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Diagnosis and treatment of posterior hip pain has greatly 
increased due to advancements in clinical, anatomical, 

biomechanical, and related pathological understandings of the 
hip [1]. Posterior hip pain can originate from the joint itself (in-
tra-articular) or the surrounding structures (extra-articular). It 
can also be caused by referred pain from a different primary 
source. Due to its complexity and close anatomical relation-
ship with many osseous, neurovascular, and musculotendinous 
structures, posterior hip pain must be appropriately categorized 
based on its origin. These individual structures are dynamically 
intertwined into one kinetic chain. In terms of biomechanical 
properties, a kink somewhere along this chain may have conse-
quences that may lead to changes proximal or distal to the joint 
in an effort to rebalance the forces imposed on it. 

Therefore, it is crucial that clinicians be able to diagnose 
whether patient complaints are of extra-articular or intra-ar-
ticular nature in order to implement an optimal treatment plan. 
This diagnosis is achieved through the systematic approach of 
comprehensive history taking, thorough physical examination, 
strategically chosen imaging, as well as additional testing such 
as local anesthetic injections. 

In this review article, posterior hip pain that may arise due 
to either intra-articular, extra-articular, or a combination of 
both was discussed with an emphasis on the main differential 
diagnoses of deep gluteal syndrome (DGS), ischiofemoral im-
pingement (IFI), and hamstring tear/hamstring syndrome. DGS 
is characterized by entrapment of the sciatic nerve in the deep 
gluteal space and can arise from fibrous bands, piriformis mus-
cle, and the gemelli-obturator internus complex [1]. 

IFI occurs when there is abnormal contact between the lesser 
trochanter and the ischial tuberosity. Soft tissue or nerves be-
come compressed, thus causing local pain [2]. Hamstring pain 
syndrome is attributed to the reflexive inflammatory process 
following proximal hamstring injuries that irritate the sciatic 
nerve. The ensuing scar tissue from an injury can also irritate 
the sciatic nerve and lead to this condition [3]. 

POSTERIOR HIP ANATOMY

To understand that pathological processes wreak havoc, one 
must firstly consider and respect the underlying anatomy of 
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the posterior hip. The deep gluteal space is located directly 
beneath the gluteus maximus and posterior to the posterior 
border of the femoral neck. The lateral most border of the deep 
gluteal space is the linea aspera while the sacrotuberous and 
falciform fascia comprise the 
medial border. Superiorly this 
space is bound by the inferior 
margin of the sciatic notch.
The inferior border consists 
of the origin of the ham-
strings. From superior to in-
ferior, the muscular structures 
that reside in this space are the piriformis, superior gemellus, 
obturator internus, inferior gemellus, and quadratus femoris 
[Figure 1]. Other important neurovascular structures such as 
the pudendal nerve, nerve to the obturator internus, posterior 
femoral cutaneous nerve, sciatic nerve, inferior gluteal artery, 
and nerve to quadratus femoris are found here as well [4,5].

CLINICAL HISTORY AND PHYSICAL EXAMINATION

For the appropriate diagnosis and etiology of posterior hip 
pain, a thorough and conclusive clinical history is imperative. 
When a patient first presents to the clinic, the chief complaint 

should be documented, along with the date of onset, presence 
or absence of trauma, and the possible mechanism of injury.
Characterization of the pain is necessary and should include 
the quality and intensity, aggravating and alleviating factors, 

and the way it currently af-
fects the patient’s life. The 
location of pain and its char-
acteristics are fundamental to 
the clinical history as it may 
help in determining wheth-
er the cause of the posterior 
hip pain is intra-articular, 

extra-articular or both. In addition, the clinician should spe-
cifically inquire whether the patient experiences neurological 
symptoms or pain during sitting or during long stride walking, 
and whether there are past injuries to the area. Other import-
ant information includes previous surgical history and whether 
any interventions for the current condition were previously 
sought. Because of the vicinity to other, non-orthopedic struc-
tures, an obstetric and gynecologic history, general surgery 
history, and urologic history should be attained [6,7].

The physician should rule out the possibility of spinal in-
volvement by physical examination and if necessary, magnetic 
resonance imaging (MRI). For example, lumbar spinal pathol-
ogy can often present as lateral or posterior hip pain as the 
capsule of the hip is innervated by sensory nerves from the 
L2-S1 roots [8]. In addition, posterior hip pain or sciatica-like 
pain can also be caused by any lesion involving the sciatic 
nerve, originating from L4 to S3 [9]. When pain is suspected to 
be caused by pudendal nerve entrapment and/or sciatic nerve 
issues, a gynecologic, urologic history, and general surgery 
history must be obtained [7]. 

PHYSICAL EXAMINATION

Following the collection of the patient’s history and the ex-
clusion of possible spinal conditions, a detailed physical exam 
should promptly follow. The clinician should adhere to the 
established most efficient order of evaluation starting with 
standing then making their way to seated, supine, lateral, and 
prone testing [10]. Such examinations include observation of 
the biomechanical axis, spine and hip range of motion, pelvic 
tilt and rotation, regions of pain, and points of maximal ten-
derness, in addition to a thorough neurological exam. Further 
analysis of any limb length discrepancies, gait abnormalities, 
and decreased muscle strength should be noted. 

 Palpation of deep gluteal structures is quintessential to reach 
a diagnosis of posterior hip pain. Elicited pain often serves as 
the guide to the apparent source of symptoms. Several maneu-
vers, the IFI test, long stride walking test, the active and passive 
piriformis tests, and the active knee flexion tests performed at 
30 degrees and at 90 degrees, have been used in the diagnosis 
of posterior hip pain.

Figure 1. Schematic of the deep gluteal space illustrates the main 
bone, ligament, muscle, and sciatic nerve located in the deep gluteal 
space in a backview.

IG = inferior gemellus muscle, IT = ischial tuberosity, OI = obturator 
internus muscle, P = piriformis muscle, QF = quadratus femoris muscle, 
SG = superior gemellus muscle, SN = sciatic nerve

A COMPREHENSIVE HISTORY AND PHYSICAL EXAMINATION 

ARE IMPERATIVE FOR THE WORKUP OF PATIENTS 

PRESENTING WITH INTRA/EXTRAARTICULAR POSTERIOR 

HIP PAIN ALONG WITH SPECIFIC DIAGNOSTIC TESTING 

TO ASSESS ALL THE STRUCTURAL ELEMENTS THAT MAKE 

UP THE HIP JOINT
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Hamstring tendon pathologies are may be determined when 
pain on palpation lateral or posterior to the ischial tuberosity is 
noted. Active knee flexion tests are performed from the seated 
position. During this evaluation, the patient performs active 
knee flexion starting from 30 degrees of flexion against the re-
sistance of the clinician’s knee and then again but starting from 
90 degrees of flexion. A positive test is considered if pain and 
weakness is recreated when tested starting from 30 degrees 
and resolution of 
pain and weakness 
when starting from 
90 degrees [11]. 
This test has been 
shown to help in 
the assessment of the proximal hamstring tendons [12].

IFI is considered when pain is perceived on palpation lateral 
to the ischial tuberosity. The IFI test [Figure 2] is conducted 
with the patient on the contralateral decubitus position and with 
the affected hip in passive extension. Reproduction of pain with 
adduction of the hip is deemed a positive finding. Furthermore, 
the long stride walking test [Figure 2A] is performed from 
the standing position and patients are asked to walk with long 
strides. Positive results are considered if the pain is reproduced 
and the patient clutches the hip lateral to the ischium. Allevia-
tion of symptoms with short strides or while walking with ab-
ducted hips are also positive test findings [13]. The long stride 
walking test and IFI tests were shown to be very accurate for 
this diagnosis [14]. 

Sciatic nerve entrapment is usually associated with sitting 
pain, especially when maintaining balance, due to its relation-
ship with the piriformis muscle [5]. Passive piriformis testing 
[Figure 3] occurs with the patient in the seated position and is 
performed by extending the knee and passively adducting the 
leg while concomitantly palpating 1 cm lateral to the ischium. 
A positive test result is noted when the pain is recreated at the 
level of the piriformis or external rotators. However, the ac-

tive piriformis test 
is performed with 
the patient in the 
contralateral decu-
bitus position. The 
clinician palpates 

the piriformis while the patient attempts to actively abduct the 
hip during external rotation against resistance. Reproduction 
or intensification of pain at the piriformis is a positive test re-
sult [12]. Martin and co-workers [15] demonstrated sensitivity 
and specificity rates of 91% and 80% for positive endoscopic 
findings, respectively, with the combined use of the seated pir-
iformis stretch test and piriformis active test.

Pudendal nerve entrapment is considered on palpation pain 
medial to the ischial tuberosity and may present with accompa-
nying paresthesia of the overlying skin [16,17].

IMAGING ASSESSMENT

Imaging assessment of posterior hip pain [Figure 4] begins 
with a standard anterior-posterior pelvic radiograph frog-leg 

Figure 2. Ischiofemoral im pingement tests

[A] Location of pain on long stride, [B] pain and limited extension in hip adduction, [C] No pain and improved extension in hip abduction

A B C

AN UNDERSTANDING OF ANATOMY, BIOMECHANICS, AND CLINICAL 

PRESENTATION OF POSTERIOR HIP PAIN GUIDES THE CLINICIAN TO THE 

DIFFERENTIAL DIAGNOSIS OF DEEP GLUTEAL SYNDROME, ISCHIOFEMORAL 

IMPINGEMENT, HAMSTRING SYNDROME, AND PUDENDAL NERVE ENTRAPMENT
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Figure 3. Piriformis tests [A] passive flexion adduction internal rotation 
(FAIR), [B] location of pain during resistance to active external rotation

A

B

lateral and false profile views. Depending on the suspected 
pathology, other specific views should also be considered. 
Furthermore, intra-articular and extra-articular causes of 
posterior hip pain; bony avulsions; the space between the 
ischial tuberosity; and lesser trochanter, malunited frac-
tures, implanted device, bone tumors, and heterotopic os-
sifications should be noted as they may be the cause for 
such pain [18]. 

Additional imaging studies such as computed tomog-
raphy (CT) scans may be useful in evaluating osseous 
anatomy for factors including proximal femur and ac-
etabular shape, rim fracture, and morphologic patterns, 
which predispose patients to posterior hip impingements 
[19]. CT protocols that consist of axial knee sections at 
the level of the femoral condyles with the patient in stan-
dard walking position can determine the lesser trochanter 
to ischial tuberosity space as well as the version of the 
femoral head. 

MRI is pivotal for assessing soft tissue-related extra-ar-
ticular hip causes in patients with posterior hip pain. A pro-
tocol using sagittal, coronal, and axial views from L5 to 2 
cm distal to the lesser trochanter with T1- and T2-weight-
ed sequences is the recommended practice. An important 
current limitation of MRI is in the determination of patho-
logical versus healthy sciatic nerve anatomy. Some of the 
sciatic nerve small branches can be easily mistaken as fi-
brovascular bands. 

In cases of nerve entrapment, electromyogram and nerve 
conduction velocity studies may be considered.

TREATMENT

Non-surgical treatment is preferred in most cases of deep 
gluteal syndrome, IFI, pudendal nerve entrapment, and 
proximal hamstring pathologies. These conditions are of-
ten chronic in nature. Activity modification, physiothera-
py, pelvic floor rehabilitation, and guided injections lead to 
improvement in most patients. Selected patients who failed 
conservative treatment and have a clear mechanical source 
to explain their symptoms may benefit from surgical inter-
vention. 

NONSURGICAL TREATMENT

Understanding the cause of nerve entrapment is essential 
for successful treatment. Contracted or hypertrophied pir-
iformis muscle can be treated with stretching exercises to 
improve muscle flexibility as well as neural gliding and 

THE DIAGNOSTIC IMAGING OF CHOICE FOR THE 

EVALUATION OF POSTERIOR HIP PAIN IS MAGNETIC 

RESONANCE IMAGING, WHICH CONFERS A LARGE 

IMPACT ON PATIENT MANAGEMENT

mobilization exercises [20]. Care is taken in the form of gentle 
maneuvers and gradual progression as aggressive treatment 
may insult the nerve. Pudendal nerve entrapment is treated 
through pelvic floor physiotherapy, strengthening, and training 
of the pelvic floor muscles. Activity modification has proven 
successful for IFI mainly by restricting stride length combined 
with slight internal rotation and abduction. Muscle rebalanc-
ing by way of stretching and strengthening exercises focused 
on abductor rehabilitation may lead to a complete relief. 
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Figure 4. Various imaging studies demonstrating posterior hip 
pathologies [A] (dashed borders) radiograph and [B] 3 dimensional 
CT scan showing a displaced ischial tuberosity avulsed fracture 
compromising the ischiofemoral space, [C] MRI demonstrating the 
a retracted proximal hamstring tear and [D] MRI demonstrating 
a ganglion cyst originates from the posterior hip joint capsule 
compressing the sciatic nerve

A

B

C

D

Proximal hamstring injuries are initially treated with rest, non-
steroidal anti-inflammatory medications, and physical therapy. 

Ultrasound, fluoroscopy, or CT guided injections to the en-
trapment site can relieve the pain and serve as an adjunct to sup-
port the diagnosis (lidocaine test) and physical therapy. In some 
cases a multiple injection protocol is recommended. 

SURGICAL TREATMENT

Surgical treatment is saved as a last resort option in cases of 
failed non-surgical treatment. Each surgical treatment is planned 
according to a definite diagnosis based on the combination of 
clinical history, physical examination, imaging studies support-
ing the diagnosis, and preferably a positive lidocaine test. Ar-
throscopy of the deep gluteal space, ischiofemoral space, and 
proximal hamstring origin can reduce the morbidity associated 
with open surgery. Arthroscopy enables a direct approach to the 
site of entrapment without elevating the gluteus maximus and 
without the dangerous use of large distractors that may direct-
ly compress or indirectly stretch the sciatic nerve. Arthroscopy 
magnifies structures and allows for better protection of the sciat-
ic and posterior femoral cutaneous nerves [Figure 5]. 

Whether arthroscopic, or open sciatic nerve release, is 
planned according to the site of entrapment, preoperative plan-
ning is important especially for the endoscopic approach as po-
sitioning the patient supine is preferred for proximal entrapment 
while a prone position is preferred for pathologies at the level of 
the ischial tuberosity (IFI and proximal hamstring). Piriformis 
tendon release is performed to achieve sciatic nerve decompres-
sion in the case of piriformis syndrome. 

Intrapelvic pudendal nerve entrapment is best released by 
a trained laparoscopist, often a gynecologist or urologist, or in 
open surgery [21].

In the case of IFI refractory to conservative treatment, sur-
gical intervention is planned to establish a normal distance be-
tween the ischial tuberosity and the lesser trochanter achieved 
through partial resection of the lesser trochanter [22].

Partial and complete non-retracted hamstring tears can be 
endoscopically repaired using suture anchors placed at the is-
chial tuberosity origin of the hamstrings. In the case of chronic 
or marked retracted avulsion, a combined endoscopic and mini-
open approach can be used [23].

Each surgical intervention precedes a constructed rehabili-
tation protocol tailored for the specific intervention. Both the 
patient and the physiotherapist should be devoted to the some-
times long and demanding rehabilitation process that follows 
these often complex surgeries.

RELIEF OF PAIN FROM CAREFULLY DIRECTED INJECTIONS 

ADDRESSING AREAS OF POTENTIAL ORIGINATION CAN 

AID IN THE CONFIRMATION OF CLINICAL SUSPECTED 

ETIOLOGIES OF POSTERIOR HIP PAIN
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Figure 5. Posterior hip endoscopy [A] the primary viewing portal just 
distal to the ischial tuberosity, [B] the hamstring origin (H) at the ischial 
tuberosity, [C] posterior femorocutaneous nerve (P), [D] sciatic nerve (N)
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D

CONCLUSIONS

The posterior hip was neglected until recent years due to poor 
understanding of the anatomy, biomechanics, and relations 
among the spine, pelvis, and thigh. Recent studies have brought 
attention to the various potential sources of pain, including in-
troduced physical examination and imaging findings as well 
as conservative and surgical interventions. After collecting 
a detailed clinical history, physical examination followed by 
advanced understanding of imaging findings is essential to de-
velop a differential diagnosis for this complex region. Imaging 
guided injections should often be used to confirm the diagnosis 
before surgical intervention is considered. Future advancements 
in understanding the pathophysiology and dynamic imaging 
may further improve our understanding of the posterior hip. 
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Capsule

Nanobodies from camelid mice and llamas neutralize SARS-CoV-2 variants

Since the start of the COVID-19 pandemic, SARS-CoV-2 
has caused millions of deaths worldwide. Although a 
number of vaccines have been deployed, the continual 
evolution of the receptor-binding domain (RBD) of the virus 
has challenged their efficacy. In particular, the emerging 
variants B.1.1.7, B.1.351, and P.1 (first detected in the 
United Kingdom, South Africa, and Brazil, respectively) 
have compromised the efficacy of sera from patients who 
have recovered from COVID-19 and immunotherapies that 
have received emergency use authorization. One potential 
alternative to avert viral escape is the use of camelid VHHs 
(variable heavy chain domains of heavy chain antibody, 
also known as nanobodies), which can recognize epitopes 
that are often inaccessible to conventional antibodies. Xu 
et al. isolated anti-RBD nanobodies from llamas and from 
mice that they engineered to produce VHHs cloned from 
alpacas, dromedaries, and Bactrian camels. The authors 
identified two groups of highly neutralizing nanobodies. 

Group 1 circumvented antigenic drift by recognizing an 
RBD region that is highly conserved in coronaviruses but 
rarely targeted by human antibodies. Group 2 was almost 
exclusively focused to the RBD–ACE2 interface and did 
not neutralize SARS-CoV-2 variants that carry E484K 
or N501Y substitutions. However, nanobodies in group 
2 retain full neutralization activity against these variants 
when expressed as homotrimers, and rivaled the most 
potent antibodies against SARS-CoV-2 that have been 
produced to date. These findings suggest that multivalent 
nanobodies overcome SARS-CoV-2 mutations through 
two separate mechanisms: enhanced avidity for the ACE2-
binding domain and recognition of conserved epitopes that 
are largely inaccessible to human antibodies. Therefore, 
although new SARS-CoV-2 mutants will continue to 
emerge, nanobodies represent promising tools to prevent 
COVID-19 mortality when vaccines are compromised.
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Caloric restriction disrupts the microbiota and colonization resistance

Diet is a major factor that shapes the gut microbiome, 
but the consequences of diet-induced changes in the 
microbiome for host pathophysiology remain poorly 
understood. Jumpertz von Schwartzenberg and 
colleagues conducted a randomized human intervention 
study using a very-low-calorie diet (NCT01105143). 
Although metabolic health was improved, severe calorie 
restriction led to a decrease in bacterial abundance and 
restructuring of the gut microbiome. Transplantation of 
post-diet microbiota to mice decreased their body weight 
and adiposity relative to mice that received pre-diet 

microbiota. Weight loss was associated with impaired 
nutrient absorption and enrichment in Clostridioides 
difficile, which was consistent with a decrease in 
bile acids and was sufficient to replicate metabolic 
phenotypes in mice in a toxin-dependent manner. These 
results emphasize the importance of diet–microbiome 
interactions in modulating host energy balance and 
the need to understand the role of diet in the interplay 
between pathogenic and beneficial symbionts.

Nature 2021; 595: 272 

Eitan Israeli


