranosus and its ori-
entation to the lateral ischium is best visualized 
on T2 axial or T2 coronal imaging. This view 
allows for the detection of a partial tear or under-
surface tears of the semimembranosus. In cases 
of active subluxation of the semimembranosus, 
dynamic MRI testing and dynamic US are use-
ful. In dynamic US, the patient is placed in the 
prone position and the patient performs a bicy-
cling motion with active hamstring contraction. 
The activated semimembranosus will sublux 
into the ischial tunnel recreating the radicular 
pain of the SN.  Scarring in this region can be 
assessed by T1 and T2 MRI in the axial and cor-
onal planes. The T3 MRI of the intrapelvis is 
utilized for gynecologic and vascular entrap-
ments of the SN and/or its roots. This type of 
partial tear with subluxation into the ischial tun-
nel can be correlated with the physical examina-
tion assessment with the knee extended and the 
hip abducted.

Ancillary testing can include EMG; however it 
has not been found to be useful. If EMG is uti-
lized, the testing should be performed in a 
dynamic modality with the knee in extension and 
the hip in flexion and abduction, and the symp-
tomatic side is compared with the non-symptom-
atic side looking at neural latency. Injection tests 
have been advocated for supporting the diagnosis 
of posterior extra- and intra-articular hip disor-
ders. Guided injections utilizing CT, fluoroscopy, 
ultrasound, or MRI increase accuracy to the cor-
rect injection site. US, as described above, in 
addition to injection testing, is beneficial in the 
exact diagnosis of either IFI or HS tears involve-
ment. Injection tests can include dynamic fluoros-
copy to assess the IFS or  visualizing the dynamic 
recreation of the IF pain with the hip in terminal 
hip extension. Fluoroscopy can also be helpful in 
recreating greater trochanteric sciatic nerve 
impingement, which can exist proximally. The 
ligamentous constraints of the hip do affect the 
overall kinematics of the hip and can affect the 
exact locations of impingement. This is evidenced 
through a multilayer effect, not just osseous but 
also capsulolabral, which can influence any of the 
other structures above or below the primary area 
of complaint.
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 Conclusion

In conclusion, posterior hip pain, with or with-
out sciatic nerve involvement, is recognized 
through a comprehensive history and physical 
examination utilizing ancillary testing and 
three planar radiographic assessments. 
Differential diagnosis of DGS, IFI, hamstring 
syndrome, and pudendal nerve entrapment is 
dependent upon the understanding of the 
entire anatomy, biomechanics, and clinical 
presentation of posterior hip pain.
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Psychological Challenges 
in Treating Chronic Hip Pain

Timothy S. Clark

Effective evaluation of a patient’s complaints of 
pain is enhanced if pain is understood as not only 
a reflection of patients’ anatomy and biomechan-
ics but also the patient’s perceptions, emotions, 
history, and the psychosocial context in which 
their pain occurs. It is suggested that understand-
ing of these factors enriches treatment planning, 
building compliance with treatment recommen-
dations, and enhances treatment outcomes. This 
article provides a review of models and clinical 
research regarding patient’s pain as well as rec-
ommendations for assessment and treatment so 
as to optimize outcomes.

 The Complex Nature of Pain

Pain represents a complex biopsychosocial phe-
nomena as summarized in the 2011  Institute of 
Medicine's comprehensive review [1]. Gate con-
trol theory suggests that input from both periph-
eral and central nervous system to the spinal 
“gates” can either enhance or inhibit transmis-
sion of pain signals [2]. The role of these factors 
applies to acute pain but become increasingly rel-
evant as pain becomes chronic. Multiple psycho-

logical factors impact the subjective experience 
of pain including attention, perception of control, 
understanding of the meaning of the experience, 
immediate emotional responses, and the situation 
in which the pain occurred. The thoughts associ-
ated with pain can trigger additional reactions, 
thoughts, and actions which can amplify and per-
petuate pain and disability. Linton [3] has pro-
vided a clinically relevant review integrating the 
stages and factors impacting pain perception. 
Over time, some patients become preoccupied 
with persistent repeated efforts to escape all pain. 
Other patients and their social support networks 
begin to perceive them as disabled with the 
patient taking on a permanent “sick role.”

These psychosocial models mirror changes in 
brain processing of pain signals. A recent study 
[4] compared brain functional magnetic reso-
nance imaging (fMRI) of patients with back pain. 
First, they compared persons with acute/subacute 
pain to those with chronic (i.e., over 10 years). 
Second, they tracked changes in pain-related 
brain activity in patients longitudinally compar-
ing findings of those for whom pain persisted to 
those for whom pain resolved. Research 
using results compared to meta-analytic probabi-
listic maps found that in acute/subacute pain 
response was limited to regions involving percep-
tion of pain. For those with chronic pain, activity 
was primarily involved with emotion-related cir-
cuitry. With longitudinal tracking, patients who 
recovered from back pain, demonstrated 
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decreased brain activity in pain processing. In 
patients for whom pain persisted demonstrated 
increased involvement in emotion-related cir-
cuitry. Thus, brain representation of a constant 
percept underwent major shifts in brain activity 
as it became more chronic.

 Factors Influencing Pain 
and Surgical Recovery

Limited literature has been published regarding 
the psychological and social factors impacting 
posterior hip disorders specifically. However, a 
rich literature exists regarding impact of psycho-
logical and social factors on back pain, outcomes 
of spine surgery, and outcomes of other orthope-
dic surgeries for joints such as hip, knee, and 
shoulder.

 Back Pain and Spine Surgery

A number of studies have examined psychological 
factors impacting back pain. A study in 2002 [5] 
summarized 25 studies and determined that psy-
chological distress/depression was the primary 
factor predicting chronicity and disability with 
secondary factors of somatization and some evi-
dence of catastrophizing. In a large study of 1500 
persons with low back pain treated in primary care 
settings, [6] multiple psychological measures were 
analyzed using an exploratory factor analysis, con-
firmatory analysis, and linear regression predict-
ing pain and disability. Four factors were identified: 
pain-related distress, causal beliefs, coping cogni-
tions, and perceptions of the future. Confirming 
the critical role of emotion, pain-related distress 
accounted for 34.6% of the variance in pain inten-
sity and 51% of pain-related disability.

Factors adversely impacting outcome from 
spine surgery have been evaluated in multiple 
studies. Two excellent reviews by den Boer [7] and 
Block, Ben-Porath, and Marek [8] summarized a 
list of major factors found to adversely impact 
response to surgery or pain intervention (i.e., spi-
nal cord stimulators, intrathecal narcotic pumps). 
Their listing included the following factors:

• Lower educational levels; higher levels of pre-
operative pain; less work satisfaction; longer 
sick leave; pre-existing psychopathology such 
as affective disorders or personality disorders; 
elevated emotional distress including depres-
sion, anxiety, fear, and anger; pain sensitivity 
and somatization; maladaptive coping or cog-
nitive patterns such as passivity or catastroph-
izing; use of chronic opioid therapy; and 
interpersonal issues such as reinforcement of 
pain and disability behavior by a social sup-
port system.

 Orthopedic Surgery

In addition, to the literature regarding back pain 
and surgery, research has been conducted regard-
ing the impact of psychological factors on ortho-
pedic surgery such as joint replacement or 
anterior cruciate ligament reconstruction. Factors 
evaluated have included depression, anxiety, 
optimism as a personality trait, expectations of 
outcomes, and maladaptive coping such as cata-
strophizing or pain fear. Outcomes have included 
functional improvement, patient satisfaction, and 
persistent postsurgical pain.

 Depression/Anxiety
Findings are mixed, but some evidence indicates 
the negative impact of psychological factors such 
as affective distress on total hip arthroplasty 
(THA) and total knee arthroplasty (TKA) as well 
as other orthopedic procedures. A 2009 prospec-
tive study [9] of 6158 patients undergoing THA 
found that anxiety and depression as measured 
by the EQ-5D were a major predictor of patients’ 
pain relief and satisfaction postoperatively. 
However, mixed findings were reported in a 2012 
large systematic review [10] of the relationships 
of psychological factors on outcomes on TKA 
and THA.  It was concluded that preoperative 
depression had no impact on postoperative func-
tion. However, lower preoperative mental health 
on global measures such as the SF-12 was 
 associated with lower scores on function and 
pain. In a 2013 study [11] of joint replacement 
outcomes at 3 and 12  months postoperatively, 
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levels of anxiety and depression were high prior 
to surgery and were reduced overall following 
surgery. However, patients with elevated preop-
erative anxiety and depression had worse patient-
reported outcomes and had lower satisfaction. 
Another 2013 study [12] also found that presurgi-
cal pain and type of arthroplasty were primary 
predictors of persistent postsurgical pain, while 
patients’ perception of illness and postsurgical 
anxiety contributed to persistent postsurgical 
pain. In a small study [13] of patients undergoing 
arthroscopic subacromial decompression, preop-
erative distress did not correlate with postopera-
tive function or pain but did correlate with 
postoperative emotional distress.

 Optimism/Hope
Evidence exists that optimism and positive 
expectation may positively impact outcomes. 
When 7000 patients undergoing TKA were clas-
sified as optimistic or pessimistic based on psy-
chometric testing prior to surgery, those classified 
as pessimists were more likely to experience 
moderate to severe pain (odds ratio 2.2) and less 
improvement in knee function (odds ratio 0.53) 
but not at 5 years postsurgery. In another small 
study, [14], however, a measure of hope was not 
predictive of function or depression following 
TKA and THA, whereas higher self-efficacy pre-
dicted lower postsurgical depression.

 Expectations
Patient expectations have also been examined. A 
2002 study [15] of patients undergoing either 
THA or TKA found that patients who expected 
total pain relief had better physical function and 
improvement in pain level 6 months post surgery. 
In a more recent study in 2011 [16], THA patients 
with more preoperative positive functional expec-
tations (such as walking further, doing house-
work, activities of daily living) had greater 
improvement 12  months postsurgery. For each 
additional individual expectation a patient 
endorsed, there was an associated 34% increase 
in improvement in outcomes. Another study [17] 
found evidence that behavioral outcome expec-
tancies were stronger predictors of follow-up 
pain following TKA than response expectancies.

 Self-Efficacy
A related construct to that of optimism or positive 
expectancy is that of self-efficacy. In a review of 
relevant literature, Brand and Nyland [18] con-
cluded that self-efficacy, a patient’s perception 
that they have the potential to carry out a task, is 
a factor impacting recovery from ACL recon-
struction. In articles reviewed, patients with 
greater self-efficacy as measured by the knee 
self-efficacy scale were more likely to return to 
pre-injury physical activity intensity and 
frequency.

 Catastrophizing
Catastrophizing is a construct that involves anx-
ious preoccupation with pain, being overwhelmed 
by fear of pain, amplification or reactivity to 
pain, and feeling helpless in the face of pain. In a 
systematic review [19] of the relationships of 
pain catastrophizing to outcomes from TKA, 
variability was found in studies. However, mod-
erate-level evidence was found for catastrophiz-
ing as an independent predictor of chronic post 
TKA pain.

 Clinical Implications

We are unaware of any well-validated prospec-
tive study examining a broad array of psycho-
logical factors either in this patient population or 
as a predictor of outcome from posterior hip sur-
gery. This research is also made more difficult by 
the heterogeneous causes and manifestations of 
hip pain. So the clinically relevant question is 
this: Are the findings regarding the role of psy-
chological factors affecting pain generalizable or 
at least relevant to the problems of patients with 
posterior hip disorders? Based on our clinical 
experience providing presurgical evaluations to 
persons referred for evaluation from a tertiary hip 
preservation center, the answer is “yes” but with 
some caution.

First, the biopsychosocial model of illness and 
pain perception are relevant regardless of the 
nociceptive driver of the pain. Clinicians learn 
that they cannot measure pain but only pain 
behavior (e.g., verbal complaints, social with-
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drawal, nonverbal behavior, self-limitation). In 
other word measurement of pain is actually the 
measure of the unique responses of an individual 
to a subjective experience influenced by psycho-
logical and social factors. Thus, when pain is a 
primary indicator for necessity of surgery or 
when reduction of pain is a primary goal as an 
outcome, it may be helpful to see pain as the 
complex experience it is. Correspondingly, it has 
been found that both pain severity and unpleas-
antness can be dramatically altered by changes in 
cognitive and emotional processing. A study in 
2011 [20] powerfully demonstrated that with 
brief training in mindfulness meditation, subjects 
were able to reduce pain unpleasantness by 57% 
and pain intensity by 40%. These changes in pain 
perception were mirrored by changes in the brain 
pathways triggered by the pain.

Second, as previously noted, over time pain 
begins to be a different experience  and is pro-
cessed differently in the brain. Chronic pain often 
becomes enmeshed in patients’ unsuccessful 
attempts to escape, ignore, or fight pain resulting 
in demoralization. These old solutions which 
might have temporarily worked for acute pain 
become unsuccessful resulting in demoralization 
and disability. Ironically, the old solutions create 
a new problem.

Third, research identifying psychological 
processes impacting surgical outcome are likely 
to be relevant. Although not replicated at this 
time with patients specifically presenting with 
posterior hip disorders, research regarding 
models of pain perception and research predict-
ing outcome of spine surgery, spinal cord stim-
ulator implantation, or orthopedic surgeries 
such as TKA and THA are salient. Thus, a 
range of psychological factors to be assessed 
would include:

• Chronicity and severity of pain
• Chronic use of opioids especially in light of 

impact of opioid-induced hyperalgesia [21]
• Elevated emotional distress including depres-

sion, anxiety, and anger
• Pre-existing psychopathology including both 

affective disorder and persons with long-term 
maladaptive personality features

• Overwhelmed or inadequate coping evidenced 
by catastrophizing, demoralization, poor self-
efficacy, fear of movement or pain, or negative 
expectations

• High levels of recent social stressors or a per-
ception of inadequate resources to cope with 
stress

• Insufficient or maladaptive social support 
resulting either in low social resources, 
chronic conflict, or reinforcement by others of 
disability/pain behavior

• History of early life trauma impacting 
response to pain and stress as well as interper-
sonal support

• Current or past substance abuse

It is unclear if patients presenting at tertiary 
care clinics for posterior hip pain are similar to 
those presenting for spine or other joint replace-
ment surgeries. Persons presenting at a tertiary 
center may not represent other patients with simi-
lar conditions who either did not have resources 
to obtain specialty care, it was not available to 
them, or they did not persist in seeking care. In 
other words, it is possible that persons in these 
clinics represent different socioeconomic status, 
gender, age, or class than general pain popula-
tions. We are unaware of research at this time to 
clarify these issues.

 Recommendations

In light of the psychological factors impacting 
patients’ perception of pain, a consistent and log-
ical stepwise approach is recommended for 
assessment impacting treatment planning.

 Physician Assessment

First, physicians may find it helpful to carry out a 
two-part screening for patients presenting for 
consultation. It is recommended that some psy-
chosocial screening instrument be included as 
part of intake paperwork. In light of persistent 
research on the impact of depression, anxiety, 
and somatization on both patients’ perception of 
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pain and surgical outcomes, inclusion of screen-
ing instruments such as the Patient Health 
Questionnaire (PHQ-SADS) [22] may be consid-
ered. This instrument is free, easily available 
online with clear guidelines for scoring and inter-
pretation, and well researched and has been used 
in a variety of medical settings. It measures and 
assists in diagnosis of four disorders: somato-
form disorder, panic disorder, depression, and 
anxiety. An alternative is the Brief Battery for 
Health Improvement [23]. This instrument which 
can be purchased takes about 10  min and pro-
vides a more detailed evaluation of biopsychoso-
cial factors impacting pain management.

In addition to a formal screening question-
naire, it is recommended that the physician and 
the medical team use both the clinical interview, 
brief psychosocial history, and clinical observa-
tion to review factors identified above which may 
impact patient coping. It may be useful for expe-
rienced clinicians to make referrals for additional 
evaluation when their “internal alarms” sound for 
unusual behavior and report.

 Psychological Evaluation 
and Psychometric Testing

Second, formal psychological evaluation may be 
helpful for all patients or ones selected by the 
screening method above. Referral to a psycholo-
gist trained and experienced in health, medical, 
or rehabilitation psychology may be helpful both 
in identifying risk factors and also in identifying 
resources which could be used to reduce these 
risks and optimize outcome. Reviews [24] have 
found this type of approach to be helpful and not 
infrequently used [25, 26].

One of the earliest uses of presurgical psycho-
logical screening (PPS) was patient selection for 
spine surgery. That literature [25, 26] has 
expanded, and PPS is often required prior to per-
manent implantation of spinal cord stimulators 
and intrathecal narcotic pumps. Thus, the largest 
studies of prediction of outcomes have been car-
ried out in this population. Using detailed inter-
viewing, psychologists will inquire about the full 
range of factors identified in previous studies to 

impact outcomes adaptation to pain and response 
to surgery. Some psychologists [27] have formal-
ized these into an algorithm to quantify risk.

In addition to a detailed clinical interview, and 
review of the medical record, psychologists con-
duct standard psychometric testing. They may 
select instruments to measure a range of concepts 
found to impact adaptation. Domains and selected 
instruments are listed below:

• Pain functioning: The West Haven-Yale 
Multidimensional Pain Inventory [28]—mea-
suring pain severity, interference by pain, 
affective distress, perception of control, social 
support, and responses of others to pain 
behavior and activity level

• Depression and anxiety: Beck Depression 
Inventory [29], Centers for Epidemiological 
Studies Depression Scale [30], and Beck 
Anxiety Inventory [31]

• Adaptive and maladaptive coping: Pain 
Catastrophizing Scale [32], Perceived Stress 
Scale [33], Coping Strategies Questionnaire 
[34], and Fear/Avoidance Behavior 
Questionnaire [35]

• Disability: Oswestry Disability Index [36]
• Relationships: Pain and Impairment 

Relationship Scale [37]
• Risk factors for misuse of opioids: Screener 

and Opioid Assessment for Patients with Pain 
(SOAPP) [38]

A more integrated assessment of these factors 
can be found in the Minnesota Multiphasic 
Personality Inventory-2 Restructured Form 
(MMPI-2-RF) [39] and its predecessors (MMPI, 
MMPI-2). Summarized in a recent study [8], stud-
ies with the MMPI-2 revealed poorer  outcomes 
from surgery or spinal cord stimulator in persons 
with elevated depression, (scale 2), anxiety and 
fear (scale 7), anger (scale 4), and somatic preoc-
cupation and reactivity (scales 1 and 3). In a 2013 
study, Block, Ben-Porath, and Marek [8] found 
that certain scores on the MMPI-2-RF were asso-
ciated with other psychological measures associ-
ated with negative surgical outcomes. In a recent 
study [40] of 172 men and 210 women  who 
underwent spine surgery, scores on the MMPI-
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2-RF were found to add 11% more unique vari-
ance in postoperative disability and negative over 
other medical/psychosocial factors. Scales most 
relevant were those measuring internalizing espe-
cially that of somatoform dysfunction, demoral-
ization, and interpersonal difficulties. Similarly, 
in 2015, a study [41] was carried out of 319 
patients undergoing implantation of spinal cord 
stimulators. They found that patients with scales 
associated with interpersonal problems, emo-
tional dysfunction, and somatic and cognitive 
problems had higher pain and distress 5 months 
after implantation of the stimulator.

Physicians may have some concerns about the 
impact on the clinical relationship if they request a 
psychological evaluation. They may be concerned 
that patients will feel they are being seen as “a 
psych case” or that the physician thinks “it is in my 
mind.” In our experience, explanations provided 
after the referral have already been made may raise 
patient concerns. Similarly, patients tend to react 
negatively if they are told they must undergo test-
ing to see if they “pass” and can get surgery. As a 
result, it is recommended that patients be educated 
through materials presented prior to consultation 
and at the outset of the consultation. Patients are 
often less resistant if the consultation is introduced 
as a “mind/body/spirit” approach in which the 
goal is to assess all factors which could impact 
care. Patients often appreciate medical attention 
which also attends to the psychosocial and emo-
tional impact of their pain. Education on the ways 
in which chronic pain begins to change the brain’s 
assessment and response to pain often will be 
understood by patients. Finally, patients tend to 
appreciate when an evaluation is introduced as 
part of a routine comprehensive patient-centered 
approach to improve medical outcomes and pro-
vide all possible resources.

 Intervention

Often assessment of psychosocial factors will 
result in one of three plans of actions. First, should 
no factors or only minimal factors be noted, the 
physician may proceed without additional psycho-
logical or psychiatric recommendations. Second, 

the levels of psychosocial factors may be such that 
the physician will choose nonsurgical approaches. 
This will occur rarely and would generally occur in 
the presence of severe psychiatric problems, per-
sonality disorder which could adversely impact 
cooperative with treatment, litigation and second-
ary gain issues, substance abuse, or other cognitive/
psychological problems which could prevent coop-
eration in the recovery process and rehabilitation.

Third, not uncommonly, factors will be identi-
fied which might impact postoperative pain and 
recovery. In these cases, it may be helpful to initi-
ate interventions either prior to surgery  orc in 
addition to surgery to address the identified issues. 
These interventions can include initiation of med-
ications for depression or anxiety or referral for 
behavioral medicine training by a mental health 
professional trained in health or rehabilitation 
psychology. Interventions could include cognitive 
behavioral therapy to improve coping and reduce 
emotional distress, biofeedback or self-regulation 
training to reduce physiological stress response, 
psychotherapy to reduce or cope with psychoso-
cial stressors or impacts of early trauma, or sim-
ply education about appropriate expectations and 
to allay patients’ anxiety about surgery. Often this 
intervention may be time limited (6–8 sessions), 
but more treatment may be needed depending on 
the level and chronicity of problems. Referral to a 
structured interdisciplinary pain program [42] 
may be appropriate for patients who have devel-
oped a chronic pain syndrome with high levels of 
pain behavior, elevated disability or inactivity, 
high somatic preoccupation or reactivity, elevated 
emotional distress, or marked deconditioning. 
These programs provide integrated goal-directed 
treatment by a coordinated team of clinicians (i.e., 
physician, psychologist, nurse, case manager, 
occupational therapist, physical therapist). 
Extensive research had documented both clinical 
effectiveness and cost effectiveness.

 Summary

Patients present for assessment and treatment of 
musculoskeletal problems for both functional lim-
itations and for pain. Current literature suggests 
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that optimal evaluation and treatment planning 
consider the psychological and social aspects of 
patients’ experience and lives. This literature not 
only suggests that these factors contribute to 
patients’ complaints but also may impact outcome 
of medical treatment. All experienced clinicians 
have noted the impact of these factors as they treat 
patients. This chapter suggests that formal assess-
ment and integration of these factors may assist 
physicians to optimize patient outcomes, satisfac-
tion, and compliance with treatment plans. In the 
well-known words of the father of modern medi-
cine, Sir William Osler, “The good physician treats 
the disease; the great physician treats the patient 
who has the disease” [43].
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 Introduction

Posterior hip pain in the adult, associated or not 
with sciatica, is among the most common diag-
nostic and therapeutic challenges for orthopedists 
and radiologists [1]. Over the past decade, much 
has changed with the approach to diagnosing and 
treating hip pathology based on development of 
imaging techniques and further advances in hip 
arthroscopy [2–4]. Because of the ever-increas-
ing use of advanced magnetic resonance neurog-
raphy (MRN) and the excellent outcomes of the 
endoscopic treatment, radiologists and orthope-
dists must be aware of the anatomy and patho-
logic conditions of the posterior hip. 
Extra-articular pathologies of the posterior hip 
comprise a wide range of injuries. MR imaging is 
the diagnostic procedure of choice for assessing 
posterior hip pain and may substantially influ-
ence management of these patients [5].

In one way or another, pathologies of the pos-
terior hip are often associated with sciatic nerve 
involvement. Throughout this chapter we will 
describe many causes of hip pain associated with 
the involvement of this nerve, although they can 
obviously trigger posterior hip pain by 
themselves.

Similarly, in this chapter we will describe the 
main imaging techniques that are useful for the 
assessment of the posterior hip as well as their 
strengths and weaknesses. We also describe two 
of the main causes of posterior hip pain, deep 
gluteal syndrome and ischiofemoral impinge-
ment, both unfamiliar and poorly developed enti-
ties until now. Regarding the pathophysiology, 
diagnosis, classification, and treatment of these 
entities, there have been great advances in the last 
two years, which will be discussed from the point 
of view of the image.

Through the description of etiological factors 
and pathophysiological mechanisms involved in 
subgluteal and ischiofemoral impingement syn-
dromes, we will also review little-known and 
specific pathologies that may be independently 
behind the posterior hip pain, even if they are not 
associated with these syndromes.

Finally, we will briefly evaluate the role of the 
image in the assessment of other well-known but 
equally important conditions of the posterior hip 
including fractures of the posterior acetabulum, 
neural pathology, bursae diseases, gluteal disor-
ders, or hamstring conditions.
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 Imaging Methods to Evaluate 
the Posterior Hip

Imaging plays a key role in the workup of unex-
plained hip pain. Plain radiography, ultrasound 
(US), computed tomography (CT), and magnetic 
resonance imaging (MRI) have all been used to 
assess posterior hip anatomy and pathologies.

 Plain Radiography

Plain radiography is the initial imaging exam 
obtained for suspected hip diseases as it may dem-
onstrate obvious causes of pain such as avascular 
necrosis, dysplasia, femoroacetabular impinge-
ment, degenerative joint disease, stress fracture, or 
tumors. Although this is the first diagnostic test 
that should be performed, most of the diseases 
occurring on the posterior hip are not visible radio-
graphically. Standard hip radiographic series 
include an anteroposterior (AP) view of the pelvis, 
coned-down AP, and frog leg lateral views of the 
symptomatic hip. This series may be augmented 
with 45° and 90° Dunn views, cross table lateral, 
and false profile views. Oblique or Judet views are 
typically used in the setting of trauma to better 
depict acetabular fractures [6, 7].

 Ultrasound

The adult hip poses several challenges to ultra-
sound evaluation. The structures to analyze in 
posterior hip are deeply situated requiring the use 
of relatively low-frequency transducers, thereby 
limiting resolution. Further, it is heavily operator 
dependent and does not provide the global over-
view and comprehensive information about the 
supporting soft tissues of the hip, nerves located 
deep within the hip, intra-articular structures, and 
bone marrow. These are the reasons why US does 
not play an important diagnostic role in patients 
with posterior hip pain [8, 9].

Despite these limitations, ultrasound can dis-
play several pathologic conditions about the hip. 
The real-time capability allows the assessment of 
conditions elicited by provocative maneuvers, 

playing an increasingly important role in 
“dynamic disorders,” such as posterior “snapping 
hip.” Moreover, ultrasound is well suited for 
image-guided interventional procedures includ-
ing injection of the joint, tendon sheaths, or 
bursa, aspiration of ganglion cysts, drainage of 
para-articular fluid collections, and treatment of 
calcifying tendinosis. Furthermore, ultrasound is 
not subject to artifact introduced by indwelling 
metallic hardware. In addition, sonography is 
noninvasive and lacks ionizing radiation [10, 11].

The ESSR identified in 2012 the field of clini-
cal indications for musculoskeletal ultrasound of 
the hip supported by expert knowledge. 
According to the clinical guidelines for musculo-
skeletal ultrasound (MSKUS), it is highly recom-
mended only for fluid detection, extra-articular 
snapping hip, synovitis/effusion/synovial cysts, 
sports hernias, Morel-Lavallee lesions, high-
grade muscle injuries, lateral femoral cutaneous 
nerve, and femoral nerve. Musculoskeletal ultra-
sound is deemed not indicated for intra-articular 
snapping hip, osteoarthritis, labral tears, low-
grade muscle injuries, psoas tendon problems, 
trochanteric pain, sciatica, external rotator condi-
tions, and growing pain [10].

 Computer Tomography

Computed tomography (CT) is the gold standard 
for detecting osseous deformities of hip and pel-
vic pathologies. CT scans are useful for evaluat-
ing a variety of hip and pelvic conditions 
including femoroacetabular impingement (FAI), 
acetabular dysplasia, malalignment syndromes, 
traumatic hip instability, avulsions, fractures, and 
the component positioning after total hip arthro-
plasty. Surface rendering techniques have also 
helped to better define subtle osseous abnormali-
ties at the proximal femur and acetabulum [12]. 
In addition, the lower cost, rapidly acquired high-
resolution images with multiplanar 2D and 3D 
reconstructions with the added benefits of short-
ened exam time, and new lower radiation dose 
scanning techniques make CT an ideal modality 
for imaging the osseous structures of hip and pel-
vis. Finally, although MRI is much better able to 
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demonstrate bone marrow and soft tissue abnor-
malities, CT can be used in the setting of proxi-
mal femur, acetabular, or sacral neoplasm to 
further characterize tumor matrix and to depict 
cortical destruction and breakthrough [13]. 
Additionally, contrast-enhanced CT is also the 
technique of choice for the assessment of vascu-
lar diseases of pelvis, hip, and deep gluteal space 
although MRI can also perform angiographic 
sequences.

 Magnetic Resonance

MRI provides an excellent noninvasive means of 
assessing pathology of the posterior hip. It is the 
established secondary imaging exam of choice in 
the evaluation of unexplained hip pain for most 
clinical presentations. MRI provides exquisite 
anatomical detail and unique information regard-
ing soft tissue and marrow abnormalities not seen 
on plain radiographs, CT, or nuclear medicine 
exams. Moreover, it is very effective in demon-
strating intra-articular and extra-articular pathol-
ogy, often identifying the source of pain and thus 
helping guide the appropriate management. MRI 
readily depicts many sources of extra-articular 
hip pathology including bursitis, myotendinous 
injury, occult fractures, sacroiliitis, and pelvic or 
subgluteal conditions [5, 14, 15]. The addition of 
3T MRI has provided a significant improvement 
in image resolution, increasing our ability to 
visualize articular cartilage, posterior labral 
abnormalities, pelvic neuropathies and extra-
articular causes of hip pain, including fibrovascu-
lar bands that are involved in the deep gluteal 
space [5, 16]. Specific protocols and the current 
and future state of the RM will be evaluated in 
this chapter in detail.

 Radiological Anatomy 
of the Posterior Hip

The deep gluteal space is the main space of the 
posterior hip. It is the cellular and fatty tissue 
located between the middle and deep gluteal apo-
neurosis layers [2, 3, 5] (Fig. 5.1). These aponeu-

roses are not clearly visible on MRI since they 
are closely linked to muscle fasciae. Its posterior 
limit is the gluteus maximus muscle. At its infe-
rior margin, it continues into and with the poste-
rior thigh. Laterally it is demarcated by the linea 
aspera and the lateral fusion of the middle and 
deep gluteal aponeurosis layers extending up to 
the tensor fasciae latae muscle via the iliotibial 
tract. The posterior border of the femoral neck, 
the greater and lesser trochanters, and the poste-
rior surface of the acetabulum form the anterior 
limit. Within the space superior to inferior, piri-
formis, superior gemellus, obturator internus, 
inferior gemellus, and quadratus femoris are 
included [2, 5]. The medial margin is comprised 
of the greater and minor sciatic foramina 
(Fig. 5.2). The greater sciatic foramen is bounded 
by the outer edge of the sacrum, the greater sci-
atic notch (superior and anterior), and the sacro-
spinous ligament (inferior). The limits of the 
lesser sciatic foramen are the lesser sciatic notch 
(external), sacrospinous lower border (superior), 
and the upper edge of the sacrotuberous ligament 
(inferior) [2, 3]. The sacrospinous ligament is a 
triangular-shaped structure, with its base attached 
to the anterior sacrum (S2–S4) and coccyx and 
apex attached to the ischial spine [17]. The sacro-
tuberous is a strong support ligament with an 
attachment similar to the sacrospinous ligament 
medially that reaches distal and inferiorly to the 
ischial tuberosity [18] (Figs.  5.1 and 5.2). The 
falciform process is an expansion that extends off 
this ligament and fuses with the fascia of the 
obturator internus [3] (Fig. 5.1c).

The greater sciatic foramen contains the piri-
formis muscle as a satellite structure. The supe-
rior gluteal artery and nerve run within the 
suprapiriform space; the inferior gluteal artery/
nerve, sciatic, posterior femoral cutaneous, obtu-
rator internus/SG, and quadratus femoris/gemel-
lus inferior nerves run within the infrapiriform 
space [3, 5]. It is important to differentiate these 
normal neurovascular bundles and isolated 
nerves that normally run along the deep gluteal 
space and not to confuse them with pathologic 
fibrovascular bands [5]. The lesser sciatic fora-
men contains the obturator internus muscle 
(Figs. 5.3, 5.4, and 5.5).

5 Imaging Assessment in Posterior Hip Pathology



62

 Muscles and Tendons

The piriformis muscle inserts into the ventrolateral 
aspect of the sacrum (S2–S4) and into the medial, 
superior, and posterior aspect of the greater tro-
chanter (Fig. 5.5). Distinct fascial planes separate 

the piriformis muscle from the gluteal group of 
muscles posteriorly and from the retroperitoneal 
structures anteriorly. Identification of these fascial 
planes is important when searching pathology in 
the deep gluteal space originating from parasacral 
and retroperitoneal spaces. The fascial plane ante-

a b

c d

Fig. 5.1 Normal anatomy of the deep gluteal space. 
Consecutive from cranial to caudal axial T1-weighted MR 
images illustrating the main anatomic relationship in the 
deep gluteal space. (a) Level of the piriformis muscle 
(PM). (b, c) Level of the obturator internus muscle (OI). 
(d) Level of the quadratus femoris muscle (QF). Sciatic 
nerve (SN, arrow), GMax gluteus maximus muscle, OI 

obturator internus muscle, ACF ascending circumflex 
femoral artery, ischial spine (large arrow in b), SSL sacro-
spinous ligament, STL sacrotuberous ligament, IT ischial 
tuberosity, H hamstring tendons, ITT iliotibial tract, 
ING/A inferior gluteal nerve/artery, NBF(LH) long head 
of the biceps femoris nerve(arrowhead), F femur. 
Falciform process = black arrow
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rior to the piriformis muscle communicates with 
the presacral space and thus with the opposite side 
(Fig. 5.1a). Unlike the anterior fascial plane, the 
fascial plane posterior to the piriformis does not 
cross the midline and ends medially at the lateral 
border of the sacrum (Fig. 5.1a). Prominent fascial 

planes also surround the sacrospinous ligament 
anteriorly and posteriorly. The space anterior to 
the ligament is the same space that contains the 
sacral plexus more superiorly. The space posterior 
to the ligament containing the sciatic nerve is lim-
ited medially by the sacrum [19] (Fig. 5.1b).

Fig. 5.2 Normal anatomy of the medial limit 
of deep gluteal space. Sagittal-oblique 
T1-weighted MR image shows the greater and 
minor sciatic foramina and its contents, 
including piriformis muscle (P), obturator 
internus-gemelli complex (OI), and quadratus 
femoris muscle (QFM). The superior gluteal 
nerve and artery (SGN/A) run within the 
suprapiriform space; the inferior gluteal nerve/
artery (IGN/A), tibial and peroneal components 
of the sciatic nerve (arrows), and posterior 
femoral cutaneous, obturator internus/superior 
gemellus, and quadratus femoris/gemellus 
inferior nerves (asterisks from cranial to 
caudal) run within the infrapiriform space. GM 
gluteus maximus muscle, SSL sacrospinous 
ligament, STL sacrotuberous ligament

a b

Fig. 5.3 Normal anatomy of the deep gluteal space. 
Consecutive from medial (a) to lateral (b) sagittal 
T1-weighted MR images show the piriformis muscle 
(P), the obturator internus-gemelli complex (OGC), 
the quadratus femoris muscle (QFM), the gluteus 

minimus muscles (Gmin), the gluteus medium mus-
cle (Gme), and the gluteus maximus muscle (GM) 
and its relation with the sciatic nerve (arrows) in the 
middle area of the deep gluteal space and in the 
ischial tunnel
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The obturator internus arises from the inner 
surface of the anterolateral wall of the pelvis and 
exits the pelvis through the lesser sciatic foramen 
(Figs. 5.1b and 5.5). The superior gemellus arises 
for the outer surface of the ischial spine and the 
inferior gemellus arises from the ischial tuberos-
ity. The gemelli blend with the tendon of the 
obturator internus and insert on the anterior por-
tion of the medial surface of the greater trochan-
ter (Figs.  5.1c and 5.5). Often, the piriformis 
tendon is partially blended with the common ten-
don of the obturator/gemelli complex [20, 21].

The quadratus femoris muscle (QFM) is a flat, 
quadrilateral muscle that is situated within the 
deep gluteal space of the hip. This muscle has a 
somewhat striated appearance. The fibers run 
along the axial plane and are more closely 
opposed along the femoral end of the muscle. 
Along the ischial aspect, the fibers are more 
loosely arranged and have more interspersed fat 
[22, 23]. The quadratus femoris nerve arises from 
the ventral surface of (L4), L5, and S1 in 79.4% 
of the population. This nerve exits the pelvis 
through the greater sciatic notch, travels inferi-

Fig. 5.4 Normal anatomy of the deep gluteal space. 
Diagram illustrates the most important neurovascular, 
muscular, tendinous, and osseous structures within the 
IFS. GM gluteus maximus muscle, QFM quadratus 
 femoris muscle, SN sciatic nerve, SM semimembranosus 
tendon, B-ST conjoint tendon of biceps femoris-semiten-
dinosus, ITB iliotibial band, 1 ascending posterior circum-

flex femoral artery, 2 nerve to the short head of the biceps 
femoris, 3 vasa vasorum of the sciatic nerve, 4 posterior 
cutaneous nerve of the thigh, 5 inferior gluteal artery and 
nerve, 6 nerve to the long head of the biceps femoris. Note 
the QFM nerve entering the muscle through its anterior 
surface (red arrow). Reprinted with permission from 
Massimiliano Crespi

Fig. 5.5 Normal anatomy of the deep gluteal space. The 
diagram illustrates the main bone, ligament, muscle, and 
tendon structures located in deep gluteal space in a back 
view. SP sacral plexus, SN sciatic nerve, STL sacrotuber-
ous ligament, P piriformis muscle, SG superior gemellus 
muscle, OI obturator internus muscle, IG inferior gemel-
lus muscle. Reprinted with permission from Massimiliano 
Crespi
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orly along the anterior surface of the gemellus 
and obturator internus muscles, and enters the 
quadratus muscle through its anterior surface 
[24–26] (Figs. 5.6 and 5.7).

The obturator externus muscle is a triangular 
muscle, which covers the outer surface of the 
anterior wall of the pelvis. It arises from the mar-
gin of bone immediately around the medial side 
of the obturator foramen, the inferior ramus of 
the pubis, the ramus of the ischium, and the 
medial two-thirds of the outer surface of the 
obturator membrane. The fibers converge and 
pass posterolaterally and upward, ending in a ten-
don which runs across the back of the neck of the 
femur and the lower part of the capsule of the hip 
joint. It is finally inserted into the trochanteric 
fossa, which is located medial to the posterior 
aspect of the greater trochanter [27] (Figs.  5.7 
and 5.8).

The blended iliopsoas muscle inserts distally 
on the lesser trochanter of the femur. The psoas 
major tendon is the main tendon and inserts into 
the apex of the lesser trochanter. The iliacus ten-
don is located more lateral, receives the most 
medial iliacus muscular fibers, and fuses with the 

main tendon. The most lateral fibers end up with-
out any tendon on the anterior surface of the 
lesser trochanter and in the infratrochanteric 

Fig. 5.6 Normal anatomy of the deep gluteal space. The 
diagram illustrates the most important tendon footprints 
within the deep gluteal space. GMed lateral gluteus 
medius footprint, QF quadratus femoris insertions, I-P 
iliopsoas footprint, H hamstring

a b

Fig. 5.7 Normal anatomy and relationships of the 
QFM. Coronal (a) and axial (b) T1-weighted MR images 
illustrating the main anatomic relationship of the QFM. 
GM gluteus maximus, AM adductor magnus, OE obtura-
tor externus, LT lesser trochanter. Short arrow = ilio-psoas 
tendon, long arrow = hamstring tendons. The QFM (white 

line and asterisk) is often best evaluated on axial images, 
where the origin, insertion, and relations can be assessed. 
Because of the muscle’s orientation in the coronal plane, 
the abnormal signal may be difficult to visualize on rou-
tine coronal images, particularly if the field of view is 
large
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region. The most inferior muscular fibers of the 
iliacus join the principal tendon of the psoas 
passing around it by its ventromedial surface [28] 
(Fig. 5.9).

The hamstrings (HS) are a muscle group 
formed by long head of the biceps femoris, the 

semitendinosus (ST), and the semimembranosus 
(SM) muscles; all originate from the ischial 
tuberosity and innervate by the tibial branch of 
the sciatic nerve. The SM footprint is lateral and 
anterior to the crescent-shaped footprint of the 
common insertion of the ST and long head of the 

a b

Fig. 5.8 Normal anatomy of the obturator externus muscle (OE). Axial T1-weighted MR images show its medial (a) 
and lateral (b) insertion (arrows)

a b c

Fig. 5.9 Normal anatomy of the iliopsoas muscle-ten-
don complex. Consecutive from cranial to caudal axial 
T1-weighted MR images (a–c) illustrating its three 
components. Red arrows = psoas major tendon, green 
arrows = iliacus tendon, black arrow = blended iliacus-

psoas tendon (inserting distally into the lesser trochan-
ter), white arrows = lateral fibers of the iliacus tendon 
(ending up without any tendon on the anterior surface 
of the lesser trochanter and in the infratrochanteric 
region)
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biceps femoris. The medial portion of the adduc-
tor magnus arises from the tuberosity of the 
ischium, which is located medial to the hamstring 
footprints. Sacrotuberous ligament (STL) shows 
continuity with both ischium and BF-ST tendon 
but not SM tendon. In HS rupture, tendon retrac-
tion is significantly less when STL remains 
attached to BF-ST tendon [29, 30] (Figs.  5.10 
and 5.11).

 Bursae

About 20 types of bursae have been described in 
the literature around the hip and pelvic areas, 
with variable extents and prevalences. The obtu-
rator externus, ischiogluteal, gluteofemoral, ilio-
psoas, obturator internus, piriformis, and 
trochanteric bursae are the most commonly 
affected by disease (Fig. 5.12). The anatomy and 
pathology of these bursae will be developed in a 
separate section at the end of this chapter.

 Vascular Anatomy

The superior and inferior gluteal arteries 
(Figs. 5.1, 5.2, and 5.4) branch off of the internal 
iliac artery within the pelvis (lumbosacral region). 
The superior gluteal artery descends out of the 

pelvis through the upper greater sciatic notch, and 
the inferior gluteal artery descends out of the pel-
vis through the lower greater sciatic notch. The 
superior gluteal artery and nerve divides 1–2 cm 
above the superior border of the piriformis and 
fans out in a course anterior and distal to the 
greater sciatic foramen between the gluteus mini-
mus and gluteus medius supplying the gluteus 
medius, gluteus minimus, and tensor fascia lata. 
The inferior gluteal nerve and artery enter the pel-
vis at the greater sciatic notch medial to the sciatic 
nerve passing between the piriformis muscle and 
coccygeus muscles. It descends along with the 
sciatic nerve and posterior femoral cutaneous 
nerve between the greater trochanter and ischial 
tuberosity. The inferior gluteal artery gives rise to 
two branches underlying the external rotators 
contributing to the perfusion of the acetabulum 
and capsule. A superficial arterial branch of the 
inferior gluteal artery crosses the sciatic nerve lat-
erally between the piriformis and superior gemel-
lus muscle [31] (Figs. 5.1, 5.2, and 5.4).

The medial and lateral femoral circumflex 
arteries (M/L-FCA) supply the metaphysis and the 
epiphysis of the femur forming an extracapsular 
arterial ring surrounding the base of the femoral 
neck. The MFCA arises from the femoral artery. It 
passes in a posterior direction between the ilio-
psoas and pectineus muscles and then between the 
medial capsule and the  obturator externus muscle. 

Fig. 5.10 Normal anatomy 
of the hamstring tendon 
complex. The diagram 
illustrates the footprint of the 
right hamstring tendons on 
the ischium. 
Green = semimembranosus 
footprint, white = common 
insertion of the ST and long 
head of the biceps femoris, 
black = medial portion of the 
adductor magnus, 
red = sacrotuberous ligament 
insertion

5 Imaging Assessment in Posterior Hip Pathology



68

It then gives rise to the medial ascending cervical 
branches, muscular branches to supply the obtura-
tor externus muscle, and posterior ascending cer-
vical arteries at the posterior aspect of the 
extracapsular region at the intertrochanteric line. 

The termination of the MFCA traverses the lateral 
capsule in the posterior trochanteric fossa (lateral 
ascending cervical branches) providing most of 
the arterial supply to the femoral head, neck, and 
trochanter. The LFCA arises from the “profunda” 

a b c

Fig. 5.11 Normal anatomy of the proximal hamstring ten-
don complex. Consecutive from cranial to caudal axial 
T1-weighted MR images (a–c) illustrate hamstring inser-
tion onto the ischial tuberosity. Green arrows = semimem-
branosus footprint, white arrows = common insertion of the 

ST and long head of the biceps femoris, black 
arrow  =  medial portion of the adductor magnus, red 
arrows = sacrotuberous ligament insertion. The colors used 
in this image correspond to the colors used in Fig. 5.10 for 
a better understanding of the different tendon insertions

Fig. 5.12 Normal bursae around the posterior hip joint. 
Obturator externus (red), ischiogluteal (blue), gluteo-
femoral (yellow), iliopsoas (green), piriformis (dark 

blue), and gluteofemoral bursae are the most frequent 
bursae of the posterior hip that may be affected by 
disease
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artery; runs laterally, anterior to the iliopsoas; and 
ascends laterally and superiorly being the source 
of the anterior ascending cervical branches. All 
cervical ascending arteries traverse the capsule 
from the base and progress subsynovially up the 
femoral neck [32, 33] (Figs. 5.13 and 5.14).

 Nerves

The lumbar plexus is composed of the ventral 
rami of L1–L4 and is anatomically located behind 
or less commonly within the psoas muscle, mak-
ing it difficult to identify on CT and MRI [34]. 
The sacral plexus is derived from the anterior 
rami of spinal nerves L4, L5, S1, S2, S3, and S4 
(Fig. 5.15). A minor branch of L4 combines with 
the ventral ramus of L5 to form the lumbosacral 
trunk (Fig. 5.16a). It descends over the sacral ala 
and combines with the ventral rami of S1, S2, 
and S3 (and a branch of S4) to form the sacral 

Fig. 5.13 Normal anatomy of the posterior and anterior 
ascending femoral arteries. Axial T1-weighted MR image 
shows both arteries (black arrows) originating from the 
medial and lateral circumflex femoral arteries, respec-
tively (white arrows). Asterisk = femoral artery and pro-
fundus femoral artery

Fig. 5.14 Normal anatomy of vascular structures around 
the femur. The diagram illustrates the main vascular struc-
tures around the femur (right side). This anatomy must be 

kept in mind during imaging-guided injections to provide 
a less difficult, less painful, and free-risk path to the 
desired point of injection
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Fig. 5.15 Normal anatomy of the lumbosacral plexus. The diagram illustrates the main nerves arising from L4 through 
S3 at the lumbosacral enlargement

a b

Fig. 5.16 Normal anatomy of the sacral plexus. 
Consecutive from cranial to caudal axial T1-weighted MR 
images illustrate the main anatomic relationship of the 
sacral plexus roots. (a) Level of the sacrum. (b) Level of 

the supra-piriformis space. (c, d) Level of piriformis 
 muscle. Sacral roots = yellow arrows, large arrow = lum-
bosacral trunk, white arrow  =  piriformis muscle, aster-
isk = sacral ala
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plexus. These branches decrease in thickness 
from top to bottom [35]. The first branch 
obliquely crosses the upper edge of the pirifor-
mis, the second running ahead of this muscle, and 
the third branch passes through its lower edge 
(Fig.  5.16). Smaller field-of-view coronal-
oblique images aligned with the sacrum and sag-
ittal images centered on the sacrum allow the 
sacral plexus to be seen [36]. The lumbosacral 
trunk and the anterior divisions of the sacral 
plexus combine to form the medial and anterior 
component of the sciatic nerve (tibial nerve), 
while the posterior divisions merge to form the 
lateral and posterior component (peroneal nerve). 
Both pass through the anterior third of the greater 
sciatic foramen enclosed in a common sheath and 
supported in the piriformis muscle arrangement 
perpendicular to its long axis, just behind the 
sacrospinous ligament insertion into the ischial 
spine (Figs. 5.1a, 5.2, 5.3, and 5.16). Within the 
superior deep gluteal space, sciatic nerve runs 
inferiorly and laterally ahead of the pyramidal 
(Figs. 5.2 and 5.3). After curves it takes the longi-
tudinal direction of the thigh, behind the obtura-
tor internus-gemelli complex and quadratus 
femoris and lateral, in intimate contact, to the 
conjoined tendon of the long head of biceps and 
semitendinosus, lying near the posterior capsule 
of the hip joint [37] (Figs. 5.1, 5.2, 5.3, 5.4, 5.5, 

5.16, and 5.17). At this level the sciatic nerve is 
located in the middle third and least frequently in 
the inner third of the line between the ischium 
and the greater trochanter, at a mean of 1.2–
0.2 cm from the most lateral aspect of the ischial 
tuberosity. At the level of the sacrospinous 
 ligament insertion, the sciatic nerve can be iden-
tified as a robust and circular structure with a 
diameter of between 0.9 and 1.2  cm [38]. 
Throughout its course the nerve is covered by the 
gluteus maximus [2, 3, 8]. There is no artery after 
a similar course because the chief blood supply to 
the thigh is through the anterior femoral artery. 
With hip flexion, the sciatic nerve experiences a 
proximal excursion of 28.0 mm [39] (Figs. 5.17 
and 5.18).

 Imaging Assessment 
in “Deep Gluteal Syndrome”

Deep gluteal syndrome (DGS), also named sub-
gluteal syndrome, is an underdiagnosed entity 
characterized by pain and/or dysesthesias in the 
buttock area, hip, or posterior thigh and/or radic-
ular pain, due to a non-discogenic sciatic nerve 
entrapment in the deep gluteal space.

In a prospective MRI study of the lumbar 
spine in asymptomatic patients, 20% of theme 

c d

Fig. 5.16 (continued)
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between 20 and 59 years of age had a herniated 
disc and 57% of the 60- to 80-year-old group had 
evidence of a herniated disc or canal stenosis. 
Moreover, in 20% of cases, the sciatica is of both 
discogenic and non-discogenic origin [40]. 

However, in practice, causes of non-discogenic 
entrapment are often overlooked, partly due to 
the high sensitivity of lumbar spine MRI.  It is 
known that sacral plexus and sciatic nerve entrap-
ments may be a result from a high spectrum of 
extrapelvic (within the deep gluteal space) or 
intrapelvic pathology. Due to the variation of 
anatomical entrapment, the term “deep gluteal 
syndrome” may be a more accurate description 
of this non-discogenic sciatica [2].

Multiple orthopedic and non-orthopedic con-
ditions may manifest as a DGS [5, 35, 40]. A 
broad spectrum of known pathologies may non-
specifically be located in the deep gluteal space 
and can therefore trigger DGS. These entities can 
be found in any other body area affecting other 
nerves and can be classified as traumatic, iatro-
genic, inflammatory/infectious, vascular, gyne-
cologic, and tumors/pseudotumors. On the other 
hand, there are specific entrapments of this ana-
tomical area. These entrapments within the deep 
gluteal space include fibrous bands, piriformis 
syndrome, obturator internus/gemellus 
 syndrome, quadratus femoris and ischiofemoral 
pathology, hamstring conditions, gluteal disor-
ders, or orthopedic causes [5] (Table 5.1).

a b

Fig. 5.17 Normal anatomy of the deep gluteal space. 
Consecutive from anterior (a) to posterior (b) coronal 
T1-weighted MR images illustrating the main anatomic 
relationship in the deep gluteal space. Sciatic nerve 

(arrow), SP sacral plexus, SGA/N superior gluteal artery 
and nerve, GM gluteus maximus muscle, QFM quadratus 
femoris muscle, H hamstring tendons, SIJ sacroiliac joint, 
OI obturator internus muscle, P piriformis muscle

Fig. 5.18 Normal location of the sciatic nerve. Axial 
T1-weighted MR image shows the location of the sciatic 
nerve in the inner third of the line between the ischium 
and the greater trochanter, at a mean of 1.2–0.2 cm from 
the most lateral aspect of the ischial tuberosity
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 Specific Entrapments

 Fibrous and Fibrovascular Bands
The concept of fibrous bands, which may or may 
not contain blood vessels, playing a role in caus-
ing symptoms related to sciatic nerve entrapment 
represents a radical change in the current diagno-
sis and therapeutic approach for the all-inclu-
sively used term “piriformis syndrome.” Typically 
constricting fibrous bands are present in many 
cases of sciatic nerve entrapment during endos-
copy [2, 3]. Under normal conditions, the sciatic 
nerve is able to stretch and glide in order to 
accommodate moderate strain or compression 
associated with joint movement [41]. Diminished 
or absent sciatic mobility during hip and knee 
movements due to these bands is the precipitating 
cause of sciatic neuropathy (ischemic neuropa-
thy) [5, 42] (Figs. 5.19 and 5.20).

From the point of view of its macroscopic 
structure, there are three primary types of bands: 
pure fibrous bands (Fig. 5.21), without identifi-
able macroscopic vessels by MRN imaging and 
endoscopy; fibrovascular bands, with vessels 
macroscopically identifiable by MRN (Fig. 5.22); 
and pure vascular bands, exclusively formed by a 
vessel without surrounding fibrous tissue [5].

Table 5.1 Potential etiologies of DGS according to the 
pathophysiological mechanisms

Specific entrapments
 Fibrous and fibrovascular bands
 Piriformis syndrome
  Hypertrophy of the piriformis muscle
  Dynamic sciatic entrapment by piriformis
  Anatomical variations of sciatic-piriformis complex
  Anomalous attachment of the piriformis muscle
  Fibrosis after classic open surgery
  Trauma- or overuse-related conditions (avulsions, 

tendinosis, strains, calcifying tendinosis, and spasm)
 Gemelli-obturator internus syndrome
  Hypertrophy of the obturator internus muscle
  Dynamic sciatic entrapment by obturator internus
  Anatomical variations of sciatic-piriformis complex
  Scissor-like piriformis-obturator internus entrapment
  Trauma- or overuse-related conditions (avulsions, 

tendinosis, strains, calcifying tendinosis, and spasm)
 Quadratus femoris and ischiofemoral pathology
  Trauma- or overuse-related conditions
  Ischiofemoral impingement
 Hamstring conditions
 Gluteal disorders
 Orthopedic and other causes
Nonspecific entrapments
 Traumatic
 Iatrogenic
 Inflammatory/infectious
 Vascular
 Gynecological
 Pseudotumors and tumors

a b

Fig. 5.19 Endoscopic view showing the pathogenic 
mechanism of DGS. (a) Edematous and flattened sci-
atic nerve due to fibrovascular entrapment (arrow) in a 

patient with ischemic neuritis. (b) Normal vasculariza-
tion recovery (arrowheads) after nerve neurolysis
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a

c

e

d

b

Fig. 5.20 Pathogenic classification of fibrous/fibrovascu-
lar bands. (a, b) Compressive or bridge-type bands limit-
ing the movement of the sciatic nerve from anterior to 
posterior (type 1A) or from posterior to anterior (type 1B). 
(c, d) Adhesive bands or horse-strap bands (type 2), which 

bind strongly to the sciatic nerve structure, anchoring it in 
a single direction. They can be attached to the sciatic 
nerve laterally (type 2A) or medially (type 2B). (e) Bands 
anchored to the sciatic nerve with undefined distribution 
(type 3). Reprinted with permission from Massimiliano 
Crespi
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Based on their location, they can be classified as 
proximal, which affects the sciatic nerve in the 
vicinity of the greater sciatic notch, and distal, 
which affects the ischial tunnel region, between the 
quadratus femoris and proximal insertion of the 
hamstrings and middle bands, located at the level of 

the piriformis and obturator internus-gemelli com-
plex (piriformis-obturator space). In each of these 
three locations, these bands can be located medial 
or lateral to the sciatic nerve [5] (Fig. 5.5).

Depending on the pathogenic mechanism, 
bands can be classified as (Fig. 5.20):

a b

c d

Fig. 5.21 Purely fibrotic proximal type-1A band in a 
39-year-old woman with DGS. (a) Double sagittal-
oblique PD-weighted MR image shows a compressive or 
bridge-type band (arrowhead) limiting the movement of 
the sciatic nerve (arrow) from anterior to posterior. (b) 
Coronal-oblique MDCT reconstruction of the same band 
(arrowhead) after infiltration test. The iodinated contrast 
around the sciatic nerve (arrow) allows better delineation 

of this band. (c) Endoscopic image shows the sciatic nerve 
decompression through resection of this band (arrow-
head). (d) Double sagittal-oblique fat-saturated 
PD-weighted MR image shows a compressive or bridge-
type band (arrowhead) limiting the movement of the sci-
atic nerve (arrow) from anterior to posterior. Note the 
signal hyperintensity of the sciatic nerve indicative of 
neuritis
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 (a) Compressive or bridge-type bands (type 1), 
which limit the movement compressing the 
nerve from anterior to posterior (Type 1A) 
(Figs.  5.20a and 5.21) or from posterior to 
anterior (Type 1B) (Figs.  5.20b and 5.22). 
The former is located in front of the sciatic 
nerve. These fibrous bands usually extend 
from the posterior border of the greater tro-

chanter and surrounding soft tissues (distal 
insertions are variable) to the gluteus maxi-
mus onto the sciatic nerve and extend up to 
the greater sciatic notch [5].

 (b) Adhesive bands or horse-strap bands (type 2), 
which bind strongly to the sciatic nerve struc-
ture, anchoring it in a single direction and not 
allowing to perform its normal excursion dur-

a b

c d

Fig. 5.22 Proximal fibrovascular type-1B band in a 
44-year-old woman with DGS. (a) Axial-oblique 
T1-weighted MR image and (b) axial PD fat-suppressed 
MR image show a fibrovascular band with an artery 
macroscopically identifiable (arrowheads) located 
behind the sciatic nerve (arrows). (c) Axial-oblique 
MDCT reconstruction of the same fibrovascular band 

after the infiltration test performance. The iodinated con-
trast around the nerve allows better delineation of this 
band. (d) Endoscopic image shows the sciatic nerve 
(arrow) compression by a fibrovascular band (arrow-
head). Note the bleeding vessel during resection of the 
band. Resection of the band resulted in complete resolu-
tion of symptoms
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ing the hip movements. These bands can be 
attached to the sciatic nerve laterally, from the 
major trochanter (type 2A), or medially, from 
the sacrospinous ligament (type 2B). Lateral 
bands are the most common. Among those 
classified as medial bands, proximal location 
is more frequent [5] (Figs. 5.20c and 5.23).

 (c) Bands anchored to the sciatic nerve with 
undefined distribution (type 3). These kinds 
of bands, with an erratic distribution, are 
characterized by anchoring the nerve in mul-
tiple directions (Figs.  5.20e and 5.24). As 
type-2 bands, they are secondary to a broad 
spectrum of musculoskeletal and extra-skele-
tal pathology [5].

Radiologists and orthopedics should be aware 
of this bands classification as it provides useful 
information enabling the surgeon to choose the 
appropriate instruments, patient positioning, 
endoscopic portals, and intraoperative manage-
ment. Any band found should be classified within 
these three groups. Because of its higher fre-
quency, special attention must be given to 
branches of the inferior gluteal artery (IGA) 
nourishing fibrous bands in the proximity of the 
piriformis muscle [5] (Figs. 5.2 and 5.4).

 Piriformis Syndrome
The development of periarticular hip endoscopy 
and MRI techniques has allowed for the under-
standing of the pathophysiological mechanisms 
underlying piriformis syndrome and DGS, and, 
therefore, it has supported further its classifica-
tion. Thereby, piriformis syndrome can be classi-
fied as a subgroup of DGS but not all DGS are 
piriformis syndrome [3].

Reported incidence rates for piriformis syn-
drome among patients with low back pain vary 
widely from 5% to 36% [43, 44]. Actual preva-
lence is difficult to determine accurately because it 
is often underdiagnosed or confused with other 
conditions. Until now piriformis syndrome has 
probably been underdiagnosed, rather than overdi-
agnosed [45]. Filler et al. did publish an investiga-
tion of 239 patients with sciatica who had either 
failed spine surgery (46%) or a failure to deter-
mine the exact cause of their sciatica. After per-
forming MR neurography and interventional MR 
imaging, the final rediagnosis was piriformis syn-
drome in 67.8% of patients. None of the studies 
published to date include the concept of fibrous 
bands or other causes that are discussed in this 
chapter. Therefore, the pain attributed to  piriformis 
muscle could have other not evaluated causes.

a b

Fig. 5.23 Adhesive and lateral type-2A fibrous band in a 
31-year-old woman with DGS.  Axial PD-weighted MR 

image (a) and endoscopic view (b) show a fibrous band 
(arrowheads) attached to the sciatic nerve (arrow), later-
ally from the major trochanter (type 2A)
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Radiographic studies have limited application 
to the diagnosis. Until now, MRI and CT were to 
be reserved for ruling out disc and vertebral patho-
logic conditions and were limited to assess the 
presence of piriformis muscle enlargement. 
Advances in the knowledge of the deep gluteal 
space pathology, the dynamics of the sciatic nerve, 
and technical improvement of MRI make the latter 
a required test to assess piriformis syndrome [5].

There are two types of piriformis syndrome, 
primary and secondary. Primary piriformis syn-
drome has an anatomic cause (anatomical varia-
tions or anomalous attachments). Secondary 
piriformis syndrome occurs as a result of a pre-
cipitating cause. Fewer than 15% of cases have a 
purely primary cause [46].

Potential sources of pathology related to the 
piriformis muscle can be classified into six 
types [5].

Hypertrophy of the Piriformis Muscle
Asymmetric enlarged piriformis muscle with 
anterior displacement of the sciatic nerve may be 
a cause of DGS.  According to Russell, muscle 
size asymmetry of 2  mm is present in 81% of 
patients with no history or clinical suspicion of 

piriformis syndrome. Moreover, none of the 
patients with asymmetry of 4  mm or more had 
symptoms suggestive of piriformis syndrome in 
his study [47]. Muscle asymmetry singly has 
only a specificity of 66% and a sensitivity of 46% 
during identification of patients with muscle-
based piriformis syndrome. Asymmetry associ-
ated with sciatic nerve hyperintensity at the 
sciatic notch reveals a specificity of 93% and a 
sensitivity of 64% in patients with piriformis syn-
drome distinct from that which had no similar 
symptoms [5] (Fig. 5.25).

First-line treatment consists of conservative 
measures, including rest, anti-inflammatories, 
muscle relaxants, and physical therapy for a 
6-week period. The CT-guided infiltration test 
is valid for diagnosis and treatment [5]. The 
improvement of symptoms after image-guided 
infiltration confirms the diagnosis. In refrac-
tory cases, Botox infiltration is the next step. 
Botulinum toxin blocks presynaptic conduc-
tion, thereby creating a temporary paresis, and 
induces a denervative process and atrophy of 
the piriformis muscle. In a few cases, pirifor-
mis endoscopic resection is ultimately neces-
sary [3, 48, 49].

a b

Fig. 5.24 Type-3 scarred bands in a 51-year-old 
woman with DGS. (a) Axial T1-weighted MR image 
shows fibrous irregular bands (arrowheads) with 
undefined distribution in the perisciatic fat, anchoring 

the sciatic nerve (arrow) in multiple directions. (b) 
The endoscopic image shows the sciatic nerve decom-
pression, more complex when this type of bands is 
resected
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Dynamic Sciatic Nerve Entrapment by 
Piriformis Muscle
Dynamic entrapment of the sciatic nerve by 
piriformis is not uncommon. Often the only 
finding at imaging that can be shown is nerve 
signal hyperintensity in edema-sensitive 
sequences at the level of the greater sciatic 
notch [5] (Fig. 5.26). Similarly as in the previ-
ous case, the CT-guided infiltration test has an 
important not only diagnostic but also thera-
peutic function, as healing is achieved multiple 
times (over 80% in our experience). In many 
cases trapping is only temporary; therefore, 
MRI cannot show neuritis if just before its 
implementation exercise has not been done or 
the position that produces the symptoms has 
not been adopted. Undergo a provocative test 
for several minutes just before performing 
MRI is helpful for the detection of sciatic neu-
ritis secondary to piriformis dynamic entrap-
ment [5]. Definitive diagnosis is sometimes 
endoscopic, demonstrating the entrapment dur-
ing dynamic maneuvers. Endoscopic pirifor-
mis release, initially reported by Dezawa et al. 
[50], and subsequent verification of correct 
nerve mobility is required. Because some cases 
are transient, an infiltration test is always the 

first step in the treatment sequence, which 
leads to diagnosis, and facilitates a high per-
centage of healing without resorting to surgery, 
which is reserved for recurrent cases or cases 
that do not improve with physical therapy [3, 5, 
48, 51].

Anomalous Course of the Sciatic Nerve 
(Anatomical Variations)
Descriptions of variations concerning the rela-
tionship between the piriformis muscle and 
sciatic nerve have been limited. The prevalence 
of sciatic-piriformis complex variations has 
been 16.9% in a meta-analysis of cadaveric 
studies and 16.2% in published surgical case 
series. Variants are usually bilateral. What is 
rare is to find two different types of high divi-
sions on both sides in same patient. Normally, 
the sciatic nerve passes through the greater sci-
atic foramen below the piriformis muscle. 
However, it may divide into its common fibular 
and tibial nerve components within the pelvis 
[52–55].

Six categories of anatomical variations of the 
relationship between the piriformis muscle and 
sciatic nerve were originally reported in 1937 by 
Beaton and Anson [52] (Fig. 5.27):

a b

Fig. 5.25 DGS secondary to hypertrophy of the pirifor-
mis muscle in a 34-year-old woman with DGS. Axial (a) 
and coronal (b) PD-weighted fat-saturated MR images 

show a left hypertrophic piriformis muscle (P) and associ-
ated sciatic neuritis (arrow in b)
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a b

Fig. 5.26 Dynamic entrapment of the sciatic nerve by pirifor-
mis muscle in a 45-year-old man with DGS. (a) Double sag-
ittal-oblique fat-suppressed PD-weighted MR image shows 
sciatic neuritis (arrow) with no other associated abnormalities. 

The definitive diagnosis in this patient was endoscopic, dem-
onstrating the sciatic nerve entrapment. (b) Endoscopic piri-
formis release (arrowheads) resulted in sciatic nerve 
decompression (arrow) and complete relief of symptoms

• Type A, undivided nerve comes out below the 
piriformis muscle.

• Type B, a divided sciatic nerve passing through 
and below the piriformis muscle (Fig. 5.28).

We have described a subset additional type-
B variation; in this variation, the sciatic nerve 
appears to pass below the piriformis muscle 
but a smaller accessory piriformis muscle, 
with its own separate distal tendon, passing 
between the common fibular and tibial por-
tions of the sciatic nerve. This variation can 
also be seen in patients without high division 
of the sciatic nerve (Fig.  5.29a). These vari-
ants, in the same way as the other types, are 
easily identifiable by MR imaging [5] 
(Fig. 5.29b).

• Type C, a divided nerve passing above and 
below undivided muscle.

• Type D, an undivided sciatic nerve passing 
through the piriformis muscle.

• Type E, a divided nerve passing through and 
above the muscle heads.

• Type F, undivided sciatic nerve passing above 
undivided muscle.

Smoll presented the overall reported incidence 
of these six variations in over 6000 dissected 
limbs. Relationships A, B, C, D, E, and F occurred 
in 83.1%, 13.7%, 1.3%, 0.5%, 0.08%, and 0.08% 
of limbs, respectively [53]. Therefore, with the 
exception of the relationship A (normal course), 
B-type piriformis-sciatic variation is the most 
commonly found (Fig. 5.28).

The fact that these piriformis-sciatic nerve 
anomalies exist is important for the surgeon to rec-
ognize; however, the anomaly itself may not always 
be the etiology of DGS symptoms as some asymp-
tomatic patients present these  variations and some 
symptomatic patients do not. A subsequent event 
such as any etiology reported in this paper or pro-
longed sitting, direct trauma to the gluteal region, 
fibrous bands, prolonged stretching, overuse, pel-
vic/spinal instability, or orthopedic conditions may 
then precipitate sciatic nerve neuropathy [5].

The CT-guided infiltration test is helpful in 
many cases to achieve the improvement or resolu-
tion of symptoms. During this procedure, radiolo-
gist should be ensured that the solution is distributed 
along the portion of the nerve that lies between the 
muscle bellies to have diagnostic validity and 
potential therapeutic effect [5] (Fig. 5.30).

M. F. Hernando et al.



81

a d

b

c f

e

Fig. 5.27 Anatomical variations of the relationship between 
piriformis muscle and sciatic nerve. (a–f) Diagrams illustrate 
in a posterior view the six variants, originally described by 
Beaton and Anson. (a) An undivided nerve comes out below 
the piriformis muscle (normal course). (b) A divided sciatic 
nerve passing through and below the piriformis muscle. (c) A 

divided nerve passing above and below undivided muscle. 
(d) An undivided sciatic nerve passing through the piriformis 
muscle. (e) A divided nerve passing through and above the 
muscle heads. (f) An undivided sciatic nerve passing above 
undivided muscle. SN sciatic nerve, P piriformis muscle, SG 
superior gemellus muscle
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If it does not get resolution of symptoms, 
endoscopic tenotomy of the piriformis muscle is 
indicated but must be performed both proximal 
and distal to the variant, because if only the distal 
portion is tenotomized, retraction of the muscle 
may drag the nerve medially, resulting in clinical 
worsening [5]. Many patients do not improve of 
their symptoms because piriformis tenotomy is 

performed by open surgery without considering 
this fact (Fig. 5.31).

Anomalous Attachments
Anomalous attachments include variations in proxi-
mal or distal insertions [56] (Fig. 5.32). Described 
variants of the origin of the piriformis muscle are not 
frequent but have added many cases in our series.

a b

c d

Fig. 5.28 Right type B of Beaton and Anson piriformis-
sciatic complex variation in a 34-year-old woman with 
DGS. (a) Coronal and (d) sagittal PD-weighted MR 
image shows a high sciatic nerve division (arrows) with 
its two branches passing through and below the pirifor-
mis muscle bellies (asterisks). (b) Sagittal-oblique 

MDCT reconstruction after performing the infiltration 
test shows in negative the same anatomical variant. The 
contrast medium placed in the perineural space facili-
tates the visualization of the variant. (c) The endoscopic 
image confirmed this sciatic nerve variation easily iden-
tified by MRI

M. F. Hernando et al.



83

a b

Fig. 5.29 Non-Beaton and Anson piriformis-sciatic 
complex variation in a 45-year-old woman with DGS. (a) 
Diagram illustrates the variant, not originally described 
by Beaton and Anson. (b) Coronal PD-weighted MR 

image shows a normal sciatic nerve (SN) passing between 
the piriformis muscle (P) and an accessory muscle belly 
(AP). SG superior geminus. Reprinted with permission 
from Massimiliano Crespi

Fig. 5.30 Double injection of anesthetic and corticoste-
roid technique (infiltration test) in a 28-year-old patient 
with a B-type piriformis muscle. Sagittal MDCT image 
shows the final result of CT-guided infiltration of the 
perisciatic space through the piriformis muscle. The solu-
tion contains a small amount of iodinated contrast to 

assess the location of injection more accurately. During 
the procedure, radiologist should be ensured that the solu-
tion (white arrows) is also distributed along the peroneal 
nerve (yellow arrow) that lies between the muscle bellies 
of piriformis muscle (asterisks) to have diagnostic validity 
and potential therapeutic effect
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Cases with proximal involving include an 
intraforaminal insertion causing compression of 
the corresponding sacral root (Fig.  5.32), the 
presence of a larger than normal insertion, a 
wider insertion than normal and finally, and the 
existence of an intrapelvic (Fig. 5.32c) or extra-
pelvic accessory muscle belly. The presence of 
an extrapelvic accessory belly of piriformis mus-
cle is not uncommon. It is inserted into the poste-
rior and superior aspect of the iliac blade, next to 
the sacroiliac joint, and fuses with the distal myo-
tendinous junction of the piriformis muscle. 
Proximally it sometimes attaches to the gluteus 
maximus. The innervation of this anomalous 
muscle is usually derived from the inferior glu-
teal nerve [57] (Fig.  5.32). Underlying patho-
physiological mechanisms are based on 
disturbance of normal alignment of the axis con-
traction of the muscle or the direct impingement 
of the roots of the sacral plexus [5].

On the other hand, most of the distal anomalous 
insertions include full/partial insertion onto the 
obturator internus or conjoint piriformis/obturator 
distal attachment onto the greater  tuberosity of the 

Fig. 5.31 DGS secondary to retraction of the type-B piri-
formis tendon (left side) after tenotomy in a 29-year-old 
man. Axial PD-weighted fat-saturated MR image shows 
sciatic neuritis (large arrow) and the tendon retraction 
(short arrow). Endoscopic tenotomy of a type-B pirifor-
mis muscle must be performed both proximal and distal in 
this variant, because if only the distal section is tenoto-
mized, retraction of the muscle may drag the nerve medi-
ally, resulting in clinical worsening

a b

Fig. 5.32 Anomalous attachments of the piriformis mus-
cle. (a, b) Sagittal-oblique and axial MDCT reconstruc-
tion in a 35-year-old woman, after performing botulinum 
toxin infiltration, shows an anomalous extrapelvic acces-
sory muscle belly of piriformis muscle (large arrow) that 
fuses distally with the distal myotendinous junction (short 

arrow). (c) Coronal-oblique MDCT reconstruction in a 
44-year-old man shows an anomalous intrapelvic acces-
sory muscle belly of piriformis (arrow). (d) Axial-oblique 
MDCT reconstruction in a 42-year-old woman reveals an 
intraforaminal insertion of the piriformis muscle (arrow) 
entrapping a sacral root (arrowhead)
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femur. These abnormalities in the distal insertion 
could not have been associated clearly with symp-
toms of nerve entrapment.

The treatment in these cases initially consists 
of conservative measures such as physical ther-
apy program. Intramuscular botulinum toxin 
injection may be a useful treatment in some cases 
if the infiltration test does not relieve pain. 
However, endoscopic resection of the muscle is 
frequently required [5].

Sciatic Nerve Entrapment Secondary 
to Fibrosis After Classic Open Surgery 
of Piriformis Syndrome
This kind of surgery has a relatively high rate of 
postoperative fibrosis with subsequent entrap-
ment of the sciatic nerve by the retracted stump 
of the muscle belly (type-3 bands). The endo-
scopic neurolysis of the sciatic nerve is the treat-
ment of choice. Endoscopic release of the nerve 
in these cases is complex and tedious. Infiltration 
test shows very poor results in this situation [5] 
(Fig. 5.33).

Trauma- or Overuse-Related Conditions
Avulsions, tendinosis, strains, calcifying tendi-
nosis, or spasm, as may occur in any other ten-
don (Figs.  5.34, 5.35, 5.36, and 5.37). 
Treatment usually consists of physical therapy. 

MR imaging is required to detect complica-
tions, inflammatory changes, or the formation 
of fibrous bands, in which case infiltration or 
endoscopic debridement of the sciatic nerve 
may be required. Piriformis spasm is a diagno-
sis of exclusion that should be only distin-
guished from transient dynamic entrapment 
not associated with neuritis on MR imaging. In 
both cases treatment of choice is an infiltration 
test or intramuscular injection of Botox if there 
is no improvement [5]. The spasm is easily 
detectable during the perineural infiltration 
test. If the muscle shows a significant resis-
tance to the passage of the needle, a diagnosis 
of spasm can be made. The solution should be 
located at the perineural space, but a part of it 
should also be instilled into the muscle. Muscle 
drill may also be effective if spasm exists but 
always guided by an imaging method as sur-
rounding arteries are located in the vicinity and 
bleed easily, which can complicate the case 
with hematomas and hence fibrous bands for-
mation. In addition, and similarly to shoulder, 
calcifying tendinosis can be solved by ultra-
sound-guided percutaneous evacuation with 
saline solution and local anesthetic (barbotage 
technique). Tendinosis can be treated with 
image-guided peritendinous infiltration with 
local anesthetic and steroid [58].

c d

Fig. 5.32 (continued)
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a b

Fig. 5.33 Recurrence of DGS after classic open tenot-
omy of piriformis muscle in a 37-year-old woman. (a) 
Axial fat-suppressed PD-weighted MR image shows a 
sciatic neuritis (arrow) due to the entrapment by post-
surgical fibrosis around the retracted stump of the 

resected and atrophic piriformis (arrowhead). (b) 
Endoscopic view of sciatic nerve (SN) entrapment by 
type-3 fibrous bands (arrows) in the same patient. 
Resection of these bands resulted in complete resolu-
tion of symptoms

Fig. 5.34 DGS secondary to distal piriformis tendinosis 
in a 35-year-old man. Coronal-oblique fat-suppressed 
PD-weighted MR image shows a moderate thickening and 
fraying of piriformis tendon at the level of the distal 
enthesis on the medial side of the greater trochanter 
(arrow)

Fig. 5.35 DGS secondary to distal insertional piriformis 
avulsion in a 46-year-old woman. Coronal-oblique fat-
suppressed PD-weighted MR arthrogram image shows a 
chronic avulsion of the piriformis tendon at the level of 
the distal enthesis on the medial side of the greater tro-
chanter. No other abnormalities were seen in this study
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 Gemelli-Obturator Internus Syndrome
Obturator internus/gemelli complex pathology is 
rare and commonly overlooked in patients suffer-
ing from posterior hip pain associated o nor to sci-
atica. Because of its proximity and similarity in 

both structures and function, most treatments for 
piriformis syndrome also affect the internal obtura-
tor [59]. Dynamic compression of the sciatic nerve 
caused by a stretched or altered dynamic of the 
obturator internus muscle should be included as a 
possible diagnosis for DGS [60] (Fig.  5.38). 
Additionally to this simple entrapment a scissor-
like effect between the piriformis an the obturator 
internus can be also the source of entrapment as the 
sciatic nerve passes under the belly of piriformis 
and over superior gemelli/obturator internus com-
plex [5, 61]. The MR diagnosis of this entity is 
based on detection of neuritis not in prepiriformis 
area but in the obturator-piriformis space 
(Fig.  5.39). Insertional pathology and variations 
concerning the sciatic nerve and obturator internus/
gemelli are also possible, the most frequent being 
an obturator internus penetrating the nerve [5]. The 
latter is easily identifiable by MRI (Fig. 5.40). In 
contrast to the first type of piriformis syndrome, an 
hypertrophied obturator internus is rarely found, 
usually in body builders (Fig. 5.41). In a study of 
six patients who underwent surgery for suspected 
piriformis syndrome, all were observed intraopera-
tively to have increased obturator internus muscle 
tension, hyperemia, and hypertrophy [43]. 
Furthermore, the obturator internus muscle was 
observed impinging on the sciatic nerve during an 
intraoperative Lasègue maneuver. Because of this 
proximity, similar pathway, and similar function, 

Fig. 5.36 DGS secondary to piriformis retraction in a 
35-year-old woman. Axial-oblique fat-suppressed 
PD-weighted MR image shows a chronic retraction of the 
piriformis tendon after previous complete myotendinous 
tear. Note the sacral roots hyperintensity suggestive of 
neuropathy secondary to a fibrous entrapment as a result 
of the retraction. Acute inflammatory changes and a fluid 
collection added to chronic changes are also visible 
(asterisk)

Fig. 5.37 DGS 
secondary to piriformis 
calcifying tendinosis in 
a 42-year-old man. 
Coronal-oblique MDCT 
reconstruction shows an 
intratendinous focus of 
calcium close to the 
distal enthesitis (large 
arrow) of the piriformis 
tendon (short arrows). 
(Asterisk) piriformis 
muscle belly
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most treatments for patients with  piriformis syn-
drome would affect the internal obturator muscle 
as well. Moreover, Cox et  al. argued that the 
gemelli-obturator internus muscles and its associ-
ated bursa should be regarded as possible sources 

of retro-trochanterically located DGS [5]. Finally, 
MRI can also identify avulsions, tendinosis, calci-
fying tendinosis, or tears (Fig. 5.42). Management 
of these  pathologies is identical to the different 
types of piriformis syndrome [3, 5].

a b

Fig. 5.38 Dynamic entrapment of the sciatic nerve by the 
obturator internus (OI) in a 48-year-old man with clinical 
diagnosis of DGS. (a) Double sagittal-oblique fat-sup-
pressed PD-weighted MR image shows sciatic neuritis 

(arrow). (b) Endoscopic view confirms the dynamic 
entrapment of the sciatic nerve (arrow) by the obturator 
internus muscle (arrowhead). The OI muscle was found 
very tight and slightly hyperemic

a b

Fig. 5.39 Dynamic entrapment of the sciatic nerve by the 
obturator internus (OI) and the piriformis muscles (P) in a 
42-year-old man with clinical diagnosis of DGS. (a) 
Coronal and (b) double sagittal-oblique fat-suppressed 

PD-weighted MR image shows sciatic neuritis (arrows) 
due to a scissor-like effect between the two muscles endo-
scopically confirmed
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a b

Fig. 5.40 Dynamic entrapment of the sciatic nerve by the 
obturator internus (OI) in a 38-year-old man with clinical 
diagnosis of DGS. (a) Coronal-oblique PD-weighted MR 
image shows the sciatic nerve (SN) passing through the 

obturator internus muscle (arrows). (b) Endoscopic view 
confirms the dynamic entrapment of the sciatic nerve by 
the variant of the sciatic-obturator internus complex dur-
ing movements of the hip

a c

b

Fig. 5.41 DGS secondary to hypertrophy of the obtura-
tor internus muscle in a 27-year-old patient who practiced 
bodybuilding. Axial (a, b) and sagittal (c) PD-weighted 

MR images show bilateral hypertrophic obturator internus 
muscles (white arrow) and associated sciatic neuritis (yel-
low arrows) in the area of maximum space conflict
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 Quadratus Femoris and Ischiofemoral 
Pathology
Strains and tears of quadratus femoris muscle 
(QFM) are infrequently reported in the medical 
literature [23]. Patients may present with acute or 
chronic hip, groin, and/or posterior gluteal pain. 
QFM tears appear as an area of intramuscular fluid 
signal intensity with surrounding muscle edema 
(Fig. 5.43c, d). Published cases of QFM tears usu-
ally involve the distal myotendinous junction, at 
the posteromedial aspect of the proximal femur, 
although tear at the femoral tendon insertion has 
also been reported. STIR, fat-suppressed PD, or 
fat-suppressed T2-weighted images are required to 
detect muscle edema. A grade I strain appears as 
muscle edema and may occur at the ischial origin 
of the QFM or as central or diffuse muscle edema, 
indistinguishable from that seen with IFI. A pre-
served ischiofemoral space facilitates the diagno-
sis. Isolated QFM strains or tears are uncommon. 
With severe edema, irritation of the adjacent sci-
atic nerve may cause DSG [62]. Chronic inflam-
matory changes and adhesions causing scar tissue 
between the muscle and the sciatic nerve result in 
entrapment during hip motion. In these cases 
endoscopic neurolysis of the sciatic nerve is 
required [5, 62].

Isolated dynamic entrapment of the sciatic 
nerve by the quadratus femoris muscle, spasm, or 
anatomical variants has not been reported.

In addition, exercise-induced edema of QFM 
has been described as a cause of retro-trochan-
teric pain with or without sciatica and must be 
taken into account [23].

Finally, narrowing of the ischiofemoral space 
leads to muscular, tendon, and neural changes in 
the ischiofemoral impingement [62–64]. The 
syndrome may occur acutely because of inflam-
mation/edema (Fig. 5.44) or chronically because 
of fibrous tissue formation that traps the nerve 
[62] (Fig. 5.45). Ischiofemoral impingement will 
be broadly discussed in this chapter.

 Hamstring Conditions
The sciatic nerve can be affected by a wide spec-
trum of hamstring origin enthesopathies appearing 
either isolated or in combination: partial/complete 
hamstring strain (acute, recurrent, or chronic), ten-
don detachment, avulsion fractures (acute or 
chronic/nonunited), apophysitis, nonunited apoph-
ysis, proximal tendinopathy, calcifying tendinosis, 
and contusions [5, 65]. Calcifying tendinosis is in 
our experience a not uncommon cause of DGS 
(Fig.  5.46). In the acute phase, edema predomi-
nates as a characteristic imaging finding resulting 
in sciatic nerve irritation. Chronic inflammatory 
changes and adhesions causing scar tissue between 
tendons or muscles and sciatic nerve result in 
entrapment during hip motion (ischial tunnel syn-
drome) [5, 65] (Fig.  5.47). Congenital fibrotic 

Fig. 5.42 DGS 
secondary to acute, 
isolated intramuscular 
and myofascial tear of 
the intrapelvic belly of 
the obturator internus in 
a 25-year-old patient. 
Axial fat-suppressed 
PD-weighted MR image 
shows edema and acute 
intramuscular 
hemorrhage (arrow) in 
this patient after an 
extreme movement in 
forced external rotation

M. F. Hernando et al.



91

bands have also been reported. Imaging findings 
are specific to each injury and MR imaging is 
essential to select the appropriate treatment. 
Hamstring pathology will be discussed more 
extensively in this chapter.

 Gluteal Disorders
The most common gluteus disorder causing sci-
atic nerve entrapment is gluteal contracture [5, 

62]. It occurs in school-age children, with life-
time sequelae, and follows multiple intramuscu-
lar injections in the buttocks. Although the 
diagnosis is clinical, MRI may be requested for 
evaluation of the extent of fibrosis and degree of 
muscle atrophy. Gluteal contracture manifests 
characteristic features on MR imaging, including 
diffuse intramuscular fibrotic cords extending to 
the thickened distal tendon with atrophy of the 

a

c d

b

Fig. 5.43 Acute and chronic DGS secondary to quadratus 
femoris muscle pathology. (a) Axial fat-suppressed 
PD-weighted MR image shows sciatic neuritis (yellow 
arrow) in a patient with chronic partial tear of the QFM, 
intratendinous delamination, and secondary intramuscular 

cyst (white arrow). (b) Axial-oblique MDCT reconstruc-
tion shows an acute and distal QFM avulsion (arrow). (c, d) 
Axial fat-suppressed PD-weighted MR images show partial 
tears of the QFM appearing as an area of intramuscular 
fluid signal intensity with surrounding muscle edema
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gluteus maximus muscle and posteromedial dis-
placement of the iliotibial tract. Perineural fibro-
sis is quite often the cause of DGS (Fig. 5.24). In 
advanced cases, medial retraction of the muscle 
and its tendon results in a depressed groove at the 
muscle-tendon junction and external rotation of 
the proximal femur [66]. Entrapment syndrome 
often occurs years later in patients suffering from 
gluteal contracture as a result of formation of 
fibrous bands type 3 [5, 62]. A constitutional 
fibrogenic diathesis has also been reported as an 
important factor [66]. Additionally, regardless of 
whether this is traumatic or not, any other gluteal 

pathology can be a cause of perisciatic fibrosis 
and DGS. The differential diagnosis includes dis-
use, denervation, chronic inflammatory myopa-
thy, chronic compartment syndrome, 
fibromatosis, or posttraumatic hemosiderin depo-
sition. Conservative measures such as passive 
stretching are usually not helpful. In cases of 
severe contracture or for cosmetic reasons, how-
ever, surgery is the only way to correct the 
 deformity [66]. Endoscopic neurolysis does not 
always allow for the resection of all fibrous 
bands, and in severe cases (Fig. 5.24), open sur-
gery may sometimes be required [5].

Fig. 5.44 DGS 
secondary to acute 
ischiofemoral 
impingement in a 
57-year-old woman. 
Axial fat-suppressed 
PD-weighted MR image 
shows a narrowing 
ischiofemoral space 
causing impingement of 
the quadratus femoris 
muscle with secondary 
muscle edema 
(arrowhead). Sciatic 
neuritis is also shown 
(arrow)

Fig. 5.45 Left DGS 
secondary to chronic 
ischiofemoral 
impingement in a 
53-year-old woman. 
Axial PD-weighted MR 
image shows bilateral 
narrowing of the 
ischiofemoral space. On 
the left side, quadratus 
femoris muscle atrophy 
and a residual fibrous 
type-2 band (arrowhead) 
anchored to the sciatic 
nerve (arrow) are seen
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 Orthopedic and Other Causes
Makhsous has confirmed using dynamic MRI 
that the soft tissue overlying the ischial tuberosity 
(IT) was found to be significantly thinner in a 
seated posture than it is in a supine posture even 
when there is no sitting load. These findings indi-

cate that hip flexion alone can bring forth a sig-
nificant decrease in soft tissue thickness 
underneath IT. Furthermore, the decrease is not 
uniform among the tissue layers in area around 
IT. Fat tissue experienced a significant decrease 
in thickness from non-weight-bearing sitting to 

Fig. 5.46 Right DGS secondary to chronic calcifying 
tendinosis of the hamstring tendons causing ischiofemoral 
impingement in a 53-year-old woman. Axial PD fat-sup-
pressed MR image shows a severe degenerative calcifying 

(red arrow) tendinopathy of hamstring tendons (white 
arrow) with reactive sciatic neuritis (yellow arrow). Note 
the significant narrowing of right ischiofemoral space 
compared to the left side (white lines)

a b

Fig. 5.47 DGS secondary to ischial tunnel syndrome in a 
61-year-old woman. Axial PD-weighted MR (a) and 
endoscopic (b) images show a chronic fibrous entrapment 

of the sciatic nerve (arrows) within the distal subgluteal 
region due to previous proximal tear of the hamstring 
tendons
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weight-bearing sitting. Skin and subcutaneous 
tissue thickness was significantly smaller than 
the fat and muscle thicknesses in all postures. 
During flexion, internal rotation, and adduction, 
nerve changes its position and experiencing a 
slight lateralization and marked anterior excur-
sion [67]. This would explain sciatic nerve signal 
changes in patients with pathology close to but 
not clearly in direct contact with the nerve.

Changes in osseous alignment of the pelvis, 
femur, and spine may affect normal sciatic nerve 
excursion and trigger DGS [68]. The excursion 
of the sciatic nerve with straight leg hip flexion 
performed by Coppieters et al. [39] did not indi-
cate the osseous parameters of the hip, such as 
femoral version, which raises the question of 
how the sciatic nerve excursion may be affected 
by them. The femoral neck is normally ante-
verted to the bicondylar femoral plane at an 
angle of 35° to 50° at birth; this angle gradually 
decreases by 1.5° per year and reaches an 
approximate value of 16° at 16 years of age and 
10° in the adult [69]. Together with other disor-
ders, orthopedic conditions account for the few 
cases of DGS in which there are no image or 

other evident endoscopic findings excluding sci-
atic neuritis that is, after all, the consequence. 
Pelvic instability and alterations of the sagittal 
balance of the spine are other poorly studied 
orthopedic causes that may trigger or predispose 
to the syndrome. The approach to these disor-
ders will be discussed later.

 Nonspecific Entrapments

 Traumatic
Traumatic nerve injury may vary from disruption 
of axonal conduction with preservation of anatom-
ical continuity to complete loss of continuity of the 
nerve trunk. Injury may be caused in the early 
period by laceration, stretching, or compression or 
later on by scar tissue, fibrous bands, or hetero-
topic ossification encasing the nerve [35].

Fractures Quite often, DGS develops following 
fracture of the sacrum (Fig. 5.48). In addition, the 
sciatic nerve may be injured in cases of acetabu-
lum fractures, femur fractures, or femoral head 
dislocation. Other sources of sciatic nerve 

a b

Fig. 5.48 Acute and chronic DGS secondary to sacral 
fracture. Coronal PD-weighted fat-saturated MR image 
(a) shows acute neuritis of lumbosacral trunk and 
sacral plexus and acute perineural inflammatory 
changes (short arrow) due to the presence of an active 

chronic stress fracture of the sacral ala (large arrow). 
Sagittal PD-weighted MR image (b) shows chronic 
type-3 fibrous bands (large arrow) trapping sciatic 
nerve proximally (short arrow) months later in the 
same patient
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 entrapment include malunion or healed of the 
ischium avulsions and lesser/greater trochanter 
fractures [70] (Fig. 5.49).

Hematomas Gluteal hematomas are usually 
related to trauma, hip surgery, and hemophilia or 
anticoagulation therapy. Hematomas can damage 
the nerve either directly (increased pressure on 
the nerve) or indirectly (ischemia as a result of 
vasa vasorum compression or fibrous bands for-
mation that trap subgluteal nerves. Fibrous bands 
formed due to healing hematomas are among the 
most frequent causes of DGS and correspond to 
those formerly published cases with piriformis-
syndrome-like pain and history of trauma. The 
MRI signal characteristics of the mass vary 
according to its contents of hemoglobin degrada-
tion products. Acute hematomas (1–4 days) have 
low signal intensity in all sequences and are sur-
rounded by edema. In its early subacute 
(2–7 days) and late subacute (1–3 weeks) phases, 
they are hyperintense on T1-weighted images 
owing to its methemoglobin content. Signal 
intensity on T2-weighted images is low during 

the early subacute period but high during the late 
subacute period. The wall of a chronic hematoma 
has a hypointense signal on both sequences 
owing to hemosiderin accumulation. A mass that 
appears following trauma, follows the described 
stage-related pattern of signal changes, and is 
reduced in size over time is pathognomonic [35] 
(Fig. 5.50).

Direct Traumatic Neuropathy or Contusions  
During traumatic compressions nerves injured by 
contact with bone structures due to its deep loca-
tion (acetabulum in the case of the sciatic nerve). 
MR neurography usually revealed mild enlarge-
ment and focal T2 hyperintensity of the sciatic 
nerve without macroscopic pathology (Fig. 5.51). 
Direct sciatic neuropathy rarely presents in non-
penetrating trauma because of protection of the 
nerve by the pelvis, the gluteal muscles, and the 
tissues in the posterior thigh [34].

Traumatic Stump Neuroma In patients under-
going proximal lower limb amputations, MR 
neurography often reveals a low-signal-intensity 
mass within the sciatic nerve on T1-weighted 

Fig. 5.49 DGS secondary to fibrous malunion of the left 
femoral neck. Axial PD-weighted MR image shows a sci-
atic nerve entrapment (black arrow) in the deep gluteal 
space due to the presence of a fibrous conglomerate as a 
result of inflammatory changes scarring in a patient with a 
nonunion and displaced fracture of the femoral neck

Fig. 5.50 DGS secondary to subacute subgluteal hema-
toma. Coronal T2-weighted MR image shows a subgluteal 
hematoma with partial extension through the sciatic fora-
men in a patient who has underwent hip prosthetic sur-
gery. Note the hematic clots within the collection (asterisk) 
and the sciatic compromise (arrow)
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spin-echo images that shows mild enhancement 
following intravenous administration of gadolin-
ium. Proximal to these neuromas, the sciatic 
nerve often is enlarged with marked focal fascic-
ular enlargement and abnormal increased T2 
hyperintensity that must be correctly understood 
in the clinical setting because it is sometimes 
painful [37, 71].

 Iatrogenic
Surgery The most common cause of neuropa-
thy at the hip is iatrogenic and is associated with 
total hip replacement for primary osteoarthritis, 
related to stretching or direct trauma of the 
nerve. Excessive retraction, inadvertent resec-
tion during total hip replacement, and a poor 
positioning of the patient are the most well-rec-
ognized causes of superior gluteal nerve injury 
[72]. The inferior branch of the nerve is vulner-
able during the direct lateral approach of 
Hardinge, and branches to the tensor fascia lata 
are at risk during the anterolateral or anterior 
approach. The high variability in the branching 
pattern and course of the nerve makes it even 
more susceptible to injury at surgery. Inferior 
gluteal entrapment neuropathy is rarely reported 
but is recognized as a complication of the poste-
rior approach to hip arthroplasty [73]. 
Subclinical electromyographic abnormalities of 
both superior and inferior gluteal nerves have 

been described by Abitbol et al. in up to 77% of 
patients after total hip replacement, regardless 
of the surgical approach. Injury to the superior 
gluteal nerve is also a well-recognized compli-
cation of percutaneous placement of iliosacral 
screws. The pattern of muscular atrophy, a char-
acteristic sign of neural entrapment, reveals the 
affected nerve and the level of injury [74] 
(Fig. 5.52).

Fig. 5.51 Bilateral 
DGS secondary to 
subgluteal contusion. 
Axial T2-weighted MR 
image shows an 
increased endoneurial 
signal intensity of both 
sciatic nerves (arrows) 
without any other 
associated pathological 
finding in a patient with 
clinical diagnosis of 
deep gluteal syndrome 
after bilateral trauma. It 
is necessary a careful 
analysis of the signal 
intensity of the nerve to 
detect isolated neuritis 
since it is often the only 
imaging finding

Fig. 5.52 DGS secondary to hip surgery. Coronal 
T1-weighted MR image shows atrophy of the left gluteus 
medium (large arrow) and minor (short arrow) muscles 
due to injury of gluteal nerves after prosthetic surgery of 
the hip (asterisk)
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Intramuscular Injections Nerve injury may be 
caused by accumulation of injected drugs within 
the perineural space, direct needle trauma, sec-
ondary to a compression by scar tissue or direct 
nerve fibers damage caused by neurotoxic chemi-
cals included in the injected drug (Fig. 5.53).

Radiotherapy Postradiation neuropathy myosi-
tis is a rare condition most frequently observed 
following higher doses of radiation (5000 rads). 
Sciatic nerve may be damaged following radio-
therapy either directly (by the harmful effects of 
radiation itself) or indirectly (by diffuse fibrosis 
of tissues surrounding the nerve). Imaging reveals 
a diffuse nerve thickening with no observable 
mass. Rarely, however, focal mass-like lesions 
similar to tumor recurrences may be observed, 
being hypointense on T1-weighted and hyperin-
tense on T2-weighted MR images. Contrast 
enhancement following intravenous administra-
tion of gadolinium may also be observed [35] 
(Fig. 5.54).

Foreign Bodies Foreign bodies of any nature 
can injure or compress the subgluteal nerves, 
usually after high-energy trauma, surgery, or due 
to iatrogenic causes (Fig. 5.55).

 Inflammatory/Infectious
Sacroiliitis Noninfectious sacroiliitis is a fre-
quently encountered finding among seronegative 
spondyloarthropathies. Posterior hip pain and/or 
sciatica may be the result of referred pain or the 
inflammatory changes in the immediate neigh-
borhood of the sacroiliac joint directly affecting 
the nerve [75]. In addition, septic sacroiliitis is a 
well-known cause of sacral and sciatic pyogenic 
neuritis (Figs. 5.56 and 5.57).

Osteoarthritis DGS can be seen as a result of 
mechanical compression of the sciatic nerve 
related to degenerative changes (osteophyte for-
mation) in the hip joint especially in elderly 
patients although is not a frequent etiology of 
DGS.

Abscesses Gluteal and pelvic region abscesses 
are seldom encountered. They are usually related 
to gastrointestinal and urinary tract infections 

Fig. 5.53 DGS secondary to intramuscular injection. 
Coronal DP-weighted fat-saturated MR image shows sci-
atic neuritis in a patient immediately after a gluteal injec-
tion. Note the accumulation of the injected drug along the 
perineural space

Fig. 5.54 DGS secondary to radiotherapy. Axial 
T1-weighted fat-saturated contrast-enhanced MR image 
shows diffuse nerve thickening with no observable mass 
suggestive of postradiation neuropathy in a patient with 
transitional cell carcinoma following higher doses of radi-
ation (8000 rads). Edema and scar tissue around the nerve 
(arrow) caused DGS.  Note the signal hyperintensity of 
several muscles included in the radiation field suggestive 
of postradiation myositis
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and may affect the sacral plexus by spreading via 
normal anatomical routes. A gluteal and presacral 
abscess also related to sacral osteomyelitis may 
directly affect the lumbosacral plexus and sciatic 
nerve [35].

Myositis Myositis is a rare muscle infection, 
with the most commonly implicated bacteria 
being Staphylococcus and Streptococcus. When 
it affects gluteal or pelvic-trochanteric muscles, it 
may cause DGS.  Piriformis myositis has been 
rarely reported in the literature. Recognized pre-
disposing factors for the condition are mainly 

Fig. 5.55 DGS secondary to foreign bodies. Axial 
DP-weighted fat-suppressed MR image shows silicone 
injections not contained in a prosthesis trapping the sacral 
plexus and sciatic nerves, mainly on the left side. 

Siliconomas spread through the presacral, parasacral, and 
ischiorectal spaces and left obturator internal muscle. Scar 
tissue and edema are seen around the left sacral plexus, sci-
atic nerve, and pudendal nerve causing entrapment (arrow)

Fig. 5.56 DGS secondary to septic sacroiliitis. Coronal 
T2-weighted MR image shows edema around the left sac-
roiliac joint (circle) and purulent fluid in the presacral and 
prepiriformis spaces. The sciatic nerve and superior/infe-
rior gluteal nerves have increased size and signal intensity, 
findings suggestive of pyogenic neuritis (arrows)

Fig. 5.57 Noninfectious active sacroiliitis simulating a 
right subgluteal syndrome in a patient with ankylosing 
spondylitis
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previous viral or parasitic infections, rheumatic 
disease, and HIV infection [76]. Brucella spp. is 
also a known bacterium identified as a cause of 
myositis [77]. It is also important to address the 
fact that muscle infections will finally extend to 
the retrofascial compartment and can become a 
source of confusion for the clinician, as the prob-
lem would seem worse at a more distant location 
than at the status of origin. Chiedozi described 
three distinct phases concerning myositis. During 
the first phase, inflammation is minimal. The 
muscle becomes hardened, with mild leukocyto-
sis and no evidence of pus. After 2–3 weeks of 
the initial symptoms, the inflammation increases 
with evidence of purulence. Signs of systemic 
toxicity characterized the third phase [78] 
(Fig. 5.58).

On the other hand, inflammatory myopathies 
must be present in our differential diagnoses. The 
most common inflammatory myopathies are der-
matomyositis, polymyositis (which rarely occurs 
as an isolated entity, more often associated with 
other features of connective tissue disease), and 
inclusion body myositis (Fig. 5.59).

Bursitis Distention of periarticular bursae of the 
hip is a recognized cause of DGS.  Most com-
monly, bursitis has an inflammatory origin, sec-
ondary to degenerative tendinopathy of adjacent 
tendons but may be pyogenic, traumatic, etc. 
(Fig. 5.60).

Sciatic Nerve Sarcoidosis Sciatic nerve MR 
neurography may reveal a mildly enhancing mass 
centered within the sciatic nerve. The mass is 
hypointense on T1-weighted and T2-weighted 
imaging reveals fascicular enlargement proximal 
and distal to the mass. On the basis of homoge-

Fig. 5.58 DGS secondary to myositis. Axial PD-weighted 
fat-suppressed contrast-enhanced MR image shows a 
moderate and diffuse thickening of the left piriformis 
(asterisk) with regional soft tissue edema and a predomi-
nantly peripheral contrast enhancement in a patient suffer-
ing from piriformis myositis with incipient abscessification 
signs (circle). Note the diffuse hyperintensity of the sacral 
plexus due to the inflammatory infiltration and its exten-
sion anteriorly along the obturator internus space (arrows)

Fig. 5.59 DGS 
secondary to active 
myositis in a 67-year-old 
patient with a chronic, 
autoimmune 
inflammatory myopathy 
of the pelvic girdle 
musculature. Note the 
bilateral signal alteration 
of the rectus femoris, 
obturator internus, or 
iliopsoas muscles (short 
arrows) and both 
piriformis muscles 
(large arrows) in this 
patient with muscle 
weakness and active 
subgluteal pain
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neous loss of normal fascicular architecture at the 
mass level and enhancement characteristics, a pre-
operative diagnosis of neurofibroma is often made. 
Surgical internal neurolysis and biopsy are neces-
sary to demonstrate chronic inflammatory changes 
and multinucleated giant cells with  noncaseating 
granulomas, characteristic of sarcoidosis [79].

Paraneoplastic, Autoimmune, and Other 
Infrequent Neuritis In cancer patients the 
development of peripheral neuropathies usually 
represents a side effect of therapy, infiltration of 
nerves or spinal roots by the tumor, or metabolic 
and nutritional deficits. A neuropathy is defined 
as paraneoplastic when none of the above causes 
are detected or when cancer-related immunologi-
cal mechanisms are involved. At least 15% of 
cancer patients develop a paraneoplastic senso-
rimotor neuropathy, which is usually mild and 
develops during the terminal stage of the disease. 
There is another group of paraneoplastic neurop-
athies that often precede the diagnosis of the 
tumor and can be more debilitating than the can-
cer itself (Fig. 5.61). On the other hand, certain 
toxic substances such as lead, arsenic, and mer-

cury may produce a generalized poisoning of the 
peripheral nerves, with tenderness, pain, and 
paralysis of the limbs. Finally, other causes of 
generalized neuritis include alcoholism, vitamin-
deficiency diseases such as diabetes mellitus, 
thallium poisoning, some types of allergy, and 
some viral and bacterial infections, such as diph-
theria, syphilis, and mumps [80].

 Vascular
Persistent Sciatic Artery The persistent sciatic 
artery (PSA) is a rare congenital anomaly with an 
incidence ranging from 0.025% to 0.04% of the 
population. This artery is prone to atherosclerotic 
change and is associated with aneurysmal change 
in 46.1% of the cases. The most frequent symp-
toms associated with PSA aneurysm are a painful 
pulsatile buttock mass, sciatic neuropathy caused 
by sciatic nerve compression, and lower limb isch-
emia caused by thrombosis or distal embolization 
[81]. According to Pris et al., sciatica is found in 
36%. The aneurysms complications are embolism, 
thrombosis, rupture, fissuring, and sciatic nerve 
compression, because the course of the persistent 

Fig. 5.60 DGS secondary to pyogenic bursitis. Axial 
PD-weighted MR image shows a moderate to severe dis-
tention of the trochanteric bursa (black arrow) associated 
with left sciatic nerve compromise (white arrow) in a 
patient with tuberculous trochanter bursitis. Signs of oste-
itis in the great trochanter may also be seen

Fig. 5.61 DGS secondary to paraneoplastic syndrome. 
Axial STIR MR image shows a severe thickening of the 
sciatic nerve associated with significant perineural inflam-
matory changes in the deep gluteal space in a 56-year-old 
patient with lung carcinoma and well-characterized para-
neoplastic antibodies (anti-Hu, anti-Yo, anti-Ri, antiam-
phiphysin, anti-CV2)
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sciatic artery through the thigh is varied but always 
close to the sciatic nerve [82]. Radiological inves-
tigations are important to identify, classify, and aid 
in performing endovascular intervention. 
Treatment of persistent sciatic artery includes 
open-surgery (graft interposition and femoropop-
liteal bypass, ilio-popliteal transobturator bypass, 
etc.) or endovascular intervention [83].

Aneurism or Pseudoaneurysm of Iliac 
Artery The lumbosacral trunk is anterior to the 
sacrum and posterior to the iliac vessels. Any aneu-
rysmal or pseudoaneurysmal expansion of the iliac 
artery, especially affecting the internal iliac artery, 
may compress pelvic or subgluteal nerves. The 
basic mechanism of aneurysm-related sciatica is 
compression to the nerve. Although nerves are 
fairly resistant to ischemia and the lumbosacral 
plexus is rich in vascular supply, ischemia may play 
an additional role (vasa vasorum compression) [84].

Arteriovenous Malformation or Arteriovenous  
Fistula Although quite rarely, direct pressure 
on pelvic nerves by an arteriovenous malforma-
tion or arteriovenous fistula may also cause sci-
atica [85].

Thrombosis of Gluteal Arteries This is a cause 
of buttock claudication, occurring consistently 
after 150  m walking and disappearing after a 
short rest. Contrast-enhanced CT and magnetic 
resonance angiography (MRA) are the imaging 
tests of choice to demonstrate this condition. 
Selective angiography of iliac arteries is often 
requests, which clearly identifies a tight stenosis 
of the onset of the artery. Percutaneous angio-
plasty together with stenting of this artery 
induced a prompt and complete relief of pain [86] 
(Fig. 5.62).

Varicosity-Caused Deep Gluteal Syndrome 
 Gluteal vascular compressive neuropathy cours-
ing with intractable DGS, which was not elicited 
by posture change or cough, should add value to 
the presence of varicosities. Sitting on the 
affected side causes more pain than standing or 
walking. Magnetic resonance imaging reveals 
compression of the gluteal portion of the sciatic 

nerve by varicotic gluteal veins. Ligation and 
resection of varicotic vein result in relief of the 
patient’s pain [5, 87] (Fig. 5.63).

Fig. 5.62 DGS secondary to thrombosis of the superior glu-
teal artery. Sagittal-oblique MDCT contrast-enhanced recon-
struction shows the lack of contrast filling of the superior 
gluteal artery (large arrow) as opposed to the normal contrast 
filling of the inferior gluteal artery (short arrow) in a 67-year-
old patient suffering from intermittent gluteal claudication

Fig. 5.63 DGS secondary to subgluteal varicosities. 
Axial PD-weighted fat-suppressed MR image shows focal 
varicosities compressing sciatic nerve (arrow) on the right 
side in this patient with deep gluteal pain which did not 
improve by postural changes
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Traumatic Venous Varix Development of trau-
matic venous varix of the inferior gluteal vein, 
usually formed after a fall onto the buttock, may 
cause sciatic neuropathy. Gradient echo and two-
dimensional time-of-flight MRI sequences con-
firm the vascular lesion usually originating from 
the gluteal veins. Surgical resection is successful 
in obliterating the lesion and relieving the symp-
toms [5, 88] (Fig. 5.64).

Pelvic Congestion Syndrome The diagnosis 
of pelvic congestion syndrome is established 
by the demonstration of multiple dilated, tortu-
ous parauterine veins with a width greater than 
4 mm or an ovarian vein diameter greater than 
5–6 mm (Fig. 5.65). Treatment options include 
coil  embolization of the gonadal vein or lapa-
roscopic ligation of the ovarian vein in selected 
cases [89, 90].

 Gynecological
Multiple cases of posterior hip pain related to 
gynecological and obstetrical diseases or compli-
cations have been reported. Pathologic condi-
tions in the pelvis and gynecological diseases 
must be borne in mind, especially when the right 

side is affected. Furthermore, it has been sug-
gested that the sigmoid colon plays a role in pre-
venting pressure on sacral plexus on the left side. 
It is recommended that women in their late 30s or 
premenopausal period presenting with DGS 
should have a thorough gynecological examina-
tion before back surgery or deep gluteal space 
arthroscopy is attempted, even where radiologi-
cal imaging suggests a herniated intervertebral 
disc. Paying attention to gynecological pathology 
is essential to avoid false negatives cases, which 
lead the patient to unnecessary and ineffective 
treatments.

Adenomyosis DGS caused by adenomyosis of 
the uterus has been reported. As occurs with all 
intrapelvic pathology, in most cases lumbosacral 
trunk is the most frequently affected root. This 
condition is a benign invasion of the myometrium 
by the endometrium usually affecting women 
over the age of 30 and found in approximately 
20% of removed uteri. It is otherwise known to 
manifest itself classically by progressive men-
strual bleeding, increasingly painful dysmenor-
rhea, and a gradually enlarging, tender uterus 
[91] (Fig. 5.66b).

Fig. 5.64 DGS secondary to traumatic venous varix. 
Coronal PD-weighted fat-suppressed MR image shows 
focal varicosities of the inferior gluteal veins around the 
left sciatic nerve in this patient who suffered from a fall 
onto the buttock 4 months before

Fig. 5.65 DGS secondary to pelvic congestion syn-
drome. Axial T2-weighted MR image shows bilateral pel-
vic varicosities in this 41-year-old patient with a 
noncyclical pain that lasted more than 6 months and wors-
ened by sitting and standing at the end of the day
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Retroversion of the Uterus This is one of the 
most frequent and undervalued gynecological 
causes of DGS in our experience [5, 92] (Fig. 5.66a).

Tumors Hysteromyomas, tubo-ovarian abscess, 
ovarian cysts, and teratomas have also been 

reported to be a cause of lumbosacral plexopathy 
[92] (Fig. 5.66d).

Ectopic Endometriosis Endometriosis has 
been reported several times as a source of cyclic 
sciatica and subgluteal pain. It may compress the 

a b

c d

Fig. 5.66 DGS secondary to gynecological pathology. 
(a) Axial PD-weighted fat-suppressed MR image shows a 
retroverted uterus in a young patient with intermittent 
deep gluteal pain highly dependent on positions. (b) 
Coronal PD-weighted fat-suppressed MR image shows an 
extensive and diffuse enlargement of junctional zone 
(large arrow) with submucosal microcyst and ill-defined 
contours signaling diffuse adenomyosis trapping the right 
sciatic nerve (short arrow) in a 28-year-old woman with 
chronic dysmenorrhea. (c) Coronal T1-weighted fat-sup-

pressed MR image shows a right endometrioma with a 
low-signal-intensity appearance due to hemosiderin 
deposits combined associated with the fibrous nature of 
the cyst wall (large arrow) as well as chronic fibrosis 
around the sciatic nerve at the level of the greater sciatic 
notch (short arrow). (d) Axial PD-weighted fat-suppressed 
MR image shows a mature cystic teratoma (T) that 
depends on the right ovary and sacral plexus neuritis 
(arrows)
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sciatic nerve within the pelvis, sciatic notch, or 
deep gluteal space being most frequent at the 
level of the sciatic notch and on the right. Sciatic 
pain typically starts a few days before menstrua-
tion, intensifies progressively, and shows some 
relief a week after menstruation is over. A focal 
mass is classically seen as high signal intensity 
on both T2- and T1-weighted images, suggesting 
acute bleeding; however, signal intensities can 
vary depending on the nature of the hemoglobin 
breakdown products. Endometriosis is the most 
frequently encountered benign mass causing sci-
atic nerve entrapment [93] (Fig. 5.66c).

Pregnancy Pregnancy-related DGS may be 
caused by the direct compression of the nerve 
roots or secondary to the possible ischemia of the 
neural elements caused by compression of the 
abdominal aorta and/or inferior vena cava by the 
gravid uterus. L5 root irritation, with unilateral 
foot drop in some cases, may occur through injury 
of the lumbosacral trunk by the fetal head or for-
ceps during delivery. Up to 50% of women report 
back pain at some stage during pregnancy and in 
one-third the severity of the pain is such that it 
interferes with daily life. Although in many cases 
backache resolves shortly after delivery, in some it 
continues for months; in others it begins postpar-
tum. Furthermore, during pregnancy, “piriformis 
syndrome” is more likely to occur. The pregnant 
woman begins to secrete the hormone “relaxin” 
which increases pelvic stretch and can potentially 
open up the space in the sacroiliac joints. Their 
spine also increases in lordosis -the curvature 
going anterior which tilts the pelvis forward mov-
ing it into increased flexion. The combination of 
all these pathophysiological mechanism precipi-
tates the gluteal muscle group of the hip/pelvis to 
become elongated and strained, especially the 
deep and small muscles of the hip. Massage ther-
apy can be used as a preventative measure and to 
relieve symptoms when aggravated [94].

 Pseudotumors and Tumors

Primary Lesions of the Sciatic Nerve
Hypertrophic Neuropathy In this pathologic 
condition, MR neurography reveals an enhancing 

sciatic nerve mass centered within the nerve that 
is isointense to muscle and that displaces several 
mildly swollen fascicles to the nerve peripher-
ally. More distally an abnormal T2 hyperintensity 
with preserved fascicular morphology usually 
reflects a compressive neuropraxic injury. Biopsy 
reveals fibrosis and the characteristic “onion 
bulb” lesions. Surgical internal neurolysis must 
be performed. By their characteristic, preopera-
tive diagnosis of schwannoma is common [95]. 
Current theories suggest that the breakage of the 
perineural barrier related or not to surgery during 
surgery is a predisposing or precipitating factor 
of focal hypertrophic neuropathy [96, 97] 
(Fig. 5.67).

Congenital Hypertrophic Neuropathies Dejerine-
Sottas disease and other hereditary motor and 
sensory polyneuropathies are neurological disor-
ders characterized by damage to the peripheral 
nerves, progressive muscle wasting, and diffuse 
neuritis of the sciatic nerve and/or the sacral 
plexus on imaging [98] (Fig. 5.68).

Schwannomas and Neurofibromas Schwannoma 
is the most common primary tumor of the sciatic 
nerve. It originates from the Schwann cells form-
ing the sheath of the nerve. Schwannomas of the 
pelvis and posterior hip are quite rare. The imag-
ing features of schwannoma overlap those of a 
solitary neurofibroma (originating from nerve 
fibers), and often they are indistinguishable 
(Fig. 5.69).

Lipomatosis and Intraneural Lipomas  
Lipomatosis, also known as fibrolipomatous ham-
artoma or fibrofatty proliferation, is a rare benign 
tumorlike lesion that most often affects the median 
nerve or its branches [99]. Rarely, involvement of 
the nerves of the lower extremities has been 
reported. Over 50% of patients are symptomatic 
because of mass sensation or focal compressive 
neuropathy. Several serpentine intralesional soft 
tissue attenuation structures that have a spaghetti-
like appearance in longitudinal section and a coax-
ial cable-like appearance in cross section are 
considered pathognomonic. Differential diagnos-
tic considerations of pelvic lipomatosis of nerve 
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include intraneural lipoma and well-differentiated 
liposarcoma. Intraneural lipomas are focal encap-
sulated tumors located within the nerve sheath that 
do not involve individual nerve bundles. They 
appear as focal round or oval lesions of homoge-

neous or nearly homogeneous fat attenuation with 
crowding of adjacent normal nerve bundles. 
Conversely, lipomatosis of nerve tends to involve 
nerves diffusely [100].

Malignant Neurogenic Neoplasms They 
account for 7–8% of all malignant soft tissue 
neoplasms. Neurofibroma, rarely neurilemoma, 
and malignant peripheral neural sheath tumors 
(PNST) may arise in association with NF1. 
Patients present with pain and neurologic 
symptoms of motor weakness and sensory defi-
cits more frequently than do patients with 
benign PNSTs. In patients with NF1, sudden 
increase in size of a previously stable neurofi-
broma suggests malignant transformation [101] 
(Fig. 5.70).

Benign and Malignant Tumors or 
Pseudotumoral Lesions 
Many benign tumors and pseudotumoral lesions 
may appear along the course of the sacral plexus 
and sciatic nerve involving or trapping its compo-
nents. Lipoma, osteochondroma, ganglion cyst, 
and pelvis lymph nodes are in our experience the 
most common benign tumors causing DGS [35] 
(Fig. 5.71). However, a wide range of other benign 

a b

Fig. 5.67 DGS secondary to localized hypertrophic neu-
ropathy. Axial PD-weighted (a) and axial PD-weighted 
fat-suppressed (b) MR images show a significant enlarge-

ment of sciatic nerve (arrows) in the right piriformis space 
in a patient with painless neurological deficit in the sciatic 
nerve territory two months after colorectal surgery

Fig. 5.68 Bilateral DGS secondary to Dejerine-Sottas 
disease. Coronal T1-weighted fat-suppressed contrast-
enhanced MR image shows a significant abnormal thick-
ening, clumping, and enhancement of the lumbosacral 
roots in a 3-year-old child with lower extremities weak-
ness and loss of sensation
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tumors and pseudotumoral lesions has been 
reported in the literature as a cause of posterior hip 
pain. Although the appearance of many of them is 
nonspecific, some offer imaging characteristics 
that suggest the exact diagnosis. We describe 
below some of them with special relevance.

Heterotopic Calcifications Infrapiriform canal 
syndrome related to ossification of the sacrospi-

nous ligament secondary to pelvic balance abnor-
malities has been described as a cause of DGS 
[102] (Fig. 5.72).

Massive Periarticular Calcinosis This is a rare 
benign disease previously known as tumoral cal-
cinosis and characterized by the presence of cal-
cified, soft, and periarticular masses, variable in 
size, and with slowly progressive growth. It is 

a c d

b

Fig. 5.69 DGS secondary to schwannomas of the sciatic nerve (a, b), the cauda equine (c), and anterior sacral roots (d)

a b

Fig. 5.70 DGS secondary to malignant neurofibroma (a), diffuse neurofibromatosis (b), plexiform neurofibroma (c), 
and malignant neurilemoma (d)
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c d

Fig. 5.70 (continued)

a b

c d

Fig. 5.71 DGS secondary to lipoma of the deep gluteal 
space (arrow in a), osteochondroma of the ischial tuberos-
ity (arrow in b), paralabral cyst of the posterior labrum in 

a patient with femoroacetabular impingement (c), and cal-
cified pelvis lymph nodes in a patient with colitis ulcer-
ative (d)
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secondary to diffuse calcium phosphate deposi-
tion into soft tissue and may be seen in the setting 
of uremia, hyperparathyroidism, or vitamin D 
intoxication [103]. The soft tissue lesions are 
typically lobulated and well-demarcated calcifi-
cations that are most often distributed along the 
extensor surfaces of large joints [104] (Fig. 5.73). 
There are many conditions with similar appear-
ances, including calcinosis of chronic renal fail-
ure, calcinosis universalis, calcinosis 
circumscripta, calcifying tendonosis, synovial 
osteochondromatosis, synovial sarcoma, 
 osteosarcoma, myositis ossificans, tophaceous 
gout, and calcifying myonecrosis. Although sur-
gical intervention can often provide symptomatic 
improvement, this lesion tends to recur in the 
presence of elevated calcium phosphate levels, 
and its management therefore requires a com-
bined multidisciplinary surgical and medical 
approach [103, 105].

Soft Tissue Sarcomas Similar to intramuscular 
metastases, soft tissue sarcomas are seen as isohy-
pointense T1-weighted and hyperintense 
T2-weighted MRI lesions (Fig.  5.74). However, 
necrosis, peritumoral edema, and lobulation are less 

frequently encountered in soft tissue sarcomas than 
in metastatic lesions. Histopathological examina-
tion is mandatory for a definitive diagnosis [106].

Intramuscular Metastasis Metastatic disease 
involving muscles of the posterior hip is not 
rare. The frequency of muscle metastasis is 
reported to be 0.8–16% in autopsy studies. 
Lung carcinomas are usually the primary source 
of metastasis, and involvement of muscles 
neighboring the sciatic nerve may also be 
observed. Intramuscular metastases are seen as 
low-attenuation masses in contrast-enhanced 
CT images, often demonstrating peripheral 
contrast attenuation. They are isohypointense 
on T1-weighted and hyperintense on 
T2-weighted MRI images when compared with 
surrounding muscle tissues. They usually cause 
expansion of the involved muscle, and accom-
panying peritumoral edema may be noticeable. 
In addition, hemorrhage, necrosis, and calcifi-
cation within the mass may be observable. The 
variety of metastases that can be found affect-
ing muscles or bones is as wide as the variety of 
malignant tumors [107] (Fig. 5.75).

Fig. 5.72 Infrapiriformis canal syndrome. Sagittal-
oblique MDCT reconstruction shows the ossification of 
the sacrotuberous ligament causing sciatic pain because of 
lack of mobility of the proximal sciatic nerve in a 32-year-
old female patient with DGS

Fig. 5.73 DGS secondary to massive periarticular calci-
nosis. Axial-oblique MDCT reconstruction shows well-
demarcated calcifications around the hip. Dynamic 
ultrasound study showed a continuous friction of the sci-
atic nerve over the posterior calcification and MRI showed 
moderate sciatic neuritis (not shown)
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Intra-abdominal and  Intrapelvic Tumors The 
lumbosacral plexus and pelvic nerve may be 
affected as a result of compression or invasion 
by intra-abdominal or intrapelvic masses. 
Colorectal carcinoma is the most frequently 
encountered malignant tumor followed by the 
uterine, prostatic, and ovarian tumors. In addi-

tion, masses extending through the sciatic foram-
ina may cause sciatic nerve entrapment in the 
deep gluteal space [35].

Lymphomas deserve special attention. There 
are three ways in which it may affect the sciatic 
nerve. The most frequent cause of lymphoma-
related DGS is compression of the nerve by the 

a b

Fig. 5.74 DGS secondary to soft tissue sarcomas. Axial PD-weighted fat-suppressed MR images show a metastatic 
vaginal carcinosarcoma (M) (a) and Ewing sarcoma (b) affecting the deep gluteal space and sciatic nerve (arrow in a)

a b

Fig. 5.75 DGS secondary to metastases. (a) Coronal 
T1-weighted MR image shows a sacral metastasis (M) 
from colorectal carcinoma affecting the left lumbosacral 

trunk (arrow). (b) Coronal PD-weighted fat-suppressed 
MR images show an ischial metastasis of lung carcinoma 
causing soft tissue edema and sciatic neuritis
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enlarged lymph nodes. Secondly, extranodal 
involvement of soft tissues such as muscle (e.g., 
piriformis and gluteus muscles) may affect the 
sciatic nerve. In such cases, asymmetrical muscle 
expansion, heterogeneous/low focal density on 
CT images, or focal/diffuse low T1-weighted sig-
nal intensity and high T2-weighted signal inten-
sity on the MRI images are radiologically 
observed. A uniform or ring-form contrast atten-
uation may be seen although the lesion may not 
attenuate contrast. Lastly, although very rare, 
direct lymphoma invasion of the sciatic nerve has 
also been reported [108] (Fig. 5.76).

 Value of Imaging in Subgluteal 
Syndrome: Present and Future of MRI

Stewart argued that piriformis syndrome has 
been overdiagnosed and proposed that a defini-
tive diagnosis would require surgical exploration 
to identify compression of the sciatic nerve by 
the piriformis muscle or by an associated fibrous 
band [5, 109]. However, MR neurography in a 
recent study demonstrated focal signal abnormal-
ities within the sciatic nerve in the buttock in all 
patients with unexplained sciatica [45]. Filler 

et al. recently reported similar findings in a larger 
series. These outcomes associated with advances 
in MRI hardware and development of new imag-
ing techniques allowing detection of anatomical 
variations and fibrovascular bands that restrict 
mobility to nerve suggest that until now deep glu-
teal syndrome has probably been underdiagnosed 
rather than overdiagnosed and MR neurography 
is the diagnostic procedure of choice [5].

Explicit indications for ordering an MR 
neurography study and selection criteria for 
patients who might benefit from MR neurogra-
phy after negative results of routine MR imag-
ing of the lumbar segments of the spinal cord 
are beyond the scope of discussion. Good man-
agement of specific clinical tests by specialists 
is essential [37].

Although the primary goals of MR neurogra-
phy are to localize the site of a nerve injury/fixa-
tion and to depict the lesions causing nerve 
entrapment or impingement, MRN has also been 
successfully used to assess the extent of the 
abnormality, to exclude the diagnosis of neuropa-
thy by showing normal nerves and regional mus-
cles, to detect incidental pathologies that mimic 
neuropathy symptoms, and to provide imaging 
guidance for perineural medication injections. 

a b

Fig. 5.76 DGS secondary to lymphoma. (a) Axial 
T1-weighted MR image shows direct infiltration of the 
piriformis muscle (arrows) and its extension through the 

prepiriformis space. (b) Sagittal T1-weighted MR images 
show direct lymphoma invasion of the sacral roots 
(asterisk)
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Thus the performance of MRI has significant 
implications in treatment decisions [110].

Thoracic wraparound phased-array coil placed 
over the pelvis or thighs provides optimal cover-
age of the lumbosacral plexus and sciatic nerve. 
Pelvic phased-array coils are inadequate for 
examining the sciatic nerve in most patients. 
Imaging coverage from L3 through the ischial 
tuberosity centered in the midline is most 
suitable.

The normal sciatic nerve is a well-defined and 
easily identified oval structure with discrete fas-
cicles (40–60 fascicles) isointense to adjacent 
muscle tissue on T1-weighted images. Normal 
nerve fascicles should be of uniform size and 
shape. Perifascicular and perineural high signal 
intensity from fat makes nerves conspicuous on 
T1-weighted images. Bone structure must be 
present normally in the perineural fat. On 
T2-weighted or fast spin-echo inversion recovery 
images, the normal sciatic nerve is isointense or 
mildly hyperintense to muscle and hypointense 
to regional vessels, with clearly defined fascicles 
separated by interposed lower signal connective 
tissue (Figs. 5.1, 5.2, 5.3, 5.16, and 5.17). Normal 
endoneurial fluid, when protected by an intact 
perineurial blood-nerve barrier, is thought to be 
primarily responsible for the normal signal inten-
sity pattern of nerves at T2-weighted. A little to 
moderate amount of fat is contained within the 
nerve. The fluid-attenuated inversion recovery 
sequence is sensitive to increased water content, 
as seen with edema or other pathological pro-
cesses. It also has inherent fat suppression. This 
makes STIR sequences ideal for imaging of 
sacral plexus and sciatic nerve entrapments [5].

Neural enlargement, loss of the normal fas-
cicular appearance, and blurring of the perifas-
cicular fat are morphologic changes that suggest 
neural injury (Figs. 5.22, 5.23, 5.24, 5.25, 5.26, 
5.31, 5.33, 5.36, 5.38, 5.42, 5.43, 5.44, 5.45, 
5.46, 5.48, 5.49, 5.50, 5.51, 5.52, 5.53, 5.54, 
5.55, 5.56, 5.58, and 5.66). Size differentials and 
fascicular appearance are more difficult to dis-
cern in smaller nerves such as the inferior and 
superior gluteal nerves. Increased perifascicular 
and endoneurial signal intensity on T2-weighted 
images reflects a nonspecific response of the 

nerve to injury. This phenomenon has been 
explained by various hypothesized mechanisms, 
such as vascular congestion and blockade of axo-
plasmic flow, leading to abnormal proximal accu-
mulation of endoneurial fluid and distal Wallerian 
degeneration changes. However, increased signal 
intensity in the nerve does not always indicate 
underlying disease. The magic angle effect is a 
well-recognized artifact in lumbosacral plexus 
and sciatic nerve imaging. Unlike in tendons, 
however, where the magic angle artifact can be 
overcome with longer echo times (>40 ms), spu-
rious high nerve signal intensity related to the 
magic angle can persist at higher echo times 
(66 ms) as well as on short inversion time inver-
sion recovery images. These angle-specific signal 
changes must be kept in mind, particularly when 
increased nerve signal intensity is the sole abnor-
mality. Mild T2 hyperintensity within the nerve 
can often be observed in asymptomatic subjects, 
probably related to this effect or subclinical neu-
ropathies. Because normal nerve and plexus are 
slightly hyperintense on fluid-sensitive images, 
high signal intensity that is focal or similar to that 
of adjacent vessels is more likely to be significant 
[19] (Fig. 5.51).

Double sagittal-oblique PD-weighted MR 
images, with and without fat suppression, 
acquired through thin slices and with no or a min-
imal gap between the slices, oriented with the 
long and perpendicular axis of the piriformis 
muscle (Fig. 5.77), are specially recommended to 
recognize fibrous bands, anatomical variants, and 
sciatic neuritis [5] (Figs. 5.2, 5.3, 5.21a, d, 5.26a, 
5.28d, 5.38a, 5.39b, 5.42c, 5.47a, and 5.48b).

In addition muscle SI changes can indicate or 
can further confirm the presence of neuropathy. 
These denervation-related MR signal abnormali-
ties have been shown to be a relative shift between 
intra- and extracompartmental fluid components 
and do not reflect real edema. Muscles may show 
acute denervation changes (edema-like SI) as 
early as 24 h from the onset of neuropathy; sub-
acute changes (edema-like SI and minimal fatty 
replacement), weeks to months after injury; or 
chronic changes (fatty replacement and atrophy), 
months to years after nerve injury [110] 
(Fig. 5.52).
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Sciatic nerve denervation involves hamstring 
muscles and the hamstring component of the 
adductor magnus. Signs of denervation of the 
gluteal muscles are common. In the early stage, 
the T1 signal of muscle remains normal. There 
are no abnormalities of the subjacent fascia or 
subcutaneous tissues; the normal architecture and 
size of the muscle are preserved. These features 
help distinguish denervation from other causes of 
increased muscle signal intensity, such as muscle 

strain, tear, infection, or infarct. The increased T1 
signal indicates denervation-related muscle atro-
phy. With prolonged denervation, the bulk of the 
muscle will decrease and be completely replaced 
by fat. This process indicates irreversible end-
stage disease and muscle atrophy. Although 
denervation often results in stereotypic muscle 
involvement, aberrant or cross-innervation can 
produce atypical denervation patterns [19] 
(Fig. 5.78).

a b

Fig. 5.77 Coronal (a) and sagittal (b) RM localizers and ori-
entation of the planes to obtain the double sagittal-oblique 
PD-weighted MR image. This plane is perpendicular to the 

plane oriented with the long axis of the piriformis muscle and 
is highly recommended to recognize fibrous bands and ana-
tomical variants of the sciatic-piriformis complex

Fig. 5.78 Acute pattern 
of partial denervation of 
the right gluteus 
maximus muscle
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Through the increasing use of 3T MR scan-
ners, new phased-array surface coils, and parallel 
imaging aids in the acquisition of high-resolution 
and high-contrast images in short imaging times, 
it is possible to discriminate which particular 
small elements of the lumbosacral-sacral plexus 
are involved in tumors or neuropathies [110].

Focal alterations in nerve contour, course, fas-
cicular pattern, size, caliber, or presence of 
 perineural fibrovascular bands are best depicted 
on longitudinal high-contrast isotropic 3D images 
reconstructed along the course of the nerve using 
multiplanar reconstruction (MPR) or curved pla-
nar reconstruction. T2-weighted SPAIR images 
provide more homogeneous fat suppression than 
frequency-selective T2 fat-suppressed images in 
off-center areas (Fig. 5.72).

Contrast-enhanced fat-saturated T1-weighted 
images are only required when infections, inflam-
mations, diffuse peripheral nerve lesions, tumors, 
and postoperative scar are suspected to be the 
cause of symptoms (Figs.  5.54 and 5.58). 
Enhancement in denervated muscles can be seen 
in these images [5].

Between 8 and 10 weeks after open neuroly-
sis, signal is normalized. However, there is no 
experience when signal increased normalizes 
after arthroscopic release, since it is a recent 
developed technique. Persistent nerve 
 enlargement, abnormal T2 hyperintensity 
approaching the SI of adjacent vessels, encasing 
perineural fibrosis, and fascicular abnormality 
suggest re-entrapment although preliminary data 
suggest this is not frequent.

Three-dimensional STIR, SPIR, and SPAIR 
sequences are powerful techniques for fat sup-
pression that must be included in the MRN proto-
col to assess neuritis, neural tumors, and neural 
lesions (Fig. 5.79).

Finally, diffusion tensor imaging and especially 
diffusion tensor tractography of the sciatic nerve in 
the near future will bring more physiologic infor-
mation in patients with sciatic nerve entrapment. 
Sacral plexus and sciatic nerve normative quanti-
tative diffusion data such as apparent diffusion 
coefficient (ADC) and fractional anisotropy (FA) 
should be collected as a reference in these patients 
[111, 112] (Figs. 5.80 and 5.81).

 Diagnostic and Therapeutic Injection 
Test

The injection test is a useful tool to treat this syn-
drome, enabling diagnosis and excluding articular 
pathology or disorders within other spaces. Guided 
injections with the patient lying prone, utilizing 
ultrasound, CT, or open MR imaging, have been 
used. A variant of the double-injection technique 
of an anesthetic and corticosteroids reported by 
Pace and Nagle with CT guidance and high-vol-
ume injection through the piriformis muscle into 
the perineural sciatic fat or within the nerve sheath 
using a 22-gauge spinal needle is recommended. 
The solution is injected at a single point under the 
ischial spine, which distributes easily along the 
perisciatic fat with hip movements. Care should be 
taken not to infiltrate a  sciatic nerve split, the 
pudendal bundle, or inferior gluteal vessels, as this 
may produce abundant bleeding. Most patients 
experience a significant immediate postinjection 
decrease in the symptoms. In case of partial 
improvement or lack of improvement, it can be 
repeated twice. Intramuscular infiltration with 
Botox (using the same procedure to guide infiltra-
tion) can be a temporary solution prior to surgery, 
especially in patients with piriformis muscle 

Fig. 5.79 Spectral attenuated inversion recovery (SPAIR) 
sequence for the assessment of the lumbosacral plexus 
and the sciatic nerve
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abnormalities (dynamic entrapment, insertional 
variants, anatomical abnormalities, or spasm) [5, 
62] (Fig. 5.82).

 Imaging Assessment 
in “Ischiofemoral Impingement”

Ischiofemoral impingement syndrome (IFI) is a 
more frequent than expected form of extra-articu-
lar hip impingement defined by hip pain related to 
the narrowing of the space between the ischial 
tuberosity (IT) and the femur [22, 113–116] 

(Fig. 5.83). Although IFI is increasingly being dis-
cussed in the medical literature, it remains a poorly 
recognized condition because symptoms are often 
nonspecific. Hence, imaging plays an important 
role in its diagnosis and treatment [22, 63].

The incidence of IFI is unknown and the diag-
nosis generally depends on both clinical and 
imaging evidence. The dominant findings of 
studies related to IFI are focused on the narrow-
ing of the mentioned space and the abnormalities 
of the QFM [22, 114]. However, it is increasingly 
better known the etiology and also the predispos-
ing factors of this syndrome [62].

Fig. 5.81 Diffusion 
tensor tractography 
(DTT) image. DTT is 
useful for the 
visualization of 
abnormal nerve tracts, 
providing vivid 
anatomic information 
and localization of 
probable nerve 
compression. It also has 
great potential utility for 
evaluating variants of 
the sciatic-piriformis 
complex. Note in this 
case a clear high 
division of the sciatic 
nerve (type-B piriformis 
muscle)

Fig. 5.80 Diffusion 
tensor imaging (DTI) to 
evaluate compressed 
nerve roots of the sacral 
plexus and sciatic nerve
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 Diagnostic Imaging Criteria

The presence of narrowed IFS and QFM space 
(QFS) as well as QFM edema represents the most 
significant indicators for IFI [114, 116]. 
Observing findings consistent with the syndrome 
do not always correlate with compatible symp-
toms and signs. Soft tissue magnetic resonance 

imaging (MRI) signal abnormalities are present 
within the IFS in 9.1% of asymptomatic patients 
(edema only in 1.4% and fatty infiltration only in 
7.7%) [117].

Arthroscopically, with the hip in adduction, 
external rotation, and extension, the lesser tro-
chanter and ischial tuberosity are approximately 
2.0 cm apart. This relationship allows the femur to 

a b

c d

Fig. 5.82 Double injection of anesthetic and cortico-
steroids technique (infiltration test). Sagittal-oblique 
(a) and coronal-oblique (b) MDCT reconstructions 
after performing the infiltration test show the final dis-
tribution of the solution (arrows) which is arranged 
around the sciatic nerve (asterisk) throughout its length 
along the deep gluteal space. The solution contains a 
small amount of iodinated contrast to assess more accu-

rately the location of injection. Axial MDCT image (c) 
shows the sectional plane chosen for CT-guided infil-
tration of the perisciatic space (arrow) through the piri-
formis muscle. Botox infiltration. Sagittal-oblique 
MDCT reconstruction after performing botulinum 
toxin infiltration (d) shows the final distribution of the 
solution (arrows) centered on the thickness of the mus-
cle belly to avoid extra-muscular extension
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rotate without contacting the ischial tuberosity or 
proximal hamstring tendons. Thus, any factor that 
alters this relationship can trigger IFI [118, 119].

Several studies have shown significant reduc-
tions of IFS and QFS with good to excellent 
intra- and interobserver reliability when compar-
ing patients with QFM abnormalities and control 
individuals. Measures of the IFS of 
13 ± 5/12.9 mm and QFS of 7 ± 3/6.71 mm have 
been identified in affected patients with the lower 
leg in internal and neutral rotation. These values 
in control subjects in internal rotation are signifi-
cantly higher, corresponding to 23  ±  8 and 
12 ± 4 mm, respectively [63, 64, 113] (Fig. 5.84).

Unfortunately, the resting position of the limb 
that is required for routine MRI does not repro-
duce the conditions leading to instability in daily 
life. Moreover, there is ≥10% width difference 
between the right and left IF spaces in approxi-
mately half of asymptomatic individuals [117]. 
These measurements depend on the degree of hip 
rotation, adduction, and extension during 
MRI.  Therefore, the validity of these values 
remains unclear in these retrospective studies [64, 

120]. Nevertheless, these studies are not invalid. 
Using a cutoff of ≤15 mm, a sensitivity of 76.9%, 
specificity of 81.0%, and overall accuracy of 
78.3% have been reported. For QFS, a cutoff 
of ≤ 10.0 mm resulted in 78.7% sensitivity, 74.1% 
specificity, and 77.1% overall accuracy [2, 121].

Dynamic MRI utilizing a full range of rota-
tion will help to confirm impingement, to evalu-
ate the relationship between the QFM and 
adjacent structures, and to better assess associ-
ated findings, such as delineation of unnoticed 
partial tears of the anterior surface of the 
QFM. Currently, the sufficient time frame reso-
lution with real-time demonstration of move-
ments has been considered the main limitation 
of MRI [62, 122, 123].

 Etiology and Predisposing Factors

In most cases it is possible to evaluate and dis-
cover by imaging the etiology of the impinge-
ment and to evaluate predisposing factors. 
Existing studies concerning the etiology of IFI 

a b

Fig. 5.83 3D CT images showing the positioning of the femur and the ischium before (a) and during (b) ischiofemoral 
impingement (arrow in b). The bluish area represents the area of maximum contact between both bone structures
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are not prospective and do not include sufficient 
sample sizes or standardized protocols, so a 
direct cause-and-effect relationship between IFI 
and particular described etiologies cannot be 
established. However, the analysis of individual 
patients has established potential etiologies and 
predisposing factors (Table  5.2). Imaging tests 
are essential to assess all of them [62, 124].

 Coxa Valga
The neck-shaft angle or inclination angle (IA) 
is the deviation of the femoral neck from the 
femoral diaphysis. In adults, the IA ranges 
from 120° to 130°, and its value is greater in 
newborns (150°) and smaller in elderly popula-
tions (120°) [125]. The IA differs with age, 
sex, stature, spinal deformities, and width of 
the pelvis, affecting the gait and increasing 
stress at the hip and knee joint. A higher preva-
lence of extra-articular impingement has been 
found for coxa valga. Patients with IFI show 
increased femoral neck and ischial angles com-
pared with controls, suggesting that increased 
IA may lead to the narrowing of the IFS [22, 
126] (Fig. 5.85).

 Other Proximal Femur Abnormalities
A congenital posteromedial position of the femur, 
larger cross section of the femur, prominence or 
hook-shaped lesser trochanter, abnormal femoral 
antetorsion, and coxa breva are congenital condi-
tions that could lead to the syndrome since they 

a b

Fig. 5.84 Quantitative assessment of IFI.  Axial 
T1-weighted MR image at the tip of the lesser trochanter 
(LT) in internal rotation (a) shows normal right IFS, QFS, 
and hamstring tendon area (HTA). IFS is defined as the gap 
between the ischium tuberosity and the iliopsoas tendon or 
the LT and QFS as the smallest gap between the superolat-

eral surface of the hamstring tendons and the posteromedial 
surface of the iliopsoas tendon or the LT. HTA is measured 
by tracing the contours of the hamstring tendon where the 
QFS is measured. Highlighted muscle regions on sequen-
tial axial T1-weighted images (b) are used to perform total 
quadratus femoris muscle volume (TQFMV) measurement

Table 5.2 Potential etiologies and predisposing factors 
of IFI according to the pathophysiological mechanisms

Primary or congenital (orthopedic disorders)
 Coxa valga
 Prominence of the lesser trochanter
 Congenital posteromedial position of the femur
 Larger cross section of the femur
 Abnormal femoral antetorsion
 Coxa breva
 Variations of the pelvic bony anatomy
Secondary or acquired
 Functional disorders
  Hip instability
  Pelvic and spinal instability
  Abductor/adductor imbalance
 Ischial tuberosity enthesopathies
 Traumatic, overuse, and extreme hip motion
 Iatrogenic causes
 Tumors
 Other etiologies
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determine an approach to the lesser trochanter of 
the femur [62] (Fig. 5.86).

In addition, coxa breva (short neck) decreases 
the abductor resting length and lever arm, 
increases joint reaction forces, and causes abduc-
tor fatigue and Trendelenburg gait contributing to 
the reduction of IFS [127].

Finally, higher antetorsion angles have been 
described in these patients compared to controls. 
The abnormal femoral antetorsion angle is mea-
sured on pure axial computed tomography (CT) 
or MRI images over the proximal and distal 
femur. This angle is normally anteverted to the 
bicondylar femoral plane at an angle of 35° to 
50° at birth and gradually decreases by 1.5° per 
year and reaches an approximate value of 16° at 
16 years of age and 10° in adults [62] (Fig. 5.86d).

 Variations of the Pelvic Bony Anatomy: 
Female Pelvis
The incidence of IFI has been reported to be 
higher in women than men, and it has been 
hypothesized that this occurs because of the dif-
fering osseous configuration. In particular, the 
ischial tuberosities are prominent, more sepa-
rated, and have a wider positioning in women. 
Prominence of the lesser trochanter and lower 

ischiopubic ramus with an angle closer to the 
coronal plane in the female pelvis may also 
explain why IFI is seen most commonly in 
women [126]. Projection of the ischial spines 
outward in the female pelvis may be another 
explanation. In patients with IFI, the ischial angle 
is higher than in the control population [62, 126] 
(Fig.  5.87). Furthermore, there is a significant 
association between the degree of degenerative 
change observed in the QFM and (1) an increased 
approximation of the QF attachments sites and 
(2) a narrower intertuberous diameter [128].

 Functional Disorders Predisposing 
to or Causing IFI

Hip Instability
Hip dysplasia in adults causes chronic forces that 
exceed the level of tolerance causing bone defor-
mation and articular soft tissue changes. The 
femoral head is displaced anteriorly and laterally, 
causing instability of the hip and the patient to 
adopt an exaggerated valgus position that con-
tributes to IFS narrowing [129]. Some patients 
with IFI have a dysplastic-kind hip, but few cor-
respond to true dysplasia and most correspond to 
minor dysplasia or instabilities. These forms can 

a b

Fig. 5.85 IFI secondary to coxa valga and breva (short 
neck) in a 55-year-old woman. The PA simple pelvic 
radiograph shows a shortening of the femoral neck, an 
increased neck-shaft angle (inclination angle), and a 

decreased IF on the right side with respect to the contralat-
eral side (a). Coronal PD fat-suppressed MR image shows 
QFM edema (arrow) secondary to the entrapment in the 
same patient (b)
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a

b

d

c

Fig. 5.86 IFI secondary to congenital posteromedial position 
of the femur (a), larger cross section of the femur at the level 

of the lesser trochanter (b), prominence and hook-shaped 
lesser trochanter (c), and abnormal femoral antetorsion (d)
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be classified according to the measurement of the 
anterior and posterior acetabular sector angles 
(AASA and PASA, respectively) as instability of 
the anterior column and posterior column (or 
both columns), leading to anterior or posterior 
instability [129, 130] (Fig. 5.88).

Pelvic and Spinal Instability
Abnormal pelvic tilt (PT) may promote the devel-
opment of atypical impingement [131]. A close 

relationship has been described between the sagittal 
balance of the spine (SB), the PT, and  ischiofemoral 
impingement. PT can increase or reduce the 
IFS. Moreover, PT increases (5.5–10.6%) when the 
effects of muscle damage on walking biomechanics 
at different speeds are studied [132].

Pelvic anteversion and retroversion move-
ments are related to the position of the sacrum 
and ischium. When the pelvis is retroverted, the 
sacrum turns vertical, SI and lumbar lordosis 

a

b

Fig. 5.87 Variations of the pelvic bony anatomy: female 
pelvis. Axial T1-weighted MR images of a woman (a) and 
a man (b) show an increased ischial angle (red angle) and 

a more separated ischial tuberosities (white line) in 
woman. Note that white lines in a and b are the same 
length
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decrease, and the ischial tuberosities come close 
to the lesser trochanters (Fig.  5.89). In clinical 
practice, cervical lordosis, thoracic kyphosis and 
the lumbar lordosis angles, pelvic incidence 
angle, pelvis version angle, sagittal line at T9 
angle, tibiofemoral angle, plumb line of C7, ver-
tical line of the external auditory canal, and leg 
length discrepancy are the common measure-
ments used to assess sagittal balance of the spine 
[133] (Fig. 5.90).

Abductor/Adductor Muscles Imbalance
Abnormal gait that results from abductor dysfunc-
tion and leads to subsequent pathology in the QFM 
has been hypothesized. Cases of abductor muscle 
pathology that develop IFI have been recently 
described [62]. The reason why some patients are 
prone to impingement following injury to the 
abductors is an unresolved question, but such 
damage has the potential to disturb the quadratus 
femoris space either directly, via an abnormal gait, 
or due to the secondary atrophy of abductors mus-
cles (retroverted pelvic imbalance approximates 
the ischial tuberosity to the lesser trochanter). If 
prolonged adduction occurs as a result of abductor 
impairment, the ischiofemoral gap will be nar-
rowed. A wide spectrum of conditions in the hip, 

back, or any anatomical region could trigger IFI 
through this mechanism [62] (Figs.  5.91, 5.92, 
5.93, and 5.94). This is by far, in my personal 
experience, the most common cause of IFI.

Of note, different rates of atrophy have been 
encountered in synergistic muscles after bed rest 
secondary to any body pathology. The QFM has 
a unique response among the hip external rotators 
to unload, showing a faster rate of atrophy and 
greater loss of muscle volume, and, expectedly, 
takes longer to recover. Research on other joints 
suggests that the local, rather than global, mus-
cles are well suited to provide subtle joint stabili-
zation. Indeed, QFM atrophy itself might reduce 
IFS. Moreover, muscle injury and inflammation 
have been documented in resting patients after 
any pathology and have been found to be associ-
ated with fluid changes, masking a lack of recov-
ery of muscle volume in the initial recovery scans 
(which can be confused with edema on MRI). 
Future unloading studies could reduce this uncer-
tainty by monitoring the recovery of musculature 
at frequent intervals and/or using muscle biopsies 
to understand the underlying histology to these 
signal changes [134].

Thus, any injury of the abductor or adductor 
muscles can thus trigger impingement. Gluteal 

a b

Fig. 5.88 IFI secondary to anterior acetabular coverage 
deficit and femoral dysplasia in a 45-year-old woman. 
Axial PD fat-suppressed MR images show a decreased 

AASA angle and impingement (arrow in a) and impinge-
ment of the quadratus femoris muscle (red arrow in b).
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contractures require special attention because 
they have been related to IFI. Medial retraction of 
the muscle in advanced cases results in external 
rotation of the proximal femur that predisposes to 
IFI [5, 62, 66].

 Ischial Tuberosity Enthesopathies
Hamstring disorders, as a cause of impingement, 
have been recently described. Tendinosis leads to 
swelling and widening of the proximal hamstring 
tendon insertion and results in narrowing of the 

QFS and thus impingement. Therefore,  hamstring 
tendinosis might be the cause or the consequence 
of the dynamic changes described in IFI [22, 63, 
115]. A wide spectrum of hamstring origin enthe-
sopathies that are present in isolation or in com-
bination may trigger IFI including partial/
complete hamstring strain, tendon detachment, 
avulsion fractures, apophysitis, nonunited apoph-
ysis, proximal tendinopathy, calcifying tendino-
sis, and contusions. Imaging findings are specific 
to each type of injury [135] (Fig. 5.46).

a b c

Fig. 5.89 Pelvic instability. Normal pelvic alignment is 
shown in the figure (a). Pelvic anteversion (b) and retro-
version (c) movements are related to the position of the 
sacrum and ischium. When the pelvis is retroverted (c), 

the sacrum turns vertical, SI and lumbar lordosis decrease, 
and the ischial tuberosities come close to the lesser tro-
chanters, causing the impingement. Reprinted with per-
mission from Massimiliano Crespi
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 Injuries Related to Trauma, Overuse, or 
Extreme Movements of the Hip
A history of traumatic injury to the pelvis is 
likely relevant to IFI.  Progressive narrowing of 
the IFS and quadratus femoris edema on MRI, 
over a long period, has been documented in 
patients who presented with posttraumatic hip 
pain and developed IFI.  In particular, abnormal 
gait may have led to this IFS narrowing. IFI and 
other atypical forms of impingement may be 
associated with overuse or the extreme external 
rotation of the hip during extension in ballet, 
 soccer players, martial arts, and other sports [62]. 
Intense, sudden positional QFS narrowing during 
intensive training can cause acute QFM damage 
and acute IFI (Fig. 5.95). Furthermore, intertro-

chanteric fractures with involvement of the lesser 
trochanter and postfracture deformity may pre-
dispose to or cause IFI [62, 136].

 Iatrogenic Causes
IFI was first described in patients after total hip 
joint replacement and after valgus-producing 
intertrochanteric osteotomies, but this is not a 
frequent cause. Although these and other iatro-
genic causes are included in multiple articles, 
published cases are scarce [119].

 Tumors
Osteochondroma (OC) is the most common bone 
tumor involved in IFI development. OC may be 
solitary or multiple, the latter being associated 
with hereditary multiple exostoses (HME) [137]. 

Fig. 5.90 Measurements used to assess sagittal balance 
of the spine. Images shows how to measure leg length dis-
crepancy (LLD), plumb line of C7 (C7), vertical line of 

the external auditory canal (EAC), pelvic incidence angle 
(PI), pelvis version angle (PV), and sagittal line at T9 
angle (SL-T9)
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Complications are more frequent with HME and 
include deformity, fracture, vascular compro-
mise, neurologic sequelae, overlying bursa for-
mation, and malignant transformation (seen in 
1% of solitary OC and in 3–5% of patients with 
HME). Exostoses may narrow the IFS and cause 
impingement, even without malignant transfor-

mation (Fig. 5.96). Pain is improved by resection 
of the ischial or femur exostoses [138, 139].

 Other Etiologies
Osteoarthritis leading to superior and medial 
migration of the femur has also been proposed as a 
possible mechanism for IFI in older women [119].

a b

Fig. 5.91 IFI secondary to abductor/adductor muscles 
imbalance. Axial T1-weighted images show a 39-year-old 
man with left IFI (red arrows in image a) as a result of a 
degenerative tendinopathy and extensive partial tear of the 

distal insertion of the gluteus maximus muscle (green 
arrows in image b). Note the atrophy of the abductor mus-
cles, especially affecting the tensor fascia latae muscle 
(black arrow in image a)

Fig. 5.92 IFI secondary 
to abductor/adductor 
muscles imbalance. 
Axial T1-weighted MR 
image shows a case of 
left IFI (red arrow) 
secondary to pelvic 
muscle imbalance as a 
result of a partial tear of 
the proximal insertion of 
the left tensor fascia lata 
muscle (white arrow)
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Furthermore, although quadratus femoris 
wasting may simply be part of impingement, 
another possibility is that atrophy and edema-like 
signal alterations arise from denervation of the 
muscle, as the nerve runs in the area of space 
conflict. It is possible that any cause of QFM 
atrophy, such as injuries, burns, long-term corti-
costeroid therapies, immobilization, sciatic neu-
ropathy, and spinal cord injury, may predispose 
an individual to IS narrowing because this muscle 

is a primary stabilizer of the hip joint. However, 
more functional studies need to be conducted to 
evaluate this hypothesis [62].

 Imaging Findings

There are no specific radiographic findings for 
IFI. The IFS narrowing on radiographs is uncom-
mon and has not been related to clinical findings 

Fig. 5.93 IFI secondary 
to abductor/adductor 
muscle imbalance. Axial 
T1-weighted MR image 
shows a case of bilateral 
IFI that is more 
pronounced on the right 
side, secondary to 
bilateral and 
symmetrical atrophy of 
abductor muscles (red 
arrows) in a 45-year-old 
man after 2 months of 
bed rest due to a 
cerebrovascular accident

Fig. 5.94 IFI secondary 
to abductor/adductor 
muscle imbalance. Axial 
T1-weighted and PD 
fat-suppressed MR 
images show a case of 
bilateral IFI (red arrows) 
secondary to bilateral 
and symmetrical atrophy 
of the adductor and 
flexor muscle groups 
(white arrows) in a 
62-year-old man 
diagnosed with an 
advanced autoimmune 
myopathy
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or other imaging tests. Although chronic osseous 
changes of the lesser trochanter and ischial tuber-
osity may be present, it is uncertain whether 
chronic contact between them represents the 
cause. However, hip and pelvic radiographs are 
useful to diagnose osseous abnormalities that 
may cause acquired IFI or to depict other causes 
of pain [64, 140].

Ultrasound (US) may show hyperemia within 
the IFS although normal results has been reported 
in patients found to have impingement changes 
on MRI [141, 142].

Currently, 3D/4D high-resolution multidetec-
tor CT scans provide interesting images simplify-
ing the image interpretation to better evaluate the 
relationship between QFM and adjacent osseous 
structures through a full range of hip motion. 
Specific softwares have been developed to gener-
ate models for dynamization and preoperative 
templating of extra-articular impingement. As a 
result, insight can be gained as to whether an 
arthroscopic, open, or combined approach is nec-
essary, where the specific location of mechanical 
conflict is occurring and how much must be 
resected to eliminate this mechanical conflict 
[143, 144] (Fig. 5.83).

MR imaging is the gold standard method to 
diagnose IFI. As Torriani and subsequently Tosun 
suggested, ischiofemoral narrowing can be evalu-
ated by measuring the IFS, QFS, hamstring ten-
don area (HTA), and total QFM volume 
(TQFMV), with good to excellent intra-/interob-
server reliability for all measures. The IFS, QFS, 
and TQFMV values of patient have found to be 
significantly lower than those of controls, 
whereas the HTA and IA measurements are sig-
nificantly higher [22, 63] (Fig. 5.84).

Possible visible MRI abnormalities are listed 
below:

 (a) Quadratus femoris muscle. The lesional spec-
trum description includes crowding of the 
fibers intramuscular edema at the maximal 
impingement point without disruption of the 
fibers [62] (Fig. 5.97), anterior myofascial dis-
ruption, and partial tear or full tear and muscle 

Fig. 5.95 Acute traumatic IFI: extreme external rotation 
in the extension position. Axial short tau recovery (STIR) 
MR image shows a cortical disruption of the anterior 
ischial tuberosity aspect (red arrow) secondary to sudden 
and intense osseous ischiofemoral impingement (white 
arrow) in a 29-year-old man during an international karate 
competition

Fig. 5.96 Osteochondroma as a cause of IFI. Axial fat-
suppressed PD-weighted MR image in a 32-year-old man 
shows an exostoses arising from the medial aspect of the 
femoral metaphysis (red arrow) with signs of osseous 
impingement (white arrow) and a full tear of the 
QFM. Exostoses bursata (adventitious bursa) is also seen. 
Osteochondroma removal resulted in complete resolution 
of symptoms
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wasting/fatty infiltration, which is best visual-
ized on T1-weighted MRI images and usually 
occurs in patients with long-standing IFI 
(Figs. 5.98 and 5.99). Muscle atrophy may be 
graduated as grade 1 (tiny linear fat signal 
intensity between muscle fibers), grade 2 
(thicker and linear-globular fat signal intensity 

occupying <50% of the QFM), and grade 3 
(>50% of the muscle) [124].

 (b) Bones. Bone marrow edema and subcortical 
changes are extremely rare unless a complete 
atrophy of QFM and a direct osseous 
impingement exists. If bone marrow edema 
is present in the lesser trochanter or ischial 

a b

c d

Fig. 5.97 Edema stages affecting QFM in patients with 
IFI. Crowding of the anterior surface of the QFM fibers as 
it passes between ischium/hamstring tendons and the pos-
teromedial femur is the minor stage that can be seen on 
MRI (image a). The QFM edema may be considered mild 

or grade 1 if it consists of focal edema in the region where 
the narrowest IFS and QFS values are measured (image b), 
moderate or grade 2 if diffuse edema extends outside the 
narrowest point (image c), and severe or grade 3 if QFM 
edema extends to the surrounding soft tissues (image d)
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tuberosity, it will likely be secondary to 
 hamstring tendon abnormalities or spread by 
soft tissue edema [62, 136] (Fig. 5.100).

 (c) Tendons. Cases of severe changes within the 
QFM are more likely to show edema sur-
rounding the hamstring tendon attachments. 
However, adjacent inflammation, musculo-
tendinous injury, unrelated enthesopathy, 
and overuse syndromes may also account 
for these findings [62]. The hamstring ten-

dons of affected subjects may show edema, 
degenerative tendinopathy, partial tears, 
and, more rarely, full-thickness tears 
(Fig. 5.101). Although no tears are usually 
seen involving the iliopsoas tendon, edemas 
surrounding its insertion and tendinosis are 
not uncommon [143].

 (d) Bursae and adipose tissue. Edema affecting 
the ischiofemoral fat is commonly seen in 
IFI.  Bursa-like fluid collections (thickened 

a b

c d

Fig. 5.98 Tear stages affecting QFM in patients with IFI 
are best evaluated on axial T1-weighted MRI images: 
anterior myofascial disruption (a), anterior partial tear 
(b), full-thickness partial tear (c), and complete atrophy 

(short arrow) (d). Red lines demarcate the normal limit 
of muscle fascia and green lines define tears. Long 
arrows mark the transition point between the normal fas-
cia and the tear
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bursal-type tissue) surrounding the lesser tro-
chanter in the area of the impingement may 
be present due to friction between it and 
overlying soft tissues. This finding can mimic 
iliopsoas, obturator externus, or ischial bursi-
tis. Obturator externus and ischiogluteal, glu-
teofemoral, and iliopsoas bursae are the hip 

bursae that may be affected by IFI [62, 145–
148] (Fig. 5.102).

 (e) Nerve. The proximity of the sciatic nerve to 
an abnormal QFM may contribute to lower 
back pain [5]. With severe edema in the 
perisciatic fat, irritation of the adjacent sci-
atic nerve may cause acute deep gluteal syn-
drome (sciatic neuritis). Chronic 
inflammatory changes and adhesions caus-
ing scar tissue between the muscle and the 
sciatic nerve result in entrapment during hip 
motion, which causes chronic deep gluteal 
syndrome [5] (Figs. 5.44 and 5.45). In addi-
tion, any other nerve running along the deep 
gluteal space can be compressed, being 
especially relevant the compression of the 
quadratus femoris nerve. This nerve damage 
occurs at the level of its entry into the mus-
cle, which is unique and coincides with the 
point of maximum impingement. Our cur-
rent theory is that damage to this nerve can 
be a cause of early QFM atrophy. By failing 
to exercise its function as a stabilizer of the 
hip, impingement may progress resulting in 
the establishment of a vicious circle, which 
finishes with complete atrophy of the mus-
cle [62].

a

b

c

Fig. 5.99 Tear stages affecting QFM in patients with 
IFI. Endoscopic images show an anterior myofascial dis-
ruption (green lines define tears) (a), a full-thickness par-
tial tear (b), and a complete tear (c)

Fig. 5.100 Subcortical bone changes in a patient with an 
evolved IFI. Subcortical simple cysts affecting the ischial 
tuberosity (white arrow) are not common. Note the com-
plete tear of the medial portion of the QFM (red arrow)
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a b c

Fig. 5.101 Tendon injuries in the context of IFI. Axial PD 
fat-suppressed MRI images show peritendinous edema of 
the hamstring secondary to IFI without signs of tear (a) and 

extensive partial tear of the semimembranosus tendon (b). 
Axial T1-weighted MR image shows a complete tear of the 
conjoined tendon and semimembranosus tendon (c)

a b

Fig. 5.102 Bursal abnormalities in patients with 
IFI. Axial T1-weighted MR image shows an inflammatory 
reaction of the ischiofemoral fat with a pseudobursa for-
mation by accumulation and encapsulation of edema. 
Note the inflammatory and granulation tissue, blood rem-

nants, and muscle tissue remnants within the bursa-like 
collection (white arrow) (a). Axial PD fat-suppressed MR 
image demonstrates a moderate obturator externus bursi-
tis (arrow) (b), a distended ischiogluteal bursa (red 
arrows) (c), and a slight iliopsoas bursitis (arrows) (d)
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 Differential Diagnosis

A wide range of conditions related to hip pain must 
be ruled out in the clinical and imaging differential 
diagnosis of IFI including deep gluteal syndrome 
[5], hamstring or iliopsoas injuries, femoroacetabu-
lar impingement (FAI), strain or tear of the QFM 

without narrowing of the IFS, bursitis without 
impingement, denervation patterns of the QFM, 
delayed-onset muscle soreness (DOMS), QFM 
tear, tendinosis, avulsion or agenesis, iliotibial 
band friction syndrome, and tendinosis or myoten-
dinous tear of the obturator externus [149–152] 
(Figs. 5.103, 5.104, and 5.105).

c d

Fig. 5.102 (continued)

Fig. 5.103 DGS 
secondary to anterior 
myotendinous partial 
tear of the right 
obturator externus. Axial 
PD fat-suppressed MRI 
image shows a slight 
acute-subacute 
hemorrhage in the 
muscle thickness 
secondary to the injury 
in a 29-year-old patient 
with subgluteal 
syndrome. MRI did not 
show any other 
significant alteration
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 Imaging Assessment in Other 
Posterior Hip Pathologies

 Proximal Hamstring Tendons Injuries

Injury to the hamstring muscle complex (HMC) 
is extremely common, especially in the athletic 
community, and an important cause of poste-
rior thigh and buttock pain. Clinically it may at 
times be difficult to distinguish between ham-
string origin pathologies [153]. Imaging allows 
to diagnose a wide spectrum of pathologic con-
ditions that may affect the proximal region of 
this tendon group, including partial/complete 

hamstring strain (acute, recurrent, or chronic), 
tendon detachment, avulsion fractures (acute 
or chronic/nonunited), apophysitis, nonunited 
apophysis, proximal tendinopathy, calcifying 
tendinosis, and contusions. It also has a role in 
confirming the site of injury and characterizing 
its extent, providing some prognostic informa-
tion, and helping plan treatment. MRI can have 
prognostic import as to time to return to sport. 
Some clinically diagnosed hamstring strains 
have no abnormal findings on MRI; these 
patients have a shorter time of recovery and 
returning to full activity than those with posi-
tive MRI findings. Generally, involvement of 
the proximal tendon(s) indicates a more 

Fig. 5.104 DGS 
secondary to distal 
obturator externus 
tendinosis in a 
46-year-old patient. 
Axial fat-suppressed 
PD-weighted MR image 
shows moderate 
thickening and 
hypersignal of obturator 
externus tendon at the 
level of the distal 
enthesis on the medial 
side of the left greater 
trochanter (arrow)

Fig. 5.105 DGS 
secondary to right 
iliotibial band friction 
syndrome. Axial 
fat-suppressed 
PD-weighted MR image 
shows moderate edema 
surrounding the iliotibial 
tract in the vicinity of 
the greater trochanter in 
a 24-year-old patient 
with no audible 
snapping
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 prolonged recuperation period and return to 
sport than those without injury to the proximal 
tendon(s) [154].

Hamstring Avulsion Injuries MRI is the pre-
ferred imaging modality for demonstrating proxi-
mal hamstring avulsions, due to its superior 
contrast resolution and ability to easily demon-
strate the full extent of injury. The axial plane is 
most useful in their evaluation given that they are 
seen in cross section in this plane. The extent of 
the tendon(s) retraction can easily be made on 
MRI, usually with the coronal sequence. The 
degree of tendon retraction measured by MRI is 
the main factor influencing the decision to per-
form surgery [155]. In some cases there may be a 
partial avulsion, usually involving the conjoint 
ST-BF component with an intact SMB compo-
nent of the hamstring origin or vice versa. The 
other relatively common form of partial tear 
involves complete avulsion of the SMB origin 
and partial tear of the conjoint ST-BF component, 
sparing either the medial or lateral margin. With 
chronic avulsions, the retracted tendon edges will 
have no surrounding fluid collection. The tendon 
edges may be difficult to clearly define due to the 
formation of scar tissue within the tendon defect 

[153]. In the skeletally immature patient, acute 
apophyseal injuries may be less obvious on MRI 
than the typical acute hamstring tendon avulsion, 
particularly if there is no retraction (Figs. 5.106, 
5.107, 5.108, 5.109, and 5.110).

Chronic Hamstring Origin Tendinosis and 
Tears Typical MRI findings in chronic ham-
string origin tendinosis include tendon thicken-
ing and signal hyperintensity at the deep margin. 
Partial tears, when present, are generally seen at 
the deep margin. In general, the criterion for 
diagnosis of a tear is the presence of a fluid signal 
intensity cleft at the deep margin. Confident diag-
nosis of partial tear on ultrasound can be difficult 
in these cases. Edema, hemorrhage, and/or a 
hematoma is often prominent in the setting of 
high-grade partial and, particularly, full-thick-
ness tears of the hamstring tendons; this is seen 
as amorphous and/or well-defined high signal on 
fluid-sensitive sequences in the soft tissues about 
the site of tear [156] (Fig. 5.111).

Acute Hamstring Muscle-Tendon Junction 
Injuries Isolated hamstring MTJ injuries most 
commonly involve the long head biceps femoris, 
followed by semimembranosus and lastly 

Fig. 5.106 DGS secondary to complete hamstring avul-
sion. Axial fat-suppressed PD-weighted MR image shows 
a complete avulsion of the hamstring origin involving 
both semimembranosus and conjoint semitendinosus-

biceps femoris components (white arrow). Note moderate 
edema within the deep gluteal space and sciatic neuritis 
(yellow arrow) in this 24-year-old patient suffering from 
pain associated with acute sciatica

5 Imaging Assessment in Posterior Hip Pathology



134

 semitendinosus. Combined hamstring muscle 
strain injuries usually involve a combination of 
BF and ST, with BF predominant [157]. Muscle-
tendon junction injury ranges from mild strain to 
partial-thickness tear to full-thickness disruption. 
Mild strain is seen as feathery fluid about the 
junction, having a comblike appearance of edema 

with thin elongated edema oriented craniocau-
dally along the central tendon with fine bands of 
edema radiating along the muscle-tendon junc-
tion fibrils at acute angles with the central ten-
don. Partial-thickness tears manifest with more 
significant edema/hemorrhage along and about 
the muscle-tendon junction with thinning and 

Fig. 5.107 DGS secondary to complete hamstring avul-
sion in the same patient showed in the previous figure. 
Coronal fat-suppressed PD-weighted MR image shows a 
complete avulsion of the hamstring origin involving both 
semimembranosus and conjoint semitendinosus-biceps 
femoris components with a significant retraction degree

Fig. 5.108 DGS secondary to partial hamstring avulsion. 
Coronal fat-suppressed PD-weighted MR image shows a 
partial avulsion of the hamstring origin involving the con-
joint semitendinosus-biceps femoris component (short 
arrow) without significant retraction. Note how semimem-
branosus insertion remains intact (large arrow)

Fig. 5.109 DGS 
secondary to partial 
hamstring tear. Axial 
fat-suppressed 
PD-weighted MR image 
shows a partial tear of 
the hamstring origin 
involving the medial 
margin of both 
semimembranosus and 
conjoint semitendinosus-
biceps femoris 
components (arrows)
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irregular contour of the tendon, sometimes with a 
focal hematoma. Disruption is seen as frank dis-
continuity of the tendon, usually with significant 
 surrounding edema/hemorrhage and sometimes 
also a frank hematoma. In the subacute phase, 
there may be mild thickening and intermediate 

signal related to the adjacent tendon reflecting 
immature scarring of the tendon, which with 
remodeling will attenuate and become more 
markedly hypointense on all pulse sequences 
[158] (Fig. 5.112).

Calcifying Tendinosis of Hamstring 
Tendons Calcifying tendinosis results from the 
deposition of calcium hydroxyapatite crystals in 
muscular attachments. Historically, it is assumed 
that such depositions result from trauma, but no 
specific mechanism for their formation has been 
completely elucidated. More recently, genetic and 
metabolic factors have been postulated as other eti-
ologies. CT and US allow proper  visualization and 
localization of the calcium foci. US is valid for 
diagnosis affecting superficial tendons, such as the 
hamstrings, but not for calcifying tendonosis of the 
external rotators. MRI is useful to rule out other 
conditions but not to assess this condition [159]. 
Treatment of calcifying tendinosis varies with the 
clinical and radiologic phase of the calcification. 
Although the resorptive phase is usually self-lim-
ited, patient pain may be severe, and the need for 
relief may be urgent. US-guided needling, aspira-
tion, and lavage are more likely to be successful in 
this phase. In the formative or resting phases, 
symptoms are milder and chronic [160] (Fig. 5.46).

Fig. 5.110 DGS secondary to nonunited chronic apoph-
ysitis. Coronal fat-suppressed PD-weighted MR image 
shows a chronic nonunited fracture of the right ossifica-
tion center of the ischial tuberosity (arrow). Note how 
both semimembranosus and conjoint semitendinosus-
biceps femoris tendon-bone attachment remain intact 
(short arrow)

Fig. 5.111 DGS 
secondary to chronic 
semimembranosus 
tendinosis. Axial 
fat-suppressed 
PD-weighted MR image 
shows thickening and 
signal hyperintensity 
involving right 
semimembranosus 
tendon (arrow). Note 
how conjoint tendon 
remains intact
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 Bursae Conditions

Bursitis is a usual clinical entity that can cause 
severe disabling posterior hip pain and is often a 
result of inflammation secondary to excessive 
local friction, tendon pathologies, infection, 
arthritis, rheumatologic diseases, or direct 
trauma. Any pathology in the vicinity of a bursa 
may cause its distension and intra-bursal synovi-
tis. We assume as standard that practically all 
bursitis are secondary. Bursitis can clinically be 
easily misdiagnosed as joint-, tendon-, or mus-
cle-related pain and treatment of these conditions 
can be different. In general, it must be firstly 
treated the cause that brings this condition, such 
as tendinosis or a rheumatologic process. 
Treatment of each etiology is specific. The vast 
majority of bursitis has been reported to respond 
adequately to conservative management without 
surgical drainage. Thus, knowledge of the imag-
ing features of bursitis can avoid unnecessary 
surgery. If there is no contraindication, ultra-
sound-guided evacuation and infiltration with 
corticosteroids are the treatment of choice for 
symptomatic control [62, 147, 148, 161–163].

Trochanteric or Subgluteus Maximus Bursa It 
covers the posterior facet of the GT and it is located 
beneath the gluteus maximus muscle and iliotibial 
tract. This bursa can be identified on axial MR 
images as an elongated structure paralleling the pos-
terior facet and usually it does not extend over the 
anterior border of the lateral facet [161] (Fig. 5.12).

Piriformis Bursa This bursa, also named poste-
rior subgluteus medius bursa, is situated posterior 
to the apex of the GT. The bursa lies on and fol-
lows the contour of the insertion of the piriformis 
tendon. Its superficial surface is in contact with, 
and often adhered to, the deep surface of the glu-
teus medius tendon [162] (Fig. 5.12).

Gluteofemoral Bursa This bursa is situated cau-
dal to the GT and it lies beneath, and adhered to, 
the iliotibial band in the area where the tendinous 
fibers of gluteus maximus inserts. It is positioned 
over the posterior edge of the vastus lateralis, sepa-
rating it from the iliotibial band [162] (Fig. 5.113).

Obturator Externus Bursa This bursa is 
thought to be formed by a protrusion of the pos-
terior inferior hip synovium between the 

Fig. 5.112 Partial-thickness injury of the long head 
biceps femoris muscle-tendon junction. Note the disrup-
tion as a discontinuity of the muscle fibers, with signifi-
cant surrounding edema/hemorrhage and a focal 
hematoma (arrow)

Fig. 5.113 Gluteofemoral bursitis. Sagittal fat-sup-
pressed PD-weighted MR image demonstrates a moderate 
distension of gluteofemoral bursa in a 38-year-old patient 
with distal tendinosis of the gluteus maximus tendon
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 ischiofemoral ligament and the zona orbicularis. 
Bursitis usually occurs in patients with hip syno-
vitis and chronically increased intra-articular 
pressure. When distended, this bursa displaces 
the obturator externus muscle inferiorly while 
extending medially toward the obturator foramen 
[148] (Figs. 5.12 and 5.102b).

Obturator Internus Bursa Normally, as in 
most hip bursae, the obturator internus bursa is in 
a collapsed state and is only distended when it is 
inflamed or infected. When present, it is a 
“boomerang”-shaped fluid distension between 
the obturator internus tendon and the posterior 
grooved surface of the ischium. Obturator inter-
nus bursa is usually secondary to dynamic com-
pression of the sciatic nerve by the muscle belly, 
a piriformis-obturator scissor-like impingement, 
hypertrophied obturator internus bordering on 
the lesser sciatic notch or anatomical variant of 
the sciatic-obturator complex as we see previ-
ously [5] (Fig. 5.38).

Ischiogluteal Bursa It separates the gluteus 
maximus from the ischial tuberosity. Ischiogluteal 
bursitis is usually related to intermittent pressure 
upon the ischial tuberosity from prolonged sit-
ting, hamstring tendinopathies, or ischiofemoral 
impingement [5, 62]. Tuberculosis, gout, rheu-
matoid arthritis, systemic lupus erythematous, 
ankylosing spondylitis, and Reiter’s syndrome 
have also been reported to involve the 
 ischiogluteal bursa. As the bursa lies in close con-
tact to the sciatic and posterior femoral cutaneous 
nerve, ischiogluteal bursitis can mimic the symp-
toms of radiculopathy. It may have a very hetero-
geneous appearance on imaging studies, usually 
related to bleeding with blood-fluid levels, syno-
vial proliferation, and internal septation [147] 
(Figs. 5.12 and 5.102c).

 Pudendal Syndrome

Pudendal nerve entrapment neuropathies are rare 
entities in common practice. The clinical symp-
toms can be perineal or penile (clitoral-vulvar) 
pain (burning) or hypoesthesia, followed by erec-

tile dysfunction, as well as fecal incontinence, 
anal pain, or stress urinary incontinence. Isolated 
perineal pain and in the medial side of the poste-
rior hip is frequently found in cyclists due to the 
entrapment of this nerve. Pudendal nerve entrap-
ment is a recognized cause of chronic perineal 
pain, which is typically aggravated by sitting, 
relieved by standing, and absent when recumbent 
or sitting on a toilet seat [164].

The pudendal nerve arises from the sacral 
plexus. Subsequently, it passes around the 
ischial spine and reenters the pelvic cavity 
through the lesser sciatic foramen. It then 
courses under the levator ani muscle on top of 
the obturator internus muscle. Along its course 
in the ischiorectal fossa, the nerve gives off 
small inferior rectal branches and one or two 
perineal branches. It then pierces the superior 
urogenital fascia to penetrate the urogenital dia-
phragm. Up to that point, the bones of the pelvis 
protect the nerve [165]. Basically, the pudendal 
nerve is predisposed to entrapment at the level 
of the ischial spine and within Alcock’s canal. 
At the ischial spine, the nerve can be com-
pressed between the sacrotuberous and sacro-
spinous ligaments with a mechanism like a 
“lobster claw” with the nerve crushed while tra-
versing the interligamentous space [166]. A 
shearing effect caused by the gluteus maximus 
on the sacrotuberous ligament seems to be pos-
sibly implicated in pudendal entrapment. More 
distally, at Alcock’s canal, the pudendal nerve 
can be compressed by the anterior prolongation 
of the falciform process of the sacrotuberous 
ligament (lunate fascia), when this is focally 
thickened or tightly adherent to the underlying 
fascia of the obturator internus muscle [167]. 
No widely accepted confirmatory test is avail-
able for this neuropathy, although a neurophysi-
ologic study may disclose the nerve damage. 
MR imaging can diagnose pudendal neuropathy 
if a space-occupying lesion is found along the 
nerve course or, in the absence of a mass, when 
focal nerve swelling and T2 hyperintensity are 
observed at Alcock’s canal. One-to-one com-
parison with the contralateral nerve on axial 
planes may increase the confidence in the diag-
nosis. Proper diagnosis and treatment of puden-
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dal nerve entrapment with CT-guided perineural 
injection offer a chance of long-term pain relief 
[168] (Figs. 5.114 and 5.115).

 Pathology of the Distal Gluteus 
Maximus Tendon

There is not full agreement regarding the distal 
insertions of the gluteus maximus muscle. Tears 

affecting gluteus maximus are rare, underrecog-
nized, and poorly described in the literature. 
Autopsy and imaging studies have shown gluteal 
tendon tears in up to 10% of individuals older 
than 60 years. The iliotibial band, fascia lata, lat-
eral intermuscular septum, and linea aspera inser-
tions may be involved [169] (Fig. 5.116).

Cases of calcifying tendinosis of the distal 
insertion of the gluteus maximus tendon have 
also been described. Plain radiography usually 

a b

Fig. 5.114 Pudendal syndrome. Coronal PD-weighted (b) 
and fat-suppressed PD-weighted (a) MR image shows focal 
nerve swelling (black arrow) and T2 hyperintensity (white 

arrow) is observed at Alcock’s canal in a 31-year-old cyclist. 
One-to-one comparison with the contralateral nerve (short 
black arrow) may increase the confidence in the diagnosis

Fig. 5.115 Double 
injection of anesthetic 
and corticosteroid 
technique (pudendal 
infiltration test). Axial 
MDCT image shows the 
final result of CT-guided 
infiltration of the 
peripudendal space 
(arrow) at the level of 
the sacrotuberous-
sacrospinous 
interligamentous space. 
The solution contains a 
small amount of 
iodinated contrast to 
assess the location of 
injection more 
accurately. Note how the 
solution runs along the 
perineural space and 
also reaches Alcock’s 
canal
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shows amorphous calcific densities extending 
from the posterior border of the femur. Computed 
tomography can demonstrate cortical erosion 
associated with the calcified mass. The patients 
usually respond well to needle lavage and injec-
tion with local anesthesia and corticosteroids. 
Recognition of this entity makes biopsy unneces-
sary [170].

 Posterior Wall Fractures 
of the Acetabulum

Most acetabular fractures involve the posterior 
wall. Although such fractures may appear to be 
simple on plain radiographs, many surgeons face 
difficulties when reducing the fragments. Most 
posterior wall fractures are comminuted or they 
are associated with an impaction injury of the 
articular surface into the underlying cancellous 
bone along the margin of the fracture line. 
Further, the soft tissues are frequently detached 
from fragments at the time of injury or during the 
surgery. In addition, after surgery it is difficult to 

Fig. 5.116 DGS secondary to distal partial-thickness 
tear of the gluteus maximus tendon. Axial fat-suppressed 
PD-weighted MR image shows moderate thickening and 
signal hyperintensity of gluteus maximus tendon at the 
level of the distal enthesis on the gluteal tuberosity of the 
femur associated with peritendinous and perifascial bleed-
ing. Note the partial discontinuity of the fibers of the distal 
tendon (arrow) and the hemorrhagic gluteofemoral bursa 
distension (asterisk)

a b

Fig. 5.117 DGS secondary to posterior wall fracture of the 
acetabulum. Sagittal-oblique MDCT reconstruction (a) and 
sagittal fat-suppressed PD-weighted MR image (b) shows a 
inconspicuously displaced fracture of the posterior wall of 

the acetabulum (white arrows) with reactive interfascial 
bleeding in piriformis-obturator internus space associated 
with moderate sciatica neuritis secondary to inflammatory 
changes in the vicinity of the fracture (yellow arrow)

5 Imaging Assessment in Posterior Hip Pathology



140

know the exact quality of the reduction and the 
shape and congruity of the articular surface of the 
acetabulum due to its three-dimensionally com-
plex shape and the interfering effect of metals on 
the radiologic images. Accurate evaluation of the 
resulting union and the likelihood of future osteo-
arthritis and posttraumatic arthritis are also hin-
dered [171]. Therefore, radiologist should 
properly recognize and describe the fracture pat-
tern, and surgeons should make every effort to 
obtain a stable congruous hip joint with complete 
union of the fragments during the primary sur-
gery because a second operation is not feasible. 
CT has a key role in the diagnosis and monitoring 
of fracture healing and MRI in detecting associ-
ated injuries [5] (Fig. 5.117).

 Summary

There is a broad spectrum of diseases affecting 
structures in the posterior hip. The deep gluteal 
space is the most extensive and significant ana-
tomical space of this region and the seat of most 
of pathologies coursing with back hip pain. Many 
of the pathologic conditions that are located in 
this anatomical region are primary, but many 
have pathophysiological mechanisms in which 
are problems involved in other body areas.

The major complexity of the posterior hip 
anatomy requires high-quality MRI studies and 
the use of specific protocols. In recent years there 
has been a great development of imaging tech-
niques and endoscopy that has allowed to under-
stand the pathophysiological mechanisms 
underlying piriformis syndrome, which can cur-
rently be classified into six types, conditions of 
the external rotators of the hip, and nerve sciatic 
pathologies. It is especially important the discov-
ery, classification, and development of endo-
scopic treatment of fibrovascular bands affecting 
the sciatic nerve mobility. It is also very impor-
tant the knowledge of etiologies and predispos-
ing factors of ischiofemoral impingement, many 
of them having a functional background.

There is great difficulty in formulating the 
diagnosis of posterior hip pathologies because 
clinical history and physical examination are 

imprecise and difficult to interpret. MR imaging 
is the diagnostic procedure of choice for assess-
ing posterior disorders and therefore may sub-
stantially influence the management of these 
patients. In selected cases and for specific dis-
eases, plane radiography, ultrasound, and MDCT 
can be useful for the diagnosis, although its use 
for the evaluation of the posterior hip has greatly 
reduced indications.

Counting on imaging techniques is essential 
when considering the most appropriate therapeu-
tic approach in posterior hip pathology. Equally 
important are injection tests, with a dual diagnos-
tic and also therapeutic purpose. Guiding infiltra-
tion tests by imaging allows carrying them out 
safely. Finally, MRI can play an important role in 
the timing of surgery.
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Guided Injections 
of the Posterior Hip

Leon R. Toye

 Introduction

After a detailed clinical examination has been 
performed, and proximal nerve root problems are 
ruled out, directed injections targeting sites of 
possible pain generation can be used to confirm 
clinical suspicions and potentially provide pain 
relief. Image guidance helps improve the accu-
racy and safety of these injections. In our prac-
tice, these procedures are performed by the 
musculoskeletal radiology department.

 Pudendal Nerve Perineural 
Injections

 Relevant Anatomy

The pudendal nerve is predominantly a sensory 
nerve arising from the sacral plexus (S2, S3, S4) 
ultimately terminating in three branches (infe-
rior rectal, perineal, dorsal nerve of the penis/
clitoris) [1] (Fig.  6.1a). The internal pudendal 
artery and a venous plexus accompany the nerve, 
creating a pudendal neurovascular bundle [2]. 
After taking origin from the sacral nerve roots, 
the pudendal nerve exits the pelvis through the 

inferior aspect of the greater sciatic foramen, 
briefly entering the gluteal region while it wraps 
around the ischial spine, between the sacrotuber-
ous (superficial) and sacrospinous (deep) liga-
ments [3] (Fig. 6.1b). The nerve then reenters the 
pelvis and enters the perineum through the lesser 
sciatic foramen, coursing through the ischioanal 
fossa, via the pudendal canal. The pudendal 
canal (also known as Alcock’s canal) is a fascial 
tunnel along the medial margin of the obturator 
internus muscle, within the ischoanal fossa [1, 2] 
Fig. 6.1c).

Terminally, the nerve divides into three 
branches: The first inferior rectal nerve branch 
takes off within or just proximal to the pudendal 
canal, providing sensation to the skin around the 
anus. The second perineal nerve branch contains 
a deep motor portion and two sensory medial and 
lateral scrotal/labial branches. The third dorsal 
nerve of the penis/clitoris runs along skin of the 
penis/clitoris innervating the overlying skin [4].

The pudendal nerve is prone to entrapment at the 
pudendal (Alcock’s) canal (due to compression at 
the falciform ligament or thickening at the obturator 
fascia) and at the ischial spine between the sacrospi-
nous and sacrotuberous ligaments [3, 5]. The major-
ity of compression is reported at the pudendal canal 
[4]. One author [6] describes four major types of 
pudendal nerve entrapment: type I (2.1%) exclu-
sively at the level of the piriformis muscle, type II 
(4.8%) at the level of the ischial spine and sacrotu-
berous ligament, type III (79.9%) at the pudendal 

L. R. Toye, MD
Radsource, Brentwood, TN, USA
e-mail: ltoye@radsource.us

6

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-78040-5_6&domain=pdf
mailto:ltoye@radsource.us


148

(Alcock’s) canal on the medial surface of the obtu-
rator internus muscle, and type IV (13%) involving 
distal branches of the pudendal nerve.

 Injection Technique

Pudendal nerve blockade locations focus on the 
sites of typical pudendal nerve entrapment: near 
the ischial spine (between the sacrotuberous and 

sacrospinous ligaments) and within the pudendal 
canal. Some authors will first begin at the ischial 
spine (optionally repeating one or more times), 
with subsequent (optional or routine) injections 
at the pudendal canal [2, 4, 7]. One group of 
authors advocate performing all injections at the 
pudendal canal only, believing their pudendal 
canal injectate typically also backfills cranially 
into the space between the sacrotuberous and 
sacrospinous ligaments [3]. In our practice, we 

a

c

b

Fig. 6.1 (a) Pudendal nerve anatomy. The pudendal 
nerve arises from the S2, S3, S4 sacral plexus ultimately 
terminating in three branches: inferior rectal, perineal, 
dorsal nerve of the penis/clitoris. Courtesy of Dr. Michael 
Stadnick. (b) Pudendal nerve anatomy. The pudendal 
nerve exits the pelvis through the inferior aspect of the 
greater sciatic foramen, briefly entering the gluteal region, 
while it wraps around the ischial spine, between the sacro-

tuberous (superficial) and sacrospinous (deep) ligaments. 
Courtesy of Dr. Michael Stadnick. (c) Pudendal nerve 
anatomy. The pudendal nerve reenters the pelvis and 
enters the perineum through the lesser sciatic foramen, 
coursing through the ischioanal fossa, via the pudendal 
canal (Alcock’s canal), a fascial tunnel along the medial 
margin of the obturator internus muscle, within the ischo-
anal fossa. Courtesy of Dr. Michael Stadnick
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currently select the site of blockade based on 
clinical symptomatology. If the patient reports 
symptoms primarily related to the perianal region 
(suggesting a more proximal nerve entrapment 
involving the inferior rectal branch), we will per-
form blockade near the ischial spine. If the patient 
reports symptoms primarily related to the more 
distal perineal or penile/clitoral nerve branches, 
we will perform blockade at the pudendal canal/
obturator internus. Some authors advocate rou-
tinely performing repeat injections spaced 
4 weeks apart [2], whereas others advocated per-
forming repeat injections dictated by symptom-
atology [3, 4]. Injections may be done unilaterally 
or bilaterally, depending on symptoms. In our 
practice, unilateral injections are typically 
performed.

Imaging modalities used for peripudendal nee-
dle guidance include CT, ultrasound, fluoroscopy, 
and MRI. CT is our modality of choice based on 
reproducible accuracy and anatomic visualization.

 Peripudendal Nerve Injection Near 
the Ischial Spine

Pudendal perineural injection near the level of 
the ischial spine targets the nerve more proxi-
mally. The patient is placed prone in the CT 

 gantry, and localizer scout images are obtained 
(Fig. 6.2b). Radiopaque surface localizer markers 
are placed on the patient’s skin, and planning 
2.5 mm contiguous axial CT images are obtained 
from the level of the acetabular roof through the 
symphysis joint. Next, the patient’s skin is 
marked at an entry point overlying the target near 
the ischial spine. The CT scanner is then placed 
into low-dose biopsy mode. A sterile field is then 
created, and local subcutaneous anesthesia is 
administered with 1% lidocaine. A 22-guage nee-
dle is then advanced under CT guidance immedi-
ately adjacent to the pudendal neurovascular 
bundle, just medial to the caudal portion of the 
ischial spine, to a small interligamentous space 
fat plane between the sacrotuberous (superficial) 
and sacrospinous (deep) ligaments (Fig. 6.2a and 
c). A small amount (e.g., 1 cc) of iodinated con-
trast (e.g., Isovue or Omnipaque) may be used to 
demonstrate perineural coating in the interliga-
mentous space (Fig.  6.2c). Next, we typically 
inject a mixture of 40 mg (1 cc) methylpredniso-
lone (Kenalog) and 2 cc of 0.25% bupivacaine.

Following the injection, we prefer to observe 
the patient for 30–45 min to monitor for compli-
cations and to assess the effects of the bupiva-
caine anesthetic. Commonly, patients will report 
perineal anesthesia postinjection. Potential com-
plication risks include bleeding, infection, 

a b

Fig. 6.2 (a) Pudendal perineural injection near the ischial 
spine. Axial T1-weighted MRI image at the level of the ischial 
tuberosity demonstrates the pudendal neurovascular bundle 
(arrow), just medial to the ischial spine, located between the 
sacrotuberous (superficial) and sacrospinous (deep) liga-
ments. (b) Pudendal perineural injection near the ischial 

spine. CT scout image is obtained, and localization surface 
markers are placed overlying the ischial spine (arrow). (c) 
Pudendal perineural injection near the ischial spine. Using 
axial CT guidance, a 22-gauge needle is placed just medial to 
the ischial spine. A small amount of contrast was injected, 
surrounding the pudendal neurovascular bundle
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 contrast allergy, vascular injury, and neurologic 
injury. Transient anesthesia of the sciatic nerve 
has also been reported, resulting in temporary leg 
weakness resolving in approximately 6 h [4].

 Peripudendal Nerve Injection 
Pudendal Canal (Obturator 
Internus)

Pudendal perineural injection near the level of 
the pudendal (Alcock’s) canal targets the nerve 
more distally. The patient is placed prone in the 
CT gantry, and localizer scout images are 
obtained (Fig.  6.3a). Radiopaque surface local-
izer markers are placed on the patient’s skin, and 
planning 2.5 mm contiguous axial CT images are 
obtained from the level of the symphysis pubis. 
The CT scanner is then placed into low-dose 
biopsy mode. Next, the patient’s skin is marked 
at an entry point overlying the target near the 
obturator internus muscle. A sterile field is then 
created, and local subcutaneous anesthesia is 
administered with 1% lidocaine. A 22G needle is 
then advanced transgluteally under CT guidance. 
The pudendal neurovascular bundle target is 
within the pudendal (Alcock’s) canal, just medial/
superficial to the obturator internus muscle, lat-
eral to the obturator fascia (Fig.  6.3b). A small 
amount (e.g., 1  cc) of iodinated contrast (e.g., 
Isovue or Omnipaque) may be used to demon-
strate perineural coating in the pudendal canal. 

Next, we typically inject a mixture of 40  mg 
(1 cc) methylprednisolone (Kenalog) and 2 cc of 
0.25% bupivacaine.

As with injections near the ischial spine, we 
prefer to observe the patient for 30–45  min to 
monitor for complications and to assess the 
effects of the bupivacaine anesthetic. Potential 
complication risks again include bleeding, infec-
tion, contrast allergy, vascular injury, and neuro-
logic injury. Transient anesthesia of the sciatic 
nerve is also possible.

 Piriformis Injection

 Relevant Anatomy

The piriformis muscle is a flat pyramidal-shaped 
muscle which originates from the anterior sacrum 
at the levels of S2–S4, the gluteal surface of the 
ilium near the iliac spine, and from the SI joint 
capsule [8]. The muscle exits the pelvis laterally 
through the greater sciatic foramen, inserting on 
the medial aspect of the femoral greater trochan-
ter (Figs. 6.4a and b). Below the piriformis mus-
cle courses the sciatic nerve, posterior femoral 
cutaneous nerve, and gluteal neurovascular bun-
dle. The piriformis is innervated by branches of 
L5, S1, and S2. Several anatomic variations of 
the piriformis and sciatic nerve exist, whereby 
the sciatic nerve (or a divided branch) may course 
through or above the piriformis muscle [8].

The piriformis muscle may become inflamed, 
spasmodic, or stretched due to trauma, surgery, 
anatomic variations, and leg length discrepancy 
[8]. In this situation, inflammatory mediators 
such as prostaglandin, histamine, bradykinin, and 
serotonin may be released by the muscle causing 
inflammation of the adjacent sciatic nerve, result-
ing in buttock pain and sciatica [8].

 Injection Technique

Injection of the piriformis muscle has been 
described with the assistance of fluoroscopy, CT, 
ultrasound, MRI, and nerve stimulation [8–13]. In 
our practice, we typically use fluoroscopy or CT.

c

Fig. 6.2 (continued)

L. R. Toye



151

 Fluoroscopic Injection 
of the Piriformis

For fluoroscopic injection, the patient is placed in 
prone position on the fluoroscopy table, and scout 
imaging is performed focusing on the inferior 
aspect of the sacroiliac joint, of the symptomatic 
side (Fig. 6.5a).

Next, a skin surface entry point is determined, 
using fluoroscopy guidance, targeting a position, 

just lateral to the inferior aspect of the SI joint 
(Fig.  6.5b). A temporary mark is drawn on the 
patient’s skin.

A sterile field is then created, and local subcu-
taneous anesthesia is administered with 1% lido-
caine. A 22G needle (3.5″ or 5″ depending on 
patient size) is then advanced, using fluoroscopic 
guidance, targeting the posterior iliac cortical 
surface, just lateral to the inferior aspect of the SI 
joint (Fig.  6.5c). This area may be somewhat 

a b

Fig. 6.3 (a) Pudendal perineural injection at the puden-
dal canal. CT scout image is obtained, and localization 
surface markers are placed near the level of the obturator 
foramen (arrow). (b) Pudendal perineural injection at the 

pudendal canal. Using axial CT guidance, a 22G needle is 
guided toward the pudendal (Alcock’s) canal, along the 
superficial obturator internus muscle belly, medial to the 
ischial tuberosity

a b

Fig. 6.4 Piriformis muscle on MRI. Coronal (a) and 
axial (b) T1-weighted MRI images demonstrate the piri-
formis muscles (arrows). The piriformis muscle originates 

(in part) from the anterior S2–S4 sacrum, exiting the pel-
vis laterally through the greater sciatic foramen, inserting 
on the medial aspect of the greater trochanter
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 sensitive due to periosteal innervation, and 
patients usually appreciate advance notice before 
abutting the ilium.

After establishing the depth of the posterior 
ilium, the needle is slightly withdrawn and redi-
rected caudally into the piriformis muscle 
(Fig. 6.5d). The target site within the piriformis 
muscle lies approximately 1  cm lateral, 1  cm 
inferior, and 1 cm deeper than the inferior SI joint 
[9]. Some practitioners opt for a more lateral 
(2 cm lateral to the inferior SI joint) placement of 
the needle tip within the muscle, striving to be 
closer in proximity to the sciatic nerve [8]. When 
the piriformis muscle is entered, sometimes a dif-
ference in resistance can be felt with the needle, 
perhaps related to muscle tension. It is important 
to monitor for any acute sciatica symptoms (e.g., 
electrical pain running down the back of the leg), 
as the goal is to land the needle within the muscle 
belly and not within the sciatic nerve. If sciatic 
symptoms are experienced, the needle is retracted 
back and repositioned into the muscle belly.

Once the needle tip has arrived at the target, 
aspiration is performed to ensure the needle is not 
intravascular. Confirmation of intramuscular 
placement is then obtained with a small amount 
(1–2 cc) of iodinated X-ray contrast (e.g., Isovue 
or Omnipaque). The contrast should flow away 
from the needle, along the muscle fascicles, diag-
onally along the orientation of the piriformis 
(Fig. 6.5e).

Next, we typically inject a mixture of 40 mg 
(1 cc) methylprednisolone (Kenalog) and 2 cc of 
0.25% bupivacaine. If desired, postinjection 
imaging can be obtained to demonstrate the dis-
tribution pattern of the injectate (Fig. 6.5f).

 CT-Guided Injection of the Piriformis

CT injection of the piriformis is relatively straight-
forward and similar to previously described tech-
niques. Radiopaque surface localizer markers are 
placed on the patient’s skin. Planning scout 
(Fig.  6.6a) and subsequent 2.5  mm contiguous 
axial CT images are obtained. The CT scanner is 
then placed into low-dose biopsy mode.

Next, the patient’s skin is marked at an entry 
point overlying the target near the piriformis 

muscle. A sterile field is then created, and local 
subcutaneous anesthesia is administered with 1% 
lidocaine. A 22G needle is then advanced trans-
gluteally under CT guidance into the posterior 
aspect of the piriformis muscle belly (Fig. 6.6b). 
The injectate is the same as in the fluoroscopic 
method, previously described.

Following the piriformis injection, we prefer 
to observe the patient for 30–45 min to monitor 
for complications and to assess the effects of the 
bupivacaine anesthetic. Potential complication 
risks include bleeding, infection, contrast allergy, 
vascular injury, and neurologic injury. Transient 
anesthesia of the sciatic nerve resulting in tempo-
rary leg weakness is also possible.

 Sacroiliac Joint Injection

 Relevant Anatomy

The sacroiliac (SI) joints are complex and contain 
both synovial and syndesmotic components. The 
upper portion of the SI joints is syndesmotic, con-
taining fibrous ligaments; the inferior portion of 
the SI joints is synovial, containing a synovial cap-
sule and articular cartilage. The inferiorly located 
synovial portion of the joint is therefore the target 
of typical SI joint injections. The SI joints often 
have a multiplanar orientation, irregular joint gap, 
facultative accessory auricular surfaces, osteo-
phytes, and partial ankylosis which make blind 
and fluoroscopic-guided injections difficult [14].

 Injection Technique

Injection of the SI joints has been described with 
the assistance of fluoroscopy, CT, ultrasound, and 
MRI [14–18]. In our practice, we typically use 
CT due to the direct cross-sectional visualization 
of the complex SI joint anatomy and availability 
of the modality. The patient is placed in prone 
position in the CT gantry, and scout images are 
obtained with surface markers placed along the 
dorsal skin surface near the level of the palpable 
posterior superior iliac spine (Fig. 6.7a).

Next, 3  mm axial CT images are obtained 
through the level of the SI joints to select an 
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a b

c d

e f

Fig. 6.5 (a) Fluoroscopic piriformis injection. Scout image targeting the inferior SI joint. (b) Fluoroscopic piriformis 
injection. Initial localization point, just lateral to the inferior SI joint. (c) Fluoroscopic piriformis injection. Initial 
advancement of 22G needle to the posterior ilium, just lateral to the SI joint. (d) Fluoroscopic piriformis injection. 
Redirection of 22G needle inferiorly into the piriformis muscle, approximately 1–2  cm lateral to the SI joint. (e) 
Fluoroscopic piriformis injection. Contrast injection demonstrating spread along the piriformis muscle. (f) Fluoroscopic 
piriformis injection. Imaging after the steroid/anesthetic mixture has been injected demonstrates expected dilution of 
the previously injected X-ray contrast
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a b

Fig. 6.6 (a) CT-guided piriformis injection. CT scout 
image is obtained, and localization surface markers are 
placed near the level of the greater sciatic notch (arrow). 

(b) CT-guided piriformis injection. Using axial CT guid-
ance, a 22G needle is guided into the posterior aspect of 
the piriformis muscle belly

a

c

b

Fig. 6.7 (a) Sacroiliac joint injection. CT scout image is 
obtained, and localization surface markers are placed over 
the SI joint. (b) Sacroiliac joint injection. Using axial CT 

guidance, a 22G needle is guided into the SI joint. (c) 
Sacroiliac joint injection. Additional example
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 appropriate entry point, typically overlying the 
inferior third of the symptomatic SI joint, avoiding 
any abrupt joint curvature, ankyloses, or bridging 
osteophytes. After an entry point is selected, the 
patient’s skin is marked with a temporary marker. 
The CT scanner is then placed into low-dose 
biopsy mode. A sterile field is then created, and 
local subcutaneous anesthesia is administered 
with 1% lidocaine. A 22G needle (3.5″ or 5″ 
depending on patient size) is then progressively 
advanced into the SI joint, obtaining periodic CT 
images (three contiguous slices at the level of the 
needle), after needle adjustments are performed. 
Contrast is typically not required with CT, as the 
needle can be directly visualized within the SI 
joint (Fig. 6.7b and c). The SI joint capacity is also 
fairly small, limiting the amount of fluid that can 
be routinely injected. Next, we typically inject a 
mixture of 40  mg (1  cc) methylprednisolone 
(Kenalog) and 1 cc of 0.25% bupivacaine. The SI 
joint often has significant resistance, and using a 
smaller-sized syringe (e.g., 3 cc) may decrease the 
required pressure for injection.

Following the injection, we prefer to observe 
the patient for 30–45 min to monitor for compli-
cations and to assess the effects of the bupiva-
caine anesthetic. Potential complication risks 
include bleeding, infection, and allergy. Transient 
lower extremity weakness or gait disturbance is 
also possible due to decreased pelvic girdle pro-
prioception or anesthesia of the sciatic nerve.

Acknowledgment Special thanks to Michael Stadnick, 
MD (Radsource – Brentwood, Tennessee, USA) for creat-
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Intrapelvic Nerve Entrapments

Nucelio L. B. M. Lemos

 Introduction

It is long known that a large portion of the lumbo-
sacral plexus is located intra-abdominally, in the 
retroperitoneal space [1]. However, most of liter-
ature descriptions of lesions on this plexus refer 
to its extra-abdominal parts, whereas its intra- 
abdominal portions as well as the fact that these 
portions can be subject to entrapments are often 
neglected [2].

In 2007, Possover et al. [3] described the lapa-
roscopic neuronavigation (LANN) technique, 
opening the doors to accessing the retroperito-
neal portion of the lumbosacral plexus through 
a safe, minimally invasive, and objective way. 
Since then, multiple causes of intrapelvic nerve 
entrapments have been described, and a new 
field in medicine—the neuropelveology—was 
created.

In this chapter, we will review the laparo-
scopic anatomy of the intrapelvic nerve bundles 
and describe the symptoms and signs associated 

with intrapelvic neuropathies, as well as the diag-
nosis and treatment rationale of these 
conditions.

 Laparoscopic Anatomy 
of the Intrapelvic Nerves

 Iliohypogastric, Ilio-inguinal, 
and Genitofemoral Nerves

These nerves are sensitive branches of the lumbar 
plexus and enter the retroperitoneal space emerg-
ing on the lateral border of the psoas muscle and 
follow anteriorly and distally to leave the abdo-
men through the femoral and inguinal canals. 
Their fibrotic entrapment is related to post- 
herniorhaphy inguinodynia [4]. (Fig. 7.1).

 Femoral Nerve

The femoral nerve is the largest motoric and sen-
sitive nerve of the lumbar plexus. It enters the 
abdomen by the posterolateral aspect of the psoas 
muscle and leaves it through the femoral canal 
(Fig. 7.2) to innervate the quadriceps muscle and 
the skin covering the anterior thigh.
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 Nerves of the Obturator Space

The obturator nerve enters the obturator space at 
the level of the pelvic brim and leaves it through 
the obturator canal. It gives sensitive branches to 
the skin of the medial thigh and motoric branches 
to the hip adductors (Fig. 7.3a).

The lumbosacral trunk and the distal portions 
of the S1, S2, S3, and S4 nerve roots merge into 
the obturator space and form the sciatic and 
pudendal nerves (Fig. 7.3b).

The sciatic nerve is formed by the L4 and L5 
fibers of the lumbosacral trunk and fibers from the 

a

b

Fig. 7.1 Iliohypogastric (IHN), ilio-inguinalis (IIN), and 
genitofemoralis (GFN) nerves, with the overlying perito-
neal intact (a) and exposed (b) (PM psoas muscle, LO left 
ovary, IPL infundibulopelvic ligament, LFA left femoral 
artery)

Fig. 7.2 The left femoral nerve (FN) entering the retro-
peritoneal space on the posterolateral aspect of the psoas 
muscle (PM). (LC left colon)

a

b

Fig. 7.3 Nerves of the obturator space (right side). 
Picture (a) is the final aspect of a laparoscopic approach to 
Alcock’s canal syndrome, where the sacrospinous liga-
ment has been transected to expose the pudendal nerve 
(PN). In picture (b), the sacrospinous ligament (SSL) is 
intact. In both pictures, the internal and external iliac ves-
sels are retracted medially. (ON obturator nerve, PM 
psoas muscle, SN sciatic nerve, LST lumbosacral trunk, 
PN pudendal nerve, IRF ischiorectal fossa, IS ischial 
spine, SB sacral bone, PFM piriformis muscle)
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S1, S2, and S3 nerve roots and leaves the  pelvis 
through the sciatic notch. It gives out sensitive 
branches to the upper gluteal region, posterolat-
eral thigh, leg ankle, and foot. It also controls the 
hip extensors, abductors and rotators, knee flex-
ors, and all the muscles for the ankle and foot.

The pudendal nerve is formed by fibers of the 
second, third, and fourth nerve roots and leaves 
the pelvis through the pudendal (Alcock’s) canal. 
It gives out sensitive branches to the lower gluteal 
region and the perineal skin. It also sends motoric 
branches to the perineal muscles and the anterior 
fibers of the levator ani muscles. Finally, there are 
direct motoric and sensitive nerves from the S3 
and S4 nerve roots to the posterior fibers of the 
levator ani muscle [5–7].

 Nerves of the Presacral 
and Pararectal Spaces

The superior hypogastric plexus is formed by 
fibers from para-aortic sympathetic trunk and 
gives rise to the hypogastric nerves. The hypo-
gastric nerves run over the hypogastric fascia 
in an anterior and distal direction. After cross-
ing about two thirds of the distance between 
the sacrum and the uterine cervix or the pros-
tate, its fibers spread to join the pelvic splanch-
nic nerves (described below) to form the 
inferior hypogastric plexus (Fig.  7.4). The 
hypogastric nerves carry the sympathetic sig-
nals to the internal urethral and anal sphinc-
ters, rectum, and bladder, which cause detrusor 
relaxation and bladder contraction. They also 
carry proprioceptive and nociceptive afferent 
signals from the pelvic viscera [8].

The lateral limit of the presacral space is 
the hypogastric fascia, which is the formed by 
the medialmost fibers of the endopelvic fascia. 
The sacral nerve roots can be found juxta-lat-
erally to this fascia (Fig. 7.5). They leave the 
sacral foramina and run anteriorly and distally, 
lying over the piriformis muscle and crossing 
the internal iliac vessels laterally to them, to 
merge and form the nerves of the sacral plexus 
[3]. Before crossing the internal iliac vessels, 

they give out the thin parasympathetic 
branches called pelvic splanchnic nerves, 
which promote detrusor contraction and pro-
vide extrinsic parasympathetic innervation to 
the colon descendens, sigmoid, and rectum. 
They also carry nociceptive afferent signals 
from the pelvic viscera [8]. The pelvic splanch-
nic nerves join the hypogastric nerves to form 
the inferior hypogastric plexus in the pararec-
tal fossae [3].

Fig. 7.4 The hypogastric nerve (HGN) emerges from the 
superior hypogastric plexus (SHP) at the level of the 
sacral promontory (SP) and runs anteriorly and distally, 
juxta-laterally to the hypogastric fascia (HGF), to merge 
with the pelvic splanchnic nerves to form the inferior 
hypogastric plexus (IHP)

Fig. 7.5 The sacral nerve roots (S2–S4) can be found 
juxta-laterally to the hypogastric fascia (HGF) and give 
origin to the pelvic splanchnic nerves (PSN), which run 
anteriorly and distally to merge the hypogastric nerve and 
form the inferior hypogastric plexus (IHP)

7 Intrapelvic Nerve Entrapments
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a b

Fig. 7.6 (a) Contrasted MRI showing enlarged vessels (VA) in direct contact with S1 nerve root. (b) Tractography 
showing a signal gap in S1 (In collaboration with Dr. Suzan M. Goldman, MD, PhD and Homero Faria, PhD)

 Intrapelvic Nerve Entrapment 
Syndrome

 Definition and Symptoms

Nerve entrapment syndrome, or compression neu-
ropathy, is a clinical condition caused by compres-
sion on a single nerve or nerve root. Its symptoms 
include pain, tingling, numbness, and muscle 
weakness on the affected nerve’s dermatome [9]. 
Intrapelvic nerve entrapments are, therefore, 
entrapments of the intrapelvic portions of the 
nerves described in the previous sessions and will 
produce symptoms related to their dermatomes.

The above definition refers to the entrapment of 
somatic nerves. Autonomic nerve entrapment will 
produce visceral and vegetative symptoms, such as 
urinary frequency or urgency, dysuria, rectal pain, 
suprapubic and/or abdominal cramps, and chills. 
However, as described, above, the sacral nerve 
roots give origin to both somatic and parasympa-
thetic nerves. Therefore, entrapments of these roots 
will produce pain on their somatic dermatomes, 
together with urinary and bowel dysfunction.

In a concise manner, the main symptoms of 
intrapelvic nerve entrapments are:

 – Sciatica associated with urinary symptoms 
(urgency, frequency, dysuria) or without any 
clear orthopedic cause

 – Gluteal pain associated with perineal, vaginal, 
or penile pain

 – Dysuria and/or painful ejaculation
 – Refractory urinary symptoms
 – Refractory pelvic and perineal pain

It is important to emphasize that, due to the 
distance between both plexuses, intrapelvic nerve 
entrapments will usually cause unilateral 
symptoms.

 Diagnostic Workup

Once the hypothesis of an intrapelvic entrapment 
is raised, it is mandatory to perform the topo-
graphic diagnosis, which is the determination of 
the exact point of entrapment. So far, careful neu-
ropelveological evaluation, with detailed anam-
nesis and neurological examination, is the most 
reliable method for this.

To increase objectivity and accuracy of the 
diagnosis, we have been examining the use of 
high-definition pelvic MRI and sacral plexus 
tractography, which is a technique for functional 
MRI of peripheral nerves [10]. Asymmetries and 
structures that could entrap the plexus are identi-
fied at MRI and that specific portions are investi-
gated on tractography for any gaps in neural 
activity (Fig. 7.6).
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The results so far are very promising, but the 
accuracy of this method still needs to be investi-
gated. Therefore, for further assurance, the next 
step is a diagnostic block, guided by ultrasound 
or fluoroscopy and performed by an intervention 
pain therapist; the exact point where a signal gap 
was identified at the tractography is infiltrated 
with 0.5–1  mL of lidocaine 0.5%. If a 50% or 
greater reduction in pain (VAS) is observed, the 
test is considered positive (Fig. 7.7).

 Etiology of Intrapelvic Entrapments

 Endometriosis

The first report of intrapelvic nerve entrapment 
was made by Denton and Sherill [11], who 
described a case of cyclic sciatica due to endome-
triosis in 1955. After that, some other case reports 
and small series were published, until 2011, 
when Possover et  al. [2] described the largest 
series so far, with 175 patients, all treated 
laparoscopically.

In endometriotic entrapments, the symptoms 
tend to be cyclic, worsening on the premenstrual 
and menstrual days and ameliorating or even dis-
appearing on the post-menstrual period [2, 12, 13].

Treatment consists of preoperatively identify-
ing the symptoms and determining the topo-
graphical localization of the lesions (by means, 
mainly, of anamnesis and neurological examina-
tion and, sometimes, by MRI) and laparoscopi-
cally exploring all suspect segments of the plexus, 
with radical removal of all endometriotic foci and 
fibrosis [2, 12, 13]. (Fig. 7.8).

The true incidence of endometriosis involv-
ing the sacral plexus is unknown, as this pre-
sentation of the disease is often neglected. In 
average, patients undergo four surgical proce-
dures seeking to treat the pain before getting 
the right diagnosis  [2]. Moreover, about 40% 
of women with endometriosis refer unilateral 
pain on the inferior limb [14], and, in 30% of 
patients with endometriosis, leg pain was dem-
onstrated to be neuropathic, [15] which leads 
to the conclusion that endometriotic involve-
ment of the lumbosacral plexus is probably 
underdiagnosed and much more frequent than 
reported.

 Fibrosis

This is one of the most frequent causes of intra-
pelvic nerve entrapments and possibly the most 
well-known etiology, since Amarenco [16] 
described the pudendal neuralgia in cyclists, in 
whom the pain is a consequence of fibrotic 
entrapment due to continued trauma.

Despite the historical aspect, however, surgi-
cal manipulation seems to be the most frequent 
cause of fibrosis over the sacral plexus (Fig. 7.9). 
Among the surgeries with higher risks of induc-
ing such kinds of entrapments are the pelvic 
reconstructive procedures [17].

 Vascular Entrapment

Pelvic congestion syndrome is a well-known 
cause of cyclic pelvic pain. Patients commonly 
present with pelvic pain without evidence of 
inflammatory disease. The pain is worse during 
the premenstrual period and pregnancy and is 
exacerbated by fatigue and standing [18].

Fig. 7.7 Fluoroscopy-guided block of S1, S2, and S3 
(Courtesy of Dr. Alexandra Raffaini)
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However, what is much less known is the fact 
that dilated or malformed branches of the internal 
or external iliac vessels can entrap the nerves of 

the sacral plexus against the pelvic sidewalls, 
producing symptoms such as sciatica or refrac-
tory urinary and anorectal dysfunction [2, 19]
(Fig. 7.10).

 Piriformis Syndrome

Numerous malformations of the piriformis mus-
cle have been described in the deep gluteal space 
that can entrap branches of the sciatic nerve. The 
laparoscopic approach has revealed that the intra-
pelvic fibers of this muscle can also entrap the 
sacral nerve roots [20, 21]. Usually, these fibers 
originate from the sacral bone, laterally to the 
sacral foramina; some people present with some 
of the piriformis fibers originating medially to 
the sacral foramina and involving the sacral nerve 

a b

c d

Fig. 7.8 (a) After partial detachment of the nodule, 
allowing for visualization of S2, S3, and S4 nerve roots, 
S3 was found to be dilated on its proximal part; (b) open-
ing of the S3 nerve root sheath revealed an endometrioma 

inside the nerve; (c) the nodule was detached from the 
sacral bone (SB); (d) final aspect of the right pelvic side-
wall; ON obturator nerve, SN sciatic nerve

Fig. 7.9 Fibrotic entrapment of the left sciatic nerve
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roots (Fig. 7.11). Differentiating intrapelvic from 
extrapelvic piriformis syndrome can be very 
challenging. Bowel and urinary symptoms are a 
good indication that the entrapment is intrapel-
vic, but these are not always present.

 Neoplasms

Tumors can also entrap the nerves or nerve roots. 
Tumors can be primary neural tumors, such as 

Schwannomas, or metastatic tumors entrapping 
the nerves, such as pelvic lymph nodes, in pelvic 
malignancies (Fig. 7.12).

 Treatment of Intrapelvic 
Neuropathies

As a general rule, once a nerve entrapment has 
been diagnosed, decompression (usually surgi-
cal) is mandatory, since chronic ischemia can 

Fig. 7.10 Varicose tributary (VA) of the left 
internal iliac vein entrapping the S2 and S3 
nerve roots against the left piriformis muscle 
(PM). PSN: perisplanchnic nerves

Fig. 7.11 Muscular 
entrapment of the right 
S2 and S3 nerve roots. 
Observe the transected 
piriformis muscle (PM) 
bundle originating from 
the sacral bone medially 
from the sacral nerve 
roots and, therefore, 
crushing the nerves 
every time the muscle 
contracts
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lead to endoneurial degeneration [22]. Therefore, 
the longer the time between the beginning of 
symptoms and detrapment, the lower the chance 
of success.

Surgical decompression tends to solve the 
problem in about 30% of the patients; around 
50% will experience 50% reduction in pain, and 
about 20% will not improve or, in some cases, 
experience worsening of their pain [23]. 
Approximately, 25% of patients will present 
post-decompression neuropathic pain, and 17% 
will present neuropathic strength loss, both of 
which tend to be transient; the former will last, in 
average, 5.5 months and the latter 2.5 months.

Patients who present transient post- 
decompression pain, persistent post-neuropathic 
pain or worsening of symptoms, should be treated 
like patients with primary neuropathic pain, as 
described in the following session.

 Primary Neuropathic Pain, Nerve 
Transection, and Secondary 
Neuropathic Pain

All the previously described causes of intrapelvic 
neuropathies have extrinsic entrapment as the eti-
ology of pain. Intrapelvic radiculopathies can 
also result from intrinsic dysfunctions of the 
nerves themselves.

Nerve transections can occur during surgery or 
trauma and can induce neuroma formation, result-
ing in phantom pain and anesthesia of the affected 
nerve dermatome. The pictorial example of this is 
the phantom pain secondary to amputations, where 
branches of the sciatic and femoral nerves are tran-
sected. In the same fashion, pudendal transection 
will induce perineal pain and perineal anesthesia, as 
well as unilateral atrophy of perineal muscles, fre-
quently resulting in urinary and fecal incontinence.

In entrapment syndromes chronic ischemia 
induces cytoarchitectural changes to the neuron, 
which do not heal properly after the de- 
entrapment, resulting in neuropathic pain. The 
latter the de-entrapment is performed, the higher 
the risk of neuropathic pain [22].

Neuropathic pain can also result from meta-
bolic disturbances of the neuron, infectious 
agents, chronic exposure to neurotoxic sub-
stances, or a myriad of other causes.

In such cases where there is no suspicion of 
entrapment as the primary cause of symptoms, 
extensive neurological investigation must be per-
formed, preferably by a neurology with peripheral 
nerve pain as their main research interest, and 
symptoms must be clinically treated by a multipro-
fessional pain team composed by a pain physician 
(usually an anesthesiologist or neurologist), a phys-
iotherapy team (pelvic and motor), and a mental 
healthcare team (psychologist and psychiatrist) and 
hip surgeon. The pain specialist will prescribe and 
adjust the pharmacological treatment and, in cases 
where poor response to medical treatment is 
observed, perform the intervention pain procedures 
(anesthetic blocks, pulsed radiofrequency, etc.).

In cases where medical and intervention pain 
treatment has failed or in cases where, although 
the topography of the lesion is determined, its eti-
ology cannot be identified intraoperatively, the 
laparoscopic implantation of neuromodulation 
electrodes can be used to specifically modulate 
the affected nerve, producing very encouraging 
results when compared to the more commonly 
available epidural neuromodulation [4, 20, 21].

The laparoscopic implantation of neuropros-
thesis—the LION procedure—was first reported 

Fig. 7.12 Schwannoma in S2 (left)
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by Possover in 2009 as a rescue procedure in 
patients with local complications of a Brindley 
procedure [20, 21]. Due to its successful results 
and lesser invasiveness, it was then used as a pri-
mary procedure in spinal cord-injured patients, 
aiming to improve locomotion and bladder func-
tion [24]. Long-term data has shown improve-
ment in voluntary motor function and sensitivity, 
suggesting positive effects on neuroplasticity 
[25] (Fig. 7.13).

Conclusion
Laparoscopy provides minimally invasive 
access with optimal visualization to virtually all 
abdominal portions of the lumbosacral plexus, 
which are also subject to entrapment neuropa-
thies. Therefore, when facing sciatica, gluteal or 
perineal pain without any obvious spinal, or 
deep gluteal causes, the examiner should always 
remember that the entrapment could be in the 
intrapelvic portions, especially when urinary or 
anorectal symptoms are present.

The laparoscopic approach to the intrapelvic 
bundles of the lumbosacral nerves opened a myr-
iad of possibilities to assess and treat this neglected 
portion of the plexus, by means of nerve decom-
pression or selective neuromodulatio
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Deep Gluteal Syndrome

Hal D. Martin and Juan Gómez-Hoyos

 Introduction

Posterior hip pain often represents a diagnostic 
challenge, and the examiner must be aware of the 
deep gluteal space abnormalities in order to 
obtain a correct diagnosis and treatment plan. 
The sources of symptoms can include conditions 
in one or more of the following hip layers: osse-
ous, capsulolabral, musculotendinous, neurovas-
cular, and kinematic chain.

Deep gluteal syndrome is characterized by non-
discogenic, extra-pelvic sciatic nerve compression 
presenting with symptoms of pain and dysesthesias 
in the buttock area, hip or posterior thigh, and/or as 
radicular pain [1]. The nomenclature piriformis 
syndrome was widely utilized in the early years to 
characterize patients with deep gluteal pain, since 

the piriformis muscle was considered the only 
structure to compress the sciatic nerve in the deep 
gluteal space. However, the progress in diagnostic 
and surgical techniques has demonstrated a number 
of structures entrapping the sciatic nerve: fibrous 
bands containing blood vessels [2, 3], gluteal mus-
cles [1], hamstring muscles [4, 5], the gemelli-obtu-
rator internus complex [6, 7], bone structures [8], 
vascular abnormalities [9, 10], ischiofemoral 
impingement, greater trochanteric impingement, 
and space-occupying lesions [11, 12]. Considering 
the variation of anatomical entrapment, the term 
“deep gluteal syndrome” [1] is preferred to describe 
the entrapment of the sciatic nerve in the deep glu-
teal space. The sciatic nerve can be also affected 
in locations above and below the deep gluteal space, 
as in intra-pelvic vascular and gynecologic abnor-
malities [13]. Furthermore, entrapments can occur 
in more than one place in the same nerve fiber or 
coexist with lumbosacral root compression. 
Considering the sciatic nerve can be entrapped by 
structures in each layer of the hip, a comprehensive 
physical examination with a thorough understand-
ing of anatomy and biomechanics is critical in cases 
of deep gluteal pain.

 Deep Gluteal Space Anatomy

A complete review of anatomy is comprehen-
sively described in Chap. 1; however, a short 
review of the deep gluteal space and sciatic nerve 
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anatomy will be given. The deep gluteal space is 
anterior to the gluteus maximus muscle and pos-
terior to the acetabular column, hip joint capsule, 
and proximal femur. Other anatomical limits 
include the linea aspera (lateral), the 
 sacrotuberous ligament and falciform fascia 
(medial), the inferior margin of the greater sci-
atic notch (superior), and the distal border of the 
ischial tuberosity (inferior) (Fig. 8.1). The sacro-
tuberous and sacrospinous ligaments create the 
greater and lesser sciatic foramen, which com-
municate the deep gluteal space with the true 
pelvis and ischioanal fossa. The sacrotuberous 
ligament is normally composed of two parts: a 
ligamentous band and a membranous falciform 
process [14]. Both sacrospinous and sacrotuber-
ous ligaments are anatomically close to the 
pudendal nerve and may be involved in the 
entrapment of this nerve (Fig. 8.2).

The piriformis muscle occupies a central 
position in the buttock and is an important refer-
ence for identifying the neurovascular structures 
emerging above and below it (Fig.  8.3). This muscle arises from the ventrolateral surface of 

the sacrum, gluteal surface of the ileum, and 
sacroiliac joint capsule. The distal attachment of 
the piriformis is at the medial side of the upper 
 border of the greater trochanter, often partially 
blended with the common tendon of obturator/
gemelli complex [15–17]. Distal to the pirifor-
mis muscle is the cluster of short external rota-
tors: the gemellus superior, obturator internus, 
gemellus inferior, and quadratus femoris mus-
cle. At the ischium tuberosity, the long head of 
biceps femoris and semitendinosus have a com-
mon tendinous origin. The semimembranosus 
muscle also originates from the ischium, lateral 
and anteriorly to the long head of the biceps/
semitendinosus muscles common origin [18] 
(Fig. 8.4).

Seven neural structures exit the pelvis 
through the greater sciatic notch: posterior 
femoral cutaneous nerve, superior gluteal 
nerve, inferior gluteal nerve, nerve to obtura-
tor internus, nerve to quadratus femoris mus-
cle, pudendal nerve [19], and sciatic nerve 
(Fig. 8.3). Table 8.1 is a summary of the usual 
motor and sensory functions for each nerve. 
Accompanying the respective nerves are the 

Fig. 8.1 Limits (dashed lines) of the deep gluteal space 
beneath the gluteus maximus muscle: lateral, linea aspera; 
medial, sacrotuberous ligament and falciform fascia; 
superior, inferior margin of the greater sciatic notch;  and 
inferior; the distal border of the ischial tuberosity. STL 
sacrotuberous ligament, SSL sacrospinous ligament, PI 
piriformis muscle, OI obturator internus muscle, HS ham-
string muscles

Fig. 8.2 Cadaveric dissection of the pudendal nerve (yel-
low arrow) running beneath the sacrotuberous ligament. 
OI obturator internus muscle, STL sacrotuberous liga-
ment, SN sciatic nerve, PN pudendal nerve
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superior gluteal vessels, inferior gluteal ves-
sels, and internal pudendal vessels.

The anatomic positions of the inferior gluteal 
artery (IGA) and medial circumflex femoral 
artery (MCFA) are relevant within the deep 
 gluteal space. The IGA enters the deep gluteal 
space with the inferior gluteal nerve and supplies 
the gluteus maximus muscle. This artery also 
gives a superficial arterial branch that crosses the 
sciatic nerve laterally between the piriformis and 
superior gemellus muscles. Another branch of 
the IGA is the descending branch, which runs 
along the posterior femoral cutaneous nerve in a 
 frequency of 72% according to a cadaveric study 
[21]. The MCFA follows the inferior border of 
the obturator externus and crosses over its ten-
don and under the external rotators and pirifor-
mis muscle [22]. The existence of an anastomosis 
between the inferior gluteal artery and the medial 
femoral circumflex artery is frequent [23] 
(Fig. 8.5).

Iliac crest

Superior gluteal nerve

Piriformis muscle

Obturator internus tendon

Hip joint

Greater trochanter

Ischial spine

Inferior gluteal nerve

Nerve to obturator intenus

Posterior femoral cutaneous
nerve

Femur
Sciatic nerve

Ischial tuberosity

Sacro-iliac joint

Sacrum

Greater sciatic notch

Sacrospinous ligament

Pudendal nerve

Lesser sciatic notch

Pubic bone

Obturator internus
muscle

Obturator foramen

Sacrotuberous ligament

Fig. 8.3 Schematic illustrating the nerve anatomy of the deep gluteal space

Fig. 8.4 Posterior view of a left hip. Origin of the ham-
string muscles at ischial tuberosity. The semimembrano-
sus muscle origin (Sm) is anterior and lateral to the 
conjoint origin of the semitendinosus and long head of the 
biceps femoris muscles (St/Bi). GT greater trochanter 
(posterior view), PI piriformis tendon, OI obturator inter-
nus tendon, QFm quadratus femoris muscle, SN sciatic 
nerve, AddM adductor magnus muscle origin
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 Sciatic Nerve Anatomy 
and Biomechanics

The sciatic nerve is formed by the L4-S3 ventral 
rami in the sacral plexus. Nerve fibers of the fibu-
lar and tibial components maintain a pattern of 
fiber separation in these branches and in the sciatic 
nerve. The sciatic nerve physically splits in tibial 
and fibular divisions at highly variable locations 
from the pelvis to the popliteal fossa, although this 
split is more frequent at the distal thigh [24]. Often, 
the split is oblique and may not be seen in a unipla-
nar MRI view [25]. Most sciatic neural fibers are 
destined to motor and sensory innervation distal to 
the knee. However, important branches arise from 
the nerve in the deep gluteal space and thigh. A 
summary of the sciatic nerve branches in the thigh 
is depicted in Fig.  8.6 according to Seidel et  al. 
[26] and Sunderland and Hughes [25].

Neural tissue and non-neural tissue compose 
the sciatic nerve. The ratio neural/non-neural tis-
sue changes from 2/1 at the level of piriformis 
muscle to 1/1 at the mid-femur, i.e., there is an 
increase in the non-neural tissue contribution as 
the sciatic nerve courses distally [27] (Fig. 8.7). 
The composition of the sciatic nerve also varies 
during the aging process, with increase in con-
nective tissue and decrease of myelinated nerve 
fibers [28].

The nerve fibers of the sciatic nerve do not 
course between the tibial and fibular divisions [17]. 
However, fibers are often changing from one fasci-
cle to another within each division [25]. Sunderland 
reported 6  mm as the maximum length of nerve 
trunk with a constant fascicular pattern, although 
an individual fascicle can maintain the same neu-
ral fibers for greater distances [25]. In general, most 
fascicles contain fibers for the majority, if not all, 
of the peripheral branches. Nevertheless, there is a 
tendency of grouping fibers for different muscles 
with similar function, for example, the fibers for the 
hamstring muscles are located anterior-medially in 
the proximal portion of the sciatic nerve. A progres-
sive arrangement is found until the appearance of 
fascicles with nervous fibers exclusively destined to 
specific branches [25].

The sciatic nerve has a segmental arterial sup-
ply by branches of the inferior gluteal artery, 

Fig. 8.5 Deep branch of the medial femoral circumflex 
artery. Posterior aspect of the right hip, demonstrating the 
anatomic position of the deep branch of the medial femo-
ral circumflex artery. (1) greater trochanter, (2) trochanteric 
branch of the medial femoral circumflex artery, (3) quadra-
tus femoris muscle, (4) obturator externus muscle, (5) obtu-
rator internus and gemellus muscles, and (6) anastomotic 
branch to the inferior gluteal artery. Cran cranial, Lat lateral 
(Reprint with permission from Kahlor et al. [22])

Table 8.1 Summary of function of the nerves in the deep 
gluteal space

Nerve Motor innervation
Sensory 
innervation

Posterior 
femoral 
cutaneous 
nerve

Gluteal 
region, 
perineum and 
posterior 
thigh, and 
popliteal fossa

Superior 
gluteal 
nerve

Gluteus medius, gluteus 
minimus, and tensor 
fascia lata

Inferior 
gluteal 
nerve

Gluteus maximus

Nerve to 
obturator 
internus

Superior gemellus and 
obturator internus

Nerve to 
quadratus 
femoris

Inferior gemellus, and 
quadratus femoris

Hip capsule

Pudendal 
nerve

Perineal muscles, external 
urethral sphincter, and 
external anal sphincter

Sciatic 
nerve

Semitendinosus, biceps 
femoris, 
semimembranosus, 
extensor portion of the 
adductor magnus and leg 
and foot musculature

Leg and foot, 
except for the 
saphenous 
nerve 
dermatome

Source: Moore [20] and Standring (Gray’s Anatomy) [17]

H. D. Martin and J. Gómez-Hoyos



171

medial circumflex femoral artery (MCFA), and 
perforating arteries of the thigh (usually the first 
and second) [29–31]. The venous drainage of the 
sciatic nerve is performed through the perforators 
to the femoral profunda system in the thigh and 
to the popliteal vein at the knee [32] (Fig. 8.8). 

Nonfunctioning sciatic veins have been related to 
sciatic nerve symptoms [9].

The sacral plexus is anatomically close to the 
internal iliac vessels, their branches and tributar-
ies. The superior gluteal vessels run either 
between the lumbosacral trunk (L4-L5 ventral 
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nerves. The mean distance from the ischial tuberosity (IT) 
to the branch emergence is described between brackets. 
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rami) and first sacral ventral ramus or between 
the first and second sacral rami, whereas the 
 inferior gluteal vessels lie between either the first 
and second or second and third sacral rami 
(Fig. 8.9a, b) [17, 33]. The ovaries are close to the 
sacral plexus, although on the left side, the sig-
moid is usually between the ovary and sacral 
plexus. The intimate anatomic relation between 
the iliac vessels, ovaries, and sacral plexus is an 
important consideration in sciatica caused by 
sacral plexus vascular compression and endome-
triosis [34].

The sciatic nerve is the terminal branch of the 
sacral plexus and courses anterior to the  piriformis 
muscle in the pelvis. Variation in the relationship 
between the sciatic nerve and the piriformis mus-
cle is present in 16–17% of the subjects and can 
be a cause of sciatic nerve entrapment [35, 36]. 
After leaving the piriformis muscle, the sciatic 
nerve runs posteriorly to the obturator/gemelli 
complex and quadratus femoris muscle, located 
at an average of 1.2 ± 0.2 cm from the most lat-
eral aspect of the ischial tuberosity and maintain-
ing an intimate relationship with the hamstring 
origin [18] (Fig.  8.4). The sciatic nerve then 
enters the thigh posteriorly to the adductor mag-
nus muscle and crosses anteriorly the long head 
of the biceps femoris. Next, the nerve runs 
between the semimembranosus and biceps before 
accessing the popliteal fossa.

Under normal conditions, the sciatic nerve 
is able to stretch and glide in order to accom-
modate moderate strain or compression associ-
ated with joint movement. During a straight leg 
raise with knee extension, the sciatic nerve 
experiences a proximal excursion of 28.0 mm 
[37] at 70–80° of hip flexion. Strain of the sci-
atic nerve increases 6.6% relative to the 
extended hip [37]. Fleming et al. measured the 
sciatic nerve strain throughout ten hip arthro-
plasty procedures [38]. The strain increased on 
average 26% during hip flexion with the knee 
in extension. This amount of strain is signifi-
cant and may cause nerve dysfunction. An ani-
mal study reported the nerve conduction was 
completely blocked after stretching of 12% of 
the nerve length during 1 h [39]. At 6% strain, 
the authors found a decrease of 70% in ampli-
tude of the action potential after 1 h [39]. The 
changes in femoral bone morphology may 
influence sciatic nerve kinematics during hip 
mobilization [2]. Therefore, it is always impor-
tant to assess osseous parameters, including 
femoral and acetabular versions (Fig. 8.10a, b). 
Hip flexion, adduction, and internal rotation 
increases the distance between the greater tro-
chanter and posterior superior iliac spine and 
the distance between the greater trochanter and 
ischial tuberosity. This hip position stretches 
the piriformis muscle and causes a narrowing 

Fig. 8.8 Schematic diagram of the venous drainage of 
the sciatic nerves. Arrows designate the level of the knee. 
From proximal to distal, the dominant venous drainage of 
the sciatic nerve is via the perforators of the profunda sys-
tem in the thigh and directly to the popliteal vein at the 
knee. In the leg, the tibial and peroneal nerves drain pre-
dominantly to the plexus around their accompanying 
arteries as well as to muscular veins. Reprinted with per-
mission from Del Pinãl and Taylor [32]
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of the space between the inferior border of the 
piriformis, the superior gemellus, and the 
sacrotuberous ligament [40].

 Etiology

The piriformis muscle and tendon are the most 
common source of extra-pelvic sciatic nerve 
impingement. Yeoman first described the pos-
sibility of sciatic nerve entrapment by the 

 piriformis muscle in 1928 [41]. The introduc-
tion of the term “piriformis syndrome” has 
been credited to Robinson, in 1947 [42]. The 
diagnostic resources have improved last 
decades, and a number of structures have been 
associated with sciatic nerve entrapment within 
the deep gluteal space: the piriformis muscle 
[2, 3, 11, 12, 43–49], fibrous bands containing 
blood vessels [2, 3, 43] (Fig.  8.11), gluteal 
muscles [1], gemelli-obturator internus com-
plex [6, 7],  hamstring muscles [4, 5], ischial 
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Fig. 8.9 (a) Superior and inferior gluteal arteries cross-
ing the sacral plexus before accessing the deep gluteal 
space. (b) Cadaveric dissection of the intra-pelvic show-

ing a close relationship between the superior gluteal artery 
(SGA) and nerve roots (L4, L5, S1, S2) forming the sci-
atic nerve (SN)

a b

Fig. 8.10 Posterior view of the sciatic nerve (SN) excur-
sion between the greater trochanter (GT) and ischial 
tuberosity (IT) in a cadaveric specimen, right hip. The sci-
atic nerve is forced posterior to the GT and ischium during 

increasing hip flexion and external rotation (a, b). This 
pattern of excursion of the sciatic nerve may change 
according to the bone morphology, adjacent soft tissue 
restriction, and knee position (flexion or extension)
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tuberosity [8, 50], and space-occupying lesions 
[11, 12]. Additionally, vascular abnormalities 
[10, 47], prolonged surgery in the seated posi-
tion [51], acetabular reconstruction surgery 
[52], and total hip replacement [53] have been 
reported to cause compression of the sciatic 
nerve. Considering the variation of anatomical 
structures causing the entrapment, the term 
“deep gluteal syndrome” [1] seems to be a more 
accurate description of this non-discogenic 
sciatica.

The piriformis muscle is the most common 
source of sciatic nerve entrapment [2, 3, 11, 12, 
43–49]. The risk of nerve compressive symptoms 
is increased by the existence of variation in the 
relationship between the piriformis muscle and 
the sciatic nerve. Six categories of piriformis-
sciatic nerve variations have been reported [35] 
(Fig. 8.12). However, other sciatic nerve variants 
have been identified. For instance, the authors of 
this chapter incidentally found a bifid sciatic 
nerve that runs below the piriformis muscle in a 
male cadaver during a routine anatomic dissec-
tion (Fig. 8.13). The prevalence of anomalies was 
16.9% in a meta-analysis of cadaveric studies 
[36] and 16.2% in a review of published surgical 
case series [36]. It is important to mention that 
the anomaly itself may not be the etiology of the 
DGS symptoms. Martin et al. [2] reported on 35 
patients endoscopically treated for deep gluteal 
syndrome. Eighteen patients involved the pirifor-

mis muscle as etiology, including the sciatic 
nerve passing through the piriformis muscle or a 
portion of piriformis muscle/tendon passing 
through or anterior to the  sciatic nerve [2]. A 
thick piriformis tendon hidden under the pirifor-
mis belly can also be identified causing sciatic 
nerve compression (Fig.  8.13). Hypertrophy of 
the piriformis muscle has also been associated 
with sciatic nerve compression [12, 46, 47, 56]. 
However, of 14 patients with posttraumatic piri-
formis syndrome, Benson and Schutzer found 
that only two had larger piriformis muscles on 
the symptomatic side and seven appeared smaller 
than the unaffected side [44].

Atypical fibrovascular scar bands and hyper-
trophy of the greater trochanteric bursae have 
been reported in many cases of sciatic nerve 
entrapment [2, 3] (Fig.  8.14). In 27 of the 35 
patients previously described by Martin et  al., 
the greater trochanteric bursa was found to be 
excessively thickened, and large fibrovascular 
scar bands were present in many patients [2]. 
The fibrovascular bands extended from the pos-
terior border of the greater trochanter to the glu-
teus maximus onto the sciatic nerve and then 
proximally to the greater sciatic notch [2]. The 
obturator internus/gemelli complex is com-
monly overlooked in association with sciatica-
like pain [6, 7, 15]. As the sciatic nerve passes 
under the belly of the piriformis and over the 
superior gemelli-obturator internus, a scissor 
effect between the two muscles can be the 
source of entrapment. In one case, Martin et al. 
found the obturator internus penetrating the sci-
atic nerve.

The sciatic nerve courses close to the ham-
strings origin at the most lateral aspect of the 
ischium tuberosity (Fig.  8.4). Avulsions of the 
hamstring tendons or congenital fibrotic bands 
can affect the sciatic nerve causing symptoms of 
entrapment [4, 5, 57–59]. Other sources of sci-
atic nerve entrapment within the deep gluteal 
space include malunion of the ischium or healed 
avulsions, greater trochanter ischium impinge-
ment (Fig.  8.14), tumor, sciatic nerve venous 
varicosities [9] (Fig.  8.15), and gluteus maxi-
mus (from a prior iliotibial band release). Intra-

Fig. 8.11 Entrapment of the sciatic nerve by fibrovascu-
lar scar band, endoscopic visualization. The sciatic nerve 
is indicated by the open arrows and is anterior to a fibro-
vascular band (fvb) and another fibrous band (fb)
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Fig. 8.12 Schematic of piriformis-sciatic nerve variants. 
Six types of arrangement of the sciatic nerve, or of its sub-
divisions in relation to the piriformis muscle, arranged in 
the order of frequency [35]. Gluteal (external) view. The 
percentage incidence in 240 examples is indicated. Figures 
(e) and (f) were hypothetical in 1938 [35]. (a) Nerve undi-

vided passes out of greater sciatic foramen, below pirifor-
mis muscle, (b) divisions of nerve pass through and below 
heads of muscle, (c) divisions above and below undivided 
muscle, (d) nerve undivided between the heads of muscle, 
(e) divisions of nerve between and above heads, and (f) 
undivided nerve above undivided muscle [35]
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Fig. 8.13 Posterior hip 
dissection in a 58 
years-old male cadaver. 
Observe a bifid sciatic 
nerve (SN1 and SN2) 
running below the 
piriformis muscle (PM)

Fig. 8.14 Endoscopic 
view of sciatic nerve 
(SN) compression 
between the greater 
trochanter (GT) and 
ischial tuberosity. With 
hip flexion and external 
rotation, the sciatic 
nerve was not able to 
move due to the ischial 
outgrowth of the bone
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articular hip disorders may also be involved 
with sciatic nerve symptoms. Patients submitted 
to surgical treatment of femoroacetabular 
impingement often recovery hip mobility or can 
move the hip without having intra-articular 
pain. Considering that neural structures are sen-
sitive to strain [39], increases in mobility can 
cause strain greater than habitual in the sciatic 
nerve, triggering the sciatic nerve entrapment 
symptoms in patients with variations in the piri-
formis-sciatic nerve relationship. This factor 

may be even more important in patients with 
capsular laxity and bone abnormal morpholo-
gies, as increased femoral version or 
retroversion.

The fibers of the sciatic nerve can be also 
entrapped in the lumbar spine, pelvis, and thigh. 
A discussion regarding intra-pelvic etiologies of 
sciatic nerve entrapment will be provided in the 
differential diagnoses section. Table  8.2 
 summarizes the etiologies of sciatic nerve entrap-
ment reported in the main publications.

Sciatic nerve
with vein varix

a b

Fig. 8.15 Varicose veins around the sciatic nerve. (a) 
Schematic drawing of varicose veins within the perineu-
rium and the sciatic nerve. (b) Sciatic nerve at the 
midthigh with varicose veins within the nerve (arrow) in a 

patient who presented with pain and swelling. A larger 
refluxing vein is also seen in adhesion with the nerve. 
Reprinted with permission from Labropoulos et al. [9]

Table 8.2 Entrapments of the sciatic nerve within the deep gluteal space in key publications

Piriformis muscle Martin et al. [2], Guvencer et al. [40], Papadopoulos and Kahn [55], 
Adams [43], Beauchesne and Schutzer [11], Benson and Schutzer [44], 
Chen [12], Dezawa et al. [45], Filler et al. [46], Hughes et al. [47], 
Mayrand et al. [48], Sayson et al. [49], Vandertop and Bosma [3], 
McCrory and Bell [1]

Hamstring muscles Martin et al. [2]; Puranen and Orava [4], Young et al. [5]
Gemelli-obturator internus complex Martin et al. [2]; Meknas et al. [7, 15], Cox and Bakkum [6]
Fibrous bands containing blood vessels Martin et al. [2]; Adams [43], Vandertop and Bosma [3]
Ischial tuberosity Miller et al. [8], Patti et al. (2008), Torriani et al. (2009)
Sciatic varicosities and vascular 
abnormalities

Martin et al. [2], Papadopoulos and Kahn [55], Hughes et al. [47], 
Papadopoulos et al. [10], Labropoulos et al. [9]

Gluteal muscles Martin et al. [2]; McCrory and Bell [1]
Acetabular reconstruction surgery Issack et al. [52]
Prolonged surgery in the seated position Brown et al. [51]
After total hip replacement Uchio et al. [53]
Secondary to space-occupying lesions 
intra-pelvic

Beauchesne and Schutzer [11], Chen [12]

Gynecologic and vascular abnormalities Possover [13], Possover et al. [34]
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 Clinical Presentation and Ancillary 
Testing

 History and Physical Examination

A comprehensive physical examination, a 
detailed history, and standardized radiographic 
interpretation are paramount in evaluating hip 
pain [2, 60, 61]. When assessing posterior hip 
pain, the physical examination will allow for an 
assessment of osseous, capsular labral, musculo-
tendinous, and neurovascular etiologies. 
Additionally, it is important to recognize the 
coexistence of many of these pathologies. The 
lumbar spine, abdominal, genitourinary prob-
lems are ruled out by history, physical examina-
tion, and ancillary testing. It is important to 
consider intra-pelvic causes of sciatic nerve 
entrapment, particularly in patients with previ-
ous gynecologic surgical procedures and men-
ses-related pain [13, 34]. In all cases of suspected 
sciatic nerve entrapment, the spine must first be 
ruled out by MRI and history/physical 
examination.

Patients presenting with sciatic nerve 
entrapment often have a history of trauma and 
 symptoms of sit pain (inability to sit for more 
than 30 min), radicular pain of the lower back 
or hip, and paresthesias of the affected leg [2, 
44]. Patients may present with neurological 
symptoms of abnormal reflexes or motor weak-
ness [55]. Some symptoms may mimic a ham-
string tear or intra-articular hip pathology such 
as aching, burning sensation, or cramping in 
the buttock or posterior thigh. Symptoms of sit 
pain can also be caused by pudendal nerve 
entrapment, in which the pain is medial to the 
ischium and will be discussed later in this 
chapter. Upon palpation of the piriformis, 
Robinson described a tender sausage-shaped 
mass as a key feature of what he termed “piri-
formis syndrome” [42]. Physical examination 

tests that have been used for the clinical diag-
nosis of sciatic nerve entrapment include pas-
sive stretching tests and active contraction 
tests. The space between the piriformis and 
obturator internus muscles narrows with flex-
ion, adduction, and internal rotation [40].

The seated piriformis stretch test (Fig. 8.16a) 
is a flexion, adduction with internal rotation 
test performed with the patient in the seated 
position [60]. The examiner extends the knee 
(engaging the sciatic nerve) and passively 
moves the flexed hip into adduction with inter-
nal rotation while palpating 1 cm lateral to the 
ischium (middle finger) and proximally at the 
sciatic notch (index finger). A positive test is 
the recreation of the posterior pain at the level 
of the piriformis or external rotators. An active 
piriformis test (Fig. 8.16b) is performed by the 
patient pushing the heel down into the table, 
abducting and  externally rotating the leg 
against resistance, while the examiner moni-
tors the  piriformis. In a recent published study, 
the combination of the seated piriformis stretch 
test with the piriformis active test presented a 
sensitivity of 91% and specificity of 80% for 
the endoscopic finding of sciatic nerve entrap-
ment [62].

The palpation of the gluteal structures is fun-
damental for the diagnosis of gluteal and sit pain. 
Patient is seated with the pelvis square to the 
examination table, and the ischial tuberosity (IT) 
serves as the reference point for palpation 
(Fig. 8.17a–c). Pain superolateral to the IT at the 
sciatic notch is characteristic of deep gluteal syn-
drome [2]; pain lateral to the IT, ischial tunnel 
syndrome or ischiofemoral impingement is con-
sidered; pain at the IT, hamstring tendon patholo-
gies are possible; and pain medial to the IT, 
pudendal nerve entrapment is considered. An 
active knee flexion test against resistance, with 
30° versus 90° of knee flexion, can help evaluate 
the proximal hamstring tendons [5].
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Ischial tunnel syndrome or hamstring syn-
drome is described as pain in the lower buttock 
region that radiates down the posterior thigh to 
the popliteal fossa and is commonly associated 
with hamstring weakness [4]. This syndrome is 
related to sciatic nerve entrapment by scarring 
or a fibrotic band at the lateral insertion of the 
hamstring tendons to the ischial tuberosity [4, 
5]. Patients experience pain with sitting, stretch-
ing, and with exercise, primarily running 
(sprinting and acceleration) [5, 63]. Palpable 
tenderness is located around the ischial tuberos-
ity in the proximal hamstring region. Clinically, 
Young et al. reported that the straight leg raise 

test (Lasègue test) is slightly positive without 
neurological deficit. Marked weakness of the 
hamstring muscle at 30° knee flexion yet normal 
strength at 90° knee flexion is a suggestive find-
ing in diagnosis [5].

Symptoms related to other nerves may be 
observed in cases of sciatic nerve entrapment, 
such as weakness of the gluteus medius and 
minimus muscles (superior gluteal nerve), 
weakness of the gluteus maximus (inferior glu-
teal nerve), perineal sensory loss (pudendal 
nerve) [64], or loss of posterior cutaneous sen-
sation (posterior femoral cutaneous nerve) 
(Table 8.1) (Fig. 8.18).

a b

Fig. 8.16 (a) Seated piriformis stretch test. The patient is 
in the seated position with knee extension. The examiner 
passively moves the flexed hip into adduction with inter-
nal rotation while palpating 1  cm lateral to the ischium 
(middle finger) and proximally at the sciatic notch (index 

finger). (b) Active piriformis test. With the patient in the 
lateral position, the examiner palpates the piriformis. The 
patient drives the heel into the examining table thus initi-
ating external hip rotation while actively abducting and 
externally rotating against resistance
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 Ancillary Testing

Guided injections are useful to support the diag-
nosis of DGS, mainly when the piriformis is 
involved. Computed tomography, fluoroscopy, 
ultrasonography, electroneuromyography, or 
magnetic resonance imaging is useful to obtain 
more precise injections [46]. The results and 
techniques for injections in deep gluteal space 
will be discussed in more detail in the treatment 
section. The association of physical examination 
and injection is also utilized to rule out intra-
articular hip pathologies, nerve root compression 
at lumbar spine, and pudendal nerve entrapment.

Electromyography and nerve conduction stud-
ies may assist with the diagnosis of deep gluteal 
syndrome. Piriformis entrapment of the sciatic 
nerve is often indicated by H-reflex disturbances 
of the tibial and/or fibular nerves [65, 66]. It is 
important to compare side to side and perform a 
dynamic test with the knee in extension and hip 
in adduction with internal rotation. This position 
will tighten the piriformis muscle compressing 
the sciatic nerve sufficiently to disturb nerve con-
duction distally. Patients presenting with symp-
toms of sciatic nerve entrapment may fail to 

a b c

Fig. 8.17 Palpation of the deep gluteal space. The exam-
iner palpates the gluteal area using the ischial tuberosity 
(IT) as reference: (1) superolateral at the piriformis mus-
cle/sciatic nerve (index finger); (2) moving the index fin-

ger to palpate lateral to the IT, ischiofemoral impingement 
and ischial tunnel syndrome; (3) at the IT, hamstring ori-
gin tendinopathy and avulsion (middle finger); (4) medial 
at the obturator internus/pudendal nerve (ring finger)

Obturator nerve

Genitofemoral and ilio-inguinal nerve

Pudendal nerve

Inferior cluneal nerve

Fig. 8.18 Sensory zones of the perineum in female. The 
sensitive innervation territory is marked according to the 
nerve. The dotted area represents the obturator nerve terri-
tory. The vertical lines represent the genitofemoral and 
ilioinguinal nerves. The oblique lines represent the puden-
dal nerve. The crossed lines denote the inferior cluneal 
nerve innervation. Although the figure illustrates well-
defined areas of innervation, it is important to remember 
that an overlap in dermatomes is frequent [64]
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exhibit paraspinal denervation even when radicu-
lopathy coexists [65]. Although electrodiagnostic 
assessment can be useful when associated with 
adequate physical examination and injection 
tests, obesity, edema, and age can impair the 
acquisition of sensory nerve action potentials in 
the lower limb, principally for the proximally 
located nerves [67]. Moreover, asymptomatic 
patients (usually elderly) often present neuro-
genic changes in electrodiagnostic studies [67]. 
These features may be problematic for the dif-

ferential diagnosis between lumbosacral and 
peripheral entrapment [67].

Magnetic resonance imaging (MRI)  is the most 
useful imaging method for evaluation of sciatic nerve 
entrapment. The sciatic nerve anatomy and potential 
sources of compression can be assessed through this 
imaging method, including anomalies of the pirifor-
mis muscle, scar from proximal hamstring avulsion, 
osseous compression, and intra-pelvic abnormalities 
(Fig. 8.19). The MRI is also helpful in detecting 
direct and indirect signs of nerve injury [68]. 

a

c d

b

Fig. 8.19 Magnetic resonance images of deep gluteal space,  
coronal view of the right hip. (a) Normal relationship between 
the piriformis muscle (open arrows) and the sciatic nerve (yel-
low arrow). (b) More posterior cut of the same hip demon-
strating the inferior gluteal artery (white arrow) leaving the 

sciatic notch close to the sciatic nerve (yellow arrow). (c) and 
(d) Variation of the sciatic nerve/piriformis relationship in a 
patient with deep gluteal syndrome. The superior division of 
the sciatic nerve (yellow arrow in c) is demonstrated crossing 
between the two piriformis muscle portions (green arrows)
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Hyperintensity on fluid-sensitive images that 
is focal or similar to that of adjacent vessels 
is more likely to be significant [68]. However, 
hyperintensity in peripheral nerves may be seen 
in normal nerves due to the artifact known as 
magic angle effect [69]. Abnormalities in nerve 
size, fascicular pattern, or blurring of the peri-
neural fat tissue are suggestive of neural injury, 
although those features are difficult to be noted 
in small diameter nerves [68]. The main indirect 
sign of nerve entrapment injury is the muscu-
lar denervation edema [70]. In addition to sci-
atic nerve compression assessment, the MRI is 
important to rule out spine issues, intra-articular 
hip pathology, and other differential diagnoses. 
Despite the usefulness of MRI in the diagnosis 
of deep gluteal pain, the potential false-positive 
and false-negative results reinforce the impor-
tance of a proficient physical examination. 
Ultrasonography is a valuable method to guide 
nerve blocks and has been increasingly utilized 
for nerve assessment, with the advantages of 
dynamic evaluation and Doppler assessment of 
the vascular nerve supply [9].

The differential diagnosis of sciatic nerve 
entrapment is established through the combina-

tion of physical examination, imaging studies, 
and piriformis injection test (Table 8.3).

 Treatment

 Nonoperative Treatment

The nonoperative treatment for deep gluteal syn-
drome begins addressing the suspected site of 
entrapment. Compression from a hypertrophied, 
contracted, or inflamed muscle (piriformis, quadra-
tus femoris, obturator internus, superior/inferior 
gemellus) is initially treated with rest, anti-inflam-
matories, muscle relaxants, and physical therapy. 
The physical therapy program should include 
stretching maneuvers aimed at the external rotators. 
The piriformis stretch, or FAIR, involves placing 
the hip in flexion, adduction, and internal rotation 
(Fig.  8.20a). Patients with CAM impingement, 
anterior pincer impingement, or acetabular retrover-
sion may not be able to stretch adequately into this 
position and should be evaluated and treated pri-
marily for the intra-articular pathology, as most will 
resolve with appropriate surgical intervention. In a 
seated position, the patient brings the knee into the 

Table 8.3 Main differential diagnosis of deep gluteal syndrome

Diagnosis History Physical examination Ancillary tests
Pudendal nerve 
entrapment

Pain in the anatomical territory 
of the pudendal nerve, 
worsened by sitting, does not 
wake the patient at night
Numbness

Tenderness at the medial 
ischium

Injection guided by imaging
Intra-pelvic tests

Ischiofemoral 
impingement

Sciatic nerve complaints
Lower back pain
Limping

Long-stride walking 
reproduces the pain 
during terminal hip 
extension
Tenderness at the lateral 
ischium
Positive ischiofemoral 
impingement test

MRI showing decreased 
ischiofemoral and quadratus 
femoris space and quadratus 
femoris muscle edema

Greater trochanter 
ischial 
impingement

Sciatic nerve complaints
Laxity?
Limping

Tenderness at posterior 
aspect of the greater 
trochanter
Pain in deep flexion, 
abduction, and external 
rotation

Injection guided by imaging

Ischial tunnel 
syndrome

Sciatic nerve complaints
Limping
Pain increased by flexion of the 
hip and extension of the knee

Tenderness at lateral 
ischium
Positive hamstring active 
test

Injection guided by imaging
MRI showing hamstring origin 
avulsion with edema around the 
sciatic nerve
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a

c d

b

Fig. 8.20 Piriformis stretch, sciatic nerve glides, and hip 
circumduction. (a) The piriformis stretch is performed in 
a seated position. The patient brings the knee toward the 
opposite shoulder. (b) For the sciatic nerve glides, the 
patient first performs cervical extension and plantar flex-

ion of the ankle, (c) followed by cervical flexion with 
ankle dorsiflexion. (d) Circumduction performed in 
supine position with gentle circular passive movements in 
the following sequence: abduction, external rotation, flex-
ion, internal rotation, extension
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chest and across midline and pulls the knee to the 
opposite shoulder during 20 s. Gradually progress 
the stretching by increasing duration and intensity 
until a maximal stretch is obtained. Sciatic nerve 
glides and hip circumduction exercises are useful to 
maintain the sciatic nerve excursion and should be 
gently performed (Fig. 8.20b–d). Additional physi-
cal therapy techniques that may be helpful include 
ultrasound and electrical stimulation. Patients with 
more intense or acute symptoms may not tolerate 
positions of hip flexion associated with knee exten-
sion. In this situation, a knee brace to avoid knee 
extension and maintain the sciatic nerve without 
tension may be helpful for some patients. The brace 
is adjusted according to the straight leg raise test, 
and gradual extension of the knee is performed 
toward full extension during 4–6 weeks.

Guided injections of anesthetic or corticosteroid 
into the piriformis muscle can provide pain relief in 
patients not responding to physical therapy. It is 
important to administer the injection to the correct 
site, and different techniques can be utilized for 
guidance, including fluoroscopy, CT, ultrasound, 
electromyography, and MRI. A trial of three injec-
tions has been recommended before opting for 
more aggressive therapy, taken on a case by case 
basis [46, 55, 71]. The literature has reported vari-

able results for piriformis injection [46, 72, 73]. 
Pace and Nagle reported a double-injection tech-
nique of Kenalog and Xylocaine toward the pirifor-
mis muscle which relieved the pain in 41 out of 45 
patients [73]. Filler et al. reported lasting pain relief 
in 37 out of 162 patients following 1 or 2 injections 
of Marcaine and Celestone [46]. The piriformis 
muscle may be also injected with botulinum toxin 
[54]. Another alternative is the perisciatic nerve 
injection of anesthetic and corticosteroid instead of 
the intra-piriformis muscle [74]. Most cases of 
deep gluteal syndrome/sciatic nerve entrapment 
will respond to nonoperative measures.

 Operative Treatment

As a general guideline, only patients who have 
failed conservative measures are considered for 
operative treatment. The type of surgical proce-
dure depends on the clinical and imaging diagno-
sis. The response to targeted injections is helpful 
to predict the treatment success.

Effective open and endoscopic techniques have 
been described for a number of posterior hip 
pathologies including sciatic nerve decompression 
(Fig. 8.13). Innovative surgical techniques as car-

Fig. 8.21 Deep gluteal 
space exploration by 
using carbon dioxide 
(CO2) gas as an 
insufflation medium. 
PM piriformis muscle, 
SN sciatic nerve
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bon dioxide gas insufflation as a medium for deep 
gluteal endoscopy are being developed in order to 
simplify the technical aspects of the procedure 
while decreasing complications (Fig. 8.21).

A comprehensive and illustrative description 
of both open and endoscopic techniques for treat-
ing deep gluteal syndrome is presented in this 
book describing surgical approaches to the poste-
rior hip.
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Pudendal Nerve Neuralgia/
Entrapment
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 Introduction

Chronic pelvic pain situations such as pudendal 
pain, chronic proctalgia, coccygodynia, vulvodynia, 
and pudendal neuralgia (PN) occur in 7–24% of the 
population and are associated with impaired quality 
of life and high health-care costs [1].

Pain in the distribution of the pudendal nerve is 
frequently due to identifiable organic problems; 

however a number of cases occur under circum-
stances in which no organic cause can be found. 
Pudendal nerve neuralgia due to entrapment at the 
Alcock’s canal is commonly overlooked by physi-
cians, thus delaying access to etiological treat-
ment. The abnormal hip biomechanics affects the 
entire pelvis and kinematic chain, therefore put-
ting the pudendal nerve under strain during hip 
movements. The most common patient’s profile is 
a patient who had seen multiple doctors, with no 
clear evidence of organic problem, normal urogy-
necological and colorectal evaluations, and failed 
multiple pharmacologic treatments.

The cause of the pudendal neuralgia is not 
always clear, but it is believed that neuronal insult 
caused by stretching or compression is the primary 
etiology. Pudendal neuralgia is said to be a diagno-
sis of exclusion and requires a high index of suspi-
cion. Although there are no pathognomonic signs 
and symptoms, clinical diagnostic criteria are 
helpful. Clinical neurophysiology tests have quite 
low diagnostic efficacy and must therefore be con-
sidered to be complementary investigations. 
Optional treatments include behavioral modifica-
tions, physical therapy, analgesics, pudendal nerve 
block, and surgical nerve decompression [2].

Neurologic pathology in the pelvic region can 
produce extreme pain, which greatly affects qual-
ity of life by limiting the ability to sit, void/defe-
cate, and engage in sexual intercourse. This 
review provides an overview of the main causes 
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of neurogenic pelvic pain, along with informa-
tion on diagnosis and treatment options [3].

 Anatomy

The pudendal nerve arises from sacral nerves 2, 3, 
and 4 and passes in close association with the sci-
atic nerve between the piriformis and coccygeus 
muscles. The nerve crosses the ischial spine as it 
first leaves and then reenters the pelvis through 
the greater and lesser sciatic foramina, respec-
tively. At the area of the ischial spine, it is superfi-
cial to the sacrospinous ligament and deep to the 
sacrotuberous ligament, an area of possible com-
pression or fixation. The nerve then accompanies 
the internal pudendal vessels along the lateral 
wall of the ischioanal fossa in a tunnel formed by 
a splitting of the obturator fascia (Alcock’s canal). 
This tunnel is another area of possible compres-
sion adhesion [4, 5].

The pudendal nerve sensory distribution 
course is generally via the three terminal branches: 
inferior rectal, perineal, and dorsal nerve of the 
penis/clitoris. The inferior rectal supplies the 
integument around the anus and communicates 
with the perineal branch of the posterior femoral 
cutaneous nerve and its terminal branch, the pos-
terior scrotal (labia majora) nerve.  The perineal 
branch has a deep motor portion and two superfi-
cial sensory branches, the medial and lateral pos-
terior scrotal (labial) nerves. The dorsal nerve of 
the penis/clitoris runs along the dorsum of the 
penis/clitoris, supplying the overlying skin. 
Pudendal neuralgia may present with pain in the 
distribution of some or all of these branches [6].

The pudendal nerve can become entrapped in 
several locations from the greater sciatic notch to 
the lesser sciatic notch and even distally to the 
obturator internus/levator ani fascia. The anatomy 
of the pudendal nerve can have significant indi-
vidual variation. In 87 of 100 cadaveric hips, the 
sacrotuberous ligament has been found to be com-
posed of the two parts: a ligamentous band and a 
membranous falciform process [7]. The attach-

ment of the falciform process to the ischial ramus 
showed two variations. Most commonly, the falci-
form process continued toward and along the 
ischial ramus to the obturator fascia. The second 
type coursed along the ischial ramus, fused with 
the obturator fascia, and continued to the ischio-
anal fossa. The medial border of the falciform 
process descended to fuse with the lateral anococ-
cygeal ligament. Superior to the sacrotuberous 
ligament is the sacrospinous ligament. A very rare 
anomaly of the pudendal nerve was discovered in 
a cadaver involving the pudendal nerve and ves-
sels coursing posterior to the sacrotuberous liga-
ment [7]. Pudendal nerve relationship with the 
sacrospinous ligament is varied and could be 
prone to entrapment [8] (Figs. 9.1 and 9.2).

 Epidemiology and Etiology

About 4% of all cases of chronic pelvic pain are 
caused by pudendal neuralgia. This condition is 
most commonly seen in women, but it also affects 
men. Pudendal neuralgia has an average age at 
onset of 50–70 years [3]. A pudendal nerve disorder 
can occur due to extrinsic or intrinsic causes, most 
of them being a mechanical insult such as iatrogenic 
injury during pelvic surgery, stretching of the nerve 
during vaginal childbirth, compression from pro-
longed sitting, and prolonged positions of stretch-
ing, which have been documented in orthopedic 
surgical cases involving traction [9–13]. 
Chemoradiation, tumors, and endometriosis have 
also been documented as causes of nerve compres-
sion [14]. Anatomic variation of the falciform pro-
cess of the sacrotuberous ligament may also 
predispose the nerve to stretching in some individu-
als [7]. Intrinsic causes are much less common than 
entrapment, but there have been documented cases 
caused by autoimmune or inflammatory illness.

Four main types of pudendal nerve entrap-
ment are based upon the location of entrapment, 
which is very important for injections: Type I, at 
the exit of the greater sciatic notch accompanied 
by piriformis muscle spasm; Type II, at the ischial 
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spine, sacrotuberous ligament, and lesser sciatic 
notch entrance; Type III, at the entrance of the 
Alcock’s canal associated with obturator internus 
muscle spasm; and Type IV, tidal entrapment of 
terminal branches [15].

In many cases, the nerve is not truly entrapped 
at these sites along its winding course but rather 
under traction due to biomechanical factors, such 

as pelvic floor muscle spasm or the presence of a 
pelvic obliquity. It has been hypothesized that 
repetitive flexion of the hip, such as in sports or 
strength training, may cause hypertrophy of the 
muscles of the pelvic floor as well as elongation 
and posterior remodeling of the ischial spine 
causing stretch of the nerve over the sacrospinous 
ligament [10].

Sacropinous ligament

Ischial spine

Sacroluberous ligament
Pudendal nerve in 
pudendal canal

Inferior rectal nerve

Perineal nerve

Levator ani

Obturator
internus

Falciform process of
sacrotuberous ligament

Gluteus medius

Gluteus minimus

PiriformisInferior gluteal nerve

Pudendal nerve

Sacrospinous
ligament

Sacrotuberous
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Obturator internus

Posterior femoral
cutaneous nerve

Sciatic nerve

Quadratus
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Fig. 9.1 (a and b) 
Cadaveric dissection of 
the pudendal nerve 
running beneath the 
sacrotuberous ligament
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 Diagnosis

History and physical examination are the most 
relevant components leading to diagnosis. 
Problems that can present with similar clinical 
findings such as painful bladder syndrome, vul-
vodynia, piriformis syndrome, cauda equine syn-
drome, and neuralgias of other close nerves must 
be excluded [16] (Fig. 9.3).

Detailed history should report the pain charac-
teristics including onset, type, duration, aggravat-
ing and alleviating factors, and frequency. 
Examination should include any inspection for 
any peri-genital lesions and a complete hip physi-
cal exam focusing on the posterior aspect of the 
hip and the peri-ischial area [17].

Palpation on the ischial spine or pudendal 
nerve that produces paresthesias or pain is 
referred to as Tinel’s sign. Some patients start 
favoring one side of their pelvis while sitting, 
which can be discretely observed during history 
and physical examination [18].

In 2008, Labat el al. validated the Nantes cri-
teria with five essential diagnostic criteria: (1) 
pain in the anatomical territory of the pudendal 

nerve, (2) worsened by sitting (although no pain 
when sitting on a toilet seat), (3) the pain does 
not wake the patient at night, (4) pain with no 
objective sensory impairment, and (5) pain is 
relieved by diagnostic pudendal nerve block 
[19]. Also defined in the report are complemen-
tary diagnostic criteria, exclusion criteria, and 
associated signs not excluding the diagnosis 
(Table 9.1). Neurophysiologic testing techniques 
have been used to aid in diagnosis [20]. The 
physical examination is useful for preliminarily 
sorting patients into four categories: Type I, sci-
atic notch tenderness only; Type II, mid-ischial 
tenderness; Type IIIa, obturator internus muscle 
tenderness only; Type IIIb, obturator and pirifor-
mis muscle tenderness; and Type IV, no palpable 
tenderness. MR neurography or MRI can then be 
helpful to identify abnormalities in nerve or 
adjacent muscles/vessels [15]. Positive MRI 
findings will lead to injection sites according to 
category: Type I, piriform injection; Type II, 
blocking the pudendal nerve at the ischial spine; 
Type IIIa, obturator internus injection; Type IIIb, 
piriformis and obturator internus injection; and 
Type IV, blocking the pudendal nerve in the area 
of the Alcock’s canal [15]. If there is no relief 
and no specific aggravation, evaluate immune/
rheumatological issues and end-organ causes, 
which if negative, consider a ganglion block. A 

Obturator nerve

Genitofemoral and ilio-inguinal nerve

Pudendal nerve

Inferior cluneal nerve

Fig. 9.3 The innervation of the perineumFig. 9.2 Anatomy of the pudendal nerve (PN). Posterior 
view of the nerve and its relationship with other important 
structures such as sacrotuberous (ST) ligament, sciatic 
nerve (SN), and obturator internus (OI) muscle
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repeat injection may be required if necessary for 
diagnosis and treatment. Details about imaging-
guided injections are developed in Chap. 6 of 
this book.

 Ancillary Tests

Imaging studies are not helpful for diagnosing 
pudendal nerve entrapment. However, radio-
graphs, CT scan, and MRI may assist in ruling 
out other causes of pain and/or in determining a 
potential cause of entrapment.

Electromyography and other neurophysiology 
aids may help as complementary measures [21]. 
However they lack specificity. Those tests could 
result in a lot of false-positive reports. Thus, a 
normal test does not rule out pudendal neuralgia 
as only motor fibers are being tested, while an 

abnormal test indicates that the pudendal nerve is 
affected, but it is not specific for this diagnosis.

Ultrasound-guided pudendal nerve injection 
is the useful method for confirming and differen-
tiating this pathology from other pelvic-related 
sources of pain. A patient is placed in see chapter 
pelvic floor therapy a prone position. Place a 
convex probe on the gluteal region to visualize 
the transverse view of the ilium. Move the probe 
in a cephalad-caudal direction until the ischial 
spine can be seen in position when the probe 
places transversely between sacrum and ischial 
spine levels. The ischial spine appears as a flat-
ten hyperechoic line. The sacrospinous ligament 
(SSL) and the sacrotuberous ligament (STL) are 
also visualized at this position. The pudendal 
nerve resides between the SSL and STL. Insert a 
100  mm spinal needle in a medial-to-lateral 
direction, and advance it until the needle tip pen-

Table 9.1 Diagnostic criteria for pudendal neuralgia by pudendal nerve entrapment (Nantes criteria)

Essential criteria for the diagnosis of pudendal neuralgia
- Pain in the territory of the pudendal nerve: from the anus to the penis or clitoris
- Pain is predominantly experienced while sitting
- Pain does not wake the patient at night
- Pain with no objective sensory impairment
- Pain relieved by diagnostic pudendal nerve block
Complementary diagnostic criteria
- Burning, shooting, stabbing pain, numbness
- Allodynia or hyperpathia
- Rectal or vaginal foreign body sensation (sympathalgia)
- Worsening of pain during the day
- Predominantly unilateral pain
- Pain triggered by defecation
- Presence of exquisite tenderness on palpation of the ischial spine
- Clinical neurophysiology findings in men or nulliparous women
Exclusion criteria
- Exclusively coccygeal, gluteal, pubic, or hypogastric pain
- Pruritus
- Exclusive paroxysmal pain
- Imaging abnormalities able to account for the pain
Associated signs no excluding the diagnosis
- Buttock pain on sitting
- Referred sciatic pain
- Pain referred to the medial aspect of the thigh
- Suprapubic pain
- Urinary frequency and/or pain on a full bladder
- Pain occurring after ejaculation
- Dyspareunia and/or pain after sexual intercourse
- Erectile dysfunction
- Normal clinical neurophysiology

Labat J-J, Riant T, Robert R, Amarenco G, Lefaucheur J-P, Rigaud J. Diagnostic criteria for pudendal neuralgia by 
pudendal nerve entrapment (Nantes criteria). Neurourol. Urodyn. 2008;27:306–10.
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etrates the STL. When the needle tip penetrates 
the STL, a click can be felt. After negative aspi-
ration test for the blood can be checked, injec-
tion of 5  mL of local anesthetics with 
corticosteroid is performed. The spreading of 
local anesthetics can be confirmed between the 
STL and the SSL using ultrasound. This ultra-
sound-guided infiltration test allowed precision 
in performing the procedure and in making a dif-
ferential diagnosis.

 Treatment

A number of therapeutic options have been 
reported depending on the cause of pudendal 
neuropathy. The most effective strategies can be 
broken in three parts: (1) conservative measures, 
(2) pudendal nerve block, and (3) surgical 
decompression.

Physical therapy interventions, such as pelvic 
floor therapy, have been considered the first 
option of treatment by most of authors. A 
detailed description of this strategy is presented 
in Chap. 22.

Other strategies include electrical stimulation 
and biofeedback. In some cases botulinum toxin 
has been utilized with variable results. A random-
ized controlled trial investigating whether botuli-
num toxin is more effective than placebo found 
objective reduction of pelvic floor spasm as com-
pared with placebo. This intervention may be 
useful in women with pelvic floor muscle spasm 
and chronic pelvic pain who do not respond to 
conservative physical therapy [22].

Pudendal nerve block could be performed 
through transgluteal, transrectal, or transvaginal 
approach. The ischial bone is used as an impor-
tant landmark for identifying the injection spot. 
Imaging-guided approaches have been reported 
in several studies. CT-guided injection, as 
described in Chap. 6, improves the accuracy of 
locating the pudendal nerve [23, 24].

Multiple injection protocols for treating 
pudendal nerve neuralgia have been proposed. 
Those protocols vary in terms of utilized medica-
tions, number of injections, and timing. Most of 
the authors use a combination of a local anes-
thetic and steroid. Patients may benefit from 

repetitive nerve blocks, and conservatives mea-
sures should be individualized [2, 25].

Surgical pudendal nerve decompression is 
offered to patients who have failed conservative 
measures. Open, endoscopic and laparoscopic 
 techniques have shown good results in case series 
[15, 26]. Filler reported on 200 patients with 
pudendal nerve entrapment, and 12% achieved 
long-standing relief (over 1 year) with injection 
alone. One hundred and eighty-five operations 
were performed (some patients bilateral). The 
application of targeted minimal access surgical 
techniques has led to sustained good to excellent 
outcomes (50–100% improvement in the pain 
score or functional score) in 87% of patients. 
Many of these patients obtained most of their 
improvement within 4  weeks of surgery, and 
some continued to experience progressive 
improvements up to 12 months after surgery [15]. 
Other authors have reported successful outcomes 
in a range between 57% and 81% [27, 28].

Robert et al. published the results of a prospec-
tive, randomized controlled trial that compared 
transgluteal decompression with nonsurgical 
treatment and repetitive pudendal blocks. A total 
of 32 patients were included in this study (16 in 
each group). After 1 year of treatment, 71.4% of 
the surgery group compared with 13.3% of the 
nonsurgery group showed improvement [29].

According to the literature, after surgical 
decompression, approximately 40% of patients 
are pain-free, 30% have some improvement in 
pain, and 30% neither show improvement nor 
worsening [16].
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Hamstring Origin Avulsions 
and Ischial Tunnel Syndrome

Carlos A. Guanche

 Introduction

With the refinement of hip pathologies has come 
a better understanding of the management of sev-
eral areas previously treated rarely and with 
much trepidation [1, 2]. The development of 
endoscopic techniques to understand the poste-
rior aspect of the hip has been a process in evolu-
tion, which continues today. Hamstring injuries 
are common in athletic populations and can affect 
all levels of athletes [3–7]. There is a continuum 
of hamstring injuries that can range from muscu-
lotendinous strains to avulsion injuries [3, 4]. By 
definition, a strain is a partial or complete disrup-
tion of the musculotendinous unit [4]. A com-
plete tear or avulsion, in contrast, is a discontinuity 
of the tendon bone unit. Most hamstring strains 
do not require surgical intervention and resolve 
with a variety of modalities and rest [3–7].

With the exception of the short head of the 
biceps femoris, the hamstring complex originates 
from the ischial tuberosity and inserts distally 
below the knee on the proximal tibia. The tibial 
branch of the sciatic nerve innervates the semi-
tendinosus, semimembranosus, and the long head 
of biceps femoris, while the short head of the 

biceps femoris is innervated by the peroneal 
branch of the sciatic nerve [5].

The proximal hamstring complex has a strong 
bony attachment on the ischial tuberosity. The 
footprint on the ischium is comprised of the 
semitendinosus and the long head of biceps fem-
oris beginning as a common proximal tendon 
and footprint, while there is a distinct semimem-
branosus footprint [8]. The semimembranosus 
footprint is lateral (and anterior) to the crescent-
shaped footprint of the common insertion of the 
semitendinosus and long head of the biceps 
femoris.

The history of an acute injury usually involves 
a traumatic event with forced hip flexion and 
knee in extension, as is classically observed in 
waterskiing [9, 10]. However, the injury can 
result from a wide variety of sporting activities 
that involve rapid acceleration and deceleration 
[11, 12].

Proximal hamstring injuries can be catego-
rized as complete tendinous avulsions, partial 
tendinous avulsions, apophyseal avulsions, and 
degenerative (tendinosis) avulsions [11]. 
Degenerative tears of the hamstring origin are 
more insidious in onset and are commonly seen 
in overuse situations. The mechanism of injury is 
presumably repetitive irritation of the medial 
aspect of the hamstring tendon (typically along 
the lateral aspect of the tuberosity, where the 
bursa resides) ultimately causing an attritional 
tear of the tendon.
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Commonly, athletes with proximal ham-
string tendon tears describe a popping or 
tearing  sensation with associated acute pain 
and bruising over the posterior hip [13, 14]. 
Occasionally, patients who present with 
either acute or chronic tears may complain of 
pins and needles sensation in the sciatic 
nerve distribution, much like sciatica [14, 
15]. This may be due to the acute compres-
sion of a hematoma in the proximity of the 
sciatic nerve or chronic scarring and tether-
ing of the tendon to the nerve. Similarly, 
symptoms of ischial bursitis include buttock 
pain or hip pain and localized tenderness 
overlying the ischial tuberosity. Additional 
symptoms of chronic ischial bursitis may 
also include tingling into the buttock that 
spreads down the leg [14].

One aspect that briefly deserves mention 
is the need for advanced imaging in many 
of the cases of partial tears. To begin with, 
standard radiographs of the pelvis and a lat-
eral of the affected hip are performed to rule 
out any apophyseal avulsions, particularly 
to the ischial tuberosity in younger patients. 
In others, the ischiofemoral distance may 
be markedly decreased, and this needs to be 
taken into consideration in posterior hip pain 
(Fig.  10.1). Most commonly, MRI is utilized 
to assess the proximal hamstring insertion on 
the ischial tuberosity, where several types of 
injuries may be seen. A complete rupture of all 
three tendons is common and easily identified 
on MRI.

Partial hamstring origin tears, however, are 
more difficult to evaluate. This is particularly the 
case in two tendon tears, which commonly have 
an associated musculotendinous junction injury 
to the third tendon [7]. Partial insertional tears 
without any significant retraction can be seen on 
MRI as a sickle sign. These are typically partial 
avulsions (Fig. 10.2). Often, the sciatic nerve is 
also involved in the imaging assessment and 
should be thoroughly evaluated. In some situa-
tions, actual entrapment of the nerve can be visu-
alized in a variety of ways (Fig. 10.3).

Nonoperative treatment of proximal hamstring 
injuries is most commonly recommended in the 

a

b

Fig. 10.1 Ischiofemoral impingement. (a) AP pelvis 
showing bilateral ischiofemoral impingement, with the 
ischiofemoral space being markedly narrower than the 
right. The arrows show the lesser trochanters. (IT ischial 
tuberosity) (b) T2-weighted axial MRI showing a nar-
rowed ischiofemoral space with fluid along the ischium 
and a tear of the hamstring. (GT greater trochanter; top 
arrow, fluid in between quadratus space; lower arrow, 
ischial tuberosity)

Fig. 10.2 Coronal MRI (T2 weighted) of a partial inser-
tional tear with a sickle sign, indicating fluid in the ischial 
bursa (red arrow). IT ischial tuberosity. Note the right side 
(red arrow) showing the sickle sign and the normal left 
side (white arrow)
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setting of low-grade partial tears and  insertional 
tendinosis. Initial treatment consists of active 
rest, oral nonsteroidal anti-inflammatory medi-
cations, and a physical therapy program [16]. If 
the patient is unable to progress, an ultrasound-
guided corticosteroid injection may be used and 
has been shown to provide initial relief in up to 
50% of patients at 1 month [17]. Failure of non-
operative treatment of partial tears may benefit 
from surgical debridement and repair, similar 
to other commonly seen partial tendon tears 
(patella, quadriceps, and biceps) [18].

There are several series and descriptions of 
open surgical techniques that are available in 
the literature [12–14, 19–21]. To date, there 
has been no report of endoscopic management 
of these injuries. It is expected that the benefits 
of this endoscopic approach, without elevating 
the gluteus maximus and with the use of endo-
scopic magnification to protect the sciatic 
nerve, will improve the management of these 
injuries and reduce the morbidities associated 
with the open approach, thus allowing for fur-
ther improvement in the management of these 
pathologies.

 Surgical Technique

The technique positions the patient in the prone 
position after induction of anesthesia, with all 
prominences and neurovascular structures pro-
tected. The posterior aspect of the hip is then ster-
ilized assuring that the leg and thigh are free so 
that the leg and hip can be repositioned (Fig. 10.4).

Two portals are then created, 2 cm medial and 
lateral to the palpable ischial tuberosity 
(Fig. 10.5). The lateral portal is established first, 
using blunt dissection with a switching stick, as 

Fig. 10.3 Sciatic nerve with perineural venous dilatation. 
This is an axial MRI image, T1 weighted, showing the 
proximity of the dilated veins (vein) to the sciatic nerve 
(SN). (IT ischial tuberosity, QF quadratus femoris)

Fig. 10.4 Positioning of the patient in the prone position 
with the leg draped free. This is a right hip, positioned 
prone. Note the arthroscopic equipment is on the opposite 
side. The table is tilted about 20° toward the surgeon to 
make the access more comfortable

Fig. 10.5 Portals for endoscopic approach with the 
arthroscope in the medial portal. The shaver is in the distal 
portal
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the gluteus maximus muscle is penetrated and 
the submuscular plane is developed. The promi-
nence of the ischial tuberosity is identified, and 
the medial and lateral borders are located. The 
medial portal is then established, taking care to 
palpate the medial aspect of the ischium. A 30° 
arthroscope is then inserted in the lateral portal, 
and an electrocautery device is placed in the 
medial portal. Any remaining fibrous attach-
ments between the ischium and the gluteus mus-
cle are then released, staying along the central 
and medial portions of the ischium to avoid any 
damage to the sciatic nerve. The tip of the 
ischium and the medial aspect are delineated; the 
lateral aspect is then exposed with the use of a 
switching stick as a soft tissue dissector. With 
the lateral aspect identified, the dissection con-
tinues anteriorly and laterally toward the known 
area of the sciatic nerve (Fig. 10.6). A very care-
ful and methodical release of any soft tissue 

bands is then undertaken in a proximal to distal 
direction in order to mobilize the nerve and pro-
tect it throughout the exposure and ultimate 
repair of the hamstring tendon. In patients where 
the predominant problem is sciatic nerve symp-
tomatology and impingement along the ham-
string tunnel, this is an important part of the 
procedure. In many cases, bands of scar tissue 
are evident along the nerve course (Fig. 10.6). In 
some situations, there is a local vascular dilata-
tion that must be addressed. This most com-
monly takes the form of venous distension. An 
important observation that can be made endo-
scopically is the status of the nerve’s blood sup-
ply. Specifically, if the pump pressure is 
decreased to a minimum for a few seconds, the 
pulsatile flow of the perineural vessels can be 
observed. In situations where a nerve entrapment 
exists, the vessels are seen to be constricted with 
either poor flow or, in some cases, an area of 
post-stenotic dilation that is obvious below the 
site of compression.

With the nerve identified and protected, the tip 
of the ischium is identified. The tendinous origin 
is then inspected to identify any obvious tearing 
(Fig. 10.7). In acute tears, the area is obvious, and 
the tendon is often retracted distally. In these 
cases, there is occasionally a large hematoma that 
requires evacuation. It is especially important to 
protect the sciatic nerve during this portion of the 
procedure, as it may be obscured by the 
hematoma.

Once the area of pathology is identified (in 
incomplete tears), an endoscopic knife can be 
employed to longitudinally split the tendon along 
its fibers (Fig. 10.8). This area can be identified 
through palpation, as there is typically softening 
over the detachment, making the tissue ballotta-
ble against the ischium. The hamstring is then 
undermined, and the partial tearing and lateral 
ischial wall are debrided with an oscillating 
shaver. The devitalized tissue is removed, and a 
bleeding corticocancellous bed is fashioned in 
preparation for tendon repair. The more distal 
and inferior ischium and the ischial bursa can 
also be resected and cleared of inflamed tissues 
as the lateral ischial tissue is mobilized. By 

Fig. 10.6 Normal arthroscopic anatomy exposure in a 
left hip, viewed from the lateral portal. Sciatic nerve and 
lateral ischium. Note the tool entering from the medial 
portal
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retracting the anterior tissues, the bursa can be 
entered and debrided (Fig. 10.9).

An inferior portal is then created approxi-
mately 4 cm distal to the tip of the ischium and 
equidistant from the medial and lateral portals 
(Fig. 10.5). This portal is employed for insertion 
of suture anchors, as well as suture management. 
Any variety of suture passing devices can then 
be used for the repair. The principles are essen-
tially the same as those employed in arthroscopic 
rotator cuff repair. Once all of the sutures are 
passed through the tissue of the avulsed ham-
string, the sutures are tied and a solid repair of 
the tendon is completed. In general, one suture 
anchor is used per centimeter of detachment 
(Fig. 10.10).

Postoperatively, the patient is fitted with a 
hinged knee brace that is fixed at 90° of flexion 
for 4 weeks to maintain the patient non-weight-
bearing. The brace will also serve to restrict 
excursion of the hamstring tendons and protect 
the repair. At 4  weeks, the knee is gradually 
extended by about 30° per week, in order to allow 
full weight bearing by 6–8  weeks while main-
taining the use of crutches. Physical therapy is 
instituted at this point, with the initial phase 
focused on hip and knee range of motion. 
Hamstring strengthening is begun at 10–12 weeks, 
predicated on full range of motion and a painless 
gait pattern. Full, unrestricted activity is allowed 
at approximately 4 months.

 Summary

Historically, the surgical approach to hamstring 
repairs has not received much attention, as this is 
not a common area for surgical treatment that is 
encountered throughout orthopedic training. 
Those patients with partial tears and chronic bur-
sitis are an even smaller percentage of hamstring 
problems, with few clinical studies available 
[22]. More importantly, patients with chronic sci-
atic nerve irritation have also been either not 
treated at all and simply placed in pain 
 management algorithms or more possibly thought 

a b

Fig. 10.7 The distal end of the ischium cleared of soft 
tissue. View is from the lateral portal and shows all of the 
soft tissue cleared from the hamstring sheath in a left hip. 

(a) Ischial prominence as seen prior to incising the ham-
string sheath. (b) Exposed ischium following incision of 
the sheath

Fig. 10.8 Incision of tendon to explore area of tearing 
and ischial bursa
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a b

Fig. 10.9 Debridement and exposure of lateral and infe-
rior ischium, including the ischial bursa. (a) Lateral 
ischium debridement and preparation. Note the tool is 

serving to retract the detached tissue. (b) Final debride-
ment of bursa. Note the exposed bony surface at the top of 
the image and the lack of villonodular tissue

a

c d

b

Fig. 10.10 Repair of tendinous avulsion in a right hip, 
visualized from the medial portal and working from lat-
eral. (a) Initial exposure of frayed tissue (IT ischial tuber-
osity, Ham detached hamstring origin). (b) Prepared 
surface with edge of ischium (arrows) exposed. (c) Suture 
anchor (SA) in place. Note the proximity of the sciatic 
nerve to the repair (black arrow). (IT ischial tuberosity) 

(d) Repairing of the tendon with a suture passive device 
and a grasper holding the tendon. Note the proximity of 
the sciatic nerve (SN) and the posterior cutaneous nerve 
(PCN) to the repair. (Ham hamstring tendon). (e) Final 
tendon repair, prior to cutting the sutures (SN sciatic 
nerve, PCN posterior cutaneous nerve, Ham hamstring 
tendon)
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to be malingerers. With the advent of hip arthros-
copy, the further development of physical exami-
nation and surgical techniques has allowed us to 
explore the use of the arthroscope in many previ-
ously unchartered areas. The treatment of these 
pathologies is one such area.

One important aspect in the treatment of prox-
imal hamstring ruptures is early recognition and 
early treatment. Patients with acute repairs have 
had better outcomes in the literature when com-
pared to chronic repair [13, 14]. Delayed compli-
cations of nonoperative treatment of proximal 
hamstring ruptures have been described, and 
these include knee flexion and hip extension 
weakness, difficulty sitting, and hamstring defor-
mity [23]. The author has employed this tech-
nique successfully on several acute ruptures as 
well as chronic partial tears.

Surgical repair of proximal hamstring rup-
tures also has its inherent risks. With open meth-
ods, superficial as well as deep wound infections 
can occur similar to other surgeries; however the 
location of the incision can potentially increase 
this risk due to the proximity of the incision to the 
perineum. With the endoscopic techniques, this 
possibility should be substantially lessened. 
Additionally the three main nervous structures at 
risk to iatrogenic injury are the posterior femoral 
cutaneous, inferior gluteal nerve, and sciatic 
nerves [18, 24]. The sciatic nerve is in close prox-
imity to the ischial tuberosity as it runs along the 

lateral aspect. With the endoscopic technique, the 
need for retraction is essentially nonexistent 
since the nerve is identified and visualized during 
the repair, but no retraction is necessary.

A concern unique to the endoscopic approach 
is fluid extravasation into the pelvis as a result of 
the fluid used in the distension of the potential 
space around the hamstring tendon. Every effort 
should be made to regularly check the abdomen 
for any evidence of abdominal distension. 
Likewise, any unusual blood pressure decreases 
that may be due to fluid compression from retro-
peritoneal extravasation need to be kept in mind. 
In general, an attempt should be made to main-
tain the fluid inflow pressures as low as it is fea-
sible for good visualization, and an attempt 
should be made to keep track of fluid volumes 
and assure that extravasation is avoided.

Through the judicious application of this tech-
nique, many of the chronic hamstring injuries 
and some of the acute injuries previously 
addressed through a more invasive, open method 
can be effectively addressed. With this improved 
technique, it is hoped that a further understanding 
of hamstring injuries and their sequelae can be 
further developed.
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Obturator Nerve Entrapment

Elan Jack Golan and Srino Bharam

 Anatomy

The obturator nerve originates from the conflu-
ence of the ventral rami of L2, L3, and L4 as 
they exit the lumbar plexus. The rami of L3 is 
most commonly the largest of the three rami 
with L2 usually representing the smallest of the 
three nerve roots. Once joined, the nerve runs 
through the fibers of the psoas major muscles, 
emerging at its medial border to extend distally 
just superior and superficial to the common iliac 
artery and just lateral to the internal iliac bifurca-
tion and ureter. The nerve then continues along 
the lateral border of the pelvis as it extends with 
the obturator vessels toward the obturator fora-
men. The nerve next passes through the obtura-
tor canal as it passes from the pelvis to the hip, 
through a channel created by the surrounding 
membrane.

Classically, the obturator nerve was thought to 
divide into its terminal anterior and posterior 
branches while traversing the obturator canal; 
however, the variability in the origin of these two 
terminal branches has been extensively docu-
mented [1–9]. Cadaveric studies have demon-

strated that the classic bifurcation within the 
obturator canal does indeed occur in about 50 
percent of individuals, with cases of aberrant 
bifurcation either proximally in the pelvis or dis-
tally in the thigh, with each variation occurring 
roughly 25% of the time [1]. During their decent 
into the pelvis, the two branches of the nerve are 
briefly separated by fibers of the obturator exter-
nus muscle. Eventually the anterior and posterior 
divisions come to lie on either side of the adduc-
tor brevis muscle.

When viewed from superficial to deep, 
the anterior division of the obturator can be 
found just deep to the adductor longus muscle 
belly, lying superficial to the adductor brevis. 
Conversely, the posterior branch of the obtura-
tor nerve passes just deep to the adductor brevis 
deep to its muscle belly and superficial to the 
adductor magnus. In this way, starting anteri-
orly and moving from deep to superficial, one 
will encounter in sequence the adductor lon-
gus, the anterior branch of the obturator nerve, 
the adductor brevis, the posterior branch of the 
obturator nerve, and finally the adductor magnus 
(Fig. 11.1).

 Anterior Branch of the Obturator 
Nerve

The anterior branch of the obturator nerve takes a 
variable course as it descends through the 
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 obturator foramen, making its way distal to its 
terminal bifurcation in the thigh. The anterior 
branch of the obturator nerve contributes an artic-
ular branch to the hip joint at or adjacent to its 
origin in the obturator canal. The nerve provides 
muscular innervation to adductor longus and bre-
vis as well as the gracilis and rarely to the pectin-
eus muscle. Classical anatomic texts (Gray’s 
Anatomy) describe the nerve as passing superfi-
cial to the superior border of the obturator exter-
nus along with the obturator vein.

A more recent cadaveric study demonstrated 
only half of all examined obturator nerves to 
follow this course [4]. Much additional vari-

ability has also been described in the nerve’s 
course, including a segment of the nerve 
branching more distally through the externus 
muscle mass to later rejoining the main nerve 
bundle, as well as both anterior and posterior 
branches of the nerve emerging much more 
proximally in the thigh. Accessory obturator 
nerves have also been described, with variable 
reports of occurrence ranging between 8% and 
30% of the population [2, 10, 11].

While the exact number of variations in 
nerve’s course through the obturator foramen 
remains unclear, the nerve’s highly variable anat-
omy [1] along with the presence of multiple adja-
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cent structures including the inguinal ligament 
and pubic body [12] places the anterior branch of 
the obturator nerve at an increased susceptibility 
for compression.

Several studies investigating potential com-
pression of the anterior division of the obturator 
nerve between the adductor brevis and the overly-
ing adductor longus and pectineus have described 
a distinct fascial layer, located between these two 
muscle layers [4, 8, 12–15]. It is believed that this 
fascial interval represents the main site of com-
pression in obturator neuropathy. This thin but 
distinct layer of fascia contains several compo-
nents including fat, connective tissue adjacent to 
the surrounding vascular structures, and a well-
vascularized intramuscular layer.

Authors have noted a correlation between a 
more vascular medial intramuscular septum and 
decreased separation between the adductor brevis 
and the overlying adductor longus and pectineus. 
Indeed, in cases of a particularly thickened intra-
muscular septum, these three muscles have been 
encountered as on confluent mass, with seem-
ingly no separation between fascial plains.

The anterior branch of the obturator nerve ter-
minates in numerous small branches, with three 
consistently noted main bundles. The first lies 
most superiorly, passing lateral to the superior 
border of the adjacent adductor longus. The sec-
ond bundle passes medially to provide supply to 
the adductor longus and brevis. The third and 
final bundle occupies the most medial course, 
supplying the gracilis muscle while descending 
to join the subsartorial plexus. Additional termi-
nating branches of the nerve also form cutaneous 
branches that descend into the adductor canal, 
ultimately providing sensation to the skin and 
fascial of the distal, medial thigh.

The anterior bundle of the obturator nerve also 
demonstrates several close relationships with the 
surrounding vasculature. At obturator foramen 
the nerve runs closely with obturator vein. Soon 
after, a branch of the medial femoral circumflex 
artery (MFCA) is found adjacent to the nerve at 
the interval between the pectineus and adductor 

longus. Finally, two to three vascular bundles 
cross the artery from medial to lateral as it 
descends toward the subsartorial plexus. It is 
believed the vascular pedicle of the MFCA, 
which contributes to the pectineus along with the 
adductor longus and brevis, may represent the 
main culprit in the thickening of the fascial layer 
that results in nerve entrapment. The MFCA vas-
cular pedicle surrounds the nerve as it runs along 
the triangularly shaped adductor brevis muscle, 
resulting in local tissue thickening, which likely 
increases the risk of compression.

 Other Etiologies of Obturator 
Compression

Current literature is filled with case reports of 
external causes of obturator nerve compression. 
A comprehensive review of all such causes of 
secondary compression is beyond the scope of 
the chapter. Briefly, aside from the fascial com-
pression that is the focus of the current chapter, 
obturator pathology can result from multiple 
organ system disorders, with some of the most 
commonly reported additional causes including 
malignant compression, [16] iatrogenic or post-
surgical changes following gynecologic [17] or 
orthopedic procedures, [18] inflammatory [19] or 
infectious changes, and pelvic fracture [20].

 Clinical Presentation

The clinical evaluation of hip pain, especially in 
the high-level athlete, represents one of the most 
complex diagnostic dilemmas known to orthope-
dic practice. The complex anatomy and myriad of 
structures enclosed in such a small area provide a 
troubling number of potential pain generators 
that must be systematically considered and elimi-
nated in order to reach a final diagnosis. This 
diagnostic process often represents a challenge 
for even the most experienced clinicians. The 
 differential for hip pain in the athlete is quite 
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expansive, including tendonitis, bursitis, osteitis, 
hernia, conjoined tendon pathology, stress frac-
ture, and enthesopathy among other potential eti-
ologies of pain. A multipronged approach, 
including a focused physical exam and advanced 
imaging, in addition to a detailed and accurate 
history in a cooperative patient, is of utmost 
importance in arriving at an ultimate diagnosis 
[4, 21–26].

Current literature descriptions of obturator 
neuropathy are almost exclusively described in 
males. In the largest described series of obturator 
nerve compression, 28/29 examined patients 
were men [13]. It is unknown if this difference is 
due to an anatomic discrepancy between genders 
that predisposes males to such compressive neu-
ropathies or if this finding is the result of a dis-
crepancy in participation rates between genders 
in sports that require repeated rapid lateral move-
ments such as rugby and Australian rules foot-
ball. Similar trends of male predominant injury 
patterns have been demonstrated in other groin-
related injuries such as sportsman’s hernias or 
adductor longus injury [23–25, 27–29].

Though there is no physical exam finding that 
serves as pathognomonic for entrapment of the 
obturator nerve, several physical exam findings 
of patients ultimately found to have obturator 
neuropathy as diagnosed with focused EMG have 
been described.

It is important to note that many patients suf-
fering from obturator entrapment may function 
normally at rest, with symptoms only manifest-
ing following a period of exercise [13]. Patients 
will frequently present with a history of insidious 
onset of vague anterior, medial, and/or posterior 
thigh pain that is difficult to localize. This pain 
can often be diffuse, encompassing the entire 
area adjacent to the adductor longus’s origin on 
the pubic tubercle, with some patients describing 
a concomitant referred pain along the ipsilateral 
ASIS.

In a review of 29 patients diagnosed with 
obturator neuropathy, Bradshaw et al. described a 
triad of the most important physical exam find-
ings, namely, adductor muscle weakness, adduc-
tor spasm, and paresthesias over the medial 
aspect of the thigh. Of these, the most reliable 

physical exam finding for obturator entrapment is 
weakness and spasm of the adductor muscles 
with accompanying paresthesias of the medial 
thigh following a period of exercise [15, 30, 31]. 
Athletes may report such symptoms following an 
attempt to perform a jump from a position of ipsi-
lateral, single leg stance, with patients complain-
ing of medial thigh and adductor weakness soon 
after [22, 32]. Such weakness is almost always 
incomplete secondary to the dual innervation of 
the adductor longus (femoral n) and adductor 
magnus (sciatic nerve) musculature, respectively 
[33, 34].

Ipsilateral loss of the hip’s adductor reflex is 
also suggestive, but not diagnostic, of entrapment 
neuropathy. As this reflex is naturally absent in 
many individuals, both extremities must be 
tested, with an absence of the reflex in the effected 
extremity while simultaneously present in the 
contralateral extremity, diagnostic of obturator 
pathology [31]. Finally, in rare cases of long-
standing entrapment neuropathy, clinicians may 
appreciate a noticeable weakness in the adduc-
tion of the effected extremity. This finding mani-
fests as a circumducting, wide-based gait, with 
the affected hip held in a position of abduction 
and external rotation [8, 30, 35].

Several physical exam tests have also been 
described in the context of suspected adductor 
neuropathy. Patients will often experience pain 
with a pectineal muscle stretch, a maneuver elicit-
ing pain with passive external rotation and abduc-
tion of the effected hip or resisted hip internal 
rotation [13]. Forced hip abduction may also elicit 
the Howship-Romberg’s sign, in which medial 
knee pain is induced with progressive hip abduc-
tion, extension, and internal rotation [36, 37].

 Diagnostic Imaging

While imaging is a critical part of correctly diag-
nosing obturator entrapment neuropathy, it is cru-
cial to maintain a working differential at all times 
throughout the examination process. In this way, 
clinicians will not blindly rely on advanced 
 imaging to arrive at a diagnosis but rather will 
incorporate such tests as a method of confirming 
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and excluding other potential etiologies of groin 
pain that were part of their initial differential.

As with any orthopedic injury, routine evalua-
tion begins with appropriate plain-film radiography. 
Especially in the setting of a questionable history of 
trauma, an AP view of the pelvis along with dedi-
cated imaging of the affected hip should be obtained 
to rule out bony processes such as occult fracture as 
a possible etiology of symptoms.

In the setting of true isolated obturator neu-
ropathy, plain films will be nondiagnostic. In set-
ting of appropriate history and physical exam, 
EMG represents an inexpensive logical next step 
in diagnostic testing. In one series of athletes 
treated for obturator entrapment neuropathy, 
chronic denervation of the adductor longus and 
adductor brevis on EMG was reported as the 
most significant diagnostic finding in patients 
ultimately diagnosed with compressive obturator 
neuropathy, with all 29 diagnosed patients in the 
series demonstrating EMG evidence of such 
denervation [13]. These findings are commonly 
manifested as fibrillation potentials or high-
amplitude complex motor unit potentials of a 
long duration [8]. Further, following surgical 
release of obturator compression, repeat EMGs 
of this patient cohort at 6 weeks and 12 months of 
follow-up demonstrated resolution of such 
changes, [13] further supporting the use of EMG 
for both initial diagnosis and tracking progres-
sion following treatment of obturator 
neuropathy.

Post-compression changes on diagnostic 
ultrasound have also been described in the set-
ting of obturator entrapment neuropathy. 
Assessment will often reveal localized edema 
proximal to the site of compression along with 
atrophy and regressive changes in the distal 
musculature supplied by the anterior division of 
the nerve [5]. While not always visible, a recent 
study reported that the anterior division of the 
obturator nerve is detectable by ultrasound in 
85% of patients surveyed. The divisions of the 
obturator are notably flat on ultrasound evalua-
tion, with median anterior-posterior and medial 
to lateral dimension ratios of 0.32 and 0.18, 
respectively, representing the flattest peripheral 
nerves described in ultrasound evaluation of the 

lower extremity [14]. A recent correlative cadav-
eric study defined a hyperechoic triangular area 
bordered by the pubic ramus along with the 
femoral artery and vein that predictably allowed 
for localization of the obturator nerve’s anterior 
division [38].

Following EMG and/or ultrasound evalua-
tion, individuals are routinely sent for MRI 
should the diagnosis remain in question. By 
obtaining an MRI, clinicians are able to screen 
for other causes of athletic pain such as fracture, 
[39] tendinous avulsion, [40–43] or intrapelvic 
masses [16, 44]. Upon MRI evaluation, the ante-
rior branch of the obturator nerve is quickly 
found traversing the fat between the adductor 
longus and brevis. In the coronal plane, MRI 
will enhance the nerve as a thin, hypo-echoic 
cord within abundant epineural fat. The nerve is 
easily followed as it descends vertically to travel 
posteromedial to the psoas muscle. At the obtu-
rator canal, axial imaging is the preferred 
method of nerve localization. It is often difficult 
to clearly visualize the distal branching of the 
obturator anterior division. This is especially 
true in the setting of a younger, muscular patient, 
due to the relative lack of intramuscular fat adja-
cent to the epineurium [45].

Often no specific MRI findings are present on 
evaluation of the anterior division of the sciatic 
nerve as it emerges both from the obturator fora-
men and more distally in the thigh. MRI may 
reveal atrophy of the muscles supplied by the 
nerve, suggestive of longer-standing compressive 
pathology [22, 32]. Such changes are best visual-
ized with the assistance of fluid-sensitive 
sequences [45].

It is important to differentiate between obtu-
rator denervation and more commonly found 
straining of the adjacent musculature. This dis-
tinction is best drawn by the more focal con-
centration of signal localized around muscle 
origins in the setting of muscular strain, along 
with relative sparing of the obturator externus 
[45]. More diffuse denervation changes can 
also be appreciated in the obturator nerve in 
the setting of osteitis pubis, especially follow-
ing surgical procedures performed in the lithot-
omy position [46].
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Bone scan will often demonstrate a mild 
increase in uptake at the level of the pubic ramus, 
coinciding with the origin of the adductor longus 
or brevis. It is unclear if this finding is representa-
tive of obturator compression itself or concomi-
tant strain and irritation to the surrounding 
musculature [22].

 Other Tests for Detection 
of Obturator Neuropathy:  
Nerve Block

An obturator nerve block can also be attempted as 
both a diagnostic and therapeutic approach to the 
patient exhibiting signs of compressive obturator 
neuropathy. Obturator nerve block is commonly 
used as a postoperative supplement to femoral 
nerve block in the setting of lower extremity pro-
cedures such as total knee arthroplasty [47, 48]. 
The reported success of obturator nerve blockade 
varies widely in the literature, with current success 
rates varying widely depending on technique 
employed [49, 50]. Clinically, accurate placement 
of a nerve block is presumed with resultant pares-
thesias in the anterior branch of the obturator nerve 
sensory division along the distal medial thigh [13].

Probably the most compelling argument for 
incorporation of a nerve block as part of patient 
assessment is the ability to predict resolution of 
symptoms following surgical release. The results 
of such localized anesthesia are especially impor-
tant in the setting of a patient with a secondary, 
coexisting etiology of pain such as a hernia or 
adductor strain. Indeed, incomplete resolution of 
symptoms following a well-performed obturator 
nerve block should serve a clue that further evalu-
ation is needed to rule out a coexisting source of 
pain. Further, while no long-term studies of their 
efficacy exist in the context of obturator-related 
pathology, similar “pubic cleft” injections have 
been demonstrated to result in favorable outcomes 
in the setting of other causes of chronic pain [25].

 Surgical Treatment

In the acute setting, initial management of such 
injuries includes rest and activity modification 
along with a course of oral anti-inflammatory 

medications. In addition to formal physical ther-
apy, secondary modalities such as massage, 
stretching, and myofascial manipulation are also 
encouraged in the setting of acute injury. 
Sorenson et al. reported favorable outcomes with 
such conservative treatment of patients present-
ing soon after the acute onset of obturator neuro-
pathic symptoms [15]. However, as with more 
common compressive neuropathies in other parts 
of the body, literature suggests that conservative 
treatment has a limited role once a definitive 
diagnosis of obturator entrapment has been estab-
lished [4, 8, 13, 22].

Ultimately, when confronted with a patient 
with electrodiagnostic evidence of decreased 
nerve conduction velocity, the role of the treating 
physician is to relieve the compression to allow 
for the best chance of recovery. Surgery is con-
sidered in those with prolonged, non-relenting 
symptoms along with either demonstrated EMG 
changes or positive response to obturator nerve 
block [4, 8, 13, 22].

To perform a release, an oblique incision 3 cm 
in length is centered over the lateral border of the 
adductor longus approximately 1 cm distal to the 
pubic tubercle [13]. The saphenous vein is identi-
fied and protected with the fascia overlying the 
adductor longus opened. Blunt dissection is then 
employed to develop the space between the 
adductor longus and pectineus and the deep 
adductor brevis muscle mass. The thick fascial 
layer lying in this interval is carefully opened and 
the anterior division of the nerve identified. 
Careful in-line dissection is then employed to 
trace the nerve proximally to its position in the 
obturator foramen with cautery used to coagulate 
any traversing vessels encountered during dissec-
tion. If any branches of the MFCA are encoun-
tered, it is crucial to divide these branches with 
proximal dissection as it has been hypothesized 
that these structures play a vital role in maintain-
ing the thick fascial layer implicated in obturator 
entrapment [4, 8]. Once identified within the 
obturator foramen, blunt dissection is used to 
remove an excess fat that may contribute to com-
pression of the anterior branch of the obturator 
nerve prior to its descent inferiorly toward its ter-
minal branches.

Harvey describes three main sites of potential 
bleeding when performing a decompression of 
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the anterior branch of the nerve, all secondary to 
the close relationship of the nerve to surrounding 
vasculature as it courses inferiorly in the lower 
extremity [4]. The first and most problematic site 
is due to the aforementioned branches of the 
MFCA at the level between the adductor longus 
and pectineus. It is here that these branches 
undergo their final bifurcations prior to forming 
the terminal supply to the surrounding muscula-
ture. Bleeding in this area is best avoided by 
ensuring dissection remains deep to the pectineus 
muscle, with the MFCA maintaining a course 
that is superficial and transverse to this muscle 
mass. The second potential site of bleeding is 
encountered with more distal dissection of the 
fascial layer enclosing the obturator nerve. This 
area often proves less problematic as vascular 
anatomy here can be quite variable. However, 
dissection should be advanced cautiously with 
immediate coagulation of any traversing vessels 
to avoid unnecessary bleeding. Lastly, the final 
site of bleeding is localized to the level of the 
obturator foramen where numerous anastomotic 
connections exist between the MFCA and the 
obturator vasculature. In addition to numerous 
venous tributaries, the obturator artery can also 
be encountered in this area within the obturator 
canal. However, as this tends to be a deeper struc-
ture, the area remains relatively safe for remov-
able of any obstructing fat with careful, blunt 
dissection.

 Outcomes

Measured outcomes of surgical neurolysis of the 
anterior branch of the obturator nerve are rela-
tively rare in current literature. Fortunately, the 
largest reported outcome study of 29 patients 
reported excellent results in all patients following 
the surgical technique described above [13]. In 
this series, patients were divided into three groups 
based on presentation. Group I was composed of 
24 patients who demonstrated symptoms of com-
pressive obturator neuropathy with no known 
history of prior trauma or surgical intervention. 
These patients had uniformly good results fol-
lowing surgical neurolysis. Group II met the 
same initial criteria as Group I but were found to 
have concomitant direct inguinal hernia at the 

time of surgical evaluation. In addition to neu-
rolysis, these patients were also treated with con-
current hernia repair. Finally Group III consisted 
of three patients with a history of previous groin 
surgery (adductor tenotomy, symphyseal curet-
tage, and femoral nerve exploration) prior to 
development of obturator-related symptoms. In 
all three cases, vast amounts of scar tissue were 
encountered with successful resolution of symp-
toms reported for all three patients following sur-
gical neurolysis.
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Ischiofemoral Impingement

Juan Gómez-Hoyos and Hal D. Martin

 Introduction

The development of posterior hip pain in a non-
arthritic hip is related to the structural anatomy 
and kinematics of the entire biomechanical axis. 
The impact of different phases of gait on dynami-
cally changing different bony spaces around the 
hip joint should be harmonious in normal condi-
tions. When anatomy and kinematics are dis-
torted, impingement and/or instability could be 
generated depending upon the specifics of the 
problem. Ischiofemoral impingement (IFI) likely 
represents one of the most common and unfortu-
nately overlooked causes of posterior hip pain.

A rubbing mechanism between the ischium 
and the lesser trochanter could lead to the devel-
opment of quadratus femoris edema, hamstring 

origin tendonitis/tears, sciatic nerve entrapment, 
and disabling symptoms.

IFI is a recently described condition, and little 
demographic data of this problem is currently avail-
able. A recent meta-analysis by Singer et  al. [1] 
reported 166 cases of IFI from four studies. Female 
patients were predominant (142), and the mean age 
was 50.8 years (SD ±12.7). Reports of IFI in pediat-
ric population have been also published [2–5].

Patients with suspected IFI require a compre-
hensive history, clinical evaluation, and radio-
logic assessment. The best therapeutic options 
range between physical therapy and surgical pro-
cedures depending on the cause of the impinge-
ment and response to conservative measures.

 Anatomy

The quadratus femoris muscle is a flat and quad-
rilateral muscle, situated along the posterior 
aspect of the hip joint. It originates on the ante-
rior border of the ischial tuberosity and inserts on 
the posteromedial aspect of the proximal femur. 
The quadratus femoris muscle is bordered by the 
obturator externus muscle anteriorly, sciatic 
nerve posteriorly, inferior gemellus superiorly, 
and adductor magnus inferiorly. As defined by 
Torriani et al. [6], the ischiofemoral space (IFS) 
is the smallest distance between the lateral cortex 
of the ischial tuberosity and the medial cortex of 
the lesser trochanter, and the quadratus femoris 
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space (QFS) is the smallest space of passage of 
the quadratus femoris muscle delimited by the 
superolateral surface of the hamstring tendons 
and the posteromedial surface of the iliopsoas 
tendon or lesser trochanter (Fig. 12.1).

Within the ischiofemoral space, the sciatic 
nerve shares the same spatial location with the 
lesser trochanter, which is separated from the sci-
atic nerve by the quadratus femoris muscle [7]. 
The proximal insertion of the semimembranosus 
muscles at the lateral aspect of the ischium also 
shares the same anatomic spatial location within 
the ischiofemoral space  (Fig. 12.2) [8].

Another anatomic structure worth mentioning 
is the distal insertion of the iliopsoas tendon on 
the lesser trochanter, which can be detached 
when decompressing ischiofemoral impingement 
by lesser trochanterplasty [9].

More anatomic details of the deep gluteal 
space are presented in Chap. 1.

IT

QFM

SM

B-ST

6
5
4
SN

GM

3

2

1

ITB

Fig. 12.1 Cranial view of an axial section at the level of 
the ischiofemoral space and surrounding structures. ITB 
iliotibial band, QFM quadratus femoris muscle, SM semi-
membranosus, B-ST conjoined tendon (biceps femoris 
and semitendinosus), IT ischial tuberosity, GM gluteus 
maximus, SN sciatic nerve, APCFA ascending posterior 
circumflex femoral artery, PFCN posterior femoral cuta-
neous nerve, IGA-N inferior gluteal artery and nerve

Fig. 12.2 Posterior 
view to the deep gluteal 
space in a 65-year-old 
male cadaver. The femur 
is in neutral position 
showing the normal 
ischiofemoral space  
(solid line). ST 
sacrotuberous ligament, 
PM piriformis muscle, 
Gm gluteus medius, OI 
obturator internus 
muscle, SN sciatic nerve, 
QF quadratus femoris 
muscle  (partially 
resected in order to 
show the lesser 
trochanter), GT greater 
trochanter, PT psoas 
tendon insertion, LT 
lesser trochanter, IT 
ischial tuberosity, HT 
hamstring tendon, VL 
vastus lateralis
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 Definition

IFI was first described by Johnson in 1977 [10]. 
He stated that a pain that persists in a hip after an 
otherwise successful hip replacement might be 
due to a “pinching” of soft tissues between bone 
prominences. He described three cases of patients 
who had painful impingement between the lesser 
trochanter and the ischium and who were relieved 
of their pain by excision of the lesser trochanter 
(Fig.  12.3). After the first description, IFI has 
been reported in a number of patients with no 
previous history of surgery [11].

In his first description, Johnson proposed that 
the lesser trochanter and the ischium are within 
two centimeters of each other in normal condi-
tions when the hip is in slight adduction, external 
rotation, and extension [10]. However, normal 
ischiofemoral space values (IFS) remain 
controversial.

Torriani et al. reported the first study about the 
definition of normal ischiofemoral space. They 
measured the IFS and quadratus femoris space  
(QFS) on magnetic resonance images (MRI) of 
12 hips in nine patients with hip pain and abnor-
mal MRI signal intensity of the quadratus femo-
ris muscle. Data were compared with 11 hips in 
ten control subjects. A significantly narrower IFS 
and QFS in patients with quadratus femoris 
edema when compared with control subjects 

were found (13 ± 5 vs. 23 ± 8 and 7 ± 3 vs. 12 ± 4, 
respectively). Additionally, ROC cutoff values to 
detect affected subjects were reported as ≤17 mm 
for IFS and ≤ 8 mm for QFS [6]. Torriani’s cutoff 
values are now commonly used in order to deter-
mine whether a patient has abnormal IFS or QFS. 
However, the ischiofemoral space (IFS) should 
be understood dynamically and related to gait. A 
normal gait pattern would allow the proximal 
femur moving from flexion to extension without 
any conflict with the lateral part of the ischium. 
An impingement could occur if normal gait pat-
terns are disturbed from different causes. 
Abnormal frontal plane drift of the pelvis, 
increased leg adduction, and/or increased exter-
nal rotation during gait will narrow IFS.

Although MRI has been traditionally used to 
evaluate IFS and QFS dimensions, a recent study 
used diagnostic ultrasound to measure the dimen-
sions of the IFS during varying degrees of femo-
ral abduction-adduction and internal-external 
rotation [12]. The results of the study suggested 
that femoral positions significantly affect IFS 
dimensions, with the narrowest dimension occur-
ring during femoral adduction and external rota-
tion and the widest occurring with the femoral 
abduction and internal rotation.

Apart from measuring IFS and QFS and iden-
tifying quadratus femoris edema, new criteria 
based on measurements of these spaces have 

Fig. 12.3 Original case 
published in 1977 by 
Kenneth Johnson. Left. 
Radiograph made after 
total hip arthroplasty 
showing enlarged lesser 
trochanter (white arrow). 
Right. Radiograph made 
after a lesser 
trochanterplasty (white 
arrow)
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recently been suggested. However, because these 
measurements are position-dependent, full-
range-of-motion imaging techniques are sup-
posed to increase the diagnostic yield. By 
evaluating through a range of motion using MRI, 
Springer et al. [13] detected a case of impinge-
ment involving the ischial tuberosity and greater 
trochanter. They propose that range-of-motion 
MRI can improve diagnostic accuracy of extra-
articular hip impingement.

Further studies are warranted to expand and 
improve the definition of ischiofemoral impinge-
ment, as the measurement of the described spaces 
could be affected by a number of factors such as 
race, age, sex, and height of the patient.

 Etiology

The combination of static and dynamic factors 
impacts the complex mechanics of the hip joint. 
Abnormalities in hip morphology can reduce 
range of motion. Structural issues around the 
proximal femur or ischium and their influence on 
native hip range of motion have been poorly stud-
ied. A recent study about the effect of angular 
deformities of the proximal femur on impinge-
ment-free hip range of motion used a three-
dimensional model to simulate incremental 
deformation of the proximal femur. They found 
that when increasing neck-shaft angles (≥135°) 
and femoral torsion (≥25°), ischiofemoral 
impingement occurred [14].

In native hips, IFI has been discussed as a 
result of marked coxa valga deformities [15]. 
These suggestions are supported by specific MRI 
findings in severe coxa valga deformities, with a 
close relationship between the lesser trochanter 
and the ischial tuberosity together with a typical 
signal alteration within the quadratus femoris 
muscle [6]. Furthermore, other authors have sug-
gested excessive femoral antetorsion and other 
changes in pelvic anatomy in patients with IFI 
[16]. Gómez-Hoyos et al. [17] assessed the femo-
ral neck version (FNV) and the lesser trochanter 
version (LTV) in 11 patients with confirmed 
diagnosis of IFI.  No difference was found in 
mean LTV between groups (−23.6° vs. −24.2°; 

P = 0.8; 95% CI, −7.5 to 6.4); however, the mean 
FNV (21.7° vs. 14.1°; P = 0.02; 95% CI, −14.2 to 
−1.1) was higher in symptomatic than in asymp-
tomatic patients, with statistical significance.

Oliveira et al. [18] recently found no narrow-
ing of the IFS after total hip replacement in 250 
cases; however a femoral component abnormally 
anteverted could help explain iatrogenic IFI after 
a hip prosthesis.

Apart from anatomic abnormalities, space-occu-
pying lesions could also produce IFI symptoms. 
Spencer-Gardner et  al. [19] reported ten cases of 
ischiofemoral impingement related to ischial tuber-
osity nonunion/malunion. All cases underwent sur-
gery and showed functional improvement during a 
2-year follow-up. Other similar cases have been 
reported in young athletes [20].

Similarly, bone or soft tissue tumors could 
narrow the IFS and generate symptoms. 
Secondary IFI due to a solitary or bilateral bone 
exostosis is a rare cause; however this diagnosis 
is probably one of the most common musculo-
skeletal tumors linked to narrowing of the ischio-
femoral space. In 20–45% of the patients, IFI is 
bilateral or occurs in young people, supporting 
the hypothesis of predisposing congenital nar-
rowing of the IFS [4, 21, 22].

Yoong et al. [23] performed an MRI case-con-
trol study to assess whether there is a significant 
difference in the ischiofemoral impingement 
space in patients with multiple hereditary exosto-
sis (MHE) affecting the proximal femur com-
pared to normal subjects. After analyzing 42 hips, 
they found a significant difference in the mini-
mum ischiofemoral space in individuals with 
multiple hereditary exostosis (mean, 10.7  mm, 
ranging from 0 to 21 mm), compared to a control 
group (mean, 18.1  mm, ranging from 10.5 to 
26.5 mm). Features suggestive of IFI were seen 
in 62% of hips in the MHE group as compared 
with 0% in the control group.

Soft tissue problems associated with IFI have 
also been reported. Papoutsi et al. [24] described 
an unusual case of ischiofemoral impingement 
caused by an intermuscular lipoma. Surgical 
resection of the tumor and histology confirmed 
the lipomatosus nature of the tumor with subse-
quent resolution of the symptoms.
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The ischiofemoral space should be understood 
as a gait-related dynamic area with several con-
tributing factors. As an example, one of the 
patients reported by Ali et al. [25] had an abnor-
mal gait as the underlying cause of ischiofemoral 
narrowing. The gait abnormality in this 48-year-
old woman resulted from abductor dysfunction, 
thereby putting the quadratus femoris at risk of 
impingement because of the resultant adduction 
during gait.

A list of potential etiologies and predisposing 
factors of ischiofemoral impingement is pre-
sented in Table 12.1.

 History and Clinical Findings

The clinical presentation of IFI can vary, but the 
most common symptom is posterior hip pain lat-
eral to the ischium deep into the gluteal space. 
Likewise, these patients may refer a snapping 
phenomenon and/or a variety of sciatic-like 
symptoms that spread down the leg, because of 
the proximity of the quadratus femoris muscle 
with pressure and irritation effect on the sciatic 
nerve (Fig. 12.2) [26].

Patients with sciatic nerve entrapment often 
have a history of trauma and symptoms of sit pain 
(inability to sit for >30 min), radicular pain of the 

lower back or hip, and paresthesias of the affected 
leg [27]. The coexistence of IFI and sciatic nerve 
problems should be considered.

Impingement between the lesser trochanter 
and ischium can be easily unnoticed regarding 
the complex anatomy of the deep gluteal space 
and the general similarities in clinical presenta-
tion for other causes of posterior hip pain. In a 
case series, Hatem et  al. [28] documented that 
patients with IFI had 29.2 months (range, 16.6–
59.3) of duration of symptoms on average.

Because of the pathologic narrowing of the 
ischiofemoral space, an abnormal stress between 
the lateral part of the ischium and the posterome-
dial part of the lesser trochanter leads to inflam-
mation and posterior hip pain that can be 
reproduced on physical examination.

The original description of IFI proposed that 
the pain could be reproduced by having the hip in 
extension, adduction, and external rotation; how-
ever, no validated clinical tests were available 
until 2016, when Gómez-Hoyos et  al. [29] 
reported the accuracy of two clinical tests for 
ischiofemoral impingement in patients with pos-
terior hip pain and endoscopically confirmed 
diagnosis.

The IFI test is performed with the patient in a 
lateral position (Fig.  12.4). The examiner pas-
sively takes the patient’s hip into extension. The 
IFI test is intended to provoke impingement in 
extension with a neutral or adducted hip (re-cre-
ating the posterior pain lateral to the ischium) and 
relieves the impingement pain in extension with 
an abducted hip. This test has a sensitivity of 
0.82, specificity of 0.85, positive predictive value 
of 0.88, negative predictive value of 0.79, posi-
tive likelihood ratio of 5.35, negative likelihood 
ratio of 0.21, and diagnostic odds ratio of 25.6.

The long-stride walking (LSW) test is expected 
to provoke impingement between the lesser tro-
chanter and ischium in terminal hip extension 
when the patient walks (Fig. 12.5). The findings 
of this test are considered positive if the posterior 
pain is reproducible lateral to the ischium during 
extension with long strides, whereas pain is alle-
viated when walking with short strides or abducted 
gait. This test had a sensitivity of 0.94, specificity 
of 0.85, positive  predictive value of 0.89, negative 

Table 12.1 Potential etiologies and predisposing factors 
of ischiofemoral impingement [26]

1. Primary or congenital (orthopedic disorders):
  1.1. Coxa valga
  1.2. Prominence of the lesser trochanter
  1.3. Congenital posteromedial position of the femur
  1.4. Larger cross section of the femur
  1.5. Abnormal femoral anteversion
  1.6. Coxa breva
  1.7. Variations of the pelvic bony anatomy
2. Secondary or acquired:
  2.1. Functional disorders
      (a) Hip instability
       (b) Pelvic and spinal instability
       (c) Abductor/adductor imbalance
  2.2. Ischial tuberosity enthesopathies
  2.3. Traumatic, overuse, and extreme hip motion
  2.4. Iatrogenic causes
  2.5. Tumors
  2.6. (genu valgum, leg discrepancy, pronated foot)

12 Ischiofemoral Impingement
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predictive value of 0.92, positive likelihood ratio 
of 6.12, negative likelihood ratio of 0.07, and 
diagnostic odds ratio of 88.8.

In patients with other associated problems 
such as hamstring syndrome and/or sciatic nerve 
entrapment, other symptoms can be added.

The differential diagnosis of posterior hip pain 
can be localized to proximal or distal regions. 
Those producing distal sciatic nerve impinge-
ment have different complaints from those who 
exhibit pain with walking or sitting. An example 
of pain exacerbated by sitting can include driv-
ing; when the hip is in 30° flexion, the hamstrings 
(semimembranosus) show a different force vec-
tor angle in comparison with 90° activation. 
Activities holding the hip in 30° hip flexion can 
reproduce SN complaints when the hamstrings 
are activated. Conversely, patients with IFI are 
more comfortable sitting; however walking dur-
ing terminal hip extension when the space 
between ischium and the lesser trochanter is 
diminished exacerbates the pain [7, 30]. This 
diminished space is the location of the SN. If the 
normal biomechanics of this space is disrupted, 
the SN has the dynamic potential to be impinged.

U
IT

Fig. 12.4 The IFI test is performed with the patient in the 
contralateral decubitus position and taking the affected hip 
into passive extension. The findings of this test are consid-
ered positive when the symptoms are reproduced in adduc-
tion or the neutral position, whereas extension with abduction 
does not reproduce the symptoms. IT ischial tuberosity

a b

Fig. 12.5 The long-stride walking test intended to pro-
voke impingement between the lesser trochanter and 
ischium during extension of the hip. The findings of this 
test are considered positive if the posterior pain is repro-

ducible and the patient grabs the affected hip lateral to the 
ischium during extension (a) while pain is alleviated when 
walking with short strides (b)
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The influence of limited hip range of motion 
on spine mobility and function has been shown as 
one of the causes of chronic low back pain. 
Patients with IFI may present associated symp-
toms of low back pain due to the limited hip 
extension. This clinical observation was con-
firmed by Gómez-Hoyos et al. [31] in a cadaveric 
study. Limiting hip extension by decreasing the 
ischiofemoral space resulted in significant 
increased facet joint pressure of the lumbar spine 
(L3–L4 and L4–L5). A complete physical exami-
nation of the hip must comprise a lumbar spine 
evaluation; in the same way, cases of low back 
pain should also include a hip evaluation.

 Imaging Diagnosis

The standard imaging studies include the stand-
ing anterior-posterior pelvis, false profile, and 
lateral images. There are no specific radiographic 
findings for IFI. The IFS narrowing on anterior-
posterior pelvic radiographs could lead to error, 
as the lesser trochanter is posterior to the ischial 
tunnel. Although false profile images are sug-
gested to be useful for determining a narrow 

ischiofemoral space  (Fig. 12.6), hip and pelvic 
radiographs are mainly utilized for diagnosing 
osseous abnormalities that may cause acquired 
IFI such as multiple exostosis, lesser trochanter 
malunion, and/or idiopathic narrowing of the 
ischiofemoral space  (Fig. 12.7) [26].

Ultrasound has been traditionally used for 
identifying the presence of quadratus femoris 
edema within the IFS in patients with suspected 
IFI. However, in a recent study Finnoff et al. [12] 
used ultrasound to assess changes in IFS dimen-
sions with femoral internal and external rotation 
and with adduction and abduction. Femoral posi-
tion significantly changed the IFS dimensions. 
The widest IFS dimension occurred with femoral 
abduction and internal rotation (mean 51.8 mm; 
range 49.2–54.5 mm), and the narrowest with hip 
adduction and external rotation (mean 30.8, 
range 25.5–36.0 mm). Although this study pro-
vides valuable information regarding the rela-
tionship between hip position and IFS dimensions, 
the authors did not provide evidence that 
 ultrasound could accurately measure the IFS. One 
year later, Finnoff et  al. [32] published a new 
study aiming to determine whether ultrasound 
could accurately measure the IFS dimensions 
when compared with the gold standard imaging 
modality of MRI (Fig. 12.8). They found the IFS 
measurements obtained with ultrasound to be 
similar and not statistically different to those 
obtained with MRI (29.5  mm, SD 4.99 vs. 
28.25 mm SD 5.91).

Fig. 12.6 False profile hip radiograph in a 56-year-old 
female with symptomatic ischiofemoral impingement. 
Observe the narrowing of the ischiofemoral space (white 
arrow). This case was confirmed by performing an 
MRI. Radiographs have not been validated for measuring 
the ischiofemoral space

Fig. 12.7 Anteroposterior radiograph of the pelvis in a 
63-year-old female. A diminished ischiofemoral space is 
seen on the left hip (red circle) as compared with the right 
side (blue circle)
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In spite of new evidence showing ultrasound 
techniques being useful for measuring IFS, MRI 
remains as the gold standard for imaging assess-
ment of patients with suspected IFI.

Before we assess the ischiofemoral space on 
MRI, all intra-articular and intrapelvic sources of 
posterior hip pain should be ruled out.

The patient positioning is important for IFI 
assessment when using MRI. The feet are secured 
in a neutral walking position, which will most 
closely simulate a dynamic assessment of the 
ischiofemoral space. If the feet are not secured in 
this functional position, a false impression of 
decreased ischiofemoral space could occur. The 
assessment of the semimembranosus and its ori-
entation to the lateral ischium is best visualized 
on T2 axial or T2 coronal MRI. This view allows 
for the detection of a partial tear or undersurface 
tears of the semimembranosus [33].

Width measurements of two spaces at the 
ischiofemoral region were both initially described 
by Torriani et  al. [6] as the smallest distance 
between the lateral cortex of the ischial tuberos-
ity and medial cortex of the lesser trochanter 
(IFS), and the smallest space for passage of the 
quadratus femoris muscle delimited by the super-
olateral surface of the hamstring tendons and the 

posteromedial surface of the iliopsoas tendon or 
lesser trochanter (QFS), Fig. 12.9.

To date, Torriani et  al. [6] cutoff values 
(IFS ≤ 17 mm and QFS ≤ 8 mm) for helping to 
diagnose ischiofemoral impingement are widely 
utilized. Nonetheless, several authors are still try-

Posterior

Gluteus maximus

Hamstrings

Ischium

Ischiofemoral space

Femur

Lateral

Quadratus
femoris muscle

Fig. 12.8 Ultrasound 
image of the 
ischiofemoral space. A 
curved transducer was 
placed over the posterior 
part of the hip in a 
healthy volunteer. 
Observe the close 
relationship between the 
quadratus femoris 
muscle and the 
ischiofemoral space

Fig. 12.9 T2 MRI of the right hip with narrow ischiofe-
moral space  (solid white line) in a 54-year-old female. 
IFS is defined as the smallest distance between the lateral 
cortex of the ischial tuberosity and medial cortex of the 
lesser trochanter (8 mm in this case). Observe an associ-
ated hamstring origin tendon avulsion (asterisk). F femur, 
LT lesser trochanter, QF quadratus femoris muscle (with 
edema), IT ischial tuberosity, SM semimembranosus, CT 
conjoined tendon, GM gluteus maximus
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ing to find a reliable way to measure IF spaces in 
order to be more accurate in differentiating nor-
mal from abnormal.

Ozdemir et al. [34] performed a study in order to 
make normative width measurements of the IFS in 
an asymptomatic population and to record the soft 
tissue MRI signal variations within the IFS in order 
to determine whether such variations are associated 
with IFS dimensions. They included 418 1.5T hip 
MRI from 209 asymptomatic volunteers. They 
found a mean IFS width of 2.56 ± 0.75 cm (right, 
2.60 ± 0.75 cm; left, 2.53 ± 0.75 cm). Soft tissue 
MRI signal abnormalities were present within the 
IFS in 19 (9.1%) of 209 volunteers. Soft tissue 
abnormalities within the IF space included edema 
(3/209, 1.4%) of the QF and/or surrounding soft tis-
sue and fatty infiltration (16/209, 7.7%) of the QF.

Although the previous study reported that not 
all patients with QF edema have ischiofemoral 
impingement, MRI images which show QF edema 
and atrophy should prompt the health provider to 
check for IFS narrowing [35]. Narrowing of the 
ischiofemoral and QF spaces can compress the 
quadratus femoris muscle causing edema and atro-
phy. On the other hand, QFM edema and fatty 
infiltration can cause narrowing of these spaces.

Apart from QF edema, other associated MRI 
abnormalities such as bone marrow edema, ham-
string tendonitis, ischial bursitis, and sciatic 
nerve irritation can also be identified [26].

IFI is a dynamic problem not based on imag-
ing assessment. Diagnosis should be made cor-
relating imaging to physical examination 
assessing all anatomical and functional layers.

 Nonoperative Treatment

Conservative treatment is often advisable for IFI 
and typically consists of activity modification (such 
as teaching the patient to restrict the length of the 
stride), anti-inflammatory medication, abductor 
strengthening, core strengthening, and hip-motion 
exercises. The physical therapy program should be 
individualized on the basis of factors such as ath-
letic demands, restriction in range of motion, and 
objective weakness in muscle strength. The inter-
vention strategy for those with IFI is directed to 
rebalance the muscle-articular functioning of the 

hip/pelvis and spine through soft tissue mobiliza-
tion, stretching and strengthening exercises, and 
aerobic conditioning. A patient with ischiofemoral 
impingement due to abductor weakness should get 
complete relief after a personalized physical ther-
apy program directed to recover abductor strength 
and gait balance. Cases that involve hyperprona-
tion, orthotics can be utilized.

Imaging-guided injections are used as a diag-
nosis tool and treatment alternative (see Chap. 6). 
For those with suspected IFI, the utilization of 
injections can help to differentiate the source of 
pain from other diagnosis, when correctly admin-
istered at the structure under investigation, pro-
ducing relief of pain [7, 36].

Ultrasound-guided corticosteroid injection of 
the quadratus femoris has shown promising results 
as an effective treatment of IFI syndrome. Backer 
et al. [37] reported mild to good relief in 100% of 
a case series. However, location of pain may no 
longer be in the IFS, but be transfered proximally.

Case reports have been published about ultra-
sound-guided botulin toxin and polydeoxyribo-
nucleotide sodium injection within the 
ischiofemoral space [38, 39]. Caution is advised 
when using these therapies as no enough evi-
dence supports their utilization.

 Operative Treatment

In the event that a patient does not achieve pain 
relief with conservative treatment, surgical inter-
vention is considered. The surgical treatment cho-
sen will depend on both the clinical diagnosis and 
imaging evaluation and to the patients’ response 
to targeted injections during the conservative 
treatment stage. The goal of surgery is to restab-
lish a normal distance, wich may not require a 
complete resection of the lesser trochanter.

Decompression of the ischiofemoral space 
can be achieved by performing a lesser trochan-
terplasty [40, 41], an ischioplasty [42], or both 
when necessary.

The surgical treatment options can involve 
open and/or endoscopic techniques to restore the 
normal anatomy [28, 43]. Posterior approach to 
perform lesser trochanterplasty is safer to avoid 
medial circumflex artery. See Chap. 1.
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The full endoscopic procedure is performed 
similar to Hatem et al. [28]. The patient is placed 
supine on a traction table with 20° contralateral 
tilt. Three portals are used: anterolateral, pos-
terolateral, and auxiliary distal at level of lesser 
trochanter, as seen in Fig.  12.10. Traction is 
used for a maximum of 15 min, while the intra-
articular space was arthroscopically examined, 
with the remainder of the procedure performed 
without traction. A 70° high-definition arthro-
scope is used in the anterolateral portal, while 
the posterolateral and auxiliary distal portal are 
primarily used for a probe, arthroscopic burr, 
curved retractors, or arthroscope. Resection of 
the quadratus femoris is necessary to provide a 
window to access the lesser trochanter between 
the medial circumflex femoral artery and first 
perforating femoral artery. Lesser trochanter-
plasty of the posterior one-third (Leaving distal 
piece of QF to avoid vascular damage) is then 
performed to obtain a functionally normal 
ischiofemoral space. Dynamic hip movements 
of adduction-extension and internal-external 
rotation are used to verify the lesser trochanter 
decompression (Fig. 12.11) [28].

Regardless of the resection technique, to 
reduce the size of the lesser trochanter and/or the 
lateral aspect of the ischium could detach the ilio-
psoas and/or hamstring tendons, respectively. 
Gómez-Hoyos et  al. [9] performed a cadaveric 

study in order to describe the exact location of the 
iliopsoas tendon insertion on the lesser trochanter 
clarify the implications of the lesser trochanter-
plasty. They found that a partial or total lesser 
trochanterplasty for increasing the ischiofemoral 
space without detaching partially or entirely the 
iliopsoas insertion is improbable.

The cases presenting with hamstrings avul-
sions in conjunction with IFI can be addressed 
with a combination of ischioplasty and ham-
strings repair or with lesser trochanterplasty. The 
goal is to recreate the standard IFS so as to 
achieve normal terminal hip extension and to 
avoid any kinematic lumbar consequences. 
Identifying and decompressing the SN, which is 
often concomitantly involved, is critical to 
achieving optimal results [33].

An alternative approach is a mini-open surgi-
cal technique, which is assisted by dry endos-
copy and neuromonitoring. The neuromonitoring 
reduces risk of intraoperative nerve damage 
[44–46]. The mini-open transgluteal approach is 
performed with the patient in a prone position. 
The ischial tuberosity and ischiofemoral space 
are identified under fluoroscopy, and an 8  cm 
transverse line is drawn. Ischiofemoral space, 
quadratus femoris muscle, and hamstrings are 
accessed through the gluteus maximus two-
thirds proximal and one-third distal to the 
 muscle (Fig. 12.12) [43].

Auxiliary distal portal

Internal
rotation

Anterolateral portal

LT
GT

Posterolateral portal

Fig. 12.10 Portal placement for endoscopic treatment of IFI. Three portals are used: anterolateral, posterolateral, and 
auxiliary distal at level of lesser trochanter (LT). GT greater trochanter
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a

c

d

b

Fig. 12.11 Endoscopic lesser trochanterplasty. Patient in 
supine on a traction table. (a) The anterolateral (AL) portal 
was used for access to obtain visualization with a 70° high-
definition arthroscope. The posterolateral (PL) portal and aux-
iliary distal portal are used for the introduction of a probe, 
arthroscopic burr, curved retractors, or the arthroscope. (b) 

Fluoroscopic image of the probe for determining the lesser 
trochanter location. (c) Endoscopic view of the lesser trochan-
terplasty by using an endoscopic burr through the posterolat-
eral portal. (d) Fluoroscopic view of the final aspect of the 
femur after resecting the lesser trochanter. GT greater trochan-
ter, LT lesser trochanter, BLT base of the lesser trochanter
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 Postoperative Rehabilitation

Initial postoperative instructions during the first 
4 weeks include crutches and partial weight bear-
ing and neutral hip flexors stretching. Important 
milestones for an adequate postoperative recovery 
are lumbopelvic alignment and stabilization to 
control hip extension and abductor strengthening; 
then, avoiding lower pelvic drop or excessive 
adduction of the lower limb during weight bearing 
[33]. No active lifting of the leg is recommended 
in order to protect for the remaining tendon inser-
tion. Please see neural mobilization in Physical 
Therapy Chapter and Appendix of this book.
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Greater Trochanteric-Ischial 
Impingement

Jeremy A. Ross, Jennifer Marland, 
and Hugh S. West Jr.

 Introduction

Extra-spinal compression of the sciatic nerve 
about the hip has been previously described in 
various conditions including piriformis syn-
drome, deep gluteal syndrome (DGS), and 
ischiofemoral impingement syndrome (IFI) [1]. 
A potential new source for extra-spinal sciatic 
nerve impingement has been described between 
the posterior aspect of the greater trochanter and 
the ischium and may be termed greater trochan-
teric-ischial impingement syndrome (GTII) 
(Fig. 13.1). While there is no clinical data to date 
regarding this entity, anatomic analysis impli-
cates this as a potential site for sciatic nerve 
impingement and posterior hip/buttock pain.

 Anatomy and Biomechanics

The sciatic nerve is comprised of nerve roots 
from the L4-S3 spinal levels which combine to 
form a large multifunction nerve. After passing 
beneath or around the piriformis muscle belly, 

the sciatic nerve exits the greater sciatic foramen 
to enter the deep gluteal space and travel distally 
in the posterior compartment of the thigh. As it 
passes the ischium, it is intimately associated 
with the hamstring tendons and quadratus femo-
ris muscle. Potential sites of extra-spinal sciatic 
nerve compression include the piriformis muscle, 
deep gluteal space, and ischiofemoral space (IFS) 
which have been discussed in previous chapters. 
A new potential site for extra-spinal sciatic nerve 
compression exists between the posterior aspect 
of the greater trochanter and the lateral aspect of 
the ischium, described as greater trochanteric-
ischial impingement (GTII). Compression of the 
sciatic nerve at this site could lead to posterior 
hip pain and symptoms of sciatic nerve entrap-
ment similar to the clinical syndromes previously 
described. This is a distinct clinical entity from 
greater trochanteric-pelvic impingement (GTPI) 
which involves impingement between the medial 
aspect of the greater trochanter and the ilium 
leading to lateral hip pain with no symptoms of 
nerve compression [2].

While no clinical data exists to date on GTII, a 
recently published cadaveric study by Kivlan et al. 
has shed light on the anatomic basis for impinge-
ment of the sciatic nerve at this site [3]. Impingement 
may occur when the hip is flexed, abducted, and 
externally rotated (Fig. 13.2). This study examined 
25 hips from 14 embalmed cadavers to determine 
the presence of impingement in different hip posi-
tions. The hip was brought from 90° of flexion,  

J. A. Ross, MD 
UMass Memorial Health Care, Orthopaedics and 
Physical Rehabilitation, Worcester, MA, USA 

J. Marland, DPT · H. S. West Jr., MD (*) 
Intermountain Healthcare, Department of 
Orthopedics, Murray, UT, USA
e-mail: Jenny.Marland@imail.org;  
Hugh.West@imail.org

13

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-78040-5_13&domain=pdf
mailto:Jenny.Marland@imail.org
mailto:Hugh.West@imail.org
mailto:Hugh.West@imail.org


230

60° of external rotation, and either 30° or 0° of 
abduction into extension to determine the flexion 
angle at which contact between the greater trochan-
ter and ischium occurred (Fig. 13.3).

The data demonstrated contact between 20° 
and 60° of flexion with the hip abducted 30° and 

contact between 52° and 70° of flexion with the 
hip in neutral abduction. Thus, there is greater 
potential for contact between the posterior aspect 
of the greater trochanter and the ischium with 
increased hip abduction as the hip is brought from 
flexion to extension. The study also examined the 

Fig. 13.1 GTII

Sciatic
nerve

Ischial
tuberosity

Greater
trochanter

Fig. 13.2 Greater trochanteric ischial

90º Flexion

90º Flexion
60º External
Rotation

30º Abduction

Moving towards hip
extension

Moving towards hip
extension

0º Abduction

60º External
Rotation

Fig. 13.3 Position 1 describes the hip in 90 of flexion, 
60° of external rotation, and 30° of abduction. Position 2 
varies the position of abduction to 0°. Both positions were 

evaluated for approximation of the greater trochanter and 
ischium as the hip was moved into hip extension
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reliability of the Patrick-FABER test to determine 
contact between the greater trochanter and 
ischium. This physical exam maneuver was found 
to reproduce GTII in 24/25 (96%) specimens. 
Given these data, it is possible that pathologic con-
tact between the greater trochanter and ischium 
may exist in certain hip positions. It is therefore 
plausible that repeated compression of the sciatic 
nerve in this space could lead to posterior hip pain 
in a previously undescribed clinical manner.

 Causes/Risk Factors

While future studies are necessary to validate 
GTII as a condition responsible for extra-articu-
lar hip pain, theoretically individuals may 
impinge during activities where the hip moves 
into extension from flexion while abducted and 
externally rotated (Table 13.1). Other potential 
causes of GTII may be related to structural 
deformities of the hip and pelvis, space occupy-
ing lesions, or iatrogenic structural changes 
(Table  13.2). Coxa vara, femoral version, and 
over medialization of a prosthetic joint have 
been associated with extra-articular impinge-
ment and theoretically may be risk factors for 
GTII due to the close approximation of the 
greater trochanter and the ischium during func-
tional movement. Legg-Calve-Perthes disease 
(coxa plana) may also be implicated in 
GTII.  Alterations in femoral head and neck 
morphology resulting from Perthes include flat-

tening of the femoral head and a short varus 
femoral neck [2]. Both of these bring the greater 
trochanter into closer approximation to the 
ilium and ischium and may lead to posterior 
impingement. Hamstring tendinopathy or avul-
sion fractures at the ischium have been impli-
cated in narrowing the ischiofemoral space. 
Theoretically, these may contribute to GTII, 
impinging the sciatic nerve and/or quadratus 
femoris muscle.

 Clinical Diagnosis/Imaging

GTII is currently a theoretical concept; there-
fore no validated clinical tests exist. Kivlan’s 
current cadaveric study aimed to describe the 
relative hip position between the greater tro-
chanter and the ischium, differentiating GTII 
from IFI. While this has not been studied on 
patients, the findings suggest a model of 
pathomechanics for identifying GTII.  Based 
upon these findings, utilization of the FABER 
test (Fig. 13.4) could possibly be used clinically 
by reproducing pain in the presence of GTII; 
however this has yet to be validated [4].

Diagnostic injections are commonly used to 
confirm or rule out sources of musculoskeletal 
pain. A positive diagnostic injection may be 
beneficial in diagnostic workup for GTII. Due to 
the quadratus femoris space being a shared loca-
tion between IFI and GTII, a positive injection 
would need to be accompanied by other positive 
diagnostic tests to differentiate between these 
two conditions. Magnetic resonance imaging 
(MRI) may have a role in diagnosing GTII by 
identifying edema in the quadratus femoris 
muscle and/or signal irregularity involving the 
sciatic nerve; however, these findings are also 
common in IFI [5, 6]. Following the current 
concepts in IFI, conservative measures are indi-
cated when the IFS is within normal values. 
There is no currently described minimal space 
measure for GTII. Due to the position of the hip 
during GTII, static imaging is unlikely to iden-
tify this condition. Functional imaging would 
need to be investigated as a preferred diagnostic 
modality [7].

Table 13.1 Activities/functional positions

Ballet: Plié in the second position
Sitting crossed-legged
Baseball catchers
Yoga positions

Table 13.2 Anatomic factors

Structural 
deformities

Coxa vara
Femoral version

Space occupying Hamstring tendinopathy
Ischial avulsion fractures

Iatrogenic Over medialization of a prosthetic 
joint

13 Greater Trochanteric-Ischial Impingement
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 Intervention/Treatment

Currently, no study exists describing conservative 
or surgical treatment options for GTII. However, 
treatment concepts can be gleaned from those pre-
viously described for GTPI and IFI [8–10]. 
Surgical options to address anatomic factors may 
include relative femoral neck lengthening, ischio-
plasty,  proximal hamstring debridement and 
repair, or rotational osteotomy. Relative femoral 
neck lengthening has been described as a treat-
ment option for GTPI, and this may be extrapo-
lated to GTII [2]. Moving the greater trochanter 
distally relative to the femoral neck increases the 
distance between the greater trochanter and the 
pelvis/ischium and could potentially decrease 
impingement in this site. Nonsurgical options 
would focus on activity modification, the correc-
tion of faulty movement patterns, and addressing 
nerve mobility and protection.

 Conclusion
An understanding of the various causes of 
extra-spinal sciatic nerve compression contin-
ues to evolve. GTII is currently a theoretical 
concept supported by a cadaveric study that 
awaits confirmation as a true clinical entity. 
This chapter is primarily intended to create 
awareness of yet another potential cause of 
extra-spinal sciatica and ideally improve diag-
nostic accuracy.
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Ischiogluteal Bursitis
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 Introduction

There are more than 140 bursae described in the 
human body. Lately, however, they have been 
neglected by medical research, as the attention of 
physicians has been focused primarily on tendons, 
muscles, bones, and joints [1]. The mucosae bur-
sae are responsible for maintaining the smooth-
ness and frictionless movement of the body.

In 1932, Frazer et  al. described a surgical 
resection of the ischial bursa in a patient of 
50 years of age who was a sea captain and com-
plaint of swelling in the right buttock for the last 
20 years. Initially, the patient was diagnosed with 
a lipoma, but “the mass” was filled with fluid and 
weighed 2 pounds [2]. In 1974, a review of the 
literature of ischiogluteal bursitis was done by 

Swartout and Compere [3] finding only three 
cases about the entity. Afterward, Swartout him-
self developed the same condition, and he made a 
detailed description of the clinical presentation of 
this pathology.

Inflammation of the ischiogluteal bursa is an 
uncommon disorder that has been described in 
patients whose occupations require positions that 
cause persistent pressure in a specific region. 
Ischiogluteal bursitis has been called “weaver’s 
or lighterman’s bottom” [1, 4], as it can occur 
when spending long periods of time in a sitting 
position or being in jobs that involve vibration 
such as weaving, tractor-driving, or road equip-
ment machines, where the ischiogluteal bursa can 
become inflamed [3, 5]. The ischiogluteal bursa 
is located between the ischial tuberosity and the 
gluteus maximus muscle. Specifically on the 
ischial area, the pain from inflammation has often 
been attributed to sciatic nerve disorders, ischial 
bone problems, or hamstring tendonitis.

Ischiogluteal bursa can be traumatized in a fall 
on backsides (buttocks) or by an acute or chronic 
shearing force in different activities or sports, 
resulting in chronic and sometimes disabling dis-
comfort that can prevent athletes from participat-
ing in sports. Participants in sports that involve a 
sitting position such as canoeing, horseback rid-
ing, and wheelchair racing for paraplegic patients 
increase the risk of developing an ischiogluteal 
bursitis. Further, ischial tuberosity bears the 
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weight of the body in the supine position creating 
pressure points that may lead to ischiogluteal 
bursitis in debilitated patients, and particularly in 
those with paraplegia or with malignancy [6]. 
The symptoms are buttock pain or radiating pain 
running down the posterior thigh. The correct 
diagnosis can be overlooked since these clinical 
signs are often mistaken as being a proximal 
hamstring tendonitis or referred pain due to 
pathology of the spine or sciatic nerve [7].

 Anatomy

Two types of bursae are described in the human 
body: constant and adventitial. Constant bursae 
are formed during normal embryonic develop-
ment and are sac-like structures lined with endo-
thelial cells. They are generally located between 
the tendon and bone or skin and serve to facili-
tate a gliding motion at points of high friction. 
Some of them may even communicate with a 
nearby joint. Adventitial bursae develop later in 
life through a process of myxomatous degen-
eration of fibrous tissue, in response to stress at 
the site of friction between adjacent structures. 
Endothelial lining is not present in those bursae, 
and such bursa will therefore not contain syno-
vial fluid. The ischiogluteal bursa is an adventi-
tial bursa type [8, 9]. Inflammatory bursitis often 
arises from repetitive subacute injury to the bursa. 
This repetitive injury results in local vasodilata-
tion and increased vascular permeability, with the 
extravasation of serum proteins and extracellular 
fluid into the bursa.

The ischiogluteal bursa is an inconstant ana-
tomical finding located deep to the gluteus maxi-
mus muscle over the ischial tuberosity. During 
standing, the tuberosity of the ischium is covered 
by the gluteus maximus muscle, but upon sitting 
the muscle slides up so that there is only fibrous 
tissue and the ischiogluteal bursa (when it is pres-
ent) between the bone and the skin [3]. The sci-
atic and posterior femoral cutaneous nerve pass 
laterally to the hamstring near the ischial tuberos-
ity, and they ride on the back of the quadratus 
femoris muscle. At this point, the sciatic nerve 
can be compressed or fixed by fibrovascular 

bands (Fig. 14.1) [10, 11] or can undergo com-
pression and irritation by hamstring tendon alter-
ations or the ischiogluteal bursa.

The hamstrings comprise the semitendi-
nosus, the long head of biceps femoris, and 
semimembranosus tendons; they originate from 
the ischial tuberosity with the exception of the 
short head of the biceps femoris and insert dis-
tally below the knee on the proximal tibia. The 
proximal hamstring complex has a strong bony 
attachment on the ischial tuberosity (Fig. 14.2). 
The semitendinosus and the long head of biceps 
femoris tendons originate as a common proxi-
mal tendon from the medial  portion of the tuber-
osity of the ischium. The oval footprint in the 
ischial tuberosity measures 2.7 ± 0.5 cm from 

Fig. 14.1 A posterior view of the left hip of a cadaveric 
specimen. The gluteus maximus muscle reflected proxi-
mally. The sciatic nerve and the fibrovascular bands (red 
arrows) may diminish the sliding of the nerve. The infe-
rior gluteal artery and nerve that inervate the gluteus max-
imus muscle (A G inf and N G inf, respectively). In the 
most distal area are the ischion and the hamstring proxi-
mal insertion (femoris biceps and semitendinosus 
muscles)

W. H. Márquez-Arabia et al.
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proximal to distal and 1.8 ± 0.2 cm from medial 
to lateral. The anatomic origin of semimembra-
nosus tendon is more lateral in a crescent shape 
and measures 3.1  ±  0.3  cm from proximal to 
distal and 1.1 ± 0.5 cm from medial to lateral 
[10, 12, 13].

 Etiology

Ischiogluteal bursitis often arises from repetitive 
subacute friction. However, other common 
causes are trauma (hemorrhagic bursitis), inflam-
matory diseases (e.g., rheumatoid arthritis, spon-
dyloarthropathies, systemic lupus erythematosus, 
or Reiter’s syndrome), infection (e.g., tuberculo-
sis), and crystal deposition.

A considerable number of riders experience 
some degree of saddle soreness, especially in rec-
reational activities. Tourists also describe similar 
symptoms at the beginning of riding on a long-
distance trip. These patients usually progress to a 
painful ischiogluteal bursitis; however, some-
times the bursitis could be prevented with a 
change to a proper fitting saddle [14].

Crystal deposition as a cause of bursitis can be 
further categorized by the type of crystals identi-
fied in the synovial fluid with polarizing light 
microscopy. These crystals can be composed of 
monosodium urate (gout disease), calcium pyro-
phosphate dihydrate (pseudogout disease), or 
calcium hydroxyapatite [9]. Inflammatory bursi-
tis also occurs in conjunction with systemic dis-
eases such as syphilis, hypothyroidism, and 
systemic scleroderma.

Ischiogluteal bursitis has been described in 
patients with cachexia, severe weight loss, and 
cancer. It is assumed that reduction of subcutane-
ous fat in the buttock region results in repetitive 
trauma of the bursa which initiates the process of 
inflammation [15].

 Clinical Presentation

Patients with ischiogluteal bursitis complain of pain 
at the lower gluteal area or inferior buttock and 
more specifically of localized pain over the ischial 
tuberosity. The pain may have a sudden onset, as a 
sharp or shooting sensation, and be unrelenting at 

a b
Fig. 14.2 A posterior 
view of the left hip of a 
cadaveric specimen.  
(a) The gluteus maximus 
muscle reflected 
proximally (G Mr). The 
sciatic nerve riding over 
the posterior region of 
quadratus femoris 
muscle (QF), the 
hamstring proximal 
insertion (BI, femoris 
biceps; ST, 
semitendinosus; SM, 
semimembranosus).  
(b) Semimembranosus 
muscle origin on the 
ischion is the most 
lateral and closer to the 
sciatic nerve

14 Ischiogluteal Bursitis
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night, making it difficult to find a comfortable posi-
tion [3, 10]. Although the ischiogluteal bursitis is 
more common in patients with activities in a seated 
position for long periods of time, it is also present in 
people who are not required to constantly sit. The 
pain is severe in a sitting position or lying on one’s 
back or standing and is exacerbated by standing on 
tip toes or bending forward [15]. Patients with 
ischiogluteal bursitis usually walk and stand with 
the trunk tilted toward the affected side; the step 
length is shortened, and back hyperextension is 
almost impossible. The pain may irradiate to the 
thigh or lower leg. For relief, patients often sit with 
the affected buttock elevated to avoid pressure on it 
[3]. Muscle atrophy is rare except in patients with 
terminal illness.

During the physical examination of a patient 
with ischiogluteal bursitis, an antalgic gait with 
elevation of the buttock to relieve pressure on the 
affected side is found. Pain is experienced on pal-
pation over ischial tuberosity, which may be 
exacerbated by passive flexion and resisted exten-
sion of the ipsilateral hip. The pain can be repro-
duced by raising the leg in a straight position and 
be referred to the course of hamstring tendons. 
The Patrick test can be also positive [3, 15, 16]. 
In some patients, a soft tissue constituting of a 
painful mass might be palpated over the ischial 
tuberosity and be associated with inflammatory 
changes as increased skin temperature and red-
ness in the buttock [17].

A rectal examination should also be carry out. 
In some cases, there will be a tender area of bulging 
inflamed tissue on the lateral wall of the affected 
side. Pressure on this area is severely painful.

Rubayi et al. described an infection of the ischial 
bursa in a patient with systemic lupus erythemato-
sus and with a large ischial bursa infected with 
tuberculosis that compromised the ischium [6].

 Differential Diagnosis

The evaluation of a posterior hip pain can be dif-
ficult because different pathologies can coexist 
and the proximity of the anatomic structures in 
the zone. Ischiogluteal bursitis may resemble any 
pathology originated in the ischium, hamstring 
tendons, sciatic nerve, or radicular alteration. 

Posterior hip pain in elderly patients may be 
related to a variety of pathologies such as osteo-
arthritis, avascular necrosis of the femoral head, 
occult fracture, vascular insufficiency of gluteus 
maximus or medius, metastasis, and soft tissue 
diseases [5, 18].

The piriformis syndrome causes symptoms in 
a more proximal area around the hip than the 
ischiogluteal bursitis. Muscle stretching and pal-
pation is also painful and may be confusing since 
both pathologies can produce neurologic symp-
toms by the irritation or compression of the sci-
atic nerve. A point tenderness in the ischial 
tuberosity helps to differentiate ischiogluteal bur-
sitis from piriformis syndrome.

The presence of a herniated nucleus pulposus 
or sciatic nerve irritation may be confused with 
ischiogluteal bursitis. However, patients with 
bursitis accommodate and move by seeking the 
most comfortable position and are thus differen-
tiated from patients with neuropathic pain who 
avoid movements. Another clue of the proper 
diagnosis is pain associated with hip motion.

The clinical presentation of hamstring tendon 
pathology is in the same anatomic area as that of 
ischiogluteal bursitis, but the former is generally 
related to sudden or repetitive stretching during 
sports activities, while the onset of ischiogluteal 
bursitis is insidious, or the patient does not 
remember the initiation moment.

Lumbosacral and sacroiliac alterations may 
also produce referred pain to the gluteal and 
ischiogluteal area, although those patients prefer 
to stand still to avoid the reproduction of pain, 
whereas patients with ischiogluteal bursitis will 
experience an increase in the intensity of pain. 
The palpation of a point of tenderness also helps 
to differentiate the source of pain.

A differential diagnosis must include a gan-
glion cyst, tumors in the sciatic nerve, and benign 
and malignant neoplasms with cystic changes in 
the buttock, since these pathologies can produce 
similar symptomatology and radiologic findings. 
Biopsy or surgical excision is sometimes neces-
sary to histologically differentiate bursitis from 
myxoid tumors including neurofibroma, schwan-
noma, and myxoma [16, 19].

Finally, another structure susceptible of 
inflammation is the gluteal bursa which lies 
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between the gluteus maximus and medius mus-
cles as well as between these muscles and the 
underlying bone. The respective pain is localized 
at the upper outer quadrant of the buttock and is 
reproduced with resisted abduction and extension 
of the lower extremity [20].

 Diagnosis

Plain radiograph does not provide helpful infor-
mation for the diagnosis of ischiogluteal bursitis 
unless soft-tissue swelling or calcification in the 
region of the ischial tuberosity is present [21, 22]. 
A bone erosion in infection as tuberculous bursi-
tis could also be evident in plain films [23].

Under normal conditions, the bursa cannot be 
delineated with ultrasound [24]. The diagnosis of 
ischiogluteal bursitis is not difficult with the use 
of computed tomography (CT), or magnetic reso-
nance imaging (MRI), due to its typical location 
and the fluid content. Ultrasonographically, bur-
sitis presents as a distended bursal space filled 
with fluid and presents soft tissue components of 
the wall with or without internal septa and mural 
nodules. Further, the bursa is compressible on 
ultrasound, which helps in differentiating bursitis 
from a solid neoplasm. The bursa may have 
hyperechoic or heterogeneous content that can 
represent crystal deposits [9, 24].

A computed tomography scan may show a 
soft tissue lesion with a thin wall and a central 

area of low attenuation adjacent to the ischial 
tuberosity [19].

Magnetic resonance imaging findings in 
ischiogluteal bursitis show low or intermediate 
signal intensity on T1-weighted images and 
markedly high signal intensity on T2-weighted 
images, compared to the adjacent muscle 
(Figs. 14.3 and 14.4) Post-contrast T1-weighted 
images show peripheral enhancement of the 
lesion. The typical features on MRI are mural 
nodules of the bursa which are enhanced after the 
intravenous administration of contrast materials, 

Fig. 14.3 Axial short-tau-inversion recovery (STIR) 
image shows hiperintensity in the ischiogluteal bursa (yel-
low arrow) deep to the gluteus maximus muscle. The 
proximal insertion of the hamstring (white arrow) on the 
ischion (I) and the trochanter minor (TrMn) is also 
identified

Fig. 14.4 Axial proton 
density (PD) image 
shows the ischiogluteal 
bursa (yellow arrow) 
located anterior to the 
gluteus maximus muscle 
in a left hip. (I) ischion, 
(TrMn) trochanter minor
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and these lesions are located between the ischial 
tuberosity and the gluteus maximus muscle [16, 
19]. The internal signal intensity of ischiogluteal 
bursitis is usually brighter as compared to other 
bursitis observed with high signal intensity on the 
T1-weighted image. This is probably due to an 
internal hemorrhage caused by the shearing force 
applied to the ischial tuberosity when aggravated 
by frequent irritation [5].

Nguyen et al. described a case with incidental 
detection of a large and asymptomatic ischioglu-
teal bursitis during F-18 FDG PET/CT (18-fluo-
rodeoxyglucose and CT positron-emitting 
radioisotopes) staging for head and neck cancer 
[25].

 Treatment

The treatment of the pain associated with ischio-
gluteal bursitis should be multimodal, including a 
combination of nonsteroidal anti-inflammatory 
drugs (NSAIDs), local application of heat and 
cold, and physical therapy. Although most of the 
patients benefit from this protocol, those with 
refractory pain can be treated with an injection of 
steroid and local anesthetic into the ischial bursa 
once concomitant infection has been ruled out. 
Any repetitive activity that may exacerbate the 
symptoms should be avoided, and the patient 
must use a padded cushion to sit on. To inject the 
ischiogluteal bursa, the patient is preferred placed 
in a lateral position (but prone position is used for 
some clinicians), with the affected side upward 
and the affected leg flexed at the knee. The ischial 
tuberosity can be identified by palpation using a 
sterile-gloved finger, but it is preferable to per-
form the procedure guided by fluoroscopy or 
ultrasound. Before needle placement, the patient 
is advised to immediately notify if he or she feels 
paresthesia into the lower extremity, as this 
symptom indicates that the needle caused 
impingement of the sciatic nerve. The needle is 
then carefully advanced through the skin, subcu-
taneous tissues, muscle, and tendon until it 
impinges on the bone of the ischial tuberosity. 
After careful aspiration, and if no paresthesia is 

present, the contents of the syringe are then gen-
tly injected into the bursa [20, 26]. After the 
injection, the patient must use physical modali-
ties including local heat and gentle stretching 
exercises. With this treatment, most of the 
patients experience improvement of the symp-
toms. In recalcitrant cases, it is necessary to do 
the surgical excision of the bursa and, in such 
cases, the patient and the surgeon must have a 
careful postoperative management to avoid anal 
contamination. The surgical excision can be done 
with open surgery and in some cases with endo-
scopic surgery (Fig. 14.5).

The infection of the ischial bursa is uncom-
mon; Chafetz et al. described a case in a patient 
with systemic lupus erythematosus and a large 
ischial bursa secondarily infected with tuberculo-
sis that involved the ischium [6, 23]. In such 
cases, surgical drainage in the gluteal crease is 
required. It is also important to rule out bone 
ischium infection with a bone biopsy. Antibiotic 
treatment should be based on the identification of 
pathogens from cultures at the time of drainage 
and biopsy.

Fig. 14.5 Arthroscopic view. The proximal insertion of 
semimembranosus (Sm T) and the conjoint tendon (CT: 
femoris biceps and semitendinosus muscles) on the ischial 
tuberosity (I). On the left side the gluteus maximus mus-
cle (G Mr) and on the right side the sciatic nerve (Sc N). 
At the bottom of the image, it is the ischiogluteal bursa 
(IB) deep to the gluteus maximus muscle and close to the 
sciatic nerve
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 Conclusion

Ischiogluteal bursitis is among the pos-
sible causes of posterior hip pain that are 
encountered in the clinical practice of an 
orthopedic surgeons. It may coexist with 
anserine tendinitis and lumbosacral and 
sacroiliac joint pain as well. Furthermore, 
it is of importance to differentiate ischio-
gluteal bursitis from a neoplasm around the 
ischium. Most of the patients benefit from 
conservative treatment, but surgical resec-
tion is  indicated in patients with refractory 
pain after failed injection.
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Posterior Femoroacetabular 
Impingement

Justin J. Mitchell, Karen K. Briggs, 
and Marc J. Philippon

 Introduction

The hip is responsible for a significant amount of 
weight bearing during athletic and daily activi-
ties. Because of the contained and congruent ball 
and socket anatomy of the hip, any disruptions to 
the normal bony or soft tissue morphology can 
alter the normal biomechanics and distribution of 
force, leading to soft tissue damage in the form of 
capsulolabral or cartilaginous injury [1, 2]. Of 
these alterations in anatomy, impingement syn-
dromes are the most common clinical presenta-
tion and can be generally categorized by either 
intra-articular or extra-articular impingement. 
Intra-articular femoroacetabular impingement 
(FAI) has been recognized as a cause of hip pain, 
chondrolabral damage, and osteoarthritis of the 
hip [3–5]. This results from abnormal anatomy at 
the femoral head-neck junction leading to 
decreased femoral head-neck offset (cam) or 
overcoverage of the acetabular rim (pincer). 

However, a combined pathology from both the 
femoral and acetabular side is the most common 
pattern found in patients with symptomatic intra-
articular FAI [3, 6].

In contrast, extra-articular impingement is 
characterized by anatomic abnormalities, or col-
lision of structures, located outside of the hip 
capsule. Recent literature demonstrates increas-
ing evidence for the presence of an extra-articular 
impingement condition known as ischiofemoral 
impingement. This is caused by abnormal contact 
between the lesser trochanter of the femur and 
the ischium and often leads to vague posterior hip 
or buttock pain [7, 8]. While this is a lesser-
known etiology, it may contribute to posterior 
pain during impingement syndromes.

Understanding that the etiology and causes of 
posterior impingement continue to evolve, this 
chapter will discuss both intra-articular and 
extra-articular findings in posterior impingement 
of the hip.

 Etiology and Pathomechanics 
Posterior Impingement

The etiology of FAI is most often unknown, 
except in cases of trauma in the setting of a previ-
ously asymptomatic hip. Despite this, there have 
been several hypotheses as to the inciting or pri-
mary cause for FAI including residual childhood 
diseases such as subclinical slipped capital 

J. J. Mitchell, MD · M. J. Philippon, MD (*)
The Steadman Clinic/Steadman Philippon  
Research Institute, Vail, CO, USA
e-mail: drphilippon@sprivail.org 

K. K. Briggs, MPH 
Center for Outcomes-Based Orthopaedic Research 
(COOR), Steadman Philippon Research Institute, 
Vail, CO, USA

15

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-78040-5_15&domain=pdf
mailto:drphilippon@sprivail.org


242

 femoral epiphyses (SCFE), Legg-Calve-Perthes 
disease, or even malunion of a previous femoral 
neck fracture, specifically when the head heals in 
abnormal rotatory or varus/valgus positions [9–
11]. Acetabular morphologic changes that may 
predispose patients to pincer impingement 
include coxa profunda, protrusio acetabuli, or 
abnormal version of the acetabulum [12].

 Femoral-Sided (CAM) Lesions
FAI can be caused by an abnormally shaped fem-
oral head, specifically one which has lost its sphe-
ricity [13]. This abnormal femoral anatomy can 
be seen radiographically by a decreased femoral 
head-neck offset as well as an increase in the 
alpha angle (greater than 55°, as seen on the cross-
table lateral radiograph), leading to a CAM lesion. 
When occurring in isolation, CAM lesions are 
most commonly found located on the anterosupe-
rior aspect of the femoral head-neck junction in 
males during their late teens or early twenties [4, 
14]. This bony protrusion causes abnormal con-
tact with an otherwise normal acetabular rim 
when the hip is flexed and internally rotated. With 
deeper angles of hip flexion, the irregularly shaped 
femoral head loses its normal congruency and is 
forced into contact with the labrum and acetabu-
lum. This motion creates sheer forces across the 
chondrolabral junction as the CAM lesion moves 
centrally, leading to tearing or avulsion of the 
labrum from the acetabular rim before contacting 
and damaging the acetabular cartilage centrally.

This anatomic variance typically affects the 
anterosuperior area of the labrum and cartilage 
within the acetabulum [3]. However, with a pos-
teriorly based CAM lesion, the same type of 
impingement lesion can be seen with hip flexion 
or extension and external rotation, shifting the 
conflict to the posterior or posterosuperior labrum 
and acetabulum leading to posterior FAI (PFAI). 
This PFAI may cause further findings other than 
damage to the posterior acetabular cartilage and 
labrum. It has been postulated that as the femur 
impinges on the posterior acetabulum, the CAM 
lesion may act as a fulcrum [15], which can lead 
to an anterior subluxation of the femoral head, 
potentially resulting in anterior chondrolabral 
lesions. This finding matches both the clinical 

experience of hip arthroscopists and prior studies 
demonstrating patients presenting with PFAI, but 
also a positive anterior FAI test and chondro-
labral lesions seen intraoperatively in the anterior 
acetabular area.

Siebenrock et  al. [15] have also described 
PFAI in association with femoral antetorsion and 
valgus neck-shaft angles. Their work focused on 
the finding that patients with this anatomic com-
bination present with lack of external rotation 
and posterior hip pain that is aggravated with hip 
extension and external rotation, suggesting 
PFAI.  Their study evaluated range of motion 
(ROM), the location of anterior and posterior 
bony collision zones with impingement anatomy, 
and the prevalence of extra-articular impinge-
ment based on CT scan reconstructions of 13 val-
gus hips with increased antetorsion, 22 hips with 
FAI, and 27 normal hips. They found that hips 
with coxa valga and antetorsion showed decreased 
extension, external rotation, and adduction, 
whereas internal rotation in 90° of flexion was 
increased. Impingement was noted to be postero-
inferior on the acetabular side; and overall 
impingement was found more frequently poste-
rior or extra-articular. They concluded that valgus 
hips with increased antetorsion predispose to 
PFAI and posterior extra-articular FAI and fur-
ther noted that concomitant hip dysplasia together 
with coxa valga and increased antetorsion could 
even aggravate dynamic anterior instability and 
lead to additional anterior impingement in deep 
flexion caused by the valgus neck and the 
decreased lateral offset. The suggestion that fem-
oral anatomy contributes to PFAI is reinforced by 
the previous observations of Tonnis and Heinecke 
[16], who demonstrated that overcorrection of a 
retroverted femoral neck through osteotomy 
(thus creating iatrogenic antetorsion) leads to 
restrictions in external rotation. They further 
found that this overcorrection led to painful 
ROM, especially in flexion and external rotation.

 Acetabular-Sided (Pincer) Lesions
Differing from the cam lesion, isolated pincer 
impingement is a result of excessive coverage of 
the acetabulum over a normally shaped femoral 
head. In contrast to isolated cam impingement, 
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isolated symptomatic pincer impingement is 
most commonly seen in middle-aged females [4, 
17]. This extension of the acetabular rim is often 
found anterosuperiorly and leads to deepening of 
the hip socket, which in turn creates contact of 
the acetabular rim against the femoral neck dur-
ing flexion and internal rotation in the typical set-
ting. However, this overcoverage can also occur 
posteriorly, leading similarly to posterior 
impingement in hip extension, abduction, or with 
flexion and external rotation.

In these settings, the anterior or posterior ace-
tabular labrum collides with the femoral neck, 
causing more direct trauma to the labrum than is 
typically seen in cam lesions. The increased force 
and direct trauma results in increased labral 
degeneration and interstitial tearing [3, 18]. 
Because the labrum is a global extension of the 
acetabular rim, pincer lesions lead to a circumfer-
ential pattern of labral damage. As trauma to the 
labrum continues, and the injured labrum contin-
ues to experience degeneration, it is possible for 
chondrosis to the adjacent cartilage as well as 
reactive ossification to occur within the labrum. 
Both of these secondary reactions lead to further 
relative increases in overcoverage, perpetuating 
the impingement with at risk hip positions [19].

The acetabular cartilage is also affected in the 
setting of isolated pincer lesions; however, the 
chondral damage is typically less dramatic and 
limited to a narrow circumferential strip just inte-
rior to the chondrolabral junction [3]. In the set-
ting of anterior overcoverage, the femoral neck 
contacts the anterosuperior acetabulum during 
hip flexion, forcing the femoral head posteriorly. 
This results in increased pressure between the 
posteromedial aspect of the femoral head and the 
posteroinferior aspect of the acetabulum. This, in 
turn, causes subtle posterior subluxation of the 
femoral head, creating PFAI symptomatology 
and contrecoup cartilaginous lesion on either the 
head itself or the posteroinferior acetabulum.

While not well described, excessive acetabu-
lar anteversion could also lead to relative poste-
rior overcoverage and lead to PFAI 
symptomatology. Previous literature has demon-
strated this phenomenon in patients following hip 
resurfacing [20, 21]. These studies showed that 

excessively anteverted acetabular cups or anteri-
orized heads effectively decreased posterior off-
set and placed patients at increased risk for 
radiographic (posterior erosion of the femoral 
neck just distal to the implant) and clinical evi-
dence of PFAI. In the native hip, however, acetab-
ular version can be difficult to appreciate, as 
acetabular position can be relative to pelvic tilt 
[22]. Acetabular anteversion decreases with ante-
rior tilting of the pelvis, and consequently spe-
cific positions can change the orientation of the 
pelvis through functional ranges of motion. It has 
also been demonstrated that patients with 
increased acetabular anteversion compensate by 
increasing anterior pelvic tilt. These changes in 
pelvic position and acetabular anteversion may 
alter biomechanics of the hip and lead to reactive 
changes such as gluteal tendinopathy [23]. While 
further studies are required to fully elucidate the 
interplay in these anatomic variations, it does 
seem reasonable that this could lead to posterior 
pain and symptoms consistent with PFAI.

 Combined CAM and Pincer Lesions
Mixed or combined FAI is the most common 
form of impingement encountered. This pattern 
of impingement leads to findings consistent with 
both femoral and acetabular pathologies afore-
mentioned. However, it is not uncommon that 
intra-articular findings noted on arthroscopy will 
be either cam or pincer dominant. Beck et  al. 
showed that in mixed type impingement with 
repeated abutment between the femoral neck and 
the acetabular rim can cause degeneration of the 
labrum similar to that seen in pincer impinge-
ment or that the labrum may be bruised and flat-
tened or separated similar to cam impingement 
[3]. In severe cases of mixed impingement, intra-
substance ganglion formation or severe chondro-
labral degeneration can also be seen.

 Posterior Extra-articular FAI 
and Ischiofemoral Impingement
Extra-articular impingement of the hip is a rare 
cause of hip pain and may present similarly to 
intra-articular FAI. Because of this, the diagnosis 
can be challenging even for an experienced hip 
surgeon, and it has not been well characterized.
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Extra-articular FAI results from abnormal 
contact between the greater trochanter, lesser tro-
chanter, or extracapsular femoral neck against the 
ilium, ischium, anterior inferior iliac spine 
(AIIS), or acetabular rim [7, 24–30]. This abnor-
mal contact can be caused by direct compression 
of the soft tissue structures around the hip (such 
as the capsule, surrounding musculature like the 
iliopsoas, or neurovascular structures) or by cre-
ating increased stress across the femoroacetabu-
lar articulation leading to impingement-induced 
instability [24]. Similar to intra-articular causes 
previously noted, these pathologies can lead to 
cartilage injury or labral tears but may addition-
ally cause damage to the capsule or extracapsular 
musculature. Capsular laxity has been a predis-
posing cause for extra-articular impingement by 
allowing for increased hip range of motion, in 
turn enabling bony impingement that is anatomi-
cally difficult to achieve with normal soft tissue 
restraints. This laxity and extra-articular impinge-
ment could then create a potential fulcrum that 
further attenuates the capsule and leads to a cas-
cade of increased capsular laxity, microinstabil-
ity,  and pain [8].

It is felt that these entities are related to 
extreme ranges of motion such as can be seen in 
gymnastics or dance but could also be associated 
with activities of daily living that require signifi-
cant extension or external rotation motions. 
Ricciardi et al. characterized three main catego-
ries of extra-articular impingement. Type I is 
impingement of the greater trochanter of the 
femur against the anterior acetabular rim or AIIS, 
Type II is posterolateral impingement of the 
greater trochanter or femoral neck against the 
ischium, and Type III consisted of a complex pat-
tern leading to both anterior and posterior 
impingement [24]. Overall, patients who pre-
sented and were surgically treated for extra-artic-
ular impingement were younger, more frequently 
female, and were more likely to have undergone 
a prior surgery on the ipsilateral hip compared to 
a matched intra-articular-only FAI cohort. Those 
presenting with a component of posterior extra-
articular impingement were noted to have posi-
tive posterior impingement testing 75% of the 
time and had significantly greater internal rota-

tion at 90° of flexion (40° versus 15°) and femo-
ral anteversion (21° versus 8°). They were also 
noted to have a lower degree of external rotation 
at 90° of hip flexion (40° versus 60°) and in full 
extension (40–48° versus 70°).

Ischiofemoral impingement (IFI) is a specific 
modality of posterior FAI. Beckman et al. have 
described IFI as a compression of the quadratus 
femoris between the ischium and the lesser tuber-
osity, leading to vague posterior hip pain or groin 
pain [8]. This vague pain is not uncommon, as 
other structures such as the psoas insertion on the 
lesser trochanter, the ischial origin of the ham-
string tendons, or the associated bursae may also 
be affected in IFI [7].

This pathology is more commonly seen in 
women with more prominent lesser tuberosities 
and ischial tuberosities, and it has been demon-
strated that patients with confirmed diagnoses of 
FAI have a smaller ischiofemoral distance and a 
smaller quadratus femoris space when compared 
to their asymptomatic counterparts. This loss in 
space can either be congenital or acquired, and 
Yoong et  al. reported patients with posterior 
pathology such as multiple hereditary exostoses, 
malunited proximal femur fractures, prior proxi-
mal femoral osteotomies, or protrusion acetabula 
(causing medicalization of the lesser trochanter) 
could display similar symptoms of IFI because of 
bony impingement posteriorly [31].

 Clinical Presentation

A thorough history is important in examining any 
patient with posterior hip pain. The examining 
physician must learn as much as possible about 
the quality and location of the pain, as well as the 
inciting motions or activities and the characteris-
tics of the pain. As stated previously, the etiology 
behind the development of PFAI is often unclear, 
and thus a detailed history regarding trauma to 
the joint, athletic activities, and childhood condi-
tions should be obtained, to possibly identify a 
primary cause. The clinical presentation of PFAI 
is often insidious, with patients initially 
 complaining of anterior or posterior hip or groin 
pain, especially after prolonged sitting, walking, 

J. J. Mitchell et al.



245

or following athletic activities [7, 8]. Because of 
the nonspecific nature of this pain, which could 
be present over the groin, greater trochanter, or 
buttocks, a high index of clinical suspicion is 
often required to make a diagnosis of PFAI in 
order to avoid missing the diagnosis or subjecting 
the patient to advanced imaging or invasive 
testing.

While the diagnosis can be nebulous, patients 
with PFAI will typically present with posterior 
hip or buttock pain that begins without an incit-
ing event. Patients will often describe pain in 
position of hip flexion, abduction, and external 
rotation—which brings the posterior labrum, 
acetabulum, or pelvic structures in contact with 
the femoral head-neck junction or lesser trochan-
ter. During this posterior pain, patients may also 
describe sciatica-type symptoms related to pinch-
ing of the sciatic nerve directly posterior to the 
quadratus femoris muscle [7, 8, 32].

 Physical Examination

The majority of patients (50–65%) with femoro-
acetabular impingement have insidious onset of 
symptoms [6], however, immediate pain follow-
ing a twisting or impact injury to the hip. Some 
patients also report acute symptoms without a 
traumatic event. The most common complaint for 
patients with all types of impingement is pain in 
the groin (approximately 80% of patients pre-
senting with this pathology). In the setting of 
posterior impingement, patients will often dem-
onstrate pain the lateral hip, buttock, posterior 
thigh, and lumbar spine. This pain may radiate 
distally in some patients, and mechanical symp-
toms and feeling of instability are also reported. 
These symptoms usually worsen with increasing 
activity, recurrent daily activity, or sports [6, 33].

Patient-reported history combined with a thor-
ough physical examination of both hips can often 
provide the correct diagnosis. A typical stepwise 
approach to the hip examination is taken, and this 
includes visual inspection, palpation, and testing 
for range of motion, stability, and strength in all 
planes. Examining simple tasks such as standing 
up from a chair, moving on and off the examina-

tion table, and transferring from sitting to lying 
down (and vice versa) can also provide important 
clues as to the etiology of the pain and the func-
tional limitations of the patient. Each examina-
tion should also include an evaluation of gait 
patterns, as patients may demonstrate an antalgic 
gait or Trendelenburg gait or sign [32].

Palpation should begin proximally, and the 
height of the iliac crests should be assessed for 
symmetry; the SI joints and lumbar spine and 
paraspinal musculature palpated for pain, and the 
muscle groups of the hip flexors and short exter-
nal rotators should be carefully examined. When 
palpating each muscle group, the physician should 
specifically examine the bursae around the hip 
and muscular structures. When inflamed the 
greater trochanteric bursa and the ischial bursa 
can cause symptoms posterior hip pain [32].

Range of motion testing should then be per-
formed on both the symptomatic hip and the con-
tralateral asymptomatic hip. To avoid beginning 
the examination by focusing on the painful, 
symptomatic hip, it is helpful to begin with the 
contralateral hip to help put the patient at ease 
and diminish guarding or tension in the muscles 
during the remainder of the examination. Passive 
and active hip flexion (normal is approximately 
120°), extension (normal is approximately 30°), 
internal rotation (normal is approximately 35°), 
external rotation (normal is approximately 45°), 
adduction (normal is approximately 20°), and 
abduction (normal is approximately 45°) should 
be measured with a goniometer and compared 
from side to side [34]. Strength throughout these 
ranges of motion should also be assessed and can 
be performed against resistance to evaluate for 
pain or weakness.

Posterior impingement can be difficult to 
diagnose based on a single specific test; how-
ever, physicians have utilized a combination of 
examination maneuvers to help correctly iden-
tify patients with this problem. The Thomas test 
is utilized to evaluate for the presence of a hip 
flexion contracture. Flexion contractures can 
place stress on the posterior structures and, as 
such, can lead to symptoms of posterior pain. 
With the patient positioned in the supine  position, 
the patient is asked to flex the asymptomatic hip 
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and grab the knee with both hands, such that it is 
tucked tight to the chest. The symptomatic hip is 
allowed to freely extend, and the patient should 
attempt to place the leg flat on the examination 
table. The test is positive for a hip flexion con-
tracture if the symptomatic leg is unable to com-
pletely extend [32]. The posterior impingement 
test can also be performed in combination with 
the Thomas test. With the patient in the Thomas 
test position, place the affected limb in exten-
sion, lateral rotation, and slight abduction. The 
examiner then applies a posterior pressure to 
force the patient into extension. The test works 
by compressing the posterior labrum between 
the posterior femoral head-neck junction and the 
posterior rim of the acetabulum. While the test is 
for PFAI, posterior pain can be elicited from the 
labral impingement, or anterior hip pain as the 
femoral head abuts the capsule is considered a 
positive test for posterior impingement of the 
labrum.

The flexion/abduction/external rotation 
(FABER) test is also a useful test for diagnosis of 
PFAI.  While the patient is lying supine, the 
affected leg is brought to the figure-four position 
of flexion, abduction, and external rotation, so 
that the ankle is placed proximal to the contralat-
eral knee. Gentle downward force is applied to 
the knee of the affected extremity, while the con-
tralateral side of the pelvis is stabilized. A posi-
tive test is demonstrated by an increased distance 
between the lateral aspect of the knee and the 
examination table, compared to the contralateral 
side. The logroll test and flexion, adduction, and 
internal rotation (FADIR) test are typically used 
to evaluate for anterior FAI; however, they should 
be used in the setting of posterior pain rule out 
other potential etiologies of hip pain.

Two tests were recently validated by Gómez-
Hoyos et  al. for diagnosing ischiofemoral 
impingement [35]. The long-stride walking test is 
expected to provoke impingement between the 
LT and ischium in terminal hip extension when 
the patient walks. The findings of this test are 
considered positive if the posterior pain is repro-
ducible lateral to the ischium during extension 

with long strides, whereas pain is alleviated when 
walking with short strides. The ischiofemoral 
impingement test is performed with the patient in 
a lateral position. The examiner passively takes 
the patient’s hip into extension. This test is 
intended to provoke impingement in extension 
with a neutral or adducted hip (re-creating the 
posterior pain lateral to the ischium) and relieves 
the impingement pain in extension with an 
abducted hip.

The sciatic nerve can become irritated in cases 
of IFI as previously mentioned, and as such, thor-
ough neurologic evaluation with provocative 
lumbar testing is warranted to rule out lumbar 
spinal pathology when IFI is suspected [8].

 Radiographic Examination

Plain radiography can often be normal in cases of 
PFAI; however, abnormal morphology of the 
proximal femur and the acetabulum can some-
times be seen on plain radiographs. In our prac-
tice, we use an AP pelvis, a cross-table lateral, 
and a false profile as the X-ray work-up [36]; 
however many other views have been described 
and can also be used in order to better evaluate 
the bony morphology [37]. AP pelvis radiograph 
is generally utilized to demonstrate pincer-type 
deformity, but some features of cam impinge-
ment can be shown such as pistol-grip deformity, 
head-tilt deformity, a lateral bump, and a hernia-
tion pit [38]. It is also important to measure the 
minimum joint space in AP radiograph, since 
patients with a joint space of less than 2 mm are 
more likely to have lower postoperative modified 
Harris Hip Score and are 39 times more likely to 
progress to a total hip replacement with surgical 
management of their pathology [39].

Since the nonspherical part of the femoral 
head is usually located at the anterosuperior or 
posterolateral portion of the head-neck junction, 
this deformity can typically be readily demon-
strated in a lateral view of the femur. The femoral 
head-neck offset can be assessed by measuring 
the alpha angle as described by Notzli et al. [13]. 
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In the original description, the alpha angle was 
measured in magnetic resonance (MR) scans, but 
several recent studies utilized plain radiographs 
to determine the alpha angle [36, 40–42], and 
angles measuring more than 50–55° are sugges-
tive of abnormal femoral head-neck offset. When 
using plain radiographs, a Dunn view and the 
cross-table lateral seem to be the best radio-
graphic views for alpha angle evaluation [43]. 
Subtle findings of sclerosis or cystic changes 
within the LT or ischium may also be seen 
because of the conflict between these structures. 
Plain radiographs may also reveal decreased fem-
oral offset, or evidence of post-traumatic or con-
genital bony prominences, as seen with previous 
ischial avulsion injury or MHE. Coxa valga with 
an increased femoral neck angle is associated 
with PFAI and IFI and can also be seen with plain 
radiographic evaluation [16, 32].

Magnetic resonance imaging (MRI) provides 
details of soft tissue disorders related to 
PFAI. This imaging modality also reveals other 
causes of hip pain, which can be found concomi-
tant with PFAI such as trochanteric bursitis, 
ischial bursitis, or tears to the short external rota-
tors or abductors of the hip. Further, bony struc-
tures can be fully evaluated for viability, and the 
femoral can be examined for pathology such as 
avascular necrosis. It is essential to have a study 
dedicated to the hip, because a single hip MRI 
has a better resolution and detail when compared 
with a pelvic MRI which captures a broader field 
[44]. In PFAI, the MRI imaging will often show a 
posterior labral tear with bony edema within the 
posterior femoral head-neck junction with an 
associated collision lesion on the posterior ace-
tabulum (Fig. 15.1). There may also be chondro-
malacia of the anterior or anterosuperior 
acetabular surface from a countercoup effect of 
the femoral head being levered anteriorly as the 
posterior impingement occurs. In cases of IFI, 
the MRI often shows increased signal and fatty 
atrophy in the quadratus femoris without defini-
tive tearing of muscle. All of these MRI findings 
should be correlated clinically as many patients 
can have these imaging findings without demon-
strating symptoms [8, 45].

Three-dimensional reconstructed CT scans 
can be used in addition to MRI to help better 
delineate bony pathology or abnormal anatomy. 
Ultrasound examination may also play a role in 
diagnosing the dynamic component of PFAI and 
IFI as static evaluations on MRI and CT scans are 
therefore highly dependent on the position of the 
limb, which may not be standardized between 
patients, and could miss patients who are having 
dynamic impingement [46].

 Treatment Options for PFAI

 Nonsurgical Treatment

The mainstay of initial treatment for patients 
with PFAI is with nonsurgical modalities includ-
ing rest, ice, anti-inflammatory medications, 
activity modification, periarticular muscle 
strengthening, core stabilizing, physiotherapy, 
and corticosteroid or viscosupplement injections. 
An intra-articular injection using local anesthetic 
combined with corticosteroid under CT or ultra-
sound guidance can be both diagnostic and thera-
peutic. For lesions suspected to be occurring 
outside of the capsule (such as in IFI), a cortico-
steroid injection into the quadratus muscle can 
have similar benefits.

Fig. 15.1 MRI (3T) of the left hip of a 23-year-old male 
hockey player, demonstrating a posterior labral tear

15 Posterior Femoroacetabular Impingement



248

 Surgical Treatment

 Femoral and Acetabular Osteoplasty 
with Labral Repair
Arthroscopic treatment of PFAI aims to improve 
the clearance for hip motion and diminish abut-
ment between the proximal femur and acetabular 
rim or extracapsular structures. A normal femoral 
head-neck offset is created by femoral osteo-
plasty while normal labral seal is maintained. 
This can be performed either in supine or lateral 
position depending on surgeon preference. In our 
practice, we utilize the modified supine position 
(the affected leg is placed in a position of 10° 
flexion, 15° internal rotation, 10° lateral tilt an 
neutral abduction) with two arthroscopic portals 
(anterolateral and mid-anterior portals).

After the patient is properly positioned and 
traction is applied, the anterolateral portal is 

established at 1 cm proximal and 1 cm anterior to 
the tip of the greater trochanter. Then, the mid-
anterior portal is made 6–7 cm from the antero-
lateral portal at 45–60° angle with respect to the 
longitudinal line passing through the anterolat-
eral portal. This location is the middle between 
the longitudinal lines passing through the ante-
rior superior iliac spine and the anterolateral por-
tal. The mid-anterior portal has a greater distance 
from the lateral femoral cutaneous nerve com-
pared to the anterior portal [47]. An interportal 
capsulotomy connecting both portals is per-
formed using an arthroscopic blade to allow bet-
ter mobility of arthroscopic instruments. The 
central compartment now can be inspected to 
identify and treat all concomitant pathologies 
such as labral tears, chondral lesions, ligamen-
tum teres tears, and a pincer lesion of the acetab-
ular rim (Fig. 15.2).

a

c

b

Fig. 15.2 (a) Arthroscopic view through the mid-anterior portal showing extensive fraying and tearing of the posterior 
labrum. (b and c) Suture passed under the labrum and then the labrum is reattached to acetabular rim
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For femoral osteoplasty, traction is then 
released and the peripheral compartment is 
approached. The cam lesion can be usually iden-
tified as a “bump” on the femoral head-neck 
junction with changes in color (gray or purple 
typically) and texture (fibrillation, fissuring, 
flaps) of the cartilage over this area. While the hip 
is placed in 45° of flexion, femoral osteoplasty 
can be performed proximally at 1  cm from the 
peripheral edge of the labrum with the burr intro-
duced through the anterolateral portal. The resec-
tion should taper distally along the femoral neck 
for 1.5–2 cm. The medial synovial fold and the 
lateral epiphyseal vessels should be observed and 
protected during the procedure, and these can be 
utilized as the inferior and superior boundaries of 
osteoplasty.

Positioning of the hip is important for access-
ing to different parts of the femoral head-neck 
junction in the peripheral compartment. The 
anteroinferior part of the femoral neck can be 
better visualized by increasing the amount of 
flexion of the hip. Moving the hip to a lesser 
degree of flexion and changing the arthroscope to 
the anterolateral portal facilitate burring at the 
superolateral part of the femoral neck. The 
arthroscope can be used as a capsular retractor by 
a levering maneuver during the procedure.

During femoral osteoplasty, the cam lesion 
should be adequately removed, while a smooth 
and concave head-neck transition is created. 
Overresection can increase the risk of femoral 
neck fracture and also has a negative effect on the 
labral seal. A herniation pit, which can be found 
in some patients, should be evacuated and usually 
become a shallow defect after finishing the femo-
ral osteoplasty. For a large herniation pit, the 
senior author (MJP) prefers to fill the bony void 
with a bone graft substitute plug. Periodic exami-
nation by moving the hip in all impinging motions 
is crucial to ensure that adequate bony resection 
is achieved while good labral seal is well main-
tained. Capsular closure is performed using an 
absorbable suture. Platelet-rich plasma is injected 
for homeostasis purpose.

 Lesser Trochanteric Osteoplasty
Lesser trochanteric (LT) osteoplasty is also a 
lesser-utilized treatment option for those who 

have failed conservative measures for IFI.  This 
technique may be performed through an open 
approach or arthroscopically [27, 48]. The 
arthroscopic surgical technique can be performed 
via an anterior or posterior approach to the LT 
with advantages and disadvantages associated 
with both techniques. An anterior approach 
removes the risk of working near medial femoral 
circumflex artery and sciatic nerve but requires 
gaining access to the LT through a psoas tenot-
omy for visualization. In contrast, a posterior 
approach places the arthroscopic instruments 
near the medial femoral circumflex artery and 
sciatic nerve [8, 48].

 Postoperative Rehabilitation

Postoperative protocol after hip arthroscopic 
treatment of PFAI involves restriction of weight 
bearing, rotation, and motion [49]. Patients are 
kept at 20  lb. of flat-foot weight bearing for 
2–3  weeks to protect the femoral neck after 
osteoplasty. Four hours of continuous passive 
motion (CPM) machine is used for 2 weeks com-
bined with use of a stationary bike at zero resis-
tance for 20  min. A modified hip brace and an 
antirotational bolster are utilized for 2–3 weeks 
to limit hip external rotation and extension. This 
will protect the early phase of capsular healing.

Physiotherapy should start with restoration of 
passive motion, followed by active motion, and 
then strength. Passive circumduction movements 
are recommended to prevent adhesion. Active 
flexion of the hip should be gradually progressed 
to avoid flexor tendonitis.

 Complications

Complications related to femoral osteoplasty 
have been reported and should be prevented, such 
as residual cam lesion, overresection of the femo-
ral neck, femoral neck fracture, avascular necro-
sis of the femoral head, and capsular adhesion.

A residual cam lesion is one of common 
causes of revision surgery after arthroscopic FAI 
treatment [50]. This can be prevented by  carefully 
identifying the cam deformity and performing 
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periodic dynamic examination during femoral 
osteoplasty. On the other hand, overresection of 
the femoral neck can increase the risk of femoral 
neck fracture and has an adverse effect on the 
labral seal. Aggressive osteoplasty should be 
avoided. A smooth contour of the bony resection 
can be achieved by switching the arthroscopic 
portals to appreciate the three-dimensional geom-
etry of the femoral neck.

Femoral neck fractures have been reported as 
complications of arthroscopic femoral osteoplasty 
[51] and combined arthroscopical and limited 
anterior approach. Mardones et  al. performed a 
cadaveric study showing that resections up to 
30% of the anterolateral head-neck junction of a 
morphologically normal femur did not alter sig-
nificantly the load-bearing capacity of the proxi-
mal femur bone and advised that 30% should be 
the greatest resection performed [52]. Nonetheless, 
this amount of resection is seldom necessary. 
Weight-bearing restriction after femoral osteo-
plasty is emphasized to prevent this complication, 
and the duration should be prolonged for patients 
with lower bone quality.

Avascular necrosis of the femoral head is a 
rare complication. Both the medial synovial fold 
and the lateral epiphyseal vessels should be well 
visualized and protected during osteoplasty. 
Capsular adhesion is another common cause for 
revision surgery [50]. Progressive range of 
motion exercise, both passive and active motions, 
is utilized to prevent this problem.

 Summary

Posterior femoroacetabular impingement is an 
abnormal conflict of the acetabular rim and the 
femoral head-neck junction or with the proximal 
femur and extracapsular structures. This condi-
tion causes pain and can lead to labral and carti-
lage damage and leads to early osteoarthritis of 
the hip. After clinical evaluation and radiographic 
examination, hip arthroscopy is one of the treat-
ment options for PFAI, although surgical manage-
ment is the first-line management for these 

patients. During hip arthroscopy, the bony abnor-
malities can be corrected. Femoral osteoplasty is 
performed to restore normal femoral head-neck 
offset, while the amount of bony resection is mon-
itored by periodic examination. Postoperatively 
patients are kept partial weight-bearing and reha-
bilitation focus on range of motion. Complications 
related to this procedure are not common.
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Sacroiliac Joint Pain

William Henry Márquez-Arabia, 
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 Introduction

The posterior hip pain can originate from many 
sites and anatomical structures, and it may result 
from a wide variety of extrapelvic or intrapelvic 
pathologies. There are more than ten causes of 
pain at this point starting with the lumbar spine 
and sacroiliac joint (SIJ) descending through the 
gluteal area with their muscles, nerves, bursas, 
and tendons.

Sacroiliac joint dysfunction is believed to be 
an important source of low back and posterior 
pelvic pain [1], and it is defined as “a SIJ that is 
chronically painful, essentially stable, and has 
become disabling to the patient” [1, 2]; this alter-
ation can be caused for different pathologies each 
of which will be discussed in this chapter. The 
SIJ has been implicated as the primary pain 
source in 10–25% of the patients with low back 
pain [3, 4]; however, the diagnosis and treatment 
of SIJ pathology has been poorly defined in the 
literature; otherwise, the diagnosis is often com-
plicated by concomitant discogenic pain or facet 
joint arthritis since these structures may refer 
pain to the SIJ or SIJ dysfunction may develop as 
a result of adaptive changes [1]. In patients with 
pain after a lumbar fusion was found that 40–43% 
had symptoms arising from the SIJ [5, 6].

It is very important to understand the anatomy, 
biomechanics, innervation, and pathophysiology 
of the sacroiliac joint to help differentiate the sac-
roiliac joint pain from muscular, discogenic, or 
degenerative lumbar spine symptoms.

 Anatomy

The SIJ is a C-shaped joint, and it is an irregularly 
shaped diarthrodial joint with cartilage surfaces. 
It contains synovial fluid and is itself contained in 
a fibrous capsule. The joint is stabilized by a thick 
posterior ligamentous complex that limits motion 
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[7]. The pelvis is formed by the two iliac bones 
and the sacrum; the sacrum is wedged between 
the ilia, and it is composed of five fused vertebrae 
and forms the posterior pelvic column. the ante-
rior sacral side of the joint is lined by thick hya-
line cartilage, whereas the posterior iliac side of 
the joint is lined by fibrocartilage. SIJ is the larg-
est axial joint in the human body, with a surface 
area of approximately 17.5 cm2. SIJ is considered 
to be a synovial joint even though 75% of its supe-
rior joint surface is not synovial. The cartilage 
erodes over the years, and partial fibrous ankylo-
sis and para-articular synostosis are common in 

individuals aged more than 50  years [1, 8] 
(Figs. 16.1, 16.2, 16.3, and 16.4).

The anterior capsule is thin, and its overlying 
ventral sacroiliac ligament crosses the SIJ ven-
trally and caudally at the level of S1–S3 (Fig. 16.5). 
SIJ inserts on the periosteum close to the margins 
of the auricular surfaces of the sacrum and ilium, 
and it blends in to the iliolumbar ligament [8, 9]. In 
the posterior aspect should be mentioned the 
sacrotuberous and the sacrospinous ligament. The 
sacrotuberous ligament (STL) has its origin at the 
posterior superior iliac spine (PSIS), dorsal liga-
ments, sacral tubercles, sacrum, and superior coc-
cyx. It has a spiral orientation and runs to insert on 
the ischial tuberosity and, in some, the tendon of 
the long head of the biceps femoris; the medial 
fibers originate from the cephalad aspect of sacrum 
and lateral fibers originate from the caudal aspect 
of the sacrum. The fascia from the dorsal aspect of 
the piriformis and the gluteus maximus have 
attachment to the STL [9].

Anterior to the sacrotuberous ligament is the 
sacrospinous ligament (SSL). STL extends from 
the lateral aspect of the apex of the sacrum and 
coccyx to the ischial spine. It is the division 
between the greater and lesser sciatic notches 
[10]. The pudendal nerve passes anterior to the 
STL and posterior to the sacrospinus ligament, 

Fig. 16.1 Anatomy of the sacroiliac joint. Anteroposterior 
view of the pelvis showing the right and left ilium and the 
sacrum; both sacroiliac joint (SIJ) are highlighted

First sacral foramen

Second sacral foramen

Third sacral foramen

Fourth sacral foramen

Fig. 16.2 Posterior 
view of the articulations 
and associated ligaments 
of the sacroiliac joint 
and surrounding 
structures: I Ilium, PSIS 
posterior superior iliac 
spine, SIN sacral neural 
foramina from S1 to S4; 
sacral hiatus
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Fig. 16.3 Lateral view of ilium (left) and sacrum (right) 
showing the articular portion and delimiting the ventral 
(cartilage articular portion, red color) and dorsal (fibrous 

portion, white color) portions of ilium and the articular 
sacral aspect

Fig. 16.4 Top view of 
the sacrum: VB vertebral 
body, RSA right sacral 
ala, LSA left sacral ala, 
AP articular portion, SC 
spinal canal
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and then it runs on the back of the obturator inter-
nus muscle (Figs. 16.6 and 16.7).

The dorsal sacroiliac ligaments are com-
posed of the long and short ligaments, and these 
run from the PSIS to the S3–S5 sacral tuber-
cles. The chan lateral aspect is continuous with 

the gluteus maximus aponeurosis, while the 
medial aspect is continuous with the posterior 
layer of the thoracolumbar fascia. The lateral 
branches of the dorsal sacral rami (medial clu-
neal nerves) penetrate the dorsal ligaments 
[11]. The interosseous ligament is located 

L5TP

Fig. 16.5 Anterior view of the articulations and associ-
ated ligaments of the sacroiliac joint and surrounding 
structures: ILL iliolumbar ligament, ASIL anterior sacro-
iliac ligament, GSF greater sciatic foramen, ASCL ante-

rior sacrococcygeal ligaments, STL sacrotuberous 
ligament, SSL sacrospinous ligament, PM piriformis 
 muscle, L5TP, L5 transverse process. An impingement 
between L5TP and the iliacus could lead to supra SIJ pain

Fig. 16.6 Posterior view of the articulations and associ-
ated ligaments of the sacroiliac joint and surrounding 
structures: PSIL posterior sacroiliac ligaments, PM 

 piriformis muscle, STL sacrotuberous ligament, SSL 
sacrospinous ligament, SSSL superior sacrospinous 
ligament
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within the most cephalad aspect between the 
sacrum and ilium.

Proximal to the SIJ is the iliolumbar ligament; 
this ligament is composed of a dorsal band, ven-
tral band, and sacroiliac part. The dorsal band 
originates at the tip of the L5 transverse process 
and inserts onto the ventral and cephalad aspect 
of the iliac tuberosity and crest, and the ventral 
band originates at the anteroinferior aspect of the 
L5 transverse process, and it inserts on the 
 anterosuperior aspect of the iliac tuberosity [12] 
(Fig. 16.5).

The SIJ is under the influence of muscular 
forces of the gluteus maximus and medius, erec-
tor spinae, latissimus dorsi, biceps femoris, 
psoas, piriformis, and oblique and transversus 
abdominis muscles as well as by the thoracodor-
sal fascia [8].

The L5 ventral ramus and the lumbosacral 
trunk course anterior to the proximal portion of 
the SIJ, and the S1 ventral ramus courses over the 
inferior anterior aspect of the SIJ [8]. The lateral 
branch nerves of the rami of S1, S2, S3, and S4 
exit the foramen lateral to the foraminal midline 
[13]. These branches take various paths and enter 
the dorsal ligaments and interosseous ligament 
on the way to different areas including the SIJ.

The SIJ is innervated anteriorly by the L5–S2 
ventral rami and the sacral plexus and posteriorly 
by lateral branches from the S1–S4 dorsal rami 
[14]. The receptors identified within mentioned 
ligaments include mechanoreceptors, proprio-
ceptive organs, and free-nerve endings.

 Biomechanics

The SIJ motion includes a combination of rota-
tion and translation in the sagittal, coronal, and 
axial planes. Movement of the sacrum in the sag-
ittal plane can be described as sacral flexion or 
extension. The SIJ forms a base for the spinal 
axis and transmits and dissipates upper trunk 
loads. Lumbar spine, hip, and pubic symphysis 
motion and myofascial imbalances may affect 
sacroiliac joint motion [8]. Studies conducted on 
cadavers with radiographic analysis systems and 
contrast administration report that the mobility of 
the SIJ varies from 1° to 4° of rotation and 
1–2 mm of translation. Another study performed 
in healthy males measure of posterior superior 
iliac displacement and greater trochanter (femur) 
displacement during hip flexion movement in an 
orthostatic position resulted in a mean displace-
ment between the reference points of 7.7 mm on 
the right side and 8.5 mm on the left side [15]. 
Sacroiliac joint motion progressively decreases 
in men aged between 40 and 50  years and in 
women aged more than 50 years.

In vitro cadaver study shows that overall 
motion in the SIJ is minimal and increases only 
slightly with transection of key posterior liga-
ment structures [16].

A study was conducted to clarify the mobility 
and kinematic characteristics of the SI joint in 
patients with degenerative lumbar spine disorders 
(DLSDs) in comparison with healthy volunteers by 
using in vivo 3D motion analysis with voxel-based 

Fig. 16.7 Posterior 
view in cadaveric 
dissection showing the 
sacrotuberous ligament 
running from the sacrum 
(S) to ischial tuberosity 
(I) and its relationship 
with the pudendal nerve 
(PN) and sciatic nerve 
(SN)
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registration, and the findings reported that trunk 
flexion-extension in patients with DLSD, including 
adult spine deformity, SI joint motion is signifi-
cantly increased, with increased individual differ-
ence, than in healthy volunteers. In particular, 
women in DLSD group had significantly more 
motion than did men in the group [17].

A cross-sectional study reported that patients 
with low back pain but without evidence of sac-
roiliac joint dysfunction had significantly greater 
external hip rotation than internal rotation bilat-
erally, whereas those with evidence of sacroiliac 
joint dysfunction had significantly more external 
hip rotation than internal rotation unilaterally, 
specifically on the side where the ilium rotates 
posteriorly on the sacrum [18]. This study brings 
to mind the importance of femoral version on 
proximal load strain transmission in hip flexion 
and extension.

A leg length discrepancy can alter biomechan-
ics and lead to asymmetric forces through the 
SIJ.  Utilizing two biomechanical parameters, 
the overall load at the contact area and the load 
distribution (stress) over the contact area for 
evaluating the effects of leg length discrepancy 
(LLD), a study concluded that LLD could signifi-
cantly increase the load and stress at the SIJ. The 
peak load also increased notably as discrepancy 
increased. LLD increases the joint load on both 
short- and long-leg sides; however, this increase 
was greater on the longer side. As little as 1 cm 
of LLD can increase the load across SIJ to almost 
five times that of intact (shorter side) [19]. See 
Chap. 18.

 Etiology

Sacroiliac pain can originate from structures of the 
sacroiliac complex or distally at the hip joint. The 
sacroiliac pain may result from a change in the 
joint’s mechanics. Causes of pain generation 
include ligamentous or capsular tension, compres-
sion or shear forces, motion alteration, abnormal 
joint mechanics, and myofascial or kinetic chain 
imbalances resulting in inflammation and pain [8].

Certain events relate with pain originating 
from the SIJ such as a childbirth a significant fall 
directly on the buttock, during a collision in an 

automobile when the patient brakes with a straight 
leg upon impact, transferring the stress directly to 
the ipsilateral SIJ, leg length discrepancy, a his-
tory of inflammatory arthritis with associated 
spondyloarthropathies like ankylosing spondyli-
tis, scoliosis, bone graft harvest ipsilateral side, 
and previous lumbosacral fusion [20].

Intra-articular sources of sacroiliac joint pain 
include osteoarthritis and infection. Joint infec-
tions usually occur from hematogenous spread. 
Infection may cause distention of the anterior 
joint capsule and irritate the lumbosacral nerve 
roots. Extra-articular pain may be caused by liga-
mentous, tendinous, fascial, and other soft tissue 
injuries that may occur posterior to the dorsal 
aspect of the SIJ [8, 20].

Metabolic processes may lead to early degen-
eration, inflammation, and pain. Other SIJ disor-
ders include calcium pyrophosphate crystal 
deposition disease, gout, ochronosis, hyperpara-
thyroidism, renal osteodystrophy, and acromeg-
aly. Primary sacroiliac tumors are rare [8].

 Clinical Presentation

Confirming the diagnosis of SIJ dysfunction can 
be confusing since no highly specific clinical 
examination techniques confirming this altera-
tion are available. The pain originated from the 
SIJ may be described as aggravated by transi-
tional activities such as climbing stairs, getting 
up from a chair, or getting out of a car. Activities 
requiring asymmetrical loading through the 
lower extremity or pelvis as in some sports such 
as skating, gymnastics, golfing, and step aerobics 
may provoke pain in the SIJ [21]. The diagno-
sis of the SI joint as a pain generator is based on 
physical examination of the SIJ and confirmatory 
diagnostic injection [22]. Three symptoms have 
been described to clarify if the pain comes from a 
dysfunctional SIJ: sitting is difficult, pain occurs 
when rolling over during sleep, and sharp pain 
that can cause the patient to  stumble [20].

Dreyfuss et al. noted that pain referral above 
the L5 level was not found in patients with pain 
originating from the SIJ and suggested this find-
ing as a possible discriminating feature [8]. In a 
study by Fortin et  al., the SIJ of asymptomatic 
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volunteers were subjected to stress by fluoros-
copy-guided joint injections; these authors estab-
lished that a sensory examination  immediately 
after sacroiliac injection revealed an area of 
buttock hyperesthesia extending approximately 
10  cm caudally and 3  cm laterally from the 
 posterior superior iliac spine [23]. Pain arising 
from the SIJ may radiate into various anatomic 

regions including the buttocks, the groin, and the 
entire lower limb [1] (Fig. 16.8).

To identify a painful sacroiliac joint, no spe-
cific physical examination tests have been vali-
dated. Physical examination should include a 
thorough neurologic examination and hip evalua-
tion. The patient should point to the area of maxi-
mal pain, and its location should be noted. 
Tenderness along the sacroiliac joint line and in 
the sacral sulcus should be evaluated. A false-
positive straight leg raise test may occur when the 
affected leg is elevated, and this pain is caused by 
sacroiliac joint motion during elevation.

The pain provocation tests most commonly 
relied on for diagnosing the SIJ as a pain genera-
tor include the following [24]:

 – Flexion abduction external rotation (FABER 
or Patrick): with the patient in supine position, 
examiner passively positions the patient’s hip 
in flexion, abduction, and external rotation. 
The examiner then gently applies an extension 
force to the hip by pressing down on the knee 
while stabilizing the contralateral pelvis. The 
long lever arm provided by the femur applies 
tensile force on the anterior aspect of the SIJ 
(Fig. 16.9).

 – Thigh thrust (posterior shear): with patient in 
supine position and hips and knees flexed, 
examiner grasps the patient’s thigh by locking 
patient’s thigh and leg between examiner’s 
arm and forearm. Examiner then performs 
upward motion followed by downward 

Fig. 16.8 A patient points the area of pain just medial 
and inferior to the posterior superior iliac spine. Blue line 
gluteus maximus origin. Red line sacroiliac joint pain 
location

Fig. 16.9 Patrick test 
with the patient in 
supine position
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motion, thereby applying anteroposterior 
shear stress on the SIJ (Fig. 16.10).

 – Iliac distraction test (pelvic gapping):  with 
the patient in supine position, examiner faces 
toward patient’s head and places his hands on 
patient’s bilateral anterior superior iliac spines 
(ASIS). He then applies posteriorly and later-
ally directed force simultaneously on both 
ASIS. This applies tensile forces on the ante-
rior aspect of the joint (Fig. 16.11).

 – Iliac compression test  (pelvic compression): 
with the patient in lateral decubitus, exam-
iner places his hand over the iliac crest and 
applies downward (medial) pressure. This 
applies compression force across the SIJ 
(Fig. 16.12).

 – Gaenslen’s test: this test may be done either in 
the supine or lateral decubitus position. One 

hip is flexed to the abdomen, and the other leg 
is allowed to dangle off the edge of the table. 
Examiner applies added downward (exten-
sion) pressure on the dangling leg. A modified 
version of the test is done with the patient in 
lateral decubitus position. The dependent knee 
is held up by the patient toward the chest, 
while examiner passively extends the other 
hip. This test applies torsional stress on the 
SIJs (Fig. 16.13).

 – Sacral thrust: with the patient in prone posi-
tion, examiner places his hand over the sacrum 
and then applies pressure directed proximal 
and anterior. This applies anteroposterior 
shear stress on the SIJ (Fig. 16.14).

If three of these are positive, then the pretest 
probability that a diagnostic injection will be posi-

Fig. 16.10 Thigh thrust 
SIJ provocation test

Fig. 16.11 Distraction 
provocation SIJ test
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tive is approximately 85%. Additional helpful 
physical examination findings are the finger test in 
which the patient points to the posterior superior 
iliac spine (PSIS)  at the place where it hurts, ten-
derness to palpation over the PSIS, an ipsilateral 
positive Trendelenburg test, and pain over the 

PSIS with resisted supine active straight leg raise 
test [25]. However, motion and position tests have 
been repeatedly demonstrated to lack reliability 
and validity in the diagnosis of pain coming from 
the SI joint and are, thus, of no benefit in the diag-
nosis of SI joint pain [26–28]. It is important to 

Fig. 16.12  
Compression 
provocation SIJ test

Fig. 16.13 Gaenslen’s provocation SIJ test (left) and modified Gaenslen’s test (right)

Fig. 16.14 Sacral thrust 
provocation SIJ test
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distinguish a pain generated from the gluteus max-
imus origin from a pain originated from the SIJ.

 Laboratory Test

Sacroiliitis can originate from inflammatory 
disease (e.g., seronegative spondyloarthopa-
thies such as ankylosing spondylitis, psoriatic 
arthritis, etc.). Laboratory studies for inflam-
matory and rheumatologic markers (e.g., eryth-
rocyte sedimentation rate, C-reactive protein, 
antinuclear antibodies, human leukocyte anti-
gen B27, rheumatoid factor) are appropriate 
when an inflammatory or infectious disorder is 
suspected in a young patient, but, in general, 
these tests do not frequently add specific diag-
nostic value. For older patients the laboratory 
test must rule out malignant disease in those 
cases that have not improved with initial care 
and may have symptoms warranting further 
investigation [24].

 Imaging Studies

The radiological evaluation of the SIJ remains 
challenging. No studies have clearly documented 
radiographic abnormalities in SIJ dysfunc-
tion. Imaging studies for the evaluation for SIJ 
pathology have generated a great controversy 
among clinicians because it is unclear whether 
normal and abnormal radiographic studies can 
help differentiate symptomatic from asymptom-
atic patients, except in cases of a clear evidence 
of seronegative spondyloarthropathy, arthritis, 
infection, or tumor [24].

The imaging studies must start with plain 
radiographs. A true anteroposterior (AP) of the 
sacrum and a lateral of the pelvis are the best 
views for imaging the SIJ. In all cases an AP of 
the pelvis that includes the hips is mandatory to 
rule out hip osteoarthritis and AP and lateral of the 
lumbar spine to evaluate pathologies in this seg-
ment. Computed tomography (CT), magnetic 
resonance imaging, and bone scan are done to 

exclude other causes of pain rather than diagnose 
SIJ pain [8]. CT of the SIJ has poor sensitivity and 
specificity compared with diagnostic sacroiliac 
joint injections [29]. MRI is excellent to identify 
soft tissue disorders such as tumors, and it can 
help to detect early inflammatory changes in 
spondyloarthropathies or infection (Figs.  16.15, 
16.16, and 16.17). Bone scan findings are non 
specific but can help identify stress fracture, 
inflammatory process, and tumor pathologies.

Fig. 16.15 Normal SIJ image in T2 MRI with preserved 
joint space and without osseous edema

Fig. 16.16 T2 MRI coronal view showing subchondral 
edema of ilium and sacrum in right SIJ in a patient with 
noninfectious sacroiliitis
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 Diagnostic Injections

Fluoroscopically guided or CT-guided, con-
trast-enhanced injections are the method for 
diagnosing or excluding the SIJ as a source of 
pain because of limitations of the history, phys-
ical examination, and imaging modalities. The 
piriformis lies immediatly anterior to the SIJ 
which can contribute to DGS. Pain relief 
obtained with SI joint injection currently is 
 considered the “gold standard” for diagnosis of 
SI joint pain [24]. SIJ pain may be misinter-
preted as facetogenic pain and vice versa. The 
therapeutic injection under fluoroscopy, com-
bined with physical exam maneuvers, may help 
to obtain an accurate diagnosis by helping to 
rule out alternative diagnoses such as faceto-
genic pain, iliolumbar syndrome, and superior 
cluneal nerve entrapment [30]. Reported stud-
ies have used ≥75% pain relief as diagnostic of 
sacroiliac joint-mediated pain and ≤50% relief 
as not diagnostic, with 51–74% relief consid-
ered equivocal [8]. The rate of intra-articular 
injection seen with this clinically guided tech-
nique (no image guidance) is low; it suggests 
restraint in its use for injection therapy. Some 

image guidance (e.g., fluoroscopy, CT) is nec-
essary to reliably inject the SIJ [31].

 Treatment

The SIJ pain should undergo initial nonoperative 
treatment, except in cases of acute trauma result-
ing in gross pelvic instability. Treatment consid-
erations include SIJ-focused physical therapy 
employing manual techniques, restoring balance 
in joint kinematics and function, establishing 
lumbopelvic lower extremity muscular length 
and strength balance, and correcting lumbopel-
vic-hip mechanics, core stabilization, pain 
modalities, therapeutic injections, anti-inflamma-
tory medication, weight reduction, counseling, 
and chronic pain behavior treatment. Only if the 
patient has exhausted all nonoperative treatment 
modalities should one consider surgical treat-
ment [8, 24]. Since the load transmission of the 
forces occurring at the hip are influential in SIJ 
pathology, it is critical that the hip biomechanics 
and patomechanics are properly evaluated and 
understood as a potential load transfer to the SIJ. 
Addressing joint pathology through operative 
and nonoperative modalities may greatly influ-
ence secondary SIJ pain.

Manual therapy can reduce pain in some cases, 
and an exercise program is initiated to promote 
restoration of soft tissue flexibility, strength, and 
balance, but no one of those techniques (osteo-
pathic, chiropractic, or manual physical therapy) 
has shown to be superior to another. If an SIJ 
appears to require recurrent joint mobilization, a 
significant muscle imbalance may still exist [8, 
21]. No manual therapy studies exist for patients 
with established rather than presumed sacroiliac 
joint pain. The physiologic basis for improve-
ment after mobilization and/or manipulation of 
the sacroiliac joint is unknown. In a radiographic 
stereophotogrammetric analysis study of osseous 
positions before and after joint manipulation in 
ten patients with presumed sacroiliac joint pain, 
no positional change of the sacrum or ilium was 
seen, suggesting that no measurable mechanical 
change occurs with manipulation [32].

Fig. 16.17 T2 MRI coronal view showing intense sub-
chondral edema  (hypersignal) and soft tissue edema in a 
patient with left infectious sacroiliitis
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If pain decreases after medication and relative 
rest, the process of rehabilitation begins to achieve 
a balance between agonist and antagonist lower 
extremity muscle length and strength. Show 
improvement of a direct and indirect force trans-
mission across the ilium and sacrum. Muscular 
strengthening and stretching is performed while 
maintaining a neutral spine position. Anatomic leg 
length discrepancies should be determined as early 
in treatment as possible so that the appropriate 
modifications can be accomplished with orthoses 
and shoe modifications [21]. Three planar align-
ment assessment is critical to outcome.

If after a course of therapy and nonsteroidal 
anti-inflammatory drugs, a patient’s SIJ symp-
toms have not adequately resolved, the next step 
in the treatment process is generally injections 
into the joint including a mixture of anesthetic 
agents such as lidocaine for rapid pain reduc-
tion and bupivacaine for prolonged anesthetic 
response with steroids. The injection should be 
performed using fluoroscopic imaging [7].

A systematic review about fluoroscopically 
guided diagnostic and therapeutic intra-articular 
sacroiliac joint injections reported that patients 
who undergo SIJ injections with local anesthetic 
and steroid should have a biphasic response: 
immediate and delayed. When local anesthetic 
alone is injected, 87/246 (35%) patients had at 
least 75% relief; when local anesthetic and ste-
roid were injected, 339/685 (49%) patients had at 
least 75% relief. The overall quality of evidence 
for therapeutic SIJ injections is moderate [33].

Prolotherapy (also known as proliferative 
therapy) involves the injection of otherwise non-
pharmacological and nonactive irritant solutions 
such as dextrose and platelet-rich plasma into the 
body, usually around tendons or ligaments, in an 
attempt to stimulate the synthesis of an increased 
volume of normal collagen material in ligament, 
tendon, or fascia to restore function of the tissue 
at a specific site and relieve musculoskeletal pain; 
however safety and clinical outcomes have been 
reported, no prospective, controlled studies exist 
to date on the specific use of prolotherapy and SIJ 
dysfunction [34].

If SIJ pain persists despite the described treat-
ments, a radiofrequency denervation can be con-

sidered. The nerves that mediate a patient’s 
symptoms might be coagulated by radiofre-
quency lesioning in an effort to provide lasting 
relief of pain. Radiofrequency neurotomy of the 
L5 dorsal ramus, its branches to the sacroiliac 
joint, and the lateral branches of the S1–S3 dorsal 
rami may be performed for chronic SIJ pain. A 
retrospective study was performed selecting 
patients who underwent sensory stimulation-
guided sacral lateral branch radiofrequency neu-
rotomy; success was defined as greater than 60% 
consistent subjective relief and greater than a 
50% consistent decrease in visual pain score, 
maintained for at least 6 months after the proce-
dure, and in 14 patients the authors found 64% of 
patients had >50% reduction of pain [35].

In patients whose symptoms are refractory to 
conservative management and with SIJ pain 
proven by controlled diagnostic anesthetic blocks 
and without any pain sources in the lumbar spine, 
the surgical intervention could be recommended. 
Most of the studies involve surgical fusion of the 
SIJ (with two basic approaches: dorsal or lateral 
transarticular) and include relatively small 
cohorts of patients, and no comparison studies of 
successful fusion rates or clinical outcomes exist 
for the various arthrodesis techniques. Reports of 
small, retrospective series reveal generally posi-
tive results; however, in all of them the pain relief 
is rarely complete, and postoperative recovery 
can be protracted [36–39]. A systematic review 
of the literature about surgical and clinical effi-
cacy of sacroiliac joint fusion reported rates of 
excellent satisfaction, determined by pain reduc-
tion, function, and quality of life in a mean of 
54% in open surgical cases and a mean of 84% in 
patients underwent minimally invasive surgery 
for SIJ fusion, but the authors concluded that 
with the difficulty in accurate diagnosis and evi-
dence for the efficacy of SIJ fusion itself lacking, 
serious consideration of the cause of pain and 
alternative treatments should be given before per-
forming the operation [40]. In summary, whereas 
surgery appears to be clearly indicated for frac-
ture or dislocation, its applicability to degenera-
tive disease is less clear [34]. Assuming hip 
anatomy and biomechanics have been evaluated 
and corrected, the hip-pelvic-spine biomechanics 
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must be understood in SIJ dysfunction. Three 
planar understanding of the hip-pelvic-spine bio-
mechanics is required for successful treatment of 
the SIJ dysfunction.
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 Introduction

Many pathologic conditions of the spine and pel-
vis have posterior gluteal or “hip” pain as a pre-
senting symptom. It is critical that a thorough 
history is taken as well as a detailed physical 
examination of the patient. From this informa-
tion, pertinent imaging studies may be ordered to 
better direct the physician toward an accurate 
diagnosis for the patient’s symptoms. Because 
pain in this region can be from many different 
pathologic processes, it is very important that the 

evaluating physician considers and evaluates the 
patient in a systematic fashion to properly work 
up the patient.

The intersection of several body systems in 
the posterior pelvic region mandates careful 
attention to the presenting complaint, the aggra-
vating and alleviating factors. Musculoskeletal 
conditions such as sacroiliac disease, ischiofe-
moral impingement, facet degeneration, and 
hamstring injuries can usually be differentiated 
based on history, radiographic evaluation, and 
physical examination. Neurologic conditions 
such as piriformis syndrome, spinal stenosis, 
HNP, and Tarlov and meningeal cysts require 
MRI (+/− nerve conduction testing) in addition 
to the aforementioned diagnostics. Vascular 
claudication may be differentiated from neuro-
genic claudication by key components of the 
history, assessment of risk factors, and periph-
eral vascular examination. Ultrasound blood 
flow studies, CT angiography, and magnetic 
resonance angiography studies will ultimately 
be needed for a definitive diagnosis in such 
cases.

The confusion that is often caused by poste-
rior gluteal pain and its association with various 
medical conditions is one that has been present as 
long as we have been treating disorders of the 
lower back, pelvis, and hip joint. A growing 
understanding of physiologic sagittal balance and 
pelvic parameters (pelvic incidence, pelvic tilt) is 
increasingly bringing attention on how the lower 
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lumbar region and the hip joint are so intimately 
related. As the total lumbar lordosis is decreased 
(by degenerative changes of the discs or second-
ary to surgical fusion), the pelvis tends to assume 
a retroverted posture as a compensatory mecha-
nism. This then reduces the hip’s extension in a 
normal gait cycle, thus accentuating conditions 
such as ischiofemoral impingement. The radio-
graphic parameters which may best highlight this 
condition relate to the patient’s sacral slope, pel-
vic tilt, and pelvic incidence.

It is not uncommon for inexperienced practi-
tioners to comment that they have never seen a 
symptomatic sacroiliac joint problem, piriformis 
syndrome, or Tarlov cyst (to name just a few). 
However, to the expert examiner in each of these 
fields, the diagnosis can be made and treatment 
rendered to resolve the patient’s complaint in 
most instances. If the possibility of a rare or 
unusual condition afflicting a patient is never 
considered, an accurate diagnosis and appropri-
ate treatment will certainly evade the physician.

The vast majority of the patients who present 
with posterior hip pain can be accurately diag-
nosed into one of the more common diagnoses. 
Among the spinal conditions to consider, spinal 
stenosis, lumbar disc herniation, degenerative 
disc disease, and lumbar facet degeneration repre-
sent the vast majority of these cases. When there 
is difficulty in establishing the diagnosis, it is 
incumbent on the physician to broaden the scope 
of conditions being considered and to recognize 
the considerable variability in presentation among 
the conditions on the differential diagnosis list.

In order to make an accurate diagnosis, it is 
often necessary to perform electrodiagnostic 
(EMG/NCV) studies and/or diagnostic injections 
to more definitively establish a diagnosis. The 
use of these sophisticated techniques may be the 
only way to differentiate some of these condi-
tions from one another. In the following sections, 
the process of working up and treating the fol-
lowing conditions will be reviewed: peripheral 
vascular disease, lumbar spinal stenosis, herni-
ated nucleus pulposus, facet degeneration/syno-
vial cyst, degenerative disc disease, sacroiliac 
joint disease, piriformis syndrome, hamstring 
injuries, and Tarlov and meningeal cysts.

 Herniated Nucleus Pulposus

 Background

Lumbar disc herniation is a common cause of 
low back pain that can manifest as posterior hip 
pain. Typically, strain leads to a tear of the outer 
annulus fibrosus. This is usually associated with 
significant lower back pain. Either simultane-
ously or more commonly after the onset of the 
lower back symptoms, disc material (nucleus 
pulposus) from the central portion of the disc 
space may protrude through the opening in the 
annulus resulting in compression of the local 
neurologic structures. It is not uncommon for the 
pain in the lower lumbar region to resolve by the 
time the radicular complaints become more 
predominant.

Depending on the level of the disc herniation, 
it can cause compression of the conus medullaris 
in the upper lumbar levels or spinal nerve roots in 
the mid to lower lumbar levels. The disc can pro-
trude and create compression at that disc level or 
extrude through the annulus and migrate superi-
orly or inferiorly. An understanding of the anat-
omy of the traversing and exiting nerve roots at 
each level is crucial in understanding the 
symptomatology.

A foraminal or extraforaminal herniation will 
compress the exiting nerve root, so at L3/4 
foraminal herniation would cause compression 
of the L3 nerve root (Fig.  17.1a, b). The more 
common subarticular or lateral recess herniation 
typically causes compression of the traversing 
nerve root, or the nerve root below the corre-
sponding disc level. So at L5/S1 a posterolateral 
disc herniation would compress the S1 nerve 
root on the affected side (Fig. 17.2a, b). Central 
disc herniations are uncommon causes of neuro-
logic compression. Typically they are more asso-
ciated with axial lower back pain than radicular 
symptoms. Rarely, a very large central disc her-
niation may cause compression of the entire 
cauda equina and cause cauda equina syn-
drome—a surgical  emergency. The most com-
mon levels to exhibit symptomatic disc 
herniations with associated radiculopathy are at 
the L4/L5 and L5/S1 levels; however they can 
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occur at any level in the spine from C2 to the 
sacrum. Subarticular disc herniations are the 
most common location for neurologic compres-
sion to occur.

 History

Patients with a symptomatic herniated lumbar 
disc will often describe pain after an activity that 

a b

Fig. 17.1 Foraminal disc herniation. (a) A patient with 
left hip pain demonstrating a left foraminal extrusion at 
L3/L4 compressing the exiting L3 nerve root with severe 

left foraminal stenosis. (b) Axial image at L3/L4 demon-
strating the foraminal location of the left disc herniation—
compressing the left L3 nerve root

a b

Fig. 17.2 Disc herniation with left hip pain. Images 
show a L5/S1 left subarticular extrusion compressing the 
left S1 nerve root. (a) Demonstrates the disc extrusion 
within the left subarticular recess at L5/S1 extending infe-
riorly to the left S1 lateral recess with compression and 
posterior displacement of the left S1 nerve root. (b) Axial 

T2 images demonstrating the same with profound T2 
hyperintensity of the extrusion (high-intensity zone). Note 
how the extrusion on T2 images can blend in with the epi-
dural fat and how much easier on T1-weighted images in 
this case the extrusion is seen
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required a higher level of physical exertion. 
However, a patient may experience symptoms 
without a definite preceding event. The present-
ing symptoms can vary from low back pain to 
buttock or leg pain that is often exacerbated by 
sitting or leaning forward and relieved by stand-
ing or back extension. Other symptoms include 
lower extremity weakness, numbness, or pares-
thesias. Rarely, cauda equina syndrome can man-
ifest secondary to a herniated disc and includes 
lower extremity weakness, saddle anesthesia, 
and/or bowel/bladder incontinence. Most patients 
with herniated discs will have improvement of 
symptoms over time as the herniated disc has the 
capacity to spontaneously resorb. Typically, the 
larger and more acute the herniation is, the more 
likely it is to resorb. However, these are also the 
disc herniations most likely to cause acute radic-
ulopathy. Other conditions with a similar presen-
tation are spinal stenosis or synovial facet cysts 
which often require MRI to differentiate from 
HNP.  All of these conditions tend to produce 
compression of the traversing nerve root.

 Physical Exam Findings

A detailed physical examination is essential to 
accurately diagnose a HNP as the source of the 
patient’s symptoms. It is very common to iden-
tify asymptomatic disc herniations on MRI or CT 
myelogram. Therefore, a thorough neurological 
examination is important in order to corroborate 
the level and side of nerve root compression with 
the identified pathology on the imaging studies. 
With a herniated disc, motor exam may yield 
weakness in a specific muscle group correspond-
ing to compression of a specific level such as 
weakness of the tibialis anterior with dorsiflexion 
of the ankle indicating problems with the L5 
nerve. Upper motor neuron signs such as hyper-
reflexia or clonus indicate compression at the 
level of the spinal cord rather than at the root 
level. Sensory examination in a dermatomal pat-
tern is very helpful to further delineate the 
involved nerve root.

Although the classic finding of sciatica with 
pain radiating all the way down a particular der-
matome with associated weakness of the corre-
sponding motor unit is often seen with disc 
herniations, the clinical presentation can be quite 
varied. Often times there will be occasional sci-
atica pain with intervening periods of more “cen-
tralized” pain in the lower back and gluteal 
region. Therefore, posterior hip or gluteal pain 
may be the chief presenting complaint for many 
of these patients.

 Imaging

The easiest and least expensive imaging modality 
to evaluate back pain is a plain X-ray. The X-ray 
might reveal loss of disc height in a patient with a 
degenerative or herniated disc. Standing radio-
graphs will also help to identify subtle instability 
on flexion/extension or the presence or absence 
of spinal deformities such as spondylolisthesis, 
kyphosis, or scoliosis.

The preferred imaging modality for identifica-
tion of lumbar disc herniations is an MRI. 
Intravenous contrast with gadolinium is often 
helpful in situations where prior surgery has been 
performed to differentiate epidural scar tissue 
from recurrent disc herniations. In the lumbar 
spine, having a combination of T1 and T2 axial 
and sagittal images is necessary. STIR images 
acquired routinely at most facilities are also very 
useful and should be acquired on a routine basis. 
This sequence maybe the only sequence to dem-
onstrate signs of peridiscal inflammation or osse-
ous edema. An MRI will show the location and 
size of the herniated disc, as well as identify other 
possible causes for pain/radiculopathy such as 
spinal stenosis or facet degeneration/cyst. 
However, many asymptomatic patients will have 
abnormal findings on the MRI as well, so treat-
ment decisions on imaging alone is fraught with 
error. Any disc herniation’s significance must be 
corroborated with the clinical exam findings. The 
use of contrast is also helpful when infection or 
tumor is suspected.
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 Diagnostic Tests

Imaging studies such as MRI or CT are the pri-
mary diagnostic modality for lumbar disc hernia-
tions. CT myelogram is useful in those patients 
not able to obtain MRI. In general there is little 
added information with myelography in patients 
who can obtain a high-quality MRI and non-con-
trast CT. Also unlike the cervical spine where the 
neural compression is most commonly osseous, 
in the lumbar spine that is not the case, hence 
making CT myelography far less necessary in the 
lumbar spine. EMG is often useful in evaluating 
which nerve root level is affected especially in a 
patient with a contraindication to MRI such as a 
pacemaker. Steroid injections can aid the diagno-
sis of the specific pain generator by relief with 
injection of a specific nerve root.

 Treatment

Initial treatment is typically conservative man-
agement with the use of NSAIDs, physical ther-
apy, muscle relaxants, or a short course of oral 
steroids as the symptoms from most herniated 
discs will resolve with a combination of conser-
vative treatments. If a patient fails these conser-
vative treatments, consideration for an epidural 
steroid injection or surgical treatment may be 
warranted. Surgical treatment is reserved for 
patients recalcitrant to conservative management, 
and surgery has shown improvement in pain and 
function compared to nonoperative treatment. 
The operative treatment typically performed is a 
microdiscectomy which includes a laminotomy 
with discectomy.

 SI Joint Problems

The sacroiliac joint is a source of mechanical 
back pain that has potential to be missed by prac-
titioners. SI joint pain is typically a chronic pain 
in the lower back or gluteal region of the pelvis. 
Problems with the SI joint can arise from a 

trauma or pregnancy or may also be seen in syn-
dromes such as infection, ankylosing spondylitis, 
or Reiter’s syndrome. It is believed that long spi-
nal fusions to the sacrum may also result in sac-
roiliac pain. The imaging findings in such cases 
may be quite variable.

 History

Patients with the SI joint as a pain generator typi-
cally present with chronic, low back pain without 
radiculopathy that often has an inciting event 
such as a fall on the buttocks or motor vehicle 
collision. A thorough history is important to help 
aid in the diagnosis of associated syndromes. 
Ankylosing spondylitis is an autoimmune condi-
tion with positive HLA-B27 and may have uve-
itis associated with the SI joint pain. Also, 
Reiter’s syndrome is a triad of oligoarticular 
arthritis, conjunctivitis, and urethritis. Other con-
ditions with similar presenting symptoms are 
facet disease, piriformis syndrome, and degener-
ative disc disease.

 Physical Exam

The physical exam findings in SI joint problems 
will be pain with typically three or more provoca-
tive maneuvers. Many maneuvers exist and 
include palpating the SI joint and also the FABER 
test by flexing, abducting, and externally rotating 
the leg which should recreate the pain. Another 
maneuver is Gaenslen’s test done by stressing 
both SI joints at once by having the patient lie flat 
on the examination table, flexing one knee to the 
chest and extending the other leg while it hangs 
off the table.

 Imaging

An X-ray may show some nonspecific changes 
such as sclerosis, erosions, osteophytes, or anky-
losis of the SI joint. Because of MRI’s sensitivity 
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to bone marrow edema and inflammatory 
changes, MRI with gadolinium is the preferred 
method of imaging. MRI will show edema, as 
well as synovial/joint space enhancement and 
fluid earlier than other methods. CT is useful 
when looking for abnormalities seen later in the 
course of the disease, such as sclerosis and anky-
losis or when evaluating for subtle erosions 
(Fig. 17.3a, b).

 Diagnostic Tests

SI joint injections with fluoroscopic guidance 
can not only be therapeutic but also diagnostic in 
cases of SI joint pain. Relief of pain after steroid 
or local anesthetics into the joint may be helpful 
in confirming the SI joint as the primary patho-
logic process. Lab tests can also help with diag-
nosis such as ESR, CRP, WBC for sacroiliitis, 
HLA-B27 for ankylosing spondylitis, and RF for 
the spondyloarthropathies. Patients with anky-
losing spondylitis may ultimately autofuse this 
joint, and surgical treatment is not typically 
indicated.

 Treatment

Conservative treatment is the first step such as 
NSAIDs and physical therapy. Continued pain 

may be improved with corticosteroid injections 
into the SI joint. The spondyloarthropathies may 
also require TNF inhibitors. For infection, IV 
antibiotics are warranted with a transition to oral 
antibiotics once symptoms improve.

Pharmacologic treatment for the various spon-
dyloarthropathies is beyond the scope of treat-
ment covered in this segment. Many new 
medications which modulate the immune 
response are being used in this capacity. 
Rheumatologic evaluation should be advised in 
such cases to direct treatment. If surgery is 
needed for anyone on these immune-modulating 
medications, careful attention must be given to 
stopping and restarting these medications in a 
timely fashion before and after surgery to mini-
mize the risk of postsurgical infection.

 Facet Disease/Synovial Facet Cyst

Facet disease is another generator of low back 
pain. Facet arthritis is a very common cause of 
low back pain as the cartilage within the joints 
may degenerate (Fig. 17.4a, b) Also, facet cysts 
filled with synovial fluid from the facet joint can 
form and cause some compression of the travers-
ing neurologic structures.

Lumbar instability on flexion and extension is 
commonly identified among patients with a syno-
vial cyst. Standing X-rays and flexion/extension 

a b

Fig. 17.3 (a) T1 coronal image showing areas of dimin-
ished signal within the sacrum and iliac bone along the 
right sacroiliac joint. T1 hyperintensity of the left sacrum 

likely is secondary to postinflammatory fatty infiltration. 
(b) STIR coronal image showing the increased signal on 
the right about the sacroiliac joint typical of sacroiliitis
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views should routinely be performed as it may 
have implications on the ultimate treatment.

 History

Patients with facet arthritis will most likely have 
some component of low back pain and will typi-
cally present in the fifth or sixth decade of life or 
later. The pain typically has a mechanical compo-
nent: worse with more vigorous activity and allevi-
ated by rest. Synovial cysts occur in a broader age 
range and can have both axial lower back pain and 
radicular pain as presenting complaints. Facet cysts 
may wax and wane with respect to their size based 
on the level of the patient’s activity. Thus the symp-
toms associated with synovial cysts may be better 
or worse at times as the cyst changes in size/shape.

 Physical Exam

Neurologic exam may reveal tenderness to palpa-
tion of the low back near the specific arthritic facet 
joints. Facet syndrome typically exhibits pain with 
extension of the lumbar spine as the spine prefer-
entially loads the posterior elements in extension. 
Pain may also be seen with lateral bending toward 
the affected facet joint for the same reason.

Careful neurologic examination should be 
performed to identify the precise nerve root 
which is compressed.

 Imaging/Diagnostic Tests

X-rays can aid in the diagnosis of facet arthritis 
with the facet joints appearing sclerotic and 
hypertrophied on both PA and lateral radio-
graphs. MRI is the most useful imaging study of 
the facet joints. Differentiating disc herniation 
from facet synovial cyst can only be accurately 
accomplished with MRI (Fig.  17.3). Also cor-
rectly identifying facet synovitis by visualizing 
facet joint edema, synovial fluid/thickening, and 
perifacet inflammation is frequently only con-
spicuous on MRI rather than CT or X-ray 
(Fig.  17.4a, b). MRI with contrast, in this 
 scenario, can improve the sensitivity to facet joint 
inflammation demonstrating enhancement within 
and around the facet joint.

 Treatment

Conservative management is the mainstay of 
treatment for both facet degeneration and syno-
vial cysts. Arthritis may be improved with 

a b

Fig. 17.4 Facet degeneration. (a) T2 axial image showing right facet effusion with some facet hypertrophic changes. 
(b) Sagittal STIR showing facet effusion with mild subjacent osseous edema
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NSAIDs and physical therapy and possibly ulti-
mately with corticosteroid injections. Patients 
who experience substantial pain relief with corti-
costeroid facet injections may find better and 
longer-lasting relief with radiofrequency ablation 
of the nerve which innervates the facet joint 
complex.

Facet cysts may resolve over time, but if they 
do not regress with time and continue to cause 
symptoms, then surgical excision may be war-
ranted to remove the cyst. A synovial cyst with-
out associated spondylolisthesis may be treated 
with just a laminotomy to gain access to the cyst 
and cyst removal. Larger cysts and cysts found in 
conjunction with spondylolisthesis may require 
more expansile decompression and fusion to pre-
vent postsurgical instability or cyst recurrence 
(Fig. 17.5a, b).

 Hamstring Injury with Avulsion

Hamstring injuries when associated with avul-
sion can cause posterior hip pain. Most hamstring 
injuries occur at the myotendinous junction; 
however, the hamstring can avulse the ischial 
tuberosity. The hamstring includes the semitendi-
nosus and semimembranosus and biceps femoris 
muscles.

 History

The patient may give a history of participating in 
physical activity such as sprinting or water skiing 
during the time of injury. They may describe feel-
ings of a “pop” during exercise with bruising and 
swelling afterward. Tears can be acute or chronic.

a b

Fig. 17.5 Synovial cyst causing spinal stenosis. (a) 
Sagittal T2 image showing the synovial cyst at the L4/L5 
disc level. (b) Axial T2 MRI image at L4/L5 disc level. 

Right-sided synovial cyst from the right L4/L5 facet joint. 
This is typically found in the setting of subtle spondylolis-
thesis such as in this case
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 Physical Exam

Upon physical exam, there may be extensive 
ecchymosis and edema as well as a palpable mass 
in the posterior thigh. Often times the patient will 
have difficulty walking or running immediately 
after the injury.

 Imaging

Plain X-rays of the pelvis may show an avulsion 
at the ischial tuberosity with avulsed bone frag-
ment. However this is less common in adults as 
opposed to adolescents where the apophysis will 
avulse due to lack of complete ossification. MRI 
is the exam of choice. Not only will it show the 
avulsed tendon but it will better show the degree 
of tendon retraction (Fig. 17.6).

 Treatment

A hamstring injury with rupture at the myotendi-
nous juncture warrants limited weight-bearing 

status for a few weeks with stretching and 
strengthening to follow. An avulsion injury may 
warrant operative repair of the hamstring tendon 
to the ischial tuberosity with suture anchors. The 
decision to operate depends on patient demands 
and extent of injury and disability.

 Lumbar Spinal Stenosis

 Background

Spinal stenosis of the lumbar spine is typically a 
multifactorial condition that results in narrow-
ing of the entire spinal canal. Impingement of 
the spinal canal is typically caused by a combi-
nation of facet hypertrophy, disc bulge, and 
thickening of the ligamentum flavum. It is a 
common cause of posterior hip pain. The inci-
dence of spinal stenosis increases significantly 
after age 60. Spinal stenosis is nearly always 
present in the face of a degenerative spondylo-
listhesis. When a  spondylolisthesis is present, 
the stenosis will usually affect the subarticular 
recess preferentially.

a b

Fig. 17.6 Hamstring avulsion injury. (a) Axial STIR 
image showing absent left hamstring tendon at the level of 
the ischial tuberosity with edema and hemorrhage within 

the subjacent soft tissues. Edema is also seen in the left 
ischial tuberosity. (b) Coronal STIR image showing the 
complete avulsion on the left with distal retraction of the 
tendon (arrow) and extensive surrounding hematoma
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Many authors support a multifactorial etiol-
ogy in the progression of lumbar stenosis. Disc 
degeneration alters mechanics and loading of 
facet joints. The stress on the facet joint leads to 
hypertrophy of the facets, joint capsule, and liga-
mentum flavum, all of which result in decreased 
space in the spinal canal. Placing the lumbar 
spine in extension causes the ligamentum flavum 
to buckle and further decrease the spinal canal 
diameter. Thus, patients have increased symp-
toms when in extension.

 History

Patients with lumbar spinal stenosis often com-
plain of lower back pain, buttock and leg pain, 
pseudoclaudication, standing discomfort, numb-
ness, and lower extremity weakness. These 
symptoms are usually exacerbated with walking, 
standing, descending hills, and going down stairs. 
Their pain will start proximally and proceed dis-
tally. Patients usually report relief of symptoms 
with changes in position (sitting down, leaning 
forward). Patients’ buttock and leg pain is usually 
unilateral neurogenic pain that can radiate down 
the leg. Pain is not commonly located in the 
groin, as is common with hip pathology. Other 
symptoms can include bladder disturbances and 
cauda equina syndrome.

Neurogenic claudication can be distinguished 
from vascular claudication in that it is typically 
worse with extension of the back and relieved 
with flexion of the back, whereas vascular claudi-
cation is exacerbated by activity not position. See 
the section on vascular claudication for further 
distinguishing features.

 Physical Exam

Patients with lumbar stenosis will tend to have a 
normal physical exam. They will usually exhibit 
focal tenderness to palpation in the lumbar spine 
that correlates with the location of impingement. 
Patients may also exhibit lower extremity weak-
ness that follows a segmental pattern in accor-

dance with which nerve root is being impinged. 
Patients generally will NOT have tenderness to 
palpation in the buttock or groin. Symptoms will 
not be reproduced with passive hip ROM. If vas-
cular claudication is suspected, ABIs are 
appropriate.

 Similar Presenting Conditions

As highlighted in the background section, lumbar 
stenosis may be caused by a wide variety of con-
ditions. The symptoms that are common to these 
conditions can also be present in other conditions 
such as vascular claudication, hip osteoarthritis, 
avascular necrosis of the femoral head, piriformis 
syndrome, trochanteric bursitis, Tarlov cysts, 
facet cysts, sacroiliac joint disease, and periph-
eral neuropathy.

 Imaging

Proper imaging is critical to the diagnosis of 
lumbar spinal stenosis. Imaging studies should 
include AP, lateral and oblique radiographs, 
flexion-extension radiographs, MRI, and/or CT 
myelogram. It is very important to obtain stand-
ing lumbar radiographs. On the standing X-rays 
the following issues should be specifically 
reviewed: standing posture, presence or absence 
of spondylolisthesis, or instability on flexion 
and extension. It is not unusual that MRI or CT 
will miss a subtle spondylolisthesis due to the 
recumbent position that the images are obtained. 
Oblique radiographs may be helpful to identify 
pars lesions or spondylolysis. From cross-sec-
tional images, MRI is again the diagnosis of 
choice. The stenosis will be visible, but the 
dominant cause of the stenosis (disc, facet, liga-
mentum flavum, epidural lipomatosis) and 
where the stenosis is located will be visible 
(Fig.  17.7). CT myelography is beneficial in 
those patients in whom MRI cannot be obtained, 
but myelography is not a simple or straightfor-
ward procedure in patients with severe spinal 
stenosis.
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 Special Diagnostic Testing

EMG is a useful tool to differentiate lumbar spi-
nal stenosis from peripheral neuropathy or piri-
formis syndrome. Ankle-brachial index should 
be part of the assessment if vascular claudication 
in suspected.

 Treatment

Nonsurgical interventions for lumbar spinal ste-
nosis have marginal long-term efficacy. They 
include drug therapy, physical therapy, and epi-
dural steroid injections. Drug therapy should 
consist of acetaminophen and NSAIDs initially. 
Narcotics and muscle relaxants should be used 
sparingly and only on a short-term basis. Physical 
therapy should focus on core strengthening, lum-
bar stabilization, flexibility, and aerobic condi-
tioning. Epidural steroid injections can provide 
pain relief for patients on a short-term basis, but 
they have not been shown to change the natural 
progression of disease or decrease the need for 
future surgical intervention.

Patients whose symptoms are recalcitrant to 
nonsurgical treatment regimens are candidates for 
surgical intervention. The mainstay of surgical 

intervention for lumbar spinal stenosis is direct 
nerve root decompression via laminectomy or 
laminotomy. Spinal fusion surgery is generally 
not indicated for patient with spinal stenosis with-
out instability or other spinal deformities (i.e., 
scoliosis). Indirect nerve root decompression via 
distraction of the disc space or other interspinous 
process device (Coflex, X-stop) may be reason-
able in some selected cases. However, the results 
of the SPORT (Spine Patient Outcomes Research 
Trial) study demonstrate the very good and repro-
ducible outcomes that may be achieved via lum-
bar laminectomy.

 Degenerative Disc Disease

As patients age, the composition of vertebral discs 
is altered. The number of viable cells decreases, 
as does the amount of proteoglycans within the 
nucleus of the disc space. The decrease in proteo-
glycans leads to a loss of hydration within the 
disc. The resultant structural changes include an 
expansion of the inner layers of the annulus and 
decreased disc height and ultimately lead to 
altered biomechanics (as previously discussed in 
the lumbar spinal stenosis section). These degen-
erative changes are termed degenerative disc 

a b

Fig. 17.7 Spinal stenosis. (a and b) Sagittal and axial T2 
images showing spondylolisthesis and severe spinal and 
subarticular stenosis at L4/L5 from a combination of 

spondylolisthesis, disc bulge, facet degeneration, and liga-
mentum flavum buckling
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 disease (DDD). DDD causes an increase in 
mechanical load and stress on the ligaments and 
facet joints around the degenerative disc. This 
leads to abnormal motion and hypertrophy of the 
affected facets.

Common comorbidities associated with DDD 
include diabetes mellitus, vascular insufficiency, 
and smoking; however no causal link has been 
established.

 History

The primary manifestation of DDD is back pain 
without radiculopathy. Patients will complain of 
midline pain in the lumbar spine that can usually 
be well-localized. This pain may be exacerbated 
by axial loading, sitting, and bending. It is also 
important to differentiate whether the pain is 
acute or chronic.

Acute low back pain is described as lower 
back pain of less than 3 months duration that is 
functionally limiting. It is not usually accompa-
nied by neurologic symptoms, is usually self-
limiting, and typically resolves within a short 
time frame. EMG and other nerve conduction 
studies generally are not warranted.

While most causes of acute low back pain 
resolve over time, some acute pathology requires 
immediate attention. These include metastatic 
disease, infection, vertebral fracture, cauda 
equina syndrome, and herniated nucleus pulpo-
sus. As such, it is imperative that a thorough his-
tory includes questions of cancer history, 
unexplained weight loss, fever, recent sickness or 
infection, changes in mental status, recent trauma 
or fall, urinary retention, saddle anesthesia, 
numbness, tingling, and neurologic deficit. 
Positive findings to any of these lines of question 
should alert the provider to investigate further.

Evaluation of chronic low back pain can be 
multifaceted and nuanced. In general, pain should 
be localized to a specific region of the spine, and 
the patient should be asked to distinguish the 
nature of the pain. As with acute low back pain, 
chronic low back pain must be evaluated for 
pathology that requires immediate attention, such 
as fracture, neoplasm, or infection. It is also criti-

cal to screen for underlying psychiatric disease, 
secondary gain, and inconsistencies in history 
and exam findings.

 Physical Exam

On physical exam,  patients with DDD will dem-
onstrate midline TTP over specific areas of the 
lower back that correspond to the levels where 
DDD changes are occurring. It is important to 
differentiate this mechanical pain from myofas-
cial pain. They may also have a decreased or 
painful range of motion. Tension signs such as 
straight leg testing and bowstring testing will 
usually be normal.

 Similar Presenting Conditions

As discussed in the history section, metastatic 
disease, infection, vertebral fracture, cauda 
equina syndrome, and herniated nucleus pulpo-
sus can all mimic some of the symptoms of 
DDD.  In addition, there are many abdominal 
conditions that can present with low back pain as 
a primary symptom. These include abdominal 
aortic aneurysm, renal colic, pelvic inflammatory 
disease, UTI, and retrocecal appendicitis.

 Imaging

Radiographs may show disc height loss or may 
be normal. If DDD is suspected, MR is again the 
imaging study of choice. Characteristic findings 
of DDD on MRI would include disc height loss 
and a low signal (black disc) on T2-weighted 
image without significant herniation or stenosis. 
As progressive pathologic disc degeneration 
ensues, osteophyte formation, intradiscal/nuclear 
gas, annular tears/high-intensity zones, and 
Modic changes in the subjacent vertebral bodies 
can be seen though not necessarily in that order. 
At this point the findings are starting to move 
beyond the realm of normal (aging related) 
degeneration and toward pathologic degeneration 
(internal disc disruption).
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 Special Diagnostic Testing

Provocative discography has been used as a 
means of confirming DDD as the source of low 
back pain. A positive test shows concordant pain 
response, shows abnormal disc morphology on 
fluoroscopy, and has negative lumbar spine con-
trol levels. While diagnostically accurate, discog-
raphy is somewhat controversial. Possible injury 
to the disc at control levels and the subjective 
nature of how the results are interpreted by the 
examiner have been some of the shortcomings of 
this technique.

 Treatment

Nonoperative management includes rest, activity 
modification, taking of NSAIDs and muscle 
relaxants, bracing, and physical therapy focusing 
on stretching, strengthening, and weight control. 
Other interventions that have shown benefit 
include behavioral modification, smoking cessa-
tion, and activity modification.

Immediate surgical intervention is necessary 
for cases of neoplasia, infection, fracture, HNP, 
or in patients who develop neurological deficits 
including those with cauda equina syndrome. In 
such cases, surgical intervention should be tai-
lored to treat the specific cause and will not be 
covered in detail in this section.

Surgical management of confirmed DDD 
should only be pursued if the patient has had per-
sistent symptoms that do not resolve with a 
6-month regimen of nonoperative treatment as 
previously described. Options for surgical inter-
vention include lumbar discectomy and fusion, 
transforaminal interbody fusion or lumbar total 
disc replacement.

 Piriformis Syndrome

 Background

Compression of the sciatic nerve after it leaves 
the pelvis can cause posterior hip and leg pain 
known as piriformis syndrome. This entrapment 

can occur anterior to the piriformis and posterior 
to the gemelli and obturator internus at the level 
of the ischial tuberosity.

 History

Patients with piriformis syndrome will complain of 
posterior gluteal pain that migrates down the back 
of the leg that is often described as burning or ach-
ing in nature. See Chap. 8.

 Physical Exam

Patients with piriformis syndrome can demon-
strate tenderness to palpation lateral to the ischial 
tuberosity and/or weakness or diminished sensa-
tion in the lower leg. The definitive test for piri-
formis syndrome is conducted by passively 
placing stress on the piriformis and short external 
rotators. This is known as the FAIR Test due to 
the proper positioning (flexion, adduction, inter-
nal rotation). The FAIR  Test is positive when 
placing the patient in this position and leads to a 
reproduction of symptoms.

 Imaging

In patients with piriformis syndrome, radio-
graphs are usually negative. Initially MRI of the 
pelvis was thought to also bear little additional 
information but has now proven to be a useful 
test. Findings frequently seen include piriformis 
enlargement (of multiple causes), muscle inflam-
mation and scaring, and congenital muscular 
variants of size and attachment (Fig. 17.8).

Lumbar MRI is helpful in ruling out spinal 
causes of nerve compression that could mimic a 
lower entrapment neuropathy.

 Special Diagnostic Testing

Electrodiagnostic studies such as EMG and nerve 
conduction studies are useful in the diagnosis of 
piriformis syndrome and may demonstrate 
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 functional impairment of sciatic nerve. However, 
negative results do not exclude piriformis syn-
drome as the diagnosis.

 Treatment

Nonoperative management includes rest, taking 
of NSAIDs and muscle relaxants, physical ther-
apy focusing on stretching the piriformis muscles 
and short external rotators, and corticosteroid 
injections directed near the piriformis muscle.

Surgical management is indicated only in 
refractory cases without response to conservative 
treatment and consists of piriformis muscle 
release or external sciatic neurolysis.

 Peripheral Vascular Disease

 Background

Arterial insufficiency is due to narrowing of the 
arteries in the lower extremities. Atherosclerosis 
leads to a narrowing of the arterial blood supply, 
such that when a patient has an increased oxygen 
demand (during exercise or walking for example) 
the diminished blood supply is not able to keep 
up with oxygen demand from the muscle tissue, 
resulting in intense pain and cramping of the legs. 
The popliteal artery is the most common location 

of arterial insufficiency because it is the smallest 
diameter artery that is still a common location for 
atherosclerotic buildup. Incidence of arterial 
insufficiency increases with age. Most patients 
will be over 50 at first onset of symptoms. 
Hypertension, diabetes, smoking, and obesity are 
strongly correlated with arterial insufficiency. 
See Chap. 19.

 History

The hallmark presenting symptom of arte-
rial  insufficiency is “vascular claudication.” 
Claudication is defined as cramping activity-
related leg pain. It has insidious onset over many 
years and leads to decreased activity levels. 
Patients relate that they are no longer able to walk 
for as long as they used to due to cramping pain 
in their feet, calves, and thighs. Patients report 
relief of symptoms with rest. Patients can also 
present with numbness and tingling in their feet. 
Symptoms can be unilateral or bilateral. In earlier 
stages, the symptoms are unaffected by changes 
in position. However, as disease advances, even 
standing can cause symptoms.

 Physical Exam

Patients with arterial insufficiency can present 
with diminished or absent distal pulses, cold 
extremities, cyanosis, or atrophy in the affected 
limb. Atrophic changes can include loss of hair, 
atrophied muscles, and shiny skin. ABIs will be 
diminished in the affected limb.

 Similar Presenting Conditions

It is important to distinguish between neuro-
genic claudication and vascular insufficiency as 
the source of pain in patients who present with 
claudication as their chief complaint. In general, 
vascular claudication is worsened with activity, 
while neurogenic claudication is worsened with 
position. Thus, a patient who relates relief of 
symptoms with decreased activity and notices no 

Fig. 17.8 Piriformis syndrome. T1 coronal image show-
ing a left piriformis lipoma (arrow) in someone presenting 
with left piriformis syndrome. Normal right piriformis on 
the right (arrow)
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difference with postural changes is more likely 
to have vascular insufficiency. Conversely, exten-
sion of the lumbar spine closes down the area 
available for the spinal cord and increases neu-
rogenic claudication. Thus, it is worsened by 
standing, walking upright, and walking down-
hill, but activity that places the back in flexion, 
such as walking downhill, riding a bicycle, or 
leaning over while pushing a shopping cart, will 
improve symptoms. Another determining factor 
in differentiation is the peripheral exam. Vascular 
claudication is more likely to present with abnor-
mal pulses, skin changes, cyanosis, and cold 
extremities.

 Imaging

Doppler ultrasound is the gold standard for ini-
tial noninvasive evaluation and readily identi-
fies stenosis and occlusion of the vasculature. 
CT angiography and MR angiography are now 
routinely used for characterization of the loca-
tion and degree of stenosis. Direct catheter 
angiography and arteriography can be useful 
for patients requiring more detailed surgical 
evaluation.

 Treatment

Nonoperative management includes lifestyle 
modification and control of chronic medication 
conditions such as hypercholesterolemia, hyper-
tension, and diabetes mellitus.

Operative management includes angioplasty, 
stenting, and arterial bypass grafting. Amputation 
often becomes necessary as a salvaging proce-
dure in patients with uncontrolled diabetes.

 Other Musculoskeletal Conditions/
Considerations

This chapter will not specifically address 
other conditions such as complications sec-
ondary to total hip arthroplasty or hip resur-
facing. Ischiofemoral impingement and other 

 intra-articular conditions of the hip joint are 
discussed elsewhere and are beyond the scope 
of this chapter.

 Tarlov Cysts

 Background

Tarlov (perineurial) cysts are one of the several 
distinct types of spinal meningeal cyst com-
monly found in the lumbosacral region 
(Fig.  17.9). They share the potential to cause 
symptomatic spinal nerve root compression and 
bone remodeling presenting as sacral or poste-
rior hip pain. Unfortunately, knowledge con-
cerning these cysts has historically been limited, 
and past teachings have been to avoid them at all 
costs. This most likely stems from their reputa-
tion for poor surgical outcomes and a high rate 
of complications, particularly cerebrospinal fluid 
(CSF) leakage. Though not a prerequisite for 
causing symptoms, Tarlov cysts can sometimes 
be radiologically impressive in size and extent 
(Fig. 17.10). These factors, along with the com-
plexity of the presenting symptoms, can com-
bine to pose a daunting treatment quandary, even 
for the most seasoned spine surgeon or pain 
management practitioner alike.

Unfortunately, when the diagnosis of a symp-
tomatic Tarlov cyst is missed and standard evalu-
ations for hip and SI joint pathology are 
unsurprisingly normal, patients are often rele-
gated to endless pain clinic and physical therapy 
or simply told that there is nothing wrong and 
that their problem is psychological. Still worse, 
patients can be misdiagnosed with other orthope-
dic, spinal, gynecological, urological, or gastro-
enterological disorders and subjected to an 
endless array of unneeded interventions. Topping 
this list are misguided SI joint fusion, an assort-
ment of spinal surgeries, hysterectomy (often 
while still of childbearing age), exploratory lapa-
rotomy, and bladder procedures (Fig. 17.11).

This section is therefore intended to give the 
reader an understanding of sacral Tarlov cysts and 
their presentation so that misdiagnosis can be pre-
vented and patients can receive appropriate care.
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Fig. 17.9 Image from the original publication by IM Tarlov describing different types of meningeal cysts in the sacrum 
arising from the spinal sac, including perineurial cysts (arrow), which were later named after him

a b

Fig. 17.10 A large sacral Tarlov cyst is seen on sagittal 
(a) and axial (b) T2-weighted MRI.  The cyst fills the 
entire spinal canal from S1 to S3, compressing the nerve 
roots of the sacral cauda equina. The bone remodeling 

caused by the cyst is extensive, with the S2 vertebra 
almost no longer visible on the sagittal image. In fact, the 
cyst appears to have penetrated completely through the 
back of the sacral lamina dorsally on the axial view
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 Pathophysiology

As defined by IM Tarlov himself, a Tarlov 
(perineurial) cyst is a dilation of a spinal 
nerve root arising proximal to the dorsal nerve 
root ganglion (Fig.  17.9). Although the term 
was originally intended to describe perineu-
rial cysts alone, in current practice it is often 
 misapplied to other types of spinal menin-
geal cysts due to their similar radiographic 
appearance.

The exact mechanism leading to Tarlov cyst 
formation has not yet been elucidated. By some 
mechanism, spinal fluid enters and accumu-
lates within a nerve root, either as a result of 
being trapped there or due to laxity in the dura 
of the nerve root sleeve. Fluid accumulation in 
the nerve root then causes it to balloon, some-
times to the point of producing symptoms by 
compressing adjacent structures. Although 
they can form at any spinal level, symptomatic 
Tarlov cysts are most commonly found affect-
ing the sacral nerve roots. They most often 
involve the portion of the nerve root in the spi-
nal canal but can also develop anywhere along 
the course of a spinal nerve, including in the 
neural foramen and the retroperitoneal pelvis 
(Fig. 17.12).

a

b

Fig. 17.11 The diagnosis of symptomatic Tarlov cysts 
was missed in this patient with posterior hip and sacral 
symptoms. Instead, she underwent artificial disc place-
ment at L5/S1 (left arrow) and bilateral sacroiliac joint 
fusion procedures (right arrow), whose hardware can be 
seen on lateral X-ray of the pelvis (a). Despite the flank-
ing presence of metal artifact from the patient’s sacroiliac 
fusion procedures, an axial MRI of the sacrum (b) reveals 
two large Tarlov cysts filling the spinal canal (arrows), 
which turned out to be the true source of her symptoms

a b

Fig. 17.12 A Tarlov cyst can develop along any portion 
of a spinal nerve root throughout its course, as seen in this 
patient with multiple cysts. On sagittal MRI (a), Tarlov 
cysts are seen in the spinal canal (upper arrow), in the 
foramina exiting the sacrum (middle arrow), and in the 

retroperitoneal pelvis (lower arrow). On axial MRI (b), 
both the intraforaminal (lower arrow) and retroperitoneal 
(upper arrow) portion of the same S3 nerve root have 
become cystic. The contralateral S3 nerve root is also cys-
tic in appearance
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 Symptoms

Tarlov cysts can cause symptoms by producing 
mechanical compression of adjacent spinal nerve 
roots in the spinal canal. In the sacrum, this can 
result in a corresponding pattern of sacral radicu-
lopathy symptoms (Table  17.1). The variety of 
symptoms displayed and their laterality depend 
on the location of the cyst/cysts and the extent to 
which they are compressing adjacent nerves. 
Compression of the S1 and S2 nerve roots typi-
cally produces sacral pain radiating to the but-
tock, posterior hip, and down to the back of the 
leg to the bottom or lateral aspect of the foot. 
Numbness in a similar distribution and weakness 
in plantar flexion and the intrinsic muscles of the 
foot are also often present.

Sacral and posterior hip pain almost always 
limits the ability to sit, with patients constantly 
squirming in their chair and avoiding seated 
activities. Interestingly, patients often adopt curi-
ous seated postures, constantly leaning far to one 
side in order to decrease direct pressure on the 
sacrum or hip. They also tend to carry special 
cushions with them to sit on for similar reasons 
despite the awkward nature of carrying a cushion 
or pillow in public.

Compression of S2, S3, or S4 can produce 
perineal pain and numbness. Neurogenic bladder 
symptoms are not uncommon, with the patient 
experiencing urinary urgency and frequency, as 
well as urinary retention requiring the patient to 

perform Valsalva or press on their abdomen 
(Crede maneuver) in order to empty their blad-
der completely. They can also have neurogenic 
bowel symptoms, with constipation requiring 
extensive laxative use or manual assistance to 
have a bowel movement. Some also describe the 
loss of sensation to know when to empty their 
bladder or bowel. Patients frequently describe 
dyspareunia, or painful intercourse, due to their 
perineal pain or sexual dysfunction due to the 
loss of perineal sensation.

The presence of sacral or posterior hip pain in 
combination with the above sacral radiculopathy 
symptoms should prompt an evaluation for Tarlov 
cyst or other pathology affecting the sacral nerve 
roots.

 Imaging

MRI is currently the best modality for diagnosing 
spinal meningeal cysts, such as Tarlov cysts. The 
water content in the cerebrospinal fluid makes 
them stand out, particularly on T2-weighted 
imaging. Since Tarlov cysts arise from spinal 
nerve roots, they tend to be found laterally in the 
spinal canal, as opposed to centrally, which is 
more typical of other cyst types. Since each 
Tarlov cyst is a nerve root, it contains neural 
 elements, and a careful search can sometimes 
reveal the fascicle bundle within a Tarlov cyst, 
particularly on axial images (Fig. 17.13).

Table 17.1 Common symptoms due to sacral Tarlov 
cysts

Sacral pain radiating to the hip, buttock, and down the 
back of the leg to the bottom of the foot
Numbness or tingling in a similar distribution
Weakness in plantar flexion and the intrinsic muscles of 
the foot
Perineal pain and numbness
Neurogenic bladder symptoms
  Urinary urgency, frequency, and retention with the 

need to perform Valsalva or the Crede maneuver in 
order to empty completely

Neurogenic bowel symptoms
  Constipation requiring the extensive use of laxatives 

or manual facilitation
Dyspareunia (painful intercourse)
Sexual dysfunction
Inability to tolerate sitting

Fig. 17.13 Two Tarlov cysts are seen side by side filling 
the spinal canal in the sacrum on axial MRI. The spinal 
fluid filling the cysts appears bright. Each cyst is a spinal 
nerve root containing a nerve fascicle bundle that is 
clearly seen (arrows)
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Tarlov cysts can be single, or multiple can be 
present in the same patient (Fig. 17.14). The likeli-
hood of causing symptoms increases with the num-
ber of cysts, as their cumulative effect is to occupy 
a greater volume of the spinal canal typically 
reserved for the spinal nerve roots alone. In other 
words, multiple small cysts in the same area of the 
spinal canal have the same compressive effect as 
one large cyst of the same overall volume.

MRI also allows optimal visualization of the 
surrounding neural structures, such as adjacent 
spinal nerve roots under compression (Fig. 17.15). 
These relationships are critical for diagnosis, par-
ticularly when the laterality and distribution of a 

patient’s symptoms can be correlated with a spe-
cific nerve root that is observed on MRI to be bla-
tantly compressed by a Tarlov cyst. These 
relationships are also obviously important for 
surgical planning purposes. The addition of con-
trast to an MRI is useful for identifying other 
potential pathologies affecting the sacral nerve 
roots, such as tumors, including spinal schwan-
nomas, neurofibromas, and meningiomas.

Although patients with larger cysts tend to 
have better surgical outcomes, it is not necessary 
for a cyst to be “big” to cause symptoms. Instead, 
it is more important to know its location and 
which nerves it is compressing. If the radio-
graphic appearance of a Tarlov cyst can be cor-
related with the laterality and distribution of 
symptoms, then the cyst is suspect, regardless of 
its size.

Although one’s attention when reviewing a 
lumbar MRI is easily distracted by a radiographi-
cally impressive sacral cyst, it is critical to review 
the entire imaging study for other potential 
sources of sacral and hip symptoms. A search for 
alternate pathology that might explain symptoms 
should also be made higher up in the lumbar 
spine, toward the sacroiliac joints, and in the pel-
vis, particularly as it relates to the lumbosacral 
plexus. Further clues can sometimes be found 
suggesting the presence of sacral nerve root dys-
function. For example, an abnormally distended 

a

b

Fig. 17.14 This symptomatic patient had multiple Tarlov cysts in the spinal canal, as seen on sagittal (a) and axial (b) 
pelvic MRI. Interestingly, she was also known to have a connective tissue disorder, suggesting a causal relationship

Fig. 17.15 In this patient with right S2 distribution 
symptoms, axial sacral MRI reveals a compressed right 
S2 nerve root (arrow tip) by a Tarlov cyst affecting the 
right S3 nerve root (obscured by arrow)
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bladder may reflect neurogenic urinary retention 
caused by a Tarlov cyst compressing the sacral 
nerve roots (Fig. 17.16).

CT scanning is of limited value in diagnosing 
Tarlov cysts since neural structures are not visu-
alized. In certain instances it can be useful for 
delineating the extent of bone remodeling/ero-
sion caused by a cyst or for identifying painful 
sacral insufficiency fractures (Fig.  17.17). CT 
myelography is a lesser alternative to MRI but 
may be necessary when patients harbor non-

MRI-compatible hardware. However, the appear-
ance of spinal meningeal cysts is variable and 
unreliable on CT myelography when compared 
to MRI. This is particularly true when the pene-
tration of spinal fluid into a cyst is very slow and 
the dye does not have time to enter and fill the 
cyst. For this reason, additional cysts can some-
times be identified when delayed CT myelogra-
phy images are obtained. Regardless, the absence 
of a spinal meningeal cyst cannot reliably be 
determined with CT myelography.

In antiquated theories, CT myelography was 
thought to be useful for distinguishing Tarlov 
cysts from other types of spinal meningeal cysts 
based on how fast they filled. However, these 
theories are illogical and have fallen by the way-
side, primarily since the extent to which spinal 
meningeal cysts communicate with the spinal sac 
is not cyst specific. In other words, the size of the 
opening between the spinal sac and a meningeal 
cyst is not constant based on the cyst type.

Some spine surgeons erroneously use CT 
myelography to decide which Tarlov cysts to 
treat surgically, thinking that if the cyst is not 
seen on a CT myelogram, then the risk of postop-
erative cerebrospinal fluid leakage is eliminated. 
This assumption is essentially a gamble, because 
it can be safely said that, with rare exception, all 
Tarlov cysts are in communication with the spi-
nal sac and have the potential to leak spinal fluid 
following surgery, regardless of how fast they 
filled with dye on a preoperative CT myelogram.

 Electrodiagnostics

The use of EMG and nerve conduction studies in 
the evaluation of sacral Tarlov cysts is usually of 
little benefit since they routinely do not assess 
nerve function below the level of S1. Dysfunction 
of the S2–S4 nerve roots, which are the most 
likely to be impacted by symptomatic sacral 
Tarlov cysts, is therefore missed. For this reason 
it is not unusual to encounter patients with blatant 
sacral nerve root dysfunction and a completely 
normal electrodiagnostic study. Some centers 
perform EMG studies which do evaluate the 
lower sacral nerve roots, but patient discomfort is 

Fig. 17.16 Evidence of urinary retention caused by a 
Tarlov cyst (right arrow) compressing the sacral nerve 
roots is seen in the form of a severely distended bladder 
(left arrow)

Fig. 17.17 The extent to which Tarlov cysts can produce 
sacral osseous destruction is evident on this axial CT of 
the sacrum where spinal canal (star) and foramina are dra-
matically enlarged and there is extensive bone loss. The 
patient presented after a fall with pelvic-spinal dislocation 
due to sacral insufficiency fractures
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significant since it requires placement of multiple 
needles in the perineum.

 Treatment

In cases where a Tarlov cyst is the suspected eti-
ology, the presence of neurological deficit or pro-
gressively worsening symptoms should prompt 
referral to a clinician experienced in their diagno-
sis and treatment. An attempt at conservative 
management can be made in patients without 
neurological deficit provided a careful evaluation 
for lumbosacral spinal nerve dysfunction has 
been made. Conservative management efforts 
typically involve physical therapy and pain man-
agement focused on lumbar spine, hip, and SI 
joint but are usually ineffective or make symp-
toms worse. In some centers pelvic floor therapy 
is an option for perineal and pelvic symptoms, 
although data on its effectiveness is sparse.

For the most part, needle procedures near a 
spinal meningeal cyst should be limited to selec-
tive nerve blocking in experienced hands for the 
purposes of diagnosis. For example, if a patient 
with left S2 distribution symptoms has a Tarlov 
cyst compressing the left S2 nerve root, then a 
diagnostic left S2 nerve root block followed by 
temporary symptomatic relief can help confirm 
the diagnosis.

Practitioners should resist the urge to order 
percutaneous drainage procedures. Tarlov cysts 
are in direct communication with the spinal fluid 
of the spinal sac. Drainage alone is therefore 
pointless, since the cyst simply refills again, with 
the patient having been exposed to risks such as 
cerebrospinal fluid infection, hemorrhage, or 
nerve injury. Some centers inject materials into 
Tarlov cysts, such as fibrin glue, simplistically 
thinking that it will somehow prevent further 
entry of spinal fluid into the cyst. However, this 
technique has multiple shortcomings, with prior 
publications describing postinjection meningitis 
and adhesive arachnoiditis, since any substance 
introduced into a Tarlov cyst is also introduced 
into the CSF of the central nervous system. 
Additionally, fibrin glue injection complicates 
subsequent definitive surgical treatment by mak-

ing nerve fascicles within a Tarlov cyst more dif-
ficult to identify intraoperatively and protect.

Tarlov cysts cannot simply be resected since 
each cyst is a spinal nerve root. This is particu-
larly true in the sacrum; nerve root sectioning can 
result in unacceptable deficits, such as the loss of 
bowel and bladder function. Alternate surgical 
approaches, such as performing a laminectomy to 
“give the nerves space” without treating the 
Tarlov cyst/s, have been tried and failed, as might 
be expected.

Attempting Tarlov cyst surgery without spe-
cific experience in their treatment often leads to a 
long, punishing misadventure, even among those 
with extensive skills in other areas of spine sur-
gery. To complicate matters further, Tarlov cysts 
often appear similar to other types of spinal men-
ingeal cysts on preoperative imaging, and the 
cyst type is sometimes not definitely known until 
it is evaluated intraoperatively. There is signifi-
cant variability in the surgical strategy required 
to treat different types of meningeal cysts and the 
ability recognize and treat each cyst type is 
needed. Therefore, reliance on intraoperative 
improvisation is ill-advised, and a strong argu-
ment can be made that surgery for these complex 
cysts is best accomplished by those with specific 
experience in their treatment.
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Vascular Causes of Posterior  
Hip Pain

Luke Spencer-Gardner

 Introduction

The etiology of posterior hip pain is varied and is 
often assumed to arise from either musculoskeletal 
or neurologic origins. Vascular etiologies of poste-
rior hip pain are less often encountered in the typi-
cal orthopedic practice; however, in the absence of 
musculoskeletal or neurologic causes for posterior 
hip pain, the diagnosis of buttock claudication of a 
vascular origin should be  considered [1].

Claudication is defined as reproducible mus-
cular pain or discomfort as a result of walking 
that is not resolved with continued walking and is 
relieved by rest [2]. Buttock claudication typi-
cally occurs in the setting of peripheral arterial 
disease, although thromboembolic, inflamma-
tory, and iatrogenic causes have been described 
[3–9]. Regardless of the etiology, the hip special-
ist should have an understanding of the etiology 
and clinical presentation of this condition. This 
chapter will present the vascular anatomy of the 
pelvis and deep gluteal space, discuss the etiol-
ogy of buttock claudication, outline the clinical 
presentation and work-up of suspected buttock 
claudication, and, finally, discuss the treatment 
options and outcomes for this condition.

 Vascular Anatomy of the Pelvis 
and Deep Gluteal Space

A detailed understanding of the vascular anatomy 
of the pelvis and deep gluteal space is necessary 
when considering the etiology and treatment of 
buttock claudication. The abdominal aorta 
divides into the common iliac arteries at the level 
the fourth lumbar vertebrae. Each iliac artery 
then divides into an internal and external iliac 
artery, anterior to the sacroiliac joint, at the level 
of the L5 and S1 vertebrae. The internal iliac 
artery (IIA) supplies the pelvic viscera; however, 
branches of the IIA supply the buttocks, medial 
thigh, and perineum [10]. The IIA is approxi-
mately 4  cm long and courses posteromedially 
into the true pelvis toward the greater sciatic 
notch where it divides into anterior and posterior 
branches. The branches of the anterior division of 
the IIA include the following arteries: umbilical, 
obturator, inferior vesicle (males), vaginal artery 
(females), middle rectal, internal pudendal, and 
inferior gluteal (Figs.  18.1 and 18.2). The 
branches of the posterior division of the IIA 
include the following arteries: superior gluteal 
artery (SGA), iliolumbar artery, and lateral sacral 
arteries [10]. The anatomic course and distribu-
tion of the internal and external IIA are included 
in Table 18.1. Collateral supply in the distribu-
tion of the IIA is well documented with contribu-
tions from the contralateral IIA system, 
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Fig. 18.1 Common iliac artery and its branches (male)

Common iliac
artery

Internal iliac
artery

External iliac
artery

Umbilical artery

Obturator artery

Inferior epogastric
artery

Superior
vesical arteries

Urinary bladder

Vagina

Obliterated
umbilical artery

Deep circumflex
iliac artery

lliolumbar artery

Lumbosacral trunk

Lateral sacral artery

Ventral primary rami:

S1

S2

S3

S4

Superior gluteal
artery

Inferior gluteal
artery

Internal pudendal
artery

Middle rectal artery

Uterine artery

Rectum

Fig. 18.2 Common iliac artery and its branches (female)
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anastomoses between the inferior mesenteric and 
IIA systems via the rectal network, and anasto-
moses between ipsilateral medial and lateral fem-
oral circumflex arteries with the IGA and SGA, 
respectively, reported to be protective of ischemia 
in cases of iatrogenically induced IIA occlusion 
[11–13].

 Etiology

Buttock claudication results from reduced blood 
flow in vascular distributions of the IIA involving 
the pelvic viscera and the deep gluteal space 
musculature. When the restriction of blood flow 
is no longer compensated by collateral flow, 
activity-related pain, cramping, and fatigue of the 
proximal lower limb musculature of the buttock 
and thigh and end-organ dysfunction such as 
impotence may ensue. In the case of isolated IIA 
or SGA occlusion, circulation in the distal lower 
limb is not affected owing to the preservation of 
the blood flow in the external iliac artery and sub-
sequently the femoral artery. The vascular insult 
occurs most commonly due to stenosis resulting 
from atherosclerosis, but thrombosis, aneurism, 
and systemic vasculitis have also been described 
as rare causes [3–8]. Iatrogenic causes have been 
reported due to IIA embolization to prevent 
endoleak at the time of endovascular aortic aneu-
rism repair [9].

 Clinical Diagnosis

A vascular etiology of buttock pain should be 
considered in the absence of musculoskeletal or 
neurologic causes and in the presence of risk fac-
tors and clinical findings typical of vascular clau-
dication. Differentiating vascular claudication 
from neurogenic claudication can present a diag-
nostic challenge [14, 15]. Neurogenic claudica-
tion typically begins in the buttocks radiating 
down the affected limb distally and is exacerbated 
or relieved by postural changes. Symptoms are 
often exacerbated with standing, and relieved by 
forward flexion of the spine, or sitting. The clini-
cal presentation of buttock claudication will 
depend on the level of vascular occlusion. Patient 
with buttock pain from vascular claudication may 
describe activity-related pain, cramping, and 
fatigue of the buttock and proximal lower limb 
musculature and end-organ dysfunction such as 
impotence or colonic ischemia. Aortoiliac occlu-
sive disease, otherwise known as Leriche syn-
drome, results from a proximal occlusion near the 
aortic bifurcation. The classic triad of buttock 
claudication, impotence, and absent femoral 
pulses is the hallmark of this condition [16]. Pure 
buttock claudication in the setting of a more distal 
occlusion at the level of the IIA or SGA is more 
subtle as the femoral pulses may be normal due to 
the absence of disease in the external iliac artery 
and beyond [4, 6] (Batt, Berthelot). Risk factors 

Table 18.1 Arteries of the pelvis

Artery Origin Course Branches Distribution
Internal 
iliac artery 
(IIA)

Common 
iliac

Courses posteromedial into 
the true pelvis toward the 
greater sciatic notch

Anterior division, posterior 
division

Primary blood supply to 
pelvic viscera, gluteal 
muscles, and perineum

Anterior 
division of 
IIA

IIA Courses anteriorly in the 
pelvis and divides into 
visceral branches, obturator, 
and inferior gluteal arteries

Umbilical, superior vesical, 
obturator, inferior vesical, 
artery to ductus deferens, 
prostatic, uterine, vaginal, 
internal pudendal, middle 
rectal, inferior gluteal

Pelvic viscera, gluteal 
region, and adductor 
muscles of the thigh

Posterior 
division of 
IIA

IIA Courses posteriorly giving 
rise to parietal branches

Iliolumbar, lateral sacral, 
superior gluteal

Pelvic wall and gluteal 
region

18 Vascular Causes of Posterior Hip Pain



294

for PAD include smoking, diabetes, older age 
(>40 years), hypertension, hyperlipidemia, hyper-
homocysteinemia, and coronary or renal arterial 
disease [2]. Physical examination findings such as 
weak or absent distal pulses, the absence of distal 
hair growth, dry skin, and poorly healing wounds 
will again depend on the level of involvement and 
may be absent in the case of isolated buttock clau-
dication. Medical history of vascular pathology 
and any prior treatment should be documented. 
Buttock claudication after endovascular aortic 
aneurism repair is a known complication due to 
the need to embolize the IIA, and therefore, any 
prior history of aortic aneurism repair should raise 
the clinical index of suspicion. If the diagnosis of 
PAD as the cause of buttock pain is suspected 
clinically, typically the ankle-brachial index 
(ABI) is measured; however, in the setting of iso-
lated buttock claudication, the ABI may be nor-
mal [17]. Likewise, arterial duplex studies may 
not be able to adequately localize the site of the 
lesion given anatomic constraints, yet gluteal 
duplex studies have been reported as a useful tool 
to exclude vascular disease [18]. Noninvasive vas-
cular studies combined with exercise testing have 
been used as a screening measure to identify 
patients with buttock claudication prior to more 
invasive studies. A decrease of 15  mm Hg of 
transcutaneous oxygen tension (tcPO2) on the 
buttocks during exercise testing is a sensitive and 
specific indicator of decreased perfusion in the 
IIA vascular network [19]. Although these nonin-
vasive tests may provide additional information, 
buttock claudication lacks a validated diagnostic 
test [1]. Reproduction of the pain alleviated with 
short periods of test is helpful in the diagnosis.

Additional imaging modalities may be required 
to precisely localize the level of suspected occlu-
sion; however, their use should be reserved for 
cases where all appropriate investigations have 
been completed to rule out other causes. Computed 
tomography angiography (CTA) and magnetic 
resonance angiography (MRA) will locate the 
lesion and allow for definitive diagnosis to be 
made; however, these tests should be reserved for 
patients in whom revascularization will be consid-
ered given the risks of contrast administration and 
the costs involved [20]. Oblique projections may 

be required when evaluating the SGA as a poten-
tial site of occlusion as the external iliac artery 
may obscure the origin of the SGA on standard 
projections [21]. Prior to ordering these tests, 
referral to a vascular specialist for continued eval-
uation and treatment is recommended.

 Treatment and Prognosis

Patients with lower extremity arterial disease 
have been found to have reduced functional 
capacity and lower quality of life [2, 22]. 
Nonoperative treatment of buttock claudication 
applies the principles of evidence-based inter-
ventions for PAD and includes modification of 
risk factors, medical treatment, and a supervised 
exercise program, with the goal of improved 
functional capacity and quality of life.

Risk factor modification includes smoking 
cessation, utilization of lipid-lowering medica-
tions, optimization of blood glucose control, and 
medical treatment of hypertension. Medical 
treatment combines the use of medications indi-
cated for risk factor modification and antiplatelet 
agents such as aspirin and clopidogrel [2]. 
Medications aimed at risk factor modification 
and antiplatelet action have been found to have 
little direct effect on claudication. In contrast, 
cilostazol, a type 3 phosphodiesterase inhibitor, 
has been found to improve pain-free and maxi-
mal walking distance in several studies [23–26]. 
Quality of life and physical function have also 
been improved with the use of cilostazol in the 
setting of PAD [25, 26].

Exercise programs are a mainstay of nonop-
erative treatment for intermittent claudication in 
patients deemed medically fit to participate. The 
benefits of exercise programs are the result of 
improved oxygen extraction and metabolic effi-
ciency in the effected muscle groups [2]. In the 
most recent Cochrane review, supervised pro-
grams completed at least twice weekly were 
found to be of significant benefit compared with 
placebo in increasing walking time and distance. 
Patients participating in exercise programs were 
also found to have improved physical and mental 
outcome scores when compared to controls [27].
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If nonoperative interventions fail to provide 
adequate relief, revascularization procedures are 
then considered. Transluminal percutaneous 
angioplasty (TPA) is typically utilized in favor of 
open approaches, particularly in cases of more 
distal stenosis or occlusion. Stenotic lesions are 
treated via balloon catheter angioplasty, and 
occlusions are treated with recanalization, with 
stenting performed on a case by case basis.

Several case studies have been published on 
the endovascular treatment of buttock claudica-
tion, typically involving revascularization of the 
IIA or the SGA [12, 28–30].

Prince et al. reported their results of the larg-
est series in the literature of endovascular treat-
ment of buttock claudication due to IIA stenosis. 
In a retrospective review of their series of 34 
patients, partial or complete relief of buttock 
claudication was reported in 79% of cases, at a 
mean follow-up of 3  months postoperatively 
[31]. The second largest study included 22 cases 
which were treated with PTA. At a mean follow-
up of 14.7 months, there was 100% success of 
symptom alleviation with significant increases in 
mean walking distance from 85 m preoperatively 
to 225 m postoperatively (p < 0.001) [32]. Batt 
et al. presented the largest series on the outcomes 
of the treatment of isolated SGA stenosis. Their 
series included 34 patients with buttock claudi-
cation who underwent PTA of the SGA with 
selective stent use. At a mean follow-up of 
4 years, 60% were free of recurrence. Thirteen 
patients had recurrence, and of those repeat 
angioplasty was successful in 8/13 with resteno-
sis. Failure of repeat angioplasty was more likely 
in cases of reocclusion. They concluded that 
angioplasty was a safe and efficacious treatment 
option for buttock claudication due to isolated 
SGA lesions [21]. In his commentary on Batt 
et al.’s paper, de Borst agreed that the interven-
tion was safe and effective in the short term but 
reservations were expressed regarding the dura-
bility of the results and the methodology of the 
follow-up protocol [1]. Regardless, there appears 
to be a growing body of evidence supporting the 
concept and advancing the field toward more 
accurate diagnosis and effective management of 
buttock claudication.

Iatrogenically induced buttock claudication 
from prophylactic occlusion of the IIA prior 
to Endovascular aortic repair (EVAR) for the 
treatment of aortic aneurism is a commonly 
recognized source of buttock claudication, with 
symptoms reported in 52% of patients postop-
eratively [33]. Preventative measures including 
proximal occlusion of the IIA, which allows the 
maximal perfusion from collaterals, preopera-
tive collateral circulation evaluation, and uni-
lateral embolization are recommended to avoid 
this problem [34]. The use of an iliac branch 
graft as a modification of the EVAR which 
allows perfusion of the IIA through a side 
branch of the graft prevented the occurrence of 
buttock claudication [35].

 Conclusion
The etiology of posterior hip and buttock 
pain is varied. In the absence of identifiable 
neurologic or orthopedic causes, a vascular 
etiology should be considered. The pres-
ence of clinical risk factors and key findings 
on history and physical examination should 
lead the clinician to include buttock claudica-
tion in the differential diagnosis. Diagnostic 
testing including ABI, duplex ultrasonogra-
phy, and tcPO2 of the buttock during exer-
cise testing can further confirm the diagnosis 
of buttock claudication as a component of 
PAD. Nonoperative treatment options includ-
ing risk factor modification, medication, and 
a supervised exercise program are the first 
line of treatment. Under the direction of a 
vascular specialist, further diagnostic imag-
ing can be utilized to localize and ultimately 
treat the cause of buttock claudication that is 
 refractory to nonoperative treatment.
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 Background

An extensive knowledge of the anatomy is 
required when performing surgical approaches 
to the posterior hip; this will allow for an accu-
rate identification of the anatomical landmarks 
and their structural relationship with internal 
organs.

Traditionally, pathologies or injuries of the 
posterior hip had been described separately. This 
chapter aims to summarize all these isolated top-
ics in one compilation.

The chapter is divided into three sections: (a) 
intra-articular, (b) deep gluteal space, and (c) 
sacrum, which allows us to describe and analyze 
all approaches in a detailed manner.

 Superficial Anatomy 
of the Posterior Hip

The most important anatomical landmarks to 
identify are:

Bony Landmarks

• Posterior superior iliac crest
• Posterior superior iliac spine (PSIS)
• Posterior inferior iliac spine (PIIS)
• Greater trochanter
• Ischial tuberosity
• Sacrum
• Sacroiliac joint
• Coccyx

Muscular and Skin Landmarks

• Gluteal fold
• Intergluteal cleft (Fig. 19.1)

 Deep Anatomy

The hip joint is surrounded by a great amount of 
muscles. Twenty-one muscles are actively 
involved in the function of the joint. Only nine 
of these muscles cover the posterior region of 
the hip. They are distributed in three muscular 
layers:

• Superficial layer: tensor fascia lata and glu-
teus maximus.

• Medium layer: gluteus medius and minimus, 
located in the lateral and superior portion of 
the joint.
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• Deep layer: directly related to the posterior 
aspect of the joint. It is formed by the 
 piriformis, gemellus superior, obturator 
internus and gemellus inferior (these last 
three muscles converging in a tendon). 
Additionally in this layer we find the quadra-
tus femoris which covers the lesser trochan-
ter and the posterior medial insertion of the 
iliopsoas tendon.

The piriformis muscle deserves a special men-
tion because it is a constant reference point for 
neurovascular structures of the deep gluteal 
space, being the main internal landmark in the 
posterior surgical approaches.

The neurovascular structures located above 
the piriformis muscle are:

• Superior gluteal vessels. The superior gluteal 
artery emerges above the piriformis muscle 
and divides into two branches that are close to 
the posterior superior iliac spine, hence it is at 
high risk to be injured during procedures in 
this area.

• Superior gluteal nerve. It emerges next to the 
superior gluteal vessels, and then divides into 
several branches, passing between the gluteus 

medius and minimus and provides motor 
innervation to these two muscles and to the 
tensor fascia lata muscle.

The neurovascular structures located below 
the piriformis muscle are:

• Sciatic nerve. It usually runs under the pirifor-
mis muscle, emerging at its inferior border.

• Posterior femoral cutaneous nerve. It lies 
medial to the sciatic nerve behind the pelvitro-
chanteric muscles.

• Inferior gluteal vessels and nerves. They lie 
medial to the sciatic nerve, and travel deep to 
the gluteus maximus where they divide into 
several branches.

• Pudendal vessels and nerves. They travel 
medial to the sciatic nerve, course along the 
ischial spine and the sacrospinous ligament, 
and then loop back around to enter the 
perineum through the lesser sciatic foramen.

A number of anatomical variations exist 
around the posterior region of the hip, such as the 
sciatic nerve going through the piriformis mus-
cle  (Table  19.1). This variant changes the rela-
tionship among all the anatomical structures of 
the region, which may cause confusion to the sur-
geon, putting all the structures that travel under-
neath the piriformis muscle at a risk for injury.

 Surgical Approaches
The literature has always separately described 
different techniques for surgical approaches to 
the posterior hip when referring to specific 
pathologies.

A

B

C

D

E

FG

H

J

I

Fig. 19.1 Skin and bony landmarks (a) Posterior supe-
rior iliac crest, (b) Posterior superior iliac spine (PSIS), 
(c) Posterior inferior iliac spine (PIIS), (d) Greater tro-
chanter, (e) Ischial tuberosity, (f) Sacrum, (g) Sacroiliac 
joint, (h) Coccyx, (i) Gluteal fold, (j) Intergluteal cleft 
(the bony landmarks are highlighted in red color)

Table 19.1 Anatomic variants of the sciatic nerve in 
relation to the piriformis muscle (Beaton and Anson’s 
Classification [27])

Type I Sciatic nerve emerges undivided below the 
piriformis muscle

Type II The sciatic nerve divisions pass between 
and below the piriformis muscle

Type III The sciatic nerve divisions pass above and 
below the piriformis muscle

Type IV Sciatic nerve emerges undivided through 
the piriformis muscle

Type V The sciatic nerve divisions pass between 
and above the piriformis muscle

Type VI Sciatic nerve emerges undivided above the 
piriformis muscle
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This chapter will try to address all different 
techniques, which allows the reader to have a 
complete guideline on how to approach the pos-
terior hip.

The region will be divided into three different 
anatomic zones and these zones will be separated 
into specific areas according to the pathology 
being treated (Fig. 19.2).

 Posterior Coxofemoral Joint

 Approach of the Coxofemoral  
Joint and Posterior Acetabulum 
Column [1, 2]

The posterior approaches of the hip address the 
intra-articular pathologies and of the posterior 
column of the acetabulum. All of the approaches 
share common characteristics, however they have 
variations that depend on the specific site of 
intervention.

Common characteristics of the posterior 
approaches:

• Posterior retraction of the gluteus maximus, 
which may change depending on the approach 
and the goal of the procedure.

• Release of the external rotator muscles. 
Preservation of the vascular structures depends 
on the goal of the surgery (joint preservation).

• Osteotomy of the greater trochanter preserv-
ing the insertion of the abductor muscles. This 
is necessary when the approach needs to be 
extended to intervene the superior and anterior 
portion of the acetabulum.

 Posterior Approach: Kocher-
Langenbeck’s (K-L) Approach [3–6]
Indications of the Procedure

• Posterior exposure of the posterior column of 
the acetabulum

• Reduction of femoral head or neck fractures
• Coxofemoral luxation not reducible by exter-

nal maneuvers
• Fractures of acetabulum and femoral head

Patient’s position: prone or lateral decubitus. If a 
fracture is being treated, some authors suggest 
placing a supracondylar traction, keeping the 
knee with a minimal flexion of 45°.

Anatomical landmark: greater trochanter, pos-
terior superior iliac spine, and the lateral face of 
the longitudinal axis of the femur.

Procedure
It begins with a skin incision from the greater tro-
chanter towards the PSIS, without going further 
than 6 cm away from the spine in order to avoid 
the superior gluteal vessels. Subsequently direc-
tion is changed, and the incision is continued dis-
tally from the greater trochanter over the lateral 
aspect of the thigh approximately 10 cm or more 
if needed (Fig. 19.3)

Dissection of the subcutaneous cellular tissue 
to expose the fascia lata (Fig. 19.4)

• The fascia lata is cut parallel to the fibers of 
the gluteus maximus or aligned with the skin 
incision (Fig. 19.5).

• The gluteus maximus is dissected separating 
its fibers until exposing the greater trochanter. 

Anatomical sites for surgical
approach in the posterior hip

Coxofemoral joint

Coxofemoral joint

Greater sciatic notch

Ischiofemoral tunnel

Ischium

Posterior column of
acetabulum

Subgluteal area Sacrum

Sacral body

Sacroliac joint

Fig. 19.2 Anatomical 
sites for surgical 
approach in the posterior 
hip region
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At this point the branch of the inferior gluteal 
nerve in the anterior superior portion of the 
gluteus maximus needs to be preserved.

• Taking the greater trochanter as a reference, 
the quadratus femoris is localized and main-
tained intact, in order to preserve the ascend-
ing branch of the medial circumflex femoral 
artery that courses underneath it (Fig. 19.6).

• The sciatic nerve is identified.
• The tendon of the piriformis muscle is identified.
• The internal obturator and the superior and 

inferior gemellus are identified, leaving a rem-

nant for reinsertion. They are lifted towards 
the middle, exposing the joint capsule below 
them and preserving the sciatic nerve that is 
medial to the mentioned muscles (Fig. 19.7).

• The gluteus medius and minimus are loos-
ened  subperiosteally from the ilium, and the 
superior gluteal nerve and vessels are identi-
fied and preserved as they exit at the greater 
sciatic notch.

• At this point the posterior acetabulum and the 
posterior column are exposed (Fig. 19.8).

• Once the joint capsule is dissected, Hohman 
separators are used to define the superior and 

Fig. 19.3 Kocher-Langenbeck A. approach

Fig. 19.4 Kocher-Langenbeck B. approach

Fig. 19.5 Kocher-Langenbeck C. approach

Fig. 19.6 Kocher-Langenbeck D. approach

Fig. 19.7 Kocher-Langenbeck E. approach

Fig. 19.8 Kocher-Langenbeck F. approach
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inferior plane, and a longitudinal H or 
U-shaped capsulotomy is performed.

• Hohman separators are placed in the borders 
of the acetabulum, to obtain enough exposure 
to perform the procedure.

• Once the procedure is finished, a thorough 
washing is performed extracting the osteocar-
tilaginous fragments, irrigation with good 
amount of saline is performed, and the joint 
capsule is sutured and the rotators are repaired 
(Fig. 19.9).

Exposure of the posterior surface of the acetab-
ulum is obtained from the ischial tuberosity to the 
inferior portion of the iliac wing. In addition, access 
to the quadrilateral sheet can be obtained by palpa-
tion through the greater or lesser sciatic notch [7].

Advantages

 – Direct visualization of the joint and the poste-
rior column of the acetabulum, fractures of the 
femoral head with adequate resection of the 
osteocartilaginous fragments may be managed 
with this approach.

 – Potentially extendible approach.

Disadvantages

 – Gluteus maximus divulsion.

Common Complications
Sciatic nerve lesion by accidental section or 
stretching during the retraction or during coagu-

lation maneuvers to control the bleeding of the 
superior gluteal vessels.

Technique Variation
There is a minimally invasive variation of the 
Kocher-Langenbeck’s approach. In this varia-
tion just the proximal portion of the tradi-
tional procedure is performed. That is to say 
going obliquely from the tip of the trochanter 
towards the PSIS, then the fibers of the glu-
teus maximus are separated, following the 
same recommendations made for the K-L 
approach to avoid lesions of the superior glu-
teal nerve. Using this approach the tuberosity 
may also be exposed, which would allow the 
placement of pins or plates for fragment 
fixation.

Indications

• Acetabulum fractures with compromise of the 
posterior portion.

• Some transverse fractures and fractures of the 
posterior column.

• It can be extended to perform a traditional K-L 
approach if necessary.

 Modified Gibson’s Approach
The Modified Gibson’s approach is a modifica-
tion of the Kocher-Langenbeck’s approach when 
access to the iliac wing and the superior and 
anterior acetabulum is needed. The Modified 
Gibson is also useful in obese or muscular 
patients [5, 8].

Indications

• Same as Kocher-Langenbeck’s approach

Patient’s position: prone or lateral decubitus. 
The traction table may be used as in the Kocher-
Langenbeck’s approach.

Skin Demarcation

• Iliac crest
• Greater trochanter and lateral portion of the 

femur

Fig. 19.9 Kocher-Langenbeck G. approach
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Procedure

• A straight incision of approximately 20–30 cm 
is made. It starts in the lateral surface of the 
proximal femur aligned with the diaphysis 
passing over the tip of the greater trochanter 
until the level of the iliac crest (Fig. 19.10).

• Dissection of the subcutaneous tissue over the 
gluteus maximus to reach the fascia lata and 
the iliotibial band is performed. The anterior 
border of the gluteus maximus can be identi-
fied due to the constant presence of superior 
gluteal artery branches that go through the 
fascia, between the gluteus maximus and 
medius.

• The incision of the fascia must be initiated lat-
eral to the greater trochanter and towards the 
iliac crest in front of the anterior border of the 
gluteus maximus.

• The gluteus medius muscle is separated 
from the fascia at this level and the gluteus 
maximus is retracted posteriorly. Its mobili-

zation may be improved by performing a 
partial section of the femoral insertion 
(Fig. 19.11).

• At this point of the procedure the deepest 
layers are exposed and one can proceed as 
in the Kocher-Langenbeck’s procedure 
(Fig. 19.12).

Advantages

• Better anterosuperior access to the coxal 
bone.

• Less risk of iatrogenic lesion of the gluteus 
maximus innervation.

• It decreases the necessity to perform an oste-
otomy of the trochanter, however it can be per-
formed if necessary.

• Better cosmetic results especially in obese 
women.

Fig. 19.10 Gibson’s A. approach Fig. 19.11 Gibson’s B. approach
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Disadvantages

• It must be avoided when exposure of the 
greater sciatic notch is needed.

 Moore’s Approach
This is a modification of Harris’s approach. 
Currently it is one of the most used approaches 
for hip replacement surgery because it does not 
involve the abductor mechanism allowing for a 
faster rehabilitation [5, 9, 10].

Indications

• Total hip replacement
• Total hip replacement revision where expo-

sure of the femur is needed.
• Hemiarthroplasty
• Osteosynthesis of transverse fractures of the 

acetabulum or its posterior column.
• Open reduction of posterior hip luxations.

• Arthrotomy and hip drainage of infections.
• Vascular bone grafts

Patients’ position: prone or lateral decubitus
Anatomical landmark and skin demarcation: 

greater trochanter and PSIS.

Procedure

• The incision begins 10 cm from the PSIS over 
a line that goes distal, lateral, and parallel to 
the fibers of the gluteus maximus to avoid the 
superior gluteal vessels. The line extends to 
the posterior border of the greater trochanter. 
At this point it changes direction and travels 
distally and parallel to the femoral axis with a 
total length of 7–12 cm (Fig. 19.13).

• The fascia lata is incised and the gluteus maxi-
mus is dissected to expose the external rotators. 
The gluteus maximus is separated posteriorly 
with a Chanley’s separator (Fig. 19.14).

• The sciatic nerve must be visualized and pro-
tected, located in the posterior portion of the 
approach, immediately above the medial por-
tion of the external rotators (Fig. 19.15).Fig. 19.12 Gibson’s C. approach

Fig. 19.13 Moore’s A. approach
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• The piriformis muscle and the short rotators 
(both gemellus and internal obturator) are sec-
tioned near to their insertion at the greater tro-
chanter and tagged for identification and 
reinsertion if needed (Fig. 19.16).

• Once the rotator muscles are medially placed, 
the posterior face of the joint capsule becomes 
exposed. The rotator muscles and the joint 
capsule are frequently cut together, however 
they can be cut separately and repaired when 
the procedure is finished (Fig. 19.17).

• H or U-shaped capsulotomy is performed and 
the femoral head is luxated by flexion and 
internal rotation of the hip (Fig. 19.18).

• At this point, an osteotomy of the femoral 
head may be performed which allows for 
exposure of the acetabulum by careful place-
ment of the separators on its borders.

Advantages

 – Reproducible
 – It allows the surgical assistants an adequate 

visualization of the field
 – Excellent exposure of the joint
 – Extensible

Disadvantages

 – Instability of the posterior hip
 – Bleeding of the medial circumflex femoral 

artery

Fig. 19.14 Moore’s B. approach

Fig. 19.15 Moore’s C. approach

Fig. 19.16 Moore’s D. approach
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Complications

 – Injury of the gluteus medius
 – Injury of the sciatic nerve

This approach may be extended, however it is 
limited proximally by the inferior gluteal nerve 
which is located about 5  cm from the tip of the 
greater trochanter. Distally, once the muscle layers 
are lifted including detaching the gluteus maximus, 
a greater exposure of the femur is obtained [11].

 Deep Gluteal Space 
and Ischiofemoral Space

 Open Approach for Hamstring 
Muscles Repair

Indications: Rupture of the origin or proximal 
portion of the hamstring muscles.

Absolute indication: Rupture of the hamstring 
muscles with retraction greater than 3 cm.

Patient’s position: Prone position with 30–40° 
knee flexion, a pillow can be placed at the ankles 
to obtain an adequate flexion.

Anatomical Landmarks

 – Ischium
 – Inferior gluteal fold

 Open Technique
• The incision is performed at the gluteal fold. 

Depending on the type of lesion it can be done 
either horizontally or longitudinally 
(Fig. 19.19a).

• If there is retraction of the proximal hamstring 
origin, the incision must be longitudinal to 
allow exploration distal to the gluteal region, 
and horizontal if there is no retraction.

• Dissection of the subcutaneous tissue, identi-
fication of the inferior border of the gluteus 
maximus (Fig. 19.19b).

• A large incision is made in the aponeurotic 
fascia at the inferior border of the gluteus 
maximus, which allows for proximal retrac-
tion, taking caution when placing the separa-
tors (Fig. 19.19c).

• The ischium is identified and the proximal 
hamstring attachment in the lateral and 
 posterior face of the ischial tuberosity is 
immediately visualized (Fig. 19.19d).

Fig. 19.17 Moore’s E. approach

Fig. 19.18 Moore’s F. approach
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• Before starting any repair maneuver, it is 
essential to identify and protect the sciatic 
nerve and the posterior femoral cutaneous 
nerve, which is located just lateral to the mus-
cle insertion.

• Peritendinous tissue at the hamstring origin is 
cut open in order to evaluate the damage.

• In the ruptures without retraction, an osseous 
scarification is performed to prepare the rein-
sertion site.

• It is important to highlight that the origin of 
the hamstring muscles is not at the ischial 
tuberosity but it is 2 cm lateral and proximal 
to it.

• Muscle reinsertion is performed with suture 
anchors or osseous tunnels.

• Hermetic closure of the wound must be done 
to decrease the risk of infection due to the 
proximity to the perianal region.

Advantages

• It can be extended to perform a posterior thigh 
approach and any distally retracted lesion can 
be located and repaired.

• It allows exploration of the sciatic nerve until 
the popliteal fossa.

Disadvantages

 – Risk of infection due to closeness to the peri-
anal region.

a b

c d

Fig. 19.19 (a) Open approach. Ischium and hamstring 
canal. (b) Open approach. Ischium and hamstring canal. 
Red dash line: inferior border of gluteus maximus. (c) Open 
approach. Ischium and hamstring canal. Red dash line: 
inferior border of gluteus maximus, Red arrows: proximal 
retraction of gluteus maximus after the incision of aponeu-

rotic fascia. (d) Open approach. Ischium and hamstring 
canal. Stl sacrotuberous ligament, Dashed line: conjoined 
tendon origin (semitendinosus and biceps femoris) and 
semimembranosus origin (more lateral), pir m. piriformis, 
qf m. quadratus femoris, Sn sciatic nerve, oi&g obturator 
internus and superior and inferior gemellus muscles
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 – Risk of injury of the inferior gluteal nerve 
and/or vessels.

 – Difficulty to sit down.

Complications

 – Infection
 – Lesion of the inferior gluteal artery or nerve

 Open Technique: Endoscopic Assisted 
Minimally Invasive Procedure [12]
Indications: Rupture of proximal hamstring 
attachment with retractions lesser than 3 cm.

Patient’s position: Prone position in translu-
cent surgical table with 30–40 knee flexion

Anatomical Landmark and Skin 
Demarcation

Palpation of ischium and inferior gluteal fold
Fluoroscopic location of the ischiofemoral space 

and ischial tuberosity

Technique

 1. Transverse incision (of about 8  cm) from 
superior lateral to inferior medial between the 
ischiofemoral space and the ischium 
(Fig. 19.20a).

 2. Dissection of subcutaneous tissue to expose 
the fascia of gluteus maximus.

a b

c d

Fig. 19.20 (a) Endoscopic assisted minimally invasive 
procedure ischium and hamstring canal. The ischium 
and the lesser trochanter are targeted with fluoroscopy. 
The orientation of the 8 cm incision (Red dashed line) is 
superolateral to inferomedial on the ischiofemoral space. 
(b) Endoscopic assisted minimally invasive procedure 
ischium and hamstring canal. Gmax gluteus maximus, 
Green dashed line: dissection is made through the glu-

teus maximus following the muscle fibers until the exter-
nal border of the ischium. (c) Endoscopic assisted 
minimally invasive procedure ischium and hamstring 
canal. The endoscope is introduced. (d) Endoscopic 
assisted minimally invasive procedure ischium and ham-
string canal. G max gluteus maximus, isq ischium, Hs 
Hamstring tendons, Blue arrows: lateral border of 
ischium
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 3. A longitudinal dissection is made through the 
gluteus maximus at the junction between the 
proximal two thirds and the distal third fol-
lowing the muscle fibers until the external 
border of the ischium (Fig. 19.20b).

 4. The space is maintained with deep angle 
separators.

 5. The endoscope (30° or 70°) is introduced and 
the lesion is identified (Fig. 19.20c).

 6. The necessary procedures are performed by a 
combination of an open and an endoscopic 
technique (Fig. 19.20d).

 7. Debridement and exposure of the osseous 
bed, repair is performed with suture anchors 
as in the open technique.

Advantages

• It is technically less challenging than full-
endoscopic technique.

• More detailed visualization of the lesion with 
the endoscope.

• It allows an adequate attack angle for placing 
suture anchors.

• There is less risk of infection when compared to 
the open technique (risk can be compared with the 
infection risk of the full-endoscopic technique).

• It allows visualization and preservation of the 
sciatic nerve during the procedure.

• There is no risk of fluid extravasation.

Disadvantages

• It is not adequate for major lesions and/or with 
retraction.

Complications

• Vascular lesions
• Infection

Recommendations

• The incision must be angled and guided by 
fluoroscopy

• Sciatic nerve exploration must be done at the 
beginning of the procedure as well as neuro-
logical intraoperatory monitoring to decrease 
the risk of nerve injury.

• Hermetic wound closure to decrease the risk 
of infection due to the proximity of the peri-
anal region.

 Endoscopic Technique
Indications

• Repair of acute or chronic lesions of the proxi-
mal hamstring origin with little retraction 
(less than 3 cm).

• Bursectomy of the ischial tuberosity.
• Entrapment of the sciatic nerve in the ischio-

femoral tunnel.

Arthroscopic Technique 1 [13]
Patient’s position: prone position in translucent 
surgical table with 30–40 knee flexion.

Anatomical Landmarks and Skin 
Demarcation

Ischial tuberosity
Gluteal fold

Procedure

• Two portals are established: first the lateral 
portal, place 2–3  cm lateral to the ischial 
tuberosity (Fig. 19.21a).

• Blunt dissection is performed with a switch-
ing stick through the gluteus maximus and a 
submuscular plane is obtained.

• The switching stick is directed towards the 
ischium and the space immediately medial 
and lateral to it is developed.

• The medial portal 2–3 cm medial to the ischial 
tuberosity is established (Fig. 19.21b).

• Divulsion of the medial and distal ischial 
space is performed, always in the medial and 
central zone of the ischium to avoid sciatic 
nerve lesion.
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• Once the medial and lateral borders of the 
ischium are identified, the lateral face is 
exposed and both the sciatic nerve and the 
posterior femoral cutaneous nerve are 
explored using blunt dissection (Fig. 19.21c).

• Finally, a distal portal located 4 cm from the 
ischial tuberosity is created. This portal will 
be used as an accessory portal.

• Be aware that the hamstring origin has an oval 
shaped footprint that is lateral and proximal 
with common attachment of the semitendino-
sus muscle and the long head of the biceps 
femoris, and a separate semilunar shaped foot-
print that is medial and distal for the semi-
membranosus muscle.

• Once all the portals are established, the man-
agement of the pathologies can proceed.

Advantages

• Chronic and acute lesions with little retraction 
(less than 3  cm) can be managed with this 
procedure.

Recommendations

• The portals must be equidistant from one 
another and in relation with the ischial 
tuberosity.

• The distance between the ischium and the por-
tals can vary depending on the muscle mass 
and the size of the gluteal region.

• It is important to keep the minimal irrigation 
pressure necessary to allow an adequate visu-
alization and to avoid extravasation.

a

c

b

Fig. 19.21 (a) Ischium and ischiofemoral tunnel 
arthroscopic approach. Lp lateral portal, mp medial portal, 
pp distal portal. (b) Ischium and ischiofemoral tunnel 
arthroscopic approach. Lateral and medial portal established 

with fluoroscopic confirmation, mp medial portal, pp distal 
portal. (c) Ischium and ischiofemoral tunnel arthroscopic 
approach. SN sciatic nerve, dashed red line: Hamstring 
tendons at ischium, Yellow arrow: lateral side of ischium
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Arthroscopic Technique 2 [14, 15]
Patient’s position: Prone position in translucent 
surgical table, with knee flexion of 20–30°.

Anatomical Landmark and Skin 
Demarcation

 – Ischial tuberosity
 – Gluteal fold

Procedure

• Two portals at the level of the gluteal fold are 
established.

• A posterior portal located right on the ischial 
tuberosity and a second posterior lateral 
portal.

• The submuscular plane is developed with a 
blunt switching stick and the ischial tuberosity 
is identified and delimited.

• The posterior medial portal can be created 
always under direct visualization and fluoro-
scopic control.

Advantages

• Since the portals are at the level of the gluteal 
fold, this procedure can be switched to the 
open technique.

• Several additional portals can be used, especially 
for anchoring device placement, always under 
fluoroscopic visualization using spinal needle.

General Advantages of Endoscopic Technique

• Minimal alteration of the anatomy
• It allows an adequate evaluation due to the 

superior visualization
• Less risk of bleeding

General Disadvantages of Endoscopic 
Technique

• Potential risk of neurological lesion especially 
when creating the first portal (which is done 
blindly)

• It requires high technical skills.
• Longer surgical time, especially during the 

learning curve.

General Complications of Endoscopic 
Technique

• Lesions of the sciatic nerve, posterior femoral 
cutaneous nerve, and inferior gluteal nerve.

• Vascular lesions
• Extravasation of irrigation fluids to the pelvis.

 Approach of Ischiofemoral Space [16]

 Open Approach of Ischiofemoral Space
Patient’s position: semiprone position.

Anatomical landmark and skin demarcation: 
The place for the incision is drawn at the gluteal 
fold with the patient in a standing position to 
obtain better cosmetic results.

Procedure

• Incision is made at the gluteal fold to reach the 
gluteus maximus, dissecting the subcutaneous 
tissue to reach the fascia at the inferior border 
of the gluteus maximus.

• Dissection of the inferior border of the gluteus 
maximus, deep enough to palpate the ischial 
tuberosity.

• Dissection is performed laterally to the tuber-
osity and ischium to expose the sciatic nerve, 
carefully retracting the gluteus maximus. Be 
aware that this maneuver may injure the infe-
rior gluteal neurovascular bundle.

• The posterior femoral cutaneous nerve must 
be identified. It may be located medial or 
superficial to the sciatic nerve.

• Once all the nerves are identified and preserved, 
one can proceed to the identification of the 
hamstring tendons and the ischiofemoral space.

• Inflammatory tissue or bursitis is removed.
• The lateral border of the hamstring muscles 

and the medial border of the sciatic nerve are 
identified and neurolysis of the sciatic nerve is 
performed if necessary. Normal mobility of 
the sciatic nerve must be maintained.

• If the ischiofemoral space needs to be 
extended, the quadratus femoris is identified 
to palpate the lesser trochanter, and through a 
central opening the resection of the lesser tro-
chanter is performed.
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• It is necessary to be aware of the presence of the 
first perforating artery in the inferior portion of 
the quadratus femoris and a branch of the medial 
circumflex femoral artery in the superior border.

• Evaluation of the characteristics of the ten-
dons looking for obvious tendinopathies is 
performed and these areas are removed.

• The surgical wound is closed in layers with 
absorbable sutures.

 Endoscopic Approach 
of the Ischiofemoral Space [17]
Indications

 – Entrapment of the sciatic nerve in the ischio-
femoral tunnel

 – Ischiofemoral impingement

Patient’s Position

• Patient is on a fracture table in supine position 
or in a lateral position. Initially the leg is on 
neutral rotation and afterwards in maximal 
internal rotation with 20° of abduction.

Procedure

• The peritrochanteric space is entered by two 
proximal and distal portals that are established 
approximately 5 cm apart, parallel to the pos-
terior border of the femur, and centered at the 
level of the lesser trochanter (Fig. 19.22a–d).

• 30° and 70° arthroscopes are used for visual-
ization of the peritrochanteric space and 
ischiofemoral decompression.

Fig. 19.22 (a) Endoscopic portals—ischiofemoral 
space. Alp anterolateral portal, PAP proximal accessory 
portal, PLP posterolateral portal, DAP distal accessory 
portal. (b) Endoscopic ischiofemoral space. Approach of 
the peritrochanteric space until reaching the posterior bor-
der of the greater trochanter. (c) Endoscopic ischiofemo-
ral space. (d) Endoscopic ischiofemoral space. Use of 
fluoroscopy to locate the arthroscope. (e) Endoscopic 

ischiofemoral space. Identification of the sciatic nerve and 
quadratus femoris muscle. (f) Endoscopic ischiofemoral 
space. The quadratus femoris is identified and an opening 
is made on its medial third to avoid injury of the medial 
circumflex femoral vessels. (g) Endoscopic ischiofemoral 
space. The quadratus femoris window and exposition of 
the lesser trochanter and insertion of iliopsoas

a b

c d
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e f

g

(continued)

• Once the peritrochanteric space posterior to 
the proximal femur has been entered, the glu-
teal sling? Seven and the sciatic nerve (located 
posterior and lateral to the femur) are identi-
fied (Fig. 19.22e).

• A blunt switching stick can be used to gently 
dissect and palpate the tissues to improve 
visualization.

• The quadratus femoris is identified and an 
opening is made on its medial third. Care must 
be taken to protect and avoid injury of the 
medial circumflex femoral vessels, which run 
along the superior border of the quadratus 
femoris and bifurcate at the level of the tendon 
(Fig. 19.22f).

• Fluoroscopy may be used to confirm the loca-
tion relative to the lesser trochanter.

• Next, the leg is internally rotated about 20–40° 
to bring the lesser trochanter into the field of 
view.

• The camera is usually kept in the proximal 
portal and the instruments in the distal portal, 
which protects the irrigation through the cir-
cumflex vessels (Fig. 19.22g).

• The sciatic nerve is posterior to where the sur-
geon is working and can be protected by keep-
ing the instruments in front of it (in front of 
the sciatic nerve itself).

• The resection of the posterior aspect of the 
lesser trochanter is done by progressive and 
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careful abrasion. The posterior femoral cortex 
will define the level of resection.

• Fluoroscopy is used to guide the resection.
• This particular subperiosteal approach maintains 

the insertion of the iliopsoas tendon on the ante-
rior portion of the lesser trochanter and the femur.

Advantages

• Preservation of the insertion of the iliopsoas 
tendon on the anterior portion of the lesser 
trochanter.

• It allows concomitant treatment of other hip 
pathologies.

• It gives a fixed and reproducible reference 
point for the level of the osteotomy of the 
lesser trochanter.

General Disadvantages of Endoscopic 
Techniques

• Risk of sciatic nerve damage.
• Risk of injury to circumflex vessels.
• Risk of performing excessive osteotomy of 

the sub trochanteric femur.

 Approaches for Posterior Hip Nerve 
Injuries

 Open Approach for Posterior Thigh 
and Hip Nerve Injuries
The sciatic nerve can be exposed as it leaves 
through the greater sciatic notch towards the pos-
terior region of the thigh [18].

Indications

• Extrapelvic entrapment of the sciatic nerve, 
posterior femoral cutaneous and pudendal 
nerve.

• Tumors of soft and vascular tissues located in 
the subgluteal space.

Patient’s position: Prone position in translu-
cent table.

Anatomical Landmarks and Skin 
Demarcation

 – Posterior superior iliac spine
 – Greater trochanter
 – Gluteal fold

Procedure

• The incision begins at the PSIS and it is 
directed diagonally and distally in line with 
the fibers of the gluteus maximus towards the 
greater trochanter of the femur.

• Approximately 2.5  cm medial to the greater 
trochanter, the incision is curved towards the 
middle line, passing just distal to the gluteal 
fold and until its middle point.

• The incision can be extended to the poste-
rior aspect of the thigh about 10 cm proxi-
mal to the skin fold of the popliteal fossa 
(Fig. 19.23).

• The posterior femoral cutaneous nerve is iden-
tified and protected at the level of the inferior 
border of the gluteus maximus.

• The incision goes deep through the gluteal 
fascia, and the fibers of the gluteus maximus 
are separated.

• The fascia of the thigh is incised longitudi-
nally in relation to the gluteal fold, and the 
distal attachment of the gluteus maximus is 
separated from the iliotibial band 
(Fig. 19.24).

• The gluteus maximus and its neurovascular 
bundle are retracted medially to expose 
both the sciatic nerve and the piriformis 
muscle. The piriformis is tenotomized 
(Fig. 19.25).

• When the nerve injury is more distal to the 
ischium, the skin incision must be extended 
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from the middle of the gluteal fold to the pos-
terior aspect of the thigh. Caution must be 
taken to protect the posterior femoral cutane-
ous nerve that is right under the deep fascia.

Advantages

• Wide exposure of the nerve from the greater 
sciatic notch to the posterior region of the thigh.

• Preservation of vascular planes.

Disadvantages

• The extensive detachment of the gluteus max-
imus is a time-consuming procedure and often 
requires the use of hip immobilizers.

• If the gluteal vessels are injured, they can 
retract up to the pelvis. In this case, a laparot-
omy may be needed to control the bleeding.

 Transgluteal Approach for Posterior 
Thigh and Hip Nerve Injuries
All the posterior surgical approaches are essentially 
transgluteal techniques. The two most used tech-
niques to treat sciatic nerve injuries in the subgluteal 
space are the Kocher-Langenbeck’s approach and 
Moore’s approach. They allow a quick exposure of 
the zone with shorter post-operative recovery.

Fig. 19.23 Open approach of the sciatic nerve A. PSIS 
posterior superior iliac spine, GT greater trochanter, Gf 
gluteal fold

Fig. 19.24 Open approach of the sciatic nerve B. White 
dashed line: The incision goes deep through the gluteal 
fascia, and the fibers of the gluteus maximus are 
separated

Fig. 19.25 Open approach of the sciatic nerve C. Black 
Arrows: The gluteus maximus and its neurovascular bun-
dle are retracted medially, Yellow Arrow: distal attach-
ment of the gluteus maximus separated, Sn sciatic nerve, 
1: pir: m. piriformis, 2: obturator internus and superior 
and inferior gemellus muscles, 3: m. quadratus femoris

B. Aguilera-Bohórquez and M. E. Sanchéz-Otamendi



317

The divulsion of the gluteus maximus allows 
adequate exposure of the posterior femoral cutane-
ous nerve and the sciatic nerve as it passes through 
the greater sciatic notch. However the exposure of 
distal neurovascular structures is limited, and cau-
tion must be taken to avoid injury of superior and 
inferior gluteal nerves and vessels during the separa-
tion of the fibers of the gluteus maximus (Fig. 19.26).

 Open Transgluteal Approach 
of the Sciatic Nerve [19, 20]

Indications

• Neurolysis of the sciatic nerve
• Tenotomy of the piriformis muscle

Patient’s position: Lateral decubitus

Anatomical Landmarks and Skin 
Demarcation

Greater trochanter

Procedure

• The incision begins at the level of the postero-
lateral border of the tip of the greater trochan-
ter and it is directed posteriorly following the 
fibers of the gluteus maximus.

• Dissection and separation of the fascia and 
fibers of the gluteus maximus (Fig. 19.27).

• The piriformis tendon is identified and tagged. 
The tendon is sectioned at the insertion on the 
greater trochanter and proximal dissection is 
performed until it goes through the greater sci-
atic notch (Fig. 19.28).

• Identification and neurolysis of the sciatic 
nerve by blunt dissection starting at the greater 
sciatic notch. 

• Washing and hemostasis
• Layered closure

 Endoscopic Approach of the Sciatic 
Nerve in the Subgluteal Space [21]
Indications

• Entrapment injuries of the sciatic nerve from 
its exit through the greater sciatic notch until 
the level of the quadratus femoris.

Patient’s Position

• Supine position in a traction table, standard 
preparation for hip arthroscopy, no traction.

Fig. 19.26 Transgluteal approach of the sciatic nerve 
(blue line). A: transgluteal approach to sciatic nerve and 
piriformis, B: transgluteal approach to pudendal nerve

Fig. 19.27 Open transgluteal approach of the sciatic 
nerve A. G max gluteus maximus
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Anatomical Landmarks and Skin 
Demarcation

• Greater trochanter
• Gluteal fold

Procedure

• Two standard hip arthroscopic portals (antero-
lateral and posterolateral) are established in 
the peritrochanteric space using 70° lenses 
(Fig. 19.29a).

• Another accessory portal is created 3 cm prox-
imal and 3 cm posterior to the tip of the greater 
trochanter. This allows for a better 
visualization.

• The femoral insertion of the gluteus maximus 
and the quadratus femoris are identified and 
decompression of the sciatic nerve is per-
formed, from distal to proximal (Fig. 19.29b).

• The mobility of the sciatic nerve is evaluated 
with internal and external rotation while the 

hip is flexed and internal and external rotation 
while the hip is extended.

• Once the cause of the nerve entrapment is 
identified, one can proceed to perform the 
release by blunt dissection (Fig. 19.29c).

Advantages

• It allows to address concomitant hip pathology
• Patient will be more comfortable while sitting 

or lying down.
• Better cosmetic results

 Approaches for Pudendal Nerve 
Injuries

Transperineal Approach [22, 23]
This is the first approach described for this type 
of injury.

Indications: Distal entrapment of the nerve 
(after Alcock’s canal).

Patient’s position: Prone position, lithotomy 
position. Under general or raquideal anesthesia.

Procedure

• Vertical incision of the skin between the anus 
and the ischial tuberosity.

• Opening of the ischiorectal fossa with 
scissors.

• The inferior rectal nerve is identified and 
traced (using a finger)? back to the Alcock’s 
canal.

• Opening of the Alcock’s canal (this technique 
does not open the “clamp” between the sacro-
spinal and sacro-tuberous ligaments)

• Hemostasis control.
• Skin closure with nylon sutures that allow 

drainage through them.

Disadvantages

• It requires deep dissection of the ischiorectal 
fat which is highly vascularized.

• It is difficult to reach the junction of the sacro-
tuberous and sacrospinous ligaments 
(impingement zone) which may compromise 
the release of the critical compression area.

Fig. 19.28 Transgluteal approach of the sciatic nerve B. 
Gmax gluteus maximus dissected, Sn sciatic nerve, 1: pir: 
m. piriformis, 2: obturator internus and superior and infe-
rior gemellus muscles, 3: m. quadratus femoris
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• Risk of infection due to the location.
• Pain over the perianal scar when sitting down.

Transgluteal Approach of the Pudendal 
Nerve [24]
Professor Robert in France first described it, and 
it is probably the most used method for surgical 
decompression of the pudendal nerve.

Indications: extra and intrapelvic entrapment 
of the pudendal nerve

Patient’s position: prone or genupectoral position.

Procedure

• Gluteal oblique incision (in line with the glu-
teus maximus fibers) of about 7 cm, it must be 
centered in the transverse line of the superior 
portion of the coccyx (Fig. 19.30).

• Dissection and deinsertion of the gluteus max-
imus from the sacrotuberous ligament 
(Figs. 19.31 and 19.32)

• Transverse section of the sacrotuberous liga-
ment at the level of the ischiatic spine.

• Visualization of the pudendal neurovascular 
bundle and its release from the dorsal aspect 
of the sacrospinous ligament.

• Medial retraction of the ischiorectal fat using 
a separator and exposure of the pudendal 
canal.

• Digital release of the nerve.
• If the obturator fascia is thickened or the falci-

form process is compromised, the release is 
done by an incision.

• The sacrospinous ligament is sectioned and 
the nerve can be transposed in front of the 
ischiatic spine.

a

c

b

Fig. 19.29 (a) Endoscopic port of the subgluteal space. 
ALP anterolateral portal, PAP proximal accessory portal, 
PLP posterolateral portal. (b) Endoscopic Approach of 
subgluteal space. After approaching the posterior part of 
the peritrochanteric space, the sciatic nerve and the qua-

dratus femoris are identified to direct proximally towards 
the sciatic emergency. (c) Endoscopic approach of subglu-
teal space. Sn sciatic nerve, pir m. piriformis, OI obturator 
internus, GS superior Gemellus muscles, GI inferior 
Gemellus muscles
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• The diameter, shape, and aspect of the nerve 
and the presence of fibrosis and dilations of 
the satellital veins must be evaluated.

• Layered closure is performed

The sacrifice of the two ligaments does not 
have adverse effects in the sacroiliac joint. Some 
surgeons use a modified version of the transglu-
teal approach and avoid cutting the ligaments, 
however this leads to a poor visual field. Some 
authors describe reconstruction of the ligaments 
with Achilles’ tendon allograft.

Advantages

• There is better visualization of the nerve dur-
ing the procedure.

• Less risk of bleeding.
• Less risk of infection.

Fig. 19.30 Transgluteal approach of the pudendal nerve A

Fig. 19.31 Transgluteal approach of the pudendal nerve 
B. Green arrow: pudendal nerve, Gmax gluteus maximus, 
Stl sacrotuberous ligament, Red dashed line: incision of 
sacrotuberous ligament

a

b

Fig. 19.32 Transgluteal approach to expose the pudendal 
nerve. (a) Patient’s setup in a prone position with hip flex-
ion. (b) Posterior hip anatomy landmarks are the sacrum 
(A), ischial tuberosity (B), sacrotuberous ligament (C), 
sacrospinous ligament (D)
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 Coccyx and Sacroiliac Joint

 Approach of the Sacroiliac Joint [7]

Indications

• Luxations or fractures of the sacroiliac joint
• Sacroiliac joint arthrosis

Patient’s position: prone position

Anatomical Landmark and Skin 
Demarcation

Posterior iliac crest
Posterior superior iliac spine
Middle sacrum line (over the dorsal spines) 

(Fig. 19.33)

Modified Surgical Technique: Procedure

• The skin incision is vertical of about 12–15 cm 
long and located 2 cm lateral to the PSIS. If the 
extension towards the posterior superior iliac 
crest is necessary, the incision will be curved, 
going laterally along the iliac crest. The inci-
sion must allow for exposure of the greater sci-
atic notch and the inferior part of the sacroiliac 
joint. It also must allow enough medial subfas-
cial dissection to release the attachment of the 
gluteus maximus from the sacrum.

• The incision must be deep enough to reach the 
fascia of the gluteus maximus and allow the 
creation of a full thickness fasciocutaneous 
flap (different from the traditional description 
that creates a subcutaneous flap just superfi-
cial to the fascia of the gluteus maximus with 
subsequent dead space formation)

• The medial subfascial dissection is meticu-
lously performed and the muscular portion of 
the gluteus maximus is carefully released 
from the fascia.

• The fascia of the gluteus maximus has septal 
extensions that invaginate in the muscle 
approximately every 10 mm. Special care must 
be taken to maintain the correct plane without 
injuring the fascia and minimizing the muscu-
lar damage. Maintaining an intact fascia is nec-
essary for anatomic closure. The medial 
dissection is complete when the origin of the 
gluteus maximus in the sacrum is identified.

• Once the origin of the gluteus maximus is 
identified, the muscle is released from the 
aponeuroses of the thoracolumbar fascia, the 
iliac crest, the PSIS, and the multifidus fascia. 
Next, the gluteus maximus is released from 
the sacral crest to allow a better exposure. An 
adequate portion of the tendon must be pre-
served to facilitate an anatomical repair.

• If the pattern of the fracture requires an expo-
sure closer to the greater sciatic notch, caution 
must be taken to avoid injury of the superior 

Fig. 19.33 Approach of the sacroiliac joint. Anatomical 
landmarks. B: The skin incision is vertical of about 
12–15 cm long and located 2 cm lateral to the PSIS. A: If 
the extension towards the posterior superior iliac crest is 
necessary, the incision will be curved, going laterally 
along the iliac crest
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gluteal vessels and nerves that emerge above 
the piriformis muscle in this area.

• It is possible to visualize the anterior aspect of 
the sacroiliac joint and palpate the ventral 
sacral foramina, to evaluate the reduction by 
dissection of the attachment of the piriformis 
muscle from the anterior portion of the sacrum 
with a curved periosteal elevator.

• If it is necessary for fracture fixation, the 
erector spinae muscle and the multifidus 
muscle can be lifted and medially dissected 
from the dorsal surface of the sacrum to 
gain complete exposure. If this procedure is 
performed, caution must be taken to pre-
serve the fasciculations of the multifidus 
muscle to the PSIS and the posterior sacro-
iliac ligaments.

• Debridement of the nonviable muscle and 
careful washing of the zone must be per-
formed, a drain in the abductor muscles with 
opening to the skin lateral to the surgical 
wound is placed, and then one can proceed 
with closure.

• The distal origin of the gluteus muscle is 
attached first to the remnant periosteum over 
the dorsomedial and medial surface of the 
sacrum, and in the proximal region to the mul-
tifidus fascia using an absorbable suture. The 
proximal attachment of the gluteus maximus 
is then sutured to the thoracolumbar fascia.

• Several reinforcement sutures must be used to 
avoid the avulsion of the gluteus maximus ori-
gin and if possible to secure the medial exten-
sion of the gluteus maximus fascia that is part 
of the subfascial flap, minimizing the potential 
dead space.

• A second drain is left superficial to the gluteus 
maximus and under the fascia. The gluteus 
maximus fascia is repaired with an absorbable 
suture. Finally a conventional closure of the 
subcutaneous space, subdermal, and subcu-
ticular layer is performed.

Advantages

• Anatomical landmarks of easy recognition.
• En-bloc and lateral subperiosteal displace-

ment of the gluteus maximus avoiding injury 
of the superior gluteal nerve.

• Adequate exposure of the sacroiliac joint by 
osteotomy.

Disadvantages

• Location of the wound, which may interfere 
with supine position for resting.

• Dead space due to the flap.
• Risk of injury of superior gluteal vessels and 

nerve
• Closeness to perianal region.

Complications

• Injury of superior gluteal vessels and nerve if 
the approach goes past the posterior iliac crest.

• Infection.

 Approach of Both Sacroiliac Joints or 
Sacrum (Mears and Rubash’s 
Modification) [5]

Indications

• Unstable luxations of both sacroiliac joints
• Vertical comminuted fractures of the sacrum 

as part of a pelvic ring disruption

Patient’s position: Prone position

Anatomical Landmarks and Skin 
Demarcation

Posterior iliac crest
Posterior superior Iliac Spine
Midline of the sacrum (above the dorsal spines)

Procedure

• A transverse straight incision 1  cm lower to 
the posterior superior iliac spine and through 
the middle portion of the sacrum is performed 
(Fig. 19.34).

• If the sciatic nerve needs to be explored either 
on one or both sides, the end of the incision 
may be distally curved in order to allow expo-
sure of the sciatic nerves from the sacrum to 
the greater sciatic notch.
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• Incision through the deep fascia to expose 
the superior aspect of the origins of both 
gluteus maximus in the posterior iliac 
spines.

• The paravertebral muscles are lifted and a 
medial to lateral osteotomy of the posterior 
superior iliac spines is performed. Care must 
be taken to avoid injury of the origin of the 
gluteus maximus muscle.

• The tips of the spinous processes of the sacrum 
are osteotomized as necessary.

• If the sacroiliac joints need to be exposed, 
it is necessary to either split the gluteus 
maximus muscle or to make an incision on 
its origin at the posterior superior iliac 
spine and go laterally, in order to expose 
the posterior portion of the iliac bone and to 
perform a larger osteotomy of the posterior 
ilium.

Advantages

 – Exposure of both joints and the body of the 
sacrum

 – Visualization of the ligaments and the sacral 
foramina.

Disadvantages

 – Location of the wound (near to the anus).

 – Location of the wound may interfere with 
supine position for resting.

 – Risk of dead space formation
 – Risk of injury of superior gluteal vessels and 

nerves.
 – Instability due to resection of the posterior 

sacroiliac ligaments.

Complications

Infections
Flap necrosis
Hematomas

 Arthroscopic Approach 
of the Sacroiliac Joint (As an Aid 
for Joint Arthrodesis) [25]

Indications

• Type C pelvic fractures (Tile classifica-
tion) documented with CT scan and char-
acterized by luxation of the sacroiliac joint 
combined with diastasis of the pubic sym-
physis or fracture of the obturator 
foramen.

Patient’s Position

• Prone position on a radiolucent surgical 
table without traction with a 30° flexion of 
the hip by using cushioned sacks under the 
pelvis.

 Anatomical Landmarks and Skin 
Demarcation

Procedure

• The initial portal is directed to the joint 
space and is placed 2.5  cm from the mid-
line. The direction of this portal is estab-
lished by palpating the posterior iliac crest 
and then inclining in a 60° angle in the sag-
ittal plane.

• Once at the sagittal plane, the cephalocaudal 
location varies according to the area to be 

Fig. 19.34 Approach of both sacroiliac joints
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explored. The location of the instrument must 
be confirmed with fluoroscopy.

• Once the joint is exposed, another rigid can-
nula is inserted to establish the working por-
tal. These portals are interchangeable in order 
to improve access to the joint.

• An incision is then made in the center of the 
lumbosacral joint to allow the insertion of the 
screw into L5, S1, and S2 pedicles.

• The subcutaneous space is dissected until 
reaching the fascia of the posterior iliac crest, 
where the erector spine muscle partially rises, 
allowing the extension of the access to the sac-
roiliac joint.

Advantages

It is minimally invasive in a potentially contami-
nated place.

It allows the debridement of the anterior aspect of 
the sacroiliac joint.

It allows the introduction of bone grafts under 
direct visualization.

Disadvantages

It is a technically difficult procedure
It is not highly reproducible
Lack of information about results

Complications

Instruments damage

 Approach to the Coccyx 
and the Sacrococcygeal Joint [11, 26]

Indications

• Partial or total resection of the coccyx

Patient’s Position

• Prone position (Kraske’s position) with the 
buttocks separated and tightly fixed by using 
adhesives in order to facilitate the exposure of 
the coccyx.

Anatomical Landmarks and Skin 
Demarcation

• The incision must be longitudinal beginning at 
the level of the sacrococcygeal junction to the 
tip of the coccyx, with a distal margin of no 
less than 4 cm from the anus.

Procedure: Surgical Technique (Gardner’s 
Modification)

• The incision of approximately 6–7.5 cm long 
is made in the midline over the intergluteal 
fold, ending at 4 cm from the anus.

• The incision is deepened with electrocautery 
to the level where the posterior aspect of the 
coccyx is exposed.

• The zone of instability is identified by palpa-
tion and direct visualization, and is carefully 
demarcated with the electric scalpel, always 
maintaining the cut close to the bone until 
exposing the lateral borders of the coccyx. 
Caution must be taken in order to achieve ade-
quate hemostasis of the coccygeal vessels that 
run on each side of the coccyx.

• Then one can proceed to expose the ante-
rior aspect of the coccyx, which is very 
close to the rectum, because of this a metic-
ulous dissection is mandatory. Starting at 
the level of the sacrococcygeal junction 
disk or the abnormally mobile segment, 
advance slowly to the tip of the coccyx. At 
this point many surgeons prefer to perform 
a dissection that leaves an anterior subperi-
osteal plane, leaving intact the ligamentous 
and muscular insertions in front of it, which 
has shown to significantly decrease the risk 
of post-surgical infections.

• The residual portion of the coccyx, and even 
the most proximal portion of the sacrum from 
the sacrococcygeal junction, may be removed 
by using a gouge.

• It is recommended to make the final closure in 
three layers, a negative pressure drain can be 
used and it must be removed after 24 or 48 h.

• Placement of the final dressing is important, 
as it must isolate the surgical wound from the 
anal margin.
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Advantages

It allows management of chronic pain due to 
sacrococcygeal alterations.

Disadvantages

 – Location of the incision
 – Risk of bleeding, highly vascularized area
 – Risk of sensitivity alterations
 – High risk of contamination

Complications

• Injury of the rectum
• Intraoperative bleeding
• Wound infection.

Comments of the Author
The posterior space is small, but it contains many 
neurological and vascular structures, which requires 
a perfect anatomical knowledge of the area.

Pathologies or injuries of the posterior hip have 
previously been described separately, this chapter 
aimed to compile all these isolated topics.

The chapter was divided into three subareas: 
(a) articular, (b) subgluteal space, and (c) sacrum, 
which allowed for describing and analyzing with 
more details on every approach. We hope this 
gives to the reader a specific guideline to this area.
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Physical Therapy 
and Rehabilitation in Posterior  
Hip Pathology

RobRoy L. Martin, Ryan P. McGovern, 
Ricardo Gonçalves Schröder, 
and Benjamin R. Kivlan

Rehabilitation for those with posterior hip pain 
begins with a standard comprehensive physical 
examination that not only determines a diagnosis 
but also classifies individuals into treatment cat-
egories and identifies impairments that need to be 
addressed with physical therapy intervention. 
The identified impairments can be prioritized and 
treated within the context of the particular diag-
nosis. As the examination relates to identifying 
impairments in individuals with posterior hip 
pain, particular attention needs to be paid to 
strength, flexibility, range of motion, and neuro-
muscular control. An assessment of biomechani-
cal abnormalities should also be included in the 

examination, with a focus on identifying leg 
length discrepancy, dynamic valgus of the knee 
joint during loading, and excessive pronation. In 
those with posterior hip pain, interventions 
should be directed at a prioritized problem list 
that considers static and dynamic alignment 
abnormalities. A physical therapy-based evalua-
tion algorithm and classification system are avail-
able to manage individuals with posterior hip 
pain [1, 2]. This algorithm- and classification-
based treatment system includes considerations 
for the lumbosacral spine and intra-articular and 
extra-articular sources of hip posterior pain.

 Lumbosacral Spine

Pain radiating from the lumbosacral spine needs 
to be considered when individuals present with 
posterior hip pain. Gait and postural deviations 
that result from hip impairments can negatively 
affect lumbosacral spine alignment and function. 
A physical therapy assessment of the lumbosa-
cral spine includes an evaluation of pelvic land-
mark symmetry, lumbar spine range of motion, 
sacroiliac joint special tests, lumbosacral seg-
mental mobility, and response to sustained and 
repeated lumbar movements. When the lumbosa-
cral spine is found to contribute to an individual’s 
symptoms, physical therapy intervention can be 
directed according to manipulation/mobilization, 
stabilization, and specific movement direction 
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preference (flexion, extension, or lateral shift) 
treatment categories [3, 4].

The mobilization category describes treating 
individuals who have a decreased lumbosacral 
segmental mobility and/or positive tests for sac-
roiliac joint dysfunction [3, 4]. The mobilization 
treatment technique involves positioning the 
patient, with respect to the lumbar spine, in side 
bending toward and rotation away from the pain-
ful side. A force directed anterior to posterior is 
applied to the anterior superior iliac spine on the 
symptomatic side in a Grade 5 thrusting maneu-
ver (Fig. 20.1). Individuals who fall into this cat-
egory are also given lumbopelvic range of motion 
and strengthening exercises. The stabilization 
category describes treating individuals who are 
thought to have hypermobility/instability of the 
lumbosacral spine [3, 4]. Therefore, individuals 
in the stabilization category have increase seg-
mental lumbar mobility, generally appear to be 
very flexible, and present with weakness in the 
muscles that support the spine. Strengthening 
and stabilization exercise for muscles that sup-
port the lumbopelvic spine are emphasized for 
individuals who fall into this category. The spe-

cific movement direction preference category 
describes individuals who report an improvement 
in symptoms with repeated and/or sustained lum-
bar flexion, extension, or side bending [3, 4]. The 
movements that produced a favorable response 
are incorporated into a comprehensive exercise 
program for individuals in this category.

Conditions in the hip and lumbosacral spine 
commonly coexist because of the interaction 
between the hip and lumbosacral complex. 
Following intervention directed at the lumbosa-
cral spine and the results of reassessment of pre-
viously positive signs and symptoms, the 
evaluation may need to continue to assess intra- 
and extra-articular hip structures as a contributor 
to the individual’s posterior hip pain.

 Intra- vs. Extra-Articular Hip Pain

Once the lumbosacral spine is evaluated, the cli-
nician must determine if there is an intra-articular 
and/or extra-articular source of symptoms. The 
flexion-abduction-external rotation (FABER), 
internal range of motion with over-pressure 
(IROP), flexion-adduction-internal rotation 
(FADIR), and scour tests are recommended tests 
[5–10]. If the FABER, FADIR, IROP, and/or 
scour tests reproduce symptoms, an intra-articu-
lar source of symptoms should be considered as a 
source of the posterior hip pain.

 Intra-Articular Hip Pain

Related to intra-articular hip pathology, posterior 
impingement can be a cause of posterior hip pain. 
In these individuals, the lateral and posterior rim 
tests are typically found to reproduce pain. 
Intervention individuals with posterior impinge-
ment address underlying arthrokinematic and 
range of motion restrictions with appropriate 
joint mobilization. An inferior joint glide, mov-
ing the femur on the acetabulum, is employed to 
increase hip flexion range of motion (Fig. 20.2). 
A distraction joint mobilizations with movement 
using a manual therapy belt can be done to 
improve pain-free range of motion, in particular 
internal rotation (Fig.  20.3). This mobilization Fig. 20.1 Mobilization treatment technique
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with movement technique, in addition to increas-
ing range of motion, may facilitate pain reduction 
by stimulating joint mechanoreceptors [11]. If 
the FABER, FADIR, IROP, and scour tests do not 
reproduce the individual’s symptoms, an extra-
articular source of posterior hip pain should be 
considered.

 Extra-Articular Hip Pain

Musculotendinous pathologies, nerve entrap-
ments, and boney impingement can act as sources 
of extra-articular posterior hip pain. A compre-
hensive and consistent physical examination 
needs to be performed to properly identify 
source(s) of extra-articular hip pain.

 Musculotendinous Pathology

In those with musculotendinous sources of hip 
pain, provocation of symptoms should occur with 
palpation, passive lengthening, and/or resisted 
movement directed at the involved tissues. As it 
relates to posterior hip pain, particular attention 
should be given to the gluteus medius, piriformis, 
deep external rotators (obturator internus, qua-
dratus femoris, inferior and superior gemellus), 
adductors, and hamstring muscles. The symp-
toms of musculotendinous pathologies can also 
be dynamically reproduced during gait and func-
tional tasks. For example, gait can reproduce pain 
during the initial load and terminal swing phases 
in those with ischial tunnel syndrome and/or 
proximal hamstring pathologies. Also, individu-
als with a gluteus medius pathology may report 
symptoms of pain and have excessive pelvic 
sway during the stance phase of gait.

Intervention techniques for individuals with 
musculotendinous pathologies will depend on the 
phase of the healing that can be defined as either 
acute inflammatory, subacute, or chronic 
 remodeling [12]. An acute injury can be identified 
in those with redness, warmth, and/or swelling. 
Additionally, individuals in the acute phase heal-
ing are usually not able to achieve full active 
movement against gravity when using the involved 

Fig. 20.2 An inferior joint glide of the hip

Fig. 20.3 Distraction mobilizations of the hip
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muscle [12]. Acute injuries are treated with modal-
ities to promote healing, decrease pain, and reduce 
inflammation. Additionally, submaximal isometric 
exercises, passive range of motion, and lumbopel-
vic stabilization exercises should be included as 
part of the intervention plan. All of these interven-
tion techniques should be pain-free. The ability to 
concentrically move through full range of motion 
can be used as the criteria to progress individuals 
to the subacute phase of healing [12]. Subacute 
injuries are treated with concentric exercises, 
including functional closed chain/weight-bearing 
exercises. Treatment progression includes the 
addition of more dynamic lumbopelvic stabiliza-
tion, general stretching, and progressive balance 
exercises. Criteria to progress to the chronic 
remodeling phase of healing can include range of 
motion that is similar to the uninvolved side and 
strength that approximates 75% of uninvolved side 
[12]. Pain with resisted testing should be minimal 
for those in the chronic remodeling phase of heal-
ing. Interventions for individuals in the chronic 
remodeling phase should emphasize eccentric 
exercises and sport-specific training [12].

Manual therapy soft tissue interventions can 
also be employed in those with musculotendinous 
pathology. The goals of this intervention are to 
increase range of motion, reduce pain, decrease 
swelling, increase flexibility, and/or improve mus-
cle performance. Manual therapy soft tissue tech-
niques can include traditional massage, trigger 
point therapy, and active release. Soft tissue tech-
niques can include the use of specialized instru-
ments in treatment administration. These 
instrument-assisted soft tissue mobilization tech-
niques attempt to induce biological changes that 
promote the reabsorption of scar tissue and to stim-
ulate the regeneration of soft tissues [13, 14]. These 
techniques may also try to mechanically mobilize 
tissues that are restricting the gliding of tissue [15].

 Nerve Entrapment

Posterior hip pain can also be caused by nerve 
entrapment in the deep gluteal space. Entrapment 
can be caused by the piriformis, gluteal, hamstring, 
and gemelli-obturator internus muscles, as well as 
fibrous bands in the area. Pain at the level of the 

external rotators and piriformis muscles can indi-
cate sciatic nerve entrapment at that location. Pain 
lateral to the ischium can indicate ischiofemoral 
impingement involving the sciatic nerve, while 
pain medial to ischium is suggestive of pudendal 
nerve entrapment. The seated palpation test can be 
used to distinguish the source of entrapment based 
on location of tenderness [16]. This test requires 
the patient to sit on the examiner’s hand while the 
examiner simultaneously palpates three locations 
in the gluteal area: (1) piriformis (lateral/superior) 
at the level of the external rotators, (2) hamstring 
on the ischium, and (3) obturator internus and soft 
tissue medial to the ischium [16].

Intervention strategies for those with nerve 
entrapment can include neural gliding, soft tissue 
mobilization, stretching and strengthening exer-
cises, aerobic conditioning, and cognitive behav-
ior education [17]. Neural gliding is a specific 
technique that attempts to improve neurodynam-
ics by restoring movement of the nerve in relation 
to surrounding structures [17]. The hypothesized 
benefits of neural gliding techniques include 
facilitation of normal nerve mobility, reduction 
of nerve adherence, dispersion of noxious fluids, 
reduction of intraneural edema, increased neural 
vascularity, and improvement of axoplasmic 
flow. These techniques may also affect central 
mechanisms by decreasing nociceptive behavior 
in the spinal cord [17]. To perform the neural 
glide technique, an understanding of neuro-kine-
matics is required. For example, sciatic nerve 
glide would require combined movements of hip 
flexion, knee extension, and ankle dorsiflexion to 
“slide” the nerve (Fig. 20.4). The clinician must 
perform neural gliding using pain-free range of 
motion in a slowly controlled progressive manner 
in order to prevent overstretching of the nerve.

In addition to neural gliding,  soft tissue mobi-
lization and exercises may also try to  mechanically 
mobilize nerve and surrounding tissue. Stretching, 
whether done independently by a patient or per-
formed by a clinician, attempts to relieve nerve 
compression by lengthening shortened musculo-
tendinous structures. One specific exercise for 
the sciatic nerve involves the combined move-
ments of hip flexion, abduction, and external 
rotation to symptom provocation followed by 
movements of hip adduction, internal rotation, 
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and extension (Fig. 20.5). This movement combi-
nation is felt to mobilize the sciatic nerve in the 
deep gluteal region. Also included in the inter-
vention plan are lumbosacral and hip strengthen-

ing exercises. The goal of these exercises is to 
facilitate proper load transfer and neuromuscular 
control between the lumbosacral spine, pelvis, 
and lower extremity.

Fig. 20.4 Sciatic nerve glide

Fig. 20.5 Exercise to mobilize the sciatic nerve
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 Ischiofemoral Impingement

Posterior hip pain from ischiofemoral impinge-
ment (IFI) is a result of a compressive injury to 
the structures between the ischium and lesser tro-
chanter. Structures that can be impinged in this 
space include the quadratus femoris muscle, 
hamstrings tendon, and sciatic nerve [18]. The 
long stride and IFI tests have demonstrated high 
diagnostic accuracy in identifying those with IFI 
[19]. Muscle weakness impairments in the hip 
region, particularly with abduction, may lead to a 
lack of pelvic control and dynamic hip adduction 
during the stance phase of gait.

Treatment of those with IFI should emphasize 
the stabilization and alignment of the lumbar 
spine, pelvis, and hip. Ischiofemoral impinge-
ment is often associated with decreased terminal 
hip extension. This lack of hip extension can 
cause increased compensatory lumbar extension 
and a risk of developing low back pain. The cor-
rection of an excessive pelvic adduction and lack 
of hip extension during ambulation must be 
emphasized as part of the intervention plan. 
Therefore, exercise directed at strengthening the 
gluteus medius in weight bearing should be 
included. Because the quadratus femoris and sci-
atic nerve can be involved in individuals with IFI, 
soft tissue mobilization and nerve gliding may 
also need to be included in the intervention plan.

 Impairment-Based Examination

A clinical examination not only identifies a diag-
nosis but also serves to identify impairments that 
may contribute to the development of posterior 
hip pain. The impairments can be prioritized and 
treated within the context of the diagnosis. A 
comprehensive examination should assess the 
entire lower kinetic chain for strength, range of 
motion, flexibility, and neuromuscular deficits as 
well as biomechanical abnormalities. The com-
ponents of the examination can be found in 
Fig. 20.6. As the examination relates to identify-
ing impairments in individuals with posterior hip 
pain, particular attention needs to be paid to 
range of motion of the lumbar spine and hip; flex-

ibility of gluteus medius, gluteus minimus, piri-
formis, hamstrings, iliotibial band, and iliopsoas 
muscles; and strength with abduction, extension, 
external rotation, and flexion movements. An 
assessment for leg length discrepancy, dynamic 
valgus, and excessive pronation should also be 
included in the examination.

Static and dynamic alignment is also impor-
tant to consider in those with posterior hip pain. 
For example, those with hamstring injuries may 
have poor sagittal plane pelvic alignment. An 
excessive posteriorly tilted pelvis may be a result 
of limited hamstring flexibility. A lack of dynamic 
control of the lower limb during gait with exces-
sive internal rotation and adduction of the hip is 
termed dynamic valgus. Eccentric overload in the 
piriformis and deep external rotators can occur in 
individuals with dynamic valgus. The inclusion 
of education in proper static and dynamic align-
ment can enhance postural control and be an 
important intervention strategy.

The interaction of range of motion, flexibility, 
strength, balance, proprioception, and neuromus-
cular control may be best assessed with functional 
performance tests. These tests, which can include 
balance tests, hop/jump tests, and field agility 
tests, can be used to assess individuals with poste-
rior hip pain. The deep squat, single-leg balance, 
and the medial triple hop tests have evidence of 
validity in those with hip-related pathology [20]. 
The deep squat test assesses an individuals’ abil-
ity of their lower body to a position of maximum 
hip and knee flexion and requires adequate 
strength and postural control in the lower body 
and trunk (Fig. 20.7). The single-leg balance test 
is a static measurement of postural control and 
balance requiring adequate gluteus medius mus-
cle activation in order to keep the pelvis level to 
the ground [20]. Provocation of pain during this 
test may be another important factor in detecting 
tendinopathy of the gluteus medius and minimus 
[21]. The medial and lateral hop tests measure the 
distance of a singular hop or multiple hops in 
medial and lateral directions. The lateral hop test 
is thought to simulate forces encountered during 
cutting or changing of  direction [20]. The medial 
triple hop test demonstrated evidence of validity 
in subjects with hip pain [22].
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 Impairment-Based Treatment Plan

In those with posterior hip pain, interventions 
should be directed at a prioritized problem list 
that addresses deficits in strength, range of 
motion, flexibility, and neuromuscular control 

while considering biomechanical abnormalities, 
static alignment, and dynamic alignment. 
Exercises to improve strength, range of motion, 
and flexibility are commonly used in a treatment 
plan. However, the reestablishment of neuromus-
cular control of the lower extremity is important 

Name: Date:

Date of onset:

Pertinent Health Information

Standing
Seated

Standing flexion test

Sidelying/Prone

Sidelying
Abduction

Adduction

Abduction
Adduction

Ober test

Active piriformis test
Lateral rim test
IFI test

Prone

Extension
ER
IR

Craig’s test

Spring testing

ROM ROM

ROM ROMStrength

Strength Strength

StrengthPain

Pain Pain

Pain

ROM

ER
IR

Seated palpation test
R/L

Seated piriformis test

Supine

ROMStrength StrengthPain Pain

ROM ROMStrength StrengthPain Pain

Right

Right

Right

Right

Right
FADIR

FABER
IROP
Scour test
DEXRI
DIRI
Post rim test
Thomas test
SLR
SI compress
SI distraction

Functional Performance Tests
Deep squat
Medial hop test
Lateral hop test
Triple hop test
Single Leg
Stance/Balance

Left

Left

Left
Right

Right

Right

Right

Shoulder height
Iliac crest height
Leg Length

Lumbar

Flexion
Extension

Flexion
Extension
Side bending right
Side bending left
Note response to sustained or repeated movement:

ROM +/- Pain

+/-

+/-

+/-

+/-

+/-

Left

Left

Left

Left

Left

Left

Chief complaint:

Mechanism of injury:

Location of pain:

Previous injury/treatment:

Occupation:

Fitness level/activities:

Health status/co-morbidities:

Systemic symptoms:

Gait

Yes/No
Antalgic
Trendelenburg
Knee valgus
Excessive pronation

Long stride test

Pain during (circle): Initial Contact - Loading Response - Mid Stance

Terminal Stance - Pre Swing - Initial Swing - Mid Swing -

Terminal Swing

Right/Left

lnvolved limb: R L Both R L N/ADominant Limb:

Age: Sex: Height: Weight:

Fig. 20.6 Hip evaluation form
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in restoring functional movement patterns. 
Therefore, a comprehensive treatment plans need 
to include interventions that address neuromus-
cular control.

 Strength

Strengthening of musculature involved in poste-
rior hip pain can be addressed from a muscle per-
formance perspective with considerations for 
strength, power, and endurance, as well as 
whether the muscle is functioning in a concen-
tric, eccentric, or isometric manner. Which per-
spective is emphasized with an exercise 
prescription will be dependent upon the fiber 
type of targeted muscle(s) and type of contraction 
that mimics the muscle activation patterns during 
the individual’s desired functional activity. 
Muscle fibers may be categorized as type I, tonic, 
or type II, phasic fibers. Type I muscle fibers are 
involved in endurance activities and are trained 
with a low-load high-repetition training prescrip-
tion. Type II muscle fibers are involved in strength 
and power and are best trained with a high-load 

low-repetition prescription. When selecting exer-
cises, those that produce a higher level of muscle 
activation as indicated by electromyography 
(EMG) would also seem beneficial. The gluteus 
medius, gluteus maximus, and erector spinae are 
commonly impaired in those with hip pathology, 
thus are the focus of exercise prescription. These 
muscle groups have been well studied with regard 
to muscle fiber type composition and EMG activ-
ity during commonly performed exercises.

The gluteus medius is one of the primary mus-
cles impaired in those with hip pathology. The  
main functions of the gluteus medius are to pro-
duce hip abduction and to act as a pelvic stabi-
lizer during activities in single-leg stance. The 
majority of the muscle is made up of type I fibers 
[23] and therefore would benefit a low-load high-
repetition exercise prescription. There have been 
a number of studies investigating gluteus medius 
muscle activation during various exercises. A 
summary of EMG studies is provided in 
Table  20.1. Research has identified the highest 

Fig. 20.7 Deep squat test

Table 20.1 Electromyographic maximum volitional iso-
metric contraction (%MVIC) for gluteus maximus and 
gluteus medius therapeutic rehabilitation exercises

Gluteus medius Gluteus maximus
Exercise %MVIC Exercise %MVIC
Side plank 
abduction with 
dominant leg on 
bottom

103 [24] Front plank 
with hip 
extension

106 [24]

Side plank 
abduction with 
dominant leg on 
top

89 [24] Lateral step up 90 [25]

Single limb 
squat

82 [24] Gluteal squeeze 81 [24]

Side-lying hip 
abduction

81 [26] Rotational 
single-leg squat

78 [27]

Clamshell (hip 
clam) 
progression 4

77 [24] Standing hip 
abduction with 
band at ankle

73 [28]

Front plank with 
hip extension

75 [24] Side plank 
abduction with 
dominant leg on 
top

73 [24]

Side bridge 74 [29] Side plank 
abduction with 
dominant leg on 
bottom

71 [24]

Single-leg supine 
bridge (on stable 
surface)

73 [30] Single limb 
squat

71 [24]
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level of EMG activity occurs in the side plank 
exercises [24]. The single-leg squat also pro-
duced high EMG activity and would represent a 
functional single-leg exercise [24]. These exer-
cises are depicted in Fig. 20.8.

The gluteus maximus is another common 
muscle targeted in rehabilitation process in those 
with hip pathology. The gluteus maximus is a 
large muscle that primarily acts as a hip extensor 
as well as hip external rotator and abductor 
(upper fibers). When the lower extremity is fixed, 
the gluteus maximus will act as a trunk extensor 
and contribute in producing a posterior pelvic 
tilt. Additionally, activation of gluteus maximus 
was found to increase compressive force across 
the sacroiliac joint [31], and therefore exercises 
to strengthen the gluteus maximus may be help-
ful in those with sacroiliac joint dysfunction. 
There seems to be some controversy as to the 
proportion of type I and II fibers that make up 
the gluteus maximus [23, 32]. This may mean a 
prescription should include both low-load high-
repetition and high-load low-repetition exer-
cises. Gluteus maximus muscle activation during 
various exercises has also been studied with a 
summary of these studies provided in Table 20.1. 
The front plank with hip extension was found to 
produce a high level of EMG activity [24]. The 
lateral step up was also an exercise that produced 
a high level of EMG activity and would repre-
sent a functional single-leg exercise [25]. These 
exercises are depicted in Fig. 20.8. An important 
consideration to note is the reinforcement to pel-
vic positioning during exercise. Performing pos-
terior pelvic tilt during exercise targeting the 
gluteus maximus seems to produce greater mus-
cle activation as opposed to anterior pelvic tilt 
position [33].

In view of posterior hip pain and proper lum-
bopelvic position, the erector spinae muscle 
group is important to be considered. The erector 
spinae functions to produce spine extension and 
rotation, as well as dynamic stability in the lum-
bar spine. The erector spinae displays a greater 
proportion of type I fibers [34–36] and therefore 
would benefit from low-load high-repetition 
exercise prescription. The four-point kneeling 
arm and leg lift exercise was found to be an effec-

tive exercise to activate the erector spinae muscle 
group [37]. The muscle group was also highly 
active during the good morning exercise [38]. 
These exercises are depicted in Fig. 20.8.

Ultimately, the results of the physical exami-
nation will identify which muscle groups are 
impaired and need to be the focus of strengthen-
ing intervention. The most comprehensive 
approach may include a combination of high-
load low-repetition and low-load high-repetition 
exercises with concentric, eccentric, and isomet-
ric type of contractions. The most practical exer-
cises included in the exercise prescription will be 
based on an analysis of the individual’s desired 
activities and movement patterns associated with 
these activities. The selected exercises would 
then attempt to mimic the muscle performance 
and type of contraction associated with the 
activity.

 Flexibility and Range of Motion

When assessing muscular imbalances, one must 
be aware that muscle contractures do not happen 
in isolation. Muscles, tendons, and ligaments 
must disperse an applied load across the joints to 
provide stabilization and movement, while the 
sensorimotor system provides control for the 
motion. Intervention strategies for patients with 
deficits in flexibility and range of motion can be 
addressed through static stretching, dynamic 
stretching, and contract-relax stretching.

The goal of stretching is to overcome the pas-
sive resistance of the soft tissue in order to 
increase available motion [39]. Static stretching 
(<30  s) is utilized to increase range of motion 
and muscle flexibility by temporarily altering the 
viscoelastic and mechanical muscular propri-
eties [40]. Static stretching is usually performed 
during postexercise cooldown to achieve a more 
permanent change in flexibility [41]. Static 
stretching should not precede high-speed, explo-
sive, reactive, or strengthening activities because 
of the reduced reflex sensitivity, decreased maxi-
mal voluntary contraction, and potential of acti-
vation following long-duration (90 s) stretching 
[42, 43].
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Gluteus Medius

Gluteus Maximus

Erector Spinae

Fig. 20.8 Exercise for the gluteus medius, gluteus maximus, and erector spinae
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Dynamic stretching involves active movement 
through and beyond available range of motion 
and can be applied prior to high-level perfor-
mances. Dynamic stretching can improve muscu-
lar performance due to the elevation in muscle 
and body temperature [44], post-activation poten-
tiation in the stretched muscle [45, 46], stimula-
tion of the nervous system, and/or decreased 
inhibition of the antagonist muscles [47]. 
Dynamic stretching is preferable to static stretch-
ing when preparing for physical activity [41].

Proprioceptive neuromuscular facilitation 
(PNF) uses muscle contraction to enhance the 
effect of the applied stretch. Contract-relax and 
hold-relax PNF stretching techniques utilize an 
isotonic or isometric contraction, respectively, of 
the agonist to muscle group applied during a PNF 
stretching technique. Muscle contraction preced-
ing the stretching triggers an autogenic inhibition 
mechanism, creating a subsequent reduction in 
muscle tension through stimulation of the Golgi 
tendon organs. This mechanism lowers resistance 
to stretch and can assist in improving range of 
motion [48–50].

In those with posterior hip pain, the ham-
strings, piriformis, and deep external rotators 
(obturator internus, quadratus femoris, inferior 
and superior gemellus) are commonly targeted 
with stretching intervention. The cross-leg stretch 
is a common stretching position for piriformis 
and deep external rotators, which are displayed in 
Fig. 20.9. It should be noted that, similar to the 
strengthening exercise prescription, strategies to 
increase range of motion and flexibility should be 
based on impaired movements identified with the 
comprehensive physical examination. The best 
intervention program to increase flexibility and 
range of motion may include a combination of 
static, dynamic, and PNF stretching techniques.

 Neuromuscular Control

Neuromuscular control may be best thought of 
as an intervention that incorporates motion, 
strength, and stability in a functional movement 
pattern. Therefore, the exercises included in a 
neuromuscular rehabilitation program are often 

customized to meet the desired functional 
demands of the individual. Typically, neuromus-
cular control exercises are initiated with static 
balance activities and progress to more dynamic 
movement patterns. Other variables such as base 
of support, surface, and complexity of move-
ment pattern may be manipulated to challenge 
neuromuscular control of the individual. 
Neuromuscular control exercises may be initi-
ated on stable surfaces and progress to unstable 
surfaces and/or may begin with the individual in 
double-limb support and progress to single-limb 
support. Exercises also progressed from single to 
multiple plane movements. Criteria for progres-
sion of the exercises include establishment of 
proper static alignment on stabile surfaces before 
movement patterns on unstable surfaces are 
employed. Exercises are progressively added to 
gradually challenge the neuromuscular control 
of the entire lower kinetic chain.

 Biomechanical Abnormalities

Biomechanical abnormalities can be the underly-
ing cause of strength, range of motion, flexibility, 
and neuromuscular deficits. Abnormal biome-

Fig. 20.9 Cross-leg stretch for piriformis and deep exter-
nal rotators
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chanical findings may be categorized as correct-
able or uncorrectable deficits. Correctable deficits 
include leg length discrepancy, dynamic knee 
valgus, and excessive pronation. The deficit in 
leg length can be addressed through the adminis-
tration of a heel lift that corrects approximately ½ 
of the measured deficit. Dynamic knee valgus 
when identified can be addressed by strengthen-
ing exercises for the hip external rotators and 
abductors and performing activities that promote 
neuromuscular control of the lower extremity. 
Excessive foot pronation can be assessed using 
the Foot Posture Index-6 [51]. When excessive 
pronation is identified, it may be addressed 
through anti-pronation taping. Positive response 
to these taping techniques indicates that the indi-
vidual may also benefit from either over-the-
counter or custom-made orthotics. Uncorrectable 
deficits include boney structural abnormalities, 
such as femoral version. For individuals with 
uncorrectable deficits, identified abnormalities 
may serve as potential prognostic indicators for 
outcome of conservative rehabilitation.

 Conclusion
A comprehensive examination should be per-
formed to determine a diagnosis, classify indi-
viduals into treatment categories, and identify 
impairments that need to be addressed with 
physical therapy intervention. A physical ther-
apy-based evaluation algorithm and classifica-
tion- based treatment categories include 
considerations for the lumbosacral spine and 
intra-articular and extra-articular sources of 
hip posterior pain. Strength, range of motion, 
flexibility, strength, and neuromuscular control 
deficits, as well as biomechanical abnormali-
ties, should be addressed as appropriate within 
the context of the individual’s diagnosis.
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The Pelvic Floor

Valerie L. Bobb, Lorien Hathaway, and Cyndi Hill

Conservative management of posterior hip syn-
dromes requires a multidisciplinary and multi-
modal approach as specific pain generators can 
be challenging to identify. Intrapelvic physical 
therapy assessment and treatment is an essential 
component in the overall comprehensive diag-
nostic evaluation and successful outcome for this 
complex diagnosis [1]. The hip has a relationship 
anatomically to both intra- and extrapelvic struc-
tures, and posterior hip issues often coexist with 
or may even be misinterpreted as an intrapelvic 
issue [1, 2]. An understanding of intrapelvic anat-
omy from a neurological, musculoskeletal, and 
functional perspective is needed if one is to ade-
quately and fully treat this population success-
fully [1]. The role of pelvic floor physical therapy 
is to examine and provide expertise with regard 
to the musculoskeletal system of the pelvis; thus, 
urological and gynecological pelvic organ issues 

such as infection or visceral pain etiologies 
should be ruled out via the appropriate medical 
practitioner, especially considering that many 
pelvic floor disorders are accompanied by com-
plaints such as generalized pelvic and perineal 
pain, lower urinary tract symptoms, defecation 
disorders, coccygodynia, rectal and pelvic girdle 
pain, dyspareunia, and sexual dysfunction [3].

 Anatomy

 Bones, Muscles, and Ligaments

When learning about the functional anatomy of 
the pelvic floor, it is imperative to understand 
that it is an integration of a static support via the 
bony structure combined with musculotendi-
nous, fascial, neural, and visceral systems [3]. 
Per Wei and De Lancey [4], the term “pelvic 
floor” may be used to refer to all the structures of 
support within the pelvic cavity. Pelvic floor 
support is provided via the abdominal perito-
neum, endopelvic fascia, deep pelvic floor mus-
cles, perineal membrane, and the superficial 
pelvic floor muscles. Additionally it should be 
noted that visceral support is provided through 
the bladder, urethra, uterus, prostate, and rectum. 
The attachments of the pelvic floor muscles, the 
muscles themselves, the endopelvic fascia, and 
their fascial attachments combined with the 
static support of the bony pelvis work together to 
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form a structural and functional support system 
for the pelvic  contents [5].

The pelvis itself is composed of a bony ring 
with cartilaginous, ligamentous, and tendinous 
attachments, some of which originate from inside 
the pelvis and some from structures near or adja-
cent to it. The bony pelvis absorbs and transmits 
forces from the spine and lower limb [6]. This 
system of bones and ligaments provides structure 
to support the musculature found within the bony 
pelvis. Specifically, the pelvic diaphragm is 
formed by the levator ani muscle group and the 
coccygeus muscle [7]. Additionally, the obturator 
internus muscle performs the dual function of hip 
joint stabilization and formation of pelvic wall 
parietal fascial anatomy [8, 9].

The levator ani is made up of three primary 
paired muscle groups: the pubococcygeus, ilio-
coccygeus, and puborectalis [7]. The pubococ-
cygeus originates lateral to the pubic symphysis 
and on the posterior surface of the superior pubic 
ramus and the fascia of the obturator internus 
muscle. It then travels posteriorly and inserts onto 
the inner surface of the spine of the ischium and 
the coccyx. The iliococcygeus originates from the 
ischial spine as the combined surface of the tendi-
nous arch of the pelvic fascia and the obturator 
internus fascia or arc de tendinous inserts into the 
anococcygeal ligament and coccyx. The puborec-
talis originates from the superior and inferior 
pubic rami. The puborectalis forms a muscular 
sling around the rectum as it joins the midline and 
posterior to the rectum. The coccygeus is a small 
triangular-shaped muscle which originates from 
the ischial spine and inserts on the lower sacrum 
and coccyx and is attached on its external surfaces 
to the sacrospinous ligament [5–7]. The perineal 
body or central tendon of the perineum forms a 
fibrous and muscular mass located between the 
anal and urogenital triangles and provides impor-
tant support to the pelvic floor serving as an 
anchor for the female vagina and anal canal in 
both sexes [7]. The pelvic muscles, external anal 
sphincter, and posterior vaginal wall all attach to 
the perineal body. The more superficial muscles 
of the pelvic floor and pelvic or urogenital dia-
phragm, the bulbospongiosus, ischiocavernosus, 
deep and superficial transverse perineum, and 

urethral sphincter muscles, also have attachments 
here. The superficial pelvic muscles or perineal 
diaphragms as they are commonly called assist 
the deeper pelvic diaphragm muscles in sphinc-
teric and support functions. Additionally the 
external anal sphincter works in conjunction with 
the levator ani to help coordinate fecal continence 
and defecation [6]. The muscles of the pelvic 
floor, via their attachments to the perineal body, 
pelvic side walls, and bony pelvis, help to support 
the contents of the abdominopelvic cavity as well 
as to maintain the position of pelvic viscera. They 
contract reflexively during times of increased 
intra-abdominal pressure and assist in compres-
sion of the urethra and rectum as well as vagina in 
females. These muscles aid in continence via con-
traction and defecation and urination by way of 
relaxation [7] as well as contribute to sexual 
 function [3].

Two ligamentous structures are of significant 
importance in the evaluation of intrapelvic struc-
tures: the sacrotuberous and sacrospinous. These 
two ligaments serve to connect the sacrum and 
ischium on either side of the pelvis [7]. The sacro-
tuberous ligament absorbs and distributes forces 
for the lower extremities through direct fascial 
attachments to the hamstrings – due to a shared 
fascial insertion  – and the thoracodorsal fascia 
[10]. The sacrotuberous ligament is broad, flat, 
and fibrous and spans the space between the lat-
eral edge of the sacrum and ischial tuberosity [7]. 
The sacrotuberous ligament’s anterior surface 
partially joins with both the sacrospinous liga-
ment and the piriformis [7]. In some individuals it 
has been noted that the pudendal nerve may actu-
ally be adhered to the deep surface of the sacrotu-
berous ligament inferior and just medial to the 
greater sciatic notch in the retro-sciatic region. At 
the ischial tuberosity, the ligament becomes a 
dense/fanning band known as the falciform pro-
cess [11]. The sacrospinous ligament attaches 
medially from the lateral sacrum and coccyx to 
the ischial spine. The upper border of the sacro-
spinous ligament forms the lower border of the 
greater sciatic foramen, while its lower border 
outlines the lesser sciatic foramen. It is through 
this lesser foramen that the internal pudendal ves-
sels and nerves travel to enter the pelvis [6].
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 Nerves

Intrapelvic neural anatomy is of importance 
when evaluating and treating pelvic floor as 
objectively defining specific peripheral nerve 
involvement in the pelvis can be difficult due to 
the relationship of pelvic floor lower motor neu-
rons with the sacral spinal cord, autonomic ner-
vous system, and the cortex via the corticospinal 
tract [6]. The diffuse, plexus-like neural and vas-
cular supply of the autonomic nervous system is 
thought to be a significant contributor to intra- 
and extrapelvic pain issues. Neurological cross-
sensitization from convergent sensory and 
somatic input of the pelvic region can result in 
the dysfunction of neural pathways and resultant 
central sensitization of the nervous system. This 
central sensitization or “pathological state char-
acterized by generalized or side-spread hypersen-
sitivity” [12] can cause muscle or visceral 
dysfunction in both intra- and extrapelvic tissues. 
Muscular issues include myofascial trigger 
points, heightened resting tone or activity, and 
decreased strength. Visceral issues often involve 
diffuse pain in the abdominal and pelvic region as 
well as bowel and bladder symptoms. Also of 
note, the rectum rests on the pelvic surface of the 
sacrum and coccyx, ending just superior to the 
pelvic floor muscles. Proximity of the sacroiliac 
joint and lumbosacral plexus to the sigmoid colon 
and rectum are possible pain generators as this 
plexus is just dorsal to the rectum, ventral to the 
sacrum and piriformis. Pressure from chronically 
hardened stool with constipation could contribute 
to neural, joint, and soft tissue irritation around 
the sacroiliac joint. The sacral plexus, S3–S4, 
may be relevant in cases of pain associated to sit-
ting, constipation, or a history of vaginal delivery 
due to tissue compression, traumatic irritation, 
and the prolonged and repetitive stressing of tis-
sues that often occur in such instances [2]. 
Compression of the L5–S2 due to endopelvic 
lesions might also occur at the greater sciatic 
notch [13, 14].

Such a complex system requires a focused 
urological and gynecological history to detect 
any suggestions of intrapelvic nerve entrapment. 
Reports of pain such as with menstruation, a his-

tory of endometriosis, painful intercourse, blad-
der or bowel issues, or a prior pelvic or abdominal 
surgical history can help to identify intrapelvic 
nerve entrapment disorders as a source of dys-
function [13, 15]. The important nerve branches 
associated with clinical syndromes of or near the 
pelvic floor are the sciatic, obturator, femoral, lat-
eral femoral cutaneous, and pudendal [10]. 
However, of specific note with regard to posterior 
hip pain and the intrapelvis are the sciatic [16, 
17] and the pudendal nerves [18].

The fourth and sometimes fifth sacral nerve 
roots exit the sacral foramens lateral to the 
sacrum. After leaving the foramens, the roots are 
found on the posterior surface of the pelvis lim-
ited on the lateral side by the piriformis muscle 
and ventrally by the cardinal ligament of the 
uterus. Upon crossing the cardinal ligament, 
these sacral nerves pass through the supra-piri-
formis space, cross the muscle, and travel toward 
the lower part of the greater sciatic notch. Here 
the roots join to form the sciatic nerve at the 
infra-piriformis [13, 14] deep gluteal space [18]. 
Intrapelvically, the sciatic nerve is primarily 
affected in  locations above and below this deep 
gluteal space [19]. The sciatic nerve’s close prox-
imity anatomically to the gluteal and iliac vessels 
makes it vulnerable to compression. Varicose 
gluteal veins, congenital pelvic arteriovenous 
malformations, and aneurysms of the distal aorta 
as well as issues with the iliac and intrapelvic 
arteries have been implicated in triggering symp-
toms via sciatic compression [20]. Additionally, 
issues may occur as the sciatic nerve is com-
pressed at the greater sciatic notch or at the sacral 
nerve roots due to endometriosis or damage dur-
ing intrapelvic gynecological procedures [13, 
14]. Symptoms of this extra-spinal, intrapelvic 
sciatic nerve compression include pelvic and 
lower extremity pain, sensory disturbances (par-
esthesia or dysesthesias), myotomal weakness, 
gait dysfunction, and reflex impairment [20].

The pudendal nerve is made up of fibers from 
the ventral rami of the sacral plexus. The  pudendal 
nerve initially passes through the greater sciatic 
foramen over the spine of the ischium. At the area 
of the ischial spine, the pudendal nerve runs 
superficial to the sacrospinous and deep to the 
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sacrotuberous ligaments. It then reenters through 
the lesser sciatic foramen along the lateral wall of 
the ischiorectal fossa to enter the pelvis accom-
panied by the internal pudendal vessels through 
the pudendal or Alcock’s canal [11, 21]. This 
canal is formed by the splitting of the obturator 
internus fascia. This portion of the obturator 
internus is thickened and fibrous and is attached 
to the falciform process of the sacrotuberous liga-
ment [11]. Prior to entering Alcock’s canal, the 
pudendal nerve gives off an inferior rectal branch 
which enters the ischiorectal fossa. Occasionally 
this inferior rectal nerve will arise directly from 
the sacral plexus and join the pudendal nerve lat-
erally to the beginning of Alcock’s canal before 
separating to enter the ischiorectal fossa. Midway 
through Alcock’s canal, the pudendal nerve then 
divides into both the perineal branch and the dor-
sal nerve of the clitoris/penis. These two branches 
then travel together to the canal’s end. Upon exit-
ing the canal, the perineal branch further divides 
into sensory branches to the perineum and motor 
branches to the superficial pelvic floor muscles 
and the external anal and urethral sphincter mus-
cles. There are some proponents of the belief that 
the pudendal nerve may also supply some muscle 
branches to the deeper levator ani pelvic floor 
muscles, although evidence shows these are pri-
marily innervated via the sacral plexus. The dor-
sal nerve of the clitoris/penis is a terminal branch 
responsible for sensation to the dorsal aspect of 
the penis and infra-pubic region [22].

Individuals with pudendal nerve entrapment 
typically present with pain, a sensation of burn-
ing or tearing, stabbing, or electrical-like sharp or 
shooting pain medial to the ischium. A sensation 
of the presence of a foreign body made worse 
with sitting as well as alleviation of symptoms 
when sitting on a toilet are also common com-
plaints. Symptoms are often relieved with stand-
ing [23] and are usually absent on awakening [11, 
24]. Pudendal nerve irritation or entrapment 
symptoms also often include pain and numbness 
in all or part of the nerve’s distribution specifi-
cally the perineal or “saddle” area, low medial 
buttock, rectum, terminal urinary tract, and/or 
proximal, medial thigh [11]. Additionally, dys-
function of the rectal and urogenital systems due 

to pudendal nerve issues might include urinary 
and defecatory storage and emptying dysfunc-
tions such as urinary and fecal incontinence, con-
stipation, and urinary urgency, frequency, and 
obstructive voiding [25]. Sexual dysfunction 
such as female continuous arousal and dyspareu-
nia and male erectile dysfunction and testicular 
pain may also be noted [24, 26, 27].

 Obturator Internus

Of key importance in pelvic anatomy is the obtu-
rator internus (OI) muscle whose belly is located 
intrapelvically but then becomes tendinous as it 
exits the pelvis through the lesser sciatic fora-
men. The nerve to the OI arises from the sacral 
plexus with fibers from the L5–S2 spinal nerves 
[24] and runs posterior to the surface of the sacro-
spinous ligament before turning into the greater 
sciatic foramen, supplying the muscle from the 
pelvic surface [10]. The OI originates on the 
medial surface of the pubis and along the obtura-
tor foramen and membrane. The bulk of the mus-
cle is located along the medial ischial wall [1, 10, 
21, 28–33]. The muscle becomes narrow and ten-
dinous or band like as it leaves the pelvis via the 
lesser sciatic foramen and curves sharply around 
the ischium travelling laterally, anterior to the 
sciatic nerve [1, 10, 29–31, 33–36]. The OI then 
travels posterior to the ischial tuberosity where it 
makes a 120° turn upward to insert along with the 
superior and inferior gemelli onto the medial por-
tion of the greater trochanter [6]. Interestingly, 
cadaver studies have found that another of the 
deep hip external rotators, the inferior gemellus, 
originates from the lateral surface of the ischial 
tuberosity as well as intrapelvically with its ori-
gin found just beneath the OI and covered by the 
falciform process of the sacrotuberous ligament. 
The OI tendon inserts in the same area as that of 
the piriformis, and in some cadavers, a blending 
of the OI and piriformis tendinous insertions on 
the greater trochanter has been noted [37]. One 
study found that the OI and piriformis muscles 
were actually fused in 48/112 cases, thus indicat-
ing a strong relationship and interaction between 
the piriformis, OI, and therefore sciatic nerve [1]. 
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Aggravation of the sciatic and posterior femoral 
cutaneous nerves can occur due to aggravation by 
the OI tendon when under abnormal tension, 
especially in the early stages of hip flexion [37]. 
Additionally sciatic neuropathy caused by exces-
sive compressive forces of the OI on the sciatic 
nerve at its pelvic outlet may be present when the 
hip joint is internally rotated due to compression 
via the OI of both the arterial blood flow and sci-
atic nerve itself [32]. Symptomology may include 
palpatory pain on the lateral aspect of the ischial 
tuberosity and radiating posterior leg pain [11].

The fascial border of the medial aspect of the 
OI helps to form the Alcock’s canal through 
which, as stated prior, the pudendal nerve travels 
into the pelvic cavity [33]. Abnormal tension or 
spasm of the OI is present in a large percentage of 
individuals with pudendal nerve symptomology. 
Deformation of the pudendal neurovascular bun-
dle in the Alcock’s canal and subsequent edema 
secondary to compressive forces at the ischial 
spine can occur due to the abnormal tensioning of 
the OI and its concomitant tendon [11]. Pain 
medial to the ischium may indicate pudendal 
nerve entrapment [18, 28, 38] with a common 
finding being sensitivity to palpation of the OI 
muscle via manual compression deep on the 
medial aspect of the ischial tuberosity. 
Additionally pain or sensitivity at the ischial mar-
gin near the inferior aspect of the sciatic notch 
and tenderness of the greater trochanteric region 
of the hip may be noted. Adduction of the thigh in 
a seated position, passive hip internal and exter-
nal rotation, and resisted hip abduction of the 
flexed and internally rotated thigh may reproduce 
symptoms. Per Travell and Simons, deep tender-
ness in the posterior hip and upper 1/3 of the 
greater trochanter is likely caused by one of the 
hip external rotators such as the OI, and pain 
immediately posterior to the greater trochanter 
can be a result of entrapment of the nerve to the 
OI.  Bursae of the OI may be found deep in its 
tendon as it winds around the sciatic notch and 
additionally are occasionally found between the 
common tendon of the OI tendon and capsule of 
the hip joint [1]. These bursae can be a source of 
posterior hip and ischial tunnel region pain when 
irritated or inflamed [35].

 Anatomy Conclusion

Successful pelvic floor physical therapy evalua-
tion and treatment requires knowledge of both 
intra- and extrapelvic anatomy and the overall 
relationship to structure and function. Intrapelvic 
issues often arise as a result of hip or bony pelvis 
issues, while pelvic floor dysfunction changes 
joint loading and often leads to a sequela of pos-
terior hip dysfunction [10]. Intrapelvic pain and 
dysfunction due to inherent musculoskeletal 
issues may lead to the recruitment of nearby 
global hip muscles in order to compensate for 
intrinsic pelvic incoordination, overactivity, 
structural, or weakness issues [39–41]. 
Conversely, functional adaption of the pelvic 
floor for disorders within the pelvic-hip-spine 
complex may occur [39] when these structural 
abnormalities are present and thus contribute to 
the development of secondary pelvic pain due to 
pelvic muscle over-recruitment and activation, 
fatigue, or imbalance [9]. Specifically, activities 
in which hip rotation is required necessitate that 
individuals with hip instability issues excessively 
engage the hip rotator, adductor, and abductor 
musculature to maintain required stability. This 
need to provide stability over greater range of 
mobility could cause the extrapelvic hip muscles 
to fatigue and/or become unbalanced with regard 
to length, strength, and coordination components 
and ultimately lead to an increased resting state 
or overactivity of the obturator internus and pel-
vic floor muscles, possible nerve irritation or 
entrapment, and ultimately posterior and lateral 
hip, buttock, and intrapelvic pain [39].

 Function

The pelvic floor muscles have many functions 
that are often broken down based on a specific 
specialty’s perspective. However the pelvic floor 
is a functional unit that should not be fragmented 
into singular functions without a good under-
standing of the broad overall purpose.

Bowl shaped and in the transverse plane, the 
pelvic floor supports all the pelvic organs. The 
pelvis also contains a constant level of normal 
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tone allowing the sphincters to remain close and 
not allowing urine or fecal matter to leak out [4]. 
As the diaphragm descends into the abdominal 
cavity, the pelvic floor will also descend slightly, 
maintain a constant intra-abdominal pressure, but 
maintain its tone in order to maintain the sub-
ject’s continence. However, the tone will change 
based on dynamic movement, adjusting to an 
increase in intra-abdominal pressure. If a subject 
lifts a heavy box and requires more activation of 
the stabilization muscles (multifidi, TrA, gluteus 
maximus), the pelvic floor will react to the 
increase in intra-abdominal pressure and increase 
its tone to maintain continence and add stability 
to the system [42].

The OI works as a functional unit with the 
other lateral hip external rotators [32]. The OI has 
been proposed to have a primary role in hip stabi-
lization along with the internally rotating gluteus 
medius and other deep hip external rotators. 
These muscles likely have a significant role in 
stabilizing the femoral head on the acetabulum as 
well as a role in modulating hip joint stiffness and 
providing subtle proprioceptive adjustments for 
the hip joint as well as compression of hip and 
acetabular surfaces. As one of the local stabilizers 
to the hip, the OI is well positioned anatomically, 
biomechanically, and physiologically to provide 
dynamic stabilization producing a significant 
force over a small muscle length. Additionally, 
the OI force lines work advantageously to pro-
vide compression of the femoral head in the ace-
tabulum, and it is notable that the OI is even 
thought to have attachment to the capsule of the 
hip joint itself, further supporting a propriocep-
tive role. As a predominately slow-twitch fiber 
muscle, the OI is suited to tonic contraction and 
is therefore fatigue resistant [9]. Hip pathology 
may cause pain and movement adaptation and 
thus promote an increased resting state in the OI 
causing the muscle to “rest” or relax in a con-
tracted position and thus become irritated and 
painful due to overactivity and guarding [39].

Diane Lee describes the pelvic floor as the 
bottom of the canister of the “core.” Cadaveric 
studies show that, when the pelvic floor contracts 
as a unit, there is an increase in force closure of 
the SIJ and lumbar spine. More importantly it is 

not just the contraction but the coordination of 
the pelvic floor muscle with the transverse 
abdominis, gluteus medius, piriformis, and glu-
teus maximus. Activation of the pelvic floor 
should depend on the level of the load, mobility 
requirements, predictability, and real or perceived 
risks to the system [42]. Stiffening of all muscle 
groups through a static co-contraction is the sim-
plest strategy and leaves the lowest room for 
error. When the task is perceived as a high load, 
low predictability, and the individual perceives 
the threat as high, the individual’s CNS system 
will rely on this strategy. This leads to a higher 
compression forces, increased energy expendi-
ture, and higher intra-abdominal pressure. In a 
situation perceived as low risk, high predictabil-
ity, and low load, the system will rely on a 
dynamic strategy that allows more mobility and 
less compression and less excessive intra-abdom-
inal pressure [42]. The CNS relies on accurate 
input from a variety of sources (mechanorecep-
tors, visual input) including past experience and 
beliefs. Individuals in pain may perceive activi-
ties as more threatening than they truly are and 
rely more on the co-contraction strategies leading 
to overloaded muscles and changes in movement 
and breathing patterns [42].

This system will be altered in a hip that is not 
functioning correctly, particularly in a patient 
that has a history of pelvic floor dysfunction (see 
“History” section). An adequate pelvic floor 
exam can add information to complete the pic-
ture of deep gluteal syndrome. Because the pel-
vic floor adds stability in both dynamic and static 
postures, the pelvic floor may be overworked in 
a lumbo-pelvic-hip complex that has compro-
mised hip strength [42]. The pelvic floor can be 
overactive, compensating from a poor movement 
pattern and lack of coordination. Over time, the 
pelvic floor may become shortened, or the 
patient may lack the coordination to voluntarily 
relax the pelvic floor. This can lead to additional 
pelvic pain syndromes as well as stress or 
urgency incontinence. A thorough examination 
by a skilled therapist will be able to determine 
pelvic floor or intrapelvic involvement as well as 
the difference between a shortened pelvic floor 
or a pelvic floor lacking coordination. A short-
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ened pelvic floor is often characterized with 
urgency/frequency symptoms and pain with pen-
etration, rigidity to palpation, lack of ability to 
bear down during exam, and low tolerance to 
exam. An overactive pelvic floor that lacks coor-
dination is also characterized by urgency/fre-
quency and pain with penetration but also 
includes urinary and fecal incontinence symp-
toms. On examination, the pelvic floor will be 
tender to palpation and have poor relaxation dur-
ing tasks that would require relaxation (bearing 
down, defection, or breathing) and non-relaxing 
abdominal muscles [43].

The pelvic floor muscle could have also started 
out weak resulting in a lack of coordination with 
the hip muscles and adding to a strain on the deep 
gluteals and nerves. This is the less likely sce-
nario; however a proper exam will guide the ther-
apist to proper treatment.

 Examination

The pelvic floor is the largest structure in the pel-
vis, but it is seldom considered in the evaluation 
of pelvic and hip pain. This muscular group can 
be a significant source of pain and is easily pal-
pated in exam. An internal pelvic floor exam 
should only be performed by a clinician trained 
in this technique.

 History

It is important to get a comprehensive history 
prior to the physical exam. Because many of the 
nerves that affect the hip/pelvic region start in the 
abdomen (such as the genitofemoral, ilioingui-
nal, iliohypogastric nerves), it is important to 
understand all relevant history for both the abdo-
men and then pelvic floor. A thorough history of 
all abdominal surgeries should be taken (and all 
incisions later palpated for adhesions and repro-
duction of pain). For women, a gynecological 
history including pelvic infections, urogenital 
infections, and all pregnancy and birth questions 
should be asked. Regarding birth, questions spe-
cifically regarding type of birth, length of labor, 

length of pushing, use of instrumentation, and 
any tearing or injury during birth are important. 
For men, a comprehensive urogenital history 
should be taken including surgeries and infec-
tions. This gives the therapist an idea of both 
acute and chronic injury in the abdomen and pel-
vic floor.

 Orthopedic Screen

A thorough examination will generally include 
an orthopedic survey of the spine, pelvis, and 
hips [44]. The physical therapist seeks to 
 quantify the degree of dysfunction and identify 
musculoskeletal or neuromuscular factors con-
tributing to the patient’s condition, such as pel-
vic obliquity, leg length discrepancy, hip 
mobility imbalance, sacroiliac joint subluxation, 
or sciatica, among others [44]. Various special 
tests used to rule in or rule out dysfunction that 
might be contributing to the patient’s complaints 
may include, but are not limited to, the 
following:

• Stork test: to assess load transfer in the pelvis 
[45].

• Active straight leg raise: to assess load trans-
fer [45, 46].

• SIJ compression/distraction: to assess for sac-
roiliac contributions to the patient’s symptoms 
with gapping and compression of sacroiliac 
joint. Pain reproduction can lead to further 
investigation of SIJ involvement to the 
patient’s symptoms [45, 47].

• Gaenslen’s test: indicates the presence or 
absence of a SIJ lesion, pubic symphysis 
instability, or hip pathology [48].

• FAIR (flexion, adduction, internal rotation): 
also known as piriformis test; used to screen 
the piriformis muscle and to detect tightness 
or other discomforts of the sciatic nerve as it 
passes through or under the piriformis mus-
cle [49].

• FABER (flexion, abduction, external rota-
tion): also known as Patrick’s test; indicates 
pathology located in the hip or sacroiliac joint 
or posterior pelvic girdle pain [45].
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• Hip scour: tests for nonspecific joint 
pathology.

• 90-90 straight leg raise test: assesses ham-
string tightness.

See the chapter Physical Examination.

 External Pelvic Floor Examination

After physical examination tests are completed, 
an intravaginal or intrarectal examination will 
help quantify the resting tension of the pelvic 
floor and hip musculature and investigate possi-
ble sources of pain and dysfunction.

The pelvic floor is dome-shaped muscle com-
plex with contraction occurring in three planes. 
Although there is no single standard for assessing 
the function of the pelvic floor, a focused 
approach to the physical examination, including 
an assessment of muscular tightness, trigger 
points, reproduction of symptoms, and the 
patient’s ability to contract and relax the pelvic 
floor muscles (coordination), is useful through 
vaginal and rectal digital palpation [50].

Assessment begins with visual inspection of 
the vulva, perineum, and anus. The clinician 
inspects for any tissue changes in color, discharge, 
or presence of hemorrhoids. Mobility is then 
assessed. The patient is asked to perform a pelvic 
floor contraction (i.e., to contract the muscles used 
to stop urine or gas). When effective, contraction 
results in an upward lift of the perineum and anus 
or movement of the penis. The patient should also 
have complete relaxation. The patient is then asked 
to bear down to check for coordination and mobil-
ity of pelvic floor lengthening. Finally the patient 
is asked to cough. The patient should have a slight 
contraction or no movement of the pelvic floor. 
Bulging of the pelvic floor during a cough demon-
strates a lack of coordination [51, 52].

External palpation of the urogenital triangle 
includes the ischiocavernosus, bulbospongiosus, 
and transverse perineal muscles and the perineal 
body [50]. The therapist is asking the patient for 
tenderness or reproduction of symptoms as well 
as palpating quality of muscle tissue (normal 
muscle tissue, increased tension, etc.). If the 
patient is complaining of vulvar burning, a cotton 

swab test should be performed to rule out vestib-
ulodynia [53].

The anal wink test is commonly used to evalu-
ate the function of the sacral nerve roots [54]. 
This test is conducted by lightly stroking the 
external anal sphincter with a cotton swab. An 
intact anal reflex (evidenced by an “anal wink”) 
is indicative of intact nerve pathways. The 
absence of a reflex could indicate sacral disease 
or sphincter denervation [54].

 Internal Pelvic Floor Examination

The internal portion of the female examination 
will begin by palpating the introitus for sensitiv-
ity and reproduction of symptoms and then move 
to the deep levator ani bilaterally, with specific 
attention to findings of banding, spasm, or ten-
derness [44]. The clinician angles posteriorly and 
laterally toward the thickest part of the muscle. 
The clinician feels for a “cliff” and then retracts 
slightly to approximate the sight of the deep leva-
tor ani. To further confirm accurate palpation, the 
clinician can ask the patient to “push your knee 
into my hand” to activate the OI. A contraction of 
the OI will help with orientation, and bringing 
the finger slightly more superficial will estimate 
the site of the deep levator ani. A contraction of 
the pelvic floor muscles (“squeeze and lift” “stop 
urine from flowing”) should confirm placement. 
(See Fig. 21.1.)

Fig. 21.1 Palpation point for muscle testing of levator ani
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The initial part of the deep internal exam is for 
tenderness and spasm. Spasm of a portion of the 
levator ani may often be detected and will be a 
palpable band resembling a guitar string within 
the muscle or focal trigger points [44]. The 
patient will often report pain with palpation of 
these tight bands. Again the clinician is looking 
for reproduction of the patient’s symptoms. Any 
scarring is also noted.

Asking the patient to squeeze and relax their 
pelvic floor muscles will allow the clinician to 
evaluate strength and endurance of the deep leva-
tor ani muscles. It will also give the clinician 
insight into coordination of the pelvic floor mus-
cle contraction and relaxation as well as proprio-
ception [7]. Strength, endurance, and coordination 
are measured as described by Laycock [55]. For 
patients with pain, special attention is paid to 
total muscle excursion and relaxation ability.

With further palpation of the internal muscu-
lature, the obturator internus (OI) can help orient 
the clinician to the anatomy of the pelvic floor, as 
the muscle belly is easy to feel when contracted. 
Palpating laterally, the clinician asks the patient 
to abduct the knee against resistance, while the 
hip is flexed. The iliococcygeus covers the lower 
two-thirds of the OI.  Following OI posteriorly 
will lead to the ischial spine. With the finger 
pressed posterolaterally and superiorly to the 
ischial spine, the piriformis muscle can be exam-
ined. In the patient with normal pelvic muscula-
ture, palpation of the levator ani and piriformis 
typically elicits a sensation of pressure, whereas 
a patient with pelvic floor myalgia will report sig-
nificant pain [44]. The discomfort experienced by 
these patients often reproduces their primary 
complaint. Another typical finding during exami-
nation is a distinct asymmetry between the right 
and left elements of the pelvic diaphragm. This 
shortening or contracture will be ipsilateral to the 
patient’s pain [44].

Moving the examining finger anteroinferiorly 
from here allows palpation over the pudendal 
nerve in Alcock’s canal, which lies interior to the 
arcus tendineus. Placing the leg in internal rota-
tion stretches the pudendal nerve, allowing the 
examiner to check for pain [56]. The symptoms 
could present as sensations such as burning, tin-
gling, and shooting pain. These sensations may 

expand into the groin, abdomen, legs, and but-
tocks. A Tinel’s test should also be performed to 
test the sensitivity of the pudendal nerve. If the 
patient experiences sharp, shooting pain along 
the sensory nerve path of the pudendal nerve with 
palpation, the test is considered positive. The 
pudendal nerve can be palpated externally and 
internally at Alcock’s canal, at the ischial spine, 
and at the dorsal branch [57, 58].

Rectal examination in both men and women is 
also important, not only to assess the anal sphinc-
ter but also to evaluate the coccygeus, levator ani 
muscles, sacrococcygeal ligaments, and attach-
ments to the sacrum and coccyx [50]. In men, all 
the musculature will be palpated rectally.

Patients who continue to live with unresolved 
hip pain and/or dysfunction may very well be liv-
ing with undiagnosed pelvic floor dysfunction. 
Including a thorough pelvic floor examination 
during evaluation of hip disorders will lend to a 
greater understanding of the genesis of pain and 
musculoskeletal dysfunction and successful 
treatment of the condition.

 Treatment

Clinically patients with hip dysfunction typically 
present with an overactive pelvic floor compo-
nent if his/her pelvic floor is involved. Therefore 
this chapter focuses on treatment for overactive 
or painful pelvic floor.

 Respiration

Restoring posture and breathing mechanics 
should be the part of the initial treatment 
addressed in patients that have pelvic floor com-
ponent of deep gluteal syndrome. Most people 
with chronic pain have adapted compensatory 
breathing patterns including shallow breathing 
utilizing the upper accessory muscles [59]. 
Restoring proper posture will help return the pel-
vic floor and the fascial layers to proper length. 
Restoring proper diaphragmatic breathing allows 
a small pelvic floor stretch with each breath. This 
will help with nerve mobility which improves 
blood flow and downregulates a sensitive nervous 
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system [59], increases lymphatic flow, and 
restores normal piston relationship. It is impor-
tant that this is practiced in proper posture in 
order to stretch restricted area of the muscle and 
to not reinforce poor habits [60]. Diaphragmatic 
breathing education and a daily exercise should 
be given within the first visits.

 Manual Therapy

Manual therapy has been shown in research as an 
effective way to decrease restriction in fascial 
layers and muscle [58]. The purpose of manual 
therapy in this area is no different than traditional 
manual therapy. The goals are to improve circula-
tion, restore proper tissue integrity, decrease 
ischemia in tissue and nerve, and decrease 
adverse neural tension of peripheral nerve 
branches [58, 61]. It is important to return a nor-
malized tissue system. If connective tissue 
restrictions remain, it can cause further muscle 
tightness, trophic changes, and restriction in the 
neural containers causing peripheral nerve symp-
toms [61]. After a thorough exam, the therapist 
should address all restricted areas both externally 
and internally. Common treatments include con-
nective tissue manipulation (skin rolling) both 
anteriorly and posteriorly, from the knee to the 
diaphragm with the therapist addressing restric-
tion with other techniques such as myofascial 
release or trigger point release as warranted 
(Fig.  21.2). Trigger point release, myofascial 

release through manual techniques with assis-
tance, such as Graston, or without, can be per-
formed based on the therapist’s discretion. 
Trigger points are commonly found in the poste-
rior hip musculature, abdominals, and the pelvic 
floor. Any abdominal scar restriction should be 
addressed as well [62]. Internally sustained pres-
sure and/or a sweeping motion can be done to 
release trigger points and improve pelvic floor 
mobility. In females this is done intravaginally 
and in males intrarectally. Here the OI can be 
addressed if it is found to be a pain generator. 
However, it is important to investigate why the 
soft tissue restriction has developed and to not 
just treat the soft tissue with manual therapy. 
Through the examination, the physical therapist 
should be investigating weakness, coordination, 
or poor movement strategies that may be leading 
to soft tissue dysfunction. When appropriate, cor-
recting these issues should be incorporated into 
treatment.

If there is sciatic or pudendal nerve involve-
ment, manual nerve gliding or flossing should 
also be incorporated. A trained pelvic floor thera-
pist can integrate nerve flossing into his or her 
manual therapy treatment. Nerve flossing is done 
by mobilizing the fascial tissue surrounding the 
area of the expected nerve path. The techniques 
vary from mild mobilization to more aggressive 
mobilization with the patient performing active 
movements [63]. It is important that the patient is 
given home nerve glides to perform in order to 
maintain this new mobility. While the pudendal 
nerve cannot be directly mobilized, it is mobi-
lized through sciatic nerve gliding and incorpo-
rating deep breathing with stretching of the pelvic 
floor through a partial or full squat. The nerve 
glides begin with the patient in a partial squat, 
based on patient’s tolerance with the patient hold-
ing onto a stable surface. The patient is instructed 
to lift up his/her chin to take the tension off if he/
she is uncomfortable. The hips and feet should be 
wide and in slight external rotation. Slowly the 
patient will lower into a deeper squat, keeping the 
ischial tuberosities wide, based on tolerance. It is 
important to remember this is a gliding and slid-
ing motion and should not be forced [64]. It is 
also important to note that the hip position and Fig. 21.2 Connective tissue manipulation
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squat depth may have to be modified based on the 
patient’s hip complaint.

 Alternative Treatments

As an adjunct other therapies may be used. 
Surface EMG (SEMG) biofeedback is commonly 
used in the clinic. SEMG is measured with an 
intrarectal or intravaginal sensor and is depen-
dent on good contact. The patient must be moti-
vated and capable of reading the output on the 
machine with guidance. SEMG purely shows 
muscle recruitment and is not a measurement in 
strength. In most cases of pelvic-involved hip 
pain, the therapist is focusing on relaxation of the 
pelvic floor, or down training. The patient is com-
monly holding tension in the pelvic floor, has 
increased resting tension, or has incoordination 
to relax when appropriate. In some patients, 
SEMG can be a valuable tool to give a visual and/
or auditory output to help the patient “connect” 
with his/her pelvic floor. Down training’s goal is 
to decrease the electrical output of the EMG. This 
is commonly done through cueing for diaphrag-
matic breathing, visualization of relaxing, sepa-
rating ischial tuberosities, actively perineal 
bulging, or doing contract/relax contraction. 
Down training is commonly thought to be more 
difficult for patients to learn than up training 
(strengthening) [53].

If muscles are not relaxing as appropriate, the 
physical therapist may consult with the physician 
regarding injections. Trigger point injections and 
Botox injections are prescribed by physicians for 
the pelvic floor region. These interventions are 
not performed by a physical therapist, but a phys-
ical therapist may be the first practitioner to iden-
tify the need.

 Neuromuscular Reeducation

As normal mobility of the pelvic floor is restored, 
it is important to incorporate neuromuscular 
reeducation and strengthening exercises to 
strengthen the normalized muscle tissue and 
coordinate the pelvic floor with all of its syner-

gistic muscle groups. This should be done in con-
junction with the other progressive resistive 
exercises for the hip described in previous chap-
ters. It is important to focus on coordination of 
the pelvic floor muscles with the transverse 
abdominis and posterior hip muscles for postural 
stabilization and dynamic stabilization 
(Figs. 21.3, 21.4, and 21.5).

 Treatment Conclusion

Finally, therapists must not forget the sensitive 
nervous system in their treatment if the patient 
has been screened for chronic pain. There are 
many techniques that decrease the sympathetic 
nervous system response in a patient with chronic 
pain. Many of these patients will benefit from a 
comprehensive approach of both tissue dysfunc-

Fig. 21.3 Top: beginning level neuromuscular education. 
Bridge cueing for TrA and PFM contraction. Bottom: fin-
ish position
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tion and modulation of the nervous system. 
Vandyken and Hilton describe a comprehensive 
approach to the treatment of persistent pelvic 
pain.

Pain education: educating the patient on the 
brain’s role in chronic pain (neurophysiology) 
has been shown in RCT as effective in chang-
ing pain cognition and improving physical 
performance [65].

Connective tissue mobilization: mobilization is 
used to have direct effect on tissue dysfunc-
tion but also may directly impact the state of 
the autonomic nervous system.

Deep breathing: retraining lateral costal and dia-
phragmatic breathing.

Relaxation training: decreases anxiety and 
improves self-esteem.

Cardiovascular exercise: evidence suggests CV 
exercise lowers a person’s stress response.

Guided imagery: utilizes the power of the mind to 
reduce anxiety.

Yoga: adopted for the patient’s dysfunction, 
addresses body awareness and coordinates 
breathing and balance.

Affirmations/positive thinking: thoughts are nerve 
impulses that can drive pain; positive affirma-
tion can decrease anxiety and restore patient’s 
control.

Addressing sleep dysfunction: good sleep hygiene 
improves mood, quality of life, and healing.

Therapists should provide education on these 
pieces and/or partner/refer to experts in these 
fields [64].

The most important component of incorporat-
ing the pelvic floor into treatment of posterior hip 
pain is a therapist skilled in the treatment of pel-
vic floor. It is important to find one that can per-
form all components of the examination and 
manual therapy and has an advanced understand-
ing of the pelvic floor’s influence on the posterior 
hip and lumbar spine structures.
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A
Accessory obturator nerve, 206
Acetabular fractures, posterior wall, 139, 140
Acetabular-sided (pincer) lesions, 242
Active hamstring test, 45
Active piriformis test, 45, 46, 178, 179
Acute hamstring muscle-tendon junction  

injuries, 133–135
Acute ischiofemoral impingement, 92
Adductor brevis muscle, 205, 207, 209, 210
Adductor longus muscle, 205–210
Adventitial bursae, 234
Alcock’s canal syndrome, 158, 189, 191, 192
Aneurism/pseudoaneuriysm, iliac artery, 101
Ankle-brachial index (ABI), 277, 294
Ankylosing spondylitis, 271
Antalgic gait, 245
Aortoiliac occlusive disease, 293
Arterial insufficiency

co-occuring conditions, 280, 281
definition, 280
imaging, 281
nonoperative treatment, 281
operative treatment, 281
physical examination, 280
symptoms, 280

Arteriovenous fistula, 101
Arteriovenous malformation, 101
Arthrodesis, 264
Atherosclerosis, 280
Autoimmune neuritis, 100
Avascular necrosis, 247, 249, 250

B
Balance tests, 332
Beck Anxiety Inventory, 55
Beck Depression Inventory, 55
Benign tumors, 105
Biomechanical abnormalities, 337, 338
Blended iliopsoas muscle, 65
Boney impingement, 329
Bony landmarks, 299
Bursitis, 68, 99, 136

Buttock claudication
clinical presentation, 293
CTA, 294
endovascular treatment, 295
etiology, 293
exercise testing, 294
MRA, 294
nonoperative treatment, 294
PAD diagnosis, 294
physical examination, 294
preventative measures, 295
risk factor modification, 294
vascular vs. neurogenic claudication, 293

Buttock pain, 234

C
Cadaveric dissection, 191
Calcifying tendinosis, 135
CAM lesion, 242, 243, 249
Cam-type femoroacetabular impingement  

simulation, 36
Capsulolabral hip pain generators, 41
Cauda equina syndrome, 268, 270, 276, 278, 279
Chronic calcifying tendinosis of the hamstring  

tendons, 93
Chronic hamstring origin tendinosis and tears, 133
Chronic hip pain

acute/subacute pain, 51
back pain

brain fMRI, 51
and spine surgery, 52

clinical implications, 53, 54
gate control theory, 51
interventions, 56
mind/body/spirit approach, 56
MMPI-2, 55
multiple psychological factors, 51
orthopedic surgery

catastrophizing, 53
depression/anxiety, 52–53
optimism/hope, 53
patient expectations, 53
self-efficacy, 53
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Chronic hip pain (Cont.)
pain-related brain activity, 51
physician assessment, 54, 55
PPS, 55
psychological evaluation, 55
sick role, 51
standard psychometric testing, 55

Chronic ischiofemoral impingement, 92
Coccyx and sacrococcygeal joint approach

advantages, 325
anatomical landmarks, 324
complications, 325
disadvantages, 325
Gardner’s modification, 324
indications, 324
patient’s position, 324
skin demarcation, 324

Compression neuropathy, see Intrapelvic nerve 
entrapment syndrome

Compression test, 260, 261
Congenital hypertrophic neuropathies, 104
Constant bursae, 234
Constitutional fibrogenic diathesis, 92
Contract-relax stretching, 337
Coping Strategies Questionnaire, 55
Coxa valga deformities, 218
Cross-leg stretch, 337
CT-guided piriformis injection, 154

D
Deep anatomy of hip joint

anatomical variations of sciatic nerve, 300
deep layer, 300
medium layer, 299
neurovascular structures

above piriformis muscle, 300
below piriformis muscle, 300

superficial layer, 299
Deep gluteal space, 216, 219, 291
Deep gluteal syndrome (DGS), 229

active piriformis test, 178, 179
acute and chronic, 91
anesthetic and corticosteroids technique, 115
anterior myotendinous partial tear, right  

obturator externus, 131
Beaton and Anson piriformis-sciatic complex 

variation, 82
Botox infiltration, 115
chronic semimembranosus tendinosis, 135
deep gluteal space anatomy

anatomical limits, 168
hamstring muscles at ischial tuberosity, 168, 169
medial femoral circumflex artery, 169, 170
nerve anatomy, 168, 169
nerve function, 168, 170
pudendal nerve, 168

diagnosis
active hamstring test, 45, 46
active piriformis test, 45, 46

HHS, 43
iHOT-12, 43
iHOT-33, 43
imaging and ancillary tests, 47
LSHS, 44
modified HHS, 43
palpation of gluteal structures, 44, 45
patient history, 42
physical examination, 43
seated palpation test, 45, 46
and treatment, 43

differential diagnosis, 182
diffusion tensor imaging, 114
diffusion tensor tractography, 114
distal insertional piriformis avulsion, 86
electrodiagnostic assessment, 181
electromyography and nerve conduction  

studies, 180
fibrotic proximal type-1A band, 75
fibrous/fibrovascular bands, 74
fibrovascular type-1B band, 76
foreign bodies, 98
fracture, sacrum, 94
gluteus maximus tendon, 139
gynecological pathology, 103
hamstring avulsion, 133, 134
hematomas, 95
herniated disc/canal stenosis, 72
hip surgery, 96
injections, 180
intramuscular injection, 97
metastases, 109
MRI, 181, 182
non-Beaton and Anson piriformis-sciatic  

complex variation, 83
non-discogenic entrapment, 72
non-discogenic sciatica, 72
nonoperative treatment

circumduction, 182, 183
double-injection technique, 184
piriformis stretch, 182, 183
sciatic nerve glides, 183, 184

non-orthopedic conditions, 72
non-specific entrapments

gynecological and obstetrical diseases, 102–104
iatrogenic, 96, 97
inflammatory/infectious, 97–100
pseudo-tumors and tumors, 104, 105, 108–110
traumatic, 94–96
vascular, 100–102

nonunited chronic apophysitis, 135
obturator internus muscle, 88, 89
operative treatment, 184, 185
orthopedic conditions, 72, 94
palpation, deep gluteal space, 178, 180
partial hamstring tear, 134
pathogenic mechanism, 73
pathologies, 72
pathophysiological mechanisms, 73
periarticular calcinosis, 108
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piriformis calcifying tendinosis, 87
posterior wall fracture, acetabulum, 139
pudendal nerve entrapment, 47
radiotherapy, 97
recurrence, 86
sciatic nerve anatomy

non-neural and neural tissue  
composition, 170, 171

SGA and sacral plexus, 172, 173
strain, 172, 173
in thigh, 170, 171
venous drainage, 171, 172

sciatic nerve entrapment, 72, 73
ancillary musculotendinous branch, 174, 176
compression, 176
fibrovascular scar bands, 173, 174
in main publications, 177
piriformis-sciatic nerve variants, 174, 175
varicose veins, 174, 177

and sciatic nerve excursion, 94
seated piriformis stretch test, 178, 179
sensory zones of perineum, 179, 180
specific entrapments, 77, 87, 90

adhesive bands, 76, 77
band types, 73
compressive/bridge-type bands, 76
diagnosis and therapeutic approach, 73
endoscopic portals, 77
fibrous bands, 73, 77
gluteus disorders, 91, 92
hamstring conditions, 90
horse-strap bands, 76
intraoperative management, 77
obturator internus/gemelli complex  

pathology (see Gemelli-obturator internus 
syndrome)

orthopedic conditions, 93, 94
patient positioning, 77
piriformis syndrome (see Piriformis syndrome)
quadratus femoris amd ischiofemoral pathology 

(see Quadratus femoris muscle (QFM))
spectral attenuated inversion recovery sequence, 113
subgluteal varicosities, 101
superior gluteal artery, 101
symptoms, 42, 178
traumatic compressions nerves, 95
trochanter fractures, 95
type-3 scarred bands, 78
ultrasonography, 182

Deep squat test, 332, 334
Degenerative disc disease (DDD)

acute low back pain, 278
chronic low back pain, 278
clinical manifestation, 278
comorbidities, 278
co-occuring conditions, 278
MRI, 278
nonoperative management, 279
physical examination, 278
provocative discography, 279

surgical management, 279
Degenerative lumbar spine disorders (DLSDs), 257, 258
Dejerine-Sottas disease, 104, 105
Developmental dysplasia of the hip, 30
Diaphragmatic breathing education, 350
Direct traumatic neuropathy/contusions, 95
Distal luteus maximus muscle, 138, 139
Distal obturator externus tendinosis, 132
Dynamic knee valgus, 338
Dynamic stretching, 337

E
Electromyographic maximum volitional isometric 

contraction, 334
Endometriotic entrapments, 161
Endoscopic lesser trochanterplasty, 225
Endoscopic neurolysis, 92
Entrapment syndromes, 164
Epidural neuromodulation, 164
Exercises, see Physical therapy
Extra-articular impingement, 241–244
Extra-spinal sciatic nerve compression, 229, 232

F
Facet degeneration, 272, 273
Facet disease

clinical history, 273
degeneration, 272, 273
MRI, 273
physical examination, 273
treatment, 273, 274
X-rays, 273

FAIR Test, 279
Falciform process, 61
Fear/Avoidance Behavior Questionnaire, 55
Femoral and acetabular osteoplasty with labral repair, 

248–249
Femoral neck fracture, 242, 249, 250
Femoral neck version, 33–35
Femoral-sided (CAM) lesion, 242
Femoroacetabular impingement (FAI), 30, 35–37

CAM lesions, 242
clinical presentation, 244, 245
combined CAM and pincer lesions, 243
complications, 249–250
contralateral asymptomatic hip, 245
CT scans, 247
etiology, 241
extra-articular impingement, 243, 244
FABER test, 246
FADIR test, 246
femoral and acetabular osteoplasty with labral  

repair, 248, 249
ischiofemoral impingement, 244
long-stride walking test, 246
MRI, 247
nonsurgical treatment, 247
pincer lesions, 242–243
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Femoroacetabular impingement (FAI) (Cont.)
plain radiography, 246
postoperative rehabilitation, 249
symptomatic hip, 245
symptoms, 245
Thomas test, 245, 246

Fibrofatty proliferation, 104
Fibrolipomatous hamartoma, 104
Fibrosis, 161
Fibrotic entrapment, left sciatic nerve, 162
Field agility tests, 332
Flexion-abduction-external rotation (FABER)  

test, 37, 231, 232, 246, 259, 271, 328
Flexion-adduction-internal rotation (FADIR)  

test, 246, 328
Fluoroscopic piriformis injection, 153
Foot Posture Index-6, 338
Foraminal disc herniation, 269
Foraminal/extraforaminal herniation, 268, 269

G
Gaenslen’s test, 260, 261, 271
Gait analysis, 35, 44
Gate control theory, 51
Gemelli-obturator internus syndrome

insertional pathology and variations, 87
posterior hip pain, 87
sciatic nerve, dynamic compression, 87

Genitofemoralis (GFN) nerve, 158
Gluteal and pelvic region abscesses, 97
Gluteal arteries, thrombosis, 101
Gluteal disorder, 91, 92
Gluteal hematomas, 95
Gluteal pain, 160
Gluteal vascular compressive neuropathy, 101
Gluteofemoral bursitis, 136
Gray’s anatomy, 206
Greater trochanteric-ischial impingement syndrome 

(GTII), 229, 230
activities/functional positions, 231
anatomic factors, 231
anatomy, 229–231
biomechanics, 229
causes/risk factors, 231
diagnosis, 231
MRI, 231
treatment, 232

Greater trochanteric-pelvic  
impingement (GTPI), 229, 232

H
Hamstring avulsion injury, 133, 181, 274

clinical history, 274
MRI, 275
physical examination, 275
plain X-ray, 275
treatment, 275

Hamstring disorders, 122

Hamstring injuries, 199–202
definition, 197
degenerative tears, 197
ischiofemoral impingement, 198
ischium dissection, 197
nonoperative treatment, 198
pain, 198
partial insertional tears, 198
perineural venous dilatation, 198, 199
surgery

endoscopic approach, 199
ischium debridement, 201, 202
ischium identification, 200
patient position, 199
postoperative technique, 201
sciatic nerve and lateral ischium, 200
tendon incision, 200, 201

ultrasound-guided corticosteroid injection, 199
See also Hamstring avulsion injury

Hamstring muscle complex (HMC), 132
Hamstring muscles repair

anatomical landmarks, 307
arthroscopic technique 1

advantages, 311
anatomical landmarks, 310
patient’s position, 310
procedure, 310, 311
recommendations, 311
skin demarcation, 310

arthroscopic technique 2
advantages, 312
anatomical landmark, 312
complications, 312
disadvantages, 312
patient’s position, 312
procedure, 312

endoscopic assisted minimally invasive procedure
advantages, 310
anatomical landmark, 309
complications, 310
indications, 309, 310
ischium and hamstring cannal, 309, 310
patient’s position, 309
recommendations, 310
skin demarcation, 309

indications, 307
open technique

advantages, 308
complications, 309
disadvantages, 308
procedure, 307, 308

Hamstring strain, 90, 91
Hamstring syndrome, see Ischial tunnel syndrome
Hamstring tendon complex, 67, 68
Harris hip score (HHS), 43, 246
Herniated nucleus pulposus, 236

clinical history, 270
CT myelogram, 271
foraminal disc herniation, 268, 269
MRI, 270, 271
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physical examination, 270
treatment, 271
x-ray, 270

Heterotopic calcifications, 106
Hip abduction, 208
Hip evaluation form, 332, 333
Hip joint stabilizers, 41
Hip’s adductor reflex, 208
Hip-spine effect, 29

abnormal femoral anteversion, 31
anterior hip impingement, 31
arthroscopy, 30
biomechanical interactions, 30
biomechanical studies, 30
cadaveric models, 31
capsulolabral level, 30
causation of pain, 30
classification, 30
etiologies and predisposing factors, 30
femoral version, 30
femoroacetabular impingement, 30
flexion deformities, 30
ischiofemoral impingement, 30, 31
kinematic chain level, 30
musculotendinous level, 30
nerve kinematics, 37
neurovascular level, 30
osseous impingements, 30
osseous level, 30
physical therapy, 30
premature coupling, 38
regional deformation and load change, 31
sagittal plane imbalance, 38
structural anatomic orientation, 30
surgical and conservative treatment planning, 30
3D motion capture technologies, 38
treatment methods, 30

Hold-relax PNF stretching, 337
Hop/jump tests, 332
Howship-Romberg’s sign, 208
Hypertrophic neuropathy, 104
Hypogastric nerve (HN), 159

I
Iatrogenic injury

foreign bodies, 97
intramuscular injections, 97
radiotherapy, 97
subclinical electromyographic abnormalities, 96
total hip replacement, 96

Ilioacus-psoas muscle-tendon complex, 66
Iliofemoral ligament, 35
Iliohypogastric (IHN) nerve, 158
Ilio-inguinalis (IIN) nerve, 158
Imaging, hip pain

articular cartilage, 61
computed tomography, 60, 61
extra-articular causes, 61
extra-articular snapping hip, 60

fibrovascular bands, 61
fluid detection, 60
MRI, 61
musculoskeletal ultrasound, 60
pelvic neuropathies, 61
plain radiography, 60
posterior labral abnormalities, 61
sports hernias, 60
synovitis/effusion/synovial cysts, 60
ultrasound evaluation, 60

Inferior gluteal artery (IGA), 169
Infrapiriform canal syndrome, 106, 108
Internal iliac artery (IIA), 291
Internal range of motion with over-pressure  

(IROP), 328
International hip outcome tool (iHOT), 43
Intra-abdominal/intrapelvic tumors, 109, 110
Intra-articular femoroacetabular impingement, see 

Femoroacetabular impingement (FAI)
Intramuscular metastasis, 108
Intrapelvic nerve entrapment syndrome, 343

definition, 160
etiology, 161–164
laparoscopic approach

femoral nerve, 157
genitofemoralis nerve, 157
hypogastric fascia, 159
iliohypogastric nerve, 157
ilio-inguinalis nerve, 157
obturator nerve, 158, 159
para-aortic sympathetic trunk, 159
pelvic splanchnic nerves, 159
presacral space, 159
pudendal nerve, 159
sciatic nerve, 158

lumbosacral plexus, 157
neural activity, 160
symptoms, 160
topographic diagnosis, 160
tractography, 161

Intrapelvic neuropathies, 163, 164
Intrapelvic radiculopathies, 164
Ischial bursitis, 198
Ischial tuberosity (IT), 93, 233–238
Ischial tunnel syndrome, 93, 178, 179
Ischiofemoral impingement syndrome  

(IFI), 31–33, 42, 90, 167, 178, 180, 182,  
198, 229, 231, 232, 244

abductor/adductor muscles imbalance, 124, 125
acute traumatic, 126
anatomy, 215, 216
anterior acetabular coverage deficit, 121
antetorsion angles, 118
bicondylar femoral plane, 118
bursal abnormalities, 130
clinical presentation, 219
congenital posteromedial position, femur, 119
coxa breva (short neck), 118
coxa valga, 117, 118
diagnosis, 114
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Ischiofemoral impingement syndrome (IFI) (Cont.)
differential diagnosis, 220
edema stages, QFM, 127
endoscopic treatment

ischioplasty, 224, 226
lesser trochanterplasty, 224, 225
portal placement, 224

etiology, 116, 117, 218–219
extra-articular hip impingement, 114, 117
femoral dysplasia, 121
functional disorders

abductor impairment, 121, 122
abnormal gait, 121, 123
abnormal pelvic tilt, 120
bone marrow edema and subcortical  

changes, 127
bursae and adipose tissue, 128
delayed-onset muscle soreness, 131
differential diagnosis, 131
hamstring tendons, 128
hip dysplasia, 118, 120
iatrogenic causes, 123
intertrochanteric fractures, 123
ischial tuberosity enthesopathies, 122
MR imaging, 126
OC, 123, 124
pelvic anteversion and retroversion  

movements, 120
quadratus femoris muscle, 126
quadratus femoris wasting, 125
radiographs, 125
sciatic nerve, 129
tendons, 128
traumatic pelvic injury, 123
ultrasound, 126

IFI test, 45, 46, 219, 220
incidence, 114
internal foot progression angle, 44
ischial tuberosities, 118
LSW test, 44, 219, 220
mini-open surgical technique, 224
MRI, 222, 223
neck-shaft angle/inclination angle, 117
nonoperative treatment, 223
osseous configuration, 118
pelvic alignment, 122
physical therapy, 332
postoperative rehabilitation, 224, 226
predisposing factors, 117
prevalence, 215
proximal femur abnormalities, 117
QFM space, 115
quantitative assessment, 117
radiography, 221
soft tissue magnetic resonance imaging, 115
subcortical bone changes, 129
surgical treatment, 42
symptoms, 44, 46
tendon injuries, 130
treatment, 114

ultrasound imaging, 221, 222
Ischiofemoral space (IFS), 215–219, 221–224,  

226, 229, 231
endoscopic approach

advantages, 315
disadvantages, 315
indications, 313
patient’s position, 313
procedure, 313–315

open approach, 312, 313
Ischiogluteal bursitis, 137

adventitial bursae, 234
clinical presentation, 235, 236
constant bursae, 234
CT/MRI, 237
differential diagnosis, 236–237
etiology, 235
F-18 FDG PET/CT, 238
gluteus maximus muscle, 234, 235
inflammation, 233
piriformis syndrome, 236
plain radiography, 237
sciatic nerve and fibrovascular bands, 234
semimembranosus muscle, 234, 235
symptoms, 234
treatment, 238

K
Kocher-Langenbeck’s (K-L) approach

advantages, 303
anatomical landmark, 301
complications, 303
disadvantages, 303
indications, 301, 303
minimally invasive variation, 303
patient’s position, 301
subcutaneous cellular tissue dissection, 301–303

L
Laparoscopic neuronavigation (LANN) technique, 157
Lateral hop test, 332
Legg-Calve-Perthes disease, 242
Leg length discrepancy (LLD), 258
Leriche syndrome, 293
Limited terminal hip extension effect, 31, 33–35, 37
LION electrode, 165
LION procedure, 164
Lipomatosis, 104, 105
Localized hypertrophic neuropathy, 105
Logroll test, 246
Long-stride heel strike test (LSHS), 44
Long-stride walking (LSW) test, 44, 219, 246
Low back pain

lumbar pain and hip abnormalities, 29
pathology, 29
prevalence, 29
spinal-related complaints, 29
symptoms, 29
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treatment, 29
Lumbar disc herniation, 268–271
Lumbar spinal stenosis

clinical history, 276
co-occuring conditions, 276
EMG, 277
etiology, 275, 276
MRI/CT myelogram, 276, 277
physical examination, 276
treatment, 277

Lumbopelvic kinematics, 29
Lumbosacral and sacroiliac alterations, 236
Lumbosacral plexus, 70
Lymphoma, 110

M
Magic angle effect, 182
Malignant soft tissue neoplasms, 105
Manual therapy soft tissue technique, 330
Massive periarticular calcinosis, 106, 108
Medial and lateral hop tests, 332
Medial circumflex femoral artery (MCFA), 169, 171
Medial femoral circumflex artery (MFCA),  

170, 207, 210, 211
Midishcial tenderness, 192
Mind/body/spirit approach, 56
Minnesota Multiphasic Personality Inventory-2 

Restructured Form (MMPI-2-RF), 55
Mobilization treatment technique, 328
Modified Gibson’s approach

advantages, 304
disadvantages, 305
indications, 303
procedure, 304, 305
skin demarcation, 303

Moore's approach
advantages, 306
complications, 307
disadvantages, 306
indications, 305
procedure, 305–307
skin demarcation, 305

Mucosae bursae, 233
Multiple hereditary exostosis (MHE), 218
Muscular and skin landmarks, 299, 300
Musculotendinous pathology, 42, 329
Myositis, 98, 99

N
Nerve entrapment syndrome, see Intrapelvic  

nerve entrapment syndrome
Nerve kinematics, 37, 38
Nerve transections, 164
Neural gliding, 330, 331
Neurofibroma, 104, 106
Neurogenic claudication, 267, 276, 280, 281
Neuromodulation electrodes, laparoscopic  

implantation, 164

Neuromuscular control, 337
Neuropathic pain, 164

primary, 164
secondary, 164

Neuroprosthesis, 164
Neurovascular posterior hip pain, 42
No palpable tenderness, 192
Noninfectious sacroiliitis, 97, 98

O
Obturator and piriformis muscle  

tenderness, 192
Obturator externus bursa, 136, 137
Obturator externus muscle (OE), 66
Obturator internus bursa, 137
Obturator internus injection, 192
Obturator internus muscle tenderness, 192
Obturator nerve

anatomy, 205, 206
anterior branch, 205–207
block, 210

Obturator neuropathy
bone scan, 210
clinical presentation, 207–208
EMG, 209
MRI, 209
nerve block, 210
obturator compression, 207
outcomes, 211
surgical treatment, 210–211
ultrasound, 209

Orthopedic surgery
catastrophizing, 53
depression/anxiety, 52–53
optimism/hope, 53
patient expectations, 53
self-efficacy, 53

Osseous level abnormalities, 41
Osteoarthritis, 30, 97, 124
Osteochondroma (OC), 123, 126
Oswestry Disability Index, 55

P
Pain and Impairment Relationship Scale, 55
Pain Catastrophizing Scale, 55
Pain, hip

deep gluteal syndrome (see Deep  
gluteal syndrome)

endoscopic treatment, 59
extra-articular pathologies, 59
hip arthroscopy, 59
ischiofemoral impingement (see Ischiofemoral 

impingement)
MR imaging, 59
sciatic nerve involvement, 59

Paraneoplastic neuritis, 100
Paraneoplastic syndrome, 100
Partial hamstring tendon tear, 198
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Patrick test, see Flexion abduction external rotation 
(FABER) test

Pectineal muscle stretch, 208
Pelvic bony anatomy, 120
Pelvic compression test, 260, 261
Pelvic congestion syndrome, 102, 161
Pelvic floor

bony pelvis, 342
co-contraction strategies, 346
endopelvic fascia, 341
examination, 346

external examination, 348
history, 347
internal examination, 348, 349
orthopedic screen, 347–348

fibrous and muscular mass, 342
intra-abdominal pressure, 346
intra- and extrapelvic anatomy, 345
intrapelvic nerve entrapment, 343
intrapelvic neural anatomy, 343
levator ani, 342
ligamentous structures, 342
neurological cross-sensitization, 343
obturator internus muscle, 342, 344–346
pain generators, 343
pain syndromes, 346
pelvic diaphragm, 342
pudendal nerve, 343, 344
sciatic nerve, 343
superficial pelvic muscles/perineal diaphragms, 342
support, 341
treatment

botox injections, 351
comprehensive approach, 352
diaphragmatic breathing education, 350
manual therapy, 350, 351
neuromuscular re-education, 351, 352
SEMG biofeedback, 351
trigger point injections, 351

Pelvic instability, 122
Pelvic lymph nodes, 163
Pelvis arteries, 293
Perceived Stress Scale, 55
Perineum, innervation of, 192
Peripheral arterial disease (PAD), 291, 294, 295
Peripheral nerve pain, 164
Peripheral neural sheath tumors (PNST), 105
Peripheral neuropathies, 100
Persistent sciatic artery (PSA), 100, 101
Physical therapy

algorithm and classification based treatment, 327
biomechanical abnormalities, 337, 338
cross-leg stretch, 337
dynamic stretching, 337
extra-articular posterior hip pain, 328, 329
functional performance test, 332, 334
hip evaluation form, 332, 333
IFI, 332–333
intra-articular posterior hip pain, 328, 329
lumbosacral spine, 327–328

musculotendinous pathology, 329–330
nerve entrapment

neural gliding, 330, 331
seated palpation test, 330
soft tissue mobilization, 330, 331

neuromuscular control, 337
PNF, 337
static stretching, 335
strengthening of musculature

erector spinae, 335, 336
gluteus maximus, 335, 336
gluteus medius, 334, 336
high-load low-repetition and low-load high- 

repetition, 335
muscle fibers types, 334

Pincer lesions, 242
Piriformis bursa, 136
Piriformis injection, 192

anatomic variations, 150
CT-guided injection, 152, 154
fluoroscopic injection, 151–153
on MRI, 151

Piriformis-sciatic nerve variants, 174, 175
Piriformis syndrome, 162, 163, 167, 173, 174,  

178, 229, 236, 279
anatomical variations, sciatic nerve, 79, 80, 82
anomalous attachments, 82, 85
CT-guided infiltration test, 79, 80, 83
dynamic sciatic nerve entrapment, 79
electrodiagnostic studies, 279
fibrous bands, 77
hyperemia, 87
hypertrophy, 78, 87
incidence rates, 77
infiltration test, 85
interventional MR imaging, 77
intraforaminal insertion, 84
intraoperative Lasègue maneuver, 87
MR neurography, 77
MRI, 279, 280
nonoperative management, 280
obturator internus muscle tension, 87
pathologies, 78, 88
pathophysiological mechanisms, 77
physical examination, 279
postoperative fibrosis, 85
prevalence, 77
primary, 78
radiographic studies, 78
rediagnosis, 77
secondary, 78
subgluteal space pathology, 78
surgical management, 280
symptoms, 279
trauma- /overuse-related conditions, 85
types, 78

Posterior coxofemoral joint
Kocher-Langenbeck’s approach

advantages, 303
anatomical landmark, 301
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complications, 303
disadvantages, 303
indications, 301, 303
minimally invasive variation, 303
patient’s position, 301
subcutaneous cellular tissue dissection, 301–303

modified Gibson’s approach
advantages, 304
disadvantages, 305
indications, 303
patient’s position, 303
procedure, 304, 305
skin demarcation, 303

Moore's approach
advantages, 306
anatomical landmark, 305
complications, 307
disadvantages, 306
indications, 305
patients’ position, 305
procedure, 305–307
skin demarcation, 305

Posterior cutaneous nerve of the thigh (PCNT), 13, 14
Posterior superior iliac spine (PSIS), 254, 256, 261
Posterior thigh and hip nerve injuries

open approach
advantages, 316
anatomical landmarks, 315
disadvantages, 316
indications, 315
patient’s position, 315
procedure, 315, 316
skin demarcation, 315

transgluteal approach, 316, 317
Postradiation neuropathy myositis, 97
Presurgical psychological screening (PPS), 55
Primary piriformis syndrome, 78
Proliferative therapy, see Prolotherapy
Prolotherapy, 264
Proprioceptive neuromuscular facilitation (PNF), 337
Provocative discography, 279
Proximal hamstring tendon complex, 68
Pseudotumoral lesions, 105
Pudendal infiltration test, 138
Pudendal nerve anatomy, 148
Pudendal nerve block, 189, 192, 194
Pudendal nerve entrapment, 47, 178, 180, 182

diagnostic criteria, 193
imaging studies, 193
injection, 194
neuropathies, 137, 138
types, 190

Pudendal nerve injuries
transgluteal approach

advantages, 320
indications, 319
procedure, 319, 320

transperianeal approach
disadvantages, 318
indications, 318

patient’s position, 318
procedure, 318

Pudendal nerve neuralgia
anatomy, 190–192
cause, 189
diagnosis, 192, 193
electromyography, 193
epidemiology, 190
etiology, 190, 191
treatment

conservative measures, 194
pudendal nerve block, 194
surgical decompression, 194

ultrasound-guided injection, 193, 194
Pudendal nerve perineural injections

anatomy, 147
dorsal nerve, penis/clitoris, 147
inferior rectal nerve branch, 147
ischial spine, 147, 149, 150
nerve blockade, 148
perineal nerve branch, 147
peripudendal needle guidance, 149
pudendal (Alcock’s) canal, 147, 150, 151
sacrotuberous and sacrospinous ligaments, 148
types, 147
venous plexus, 147

Pyogenic bursitis, 100

Q
Quadratus femoris edema, 215, 217, 221
Quadratus femoris muscle (QFM), 64, 90, 91,  

215–219, 222–224, 234, 235
Quadratus femoris space (QFS), 215–217, 222

R
Radiofrequency denervation, 264
Radiological anatomy, posterior hip

bursae, 67
cervical ascending arteries, 69
greater sciatic foramen, 61
hamstrings, 66
inferior gluteal arteries, 67
LFCA, 68
lumbar plexus, 69
medial and lateral femoral circumflex arteries, 67
MFCA, 68
obturator externus muscle, 65
obturator internus, 64
obturator internus-gemelli complex, 71
pathologic fibrovascular bands, 61
piriformis muscle, 62, 63
quadratus femoris, 71
sacral plexus, 69
sciatic foramen, 61
sciatic nerve (tibial nerve), 71
subgluteal space, 61
superior gluteal artery and nerve, 61, 67
vascular anatomy, 67
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Rehabilitation, see Physical therapy
Reiter’s syndrome, 271
Right iliotibial band friction syndrome, 132

S
Sacral fracture, 94
Sacral nerve roots, 159
Sacral plexus, 70
Sacral thrust test, 260, 261
Sacroiliac joint (SIJ), 152, 155

anatomy, 253–257
arthroscopic approach

advantages, 324
complications, 324
disadvantages, 324
indications, 323
patient’s position, 323
procedure, 323, 324

biomechanics, 257, 258
causes, 271
clinical history, 271
CT, 262
definition, 253
diagnostic injections, 263
diagnostic tests, 272
distraction test, 260
etiology, 258
FABER test, 259
Gaenslen’s test, 260, 261
laboratory test, 262
low back pain, 253
modified surgical technique, 321, 322
Mears and Rubash’s modification

advantages, 323
anatomical landmarks, 322
complications, 323
disadvantages, 323
indications, 322
patient’s position, 322
procedure, 322, 323
skin demarcation, 322

MRI, 262, 263
pain, 259
pelvic compression test, 260, 261
physical examination, 271
plain radiography, 262
sacral thrust test, 260, 261
skin demarcation, 321
thigh thrust test, 259, 260
treatment, 272

arthrodesis, 264
injections, 264
manual therapy, 263
muscular strengthening and stretching, 264
physical therapy, 263
prolotherapy, 264
radiofrequency denervation, 264
sacroiliac joint fusion, 264

Sacroiliitis, 97

Sacrospinous ligament (SSL), 193, 194, 254
Sacrotuberous ligament (STL), 67, 193, 194,  

254, 256, 257
Schwannoma, 104, 106, 164
Sciatic nerve, 42, 72

Anson's classification, 300
denervation, 112
endoscopic approach

advantages, 318
anatomical landmarks, 318
indications, 317
patient’s position, 317
procedure, 318, 319
skin demarcation, 318

glide, 331
impingement, 38
kinematics, 38
open transgluteal approach

anatomical landmarks, 317
indications, 317
patient’s position, 317
procedure, 317
skin demarcation, 317

piriformis muscle, 80
sarcoidosis, 99, 100

Sciatic neuropathy (ischemic neuropathy), 73
Sciatic notch tenderness, 192
Screener and opioid assessment for patients  

with pain (SOAPP), 55
Seated palpation test, 45, 46, 330
Seated piriformis stretch test, 178, 179
Secondary piriformis syndrome, 78
Septic sacroiliitis, 98
Short-tau-inversion recovery (STIR), 237
Single-leg balance test, 332
Slipped capital femoral epiphyses (SCFE), 241–242
Soft tissue mobilization technique, 330–332
Soft tissue sarcomas, 108, 109
Spinal meningeal cyst, 281, 283, 284, 286, 287
Spine and pelvic pathology

diagnosis, 268
musculoskeletal conditions, 267
neurologic conditions, 267
vascular claudication, 267

Spine Patient Outcomes Research Trial (SPORT)  
study, 277

Static stretching, 335
Subacute subgluteal hematoma, 95, 96
Subchondral edema, 262, 263
Subgluteal space anatomy, 62–65, 72

anterior limits and contents, 1, 2
bones peritrochanteric anatomy, 9, 10
endoscopic access

arthroscope, 17
distal anterolateral accessory portal, 17
fibrotic bands, 23, 24
fibrous tissue bands removal, 17, 18
fibrovascular tissue cauterization, 23
gemellus and obturatorius internus muscles 

identification, 21, 23
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gluteus maximus insertion, 17, 18
hamstring origin inspection, 21
inferior gluteal nerve identification, 25
ischial tunnel inspection, 21
metallic cannula positioning, 17
peritrochanteric compartment, 15
peritrochanteric space portal, 16, 17
piriformis tendon access, 25
piriformis tendon identification, 21, 22
portal placement, 16
posterior cutaneous nerve identification, 21
proximal anterolateral accessory portal, 16
rotatory shaver, 25
sacrotuberous ligament inspection, 21
sciatic nerve inspection, 19
sciatic nerve vascularity, 19, 20
vastus lateralis, 17, 18

hamstring tendons, 9
hip bursae complex, 10
ischiofemoral ligament, 2, 3
medial circumflex femoral artery, 14, 15
muscles

gluteus maximus, 4
gluteus medius, 4
gluteus minimus, 5
hip capsule with piriformis, 5, 6
inferior gemellus muscle, 7
obturator externus, 6
obturator internus muscle, 5, 7
piriformis muscle, 7, 8
quadratus femoris muscle, 5, 6
short external rotators, 4, 5
superior gemellus, 6

nerves
inferior gluteal nerve, 11
PCNT, 13, 14
pudendal nerve, 14
sciatic nerve, 11–13
superior gluteal nerve, 10

osteoarticular dissection, 1, 2
sacrotuberous and sacrospinous ligaments, 3, 4
schematic of, 1, 2
superior and inferior gluteal arteries, 14, 15

Subgluteal syndrome
anatomical variations and fibrovascular bands (see 

Deep gluteal syndrome (DGS))
definitive diagnosis, 110
diffusion tensor imaging, 113
diffusion tensor tractography, 113
fluid-attenuated inversion recovery sequence, 111
focal alterations, 113
injection test, 113
magic angle effect, 111
MR neurography, 110
neural enlargement, 111
neuropathy symptoms, 110
normal nerve fascicles, 111
normal sciatic nerve, 111
pelvic phased-array coils, 111
perineural medication injections, 110
sciatic nerve entrapment, 113

surgical exploration, 110
vascular congestion, 111

Superior hypogastric plexus (SHP), 159
Surface EMG (SEMG) biofeedback, 351
Symptomatic disc herniation, 268, 269
Synovial cysts, 270, 273, 274

T
Tarlov cysts

bone remodeling, 281, 282
conservative management, 287
CT myelography, 286
diagnosis, 281, 283
drainage procedures, 287
electrodiagnostics, 286
MRI, 284–286
needle procedures, 287
pathophysiology, 283
surgical treatment, 287
symptoms, 284
types, 281

Thigh thrust (posterior shear) test, 259, 260
Thomas test, 245, 246
Thrombosis, gluteal arteries, 101
Tinel’s sign, 192
Traditional massage, 330
Transluminal percutaneous angioplasty (TPA), 295
Traumatic nerve injury, 94

axonal conduction, 94
direct neuropathy/compression, 95
fractures, 94, 95
hematomas, 95
stump neuroma, 95, 96

Traumatic stump neuroma, 95, 96
Traumatic venous varix, 102
Traversing nerve root, 268
Trendelenburg gait/sign, 245
Trigger point therapy, 330
Trochanteric/subgluteus maximus bursa, 136
Tumoral calcinosis, 106

V
Varicose tributary (VA), internal iliac vein, 163
Varicose veins, 177
Varicosity-caused deep gluteal syndrome, 101
Vascular claudication, 267, 276, 277, 280, 281
Vascular entrapment, 161, 162
Vascular etiology, 291

buttocks (see Buttock claudication)
deep gluteal space, 291
pelvis anatomy, 291

Vascular structures, 69

W
Weaver’s or lighterman’s bottom, see  

Ischiogluteal bursitis
West Haven-Yale Multidimensional Pain Inventory, 55
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