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Abstract

Background: Iliotibial band syndrome (ITBS) is a leading cause of lateral knee pain in
endurance athletes, with an incidence of 5-14% among runners. Long regarded as a "friction
syndrome" caused by the band sliding over the lateral femoral epicondyle, this model has
been increasingly challenged by anatomical and imaging studies, with direct consequences for
clinical management.

Aim: To systematize current knowledge on the etiology, clinical presentation, diagnosis and
therapeutic management of iliotibial band syndrome, based on available literature.

Material and methods: A narrative review was conducted based on original studies,
systematic reviews and clinical overviews addressing the anatomy, biomechanics, etiology,
diagnosis, and conservative and surgical management of ITBS.

Results: Cadaveric and imaging studies show the band is firmly tethered to the femur,
contradicting the friction theory and supporting a compression-based mechanism affecting an
innervated fat pad. ITBS is an overuse injury linked to training errors, altered hip/knee
kinematics and hip abductor weakness, though causality for the latter remains unresolved.
Diagnosis is mainly clinical, based on history and tenderness over the epicondyle, with the
Noble and Ober tests as supportive tools; MRI and ultrasound are reserved for atypical cases.
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Management progresses from relative rest, through hip- and kinetic-chain physiotherapy as
the mainstay, to physical modalities and, rarely, injection or surgery.

Conclusions: Understanding of ITBS has shifted from a friction- to a compression-based
model, favoring hip and kinetic-chain strengthening over ITB stretching. Diagnosis remains
clinical, with imaging as confirmatory. The causal role of hip weakness, inconsistent
biomechanical findings, and the relevance of distal structures like the gastrocnemius warrant
further research.

Keywords: iliotibial band syndrome, ITBS, runner's knee, iliotibial band, knee overuse injury,
sports physiotherapy

1. Introduction

Lateral knee pain is a frequent complaint among physically active people, and iliotibial band
syndrome (ITBS) is consistently reported as one of its leading causes, particularly in
endurance athletes such as long-distance runners, cyclists and triathletes. It is the most
common injury of the lateral side of the knee in runners, with an incidence estimated to be
between 5% and 14% [1].

The iliotibial band (ITB) is a thick, longitudinally oriented band of connective tissue running
along the lateral aspect of the thigh, whose anatomy and biomechanical role are described in
detail in Section 2. Disruption of its normal biomechanics, combined with repetitive cyclic
loading, can lead to the painful symptoms typical of ITBS [1].

Despite its clinical familiarity, ITBS remains a condition whose underlying mechanism is not
fully settled. For many years, clinicians and researchers described it as a “friction syndrome”,
but over the last two decades this label has been increasingly questioned in light of anatomical
dissection studies and magnetic resonance imaging (MRI) work [2]. This shift in
understanding has direct consequences for how the condition is explained to patients and how
rehabilitation programs are designed, since interventions historically justified by the friction
model—such as aggressive stretching of the band—may not be biomechanically appropriate
if the pathomechanism is, in fact, one of tissue compression [2].
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The aim of this paper is to systematize current knowledge regarding the etiology, clinical
presentation, diagnosis and therapeutic management of iliotibial band syndrome, based on
available scientific literature.

2. Anatomy and Biomechanics of the Iliotibial Band

The iliotibial band is a thick, longitudinally oriented band of dense fibrous connective tissue
that represents a thickened lateral portion of the fascia lata, extending from the region of the
iliac crest to the proximal tibia [2,3]. Proximally, it receives fibers from two muscles arranged
in series: the tensor fasciae latae anteriorly and part of the gluteus maximus posteriorly [2].
Distally, its most consistently described insertion is at Gerdy's tubercle on the anterolateral
tibia, although anatomical studies have also documented additional attachment sites, including
fibers extending to the patella, to the lateral femoral condyle region and to the lateral
intermuscular septum along the linea aspera [2,3].

Functionally, the band is understood to act as a passive stabilizer of the hip and knee in the
frontal plane [2]. This frontal-plane role is anatomically plausible because the ITB crosses
both joints and is loaded by tensor fasciae latae and gluteus maximus, so its stabilizing effect
depends on limb posture rather than acting as a fixed ligament alone [2,4]. Imaging and
anatomy reviews also describe the iliotibial tract and its associated muscles as contributing to
hip abduction and knee stabilization, which is consistent with a lateral stabilizing role during
gait [5].

3. Etiology and Pathomechanism

The classic theory of ITBS pathomechanism, which has dominated the literature since the
1970s, assumed that the pain symptoms resulted from repetitive friction of the distal portion
of the iliotibial band against the lateral femoral epicondyle during knee flexion and extension,
within a range of flexion close to 30 degrees. According to this concept, repeated dynamic
sliding of the band over the bony prominence was thought to lead to inflammation of the
bursa and surrounding tissues [2,6].

However, more recent anatomical studies using cadaveric dissection and imaging techniques
challenge this concept. It has been shown that the iliotibial band is firmly attached to the
femur by numerous fibrous connections along its entire length, including at the lateral
epicondyle, which practically precludes the free sliding motion of the band relative to the
bone described by the friction theory [7,8]. An alternative, now more widely accepted concept
suggests that the source of pain is compression of a richly innervated and vascularized layer
of fat and connective tissue located between the band and the epicondyle, which undergoes
alternating tension and compression during movement [7,8].

Regardless of the exact tissue-level mechanism, ITBS is generally considered an overuse
injury resulting from the accumulation of repetitive microtrauma under conditions of
insufficient tissue recovery [9,10]. Contributing factors include weakness of the hip abductor
and external rotator muscles, excessive hip adduction and internal rotation of the lower limb
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during the stance phase of gait and running, as well as training errors, including too rapid an
increase in training intensity or volume [11,12].

4. Risk Factors

4.1. Training-related risk factors

Training errors are consistently identified as important contributors to ITBS. These include
abrupt increases in training volume or intensity, a sudden rise in weekly mileage, running on
cambered or sloped surfaces, and a high proportion of downhill running, all of which are
thought to increase strain on the ITB or the time spent with the knee flexed near the so-called
impingement zone [9,13,14]. Classic epidemiological work on running injuries more broadly
identified rapid changes in training habits, footwear, and running surface as recurring themes
across multiple categories of overuse injury, including ITBS [15].

4.2. Biomechanical risk factors

A substantial body of biomechanical research has examined gait and running mechanics in
individuals with ITBS, with mixed and sometimes contradictory findings. Prospective studies
have found that runners who subsequently developed ITBS demonstrated greater peak hip
adduction and greater knee internal rotation during running compared with runners who
remained asymptomatic, suggesting that excessive frontal- and transverse-plane motion at the
hip and knee may increase strain on the iliotibial band [2,16]. However, cross-sectional
comparisons of runners with an existing history of ITBS to healthy controls have produced
less consistent results, with some studies reporting reduced rather than increased hip
adduction in previously affected runners, a pattern that has been interpreted as reflecting a
compensatory, pain-avoidance strategy rather than the original causative mechanism [2,17].

A systematic review of biomechanical risk factors associated with ITBS in runners concluded
that, while several kinematic variables have been proposed, the overall quality and
consistency of the supporting evidence remains limited, and no single biomechanical variable
can currently be considered a definitive, isolated cause of the condition [18]. Classic
biomechanical work comparing runners with and without ITBS found no significant
differences in sagittal-plane running kinematics between affected and unaffected limbs,
underlining that the biomechanical picture of ITBS is considerably more complex than
sagittal-plane knee motion alone [19].

Hip abductor weakness has traditionally been considered both a cause and a marker of ITBS,
and several cross-sectional studies have documented reduced hip abduction strength in
runners with the condition [2,20]. However, because all of the supporting evidence to date is
cross-sectional, it remains uncertain whether weakness precedes and predisposes to ITBS or
develops secondarily, as a consequence of pain-related inhibition of the hip musculature once
the syndrome is established; recent authors have argued that the latter explanation is, on
balance, more consistent with the available prospective evidence [2].



6

4.3. Anatomical and other risk factors

Anatomical variables proposed as risk factors include internal tibial torsion, excessive foot
pronation, genu varum secondary to medial compartment osteoarthritis, and leg-length
discrepancy, all of which are thought to potentially alter the tension transmitted through the
iliotibial band during gait [14]. An association has also been described between ITBS and
greater trochanteric pain syndrome, attributed to shared alterations in proximal hip
biomechanics and tension within the fascial complex spanning the hip and thigh [14]. Because
the iliopatellar fibers of the band connect to the lateral patella, patellofemoral pain is also
commonly observed alongside ITBS in the same patients [14]. Equipment-related factors,
including worn or inappropriate footwear and the absence of individually fitted orthotic
inserts, are frequently cited in clinical literature, although the strength of the supporting
evidence for these specific factors is generally weaker than for training-load-related variables
[9].

5. Clinical Presentation

The hallmark symptom of iliotibial band syndrome (ITBS) is well-localized pain over the
lateral aspect of the knee, centered on the lateral femoral epicondyle, roughly two to three
centimeters proximal to the joint line [10,21,22]. Onset is characteristically insidious and
follows a period of repetitive knee-flexion activity — most often running, but also cycling or
other endurance sports — rather than a single traumatic event, and is frequently preceded by
an abrupt change in training load, surface, or footwear [13,14].

In the earliest stages, discomfort is activity-dependent: it appears only after a given distance
or duration of exercise, forces the athlete to slow down or stop, and then resolves relatively
quickly with rest [10,13]. As the condition progresses without adequate management, the
pain-free interval shortens, so that discomfort begins earlier in a session, and in more
advanced cases it can persist after exercise has stopped and interfere with everyday
movements that load the lateral knee, such as descending stairs or squatting [6,10]. Some
patients also report a sensation of snapping, clicking, or catching at the lateral knee during
repeated flexion–extension, corresponding to the shift in tension between the anterior and
posterior fibers of the band described in cadaveric and imaging studies [2,8].

On examination, the most consistent finding is focal tenderness on palpation over the lateral
femoral epicondyle or immediately proximal to it, sometimes accompanied by mild soft-tissue
swelling or localized warmth in more acutely irritated cases [10,14].

Findings elsewhere in the kinetic chain are also common and clinically informative: many
symptomatic runners demonstrate weakness or fatigability of the hip abductors on manual
muscle testing, and, in women specifically, current ITBS has been associated in pooled
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analyses with reduced isometric hip abductor strength and smaller peak hip internal rotation
during running compared with uninjured controls [12]. As discussed earlier, the direction of
this relationship remains unresolved, so these findings should prompt a broader functional
assessment of the hip and pelvis rather than being treated as diagnostic in isolation [6].

6. Diagnosis

ITBS is, in the great majority of cases, a clinical diagnosis, established through a targeted
history and physical examination rather than through imaging [22]. The history should
specifically probe recent changes in training volume, intensity, surface camber, and footwear,
as well as any prior episodes of lateral knee pain, since these details carry more diagnostic
weight for ITBS than for most of its differential diagnoses [14].

Two provocative maneuvers are most often used at the bedside. The Noble compression test
involves applying firm pressure over the lateral femoral epicondyle while the examiner
passively extends the patient's knee from a flexed position; reproduction of the patient's
familiar pain at approximately 30 degrees of flexion—the point at which the underlying soft
tissue is maximally compressed—is considered a positive finding [22,23]. The Ober test and
its modified, knee-extended variant are traditionally used to assess perceived "tightness" of
the band by positioning the patient side-lying and observing hip adduction range with the hip
extended and abducted [24,25]. However, contemporary anatomical work has shown that
neither version of the Ober test is substantially altered by sectioning the iliotibial band itself,
which means a positive result more likely reflects restriction at the hip joint capsule or in the
gluteal musculature than true shortening of the band, and both provocative tests should
therefore be interpreted as supportive rather than definitive [2].

Imaging plays a secondary, confirmatory role and is generally reserved for atypical
presentations, cases that fail to respond to an adequate trial of conservative treatment, or
situations in which another diagnosis is genuinely being considered [26]. MRI is generally
regarded as the more sensitive imaging modality for confirming ITBS in cases where the
clinical picture remains unclear. It commonly shows abnormal signal or fluid deep to the
distal ITB at the lateral femoral epicondyle, consistent with adjacent soft-tissue inflammation
or edema [27–29]. Alongside this signal change, the band itself is frequently reported to
appear structurally thickened at this level, with measurable differences compared to
asymptomatic controls - though this finding is not universal, and some MRI series describe
the soft-tissue abnormality without any corresponding increase in band thickness [27,30–32].
Ultrasound offers a more accessible and considerably less costly alternative to MRI for
imaging the distal iliotibial band, and, similarly to MRI, it is capable of measuring band
thickness and cross-sectional area with comparable diagnostic relevance [33]. On gray-scale
imaging, it can also demonstrate soft-tissue edema or a discrete fluid collection between the
band and the lateral femoral epicondyle, mirroring the abnormalities seen on MRI [33].
Where ultrasound offers a genuine advantage over MRI is in its dynamic capability: because
the probe can be held in place while the knee is actively moved, the examiner can assess the
behavior of the band and the underlying fat pad in real time through flexion and extension,
including any abnormal gliding pattern at the epicondyle [34]. This dynamic element has
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practical value beyond diagnosis alone—a running-provocation protocol, for instance,
demonstrated measurable post-run thickening of the band together with increased vascularity
in the adipose tissue beneath it, illustrating how ultrasound can be used not only to confirm
the diagnosis at rest but also to capture activity-related changes that a single static MRI scan
would miss [35].

A structured differential diagnosis remains essential whenever the presentation is atypical in
location, chronicity, or response to treatment. Alternative sources of lateral knee pain include
lateral meniscal pathology, lateral collateral ligament strain, biceps femoris tendinopathy,
patellofemoral pain (which frequently coexists with ITBS through the shared iliopatellar
fibers of the band), and stress fracture [36].

7. Therapeutic Management

7.1. Acute phase

Management in the acute, symptomatic phase is aimed primarily at reducing the mechanical
and inflammatory load on the lateral knee while the underlying training or biomechanical
contributors are addressed. Relative rest from the specific aggravating activity—rather than
complete cessation of exercise—is typically the first recommendation, often combined with a
temporary switch to lower-impact cross-training such as swimming or stationary cycling with
the saddle raised to reduce the degree of knee flexion under load [10,13,14]. Ice applied
intermittently to the lateral knee and short courses of oral non-steroidal anti-inflammatory
medication are commonly used to control acute pain and swelling, a combination that has
long featured in reviews of the condition alongside early activity modification [14,26]. These
measures address symptoms rather than the underlying training or biomechanical contributors,
and contemporary summaries of the evidence emphasize that they should be regarded as a
bridge into active rehabilitation rather than a stand-alone treatment [21].

7.2. Physiotherapy and corrective training

Physiotherapy constitutes the mainstay of definitive management for the large majority of
patients with ITBS. Traditional rehabilitation protocols have combined stretching directed at
the iliotibial band with strengthening of the hip abductors and external rotators, reflecting the
long-standing assumption that a tight, weak proximal complex increases strain on the distal
band [13,26]. Given the anatomical and diagnostic limitations already discussed, the evidence
base has shifted toward strategies grounded in the current compression-based understanding
of the condition, with hip strengthening remaining well supported empirically regardless of
whether the underlying weakness is causal or secondary [2,6,12,17,20].

A systematic review of conservative treatment strategies for ITBS concluded that structured
exercise programs reliably improve pain and function in affected runners, while noting that
the comparative superiority of any single exercise approach over another remains only partly
resolved in the current literature [9]. Because running-related injury risk in general reflects the
interaction between running biomechanics and hip muscle strength, assessment and correction
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of proximal control is increasingly framed as part of a broader kinetic-chain approach rather
than an isolated knee-focused intervention [11].

Newer biomechanical work supports extending this kinetic-chain view beyond the hip alone.
Co-activation of the gastrocnemius alongside the muscles that feed into the iliotibial band has
been shown to influence frontal-plane knee kinematics, suggesting that lower-leg and ankle
control may also merit attention in more resistant cases [4]. Similarly, because the pattern of
muscle activation feeding into the band has been shown to change measurably over the course
of a fatiguing run, rehabilitation programs increasingly incorporate fatigue-resistance and
neuromuscular control training, rather than maximal-strength work alone, particularly in the
later stages of return to running [37]. Stretching retains a place for some patients in early-
stage rehabilitation, though it is best regarded as one component of an individualized program
rather than a primary corrective strategy [26].

7.3. Physical modalities

A range of adjunctive physical modalities is used alongside structured exercise, generally
with a more limited evidence base than for hip- and kinetic-chain-focused rehabilitation.
Extracorporeal shockwave therapy has been reported to reduce pain in patients with persistent
symptoms and is considered a reasonable adjunct in cases that respond slowly to exercise
alone [9]. Manual and myofascial techniques, including massage and self-administered soft-
tissue work directed at the lateral thigh, continue to be used clinically, though their effects on
pain and function are generally regarded as short-lived and adjunctive rather than corrective
[26].

7.4. Invasive and surgical treatment

Invasive and surgical options are reserved for the minority of patients whose symptoms
remain refractory after a sustained, well-structured trial of conservative treatment [10,14]. A
local corticosteroid injection around the point of maximal tenderness, increasingly delivered
under ultrasound guidance for improved accuracy, is typically the first invasive step
considered, offering short-term symptomatic relief before more invasive measures are
contemplated [14,33]. Surgical management is considered only once non-operative measures,
including targeted physiotherapy and, where appropriate, injection therapy, have been
exhausted [10,26].

Several surgical techniques have been described in the literature, including open or
arthroscopic release or Z-lengthening of the posterior fibers of the distal band and excision of
an inflamed bursa where one is present, with reviews of the condition consistently framing
surgery as a last-resort option after failed conservative care rather than a routine part of
management [10,26]. Because the iliotibial band also functions as an important secondary
restraint against anterolateral rotational instability of the knee, surgeons should weigh the
theoretical risk of destabilizing the lateral knee against the expected symptomatic benefit of
releasing or lengthening the band, particularly in athletes with any pre-existing rotational
laxity [38]. Reported outcomes across the various described techniques are generally
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favorable in case series, with most patients able to return to their prior level of sporting
activity, although comparative trials directly ranking the different surgical approaches against
one another remain scarce [10].

8. Discussion

The evidence reviewed here converges on one overarching theme: ITBS has shifted, over
roughly the last two decades, from a "friction" model to a compression-mediated model
affecting a richly innervated fat pad deep to the distal band [2,7,8]. This is not merely
semantic—the friction model implied the band itself slides across the epicondyle, which
justified aggressive ITB-directed stretching [6,13]; cadaveric evidence that the band is firmly
tethered to the femur removes that anatomical basis [2,7,8]. Clinical practice has followed
only partially: stretching is still widely taught [13,26], but contemporary reviews increasingly
treat it as adjunctive, with hip- and kinetic-chain-focused strengthening as the better-
supported primary intervention [2,6,9].

A second unresolved issue is the direction of causality between hip abductor weakness and
ITBS. Cross-sectional studies consistently find weaker hip abductors in runners with current
ITBS [12,20], but since none of this evidence is prospective, pain-related inhibition following
injury onset is an equally plausible explanation as a pre-existing deficit [2]. The one
prospective study of future ITBS identified kinematic predictors—greater peak hip adduction
and knee internal rotation—rather than strength deficits [16]. This means hip strengthening
should be framed to patients as an empirically effective intervention [2,6,9], not necessarily as
"correcting the cause".

A third difficulty is the heterogeneity of the biomechanical literature: kinematic risk-factor
studies report inconsistent, sometimes contradictory findings, with reduced rather than
increased hip adduction in some retrospective cohorts—plausibly a pain-avoidance
compensation rather than a primary risk factor [2,17,18]. Differences in study design and in
whether sexes are analyzed separately [12] likely contribute, and no single kinematic variable
currently functions as a reliable screening tool [18].

The imaging literature is more internally consistent: MRI and ultrasound converge on signal
change or fluid deep to the distal band with variable thickening [27–29,31,33], structurally
supporting the compression model. Ultrasound's dynamic capability — demonstrating post-
run thickening and increased vascularity [35]—adds a temporal dimension MRI lacks and
may help clarify whether structural change precedes or follows symptom onset.

Finally, emerging work on structures beyond the hip—gastrocnemius co-activation's effect on
frontal-plane knee kinematics [4] and fatigue-related changes in muscle activation during
running [37]—suggests the kinetic-chain framing of ITBS may need to extend further down
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the limb than current hip-centric protocols address, though this remains untested in controlled
trials.

Overall, day-to-day management is reasonably well supported — activity modification, hip-
focused strengthening, and judicious imaging or injection in refractory cases [6,9,10,14]—
while the relative contribution of proximal weakness, distal fatigue, and anatomical variation
to the underlying pathomechanism remains incompletely mapped. Prospective cohort studies
tracking strength, kinematics, and imaging from before injury onset are the most promising
route to closing this gap.

9. Conclusions

Iliotibial band syndrome remains one of the most common causes of lateral knee pain in
runners and other endurance athletes, but the model used to explain it has changed
substantially: the traditional friction-based account has been superseded by a compression-
based model implicating a richly innervated fat pad deep to the distal band [2,7,8]. This shift
has direct clinical consequences, most notably a move away from ITB-directed stretching and
toward hip abductor and kinetic-chain strengthening as the primary rehabilitative strategy
[2,6,9].

Diagnosis remains predominantly clinical, based on a characteristic history of activity-related
lateral knee pain and focal tenderness at the lateral femoral epicondyle, with provocative tests
such as the Noble compression test and the Ober test serving a supportive rather than
definitive role, particularly given evidence that the Ober test does not specifically isolate ITB
length [2,22–25]. Imaging, whether MRI or ultrasound, is reserved for atypical or refractory
presentations and consistently demonstrates soft-tissue signal change and variable band
thickening at the lateral epicondyle, lending structural support to the compression model [27–
29,31–34].

Management follows a staged approach: relative rest and symptomatic measures in the acute
phase, hip- and kinetic-chain-focused physiotherapy as the mainstay of definitive treatment,
adjunctive physical modalities such as extracorporeal shockwave therapy for slower-
responding cases, and injection or surgical release reserved for the minority of patients who
fail a sustained trial of conservative care [6,9,10,14,26].

Several questions remain unresolved and warrant targeted future research: whether hip
abductor weakness is a cause or a consequence of ITBS, since current evidence is exclusively
cross-sectional [2,12,20]; why biomechanical risk-factor studies produce such inconsistent
findings across prospective, cross-sectional, and retrospective designs [17,18]; and whether
extending rehabilitative attention to more distal structures such as the gastrocnemius offers
meaningful additional benefit [4,37]. Prospective, adequately powered cohort studies that
track strength, kinematics, and imaging findings from before injury onset through recovery
are the most promising route to resolving these gaps and to refining evidence-based
management of this common but still imperfectly understood condition.
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