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Abstract

Introduction: Foot overpronation is commonly associated with injuries in runners, and may contribute to iliotibial
band syndrome, although to date, the effect of overpronation on this injury has been little studied. The aim of this
study was to assess the effect of anti-pronation orthotic insoles on pain and hip and knee kinematics in runners with
overpronation and iliotibial band syndrome.

Case description: Three runners with iliotibial band syndrome underwent repeated kinematic analysis during a
three-week period of training with bilateral orthotic insoles. Pain during running (visual analogue scale) and peak hip
and knee internal rotation and hip adduction were analyzed.

Results: After three weeks of training with the orthotic insoles, mean pain during running decreased from 10
points on the visual analogue scale to 1.6 ± 1.5. Mean peak internal hip rotation decreased by -7.6 ± 0.3 degree
(S1=-7.4 degree; S2=-7.9 degree and S3=-7.3 degree) and mean peak internal knee rotation decreased by -6.9 ±
6.4 degree (S1=-4.2 degree, S2=-14.3 degree and S3= 2.5 degree). The results for hip adduction were not
consistent.

Discussion: Reduction of overpronation using orthotic insole may be an effective treatment for iliotibial band
syndrome in some runners. The reduction in peak hip and knee internal rotation may have reduced strain on the
iliotibial band during running, reducing pain. Kinematic analysis of running should be carried out in individuals with
iliotibial band syndrome to determine the cause of the injury.
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Introduction
Iliotibial band syndrome (ITBS) is the second greatest cause of

knee pain in runners, and the greatest cause of lateral knee pain [1,2].
The pain is located approximately 2 cm above the lateral joint line and
is frequently described as sharp or burning [3]. The etiology of ITBS is
multifactorial and highly debated [1,4], both intrinsic and extrinsic
factors have been reported to be involved. Extrinsic factors include ill-
adapted footwear, and changes in training volume such as a rapid
increase in distance and hill training [3,5]. Intrinsic factors include
genu varum, foot pronation, a leg length discrepancy, and muscle
imbalances, which can alter the normal kinematics of the hip and knee
[6–8].

Two anatomically-based models have been proposed to explain
the pathophysiology of ITBS: compression and friction [4]. The
iliotibial band (ITB) arises from the tensor fascia latae and gluteus
maximus muscles and attaches distally to the infracondylar tubercule
of the tibia and head of the fibula. The friction theory states that
excessive tension is caused by anterior-posterior displacement of the
ITB over the lateral femoral epicondyle, leading to inflammation and
pain. The friction is reported to occur between 0 degree and 30
degree-45 degree of knee flexion, causing pain with repeated
movements such as those that occur in running [9]. The compression

theory states that medial-lateral excursion of the ITB compresses blood
vessels, nerves and Pacinian corpuscles [9] in the epicondylar region,
causing pain. Abnormal running kinematics has been associated with
an increased risk of ITBS. Indeed, excessive hip and knee motion in the
frontal and transverse planes could accentuate both friction and
compression. However, motion in the sagittal plane does not appear to
be associated with ITBS [4,10].

The biomechanics of the foot influence the alignment and function
of more proximal joints [11–14], and even the whole locomotor
apparatus [12,14–17]. Excessive foot pronation has been associated
with running injuries and knee pain [18–21]. Foot pronation is a
complex movement that occurs in the three planes of motion,
combining dorsiflexion, abduction and eversion [22]. It causes internal
rotation of the tibia and also the femur [11,18,23–25], leading to
excessive strain at the knee [26]. Repeated internal rotation of the knee
could lengthen certain structures around the knee, including the ITB
[27]. Moreover, recent studies have shown that foot pronation can
influence hip kinematics [13,14,28], which in turn can strain the ITB
through its proximal attachment. Surprisingly, no studies have
evaluated the effect of foot kinematics on ITBS. Foot pronation is
generally determined using static postural tests such as the navicular
drop and foot posture index. However, recent studies indicate that
static analysis does not provide an indication of foot kinematics during
dynamic activities such as running [29]. This may explain why the
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relationship between foot overpronation and knee injuries such as
ITBS has been little studied.

Based on the mechanisms described above, we hypothesized that
overpronation may be a cause of ITBS in some runners. The aim of this
case series was therefore to carry out a dynamic assessment of the
effect of anti-pronation orthotic insoles on knee pain and the
kinematics of the hip and knee in runners with overpronation and
ITBS, at successive time points over three weeks.

Description of cases
Three male runners with ITBS, aged between 20 and 29 years and

referred to our podiatry centre for treatment of knee pain were
recruited (Table 1). To be considered for the study, subjects had to run
at least 15 km per week prior to the onset of the pain, have had pain
over the lateral femoral epicondyle for at least one month, rated as 10
on a visual analogue scale (VAS) (i.e., maximal pain) and that caused
them to stop running, and no other lower limb injuries or surgery
within the previous six months [30–33]. Subjects were screened by a
podiatrist and a doctor who excluded ligament, meniscus, tendon or
other soft tissue lesions and diagnosed ITBS using the Ober test [34].
The final inclusion criterion was excessive foot pronation during
running, assessed using plantar pressure analysis (described below).
Prior to consulting our podiatry clinic, none of the runners had
undergone any treatment for their knee pain.

Characteristics Runner 1 Runner 2 Runner 3

Age (years) 22 20 29

Height (m) 1.8 1.67 1.77

Mass (kg) 70 63 71

BMI (Kg.m-2) 21.6 21.9 22.7

Running experience (years) 3 2 5

Distance per week (km) 30 25 30

Number of training sessions per week 3 2 4

BMI: Body Mass Index

Table 1: Characteristics of participants.

Plantar pressure analysis was carried out on an instrumented 6-m
runway (Zebris, Medical GmbH, Allgau, Germany). Potentially eligible
subjects were asked to run along the runway at a minimum of 10
km/h-1 wearing their usual running shoes. All subjects included had a
rear foot strike pattern during running and greater medial than lateral
pressure of the foot during stance phase, demonstrating overpronation
according to Brund et al. [35].

The experimental procedures were approved by the University of
Rouen ethical committee and were carried out according to the
Declaration of Helsinki and French legislation (Decree n° 2017-884 of
May 9th, 2017).

Orthotic insoles (OI)
Customized bilateral OI were made for each runner after the first

3D gait analysis (see below). Several materials were used (Ethylene
Vinyl Acetate, resin and PR sport material) and different pads were

used (high-density, low elasticity) for comfort, absorption and
correction. The anti-pronation wedge was shaped from the medial
calcaneus to the hallux. The runners were instructed to wear the OI
only when training, and to perform two training sessions of a
maximum of 10 km each per week.

Evaluation
Five 3D gait analyses were carried out in our laboratory. During

the first analysis, no OI were worn. The second analysis was carried out
on the same day as the first, but with the OI, which were also worn for
each subsequent analysis, 1, 2 and 3 weeks later. The study schedule is
shown in Figure 1. The runners did not receive any other treatment or
rehabilitation throughout the duration of the study. The five 3D
analyses were carried out according to an identical protocol. First, each
runner performed a 10-minute warm-up on a treadmill at his own
chosen velocity (Care, Crosser II, Bobigny, France). This also allowed
time to become familiar with the treadmill. Then, 20 passive
retroreflective markers were positioned over anatomical landmarks on
the lower limbs and pelvis (Figure 2), following the plug-in-gait model
recommendations for use with the Vicon system (Oxford Metrics LTD,
Oxford, United Kingdom). The same examiner positioned the markers
on the runners at each session to limit errors and tape was used to
ensure the markers remained in position if the runner sweated.
Calibration was then carried out with the runner in a standing
position. Subjects were asked to run for five minutes on the treadmill,
which was set to a speed of 10 km/h-1, and three acquisitions, each
including ten strides, were carried out during the fourth and fifth
minutes using the Vicon system. Each runner wore his own running
shoes, with the OI for the second to fifth analyses.

Marker trajectories were recorded at a sampling frequency of 250
Hz with a 12-camera Vicon system. Data were processed using Polygon
software (Biometrics, Paris, France). The marker trajectories were
filtered with a Butterworth filter at a cut-off frequency of 12 Hz as
described by Loudon and Reiman [36]. Events (initial contact and toe-
off) were determined from the kinematic data. Initial contact was
determined as the point when the marker on the lateral malleolus
changed direction from forwards to backwards. Toe-off was
determined as the point when the second metatarsal marker moved
from a consistent horizontal position to a more vertical position.

Pain
The runners were asked to rate the pain experienced during their

own running training sessions while wearing the OI on a VAS, and to
record the score on a follow up sheet after each training session.

Analysed data
Peak internal hip and knee rotation and peak hip adduction were

calculated for the thirty strides recorded for each runner, then the
means and standard deviations were calculated for each runner (Figure
3). Statistical analysis was performed using SPPS 21.0. The data were
analyzed with respect to their normality of distribution using the
Shapiro-Wilk W test. Levene’s test was used to test variance
homogeneity of the kinematic data. The compound symmetry or
sphericity was checked with the Mauchly’s test. A repeated measure of
ANOVA was used to determine difference between each analysis.
Statistical significance was assumed with p ≤ 0.05.
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Figure 1: Study schedule.
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Figure 2: Plug-in-gait marker placement (anterior superior iliac spines, posterior superior iliac spines, lateral femoral epicondyles, thighs,
skanks, malleoli, heels and second metatarsal heads).
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Figure 3: Kinematic parameters (mean and standard deviation) of the knee and hip after three weeks of training with the orthotic insoles (S1:
Runner 1; S2: Runner 2; S3: Runner 3; Black: T0; Grey: T3). * denote a significant difference between variables, *p ≤ 0.05.

Results
After 3 weeks of training with the OI, the pain rating decreased

considerably for all three runners (Table 2): mean rating of 10 ± 0
before the OI and of 1.6 ± 1.5 (EVA reduction: S1: -10; S2: -8; S3: -7)
after three weeks of training with the OI.

The results for the kinematic analysis are reported for weeks 0 and 3
because no real change occurred between T0 and T1 or T0 and T2.
There was a decrease in peak internal rotation of both the knee and the

hip in the injured limb between the first and final analyses (Figure 3).
Peak internal knee rotation reduced significantly by -7.4 ± 0.6 degree,
-7.9 ± 1.4 and -7.2 ± 1.2 degree and peak internal hip rotation reduced
significantly for the runner 1 and 2 by -4.2 ± 0.5 degree, -14.3 ± 2.9
degree and -2.5 ± 0.8 degree for the runner 3. The results for hip
adduction were less consistent with a decrease of -1.6 ± 0.2 degree in
runner 1, a significantly increase of +5.1 ± 2.4 degree in runner 3 and
no change for runner 2 (+0.1 ± 0.7 degree).
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Pain (score on VAS) S1 S2 S3

T0 10 10 10

T3 0 (-10) 2 (-8) 3 (-7)

VAS: Visual Analogue Scale

Table 2: Pain after 3 weeks of wearing the orthotic insoles.

Discussion
The aim of this study was to examine the effects of wearing OI on

knee pain and hip and knee kinematics in runners with ITBS. This
small case series provides preliminary findings for certain kinematic
factors that may influence ITBS. After three weeks of training with the
OI, pain during running reduced considerably in all three runners
(EVA reduction: S1: -10; S2: -8; S3: -7), as did peak hip (S1=-4.2 ± 0.5
degree; S2=-14.3 ± 2.9 degree; S3=-2.5 ± 0.8 degree) and knee internal
rotation (S1=-7.4 ± 0.6 degree; S2=-7.9 ± 1.4 degree; S3=-7.2 ± 1.2
degree) on the painful side. Changes in peak hip adduction were less
consistent (S1=of -1.6 ± 0.2 degree; S2=+0.1 ± 0.7 degree; S3=+5.1 ±
2.4 degree).

Many biomechanical studies have shown that kinematic parameters
of the hip, knee and foot are abnormal in ITBS, although the specific
kinematic anomalies related to ITBS remain debated, in particular
those relating to the hip. Some studies have found peak hip adduction
to be increased during stance in ITBS [37,38] while others have found
it to be decreased [33,39,40] or normal [41]. Similarly, external hip
rotation has been shown to be increased in some studies [33,38], while
others have found an increase in internal hip rotation[32]. Results
appear more consistent regarding internal knee rotation, which seems
to be commonly increased in ITBS [37,38,40]. Several studies have
shown that foot eversion is reduced in ITBS [40,38]. In contrast with
these previous studies, a study on the effect of gender on kinematics in
ITBS found no differences in hip and knee kinematics between males
with ITBS and a male control group [33]. These contrasting results
may be due to differences in the methodologies used in each study
such as differences in the samples included, barefoot running or shod
running, treadmill or overground running etc.

Since internal rotation of the tibia appears to be associated with
ITBS [37,38] and overpronation of the foot is associated with internal
rotation of the tibia [17], which represent a biomechanical fact. We
hypothesized that OI to reduce overpronation would reduce internal
knee rotation and pain. The results of our study confirmed this
hypothesis, demonstrated by the concomitant significant decrease in
both these parameters with use of the OI, as has been found elsewhere
[42–44]. Moreover, internal hip rotation has been shown to be
increased by overpronation [14,28] and associated with ITBS [32]. The
kinematic analysis showed that after three weeks of training with OI,
peak internal hip rotation was reduced in all three runners and
significantly reduced for two of them. These results suggest that
increased internal hip rotation in stance may contribute to ITBS and
reducing this rotation may decrease strain on the ITB. Thus, the
anterior-posterior (or medio-lateral) move of the ITB across the knee
is reduce and decrease the mechanical causes of the pain.

Noehren et al. [38], reported that an only a few degrees of hip
adduction might be sufficient to strain the ITB, inducing inflammation
by friction and/or compression [4]. However, as stated above, the role

of hip adduction in ITBS is controversial. This is reflected in our
results, which were inconsistent for this parameter. Although obviously
no conclusions can be drawn from our small case series, it is
interesting to note that in the runner with the largest improvement in
pain (Runner 1) peak hip adduction decreased, while in the runner
with the smallest improvement in pain (Runner 3) it increased
significantly. This suggests that hip adduction should be considered in
the evaluation and treatment of ITBS.

The ITB has attachments on the femur and the gluteus maximus
and tensor fasciae latae muscles [4] as well as on the lumbar spine,
ilium and sacrum [45,46]. Power [27] showed that trunk motion in the
frontal and transverse planes may contribute to abnormal hip and knee
kinematics, and could lead to strain of the structures of the knee, in
particular the ITB. Baker et al. [4], discussed the fact that genu valgus
(often caused by foot over pronation) causes internal hip rotation,
which could strain the collateral ligament [27] or the ITB, which
control internal knee rotation [6,47–49]. Over time, this could lead to a
lengthening of the ITB. When treating ITBS, the first aim is to reduce
any lengthening effect on the ITB [3]. This could explain why the anti-
pronation OI reduced knee pain over a period of three weeks.

This study has several strengths and limitations. Firstly, although
the sample was very small, the runners included were homogenous in
that they all had foot over pronation. Moreover, in contrast with most
studies, the over pronation was verified using a dynamic test. It would
have been interesting to carry out a longitudinal evaluation of foot
kinematics, including pronation, however this was not possible
because of a limitation of the current plug-in gait software that does
not evaluate pronation sufficiently accurately. Furthermore, the marker
set used for the plug-in gait software is relatively sparse, which could
potentially accentuate motion artifacts and decrease the accuracy of
the results. However, attempts were made to reduce errors by having
the same evaluator position all the markers on each runner. Also, the
results for hip and knee rotation were consistent, with small within-
subject standard errors, suggesting that they were not particularly
influenced by artifacts. Finally, the running shoes worn by the subjects
were not controlled. Different running shoes and their state of wear
them could influence lower limb kinematics.

Conclusion
The results of this case series suggest that correcting over pronation

of the foot by wearing OI may be an effective treatment for ITBS in
runners who over pronate. Pain reduced considerably and consistently
in all three runners. Moreover, correction of the pronation reduced
significantly peak internal hip rotation for two runners and peak
internal knee rotation for all runners. Thus, the anti pronation
orthotics insoles modify the biomechanics of the locomotor apparatus
including reduction of the peak internal rotation of the hip and knee.
These modifications could reduce the friction and the compression of
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the iliotibial band in the knee, decreasing the mechanical cause of the
pain. These results suggest excessive internal knee and hip rotation,
caused by over pronation of the foot could contribute to ITBS. We
suggest that a biomechanical analysis of the lower limb, including the
foot, should be systematically carried out in individuals with ITBS to
determine the cause of the injury.

Further, longitudinal studies are necessary to confirm these
preliminary results and to evaluate if additional kinematic changes
occur over the longer term.
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