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ABSTRACT
Purpose/Background: Female athletes have high rates of lower extremity (LE) injuries. Core strength (CS) and hip 
external rotator (HER) strength have been suggested to be factors that influence LE injury risk. Better balance has also 
been shown to decrease LE injury risk. Still, little research has examined whether core strength and hip muscle strength 
can influence LE balance. Therefore the purpose of the current study was to examine the relationships between core 
strength, hip ER strength and lower extremity balance as measured by the Star Excursion Balance Test (SEBT).

Methods: CS was examined via the bent knee lowering test (BKLT) (grades 1-5). Hip external rotator (HER) strength 
was measured singularly (HERL and HERR and combined (HERCOM) assessed via hand held dynamometry (reported 
in Newtons), and balance assessed via the SEBT expressed as % leg length, bilaterally in the postero-medial, postero-
lateral, anterior directions and as a combined score (SEBTCOM). All outcomes were assessed in 45 female lacrosse play-
ers (16.0 � 5.9 yrs, 65.1 � 2.4 cm, 57.3 � 7.4 kgs, experience=5.9 � 2.9 yrs). Pearson product-moment correlations 
examined relationships between the BKLT, HER and SEBT. Linear regression analyses examined possible influences 
of CS and HER on balance (p � .05).

Results: SEBTCOM was not correlated with BKLT [r(45)=–.20, p=.18] or HERCOM [r(45)=.20, p=.18]. There was no cor-
relation between HER strength and CS (BKLT) [r(45)=.20, p=.20]. Overall scores on the BKLT were not correlated 
with any of the three balance SEBT scores. HERL [r(45)=.36, p=.02] and HERR [r(45)=.30, p=.05] were moderately 
positively correlated with left posteromedial SEBT direction. HERCOM and BKLT did not predict overall SEBTCOM bal-
ance scores (r2=.068, p=.23). 

Conclusions: BKLT scores and combined HER strength did not correlate with LE balance, as measured by the SEBT, in 
female lacrosse players. However, HER strength of both the left and right LE’s (singularly) was moderately correlated 
with scores on one reach direction (left posteromedial) but not with combined SEBT scores. Researchers should con-
tinue to examine whether core and hip muscles influence LE balance.
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INTRODUCTION
Anterior cruciate ligament (ACL) and patellofemoral 
pain syndrome (PFPS) are among the most common 
lower extremity (LE) injuries in female athletes.1-4 

Females sustain ACL injuries 4-6 times more fre-
quently than males, leading to nearly $2 billion dollars 
in health care costs in the United States.1-4 Patellofemo-
ral pain syndrome (PFPS) in female athletes accounts 
for up to 20% of knee injuries seen in orthopedic cen-
ters.5-7 Prior researchers have identified several risk 
factors for the increased incidence of ACL and PFPS 
injuries in female athletes including the lack of core 
strength, proximal hip muscle weakness, and lower 
extremity proprioception/balance deficits.1,4-14 

Equilibrium between strength and stability in the 
lower body kinetic chain is vital for prevention of inju-
ries in the female athlete. Furthermore, core stability 
is necessary in order to provide a stable base for lower 
kinetic chain motion.15-18 Core stability is defined as 
the foundation of trunk dynamic control that allows 
the production, transfer, and control of force and 
motion to the terminal segments of the lower body 
kinetic chain.9,18-19 The transversus abdominis (TA) 
is the first muscle activated during lower extremity 
movements, indicating that it is the primary muscle 
linked to core stability during lower limb movements.4 
Core strength (CS) is considered important because 
it provides proximal stability for distal mobility dur-
ing athletic tasks.18 CS has been measured in prior 
research using the Bent Knee Lowering Test (BKLT) 
in conjunction with abdominal hollowing in order to 
actively contract and isolate the TA.20-26 

The relationship between CS and the lower extrem-
ity has been identified as a potential cause of overall 
lower extremity functional instability in females.4-7,

9-12,19,27-30 Zazulak et al9,19 demonstrated that decreased 
core proprioception and neuromuscular control was 
a predictor of knee injury risk in female athletes. 
However, the term “core” is often used interchange-
ably with hip strength. Several authors have exam-
ined the relationship of muscle weakness in the 
hip rather than the true abdominal musculature 
with lower extremity injury risk.5-7,9-12,19,27-30 Overall 
prior researchers note that hip musculature pro-
vides a key element of stability to the knee complex, 
with the ability to reduce ACL and patellofemoral 
injuries.5-7,14,28-29,31-32 

Hip abductor and external rotator muscle strength 
are important in reducing knee adduction and inter-
nal rotation (IR) torque.31 Specifically, hip abductor 
and external rotator (ER) muscle strength deficits are 
associated with the femoral position of adduction and 
IR at the knee (dynamic knee valgus).5-7,10-12,19,28 This 
dynamic knee valgus position can lead to increased 
lateral retro-patellar contact pressure and associated 
patellofemoral pain.6,27 Abdominal musculature can 
influence anterior pelvic tilt, which in turn increases 
gluteus muscle activity 33 and affects femoral internal 
rotation and adduction moments15,19,32-33 Research-
ers examining gender differences in CS have found 
females to have lower side bridging endurance, hip 
abduction and ER isometric strength than males.8 
Overall, prior authors have indicated that females may 
be predisposed to abnormal hip and trunk positions 
that may subsequently increase knee injury risk. 

Decreased balance and proprioception are known 
risk factors for lower extremity injuries in females.34-38 
Enhanced balance could reduce knee injury risk by 
not allowing the knee to IR and adduct and reach 
a dynamic valgus position during activity. The Star 
Excursion Balance Test (SEBT) is a commonly used 
test to examine lower extremity balance/stability. 
Previous researchers have established that the SEBT 
has acceptable reliability,38-40 and predictive validity 
as it can identify individuals at risk for lower extrem-
ity pathology.41 While the SEBT has 8 possible reach 
directions, Hertel et al40 and Plisky et al38 suggest the 
anterior (A), posteromedial (PM) and posterolateral 
(PL) directions are appropriate to assess balance. 
Filipa et al34 noted significant improvements on the 
SEBT composite scores with neuromuscular training 
of the lower extremity, which could possibly decrease 
the risk of knee injuries. Despite the research on CS, 
HER muscle strength and lower body balance, it is 
still unclear whether CS and hip ER strength actually 
influence lower body balance. Therefore the purpose 
of the current study was to examine the relationships 
between core strength, hip ER strength and lower 
extremity balance as measured by the SEBT. 

METHODS

Participants
Forty-five healthy female lacrosse players (age = 16.0 + 
5.9 yrs., height = 65.1 + 2.4 cm, mass = 57.3 + 7.4 kg, 
years of experience = 5.9 + 2.9 yrs.) participated in 
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the study. Participants were recruited from several 
private high schools and private lacrosse leagues. 
To ensure participant homogeneity, all participants 
were required to be an active member of their high 
school or league lacrosse team. Participants had to 
be free from lower back and lower extremity injury 
in the past 3 months to participate in the study. 
The Physiotherapy Associates and Andrews Univer-
sity Institutional Review Boards approved all study 
procedures. 

Procedures
Prior to participation, all participants and their par-
ents/guardians received and signed an informed 
consent form and assent form as appropriate. Par-
ticipants then performed the BKLT, had their bilat-
eral HER strength measured using a hand-held 
dynamometer, and completed the modified SEBT in 
a randomized order. A single examiner administered 
each test to all participants, and was blinded to the 
results of the other tests. 

The Bent Knee Lowering Test (BKLT)
Participants were positioned supine with the knees 
and hips flexed to 90 degrees, as measured by a goni-
ometer (Figure 1a).20 A pressure biofeedback cuff 
(i.e. the stabilizer pressure biofeedback unit, Chat-
tanooga Group, Chattanooga, TN), was inflated to 
40 mm Hg, and the center of the device was placed 
under the (Lumbar) L4–L5 segment.20,22-25 Partici-
pants performed an abdominal hollowing maneuver 
while maintaining consistent 40 mm Hg pressure. 
To perform abdominal hollowing portion of the test, 
participants were positioned supine with knees bent 
to 45 degrees (Figure 1b). The center of the pressure 
cuff was placed under the lumbar lordosis at the L 
4/5 segment and inflated to 40 mm Hg. Participants 
were instructed to draw the lower abdomen towards 
the spine, so as to hollow the abdomen.20,24-26 If per-
formed correctly, the pressure stayed at 40 mm Hg.21 

Participants were not permitted to move the head or 
upper trunk, flex forward, push through their feet, 
or tilt their pelvis. If done properly, the same exam-
iner felt tension at a point 2 cm medial and inferior 
to the anterior superior iliac spine (ASIS). If bulging 
was palpated, then the internal oblique muscle was 
contracting rather than the transversus abdominis 
muscle.20,26 Participants were then recued on how 
to properly perform the hallowing technique. Once 

participants were able to perform the abdominal hol-
lowing maneuver, they were then instructed in the 
bent knee-lowering portion of the test. 

In the bent knee lowering portion of the test, par-
ticipants lowered their legs toward the bed until the 
investigator noted a visual change on the pressure cuff 
monitor indicating a change in pelvic position.21 The 
hip angle (in degrees) was measured at this point. The 
strength scoring scale for the BKLT is presented in Table 
1. Participants were given two practice trials prior to 
the three test trials. The best score from the three test 
trials was recorded for data analyses. A single examiner 
gave all participants verbal and visual instruction on 
the BKLT prior to testing. 

Figure 1. (a) Initial Position of the Bent Knee Lowering Test 
(BKLT). (b) Abdominal Hollowing Position of the Bent Knee 
Lowering Test (BKLT).
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Hip External Rotation (HER) strength 
HER isometric strength was recorded bilaterally 
using a hand held dynamometer (PowerTrack II 
commander, J-Tech Medical, Salt Lake City, UT). 
The intra-rater reliability of HER isometric strength 
testing has been established in prior literature.42 
HER was tested in a position similar to traditional 
manual muscle testing procedures.43 Participants 
were positioned on a chair with their hips and knees 
flexed to 90 degrees. Then a strap was placed over 
their thigh and a towel roll between their knees to 
prevent substitution of the hip adductors.7 The dyna-
mometer was placed five centimeters proximal to 
the medial malleolus. The dynamometer was zeroed 
prior to testing. Participants had two practice trials 
and three test trials. The peak value (N=Newton) 
from the three test trials was recorded for data analyses 
(HERL = Left side, HERR = Right side, HERCOM = Aver-
age HER of both HERL and HERR). The same exam-
iner performed the HER for all participants. 

Star Excursion Balance Test (SEBT)
The SEBT is a functional screening tool to assess 
lower extremity dynamic stability.34 The SEBT incor-
porates a single leg stance on one leg and requires 
participant to perform a maximal reach of the oppo-
site leg along a grid in multiple directions. A modified 
SEBT was used in this study where 3 reach directions 
were measured (Anterior (A), Posteromedial (PM), 
Posterolateral (PL).34,13 The SEBT has been shown to 
have acceptable intra-tester reliability (Intra-class 
Coefficients(2,1) = 0.67 to 0.87).39 A single examiner 
demonstrated and completed all SEBT measure-
ments. Participants stood on one lower extremity 
(stance foot), with the distal aspect of their great toe 
in the center of the grid. Next, they reached in an 

anterior, then posteromedial, and finally posterolat-
eral direction using the other leg (reach leg), while 
maintaining a single leg stance (SLS). Participants 
performed two practice and three test trials with 
each leg. 

The trial was not counted and was repeated if:

1. The participant was unable to maintain SLS

2.  The heel of the stance foot did not remain in 
contact with the floor

3. Weight was shifted onto reach foot

4. The reach foot did not touch the line

5.  The participant did not maintain start and return 
positions for one full second.

The farthest reach distance in each direction was 
recorded (cm). Reach distances were normalized to 
leg length (% leg length). The average of all direc-
tions was defined as SEBTCOM. Leg length was mea-
sured from the ASIS to the most distal aspect of the 
medial malleolus in supine, after the pelvis was lev-
eled by lifting the hips up and lowering them to the 
start position.34,38

Data Analysis
Pearson product-moment correlations were used to 
examine the relationships between the BKLT, HER, 
and SEBT. A linear regression analysis (with HERCOM 
and BKLT used as predictor variables entered simul-
taneously) examined possible influences of these 
variables on SEBTCOM scores. All statistical analyses 
were conducted using SPSS v18.0 (Statistical Pack-
age for Social Sciences, Chicago, IL) at an a priori 
alpha level of .05.

Table 1. Strength Scoring Scale for the Bent Knee Lowering Test.20 
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RESULTS
All BKLT, HER, and SEBT scores are presented in 
Table 2. SEBTCOM normalized scores were not corre-
lated with BKLT [r (45) = –.20, p=.18] or HERCOM 
combined [r (45) =.20, p=.18].  Overall BKLT was not 
correlated with either SEBTCOM or other SEBT scores.  
HERL [r (45) = .36, p=.02] and HERR [r (45)=.30, 
p=.05] were moderately positively correlated with 
SEBTPM-L). There was no correlation between HERCOM 
and CS (BKLT) [r (45)= .20, p=.20). HERCOM average 
and BKLTCOM did not predict overall SEBTCOM scores 
(r2=.068, p=.23).

DISCUSSION
The purpose of this study was to examine the rela-
tionships between core strength, HER strength and 
LE balance. We also investigated whether CS and HER 

muscle strength had an influence on LE balance. The 
primary results showed no relationships between CS, 
HER and SEBT scores. Hip ER strength and CS were 
not predictive of overall SEBT scores. However, there 
was an observed positive correlation between HER 
muscle strength bilaterally (HERL and HERR) and the 
left posteromedial SEBT reach direction. 

Core and SEBT performance 
As shown in previous research, CS is an important 
component of LE movement and kinematics. How-
ever, to the authors knowledge, little research exists 
describing the exact relationships between CS and 
balance. In this study, no significant correlations 
between CS and balance were found. One possible 
explanation is the actual role and contribution of TA 
as part of the CS. In an investigation of the effects 

Table 2. Mean and Standard Deviations for all Tested Outcome Variables. 
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of voluntary activation of the core musculature on 
frontal plane hip and knee kinematics, Shirley et 
al noted that participants who voluntarily activated 
their core musculature had improved frontal plane 
hip and knee kinematics as measured by the single 
leg squat than participants who did not activate 
their core.45 The BKLT20 incorporates the abdomi-
nal hollowing maneuver in order to measure core 
strength using the lower abdominal musculature. 
Specifically, and as utilized during the BKLT, the 
abdominal hollowing maneuver is the most typical 
maneuver used to activate the TA muscle.22,33 Alter-
natively, abdominal bracing and pelvic tilt activates 
the rectus abdominis and external oblique muscles 
in conjunction with the TA.21 Further, abdominal 
hollowing has been shown to demonstrate the least 
amount of global muscle involvement, as compared 
to bracing and pelvic tilt.21 The average BKLT score 
of this study’s participants was 77.1 degrees, (classi-
fied as poor or grade 2/5 MMT of the lower abdomi-
nals).20 Despite isolating the TA by using the BKLT 
in the current study, it is possible that the BKLT is 
not as specific to TA activation as suggested in prior 
research. Involvement of other core muscles (exter-
nal oblique, internal oblique, rectus abdominis mus-
cles) may have influences on BKLT scores. Muscle 
activation of all the core musculature was not mea-
sured. Researchers can use electromyography and 
dynamic ultrasound in the future to help clarify the 
roles of these muscles with regards to balance and 
core stability. It is possible that other core muscles 
also contribute to maintenance of core stability 
during the BKLT. Overall it appears that future 
research is needed to specifically delineate the roles 
of TA and its contribution to core strength and lower 
extremity mechanics. 

Hip Muscle Strength and SEBT performance
The average hip ER strength scores in the current 
study (HERR=105 N and HERL=93.2 N) are similar 
to those reported in previous literature (93.25 N).7 
Most of the participants in the current study iden-
tified the right lower extremity as their dominant 
LE. Thus it is understandable that HERR would be 
stronger, allowing participants to reach further in 
the SEBTPM-L direction. However, HERL was not asso-
ciated with the SEBTPM-R reach direction (standing on 
left reaching with right). A possible explanation for 

this finding may be that participants’ left leg (the 
non-dominant leg) may be less stable than the right 
leg, consequently resulting in lower reach distance 
on the HERL. However, the authors still are uncer-
tain as to why HERL had a positive correlation with 
SEBTPM-L reach direction, and further investigation is 
warranted to examine this observation. 

The current findings also indicate that only HER may 
not influence SEBT scores. Researchers have noted 
that different lower extremity muscles are activated 
at different levels during LE balance in the SEBT.44 
Prior research has identified hip extensors and abduc-
tors in combination influence lower extremity bal-
ance.7,11,34 So, it is possible that other muscles (e.g. hip 
extensors, abductors) individually or in combination 
may play a greater role in altering lower extremity 
balance. Future researchers should investigate the 
specific roles that the hip musculature may have in 
relation to lower extremity balance and injury risk. 

Limitations and Recommendations
The authors acknowledge several study limitations. 
The current findings are limited to our participant 
group and sample. Still, to our knowledge, ours is the 
first combined examination of core strength, hip mus-
cle strength, and a functional balance test in female 
lacrosse players. These results indicated that there 
are some but not necessarily consistent relationships 
between the two different types of measurements, an 
open-chain muscle strength test of the external rotators 
and a functional closed-chain test, the SEBT. Additional 
research is needed to examine how these open-chain 
measurements relate to each other in other functional 
tasks (e.g. agility, speed). Maturation levels were not 
confirmed in our study population. Whether puberty 
affects all the variables examined in the current study 
should be further investigated. Another limitation 
may have been the test for core strength – the BKLT. 
While this test was chosen based upon prior research, 
it is possible that there may be another more sensi-
tive test that may isolate the TA and better measure 
core strength. Finally, the hip external rotator muscles 
may not be the most influential or only muscles that 
affect balance and core strength. Additional research 
is necessary to determine whether other hip muscula-
ture strength e.g. hip abductors, flexors, and extensors 
or other factors (e.g. flexibility) may influence perfor-
mance on the SEBT. Researchers should also examine 
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how these factors influence actual lower extremity 
injury risk in future work. 

CONCLUSIONS
The findings suggest that a TA specific core strength 
measure and HER do not relate to performance on 
the SEBT in female lacrosse players. Subjects dem-
onstrated positive correlations between hip external 
rotator strength, in either the left or the right leg, and 
SEBT performance in the postero-medial direction. 
Additional research is needed examine the roles of 
multiple core and hip muscles on lower extremity bal-
ance. These investigations will help elucidate the inter-
actions between core strength, hip muscle strength, 
and lower extremity balance, as well as their potential 
combined effects on lower extremity injury risk.
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