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Does the Powers
TM

 strap influence the lower limb biomechanics during running? 

 

Abstract 

Previous research has reported a prevalence of running related injuries in 25.9% to 72% of all 

runners. A greater hip internal rotation and adduction during the stance phase in running has 

been associated with many running related injuries, such as patellofemoral pain. Researchers in 

the USA designed a treatment device 'the Powers
TM

 strap' to facilitate an external rotation of the 

femur and to thereby control abnormal hip and knee motion during leisure and sport activities. 

However, to date no literature exists to demonstrate whether the Powers
TM

 strap is able to reduce 

hip internal rotation during running.  

22 healthy participants, 11 males and 11 females (age: 27.45 ±4.43 years, height: 1.73 ± 0.06m, 

mass: 66.77 ±9.24kg) were asked to run on a 22m track under two conditions: without and with 

the Powers
TM

 strap. Three-dimensional motion analysis was conducted using ten Qualisys OQUS 

7 cameras (Qualisys AB, Sweden) and force data was captured with three AMTI force plates 

(BP600900, Advanced Mechanical Technology, Inc.USA). Paired sample t-tests were performed 

at the 95% confidence interval on all lower limb kinematic and kinetic data. 

The Powers
TM

 strap significantly reduced hip and knee internal rotation throughout the stance 

phase of running. These results showed that the Powers
TM

 strap has the potential to influence hip 

motion during running related activities, in doing so this might be beneficial for patients with 

lower limb injuries. Future research should investigate the influence of the Powers
TM

 strap in 

subjects who suffer from running related injuries, such as patellofemoral pain.  

keywords: patellofemoral pain, strap, brace, knee joint, biomechanics 
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Introduction: 

Running is a popular sporting activity with participation rates continuing to increase [1]. 

Although recreational running has various beneficial health effects, it is also associated with a 

greater incidence of musculoskeletal injuries [1, 2]. Recent studies reported a prevalence of 

running related injuries in 25.9% to 72% of all runners [1, 2]. Knee injuries were prevalent in 

42% of all running related injuries, followed by 16.9% for foot/ankle injuries and 12.8% for 

lower leg injuries. The most common overuse injury was patellofemoral pain (16.5% of all 

running related injuries) [3]. Studies that have investigated lower limb biomechanics in runners 

revealed a link between hip biomechanics and running injuries [2]. These studies showed that 

runners with reduced hip abductor and extensor strength exhibited greater hip internal rotation 

and adduction angles during the stance phase of running [4, 5]. Schmitz et al. [5] investigated the 

difference in running kinematics between novice and experienced runners and showed that 

novice runners tended towards greater hip internal rotation angles. These findings are significant 

because an excessive hip internal rotation can lead to lower limb injuries, such as patellofemoral 

pain (PFP) and non-contact anterior cruciate ligament (ACL) injuries [6]. Abnormal 

biomechanics, especially dynamic knee valgus, which is a combination of femoral adduction, 

femoral internal rotation, external knee rotation, tibial abduction, and ankle eversion is known to 

be associated with PFP [6, 7]. Studies that investigated the biomechanics of runners with PFP 

have reported an increased hip internal rotation and hip adduction compared to runners without 

PFP [8]. Thus, an increased hip internal rotation appears to be an associated risk factor for 

running associated injuries, especially patellofemoral pain.  

Many different treatment options exist to modify lower limb biomechanics in runners. One 

commonly applied method is running retraining, which has been shown to significantly reduce 

the peak hip adduction [9, 10] and reduce knee adduction angles [11]. However, no significant 

changes on hip internal rotation have been shown with running retraining.  

Insoles, knee braces and straps have also been used to modify lower limb biomechanics during 

running. Studies that have investigated insoles during running showed significant altered foot 

kinematics, but no influence on knee or hip kinematics [12]. Studies that investigated knee 

braces and straps for running related injuries are heterogeneous and only limited research is 

available [12, 13]. In addition, current research focuses on knee braces that aim to stabilise the 
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knee joint locally and increase proprioceptive and neuromuscular stimulation without addressing 

the hip movement [13, 14].   

Since hip internal rotation appears to be associated with running related injuries, a brace or strap 

that aims to reduce the excessive hip internal rotation and thereby potentially reduce the dynamic 

knee valgus may be a potential treatment for running related injuries. Researchers in the USA 

designed a treatment device 'the Powers
TM

 strap' to facilitate an external rotation of the femur 

and to thereby control abnormal hip and knee motion during leisure and sport activities. Only 

one study has investigated the influence of such a knee strap in patients with PFP during an 

unilateral squat and a step landing task [15]. They found that the strap significantly reduced pain 

during these functional tasks and in addition significantly reduced knee valgus [15]. However, 

the two-dimensional (2D) frontal-plane projection angle of the knee-valgus alignment was 

measured and this does not allow an investigation into whether the strap modified the transverse 

plane movement of the hip and the knee, nor whether the strap modified lower limb kinetics. 

Previous studies revealed that increased knee abduction moments are associated with an 

increased risk for PFP and ACL injury [16-18]. Thus, individuals with lower limb injuries, such 

as PFP, exhibit not only altered kinematics, but also lower limb kinetics [19]. However, the 

influence of a knee strap that facilitate external rotation of the femur on lower limb kinetics 

remains unstudied. 

In individuals with knee injuries, such as patellofemoral pain or after an ACL reconstruction 

proprioceptive deficits could be identified that were modified with knee braces and straps [20, 

21]. Therefore, to ensure the investigation of the mechanistic action of the knee strap only 

healthy individuals were assessed. 

Thus, this study aimed to investigate whether the Powers
TM

 strap is able to modify hip internal 

rotation angle during running in healthy individuals. Secondly, this study aimed to investigate 

whether the Powers
TM

 strap modified also the frontal, sagittal and transverse kinematics and 

kinetics of the knee and the hip during running.  

The two null hypotheses were:  

1. The Powers
TM

 strap would not modify the hip internal rotation angle in healthy individuals.  
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2. The Powers
TM

 strap would not result in changes in the frontal, sagittal and transverse 

kinematics and kinetics of the hip and the knee joint.  

 

Methodology 

Participants 

The study was approved by the University Research and Governance Committee and the trial 

was registered (NCT02914574). The informed consent was obtained from each participant. 

Before the testing, the mass and height of each participant were measured. All participants were 

fitted with standard running shoes (New Balance, Abzorb soles, model M639SA UK), to control 

the interface of the shoe and the surface.  

To be included in the study a participant had to meet all of the following criteria: (1) Active 

runners who have not experienced any previous significant lower limb injuries, (2) Being able to 

perform running, (3) in the age range: 18-45 years old. Participants were excluded if: (1) they 

had any history of previous lower limb surgery or patella instability and dislocation, (2) they had 

lower limb deformities or any history of traumatic, inflammatory or infectious pathology in the 

lower extremities or any internal derangements, (3) they reported previous or existing knee pain, 

(4) they could not perform running during the measurement.  

 

3D gait analysis 

Three-dimensional movement data were collected with ten Qualisys OQUS7 cameras (Qualisys 

AB, Sweden) at a sampling rate of 250Hz. The ground reaction forces were collected with three 

force plates (BP600900, Advanced Mechanical Technology, Inc.USA) at a sampling rate of 

1500Hz, which were embedded into the floor and synchronised with the Qualisys system. Forty 

retro-reflective markers with a diameter of 14mm were attached, with double sided hypoallergic 

tape and bandages, to the lower limb of the participants (Figure 1). The calibrated anatomical 

system technique (CAST) model, which included anatomical landmarks (markers on anatomical 

bony landmarks) and anatomical frames (segment mounted marker clusters), was used [22].  
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The retro-reflective markers were placed at the following anatomical landmarks: the anterior 

superior iliac spine, the posterior superior iliac spine, the iliac crest, the greater trochanter, the 

medial and lateral femoral epicondyle, the medial and lateral malleloli, the posterior calcanei, 

and the head of the first, second and fifth metatarsals. The anatomical frames were rigid clusters 

of 4 nonorthogonal markers and were positioned over the lateral shank, and the lateral thigh of 

the limbs. A smaller thigh cluster was applied at the proximal thigh of the dominant leg to ensure 

that the Powers
TM

 strap could be applied below the thigh cluster and thereby did not affect the 

cluster placement (Figure 1). A reference trial was collected to specify the location of the 

anatomical landmark markers in relation to the clusters and to approximate the joint center. The 

ankle and knee joint centers were calculated as midpoints between the medial and lateral malleoli 

and femoral epicondyles, respectively. The hip joint center was calculated using the regression 

model of Bell [23]. A static reference trial was collected without the applied Powers
TM

 strap but 

was used for both conditions with and without the Powers
TM

 strap, because each of the marker 

clusters remained in the same place during both conditions.  

 

Running task 

Each subject was asked to run on a 22m track at his/her own selected speed during two 

conditions: without and with the Powers
TM

 strap. Running speed was controlled and reported by 

using Brower timing lights (Draper, UT) to ensure that each trial was within ±5% of the original 

self selected speed. The Powers
TM

 strap was applied on the preferred limb by the same researcher 

each time, whereby the limb dominancy was established by asking participants which limb they 

would prefer to kick a ball. Whilst there might be minor changes of the tightness within the 

individuals, this was controlled as much as possible. Furthermore, the principal researcher was 

experienced with the application and therefore we would hope that a standardised tightness of the 

strap was achieved. 

Each running task was performed until five successful trials were collected. Unsuccessful trials 

were ones whereby less than three markers per segment were visible, running speed was out of 

the control range, or a partial/double contact with the force platforms was found.  
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Data processing 

The kinematic and kinetic outcomes were calculated by utilising the 6 degrees of freedom model 

in Visual 3D (Version 5, C-motion Inc, USA). Motion and force plate data were filtered with a 

4th order Butterworth filter with cut-off frequencies of 12Hz. The force and movement have 

been filtered with the same filter because studies revealed a significant effect of filtering on joint 

moments, especially when different cut-off frequencies had been chosen for movement and force 

[24]. Thus, they strongly recommended that kinetic and kinematic data should be processed with 

the same filter [24]. The Cardan sequence used in the kinematics calculation with Visual3D was 

the ordered sequence of rotations (x, y, z), with: x = flexion/extension, y = abduction/adduction, 

z = internal/external rotation [25]. The reliability of the applied 3D gait analysis model has been 

previously investigated and proved to be moderate to highly reliable during running [26]. 

The joint kinetic data was calculated using three dimensional inverse dynamics. The joint 

moments were normalised to body mass and presented as external moments referenced to the 

proximal segment. The kinematic and kinetic data were normalised to 100% of the stance phase, 

whereby the stance phase was sub-grouped in early (0-24% of stance phase), mid (25-62%) and 

late stance phase (63%-100%) [27]. The peaks of the hip and knee flexion, adduction and 

internal rotation angles and the moments were selected from the individual trials before 

averaging and were calculated in early, mid and late stance phase.  

  

Statistical analysis 

The statistical analysis was performed using SPSS (v. 20) and Excel 2013. The normality was 

assessed by applying the Shapiro-Wilk test and by the investigation of the normal q-q plots. 

After confirming the data met the assumption of normality, a series of paired samples t-tests 

were performed with the risk of Type I error at .05. The peak of the hip internal rotation angle 

and moments, as well as the peak of the hip flexion, hip adduction, knee flexion, knee adduction 

and knee internal rotation angles and moments during early, mid and late stance phase were 

compared between with and without the Powers
TM

 strap.  
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Results 

Twenty-two healthy participants, 11 males and 11 females (age: 27.45 ±4.43 years, height: 1.73 

± 0.06m, mass: 66.77 ±9.24kg) participated in the study.  

The participants' running speed on average without the Powers
TM

 strap was 3.4m/s (±0.3m/s) and 

with the Powers
TM

 strap 3.3m/s (±0.2m/s). The speed was not significantly different between the 

two conditions (p=0.08).  

The hip internal rotation angle (Figure 2) decreased by 3.2° during early stance phase (p=0.011), 

3.4° during mid stance phase (p=0.001) and 4.9° during late stance phase (p=0.0001) when the 

participants were running with the Powers
TM

 strap. Additionally, the knee internal rotation angle 

(Figure 3) decreased during the early stance by 1.6° (p=0.025) and mid stance phase by 2.0° 

(p=0.002) in running with the Powers
TM

 strap, but not in late stance. The knee adduction angle 

decreased by 0.9° (p=0.034) during the late stance phase, but did not show significant differences 

during the early (p=0.238) and mid stance phase (p=0.307). However, there were no significant 

differences in either the hip or the knee internal rotation moments (p>0.05) nor in the hip 

adduction angle and moments (p>0.05).  

 

Power calculation:  

Hip internal rotation angle was the primary outcome of this study, and thus a post hoc power 

calculation with G-Power (Version 3.1.9.2) (n=22, two tailed t-test) was performed on this 

measure for the entire stance phase. The calculated effect size was Cohen's d= 0.57 (Cohen's dz= 

0.69) and thus a power of 87% was reached.  

 

Discussion 

To the authors’ knowledge this is the first study that has investigated hip and knee kinematics 

and kinetics during running with and without a strap that is designed to decrease hip internal 

rotation and thereby modify lower limb alignment. This study showed that the Powers
TM

 strap 

significantly reduced the hip and knee internal rotation angle throughout the stance phase. The 
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strap was effective in correcting an internal rotation of the hip towards a neutral alignment in the 

transverse plane of the hip. Thus, the first null hypothesis suggesting that the Powers
TM

 strap 

would not modify the hip internal rotation angle was rejected. This is important from a 

mechanistic perspective as even in individuals who do not have pain, internal rotation can be 

reduced with the strap and gives confidence that this change was not influenced by pain. The 

strap also modified the knee internal rotation towards a neutral transverse alignment; however 

the changes were lower than those of the hip internal rotation. Thus, the second null hypothesis 

suggesting no changes in the kinetics and kinematics of the hip and knee joint with the Powers
TM

 

strap could only partially be rejected. Because despite the kinematic changes of the transverse 

plane of the knee joint no other changes could be observed with the Powers
TM

 strap. 

The assumption that a transverse correction of the hip might decrease the dynamic knee valgus 

could not be confirmed in this study because the knee and hip adduction kinematics and kinetics 

were not significantly modified. One reason for this might be because the participants did not 

show an excessive dynamic knee valgus during running and their hip and knee adduction angles 

were in the normal range of motion compared to previous studies [26, 28]. 

To date, only limited research on knee braces, straps and patellar taping is available, with 

heterogeneous findings [12, 13, 29]. Studies that investigated the influence of knee braces, straps 

and patellar taping in patients with running related injuries, such as after an ACL reconstruction 

or in patients with patellofemoral pain, concluded that bracing or taping does not seem to help 

function and stability [13, 14, 29]. Studies that analysed the use of knee braces in sports to 

prevent lower limb injuries reported insufficient evidence to confirm that knee braces may 

prevent lower limb injuries and lead to optimal training loads [30]. Thus, the evidence that 

patellar taping and knee braces could modify lower limb biomechanics in patients with running 

related injuries is still lacking [12-14, 30, 31]. One reason for the lacking evidence is that current 

research shows a great heterogeneity in the types and use of knee braces, straps and taping 

techniques.  

This study showed that the Powers
TM

 strap has the potential to decrease excessive hip internal 

rotation. This could be due to the Powers
TM

 strap being fundamentally different from most knee 

braces, straps and sleeves that aim to provide a local stabilisation of the knee and the patella. The 

Powers
TM

 strap aims to decrease an excessive internal rotation of the hip, which is associated 
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with running related injuries, such as patellofemoral pain or ACL ruptures [6]. A reduction of the 

hip internal rotation during running has to date not been achieved with any other treatment 

approaches, such as running retraining, straps, braces or patellar tapes. Thus, the Powers
TM

 strap 

might be a promising treatment approach to treat patients with a symptomatic excessive hip 

internal rotation. 

 Similar to any other studies, there were some limitations in regards to the findings of the study. 

It is important to note that the Powers
TM

 strap was tested and assessed in the healthy participants 

where no abnormal range of motion was expected or identified. However, the biomechanical 

concept of the strap was being tested and thus using healthy participants was the first step in 

determining its biomechanical effectiveness. In addition, a post-hoc power calculation was 

carried out for the hip internal rotation angle during stance phase, which revealed a medium 

effect size and a power of 87%. Thus, it could be concluded that the results presented are 

significant. However, the reduction of the hip and knee internal rotation were ranging from 1.6° 

to 4.9° and although these changes were statistically significant, they might not be clinically 

significant for patients with running related injuries, such as patellofemoral pain. 

Since the study focussed on the influence of the Powers
TM

 strap on the hip internal rotation, only 

the influence on the hip and knee biomechanics was analysed. The study showed that the strap 

significantly influenced the knee kinematics and thus, it is unknown if there were changes in foot 

biomechanics and this should be investigated in future studies.  

Furthermore, the participants were fitted with standard training shoes to control the shoe-surface 

interface and to minimise the influence of footwear. However, the standard training shoes might 

have limited the comfort during running and thereby might have influenced the running 

performance.  

 

Conclusion 

In conclusion, this study has demonstrated that the Powers
TM

 strap could alter the transverse 

plane rotations of the hip and knee and might be a therapy to prevent excessive internal rotation 

of the hip. Future research should investigate the influence of the Powers
TM

 strap on the lower 
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limb kinematics and kinetics in subjects who show an excessive hip internal rotation during 

running, such as patellofemoral pain.  
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Table 1: The lower extremity kinematics during stance phase 

 The kinematic variables (º) during stance 

phase 
Without strapa 

With strapa 

95% Confidence 

Intervalc 
Std. 

Error 

Meand 

t-test, sig 

(2-tailed) 
Lower Upper 

 

Early stance 

phase 

 

Hip flexion angle 36.7± 7.4 35.4± 7.0 0.1 2.7  0.8 0.071  

Hip adduction angle 8.3± 3.7 8.2± 3.7 -0.7 0.9  0.4 0.842 

Hip internal rotation angle 4.3± 7.0 1.1± 8.3 0.8 5.5 1.1 0.011b 

Knee flexion angle 29.6± 4.8 29.2± 4.7 -1.2 1.9 0.8 0.626  

Knee adduction angle 2.6± 3.6 2.1± 4.0 -0.3 1.2  0.4 0.238  

Knee internal rotation angle -1.4± 5.1 -3.0± 6.0 0.2 3.1 0.7 0.025b 

Mid stance 

phase 

Hip flexion angle 37.4± 8.5 36.0± 7.3 -0.4  3.1 0.9 0.116  

Hip adduction angle 11.4± 3.9 10.9± 4.5 -0.7 1.7 0.6 0.374 

Hip internal rotation angle 4.2± 6.6  0.8± 6.8 1.6 5.2 0.9 0.001b 

Knee flexion angle 42.0± 4.9 41.6± 4.5 -0.6 1.4 0.5 0.361 

Knee adduction angle 3.6± 3.2 3.2± 3.9 -0.4 1.2 0.4 0.307 

Knee internal rotation angle 3.9± 6.5 1.9± 7.2 0.8 3.1 0.5 0.002b 

Late stance 

phase 

Hip flexion angle 5.1± 5.2 5.3± 6.8 -2.8 2.5 1.3 0.895 

Hip adduction angle -0.3± 3.0 -0.8± 3.6 -0.7 1.7 0.6 0.371 

Hip internal rotation angle 3.8± 6.9 -1.1± 7.3 2.4 7.3 1.2 0.001b 

Knee flexion angle 23.0± 4.4 24.1±5.8 -3.3 1.1 1.1 0.321 

Knee adduction angle 2.0± 2.6 1.1± 3.0 0.1 1.6 0.4 0.034b 

Knee internal rotation angle -7.4± 7.1 -7.4±7.9 -1.8 1.8 0.9 0.985 
aMean ± standard deviation (SD), bSignificant (P < .05), c95% Confidence Interval of the difference, d estimated SD of the sample 

mean  

 

Table 2: The lower extremity kinetics during stance phase 

 The kinetic variables (Nm/kg) during stance 

phase 
Without strapa With strapa 

95% Confidence 

Intervalc 
Std. 

Error 

Meand 

t-test, sig 

(2-tailed) 
Lower Upper 

 

Early stance 

phase 

 

Hip flexion moment 1.75± 0.58 1.66± 0.45 -0.09 0.11 0.05 0.469 

Hip adduction moment 1.47± 0.31 1.30± 0.38 -0.04 0.24 0.07 0.135 

Hip internal rotation moment 0.03± 0.23 0.05± 0.13 -0.12 -0.01 0.03 0.556 

Knee flexion moment 1.38± 0.39 1.36± 0.44 -0.11 0.25 0.09 0.774 

Knee adduction moment 0.61± 0.23 0.59± 0.25 -0.04 0.13 0.04 0.607 

Knee internal rotation moment 0.26± 0.11 0.26± 0.09 -0.03 0.03 0.01 0.889 

Mid stance 

phase 

Hip flexion moment 1.27± 0.66 1.19± 0.57 -0.11 0.15 0.06 0.429 

Hip adduction moment 2.00± 0.24 1.81± 0.66 -0.16 0.50 0.16 0.240 

Hip internal rotation moment -0.01± 0.06  0.01± 0.15 -0.05 0.05 0.02 0.744 

Knee flexion moment 2.57± 0.45 2.50± 0.54 -0.14 0.19 0.08 0.480 

Knee adduction moment 0.85± 0.32 0.75± 0.42 -0.10 0.28 0.09 0.290 

Knee internal rotation moment 0.46± 0.13 0.44± 0.12 -0.03 0.03 0.01 0.418 

Late stance 

phase 

Hip flexion moment -0.07± 0.35 -0.12± 0.28 -0.04 0.14 0.04 0.380 

Hip adduction moment 0.24± 0.14 0.23± 0.14 -0.11 0.00 0.03 0.772 

Hip internal rotation moment 0.01± 0.03 0.02± 0.01 -0.03 0.00 0.01 0.157 

Knee flexion moment -0.04± 0.14 0.04± 0.16 -0.09 -0.01 0.02 0.063 

Knee adduction moment 0.09± 0.11 0.09± 0.12 -0.05 0.01 0.01 0.822 

Knee internal rotation moment 0.02± 0.04 0.02± 0.03 -0.01 0.01 0.00 0.180 
aMean ± standard deviation (SD), bSignificant (P < .05), c95% Confidence Interval of the difference, d estimated SD of the sample 

mean  

 



 

 

Figure 1.: The application of the markers and the Powers
TM

 strap (The Left medial knee marker 

is not shown. A the static reference trial was collected without the applied Powers
TM

 strap for 

both conditions.) 



  

Figure 2: The transverse plane hip angle during during the stance phase of running under 2 

conditions: without (dotted line) and with the Powers
TM

 strap (dashed line). The shaded areas 

represent ±1SD for each condition, internal rotation as the positive angle. 

 



 

 Figure 3: The transverse plane knee angle during the stance phase of running under 2 

conditions: without (dotted line) and with the Powers
TM

 strap (dashed line). The shaded areas 

represent ±1SD for each condition, internal rotation as the positive angle. 

 



Highlights: 

1. The PowersTM strap decreased hip internal rotation during the stance phase in running. 

2. The PowersTM strap did not modify hip or knee joint kinetics during the stance phase in 

running.  

3. The PowersTM strap might be a promising treatment approach to treat patients with an 

excessive hip internal rotation. 


