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Abstract

Objectives: The purpose of the present study was to compare the test-retest reliability of the hip abductor
isometric endurance test in healthy females when using the Borg scale in two different ways. In one
group (group A), every 15 seconds and at the end of the test, the subject was asked to give an overall
perception about how hard the exercise felt according to the Borg scale. In the other group (group B),
the subject was asked to give an overall perception about how hard the exercise felt according to the Borg
scale, but only at the end of the test.

Method: Seventy-one healthy females (34 in group A and 37 in group B) were recruited. In two identical
sessions, spaced by seven days, the participants performed the hip abductor isometric endurance test
attended two identical assessment sessions.

Results: Both groups demonstrated good test-retest reliability (ICC = 0.83 for group A and 0.77 for group
B). The SEM was 11.7 seconds and the MDC, 32.4 seconds for group A. For group B, the SEM and the
MDC were 14.6 and 40.4 seconds, respectively.

Conclusions: These findings support the use of the Borg scale every 15 s and at the end of the hip
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abductor isometric endurance test in order to enhance the test-retest reliability.

Introduction

Numerous clinical tests are used by clinicians and researchers for
the assessment of endurance of several muscular groups in healthy
and symptomatic participants (e.g. trunk extensors, neck flexors or
ankle plantar flexors) [1-4]. Most tests aiming to measure muscle
endurance consist in isometrically maintaining a contraction as
long as possible or performing as many movements as possible
with a specific resistance [5,6]. Muscle endurance is appreciated by
measuring the holding time, counting the number of repetitions
or by means of surface electromyography (EMG) fatigue related
parameters [7]. Individual factors such as motivation, fear of pain and
competitiveness can influence the objective measurement of muscle
endurance [7]. Demoulin et al. [8] suggested to ask the subjects to
give an overall perception about how hard the exercise felt according
to the Borg Rating of Perceived Exertion Scale (Borg RPE), a 15-point
single-item scale ranging from 6 to 20 (with anchors ranging from
6 “No exertion” to 20 “Maximum exertion”) [9]. This subjective
assessment, in addition to objective assessment of muscle endurance,
might be a way to better reflect muscle fatigability while limiting
the interference of individual factors.8 Indeed, authors reported
significant correlations between the Borg RPE, EMG and endurance
time suggesting a close relationship between subjective and objective
assessment of muscle fatigue [5].

Deficits in hip abductor strength and endurance, mainly in women,
have been related to common lower extremity conditions [10-13]
Studies showed that impaired muscular control of the hip abductors
can increase pelvic, femoral and tibial movements in frontal plane
and, therefore, increase joint stress during dynamic movements [14-
16]. In a previous study, Van Cant et al developed the hip abductor
isometric endurance test and assessed its test-retest reliability in 34
healthy females [17]. The maximal holding time (average performance
of 87.7 +/- 38.73 seconds) demonstrated good intraclass correlation
coeflicient (ICC = 0.73) with a standard error of measurement (SEM)
and minimal detectable change (MDC) of 19.8 and 54.9 seconds,
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respectively. In that study, the minimum Borg score was 13 suggesting
that muscle endurance might have been underestimated in some
participants thereby affecting the ICC, SEM and MDC of the test.

The purpose of the present study was to compare the test-retest
reliability of the hip abductor isometric endurance test in healthy
females when using the Borg scale in two different ways. In one
group, every 15 s and at the end of the test, the subject was asked to
give an overall perception about how hard the exercise felt according
to the Borg RPE. In the other group, the subject was asked to give an
overall perception about how hard the exercise felt according to the
Borg RPE, but only at the end of the test. It was hypothesized that the
rates of perceived exertion would be largest and more reliable in the
first group and that would be enhanced test-retest reliability of the
hip abductor isometric endurance test. Because authors suggest that
hip performance deficit is more prevalent in females than in males,
[18,19] only females were recruited to participate in this study.

Methods

Subjects

Healthy females, aged 18-30 years, were recruited among students
of the Institut Parnasse-ISEI, Brussels, Belgium. Participants with a
history of orthopedic injury or surgery of the lower limb within the
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past 12 months, cardiovascular, pulmonary, neurological, or systemic
conditions were excluded from the study. Additionally, sedentary
subjects or with a history a low back or lower limb pain or who had
been diagnosed with a previous ligament injury of the knee, ankle or
hip were also excluded from this study.

A total of 85 subjects were enrolled in the study and randomly
assigned, using random numbers, into two experimental groups
(group A and group B). All subjects gave written consent to
participation in the study, which was approved by the Hospital and
Departmental Ethics Committee, Saint-Luc - UCL (Brussels).

Procedures

The participants attended two identical assessment sessions,
spaced by seven days. Seventy-one participants (34 in group A and
37 in group B) completed all procedures, whereas 15 participants
were excluded between both sessions. The causes of exclusion were
strenuous physical exercise involving the hip the day before the second
session (n=13) and absence of attendance of the second session (n=2).
Data from participants excluded between both sessions were not used
in the final statistical analysis. All data were collected by the same
investigators, two fourth-year physical therapy students, under the
direct supervision of a physical therapist with over 10 years of clinical
experience. Participant demographics and characteristics, such as
age, weight, body mass and physical activity levels were collected.
To assess physical activity levels, the French version of the Baecke
Activity Questionnaire (BAQ), validated by Bigard and Dufaurez, [20]
was completed. The BAQ is a short questionnaire including a total of
16 questions classified into three domains receiving a score from one
to five: work, sports, and non-sports leisure activity [21].

During both sessions, all participants performed a five-minute
sub-maximal warm-up on a stationary cycle. In both groups, subjects
then performed the hip abductor isometric endurance test (described
further below) with the dominant limb (defined as the limb used for
kicking a soccer ball). In the first group (group A), every 15 s and at
the end of the test, the subject was asked to give an overall perception
about how hard the exercise felt according to the Borg RPE. In the
second group (group B), the subject was asked to give an overall
perception about how hard the exercise felt according to the Borg
RPE, but only at the end of the test.

The hip abductor isometric endurance test

To perform the hip abductor isometric endurance test, the subject
was in a side lying position on the examination table with the
evaluated hip placed superiorly in neutral alignment and with the
pelvis stabilized by straps. The opposite limb was flexed at the hip and
knee. The hand of the ipsilateral upper limb was placed on the pelvis
(Figure 1).

Considering that previous studies reported that the muscle
contractions elicited by tests evaluating isometric endurance, such as
the “Sorensen test”, were found to be equal to 40-52% of the maximal
voluntary contractile force, [2] an additional resistance, corresponding
to 7.5% of body mass, was placed on the ankle of the evaluated limb.
Indeed, prior investigations that assessed maximal isometric strength
of hip abductors in side lying position by placing the hand-held
dynamometer near the lateral malleolus reported values ranging from
14% to 22% of body mass [18,19].
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Figure 1: Dynamic endurance test of hip abductors.

Before beginning the test, the subject was allowed to rest the limb
using a cable sling. Upon command, the subject was instructed to
isometrically hold the limb in a horizontal position, aligned with the
trunk, knee extended and to stabilize the pelvic and scapular girdles. In
order to control for the horizontality of the leg, a horizontal bar, fixed
to vertical bars, was placed 5 cm underneath the malleolus (Figure
1). Moreover, a mirror was positioned close to the examination table
so that the participants could control the horizontal position of the
limb during the test. The time during which the subject held the limb
straight and horizontal was recorded. The test was stopped when the
participant could no longer control the horizontal posture (contact
with the bars for more than 5s) despite investigator warnings, could
no longer maintain the trunk position or until she reached the limit
of fatigue. Standardized instructions and verbal encouragement were
provided to all participants.

Statistical analysis

The test-retest reliability of the hip abductor isometric endurance
test in both groups was calculated with a two-way random model
intraclass correlation coefficient (ICC,)). Reliability coefficients were
considered to be poor for an ICC less than 0.51, moderate between
0.51 and 0.70, good between 0.70 and 0.90 and very good for an ICC
greater than 0.90.2 The SEM was calculated as SDxV1-ICC, where
SD is the SD of all scores from the participants [23]. The MDC was
calculated as SEMx1.96xV2 to construct a 95% CI [23].

Because Borg scale data need to be treated as ordered categorical
data, contingency tables were constructed using the data collected
between the pairs of test sessions and the percentage agreement was
calculated (PA) [6]. Cohen’s Kappa values (K) was used to establish
test-retest reliability of perception of effort. Agreement was considered
to be slight for Kappa values less than 0.20, fair between 0.21 and 0.40,
moderate between 0.41 and 0.60, substantial between 0.60 and 0.80
and almost perfect between 0.81 and 1 [24].

The Shapiro-Wilk test was used to examine whether continuous
variables were normally distributed. Independent t tests were used
to assess the difference between both groups for the hip abductor
isometric endurance test. Mann-Whitney U tests for non-normally
distributed data were used to calculate the difference between both
groups in the rate of perceived exertion.

The statistical analyses were performed using SPSS statistical
software (SPSS Inc, Chicago Illinois) with a significance level of p <
0.05.
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Results

Characteristics and demographics data are presented in Table 1.

Descriptive statistics by test session are reported in Tables 2 and 3.

Group A (n=42) | GroupB (n=43)
Age (years) 21.0 (SD 2.1) 20.6 (SD 2.5)
Height (cm) 166.1 (SD 5.9) 164.1 (SD 6.0)
Body mass (kg) 59.7 (SD 6.4) 58.9 (SD 7.3)
Work activity indices in | 2.4 (SD 0.5) 2.4 (SD 0.5)
BAQ
Sport activity indices in | 2.8 (SD 0.7) 2.9 (SD0.8)
BAQ
Free-time activity indices | 3.4 (SD 0.6) 3,5 (SD 0.6)
in BAQ

Table 1: Demographic and clinical characteristics of the study samples.

Session 1 Session 2

Group A Group B Group A Group B
Mean 104.2 109.9 112.5 114.8
SD 32.7 44.5 36.7 37.5
Min 33 45 39 52
Max 176 238 191 237

Abbreviations:- SD: Standard Deviation, Min: Minimum, Max:

Maximum

Table 2: Hip abductor endurance (s) for both sessions and groups.

Page 3 of 5
Session 1 Session 2
Group A Group B Group A Group B
Mean 19.5 15.8 19.6 16.2
SD 0.8 1.5 0.6 1.7
Min 17 11 18 12
Max 20 19 20 19

Table 3: Rates of perceived exertion at the end of the test for both groups.

Hip abductor isometric endurance test Borg score

ICC (95%CI) SEM (s) | MDC(s) | PA |K
Group A 0.83 (0.67-0.91) 11.7 324 85% | 0.72
Group B 0.77 (0.58-0.88) 14.6 40.4 43% | 0.22

Table 4: Test-retest reliability of the hip abductor isometric endurance
test and the Borg score.

Abbreviations:- ICC: Intra Class Correlation Coefficient, SEM: Standard
Error of Measurement, MDC: Minimal Detectable Change, PA:
Percentage of Agreement, K: Weighted Kappa

Test-retest reliability

Table 4 presents data of the test-retest reliability of endurance time
(ICC, SEM and MDC). Both groups demonstrated good test-retest
reliability (ICC = 0.83 for group A and 0.77 for group B). The SEM
was 11.7 seconds and the MDC, 32.4 seconds for group A. For group

B, the SEM and the MDC were 14.6 and 40.4 seconds, respectively.

Session 1

Session 2

6 7 8-9

10-11

12-13 14-15

16-17

18-19 20

6 (no exertion)

7 (extremely light)

8-9 (very light)

10-11 (light)

12-13 (somewhat hard)

14-15 (hard)

16-17 (very hard)

18-19 (extremely hard)

10

20 (maximal exertion)

Table 5: Contingency tables describing rates of perceived exertion for group A.

Session 1

Session 2

6

10-11

12-13

14-15

16-17

18-19 20

6 (no exertion)

7 (extremely light)

8-9 (very light)

10-11 (light)

12-13 (somewhat hard)

14-15 (hard)

16-17 (very hard)

18-19 (extremely hard)

20 (maximal exertion)

Table 6. Contingency tables describing rates of perceived exertion for group B.
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Concerning perception of effort, the percentage of agreement
between test sessions was 85% for group A and 43% for group B and
the weighted kappa value was, respectively, 0.72 and 0.22 (Table 4).
The contingency tables are presented in Table 5 and Table 6.

Differences between group A and group B

The hip abductor isometric endurance test results of both sessions
for groups A and B were compared. No statistical significant
differences were reported (p = 0.55). At the end of the test, when
comparing the rate of perceived exertion in group A and B, Borg RPE
was significantly higher in group A for both sessions (p = 0.0005).

Discussion

The primary aim of the present study was to determine the test-
retest reliability of the hip abductor isometric endurance test in
healthy females depending on two different uses of the Borg scale.
It was hypothesized that the test-retest reliability would be enhanced
when the subjects rated subjective fatigue using the Borg scale every
15 s and at the end of the test (group A) rather than only at the end
of the test (group B). The results support our hypothesis. Indeed, the
ICC, SEM and MDC were, respectively, 0.83, 11.7 s and 32.4 s for the
group A and 0.77, 14.6 s and 40.4 s for the group B.

Direct comparison of our results to previous studies was difficult
due to lack of literature on the influence of perception of effort during
ahipisometric endurance test [5]. Evaluated muscle fatigue during
a modified Sorensen test (an isometric endurance test of the trunk
extensor muscles) in healthy subjects using EMG, endurance time
and the Borg scale. Similarly to the present study, the Borg scale was
used every 15 s during the test to assess the subjective fatigue. The
results showed that EMG spectral parameters and endurance time
have a close relationship to the Borg scale, meaning that subjective
perception of fatigue grows linearly up to a certain limit with objective
muscle fatigue during an isometric endurance test. When reaching
the limit of endurance of the hip abductor isometric endurance test,
Borg scores were 18 or maximum in all subjects tested in the group
A except for one who rated 16 in the second session. In the group B,
Borg scores were 18 or maximum only for 10 subjects. Moreover, the
Borg score variation at the end of the test was quite large in the group
B (from 11 to 19) in comparison to the group A (from 18 to 20) in
both sessions. Gandevia [25] reported that if muscular contraction
continues beyond 10 s, central factors affect performance. Berchicci
and al26 confirmed that peripheral fatigue occurring during sub-
maximal lower limb isometric contraction is associated with central
fatigue arising from the high cognitive processing that is required to
correctly perform the task and emotional factors, such as motivation
and attention. A way of evaluating central fatigue is using the Borg
scale [27]. The effort perception refers to all subjective sensations
presented during the performance of the exercise and it is associated
with prefrontal cortical areas where current activities are compared
with previous ones as part of the decision-making process of the
necessary intensity of contraction [27]. This suggests that, in the
present study, level of peripheral fatigue during the hip abductor
isometric endurance test was, plausibly, different in both groups and
could have affected the reliability of the test.

The Kappa value of the Borg score was 0.72 for the group A,
indicating substantial agreement between both sessions, and 0.22
for the group B, indicating fair agreement. Similarly, the percentage
of agreement between test sessions was 85% for group A and 43%
for group B. It seems therefore that to ask subjects, every 15 s and
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at the end of the test, to give an overall perception about how hard
the exercise felt according to the Borg RPE increases reliability
of subjective perception fatigue at the end of the test. The above-
mentioned close relationship between endurance time and Borg scale
can explain why ICC, SEM and MDC of endurance time of the hip
abductor isometric endurance test were better in the group A. The
clinical implications of the present findings are relevant because it
means that clinicians must ensure that patient have similar Borg score
at the end of two endurance tests sessions in order to compare the
time endurance performance.

While no significant differences between both groups were reported
for endurance time in the hip abductor isometric endurance test, the
Borg score was significantly higher in group A for both sessions.
According to the significant correlation between the Borg score and
endurance time, we would have expected to have higher endurance
time in group A. The absence of significant difference between both
groups can be explained by the fact that beyond a Borg rating of 16-
17, Dedering et al. [5] reported a non-linear relationship between
Borg score and endurance time when the endurance time was about
60% of the total contraction time. In the present study, for example,
some of the subjects were able to continue the hip abductor isometric
endurance test more than 15 seconds even though they rated their
perceived fatigue as 20. The authors hypothesized that the Borg score
is not sensitive enough, and therefore a scale with more steps should
be considered.

Finally, a previous study assessed the test-retest reliability of the
hip abductor isometric endurance test in 34 healthy females [17]. The
Borg scale was used only at the end of the test, similarly to group B,
to assess the subjective fatigue and the Borg score ranged from 13 to
19. Authors found ICC of 0.73 and SEM% of 22.5%. In the present
study, ICC and SEM% were 0.83 and 10.7% for the group A and 0.77
and 12.9% for the group B. This greater reliability might be explained
by the fact that two investigators collected together all data versus
only one investigator in the study by Van Cant et al.17 Moreover, a
few methodological differences were present between both studies
regarding the isometric endurance test. Only in the present study,
the pelvis was stabilized by straps and in order to control for the
horizontality of the leg, a horizontal bar, fixed to vertical bars, was
placed underneath the malleolus. Lastly, in contrast to the previous
study, we positioned a mirror close to the examination table so that
the participants could control the horizontal position of the limb
during the test.

Some limitations of the present study have to be mentioned.
Although their use would have allowed to clearly distinguishing
between central and peripheral fatigue, electroencephalography and
electromyography was not used in the present study.26 Next, although
cautions to control the position of subjects were taken, the position
during the test may have allowed for surrounding or contra-lateral
muscle recruitment. Mutchler et al28 reported that this compensation
may be the underlying cause for the variability in fatigue characteristics
and endurance time. Finally, the subjects tested in the present study
are healthy females. The results should not be generalized to males or
females suffering from musculoskeletal pain.

Conclusion

These findings support the use of the Borg scale every 15 s and at the
end of the hip abductor isometric endurance test in order to enhance
the test-retest reliability. Future studies are needed to determine if
results are similar for other endurance tests and in unhealthy peoples.
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