
ABSTRACT
Background: Foam Rolling (FR) has steadily gained in popularity as an intervention to increase range of 
motion (ROM) and reduce pain. It is believed that FR can remove restrictions due to fascial adhesions, thus 
improving ROM. FR has been proposed as a means to increase ITB length as a means to achieve these 
outcomes. Previous research has focused on the effects of FR over both muscle and fascia tissue together. 
However, no studies have examined the effects of FR over fascial tissue not containing muscle. 

Purpose: The purpose of this study was to compare the acute effect of a single bout of foam rolling (FR) 
over the Iliotibial Band (ITB) compared to FR over the gluteal muscle group on hip adduction passive range 
of motion (PROM). 

Methods: Twenty-seven participants were recruited for the study. Each participant performed three ses-
sions: FR over tissue devoid of muscle, the ITB (PFR), FR over contractile tissue, the gluteal muscles (AFR), 
and a session without FR (control) in a randomized order. Hip adduction PROM was measured in a pre-post 
manner for each session. 

Results: Results of the repeated measures ANOVA showed a significant interaction across session and time 
(F(2, 25) = 25.202, p <0.001, ηp

2 = 0.502, 1 – β = 1.000). Post-hoc analysis showed the AFR post-test measure 
was significantly different from both control (p < 0.001) and PFR counterparts (p < 0.001). FR over the 
gluteal muscle group lead to a 14.8% improvement in hip adduction ROM, with PFR only a 2% 
improvement. 

Conclusion: A single bout of FR over a myofascial group appears to increase PROM in healthy young 
adults, whereas FR over the ITB itself (primarily fascial tissue) does not. This suggests the conventional 
theory behind FR may need to be reevaluated. 

Level of Evidence: Level 1B, laboratory study, repeated measures design
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INTRODUCTION
Foam rolling (FR) has gained favor as an adjunct to 
manual therapy to increase range of motion (ROM) 
1-3 and improve outcomes with regard to pain.4-7 FR 
over the iliotibial band (ITB) is a popular adjunct in 
treatment for patellofemoral pain syndrome,8 run-
ner’s knee9 and hip bursitis.10 More recently, FR has 
become common practice for the general popula-
tion, adopting the technique before training and 
exercising as a means for enhancing ROM,11 as self-
massage,12 as an adjunct to warm-up,11 and to reduce 
pain associated with muscle soreness. 4-7

FR is proposed as a method to remove restrictions 
in ROM due to fascial adhesions, despite limited evi-
dence that FR is capable of achieving this outcome.13 
Evidence for FR having an effect on adhesions is 
limited to studies assessing changes in ROM.1-3 How-
ever, these studies have focused FR over myofascial 
tissue, with a significant component of the tissue 
being muscle, or “active” tissue. Significant skepti-
cism remains as to whether or not FR therapy can 
generate sufficient pressure to remove any restric-
tions in ROM that may exist in passive, or non-
contractile tissues,14 such as the ITB. Other fascial 
release techniques have limited evidence. Rolfing 
is a technique that combines deep manual therapy 
with active movement.15 Rolfers posit that Rolfing 
improves ROM of the fascia. However, Rolfing under 
anesthesia has been shown to have no change is tis-
sue length.16 

The ITB is comprised exclusively of dense connec-
tive tissue, and is devoid of muscle fibers. Its ana-
tomical origin arises from the proximal end of the 
tendons of the tensor fasciae latae (TFL) and glu-
teus maximus muscles, converging into the proxi-
mal bands.17 It continues down the lateral femur and 
crosses the knee joint where most of its fibers insert 
on Gerdy’s tubercle.18 Some of the ITB’s deeper fibers 
insert on the linea aspera of the femur, while some 
distal superficial fibers blend with the lateral reti-
naculum of the patella.19 The TFL acts as a lateral 
hip stabilizer and assists the gluteal muscle group 
during hip extension.19 

Functionally, it is believed that the orientation of fas-
cial fibers allow for reduced activity from the gluteal 
muscles to maintain hip stability due to the intrinsic 

strength of the ITB, the orientation of the fibers and 
the relatively low ground reaction forces that occur 
during a static weight-bearing position.20 As such, 
the ITB serves to reduce work required by the glu-
teal muscles during gait, and accepts load directly.

The gluteal muscle group is traditionally divided 
into three distinct muscles: the gluteus maximus, 
gluteus medius and gluteus minimus.18 However, 
this division has been called into question, as Flack 
et al22 found poor evidence for compartmentalization 
based on fascial separation, innervation and individ-
ual function. Collectively, the gluteal muscle group 
forms a large, fan-shaped muscle whose fibers con-
verge on the greater trochanter of the femur deeply 
and blend with the ITB superficially.23 The contrac-
tile elements of the muscle fibers pull on its fascial 
fibers, including those of the ITB, to generate exten-
sion, abduction and external rotation of the hip.22

FR over the posterior lateral hip area cannot be spe-
cific to a single type of tissue. Indeed, there is a non-
contractile (fascia) tissue within this area which is 
similar histologically to the fascia found in the ITB.21 
However, the primary difference between the fascia 
of the ITB and that of this gluteal muscle group is the 
significant presence of contractile tissue.22 As such, 
this area has more neurological and proproecep-
tive input than the ITB, as the gluteal muscles are 
supplied with both sensory neurons in the form on 
Pancinian corpuscles and Merkle’s discs and mecha-
noreceptors. Further, the gluteal muscles are capa-
ble of actively alternating length via efferent input 
and GTO and muscle spindle activity. However, the 
ITB is unable to alter its length, as it is primarily 
the tendinous fascia from the tensor fascia latae and 
is largely devoid of motor neurons,23 therefore any 
changes in ITB ROM from FR are likely to be due 
to muscular adaptions, rather than the removal of 
mechanical restrictions due to fascial adhesions, as 
popular theory suggests.13 Previous FR studies have 
documented increases ROM when applying this 
intervention over regions of the body containing 
muscle.1-3 The acute effect of FR over non-muscle 
tissue on ROM is unknown. Therefore, the purpose 
of this study was to compare the acute effect of a 
single bout of FR over the ITB compared to FR over 
the gluteal muscle group on hip adduction passive 
range of motion (PROM).
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METHODS
Subjects
Twenty-seven (14 female, 12 males) healthy adults 
volunteered for this study. Exclusion criteria 
included prior lower limb or low back injury, cur-
rently participating in a stretching program, or any 
use of foam rolling within the previous six weeks. 
One participant was eliminated from the study 
due to failure to comply with the testing protocol. 
Mean+ SD for age, height, and weight for female 
subjects were 21.07 + 1.141 yrs, 166.36 + 7.110 cm, 
and 68.00 + 10.53 kg, respectively. Mean + SD for 
age, height, and weight for male participants were 
21.50 + 1.243 yrs, 171.92 + 6.640 cm, and 79.682 + 
19.573 kg, respectively. 

Testing Procedure
Each participant completed three sessions (control, 
active foam rolling (AFR), and passive foam rolling 
(PFR). Sessions were randomized by numbered con-
tainers selected by the author, and concealed until 
all interventions were assigned. Each sessions was 
scheduled one week apart at the same time of day 
and location. Prior to participation, each participant 
completed an informed consent and health history 
questionnaire. All procedures were approved by the 
Coastal Carolina University Institutional Review 
Board, approval code #2016.41. The rights of all sub-
jects were protected.

During the control session, each participant per-
formed a five-minute warm-up by pedaling continu-
ously at 50 rpm (50 Watts of resistance) on a cycle 
ergometer (Monark Ergomedic 828E, Vansbro, Swe-
den). Seat height was set to allow for a 5-10° bend in 
the extended knee. The same seat height was used 
for each session. Immediately following the warm-
up, each participant had their passive hip adduction 
ROM assessed bilaterally using the modified Ober 
test. The Ober test has been shown to be a reliable 
test to assess hip adduction ROM24,25 and therefore 
able to identify restrictive ROM of abductive tissues, 
such as the ITB and gluteal muscle group.26 With the 
participant in a side-lying position on a padded treat-
ment table, both anterior superior iliac spines (ASIS) 
of the pelvis were maintained in a perpendicular to 
the ground and stabilized by the examiner using a 
hand on the lateral hip. The non-test leg was flexed 

at the hip and knee so that it did not inhibit test leg 
adduction. The test hip was then passively adducted 
to the end of its ROM with the knee flexed to 90°. A 
digital torpedo level (Model 320.48295, Craftsman) 
with an accuracy of + 0.1° was placed just proximal 
to the lateral femoral condyle and in line with the 
femur. Each leg was assessed twice with the highest 
reading being recorded for each leg. The leg with the 
smaller ROM as measured by the modified Ober test 
was used for the intervention leg for all three ses-
sions. This leg was chosen as the test leg because a 
principle aim of FR is to improve ROM. 

For the control session, the participant sat in a chair 
for three minutes prior to having the modified Ober 
test performed in the same manner as previously 
described for the post-test result. The procedure for 
the AFR and PFR sessions were the same as the con-
trol session with the exception of foam rolling being 
performed instead of resting for three minutes. For 
the AFR session, participants foam rolled over the 
gluteal muscle group for the hip that had the least 
amount of flexibility as determined during their 
first session. Participants sat on a 36 x 6 inch round, 
high-density ethylene vinyl acetate foam roller on 
the floor with their feet flat on the ground. The non-
test leg was placed in a figure-four position, with 
the ankle placed just proximal to the opposite knee. 
The participant’s hand on the test side was placed 
behind the participant on the floor for balance (Fig-
ure 1). Participants rolled the over gluteals, moving 
in a caudal-to-cephalad direction from the posterior 
superior iliac spine (PSIS) to the gluteal fold. Using 
a metronome to keep pace, participants foam rolled 

Figure 1. Foam rolling the gluteal muscle group.
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at a rate of 30 rolls per minute with rolling from 
the gluteal fold to the PSIS and back to the gluteal 
fold counting as one roll. Three sets of 30 seconds 
of foam rolling were completed with 30 seconds of 
rest between each set. For the PFR session, partici-
pants foam rolled over the ITB instead of the gluteal 
muscle group. During this session, the participant 
was in the side-lying position with the test leg bear-
ing the weight of the foam roller. The ipsilateral 
hand was placed on the ground under the shoulder 
for support, and the contralateral leg was placed in 
front of the test leg with the foot flat on the floor for 
balance (Figure 2). Participants rolled in a caudal-
to-cephalad direction from the greater trochanter 
to the lateral femoral condyle of the femur. Three 
sets of 30 seconds of foam rolling with 30 seconds of 
rest between sets were performed at the same pace 
as the AFR session. The post intervention Ober test 
was performed immediately after completing each 
FR session, and measured as previously described.

Statistical Analysis
A two-way (session x time) Repeated Measures 
Analysis of Variance (RMANOVA) was used to assess 

statistical differences in ROM within and across 
each session. If the results of the RMANOVA were 
significant, paired t-tests using a Bonferroni adjust-
ment was conducted as a post hoc analysis. Intra-
rater reliability was assessed across all three pretest 
measures using intaclass correlation coefficient 
(ICC) model 3,1 according to Shrout and Fleiss.28 All 
statistical analyses were performed using SPSS (ver-
sion 22, IBM Corporation, Armonk, NY). The alpha 
level was set to 0.05. Results are reported as means 
+ SD.

RESULTS
Table 1 provides the hip adduction ROM measures 
from each session. AFR resulted in a 14% improve-
ment in modified Ober measurement, whereas PFR 
saw a 1.1% improvement in modified Ober PROM. 
Controls had a 2% decrease in modified Ober test-
ing. Results from the two-way RMANOVA revealed 
a significant interaction for session and time (F(2,25) 
= 25.202, p <0.001, ηp

2 = 0.502, 1 – β = 1.000). Pre-
liminary analysis of a one way RMANOVA was per-
formed on pre-test measurements across sessions. 
There was no significant difference across pre-test 
measurements (p > .05). The ICC for the pretest 
measurements was 0.815 (95% confidence inter-
val = 0.680, 0.905) indicating a high level of reli-
ability.28 Post hoc analysis showed that the post-test 
measurement for the AFR session was statistically 
significantly greater than the control (p < 0.001) or 
PFR post-test measurements (p < 0.001). There was 
no significant difference in post-test measurements 
between control and PFR (p = 0.188). 

DISCUSSION
The results of this study suggest that foam rolling 
over the ITB directly has no immediate benefit in 

Figure 2. Foam rolling for the iliotibial band.

Table 1. Pre-test and post-test hip adduction ROM, presented as Mean (SD).  All measurements 
are in degrees.  Negative numbers represent degrees below horizontal (0°).
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increasing hip adduction ROM, as measured by the 
modified Ober test. However, FR over the gluteal 
region resulted in an immediate, statistically signifi-
cant increase in hip adduction ROM. 

The clinical significance of these changes in ROM are 
less well defined. Generally, changes in outcomes 
that are considered important are determined by the 
patient or the clinician, so any changes that exceed 
these expectations are considered significant.29 No 
standardized value for improvement in hip adduc-
tion ROM is currently available for clinical purposes. 
However, some have suggested that using stan-
dard deviation (SD) within a study can be used to 
determine clinically significant changes. Wyrwich30 
reported 2.3 times SD would ensure clinical signifi-
cance. Using this measure, AFR needs an improve-
ment of 4.1° to approach clinical significance (the 
current study saw a change of 3.5°), whereas PFR 
needed 6.4° to ensure clinical significance (the cur-
rent study only saw a change of 0.3°). 

The results of the effects of AFR are consistent with 
other findings on FR over muscle-fascia tissue in 
that a statistically significant increase in ROM was 
observed. However, AFR resulted in an improve-
ment of 14.3% in Ober test ROM, more than the 
6.2%,29 4.2%3 and 2%31 ROM improvements found 
in other studies. Further, previous studies have only 
looked at the effects of FR over tissue that contains 
both muscle and its surrounding fascia.1-3, 31-35 This 
study has included the effects of FR over the ITB, 
a tissue composed primarily of connective tissue, 
devoid of any significant contractile component. 

The current findings may be due to differences in 
pressure impulse, as the target tissue in the AFR 
group in the current study (the gluteal muscles) is 
much smaller in length than the target tissues in 
other studies,2,3,33,34 therefore in order to maintain 
pace with the metronome, subjects would have to 
roll slower than if rolling larger tissues at the same 
pace, resulting in a greater impulse moment on the 
tissue. 

This study is consistent in design with previous 
studies on the effects of FR. Precautions were taken 
to isolate the target tissue of the gluteals or ITB. FR 
pacing was similar to other studies4, 33, 35-37 as well as 
in frequency and duration dosages.31,35,38 Therefore, 

the significant difference in ROM in the current 
study is likely due to other factors. 

There are three theories proposed to explain 
observed changes in ROM after FR. Most prevalent is 
that myofascial adhesions develop over time, result-
ing in reduced ROM.40 Advocates of FR proport that 
FR is able to reduce fascial adhesions,41 thus improv-
ing ROM. Second, alterations in blood flow and vas-
cularization within the fascia are shown to change 
as a result of FR, which may lead to reduced neural 
inhibition.42,45 Finally, there is a proposed neuro-
logical mechanism that involves the facilitation of 
muscle relaxation / inhibition, which would occur 
to a greater degree in myofascial tissue than fascia 
alone.15

Myofascial Adhesions
Fascia is made of connective tissue, mostly collagen 
and elastin.21 It does have Pancinian corpuscles and 
Ruffini nerve endings, suggesting it may play a role 
in proprioception. It also has free nerve endings and 
chemoreceptors, suggesting it can be a source of 
pain.13, 44 Histologically, fascia is composed primar-
ily of fibroblasts, which maintain the extracellular 
matrix (ECM).21, 45 There is some speculation that 
sustained static positions cause a colloidal, congeal-
ing of the fluid within the fascial fibers, within the 
gel-matrix - described as ‘fuzz’ by Hedley.46 It is pos-
tulated that this stiffening or thickening (fuzzing) of 
the colloidal gel results in a restriction of ROM and 
altered lines of pull on muscle action and restricted 
motion, termed “fascial adhesions”.46

The results of the current study suggest that if any 
fascial adhesions existed in the sample pool, FR over 
myofascial tissue would improve ROM, whereas an 
acute bout of FR over fascia alone would not acutely 
change ROM. However, the long-term effects of FR 
may warrant further research. Since the popula-
tion for this study were devoid of any lower limb 
injuries, so the presence of fascial adhesions seems 
unlikely. Different results may be found in a patho-
logical population.

Reese and Bandy25 found normative Ober measure-
ments of -18.9° (+/-7.6°), and Hudson and Darthuy47 
reported Ober to be 20.9° (+/-4.3°) in healthy sub-
jects. As the current sample had significantly more 
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hip adduction ROM on Ober test, mean = -26.0º 
(SD = 5.1), it is possible that the sample popula-
tion lacked fascial adhesions, thus the possibility of 
detecting significant changes due to any effect on 
fascia was limited. The sample pool was composed 
primarily of kinesiology students, who may have an 
inheritably healthier profile than the general popu-
lation, as they may be more active and health con-
scious due to the nature of their studies. In addition, 
we cannot rule out possible subtle differences in 
stabilization of the lateral hip during the modified 
Ober since we did not measure the angle created by 
the lateral hip and table. Regardless, the significant 
change in PROM present after AFR suggests that 
other mechanisms may need to be considered.

Alterations in Vascularity
There is some support for the suggestion that 
foam rolling can improve blood supply to an area 
by improving the elasticity of the arteries.42,43 Neo-
vascularization in connective tissue has been pos-
tulated as a source of pain in patellar mal-tracking48 
and some tendinopathies.49 This in turn may lead 
to guarding and pain inhibition, reducing ROM. 
Repetitive foam rolling may damage new vessels 
and nerves that form during the neo-vasculariza-
tion phase of the formation of collagen as fascia tis-
sue proliferates, as has been shown to be the case 
in patellar mal-tracking,48 leading to reduced pain 
and possibly less pain inhibition. As this study only 
exposed the area to FR for one session, the dosage 
required to elicit these proposed changes may have 
been inadequate to measure the effect of any altera-
tions in vascularity or perfusion due to FR. Further, 
as injury to the lower limb was an exclusion crite-
ria in this study, it is possible that the subject pool 
lacked any vascular adhesions for FR to act upon, 
explaining the lack of significant findings in the PFR 
group. Outcomes in a clinical population may yield 
different results.

Neural Plastic Changes
Recent evidence suggests that the changes in ROM 
observed as a result of FR are due to neural excit-
ability and improved facilitation of muscle tissue.7,13 
GTOs are located in connective tissue.50 GTOs 
respond to slow stretch – which is simulated by FR – 
by reducing their firing rate, thus reducing tonus in 

adjacent muscle. This “softening” may account for a 
perceived increase in joint ROM.13 

Effects on Ruffini corpuscles have been suggested 
as a cause for the changes due to FR.13 These slow-
adapting receptors could alter their neural trans-
duction with a sustained stretching stimulus. With 
reduced transmission to the brain, there is less 
for the brain to perceive, resulting in less efferent 
activity to target muscles, and therefore an over-
all improved neural effect on tissue ROM.51 This in 
turn could result in improved neuromuscular activ-
ity. Fascia does contain some contractile capacity 
much the same way as smooth muscle does.52 While 
it is conceivable that reduced neural input to the 
smooth muscles in the ITB may result in increased 
ITB length, this was not shown in this study. Given 
the chronic exposure to abnormal forces required 
to form the adaptive changes found in the ITB in 
overuse injuries, it is unlikely that a single bout of 
FR would produce the stimulation necessary to pro-
mote cellular remodeling. However, the effects of 
repeated exposure to non-contractile tissues has not 
been explored in the literature and warrants future 
investigation.

Cavanaugh et al7 suggested that a neural inhibi-
tion response occurs after FR that may reduce pain 
perception. It is possible that due to the increased 
afferent neural environment of the myofascial tis-
sue compared to the ITB, a reduction in inhibitory 
neural drive allows for improved ROM in the AFR 
population. Similar improvements in pain toler-
ances have been reported by Aboodarda et al.6 The 
Ober test uses passive ROM to determine end-range, 
rather than pain, subjects may have experienced an 
increase in pain as the limb approached end-range. 
After FR, improvements in pain inhibition may 
account for the observed changes. 

Limitations to the study and Future 
Considerations
While the AFR session had a significant increase 
in hip adduction ROM, PFR did not have a similar 
effect. However, this subject population had good 
initial flexibility, mean = -26.0º (SD = 5.1). It is pos-
sible that a population with lower initial Ober ROM 
would yield different outcomes. The traditional the-
ory behind FR’s mechanism of action on connective 
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tissue is an improved compliance of fascia, however 
it is difficult to ascertain if such adhesions exist. 
Given the health status of the test population, it is 
unlikely that these adhesions were present in any 
subjects. 

Indeed, only one study confirms fascial adhesions 
with imaging findings. Baumann et al53 correlated 
contrast-enhanced MRI findings of increased tis-
sue thickness and signal abnormalities with clini-
cal findings (loss of ROM, weakness, pain and skin 
thickening) and biopsy results to fascial adhesions. 
However, the subjects in their population had an 
autoimmune trigger to the adhesions. These find-
ings likely do not apply to the general population. 

It is possible that the intensity, cadence or duration 
of the sessions were insufficient to elicit detectable 
changes in fascial tissue. MacDonald et al3 examined 
up to 20 minutes of FR on ROM of the knee. How-
ever, the outcome (6% increase in ROM) was no bet-
ter in ROM changes than shorter duration studies. 
Sullivan et al2 used a massage roller at a cadence 
of 120 bpm and found a 4.3% improvement in sit-
and-reach. However, the sit-and-reach is an assess-
ment of neural length and its validity of a hamstring 
assessment tool is less reliable than other outcome 
measures for the hamstring.54 Further, massage 
roller may not be the same as a FR in regards of 
force application or impulse. The current study 
used subjects’ body weight as the intensity of the 
pressure elicited on the roller. As the pressure was 
not standardized otherwise, it is possible that those 
with greater body weight or less fat mass could elicit 
greater force over the tissue, generating greater 
effect from FR. Greater adipose dissipate some of 
the pressure exerted on the underlying tissues. Fur-
ther, pain from FR over the ITB could cause some 
pain inhibition not seen when addressing the glu-
teals using FR. However, body weight is a common 
force used in other studies.3,33-35,38 

This study only included one follow-up measure-
ment on the Ober test, immediately post FR or 
control. Markovic55 found the effects of FR on ROM 
can last as long as 24 hours post rolling. While it is 
unlikely that any increases in ROM from PFR are 
likely to be observed later, the duration of AFR would 
be useful to know. Further, the effects of repeated FR 

could show different results. Knowing the duration 
of effect would be beneficial in determining protocol 
for repeated FR.

There are several models of foam rolling devices 
available on the market. This study used a smooth, 36 
x 6-inch round, high-density ethylene vinyl acetate 
foam roller for all sessions. Other studies have found 
ROM improvements using textured foam rollers, 
roller massage machines and manual roller massag-
ers, although with varying degrees of improvement. 
However, to date no study has examined the effec-
tiveness of different modalities within groups. 

The percentage change in the AFR group in this 
study is greater than those found in other studies. 
This may be due to the increased impulse of the FR 
over the tissue. The gluteal is smaller in longitudinal 
length than that of the muscle groups used in other 
studies. As such, in order to maintain a cadence of 
30 rolls per minute, subjects would have rolled at a 
slower velocity to maintain cadence over the smaller 
distance, resulting in a greater overall contact time 
and possibly greater effects from the FR. This differ-
ence may be due to greater impulse over the tissue, 
the FR composition or a combination of the two. 

Further study on the effects of repeated exposure to 
FR on both fascial and myofascial tissue is logical, 
especially in this region, given these findings. Addi-
tionally, the effective of various durations, cadences 
and repetitions of FR warrants investigation. Current 
dosages appear to be consistent within the literature, 
however, justification for these dosages appear to be 
lacking. Finally, comparison of the effects of foam 
rollers and rolling devices is lacking within the lit-
erature, and warrants further investigation. 

CONCLUSION
The results of the current study suggest that foam 
rolling over the gluteal muscles is an effective means 
to significantly improve an immediate measure of 
passive hip adduction ROM. This is in accordance 
with other studies on the effects of FR on muscle 
tissue length. However, a single bout of foam roll-
ing over the ITB did did not produce a significant 
increase in passive hip adduction ROM. It is unclear 
what effects repeated exposure to FR on the ITB 
may have on Ober test and ROM in general.
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