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KEY POINTS

� The iliopsoasmusculotendinous unit is a powerful hip flexor used for normal lower extrem-
ity function, but disorders of the iliopsoas can be a significant source of groin pain in the
athletic population.

� Arthroscopic release of the iliopsoas tendon and treatment of coexisting intra-articular ab-
normality is effective for patients with painful iliopsoas snapping or impingement that is
refractory to conservative treatment.

� Tendon release has been described at 3 locations: in the central compartment, the periph-
eral compartment, and at the lesser trochanter, with similar outcomes observed between
the techniques.

� Releasing the tendon lengthens the musculotendinous unit, resulting in transient hip flexor
weakness that typically resolves by 3 to 6 months postoperatively.
INTRODUCTION

The iliopsoas musculotendinous unit is a powerful hip flexor that is important for
normal hip strength and function. Even so, pathologic conditions of the iliopsoas
have been implicated as a significant source of anterior hip pain. Iliopsoas disorders
have been shown to be the primary cause of chronic groin pain in 12% to 36% of ath-
letes and are observed in 25% to 30% of athletes presenting with an acute groin
injury.1–4 Described pathologic conditions include iliopsoas bursitis, tendonitis,
impingement, and snapping. Acute trauma may result in injury to the musculotendi-
nous unit or avulsion fracture of the lesser trochanter. Developing an understanding
of the anatomy and function of the musculotendinous unit is necessary to accurately
determine the diagnosis and formulate an appropriate treatment strategy for disorders
of the iliopsoas.
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ANATOMY AND FUNCTION

The iliopsoas tendon-muscle complex is composed of 3 muscles: the iliacus, psoas
major, and psoas minor (Fig. 1).5 The psoas major is a long fusiform muscle that orig-
inates on the vertebral bodies, transverse processes, and intervertebral disks of T12-
L5.5,6 The iliacus is a triangular fan-shaped muscle that is composed of medial and
lateral bundles and originates from the ventral lip of the iliac crest, superior two-
thirds of the iliac fossa, and sacral ala.5–8 A third, smaller bundle, known as the ilio-
infratrochanteric muscle, has been observed lateral to the lateral iliacus.8,9 Innervation
of the psoas major and iliacus are from the ventral rami of L1-3 and femoral nerve (L1-
2), respectively.5

The psoas major and iliacus muscles converge at the level of the L5 to S2 vertebrae
to form the iliopsoas muscle.9 Before this convergence, the psoas major tendon orig-
inates above the level of the inguinal ligament fromwithin the center of the psoasmajor
muscle.9 As the tendon courses distally, it rotates clockwise (right hip) and migrates
posteriorly within the muscle, lying immediately anterior to the hip joint, and inserts
directly on the lesser trochanter (Fig. 2).9
Fig. 1. AP anatomy of the iliopsoas musculotendinous unit as described by Tatu and col-
leagues9 and Guillin and colleagues.8 IIT, ilio-infratrochanteric muscle; LFI, lateral fibers of
the iliacus; MFI, medial fibers of the iliacus; PMa, psoas major; PMi, psoas minor.



Fig. 2. Cross-sectional anatomy of the iliopsoas through the hip joint as described by Tatu
and colleagues9 and Guillin and colleagues.8 The plane (black line) is demonstrated on
the AP image. At this level, the iliacus (double asterisk) and psoas (asterisk) tendons are pos-
terior to the iliopsoas muscle bundles and anterior to the hip joint and labrum (arrow).
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Significant anatomic variability of the iliopsoas musculotendinous unit has been re-
ported in the literature.6,9–12 In a cadaveric study, Tatu and colleagues9 reported the
presence of 2 tendinous structures: the psoas major and iliacus tendons. The medial
iliacus muscle bundle was shown to insert onto the iliacus tendon, which progressively
converges with the larger and more medial psoas major tendon.9 The lateral muscle
bundle of the iliacus courses distally, without any tendinous attachments, and inserts
on the anterior surface of the lesser trochanter and infratrochanteric ridge.9 These
findings were corroborated in a study by Guillin and colleagues8 using ultrasound
(US) to map the iliopsoas anatomy. Conversely, in a study using MRI with cadaveric
correlation, Polster and coworkers10 noted the medial iliacus bundle merged directly
into the psoas major tendon, whereas the medial-most fibers of the lateral iliacus
bundle inserted on a distinct thin intramuscular tendon. Philippon and colleagues6

examined 53 fresh frozen cadavers and demonstrated at the level of the hip joint
the prevalence of a single-, double-, and triple-banded iliopsoas tendon was noted
28.3%, 64.2%, and 7.5% of the time, respectively. In the pediatric population, the
presence of 2 distinct tendons was observed in 21% of patients undergoing MRI.11

Although controversy exists regarding the number of tendons and the relative contri-
butions of the different muscle fibers to each tendon, the current literature challenges
historical descriptions of a single common conjoint tendon.
The iliopsoas bursa, also known as the iliopectineal bursa, is positioned between

the musculotendinous unit and the bony surfaces of the pelvis and proximal femur.
It has been shown to be the largest bursa in the human body, typically extending
from the iliopectineal eminence to the lower portion of the femoral head, with an
average length of 5 to 6 cm and width of 3 cm.9 Reports of communication of the bursa
with the hip joint, through a congenital defect between the iliofemoral and pubofe-
moral ligaments, are variable. Tatu and colleagues9 reported no communication in
14 cadaveric dissections; however, others have observed a direct communication
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between the joint and bursa in 15% of patients.13 It is important to consider this
communication during diagnostic injections, because the anesthetic material can
move between the intra-articular and bursal compartments, confounding the results
of the test.
The iliopsoas unit functions primarily as a powerful hip flexor, but also has important

function in femoral external rotation and with lateral bending, flexion, and balance of
the trunk.14–17 The iliacus and psoas major have been shown to have individual and
task-specific activation patterns.14,16 The iliacus is important for stabilizing the pelvis16

and for early rapid hip flexion while running.14 The psoas major is important for sitting
in an erect position and stability of the spine in the frontal plane.16 Variable contribution
of each muscle is observed during sit-ups depending on the angle of hip flexion.16

The psoas minor is a long slender muscle that originates from the vertebral bodies of
T12 and L1 and is only present in 60% to 65% of individuals.18,19 Distally, it merges
with the iliac fascia and psoas major tendon, and in 90% of specimens, it has a firm
bony attachment to the iliopectineal eminence.19 The attachment to both the iliac fas-
cia and the bony pelvis may assist in partially controlling the position and mechanical
stability of the underlying iliopsoas as it crosses the femoral head.19
ILIOPSOAS SNAPPING

Iliopsoas snapping, also knownascoxa saltans interna or internal hip snapping, is a dis-
order characterized by painful audible or palpable snapping of the iliopsoas during hip
movement. Symptomatic snappingmost commonly occurswith activities or sports that
require significant hip range-of-motion, such as dance, soccer, hockey, and foot-
ball,20,21 and is observed more commonly in girls and women than in boys and
men.22 A history of acute trauma has been associated with the development of snap-
ping in up to 50% of cases.23 Although the true prevalence of this disorder is unknown,
symptomatic snapping has been observed in up to 58% of elite ballet dancers.21 Even
so, theprevalenceof asymptomatic snapping in thegeneral population hasbeenshown
to be as high as 40%.8 Therefore, careful assessment is important to determine if the
snapping is symptomatic before proceeding with a treatment plan.

Snapping Mechanism

In 1951, Nunziata and Blumenfeld24 first described the mechanism of internal coxa
saltans as snapping of the iliopsoas tendon over the iliopectineal eminence of the
pelvis. Since then, dynamic US has been used in several studies to confirm this mech-
anism as the primary source of iliopsoas snapping.21,23,25–27 Most studies report a
sudden “jerky” movement and audible or palpable snap of the iliopsoas over the ilio-
pectineal eminence as the hip is brought from a position of flexion, abduction, and
external rotation (FABER) to extension and neutral.
Although abnormal movement of the tendon over the iliopectineal eminence is

commonly described as the source of the snapping phenomena, alternative mecha-
nisms have been proposed. Several studies propose that soft tissue abnormalities,
such as an accessory iliopsoas tendinous slip,28 a paralabral cyst,28 and/or stenosing
tenosynovitis, are the source of snapping.29 Other investigators have determined the
iliopsoas snapping occurs over a bony prominence other than the iliopectineal
eminence, such as the lesser trochanter13 or the femoral head.30 More recently, dy-
namic US has been used to demonstrate a sudden flipping of the psoas tendon over
the iliacus muscle as the source of snapping.8,21,28 In these studies, as the hip was
flexed, abducted, and externally rotated, the iliacus became interposed between the
psoas tendon and the superior pubic rami. As the hip was brought to neutral, part of
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the medial iliacus muscle became trapped as the tendon followed a reverse path to its
original position. The trapped iliacus is suddenly released, resulting in an audible snap
of the tendon against the pubic bone. Contrary to the original mechanism described by
Nunziata and Blumenfeld, the iliopectineal eminence was medial to the psoas tendon
and not involved with the observed snapping phenomena.28 Overall, the exact mecha-
nismof snapping remains controversial, and the lack of consensus regarding themech-
anism supports the possibility of several potential causes for iliopsoas snapping.

Iliopsoas Bursitis and Tendonitis

Iliopsoas bursitis and tendonitis have been shown to be closely associated with the
repetitive pathologic movement of the tendon observed in symptomatic coxa saltans
interna.13,26,31,32 The irregular movement of the tendon during the snapping phenom-
ena is thought to cause irritation and inflammation of the underlying bursa.33–35 Even
so, some studies demonstrate no objective abnormality of the bursa in patients under-
going open surgery for symptomatic snapping.13,36 Nevertheless, these conditions
coexist so frequently that Johnston and coworkers31 suggested they be considered
a single entity referred to as “iliopsoas syndrome.” Correspondingly, the diagnostic
workup and treatment for these conditions are the same.

History and Physical Examination

The diagnosis of iliopsoas snapping begins with a thorough history. Patients often
report painful snapping with hip movement during sporting or recreational activities.
Patients may also have pre-existing asymptomatic snapping that becomes painful af-
ter repetitive training activities involving high hip flexion angles.20 Symptoms can also
occur during activities of daily living such as climbing stairs or standing from a sitting
position.37 The snapping sensation is accompanied by groin pain that may radiate into
the thigh or top of the knee.
Physical examination should include a complete musculoskeletal evaluation of the

hip and focused specialty tests specific for the suspected diagnosis. The most
commonly described examination maneuver for detecting internal hip snapping is
what is referred to as the “active iliopsoas snapping test.” This test is performed by
having the patient actively move the hip from the FABER position to extension and
neutral (Fig. 3). The examiner’s hand should be placed on the groin to palpate the iliop-
soas snapping, which typically occurs with the hip at between 30� and 45� of flexion.38

Iliopsoas strength is assessed by resisted hip flexion with the patient in the sitting po-
sition. Testing in this manner may also result in groin pain, but does not usually re-
create snapping. Localized swelling of the inguinal region has been reported in up
to 59% of patients with painful internal snapping.26

It is paramount to also evaluate the patient for external snapping of the iliotibial band
(ITB) over the greater trochanter, which may present in a similar manner to iliopsoas
snapping. Patients often report a sensation of the hip dislocating during the snapping
event. The examination is the most efficient way to distinguish between internal and
external hip snapping. The author’s preferred examination technique, the “bicycle
test,” for determining the presence of external hip snapping is performed by having
the patient actively cycle the affected extremity from flexion to extension while lying
in the lateral decubitus position (Fig. 4). A palpable snap or clunk over the greater
trochanter is confirmatory for this diagnosis.

Imaging

Although iliopsoas snapping is typically diagnosed with a thorough history and phys-
ical examination, imaging studies can be valuable for confirming the diagnosis and



Fig. 3. The “active iliopsoas snapping test”
for internal snapping of the iliopsoas. The
patient actively moves the hip from flexion
(A) to abduction and external rotation (B),
and then to extension and neutral (C). A
palpable clunk or pop is often felt with
the examiner’s hand placed over the hip.
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identifying concomitant hip abnormality. Radiographic evaluation should begin with
anteroposterior (AP) pelvis and lateral hip radiographs to rule out acute or chronic
osseous abnormalities and to evaluate for radiographic signs of femoroacetabular
impingement (FAI). In cases wherein the source of snapping is uncertain, dynamic
US can be used to visualize the iliopsoas tendon or ITB during provocative maneuvers,
such as the active iliopsoas snapping and bicycle tests.8,21,23,25–28,32 US is also useful
in identifying joint effusions and synovitis, rectus femoris tendinopathy, and iliopsoas
bursitis and tendonitis.26,32 In addition to also being able to detect iliopsoas tendinitis
and bursitis,23 MRI is useful in diagnosing associated chondral and labral abnormality,
which are present in 67% to 100% of patients presenting with painful iliopsoas
Fig. 4. The “bicycle test” for external snapping of the ITB. In the lateral decubitus position,
the patient actively flexes (A) and then extends (B) the hip. A palpable, audible, and/or
visible clunk can be detected over the greater trochanter.



Iliopsoas 425
snapping.39–42 MRI can also determine the pathologic reason for snapping in up to
100% of patients.26 In addition to formal imaging, US-guided injections of the iliop-
soas bursa are useful in the evaluation of iliopsoas snapping (Fig. 5).43 A preinjection
and postinjection examination can be performed to determine if the patient experi-
ences pain relief, and if so, supports the diagnosis of painful snapping.39

Surgical Treatment

Surgical treatment is considered in patients that have failed at least 3 months of a
dedicated conservative program, including activity modification, physical therapy,
nonsteroidal anti-inflammatory drugs (NSAIDs), and corticosteroid injections. The
goal of surgical treatment is to lengthen the iliopsoas musculotendinous unit to pre-
vent snapping and mechanical overpressurization of the underlying bursa.
Various techniques have been developed to release or lengthen the iliopsoas

tendon. Historically, open surgery has been used; however, these procedures have
increased morbidity and inferior results compared with arthroscopic techniques. In
a systematic review of 11 studies, Khan and colleagues44 demonstrated a complica-
tion rate of 21% in open procedures compared with 2.3% using arthroscopic tech-
niques. Furthermore, patients undergoing open procedures had more postoperative
pain, and recurrent snapping occurred in 23% of open compared with 0% of the
arthroscopic surgeries.44 In addition to lower complications and recurrent snapping,
the arthroscopic approach can be used to diagnose and treat concomitant intra-
articular abnormality. Treatment of associated intra-articular abnormalities in conjunc-
tion with iliopsoas snappingmay result in improved patient-reported outcomes (PROs)
relative to open procedures. Currently, however, there are no direct comparative
studies evaluating open versus arthroscopic techniques for iliopsoas lengthening.
Arthroscopic release of the iliopsoas tendon has been described at 3 locations

(Fig. 6): in the central compartment (Fig. 7),40,41,45,46 in the peripheral compartment
Fig. 5. US-guided injection of the iliopsoas bursa demonstrating the needle trajectory (ar-
rows) toward the femoral head (A). The tip of the needle should penetrate through the
iliopsoas muscle (B) into the iliopsoas bursa, which is located between the posterior surface
of the iliopsoas (solid line) and the joint capsule (dashed line).



Fig. 6. The 3 described levels of iliopsoas release: central compartment (A), peripheral
compartment (B), and lesser trochanter (C). At these levels, the ratio of tendon to muscle
is 40% tendon/60% muscle belly, 53% tendon/47% muscle belly, and 60% tendon/40% mus-
cle belly, respectively.
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(Fig. 8),47,48 and at the lesser trochanter (Fig. 9).39,42,49,50 Level IV case series studies
evaluating these techniques universally report good/excellent PROs, low recurrence
rates, and minimal complications.39–42,45–48 In a study evaluating athletes with painful
iliopsoas snapping, Anderson and Keene39 reported return to sport in all patients at an
average of 9 months after release of the tendon at the lesser trochanter. In a level I ran-
domized trial and a level IV comparative study, Ilizaliturri and colleagues51,52 found
favorable results with iliopsoas release either at the lesser trochanter or in the central
compartment, with no significant differences between the techniques.
Although outcomes are generally good, transient weakness39,41,42,47,48,50,52 and at-

rophy of the iliopsoas on MRI53 have been observed after tenotomy. Even so, com-
plete resolution of the weakness typically occurs by 3 to 6 months after
surgery,39,41,42 and no significant differences in hip flexion strength have been
observed with tendon release at the different described levels.44,51,52 The latter obser-
vation can partly be explained by the similar ratio of muscle to tendon volume
observed at these locations.54 Consequently, each technique results in a comparable
volume of muscle fibers remaining intact within the musculotendinous unit, allowing
similar forces to be generated for hip flexion.



Fig. 7. Release of the iliopsoas tendon in the central compartment. With the hip under trac-
tion, a 70� arthroscope is placed in the anterolateral portal for visualization, and a beaver
blade is used to extend the interportal capsulotomy medially (dashed line) to expose the
iliopsoas tendon, located just anterior to the iliopsoas notch at the 3 o’clock position on
the acetabulum (asterisk). The tendon can then be released with the blade or an electrocau-
tery device, taking care to leave the muscular portion of iliopsoas intact, resulting in a frac-
tional lengthening of the musculotendinous unit. F, femoral head; L, labrum.

Fig. 8. Iliopsoas tenotomy in the peripheral compartment. To facilitate visualization, trac-
tion is released and the hip is placed in 30� of flexion. A 30� arthroscope is placed in the an-
terolateral portal and pointed anteriorly toward the joint capsule. The iliopsoas tendon can
be identified through a small (1 cm) transverse capsulotomy (dashed line) lateral to the
medial synovial fold and just proximal to the zona orbicularis anteriorly. An electrocautery
device or beaver blade can then be used to divide the tendon.

Iliopsoas 427



Fig. 9. Iliopsoas tendon release at the lesser trochanter. To access the lesser trochanter, the
hip is flexed 30� and externally rotated until the lesser trochanter is parallel to the coronal
plane of the body and maximally visualized with fluoroscopy. A spinal needle is then
advanced anterior and perpendicular to the femur until it reaches the lesser trochanter. A
cannula is placed in this position, and a second portal is made in a similar manner 5 to
7 cm distal to the first one. The 30� arthroscope is then placed in the proximal portal and
electrocautery is used in the distal portal to clear any soft tissues and release the iliopsoas
tendon at its insertion on the lesser trochanter.
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Further studies have evaluated variables that are predictors of worse clinical out-
comes.40,46 In a level IV case series by Bitar and coworkers,40 patients with recurrent
snapping (18%) after iliopsoas lengthening in the central compartment had no im-
provements in PROs and had lower satisfaction and worse outcomes compared
with those with resolution of snapping. In a separate level IV case series, Fabricant
and colleagues46 studied 67 consecutive patients undergoing iliopsoas release in
the central compartment and determined patients with high femoral anteversion
(>25�) had lower modified Harris hip scores (HHS) compared with patients that had
normal to low (�25�) femoral anteversion. They hypothesized that the iliopsoas may
act as an important dynamic stabilizer given its anatomic location at the anterior
aspect of the hip joint.46 Overall, additional research is necessary to determine the
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best technique of iliopsoas release and further predictors of functional outcome and
PROs.

ILIOPSOAS IMPINGEMENT

First described by Heyworth and colleagues55 in 2007, iliopsoas impingement (IPI) is a
pathomechanical process whereby an excessively tight iliopsoas tendon impinges on
the underlying acetabular labrum, resulting in characteristic labral abnormality at the
location of the psoas tendon on the acetabular rim. In this initial report, the investiga-
tors noted IPI and corresponding labral injury in 7 of 24 revision hip arthroscopy
cases.55 In each case, after iliopsoas release at the level of the acetabulum, the tendon
no longer impinged on the anterior labrum during hip extension.55 In a follow-up study
at the same institution, Domb and coworkers56 further defined the pathophysiologic
mechanism of this phenomenon. In this study, the investigators identified 25 patients
with direct anterior labral tears at the 3 o’clock position (right hip) in the absence of
bony abnormalities. The location of labral abnormality corresponded to the iliopsoas
notch (Fig. 10), directly beneath the iliopsoas tendon, which significantly differs
from the traditional 1 to 2 o’clock location observed in FAI.57,58 In some cases, the
labrum appeared inflamed without frank tearing, which was referred to as the “IPI
sign.” Furthermore, adjacent tendinous inflammation and scarring of the tendon to
the anterior capsule were observed in some patients. The investigators concluded
that the labral injury was possibly the result of a tight iliopsoas impinging on the ante-
rior labrum or a repetitive traction injury to the labrum from adherence of the tendon to
the adjacent capsulolabral complex. Similar to the observations of Heyworth and col-
leagues, Domb and coworkers found releasing the tendon decreased compression on
the underlying labrum in all cases. A cadaveric study by Yoshio and colleagues59

demonstrated maximal pressure underneath the iliopsoas tendon occurs at the joint
level during hip extension, supporting the possibility that excessive pathologic forces
from the iliopsoas possibly results in labral injury.
Fig. 10. Arthroscopic view from the posterolateral portal of a labral tear at the 3 o’clock po-
sition (arrow) in a patient with IPI. The iliopsoas notch, anterior labrum (star), and anterior
acetabulum (A) are well visualized from this portal.
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Iliopsoas impingement occurs most frequently in young active women, many who
participate in regular sports.45,56,60,61 Patients typically present with anterior groin
pain that worsens with athletic activities and activities of daily living, such as active
hip flexion, prolonged sitting, and getting out of a car.45,56,60 Iliopsoas snapping is
less commonly observed in IPI but has been reported in up to 17% of cases.45,60

On physical examination, patients typically have a positive impingement test (flexion,
adduction, and internal rotation), scour sign (flexion, adduction, and axial compres-
sion), and tenderness with manual compression over the iliopsoas.45,56,60 Approxi-
mately half of the patients have pain with FABER and resisted straight leg-raise
testing.45,60 Intra-articular injections have shown variable results with some studies
reporting transient improvement in 50% of patients,56 whereas other studies report
improved symptoms in all patients undergoing injection.60 Plain film radiographs
may show signs of FAI45; however, the most pertinent radiographic finding is a labral
tear at or near the 3 o’clock position seen on MRI.60

Surgicalmanagement of IPI focuses on lengthening of the iliopsoas tendon and treat-
ment of concurrent labral abnormality. Several studies have demonstrated favorable
results with this treatment plan.45,56,61 In the study by Domb and colleagues,56 at an
average of 21 months after arthroscopic tendon lengthening and either labral debride-
ment or repair, 95% of patients surveyed reported their physical ability as “much
improved” and none reported worse symptoms. HHS and hip outcome scores were
available in 8 patients at final follow-up and demonstrated significant improvements
compared with preoperative scores. Cascio and colleagues61 reported on 16 hips
with a minimum of 6-months follow-up that underwent tendon lengthening, with or
without labral repair. The investigators noted the HHS improved from amean of 70 pre-
operatively to 94 postoperatively; however, one patient required revision surgery at
18months for repair of a labral tear that was not addressed at the initial surgery. Nelson
and Keene45 reported good to excellent results (modified HHS �80 points) in 23 of 30
patients undergoing tendon release for IPI. Patients with lower final PROs had avas-
cular necrosis (n 5 1), progressive degenerative joint disease (n 5 1), trochanteric
bursitis (n 5 2), or recurrent painful iliopsoas snapping (n 5 3). Two of the 3 patients
with recurrent symptomatic snapping underwent a second iliopsoas release at the
lesser trochanter and subsequently demonstrated good to excellent outcomes
1 year after the revision surgery. Although these level IV reports are encouraging, further
studies with long-term follow-up are necessary to determine optimal treatment for IPI.

SUMMARY

The iliopsoas is an anatomically complexmusculotendinous unit that functions primar-
ily as a powerful hip flexor and secondarily as a femoral rotator and stabilizer of the
lumbar spine and pelvis. Commonly described pathologic conditions of the involved
the tendon-muscle complex include iliopsoas bursitis, tendonitis, impingement, and
snapping. Initial treatment of iliopsoas disorders generally consists of a combination
of physical therapy, activity modification, NSAIDs, and corticosteroid injections. If
conservative treatment fails, arthroscopic surgery to address the existing pathologic
condition has demonstrated encouraging results in mostly level IV studies. Further
studies with a higher level of evidence and longer follow-up are needed to determine
optimal treatments for these conditions.
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