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Abstract 
 

Aim 

The aim of this study was to define functional tests, and to describe kinematic and kinetic 

factors as well as muscular function, and to study any differences in these parameters, found 

in the literature, between runners before developing, during and after recovering from ITBS 

compared to healthy controls. 

 

Method 

A systematic literature review was performed in Cinahl, EMBASE, PEDro, PubMed and 

Swemed + with the search terms: ”Iliotibial band syndrome”, ”Iliotibial band friction 

syndrome” and “Iliotibial tract syndrome”. Thirteen articles were accepted for inclusion in 

this review. They were divided into three groups: ”before ITBS”, ”during ITBS” and ”after 

ITBS”. To assess individual quality of the included studies the author of this review formed a 

protocol with support of the STROBE statement checklist which assists in writing 

observational studies.  

 

Results 

Functional tests: none of the included studies, assessed functional tests in subjects before 

development of ITBS, during ITBS or after recovering from ITBS. 

Kinematic variables: in the literature, several kinematic variables were described in relation 

to ITBS. Peak eversion at the rear foot was not significantly different between ITBS groups 

and control groups before, during and after ITBS. Peak knee flexion did not differ between 

ITBS groups and control groups during and after ITBS. Peak hip adduction was significantly 

greater in the ITBS group before development of ITBS compared to a control group. During 

ITBS there were significantly lower peak adduction values both in a fresh state and after a run 

to exertion, compared to control groups. After recovering from ITBS there were contradictory 

results concerning the adduction angle at the hip between groups.  

Kinetic variables: According to the included studies, peak inversion moment at the rear foot 

did not differ between the ITBS group and a control group, before developing ITBS. After 

recovering from ITBS, the subjects had significantly greater inversion moments at the rear 

foot compared to a control group. Peak abduction moment did not differ between ITBS 

groups and control groups before and after ITBS. 



 
 

Muscular function: In the included studies, these factors were only tested in subjects with 

ITBS. Therefore this question could not be answered in the present study. 

 

Conclusions 

Subjects with ITBS are likely to be more abducted at the hip during running, before ITBS 

onset, compared to healthy controls. This could possibly represent a compensation 

mechanism.  
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1 Background 
 

 

1.1 Iliotibial band syndrome 
 

Iliotibial band syndrome (ITBS) is a pain syndrome reported among runners. Those suffering 

from this syndrome describe pain lateral to the knee just above the lateral joint line and 

sometimes radiating down below the knee during running (Orava 1978; Noble 1979; Sutker, 

Barber, Jackson & Pagliano1985; Orchard, Fricker, Abud & Mason 1996). The pain is often 

aggravated in downhill running (Noble 1979). There does not seem not to be any standardized 

criteria to set the ITBS diagnose.  The Noble compression test is a provocative test of the 

iliotibial band (ITB) and is described as a diagnostic tool for ITBS (Noble 1979), but there is 

no evidence of its validity or reliability.  

 

The knee is the most common location to be injured in runners and the ITBS is the second 

most common injury with a prevalence of approximately 5-8 % of all running injuries 

(Sutker, Barber, Jackson & Pagliano 1985; Taunton, Ryan, Clement, McKenzie, Lloyd-Smith 

& Zumbo 2002). A higher prevalence of ITBS is reported among female patients that seek 

health care (Almeida, Trone, Leone, Shaffer, Patheal & Long 1999; Taunton et al 2002). 

However, a study identifying injuries among U.S. Marine Corps revealed that in the male 

population the unreported injury rate was almost as high as the reported one. If both reported 

and unreported values were considered the prevalence of ITBS was 5,8 % in the female 

population and 8 % in the male population. And as a rate of lower extremity injuries ITBS 

was 6,3 % in the female population and 14 % in the male population (Almeida et al 1999). 

The prevalence of ITBS has also been studied among adolescents in an online survey that had 

a response rate of 62,5%. It was reported that the prevalence of previous ITBS among girls 

was 7 % and among boys 5 % (Tenforde, Sayers, McCurdy, Collado, Sainani & Fredericson 

2011). 

 

 

1.2 Anatomy of the Iliotibial band 
 

The iliotibial band has three proximal attachments; the middle longitudinal layer of the fascia 

latae that originates from the iliac crest, proximal fibers of the m gluteus maximus and the 

posterolateral part of the m tensor fascia latae (Paré, Stern & Schwartz 1981; Sher, Umans, 
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Downie, Tobin, Arora & Oslon 2011). Distally the iliotibial band (ITB) has its insertion at the 

lateral tubercle of the tibia, also called gerdys tubercle (Paré, Stern & Schwartz 1981; Vieira, 

Vieira, da Silva, Berlfein, Abdalla & Cohen 2007; Sher et al 2011), at the linea aspera, at the 

upper edge of the lateral femoral epicondyle (LFE), at the lateral femurotibial ligament and it 

fuses with the lateral patellar retinaculum (Vieira et al 2007).  

 

 

1.3 The cause of pain in ITBS 
 

The first theory that described the pain mechanism in ITBS was friction of the ITB over the 

LFE causing inflammation of the bursa between the ITB and the LFE and/or the ITB as the 

knee is flexed and extended. Many have investigated the action of the ITB relative to the 

LFE. For example Ekman, Pope, Martin & Curl (1994) performed magnetic resonance 

imaging of ITBS and cadaveric dissections, and concluded that there is fluid under the ITB at 

the LFE and that it was a bursa. Further investigation of the area by Nemeth and Sanders 

(1996), showed that the fluid has connection with the knee joint and is in fact a lateral recess 

of the knee joint. Several authors support the fact that there is fluid in the area and that it is a 

lateral recess of the knee joint, but places it anterior to the LFE (Muhle, Ahn, Yeh, Bergman, 

Boutin, Schweitzer, Jacobson, Haghighi, Trudell & Resnic 1999; Fairclough, Hayashi, 

Toumi, Lyons, Bydder, Phillips & Benjamin 2006; Jelsing, Maida, Finnoff & Smith 2014).  

 

A cadaveric and histology study by Fairclough et al (2006) reported highly vascularized and 

richly innervated adipose tissue underneath the ITB at the LFE, that in some specimens 

contained Pacinian corpuscles, which are mechanoreceptors responding to touch and pressure. 

This finding and a gross anatomy study in which were determined that the ITB does not move 

across the LFE, re-evaluated the theory that friction of the ITB over the LFE causes 

inflammation of the bursa and/or the ITB. These authors suggest that compression of the fat is 

the cause of pain. However, a sonographic evaluation of the ITB-movement at the LFE shows 

an anteroposterior movement of the ITB over the LFE (Jelsing, Finnoff, Cheville, Levy & 

Smith 2013).  

 

 

1.4 Treatment 
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A systematic review from 2007 included four randomized controlled trials that studied 

conservative treatment of ITBS. NSAID in combination with physiotherapy treatment 

(ultrasound, deep friction massage and stretch of the ITB) had a superior short time effect on 

pain compared to only one of the treatment alternatives. Corticosteroid injection reduced pain 

during running in the early phase of ITBS. Deep friction massage, beyond stretch and 

ultrasound, didn´t give any additional effect on pain. Phonophoresis had a better effect on 

pain than immobilization (Ellis, Hing & Duncan 2007). 

Corrective neuromuscular approach in the treatment of ITBS had a pain diminishing effect in 

a single case study (Pettitt & Dolski 2000). 

 

Surgical treatments of ITBS that have been reported to have positive outcomes are 

arthroscopic resection of the lateral synovial recess (Michels, Jambou, Allard, Bousquet, 

Colombet & de Lavinge 2008), open iliotibial band bursectomy (Hariri, Savidge, Reinold, 

Zachazewski & Gill 2009; Drogset Rossvoll & Grontvedt 1999) and removal of the bursa 

combined with transection of the posterior half of the iliotibial band at the level where it 

passes over the most prominent part of the LFE (Drogset, Rossvoll & Grontvendt 1999). 

 

There does not seem to be any strong evidence for positive outcome of conservative treatment 

methods, perhaps because the cause of ITBS is not clear. Conservative treatment often tries to 

strengthen muscles, increase or decrease range of motion or try to change the kinetic and 

kinematic variables with insoles or modification of the movement pattern.  

 

If biomechanical factors are the cause of ITBS, we need to investigate what factors contribute 

to the syndrome. In order to understand the cause of ITBS, we need to look at prospective 

studies. During ITBS it is possible that subjects have acquired compensational mechanisms 

that are likely to be more obvious in the clinic but are probably not enough to treat for a 

lasting result. By studying patients who have recovered from ITBS, we can perhaps confirm 

the cause or see if they have developed additional compensational mechanisms to avoid pain 

in ITBS. 

Therefore it is of great interest to find out how biomechanics and muscular function differs 

between subjects with and without ITBS, prior, during and after recovering from ITBS, in 

order to better understand the biomechanical factors behind it. This may contribute in the 

future development of effective conservative treatment of the syndrome. 
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2 Aim 
 

The aim of this study was to define functional tests, and to describe kinematic and kinetic 

factors as well as muscular function, from the existing literature, that differed between 

runners before developing, during and after recovering from ITBS compared to healthy 

controls. The questions in this review are wide because few studies were expected to be 

found. 

 

Questions: 

• What differences are there in functional tests performed by runners before, during and 

after recovering from ITBS compared to healthy controls?  

• What differences are there in kinematic variables in runners before, during and after 

recovering from ITBS compared to healthy controls? 

• What differences are there in kinetic variables in runners before, during and after 

recovering from ITBS compared to healthy controls? 

• What differences are there in muscular function (strength, flexibility, neuromuscular 

function) in runners before, during and after recovering from ITBS compared to 

healthy controls?	  

 

 
3 Method 
 

3.1 Literature search 
 
A systematic literature review was performed in the following databases: Cinahl, EMBASE, 

PEDro, PubMed and Swemed + with the following search terms: ”Iliotibial band syndrome”, 

”Iliotibial band friction syndrome”, ”Iliotibial tract syndrome”. The search was then 

continued using the reference lists of the articles included from the database searches. 

 

Inclusion criteria: 

- Original articles and doctoral dissertations 

- Abstracts available in the database 

- Human studies 

- Studies written in English or Swedish  

- Prospective and retrospective studies 



 5 

- Longitudinal and cross sectional studies 

- Studies with a control group 

- ITBS in runners 

- Study population must run regularly a minimum of ten kilometers per week 

- Control group matched to gender 

- Studies published until 2014-02-20 

 

Exclusion criteria: 

- Single case studies 

- Other knee injuries than ITBS  

 

A control group matched to gender was chosen because there seem to be biomechanical 

differences between healthy men and women during running  (Chumanov, Wall-Scheffler & 

Heiderscheit 2008). 

 

 

3.2 Quality assessment 
 
It was difficult to find an appropriate quality assessment tool specifically for observational 

studies. In this review the author formed a protocol with what were considered to be 

important factors that could affect the results. It was formed with support of the STROBE 

statement checklist, which assists in writing observational studies (http://www.strobe-

statement.org).  

It was not attempted to grade the articles because the existing checklist is not tested for 

validity or reliability. All studies that answered any question in this review and met the 

inclusion and exclusion criteria were submitted to this review. If the author judged the quality 

of a study to be poor this was taken into consideration in the results.  

To be able to say how factors differ “before”, “during” and “after” ITBS between healthy 

subjects and ITBS subjects, the investigated factor needs to be evaluated in all three states. 

Factors investigated in at least two different states are presented in the result part.  

In the present review, to show strong evidence for a particular finding, several studies should 

present the same result without contradictory results. 

 

 

3.3 Tests and variables assessed 
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This review will try to describe all tests and variables, in the below described categories, 

which were studied in the included articles. As was earlier mentioned few studies were 

expected to be found and an open mind for potential differences between the groups was 

attended to be held. 

 

Functional tests were defined as an interaction between physical and physiological qualities 

such as muscular strength, muscular flexibility, joint movement, joint stability, balance and 

coordination. 

Functional tests are widely used clinically and are therefore important to investigate in order 

to know how they should be evaluated and what tests are relevant for runners with ITBS.  

 

Kinematic variable was defined as motion in space segments relative to each other. 

As the pain in ITBS occurs during movement of the body it is important to investigate the 

same movement of the body that provokes the pain. 

 

Kinetic variables are defined as forces that produce, arrest, or modify motion of bodies as a 

whole or as a sum of individual segments. It is also important to investigate forces during 

running to see if moments over joints and the demands on different muscles differ between 

the groups. 

 

Muscular function is here defined as the strength and flexibility of a muscle. Neuromuscular 

function is also allocated here. 

Muscular function is also often tested in the clinic and as in functional tests we need to know 

how to evaluate our findings.  

 

 
3.4 Literature review 
 
A flow chart describes the literature search as shown in figure 1. All titles were read and if the 

title was related to the topics in this study the abstract was read and a decision would be made 

to include the study for the next phase or not. After reading the whole article, a final decision 

for inclusion was then made, depending on the fulfillment of the inclusion and exclusion 

criteria. 
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Thirteen articles were finally accepted for this review. They were divided into three groups: 

”before ITBS” that included two studies, ”during ITBS” that included eight studies and ”after 

ITBS” that included three studies. 
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Figure 1. Flow chart of the literature search. 
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5 Results 
 

5.1 Methodological quality 
 
The method and the individual quality of the included studies in this review are presented in 

table 1.  

 

All studies had well described aims and methods. The ITBS and control groups were at least 

matched to gender, as this was an inclusion criterion in this study. The two prospective 

studies only included women (Noehren, Davis & Hamill 2007; Hamill, Miller, Noehren & 

Davis 2008). The study by Fredericson, Cookingham, Chaudhari, Dowdell, Oestreicher and 

Sahrmann (2000) included both women and men, but were treated separately. The three 

studies by Grau and colleagues included both men and women but were matched to the 

amount in the ITBS and the control group (Grau, Mailwald, Krauss, Axman, & Horstman, 

2008a; Grau, Krauss, Maiwald, Best & Horstmann 2008b; Grau, Krauss, Maiwald, Axman, 

Horstmann & Best 2011). The three studies by Brown (2011a,b, c) included women and the 

study by Noehren, Schmitz, Hempel, Westlake and Black (2014) included only men. The 

”after ITBS” studies only included women (Ferber, Noehren, Hamill & Davis 2010; Foch & 

Milner 2014a; Foch & Milner 2014b).  

 

Grau et al (2008a) had individually matched the participants also by height and weight but 

used independent statistics, this could give a type two error in these studies, were a significant 

difference would exist but was too small to detect with an independent t-test (William & 

Weir, p 161). It is not clear if also Foch and Milner (2014 a,b) matched individually or only 

by group. 

Grau et al (2008a) investigated if the matching process influences the results. In this study 

they used the dependent t-test within the matched pairs, but they also used the dependent t- 

test between groups that were not matched to height and weight. The results from the group 

that were matched to gender, height and weight will be presented in this review. The authors 

did not have a general view of which control subject leg the results should be compared to; 

random selection, right leg, ipsilateral leg or the dominant leg.  

 

All studies had well described measure variables. The statistical tests used in all studies are all 

for normally distributed data, but no study has reported doing any normality distribution test 

of the study data. 
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Three studies predefined criteria for ITBS (Fredericson et al 2000; Grau et al 2011; Noehren 

et la 2014). What predefined criteria the studies had are also presented in table 2. The only 

study that did report some kind of reliability of the tests was Noehren et al (2014), who 

reported that the ”Noble compression test” had an acceptable inter-rater reliability. 

 

Withdrawals of subjects are perhaps not a problem in cross sectional studies. Internal 

exclusion and how studies handled this data loss was well described in the five studies that 

reported it (Noehren, Davis & Hamill 2007; Grau et al 2008b, 2011; Brown 2011a,c).  In the 

studies that did not report any exclusion is difficult to judge if there weren´t any or if they just 

didn´t report it. Uneven numbers in the ITBS and control group and not reporting using the 

unequal t-test is not judged as a risk of bias because computers use the unequal equation 

(William & Weir, p. 159). 

 

Four studies described performing power analysis and the study populations in these were big 

enough to power them (Noehren, Davis & Hamill 2007; Hamill, Miller, Noehren & Davis 

2008; Ferber, Noehren, Hamill & Davis 2010; Foch & Milner 2014 a). 

 

The study by Fredericson et al (2000) includes a risk of performance bias. There are some 

studies with an unclear risk of bias due to not clearly describing randomization procedure. 

Risks of biases are also presented in table 1. 

 

In summary, no study was judged to have clearly poorer quality than the others, therefore all 

studies were weighed equally, in the presented results. 

 

 

5.2 Functional tests 
 

There were no studies found in the literature search that assessed functional tests in subjects 

either before development of ITBS, during ITBS or after having recovered from ITBS. 

 

 
5.3 Kinematic variables 
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Kinematic variables and results are presented in table 2. All kinematic variables were 

measured in the stance phase during running. The variables that were investigated in at least 

two states (before, during, after) are presented below.  

 

Peak eversion at the rear foot was not significantly different between ITBS group and a 

healthy control group before (Noehren et al 2007), during (Grau et al 2008a, 2011) and after 

ITBS (Ferber et al 2010). 

 

Knee peak flexion was not significantly different between ITBS group and a healthy control 

group during (Grau et al 2011) and after ITBS (Ferber et al 2010). This was not tested before 

ITBS.  

 

Peak hip adduction was significantly greater in the ITBS group before developing ITBS 

(Noehren et al 2007) compared to healthy controls. During ITBS they had significantly lower 

peak adduction values both in a fresh state (Grau et al 2008a, 2011) and after a run to exertion 

(Brown 2011b). After recovering from ITBS there are contradictory results (Ferber et al 2010; 

Foch & Milner 2014a).  

 

 
5.4 Kinetic variables 
 

Kinetic variables and results are presented in table 4. All kinetic variables were measured in 

the stance phase during running. The variables that were investigated in at least two states 

(before, during, after) are presented below. 

 

Peak inversion moment at the rear foot was not significantly different between ITBS group 

and a healthy control group before developing ITBS (Noehren et al 2007). After recovering 

from ITBS the ITBS group had significantly greater inversion moments at the rear foot 

(Ferber et al 2010). This was not measured during ITBS. 

 

Peak abduction moment at the hip did not differ between an ITBS group and a healthy control 

group before and after ITBS (Noehren et al 2007; Ferber et al 2010). Also this variable was 

not measured during ITBS. 
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5.5 Muscle function 

 

All studies that assessed muscle function were conducted in subjects during ITBS and 

therefore the question in this study could not be answered. The variables and results are 

presented in table 5. Below follows a summary of variables that were tested in several studies 

or had results with significant differences between ITBS and control groups. 

 

Four studies investigated isometric hip abductor strength in subjects in a fresh state; 

Fredericson with colleagues (2000) and Brown (2011a) tested specifically the strength of m 

gluteus medius, Grau et al (2008b) and Noehren et al (2014) had a wider approach by testing 

the strength of hip abductors. Fredericson et al (2000) came with the conclusion that subjects 

with ITBS are weaker in their affected hip abductors compared to controls, the other studies 

found no significant differences between subjects with ITBS and healthy controls. Peak hip 

isometric abductor strength was also similar between ITBS and controls after a run to exertion 

(Brown 2011c). 

 

Brown (2011a,c) did a study where she investigated the m gluteus medius ability to resist 

fatigue. The participants held an isometric abducted position of the hip with resistance 50 % 

of a maximum voluntary isometric contraction. The subjects with ITBS were less resistant to 

fatigue both in a fresh state and after a run to exertion compared to healthy controls. 

 

ITBS group had at the injured leg significantly weaker hip external rotators and shorter 

iliotibial bands compared to a control group (Noehren et al 2014). 

 

 

5.6 Subjects before developing ITBS 
 

The subjects had before receiving ITBS higher peak hip adduction angles that occurred just 

before 50 % of stance phase followed by a higher peak internal rotation at the knee related to 

a higher external rotation at the hip (Noehren et al 2007). The rotation moments at the knee or 

the frontal plane moments at the hip did not differ between groups (Noehren et al 2007). In 

the same study it was identified that the group with the highest internal rotation angles at the 

knee also exhibited greater rear foot eversion than the rest in the ITBS group. The strain rate 
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in the iliotibial band was higher in the subjects who would receive ITBS whereas the 

magnitude of strain did not differ between groups (Hamill et al 2008). 

 

 

5.7 Subjects during ITBS 
 

The subjects with ITBS had a more inverted rear foot at touch down as well as a more 

externally rotated tibia and more abducted hip than controls (Grau et al 2008a). They had 

more internally rotated hips and more adducted knees in the early stance phase (Noehren et al 

2014). 

 

At the ankle and at the knee they had lower peak flexion velocities whereas the maximum 

values for ankle flexion and knee flexion as well as timing (%) for these in the role over 

process (ROP) did not differ (Grau et al 2011).  

 

ITBS subjects had both in a fresh state (Grau 2008a, 2011) and in a fatigue state (Brown 

2011c) lower peak adduction values compared to controls. They also had less ROM at the hip 

in adduction-abduction and a lower simultaneous peak abduction velocity than controls (Grau 

et al 2011). 

 

The maximum hip flexion did not differ between groups, but the ITBS subjects showed 

earlier maximum hip flexion in the roll over process, while the peak flexion velocity was 

lower (Grau et al 2011). 

 

 

5.8 Subjects after recovering from ITBS 
 

The subjects after recovering from ITBS showed higher peak adduction angles at the hip 

compared to controls as well as higher peak invertor moment at the rear foot in one study 

(Ferber et al 2010). In another study they exhibited increased abduction at the hip that 

remained in 65 % of the stance phase and close to being significantly less contralateral pelvic 

drop and more ipsilateral trunk flexion (Foch & Milner 2014b).  
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6 Discussion 
 
6.1 Results 
 

The main result in this review was that subjects before developing ITBS were more adducted 

at the hip in the stance phase during running compared to a healthy control group (Noehren et 

al 2007). Subjects during ITBS were more abducted at the hip in the stance phase compared 

to healthy controls (Grau et al 2008a, 2011; Brown 2011b). After recovering from ITBS there 

are contradictory results (Ferber et al 2010; Foch & Milner 2014a). Since hip adduction-

abduction was investigated in all three states it was the only factor that was really relevant for 

answering the aims of this study. And since three studies arrived at the conclusion that during 

ITBS the subjects are more abducted at the hip in the stance phase, and no contradictory 

results were presented this was the strongest result in this review.  

 

The first aim to define functional tests that differed before, during and after ITBS between 

healthy subjects and subjects who would develop ITBS, who had ITBS and who had 

recovered from ITBS could not be addressed, because no studies were found that assessed 

functional tests. There is obviously a need for such studies because we use these tests daily in 

the clinic. Evidence based studies in this area are needed as a clinical guide to use for which 

athlete and how to evaluate the performance. 

 

The second aim to define kinematic variables that differed before, during and after ITBS 

between healthy subjects and subjects who would develop ITBS, who had ITBS and who had 

recovered from ITBS was the main result in this review and is described above. It seems that 

subjects with ITBS have created a compensational mechanism by abducting the hip in the 

stance phase more than controls.  

 

The third aim to define kinetic variables that differed before, during and after ITBS between 

healthy subjects and subjects who would develop ITBS, who had ITBS and who had 

recovered from ITBS could not be fully answered because no variable was investigated in all 

three states.  

It could be shown that the peak inversion moment at the rear foot was not significantly 

different between the ITBS group and a healthy control group before developing ITBS. After 

recovering from ITBS the ITBS group had significantly greater inversion moment at the rear 
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foot. Peak abduction moment at the hip did not differ between the ITBS group and a healthy 

control group before and after ITBS.  

 

The fourth aim to define muscular factors that differed before, during and after ITBS between 

healthy subjects and subjects who would develop ITBS, who had ITBS and who had 

recovered from ITBS could not be answered because all studies were performed on subjects 

during ITBS. It has been discussed in several articles if subjects with ITBS are weak in the 

hip abductors. This was investigated in several studies and it seems that the isometric hip 

abduction is not weaker in subjects with ITBS compared to healthy controls.  

 

 

6.2 Method 
 
It should be discussed if it was accurate to have the inclusion criteria matching the ITBS and 

the control group by gender. This was chosen because there seem to be biomechanical 

differences between female and male runners as was described in the method part, but since 

the prevalence of ITBS seems not to be equal among women and men it is possible that the 

biomechanical differences between women and men are contributing factors to the syndrome. 

Therefore there is a risk that some information was overlooked in this review due to the 

exclusion of studies not matched to gender. Grau et al (2008) compared if the matching 

process of the ITBS and the control group influences results. They seem to have used the 

dependent t-test to test between all groups, that is ITBS group vs. control group matched to 

the amount, to gender and to gender, height and weight. It would have been more appropriate 

to use the independent t- test between control group and the first two mentioned, how and if 

this would have changed the outcome is difficult to comment on. Perhaps a matching process 

by only height and weight should be considered in future studies investigating kinematics and 

kinetics in running if interested in other possible contributing factors than height and weight. 

 

As was described in the method part some studies presented predefined criteria for ITBS. One 

could argue that the studies not presenting any criteria for diagnosing ITBS would make it 

uncertain if the subjects really had ITBS. But this is also true for the studies that in fact had 

pre-described criteria because there is no evidence of validity for the Noble compression test, 

palpation for pain at the LFE or a positive Ober´s test for subjects with ITBS. This makes it 

difficult to generalize the results. There is a need to validity and reliability test the above 

mentioned tests. Noehren et al (2014) evaluated if there were differences in the ITB length 
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but they did not evaluate the test as positive or negative. The inter-rater reliability in 

diagnosing ITBS should also be assessed.  

 

By using the same running shoes or being barefoot we can declare differences between two 

groups, but we cant´ really say anything about their ”normal” running biomechanics. It may 

be argued that using the same footwear was more appropriate for evaluating differences in 

subjects with less possible factors that could contribute to the outcome. But if shoes and 

insoles can alter biomechanics in running (Lewinston, Fukuchi, Worobets & Stefanyshyn 

2013; Mullen & Toby 2013) then the studies in this review don´t give an accurate picture of 

the included subjects normal running biomechanics. It should be considered in future 

biomechanical studies of running injuries to have participants wearing running shoes that they 

used before/ during they developed their injury. This was done in one study that was excluded 

from this review because the ITBS and the control group were not matched to gender 

(Messier, Edwards, Martin, Lowery, Cannon, James, Curl, Read & Hunter 1995). 

 

Isometric hip abductor strength was shown to be significantly lower in ITBS subjects 

compared to controls in the study by Fredericson et al (2000) in contrast to the other three 

studies evaluating the same variable that did not show any significant differences between the 

two groups (Grau et al 2008; Brown 2011; Noehren et al 2014). The method to approach hip 

abductor strength was different in the studies. The strength measurements in the first 

mentioned study were conducted with a hand held dynamometer, that was also hand held, and 

it is not reported that the test subjects would have been blinded to the tester. Therefore with 

the hypothesis that ”subjects with ITBS are weaker in their hip abductors” could affect how 

much resistance the tester produced. It is reported that the tester could easily overcome the 

strength of all the tested subjects, but it is still possible that the test-subjects performance 

could have been affected of the resistance produced by the tester. The other studies did not 

have any manual influence in committing resistance. Noehren et al (2014) used also a hand 

held dynamometer but had a stabilization strap around it and the examining table. As 

described in the method part there could be a performance bias in the first mentioned study 

caused by the expectation of the tester that the subjects with ITBS are weaker and not because 

the test instrument may not be reliable, though it has been shown to have a high intra- and 

inter-rater reliability (Krause, Schlagel, Stember, Zoeteway & Hollman 2007). 
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Another difference between the study by Fredericson et al (2000) and the other three was that 

the test subjects in the first mentioned study were described to stabilize by grasping the 

examining table with the hand while the other studies didn´t describe using any support of the 

hand. There is a possibility that also this could have affected the results.  

 

Fredericson et al (2010) and Brown (2011c) aimed to measure the strength of m gluteus 

medius. Fredericson et al (2010) used a straight leg position and the pelvis without tilt to try 

to avoid inclusion of m tensor fascia latae. Brown (2011c) described positioning the pelvis 

slightly forward rotated and the tested leg in slight extension to isolate m gluteus medius from 

m tensor fascia latae and m gluteus minimus. They refer to the same reference (Kendall, 

McGreary & Provance 1993), this book has not been read by the author. To evaluate which 

position would be more accurate is not possible.  

 

It is proposed that the side lying position is the most valid way to test hip abductor strength. 

High validity is described as ”low ratio in EMG (electromyography) activity between the 

contralateral side and the tested side” and a ”high maximal voluntary isometric contraction”, 

which was achieved in the side lying position (Widler, Glatthorn, Bizzini, Impellizzeri, 

Leunig & Maffiuletto 2009). In the standing position the tested leg was the one that moved in 

an open chain. If switching it around in the standing position and testing the leg in the closed 

chain position the emg ratio would be lower and if instead of testing strength as % of body 

weight count the torque value for abductors perhaps the standing position would be the most 

accurate. It would require more of the tester and the tested subject in turns of controlling the 

trunk and pelvis, but it may be a more functional way to test the abductor strength. It seems 

that the side lying hip abductor strength is not weaker in the ITBS population. Strength was 

normalized to weight in the studies that measured hip abduction strength except in the study 

by Grau et al (2008) who had matched the groups individually to height and weight, but it 

should be further investigated how much the width of the pelvis, as it affects the length of the 

lever arm in the standing position, would affect the torque value of the hip abductors in the 

standing leg. 

 

Does increased hip adduction mean that the abductors, and mostly m gluteus medius as the 

strongest abductor, is weak? There has been no correlation proven to exist between the 

strength of hip abductors and contralateral pelvic drop (Kendall, Schmidt & Ferber 2010). Hip 

abductor strength 17 % of a maximal voluntary isometric contraction (MVIC) has not shown 
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contralateral pelvic drop (Kendall, Patel, Wiley, Pohl, Emery & Ferber 2013). There are no 

studies that has evaluated if a correlation exists between week hip abductors and increased hip 

adduction in running.  

 

Before knowing if less strength loss than 17 % of a MVIC in the hip abductors could cause 

increased hip adduction during running we should consider other possibilities for the 

increased hip adduction in two studies (Noehren et al 2007 & Ferber et al 2010). In the 

prospective study by Noehren et al (2007) increased hip adduction and increased knee internal 

rotation caused by increased external rotation of the femur was found. A group with higher 

global internal tibial rotation angles could be identified in this study that also exhibited 

greater eversion at the rear foot, but the total mean difference between groups was not 

significantly different. Could these subjects also have the most adducted hips? There is a 

possibility that the study has captured different stages in the developing process of or 

different causes for ITBS. Furthermore, the study by Ferber et al (2010) that investigated 

subjects after ITBS also reported significant differences in peak hip adduction with the ITBS 

having greater adduction angles, but the standard deviation was three times higher than the 

mean value suggesting that this value is widely spread in the ITBS group. In this study they 

also reported increased rear foot inversion moments. When receiving high standard deviations 

the data could be further evaluated to see if there are several groups of the measure variable. 

There is a possibility that an increased eversion at the rear foot in some subjects could give 

the increased hip adduction. The increased hip abduction that was reported in several studies 

during ITBS could be a compensation mechanism. If it is a way to decrease inversion 

moments at the foot needs to be further investigated. It should also be considered in the ITBS 

population that there could be both distal and proximal factors causing this or being the cause 

of, separately or concurrent.  

 

As described in the background the ITB consists of a longitudinal layer of the fascia latae that 

originates from the iliac crest, proximal fibers of the m gluteus maximus and the 

posterolateral part of the m tensor fascia latae. The posterolateral part of the m tensor fascia 

latae functions as an external rotator when the hip is in internal rotation when standing on the 

leg (Paré, Stern & Schwartz 1981). Noehren et al (2014) showed that subjects in their study 

afflicted with ITBS had significantly higher internal rotation at the hip in the early stance 

phase. It is possible that this could increase the activity in the posterolateral part of the m 

tensor fascia latae and further affect the ITB. They also showed higher knee adduction angles 
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in the same group. The knee adduction value had a p-value 0.001, an effect size 1.117 and a 

minimal detectable change almost three times lower than the average difference between the 

ITBS and the control group. Future studies of running biomechanics between subjects with 

ITBS and controls should confirm the higher adduction angle at the knee. 

 

Grau et al (2011) report decreased maximum joint velocities at the hip, knee, ankle and rear 

foot (though not significant for all values). The authors discuss this to be due to contracted 

muscles. The time of maximum hip adduction, knee flexion, ankle flexion and rear foot 

eversion occurred at the same time expressed as per cent in the roll over process. This could 

be explained by the ITBS group having a longer roll over process in real time when 

considered that they had the same running pace. The time of maximum hip flexion in the roll 

over process was significantly earlier for the ITBS group, but the maximum hip flexion values 

were similar, which could also be explained by the fact that they heel strike further from the 

body and that the hip would already be in a more flexed position at touch down. The ROM 

flexion to extension at the hip were similar, but the extension part is not described, so this 

could be shorter in the ITBS group if expressed from when passing midline. A shorter stride 

and increased cadence has shown to reduce the loading of the hip and knee joints during 

running (Heiderscheit, Chumanov, Michalski, Wille & Ryan 2011). 

 

Recent research has shown that the more the hip is flexed and the higher the percentage is of 

maximum abduction strength the higher is the activity in the upper part of m gluteus maximus 

and m tensor fascia latae (Fujisawa, Suzuku, Yamaguchi, Yoshiki, Wada & Watanabe 2014). 

The study was conducted with the subject lying supine. It would be of great interest to know 

if this would also apply in the standing position. Brown (2011 a,c) investigated the onset 

timing activation of the m tensor fascia latae and Noehren (2014) measured the length of the 

ITB, but more than that has the function of m tensor fascia latae or m gluteus maximus been 

investigated in subjects with ITBS. 

 

The subjects suffering from ITBS showed to be less fatigue resistant in their m gluteus 

medius muscles compared to controls (Brown 2011b) both in a fresh state and after a run to 

exertion. Less fatigue resistance can be caused by inadequate transmission of electrical 

activity from the central nervous system as well as from metabolic and respiratory 

dysfunctions (Smith, Weiss & Lehmkuhl, p.115). A report of surgical treatment of iliotibial 

band syndrome revealed that one patient became symptom free after surgery for lumbar disc 
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herniation (Drogset et al 1999). It has been demonstrated with musculoskeletal modeling that 

a longer stride length leads to increased vertical reaction forces as well as increased sagittal 

moments at the L5-S1 level (Seay, Selbie & Hamill 2008). As was described above there is a 

possibility that subjects with ITBS have longer stride length. None of the included studies in 

this review reported any neurological testing. There is a need to further investigate the 

mechanism behind the less fatigue resistant m gluteus medius and the possibility that also 

other muscles could be less fatigue resistant. 

 

A final observation of the studies was that all included subjects were heel strikers. Only one 

subject was reported being forefoot striker and this was a subject in Grau et al (2011) in 

which they ran barefoot. 

 

 

6.3 Clinical implications 
 

This study has shown that when we meet a patient at the clinic with ITBS it is likely that this 

subject is more abducted at the hip in the stance phase during running compared to a healthy 

subject and that this could possibly be a compensational mechanism of one or several 

biomechanical factors that probably need to be treated for a lasting result in rehabilitation.  

One study showed that subjects during ITBS had higher adduction angles at the knee in the 

stance phase and weaker external rotators at the hip as a group. As was discussed earlier the 

high knee adduction angle value had a low p-value as well as a high effect size. The external 

rotator strength value was significantly lower in the ITBS group compared to a control group, 

but the average difference between the two groups were slightly lower than the minimal 

detectable change. The strength value for the ITBS group was slightly lower with a higher SD 

value compared to the control group. It is possible that some subjects had weaker external 

rotators and some not.  

In future research of biomechanical factors in runners with ITBS it should be taken into 

consideration that a touch down further from the center of gravity probably increases the 

demands on the hip muscles. It is possible that there are subgroups in the ITBS population; 

for example subjects with muscular weaknesses who have the same stride as healthy subjects 

or subjects who strike further from the center of gravity but are as strong as a control group 

who don´t strike as far.  

The results in this review don´t give any strong guidance in the development of conservative 

treatment methods of ITBS. 
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6.4 Limitations in this review 
 

A weakness in this study is that the quality assessment of the included studies was not 

performed with a quality assessment tool that was validity and reliability tested. It was chosen 

not to grade the studies evaluated with the protocol because it would have been too difficult to 

say what factors weigh more or less and how much these would affect the results. Another 

weakness in this study is that the literature was read and judged only by one author. It is 

possible that another person would have drawn other conclusions. There is a need to form 

some kind of quality assessment tool that is valid and reliable for observational studies.  

 

 

Conclusions 
 

The only conclusion that can be made from the results of the present literature review is that 

subjects with ITBS are likely to be more abducted at the hip during running when compared 

to healthy controls and this may be a compensation mechanism since subjects before 

developing ITBS were more adducted at the hip compared to healthy controls.  
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Table 1. Method and quality of the included studies 
Before iliotibial band syndrome 
Author/year/ 
design 

Is the aim of 
the study well 
described? 

Is the method 
relevant? 

Are the 
groups 
matched 
and how? 

Is the 
diagnostic 
criteria 
predefined 
and 
described 
for ITBS? 

Are the 
measure 
variables of 
interest well 
described and 
in the method 
part? 

Are the 
statistical 
methods 
appropriate? 

Are participant 
withdrawals or 
exclusions 
described? 

Is the 
study 
population 
big enough 
to power 
the study? 

Is the 
outcome 
data 
correlated 
to the 
predefined 
measure 
variables? 

Risk of bias? 

Noehren, 
Davis & 
Hamill 2007 
 
Prospective 
cross-
sectional 
study 

Yes 
 
Compare pre-
existing frontal 
and transverse 
plane lower 
extremity 
kinematics and 
kinetics between 
female runners 
who develop 
ITBS compared 
to healthy 
controls 

Yes 
 
- 6 camera 
motion analysis 
- 25 m run way 
- 3.7m/s (+-5%) 
- Standard neutral 
running shoe 
 

Yes 
 
- Gender 
- Age 
- Mileage 
run/month 

No Yes 
 
- Peak 
rear foot 
eversion 
- Peak knee 
internal 
rotation 
- Peak hip 
adduction 
- Knee flexion 
at heel strike 
- Tibia internal 
rotation in 
global 
- Femoral 
rotation in 
global 
- Peak rear 
foot inversion 
moment 
- Peak knee 
external 
moment 
- Peak hip 
abduction 
moment 

Yes 
 
- Independent 
t-test: ITBS 
affected limb/ 
control right 
leg 
 

Yes 
 
No participant 
withdrawals 
 
An outlier 
analysis removed 
two subjects in 
the control group 
for knee internal 
rotation, one for 
rear foot 
eversion, two for 
rear foot 
inversion 
moment and two 
for knee external 
rotation moment. 
One outlier was 
removed from 
knee internal 
rotation in the 
ITBS group.  
 

Yes 
 
N=18 ITBS 
N= 18 
control 
 
B=0.20 
P=0.05 
14 subjects 
per group 

Yes - 

Hamill, 
Miller, 
Noehren & 
Davis 2008 
 
Prospective 
cross-
sectional 
study 

Yes 
 
Compare pre-
existing strain, 
strain rate and 
duration of 
impingement in 
the ITB between 
female runners 
who developed 
ITBS and 
healthy controls 

Yes 
 
- Musculoskeletal 
modelling was 
used to calculate 
ITB strain with 
what is assumed 
kinetic and 
kinematic values 
from the subjects 
above. 

Yes 
 
- Gender 
- Age 
- Mileage 
run/month 

No Yes 
 
- Strain at 
initial contact 
- Strain at peak 
knee flexion 
- Strain rate 
- Duration of 
impingement 

Yes 
 
- Independent 
t-test: ITBS 
affected/ 
matched limb 
control. 
Contralateral 
limbs.  
 
- Dependent t-
test and 
symmetry 
index between 
limbs within 
subjects in the 
ITBS group 
and control 
group 
 
- Effect size 
 
- Pearson 
product 
moment 
correlation: 
peak strain, 
strain rate and 
hip adduction 
and knee 

No Yes 
 
N= 17 
ITBS 
N=17 Co 
 
B=0.20 
P=0.05 
14 subjects 
per group 

Yes - 
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internal 
rotation 

During iliotibial band syndrome 
Author/year/ 
design 

Is the aim of 
the study well 
described? 

Is the method 
relevant? 

Are the 
groups 
matched 
and how? 

Is the 
diagnostic 
criteria 
predefined 
and 
described 
for ITBS? 

Are the 
measure 
variables of 
interest well 
described and 
in the method 
part? 

Are the 
statistical 
methods 
appropriate? 

Are participant 
withdrawals or 
exclusions 
described? 

Is the 
study 
population 
big enough 
to power 
the study? 

Is the 
outcome 
data 
correlated 
to the 
predefined 
measure 
variables? 

Risk of bias? 

Fredericson, 
Cookingham, 
Chaudhari, 
Dowdell, 
Oestreicher & 
Sahrmann 
2000 
 
Case series 
study 
 
(Only the pre-
rehabilitation 
data is used 
and evaluated 
in this study) 

Yes 
 
To evaluate if 
runners with 
ITBS are weaker 
in their hip 
abductors 
compared to 
healthy controls 

Partially 
 
- Participants 
randomly 
selected from 
patients 
presenting to a 
clinic 
- Hand held 
dynamometer 
 

Yes 
 
- Gender 
 

Yes 
 
- Local 
tenderness 
over the LFE 
- Pos Noble 
compression 
test 
- Absence of 
any other 
signs in the 
knee 

Yes 
 
- Isometric hip 
abductor 
strength 

Yes 
 
- Two tailed t-
test: injured 
limb/non-
injured limb 
and the non-
injured limbs 
of the control 
group (one 
randomly 
selected). 
 

No No power 
analysis 
described  
 
N: 10 ITBS 
women 
N= 14 Co 
women 
 
N= 14 
ITBS men 
N= 16 Co 
men 

Yes Performance: 
participants not 
described being 
blinded to the 
tester  
 
Unclear risk of 
selection: 
randomization 
of the selection 
and the 
measured leg of 
the control 
group is not 
described 
 

Grau, 
Maiwald, 
Krauss, 
Axman & 
Horstmann 
2008a 
 
Cross 
sectional 
study 

Yes 
 
Compare 
different 
matching 
processes to 
assess whether 
the matching 
process 
influences 
possible 
biomechanical 
differences 
between runners 
with ITBS and 
healthy runners 

Yes 
 
- Participant 
recruitment 
through ads in the 
local newspaper, 
visits to races and 
runs, flyer 
distribution and 
patients from a 
clinic. 
 
- 6 camera 
motion analysis  
- 13 m EVA 
foam runway 
- 3.3m/s (+-5%) 
- Barefoot 
 

Yes 
 
- Group 1: n 
of 
participants 
- Group 2: n 
of 
participants 
and gender 
- Group 3: n 
of 
participants, 
gender, 
weight and 
height 

No 
 
- Procedure 
of 
examination 
is described 
but not 
inclusion 
criteria for 
ITBS. 

Yes 
 
- Hip 
adduction at 
touch-down 
- Peak hip 
adduction 
- Internal tibia 
rotation at 
touch down 
- Peak internal 
tibia rotation 
- Eversion of 
rear foot at 
touch down 
- Peak rear 
foot eversion 
-Plantar 
pressure 
distribution 

Partially 
 
- Dependent t-
test (not 
reported which 
legs) 
 
- Bonferroni 
procedure 
 
- Root mean 
square error 

No 
 

No power 
analysis 
described 
 
N=18 in 
each group 

Yes Unclear risk of 
selection: 
participants 
performed 7 
trial and 5 was 
randomly 
selected for 
data analysis, 
not described 
how. 
 
Detection: 
dependent t-test 
was used also 
in the 
comparison 
with control 
group 1 and 2 

Grau, Krauss, 
Maiwald, Best 
& Horstmann, 
2008b 
 
Cross 
sectional 
study 

Yes 
 
Investigate 
differences in 
hip abductor 
strength between 
runners with 
ITBS and 
healthy control 
group 
 
  

Yes 
 
- Participant 
recruitment 
through ads in the 
local newspaper, 
visits to races and 
runs, flyer 
distribution and 
patients from the 
clinic. 
 
- Isokinetic 
device 
 

Yes 
 
- Gender 
- Height 
- Weight 

No Yes 
 
- Concentric 
peak torque 
abduction 
- Eccentric 
peak torque 
abduction 
- Isometric 
peak torque 
abduction 
- Concentric 
peak torque 
adduction 
- Eccentric 
peak torque 
adduction 
- Isometric 
peak torque 
adduction 
- Concentric 

Partially 
 
- Dependent  t-
test within 
subjects 
 
- Independent  
t-test: affected 
leg ITBS/ 
randomly 
chosen leg 
control 
 

Yes 
 
Two of the 
participants in the 
ITBS group could 
not be matched to 
a control so they 
were excluded, as 
was the 
remaining nine in 
the control group 

No power 
analysis 
described 
 
N= 12 
ITBS 
N= 19 Co 
 
Only 10 
matched  
 
N=10 in 
each group 

Yes Detection: 
independent t-
test between 
matched 
subject, risk of 
type two error. 
 
Unclear risk of 
selection bias:  
randomization 
of the selection 
of control leg is 
not described 
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endurance 
quotient 

Grau, Krauss, 
Maiwald  
Axmann, 
Horstmann & 
Best 2011 
 
Cross 
sectional 
study 

Yes 
 
Investigate 
differences in 
kinetics and 
kinematics in 
runners with 
ITBS compared 
to healthy 
controls 

Yes 
 
- It is assumed 
that the 
recruitment 
process was 
similar for this 
study as it was 
for the 2 above 
by the same 
authors. 
 
- 6 camera 
motion analysis  
- 13 m EVA 
foam runway 
- 3.3m/s 
- Barefoot 

Yes 
 
- Gender 
- Height 
- Weight 

Yes 
 
- Typical 
clinical 
history 
- Positive 
Ober´s test 
or Noble test 

Yes 
 
- Peak values, 
range of 
motion values 
and peak 
velocity values 
of sagittal and 
frontal hip 
motion, 
sagittal knee 
motion, 
sagittal ankle 
motion and 
frontal rear 
foot motion 
 
- Timing of 
peak values of 
hip flexion and 
adduction, 
knee flexion, 
internal tibia 
rotation, ankle 
flexion and 
rear foot 
eversion  

No? 
 
- Independent 
t-test: affected 
leg/ same side 
leg of the 
matched 
partner in the 
control group 

Yes 
 
- Three subjects 
in the ITBS 
group were not 
included in the 
data analysis (3D 
reconstruction 
yielded poor 
results) and one 
was forefoot 
runner (the 
matching partner 
in the control 
group was also 
excluded) 
 
- One unrealistic 
value for one 
subject was found 
and was excluded 
for the variable, 
as was the 
matching partner 

No power 
analysis 
described 
 
N= 18 in 
each group 
(13 male, 5 
female) 
 
N=17 for 
one 
analysis 

Yes Detection: 
independent t-
test between 
matched 
partners, risk of 
type two error. 
 

Brown 2011a 
 
Cross 
sectional 
study 

Yes 
 
Determine if 
differences exist 
between runners 
with ITBS and 
controls with 
respect to 
gluteus medius 
function, tensor 
fascia latae 
activation timing 
and kinematic 
joint coupling 
during running 

Yes 
 
- Strength testing 
with Biodex 
system 4 
- Fatigue 
resistance, 50% 
MVIC, surface 
EMG 
- 12 camera 
motion analysis  
- 30 m runway 
- 3.35m/s (+-10 
%) 
- Neutral running 
shoes 
 

Yes 
 
- Gender 

No Yes 
 
- Isometric 
gluteus medius 
strength 
- Fatigue 
resistance in m 
gluteus medius 
- G medius 
and m tensor 
fascia latae 
timing during 
terminal swing 
- Joint 
coupling: hip 
frontal- hip 
transverse and 
hip frontal- 
knee 
transverse 

Yes 
 
Two-tailed 
independent t-
test: affected 
leg/ dominant 
limb of the 
control group 

Yes 
 
4 in the control 
group were 
removed from 
fatigue resistance 
analysis due to 
methodological 
error. 
 
Gluteus medius 
data from 2 and 
tensor fascia latae 
data from 3 
controls were 
excluded in the 
timing activation 
analysis due to 
motion artefacts. 

No power 
analysis 
described 
 
N= 12 
ITBS 
N= 20 Co 

Yes - 

Brown 2011b 
 
Cross 
sectional 
study 

Yes 
 
To determine the 
effect of a run to 
exertion on hip 
joint kinetics, 
kinematics and 
joint coupling 
pattern in 
runners with 
ITBS compared 
to controls 

Yes 
 
- 12 camera 
motion analysis 
- 30 m runway 
- 3.35m/s (+-10 
%) 
- Neutral running 
shoes 
 

Yes 
 
- Gender 

No Yes 
 
- Peak hip 
adduction and 
internal 
rotation angles  
- Hip abductor 
and external 
rotator 
moments 
- Joint 
coupling 
motions hip 
abd-add/ hip 
int-ext rot, hip 
abd-add/knee 
int-ext rot 
 

Yes 
 
2-way ANOVA 
for group-by-
exertion. If this 
was significant 
independent t-
test was made 
between groups 

No report of 
withdrawals or 
data exclusions 

No power 
analysis 
described 
 
N= 12 
ITBS 
N= 20 Co 

Yes - 

Brown 2011c Yes Yes Yes No Yes Yes Yes No power Yes - 



 31 

 
Cross 
sectional 
study 

 
To determine the 
effect of 
performing a run 
to exertion on 
gluteus medius 
function as well 
as gluteus 
medius and 
tensor fascia 
latae terminal 
swing activation 
timing in 
runners with 
ITBS compared 
to controls 

 
- 12 camera 
motion analysis 
- 30 m runway 
- 3.35m/s (+-10 
%) 
- Neutral running 
shoes 

 
- Gender 

 
- Isometric 
gluteus medius 
strength 
- Isometric 
gluteus medius 
fatigue 
resistance 
- G medius 
and m tensor 
fascia latae 
timing during 
terminal swing 
 

 
2-way ANOVA 
for group-by-
exertion. If this 
was significant 
independent t-
test were made 
between 
groups. 
 
Additional 
paired t-test for 
further 
evaluation, this 
was not 
described in the 
method part. 

 
5 controls were 
excluded in 
fatigue resistance 
due to 
methodological 
error (one post 
exertion). 
 
Gluteus medius 
EMG data from 2 
and tensor fascia 
latae EMG data 
from 4 controls 
were excluded 
due to motion 
artefacts. 
 

analysis 
described 
 
N= 12 
ITBS 
N=20 Co 

Noehren, 
Schmitz, 
Hempel, 
Westlake & 
Black 2014 
 
Cross 
sectional 
study 

Yes 
 
To assess 
differences in 
hip strength and 
iliotibial length 
as well as frontal 
and transverse 
plane kinematics 
at the hip and 
knee in male 
runners with and 
without ITBS 

Yes 
 
- Subjects were 
recruited from 
local races, 
posted flyers and 
physician offices 
 
- Hip abd and 
external rotation 
strength: hand 
held 
dynamometer hat 
was not hand 
held,  
- Length of ITB: 
Obers test 
 
-15 camera 
motion analysis - 
treadmill run,  
- 3.3m/s 
- New Balance 
WR662 (light 
stability medial 
post) 

Yes 
 
- Gender 

Yes 
 
- Insidious 
onset of 
lateral pain 
during 
running 
- Pain of at 
least 3 out of 
10 of a 
numeric 
rating scale 
during 
running 
- Pain with 
direct 
palpation of 
gerdys 
tubercle or 
LFE or pos 
Noble 
compression 
test 

Yes 
 
- Hip abductor 
strength 
- Hip external 
rotation 
strength 
- Hip and knee 
transverse 
plane kinetics 
and kinematics 
in early stance 

Yes 
 
Independent t-
test: ITBS 
affected/ same 
side limb in 
control group 
 
Effect size 
 
Minimal 
detectable 
change 

Not described No power 
analysis 
described 
 
N= 17 in 
each group 

Yes - 

After iliotibial band syndrome 
Author/year/ 
design 

Is the aim of 
the study well 
described? 

Is the method 
relevant? 

Are the 
groups 
matched 
and how? 

Is the 
diagnostic 
criteria 
predefined 
and 
described 
for ITBS? 

Are the 
measure 
variables of 
interest well 
described and 
in the method 
part? 

Are the 
statistical 
methods 
appropriate? 

Are participant 
withdrawals or 
exclusions 
described? 

Is the 
study 
population 
big enough 
to power 
the study? 

Is the 
outcome 
data 
correlated 
to the 
predefined 
measure 
variables? 

Risk of bias? 

Ferber, 
Noehren, 
Hamill & 
Davis 2010 
 
Cross 
sectional 
study 

Yes 
 
Examine 
differences in 
hip, knee and 
ankle joint 
biomechanics in 
female runners 
with previous 
ITBS compared 
to healthy 
controls 

Yes 
 
- 15 camera 
motion analysis 
- 25 m runway 
- 3.65m/s (+-5%) 
- Neutral 
cushioning 
running shoe 
 

Yes 
 
- Gender 
- Age 
- Running 
distance/ 
week 

No Yes 
 
- Peak rear 
foot eversion 
- Peak Knee 
internal 
rotation 
- Peak knee 
flexion 
- Peak hip 
adduction 
- Peak rear 
foot invertor 
moment 
- Peak knee 

Yes 
 
1-way ANOVA 
(Independent t-
samples): 
affected leg/ 
right leg 
control 

Not described Yes 
 
Power 
analysis  
 
B=0.20 
P=0.05 
14 subjects 
per group 
 
N=35 each 
group 

Yes - 
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external 
rotator 
moment 
- Peak hip 
abductor 
moment 

Foch & 
Milner 2014a 

Yes 
 
To investigate if 
biomechanics 
during running 
and frontal plane 
core endurance 
differ between 
female runners 
with previous 
ITBS and 
healthy controls 

Yes 
 
- Recruitment 
from the local 
running 
community 
- 9 camera 
motion analysis 
- 17 m runway 
- 3.5m +-0.18 m/s 
- Neutral 
laboratory 
footwear 

Yes 
 
-Gender 
- Age? 
- Height? 
- Weight? 

No Yes 
 
- Peak 
contralat 
pelvic drop 
- Peak trunk 
lateral flexion 
- Peak external 
knee adduction 
moment 
- Peak hip 
adduction 
angle 
- Frontal plane 
trunk-pelvis 
coordination 
- Lateral core 
endurance 
(side bridge 
test) 
- Correlation 
core endurance 
strength- peak 
contralat 
pelvic drop 
- Correlation 
core endurance 
strength- peak 
trunk lateral 
flexion 

Yes 
 
MANOVA: 
group 
differences of 
the dependent 
variables 
affected leg/ 
right leg 
control 
 
Fisher´s least 
significant 
difference test: 
differences 
among 
dependent 
variables. 
 
Effect size 
 
Manova: mean 
trunk-pelvis 
coupling angels 
in the 4 periods 
of stance phase. 
 
Pearson 
correlation 
coefficient 
between lateral 
core 
endurance-peak 
contralat pelvic 
drop and lateral 
core 
endurance- 
peak trunk 
lateral flexion 
during stance. 
 

Not described Yes 
 
N= 17 
ITBS 
N=17 Co 
 
B=0.20 
P=0.05 
Indicate 17 
subjects per 
group 

Yes Unclear risk of 
detection bias: 
it is not clear if 
participants 
were 
individually 
matched or if 
the groups 
matched 
according to 
age, height and 
gender.  
 
If matching was 
done 
individually a 
type two error 
could exist 

Foch & 
Milner 2014b 
 
Cross 
sectional 
study 

Yes 
 
To investigate if 
women with 
previous ITBS 
exhibit 
differences in 
kinematics and 
kinetics during 
running 
compared to 
controls using a 
PCA approach 

Yes 
 
- Recruitment 
from the local 
running 
community 
- 9 camera 
motion capture 
system 
- 17 m runway 
- 3.5m +-0.18 m/s 
- Neutral 
laboratory 
footwear 

Yes 
 
- Gender 
It is not 
clear if the 
matching 
process was 
as above 

No Yes 
 
- Frontal plane 
hip, pelvis and 
trunk angles 
- Knee 
moment 
- Transverse 
plane knee 
angle 

Yes 
 
Independent t-
test: PC 1, PC2, 
PC3 affected 
leg/ right leg 
control group 
 

Not described No power 
analysis 
 
N= 20 in 
each group 

Yes As above 
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Table 2. Kinematic variables and results. S= significant, NS= not significant. 
Measure 
variable 

Study Footwear Gender Prior During After 

Rear foot 
Eversion at 
touch down 

Grau, 2008a Barefoot W+M  S 
ITBS less 
eversion 

 

Peak eversion Noehren, 2007 Neutral 
running shoe 

W NS 
(P=0.07, ITBS 
less) 

  

 Grau, 2008a Barefoot W+M  NS  
(P=0.08, ITBS 
less) 

 

 Grau, 2011 Barefoot W+M  NS  
 Ferber, 2010 Neutral 

running shoe 
W   NS 

Peak eversion 
in ROP  

Grau, 2011 Barefoot W+M  NS 
(approx 40%) 

 

ROM 
inversion-
eversion 

Grau, 2011 Barefoot W+M  NS  

Peak velocity 
eversion 

Grau, 2011 Barefoot W+M  NS  

Peak velocity 
inversion 

Grau, 2011 Barefoot W+M  NS  

Ankle 
Peak flexion Grau, 2011 Barefoot W+M  NS  
ROM flexion- 
extension 

Grau, 2011 Barefoot W+M  NS  

Peak flexion in 
ROP 

Grau, 2011 Barefoot W+M  NS 
(approx 45%) 

 

Peak flexion 
velocity 

Grau, 2011 Barefoot W+M  S 
ITBS slower 

 

Peak extension 
velocity 

Grau, 2011 Barefoot W+M  NS  

Shank 
Tibia internal 
rotation at 
touch down 
(tibia/foot) 

Grau, 2008a Barefoot W+M  S 
ITBS less 

 

Peak internal 
rotation of 
tibia 
(Tibia/foot) 

Grau, 2008a Barefoot W+M  S 
ITBS less  

 

Knee 
Flexion at heel 
strike 

Noehren, 2007 Neutral 
running shoe 

W NS   

Adduction in 
early stance 
phase 

Noehren, 2014 Cushioned, 
light stability 
medial post 

M  S 
ITBS more 

 

Peak flexion Grau, 2011 Barefoot W+M  NS  
 Ferber, 2010 Neutral 

running shoe 
W   NS 

Peak flexion in 
ROP  

Grau, 2011 Barefoot W+M  NS 
(approx 30%) 

 

ROM flex-ext Grau, 2011 Barefoot W+M  NS  
Peak flexion 
velocity 

Grau, 2011 Barefoot W+M  S 
ITBS less 

 

Peak extension 
velocity 

Grau, 2011 Barefoot W+M  NS  

Peak internal 
rotation 
(tibia/femur) 

Noehren, 2007 Neutral 
running shoe 

W S 
ITBS more 

  

 Ferber, 2010 Neutral 
running shoe 

W   S 
ITBS more 

Global tibia Noehren, 2007 Neutral W NS   
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internal 
rotation 

running shoe 

Global femoral 
external 
rotation 

Noehren, 2007 Neutral 
running shoe 

W S 
ITBS more 

  

External 
rotation tibia 
against femur 
early stance 
phase 

Noehren, 2014 Well 
cushioned, 
light stability 
medial post  

M  NS 
 

 

Internal- 
external 
rotation hole 
waveform 
(PCI) 

Foch, 2014 Neutral 
running shoe 

W   NS 

Hip 
Adduction 
touch down 

Grau, 2008a Barefoot W+M  S 
ITBS less 

 

Adduction 
early stance 
phase 

Noehren, 2014 Well 
cushioned, 
light stability 
medial post 

M  NS  

Peak 
adduction 

Noehren, 2007 Neutral 
running shoe 

W S 
ITBS more 

  

 Grau, 2008a Barefoot W+M  S 
ITBS less 

 

 Grau, 2011 Barefoot W+M  S 
ITBS less 

 

 Ferber, 2010 Neutral 
running shoe 

W   S 
ITBS more 

 Foch, 2014a Neutral 
running shoe 

W   NS 

- fatigue state Brown, 2011b Neutral 
running shoe 

W  S  
ITBS less 

 

Peak 
adduction in 
ROP 

Grau, 2011 Barefoot W+M  NS 
(approx 30%) 

 

ROM add-abd Grau, 2011 Barefoot W+M  S 
ITBS less 

 

Peak 
adduction 
velocity 

Grau, 2011 Barefoot W+M  NS  

Peak 
abduction 
velocity 

Grau, 2011 Barefoot W+M  S 
ITBS less 

 

Adduction- 
abduction hole 
waveform 
(PCA) 

Foch, 2014 Neutral 
running shoe 

W   S 
ITBS less 
adduction PC1 
(65,5%) 
 

Internal 
rotation early 
stance 

Noehren, 2014 Cushioned 
light stability 
medial post 

M  S 
ITBS more 

 

Peak internal 
rotation 
(fatigue state) 

Brown, 2011b Neutral 
running shoe 

W  NS  

Peak flexion Grau, 2011 Barefoot W+M  NS  
Peak flex in 
ROP 

Grau, 2011 Barefoot W+M  S 
ITBS earlier in 
ROP 

 

ROM flex-ext Grau, 2011 Barefoot W+M  NS  
Peak flexion 
velocity 

Grau, 2011 Barefoot W+M  S 
ITBS slower 

 

Peak extension 
velocity 

Grau, 2011 Barefoot W+M  NS  

Pelvis 
Peak contralat Foch, 2014a Neutral W   NS 
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drop running shoe 
Frontal plane Foch, 2014b Neutral 

running shoe 
W   NS 

PC1 (72,2%) 
P=0.067 
Less contralat 
pelvic drop 
 
PC3 (5,8%) 
P=0.063 
More elevation 
contralat side  

Trunk 
Peak lateral 
flexion 

Foch, 2014a Neutral 
running shoe 

W   NS 

Frontal plane Foch, 2014b Neutral 
running shoe 

W   NS 
PC1 (76,3%) 
P=0.057 
ITBS more 
ipsilat trunk 
flexion 

Joint coupling 
Hip abd-
add/hip int-ext 
rot 

Brown, 2011a Neutral 
running shoe 

W  NS  

Hip abd-
add/hip int-ext 
rot (fatigue) 

Brown, 2011b Neutral 
running shoe 

W  NS  

Hip abd-add/ 
knee int-ext 
rot 

Brown, 2011a Neutral 
running shoe 

W  NS 
 

 

Hip abd-add/ 
knee int-ext 
rot (fatigue 
state) 

Brown, 2011b Neutral 
running shoe 

W  NS  

Trunk latflex/ 
pelvic drop-
elevation 

Foch, 2014a Neutral 
running shoe 

W   NS 
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Table 3. Kinetic variables and results. S= significant, NS= not significant. 
Measure 
variable 

Study Footwear Gender Prior During After 

Rear foot 
Peak inversion 
moment 

Noehren, 2007 Neutral 
running shoe 

W NS   

 Ferber, 2010 Neutral 
running shoe 

W   S 
ITBS more 

Knee 
Peak external 
rotation 
moment 

Ferber, 2010 Neutral W   NS 

Peak 
adduction 
moment 

Foch, 2014a Neutral W   NS 

Hip 
Peak 
abduction 
moment 

Noehren, 2007 Neutral 
running shoe 

W NS   

 Ferber, 2010 Neutral W   NS 
- fatigue state Brown, 2011b Neutral W  NS  
Peak external 
rotator 
moment 
(fatigue state) 

Brown, 2011b Neutral W  NS  

Strain 
At peak 
flexion 

Hamill, 2008 Neutral 
running shoe 

W NS   

At touch down Hamill, 2008 Neutral 
running shoe 

W NS 
 

  

Strain rate Hamill, 2008 Neutral 
running shoe 

W S 
ITBS higher 

  

Duration of 
impingement 

Hamill, 2008 Neutral 
running shoe 

W NS   

Pressure 
distribution at 
the foot 

      

Pressure 
distribution 

Grau, 2008a Barefoot W+M  NS  
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Table 4. Muscle function variables and results. S= significant, NS= not significant. 
Measure 
variable 

Study  Gender Prior During After 

Hip 
Isometric 
abductor 
strength 

Fredericson, 
2000 

 W/M  S for W and M 
ITBS weaker 

 

 Grau, 2008 b  W+M  NS  
 Brown, 2011a  W  NS  
 Noehren, 2014  M  NS  
- following a 
run to exertion 

Brown, 2011c  W  NS  

Isometric 
gluteus medius 
fatigue 
resistance 

Brown, 2011a  W  S 
ITBS less 
resistant to 
fatigue 

 

- following a 
run to exertion 

Brown, 2011c  W  S 
ITBS less 
resistant to 
fatigue 

 

Concentric 
abductor 
strength 

Grau, 2008b  W+M  NS  

Eccentric 
abductor 
strength 

Grau, 2008b  W+M  NS  

Concentric 
abductor 
endurance 

Grau, 2008b  W+M  NS  

Isometric 
adductor 
strength 

Grau, 2008b  W+M  NS  

Concentric 
adductor 
strength 

Grau, 2008b  W+M  NS  

Eccentric 
adductor 
strength 

Grau, 2008b  W+M  NS  

Concentric 
adductor 
endurance 

Grau, 2008b  W+M  NS 
 

 

External 
rotator 
strength 

Noehren, 2014  M  S 
ITBS weaker 
(Minimal 
detectable 
change higher 
than average 
between 
groups) ES 
0.677 

 

Trunk 
Lateral core 
endurance 
(side bridge) 

Foch, 2014a  W   NS 

Timing 
Terminal 
swing onset 
activation of m 
gluteus medius 

Brown, 2011a  W  NS  

- following a 
run to exertion 

Brown, 2011c  W  NS  

Terminal 
swing onset 
activation of 
tensor fascia 
latae 

Brown, 2011a  W  NS  
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-following a 
runt o exertion  

Brown, 2011c  W  NS  

Muscle length 
ITB length Noehren, 2014  M  S 

ITBS shorter 
(MDC higher 
than the 
average 
difference 
between 
groups) 
ES=0.275 
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Appendix 1 
 
SOURCE AND LITERATURE SEARCH 

 

Aim: The aim of this study was to define the biomechanical factors that differed between 

runners before developing, during and after recovering from ITBS compared to healthy 

controls.  

Questions: 

• What differences are there in functional tests performed by runners before, during and 

after recovering from ITBS compared to a non-injured control group?  

• What differences are there in kinetic variables in runners before, during and after 

recovering from ITBS compared to a non-injured control group? 

• What differences are there in kinematic variables in runners before, during and after 

recovering from ITBS compared to a non-injured control group? 

• What differences are there in muscle function (strength, flexibility, neuromuscular 

function) in runners before, during and after recovering from ITBS compared to a 

non-injured control group? 

 

Search terms 

Iliotibial band syndrome, Iliotibial band friction syndrome, Iliotibial tract syndrome, 

biomechanics in running, hip abductor strength. 

 

Source 

Embase, Cinahl, PubMed, Swemed +, Google Scholar 

 

Searches with relevant results 

Cinahl: Iliotibial band syndrome 
Embase: Iliotibial band syndrome, “and” used 
PubMed: Iliotibial band syndrome 
PubMed: hip abductor strength 

 

Comments 
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Most of the articles were found in PubMed. ”Runners knee” is not a good search term.  

 


