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CORRESPONDING AUTHOR: SUMMARY
Vivek Balachandar Objective. Iliotibial band friction syndrome (ITBFS) is the second most common
Northern General Hospital, cause of knee pain in runners, and the most common cause of lateral knee pain.
Sheffield Teaching Hoispitals This systematic review and meta-analysis evaluates 1) lower-limb biomechanics
Sheffield, UK and 2) conservative interventions in ITBFS. Methods. The MEDLINE, CINAHL,
E-mail: vbsheffield1@gmail.com SPORTSDiscus, Web of Science, and Google Scholar databases were searched
Phone: 07745678360 in April 2018 for studies investigating lower limb biomechanics and conservative
treatment in iliotibial band friction syndrome. Results. Eighteen studies were iden-
DOI: tified. Moderate evidence from prospective studies indicate 1) greater hip adduc-
10.32098/mltj.02.2019.05 tion and knee internal rotation (IR) at footstrike and through stance, and 2) greater

rearfoot eversion at foot strike represent possible mechanisms for ITBFS. Moderate
evidence from case-control studies indicate ITBFS participants exhibit 1) reduced
hip adduction, 2) greater knee and hip IR at footstrike and through stance, and
3) reduced rearfoot eversion at foot strike. Moderate evidence indicates that a
six-week rehabilitation programme involving NSAID prescription, ITB stretching,
and hip abductor strengthening reduces knee pain during physical activity, and
prevents ITBFS recurrence in the medium term (< 6 months). Conclusion. Great-
er hip adduction, knee IR, and rearfoot eversion represent possible risk factors
for ITBFS. Greater hip adduction and rearfoot eversion appear to be risk factors
which are reduced by ITBFS patients, to lower pain associated with ITB strain,
ITB friction and compression. Addressing the absence of research evaluating lower
limb electromyography is needed to understand the influence of muscle function on
ITBFS. A six-week rehabilitation programme involving NSAID prescription, ITB
stretching, and hip abductor strengthening effectively reduces pain and prevents
recurrence for up to six months.

LEVEL OF EVIDENCE:
Ta
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INTRODUCTION ITBEFS is a syndrome associated with overuse, and is there-

Tiotibial band friction syndrome (ITBFS) is the second fore most common in active individuals.”’ The condition
most common cause of knee pain in runners, and accounts ~ is characterised by lateral knee pain, and typically occurs
for up to 12% of all running injuries. (1,2) Simple activi- between 20-30° knee flexion.(2) Repetitive irritation of the
ties of daily living such as squatting, walking down stairs, iliotibial band (ITB) can lead to chronic inflammation and
and driving commonly exacerbate ITBFS, thereby reducing ~ swelling over the lateral femoral epicondyle (LFE).(2) The
occupational and physical capacity. (2) ITB is a thick sheet of connective tissue originating at the
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anterior superior iliac spine (ASIS) from fascial connec-
tions of the gluteus maximus (GM) and the tensor fascial
lata (TFL).(4) The band passes distally down the lateral
aspect of the pelvis and femur, inserting at the LFE, lateral
patellar, and most distally at the infracondylar tubercle
of the tibia (Gerty’s tubercle) and to the head of the
fibula.(4) The attachments of the I'TB mean that it passively
resists hip adduction and anterior translation and internal
rotation of the tibia.(4)

The aetiology of ITBFS is multifactorial, with both extrinsic
and intrinsic factors thought to contribute. (1) Considering
the anatomical and biomechanical associations with ITBFS,
a number of studies have investigated lower-limb kinematics
(hip, knee, ankle, and foot), and kinetics (ground reaction
forces, joint moments, and tissue strain) in ITBFS. Tradi-
tional theories proposed that greater ITB friction over the
LFE during running may result in chronic inflammation and
the formation of an underlying bursa between the LFE and
ITB with associated pain. However, recent studies suggest
that pain may be the result of repeated ITB compression
against a local adipose fat pad rather than friction. (2,4) A
systematic review by Louw (5) proposed that a combination
of greater hip adduction and internal rotation of the femur
may increase ITB strain during running. Given that abnor-
mal lower-limb biomechanics during running may increase
ITB strain, this may result in greater ITB friction and/or
compression and associated pain. Considering the biome-
chanical associations with ITBFS, conservative interven-
tions such as stretching and strengthening exercises form
core components in rehabilitation programmes. Ellis et al
(6) published a systematic review on conservative treatment
for ITBFS until September 2004 and concluded there was
insufficient evidence to suggest that conservative treatments
offered any significant benefit in the management of ITBFS.
In 2018, previous systematic reviews by Louw, (5) Worp,
(7) Ellis (6) have at least four limitations. First, all three
studies are now significantly dated, and do not benefit
from five important recent trials concerning biomechani-
cal analysis and conservative interventions. (8-12) Second,
in Ellis’s systematic review, no studies investigating treat-
ments targeted at altering lower-limb biomechanics were
included.(6) Third, no reviews have pooled study data to
calculate effect-sizes for outcome variables. Fourth, Worp’s
review of biomechanics in ITBFS upto 2012 used very strin-
gent inclusion criteria and thus included just four trials. (7)
Although stringency is laudable, the review concluded that
there was insufficient evidence regarding lower-limb biome-
chanical associations with ITBFS. Our systematic review
and meta-analysis was designed to loosen Worp’s criteria
slightly while still using clear principles taking into account
risk of bias in lower-quality studies when determining levels
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of evidence. Our aims included 1) evaluation of lower-limb
biomechanics and 2) efficacy of conservative treatment in

individuals with ITBFS.

METHODS

The PRISMA statement was consulted and completed prior
to the start of this review and the checklist completed. (14)

Search Strategy

MEDLINE, CINAHL, SPORTSDiscus (SD), Web of
Science (WoS), and Google Scholar databases were searched
from inception until April 2018. Reference lists of includ-
ed studies were screened, key words searched, and search
results shown in appendix table 1.

Inclusion and Exclusion Criteria

Prospective and case-control studies evaluating lower-limb
kinematics and kinetics during functional activity in adults
(18-50) who developed ITBFS or adults with ITBFS were
included. Studies evaluating the efficacy of conservative inter-
ventions targeted at improving lower-limb biomechanics in
adults with ITBFS were also included. Other terms associ-
ated with ITBFS (e.g. iliotibial band syndrome) were also
included. Iliotibial band friction syndrome was considered
too narrow a search field, therefore only ‘iliotibial’ was used.
Unpublished studies, case-reports, non-peer reviewed publi-
cations, studies not involving humans, reviews, letters, and
opinion articles were excluded. Studies including partici-
pants with other knee conditions such as meniscal injury,
and studies only investigating the efficacy of interventions
not aimed at improving lower-limb biomechanics such as
NSAIDs and deep-tissue friction massage were excluded.

Review Process

All retrieved studies were downloaded to Endnote version
X4. Results were cross-referenced and duplicated studies
were deleted. Relevant titles were highlighted, with abstracts
and full texts reviewed independently for inclusion (appen-
dix figure 1).

Quality Assessment of Studies

All potential studies were assessed for inclusion by two
independent reviewers. Included studies were then assessed
by the same independent reviewers for quality using the
PEDRO scale (table 1), (15) and the modified Down and
Black scale (table 2). (16) Any discrepancy between the
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reviewers on assessment were resolved through a consensus
meeting, with a third independent reviewer available but not
required. Following application of the PEDro scale, studies
with a score of >8/10 were considered of very high quality,
5-7/10 high, and <4/10 low. (16) With the modified Down’s
and Black scale, studies scoring >11/14 were considered of
very high quality, 7-10/14 high, and <6/14 low.(15)

To assist with interpretation of findings, information includ-
ing study design, population (number of participants, mean
age), intervention, control intervention/comparisons, and
results were extracted from each included study (table 3).
Means and standard deviations for all baseline and follow-
up data were extracted to calculate effect sizes (Cohen’s d)
using Cochrane Review Manager (Version 5) where effect
sizes were small (<0.6), medium (0.6-1.19), and large (>1.2).
Where means and standard deviations were not available
in the publication, corresponding authors were contacted
via email to seek additional data. For ease of visual inter-
pretation, effect size calculations including 95% confi-
dence intervals were presented in forest plots produced by
the same Review Manager software. Where study homoge-
neity (i.e. similar outcome measures) existed, data pooling
was performed. The strength of evidence supporting each
outcome was then determined by the number and quality of
studies supporting that finding using pre-determined crite-
ria proposed by van Tulder et a/:(16) ‘Strong evidence’ is
based on results derived from three or more studies, includ-
ing a minimum of two high-quality studies which are statis-
tically homogonous (p>0.05) with or without statistical-
ly significant pooled results. ‘Moderate evidence’ is based
on results derived from multiple studies, including at least
one high-quality study which are statistically heterogeneous
(p<0.05), or from low quality studies which are statisti-
cally homogenous (p>0.05). ‘Limited evidence’ includes
results from multiple low-quality studies which are statis-
tically heterogeneous (p<0.05) or from one high-quality
study. ‘Very limited evidence’ is based on results from one
low-quality study. ‘Conflicting evidence’ includes insignifi-
cant pooled results derived from multiple studies regardless
of quality which are statistically heterogeneous (p<0.05).

RESULTS

Search Results

The initial search produced upto 903 citations. Following
application of the selection criteria to titles and abstracts
this was reduced to 26, and after viewing full texts the final
number was 18. The main reason for exclusion was due to
studies investigating non-conservative interventions or inter-
ventions not aimed at improving lower-limb biomechanics.
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The majority of studies were consistent in their inclusion of
ITBFS participants, however, only four studies performed
and reported a positive Ober’s test. (17,18,21,23)

Results of the PEDro and modified Down’s and Black scales
are shown in appendix table 1 and 2. Appendix table 3
summarises the included studies and methodological crite-
ria. Eleven studies in this review investigated lower-limb
kinematics, (8-12,17-20,22,27) eleven lower-limb kinetics,
(9,11,17-24,27) and four conservative treatments. (23-26)
Eleven studies presented adequate data to complete effect
size calculations (95% CI), (10,11,17-21,23,24,26,27) and
none provided further data. The studies were separated
into three main outcome measure categories for further
review: i) prospective studies; lower-limb kinematics, kinet-
ics, ITB strain, ii) case-control studies; lower-limb kinemat-
ics, kinetics, and ii) conservative interventions; longer-term,
mid-term, short-term, and immediate improvements.

Prospective studies

Lower-limb kinematics in individuals who develop ITBFS
Limited evidence from one high quality study indicates
significantly greater hip adduction at landing and during
running with medium effect in individuals who developed
ITBFS compared to controls (ES = 0.85). (20)

MEDLINE: n=903

CINAHL: n=213

Sports Discus: n=403

Web of Knowledge: n=719

»| Studies excluded (n=575)

v

| Studies included after reading titles (n=143) |

—>| Studies excluded (n=117) |

v

| Studies included after reading abstracts (n=26) |

J—" Studies excluded (n=8)

| Studies included after reading full-texts (n=18) |

| Studies with adequate data for meta-analysis (n=11) |

Figure 1: Search strategy with outcomes at each stage
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Table 1: PEDRO scale
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Table 2: Modified Down and Black scale
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Table 3: Summary of studies included in systematic review

Author/year Study design Participant details

Protocol

Foch (2017) RCCT

N=27 (all female), 9 ITBFS, 9 previous
ITBFS, 9 control
Matched for gender, age

3-D motion analysis during running along a runway

Brown (2016) RCCT N=32 (males and female), 12 previous Kinematicsand kinetic data prior to and following a
ITBFS, 20 control. Matched for age. run to fatigue

Foch (2015) RCCT N=40 (male and female), 20 previous 3-D motion analysis during running along a runway
ITBEFS, 20 control
Matched for age

Foch (2014) RCCT N=34 (all female), 17 previous ITBFS, 3-D motion analysis during running along a runway

17 control
Matched for gender and age

Noehren (2014) RCCT

N=34 (all male), 17 ITBFS, 17 control
Matched for gender, age, mileage,
height, and weight

Hip strength with a hand-held dynamometer, and
3-D motion analysis data during running at 3.3m/s
on instrumented treadmill

Grau S (2011) RCCT

N=36 (males and female), 18 ITBS, 18
control

Mean age — 36 (ITBS), 37 (control)
Matched for gender, height, and weight

Visual 3-D kinematics during barefoot running
(3.3m/s)

7 trial runs, with 5 runs selected for analysis of
biomechanics

Static kinematic measures taken

Ferber (2010) RCCT

N=70 (all female), 35 ITBFS, 35 control
Matched for age, mileage, and gender

6-camera 3-D motion analysis and force plate.
Subjects ran in neutral running shoes along a 25m
runway at 3.65m/s (+/-5%) striking a force plate at
the centre

Hamill J (2008)  PCCT

N=34 (male and female),17 ITBS, 17
control

Mean age — 26.8 (ITBS), 28.5 (control)
Matched for gender, age, and mileage

Visual 3-D kinematic and kinetic data during
running (3.7m/s)

All subjects used a standard neutral running shoe
5 trial runs were selected

Grau S (2008) RCCT

N=20 (male and female),10 ITBS, 10
controls
Matched for gender, height, and weight

Concentric, eccentric, and isometric peak torque of
hip abductors and adductors at 30°/s

Grau S (2008) RCCT

N=73 (male and female), 21 ITBS, 52
controls
Matched for gender, height, and weight

Visual 3-D kinematics during barefoot running
(12km/h)

Static kinematic measures taken

Beers A (2008) RCCT

16 (male and female)
AILTTBS

6-week rehab designed to strengthen hip abductors;
strength was measured every 2 weeks using a hand-
held dynamometer and compared bilaterally

Miller (2008) RCCT

N=16 (gender not stated). 8 ITBFS, 8
control

Mean age — 27.5 (ITBFS), 26.4 (control)
Matched for age

8 camera motion analysis. Participants ran in their
own shoesat selected pace to reach exhaustion in 20
minutes

Noehren B (2007) PCCT

N=36 (male and female), 18 ITBS, 18
controls

Mean age — 26.8 (ITBS), 28.5 (control)
Matched for gender, age, and mileage

Visual 3-D kinematic and kinetic data during
running (3.7m/s)

All subjects used a standard neutral running shoe. 5
trial runs were selected

Miller (2007) RCCT

N=16 (gender not stated), 8 ITBFS, 8
control
Matched for age

8 camera motion analysis. Participants ran in their
own shoesat selected pace to reach exhaustion in 20
minutes

Ferber R (2003) PCCT

N=70 (females), 35 ITBS, 35 controls
Matched for gender, age, and mileage

Comparisons of hip, knee, and ankle 3-dimensional
kinematics and internal moments during the stance
phase of running gait were measured

Muscles, Ligaments and Tendons Journal 2019;9 (2)
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Author/year Study design Participant details Protocol

Fredericson M RCCT N=54 (male and female), 24 ITBS, 30 Hip abduction and adduction strengths measured

(2000) control using a hand-held dynamometer. Five trials on each
Mean age — 27 (ITBS), 27.8 (control) leg. Hip abductor strength normalised for weight &
Matched for gender and age height. 6 week standardised rehab

Orchard JW RCCT N=20 (male and female), 11 cadavers, Visual 3-D kinematic data during 2-min runs on

(1996) 9 ITBS a treadmill at a constant speed (2.78-3.89m/s).
Mean age — 27(ITBS) Subjects used normal footwear. Run repeated with

0.5cm heel-raise on affected side
Ekman E (1994) RCCT N=27 (male and female) All patients underwent a course of conservative

10 cadavers, 7 ITBS, 10 control

treatment: MRI of knees in coronal, sagital, and axial
planes. Follow-up MRI in one patient 1 year on

Moderate evidence from two high quality studies reported
significantly greater knee internal rotation at landing and
during running with large effect in individuals who devel-
oped ITBFS compared to controls (ES = 1.55, 0.91).(19,20)
Limited evidence from one high quality study indicates
significantly greater femoral external rotation at landing
and during running with medium effect in individuals who
developed ITBFS compared to controls (ES = 0.80).(20)
Moderate evidence from two high quality studies report-
ed significantly greater rearfoot eversion at landing during
running with medium effect in individuals who developed
ITBFS compared to controls (ES = 1.18 & 0.63). (19,20)
Moderate evidence from two high quality studies indi-
cates no significant difference in tibial rotation at landing
and during running in individuals who developed ITBFS
compared to controls. (19,20)

Lower-limb kinetics in individuals who develop ITBFS
Limited evidence from one high quality study indicates
no significant difference in peak hip abductor moments
during running in individuals who developed ITBFS
compared to controls (ES = 0.33). (20) Limited evidence
from one high quality study reported no significant differ-
ence in peak knee external rotator moment or peak rear-
foot eversion velocity in individuals who developed ITBFS
group compared to controls (ES = 0.32, 0.21).(20)

lliotibial band strain in individuals who develop ITBFS
Limited evidence from one high quality study indicates
significantly greater peak ITB strain during running with
large effect in individuals who developed ITBFS compared
to controls (ES = 1.88). (21) Limited evidence from the
same study indicates no significant difference in ITB strain
at landing or at maximum knee flexion during running
in the injured limb of individuals who developed ITBFS
compared to the uninjured limb and compared to controls
(ES=0.44 & 0.37).(21)
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Case-control studies

Lower-limb kinematics in individuals with ITBFS

Strong evidence from three high quality studies indicates
significantly less peak hip adduction during running with
medium effect in ITBFS participants compared to controls
(ES = 1.03 & 0.98). (10,17,18) Limited evidence from one
high quality study indicates no significant difference in hip
adduction during running in ITBFS participants compared
to controls (ES = 0.29).(11)

Limited evidence from two high quality studies separate-
ly reported significantly greater tibial internal rotation
and significantly less tibial internal rotation at landing
and through stance during running in ITBFS participants
compared with controls, however inadequate data were
available for effect size calculations. (11,17)

Moderate evidence from two high quality study indicates
significantly reduced rearfoot eversion during running in
ITBFS participants compared to controls with small effect
(ES=1.18 & 1.14).(17,27) Limited evidence from one high
quality study indicates no significant difference in rearfoot
motion during running in ITBFS participants compared
to controls (ES = 0.33).(18) Limited evidence from one
high quality study indicates no significant differences in
hip, knee, and ankle flexion and extension during running
in ITBFS participants compared to controls (ES = 0.24,
0.38, & 0.00).(18) Moderate evidence from two high qual-
ity studies also reported no significant differences in hip,
knee, and ankle flexion and extension during running in
ITBFS participants compared to controls, however inade-
quate data was available for effect size calculations.(17,26)

Lower-limb kinetics in individuals with ITBFS

Strong evidence from four high quality studies indicates
significantly lower hip abductor moments during isometric
exercises with large effect in ITBFS participants compared
to controls (ES = 1.20, 1.40, 2.25). (10,17,18,24). Moderate
evidence from two high quality studies indicates no signifi-
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cant difference in hip abductor moments during isometric
exercises in ITBFS participants compared to controls (ES =
0.33 & 0.3). (11,20)

Moderate evidence from two high quality studies indicates
significantly lower hip abductor moments during isometric
exercises with medium effect on the injured compared to unin-
jured side in ITBFS participants (ES = 1.43,0.77,1.02). (23,24)
Limited evidence from one study indicates significantly lower
hip, knee, and ankle flexion moments in the ITBFS group
compared with controls (ES=1.02, 0.69, & 0.67). (18) Limit-
ed evidence from one high quality study reported no signif-
icant differences in peak rearfoot peak motion moments
between ITBFS participants and controls (ES=0.04).(18)

Conservative intervention

Longer-term effects

Limited evidence from one study reported ITBFS resolu-
tion and no recurrence at six months following a 6-week
rehabilitation programme.(24) Moderate evidence from
two high quality studies indicates significantly greater hip
abductor moments in injured compared to uninjured limbs
in individuals with ITBFS following a 6-week rehabilita-
tion programme (ES=-2.88, -0.63).(23,24) Limited evidence
from one high quality study indicates a significant decrease
in pain in individuals with ITBFS group following a 6-week
rehabilitation programme (ES=-1.57).(23) Ekman investi-
gated the effects of combined physical therapy, NSAIDs,
and stretching exercises.(25) The study found that 100% of
ITBFS participants reported less pain following a course of
conservative treatment, and 86% had complete resolution
of symptoms at 8-weeks.(25) Limited evidence from one
high quality study reported no immediate change in pain or
knee flexion angles with a heel rise in injured limbs of indi-

viduals with ITBFS (ES=0.10).(26)

DISCUSSION

This systematic review provides a clinically relevant summa-
ry on lower limb biomechanical risk factors and chang-
es associated with ITBFS, and the efficacy of conservative
treatment. Our study extends work by previous systematic
reviews (5-7) by drawing on important recent trials concern-
ing biomechanical analysis, by combining literature on the
efficacy of interventions targeting lower-limb biomechanics,
and by pooling data for effect size calculations. A total of 18
studies met the inclusion criteria and were evaluated.

Moderate evidence from this meta-analysis indicates greater
knee internal rotation during running represents a proximal
risk factor for ITBFS. Limited evidence indicates greater
hip adduction and greater femoral external rotation repre-
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sent proximal risk factors for ITBFS. Moderate evidence
from this meta-analysis indicates greater rearfoot eversion
at landing during running represents a distal risk factor for
ITBFS. Considering this, greater hip adduction and great-
er rearfoot eversion appear to be risk factors which are
reduced by ITBFS patients, possibly to lower pain associat-
ed with ITB strain and ITB friction.

Moderate evidence from this meta-analysis indicates a
six-week rehabilitation programme involving NSAID
prescription, ITB stretching, and hip abductor strengthening
reduces pain and prevents recurrence for up to six months.
Improvements in pain and outcome may be explained by
changes in kinematic and kinetic risk factors. Eleven studies
in this review presented adequate data to complete effect
size calculations. (10,11,17-21,23,24,26,27) Five new studies
were identified following Ellis’s review investigating lower-
limb biomechanics and treatment for ITBFS.(11) No previ-
ous meta-analysis has evaluated the effects of lower-limb
biomechanics and efficacy of conservative treatment in indi-

viduals with ITBFS.

Theory behind ITBFS

The ITB is a sheet of connective tissue lying level or just
anterior to the LFE at extension. (4) Studies have report-
ed antero-posterior translation(4,25,28) and medio-lateral-
ly shift (4) of the ITB fibres at the LFE during knee flex-
ion. One common hypothesis suggests the presence of a
bursa between the LFE and ITB in cadaveric controls.(25)
In pathological ITBFS, MR imaging and cadaveric dissec-
tion shows the bursa may become inflamed and fluid-filled
as a result of chronic friction against the ITB.(25) Howev-
er, a second hypothesis suggests an absence of a true bursa
between the LFE and ITB, and histological inspection
reports a layer of highly vascularised and innervated adipose
tissue with localised inflammation.(4,28) The evidence
suggests ITBFS may be a result of repeated compression
against the adipose tissue or fat pad, analogous to Hoffa’s
syndrome in the knee. Consequently, compression against
the fat pad from repetitive movement (e.g. running or pedal-
ing) may produce pain over the LFE associated with ITBFS.
While these represent hypotheses behind ITBFS, a number
of proximal, distal, and local mechanisms are involved.

Possible Mechanisms

Local

Evidence from case-control studies found that ITBFS
participants exhibited a thicker ITB over the LFE compared
with controls. (25,26) This is likely to be an effect of chron-
ic friction against the LFE rather than a cause of ITBFS.
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A ITFBS Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% CI IV, Fixed, 95% CI
2.2.1 Hip Abduction Moment
Noehren 2007 14 037 18 -1.3 019 18 -0.33[-0.99, 0.33] —

2.2.2 Knee External Rotation Moment
Noehren 2007 -0.12 0.12 18 -0.09 0.05 18 -0.32[-0.98, 0.34] =

2.2.3 Rearfoot Inversion Moment

Noehren 2007 -0.15 041 18 -0.13 0.09 18 -0.21[-0.86, 0.45] L
1 1 1 1
T T T T
-2 -1 0 1 2
Favours ITBFS Favours control
B ITBFS Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% CI IV, Fixed, 95% CI

1.1.1 Peak Hip Adduction

MNoehren 2007 141 25 18 106 &1 18 0.85[017,1.54] —

1.1.2 Peak Knee Internal Rotation

MNoehren 2007 39 37 18 002 486 18 0.91[0.22,1.60] —t

Ferber 2003 -71 32 ] -13 38 B 1.55[0.19, 2.91] L —

1.1.3 Peak Rearfoot Eversion

MNoehren 2007 -97 31 18 -116 22 18 0.69[0.02,1.37] —t—

Miller 2007 3.3 109 8 -95 496 g 1.18[0.09, 2.27] —

1.1.4 Peak Knee Flexion at Heel Strike

MNoehren 2007 11.8 478 18 144 603 18 -0.47 [11.13,0.20] —T

1.1.5 Peak Tibial Internal Rotation

MNoehren 2007 69 44 18 91 54 18 -0.44 [(1.10,0.23) —T

1.1.6 Peak Femoral External Rotation

MNoehren 2007 46 B9 18 -13 745 18 0.80([0.12,1.48] —

G 2§ 3 }
Favours control group Favours ITBFS group

C ITBS group Control group  Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% CI 1V, Fixed, 95% CI
2.8.1 Strain at touchdown
Hamill 2008 73 34 17 64 3.6 17 0.25[-0.42, 0.93] Tt

2.8.2 Strain at max. knee flexion
Hamill 2008 9 34 17 73 34 17 0.49[-0.20, 1.17] T

2.8.3 Strain rate
Hamill 2008 251 6.3 17 124 6.9 17 1.88[1.05, 2.70] i

T
-2 -1 0 1 2
Favours ITBS Favours control

Figure 2. Prospective results: lower-limb kinematics (A); kinetics (B); and ITB strain rate between ITBFS and control groups (C).
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A Unaffected limb Affected limb Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total IV, Fixed, 95% CI IV, Fixed, 95% CI
2.1.1 Knee flexion at footstrike
Orchard 1996 215 45 9 214 43 9 0.02 [-0.90, 0.95] -

2.1.2 Peak knee flexion
Orchard 1996 56.3 4 9 538 4 9 0.60 [-0.35, 1.55] ] t

2.1.3 Knee time of peak flexion (%stance)
Orchard 1996 46.4 75 9 456 3.9 9 0.13[-0.80, 1.05] L

2.1.4 Knee flexion at toe-off
Orchard 1996 31.3 3.8 9 298 48 9 0.33 [-0.60, 1.26] t

2 -1 0 1 2
Favours affected limb  Favours unaffected limb

B ITBFS group Control group  Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% CI IV, Fixed, 95% CI
2.1.1 Peak Hip Flexion
Grau 2011 il 4 18 32 6 18 -0.19 [-0.85, 0.46] —tT
2.1.2 Peak Hip ROM in Flexion/Extension
Grau 2011 44 3 18 45 5 18 -0.24 [-0.89, 0.42] — T
2.1.3 Peak Hip Adduction
MNoehren 2014 -79 28 17 -86 21 17 0.29 [-0.39, 0.97] S E—
Grau 2009 -29 39 21 -68 4 52 0.97 [0.44,1.50] L —
Grau 2011 -9 4 18  -13 4 18 0.98 [0.28,1.67] D E—
Foch 2015 -102 29 9 -1268 1.2 9 1.03[0.03,2.03] L —
2.1.4 Peak Hip ROM in Adduction/Abduction
Grau 2011 9 4 18 13 4 18 -0.98 [-1.67,-0.28] S E—
2.1.5 Peak Knee Flexion
Grau 2011 38 4 18 37 7 18 017 [-0.48,0.83] e
2.1.6 Peak Knee External Rotation
MNoehren 2014 122 78 17 75 44 17 0.72[0.03,1.42] —
2.1.7 Peak Knee ROM in Flexion/Extension
Grau 2011 24 4 18 26 3] 18 -0.38 [-1.04,0.28] —T
2.1.8 Peak Ankle Flexion
Grau 2011 20 2 18 20 3 18 0.00 [-0.65, 0.65] A E—
2.1.9 Peak Ankle ROM in Flexion/Extension
Grau 2011 53 5 18 53 7 18 0.00 [-0.65, 0.65] A E—
2.1.10 Peak Rearfoot Eversion
Miller 2007 -3.3 109 g 95 96 g -1.18[2.27,-009) ——————F——
Grau 2009 -1.3 0 32 21 19 26 52 -1.14 [-1.68, -0.60] —
Grau 2011 11 3 18 12 3 18 -0.33[-0.98,0.33] L
2.1.11 Peak Rearfoot ROM in Flexion/Extension
Grau 2011 29 5 18 32 5 18 -0.59 [-1.26, 0.08] —t
-2 -1 0 1 2

Favours Control group Favours ITBFS group

Figure 3. Case-control results: lower-limb kinematics between injured and uninjured limbs in ITBFS participants (A); and
between ITBFS and control groups (B).
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A Uninjured limb Injured limbh Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% CI IV, Fixed, 95% CI
2.2.1 Peak Hip Abductor Moment
Fredericson 2000 {male) 862 1.16 10 686 1.19 10 1.43[0.43, 2.44) . E—
Beers 2008 89 37 16 55 27 16 1.02[0.28,1.77] L —
Fredericson 2000 {female) 982 298 14 7.82 193 14 0.77 [0.00,1.55] —
-2 R 0 1 2

Favours injured limb Favours uninjured limh

B ITBFS Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% CI IV, Fixed, 95% CI
2.3.1 Peak Hip Abduction Velocity
Fredericson 2000 {male) 6.86 1.19 10 8973 1.25 10 -2.25[-3.42,-1.08) S —
Fredericson 2000 (ferale) 7.82 183 14 1019 1.3 14 -1.40 [-2.24,-0.56) —t
Grau 2011 132 41 18 180 53 18 -1.20 [-1.91,-0.48] —

Noehren 2007 -1.4 037 18 -1.3 019 18 -0.33[-0.99,0.33] — T
Noehren 2014 17.7 441 17 178 36 17 -0.03 [-0.70, 0.65]
2.3.2 Peak Hip Adduction Velocity
Grau 2011 197 79 18 244 86 18 -0.56 [-1.22,0.11] —
2.3.3 Peak Hip Flexion Velocity
Grau 2011 30 76 18 119 83 18 -1.02[-1.72,-0.32) —
2.3.4 Peak Hip Extension velocity
Grau 2011 289 30 18 324 58 18 -0.53[1.20,0.14] —
2.3.5 Peak Knee Flexion Velocity
Grau 2011 455 105 18 524 9 18 -0.69 [-1.36,-0.01) —
2.3.6 Peak Knee Extension Velocity
Grau 2011 236 40 18 273 75 18 -0.60 [-1.27,0.07] —
2.3.7 Peak Ankle Flexion Velocity
Grau 2011 287 51 18 330 45 18 -0.67 [-1.34, 0.00] —
2.3.8 Peak Ankle Extension Velocity
Grau 2011 663 72 18 730 140 18 -0.59 [-1.26, 0.08] —
2.3.9 Peak Rearfoot Eversion Velocity
Grau 2011 233 97 18 236 67 18 -0.04 [[0.69, 0.62] —
Ferber 2003 2023 85 6 160 55 6 0.55[-0.62,1.71] T
2.3.10 Peak Rearfoot Inversion Velocity
Grau 2011 414 87 18 480 118 18 -0.62 [-1.29, 0.09] —

G 2 6 1 4

Favours Control Favours ITBFS

Figure 4. Case-control results: lower-limb kinetics between injured and uninjured limbs in ITBFS participants (A); and between
ITBFS and control groups (B).
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A Pre intervention Post intervention ~ Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% CI IV, Fixed, 95% CI
2.6.1 Hip abductor strength following a 6-week rehab programme
Beers 2008 255 77 16 305 7.7 16 -0.63 [-1.35, 0.08] —T
Beers 2008 (pain relief) 114 1.49 16 345 138 16 -1.57 [-2.37,-0.76] —t
Fredericson 2000 (female) 782 1.93 14 1055 1.75 14 -1.44 [-2.28, -0.59] I —
Fredericson 2000 (male) 6.86 1.19 10 1038 1.15 10 288[-421,-155) — 1+
} } } }
-4 -2 0 2 4
Favours intervention Favours no intervention
B Pre-intervention Post-intervention  Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total IV, Fixed, 95% CI IV, Fixed, 95% CI
2.9.1 Heel raise: knee flexion angle at foot-strike
Orchard 1996 214 4.3 9 209 55 9 0.10 [-0.83, 1.02] 1

1 1 1 1

T T T T

-1 -0.5 0 0.5 1
Favours heel rise  Favours no heel rise

Figure 5. Conservative treatment in ITBFS participants. Mid-term changes in hip abductor strength (A); and immediate chang-

es in knee flexion angle following a heel raise (B).

Chronic antero-posterior friction may cause changes in the
connective tissue, formation of a bursa, and an increase in
ITB thickness resulting in ITBFS. While this theory is wide-
ly regarded as the local mechanism of ITBFS, further inves-
tigation is required in-light of recent conflicting evidence.
Evidence from histological studies suggests the presence of
Pacinian corpuscles in the layer of adipose tissue beneath
the ITB. (4) Repeated antero-posterior translation on the
LFE combined with medio-lateral compression of the fat
pad may result in localised inflammation and pain associated
with ITBFS. Pacinian corpuscles represent mechanorecep-
tors responsible for detecting gross changes in vibration and
pressure, and hypertrophy as a result of localised inflamma-
tion has been shown to cause pain. (4) Further investigation
of this hypothesis alone, and in combination with chronic
antero-posterior friction is required to identify how local
factors may contribute to the development of ITBFS.

Proximal

Greater hip adduction (20) is a proximal risk factor for
ITBFS, which is reduced by patients, (17,18) resulting in a
loss of hip abductor strength when compared to the unin-
jured side and controls. (18,23,24) One prospective study
concluded that strain rate may be a causative factor as no
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significant differences in magnitude of strain between ITBFS
and control participants were found, (20) One common
hypothesis suggests that increased hip adduction may move
the attachment of the ITB medially, increasing ITB strain
and its compression against the LFE and fat pad.(2,28) It
appears that ITBFS participants with greater hip adduction
compensate to help reduce ITB strain rate and associated
pain. While this hypothesis represents a possible proximal
mechanism of ITBFS, further investigation into ITB strain
and strain rate is required considering recent evidence.

Greater knee internal rotation and greater femoral external
rotation at footstrike and through stance represents a proxi-
mal risk factor for ITBFS (19,20) which is reduced by patients
with ITBFS. (18) One hypothesis suggests that greater femo-
ral ER may be a result of weakness of the muscles at the hip
(gluteus minimus, anterior fibers of gluteus medius, and tensor
fascia latae), leading to an increase in LFE friction and fat pad
compression by the ITB. However, prospective studies have
reported that hip abductor torque is not a risk factor for ITBFS.
It is possible that differences in muscle onset timing rather than
magnitude may contribute, and there is currently no published
literature investigating electromyographic (EMG) onset timing
in ITBFS. This needs addressing considering muscle activity
may represent a possible proximal mechanism in ITBFS.
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Distal

Greater rearfoot eversion at foot strike represents a distal
risk factor (20,27) which is reduced by patients with
ITBFS.(18,19) In one study a subgroup of ITBFS
participants who demonstrated highest rearfoot eversion
also demonstrated high tibial IR.(19) Rearfoot eversion
is coupled with tibial IR,(30) and one hypothesis suggests
that an increase in these variables may result in increased
ITB strain and fat pad compression.(2,4) ITBFS
participants with greater rearfoot eversion appear to
compensate to help reduce their ever-sion, tibial IR, ITB
strain, and fat pad compression. Consid-ering these
implications, further investigation into the effi-cacy of
conservative interventions that can alter and address
rearfoot biomechanics is needed.

Conservative therapy considerations

A six-week rehabilitation programme involving NSAID
prescription, ITB stretching, and hip abductor strengthening
appears to effectively reduce pain and prevent recurrence for
up to six months. (24-26) Evidence suggests that mechanisms
of efficacy may be: i) reduced fat pad inflammation (NSAIDs),
ii) reduced ITB strain or strain rate (ITB stretching), and iii)
reduced fat pad compression (hip abductor strengthening).
This review highlights the presence of local, proximal, and
distal mechanisms behind ITBFS. To achieve the greatest bene-
fits, interventions targeting patient-specific lower-limb biome-
chanics are required. Further investigation of the efficacy of
conservative interventions that target lower-limb biomechanics
such as taping, orthoses, and gait retraining are also required.

Quality assessment

Methodological quality of biomechanical studies was
assessed using a modified Down and Black scale, and
scores ranged between nine and twelve out of 14. Many
studies failed to suitably describe participant characteris-
tics, if participants were representative of the entire popu-
lation, and details of participant matching. Matching of
running participants has been shown to be better at identi-
fying between group differences in biomechanical variables.
(17) Intervention studies were assessed using the PEDRO
scale, and scores ranged between five and seven out of 11.
Therapist blinding is difficult to achieve in physical thera-
py studies as treatments require therapist skill, knowledge,
and instruction, however, none of the studies chose to blind
subjects or assessors which creates potential for bias.

A variety of study designs were used: three prospective and
eleven case-control. Each design presents specific advantag-
es but comes with certain disadvantages. Prospective stud-
ies establish cause and effect relationships, however, these
studies are more costly with regards to participant recruit-
ment and follow-up. (19,20) The review highlights the
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inconsistencies between prospective and retrospective data,
suggesting that ITBFS participants may change lower-limb
biomechanics as a result of injury. The evidence suggests
that case-control studies are not adequate for all variables,
therefore future studies should focus on prospective design.

Limitations and future research

Three prospective studies investigated lower-limb biome-
chanics, however, different kinetic variables were assessed.
While causative factors were reported, further prospective
research investigating the same variables is required to confirm
findings from these studies. There is currently a paucity of
research evaluating structural factors such as a prominent
LFE, leg-length discrepancies, or varus alignment as mecha-
nisms behind ITBFS. Prospective studies investigating these
variables are needed to better understand the influence of
local structural factors on ITBFS. Evidence from this review
suggests that differences in hip abductor timing rather than
magnitude may contribute to ITBFS. There is currently no
published literature investigating electromyographic (EMG)
onset timing in ITBFS participants. Prospective EMG stud-
ies are needed to understand the influence of neuromuscular
function on ITBFS. There are currently no clinical predic-
tion rule (CPR) studies investigating which patients respond
successfully to conservative treatments such as hip abduc-
tor strengthening or ITB stretches. ITBFS is a condition of
heterogeneous nature, and clinical prediction studies based
on ITBFS can help to identify subgroups of patients who
respond to specific treatments. This review supports the need
for CPR based on functional aspects of ITBFS (perceived
pain, neuromuscular control, and lower-limb biomechanics)
to be developed to aid practitioners. A six-week rehabilitation
programme involving NSAID prescription, ITB stretching,
and hip abductor strengthening appears to effectively reduce
pain and prevent recurrence for up to six months. Further
long term (>12 months) RCTs evaluating this programme,
and other conservative interventions targeting biomechanical
factors associated with ITBFS, including taping, foot orthoses
and gait retraining are required. Furthermore, the effects of
specific intervention programmes aimed at targeting patients
with specific proximal, local, or distal mechanisms of ITBFS
should be evaluated to aid practitioners.

CONCLUSION

Greater hip adduction, greater knee internal rotation, and
greater femoral external rotation represent possible proximal
risk factors for ITBFS. Greater rearfoot eversion represents
a distal risk factor for ITBFS. Considering this, greater hip
adduction, knee internal rotation, and rearfoot eversion are
risk factors which are reduced by ITBFS patients to lower ITB
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strain and associated pain. Addressing the absence of research
evaluating lower limb electromyography is needed to under-
stand the influence of muscle function on ITBFS. A six-week
rehabilitation programme involving NSAID prescription,
ITB stretching, and hip abductor strengthening appears to
effectively reduce pain and prevent recurrence for up to six
months. Further long term (>12 months) RCTs evaluating
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