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Background

Lower extremity (LE) injuries are common across many sports. Both core strength
(including hip strength) deficits and poor postural stability have been linked to lower
extremity (LE) injury. The relationship between these two characteristics is unknown.

Purpose

To explore the relationships between hip strength, static postural stability, and dynamic
postural stability.

Study Design

Descriptive Cross-Sectional Study

Methods

162 Division I student-athletes (111 males and 51 females) participated in this study.
Isometric hip strength was measured using a hand-held dynamometer and both single-leg
static (eyes open EO and eyes closed EC) and dynamic postural stability were assessed
with a force plate. Pairwise correlations were calculated to examine the relationship
between the hip strength variables and the postural stability scores for all subjects and
separately for males and females.

Results

There were no significant correlations between hip strength and dynamic postural
stability for any of the pairwise correlations. Significant, albeit minimal, correlations
between EO and EC static postural stability and each of the hip strength variables for all
subjects and male subjects (correlation coefficients ranged from -0.19 to -0.34). However,
there were only two significant correlations between hip strength and EC static postural
stability (hip internal/external rotation) and one for hip strength and EO postural stability
(hip internal rotation) found for female subjects (correlation coefficients ranged from
-0.28 to -0.31).

Conclusion

There was no relationship between isometric hip strength and dynamic postural stability;
whereas, there were some relationships between the strength measures and static
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Table 1: Subject Demographics

Males Females
n Mean +SD n Mean +SD

Age (years) 111 19.6 14 51 19.3 1.2
Height (cm) 111 185.4 8.6 51 172.9 8.7
Weight (kg) 111 84.9 14.1 51 67.5 10.1

postural stability. These significant, but minimal correlations were observed in more of

the comparisons within the male cohort potentially demonstrating a sex difference.

Level of Evidence

3b

INTRODUCTION both been linked to lower extremity injury;'%12 however,

A musculoskeletal injury is a common occurrence for nearly
all NCAA student-athletes at some point during their col-
legiate career. NCAA injury surveillance data has reported
the likelihood of an injury occurring to be as high as one in-
jury every two games for a team of 50 participants.! Injuries
negatively affect the player including missed participation
in sport, decreased level of performance upon return, and
potential long-term health issues.? Lower extremity (LE) in-
juries make up over half of all injuries experienced by NCAA
athletes, with a majority of LE injuries involving the knee
and ankle.! A better understanding of the factors that lead
to LE injuries will help guide and refine injury prevention
programs for NCAA athletes.

In addition to previous injury, there are several other ex-
amples of identified risk factors for common lower extrem-
ity injuries in student-athlete populations. Reduced mus-
cular strength and decreased neuromuscular control in the
lower extremity have been identified as risk factors for knee
injury.3 Increased tibial varum and calcaneal eversion in
women and increased talar tilt in men have been shown to
be predictive of ankle injury. Two measures that are in-
creasingly being researched in connection with LE injury
risk are postural stability and core strength.

Postural stability is the ability to integrate sensory, mo-
tor, and vestibular input within the execution of motor
commands in order to maintain stability and equilibrium
in the midst of a variety of perturbations.5 Static and dy-
namic postural stability, as demonstrated through various
tests of postural sway, were shown to be predictive of ankle
injury.®7 Core musculature refers to the abdominals,
paraspinals, and the musculature surrounding the hip com-
plex.8 Theories have pointed to deficits in core strength in-
creasing the risk for LE injury potentially due to the inabil-
ity to transfer energy through the core and thereby putting
greater stress on the LE.%° For example, both decreased hip
external rotation strength and poor core-muscle endurance
have been proposed as risk factors for LE injury.10:11

Student-athletes frequently suffer lower extremity in-
juries demonstrating a continued need to develop injury
prevention strategies to reduce their risk of injury. Core
strength, including hip strength, and postural stability have

the relationship between hip strength and postural stability
measures, especially dynamic postural stability, are not well
known. The purpose of this study was to examine the rela-
tionship between hip strength and both static and dynamic
postural stability. It was hypothesized that there would be
significant correlations between isometric hip strength and
dynamic postural stability and no significant correlations
between isometric hip strength and static postural stability.
The results of this study may guide future injury prevention
programs and research examining injury prevention proto-
cols for student-athletes.

METHODS
EXPERIMENTAL DESIGN

This study utilized a prospective cohort design. A descrip-
tive cohort design was chosen in order to determine the as-
sociation between hip strength and both static and dynamic
postural stability in NCAA Division I male and female ath-
letes.

SUBJECTS

A total of 162 Division I student-athletes (soccer, basket-
ball, and football) from two different universities volun-
teered for the study. Subjects consisted of 111 males and 51
females. Demographic information for the subjects is pre-
sented in Table 1. All subjects voluntarily consented to par-
ticipate in the study and signed an informed consent ap-
proved by their university’s Institutional Review Board. All
subjects were currently cleared for full participation in their
team’s activities.

INSTRUMENTATION

A handheld dynamometer was utilized to assess isometric
muscle strength (Lafayette Instrument Co., Lafayette, IN).
For all measures, peak force was measured to the nearest
0.1 kilogram. A Kistler force plate (Kistler 9286A, Amherst,
NY) was utilized to collect ground reaction force data in
order to assess static and dynamic postural stability. The
force plate was calibrated according to manufacturer’s rec-
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ommendations prior to the initiation of any testing pro-
cedures. A sampling frequency of 200Hz and 1200Hz was
utilized for static postural stability and dynamic postural
stability, respectively. All force plate data was passed
through an amplifier followed by an analogy digital board
and lastly stored on a personal computer. A custom MAT-
LAB (MathWorks, v7.0.4, Natick, MA) script was utilized to
process all ground reaction force data.

PROCEDURES

Dynamic postural stability was assessed during a single leg
jump test. This protocol has been previously demonstrated
to be reliable.!3 Jump distance was normalized to body
height (40%). Subjects were required to complete a jump in
the anterior direction over a 30 cm hurdle that was placed
midway between the starting point and the front edge of
the force plate. Subjects began the jump with a two-footed
take-off over the hurdle and were instructed to land on the
force plate on the tested leg, stabilize as quickly as pos-
sible, place hands on hips, and balance for five seconds
while looking straight ahead. Trials were discarded and re-
peated if subjects failed to jump over or came in contact
with the hurdle, hopped on the test leg after landing, the
non-weight-bearing leg touched down, or if subjects re-
moved their hands from hips for longer than three seconds.
Subjects were provided with three practice trials prior to
testing with a one-minute rest period between the practice
and test trials. Testing was performed bilaterally. Five suc-
cessful trials were collected and averaged on both lower
extremities; however, data were only used from the domi-
nant leg. Dominant leg was determined by asking partici-
pant which leg they would kick a ball with.

Single-leg static postural stability was assessed during a
single-leg stance test. The test was performed barefooted
under eyes-open and eyes-closed conditions. Subjects per-
formed three trials lasting 10 seconds each for each condi-
tion. During testing, the subject was asked to keep the non-
test lower extremity foot raised to mid-tibia of the tested
lower extremity without touching the tested limb, while
maintaining hands on hips. If the subject touched legs or
touched down outside the force plate at any time, the trial
was discarded and recollected. Data analysis was completed
via the standard deviation of ground reaction forces as de-
scribed later. This protocol has been previously demon-
strated to be reliable.14 Subjects were provided one com-
plete practice trial for each condition for each leg.

Isometric strength was tested using a handheld dy-
namometer. Peak force was measured with the dynamome-
ter to the nearest 0.1 kg on both the dominant and the
non-dominant lower extremity. This assessment of strength
was a “make test”, as the subject was asked to exert as
much force as possible against an unmoving resistance (a
researcher). A practice trial at 50% of maximum effort was
provided for each testing position in order to ensure proper
performance. Subjects rested for 30 seconds between each
trial in order to avoid fatigue. Three trials were measured,
and the results were averaged. Hip abduction, adduction,
internal rotation, and external rotation were tested accord-
ing to standard strength testing positioning, as described
below.15

Hip abduction strength was tested with the subject posi-
tioned side lying with the leg to be tested on top. The test
leg was supported by a pillow under the lower limb in order
to support a neutral spine throughout the duration of the
test. The bottom leg was positioned in 90 degrees of knee
flexion. The handheld dynamometer was placed just supe-
rior to the lateral malleolus. The subject was instructed to
exert a maximal force against the handheld dynamometer
while the examiner maintained a stationary position with
the handheld dynamometer.

Hip adduction strength was tested with the subject po-
sitioned side lying with the leg to be tested on the bottom.
The top leg was positioned in 90 degrees of knee flexion
with a pillow at the knee in order to support a neutral
spine throughout the duration of the test. The handheld dy-
namometer was placed just superior to the medial malle-
olus. The subject was instructed to exert a maximal force
against the handheld dynamometer while the examiner
maintained a stationary position with the handheld dy-
namometer.

Hip internal rotation strength was tested with the sub-
ject positioned prone on a treatment table with the knee of
the test leg flexed to 90 degrees. The examiner passively po-
sitioned the test leg into a neutral hip internal-external ro-
tation prior to the initiation of the test. The handheld dy-
namometer was placed just distal to the lateral malleolus.
The subject was instructed to exert a maximal force against
the handheld dynamometer while the examiner maintained
a stationary position with the handheld dynamometer

Hip external rotation strength was tested with the sub-
ject positioned prone on a treatment table with the knee of
the test leg flexed to 90 degrees. The examiner passively po-
sitioned the test leg into a neutral hip internal-external ro-
tation prior to the initiation of the test. The handheld dy-
namometer was placed just distal to the medial malleolus.
The subject was instructed to exert a maximal force against
the handheld dynamometer while the examiner maintained
a stationary position with the handheld dynamometer.

STATISTICAL METHODS

Data analysis was completed using the standard deviation
of ground reaction forces in three planes (anterior/poste-
rior, medial/lateral, and vertical) and the center of pressure
in two planes (anterior/posterior and medial/lateral) during
the 10-second trial.

For all measures of isometric strength, peak force was av-
eraged across three successful trials was captured in kilo-
grams and normalized to body weight for comparison across
subjects (%BW = (average (kg)/subject body weight
(kg))*100). Isometric strength measurements normalized to
body weight was utilized to calculate strength ratios be-
tween each subject’s dominant and non-dominant lower
extremity. [sometric strength measurements normalized to
body weight was also utilized to calculate strength ratios
between opposing muscle groups on each subject’s domi-
nant and non-dominant lower extremity which included hip
adduction/abduction and hip external/internal rotation.

Static postural stability is expressed as the standard de-
viation of ground reaction forces. Following the completion
of data collection, a custom Matlab (MathWorks, v7.0.4,
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Natick, MA) script was used to process and filter the data.
All ground reaction force data were passed through a low-
pass Butterworth filter with a cut off frequency of 20 Hz.
The ground reaction forces from each successful trial were
normalized to body weight (%BW). The standard deviation
of the ground reaction forces in the anterior/posterior, me-
dial/lateral, and vertical directions, as well as center of
pressure in the anterior/posterior and medial/lateral direc-
tions were calculated across three successful trials for all
conditions. An average of the ground reaction forces in each
direction for each condition was calculated in order to ex-
plain the subject’s overall static proprioception under each
condition. For this protocol and data analysis, increased
variability in movement on the force plates demonstrates
decreased postural stability and a decreased ability to stick
the landing at initial contact. Composite scores were calcu-
lated for static postural stability and averaged across three
trials. In prior laboratory piloting and testing, three trials
were demonstrated to be highly reliable for the static bal-
ance tasks (ICC = 0.759 - 0.879; SEM = 0.187 - 1.616).16
Dynamic postural stability is expressed through the use
of the Dynamic Postural Stability Index. The Dynamic Pos-
tural Stability Index calculation creates a stability index for
each anatomical direction as well as a composite of all three
directions utilizing the first three seconds of ground reac-
tion force data following initial contact with the force plate.
For the purposes of this study, initial contact is defined as
the point in which the vertical ground reaction force ex-
ceeds five percent of the subject’s body weight. Following
the completion of data collection, a custom Matlab (Math-
Works, v7.0.4, Natick, MA) script processes and filters the
data. All ground reaction force data was passed through a
low-pass Butterworth filter with a cut off frequency of 20
Hz. An individual Dynamic Postural Stability Index score
was calculated for each of the five successful trials. An av-
erage of the Dynamic Postural Stability Index scores from
the five successful trials was calculated in order to explain
a subject’s overall dynamic postural stability. The primary
variable for the AP jump and ML jump was the Dynamic
Postural Stability Index (DPSI). As described in regard to
the static postural stability tasks, a higher DPSI also rep-
resents worse postural stability. Intersession reliability and
standard errors of measurement were calculated for the pri-
mary measures during both postural stability tasks. An in-
traclass correlation (ICC) using the model described by
Shrout and Fleiss was employed to determine the interses-
sion reliability.!”
DPSI :((\AE(O —x)2+ X(0 — y)2 + (Body Weight — 2)2/
Number of Data Points]) /Body Weight)
Statistical analysis was performed for all subjects and then
again separately for males and females. An alpha level of
0.05 was set a priori to determine significance for all sta-
tistical analyses. A series of 12 bivariate correlations (Pear-
son’s r) were computed to determine if a relationship ex-
isted between the static and dynamic postural stability
measures and the strength measures.

RESULTS

Mean, standard deviation, min, and max values for hip

strength and postural stability are listed in Table 2 broken
down by males and females. Pairwise correlations, includ-
ing r coefficients and p values, between hip strength and
postural stability measures are listed in Tables 3, 4, and 5
representing all subjects, male subjects, and female sub-
jects, respectively. Among all subjects, significant, albeit
weak, correlations were found between all hip strength
measures (adduction, abduction, IR, ER) and static postural
stability in both the eyes open and eyes closed conditions
(correlation coefficients ranged from -0.19 to -0.29). Among
male subjects, significant but weak correlations were found
between all hip strength measures and static postural sta-
bility in both the eyes open and eyes closed conditions (cor-
relation coefficients ranged from -0.21 to -0.34). Among
female subjects, static postural stability with eyes closed
condition found significant but weak correlations with in-
ternal and external rotation strength and static postural
stability with eyes open condition found a significant cor-
relation with internal rotation strength (correlation coeffi-
cients ranged from -0.28 to -0.31). All other static postural
stability and hip strength correlations among females were
not significant. Among all subjects, males, and females
there were no significant correlations between dynamic
postural stability and hip strength measures.

DISCUSSION

The main finding of this study was the presence of sig-
nificant, albeit weak, correlations between isometric hip
strength and static postural stability measures, and no cor-
relation between isometric hip strength and dynamic pos-
tural stability measures. These findings refuted the original
hypothesis of a correlation between dynamic postural sta-
bility measures and core strength and no correlation be-
tween static postural stability measures and core strength.
The findings also revealed a sex difference which could be
further examined in future studies. While some weak corre-
lations were found, the relationship between isometric hip
strength and postural stability is likely much more compli-
cated than the factors assessed in the current study, and will
require additional research.

The results of this study showed no association between
isometric hip strength and dynamic postural stability across
the entire group or within each sex. These results do not
support the original hypothesis and differ from the results
of other investigations. Ambegaonkar et al and Wilson et
al both looked at the relationship between isometric hip
strength and dynamic postural stability and found signif-
icant correlations between measurements of hip strength
and dynamic balance scores.18:19 Both studies used similar
methods to this study of using a handheld dynamometer for
determining isometric hip strength, however this study uti-
lized the Dynamic Postural Stability Index (DPSI) generated
from a force plate during single leg landing activities to de-
termine dynamic postural stability whereas Ambegaonkar
et al utilized the Star Excursion Balance Test (SEBT)!8 and
Wilson et al utilized the Y Balance Test.!? The contradictory
findings may be due to how postural stability was assessed.

The DPSI, SEBT, and Y-Balance Test are all considered
tests of dynamic postural stability, but the demands each
test places on postural stability likely are different. The
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Table 2: Hip Strength, Static Postural Stability*, and Dynamic Postural Stability**

Males Females

Mean +SD min max Mean +SD min max
Hip Abduction (% Bodyweight) 19.3 52 10.5 37.2 20.03 4.9 10 333
Hip Adduction (% Bodyweight) 20.5 51 11.6 384 20.2 4.3 111 29.9
Hip Internal Rotation (% Bodyweight) 17.03 4.2 8.8 30.1 17.5 3.9 6.8 27.9
Hip External Rotation (% Bodyweight) 19.1 4.6 10.1 33.5 18.1 4.4 8.5 27.2
Static Postural Stability (EO) (N) 7.9 3.5 38 26.2 6.5 4.6 2.9 27.7
Static Postural Stability Eyes (EC)(N) 204 9.2 7.6 75.5 14.6 6.6 4.7 335
Dynamic Postural Stability 0.342 0.04 0.24 0.472 0.35 0.03 0.287 0.419

EO= eyes open; EC= eyes closed

*Reported standard deviation of ground reaction forces in Newtons; **reported as the dynamic postural stability index, a unitless measure.

Table 3: Correlation Matrix- All Subjects

All Subjects
Static Postural Stability Eyes Static Postural Stability Eyes Dynamic Postural
Open Closed Stability
Hip Abduction -0.21(0.008) -0.26 (<0.001) -0.10(0.189)
Hip Adduction -0.23(0.004) -0.28 (<0.001) -0.09(0.265)
Hip Internal ) } )
Rotation 0.29 (<0.001) 0.28 (<0.001) 0.07 (0.354)
Hip External -0.19(0.014) 10.20(0.012) -0.08(0.286)
Rotation ’ ’ : ’ ’ ’

Table 4: Correlation Matrix- Male Subjects

Males
Static Postural Stability Eyes Static Postural Stability Eyes Dynamic Postural
Open Closed Stability

Hip Abduction -0.30(0.001) -0.26 (0.005) -0.16 (0.097)
Hip Adduction -0.34 (<0.001) -0.33(<0.001) -0.10(0.292)
Hip Internal } ) )

Rotation 0.29 (0.002) 0.29(0.002) 0.07 (0.442)
Hip External -0.21(0.024) -0.22(0.020) -0.10(0.310)
Rotation ’ ’ i ’ ’ ’

SEBT and Y-Balance Test consist of maintaining stability
on a single-leg while performing reaching activities with
the opposite leg.20:21 These tests do not require a change
of base of support and could be described as somewhere in
the middle of the continuum between a static task and a
dynamic task. These tests require isometric strength in or-
der to maintain stability while holding reaching positions
which could explain the correlations Ambegaonkar et al and
Wilson et al found. A single-leg landing task requires a
change of base of support, what would likely be considered
truly “dynamic”, thus increasing the difficulty of the task
as compared to the SEBT or Y-Balance Test. Due to the in-
creased difficulty of the task, added proprioceptive, vestibu-
lar, and somatosensory input and integration would likely

be required in order to maintain balance.

Other studies that have utilized a single-leg landing task
have found comparable results to this study. Williams et
al utilized the DPSI during single-leg landing activities to
measure dynamic postural stability.22 They compared these
balance scores to measures of LE strength and flexibility.
Their reported results showed correlations between flexibil-
ity and strength measures in the ankle and knee, but no cor-
relation between hip strength and dynamic postural stabil-
ity. Williams et al, however, only measured hip abduction to
represent hip strength22 while this study utilized additional
measurements including hip internal rotation, external ro-
tation, and adduction.

Results of correlations between isometric hip strength
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Table 5: Correlation Matrix- Female Subjects

Females
Static Postural Stability Eyes Static Postural Stability Eyes Dynamic Postural
Open Closed Stability
Hip Abduction -0.03(0.848) -0.23(0.111) -0.04(0.776)
Hip Adduction -0.03(0.825) -0.20(0.170) -0.03(0.812)
Hip Internal ) ) )
Rotation 0.29 (0.039) 0.28 (0.047) 0.10(0.502)
Hip External -0.22(0.120) 10.31(0.028) -0.01(0.945)
Rotation ’ : ’ ’ ’ ’

and static postural stability have been found in previous
studies. Kim and Kim found similar results in their study as-
sessing the relationship between lower extremity strength
and range of motion and static postural stability.23 Their
study only measured hip flexor and extensor strength, how-
ever a significant correlation was found between hip flexor
strength and postural sway during a standing balance
task.23 These findings were surprising as it was hypothe-
sized that due to the low physical demands of the static
postural stability tests, less demand would be placed on
strength and more on proprioceptive, vestibular, and so-
matosensory information which were not measured in this
study. However, it is worth exploring the notion that static
tasks may require more isometric strength while dynamic
tasks may require more dynamic muscle functions (ie ec-
centric, concentric) thus explaining the results of this study.

Future studies regarding this topic may present clinical
importance for those attempting to improve dynamic or sta-
tic postural stability in athletes. This study demonstrated
weak correlations between hip strength and static postural
stability in mainly male athletes. Due to the low correla-
tions and need for more research, particularly intervention-
based studies, definitive statements such as “improvements
in hip strength will lead to improvements in static postural
stability” cannot be made at this time. It is likely that the
relationship between hip strength and postural stability is

more complicated than the relationship assessed in the cur-
rent study.

CONCLUSION

There was no relationship between isometric hip strength
and dynamic postural stability; whereas, there were some
relationships between the strength measures and static
postural stability. These significant, but minimal correla-
tions were observed in more of the comparisons within the
male cohort potentially demonstrating a sex difference. Fu-
ture research on this relationship and the implications on
injury prevention should include other measures of muscle
performance (isokinetic strength and/or electromyography)
and integrate other assessments of neuromuscular control
including proprioceptive, vestibular, and somatosensory in-
tegration.
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