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Abstract Background: As our understanding of hip pa-
thology evolves, the focus is shifting toward earlier identifi-
cation of hip pathology. Therefore, it is vitally important to
elucidate intra-articular versus extra-articular pathology of
hip pain in every step of the patient encounter: history,
physical examination, and imaging. Questions/Purposes:
The objective was to address the following research ques-
tions: (1) Can an algorithmic approach to physical examina-
tion of a painful non-arthritic hip provide a more accurate
diagnosis and improved treatment plan? (2) Does an anatom-
ical layered concept of clinical diagnosis improve diagnostic
accuracy? (3) What are the diagnostic tools necessary for the
accurate application of a four-layer (osteochondral, inert,
contractile, and neuromechanical) diagnosis? Methods: An
unrestricted computerized search of MEDLINE was con-
ducted. Different terms were used in various combinations.
Results: An algorithmic approach to physical examination of
a painful nonarthritic hip, including history, physical exam-
ination (specific tests), and advanced imaging allow for
better interpretation of debilitating intra- and extra-articular
disorders and their effect on core performance. Additionally,
it improves our understanding as to how underlying abnor-
mal joint mechanics may predispose the hip joint and the
associated hemipelvis to asymmetric loads. These abnormal
joint kinematics (layer I) can lead to cartilage and labral
injury (layer II), as well as resultant injury to the musculo-
tendinous (layer III) and neural structures (layer IV) about

the hip joint and the hemipelvis. The layer concept is a
systematic means of determining which structures about the
hip are the source of hip pathology and how to best implement
treatment. Conclusions: A clear understanding of the differ-
ential diagnosis of hip pain through a detailed and systematic
physical examination, diagnostic imaging assessment, and the
interpretation of how mechanical factors can result in such a
wide range of compensatory injury patterns about the hip can
facilitate the diagnosis and treatment recommendations.
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Introduction

The young patient presenting with a painful non-arthritic hip
often presents a diagnostic dilemma. Hip pain in young
adults often is characterized by nonspecific symptoms, nor-
mal imaging studies, and vague findings from the history
and physical examination [39, 79]. Therefore, identifying
the source and mechanism of the pain to determine proper
treatment can be difficult. As our understanding of hip
pathology evolves, and arthroscopic and other hip preserving
operative techniques continue to improve, the focus is shifting
toward earlier identification of hip pathology.

This shift has been facilitated by the improvement of the
understanding of the functional anatomy around the hip
joint. Advancements in magnetic resonance imaging (MRI)
have broadened the differential diagnosis of pain around the
hip joint and improved the treatment of these problems. The
distinction between the various intra- and extra-articular
pain causes of hip pain is important for treating these
patients [109]. Intra-articular causes of hip pain, which are
usually addressed arthroscopically, are labral tears, loose
bodies, femoroacetabular impingement (FAI), synovitis,
tears of the ligamentum teres, and chondral injury. Extra-
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articular causes that can be managed either surgically (en-
doscopically or open) or nonoperatively include extra-artic-
ular bony impingement (trochanteric-pelvic impingement,
ischio-femoral impingement, and subspine impingement),
iliopsoas tendonitis, internal or external snapping hip, ab-
ductor tears and greater trochanteric bursitis, femoral neck
stress fracture, myotendinous injuries (adductor, proximal
hamstring, and rectus femoris), piriformis syndrome, deep
gluteal syndrome, sacroiliac joint pain, athletic pubalgia,
“sports hernia,” “Gilmore’s groin,” and osteitis pubis
(Table 1) [1, 4, 7, 8, 11, 13, 14, 16, 17, 19, 20, 23,

24, 27, 30, 32–35, 37, 40, 42, 45, 47–49, 52, 55–62, 69,
70, 73–76, 78, 81–83, 86–88, 92, 95, 97, 99, 102–105,
108, 109, 111–113, 115–119].

Of all the major joints, the hip remains the most difficult
to evaluate for most orthopedic clinicians. Especially in the
setting of subtle bony abnormalities, such as FAI, a clini-
cian’s ability to differentiate pain generators in the hip has
been ambiguous. Deciphering the etiology of the pathology
versus the pain generator is essential in prescribing the
proper treatment. The layer concept developed by the senior
author (BTK) [26] is a systematic means of determining
which structures about the hip are the source of the pathology,
which are the pain generators and how to then best implement
treatment. Consequently, an organized, structured, and repro-
ducible physical examination, together with an understanding
of the osseous, capsular, ligamentous, musculotendinous, and
neuromechanical contribution to the underlying pathology,
will guide the examiner to accurate treatment recommenda-
tions or further diagnostic studies.

The objectives of this project were to address the follow-
ing research questions: (1) How can an algorithmic approach
to physical examination of a painful nonarthritic hip provide
a more accurate diagnosis and improved treatment alterna-
tives in the field of Hip preservation surgery? (2) Does a
layer concept of clinical diagnosis improve accuracy of
diagnosis? (3) Which are the diagnostic tools that can allow
for an accurate four-layer (osteochondral, inert, contractile,
and neuromechanical) diagnosis?

Search Strategy and Criteria

An unrestricted computerized search of MEDLINE was
conducted. The basic initial search included the terms “hip
pain” and “physical examination of the hip,” which yielded
706 articles. The following terms were used also in various
combinations: “groin pain,” “athletic groin injury,” “intra-
articular hip pathology,” “femoroacetabular impingement,”
“labral tears,” “extra-articular hip pathology,” “snapping
hip,” “greater trochanteric pain syndrome,” “clinical history
of hip pain,” “capsular laxity,” “neuromuscular control,”
“hip arthroscopy,” and “differential diagnosis of hip pain”.
An additional search of the reference lists of the retrieved
articles in any language was performed. Although abstracts
of English-, French-, and German-language publications
were read, only English language works were selected for
a final review. Data from abstracts and correspondence were
included as long as the data were not subsequently duplicat-
ed in published articles. After careful review, 119 articles
were included in our study.

Results

Systematic Approach for the Assessment of Hip Pain

Careful assessment of the patient history, clinical examina-
tion, and focused diagnostic evaluation is crucial to obtain
accurate diagnosis, guide management decisions, and opti-
mize treatment outcomes.

Table 1 Differential diagnosis of pain around the hip joint

Intra-articular causes Extra-articular causes

Labral tears Extra-articular bony
impingement

Chondral injury Trochanteric-pelvic
impingement

Ligamentum teres tears Ischio-femoral
impingement

Femoroacetabular impingement
(cam, pincer, or combined)

Subspine impingement

Synovitis Capsular problems
Loose bodies—tumors (SOC,
PVNS, OCD, DJD, and AVN)

Capsular laxity or
atraumatic instability
Adhesive capsulitis
Snapping hip
Internal (iliopsoas over
iliopectineal eminence,
FH, or LT)
External (posterior border
of ITB or anterior GM
tendon over GT)
Snapping bottom
(proximal hamstring
over ischial tuberosity)
Lateral hip pain
Recalcitrant trochanteric
bursitis
Gluteus medius and
minimus tears
Piriformis syndrome/deep
gluteal syndrome
Pubic pain
Osteitis pubis
Athletic pubalgia/sports
hernia/Gilmore’s groin
Sacroiliac joint pain
Myotendinous injuries
about the hip and pelvis
Proximal adductor
Rectus femoris
Proximal hamstring
Avulsion injuries (ASIS,
iliac crest, AIIS, pubis,
ischial tuberosity, GT,
and LT)
Stress fracture
Nerve compression
syndromes

SOC synovial osteochondromatosis, PVNS pigmented villonodular sy-
novitis, OCD osteochondritis dissecans, DJD degenerative joint dis-
ease, AVN avascular necrosis, FH femoral head, LT lesser trochanter,
ITB iliotibial band, FM gluteus maximus, GT greater trochanter, ASIS
anterior superior iliac spine, AIIS anterior inferior iliac spine
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History The first step in evaluating the hip is to obtain a
thorough history from the patient. The presence or absence
of trauma, past medical and surgical history, mechanism of
injury, as well as type, duration, and severity of symptoms
should be determined [85]. Exacerbating (sitting, standing,
walking, or sports related) and alleviating factors should be
identified. Data on nonsurgical treatments, including activity
modifications, oral medications, physical therapy (tradition-
al, active release therapy, and others), intra- or peri-articular
injections, and assistive devices should be recorded. Intra-
versus extra-articular disorders should be delineated. Typi-
cally, intra-articular pathology presents as groin pain that
may radiate to the knee. Patients with intra-articular hip
pathology often report the “C-Sign” [68]. Pain around the
greater trochanter associated with snapping can be snapping
hip syndrome. Pain located in the lower abdomen and/or at
the adductor tubercle can indicate athletic pubalgia. Pain
located in the thigh, buttocks, or radiating below the knee
is likely to originate from the lumbar spine or buttock or
proximal thigh musculature [25]. Back pain, weakness or
numbness, and exacerbation with coughing or sneezing may
indicate thoracolumbar pathology [68].

Physical Examination

An appropriate physical examination should begin with
documentation of vital signs including patient temperature.
In any febrile patient with hip pain, septic hip arthritis and
other clinical entities that may produce fever and pain radi-
ating to the hip should be ruled out [25]. Attention should be
paid to the position in which the patient keeps the hip while
at rest. Patients with synovitis or a hip effusion will often
keep the hip in a flexed, abducted, and externally rotated
position, as this position places the hip capsule at its largest
potential volume. A systematic and reproducible physical
examination of the hip is described below in five parts: the
standing, seated, supine, lateral, and prone examinations.

Standing Assessment This part of the evaluation should in-
clude evaluation of general body habitus, specifically gait
and alignment, and single leg stance. The clinician should
observe for abnormal gait patterns such as the antalgic gait,
the abductor-deficient gait (also known as the Trendelenburg
gait), pelvic wink, excessive internal or external rotation,
short leg limp, and abnormal foot progression. An antalgic
gait is an indication of hip, pelvis, or low back pain [10, 93].
Common key points of evaluation should include stride
length, stance phase, foot rotation (internal/external progres-
sion angle), and the pelvic rotation in the X- and Y-axes [72,
93, 100]. An antalgic gait will have a shortened stance phase to
limit the duration of weight bearing on the affected side [25].

A Trendelenburg gait is characterized by abductor weak-
ness. Clinically, the gluteus medius and minimus are not
strong enough to keep the pelvis level, and consequently, the
pelvis will drop on the contralateral side during the stance
phase of gait. As this weakness progresses, a compensatory
shift of weight toward the affected side may occur.

Special attention should be given to a limp and the foot
progression. A limp with an excessive external foot

progression could be a sign of trauma or effusion, femoral
retroversion or FAI. A limp with an excessive internal foot
progression could indicate acetabular retroversion or increased
femoral anteversion. Attention should also be given to any
clicking or snapping the physician or patient hears. This
audible sign could indicate psoas contracture (coxa sultans
interna), tightness of the iliotibial band (ITB) (coxa sultans
externa), or intra-articular pathology.

An equally important aspect in examining general body
habitus is alignment. The clinician should compare the
patient’s shoulder heights with the heights of the iliac crests
to further any leg length discrepancy (LLD) issues. Anterior
superior iliac spine (ASIS), iliac crest, and posterior superior
iliac spine should be easily palpated in order to assess pelvic
alignment. A tilted pelvis may indicate either LLD or an
underlying scoliosis. A true LLD is present when the bony
structures are of different proportions. This may occur due to
tibial or femoral growth plate injury, significant angular hip
deformity, or congenital hypoplasia. Leg length is determined
the distance measured between the ASIS and the distal aspect
of the ipsilateral medial malleolus [38, 101]. A functional LLD
is present when the leg lengths are equal in the presence of
pelvic obliquity. This is assessed clinically by measuring the
distance from the umbilicus to bilateral medial malleoli. Sco-
liosis, muscle spasms, contractures of the hip joint, or defor-
mities of the pelvis have been implicated as a frequent cause of
functional LLD [63, 91]. Evaluation of the spine will facilitate
the overall assessment, which should be initially evaluated
with forward bending and recording the range of motion
(ROM). Inspection of the spine from behind will allow the
detection of types of scoliosis. Lateral inspection of the lumbar
spine is valuable for detecting kinetic or postural abnormalities
such as paravertebral muscle spasm or excessive lordosis.

A single leg stance phase stance is similar to Trendelen-
burg test and is helpful in identifying a patient with weakened
abductor muscles. It should be performed on both legs for
comparison, and the nonaffected leg should be examined first.
This assessment evaluates the proper mechanics of the hip
abductor musculature and neural loop of proprioception. It is
performed by having the patient standing with the feet shoul-
der width apart and then lifting the unaffected leg forward to
45° of hip flexion and 45° of knee flexion and holding this
position for 6 s. A positive test is a pelvic shift or a decrease of
more than 2 cm [65].

Seated Assessment The seated examination consists of the
neurocirculatory evaluation and the rotational ROM. The
neurocirculatory evaluation is composed of the motor func-
tion, perceived sensation, and circulation appraisal. The
motor portion includes assessing muscles supplied by the
femoral, obturator, superior gluteal, and sciatic nerves. The
sensory assessment includes evaluation of the sensory
nerves originating from the L2 through S1 levels; both sides
should be compared to evaluate uniformity. Pain originating
from neuralgia occurs on the anterior and lateral thigh and
should be ruled out [10, 96]. Neurologic function can be
further assessed by the deep tendon reflexes. A straight leg
raise is a valuable tool in detecting radicular neurological
symptoms [107]. The vascular assessment includes

HSSJ (2012) 8:213–224 215



evaluating the pulses of the dorsalis pedis, posterior tibial
arteries, and popliteal. The skin and lymphatics are also
quickly evaluated for scarring, swelling, or side-to-side
asymmetry.

In the seated position, the pelvis is better stabilized with
a fixed angle of 90° at the hip joint, allowing for a more
accurate assessment of hip rotation. Differences in the de-
gree of internal (IR) and external rotation (ER) may exist in
extension and flexion. There should be at least 10° of IR for
normal hip function. Diminished IR suggests intra-articular
pathology [93, 111]. Patients with FAI or rotational con-
straint from increased or decreased femoral and/or acetabu-
lar anteversion can present with significant side-to-side
measurement differences [64].

Supine Assessment Except for further distinguishing intra
from extra-articular pathology, the first step of supine as-
sessment completes the hip ROM, concentrating on flexion,
extension, adduction, and abduction. The internal rotation
block test can be utilized in order to measure IR, taking care
to stabilize the pelvis and bring the hip in 90° of flexion with
neutral abduction angle. At this position, the hip is internally
rotated till it is mechanically stopped; ROM is dictated by a
firm endpoint or by patient’s pain.

For hip flexion and extension, it is important to distin-
guish motion from the hip joint itself from compensatory
motion in the pelvis and lumbar spine [90]. Flexion is
recorded by having both knees flexed and brought toward
the patient’s chest, flattening the lumbar spine and keeping
the knees flexed to oppose any hamstring tightness. Normal
flexion is 110°. In order to evaluate hip extension, both hips
are first maximally flexed at the same time. The side being
tested for extension is then lowered to the table, while the
contralateral side is held tightly flexed. Neutral extension is
considered when the posterior aspect of the extending thigh
makes contact with the examination table. If the thigh cannot
reach the table, this is a sign of flexion contracture and
represents a positive Thompson test [93]. Abduction and
adduction are measured with the hip extended.

Palpation for localized tenderness is an important aspect
of the supine examination. The abdominal examination
should include inspection and palpation for fascial hernias;
isometric contraction of the rectus abdominus and obliques
can facilitate their detection. The region of the ilioinguinal
ligament should be evaluated and the presence or absence of
a Tinel’s sign at this level indicative of femoral nerve pa-
thology should be recorded [93]. Tenderness and swelling at
the iliac crest following direct trauma are caused by hema-
toma formation and is commonly known as a “hip pointer.”
Apophyseal avulsion fractures/injury of the sartorius and
rectus femoris off the ASIS and AIIS, respectively, are
common in adolescent athletes. Clinically, heterotopic bone
formation and chronic healed AIIS avulsions can lead to
AIIS/subspine impingement (Fig. 1). Compression of the
lateral femoral cutaneous nerve under the inguinal ligament
(meralgia parasthetica) may produce dysesthesias over the
proximal anterolateral thigh. Tenderness at the pubic sym-
physis or ramus may occur as the result of recurrent stress
created by powerful adductors and rectus abdominus/

conjoined tendon. The resisted sit-up test is helpful in diag-
nosing a sports hernia. Tenderness to palpation of the origin
and proximal tendon of the adductor longus and pain at this
site (tendonitis) are provoked by resisted adduction of the
hip and resisted sit-ups with the knees flexed at 90°. Ten-
derness just superior to the greater trochanter is indicative of
gluteus medius tendonitis. Tenderness over the greater tro-
chanter is seen with trochanteric bursitis, whereas tenderness
posterior to the greater trochanter is suggestive of piriformis
tendonitis or deep gluteal syndrome. Hamstring avulsion
injuries are associated with acute tenderness at the ischial
tuberosity. Ischiogluteal bursitis, or weaver’s bottom, is fre-
quently found in seated athletes such as bikers, rowers, and
equestrian athletes [22].

There are specific provocative maneuvers that can en-
hance the physical examination. The flexion/adduction/in-
ternal rotation (FADDIR) test is traditionally performed in
the supine position with passive movement of the thigh into
90° of flexion, adduction, and IR (Fig. 2) [50]. Usually, there
is anterior or anteromedial pain (positive test) due to

Fig. 1. Chronic avulsion injury of the direct head of rectus femoris
resulting in heterotopic bone formation and secondarily to AIIS/ sub-
spine impingement

Fig. 2. FADDIR test. With the patient in the supine position, the
examiner passively brings the hip into 90° of flexion, adduction, and
internal rotation. This test can also be performed in the lateral position
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impingement of the anterior and anterolateral part of the
femoral neck against the superior and anterior acetabular
rim.

The subspine impingement test is performed in the supine
position with passive movement of the thigh into maximum
flexion, with neutral adduction, and IR. Reproduction of an-
terior pain indicates impingement of the distal (anterolateral)
and medial part of the femoral neck against the AIIS.

The superolateral impingement test is performed with pas-
sive movement of the thigh into flexion and ER (Fig. 3).
Recreation of anterolateral pain indicates impingement of the
superior and superolateral part of the head–neck junction
against the superior or acetabular rim.

The dynamic external rotatory impingement test
(DEXRIT) and the dynamic internal rotatory impingement
test (DIRI) are similar to the traditional McCarthy’s test [15,
71]. Both are performed with the contralateral leg maximally
flexed to eliminate lumbar lordosis and the affected hip
brought to flexion 90°. In the DEXRIT, the hip is passively
ranged through a wide arc of abduction and ER. In the DIRI,
the hip is passively ranged through a wide arc of adduction and
IR. For both maneuvers, the reproduction of patient’s pain in a
specific position will correlate with site of bony impingement
in a clockwise fashion.

The Patrick flexion abduction external rotation (FABER)
test facilitates the differentiation of hip pain in the abducted
position. It is performed by laying the ankle of the affected leg
across the thigh of the nonaffected leg proximal to the knee
joint, creating a Fig. 4 position. This position displaces the
anterosuperior part of the femoral head–neck junction to the
12 o’clock position of the acetabular rim. By applying down-
ward pressure onto the knee of the affected leg lateral pain is
indicative of superolateral and lateral FAI; groin pain reflects
iliopsoas pathology, or psoas impingement against the femoral
head [93], or anterior capsule irritation; posterolateral pain is
indicative of ischio-trochanteric impingement, especially in
cases with increased femoral anteversion (Fig. 4); posterior
pain indicates SI joint pathology. Gaenslen’s test places stress
on the sacroiliac (SI) joint and could facilitate the differential
diagnosis of posterior hip pain [114].

The posterior rim impingement test is performed with the
patient positioned at the edge of the examination table so that
the legs hang freely at the hip, and the patient draws up both

legs toward the chest, thus eliminating lumbar lordosis. The
affected leg is then extended off the table combined with
abduction and ER bringing the hip into full extension
(Fig. 5), thus allowing assessment of the congruence of the
posterolateral part of the femoral neck against the posterior
acetabular rim. A positive test is noted when posterior pain is
recreated at this position; if anterior pain is recreated, patient
may be diagnosed with hip instability [48, 86, 104].

To detect lateral rim impingement the affected leg is
abducted (neutral rotation) off the table (Fig. 6). Recreation
of lateral pain indicates impingement of the superolateral part
of the femoral neck against the superoposterior acetabular rim.

The ischiofemoral impingement sign is attributed to nar-
rowing of the ischiofemoral (distance between lateral cortex of
ischial tuberosity and medial cortex of lesser trochanter) and
quadratus femoris spaces (space between superolateral surface
of hamstring tendons and posteromedial surface of iliopsoas
tendon or lesser trochanter). The quadratus femoris muscle
may be compressed directly between the lesser trochanter
and ischium. Clinically, the symptoms of impingement—
pain in the groin and/or buttock which may radiate distally
[5, 80, 84]—can be reproduced by a combination of hip
extension, adduction, and ER [44]. The insertion of psoas into
the lesser trochanter and the origin of the hamstrings may also
be affected [84, 110]. Differential diagnosis includes sciatica,

Fig. 3. Superolateral impingement test. With the patient in the supine
position, the examiner passively brings the hip into flexion, and exter-
nal rotation

Fig. 4. FABER-Trochanteric pain test. With the patient in the supine
position, the examiner passively brings the hip into flexion, abduction,
and external rotation

Fig. 5. Posterior rim Impingement. The patient is positioned at the
edge of the examination table so that the legs hang freely at the hip, and
the patient draws up both legs toward the chest, thus eliminating
lumbar lordosis. The examiner passively brings the affected leg ex-
tended off the table, allowing for full extension of the hip, abduction,
and external rotation
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chronic hamstring injury, snapping psoas, quadratus femoris
tear, and adductor tendonitis [106].

The straight leg raise against resistance test, also known as
the Stinchfield test [93], is performed with an active straight
leg raise to 45° followed by a direct downward force just
proximal to the knee by the examiner. The test is considered
positive with reproduction of anterior pain or weakness. This
test evaluates hip flexor/psoas strength and indicates intra-
articular pathology as the psoas applies pressure on the labrum
in active resistance [90].

The Foveal distraction test is performed with axial traction
on the abducted 30° leg. This maneuver reduces intra-articular
pressure; relief of pain indicates an intra-articular cause.

Lateral Assessment The lateral assessment (patient lying on
the unaffected hip) is very useful in the differential diagnosis
of lateral hip pain and can further confirm the presence of
intra-articular pathology. Palpation for tenderness focuses
especially on the gluteus maximus origin, SI joint, sciatic
nerve, piriformis, tensor fascial lata (TFL), ITB, greater
trochanteric bursae, and ischial tuberosity [10, 64, 89, 93,
100]. Special attention should be given to the greater tro-
chanter, since it is the site of attachment for five muscles, the
gluteus medius and gluteus minimus tendons laterally and
the piriformis, obturator externus, and obturator internus
more medially. It consists of four distinct facets: the super-
oposterior, lateral, anterior, and posterior [28]. The posterior
facet is the only facet that does not have any distinct tendon
attachment but is the primary location of the largest bursae of
the peritrochanteric space; consequently, is the likely source of
primary pain in patients with true isolated trochanteric bursitis
without associated abductor tendon tear [46, 53, 98].

Passive adduction tests are historically similar to Ober’s
test performed with the patient positioned on the unaffected
hip with the shoulders perpendicular to the table [93]. The
examiner assesses full passive hip adduction reproducing the
following three tests: (1) the TFL contracture test is performed
with the hip and knee in extension, thus placing tension on the
TFL when the hip is adducted; (2) the gluteus medius con-
tracture test is performed with 0° of hip extension and 45–90°
of knee flexion, thus releasing the ITB and placing tension on
the gluteus medius with hip adduction; and (3) the gluteus
maximus contracture test is performed with the shoulders

rotated back into contact with the table with hip flexion and
knee extension, thus placing tension on the gluteus maximus
with hip adduction. If the patient cannot perform passive
adduction past the midline of the body, all three tests are
considered positive, indicative of contracture of each muscu-
lature respectively.

The FADDIR and the lateral FABER tests can be per-
formed in the lateral position to confirm intra-articular and
peritrochanteric pathology (Fig. 7). Regarding the lateral
FABER test, the examiner passively brings the affected hip
through a wide arc from flexion to extension in continuous
abduction. The lateral position is used to test the normal
dynamic pelvic inclination, since the supine position with the
contralateral leg flexed eliminates lumbar lordosis. Pelvic
inclination may influence physical examination findings, and
both positions are valuable in assessment.

Prone Assessment The prone position is optimal for identi-
fying the precise location of pain related to the SI joint
region and assessing femoral anteversion. The latter (histor-
ically similar to Craig’s test) is performed by flexing the
knee to 90°, and using the leg as a lever, the hip is internally
rotated until the lateral aspect of the greater trochanter is felt
to be most prominent [93]. Femoral anteversion (normally
between 8° and 15°) or retroversion is measured by the angle
between the tibia and an imaginary vertical line [93]. If there
is a significant difference in IR in the extended and seated
flexed position, the examiner should differentiate between
osseous and ligamentous causes [66]. The Ely and Phelps
tests are helpful in diagnosing contractures of the rectus
femoris and gracilis muscle, respectively, and both are per-
formed with the patient in the prone position [90].

Due to the higher prevalence of sport-related activities, it
is critical to rule out trauma-related cause of hip pain or
femoral neck stress fractures. This assessment is performed
through the heel strike test, hop test, and the log roll test [10,
65, 90]. If either of these tests is positive, further radiographic
evaluation is warranted [10, 90].

Layered Approach to Mechanical Hip Pain

In order to assess the painful hip in a systematic and com-
prehensive way, the senior author (BTK) has developed an

Fig. 6. Lateral rim impingement. With the patient in the supine position,
the examiner passively brings the hip into abduction with neutral rotation

Fig. 7. Lateral FABER test. With the patient in the lateral position, the
examiner passively brings the affected hip through a wide arc from
flexion to extension in continuous abduction
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algorithm to approach and understand these often complex
compensatory problems. It is described below as the “lay-
ered approach” to understand the underlying etiologic fac-
tors contributing to pain around the hip joint and associated
hemipelvis. During the diagnostic process, it may be helpful
to categorize the hip as structurally normal, structurally
overcovered, or structurally undercovered. A structurally
normal hip will have values that fall within a normal range
for center edge angle, hip valgus, and hip version values. A
structurally undercovered hip will diagnostically present with
anteversion, hip valgus, or dysplastic characteristics. Compar-
atively, overcoverage will diagnostically present as cam lesion
at head neck junction, rim lesion, often associated with ace-
tabular retroversion, acetabular profunda, or acetabular pro-
trusio [6]. Recognizing and attempting to comprehend these
osseous, inert, contractile, and neuromechanical relationships
and differences, as they relate to normal osseous structure,

osseous overcoverage and osseous undercoverage, are what
led to the development of the layered concept (Table 2).

Layer I (Table 2) is the osteochondral layer, which aims
to provide joint congruence and normal osteoarticular kine-
matics in the normal hip. The structures within this layer are
the pelvis, acetabulum, and femur. Abnormalities within this
layer can be classified into three distinct groups: (1) static
overload, (2) dynamic impingement, and (3) dynamic insta-
bility. Anatomical variations resulting in static overload
include lateral or anterior acetabular undercoverage/dyspla-
sia, femoral anteversion, and femoral valgus. These struc-
tural mechanics lead to eccentric load, abnormal, and
increased stress and asymmetric loads between the femoral
head and acetabular socket in the axially loaded position
(i.e., standing). During hip motion, dynamic factors may
contribute to hip pain as abnormal stress and contact be-
tween the femoral head and acetabular rim occur. Different

Table 2 Layered approach to clinical assessment of the hip joint (adapted from Draovitch et al. [26]). Adapted with kind permission from
Springer+Business Media: Curr Rev Musculoskelet Med, The layer concept: utilization in determining the pain generators, pathology, and how
structure deterimines treatment, 2012, 1, pages 1-18, table 1

Layer Name Structures Purpose Pathology

Layer I Osteochondral
layer

Femur Joint congruence and
normal osteo-/arthro-kinematics

Dynamic impingement
Pelvis Cam,Rim, Femoral retroversion,

Femoral varus, Acetabular
overcoverage (focal or global),
Trochanteric impingement,
Subspine impingement

Acetabulum Static overload
Acetabular undercoverage,
Femoral anteversion,
Femoral valgus, Acetabular
version

Dynamic instability
Layer 2 Inert layer Labrum Static stability of the hip joint Labral injury

Joint capsule Ligamentum teres tear
Ligamentous complex Ligament tears
Ligamentum teres Capsular instability, adhesive

capsulitis
Layer 3 Contractile

layer
Peri-articular musculature Dynamic stability of

the hip, pelvis and trunk
Anterior

Anterior structures Rectus femoris tendonopathy,
Psoas, Subspine

Medial structures Medial
Posterior structures Adductor strain, Rectus

abdominis strain, Osteitis
pubis

Lateral structures Posterior
Lumbosacral and
pelvic floor

Proximal hamstring, Deep
gluteal syndrome

Lateral
Abductor tears, ITB syndrome,
Bursitis

Layer 4 Neuromechanical
layer

Neural Properly sequenced kinetic
linking and appropriately
balance neuromuscular
control presence or
absence of neuromechanical
shortcomings

Neural
Femoral, Lateral femoral
cutaneous, Sciatic, Ilioinguinal,
Genitofemoral, Pudendal, and
Iliohypogastric nerves

Pain syndromes
Neuromuscular dysfunction
Spinal referral patterns
Nerve entrapments

Mechanical
Foot structure and mechanics
Scoliosis

Regional mechanoreceptors Pelvic posture over femur
Thoraco-lumbar mechanichs Osteitis pubis, Pubic symphysis

pathology
Lower extremity mechanics Sacro-iliac dysfunction
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structural variations within layer 1 that may contribute to
such dynamic impingement include FAI (cam and focal or
global pincer impingement), femoral retroversion, and fem-
oral varus (Table 2). When the functional range of motion
required to compete in sports or for daily activities is greater
than the amount of physiologic motion allowed by the
anatomical structures of the hip, a compensatory increase
in motion may be provided through layer 1. Specifically,
increased motion and consequential stresses through the
pubic symphysis, SI joint, and lumbar spine may initiate.
When functional range of motion requirements are larger
than normal motion limits, forceful anterior contact occur-
ring at the end range of IR may lead to dynamic instability in
the form of subtle posterior hip subluxation, which occurs as
the femoral head levers out of the hip socket [54]. Various
radiographic indices calculated on plain X-rays [standing
AP pelvis, elongated-neck lateral view (Dunn lateral radio-
graph), and false profile], such as Tonnis OA grade, coronal
CE angle, Tonnis angle, and variables derived from the
three-dimensional CT scan (alpha-angle, beta-angle, McKib-
bon indices, acetabular version, coronal and sagittal CE
angle, neck-shaft angle, and femoral version), which better
delineates the bone anatomy, can facilitate the mechanical
diagnosis, and specifically whether there is a structurally
normal, undercovered, or overcovered hip (Figs. 1, 8, and
9) Computer navigation surgical planning software can be
used to confirm and model osseous impingements [12, 36].
These resultant mechanical stresses lead to reactive hip pain
related to insufficient congruency or impingement between
the head and socket, leading to asymmetric wear of the
chondral surfaces of the acetabulum and femoral head with
or without associated instability of the hip. Thus, layer I has
a direct effect on the inert layer of the hip, or layer II.

Layer II (Table 2) includes the labrum, joint capsule,
ligamentous complex, and ligamentum teres. These structures
contribute to static stability of the hip joint. When abnormal
mechanical stresses are applied to the hip joint secondary to
underlying abnormalities within layer 1, pathologies such as
labral injury, ligamentum teres tear, capsular irritation and
consequent instability or adhesive capsulitis, and various lig-
ament tears can result. MRI can help evaluate the chondral,
labral, and capsular damage; specifically, delayed gadolinium-
enhanced MRI of cartilage studies can be used to assess the
cartilage health [9]. A significant relationship and interaction
exists between layers I and II. Venting the capsule and creating
a labral tear decreased the forces to distract the head of the
femur by 3 mm by 43% and 60%, respectively. Loss of
maintaining a suction seal would decrease intra-articular hy-
drostatic pressure and allow the translation of hip center may
be as much as 2–5 mm, thus further stressing inert (layer II)
and contractile tissue (layer III) [31]. In addition, a loose hip
may lead to abnormal sites of bony impingement. Range of
motion requirements of the joint, which are specific-related to
the activities, combined with the underlying structural me-
chanics of layer 1 can predict the type of injury to layer II
structures. Intra-articular injections are very useful and reliable
to differentiate between intra- and extra-articular hip patholo-
gy and specifically to confirm pathology of the inert layer [18].

Layer III (Table 2) is the contractile layer of the hip and
hemipelvis. It consists of all musculature around the hemi-
pelvis including the lumbosacral musculature and pelvic
floor; it is responsible for the muscular balance and dynamic
stability of the hip, pelvis, and trunk. Abnormal mechanics
within layers I and II can lead to increased stresses of the
lower spine, SI joint, pubic symphysis, and ischium, and
secondary increases in the strains of the muscles attached to
these pelvic structures. The mechanism may be acute, trau-
matic, overuse tendinosis, or developmental avulsions [41].
These compensatory injuries can result in a variety of peri-
articular muscular structures and can be subcategorized
based upon their location (origin or insertion) and relative
to the hip joint (anterior, medial, posterior, and lateral).
Anterior enthesopathy describes hip flexor strains, psoas
impingement, and subspine impingement. Medial enthesop-
athy encompasses adductor and rectus tendinopathies, which
have traditionally been described as athletic pubalgia or
“sports hernia.” Posterior enthesopathies include mainly
proximal hamstring strains but can also include injuries to
the short external rotators including the piriformis and may
involve a constellation of pain patterns described as “deep
gluteal syndrome,” which involves posterior soft-tissue injury
and irritation or compression of the sciatic nerve. Lateral
enthesopathies involve the peritrochanteric space and injuries
to the gluteus medius and minimus tendons. Casartelli et al.
[21] have reported that patients with FAI presented with

Fig. 8. Anteroposterior view of the pelvis demonstrating cross-over
sign of the right hip

Fig. 9. Dunn lateral view of the right hip demonstrating the calcula-
tion of the alpha-angle indicative of significant cam deformity (alpha
angle>50º)
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decreased maximal voluntary contraction levels for the hip
adduction (28%), flexion (26%), external rotation (18%), and
abduction (11%) when compared with the control group,
demonstrating the contractile dysfunction occurring as a result
of structural pathology and pain. The TFL has also demon-
strated decreased activation during hip flexion in patients
diagnosed with FAI. Similarly, an increased cross-sectional
area of iliocapsularis muscle in dysplastic hips has been also
reported [3], representative of dynamic stabilization to combat
loss of inert tissue integrity. MRI and specific injections have
been diagnostically sensitive to layer III contractile tissue
direct involvement and indirect enthesiopathies. Specific pat-
terns of pathology in layer I can be associated with specific
compensatory injury patterns within layer III. Moreover, it has
been demonstrated that loss of hip motion will adversely affect
motion throughout the entire kinetic chain; specifically, in
closed kinetic chain activities, limited hip motion may predis-
pose to noncontact injury [29, 94].

Layer IV (Table 2) is the neurokinetic layer, including
the thoracolumbosacral plexus, lumbopelvic tissue, and low-
er extremity structures. This layer serves as the neuromus-
cular link and thus functional control of the entire segment
as it functions within its environment. Locally at the site of
the hip, this layer refers to the neuro-vascular structures,
mechanoreceptors, and nociceptors. On a global level, this
layer refers to posture and the position of the pelvis over the
femur. This may be affected by the result of lumbar pathol-
ogy on the hip resulting in sacral torsion, rotation of the
innominate, or myotomal changes, or changes in foot and
ankle mechanics and the response of the lower extremity up
to the hip. It also involves looking at functional movement
patterns and examining how motor learning affects dynamic
movement of the pelvis over the femur or the femur under
the pelvis. Compensatory injuries within this layer include
nerve compression and pain syndromes, neuromuscular dys-
function, and spine referral patterns. Common peripheral
nerve disorders about the hip include lateral femoral cutane-
ous neuropathy (meralgia paresthetica), femoral neuropathy,
sciatic neuropathy (piriformis syndrome), obturator neurop-
athy, superior and inferior gluteal neuropathies, pudendal
neuropathy, and ilioinguinal, iliohypogastric, and genitofe-
moral neuropathies [2, 43, 51, 67, 69, 77].

Summary

In conclusion, it is vitally important to elucidate intra- versus
extra-articular pathology of hip pain in every step of the
patient encounter: history, clinical examination, imaging,
and mechanical diagnosis. It is critical to follow a systematic
approach to physical examination of the hip. It is of para-
mount importance to comprehend that a loaded pelvis usu-
ally rotates over a fixed femur, thus creating anterior and
medial forces with instant rotary moments. If these forces
are combined with dynamic impingement, static overload to
the joint, or instability, it can be explained how structural
abnormalities in layer I can result in various damage patterns
in layers II, III, and IV, depending on patient’s individual
anatomy and required functional range of motion of the hip

joint. Therefore, following a functional movement exam and
a spine screening (layer IV), the clinical exam of the hip
should begin from layer I and move out toward layer III. A
series of specific tests may be used to in examining the
layers. Overall, the location and quality of the pain should
correspond to the mechanical diagnosis and primary and
secondary injury patterns. If so, then correcting the mechan-
ical problems and primary and secondary injuries should
optimize the outcome.
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