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Abstract
Objective To illustrate an advanced imaging parameter that describes the course of the iliopsoas tendon, and evaluate its
correlations with iliopsoas internal hip snapping syndrome.
Methods This retrospective cohort study reviewed hipMRI images of all patients seen by a single surgeon between January 2015 and
March 2016. The comparison group included all patients with clinical internal hip snapping, versus the control group that did not.MRI
images were processed using minimum intensity projection. Measurements obtained of the pelvis and course of the iliopsoas tendon
included: pelvic incidence, coronal angle, and sagittal opening angle (SOA). Comparison of measurements between the groups was
performed with Mann–Whitney U analysis and receiver operator curve (ROC) plotting, with a significance cutoff of p = 0.05.
Results The control group (n = 85) and comparison group (n = 48) demonstrated no difference in age or gender. Pelvic incidence
was similar [51.3 (± 10.7) degrees control versus 52.2 (± 7.7) degrees comparison (p = 0.36)], as was coronal angle [13.9 (± 4.6)
degrees control versus 14.8 (±4.8) degrees comparison (p = 0.15)]. There was a significant difference in SOA [137.0 (± 5.9)
degrees control versus 141.9 (± 6.5) degrees comparison (p < 0.01)]. ROC analysis revealed SOA threshold of 140 degrees for
clinical IP hip snapping (p < 0.01), with odds ratio 5.2 (2.4–11.3) for SOA > 140 degrees.
Conclusions Iliopsoas hip snapping is often part of a more complex disease process. While challenging to diagnose, advanced
imaging parameters, like the sagittal opening angle, relate with clinical pathology. The SOA offers diagnostic value, with a
threshold of greater than 140 degrees significantly correlating with clinical presentation.
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Introduction

Coxa saltans, or auditory snapping with hip movements, is a
common musculoskeletal complaint seen in 5–10% of the gen-
eral population [1]. There is no significant difference in gender,
although these symptoms are more common in elite athletes,
especially with hip flexion beyond 90 degrees [2]. Generally,
pain associated with this syndrome is aggravated by activities
including flexion and rotation [3, 4]. This painful snapping often
interferes with activity, and requires orthopedic evaluation.
Typically, these symptoms improve with nonoperativemeasures

including but not limited to stretching, physical therapy, non-
steroidal anti-inflammatory medications (NSAIDs), activity
modification, and local anesthetic injection [5]. If these mea-
sures fail, surgical lengthening of the offending tendon or de-
bridement of the appropriate pathology has been shown to pro-
vide relief [6]. Approximately one-third of patients present with
symptomology that is unresponsive to conservative manage-
ment; surgical intervention has a variable success rate, but large-
ly greater than 80% [7, 8].

Hip snapping is classified by pathology, whether intra- or
extra-articular. Intra-articular pathology, such as a labral tear,
cartilage defect, loose body, or osseous fragment can present
with audible snapping that accompanies hip movement [9].
Extra-articular sources of pathology that present similarly in-
clude either the iliotibial (IT) band or iliopsoas (IP) tendon.
The IT band Bsnaps^ as it moves over the lateral hip or greater
trochanter of the femur, while the IP tendon audibly snaps as it
moves, most commonly, over the pectineal eminence of the
anterior pelvis [10].
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The IP tendon is more than just a source of hip snapping. It
plays a significant role as a dynamic hip stabilizer [11]. The
primary function of the IP muscle is hip flexion from 45 to 60
degrees of flexion. Secondarily, the tendon is a stabilizer of the
femoral head within the acetabulum from 0 to 15 degrees of
hip flexion [12]. When injured or inflamed, it can be a source
of snapping and/or discomfort, and due to its anatomic rela-
tion to hip structures, tightness, or contracture can be symp-
tomatic (Fig. 1). Chronic IP pathology, wear, or compromise
can also contribute to atraumatic hip instability [13].
Therefore, IP involvement in snapping hip requires evaluation
and potential intervention.

In evaluation of a snapping hip, distinguishing between
intra- and extra-articular pathology is difficult. Advanced
imaging is useful to evaluate for intra-articular causes [9].
Diagnosis of extra-articular pathology is often more chal-
lenging as it is clinical and reliant on physical exam.
Between the two etiologies of extra-articular snapping hip,
the IP tendon is more difficult to diagnose. IT band snapping
is often reproducible at the lateral hip and can be easily
palpated during hip range of motion [10]. Symptoms of IP
pathology localize to the medial hip, as seen with intra-
articular pathology [14]. However, IP tendon pathology has
been shown to be more commonly associated with hip dys-
plasia versus other etiologies [2].

Both sources of extra-articular pathology are associated
with coxa vara, or increased femoral head-neck angle, due to
inefficiency of hip musculature [15]. IP pathology also dem-
onstrates a relationship with anatomic variants, including the
bifid IP tendon where the iliacus portion inserts inferior to the
lesser trochanter (LT) of the femur while the psoas portion
inserts at the LT [16]. A bifid IP tendon can result in snapping
as the medial limb of the tendon flips over the lateral limb
during hip flexion [17].

Imaging to diagnose the IP tendon as the etiology of a
snapping hip can be useful. Dynamic ultrasound examination
can demonstrate abrupt tendon movement that accompanies
the audible snap on exam [18, 19]. However, as with all ultra-
sound, this is reliant on patient positioning, and can change
based on symptom severity or patient compliance; therefore, it
is not reliably reproducible. Correlation with other radiologic
parameters can also yield valuable information. Lumbo-pelvic
junction alignment has been thought to play a role in hip
disorders in general, as it is significant for maintaining equi-
librium of the dynamics between the hips and spine [20].
Pelvic incidence (PI), an angle between the hip joint and a
line perpendicular to the sacral endplate, is a reliable measure
of sagittal lumbo-pelvic alignment as it is position-
independent [21]. PI has been shown to be associated with
symptomatic hip pathology, as a decreased PI may play a role

Fig. 1 Anatomic course of
iliopsoas tendon. Figure depicting
the course of the iliopsoas tendon
with respect to the hip joint,
highlighting anatomic
relationships and associated
problems with IP contracture

890 Skeletal Radiol (2019) 48:889–896



in femoro-acetabular impingement (FAI) [21, 22]. As a radio-
graphic parameter, although thus far not associated directly
with hip snapping, PI clearly influences hip mechanics and
function and may potentially influence the clinical manifesta-
tions of an extra-articular hip pathology. Image-guided injec-
tions can also be used for diagnosis: when the IP tendon is
injected with anesthetic under ultrasound guidance, symptom-
atic relief identifies the IP tendon as the etiology [23].

The use of magnetic resonance imaging (MRI) to diagnose
IP tendon pathology as the cause of snapping hip has thus far
been limited. MRI can show inflammation or signal changes
in the IP tendon suspicious for tendon pathology, but with
only a static image it has not been shown to reliably identify
the tendon as the etiology [24]. There has been some diagnos-
tic value previously documented with coronal MRI scans that
trace the iliopsoas compartment, using the so-called
Bcheckmark sign^, which is similar to the coronal angle of
the course of iliopsoas tendon [25]. However, we believe that
the MRI can provide much more valuable information when
reviewing certain radiologic parameters. Using minimum inten-
sity projection, or MIP protocol, this study will explore patterns
in radiologic measurements of the IP tendon along its course
about the hip including the sagittal opening angle, pelvic
incidence, and coronal angle. The goal is to compare these
measurements between the groups and to identify what
radiologic parameters, if any, can be used to identify patients that
have an increased risk of IP tendon pathology and symptomatic
snapping hip. The null hypothesis of the study is no difference
between the groups with respect to MRI imaging parameters.

Methods

This IRB-approved study is a retrospective cohort study per-
formed at a single surgical center by a single surgeon. Patients
were identified by CPT billing code and ICD 9 or 10 diagnosis
code for hip pathology. The control group included all patients
with hip complaints warranting MRI of the hip but no clinical
or radiologic findings consistent with hip snapping. These
included diagnoses of hip pain, labral or chondral injury,
femoral-acetabular impingement, loose bodies, and osseous
or chondral defects. The IP hip snapping group included pa-
tients with a clinical or radiologic diagnosis of IP hip snapping
without other concomitant hip pathology. All patients had
been treated at a single surgical center between January
2015 and March 2016, with minimum 6-month follow-up.

Inclusion criteria includes patients age 18–80, treated by a
single surgeon, with a hip MRI obtained to evaluate hip pa-
thology. Exclusion criteria include age greater than 80, as
tendon degeneration was thought to possibly affect imaging
reliability. Other exclusion criteria include ipsilateral hip trau-
ma, prior surgery to ipsilateral hip, or previous intervention for
snapping hip. Patients with IT band pathology as the etiology

of external snapping hip were excluded, as this study focuses
on the IP tendon. Age 80+ were excluded due to age as a
confounding variable. Patients with incomplete X-rays,
MRI, or exams of insufficient quality were excluded as well.
Demographic data was gathered through retrospective chart
review of all enrolled subjects. This included age and gender.

Patients were separated into the IP hip snapping group if they
had clinically documented IP tendon pathology as the etiology of
an internal snapping hip. This was diagnosedwith a combination
of dynamic ultrasound examination,MRI tendinopathy, or signal
change in the IP tendon in the absence of intra-articular hip
pathology, and clinical exam. The remaining patients in the con-
trol group include all patients that obtained an MRI of the hip
thatmet the above inclusion and exclusion criteria. This includes,
largely, patients with intra-articular hip pathology, whether asso-
ciated with hip snapping or not. Clinically, all patients were
evaluated by a fellowship-trained, board-certified sports medi-
cine orthopedic surgeon specializing in hip pathology.

MRI of the hip was reviewed for all subjects. All MRIs
were obtained with the patient in supine position, with slight
internal rotation of the hip. Minimum intensity projection
(MIP) sequences were performed using a slab thickness of
15 mm concentrating on the iliopsoas tendon course in the
coronal and sagittal planes [26, 27]. Minimum intensity pro-
jection is a rendering technique that detects the lowest signal
voxels in a given volume and projects the data into a two-
dimensional reformat. This method allows for improved visu-
alization of the full extent of low signal intensity structures
such as tendons. Three measurements were taken including
pelvic incidence (PI), coronal angle (CA), and sagittal opening
angle (SOA). PI was measured on sagittal radiographs of the
lumbosacral spine and from the lateral scout view from CT
scans of the hip as the sum of pelvic tilt and sacral slope
(Fig. 2). The pelvic tilt is the acute angle measured on a sag-
ittal image between a vertical line from the center of the fem-
oral head and a line intersecting the midpoint of the S1 supe-
rior endplate. The sacral slope is the acute angle between a
horizontal reference line and a line parallel to the S1 endplate
[28]. CAwasmeasured from the coronalMinIP reconstruction
of the hipMRI. It is themeasure of the angle of horizontal drift
of the iliopsoas tendon relative to midline (Fig. 3). The angle
is centered about the apex of the tendon’s course around the
femoral head, between a vertical reference line and a line
along the distal path of the tendon. SOAwas measured from
the sagittal MinIP reconstruction of the hip MRI. The angle
was centered at the apex of the iliopsoas tendons curvature in
the sagittal plane and was determined by measuring the angle
formed between a line tangent to the proximal portion of the
tendon versus distal portion of the tendon relative to the apex
of the curve. Example measurements can be seen in Figs. 4
and 5, with small and large SOA measurements, respectively.
Measurements were performed by a single board-certified ra-
diologist specializing in musculoskeletal imaging.
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Subjects were then divided into groups with IP hip snap-
ping pathology or the control group, as outlined above.

Statistical analysis included basic summary analyses, non-
parametric Mann–Whitney U test, frequency plotting, and re-
ceiver operating characteristic (ROC) analysis to identify any
angle cutoffs that may provide correlations or potential diag-
nostic information.

Pre hoc power analysis was constructed to determine an
effect size difference of 3 degrees in angle measurement, with
a requirement of 46 subjects. Statistical significance was de-
termined via a two-tailed distribution with cutoff of p = 0.05.
Statistical analyses were performed via SPSS (IBM, Armonk,
NY, USA).

Results

Of 172 patients that underwent MRI imaging within the asso-
ciated timeframe, 85 were evaluated as the control group, with
a mean age of 31.9 years. The IP hip snapping group included
48 patients, with a mean age of 31.7 years. Remaining patients
were excluded for insufficient follow-up, incomplete or unus-
able imaging, or confounding injury; the distribution of ex-
cluded patients mirrored the 85 vs. 48 sample population.
There was no significant difference in age or gender distribu-
tion between the two groups (p = 0.32, p = 0.14; Table 1).Fig. 3 Example of coronal angle

Fig. 4 Example of small sagittal opening angle. Example MRI projection
using MIP of the course of an Iliopsoas tendon with a relatively small
sagittal opening angle

Fig. 2 Example of pelvic incidence
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Comparison of angles, documented in Table 2, demon-
strates PI measurements with an average of 51.3 (± 10.7) de-
grees in the control group, and 52.2 (± 7.7) degrees in the IP
hip snapping group. This difference was not significant (p =
0.36). Coronal angle measured a mean of 13.9 (± 4.6) degrees
in the control group, versus 14.8 (± 4.8) degrees in the IP hip
snapping group, with no significant difference (p = 0.15).
SOA demonstrated an average of 137.0 (± 5.9) degrees in
the control group versus 141.9 (± 6.5) degrees in the IP hip
snapping group. This difference was statistically significant,
with p < 0.01.

Specific analysis of the SOA was carried out with ROC
analysis. Distribution of SOA measurements is demonstrated
in Fig. 6. Distance to Corner methodology was used to iden-
tify the best cutoff SOA measurement, with 140 degrees pro-
viding the smallest distance to corner for the ROC plot
(Fig. 7). Thirty-four of the 48 patients in the hip snapping
group had SOA greater than 140 degrees, compared to 27 of
85 patients in the control group, which was a statistically

significant difference (p < 0.01). The odds ratio (OR) for IP
hip snapping given SOA > 140 degrees was 5.2 (2.4–11.3),
making it significant (range does not include 1). The 140-
degree SOA cutoff was 70.8% sensitive and 68.2% specific
for IP hip snapping, with a positive predictive value (PPV) of
55.7% and negative predictive value (NPV) of 80.6%
(Table 3).

Discussion

Hip snapping is a commonmusculoskeletal complaint, seen in
5–10% of the general population, and even more frequently in
athletes [1]. While patients have demonstrated promising re-
sponses to both operative and non-operative treatment modal-
ities, establishing the diagnosis can be complicated [7, 8].
Furthermore, symptomatic snapping of the iliopsoas often oc-
curs as a spectrum of other disease states, such as FAI,
atraumatic instability, acetabular dysplasia, or proximal fem-
oral anteversion.

This condition presents a significant clinical challenge.
Snapping symptoms can be aggravated with lumbo-pelvic
hyperlordosis, whether a native anatomic variant or voluntary
position in athletes such as dancers, as this brings the femoral
head anteriorly in the acetabulum [29, 30]. Rehabilitation is
therefore more involved than simply focusing on the IP ten-
don alone. Pelvic anteversion or proximal femoral anteversion
can also result in increased biomechanical tension on hip flex-
or extrinsics, and can contribute to extra-articular hip snapping
[31]. Therefore, symptomatic hip snapping is not necessarily a
condition in isolation, but rather part of a constellation of
pathology involving the hip, lumbar spine, and pelvis.

A significant challenge in workup of hip snapping syn-
drome is the identification of the exact etiology, as hip snap-
ping is often a uniquely dynamic phenomenon and difficult to
evaluate from static images. Dynamic ultrasound has been
shown recently to aid in diagnosis of extra-articular etiologies,
including both IT band and IP tendon pathology [18]. Until
now, static MRI images have held limited value, as they can
only demonstrate tendinopathy, which cannot be reliably used
for etiological identification.

Previously, pelvic incidence has demonstrated a relation-
ship with hip pathology, as a decreased PI is associated with

Table 1 Demographic data comparison

IP hip snapping Control p value

Age 31.7 31.9 0.32

Gender 13 M, 35 F 31 M, 54 F 0.14

Fig. 5 Example of large sagittal opening angle. Example MRI projection
using MIP of the course of an Iliopsoas tendon with a relatively large
sagittal opening angle

Table 2 Radiologic parameter comparisons

IP hip snapping:
angle (standard
deviation)

Control group:
angle (standard
deviation)

p value

Pelvic incidence 52.2 (7.7) 51.3 (10.7) 0.36

Coronal angle 14.8 (4.8) 13.9 (4.6) 0.15

Sagittal opening angle 141.9 (6.5) 137 (5.9) < 0.01
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increased FAI [21, 22]. A decrease in PI is a relative restriction
in spinopelvic motion, therefore limiting patients’ ability to
compensate for hip pathoanatomy. Recent studies have found
a clear relationship between lower PI and cam and pincer
deformities, suggesting that a lower PI results in increased
stresses at the hip joint that result in bony overgrowth [22].
Therefore, it stands to reason that PI may play a role in IP hip
snapping.

As hip snapping is involved with symptomatic FAI, this
study prudently evaluated PI as a potential radiographic factor
in patient presentation. CA and SOA measurements were
evaluated as the MIP provided a unique static look at the
course of the IP tendon about the hip, and both the CA and
SOA serve as descriptors of said course. This study found no
significant correlation between pelvic incidence or IP tendon
coronal angle measurements and clinical hip snapping, which
suggests that the previously established relationship between
PI and the FAI syndrome may be related to pathology other
than the IP tendon.

The significance of the sagittal opening angle findings sug-
gests a relationship of increased SOAwith IP tendon-associated
hip snapping. Figure 6 demonstrates the distribution of SOA

among the two groups. Since the SOAwas significantly differ-
ent between the groups, further analysis was carried out. While
this study is not comprehensive enough to establish causation
between SOA of the IP tendon and hip snapping, these findings
reveal a correlation and potential diagnostic role of the SOA
measurement. A greater SOA translates to a more vertically
oriented course of the IP tendon. This likely implies a shorter
IP tendon under greater tension, although this has not yet been
studied and is an avenue for further potential biomechanical
study. This could potentially explain why surgical procedures
to lengthen the IP tendon are so effective in addressing hip
snapping.

As the 140-degree SOA cutoff minimizes the distance to
corner measurement of the ROC curve, it provides the greatest
trade-off between sensitivity and specificity when evaluating
for hip snapping in comparison to the control. With a sensi-
tivity of 70.8% and specificity of 68.2%, an SOA measure-
ment greater than 140 degrees is a fairly reliable marker for
hip snapping pathology. As this is a limited retrospective co-
hort review, the SOA cannot be used independently as a diag-
nostic tool, but this correlation can aid diagnosis and guide
treatment.

Fig. 6 Distribution of sagittal
opening angle measurements
displayed, demonstrating a
significantly higher relative
frequency with measurements of
140 degrees or greater in the IP
hip snapping group

Fig. 7 ROC curve for sagittal
opening angle > 140 degrees.
Receiver operating characteristic
curve for SOA threshold of 140
degrees demonstrates an excellent
fit with area under the curve
(AUC) of 71%
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The SOA cutoff of 140 degrees has a NPVof 80.6%, which
is a reliable degree of confidence and can aid in ruling out the
IP tendon as a source of hip snapping pathology.With an odds
ratio of 5.22, this data suggests patients with a SOA measure-
ment of 140+ degrees are 5.22× more likely to have hip snap-
ping complaints.

This study presents a unique imaging parameter, establish-
ing confidence in the relationship between SOA of the IP
tendon onMRI and hip snapping pathology. It has some value
in identifying the etiology of internal hip snapping, which is
thus far lacking in the literature. However, it is limited. As
mentioned, this is a retrospective review, and the control
group is not ideal as MRIs are not routinely obtained in
asymptomatic patients without hip complaints. While the dif-
ference in angle measurements between the two groups was
small, this study was sufficiently powered to detect such a
difference. However, this study did not take into account the
bifid anatomic variant of the IP tendon, and this could be a
confounding variable. There is inherent bias in the study, as
with its retrospective nature it does not fully capture patients
with clinical IP hip snapping that did not undergo MRI.
Additionally, only one radiologist well versed in SOA partic-
ipated in obtaining angle measurements; the broad generaliz-
ability of this technique would benefit from more diverse par-
ticipation in imaging assessment to ensure inter-observer reli-
ability. Also, a matched case-control or prospective study may
offer more robust findings, and offer an opportunity to avoid
the aforementioned biases. Correlation of SOAwith iliopsoas
tendon signal change from a standard-projection MRI may
offer additional insight. These findings could also benefit from
a larger study on a broader population size, comparing radio-
logic parameters from hip snapping patients to those with no
hip pathology. Outcomes data would be useful to identify if
there are any trends amongst patients with imaging-associated
IP hip snapping in regard to treatment modalities.
Additionally, identification of further MRI imaging parame-
ters to help with etiologic workup would be priceless in the
workup of hip pathology.

Conclusions

Internal coxa saltans, or hip snapping, is a common orthopedic
complaint. Diagnosis of a specific etiology can prove chal-
lenging, as the pathology is dynamic and complex

biomechanical factors coexist and influence one another.
While some newer diagnostic methods can help, this study
establishes the value of the sagittal opening angle, a radiologic
parameter found on MRI, and its relationship to hip snapping
pathology of the iliopsoas tendon. This study most reliably
demonstrates a negative predictive value of 80.6% with a
SOA cutoff of 140 degrees, suggesting that a SOA below
140 degrees on MRI reliably correlates with the IP tendon
not being involved in hip pathology. There is room for further
study, but these findings help further the information that can
be gleaned from a static image for this dynamic pathology.
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