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Context 
The hip abductor muscles, mainly the gluteus medius, are responsible for controlling hip 
adduction in a closed kinetic chain. Frontal plane knee alignment, assessed during 
functional activities such squatting, jumping and running, may overload joint structures, 
like the anterior cruciate ligament and patellofemoral joint. The hand-held dynamometer 
is reliable and effective for testing the muscular strength of the hip abductors. 

Objectives 
(1) To assess the concurrent validity between the gluteus medius clinical test and a 
maximum isometric force test of the hip abductors using the hand-held dynamometer; (2) 
to determine the intra and inter-examiner reliability for the application of the gluteus 
medius clinical test; and (3) to describe reference values of gluteus medius clinical test on 
a population of youth athletes. 

Design 
Cross-sectional. 

Methods 
Thirty healthy individuals were recruited for validity and reliability testing. On the first 
day, participants performed the maximal isometric test of the hip abductors, measured 
via hand-held dynamometry. On the following week, the gluteus medius clinical test was 
performed. Intraclass correlation coefficients (ICC2,2) were computed for the reliability 
analysis, with a 95% confidence interval. To generate reference values, the gluteus medius 
clinical test was performed on 273 athletes. 

Results 
The results of this study indicated a weak positive correlation (r = 0.436, p = 0.001) 
between tests, which indicates that they examine different domains of gluteus medius 
muscle function, likely endurance and muscle strength. The magnitude of computed ICCs 
(>0.95) indicates excellent intra- and inter-examiner reliability. 

Conclusion 
The findings of the current study indicate that the gluteus medius clinical test is reliable 
and examines a domain of muscular function not fully captured by HHD. The clinical test 
developed in this study is low-cost and can be included for gluteus medius assessment. 

Level of evidence 
Level 3. 
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INTRODUCTION 

The hip abductor muscles, mainly the gluteus medius (GM), 
are responsible for controlling hip adduction in closed ki-
netic chain,1 and are associated with preventing dynamic 
knee valgus during the single leg squat.2 Dynamic knee val-
gus can result in injuries, such as anterior cruciate ligament 
(ACL) tears and patellofemoral joint pain (PFJP).3 Dimin-
ished GM volume has been found in individuals with PFJP 
compared to control participants.4 The primary hip abduc-
tors are the GM, the gluteus maximus and the tensor of 
the fascia lata. The gluteus medius is the largest abduc-
tor, representing approximately 60% of the transverse area 
of this muscle group.5 In addition, the posterior GM fibers 
also produce lateral hip rotation, which helps to reduce ex-
cessive medial rotation and influence dynamic knee val-
gus in an attempt to maintain dynamic hip stability during 
functional activities.6 Studies have shown that maintaining 
pelvic stabilization and good knee kinematics require ade-
quate GM action.6 

Muscle fatigue is important factor to consider during 
squatting and jumping. Fatigue may be associated with 
lower limb misalignment, especially in long-duration 
sports, such as running.7 Geiser et al. 8 showed that hip ab-
ductor fatigue increases the dynamic valgus during jumps, 
which may increase risk of knee injuries. Therefore, good 
muscular function of the GM is necessary, considering both 
strength and endurance. 

Objective information about muscular strength is clini-
cally relevant because it supports formulation of treatment 
plan and selection of preventive interventions. One of the 
devices used to measure muscle strength is the hand-held 
dynamometer, which has concurrent validity with the iso-
kinetic dynamometer, considered the gold standard.9 Ac-
cording to Jaramillo et al.10 the hand-held dynamometer is 
a reliable tool for testing hip abductor strength. However, 
the practicality and utility of this tool has been questioned 
due to cost (~$1,000.00 USD) and the requirement for yearly 
calibration.9 Additionally, a recent meta-analysis describ-
ing risk factors for patellofemoral pain has shown limited 
evidence related to hip strength measured using the hand-
held dynamometer. Neal et al argued that isometric muscle 
testing may not be sensitive enough to identify individuals 
at risk of PFJP.11 Considering these limitations of the hand-
held dynamometer and the requirement to quantify GM 
muscle function in clinical practice, the purposes of the 
present study were: (1) to perform concurrent validation of 
the GM Clinical Test with the isometric torque test using 
the hand-held dynamometer; (2) to determine the intra and 
inter-examiner reliability of GM Clinical Test; and (3) to de-
scribe reference values of GM Clinical Test in a population 
of youth athletes. 

METHODS 
STUDY DESIGN 

The present study was a cross-sectional study to determine 
concurrent validation, reliability, and reference values for 
the GM clinical test. 

Figure 1: Position for the hand-held dynamometer 
test for hip abductor torque test. 

PARTICIPANTS 

For examination of concurrent validity and reliability, 30 
participants (13 men and 17 women) were selected. The 
mean age was 36.4 years (±16.6) and body mass was 70.43 
kg (±15.02). The inclusion criteria were: (a) absence of pain 
or history of injury in lower limbs; and (b) no history of 
surgery in the lower limbs in the prior six months. Partici-
pants who reported pain during the application of the tests 
were excluded from this study. 

For reference values, 273 athletes (81 women and 192 
men) from a sports club were selected during the pre-sea-
son assessment with a mean age of 14.6 years (±2.1), height 
1.75 m (±1.4) and body mass of 65.1 kg (±15.7). The athletes 
were part of the volleyball, basketball and judo teams. The 
same examiners from the reliability study performed the 
clinical gluteal endurance test on athletes to ensure the re-
quired standardization for reference values. 

PROCEDURES 

The present study was approved by the Ethical Committee 
of the Universidade Federal de Minas Gerais (ETIC No. 493/
2009) and all individuals who agreed to participate in the 
study signed the informed consent. The participants were 
personally invited by researchers and through social media 
to participate in the present study. 

The hip abductor isometric torque was measured using 
a hand-held dynamometer (microFET2, Hoggan Health In-
dustries, Inc., West Jordan, UT), considered a valid and reli-
able instrument for measuring muscle strength.10 The sub-
ject was positioned in the side lying position with the upper 
limbs crossed in front of the trunk, aligned scapular and 
pelvic girdles, the hip and knee of the contralateral lower 
limb to the limb tested were flexed, and the tested lower 
limb was positioned with the hip in neutral in the sagittal 
plane and the knee extended (Figure 1). The hand-held dy-
namometer was positioned 5cm above the knee joint inter-
line,12 and attached to a Velcro® strap that allowed hip ab-
duction in the frontal plane. 

The subject was asked to perform hip abduction until the 
movement was restricted by Velcro®, and maintained max-
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imal isometric contraction for five seconds with standard-
ized verbal command. This procedure was performed three 
times in each lower limb, with a 15 second interval between 
measurements.12 The abductor torque was calculated by 
the average of three values measured, multiplied by a mea-
surement of the distance between the greater trochanter of 
the femur to 5 cm above the lateral knee joint line. The 
torque value was divided by body mass to obtain normalized 
data (Nm/kg). Intra- and inter-examiner reliability analysis 
was performed on 30 participants, with a seven-day interval 
between the assessments. 

The GM Clinical Test was performed in the same position 
as the torque test. The individual was in the side lying po-
sition with the upper limbs crossed in front of the trunk, 
aligned scapular and pelvic girdles, flexed contralateral hip 
and knee, and the limb being tested with an extended hip 
and knee (Figure 2). Widler et al.13 reported that this posi-
tion is the most valid and reliable for hip abductor strength 
evaluation, verified by the GM electromyographic activity. 
The abduction movement of the evaluated lower limb was 
performed without any external resistance. 

The individual was asked to perform the hip abduction 
movement maintaining the initial position, and the number 
of repetitions was not previously suggested to the partic-
ipants, although it was standardized to a maximum of 15 
repetitions. The range of motion was not previously in-
formed either, but the examiners asked the participants to 
avoid changing the initial position of pelvis and trunk. The 
time to accomplish this test was not controlled. The exam-
iner assessed for possible qualitative movement compen-
sations: (I) hip flexion; (II) trunk rotation; and (III) pelvic 
elevation. The test was interrupted, through verbal com-
mand of the examiner, when there was some compensation 
among those mentioned above. The examiner registered the 
number of repetitions corresponding to the test interrup-
tion. The test was interrupted by verbal command at repeti-
tion 15 when the participant did not perform any compen-
sation. 

STATISTICAL ANALYSES 

Mean and standard deviation for the dominant and non-
dominant limbs was computed to normalize the primary 
study variables: body-mass normalized abductor torque and 
number of repetitions of GM Clinical Test. Concurrent va-
lidity between tests was examined using Pearson correla-
tion coefficient and simple linear regression to obtain the 
coefficient of determination (r2). To determine GM Clinical 
Test intra- and inter-reliability, ICC2,2 with a 95% confi-
dence interval was used. 

RESULTS 
CONCURRENT VALIDATION AND RELIABILITY STUDY 

The values obtained for the concurrent validity and reli-
ability analysis were from both limbs from the 30 partic-
ipants. The mean normalized torque value of the hip ab-
ductors measured by HHD was 1.2 (±0.39) Nm/kg, and the 
mean number of repetitions in the GM Clinical Test was 5.7 
(±4.06) repetitions. 

A significant weak correlation was observed between the 

Figure 2: Participant position for GM Clinical Test. 

Table 1: Intra-examiner and inter-examiner reliability 
for the GM Clinical Test 

Intra-examiner reliability 

Measures ICC Confidence Interval 

E1 0.98 0.94-0.99 

E2 0.96 0.90-0.99 

Inter-examiner reliability 

Measures ICC Confidence Interval 

E1 x E2 0.95 0.79-0.99 

E1 = examiner 1; E2 = examiner 2. 

hand-held dynamometer test for hip abductor torque and 
the GM Clinical Test (r = 0.436; p = 0.001). Simple linear 
regression demonstrated a low coefficient of determination 
(r2 = 0.19), which means that 19% of the hip abductor iso-
metric torque variation is explained by the number of the 
clinical test repetitions. The intra-examiner reliability for 
the GM Clinical Test was high (Examiner 1=0.98; Examiner 
2=0.96), and the inter-rater reliability for the GM Clinical 
Test was also considered high (0.95) (Table 1). 

REFERENCE VALUES STUDY 

For the 273 youth athletes, the mean values found in the 
GM Clinical Test were 4.1 (± 3.9) repetitions on the domi-
nant limb (D) and 3.4 (± 3.1) repetitions on the non-dom-
inant limb (ND). In female athletes, the mean number of 
repetitions on the D limb was 4.1 (± 4.9) and on the ND 3.4 
(± 3.3). In the male athletes, the mean number of repeti-
tions on the D side was 3.6 (± 5.0) and on the ND 2.9 (± 3,1). 
The mean values in relation to sport participation are pre-
sented in Table 2. 

DISCUSSION 

The present study aimed to examine the concurrent validity 
between GM Clinical Test and hip abductors isometric 
torque test using the hand-held dynamometer, to deter-
mine intra- and inter-examiner reliability for both tests, 
and to describe reference values of clinical test in youth 
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Table 2: Reference values of the GM Clinical Test (in number of repetitions). Data are presented 
as means (SD). 

Volleyball Basketball Judo 

Dominant Side 

Mean (± SD) 4.2 (± 3.5) 3.6 (± 4.1) 4.8 (± 4.7) 

Minimum 0 0 1 

Maximum 15 23 20 

Non-dominant Side 

Mean (± SD) 3.6 (± 2.8) 2.6 (± 2.9) 4.5 (± 3.8) 

Minimum 0 0 0 

Maximum 13 13 15 

athletes. The results indicated a significant, but weak corre-
lation between GM Clinical Test and hand-held dynamome-
ter test (r = 0.436 and r2 = 0.19). The reference values for 
clinical test were 4.1 (±3.9) repetitions on the D limb and 
3.4 (±3.1) repetitions on the ND limb on average. The ICC 
values found in this study, above 0.95, are indicative of ex-
cellent intra- and inter-examiner reliability.14 These find-
ings allow physiotherapists to reproduce both of these test-
ing methods in clinical practice, in order to quantitatively 
evaluate the strength and possibly muscular endurance of 
hip abductors. 

The hand-held dynamometer is a valid and reliable tool 
used to quantify muscular strength, and is considered a 
practical instrument, due to its portability and size, com-
pared to the gold standard, the isokinetic dynamometer.10 

The hand-held dynamometer test for hip abductor strength 
is performed through maximum isometric contraction, 
where the muscle force corresponds to its maximum capac-
ity to generate tension. In general, tests that use the HHD 
are less used in practice for prescription of exercises, due 
to the high cost of the instruments and difficulty of opera-
tion.15,16 Additionally, the majority of sports activities are 
dynamic in nature and isometric strength may not be the 
best way to assess muscle function in this context.17 

On the other hand, the GM Clinical Test represents the 
ability to perform muscle contractions under submaximal 
loads.16 The muscular action tested by the two methods 
is likely different, testing two domains, strength and en-
durance.18 Both domains are important to prevent muscu-
loskeletal injuries, to exercises prescription and to promote 
joint stability.19 Moreover, a recent study was designed to 
assess hamstring endurance in soccer athletes through the 
unilateral hip bridge test. As with the present study, the 
repetitions were interrupted if there was a change in move-
ment pattern and performing less than 22 repetitions was 
associated with hamstring strain.20 Therefore, the GM Clin-
ical Test could be used complementary to the hand-held dy-
namometer or when it is not possible to purchase a HHD in 
low-income sports context. 

The hip abductor isometric torque and the GM Clinical 
Test were significantly correlated, although only at r = 
0.436. According to Portney et al.,21 values between r = 0.25 
and r = 0.50 represent a weak correlation. Correlation co-
efficients between clinical measures ranging from 0.57 to 
0.78 are considered appropriate values for clinical practice, 

meaning that these tests cannot be used interchangeably.22 

However, the isometric hip abductor test and the GM Clin-
ical Test showed high values of intra-examiner reliability 
(Table 1), since values above 0.90 are indicative of excellent 
reliability.16 These findings demonstrate that both tests can 
be reliably replicated in clinical practice for physical ther-
apy evaluation and re-evaluation of the different strength 
and endurance domains of the hip abductors. 

Muscle endurance also is important to preserve joint sta-
bility during sports movement. When a muscle fatigues, 
there is overload in the passive elements, such as capsules 
and ligaments, as well as movement pattern changes.23 Fa-
tigue may be associated with injury risk, because its influ-
ences the lower limbs’ alignment. For example, muscle en-
durance deficits may be an important contributing factor 
in the development of PFJS.24 Van Cant et al demonstrated 
an important endurance deficit of hip abductor muscles in 
patients diagnosed with PFJS. Recent authors have demon-
strated a correlation between low endurance of GM and ex-
cessive dynamic valgus,25 and it is known that fatigue may 
predispose athletes to knee injuries due to changes in align-
ment and dynamic knee joint stability.26 Lower limb in-
juries, such as ACL rupture during landing from an uncon-
trolled jump, often occur during the last 15 minutes of the 
first half and in the last 30 minutes of the second half in 
a football match.7 Additionally, the American College of 
Sports Medicine recommends that endurance must be in-
cluded in a training program, as well as muscle strength 
exercises.27 Considering the influence of fatigue on sports 
injuries, practitioners involved in prevention and rehabil-
itation of musculoskeletal injuries should consider a peri-
odic assessment of muscle endurance in order to protect the 
athlete in sport settings.29 

The reference data from the present study demonstrated 
that youth athletes participating in volleyball, basketball 
and judo, on average, can perform four repetitions of hip 
abduction without movement compensation. Until now, 
studies using the same methodology are not available. 
Therefore, the authors cannot compare the present data 
for youth athletes with other studies. However, a study by 
Freckleton et al19 evaluated hamstring endurance in young 
soccer athletes through the unilateral bridge test, and the 
athletes with a previous history of hamstring strain per-
formed on average, 22 repetitions, while the uninjured ath-
letes did 26 repetitions. Despite being different tests, the 
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parameter of muscular endurance was evaluated in the two 
studies and the results of the present study demonstrate 
that athletes are likely to have low GM endurance. 

Some limitations of the study should be considered. The 
hand-held dynamometer test involves all the abductor mus-
cles of the hip, GM, gluteus minimus, tensor fascia lata, 
and sartorius, as demonstrated by Widler et al13 in an elec-
tromyographic study. In contrast, during the GM Clinical 
Test, the evaluation of the GM was prioritized, by main-
taining the hip extension position of the lower limb tested. 
Therefore, the clinical test developed in the present study 
provides complementary information to that from the 
hand-held dynamometer test, and the clinical test devel-
oped by this study may be a useful tool to evaluate GM func-
tion. 

CONCLUSIONS 

The present study demonstrated that the GM Clinical Test 
has a weak correlation with the isometric hip abductor 

torque test using a hand-held dynamometer. Both testing 
methods were reliable and repeatable between and within 
examiners. In addition, reference values were obtained for 
youth athletes. The clinical test developed in this study is a 
reliable, useful and low-cost method that can be included in 
evaluation and re-evaluation of the GM. 
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