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The grip strength in which subjects sustained a maximal
isometric contraction for 6 seconds (the 6-second test) was
compared with that for 10 seconds (the 10-second test) to
clarify a reliable sustained grip strength test procedure.
Fifty healthy students (22 § 4 years, 25 men and 25 women)
participated in this study. Strength was measured con-
tinuously by the Dexter1 (Cedaron Medical Inc.). The
maximal grip strength, the peak time, and the momentary
strength every second during a trial were evaluated. For
both tests, the reliable maximal strength and a typical
strength-time curve consisting of an early peak time and a
decrease in the strength after the peak gradually over time
were obtained. In the 6-second test, the momentary strength
after 5 seconds that was 82 § 10 ¹ 87 § 7% of the peak
strength showed good reliability. This variable may be
effective in assessing the ability to sustain maximal grip
strength.
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INTRODUCTION

The grip strength measurement is one of the most commonly
used evaluationsof hand function.Only maximal grip strength is
usually measured with a traditional test. Recently a new test to
measure continuous isometric grip strength, in which a subject
keeps exhibiting maximal efforts during a � xed time, was
developed (1–10). With this kind of test, previous researchers
continuously recorded the strength data and visualized the
strength versus time curves (strength–time curve) (see Fig. 1) to
assess the ability to sustain strength.

Myers et al. (1), Amundsen (2), Niebuhr et al. (3), Cramer et
al. (4), and Kamimura et al. (5) examined the sustained maximal
isometric grip strength for either 4, 5 or 6 seconds and showed
that a healthy subject seems to have a typical strength–time
curve (see Fig. 1), which consists of an initial rapid rise of force,
an early peak height, a relatively smooth peak curve, and a
subsequent decrease in height gradually over time. The analysis
of the strength–time curve may have an advantage in evaluating

a hand disturbance. Helliwell et al. (6) examined the sustained
maximal grip strength for 4 seconds and identi� ed that the grip
strength of patients with rheumatoid arthritis tended to decrease
more rapidly after the peak strength than that of outpatients
without any hand dysfunction.

Assuming that the sustained grip strength test is effective in
detecting a hand disturbance, we should determine a standard
procedure. The various duration times of 4, 5, 6, 10 or 40
seconds were used as the time for sustaining maximal grip
strength (sustained-time) in previous studies (1–10). There are,
however, few comparative studies focused on the in� uence of
different sustained-times on the results. At � rst, 6 seconds and
10 seconds were used in a comparison of the measurement of
sustained-time; we then investigated the reliability of the
strength data and the characteristics of the strength–time curve
of healthy subjects. These conditions were selected, because
previous research did not show the above-mentioned typical
strength–time curve for sustained-times above 6 seconds.

In this study we tried to determine how long subjects had to
sustain a maximal isometric grip strength to elicit reliable
strength data.

METHODS

Subjects

Twenty-� ve men (mean age 23 § 4.5 years) and 25 women (mean age
20 § 3.9 years) participated in this study. All of them had no signs of
disease or injury. One man and three women reported left-hand
dominance.

Procedures

To measure the grip strength, the Dexter1 (Cedaron Medical Inc., USA)
was used, which is a computer system that includes a Jamar
dynamometer, a force transducer and an analog-to-digital converter.
The Jamar dynamometer was set at the second handle position from the
inside. With this system, the grip strength data were continuously
recorded throughout the trials. During a trial, the strength data were
taken 100 times per second. The time when the instrument detected a
force above 0.8 lbs (0.38 kg) after the examiner gave the signal to start
was expressed as “0 second”. Each trial result was represented by a
strength-time curve (Fig. 1). The vertical axis shows grip strength (kg),
and the horizontal axis shows time (seconds). The Jamar dynamometer
was calibrated at 70 and 50 lbs (33.6 and 24.0 kg) before and after the
experiment. It was accurate to less than §2% at 70 lbs, and accurate to
less than §3% at 50 lbs.

Positioning for the measurement standardized by the American
Society of Hand Therapists (11) and Mathiowetz (12) was adopted.
The subject sat on a chair with the shoulder adducted, the elbow � exed to
90°, the forearm neutralized, and the wrist between 0° and 30° extension.
The dynamometer was � xed on a stable pole with clamps after each
subject was placed in the proper position.

There were two tasks in this study: (1) to maintain grip strength with a
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maximal effort isometric contraction for 6 seconds (6-second test), and
(2) to maintain grip strength with a maximal effort isometric contraction
for 10 seconds (10-second test). After an explanation of the tasks, the
examiner told each subject, “Squeeze the dynamometer for 6 (or 10)
seconds as hard as you can”, and “Go”. Six (or 10) seconds later, the
examiner said, “Stop”. No feedback regarding the performance was
given during the measurement. Grip strength was measured once for
each task, bilaterally, the non-dominant side � rst. The 10-second test
followed the 6-second test. A 1-minute rest was allowed between trials,
which is grounded on the recommendation of Trossman & Li (13). They
pointed out that it seems prudent to allow at least a 1-minute rest between
trials on an isometric grip strength test. Using each strength-time curve,
we analyzed the maximal strength, the peak time (the time required to
reach maximal strength), and the momentary strength every second
during a trial, except the last second (after 1 second, after 2 seconds, …,
and after 9 seconds).

To clarify the reliability of the strength data, we investigated the test-
retest reliability of the maximal strength and the momentary strength
every second during a trial, except the last second. To evaluate the
strength changes during a trial, the peak time and the momentary grip
strength ratio were examined. The momentary strength ratio was
calculated by taking the ratio of the momentary strength to the maximal
strength in the same trial.

The examination of the second session was conducted 2–7 (5 § 1.6)
days later in the same manner as in the � rst session. All the
measurements were performed at approximately the same time of the
day for each subject. It was not until all the examinations were � nished
that a subject knew the results.

Data analysis

The collected data for each test were divided into four groups, “dominant
hand vs non-dominant hand” and “male vs female”, to be analyzed. The
test-retest reliability of both the maximal strength and the momentary
strength was determined by calculating the interclass correlation
coef� cients (ICCs) and their associated 95% con� dence intervals
(95% CIs). The sum of the squares needed for the calculation of the
ICC was obtained by using a one-way ANOVA. The observed ICCs
were assessed by Meyers’s (14) criteria: 0.80–0.89 as good reliability
and 0.90–0.99 as high reliability.

In our data analysis, several tests were used to assess the signi� cant
differences of the measured values. For two independent samples, the
Student t-test was used for variables with equal variance, and the Welch
t-test was used for variables with non-equal variance. For paired
samples, the paired Student t-test was used. P values of 0.05 or less
were considered as statistically signi� cant.

RESULTS

The maximal grip strength

The averages and the standard deviations of the maximal
strength for the 6-second test and the 10-second test are shown
in Table I. The mean maximal strength for males was greater
than for females (Welch t-test, p < 0.05). The individual
subject’s maximal strength for the dominant hand was greater
than that for the non-dominant hand in all the tests.

Fig. 1. The strength–time curve for the 6-second test.

Table I. The maximal grip strength (kg) for the 6-second test and the 10-second test

6-second test 10-second test

Session 1 Session 2 Session 1 Session 2

Dominant hand
Male 50 § 10.1 50 § 10.4 49 § 9.7 49 § 9.8
Female 34 § 4.9 34 § 4.8 34 § 4.7 34 § 5.2

Non-dominant hand
Male 46 § 9.8 47 § 9.7 46 § 10.4 45 § 8.4
Female 32 § 5.8 33 § 4.9 32 § 5.4 32 § 5.1
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The ICCs and 95% CIs of the maximal strength for both the
tests are shown in Table II. In the 6-second test, high reliability
was found in the maximal strength of both hands for males.
Good reliability was obtained in both hands for females. In the
10-second test, high reliability was found in both hands for
males and in the non-dominant hand for females, and good
reliability was obtained in the dominant hand for females.

The momentary grip strength

The averages and the standard deviations of the momentary
strength of the 6-second test and the 10-second test in the � rst
session are shown in Tables III and IV. In a comparison of each
group, there was no signi� cant difference between the mean
momentary strength every second of the � rst and second
sessions (paired Student t-test, p < 0.05). The mean momentary
strength for the males each second was larger than that for the
females (Welch t-test, Student t-test, p < 0.05). The mean
momentary strength every second for all subjects and hands
decreased gradually.

The ICCs of the momentary strength during both tests are
shown in Tables V and VI. In the 6-second test, regardless of sex
or hand side, high or good reliability was found for the
momentary strength after 1 second, after 4 seconds and after 5
seconds. By contrast, in the 10-second test, regardless of sex or
hand side, we could not � nd high or good reliability for the
measured momentary grip strength.

The strength–time curve

In a comparison of the mean peak time between each group in
each test, there was no signi� cant difference found between
sessions (paired Student t-test, p < 0.05). In the 6-second test,
the mean peak time ranged from 1.1 § 0.5 seconds (female’s
non-dominant hand in the � rst session) to 1.7 § 1.0 seconds
(male’s dominant hand in the � rst session). The mean peak time
in the 10-second test was similar to that of the 6-second test.

In both the 6-second test and the 10-second test, the mean
momentary strength ratios of all the hands every second
decreased gradually. In a comparison of each group, there was
no signi� cant difference between the mean momentary strength
ratios for every second of the � rst and second sessions (paired
Student t-test, p < 0.05). In the 6-second test, the mean
momentary strength ratios after 5 seconds were 82 § 10%
(female’s non-dominant hand in the � rst session) ¹87 § 7%
(male’s dominant hand in the � rst session). In the 10-secondtest,
the mean momentary strength ratios after 9 seconds were
71 § 12% (female’s dominant hand in the � rst session) ¹77
§ 10% (male’s dominant hand in the � rst session).

DISCUSSION

Reliability of grip strength

We examined 50 healthy young people’s sustained maximal
isometric grip strength for 6 and 10 seconds. Their maximal grip
strength demonstrated high or good reliability, whether the

Table II. The interclass correlation coef� cients and their associated 95% con� dence intervals of the maximal
grip strength

6-second test 10-second test

ICCa 95% CIb ICCa 95% CIb

Dominant hand
Male 0.94** 0.89–0.97 0.93** 0.87–0.96
Female 0.83* 0.69–0.91 0.87* 0.76–0.93

Non-dominant hand
Male 0.96** 0.93–0.98 0.90** 0.81–0.95
Female 0.87* 0.77–0.93 0.92** 0.85–0.96

a ICC: interclass correlation coef� cient.
b 95% CI: the associated 95% con� dence interval.
** ICC 0.9; *0.8 ICC <0.9.

Table III. The momentary grip strength (kg) during the 6-second test of the � rst session

After 1 second After 2 seconds After 3 seconds After 4 sseconds After 5 seconds

Dominant hand
Male 48 § 10.6 48 § 10.7 47 § 9.8 44 § 9.1 44 § 8.7
Female 33 § 5.2 32 § 4.9 30 § 5.1 29 § 5.3 28 § 5.0

Non-dominant hand
Male 44 § 10.6 44 § 9.4 42 § 9.2 40 § 8.8 39 § 8.8
Female 32 § 6.2 31 § 5.6 29 § 4.9 27 § 4.5 26 § 4.7
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sustained-time was 6 seconds or 10 seconds. And our results
showed that the maximal grip strength in the dominant hand for
males demonstrated a higher reliability (ICC = 0.94 and 0.93, in
the 6-second test and the 10-second test, respectively) than for
females (ICC = 0.83 and 0.87, respectively). There are few
previous studies about the gender difference in the reliability of
the maximal grip strength, even in the traditional measurement
with unpredeterminedsustained-time.Fairfax et al. (15) showed
that healthy females had signi� cantly greater variability of
maximal grip strength among repeated trials than did healthy
males. Our � ndings were consistent with Fairfax’s (15)
hypothesis. On the ground of only our � ndings, the effect of
gender on the reliability of the grip strength should be
interpreted with caution. We should, however, evaluate the
test reliability separately in different populations. Considering
that it has been reported in many studies that healthy males have
signi� cantly stronger grip strength than healthy females, we
should show the reliability of the grip strength for both healthy
males and healthy females separately.

We found good reliability for even the female’s maximal grip
strength at one measurement of the sustained maximal grip
strength. Mathiowetz et al. (16) measured the maximal grip
strength of 25 females (mean age 25 years) 3 times each

occasion to determine the test-retest reliability. According to
their results, the highest maximal grip strength of three trials and
the mean of three trials were more reliable than that of one trial.
Thus, the question is still whether two or three trials in the
sustained grip strength test are needed to elicit a higher
reliability.

For females, we found a higher reliability for the maximal
grip strength in the former measurement side (the non-dominant
hand) than that in the latter measurement side (the dominant
hand) in the 6-second test and the 10-second test. By contrast,
for males, a higher reliability was found for the maximal grip
strength in the latter measurement side (the dominant hand) than
that in the former one (the non-dominant hand) in the 10-second
test. For a patient with hand weakness it may be better to
measure the maximal grip strength of the affected side � rst to
maintain a high reliability during testing.

We also evaluated the reliability of the momentary grip
strength every second during a trial. In the 10-second test,
regardless of sex or hand side, we could not � nd a high or good
reliability for the measured momentary grip strength. By
contrast, in the 6-second test, regardless of sex or hand side,
high or good reliability was found for the momentary strength
after 1 second, after 4 seconds and after 5 seconds. We may be

Table IV. The momentary grip strength (kg) during the 10-second test of the � rst session

After
1 second

After
2 seconds

After
3 seconds

After
4 seconds

After
5 seconds

After
6 seconds

After
7 seconds

After
8 seconds

After
9 seconds

Dominant hand
Male 46 § 10.0 46 § 10.3 44 § 8.6 43 § 8.4 42 § 7.1 40 § 7.8 39 § 7.2 39 § 6.4 38 § 7.3
Female 33 § 5.0 32 § 5.0 30 § 5.6 29 § 5.3 28 § 6.1 27 § 6.6 26 § 6.0 25 § 6.3 24 § 6.1

Non-dominant hand
Male 44 § 11.0 42 § 10.0 41 § 9.1 39 § 9.2 38 § 9.0 37 § 9.3 36 § 8.0 35 § 7.2 34 § 7.5
Female 31 § 6.2 30 § 5.0 29 § 5.1 27 § 5.0 26 § 4.1 25 § 4.5 24 § 4.5 23 § 5.2 23 § 5.1

Table V. The interclass correlation coef� cients and their associated 95% con� dence intervals of the momentary grip strength during the 6-
second test

After 1 second After 2 seconds After 3 seconds After 4 seconds After 5 seconds

Dominant hand
Male

ICCa 0.89* 0.88* 0.87* 0.85* 0.89*
95%CIb 0.79–0.94 0.78–0.94 0.76–0.93 0.73–0.92 0.80–0.94

Female
ICCa 0.80* 0.64 0.73 0.80* 0.83*
95%CIb 0.64–0.89 0.40–0.80 0.53–0.85 0.64–0.89 0.70–0.91

Non-dominant hand
Male

ICCa 0.92** 0.93** 0.82* 0.90** 0.81*
95%CIb 0.85–0.96 0.86–0.96 0.67–0.90 0.82–0.95 0.65–0.90

Female
ICCa 0.88* 0.87* 0.87* 0.86* 0.86*
95%CIb 0.78–0.94 0.76–0.93 0.76–0.93 0.73–0.92 0.74–0.93

a ICC: interclass correlation coef� cient.
b 95% CI: the associated 95% con� dence interval.
** ICC 0.9; *0.8 ICC <0.9.
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able to use these variables for the assessment of the sustained
maximal isometric grip strength.

The characteristics of the strength–time curve

To describe the characteristics of the form of the strength–time
curve, we examined the peak time and the momentary strength
ratio. The mean peak times were 1.1 § 0.5 seconds (female’s
non-dominant hand in the � rst session)¹ 1.7 § 1.0 seconds
(male’s dominant hand in the � rst session), when a subject
sustained the maximal grip strength for 6 seconds. The mean
peak time for the sustained-time with 10 seconds was similar.
Additionally, the mean momentary strength ratios every second
decreased gradually in both tests. Overall, we found that healthy
subjects usually show a typical strength–time curve, consisting
of an early peak and a subsequent decrease gradually over time,
not only in the 6-second test, but also in the 10-second test.

When healthy young people sustained the maximal isometric
grip strength for 6 seconds, high or good reliability was found in
the momentary strength after 5 seconds. And, after 5 seconds,
he/she could keep 82 § 10% (female’s non-dominant hand in
the � rst session) ¹ 87 § 7% (males’ dominant hand in the � rst
session) of the peak strength in the same trial. If the strength–
time curve of a patient with a hand disturbance is as reliable as
was found in this study, the momentary grip strength after 5
seconds in the 6-second test may be an effective variable in
evaluating the tendency to be unable to sustain his/her maximal
isometric grip strength.
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Table VI. The interclass correlation coef� cients of the momentary grip strength during 10-second test

After
1 second

After
2 seconds

After
3 seconds

After
4 seconds

After
5 seconds

After
6 seconds

After
7 seconds

After
8 seconds

After
9 seconds

Dominant hand
Male

ICCa 0.79 0.80* 0.84* 0.87* 0.81* 0.80* 0.70 0.61 0.76
Female

ICCa 0.79 0.79 0.79 0.75 0.70 0.63 0.67 0.70 0.67
Non-dominant hand

Male
ICCa 0.54 0.86* 0.79 0.73 0.72 0.75 0.67 0.67 0.75

Female
ICCa 0.82* 0.88* 0.79 0.74 0.70 0.78 0.68 0.50 0.54

a ICC: interclass correlation coef� cient.
** ICC 0.9; *0.8 ICC <0.9.
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