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1. Introduction
Moderate muscular contractions can induce
significant cardiovascular strains [1]. Endurance
tests of static exertion of the upper limb can be of
high interest to assess functional capacities and
musculoskeletal disorders [2]. The objective of the
study is to evaluate the cardiovascular and
subjective strains of different endurance tests to
check and prevent the risks of these tests for a
systematic use in studies of musculoskeletal
disorders in a working population.
2. Method
Thirty active young subjects (15 women, 15 men)
volunteered to participate in a laboratory study on
endurance tests to exhaustion of different upper limb
segments. Seven endurance tests to exhaustion were
considered: pinch (1), grip (2), flexion (3) and
extension (4) of the forearm and adduction (5),
flexion (6) and extension (7) of the shoulder.
Subjects were sitting. Tests 1 to 4 were achieved
with the arm against the thorax, forearm flexed at 90
° and hand in prono-supination. Test 5 was done
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with arm in adduction at 90 ° in the frontal plane and
test 6 and 7 were done with the arm flexed at 90° in
the sagital plane. All over the tests the subjects have
to maintain a constant strength of 30 % of MVC of
the corresponding test against a static strength
sensor. Strength was continually recorded on a
computer and displayed in front of the subject.
Exhaustion was defined as the inability of the
subject to maintain the required strength displayed in
front of him. Throughout the tests heart rate (HR)
was recorded continuously (Polar NV), subjective
strain estimation (Borg CR-10 scale) was answered
each minute and blood pressure (BP) was recorded
on the opposite resting upper limb each one and a
half minute by an automated sphygmomanometer.
3. Results
Mean endurance time was 3.3 minutes for tests 2, 5
and 6, 4.2 (test 1), 5.8 (test 4), 8.2 (test 3) and 9.4
(test 7) minutes. Pinch and grip endurance tests
show the lowest HR strains but the highest BP ones.
Figure 1 shows the evolution throughout the tests of
HR
and
BP.
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Figure 1: Mean (+/- 1 standard error) increase throughout the tests of dHR and systolic and diastolic pressure, for
men (full circle) and women (circle). Results of the 7 tests are pooled and time base is split in 5 periods (Px) of the
total endurance time. Rest values were recorded before the test. The value corresponding to max in the dHR diagram
is recorded during the last 15 s of the test.
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The blood pressure increase is significantly lower
for men than for women (p<0.01). The final values
of HR and BP were not very different from one test
to the other. Increase in HR and systolic BP between
the beginning and end of the tests were respectively
for women and men 26.5 (se = .9) and 29.2 (se = .7)
bpm and 24 (se = 1.2) and 21 (se = 1.0) mm Hg.
These mean values represent moderate heart and low
blood pressure strains. However, in our study, 5 %
of the tests were achieved with HR increase of more
than 50 bpm and 15 % with systolic BP beyond 160
mm Hg. The BP increase are related to the actual
strength applied in the pinch and grip tests [3].
Whatever the test, and like cardiovascular
parameters, subjective strain shows a highly
significant linear increase throughout the test. Its
mean value at test mid time is 6.2 (se = .1) and is not
different from one test to the other.

4. Discussion
While mean cardiovascular strains were rather low
during these experiments, this conclusion drawn
from tests conducted in active young subjects must
be used carefully for upper limb endurance tests
applied in a general working population. Indeed,
extreme strain values could occur even for tests like
pinch and grip endurance. To apply functional tests
to a general population, it could be proposed to
record HR to be able to check at least cardiac strain.
Indeed, moderate for a young active population, this
one could be hazardous for middle aged unfit
workers investigated in the field.
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