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Abstract

Purpose of Review Non-arthritic hip pain is a common presentation among the general population, with many possible con-
tributing etiologies. While radiographs, computed tomography, and magnetic resonance imaging are all within the standard
diagnostic workup, ultrasonography has emerged as a facile tool given its low cost, lack of radiation, and dynamic applica-
tion. This article reviews the utility of ultrasound (US) in evaluation of non-arthritic hip pain and its ability to detect pathol-
ogy both statically and dynamically in comparison and as an adjunct to standard imaging modalities.

Recent Findings Current research highlights applications of US to commonly treated hip pathologies including femoroac-
etabular impingement, labral tears, hip microinstability, and various other extra-articular phenomena. While static evaluation
seems to add similar value to that of radiography, several novel protocols have been developed that allow for dynamic evalu-
ation of joint biomechanics, including extent and onset of impingement and femoral head translation, that cannot be assessed
with more standard imaging modalities.

Summary

In evaluation of patients with non-arthritic hip pain, US is a low cost, easy-to-use, dynamic bedside tool that can aid in
the diagnostic workup of patients with a broad number of pain generators. While literature demonstrates that its static
evaluation often does not quite reach the accuracy of more advanced modalities, dynamic assessment of the hip joint has
the potential to be quite useful in routine evaluation.

Keywords Ultrasound - Femoroacetabular impingement - Microinstability - Non-arthritic hip pain - Femoroacetabular
joint biomechanics - Femoral head translation - Dynamic hip evaluation

Introduction

Non-arthritic hip pain is common among the general popu-
lation and affects patients across a wide range of ages [1].
Appropriate evaluation and workup are essential for diag-
nosing hip pain and determining the best treatment options,
as the etiology of potential pain generators both within and
surrounding the hip joint is extensive. As with many ortho-
paedic conditions, radiographs, computed tomography (CT)
scans, and magnetic resonance imaging (MRI) are com-
monly utilized in diagnostic workup. However, many condi-
tions that affect the hip are dynamic in nature, ranging from
those resulting in restricted range of motion (i.e., femoroac-
etabular impingement [FAI]) to excessive motion within the
joint (i.e., dysplasia, instability). While the mentioned imag-
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an opportunity to evaluate the hip dynamically [2], with a
lack of radiation, lower cost compared to other forms of
advanced imaging, and minimal invasiveness [3]. While
initially challenging with a notable learning curve requiring
proper training [4], there are many benefits to this modal-
ity. This review will present the use of ultrasound (US) in
evaluation of static hip anatomy and pathology as well as
in dynamic evaluation to aid in diagnostic workup of non-
arthritic hip pain.

Ultrasound Techniques

While US has become a widely used tool within medi-
cine and specifically within the musculoskeletal system,
technical set up is crucial to optimally evaluate appropri-
ate anatomy. Transducer type, frequency, the use of Dop-
pler, patient positioning and probe orientation should all
be selected carefully. In general, higher-frequency linear
transducers (10-20 MHz) are useful for the evaluation of
superficial structures given improved spatial resolution with
decreased penetration and depth, while lower-frequency
linear transducers and occasionally, curvilinear transducers,
have decreased resolution but can be valuable at evaluat-
ing deeper structures such as deeper joint recesses, or when
evaluating larger patients [3, 5]. Transducer compression
can be used to help differentiate a simple, compressible
joint effusion from a less compressible complex joint effu-
sion and synovial hypertrophy. Furthermore, real-time Dop-
pler imaging can be used to assess for associated hyperemia,
which may be beneficial in the setting of a suspected septic
joint or an inflammatory arthropathy with active synovitis
[3]. Like all imaging in orthopaedic surgery, it is important
to note that all US findings should be imaged in perpen-
dicular planes, i.e. short-axis/transverse and long-axis/lon-
gitudinal [5, 6]. Choosing patient and probe positioning is
dependent on the focus of evaluation and will be discussed
later in the review.

FEMORAL NECK

Fig. 1 (A) Long-axis sonographic image of the normal hip obtained
with the transducer placed obliquely along the femoral neck. The
image demonstrates the acetabulum (ACET) and the proximal femur.
The arrows point to the hip joint capsule extending inferiorly to near

Static Hip Evaluation

US can be used to assess anterior, medial, lateral, and pos-
terior hip structures and pathology. The anterior quadrant
and associated structures can be easily visualized with the
patient positioned supine, hip neutral rotation and slightly
abducted with the probe placed anteriorly in the inguinal
region in the long- and short-axes [2, 5, 7, 8], (Fig. 1).
Both bone and soft tissue structures can be evaluated. Bony
structures that can be evaluated include proximal femoral
anatomy, such including cam morphology (Fig. 2), and
basic acetabular anatomy, including the evaluation of FAI
and subspine impingement. Evaluable soft tissue structures
include the acetabular labrum (Fig. 3), the hip capsule, the
surrounding musculotendinous structures, and the surround-
ing neurovascular structures (Figs. 1 and 2).

Proximal Femur

In assessment of non-arthritic hip conditions, the use of US
has been particularly valuable in the evaluation of proxi-
mal femur morphology and its contribution to underlying
femoroacetabular impingement (FAI) (Fig. 2). While radio-
graphs, CT, and MRI have previously been the mainstay of
evaluation of proximal femur morphology, several metrics
have been proposed in the sonographic evaluation of the
proximal femur, including alpha angle, anterior femoral dis-
tance (AFD), and offset ratio. Buck et al. were the first to
propose assessment of cam morphology with US in 2011,
proposing a protocol for assessment of cam morphology
and alpha angles in anterior and anterosuperior views [9].
In comparison to MRI, it was observed that neither alpha
angle, presence of an osseous protuberance, nor the contour
of the femoral neck were sensitive or specific for detection
of cam-type morphology on US, and notably only found
moderate inter-reader agreement of US evaluation [9]. On
the contrary, Lerch et al. later measured alpha angle with

FEMORAL HEAD ’

FEMORAL NECK

the greater trochanter and the stars measure the capsular thickness. (B)
A sagittal proton density fat-suppressed MR image rotated counter-
clockwise. The rectangle shows the field-of-view on US with the same
corresponding structures
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Fig.2 Long-axis US images of the hip at (A) neutral and (B) internal rotation. The arrow in A points to a cam deformity at the femoral head-neck
junction. The stars show a thickened joint capsule measuring greater than 7 mm and further increasing in thickness during (B) internal rotation

ACETABULUM

Fig. 3 (A) Long-axis US image of the hip demonstrating the nor-
mal hyperechoic triangular-shaped anterior acetabular labrum (rect-
angle) with the anechoic articular cartilage (open arrowhead) along
the femoral head. (B) A sagittal proton density fat-suppressed MR

the hip in 20 degrees of external rotation, neutral rotation,
and 20 degrees of internal rotation and found measurements
at internal rotation and neutral to have significant correla-
tion to alpha angle measured on MRI (0.77 p<0.0001 at
20 degrees of internal rotation), as well as noting correla-
tion of US and MRI in regard to AFD and offset ratio (the
quotient of the head-neck offset divided by the head diam-
eter), with good overall interobserver reliability [10]. Lerch
further expanded on these results in 2016 in comparison to
standard radiographs (AP, frog-leg lateral views) and found
US was as reliable at diagnosing FAI when using MRI as
the gold standard [11]. In contrast, when comparing to a CT
scan, Robinson et al. found US evaluation of alpha angle to
have a high sensitivity (91.3%), but a low specificity (43.8%
and > 10 degrees of absolute value difference between the
two modalities [12]. Hsu et al. focused on anterior femoral
distance, a measurement that per author takes 10 s to record,
and found that it was reliable at diagnosing FAI in the ante-
rior but not anterosuperior contour (gold standard MRI mea-
surements of alpha angle > 55 degrees), with sensitivity and

@ Springer

image rotated counter-clockwise. The outside, larger rectangle shows
the field-of-view on US and the smaller inner rectangle surrounds the
hypointense anterior acetabular labrum. The open arrowhead again
depicts the hyperintense articular cartilage along the femoral head

specificity of 80.9 and 87.5%, respectively [13]. In regards
to clinical outcomes, Biernacki et al. utilized the methodol-
ogy of Buck and found that an alpha angle greater than 60
degrees was correlated with worse iHOT scores compared
to those with lower alpha angles [14]. Overall, while some
data appears promising, given the mixed data on accuracy
of using US in assessment of proximal femur morphology
when compared to CT or MRI, use may be most optimal as a
screening tool that helps guide the physician towards further
advanced imaging and assessment, and not as the sole imag-
ing modality in diagnostic workup.

Acetabulum

Although difficult to evaluate pincer lesions on US [9], the
acetabulum can also be visualized to assess for the presence
of subspine impingent. Anterior inferior iliac spine (AIIS)
morphology has been found to frequently play a role in
patients with FAI, with inferior and distal extension of the
subspine found to occur in just over 20% of patients with
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Fig. 4 Long-axis sonographic image along the anterior aspect of the
hip reveals the anterior inferior iliac spine (AIIS) and a normal direct
head rectus femoris tendon (arrows)

FAI [15, 16]. While most frequently evaluated on CT scan,
two studies have investigated the utility of US in assess-
ment of AIIS morphology [17, 18]. In particular, Amar et
al. found high accuracy (92.3%) in the classification of
subspine morphology when compared to false profile radio-
graphs [18]. Of note, this evaluation was performed with the
patient supine and the probe placed in the long-axis at the
inguinal region at the level of the hip joint (Fig. 4).

Sun et al. applied US in combination with CT to deter-
mine what findings may suggest clinical subspine impinge-
ment. They found that US identification of type III bone
morphology, as well as heterogenous hypoechoic signal
in the anterosuperior joint capsule and the direct rectus
femoris tendon origin were associated with arthroscopi-
cally confirmed subspine impingement. When combined
with evidence of a low-lying AIIS on CT scan, US had a
sensitivity of 75.0% and specificity of 77.4% for clinical
subspine impingement [17]. These results suggest that US
may be a useful adjunct to assess when a patient may have
clinical subspine impingement contributing to their overall
symptomology.

Acetabular Labrum

Evaluation of the labrum is important in the diagnostic
workup of non-arthritic hip pain, with a number of different
etiologies (trauma, FAI, capsular laxity, hip hypermobility,
dysplasia, degeneration) potentially contributing to labral
pathology [19]. While arthroscopic evaluation is the gold
standard assessment, MR arthrography is generally con-
sidered the optimal non-operative imaging modality, as the
intraarticular administration of a gadolinium contrast mix-
ture facilitates improved visualization of the labrum [19].
Use of US for evaluation of the labrum was first reported
by Mitchell et al. in 2003, during which poor utility was
noted with only 13% sensitivity of detection of labral tears
on US in a study of 25 hip arthroscopies [20]. Sofka et al.

ACETABULUM

Fig. 5 Long-axis US image of the anterior hip showing an ill-defined,
irregular hypoechoic appearance of the anterior acetabular labrum
consistent with a complex tear (rectangle)

further documented the US exam of the labrum, noting best
assessment with standard anterior viewing with the trans-
ducer placed along the long-axis of the hip joint with the
patient supine (of note, only the anterosuperior labrum can
be viewed in this plane). They described the normal labrum
to appear as a hyperechoic, compact, triangular struc-
ture (Fig. 3A), with tears visualized as irregular or linear
hypoechoic fissures or clefts [21], (Fig. 5). Additionally,
ultrasonography after intraarticular injection, referred to as
the “sonographic effect,” may improve visualization [21,
22].

As compared to MRI, Troelsen et al. reported a sensitiv-
ity of 44% and a specificity of 75% for diagnosing labral
tears via ultrasound; however the authors found improved
results in a subsequent study, including a sensitivity of 95%
and only one false negative (no true negatives reported in a
study of 17 hips). This was felt to be secondary to improved
experience of the same examiner across both studies [23,
24]. A number of other studies have investigated the accu-
racy of US compared to MR since then [22, 25, 26], with
the largest cohort reported of 195 patients, noting that when
using arthroscopic evaluation as the gold standard, US had
a lower sensitivity (68.5%) but a higher specificity (81.8%)
when compared to 3T MRI [27]. A recent article by Fu et al.
proposed several criteria for US evaluation of the acetabu-
lar labrum, and found that labral heterogenous echogenicity
was the most indicative of a labral tear, but the combination
of this alongside a labral cleft, plump morphology, paral-
abral cysts, and a focal hyperechoic area portrays a diag-
nosis of labral tear, with a sensitivity of 90%, specificity of
71%, and accuracy of 85%. They also suggested using the
cross-sectional area of the labrum as a diagnostic criteria,
with a cutoff of 0.215 cm? contributing to the best diagnos-
tic efficacy (sensitivity and specificity 74%) [28]. Overall,
utilization of US for evaluation of the acetabular labrum is
a quick, inexpensive, and dynamic option which provides
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direct visualization of the anterosuperior labrum and under-
lying pathology.

Femoroacetabular Joint Capsule

The hip capsule is an easily evaluated structure on US at it
lies superficial to the joint (Figs. 1A and 2). A distance of
7 mm or more between the capsule and femur is indicative
of a joint effusion and/or synovial hypertrophy with good
reproducibility and interobserver reliability [29] (Fig. 2). In
addition to using the capsule as a proxy for joint effusion
and synovial hypertrophy, capsular evaluation may be par-
ticularly important in evaluation of patients with instability
and ligamentous laxity, as the hip capsule is crucial to joint
biomechanics and stability [30, 31], and these patients may
have altered capsular anatomy and biomechanics (Fig. 2).
A recent study by Gao et al. found US to be effective in
evaluation of capsular thickness, finding mean hip joint
capsule thickness in 307 patients to be 5.0+ 1.5 mm and
5.0+ 1.2 mm when measured by US and MRI, respectively,
spending only 5—10 min on examination [32].

Other Structures

Extra-articular musculature can be easily visualized with
ultrasound. From the supine position, the rectus femoris
origin and musculotendinous junction can be evaluated
(Fig. 4), as well as the iliopsoas insertion and musculotendi-
nous junction (Fig. 6). Placing the leg and hip in a frog-leg
position can allow for direct visualization of the hip adduc-
tors, originating from the pubis and ischium of the pelvis.
In the lateral position, the gluteal musculature as well as the
iliotibial band and underlying greater trochanteric bursa can
be viewed with patient’s hip in slight flexion. The proximal
musculature is best viewed in the longitudinal plane at or
below the level of the iliac tubercle, while the trochanteric

Fig. 6 Sonographic images of the normal iliopsoas complex at the
level of the acetabulum. (A) Short-axis image demonstrates the ante-
rior inferior iliac spine (AIIS) laterally and the psoas major tendon
medially. The rectangle surrounds the neurovascular bundle. (B) Long-
axis image showing the normal iliopsoas myotendinous structures
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bursa, gluteus medius insertion, and bony architecture of
the greater trochanter are best viewed directly over the
greater trochanter in either the transverse or longitudinal
plane. Turning attention posteriorly, the hamstring muscu-
lature can be identified most easily at their origins at the
ischial tuberosity. This is best done with the patient in prone
positioning and the probe in the transverse plane, during
which the conjoint tendon (semitendinosus, long head of
the biceps femoris), semimembranosus, and additionally the
sciatic nerve can be evaluated as they travel distally, along
with the short head of the biceps originating from the linea
aspera of the femur. Posteriorly, the piriformis muscle can
also be identified at the level of the greater sciatic notch, at
the lateral border of the sacrum passing cephalomedial to
caudolateral just beneath the gluteus maximus [2, 5, 8].

Dynamic Hip Evaluation

The hip is a dynamic joint and many of the conditions that
contribute to non-arthritic pathologies can be related to
either restricted motion (i.e., FAI, subspine impingement)
or too much motion (i.e., dysplasia, microinstability). While
standard imaging modalities are nearly always used to eval-
uate the static anatomy of the hip, US offers the ability to
dynamically evaluate the anatomic structures around the hip
and evaluate for pathological states as the hip is exposed to
various positions, stresses, and ranges of motion. Several
publications have defined protocols for dynamic evaluation
of the hip and associated conditions [7, 33], as will be dis-
cussed in subsequent sections.

Hip Range of Motion and Femoroacetabular Impingement
The use of US to evaluate the hip joint during motion has

identified that much of the prior normative data regarding
the degree of motion within the femoroacetabular joint is

ACETABULUM

FEMORAL HEAD

overlying the acetabulum with the tendon appearing hyperechoic and
fibrillar and the surrounding muscle more hypoechoic. Abbreviations:
LFI, lateral fibers of the iliacus muscle; MFI, medial fibers of the ilia-
cus muscle
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largely inaccurate due to the difficulty with evaluation of the
relationship of soft tissues, bony anatomy and contributions
of lumbosacral movement to hip joint mobility. In a study of
40 asymptomatic young males, Larkin et al. found the mean
impingement-free hip range of motion is 65 degrees of flex-
ion (the point at which labral morphology began to change)
and bony abutment between the femur and acetabulum
occurs at approximately 95 degrees, which is approximately
25% less than values that have been previously described
[34]. In asymptomatic young women, values were found to
be slightly higher, with mean impingement-free flexion and
maximum flexion observed at 72 and 101 degrees, respec-
tively [35]. In patients experiencing symptoms of FAI, Sahr
et al. proposed that dynamic evaluation of hip ROM and
impingement may be useful in determining the clinical sig-
nificance of FAI. With the probe at the anterolateral aspect
of the hip and oriented in the long-axis/longitudinal plane,
the joint can be flexed from neutral to 90 degrees. Identifi-
cation of femoral morphology through ROM, the point at
which the labrum becomes impinged, and reproduction of
symptoms are useful indicators of clinically relevant FAI
[33], (Fig. 7).

Understanding of the point of impingement as well as
normative hip ROM is critical in surgical decision-making,
both preoperatively and intraoperatively, for patients with
abnormal hip kinematics and hip pain.

Microinstability

US has also been found to be useful for patients suspected of
having hip microinstability when used to dynamically evalu-
ate the hip during range of motion. Microinstability is when
supraphysiologic motion of the femoral head occurs within
the acetabulum, which can be associated with hip pain and
patients who report a subjective sensation of hip instability
[36]. Anterior translation of the femoral head with respect

FEMORAL HEAD
ACETABULUM

Fig. 7 Long-axis US images during dynamic imaging for FAI with the
transducer placed along the anterolateral aspect of the hip. (A) Image
obtained at neutral and showing the anterolateral aspect of the normal,
triangular-shaped acetabular labrum (L). (B) Representative, long-axis

to the adjacent acetabulum can be evaluated with the patient
in a supine or prone position. An anterior-directed force can
be applied by either placing the hip in abduction, external
rotation, and extension off the exam table while using it as
a fulcrum, or with the patient prone and allowing gravity to
apply an anterior force to the head [33]. Building on this,
as proposed by D’Hemecourt et al. in 2019, femoral head
translation can be quantified sonographically by measur-
ing anterior femoral head translation as the hip goes from a
neutral to a position that maximizes anterior femoral head
translation, a position akin to an anterior apprehension test
(hip extended, externally rotated off the side of the bed, and
contralateral hip hyper-flexed), yielding excellent intra- and
interrater reliability between three physicians [37], (Fig. 8).

In a cohort of young females, the same group found that
in positions of extension with external rotation, dancers
with hip pain experienced larger anterior femoroacetabular
translation compared to non-dancers with hip pain (mean
6.3 mm vs. 5.2 mm; p=0.01), and that dancers with hip
pain also had higher anterior translation than dancers with-
out hip pain (6.3 mm vs. 4.2 mm; p <0.001) [38]. Jackson et
al. similarly evaluated hip anterior translation in a group of
asymptomatic dancers in the neutral and extension/external
rotation positions of the hip joint and found anterior transla-
tion in extension, external rotation to be a mean of 3.8 mm
and 4.1 mm in females and males, respectively, with a mean
difference of 1.2 mm and 1.3 mm anterior to anterior trans-
lation in the neutral position [39].

In contrast to anterior translation of the femoral head, Le
et al. proposed a protocol for evaluation of posterior femo-
roacetabular translation with the patient in either a lateral
decubitus or standing position, with the probe at the lateral
aspect of the hip, parallel to the femur. Posterior directed
forces were obtained by either passively flexing 110°,
adducting, and internally rotating the hip (PFADIR) while
in a lateral decubitus position, or by having the patient stand

S

ACETABULUM

FEMORAL HEAD-NECK JUNCTION

dynamic image obtained while flexing the hip to 90 degrees showing
no evidence of FAI with no deformation of the labrum and no osseous/
cam impingement
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Fig. 8 Long-axis sonographic images of the anterior hip during
dynamic imaging for microinstability. (A) Image obtained at neutral
revealing the anterior aspect of the femoral head to be only minimally
(1.78 mm) anterior to the acetabulum. (B) Image obtained with the
ipsilateral hip extended and externally rotated and the contralateral hip

with feet hip-distance apart and flexing their spine over to
reach their contralateral toes (PStand). In this cohort, they
found mean values of translation to be 3.6 mm, 10.5 mm,
and 8.2 mm for neutral, PFADIR, and PStand respectively,
with fair to good intra-rater reliability and good to excellent
inter-rater reliability [40]. Given its ability to observe joint
biomechanics while simultaneously assessing a patient’s
symptomatology throughout motions placing both ante-
rior and posterior stress on the joint, US is a useful tool at
determining the role hip microinstability plays in a patient’s
pathology. It remains to be seen how these sonographic
findings of instability correlate with symptom relief after
various surgical treatments.

Ischiofemoral Impingement

Ischiofemoral impingement is a less common etiology of
hip pain compared to other sources and involves mechani-
cal conflict between the lesser trochanter and ischium of the
pelvis. This condition is best evaluated with the patient in
a prone position and with the probe transversely oriented
around the level of the gluteal crease to visualize the ischio-
femoral space, which is bound medially by the ischium and
laterally by the lesser trochanter, with the quadratus femoris
muscle and sciatic nerve visualized within this space. The
knee can then be flexed at 90 degrees to allow for control of
femoral rotation— the ischiofemoral space is observed while
externally rotating the hip, noting impingement with marked
compression of the quadratus femoris as well as possibly
the sciatic nerve, along with reproduction of patient symp-
toms [33]. While evaluation of the ischiofemoral space has
most commonly been performed with MRI, measurements
attained by US have been found to be correlated to those of
MRI in both asymptomatic patients and those with symp-
toms of ischiofemoral impingement, although with variable
accuracy compared to MRI [41, 42]. Further reports have
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hyperflexed. This resulted in significant (7.31 mm) anterior translation
of the femoral head, anterior to the acetabulum, during stress maneu-
vers with bowing of the overlying joint capsule and corresponding
symptoms, consistent with microinstability

noted that using an US-guided anesthetic injection of the
fascial plane between the quadratus femoris and the obtura-
tor muscles can help in diagnosis and treatment of ischiofe-
moral syndrome [43—45].

Snapping Hip Syndrome

Snapping hip syndrome is a condition in which an audible
or palpable “snap” or pop can be felt or heard by the patient
during motion of the hip. It is often associated with pain,
locking, or a stabbing sensation and has been reported to
occur in as high as 5-10% of the general population [46].
While intra-articular pathology can cause similar symp-
toms in what is described as intra-articular snapping hip
syndrome, extra-articular snapping hip syndrome can be
further delineated as internal and external. Internal snap-
ping is caused by the iliopsoas tendon snapping over the
iliopectineal eminence, whereas external snapping is caused
by movement of the gluteus maximus or the iliotibial band
over the greater trochanter [46, 47]. Extra-articular snap-
ping hip syndrome can often be diagnosed with clinical
exam, however, dynamic US can be useful for confirmation
and identification of involved structures [5]. In evaluation
of external snapping hip, the patient is best positioned in
the lateral decubitus position with the probe evaluating the
peri-trochanteric region, with evaluation of relative move-
ment of structures while the patient flexes and extends
their hip. In early flexion, transient restraint of the iliotibial
band and gluteus maximus tendon against the posterolat-
eral aspect of the greater trochanter will be seen, followed
by a sudden release with increased flexion. Care should be
taken to observe the state of the iliotibial band and greater
trochanteric bursa, as these can be thickened and inflamed
[48]. Internal snapping hip is best observed with the patient
supine, with the transducer held in an oblique transverse
plane between the anteroinferior iliac spine and the superior
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pubic ramus (Fig. 6A). The patient then performs hip flex-
ion-abduction-external rotation, followed by extension and
adduction; the sonographer then evaluates for snapping of
the psoas major tendon on the superior pubic ramus with
extension and adduction [46, 48]. Alternatively, for both
external and internal snapping hip evaluation, the patient
can also be asked to produce any movements that they know
will reproduce their symptoms.

Intra-Operative Use during Hip Arthroscopy

Several investigations have applied the use of US intra-oper-
atively alongside hip arthroscopy and the surgical treatment
of FAI Intra-operative use was first described by Hua et
al. in attempt to limit radiation and provide a better assess-
ment of 3-dimensional space and soft tissue structures than
fluoroscopy. An intra-operative radiologist assisted with the
procedure, and while the group found US to be successful
with limited complications, they did note drawbacks includ-
ing a crowded surgical field, the potential for poor visu-
alization with hemorrhage as well as increased difficulty
with larger patient habitus [49]. Weinrauch et al. published
methodology with a similar technique, however, without the
assistance of a radiologist and with the use of longitudinal
traction, and although finding a similar low iatrogenic com-
plication rate and eventual ease of use, noted the importance
of undergoing formal musculoskeletal US training as well
as using fluoroscopy for assistance in their first 30 cases
[50]. Keough et al. demonstrated the use of US-assistance in
lateral positioning, and while also noted success, expressed
similar limitations to prior as well as possibly losing the
ability to judge the extent of resection during osteoplasty
[51]. Results of comparative studies between US and fluo-
roscopy have been mixed, with advantages of US notable
for being less cumbersome and able to image from ante-
rior to posterior [52], however, with potentially higher
operative time and higher rate of iatrogenic injury, at least
early in training [53]. In addition to its use for portal place-
ment intraoperatively, Kaplan et al. proposed a protocol
for assessing cam lesions intraoperatively, although given
the steep learning curve and prior heterogenous results of
measuring alpha angles with US, suggested US may best
be used pre- and post-operatively, not intra-operatively, to
avoid radiation at less “critical” timepoints [54]. However,
a study by Clapp et al. investigated US measurement of pre-
and post-osteoplasty alpha angles in 20 cadaveric hips and
found no significant difference between measurements on
US and fluoroscopy in six hip positions pre- and post-osteo-
plasty, aside from flexion with neutral rotation post-osteo-
plasty [55], suggesting US may be a feasible alternative to
intraoperative fluoroscopy. Overall, while intraoperative
use of US does present advantages such as limiting radiation

and allowing for dynamic assessment of bone and soft tissue
in multiple planes, the intraoperative utility is debatable and
may come with a steep learning curve.

Conclusion

Several imaging modalities have become useful in diagnos-
tic workup of patients presenting with non-arthritic hip pain.
Current literature demonstrates inconclusive accuracy of US
to detect hip pathology in static evaluation when compared
to MRI, suggesting US may be more useful as an adjunct or
screening tool in this regard. However, in dynamic applica-
tion, US allows for evaluation of joint biomechanics (i.e.,
pathologic range of motion, femoral head translation) as
well as the dynamic interplay of extra-articular anatomy
(i.e., ischiofemoral impingement, snapping hip syndrome)
which can be difficult to assess with more traditional, static
modalities. Further investigations remain necessary to
standardize methodology and normative values, as well as
investigate ways in which US can be better optimized for
intraoperative use.
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