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Background

Iliotibial Band Syndrome (ITBS) is a common clinical condition likely caused by abnormal
compressive forces to the iliotibial band (ITB). Stretching interventions are common in
ITBS treatment and may predominantly affect tensor fascia latae (TFL). Another ITBS
treatment is foam rolling, which may more directly affect the ITB. Shear wave ultrasound
elastography (SWUE) measures real-time soft tissue stiffness, allowing tissue changes to
be measured and compared.

Purpose

To examine effects of foam rolling and iliotibial complex stretching on ITB stiffness at 0°
and 10° of hip adduction and hip adduction passive range of motion (PROM).

Study Design

Randomized controlled trial.

Methods

Data from 11 males (age = 30.5 * 9.0 years, Body Mass Index (BMI) = 27.8 + 4.0) and 19
females (age = 23.5 = 4.9, BMI = 23.2 + 2.1) were analyzed for this study. Subjects were
randomly assigned to one of three groups: control, stretching, and foam rolling. Shear
wave ultrasound elastography measurements included ITB Young’s modulus at the
mid-thigh, the distal femur and the TFL muscle belly. ITB-to-femur depth was measured
at mid-thigh level. Hip adduction PROM was measured from digital images taken during
the movement.

Results

No significant interactions or main effects were found for group or time differences in
ITB Young’s modulus at the three measured locations. The ITB stiffness at the mid-thigh
and distal femur increased with 10° adduction, but TFL stiffness did not increase. A main
effect for adduction PROM was observed, where PROM increased 0.8° post-treatment (p =
0.02).
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Conclusion

A single episode of stretching and foam rolling does not affect short-term ITB stiffness.
The lack of ITB stiffness changes may be from an inadequate intervention stimulus or
indicate that the interventions have no impact on ITB stiffness.

Levels of Evidence
1b

INTRODUCTION

Iliotibial band syndrome (ITBS) is a common clinical con-
dition characterized by sharp, localized, lateral knee pain,
often experienced around 30° of knee flexion during repet-
itive knee flexion-extension activities. This entity is re-
ported to account for 10% of all lower extremity overuse
syndromes in runners! and up to 24% of all overuse syn-
dromes in cyclists.2 The pain is often severe enough to re-
sult in activity discontinuation.? The type of force causing
impingement between the lateral femoral condyle and the
iliotibial band (ITB) is debated. Several authors concluded
that repetitive ITB movement in an anterior-posterior di-
rection produced friction resulting in microtrauma.3-> Con-
versely, Fairclough et al® suggested that the ITB moves in a
lateral to medial direction causing lateral knee compression
forces. Increased ITB tissue stiffness may increase com-
pression or friction forces along the lateral femoral epi-
condyle’, potentially leading to ITB tissue irritation.*

Previous authors have assessed structural changes as-
sociated with ITB complex stretching. These investigators
questioned the ability of clinical stretching to produce last-
ing lengthening effects caused by ITB complex stretching
maneuvers.8 In accordance, a study of in vitro ITB and ten-
sor fascia latae (TFL) complex tissue specimens determined
that significantly greater tissue elongation occurs in the
proximal region hosting the TFL muscle during a simulated
clinical stretch protocol, suggesting that elongation may
be due to TFL elongation versus actual ITB lengthening.’
Data from that study indicated that the ITB tissue itself was
not likely “stretched” during normal clinical stretching pro-
tocols. Seeber et all0 in a cadaveric investigation further
confirmed this hypothesis. Despite the lack of ITB tissue
elongation, global hip adduction ROM improves with hip
adduction stretching maneuvers.!! TFL-related neuromus-
cular factors associated with interventions such as stretch-
ing and foam rolling might contribute to perceived clinical
benefits and increased ROM following ITB stretching. These
include easing symptoms that may decrease stiffness in the
muscular system components.’

An additional treatment commonly used for ITBS symp-
tom management is foam rolling.12-19 Prior systematic re-
views sought to determine foam rolling treatment effects
on joint ROM post-exercise muscle recovery and perfor-
mance.17.20 The findings revealed increased hip extension
ROM after one week of foam rolling with return to baseline
values after an additional week.2122 Subjects reported pain
reduction following foam roller treatment, although pain
was reduced in both the treated and non-treated legs,
which implies that a mechanism other than myofascial re-
lease is responsible for reduced pain responses.l7.23.24 De-

spite this, other evidence supporting a potential role for
myofascial release suggests it may contribute to reducing
ITBS-related pain.

Various studies have investigated plastic, viscoelastic,
and piezoelectric connective tissue property changes fol-
lowing myofascial release treatments.25-28 Trigger points,
muscle contractures, and fascial adhesions are suggested to
contribute to ITBS pain patterns. Therefore, foam rolling
could be effective in “releasing” myofascial restrictions.12
However, a narrative literature review suggests this “re-
lease” phenomenon does not accurately describe the mech-
anisms associated with foam rolling.2? Instead, foam
rolling might promote tissue warming, increasing pliability
by transforming tissue into a more fluid-like form and elim-
inating fibrous adhesions between fascial layers, thus
restoring soft tissue extensibility.30 Others have suggested
that connective tissue may become denser with overuse,
but it is unknown if this is related to alterations of collagen
composition, fibroblasts, or ground substance.31-34
Ajimsha et al3! concluded that further evidence regarding
the possible mechanism of action behind myofascial release
is needed to make a logical basis for choosing it as an opti-
mal intervention. An in vivo measurement of tissue stiffness
using shear wave ultrasound elastography (SWUE) can po-
tentially detect any changes associated with ITB stretching
and foam rolling, thereby supporting the insufficient body
of evidence surrounding myofascial release techniques.

SWUE is a non-invasive ultrasonographic imaging tech-
nique useful for evaluating soft tissue properties by mea-
suring propagation velocity of shear waves produced in bi-
ological tissues and ultimately calculating the shear elastic
modulus. Although studies regarding reliability, validity,
and responsiveness of SWUE for the ITB and TFL are lack-
ing, studies in similar tissues reveal that this method has
good to excellent inter- and intra-operator reliability3> and
that SWUE stiffness measurements correlate well with es-
tablished testing methods.36:37 Previous studies have used
SWUE to investigate ITB tissue changes in different loading
positions and demonstrated a 32% increase in ITB stiffness
during one-leg standing with increased hip and knee ad-
duction.” In a follow-up study, Tateuchi et al38 determined
that ITB stiffness increased most with hip extension, ad-
duction, and external rotation during a one-leg standing
position. However, it is not known if the ITB stretch pro-
duced any change to tissue elastic properties when the tis-
sue is returned to its resting length.38 Additionally, it is un-
known whether elasticity changes occur when applying a
foam rolling intervention.

The purpose of this study was to examine the effects of
foam rolling and ITB stretching on ITB stiffness at 0° and
10° of hip adduction and hip adduction PROM. Hypothe-
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ses include the following: (1) resting ITB stiffness measured
with SWUE will not change with clinical stretching tech-
niques; and (2) resting ITB stiffness at 0° and 10° of hip ad-
duction measured with SWUE will decrease with applica-
tion of a foam rolling intervention.

METHODS

EXPERIMENTAL DESIGN

This study was a single blind, randomized controlled trial
(RCT). The independent variables included (1) ITB inter-
vention with three levels (control, stretching, and foam
rolling), and (2) time with two levels (before intervention
and immediately following intervention). The dependent
variables included shear modulus (kilopascals, kPa) of the
ITB at mid-thigh level and distal thigh level as well as the
TFL; all measured at neutral (0°) and 10° of hip adduction,
and (2) hip adduction PROM.

PARTICIPANTS

The local institutional review board approved this study (#
L19-076). An a priori power analysis to detect changes in
stiffness was performed to determine the number of sub-
jects to be included in each group. A previous study38 found
a moderate effect size (Cohen’s d=0.53) for ITB stiffness be-
tween standing with and without hip adduction and con-
tralateral pelvic drop. With alpha = 0.05 and a moderate ef-
fect size of Cohen’s d =0.50, the number of subjects required
to detect a statistically significant within-factors stiffness
difference with power = 0.80 was 30 total subjects. To ac-
count for subject attrition and other potential errors, 36
total subjects were recruited from the university’s student
and employee populations via posted notices of solicitation
and in-class recruitment.

Study inclusion criteria included: (1) healthy males and
females 18 to 50 years of age; (2) able to provide informed
consent for participation. Exclusion criteria were: (1) his-
tory of ITB syndrome; (2) regular use of ITB complex
stretching or foam rolling; (3) history of hip, knee, or lum-
bar spine surgery; (4) history of autoimmune disease in-
cluding fibromyalgia or rheumatoid arthritis; (5) any neu-
rological disease/disorder that impairs lower extremity
function (e.g., spasticity) and/or sensation; (6) presence of
skin lesions or skin rash on the involved lower extremity;
(7) history of deep venous thrombosis; (8) hemophilia; (9)
history of hip dysplasia.

Data from 11 males (age = 30.5 £ 9.0 years, Body Mass
Index (BMI) = 27.8 = 4.0) and 19 females (age = 23.5 + 4.9,
BMI = 23.2 £ 2.1) were analyzed for this study (Figure 1). All
subjects provided informed consent before study participa-
tion.

EXPERIMENTAL PROTOCOL

Subjects were randomly assigned to either control (n=10),

stretching (n=10), or foam rolling (n=10) groups (Table 1).
The foam rolling group performed an ITB foam rolling

technique described previously.!3 Participants received

video instruction regarding uniform foam roller use to stan-
dardize the training measures. A foam roller (OPTP PRO-
Roller® Standard; OPTP Minneapolis, MN, USA) with
medium firmness and smooth texture was used. Subjects
were positioned with the body parallel to the floor and the
foam roller placed between the floor and the left thigh.
Pressure was adjusted by applying body weight to the roller
and using the hands and feet to offset weight for balance
as needed. The roller was positioned with its long axis per-
pendicular to the long axis of the left thigh at the target
tissue area (ITB). The subject rolled over the foam roller,
where the body was moved back and forth across the foam
roller from the greater trochanter to the lateral femoral
epicondyle. Participants were instructed to practice up to
three times with investigator guidance to achieve the cor-
rect foam rolling technique required for this study. Then,
the technique was performed on the target tissue using
short, kneading-like motions along the length of the tissue
and then quickly rolling back to the starting position in one
fluid motion. This was repeated for 1-minute, followed by
a 30-second rest period and performed for five total repeti-
tions.30 Investigators provided feedback to participants re-
garding correct foam roller technique as needed.

The stretching group performed a stretch described by
Fredericson et al!> with a modification of hip external rota-
tion according to Teteuchi et al38. Subjects began by stand-
ing upright with the target left leg placed in a hip extended,
externally rotated, and adducted position behind the other
leg (i.e., right leg). Subjects raised and clasped their hands
overhead, exhaled and slowly flexed the trunk in a direction
lateral to the opposite side. This motion was continued un-
til an uncomfortable stretch was felt around the greater
trochanter of the treatment side hip or until further motion
was not possible. Investigators ensured proper positioning
for effective ITB complex stretching. The stretch was per-
formed in three bouts of a 7-second submaximal contrac-
tion in hip abduction followed by a 15-second stretch.l4
Each bout was followed by 30-second rest interval and 3 to-
tal bouts were performed.

Subjects in the control group were placed on a treatment
table in supine with the hip in neutral rotation for five min-
utes between measurements.

The left lower extremity was tested due to laboratory
setup requirements and limitations in moving the ultra-
sound device and cameras between each subject. Re-
searchers were blinded to the assigned intervention and
the same researchers examined pre- and post-intervention
outcomes. Prior to the intervention, tissue stiffness was
measured three times at neutral hip adduction (0)° and 10°
of hip adduction with the subject in supine. Pilot testing
showed that 10° of hip adduction was sufficient to demon-
strate SWUE changes. These measurements were repeated
within 10 minutes following the randomized intervention.
In addition, hip PROM was recorded pre- and post-inter-
vention.

SHEAR WAVE ULTRASOUND ELASTOGRAPHY

SWUE measures a soft tissue’s stiffness as Young’s modulus
(kPa).39-42 Minimal detectable change for muscle and ten-
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Assessed for eligibility (n=36)

Excluded (n=4)
.| * Notmeeting inclusion criteria (n=0)

e Declined to participate (n=0)
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Randomized (n=32)

\ 4

A

Allocated to control group
(n=11)
* Received allocated
intervention (n=11)
* Did not receive allocated
intervention (n=0)

Allocated to stretch (n=10)
e Received allocated
intervention (n=10)
e Did not receive allocated
intervention (n=0)

Allocated to foam roller (n=11)
e Received allocated
intervention (n=11)
e Did not receive allocated
intervention (n=0)

l

=

A4

Analyzed (n=10)
e Excluded from analysis
(unreliable data) (n=1)

Analyzed (n=10)
e Excluded from analysis
(n=0)

Analyzed (n=10)
e Excluded from analysis
(incomplete data set;

Figure 1: Study enrollment flow chart

unreliable data) (n=1)

Table 1: Group demographics (mean and standard deviation) with male (M) and female (F) subjects in each

group
Group Age (y) Height (m) Weight (kg) BMI Sex(M/F)
Foam Rolling (n=10) 27.1(6.5) 1.7 (0.1) 70.0 (13.4) 23.7(3.2) 3/7
Stretching (n=10) 26.7 (8.6) 1.7 (0.1) 76.6(14.8) 25.0(2.9) 4/6
Control (n=10) 24.5(7.2) 1.7 (0.1) 76.6(19.6) 26.0(4.6) 4/6

don tissue, respectively, is 1.72 kPa and 32.90 kPa.353%
43-45 An Aixplorer (SuperSonic Imagine, Version 10.0, Aix-
en-Provence, France) ultrasound system measured the ITB
Young’s modulus at three anatomical locations: (1) lateral
mid-thigh, (2) lateral thigh at the level of the patella’s su-
perior border, and (3) TFL (Figure 2a and 2b). The two
ITB points were measured with a 15-4 MHz linear trans-
ducer with the “Tendon” setting. The TFL was measured
halfway between the anterior superior iliac spine (ASIS)
and the femoral greater trochanter (10-2 MHz linear trans-
ducer with a “Muscle” setting). The mid-thigh location was
halfway between the greater trochanter and lateral femoral
epicondyle. The transducer was placed along the long axis
at each location.

HIP ADDUCTION RANGE OF MOTION

Hip adduction PROM was determined in real time using
an electrogoniometer (Noraxon Ultium, USA). End range
hip adduction PROM measurements were performed from
video taken from a ceiling-mounted camera (GoPro, Hero5)
and analyzed visually.

Markers were placed on bony landmarks at the ASIS bi-
laterally and on the left lower limb’s patella midline for

photographic measurement.4® End range hip adduction was
measured by evaluating when ASIS first began to move.
Subjects were placed supine on a plinth, where the con-
tralateral leg was held in a flexed knee position over the
measurement leg allowing for full hip adduction. Investiga-
tors controlled neutral hip rotation during all hip adduction
movements.

STATISTICAL ANALYSIS

All data analyses were completed using jamovi.4” Skewness,
kurtosis, Q-Q plots, and Shapiro-Wilk tests were assessed
to evaluate data normality, and Levene’s test was used to
assess homogeneity of variance. Independent ANOVAs
were performed to examine baseline differences between
groups. To reduce the Type I error risk, the dependent vari-
ables were divided into two families with appropriate cor-
rection of alpha levels: SWUE measurements (six depen-
dent variables, a < .008), and hip adduction (one dependent
variable, o < .05). To test whether SWUE values differed
between the 0° and 10° adduction positions, paired-sam-
ples t-tests were performed at all three sites before and af-
ter each intervention. Multiple 3 (intervention) x 2 (time)
mixed ANOVA analyses were used to determine interaction
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Patella 0° Pre-intervention

Patella 10° Pre-intervention

Thigh 0° Pre-intervention

760 kFa
[

608

760 kPa™

Depth 10° Pre-intervention

Figure 2: Shear wave elastography and B-mode ultrasound images at each location, at 0° and 10° adduction.

TFL= tensor fascia latae

and main effects of ITB Young’s modulus at the patella and
thigh levels and the TFL in both 0° and 10° of hip adduction
and hip adduction PROM. Effect sizes were labeled as small
(r]p2 =.01), medium (r]p2 =.06), and large (r]pZ =.14).48

RESULTS

There were no statistically significant differences among
the three groups for age (p = 0.57), height (p = 0.76), or body
mass (p = 0.96). No significant interactions or main effects
were found for Group or Time differences in ITB complex
tissue Young’s modulus at the mid-thigh, the superior bor-
der of the patella, or the TFL at 0° or 10" of hip adduction
(Table 2).

For hip adduction PROM, no significant interactions
were observed. A significant main effect was found for
Time, where the mean adduction PROM was 0.8° greater
post-treatment. Additionally, the Group main effect differ-
ence was nonsignificant (Table 3).

DISCUSSION

This study examined ITB and TFL complex stiffness at 0’
and 10° hip adduction before and immediately following
one of three interventions: ITB foam rolling, stretching, or
no intervention.

Neither the stretching intervention nor foam rolling al-
tered ITB or TFL stiffness. These results suggest that tissue
stiffness does not change with short term static stretching
interventions or foam rolling; however, the intervention
duration might have been insufficient to elicit tissue
change or indicates that the interventions have no impact
on healthy subjects ITB and TFL tissue stiffness. Another
possibility is that multiple interventions are required. The
myofascial plasticity theory may be a reasonable explana-
tion for the lack of stiffness changes in the current study.2>
Tissue changes occur slowly over time and therefore, may
require additional time and intervention repetition to
demonstrate changes in ITB stiffness. Wilke et al4? found
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Table 2: Interaction and main effects of time (pre- and -post intervention) and group on stiffness (kPa) of the iliotibial band complex at the level of the patella and mid-
thigh and the tensor fascia latae (TFL) at 0° and 10° hip adduction. Data presented as mean (SD).

Time by Group Interaction

Time Main Effect

Group Main Effect

Position and Control* Stretching* Foam Rolling* F- p- Effect Size F- p- Effect Size F- p- Effect Size
Location (n=10) (n=10) (n=10) Value Value mp?) Value Value (Np2) Value Value Mp2)
Hip 0°
Adduction
Patella 257.9(130.2) 182.2 233.0(180.8) 0.08 0.92 0.006 038 0.54 0014 0.69 051 0.049
Pre (160.0)
Patella 171.9
pate 247.3(140.7) (1528 232.5(143.4)
Thigh Pre 218.1(96.3) ( 121371'; 283.1(111.6) 0.99 0.38 0.069 0.14 0.70 0.005 082 045 0057
Thigh Post 216.6 (91.9) 244.9 (82.4) 259.3(92.4)
TFL Pre 24.4(7.3) 22.9(6.3) 23.3(8.0) 0.67 052 0047 0.16 0.70 0.006 054 0.59 0038
TFL Post 25.3(4.1) 21.5(7.3) 25.3(7.8)
Hip 10°
Adduction
Ef;e”a 473.0(71.7) ( 136312;) 380.0 (178.5) 0.77 048 0054 001 0.94 <0.001 220 013 0.140
Patella 321.5
pate 452.2(130.1) (a0 408.1(159.3)
Thigh Pre 393.0 (74.5) ( 130691'7‘1)' 383.3(84.3) 0.35 071 0025 0.89 0.36 0032 049 062 0035
. 360.5
Thigh Post 403.5(90.2) (et 405.2(91.3)
TFL Pre 25.0(7.9) 24.5(10.4) 218(42) 0.66 052 0047 004 0.84 0.002 037 0.70 0026
TFL Post 24.8 (4.6) 221(67) 23.4(7.5)

*Data are presented as mean (SD).
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Table 3: Interaction and main effects of time (pre- and -post intervention) and group on iliotibial band to femur depth (cm) at 0° and 10° hip adduction and hip adduction
PROM (degrees). Data presented as mean (SD).

Time by Group Interaction Time Main Effect Group Main Effect
Position and Control* Stretching* Foam Rolling* F- p- Effect Size F- p- Effect Size F- p- Effect Size
Location (n=10) (n=10) (n=10) Value Value (Np2) Value Value (Np2) Value Value Mp2)
Er'g Adduction 6.97 (2.55) 7.30(3.18) 8.07 (3.49) 0.32 073 0.023 6.38 *02 0.19 0.44 0.65 0.032
Dip Adduction 7.57(2.10) 8.50(2.65) 8.77(3.09)

*Statistically significant Bonferroni-corrected p value.
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that anterior thigh stiffness did not change immediately
following foam rolling, but decreased after 5 and 10 min-
utes.

Hip adduction PROM improved post-intervention. How-
ever, this change was only 0.8° and occurred in the control
group as well as the two intervention groups, suggesting
that it may be due to measurement error and is likely not
clinically relevant.

Future research should consider recruiting from a symp-
tomatic population. Doing so may assess whether these re-
sults change when pathology is present. This could provide
information on the effect of pain on clinical measures of
ROM, muscular force production, and end range mobility.
Finally, evaluating a longer treatment interval time is nec-
essary to assess changes in these variables with long-term
interventions.

CONCLUSION

The study findings indicate no effect of stretching and foam
rolling on short-term ITB stiffness in vivo in healthy sub-
jects, thus supporting previous cadaveric ITB stretching

studies.?10 Single bouts of foam rolling and stretching do
not change ITB stiffness in healthy subjects and may have
limited value in reducing ITB compression. The lack of ITB
stiffness changes may be from an inadequate intervention
stimulus or indicate that the interventions have no impact
on ITB stiffness.
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