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The effects of alteration in muscle activation
on the iliotibial band during an exhaustive run

Shane Fei Chen', Yan Wang'*?, Fangbo Bing' and Ming Zhang'**"

Abstract

Purpose Long exhausted running causes pain at the lateral femoral epicondyle for some runners. The pain has
been revealed to be related to the behavior of the iliotibial band (ITB) during running. The purpose of this study is to
examine the effects of in-series musculature on the behavior of the ITB in healthy participants during an exhaustive
run.

Methods Twenty-five healthy participants (15 males, 10 females) were recruited in the current study. All participants
performed a 30-minute exhaustive run at a self-selected speed with laboratory-provided footwear. Muscle activities
of [TB-related muscles including tensor fascia latae (TFL), gluteus maximus (Gmax), gluteus medius (Gmed), biceps
femoris (BF), and vastus lateralis (VL) were recorded using surface electromyography (EMG).

Results Maximum amplitudes at the initial stage (the first minute), the mid stage (the 15-minute), and the end stage
(the 30-minute) were compared during the exhaustive running. Significant decreases (p < 0.05) were observed in the
maximum amplitudes of the TFL, Gmax, Gmed, and BF at the mid (decreased by ~15%) and end (decreased by ~30%)
stages compared to the initial stage. The onset and the offset remained unaltered during the running (p > 0.05).

Conclusion The behavior of the healthy ITB might be altered due to the activities of the in-series musculature.
Excessive compression forces might be applied to the lateral femoral epicondyle from the ITB to provide stability for
the knee joint during an exhaustive run. The findings could provide a basic understanding of the behavior of healthy
ITB.
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Introduction

Iliotibial band syndrome (ITBS) is a prevalent overuse
injury with a high incidence of 22.2% of all lower extrem-
ity injuries [1]. It takes up a high proportion of running-
related injuries [2, 3]. Patients with ITBS feel pain after
a few kilometers of running, and the pain in the lateral
femoral epicondyle would intensify as they continue [4].
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proposed to be directly influenced by running biome-
chanics [7].

The ITB is a thickening part of the superficial fascia
with the majority insertion into the lateral tibial condyle
[8]. In the proximal position, the ITB receives tension
from the tensor fascia lata (TFL), gluteus maximus mus-
cle (Gmax) [9], and gluteal aponeurosis over the gluteus
medius muscle (Gmed). In the distal position, the ITB
is distorted by the contraction of vastus lateralis muscle
(VL) and biceps femoris muscle (BF) [10, 11]. Due to the
complex anatomical structures, the ITB coordinates with
these muscles to provide stability for knee and hip joints
during running [12]. As the ITB fully inserts into the TFL
and partly connects to Gmax, it receives tension from
these two muscles to contribute to the anterolateral rota-
tion stability for the knee joint. Additionally, a previous
magnetic resonance image study [6] indicated that the
tension in the ITB created by the muscles could produce
compression in the tissues between the distal I'TB and the
lateral femoral epicondyle. Consequently, knee stability
could be obtained from the compression forces applied
to the lateral femoral epicondyle by the tensioning of the
ITB [7]. The ITB was suggested to be one of the most
important stabilizers of the knee joint, especially during
high knee flexion angles [13].

Modified alteration in the force transmission from con-
nected structures might lead to overuse injuries [14].
Force transmission in the ITB was mostly determined by
its relevant muscles. These muscle activations might be
modified during an exhaustive run [15, 16]. Additionally,
passive loading in the tissues was revealed to increase
during an exhaustive run, which might lead to a higher
risk of injury [17]. Surface electromyography (EMG) was
usually adopted to measure muscle activities [18, 19].
For this technique, the average amplitudes of the EMG
signals could quantify the level of muscle activation for
a given period without any invasion [20]. Some previous
researchers have reported the associations between EMG
amplitudes and injury risk indirectly [21]. The increase
in the EMG amplitudes was associated with the increase
in the musculotendon stiffness for major muscles of the
lower limb [22]. Souza and Powers [23] adopted surface
EMG to discuss the association between hip muscles and
knee pain. Rabita et al. [24] analyzed the amplitudes of
BF using surface EMG, which revealed that there was a
significant decrease in the pre-activation phase during
an exhaustive run. Another study examined the activi-
ties of Gmed and TFL during an exhaustive run, which
indicated that the amplitudes of both the muscles would
decrease significantly [25]. On the other hand, the iden-
tification of the timing including the onset and offset of
the muscles could confirm the duration of muscles stay-
ing on. However, due to the artifacts and noise of sur-
face EMG signals in running, the timing detection might
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be impaired. Teager-Kaiser energy operator (TKEO)
could be applied to EMG signals to obtain more reliable
results [26, 27]. The algorithm detected the first tim-
ing point exceeded a baseline as the onset timing for a
specific muscle. The offset timing was set to be the first
point below the threshold. Muscles begin to activate with
an instantaneous augmentation in EMG signals, which
could be detected by TKEO. Therefore, the current study
adopted TKEO to obtain the temporal parameters.

Runners perform cyclic and repetitive movements [28].
Since the pain caused by ITBS appears after a period of
running [29] but not at the beginning, the behavior of the
ITB might be changed to cause an excessive and abnor-
mal increase of compression forces between the ITB and
the lateral femoral epicondyle. The activities of in-series
musculature might be altered during an exhaustive run,
which could change the behavior of the ITB. Few stud-
ies investigated the timing of the ITB-related muscles
and amplitudes in different phases of the exhaustive run.
Consequently, the current study hypothesizes that mus-
cle activities would be altered, which modifies the behav-
ior of the ITB during an exhaustive run. Additionally,
we also hypothesized that the compression forces from
the ITB applied to the lateral femoral epicondyle would
increase due to the altered muscle activities under repeti-
tive and cyclic running activities.

Methodology

Participants

A sample size was estimated using Gpower (G*power
3.0.10, Universitat Diisseldorf, Germany) with a sig-
nificant level of 0.05. The sample size in the current
study met the requirement with a medium effect size of
0.8. Twenty-five healthy participants (15 males, and 10
females, 64.7+11.7 kg, 170.9+8.4 cm) were recruited
from the Hong Kong Polytechnic University. The age
of all the participants was between 20 and 30 years old
and their BMI was between 19 and 24. Participants
were excluded if they had musculoskeletal injuries in
the preceding 12 months. Participants who have exces-
sive foot pronation or supination were also excluded.
The recruited participants run at least 10 miles a week.
Informed written consents were signed by all partici-
pants before the experiment. The Human Subjects Ethics
Sub-Committee of the Hong Kong Polytechnic Univer-
sity (Number: HSEARS20150121003) has approved this
study.

Experiment setup and data collection

A wireless EMG system DelSys Trigno (DelSys, Boston,
MA) was used to record activities of TFL, Gmax, Gmed,
BF, and VL at a sample rate of 2000 Hz. The EMG sen-
sors have 8-mm Ag/AgCl with a 22 cm inter-electrode
spacing. Bipolar differential surface electrodes (Ag/AgCl)
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were attached to the belly of each muscle with clean and
shaven skin in the right leg. The direction of the elec-
trode position was parrel to the muscle fiber as referred
by ‘surface EMG for non-invasive assessment of muscles’
(SENIAM) which is a European project on surface EMG
[30]. The SENIAM standards focus on surface EMG and
recommend locations of electrodes for surface EMG.
The EMG for TFL was located on the proximal 1/6 of the
line from the anterior spinal iliac superior to the lateral
femoral condyle. The EMG for Gmax was attached at
the 1/2 line between the great trochanter and the sacral
vertebrae and the EMG for Gmed was attached at the
1/2 line between the crista iliac and the trochanter. The
placement of the EMG for VL was at the 2/3 on the line
from the anterior spinal iliac superior to the lateral side
of the patella. The EMG for BF was placed at 1/2 line
between the ischial tuberosity and the lateral epicondyle
of the tibia. Additionally, BF was assumed to have identi-
cal EM@G activation patterns in the long and short heads
[31]. All the electrodes were placed by the same research
assistant to confirm the location consistency for all the
muscles and participants.

All participants wore neutral, laboratory-provided
sports shoes (ARHQO025-4, Li-Ning Inc., Beijing, China).
Before the formal treadmill running test, a 5-minute
warm-up was performed and then another 5 min was
used to be familiar with the treadmill (Unisen Inc., Tus-
tin, CA, USA) for participants. Then participants were
required to run at their self-selected speeds to perform
an exhaustive run on a treadmill for 30 min [32]. The run-
ning trial was continuous at this fixed speed. Raw surface
EMG signals of the five muscles were recorded for 1 min
at the 1-minute (initial stage), 15-minute (mid stage), and
30-minute (end stage) of the 30-minute exhaustive run-
ning trial.

Data processing
The raw EMG signals were filtered with a 20 Hz fourth-
order Butterworth high-pass filter to remove electrode
artifacts firstly [18, 33]. Then, TKEO algorithm was per-
formed [26, 27]. A high-pass filter with 10-20 Hz cutoff
frequencies was applied to remove artifacts. The second-
order bandpass Butterworth filter with 10 —500 Hz was
applied after full wave rectification to the EMG signals.
Linear envelopes of EMG signals were created using a
low-pass second-order Butterworth filter with a cut-
off frequency of 6 Hz. An EMG profile for each muscle
was represented by averaging linear envelops of ten con-
secutive cycles [34]. EMG data were normalized to the
maximum amplitude at the initial running to perform
comparisons.

Temporal parameters of surface EMG signals include
the onset and offset of EMG bursts. For detecting muscle
firing timing, a threshold was set to be 10% of the local
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peak of the maximum amplitude. The onset and offset
points were determined by the intersection of the single
envelop and the threshold [34]. The onset and offset tim-
ing were obtained by averaging ten consecutive cycles,
and then represented as the percentage of the gait circle.

Statistical analysis

SPSS Version 19.0 (IBM Corp., Armonk, NY, USA) was
used to perform statistical analysis. The normal distribu-
tion of the variables of interest was examined using the
Shapiro-Wilk test with p>0.05. As some of the parame-
ters revealed nonnormal distributions, a non-parametric
Friedman Two-Way Analysis of Variance (ANOVA) was
adopted to verify the differences between different condi-
tions. The peak amplitudes of TFL, Gmax, Gmed, BF, and
VL at different stages were used to perform the statistical
analyses. If there are significant differences, the post-hoc
pairwise t-tests with Bonferroni method were performed.
The significant level p-value was set at 0.05.

Results

Figure 1 shows the changes in peak amplitudes for each
muscle at the mid and end stages when compared to the
peak amplitude at the initial stage. The statistical results
were examined using the peak amplitudes at the initial,
mid, and end stages. Significant decreases were observed
in the maximum amplitudes of TFL, Gmax, Gmed, and
BF during an exhaustive run. The activation of these four
muscles decreased significantly at the mid and end stages
when compared to the initial stage whereas no significant
differences were revealed between the mid stage and the
end stage. Furthermore, as shown in Fig. 1, the maximum
amplitude of Gmax in the mid stage decreased to 72.09%
of the maximum amplitude in the initial stage whereas
the activation in TFL, Gmed, and BF remained at over
80% of the activation of the initial stage, which might
indicate a rapid decrease in the activation of Gmax.

The EMG activation patterns were shown in Fig. 2. The
onset and offset timing of the TFL, Gmax, Gmed, BF,
and VL in different stages were listed in Table 1. Only the
onset in the late swing phase and the onset in the stance
phase were compared. The short activation during the
swing phase such as Gmax was not included in the cur-
rent study. No differences were observed in the onset and
offset between the initial and mid or end stages. The fir-
ing timing of the muscles was indicated to be stable dur-
ing the whole exhaustive running. Figure 3 shows the
relative muscle timing based on the detecting threshold.

Discussion

The study aimed to examine the effects of alteration in
muscle activities on the behavioral adaption of the ITB
during running. The activation of TFL, Gmax, Gmed,
and BF decreased significantly in the mid and end stages
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Fig. 1 Change in EMG amplitude for TFL, Gmax, Gmed, BF, and VL. The statistical results were detected using the maximal amplitudes for each muscle

« Significant difference between different stages at p-value < 0.05.

Tensor fascia latae =TFL; gluteus maximus = Gmax; gluteus medius =Gmed; biceps femoris = BF; vastus lateralis =VL.

during an exhaustive run. Furthermore, the maximum
amplitudes of Gmax demonstrated a rapid decrease in
the mid stage. The firing timing of muscles revealed no
significant differences during the whole running stages.
Changes in the activations of the in-series musculature of
the ITB might alter its behavior during different stages of
an exhaustive run.

The ITB receives direct muscle forces from TFL and
Gmax due to the fully and partly anatomical insertions.
The changes in myofascial force transmission strategy
were associated with the development of overuse injuries
in running as the structural linkage of the muscles with
connective tissues [14]. Furthermore, long exhaustive
running could lead to an unfamiliar and compensating
running pattern [35]. Thus, the behavior of the ITB was
postulated to be altered during an exhaustive run. Com-
pared to the initial stage of the running, TFL and Gmax
revealed a significantly decreased activation in the mid
and end stages, especially for a rapid decrease in the mid
stage for Gmax. The decrease in the activation of the TFL
and Gmax might lead to a changing behavior of the ITB.

Hutchinson et al. [7] developed a simplified free-body
diagram to illustrate the tension in the ITB is associated
with knee compression forces. The underactivity of the
gluteal muscles and the overactivity of TFL might lead to
an increase in tension in the ITB [32]. Though both the
TFL and Gmax tended to activate weakly as the running
duration increased, the Gmax revealed a rapid decrease
with 27.91% of the maximum amplitude at the initial
stage in the mid stage compared to the decrease of TFL
with 19.17%, which might lead to a dysfunction of over-
activity in TFL and underactivity in Gmax compared to
the initial stage. Additionally, the underactivity of Gmed
in the mid and end stages would result in a compensa-
tory activation of TFL, which would cause higher ten-
sion force in the ITB [5]. Consequently, the increase of
tension in the ITB would cause a higher compression
force between the ITB and lateral femoral epicondyle.
Bertelsen et al. [36] constructed a conceptual model to
understand strain-related overuse injuries that repeti-
tive loading of tissues could cause microdamage accu-
mulation. The overuse injuries could be contributed by
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Heel strike is at 0% and 100% of the stride.
Table 1 Muscle timing at different stages (mean +SD) ) ) ) )
Variable Initial stage _ Mid stage Endstage P microdamage w1t}}0ut an appro‘prlate adaptation. Tl.le
(% gait circle) (% gait (% gait weakness of the hip abductor might lead to a large hip
circle) circle) adduction angle that could cause an increase in the strain
TFL onset  9635+3.75 96374324  9665+3.73 0.529 of the ITB during the stance phase of running [37]. The
offset  1655+3.97 1692+£381  1639+366 0424 alteration in the activation patterns of TFL and Gmax
Gmax  onset  94.29+58] 9343£601  9446+648 0435 might lead to excessive strain in the ITB. Through the
offset  17.81£5.19 18241449  1652+401 0.06] force transmission from TFL and Gmax, the ITB also
Gmed onset  9401+357 9341£4.28  9356£327 0157 contributes to the stabilization of the knee joints in some
offset  17.68+4.21 17.71+£391 1739+4.06 0.237 way.
BF  onset 79624841 /088+835  /991+826 08/6 A deep capsule-osseous layer as the part of distal ITB
offset 2062949 19954975 19084864 0585 originates from the proximity to the lateral gastrocne-
VL onset  96.55+4.00 95./6£395 95734344 0131 mius tubercle and attaches to the lateral tibial tubercle on
offset  1845+3.34 19.15+£333 19.16+2.75 0.056

« Significant difference between stages at P value <0.05.

Tensor fascia latae=TFL; gluteus maximus=Gmax; gluteus medius=Gmed;
biceps femoris=BF; vastus lateralis=VL.

the anterolateral aspect of the proximal tibia [8, 38] that
stabilizes the knee joint. The ITB was demonstrated to be
the secondary stabilizer for tibia rotation except for the
anterior cruciate ligament [13], which plays an impor-
tant role at high knee flexion angles where the anterior
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cruciate ligament functions less. Hip muscles connected
with the ITB assist to balance the biomechanical forces
in the human body. At heel strike, the trunk leans to the
same side of the strike to absorb shock. The stabiliza-
tion of the lateral trunk flexion is balanced by the con-
traction of the hip muscles. The stabilization of the knee
joint could be achieved from the compression force
between the ITB and the lateral femur through tension-
ing the ITB [7]. The running duration was related to the
decrease in joint laxity due to muscular activation [39].
The maximum of the TFL, Gmax, and Gmed decreased
significantly in the mid and end stages during the exhaus-
tive running, which might indicate a weak ability to con-
trol the knee joints. Therefore, extra compression force
applied to the lateral femoral epicondyle from the ITB
might be a compensatory running pattern to provide
more stabilization for the knee joint during an exhaustive
run.

VL is another ITB-tensing muscle, which subsequently
contributes to the lateral stabilization of the pelvis due to
its ‘hydraulic amplifier’ action on the fascia latae [40]. The

VL acts as an adjustable lever arm that could increase the
distance between the ITB and femoral shaft when it con-
tracts, which thus results in the increase of tension in the
ITB. The maximum amplitudes of VL remained to be the
same level during the exhaustive running, which revealed
the same results in a previous study [24]. The results
could be due to the compensation strategy of running
[24]. On the contrary, the maximum amplitude of BF
demonstrated a significant decrease in the mid and end
stages compared to the initial stage during the exhaustive
running. BF acts to be a lateral stability structure of the
knee joint, which inserts into the posterior edge of the
ITB [41, 42]. The contraction of the BF could decrease
the internal rotation of the tibia, which could lead to less
tension in the ITB [43]. The activation of the BF tended to
decrease significantly, which might lead to less limitation
of the internal rotation of the tibia. Consequently, extra
traction in the ITB could potentially increase to provide
stability for the knee joint during an exhaustive run.

The amplitudes of muscles describe the gross input
for the given tasks. However, the timing parameters
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including the onset and offset of a specific muscle could
reflect when the muscle turns on and off. In the current
study, both the onset and offset of TFL, Gmax, Gmed,
BE, and VL revealed no significant differences during the
whole exhaustive running. The results were consistent
with the previous findings [25] that indicated no signifi-
cant differences in the onset of TFL, Gmax, and Gmed
during an exhaustive run. Alteration in the muscle acti-
vation timing was associated with the increase of hip
adduction angles, which thus might lead to compression
at the femoral epicondyle [44]. However, the results from
the current study did not reveal that the timing alteration
would appear in healthy ITB during an exhaustive run.
Future studies could prolong the duration and intensity
of the running to examine the activation timing of the
muscles.

ITBS is one common overuse injury that could be
caused by multifactor. The activation of muscles related
to ITB would change during an exhaustive run, which
might indicate an altered force transmission through
these muscles. The changed running biomechanics and
altered force transmission from the altered muscular
activities during an exhaustive run might have influences
on the mechanical performance of ITB. Thus, treatments
for I'TBS should take muscle strength into consideration.

Limitations

The current study had some limitations. Some differences
may exist between overground running and treadmill
running. Participants could not alter their running speed
to mitigate muscle activation. Regardless of the effort to
skin preparation and electrode placements, movement
artifacts and noise still need to be considered for surface
EMG. Additionally, participants were provided labora-
tory footwear to eliminate footwear bias. However, some
participants might not be accustomed to it. Runners were
required to perform the exhaustive running on a tread-
mill at a self-selected speed, leading to speed differences
between females and males. It should also be noted that
different leg muscle fitness of the participants might
cause bias. Future studies could examine the differences
in muscle activities between males and females.

Conclusion

The current study examined the effects of the alteration of
in-series muscles on the behavior of the ITB using physi-
ological parameters during an exhaustive run. A rapid
decrease in the maximum amplitudes of Gmax might
lead to a relative underactivity of Gmax, which could
increase the tension in the ITB. The activation of the BF
also decreased significantly, which could also potentially
augment the ITB tension. The tension increase in the ITB
might predispose to ITBS. Strengthening of hip muscles
is suggested to offer better prevention of such overuse
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injuries. The results of this study would provide a basic
understanding of the behavior of the healthy ITB, which
might give some insights into the etiology of ITB-related
pathologies, such as ITBS.
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