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The relationship between heart rate as an
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dynamometry
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Abstract- Heart rate is associated with work hardness and increase linearly with its increasing. In the average of energy con-
sumption, heart rate measurement is simple but non-accurate method for calculation of work hardness. Our purpose in this
research was to evaluate the relationship between heart rate and dynamometry results with hypothesis of work hardness effec-
tiveness on the human power. This study was conducted on 102 porcelain workers. Participants were selected randomly. The
research tools include stethoscope, the dynamometer. Heart rate, and pinch, grip, and back-leg-chest force were measured and
relationships between variables were analyzed with Pearson correlation test and independent T-test using Spss16 software. The
average heart rate of participants were 4.11£1.79 with minimum 60 and maximum120. The average force of pinch, grip, and
back-leg-chest were 8.9+3.20, 4.2+4.5 and 9.36+6.55, respectively. Work hardness for 3.86% of workers were light, 7.12%
were moderate and 1% were heavy. Pinch, grip, and back-leg-chest force relation with heart rate were not significant (r=0.01,
p=0.85), (r=-0.03, p=0.74), and (r=0.05, p= 0.59), respectively. There was no correlation between heart rate and work hard-

ness. So we can’t use the dynamometry results to determine of work hardness.
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1. Introduction
1.1. Work hardness and Heart rate relationship

Calculation of working load is possible with oxy-
gen consumption measurement during work.[1]
Based on measuring oxygen consumption, the work-
load assessment include direct or indirect methods.
One of the direct methods is the application of spe-
cial devices such as ergometer bicycle. In addition to
high cost of these devices, they are more time-
consuming than the indirect methods.

On the other hand, there are easier and cheaper
method that can provide similar results. A good
measure of overall exertion is heart rate. Heart rate
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can be a valid estimate of the energy consumption.
Heart rate directly associated with work hardness and
with increasing work hardness, oxygen uptake in-
creases linearly.

There are accepted guidelines for heart rate levels
and exertion and this technique can, for example,
help define the relationship between workload and
staffing requirements for physically demanding
jobs.[2] Heart rate (as a primary indicator of blood
supply system performance) and oxygen consump-
tion in the range from light to heavy work (classified
according to ILO) are linearly related to each other.
Therefore, oxygen consumption can be calculated
from the measurement of heart rate. This method is
simple and fast.[3] Heart rate is the proper indicator
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when energy consumption is moderate (ie 100-140
beats per minute).[1] but measurement of heart rate
to calculate the physical workload is not suitable for
very severe and very mild works. Heart rate for light,
average, heavy and extra heavy work respectively is
less than 90, 90-110, 110-130, 130-150 and 150-170
beats per minute.[4] In jobs that require a continuous
hand work, cardiovascular capacity evaluation can be
used to determine the readiness and suitability of
workers for the job. Workers who had high fitness
with their job seem to have lower heart rate at rest
and work time than workers with low fitness.

1.2. Dynamometer

Dynamometry is the process to force measuring. A
hand-held dynamometer is a portable device that can
be used to obtain more discrete, objective measures
of strength during manual muscle testing than can be
achieved via traditional MMT.[5-7] It is a simple test
and common to measure the power level. It can also
determined right-handed or left-handedness of an
individual.[8] Hand-held dynamometer can be used
as an effective strength measurement tool for the
older adult population.[9] Based on the type of
dynamometer used, various forces such as pinch,
hand, back-leg-chest can be measured. [10, 11]

1.3. Review of previous studies

Nasl-Saraji and et al show that heart rate and
Vo2max consumption increases with increase in
work load in damming construction workers.[12] In
Wang's study the non-dominant hand grip strength
were lower than dominant hand, also grip power in
men was more than women.[13] Hassani and his
colleague report that the right and left hands of men
were upper than women.[14] Brent and et al show
that Hand-held dynamometry HHD has the potential
to be a reliable tool for strength measurements in
healthy, strong subjects; however, there are
noteworthy limitations with movements where
subjects can overpower the testers.[15]

1.4. Aim of the study
The aim of the study was to evaluate the relationship

between heart rate and dynamometry with work
hardness.

2. Research methods
2.1. Samples and devices

One-hundred and two porcelain factory workers in
the morning shift comprise 62 females and 40 males
were randomly selected and recruited in the study.
After measuring workers' heart rate, pinch and grip
forces and the whole body force were determined
using the dynamometers. SAEHAN Hydraulic pinch
gauge model SH 5005 and SAEHAN Hydraulic hand
dynamometer model SH 5003 was used to measure
workers' pinch and grip force respectively. Back-leg-
chest dynamometer model SAEHAN-SH 5007 was
also used to measure the back-leg-chest force.

2.2. Heart rate measurement

Heartbeat was counted and recorded for 60 seconds
while working for each sample.

2.3. Dynamometry procedure

To measure workers' pinch and grip force, the
dynamometer was set according to its manual.
Workers were also trained to exert their maximum
power to press the handle, before starting the
dynamometry. The average of three times of
measurement was recorded as hand power.
According to the manual of device, workers kept the
pressure for 5 second in each measurement and there
was a 15-second rest between each to prevent fatigue
in them. Workers' position to measure Heartbeat and
performing dynamometry was selected according to
their working posture. To measure back-leg-chest
force, the participants were asked to stand on device
with two legs. To prevent excessive movement of the
device pointer, the height of the chain was adjusted
based on worker's height. To validate the results of
measurements, the dynamometer was calibrated in
each use and sufficient rest was given to participants
before measurement.

2.4. Data analysis

Statistical analysis was performed using SPSS 16.
Pearson correlation coefficient was used to evaluate
the relationship between continuous variables and
independent samples t-test was used to compare
means of continuous variables in two groups. P<0.05
was considered statistically significant.
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3. Findings

Mean age of participants were 28.2+4.6 (range:
18-39) years. 39.2% of them were men and 60.8%
were women. Heart Rate in 86.3%, 12.7% and 1% of
participants respectively was less than 90, between
90-110 and between 110-130 beats per minute and
their workload respectively was light, moderate and
heavy. Statistics of quantitative variables such as age,
height, weight, body mass index, heart rate, hand,
and pinch and Back-Leg-Chest forces was given in
the Table 1.

Table 1
Statistics of quantitative variables in porcelain workers
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and this differences was statistically significant

(p<0.001).
Table3: comparison of continuous variables in two sexes.
Men ‘Women p-
(n=40) (n=62)
Mean+SD Mean£SD value
Age (years) 28.45+3.99 28.09+4.97 0.7
Height (cm) 170.18+7.63 156.79+5.56 <0.001
Weight (kg) 65.47+11.04 57.29+10.95 0.001
BMI (kg/m?) 22.55+3.10 23.28+4.24 0.36
Pinch force 6.81+2.71 4.54+1.74 <0.001
Hand force 29.52+7.32 14.42+5.82 <0.001
Back-Leg- 94.40+26.80 30.64+13.51 <0.001
Chest force
Heart rate (per 79.55£10.56 78.9312.02 0.79
min)

tatistics Maxi-

variables Mean+ SD Minimum
mum

Age (year) 28.23+4.59 18 39
Pinch force 5.43+2.43 2.08 18.60
Hand force 20.34+9.80 2.60 49.30
pack-Leg-Chest 55.65+36.96 6.60 160.30
orce
Heart rate (per min) 79.17+11.42 60 120
Height (cm) 162.20+£9.22 142 183
Weight (kg) 60.60+11.64 39.60 92
BMI (kg/m?) 22.99+3.82 17.14 36.74

The relationship between hand force, pinch force
and Back-Leg-Chest force with heart rate based on
the Pearson correlation coefficient are shown in Ta-
ble 2. It revealed that there were no association be-
tween heart rate and results of dynamometry.

Table2
Correlations between Heart rate and the result of pinch, Hand
and back leg chest dynamometry

Pinch Hand Back/Leg/
force force Chest force
Heart Pearson .019 -.033 .054
rate Correlation
coefficient
p-value (2- 851 744 592
tailed)

Age, height, weight, body mass index, heart rat,
hand force, pinch force and Back-Leg-Chest force
was independently compared in two sexes using in-
dependent samples t-test. The results of this test are
given in Table 3. In this study the hands, pinch and
Back-Leg-Chest force in men were more than women

4. Discussion

In this study the relationship between work hard-
ness and heart rate was not significant. As well, there
was no significant relationship between heart rate and
dynamometry forces. Therefore we could not deter-
mine the work hardness based on heart rate and force
exerted. Nasl-Saraji show that heart rate and Vo2max
consumption increases with increase in work load in
damming construction workers. Their result upholds
the current study results. [12]

In the Wang study pinch force in the men were
more than women. [13] The results of this study is
consistent with this study. In the present study the
relationship between age and with the hand, pinch
and back-leg-chest test based on Pearson correlation
coefficient is significant. (P>0.05). Afshar studied the
impact of age on the hand strength, with increasing
age, the hand power decreased. [16]

In this study, the difference was not significant
between heart rate and age, Mousavi showed similar
association in his study. [17]

Verschuren recommended 30 seconds required to
measure the force on the dynamometer to high accu-
racy results. [18] But in the dynamometer manual, 5
seconds is recommended. Lack of communication
between the dynamometer and work hardness results
in the present study may be due to short-term meas-
ure that can be survey in future studies.

Conclusion: This study didn't show significant
correlation between heart rate and work hardness and
dynamometry results. The dynamometer cannot be
good measure to judge about work hardness based on
this research results.
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