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ABSTRACT 
Background and Objectives:  Hand Grip Force is due to extreme voluntary force of flexors of fingers. 
Muscle fatigue causes decline in grip force. We aim to observe the role of Body Mass Index (BMI) in 
connection to Maximum and Mean Grip Force in young boys and girls of Shalamar Medical & Dental 
College, Lahore, through Power Lab. 

Methodology:  The duration of this study analytical cross-sectional study was from November 2014 to 
February 2017. Convenience Sampling Technique was used and thirty participants with equal number 
of boys and girls were selected. All were between 20-23 years of age and consented after the explanation 
of the research procedure. They all were with good health and with no history of present illness or on 
any medication nor involved in any physical fitness training procedures. Power Lab Model 26T along 
with Hand Grip Transducer as hardware and Lab tutor as software were selected to get Grip Force val-
ues for each participant. Direct values in percentages were obtained by following the instructions given 
on the respective window for recording and calibration. To record weight and height of each subject 
Adult Weighing Scale ZT-160 was used. 

Results:  Increased Grip Force values was observed in boys compared to girls by > 300% for Maximum 
Grip Force, > 33% for average grip force and > 58% for maximum grip force just before fatigue. A direct 
relation was observed between BMI and Grip Force values in boys, although in girls this relation was 
inverse for Maximum grip force and Grip Force just before fatigue, while direct relation for Average 
Grip Force values. 

Conclusion:  In boys the BMI was directly proportional to Hand Grip Force. However, in girls, it was in 
inverse relation with Maximum value and Grip Force values just before fatigue; but directly related 
with Mean Grip Force. 
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INTRODUCTION 
Hand Grip Force is a unit force exerted by fingers of 
hand on any object with its contact interface.1 Anato-
mically the main players in this pattern of force exert-
ion are flexor digitorum profundus and flexor digito-
rum superficial is muscles, along with moderate con-
tributions from intrinsic and extrinsic muscles of ha-
nd.2 Maximum Hand Grip Force can be achieved thro-
ugh forceful flexion of all hand digits with their maxi-
mum ability to exert voluntary force under normal bio-
kinetic conditions.3 
 Muscle fatigue that caused a progressive loss of 
maximum hand muscle strength, is primarily denoted 
to a state of motor insufficiency. Muscle fatigue can 
also be measured in terms of strength deterioration in 
muscles of hand4. Previously Hand Grip Force was 
quantified in Newtons5, pounds, kilograms and even in 
milliliters of mercury, while we analyzed and measu-
red grip force on Power Lab in percentages. In the past 

Hand Grip Force was measured in terms of entire sta-
tic force used to compress the traditional dynamome-
ter with hand muscles.6 
 A physiological study based on Australian populat-
ion, quantified the hand grip strength with standardi-
zed technique and positioning of subject through use 
of conventional hand dynamometer.5 Power Lab is lab-
elled as a world’s first data acquisition system with fast 
analysis of recorded data, in the all the fields of life sci-
ences including human physiology.7 This innovative 
digital technology has two components, a hardware 
and software containing revised efficient applications 
for numerous physiological parameters, in which mus-
cle activity is one of them.8 
 The purpose of present physiological study was to 
compare the Hand Grip Force, in terms of its mean, 
peak and maximum values just before muscle fatigue, 
with respect to gender, in young adults via use of Po-
wer Lab. 
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PARTICIPANTS AND METHODS 
Thirty participants, ranging 20 – 23 years of age, were 
involved in this study with 15 boys and 15 girls, selec-
ted through convenience sampling. Before further pro-
ceedings written consent was taken from each partici-
pant, also the study was approved from Institutional 
Review Board. All the volunteers belonged to Shalamar 
Medical & Dental College. 

 
Inclusion Criteria 

 Young adults of MBBS Second year Batch 2014-15. 

 Boys and girls both. 

 With no present medical problem. 

 Healthy willing students. 

 Right handed dominance volunteers. 

 
Exclusion Criteria 

 Subject with any medical issue. 

 Subject currently doing any endurance fitness exe-
rcise. 

 Subjects on medication. 

 Left handed dominance Subjects. 

 Unwilling students. 
 Power Lab 2005-2007, Model 26T, made by AD 
Instruments as depicted in Fig. 1, with its Software 
“Lab Tutor” was used as application tool for recording 
and calibration of sample record. For height and wei-
ght measurements, the Adult Weighing Scale ZT-160 
(Fig. 1b) was used. 
 Muscle Exercise “Grip Force Calibration” was

further followed and the wire of MLT004/ST “Grip 
Force Transducer” showed in Fig. 2a, was plugged to 
Input 1 of the main Hardware of Power Lab. Volunteer 
was asked to hold the transducer in his/her right fist as 
given in Fig. 2b. 
 Grip Strength was shown in percentage (%) on y-
axis and Time in seconds on x-axis, in the digital graph 
on the window, when volunteer was asked to squeeze 
the dynamometer as hard as possible as presented in 
Fig. 2a, unless and until he/she was fatigued. The val-
ues of Maximum Grip Force and also the fatigue point 
after which the grip force value begin to decline, of 
each participant was directly obtained from the plotted 
digital graph. To get Mean Grip Force value, we chose 
the selected area between two points on wave tracing 
via cursor then the Mean Grip Force value was auto-
matically appeared on small calibration window. 
 
Statistical Analysis 
After getting the recorded waves on the digital graph, 
the labeling was done for the identity of the volunteer 
as shown in Fig. 2c, also on both axis the adjustment of 
the scale was done, where required to get accurate val-
ues. To calculate BMI of each participant, height in 
centimeters and weight in kilo grams was also noted. 
 For more than two groups one way ANOVA (analy-
sis of variance) was applied on the data, using SPSS 
version 16. Alpha was taken as 0.05 or it could be said 
that all the values were calculated with 95% confide-
ence. Then finally correlation between the different 
groups was expressed as p-value (Probability value). 

 

   
 

Fig. 1a:  Power Lab 2005-07, Model 26T, made by AD Instruments. Fig. 1b:  Adult Weighing Scale ZT-160. 
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RESULTS 

 We compute the data of only those boys and girls, 
who are same with respect to their BMI, in order 
to see any gender difference, we observed raised 
Maximum Grip Force up to > 300% in boys in 
comparison to their counterpart girls, all with high 
level of statistically significant difference (Figure: 
3). 

 Also the average grip force is said to be 33% high 
in boys compared to girls with same BMI, and 
again the difference is proved statistically sound 
(Figure: 3). 

 Similarly the values of maximum grip force just 
before start of muscle fatigue is 58% high in boys 
as compared to girls with same BMI (Figure: 3). 

 In boys we found a direct relation of BMI and 
Hand Grip Force i.e. with 12.8% rise in BMI, we 
observed a 10.6% rise in Maximum Hand Grip 
Force, a 5.56% rise in Mean Hand Grip Force, wh-
ile a 9.1% rise in hand Grip Force just before fati-
gue. 

 On the other hand in girls we observed somewhat

different relation between BMI and Hand Grip 
Force, i.e. a rise of 12.8% in BMI, lead to reduction 
in Maximum Hand Grip Force by 14.6%, but incre-
ase in Mean Hand Grip Force by 6.15% and again 
reduction of 4.76% in value of Hand Grip Force 
just before fatigue. 

 
DISCUSSION 
There are two groups of muscles present in human 
hand called intrinsic and extrinsic muscles, which ex-
tend to digits of each hand2. Anatomically when we 
talk about the origin and insertion of these muscles, 
specifically the bellies of intrinsic muscles are placed 
in hand and bellies of extrinsic muscles are present in 
the forearm. The anatomical structures in digits of 
hand that may act as a major contributor to their 
mechanical functioning under tension included as con-
nective tissue in between the fingers9, multi-tendon 
hand musculature especially the extrinsic muscles and 
overlapping neural cortical projections in respective 
digits. All of them have a vital connection in isometric 
hand muscle strength10 and isometric force can be

 
Table 1:  Hand Grip Force Values in Both Gender with same BMI 
 

Variables Statistical Values 
Gender Comparison Groups 

P 
Boys Girls 

BMI (Taken only those boys and girls who 
have same BMI) 

N 09 11 

0.0001* 

Mean (± S.E.M) 0.39 ± 0.018 

Max. Grip Force (%) Mean (± S.E.M) -18 ± 102 -61 ± 36.2 

Mean Grip Force (%) Mean (± S.E.M) 396 ± 29.5 80 ± 21.3 

Max. Grip Force just before Fatigue (%) Mean (± S.E.M) 22 ± 45.6 -44 ± 27 
 

*p < 0.05 
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Fig. 3:  Gender Based Comparison of Hand Muscle Grip Force, with Same BMI of Boys & Girls on Power lab (p-0.0001). 

Grip Force Comparison b/w Boys and Girls with same BMI 

P
e

rc
e

n
ta

g
e
 



ROLE OF BMI ON HAND GRIP FORCE WITH RESPECT TO GENDER 

Biomedica Vol. 34, Issue 2, Apr. – Jun., 2018 111 

defined as a static effort against a constant resistance.11 
 Muscle strength also has an influential role in defi-
ning hand grip force and it is expressed in terms of 
complex connectivity between flexors and extensors in 
each muscle unit of hand.9 Other contributors of hand 
grip strength may include age, sex, ethnic background, 
muscle fatigue, diurnal changes, diet, pain or any ano-
maly and right or left hand dominance12 and even cha-
nge in gravitational forces may change in Hand Grip 
Strength in both genders along with changes in hemo-
dynamics.13 Our results also found consistent with the 
previous studies as BMI showed its own impact with 
respect to Hand Grip Force in both genders, though 
there was scarcity in terms of specific values in percen-
tages that showed a numerical number to the degree of 
BMI in relation to increase in Mean Hand Grip Force 
value in both Genders. Our study confirmed a positive 
link with a numerical values, which was a strength of 
present study. A supportive study concluded that abo-
ut 10% raised strength was found in dominant hand 
versus non-dominant one. Another view of researchers 
said that this value was even more i.e. 12.7% increased 
hand grip force was found in dominant hand in com-
parison to non-dominant hand.3 In the same lines an-
other study concluded that there was an inverse relat-
ion between age and Grip Strength14 and also an inve-
rse relation was present in between age and dexterity15. 
More specifically a survey was reported that in late 
adult life there was seen a decline in muscle strength in 
both genders.16 
 Old research also analyzed the same view point 
that grip strength has been a raised phenomenon in 
males of all ages in comparison to females. However 
we also came across a pivotal study that announced 
fourth decade of life as the age for maximum grip stre-
ngth in both males and females, afterword it begin to 
deteriorate in a gradual fashion.17 Decrease in muscle 
grip force also connected with depression that was ob-
served by a study on Korean adults.18 Literature sho-
wed disparity in terms of association between hand 
grip force and BMI (Body Mass Index), as many stud-
ies from different ethnicities, ages, genders, work nat-
ure and eating habits; announced a positive link bet-
ween the Hand Grip Force and BMI in both genders 
and in all age groups, while others explored no rela-
tionship between the two variables.19 Researchers also 
stated that Hand Grip Force owned a positive connect-
ion with the cognitive abilities and a negative connect-
ion with BMI.20 
 It is concluded that BMI has a direct relation 
with Average Hand Grip Force in both genders. As 
with 12.8% increase in BMI, the Boys showed a rise of 
5.56% in Average value of Hand Grip Force and 6.15% 
rise in the Girls. 
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