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ABSTRACT
Study Design: Controlled laboratory study. 

Background and Purpose: Anterior knee pain is one of the most common running symptoms reported in the literature. While the 
exact etiology is unknown, a lack of hip strength is suggested to contribute to abnormal running mechanics. The purpose of this 
research study was to evaluate the association between isokinetic hip strength and 3-D running kinematics. 

Methods: 33 male high school and collegiate cross country runners participated in this study. Peak isokinetic hip abductor and hip 
extensor strength were assessed. Each subject also completed a treadmill running protocol at a self-selected speed (mean = 3.8 m/s). 
3-D kinematic data were collected at 240 Hz using a 10-camera motion capture system. Pearson correlation coefficients were used 
to determine the relationship between hip strength and hip range of motion (ROM) during the stance phase of running (p<0.05). 

Results: Peak isokinetic hip extensor torque was inversely correlated with transverse plane hip ROM (r = -.387, p = .026) but was 
not significantly related to sagittal plane hip ROM or frontal plane hip ROM. Peak isokinetic hip abductor torque was inversely cor-
related with frontal plane hip ROM (r=-.462, p=.008) but was not significantly related to either sagittal plane hip ROM or trans-
verse plane hip ROM. Peak isokinetic hip extensor torque and peak isokinetic hip abductor torque were not significantly related to 
knee kinematics in any plane.

Conclusions: Peak isokinetic hip extensor torque and peak isokinetic hip abductor torque are associated with transverse plane and 
frontal plane hip kinematics, but not knee kinematics. 

Keywords: cross country, hip strength, isokinetic testing, running biomechanics.

Levels of Evidence: Level 3b
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INTRODUCTION
Running continues to grow in popularity among 
high school and collegiate athletes. Data from the 
National Federation of High Schools reports that 
451,601 young athletes participated in cross-country 
during 2010-2011, reflecting a 24% increase in par-
ticipants since 2003-2004.1 Concomitant with the 
increased participation, associated increases in run-
ning injuries are common. While injury rates vary, 
the annual incidence of injury among high school 
cross-country runners can be as high as 17 per 1000 
athletic exposures.2 

Anterior knee pain is the most prevalent of all run-
ning injuries.3,4 While the exact etiology of ante-
rior knee pain in runners is unknown, reduced hip 
strength is suggested to contribute to abnormal run-
ning mechanics.5-7 An inability to stabilize the hip 
during the stance phase of running likely increases 
the dynamic Q-angle, or dynamic lower extremity 
genu valgum, resulting in aberrant patellofemoral 
contact pressures.8 Multiple investigators have retro-
spectively demonstrated that a lack of adequate hip 
strength is associated with patellofemoral pain syn-
drome (PFPS), particularly in females.6,9-16 However, 
the association between impaired hip strength and 
PFPS in males has been less extensively studied.17

Investigations that evaluated the efficacy of impro-
ved strength on functional movement patterns in 
injured and uninjured subjects provide equivocal 
evidence. While enhanced hip strength has not been 
demonstrated to lead to improved running mechanics 
in adult runners with PFPS,18,19 improved kinematics 
have been reported in uninjured adult runners fol-
lowing a hip strengthening protocol.19,20 In uninjured 
female subjects who underwent combined neuro-
muscular training and strength training, strength 
improvements were associated with improvements 
in knee biomechanics. However, due to mixed meth-
ods study design whereby subjects underwent both 
neuromuscular reeducation and strength training 
it cannot be definitively stated that improved bio-
mechanics were due to improvements in strength 
alone.21-23 In uninjured adult male subjects, both 
open and closed kinematic chain strengthening 
enhanced strength and led to kinematic and kinetic 
improvements in a running and cutting maneuver 
task.24 While the majority of these studies have been 

in adults, few, if any studies exist establishing the 
association between hip muscle strength and lower 
extremity function in competitive, adolescent and 
young adult male long-distance runners. 

The majority of literature that has documented the 
association between hip weakness and PFPS has uti-
lized isometric dynamometry.10,12,13,15,16,25 A potential 
limitation of this method is the inability to assess 
muscular strength and function throughout a range 
of motion. This may limit the generalizability of the 
measure to functional tasks such as running. Recently, 
several authors have undertaken isokinetic testing of 
the hip musculature in an attempt to address these 
instrumentation limitations.5,6,9 Potential limitations 
of these methods include non-functional test posi-
tions, limited test speeds, and reduced arcs of motion. 
Therefore, identification of instruments that accu-
rately quantify hip strength in a more functional posi-
tion, at higher testing speeds, and through a larger 
functional range of motion may provide more clini-
cally relevant information in the assessment of risk 
for future running injuries. 

The purpose of this research study was to evaluate 
the association between isokinetic hip strength and 
3-D running kinematics. The authors hypothesized 
that increased hip strength would be associated with 
decreased frontal and transverse plane hip motion 
during running in competitive male high school 
and collegiate long-distance runners. Further, it was 
hypothesized that increased hip strength would be 
associated with reduced frontal and transverse plane 
motion at the knee joint.

METHODS

Participants and Setting
Running kinematics and peak concentric isokinetic 
hip abductor and extensor strength were assessed at 
120 deg/sec on 33 uninjured male high school and 
collegiate cross country runners (Mean Age 18.3 +/- 
1.9 yrs; Height: 176.9 +/- 6.3 cm; Mass 61.6 +/- 5.0 
kg) using an isokinetic dynamometer (Biodex Medi-
cal Systems Inc, Shirley, NY). Testing was performed 
in a laboratory setting. To be considered for the study 
subjects needed to be male, actively participating 
in either high school or collegiate cross country, 
free from any lower extremity injury for at least 6 
months prior to the study, report running at least 20 
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km per week, and be free from any cardiovascular 
or neurological condition that would preclude safe 
treadmill running. The Institutional Review Board 
at Cincinnati Children’s Hospital Medical Center 
approved the study protocol and the rights of the 
subjects were protected throughout the study.

Hip Isokinetic Testing Protocol
Concentric isokinetic hip abduction strength was 
measured for each subject using a protocol previ-
ously described by Brent and colleagues26 (Figure 1) 
and torques were normalized to the subject’s body 

mass. The subject was instructed to stand facing the 
dynamometer head. The subjects were secured with 
a strap that originated from the stationary platform 
on the uninvolved side and extended around the sub-
ject’s waist above the iliac crest. The dynamometer 
head was aligned in parallel with the frontal plane of 
the body with the axis of rotation of the dynamome-
ter aligned with the center of rotation of the hip. The 
test limb was secured to the attachment arm with a 
custom strap and resistance pad extending from the 
attachment arm positioned immediately superior to 
the knee. The subjects were instructed to grasp the 
top of the dynamometer head for support to mini-
mize movement of the torso. The dynamometer was 
programmed to go through the subject’s full available 
active hip abduction ROM, approximately 0�-45�.

Concentric isokinetic hip extension strength was mea-
sured for each subject using a novel testing design 
(Figure 2) and torque outputs were normalized to the 
subject’s body mass. The subjects were instructed to 

Figure 1. Method for Measuring Concentric Hip Abduction 
Isokinetic Peak Torque. (a) Anterior view of hip abduction set-
up. (b) Lateral view of hip abduction set-up.

Figure 2. Method for Measuring Concentric Hip Extension 
Isokinetic Peak Torque.
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stand facing the chair of the isokinetic machine and 
to place hands on both sides of the back of the seat. 
The subjects’ arms were positioned at approximately 
90 degrees of shoulder flexion. Using a large goniom-
eter (Patterson Medical, Bolingbrook, IL), the subject 
was placed in approximately 10 degrees of trunk flex-
ion. In order for the subject to attain the trunk flexion 
position, a custom triangular plastic wedge (Foam ‘N 
More, Inc., Clawson, MI) was placed between the sub-
ject’s body and the seat-back with additional wedges 
used as needed for taller subjects. In order to mini-
mize excessive trunk motion, the subject’s trunk and 
pelvis were secured to the triangular plastic wedge 
using straps secured to the seat back of the dynamom-
eter. The dynamometer head was aligned in parallel 
with the center of rotation of the hip at the subject’s 
greater trochanter. The thigh pad of the moving arm 
was placed just superior to the popliteal space on the 
testing limb and was secured anteriorly around the 
thigh. The heel of the subject’s stance limb rested on 
a half foam roll while the subject’s tested limb was 
flexed approximately 90 degrees at the knee. The 
dynamometer was programmed to move into an arc 
of approximately 30 degrees of hip extension from 
the patient’s resting hip position, which equated to an 
arc of motion from approximately 25� of hip flexion to 
approximately 5� of hip extension.

Prior to testing, all subjects were provided detailed 
instructions of each testing protocol. Each subject 
was provided 5 submaximal practice repetitions on 
each limb for each test condition. Five maximal rep-
etitions for hip extension and hip abduction were 
collected concentrically for each strength test. The 
authors chose 120 deg/sec in an attempt to better 
approximate the joint torque that the hip joint expe-
riences during the running motion.27 While muscles 
have been demonstrated to produce greater concen-
tric force at decreased isokinetic testing velocities28, 
the authors felt 120 deg/sec would adequately cap-
ture the torque producing qualities of the muscle 
groups in question. A pilot study assessed intertester 
and intratester reliability for the described method 
of hip extension isokinetic testing through an intra-
class correlation coefficent (3,1) (ICC)29. An ICC 
value greater than 0.81 was considered excellent.30 
The hip abduction testing protocol was performed 
by one laboratory assistant who has previously estab-
lished excellent intratester reliability.31

Treadmill Running Protocol
Each subject also completed a running protocol, 
as previously described in detail by Ford and col-
leagues,32 wearing standardized neutral-cushioned 
footwear (Adidas Supernova Glide, Adidas, Inc.) on a 
custom high-speed treadmill at a self-selected speed 
(SS) (mean=3.8 m/s). Three-dimensional kinematic 
data were collected at 240 Hz using a 10 camera motion 
capture system (Motion Analysis Corporation, Santa 
Rosa, CA) utilizing a previously established marker 
set with a minimum of 3 retroreflective markers 
attached to the pelvis, thorax, and each lower extrem-
ity segment (foot, shank, and thigh) (Figure 3).32,33 
Thirty consecutive steps were captured bilaterally at 
each speed, and the first twenty steps during the SS 
run were used for analysis (Figure 3). Each trial was 
visually inspected to ensure proper identification of 
the stance phase, defined as the period between ini-
tial foot strike to toe-off. The motion analysis system 
was calibrated based on manufacturer’s recommen-
dations. Marker trajectories were filtered at a cutoff 
frequency of 12 Hz (low-pass further order Butter-
worth filter) prior to calculating knee and hip angles 
(Visual3d, C-Motion, Inc.). 

STATISTICAL METHODS
Pearson correlation coefficients were used to deter-
mine the relationship between hip strength and hip 
and knee range of motion (ROM) during the stance 
phase of running. Correlations were determined to 
be statistically significant at p < 0.05. 

An exploratory factor analysis using principal axis 
factoring extraction with a direct oblmin rotation was 
conducted using sagittal, frontal, and transverse plane 
angles of the hip and knee joint during stance. Specif-
ically, six variables were entered into the factor anal-
ysis: hip internal/external, hip abduction/adduction, 
hip flexion/extension, knee internal/external, knee 
abduction/adduction and knee flexion/extension. If 
any variable had a value <0.5 on the diagonal of its 
anti-image correlation matrix, that with the lowest 
value was removed from the analysis in an iterative 
process until all diagonal values were >0.5. The diag-
onal of the anti-image correlation matrix was >0.5 
for all six variables, and therefore all were included 
in the analysis. Once a final model was developed, 
parallel analysis using permutations of the raw data 
set was used to determine the number of factors to be 
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retained in the final model. The final model, detailed 
in the results, contained three factors. Variables with 
scores >0.5 in the pattern matrix were considered to 
be key contributors to each factor. Anderson-Rubin 
factor loading scores were then saved for each sub-
ject. Pearson correlation coefficients were used to 
determine the relationship between the extracted 
factors to hip strength.

RESULTS
The hip extension isokinetic testing method dem-
onstrated excellent ICC reliability. The mean ICC 
values for peak torque intra-rater reliability were 
greater than 0.89 and for inter-rater reliability were 
greater than 0.85 (Table 1 & 2).

Peak isokinetic hip extensor torque demonstrated 
a moderate negative relationship with transverse 
plane hip ROM (r = -0.390, p = 0.012) but was not 
significantly related to sagittal plane hip ROM (r = 
-0.057 p = 0.752) and frontal plane hip ROM (r = 
-0.294, p = 0.097) (Figure 4) in subjects running at 
a self-selected speed. Peak isokinetic hip abductor 
torque showed a strong negative relationship with 
frontal plane hip ROM (r = -0.462, p =.008) but was 
not significantly related to either sagittal plane hip 

ROM (r = 0.089, p = 0.630) or transverse plane hip 
ROM (r = -0.210, p = 0.248) (Figure 4). Peak iso-
kinetic hip extensor torque was not significantly 
related to transverse plane knee ROM (r = 0.191, 
p = 0.287) (See Figure 5), frontal plane knee ROM 
(r = 0.036, p = 0.842), or sagittal plane knee ROM 
(r = -0.052, p = 0.775). Peak isokinetic hip abductor 
torque was not significantly related to frontal plane 
knee ROM (r = 0.206, p = 0.258) (See Figure 5), 
transverse plane knee ROM (r = 0.258, p = 0.114), 
or sagittal plane knee ROM (r = 0.089, p = 0.630). 

Factor Analysis
The Keiser-Meyer-Olkin measure of sampling ade-
quacy was 0.610, which supported the appropriate-
ness of factor analysis for this data set. The diagonal 
of the anti-image correlation matrix was >0.5 for 
all six variables, and therefore all were included in 
the analysis. Parallel analysis indicated three factors 
could be retained in the model. Factor 1 accounted 
for strong loading scores for hip flexion (0.774) and 
knee flexion (0.842) range of motion. Factor 2 had 
strong loading scores for hip adduction (0.779) range 
of motion. Factor 3 had strong loading scores for hip 
rotation (0.582) and knee abduction (0.661) range 
of motion. The factor correlation matrix revealed 

Figure 3. Marker Set-Up and Treadmill Protocol.
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weak correlations between each of the three factors 
(range: -0.83 < r < 0.304).

There was a significant correlation between hip ab-
duction strength and Factor 2 (r = -0.533, p = 0.002). 
Hip abduction strength and extension strength were 
not significantly correlated to any other factors.

DISCUSSION
The results of the current study demonstrated that 
peak isokinetic hip extensor torque and peak isokinetic 
hip abductor torque are associated with transverse 

plane and frontal plane hip kinematics, respectively, 
in healthy, adolescent and young adult male long-dis-
tance runners. As the authors hypothesized, runners 
with lower hip abductor and hip extensor strength 
exhibited greater frontal and transverse plane hip 
motion. Hip motion represents femur movement rel-
ative to the pelvis. Therefore, this motion may relate 
to pelvic, femoral, or a combination of motions. How-
ever, contrary to the authors stated hypothesis, peak 
isokinetic hip extensor torque and peak isokinetic hip 
abductor torque were not associated with transverse 
plane and frontal plane knee mechanics. Further-
more, a factor analysis was utilized to help describe the 
variability among related biomechanical parameters 
during running. Interestingly, the results of the fac-
tor analysis identified three unique factors that relate 
to a sagittal plane pattern (Factor 1), hip adduction 
pattern (Factor 2) and combined hip rotation/knee 
abduction pattern (Factor 3). Increased hip adduc-
tion range of motion was heavily weighted in factor 
2 which was significantly related to hip abduction iso-
kinetic strength. This further indicates that decreased 
abduction concentric strength may increase the hip 
adduction motion during stance phase of running. 

Decreased hip strength may lead to altered hip 
mechanics in a young, competitive running popula-
tion. Altered hip strength has been linked to a vari-
ety of lower extremity injuries such as iliotibial band 
syndrome,34-36 patellofemoral pain syndrome (PFPS),
6,9,10,12,15,16,37,38 and tibial stress fracture.39 The associa-
tion of decreased hip extensor strength and increased 
hip internal rotation found in this study is in agree-
ment with prior reports indicating this relationship 
in runners diagnosed with PFPS.5,9 Souza and Pow-
ers reported that adult females with decreased hip 
extension and hip abduction strength demonstrated 
increased femoral internal rotation during running, 
a drop jump, and a step down, despite increased glu-
teus maximus activation.5 The current findings are 
in partial agreement with a prior report that noted a 
negative correlation between hip abductor strength 
and hip adduction angle toward the end of a pro-
longed run, but not at the beginning of the run, in 
adult females with PFPS.40 

A lack of hip abductor and hip extensor strength 
appears to be associated with increased hip adduc-
tion and hip internal rotation, respectively. Increased 

Table 1. ICC Reliability for Hip Extension Isokinetic 
Testing Method

Day 1   Day 2 

Tester 

1 

Tester 

2 

Tester 

1 Tester 2 

Right Hip 

Subject 1 229.7 185.1 213.6 189.2 
Subject 2 147.6 139.5 175.9 178.1 
Subject 3 90.9 89.3 76.3 82.7 
Subject 4 107.7 106.7 105.5 101.5 
Subject 5 83.5 98.5 98 98.3 
Subject 6 175.2 184 202 153.8 
Subject 7 202.8 162 180.5 146.3 
Subject 8 82.8 92 94.5 78.5 
Subject 9 98.1 87.3 79.8 84.5 
Subject 10 147.5 128 183.3 156.9 

Left Hip 

Subject 1 180.7 206 200.1 212.9 
Subject 2 141 154.8 125.3 184.7 
Subject 3 74.5 96.2 73.1 85.3 
Subject 4 98.6 124.9 103.4 112.5 
Subject 5 96.1 90.8 81.6 102.4 
Subject 6 136.8 217.5 160.3 157.3 
Subject 7 160.4 145 150.1 165.2 
Subject 8 61.1 58.5 77.8 67.8 
Subject 9 102.7 85 81.4 92.3 
Subject 10 117.7 151.7 100.8 133.5 

Hip isokinetic test data used to calculate intra-tester and
inter-tester reliability. Values reported in ft*lbs. 

Table 2. Intra-tester and Inter-tester ICC reliability for left, 
right, and combined sides calculated from peak hip 
isokinetic strength data

Intra-tester ICC (C-1)  Inter-tester ICC (C-1)

Side Tester 1 Tester 2 Mean Day 1 Day 2 Mean 

Left 0.91 0.87 0.89 0.79 0.91 0.85 
Right 0.92 0.87 0.90 0.90 0.93 0.91 

Combined 0.96 0.90 0.93   0.91 0.94 0.93 
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hip adduction has previously been associated with 
iliotibial band syndrome,36 patellofemoral pain syn-
drome,41,42 and tibial stress fracture,43,44 in adult 
female long-distance runners. Increased hip internal 
rotation has previously been associated with iliotibial 
band syndrome in adult male long-distance runners45 
and patellofemoral pain syndrome in adult female 
long-distance runners.9,46,47 To the authors’ knowl-
edge, this is the first study that has demonstrated 
these atypical hip kinematics in a cohort of young, 
healthy, and competitive male long-distance run-
ners. This indicates that interventions which reduce 
excessive transverse and frontal plane movements at 
the hip during running may be clinically relevant. 

The findings from this study, that hip strength is 
not associated with frontal or transverse plane knee 
kinematics, are in agreement with the findings of 
previous reports investigating the this association 

in adult females with PFPS19,48 and healthy adult 
females.18 Both Ferber et al and Earl et al found 
that proximal strengthening programs focusing on 
improving hip abductor strength19,48 and hip external 
rotator strength48 led to pain reductions but did not 
lead to changes in knee kinematics. Similarly, Willy 
and Davis demonstrated that improving hip abduc-
tor and hip extensor strength did not alter running 
kinematics.18 In contrast, the current findings dif-
fer from Heinert et al, who reported that uninjured 
collegiate female recreational athletes with reduced 
hip abductor strength demonstrated significantly 
increased knee abduction angle during the stance 
phase of running as compared to a stronger cohort.7 

Several potential factors exist to explain the differences 
noted in the current study relative to prior reports. 
First, the subject population consisted of healthy, 
adolescent and young adult males. Prior investiga-

*Significant correlation
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Figure 4. Hip Strength Associated with Hip Range of Motion.
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tions have noted differences in running kinematics 
between adult males and adult female runners,49 and 
thus it is possible that gender and age may play a role 
in contrasting running mechanics. Second, as our 
subject population was uninjured, it is possible that 
pain may play a role in mediating running mechan-
ics. While knee pain inhibits quadriceps activity,50 it is 
not clearly understood the effect that knee pain may 
have in altering hip muscle activity or compensa-
tory movement patterns. While adult female runners 
with PFPS demonstrated delayed and shorter gluteus 
medius muscle activation than pain-free subjects,51 it 
was unknown if these differences were due to pain 
or were present prior to the onset of their condition. 
Therefore, the differences in study design and study 
populations may underlie the divergence of the cur-
rent results from prior reports. Finally, dynamic 
knee valgus is the result of several movements, par-
ticularly femoral internal rotation, femoral adduction, 
knee abduction, and knee external rotation. Current 

evidence suggests a position of dynamic knee val-
gus, particularly femoral internal rotation, results in 
altered patellofemoral joint kinematics, which places 
stress on the patellofemoral joint.52 This study demon-
strates that weak hip abductors and hip extensors are 
associated with increased hip adduction and hip inter-
nal rotation. Therefore, this study may demonstrate a 
link between altered hip strength and high-risk lower 
extremity kinematics which may predispose the 
cohort with weaker hip strength to future injury.

Previous studies that have quantified hip muscle 
deficits in patients with PFPS have primarily used 
isometric dynamometry in order to quantify hip str
ength.10,12,13,15,16,25 Isometric dynamometry allows cli-
nicians to examine the strength of isolated joints at 
fixed rotational positions. The static condition of iso-
metric dynamometry may allow patients to produce 
larger peak torques than isokinetic dynamometry 
at a respective position.53 During the stance phase 
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Figure 5. Hip Strength Associated with Knee Range of Motion.
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of running, muscles around the hip joint primarily 
are contracting eccentrically and concentrically,54 
thus isometric dynamometry may lack construct 
validity. Conversely, isokinetic tests allow patients 
to progress through a range of motion in a single 
degree of freedom and can provide an assessment 
of both concentric and eccentric muscle strength 
which, in turn, may better measure the construct of 
hip muscle strength. Disadvantages to isokinetic test-
ing include cost, prolonged set-up time, and access 
for both clinicians and researchers. While isokinetic 
testing improves upon measuring the construct of 
hip strength, at this time it is not possible to measure 
hip strength in the exact position, joint speed, and 
contraction type that the muscles are utilized during 
the running gait cycle.

Recently, various methods of hip isokinetic dyna-
mometry have been utilized in an attempt to address 
the perceived deficits of isometric dynamometry 
testing.5,6,9 Souza and Powers5,9 utilized an isokinetic 
hip extension strength assessment protocol similar 
to this study with respect to positioning and ROM of 
the testing limb. Their test was performed in prone, 
which is consistent with manual muscle testing 
procedures that are conducted against gravity. The 
novel approach utilized in this study was chosen to 
simulate the position of running with an upright 
stance. Souza utilized isometric peak hip extension 
torque at 30 degrees of hip flexion,9 and isometric, 
isotonic and isokinetic dynamometry measures were 
utilized with isokinetic testing performed at 10 deg/
sec.5 Boling et al6 also utilized the prone method, 
however their range of motion was 30 degrees of hip 
extension from a starting position of 90 degrees of 
hip flexion and the testing speed for concentric and 
eccentric contractions was set at 60 deg/sec based 
on previous research6. Boling reported ICC’s of 0.79 
for their intrasession reliability of peak concentric 
strength which is below the ICC achieved in the cur-
rent study. The higher testing speed of 120 deg/sec 
for the current study was chosen to capture the con-
struct of strength at a faster speed, while still main-
taining the ability to reliably evaluate peak torque. 

While the method used for measuring peak hip 
extension torque is novel, the ICC data demonstrated 
that the methods outlined in this paper have good 
reliability. ICC values indicated that within-rater 

and between-rater reliability were both almost per-
fect. Inter-tester reliability was slightly lower than 
intra tester reliability. Reliability studies have been 
previously performed on alternative protocols that 
examine hip extension isokinetic strength. Previous 
authors have found that hip extension ICC was 0.84 
at 90 deg/sec in young boys and 0.96 at deg/sec at 
60 deg/sec.55,56 The current data suggests that the 
reliability of the novel hip isokinetic testing protocol 
used in the current study is comparable to these pre-
viously tested methods and are considered almost 
perfect based on ICC values.

Limitations to the current study include that kinetic 
data was not collected during treadmill running which 
limits interpretation of kinematic data. Additionally, 
the authors did not measure gluteal muscle activation 
using EMG. Recent reports demonstrate that altera-
tions in running kinematics in adult female runners 
with PFPS may be due, in part, to alterations in glu-
teus medius and gluteus maximus activation, respec-
tively.9,51 The underlying factor of motor control is 
difficult to evaluate since it encompasses not only the 
strength of the musculature, but also the timing and 
efficiency with which it is able to control movement. 
Future research efforts should be directed at assess-
ing the roles that muscle activation and maturation 
play, if any, in affecting lower extremity kinematics 
in healthy male runners. Finally, our results should 
be viewed with caution due to the relative low coef-
ficient of determination (r2) values of our findings 
(gluteus maximus r2 = 0.152 and gluteus medius r2 =
0.213) as it is likely other variables, in addition to hip 
strength, also explain the studied hip motions. 

CONCLUSION
Peak isokinetic hip extensor torque and peak iso-
kinetic hip abductor torque are negatively associated 
with transverse plane and frontal plane hip motion, 
but not knee kinematics in male adolescent and 
young adult long-distance runners. Three unique 
factors were identified to explain three-dimensional 
range of motion occurring at the hip and knee dur-
ing running. The factor with strong loading scores for 
hip adduction range of motion was significantly cor-
related to hip abduction strength. This indicates that 
a potential underlying mechanism for this unique 
description of running may relate to hip abduction 
strength in males. However, the factors with strong 
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loading scores for sagittal plane range of motion (hip 
and knee) and hip rotation/knee abduction were not 
significantly correlated with hip strength. 

This study uniquely identifies the relationship 
between peak isokinetic hip strength and 3-D hip 
mechanics, which may be associated with pathome-
chanics that have been shown to increase the risk 
of anterior knee pain in runners. Utilization of iso-
kinetic testing to assess peak hip extensor and hip 
abductor torque may aid in the identification of 
runners who may be susceptible for future running 
injuries. Future prospective studies are warranted 
to assess the effect that alterations in hip strength, 
muscle activation, running kinematics, and running 
kinetics have on both injury occurrence and type of 
injury in at-risk populations.
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