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Background: The hip muscle plays various roles. Several types of functional performance
tests are used for the assessment of patients with various lower extremity injuries. Hip muscle
functions are important to test the performance of maintaining the spine, pelvic, and leg
during bridging exercise. We designed a novel functional performance test tool, which we
named close kinetic chain dynamic lower extremity stability (CKCLE) test to assess hip muscle
functions.

Objects: The purpose of this study was to determine the relationship between CKCLE test and
hip extensor, external rotator, and abductor strengths.
Methods: Twenty-two subjects were recruited in the present study (13 males and 9 females).
The hip extensor, external rotator, and abductor muscle strengths were measured using a
Smart KEMA strength sensor. When the examiner said “Go”, the subject performed the CKCLE
test by moving one leg from the floor and touching the opposite knee and then return to the
floor while maintaining the bridging position. The subjects attempted as many “touches” as
possible in the allotted time (20 seconds) during the maximal tests. The correlation between
the hip muscle (extensor, external rotator, and abductor) strength of the supporting leg and
the number of CKCLE tests performed in 20 seconds was determined using the Pearson correlation.
Results: Hip extensor (r = 0.626, p < 0.05), hip external rotator (r = 0.616, p < 0.05), and
hip abductor muscle strengths (r = 0.475, p < 0.05) positively correlated with the number of
CKCLE tests performed.

Conclusion: We designed a CKCLE test and found that performance in the test correlated
with hip extensor, external rotator, and abductor muscle strengths. The result suggests that
the CKCLE test can be applied as a performance test to assess the functions of the hip extensor,
external rotator, and hip abductor muscles.

INTRODUCTION

to prevent musculoskeletal disorders caused due to the impairment of hip muscles.

The hip muscle plays various roles; it helps control pelvic

Manual muscle strength testing is commonly used for the

stability and leg alignment in the frontal, sagittal, and trans-

measure the strength of hip muscles [4]. Contrary to traditional

verse planes [1]. Hip muscle strength and endurance play a

examination, measurements such as range of motion (ROM)

significant role in injury prevention, normalizing gait patterns

and strength tests are performed; functional performance tests

and posture, eliminating pain, and enhancing athletic perfor-

examine how multiple body segments and systems interact [5].

mance [2]. Impaired hip muscle strength has been associated

Several types of functional performance tests are used to as-

with various musculoskeletal disorders, such as lower back and

sess patients with various lower extremity injuries. These may

pelvic pain, patellofemoral pain, and iliotibial band syndrome

be categorized into movement, hop/jump, balance, and agility

[3]. Thus, it is very important to evaluate hip muscle function

tests [6].
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The star excursion balance test (SEBT), the Y-balance test,

of 0.80, alpha level of 0.05, and effect size of 0.838. There-

single-leg squat, and single-leg stance were used to test the

fore, 22 volunteers participated in this study (13 males and 9

lower extremity function. In addition, a single-leg hamstring

females). To be included in the study, subjects had to meet

bridge (SLHB) test is used to predict hamstring injury in sports

the following criteria: 1) no prior history of unresolved pain,

players. The SLHB test is a simple clinical test for assessing the

injury, or surgery to either hip, knee, or ankle; and 2) currently

hamstring strength using repetitive hip and knee movements

not taking any prescribed medication for pain [10]. The study

[7]. Although there is the SLHB test for the measurement of the

procedures were explained prior to testing, and each subject

hamstring strength, a simple clinical test for assessing hip mus-

provided informed consent. The study was approved by the

cles strength is needed. This is because, the hip muscles play

Yonsei University Mirae Institutional Review Board (approval

an important role in forming a kinetic chain by connecting the

No. 1041849-202002-BM-023-01).

lower extremities, the thigh and the pelvis. Thus, testing the
hip muscle function is important to test the performance of
the spine, pelvis, and leg during bridging exercises.

2. Measurement of Hip Muscle Strength
The hip extensor, external rotator, and abductor muscle

In the upper extremity, there is a closed kinetic chain upper

strengths were measured using a Smart KEMA strength sensor

extremity stability (CKCUES) test that evaluates the quantita-

(KOREATECH Co. Ltd., Seoul, Korea) (Figure 1). The tension

tive data (score) for an upper-extremity task in a closed kinetic

gauge was 3 kg in the starting position to control the tension of

chain within time [8]. However, for assessing hip muscle func-

the belt in each test position. Isometric strength measurements

tion, there is no performance test that evaluates data on lower

at both legs were performed twice for 5 s under three condi-

limb movements in a closed kinetic chain within time, as in

tions: (1) hip extension, (2) hip external rotation, and (3) hip

the CKCUES test. Thus, we designed a novel functional perfor-

abduction. The force signals were measured and transferred to

mance test tool, which we named close kinetic chain dynamic

an electronic tablet device (Galaxy Tab A6 10.1; Samsung Inc.,

lower extremity stability (CKCLE) test to assess hip muscle

Seoul, Korea) via Bluetooth device connection and analyzed

function. The single-leg bridge exercise has been used to im-

with the Smart KEMA application software (KOREATECH Co.

prove hip muscle function [9]. A test was devised to count the

Ltd.). The value was calculated as the average of the values for

number of repetitively performed motions with opposite side

3 seconds within the 5 seconds. The mean values of the two

hip external rotation, adduction, and extension for touching

trials were used for data analysis.

the supporting knee with the moving leg heel while maintaining the single-leg bridge position for 20 seconds. The CKCUES
test had an evaluation time of 15 seconds [8], but it was considered that lower extremity muscles are more powerful than
upper extremity muscles. In addition, when 30 seconds was
used to evaluate the CKCLE test time, subjects felt the muscle
fatigue at the first CKCLE test. Considering these reasons, the
CKCLE test time was set to 20 seconds. Therefore, the purpose
of this study was to determine the relationship between performance of CKCLE test and strengths of hip extensor, external
rotator, and abductor muscle.

MATERIALS AND METHODS
1. Subjects
We used the G*power program to determine the sample
size using the pilot data. The necessary sample size of 22 was
calculated from pilot study data of 8 subjects, with a power
258

https://doi.org/10.12674/ptk.2020.27.4.257

Figure 1. Smart KEMA strength sensor.

Relationship Between Strength of Hip Muscles and CKCLE Test

1) Hip extensor muscle strength
The strength of the hip extensor muscle was measured in

3. M easurement Using the Close Kinetic Chain
Dynamic Lower Extremity Stability Test

the prone position with 0° hip flexion and 90° knee flexion. A

To begin, the subjects assumed a bridge position, with the

strap was attached to the distal femur of the subjects. The ten-

knee flexed 135°. The feet were positioned directly over the

sion of the belt was adjusted for each subject with hip exten-

knees (Figure 5A). When the examiner said “go,” the subjects

sion at 0° (Figure 2). To measure the maximum isometric force

performed the CKCLE test by moving one leg from the floor,

of hip extension, subjects were instructed to extend their hip

touching the opposite knee as in performing hip external rota-

and pull the line with maximum effort, without lumbar exten-

tion, adduction, and extension (Figure 5B); then replacing the

sion for 5 seconds.

leg on the floor while maintaining the bridging position (Figure
5C). A single test consisted of continuing this alternating pro-

2) Hip external rotator muscle strength

cedure for 20 seconds. Subjects attempted as many “touches”

The strength of the hip external rotator muscle was mea-

as possible in the allotted time during the maximal tests. One

sured in the side-lying position with 0° hip flexion and 90°

cycle of touch was defined as “when the heel of the moving leg

knee flexion. An orthopedic belt was attached to a steel bar

touched the opposite knee and returned to the ground while

on the therapeutic table, and a strap was placed at the ankle

maintaining the bridging position.” The target bar was used

(Figure 3). To measure the maximum force of the hip external
rotator muscle, subjects were instructed to rotate the hip externally with maximum effort without pelvic motion for 5 seconds.

3) Hip abductor muscle strength
The strength of the hip abduction muscle was measured
in the supine position with 0° hip abduction. A strap was attached to the ankle. The tension of the belt was adjusted for
each subject with hip abduction at 0° (Figure 4). To measure
the maximum isometric force of hip abduction, subjects were
instructed to abduct their hip and pull the line with maximum
effort for 5 seconds without hip flexion and knee flexion.
Figure 3. Strength of hip external rotator muscle.

Figure 2. Strength of hip extensor muscle.

Figure 4. Strength of hip abductor muscle.
www.ptkorea.org
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A
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C

Figure 5. (A–C) Close kinetic chain dynamic lower extremity stability test.

to equally control the position of the pelvis, not to drop their

Table 1. Characteristics of the subjects

buttocks on the floor during the test. Continuous feedback was

Characteristic

provided not to drop the buttocks to the floor during the CK-

Age (yr)
Body weight (kg)
Height (cm)

CLE test. The caution was given if the pelvic dropped from the
target bar, and the test was stopped when the pelvic was not at
the target bar despite the caution. Before the test, the subjects

Total (N = 22)

Male (n = 13)

Female (n = 9)

29.9 ± 3.9
66.9 ± 12.1
169.8 ± 10.1

29.1 ± 2.9
75.2 ± 6.7
176.6 ± 5.8

31.5 ± 5
54.5 ± 6.8
160.1 ± 5.4

Values are presented as mean ± standard deviation.

had sufficient practice. The examiner counted the number of
repeated movements during the test.

of CKCLE tests was determine using the Pearson correlation.
Mukaka [11] suggested threshold values of 0.0–0.3, 0.3–0.5,

4. Procedures
This study was conducted in a laboratory setting. Muscle
strengths of all subjects were measured at one visit, and two

0.5–0.7, 0.7–0.9, and 0.9–1.0 for negligible, low, moderate,
high, and very high correlation coefficients, respectively. In all
analyses, p < 0.05 was considered to statistically significant.

trials of each measurement were performed, with a 60 seconds
rest period between each trial and a 3 minutes rest period

RESULTS

between each measurement. Before the CKCLE test was performed, subjects were familiarized with the test pattern for a

General characteristics of the study subjects are listed in

period of approximately 5 minutes to achieve a proper test

Table 1. The data collected for all variables were normally dis-

capability. The subjects performed two trials with each leg and

tributed. The ICCs for measuring hip extensor muscle strength

had a 5 minutes rest period between each trial. The four mea-

was 0.979 (95% CIs: 0.961–0.988), for hip external rotator

surements were tested in a random order as determined by a

muscle strength was 0.976 (95% CIs: 0.955–0.987), and for hip

website-based application (http://www.randomization.com).

abductor muscle strength was 0.950 (95% CIs: 0.907–0.974).
In addition, the ICCs for the CKCLE test were 0.820 (95% CIs:

5. Statistical Analysis

0.621–0.914). Table 2 shows the mean and standard deviation

The data were analyzed using PASW version 18.0 (IBM Co.,

of the number of CKCLE tests and strength of hip muscles.

Armonk, NY, USA) for Windows. The Kolmogorov-Smirnov

Table 3 shows the Pearson’s correlation coefficients between

test was used to verify that the data were normally distributed.

the CKCLE test and the hip extensor, the external rotator, and

Intra-class correlation coefficients (ICCs) with 95% confidence

the abductor muscle strengths. Hip extensor (r = 0.626, p <

intervals (CIs) were used to determine the intra-reliability of

0.05), hip external rotator (r = 0.616, p < 0.05), and hip abduc-

the Smart KEMA strength sensor and CKCLE test. The correla-

tor muscle strengths (r = 0.475, p < 0.05) positively correlated

tion between the hip muscles (extensor, external rotator, and

with the number of CKCLE tests performed.

abductor) strengths of the supporting leg and performance
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Table 2. CKCLE test, strength of hip muscles
Variable
CKCLE test (number)
Hip extensor muscle (kg)
Hip external rotator muscle (kg)
Hip abductor muscle (kg)

Total (N = 22)

Male (n = 13)

Female (n = 9)

22.36 ± 4.37
33.46 ± 10.86
16.71 ± 5.16
17.28 ± 4.45

24.77 ± 3.52
37.02 ± 10.63
18.94 ± 4.72
18.99 ± 4.37

21.33 ± 4.75
28.31 ± 9.18
13.50 ± 4.00
14.80 ± 3.33

Values are presented as mean ± standard deviation. CKCLE, close kinetic chain dynamic lower extremity stability.

Table 3. Pearson’s correlation coefficients between the CKCLE test and the hip muscles strength
Variable
CKCLE test
Hip extensor
Hip external rotator
Hip abductor

CKCLE test

Hip extensor

Hip external rotator

Hip abductor

1.0
0.626**
0.616**
0.475**

1.0
0.531**
0.470**

1.0
0.569**

1.0

CKCLE, close kinetic chain dynamic lower extremity stability. **p < 0.05.

DISCUSSION

The hip external rotator muscle strength showed a moderate
correlation with the CKCLE test. The correlation between the

We investigated the relationship between the CKCLE test and

hip external rotator muscle strength and the CKCLE test could

hip extensor, external rotator and abductor muscle strengths.

be explained by the recruitment of the hip external rotators,

The present study measured the strengths of three hip muscles,

such as the posterior part of gluteus medius and piriformis, are

which control pelvic alignment during a single-leg bridge ex-

necessary to maintain pelvic stability and a hip neutral posi-

ercise, such as the hip extensor, external rotator, and abduc-

tion during the CKCLE test. This could affect the correlation

tor. The repetition number of the CKCLE test was positively

between strength of hip external rotators and the performance

correlated with hip extensor, external rotator and hip abductor

of CKCLE tests. Hip external rotator muscle weakness can

muscle strengths. The results showed a moderate correlation

cause excessive internal hip rotation and foot pronation, and

between the CKCLE test and hip extensor and external rotator

increases the angle of knee valgus during weight-bearing ac-

muscle strengths, although the recruitment of back extensor,

tivities [12]. Thus, the CKCLE test could be applied to measure

lumbopelvic stability, and knee control may affect perfor-

the hip external rotator muscle function in clinical settings.

mance during the CKCLE test. Our findings indicate that the

There was a significant positive correlation between strength

CKCLE test can be applied to measure the function of the hip

of hip abductors and performance of CKCLE test, although the

extensor, external rotator, and hip abductor muscles, when hip

correlation was less than other muscles. The reason for the

muscle strength cannot be measured in a clinical setting.

correlation between the hip abductor muscle strength and the

The reason of the positive correlation between the strength

CKCLE test is the pelvic control that is required to maintain

of hip extensor muscle and performance of CKCLE test is

minimized pelvic movement during the CKCLE test. Similar to

as follows: CKCLE test was designed based on the single-leg

the hip external rotator muscle as an anatomical overlapped

bridge exercise. The single-leg bridge exercise activated 51%

structure, recruitment of the hip abductor muscle would also

of gluteus maximus maximal voluntary isometric contraction

have been needed to maintain pelvic stability during the CK-

in a previous study [2]. In addition, we controlled the posi-

CLE test.

tion in knee flexion at 135°. A previous study suggested that

For another lower extremity functional tests, the SEBT and

position in knee flexion 135° during one leg bridge could fa-

the Y-balance tests have been used frequently to assess dy-

cilitate the gluteus maximus more than hamstring muscles [2].

namic postural control with unilateral weight-bearing condi-

Although we did not measure activity of the gluteus maximus

tions. Hubbard et al. [13], investigated that hip extensor muscle

and hamstring, it is possible that gluteus maximus may be

strength correlated with the posterior-medial (r = 0.48, p < 0.05)

more recruited than hamstring while assessing the CKCLE test.

and posterior-lateral areas (r = 0.49, p < 0.05). Other studies

www.ptkorea.org
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have shown that ankle dorsiflexion, knee flexion, and hip flex-
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