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Endurance limit of force in long-term
intermittent static contractions

by MARIANNE BJORKSTEN, physical therapist, and
BENGT JONSSON, M.D.!

BJORKSTEN, M. and JONSSON, B. Endurance limit of force in long-term inter-
mittent static contractions. Scand j. work environ. & health 3 (1977) 23—27. The
relationship between endurance time and the mean force of contraction was investi-
gated in intermittent and sustained static contractions over a long period of time
(60 min). For intermittent static contractions the endurance limit of the mean force
of contraction was found to be 14.0 %o, and for sustained static contractions it was
7.9 % of the maximal force of contraction. Weak subjects appear to have a higher
endurance limit of force than strong subjects.
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Work processes which demand repeated
intermittent static contractions or inter-
mittent dynamic work with small angular
movements of the joints are fairly common
in industry. The periods of contraction,
as well as the intervening periods of rest,
are often short with durations of a few
seconds.

According to Rohmert (6, 7) the endur-
ance limit of force in a static contraction
is 15 % of the maximal voluntary force of
contraction (MVC) of the muscle, the en-
durance limit then being defined as the
highest force the muscle can maintain for
an “unlimited” period of time without
reduction of the force. In Rohmert’s inves-
tigations this “unlimited” period of time
was set at 10—15 min. Rohmert showed
that there is an exponential relationship
between the maximal endurance time and
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the force of concentration in static con-
tractions. Considering the fact that there
are differences in the MVC, he also
claimed that there is no difference in en-
durance. Caldwell (1) reported that, when
the loading was expressed as a percentage
of the individual MVC, no differences in
endurance time between different subjects
were found. In opposition Kroll (3) found
a significant difference in endurance time
between subjects with a high or medium
MVC level on one hand and those with a
low MVC level on the other. In the latter
group fatigue developed more slowly.
Kroll’'s report was supported by Mundale
(5), who found that weaker subjects seem
to be able to maintain endurance activities
at a higher proportion of the MVC than
stronger subjects.

The aims of the present study were to
investigate the relationship between en-
durance time and the mean force of con-
traction in intermittent static contractions
and to study how the duration of the
periods of contraction and the intervening
periods of rest influence the endurance
time of work. The experiments were
conducted in 1-h periods so that a mean-
ingful endurance limit for the mean force
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Table 1.

Data on the eight subjects who participated in the individual tests.

Males

Females

28 years 37years 26years 36 years 21years 30years 35years 34 years

Maximal voluntary

contraction (Newton) 343 343 338
Static contractions X X X
Combinations of
work and rest
9+1s X
8+2s X
7+3s X X
6+4s X X
5+5s > X X
4+6s X
3+7s X X X
2+8s X
1+9s X

324 216 213 186 157
X X X X X
X X
X X
X X X X

X >
X X X
X
X X X
X
X

of contraction over a defined period of
time could be calculated.

MATERIAL AND METHODS

The experiments were performed on eight
healthy subjects (4 males and 4 females)
aged 21—37 years. They all belonged to
the university staff, and their physical
activity can be described as moderate or
low.

The tests consisted of constant or inter-
mittent contractions of the elbow flexors
with a load applied to the hand. All sub-
jects were right-handed and in all cases the
right arm was examined. The maximal
force of the right elbow flexors as mea-
sured at the hand was 157—343 N with a
mean of 265 N (337 N for the males and
193 N for the females).

During the experiments the subjects were
standing or sitting with the upper arm
vertical and held against a wall with the
elbow in 90° of flexion and with the fore-
arm in semipronation. The hand was hold-
ing a dumbbell with a weight of 1, 2, 3, 4,
5,6,7 8,9, 10, 12.5, 15, 17.5, 20, 22.5 or 25
kg. During the rest periods the dumbbell
was supported by a bench beside the sub-
ject at the elbow level. During the periods
of contraction the subjects had to elevate
the dumbbell a few centimeters above the
bench. They performed this slight move-
ment mainly by elevating the shoulder
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while at the same time keeping the elbow
angle constant at 90°.

An audiovisual timing mechanism indi-
cated to the subject when he was to
elevate or lower the dumbbell and there-
by contract or relax the elbow flexors,
respectively. The total contraction/relaxa-
tion cycle was kept constant at 10 s in this
investigation. The combinations of the
durations of the contraction and relaxation
periods (contraction + relaxation) used
were 9+ 1, 8+2 7-+3, 6+4, 5+5,
4+6,3+7 2+ 8and 1+ 9 s. In addition
purely static contractions without rest
periods were studied. The subject was
instructed to continue the intermittent
elevation of the dumbbell or the static
contraction as long as possible. An upper
time limit however was set at 60 min.
When the subject was able to continue for
more than 60 min at a specific load and
contraction/relaxation combination, all
lower loads at that combination, as well
as the actual load and all lower loads in
all combinations with longer periods of
relaxation were excluded from the test
program of that subject. To diminish the
effects of training, the subjects performed
the tests in a random order. However at
lower loads and longer periods of relaxa-
tion higher loads were used before lower
loads at one and the same combination of
contraction/relaxation, or shorter periods
of relaxation came before longer ones at
one and the same load. The subjects were



not allowed to perform more than four
tests on a single day, and the whole study
was extended over an 8-month period of
time.

Two of the eight subjects completed the
whole test program (table 1). All the
remaining subjects were tested with static
contractions and the combinations 7 + 3,
5+ 5, and 3+ 7. One subject also per-
formed the combinations 9 + 1, 8 + 2 and
6 + 4, and another the combination 6 + 4.

The relative force of contraction, ex-
pressed as the percentage of the MVC, was
calculated for each external load tested
for each subject. The relative mean force
of contraction in intermittent static con-
tractions was then calculated as the time
mean of the relative force of contraction;
i.e., the relative force of contraction was
multiplied by the relative duration of the
periods of contraction. For example, when
a load representing 20 %o of the MVC at
the combination 7 + 3 (70 %o of the total
time) was used, the mean force was 20 X
0.7 = 14 %, of the MVC.

RESULTS

The results obtained during static con-
tractions and during the combinations
7+3,5+5, and 3+ 7 of work and rest
with all eight subjects are presented in
fig. 1 and table 2. The magnitude of the
relative force of contraction varied from
5.5 to 60 /o of the MVC. The mean endur-
ance limit of force for 60 min of static con-
traction was as low as 7.9 %o of the MVC
(6.9 % for the males and 8.9 %o for the
females). The mean endurance limit of
the mean force of contraction for 60 min of
intermittent static contractions was almost
twice as high with a mean of 14.0 % of the
MVC (11.6 %o for the males and 16.3 %o for
the females) for the combinations 7 + 3,
5+ 5,and 3 + 7. At a low mean force of
contraction there was a significant differ-
ence in the endurance limit of force be-
tween continuous and intermittent static
contractions when analyzed by the “Stu-
dent’s” t-test (tg, 0.01). No such differ-
ence was found between different combi-
nations of work and rest periods in inter-
mittent contractions. When the endurance
time was evaluated at a high mean force

of contraction, no significant differences
were found between static contractions
and different intermittent contractions.

The results obtained from one of the
subjects who performed the whole test
program are given in fig. 2. The combina-
tions 9+ 1 and 1 + 9 of work and rest
clearly differed from the other combina-
tions and approached results similar to
those obtained during purely static con-
tractions.

Differences in the endurance limit of
force and in the power function for the
relationship between force and endurance
time was found between the males (strong
subjects) and the females (weak subjects)
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Fig. 1. Endurance time for static and three

combinations of intermittent static contractions
(7 + 3,5+ 5 and 3 + 7 s) as a function of
the mean force of contraction expressed as the
percentage of MVC. The median values for all
eight subjects have been used.

Table 2. Mean values of endurance limits of
force in percentage of MCV for 60 min of
work in different combinations of work and
rest.

Work plus rest (s)

Subjects Static

tested 7+3 5+5 347
Males (4) 6.9 11.6 11.9 11.2
Females (4) 8.9 18.1 15.9 14.9
Total (8) 7.9 14.9 13.9 13.1
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Fig. 2. Endurance time for static and nine

different intermittent static contractions as a
function of the mean force of contraction
expressed as the percentage of MVC for one
subject (subject 2).

as indicated in table 2 and fig. 3. These
differences were not statistically signifi-
cant however.

DISCUSSION

The present results indicate that the
endurance limit of force for 60 min of
static contraction is approximately 8 %o of
the maximal force of contraction for the
elbow flexors. This limit is almost half
the 15 % limit found by Rohmert (6, 7). The
difference may be explained by the fact
that Rohmert assumed that a static
contraction which can be sustained for
10—15 min can be sustained for an “un-
limited” period of time. In accordance with
Rohmert our results indicate that the
endurance limit of force for 10 min of
static contraction is close to 15 %o of the
maximal force of contraction.

The endurance limit of the mean force
of contraction for 60 min of intermittent
static contractions was significantly higher
(14 %o of MVC) than that for purely static
contractions. The endurance limit of the
mean force for intermittent static con-
tractions was the highest when the dura-
tion of the periods of rest in proportion to
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the total time was 30 %o (7 + 3); this figure
is close to what Miiller (4) considered
optimal. There were, however, no signifi-
cant differences between the different
combinations of work and rest in inter-
mittent static contractions with respect to
the 60-min endurance limit of the mean
force of contraction. The endurance limit of
the mean force became lower as the total
duration of work decreased, i.e. with
higher forces of contraction. One reason
is that the endurance time of contraction
decreases exponentially as the force of
contraction increases. This phenomenon
may have an effect on the total endur-
ance time in those cases in which the
muscle must contract almost maximally
in order to create a low or moderate mean
force of contraction. In those cases in
which the duration of the periods of work
was as low as 10 °/o of the total duration
of work + rest, the mean force of con-
traction could of course never exceed 10 %o
of the MVC. Therefore the curve repre-
senting the combination 1+ 9 in fig. 2
differs from the other combinations and
approximates the curve of purely static
contractions. The 9 + 1 combination in
fig. 2 also approximates the curve of static
contractions probably because the 1 s of
rest is not enough time to get a complete
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Fig. 3. Endurance time for static and one

combination of intermittent static contractions
(7 + 3) as a function of the mean force of
contraction expressed as the percentage of
MVC. The median values for males (thick
lines) and females (thin lines) have been used.



relaxation of the muscle, and thus the
9 + 1 combination is almost like a static
contraction.

Individual differences in the shape of the
regression lines were observed for the re-
lation between endurance time and the
mean force of contraction. The females
tended to show a higher endurance limit
of force than the males, particularly in
long sustained intermittent contractions.
The present material was, however, too
small to allow any conclusions about the
reasons for these interindividual differ-
ences. Kroll (3) and Mundale (5) concluded
that subjects with low MVC levels fatigued
more slowly, and the results obtained in
this investigation would possibly support
this view. The explanation for the inter-
individual differences observed may be
interindividual differences in the distribu-
tion of slow and fast twitch fibers in the
muscle. This assumption is supported by
Hultén et al. (2), who found a linear re-
lationship between isometric endurance
periormance at 50 %o of the MVC and
skeletal muscle fiber composition as the
percentage of slow twitch muscle fibers.
Another explanation may be differences in
intramuscular pressure between strong
and weak subjects. If the intramuscular
pressure is proportional to the absolute
force of contraction and if the blood
pressure is the same in a strong and a
weak subject, the blood perfusion through
the weaker subject’s muscle would be
better at a given relative force of con-
traction.

The practical application of the present
investigation is that the endurance limit of
force for 10—15 min of static contraction,
which is known to be approximately 15 %o
of the MVC, cannot be used as an accept-
able upper limit of force for “continuous”
static contractions. The upper limit for
1 h of contraction is approximately 8 %o
of the MVC, and the acceptable upper limit
of force for a “continuous” (4—8 h) con-
traction is probably as low as a few per
cent of the MVC. Therefore purely static
contractions should never be accepted in
a work process no matter how weak the
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contraction is. As soon as there are inter-
mittent contractions with repeated short
periods of rest, there is a marked increase
in the endurance limit of the mean force
of contraction. The endurance time in
intermittent contractions is a function of
the mean relative force of contraction.
Therefore an increase in the relative force
of the contractions can be compensated
by a proportional decrease in the relative
duration of the periods of contraction; i.e.,
the duration of the rest periods between
the individual contractions can be in-
creased or the duration of the periods of
contraction can be decreased.
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