
   Pak J Med Sci   2013   Vol. 29   No. 1           Special Supplement IUMS           www.pjms.com.pk   363

Open Access

INTRODUCTION

	 Many daily tasks and sport activities need 
high level of forearm and hand muscles strength. 
These muscles contribute to grip strength which 
is necessary for performing tasks in many sports 
events such as wrestling, tennis; in addition to 
accomplish daily activities such as turning door 
handle and etc.1-4 It is assumed that grip strength 
can be predictive for whole body strength. For 
example, Smith et al in a study established the 
direct correlation between grip strength and whole 
body strength among elderly women.3 Fry also 
found a direct relationship between grip strength 
and muscle function.2 
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ABSTRACT
Objective: Grip and pinch strength are considered important factors which reflect proper hand function, 
muscle function, general weakness, nutritional status, physical activities and muscle disability. Some of 
the factors affecting grip and pinch strength are hand dominance, posture , elbow joint angle, height, age 
and gender. Present study was designed to see the effects of Workload, Hand Dominance, Age, and Body 
Mass Index on grip and pinch strength among university students.
Methodology: This study was conducted among 82 male student, with means and standard deviation of 
24.25 (3.76) years and 24.75(2.44) kg/m2 for age and BMI, respectively. Grip and pinch strength for each 
participant were measured in time of rest and during light, moderate and heavy workload. Hand held 
dynamometer was used for measuring grip strength and pinch gauge to measure pinch strength. All Data 
analyses were performed using the statistical software package; SPSS-18 and analyzed with use of Pearson 
Correlation Statistical tests and paired sample t-test.
Results: Pearson Correlation test showed that grip and pinch strength for the dominance hand was 
significantly higher than non-dominant hand for all workloads (p < 0.05). Study results showed that there 
is no significant correlation between age with grip and pinch strength (p > 0.05) but BMI considered as 
an effective parameter on grip and pinch strength for dominant and non-dominant hand in moderate and 
heavy activities (p < 0.05).
Conclusion: these findings, unlike to age, workload and BMI are important factors on grip and pinch 
strength. This suggests that there is a need for more research to precisely evaluate the effects of these 
factors on grip and pinch strength.
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	 Grip and pinch strength is one of the most im-
portant factors related to proper hand function.5,6 
Many recent studies have been performed in order 
to evaluate grip and pinch strength and provide 
standard values among people of different age 
groups.7,8 Some of these research studies looked at 
the effects of various parameters on grip and pinch 
strength9, therefore some of them could provide 
models for estimating grip and pinch strength.10-13

	 There are various factors that may effect on 
grip and pinch strength, like  hand dominance 
(being right or left handed, posture and arm joint 
angle, height, body weight, age, fingers length, … 
According to some research results, where arm joint 
bend less, bigger grip strength is  obtained.14 Until 
now there has been many studies on evaluation of 
the effect of hand dominance on grip and pinch 
strength among various groups of people.4,15 Much 
research has been done for evaluation of relations 
between muscle strength and BMI. Some of these 
studies have shown a significant and positive 
relation between these two factors and some found 
opposite relationship between them, whereas some 
studies did not report any relation between muscle 
strength and BMI.14-17

	 The tests for evaluation of hand grip strength are 
simple, safe and reliable and they do not require 
expensive and complicated instruments.18 Therefore 
hand held dynamometer which is a simple and easy 
measuring muscle strength tool is applicable.19

	 Hand grip strength is related to variables such as 
muscle function and low activity among older peo-
ple. It can also  be related to general weakness, nu-
tritional status, physical activities, muscle disabil-
ity, Activities of daily living dependency, decrease 
of cognitive measures and all-caused mortality is-
sues.20-26 Physical activities are parameters which 
can affect muscle function and consequently grip 
strength rate. Among the related studies, we can 
point to Bautmans research which analyzed the ef-
fect of various parameters, such as fatigue, physical 
activities and etc on grip and pinch strength rate.27

	 Until now, there have been only a few studies 
concerning grip and pinch strength in our country. 
Present study aimed to establish the relationship 
between workload, hand dominance, BMI and 
age variables with grip and pinch strength among 
university students.

METHODOLOGY

	 Eight two male participant students which were 
all in a good healthy physical condition were tested. 
Tape measure and calibrated digital scale were used 

to measure height and body weight, respectively. At 
the end, BMI was measured with obtained weight 
and height results for individual.
	 Hydraulic hand dynamometer device (Model 
5001SH) was used to measure grip strength. The 
pinch strength was measured with hydraulic pinch 
gauge (Model 5005 SH). Grip and pinch strength 
were presented in kilograms of force units.
	 For measuring grip and pinch strength in this 
study, ASHT (American Society of Hand Therapists) 
recommendations were applied. Participant seated 
in a chair with their plantar were laid flat on the 
ground. Shoulders were in a neutral position and 
arm was placed in 90º elbow flexion. The shoulders, 
elbow and wrest were in a neutral position at the  
time of measuring grip and pinch strength. Pinch 
gauge was held by researcher for measuring pinch 
strength in order to create the highest force.28,29 All 
subjects were tested in a similar posture at  time 
of grip and pinch strength measurements.  The 
dominant hand  was considered the hand which 
used more often by individual, In other words, the 
hand that person could write with it was considered 
as dominant hand.19,30

	 After measuring grip and pinch strength 
of dominant and non-dominant hands in rest 
position, 3 workloads; light (with speed of 3 km/h), 
moderate (speed of 4.8 km/h) and heavy (speed of 
6 km/h) for people on treadmill were applied. After 
each activity, a 15 minutes rest was given in order 
to return the physical and physiological status of 
participants to normal. After each rest period, the 
next step of activity was started.
	 To determine the duration of each activity, first a 
pre- test on 20 subjects in the study was performed 
and the duration of each workload (activity) by 
averaging the duration of the activity was obtained. 
Duration of activity for light, moderate and heavy 
were considered 26, 15 and 10 minutes, respectively.
	 Grip and pinch strength of dominant and non-
dominant hands for each individual were obtained 
after each Workload and compared to grip and 
pinch strength at rest time. The data were analyzed 
with Pearson Correlation Coefficient statistical test 
for comparing grip and pinch strength for dominant 
and non-dominant hand for workloads, and paired 
t-test were used for assessing the correlation 
between workload and grip and pinch strength.

RESULTS

	 The research was done on 82 male university 
students, age range 20-34 years with a height range 
of 165-194 cm, and mean and standard deviation of 
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24/25(3/76) years and 24/75(2/44)  kg/m2 for age 
and BMI, respectively.
	 Finding of this study for comparing grip strength 
for dominant hand and non-dominant hand for all 
workloads showed the highest grip strength among 
participants was at time of rest, light workload. In 
other words with increasing workload, the grip 
strength decreased (Table-I). Table-II shows  the 
comparison of pinch strength for dominant hand 
and non-dominant hand for all workloads.
	 As shown in Tables I and II, grip and pinch 
strength in all situations; rest, light, moderate and 
heavy activities, for dominant and non-dominant 
hands showed significant difference (p<0.05). 
In other words, grip and pinch strength values 
were higher for dominant hand compared to non-
dominant hand in all workloads.
	 Paired t-test showed that grip and pinch strength 
for dominant and non-dominant hands showed 
significant differences in rest time compare to time 
of light, Moderate and heavy workloads activities 
and also for light activities compared to heavy 
activities and for moderate activities compared 
to heavy activities (p<0.05), but grip and pinch 
strength values did not show significant differences 
for light activities compared to moderate activities, 

(p>0.05).
	 Paired t-test was used for assessing BMI and grip 
and pinch strength of dominant and non-dominant 
hands for all workloads. The summary of results is 
shown in Tables III and IV.
	 As shown in  Tables III and IV, there is a significant 
relation between BMI with grip and pinch strength 
of dominant and non-dominant hands. The only 
exception was grip strength of dominant hand 
in heavy workloads, which in this activity no 
relationship was found between grip strength for 
dominant hand with BMI (p>0.05).

DISCUSSION

	 Grip and pinch strength are most important 
factors associated with proper function of hand.5,6 
Recently, there have been several studies for 
evaluation of grip and pinch strength. Some of 
these studies have evaluated the effect of various 
parameters on grip and pinch strength rate.9

	 In this study, we evaluated the effect of some 
of the different parameters on grip and pinch 
strength. One of these parameters was evaluation of 
workloads on grip and pinch strength of dominant 
and non-dominant hands. The research shows 
that there was  a significant relationship between 

Hand grip and pinch strength

Table-II: Explanatory parameters and t-test results for comparing pinch strength (kg) 
for dominant hand and non-dominant hand for all workloads.

Workload	 Dominant hand	 Non-dominant hand
	 mean	 SD	 max	 min	 mean	 SD	 max	 min

Rest situation	 23.70	 5.05	 38.00	 15.00	 22.23	 4.76	 35.00	 15.00
light activity	 23.38	 4.98	 33.00	 13.00	 21.26	 4.74	 34.00	 14.00
moderate activity	 22.12	 4.88	 33.00	 14.00	 20.89	 4.59	 31.00	 14.00
heavy activity	 20.89	 5.25	 32.00	 11.00	 19.29	 5.35	 31.00	 10.00

Table-I: Explanatory parameters and t-test results for comparing grip strength (kg) 
for dominant hand and non-dominant hand for all workloads.

Workload	 Dominant hand	 Non-dominant hand
	 mean	 SD	 max	 min	 mean	 SD	 max	 min

Rest situation	 44.78	 7.54	 61.00	 32.00	 42.90	 7.15	 57.00	 30.00
light activity	 42.97	 7.71	 60.00	 30.00	 41.21	 7.22	 56.00	 23.00
moderate activity	 42.46	 7.15	 57.00	 29.00	 41.45	 6.57	 55.00	 28.00
heavy activity	 40.90	 7.16	 57.00	 27.00	 38.58	 6.46	 53.00	 26.00

Table-III: Relation of BMI with grip strength of 
dominant and non-dominant hands for all workloads.

Workload	 Dominant hand	 Non-dominant hand
	 P-value	 SD	 P-value	 SD

Rest situation	 0.015	 0.268	 0.013	 0.272
light activity	 0.01	 0.282	 0.037	 0.231
moderate activity	 0.016	 0.266	 0.009	 0.288
heavy activity	 0.112	 0.117	 0.009	 0.287

Table-IV: Relation of BMI with pinch strength of 
dominant and non-dominant hands for all workloads.

Workload	 Dominant hand	 Non-dominant hand
	 P-value	 SD	 P-value	 SD

Rest situation	 0.007	 0.354	 0.013	 0.328
light activity	 0.01	 0.343	 0.015	 0.324
moderate activity	 0.011	 0.336	 0.023	 0.303
heavy activity	 0.012	 0.333	 0.024	 0.302
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grip and pinch strength for dominant and non-
dominant hands in rest situation compared to 
light, Moderate and heavy activities and also for 
light activities compared to heavy activities and for 
moderate activities compared to heavy activities. In 
other words, highest grip and pinch strength were 
obtained in rest time and lowest rate was associated 
with   heavy workloads for dominant and non-
dominant hands. One of the reasons for this 
issue has been related to activity rate and energy 
consumption rate for difference workloads. In 
moderate workloads and heavy workloads, people 
are forced to consume higher amount of energy 
and higher force is needed to perform activities 
compared to rest time. This issue causes decrease in 
muscle strength and results in lower grip and pinch 
strength. Analysis of data showed that this rate for 
heavy activities was lower compared to moderate 
and light activities.
	 It also showed  significant difference between grip 
and pinch strength in dominant hand compared 
to non-dominant hand while  our data showed 
grip and pinch strength for dominant hand in all 
workloads was higher compared to non-dominant 
hand. Possibly, one of the reasons is people usually 
use the dominant hand more often to perform daily 
tasks and this repeated use causes strengthening 
of dominant hand muscles and consequently 
increased grip and pinch strength of dominant hand 
compared to non-dominant hand. Many studies 
have showed that there is a significant difference 
between grip and pinch strength of dominant 
hand and non-dominant hand.31 Studies  have also 
showed grip and pinch strength for dominant hand 
was  higher than non-dominant hand.14,32 Kadir in a 
research has shown that in left handed people, grip 
and pinch strength of this dominant hand is almost 
10% higher than non-dominant hand but in other 
people grip and pinch strength was equal for both 
hands.14

	 Other studied parameters in this research were 
relationship between BMI and age with grip and 
pinch strength. The results of present research did 
not show significant relationship between age with 
grip and pinch strength, but there was a significant 
relation between BMI with grip and pinch strength 
for dominant and non-dominant in moderate 
and heavy activities. Hence,  it can be concluded 
that BMI has higher effect in moderate and heavy 
activities on grip and pinch strength compared to 
rest and light activities. Many studies have been 
done to evaluate the relationship between muscle 
strength and BMI. Some of these studies have 

shown a direct and positive relation between these 
two parameters.15-17 However, another study found 
inverse relationship between muscle strength and 
BMI15, Apovian’s research which studied similar 
issue, did not report any relationship between 
grip strength and BMI.14 Klum et al has  reported 
a positive relation between BMI With rip and 
pinch strength but they found an inverse relation 
between age With grip and pinch strength.8 Yasuo 
also found a significant relation between maximum 
grip strength in dominant hand and common 
anthropometric variables in all studied age groups.

CONCLUSION

	 Workload is known as an effective factor on 
grip and pinch strength. In moderate and heavy 
workloads, people had lower grip and pinch 
strength compared to rest and light activities. 
Research findings also show that grip and pinch 
strength for dominant hand was higher than non-
dominant hand which may be the result of using 
dominant hand frequently and continuously 
compare to non-dominant hand performing daily 
tasks, which result in strengthening the dominant 
hand muscles which consequently increase muscle 
strength (grip and pinch strength). Considering that 
the research was done on male students, similar 
research among female population will be helpful 
and beneficial to support our findings. 

REFERENCES
1.	 Budoff J.  The  Prevalence  of  Rotator  Cuff Weakness  

in  Patients  with  Injured  Hands. J  Hand Surg. 
2004;6(29):1154-1159.

2.	 Fry A, Ciroslan D, Fry MD, Leroux CD, Schilling BK, 
Chiu LZ. Anthropometric and Performance Variables 
Discriminating Elite American Junior Men Weightlifters. J 
Strength Conditioning Res. 2006;4(20):861-866.

3.	 Smith T, Smith S, Martin M, Henry R, Weeks S, Bryant 
A. Grip Strength in Relation to Overall Strength and 
Functional Capacity in Very Old and Oldest Old Females. 
The Haworth Press Inc. 2006:63-78.

4.	 Yasuo G, Daisaku T, Nariyuki M, Jun'ya S, Toshihiko O, 
Masahiko M, et al. Relationship between Grip Strength 
and Surgical Results in Rotator Cuff Tears. Shoulder Joint. 
2005;3(29):559-562.

5.	 Goodson A, McGregor AH, Douglas J, Taylor P. 
Direct, quantitative clinical assessment of hand 
function: usefulness and reproducibility. Man Ther. 
2007;12:144–152.

6.	 Klum M, Wolf MB, Hahn P, Leclère FM, Bruckner T, 
Unglaub F. Normative data on wrist function. J Hand Surg 
Am. 2012;37(10):2050-2060.

7.	 Bohannon RW, Peolsson A, Massy-Westropp N, 
Desrosiers J, Bear-Lehman J. Reference values for adult 
grip strength measured with Jamar dynamometer: 
a descriptive meta-analysis. Physiotherapy. 
2006;92(1):11–15.

Ehsanollah Habibi et al.



8.	 Klum M, Wolf MB, Hahn P, Leclère FM, Bruckner T, 
Unglaub F. Predicting grip strength and key pinch using 
anthropometric data, DASH questionnaire and wrist range 
of motion. Arch Orthop Trauma Surg. 2012.

9.	 Vaz MHS, Diffey B. Prediction equations forehand grip 
strength in healthy Indian male and female subjects 
encompassing a wide age range. Ann Hum Biol. 
2002;29:131–114.

10.	 Angst F, Drerup S, Werle S, Herren DB, Simmen BR, 
Goldhahn J. Prediction of grip and key pinch strength in 978 
healthy subjects. BMC Musculoskelet Disord. 2010;11:94.

11.	 Chandrasekaran B, Ghosh A, Prasad C, Krishnan K, 
Chandrasharma B Age and anthropometric traits predict 
hand-grip strength in healthy adults. J Hand Microsurg. 
2010;2:58–61.

12.	 Hossain MG, Zyroul R, Pereira BP, Kamarul T. Multiple 
regression analysis of factors influencing dominant hand 
grip strength in an adult Malaysian population. J Hand 
Surg Eur. 2012;37(1):65–70.

13.	 Momiyama H, Kawatani M, Yoshizaki K, Ishihama H. 
Dynamic Movement of Center of Gravity with Hand Grip. 
Biomedical Res. 2006;27(2):55-60.

14.	 Ertem K, Inan M, Yologlu S, Elmali N, Hanna A, Sabin S, et 
al. Effects of dominance body mass index and Age on grip 
and pinch strength. Isokinetics Exercise Sci. 2003;11(4):219-
223.

15.	 Pedersen AN, Ovesen L, Schroll M, Avlund K, Era P. Body  
composition  of 80-years  old  men  and  women  and  
its relation  to  muscle  strength,  physical  activity  and  
functional ability. J Nutr Health Aging. 2002;6(6):413-420.

16.	 Butterfeld SA, Lehnhard RA, Coladarci T. Age,  sex, and  
body mass  index  in  performance  of  selected  locomotor 
and  fitness  tasks by  children  in  grades K-2. Percept Mot 
Skills. 2002;94(1):80-86.

17.	 Apovian CM, Frey CM, Wood GC, Rogers JZ, Still CD, 
Jensen GL.  Jensen Body mass index and physical function 
in older women. Obes Res. 2002;10(8):740-747.

18.	 Kim SW, Lee HA, Cho EH. Low Handgrip Strength is 
Associated with Low Bone Mineral Density and Fragility 
Fractures in Postmenopausal Healthy Korean Women. J 
Korean Med Sci. 2012;27:744-747.

19.	 Kima JIS, Leea SG, Parkb SK, Leec SM, Kimd BK, Choie JH, 
Kim SH. Comparison of grip and pinch strength between 
dominant and nondominant hand according to type of 
handedness of female college students. J Int Acad Phys 
Ther Res. 2011;2(1):201-206.

20.	 Garcia PA, Dias JM, Dias RC, Santos P, Zampa CC. A study 
on the relationship between muscle function, functional 
mobility and level of physical activity in community-
dwelling elderly. Rev Bras Fisioter. 2011;15:15-22.

21.	 Choquette S, Bouchard DR, Doyon CY, Sénéchal M, Brochu 
M, Dionne IJ.. Relative strength as a determinant of mobility 
in elders 67-84 years of age. A nuage study: nutrition as 
a determinant of successful aging. J Nutr Health Aging. 
2010;14:190-195.

22.	 Theou O, Jones GR, Jakobi JM, Mitnitski A, Vandervoort 
AA. A comparison of the relationship of 14 performance-
based measures with frailty in older women. Appl Physiol 
Nutr Metab. 2011;36:928-938.

23.	 Taekema DG, Gussekloo J, Maier AB, Westendorp RGJ, de 
Craen AJM. Handgrip strength as a predictor of functional, 
psychological and social health. A prospective population-
based study among the oldest old. Age Ageing. 2010;39:331-
337.

24.	 Ling CH, Taekema D, de Craen AJ, Gussekloo J, Westendorp 
RG, Maier AB. Handgrip strength and mortality in the 
oldest old population: the Leiden 85-plus study. CMAJ. 
2010;182:429-435.

25.	 Norman K, Stobäus N, Gonzalez MC, Schulzke JD, Pirlich 
M. Hand grip strength: outcome predictor and marker of 
nutritional status. Clin Nutr. 2011;30:135-142.

26.	 Rantanen T, Harris T, Leveille SG, Visser M, Foley D, Masaki 
K, Guralnik JM. Muscle strength and body mass index as 
long-term predictors of morality in initially healthy men. J 
Gerontol A Biol Sci Med Sci. 2000;55:M168-173.

27.	 Bautmans I, Gorus E, Njemini R, Tony Mets T. Handgrip 
performance in relation to self-perceived fatigue, physical 
functioning and circulating IL-6 in elderly persons without 
inflammation. BMC Geriatrics. 2007;7:5.

28.	 Wu SW, Wu SF, Liang HW, Wu ZT, Huang S. Measuring 
factors affecting grip strength in a Taiwan Chinese 
population and a comparison with consolidated norms. 
Applied Ergonomics. 2009;40:811–815.

29.	 Gunther CM BrA, Rickert M, Schulz CU. Key pinch 
in healthy adults: normative values. J Hand Surg Eur. 
2008;33:144–148.

30.	 Massy-Westropp N, Rankin W, Ahern M, Krishnan J, Hearn 
TC.. Measuring grip strength in normal adults: reference 
ranges and a comparison of electronic and hydraulic 
instruments. J Hand Surg Am. 2004 May;29(3):514-519.

31.	 Incel NA, Ceceli E, Durukan PB, Erdem HR, Yorgancioglu 
ZR. Grip Strength: Effect of Hand Dominance. Singapore 
Med J. 2002;43(5):234-237.

32.	 Armstrong CA, Oldham JA. A comparison of dominant 
and non-dominant hand strengths. J Hand Surg Br. 
1999;24(4):421-425.

   Pak J Med Sci   2013   Vol. 29   No. 1           Special Supplement IUMS           www.pjms.com.pk   367

Hand grip and pinch strength


