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Introduction

The grip strength and pinch strength are the most important
quantitative assessments for the function of the hand as a
whole. They play a role in diagnosing a hand disorder when

there is a discrepancy in comparison with the contralateral
hand strength. They help in assessing the progress in recov-
ery after surgery and therapy. Moreover, hand grip strength
is a health indicator for frailty and riskof disability among the

Keywords

► grip strength
► key pinch strength
► tip pinch strength
► tripod pinch strength
► normative data
► reference values

Abstract Background There is no normative study of transregional grip strength data available
from India. Hence, a multicenter study is designed to obtain reference value.
Materials and Methods This is a prospective observational study conducted as a part
of the Indian normative data project of the Indian Society for Surgery of the Hand. The
study included three participating centers: one from the northern part and two from
the southern part. Certified calibrated Jamar dynamometer and Jamar pinch gauge
were used to measure the grip strength, key pinch strength, tip pinch strength, and
tripod pinch strength as per the guidelines of the American Society of Hand Therapists.
Results A total of 1,019 volunteers in the age group of 18 to 60 years were studied.
The mean grip strength in males and females was 38.18 and 24.06 kg, respectively. The
mean key pinch strength was 8.52 kg in males and 5.97 kg in females. The mean tip
pinch strength was 4.86 kg in males and 3.59 kg in females. The mean tripod pinch
strength was 5.41 kg in males and 4.16 kg in females.
Conclusions All four strengths were lower in value when compared with American
and other populations. Themen hadmore strength than women. There was no relation
to hand dominance. There was a correlation for age and height but no correlation with
body mass index (BMI).
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elderly, allowing early risk identification and intervention.1

These form the important outcome measure following ther-
apeutic intervention.

The grip strength and pinch strength are affected by
various factors including ethnicity.2 The reference value of
one population cannot be held as good for another popula-
tion. The purpose of this study is to derive age- and gender-
wise normative data for grip strength and pinch strength in
the Indian population.

Material and Methods

The study included 1,019 volunteers aged 18 to 60 years. In
this multicentric study, involving three tertiary care centers,
200 volunteers participated fromTamil Nadu, 200 volunteers
participated from Karnataka, and 619 volunteers participat-
ed from Chandigarh. The volunteers in the age group of 18 to
60 years who were willing to participate in the study were
included. Informed consent was taken from all participants.
Institutional ethics committees of all three participating
hospitals approved the study. The volunteers comprised
patient attendees, students, nursing staff, and security and
housekeeping personnel. Volunteers who had any history of
injury to the hand, pain or numbness in the hand, diabetes,
acute edematous, vascular, or inflammatory condition of the
hand were excluded as these factors might reduce the grip
strength.

The demographic data collected were name, age, gender,
hand dominance, height in centimeters, and weight in kilo-
grams. Power grip strength was measured using a Jamar
dynamometer and pinch strengths were measured using a
Jamar pinch gauge. The equipment of all three centers was
calibrated before the start of the study and recalibratedwhen
needed.

The strengths weremeasured as per the American Society
of Hand Therapists3 recommendations. The procedure was
explained to the volunteer andwas seated on a chair without
arms with the feet flat on the floor. The shoulder was kept in
adduction and neutral rotation, the elbow in 90-degree
flexion, the forearm in the neutral position, wrist between
0 and 30degrees of extension, and 0 to 15degrees of ulnar
deviation (►Figs. 1 and 2).

Grip strength: The dynamometer was set at the position
of the second handle and the equipment was stabilized by
the examiner.

Key pinch strength (lateral pinch strength): Thumb pulp
to lateral aspect of the proximal interphalangeal joint of the
index finger, and the other three fingers flexed (►Fig. 3).

Tip pinch strength: Thumb pulp to index pulp, and the
other three fingers flexed (►Fig. 4).

Tripod pinch strength (chuck pinch strength/palmar
pinch strength): Thumb pulp to index and middle pulp,
and the other two fingers flexed (►Fig. 5).

Three consecutivemeasurementswere taken for allmeas-
urements and the mean was calculated and recorded.4 The
data collected from the three tertiary care centers were
analyzed by the corresponding author.

Statistical Analysis
The mean, median, and standard deviation were calculated
for all continuous data. Percentage was computed for all
categorical data. Independent t-tests for two groups and one-
way analysis of variance (ANOVA) tests for more than two
groups were done to find significant differences. Correlation
analysis was done using the Pearson correlation test. SPSS
version 20 was used and p-value less than 0.05 was consid-
ered significant.

Results

A total of 1,019 volunteers were examined. Grip strength and
key pinch strength were recorded in all the volunteers. Tip
pinch strength and tripodpinch strengthwere recorded in400
volunteers. The average ageof theparticipantswas37.73years
(range: 18–60 years). Of these volunteers, 510 were females
and 509weremales. Their strengths are depicted in►Table 1.

The mean grip strength in males was 38.18 kg and the
mean grip strength in females was 24.06 kg. The mean key
pinch strength in males was 8.52 kg and the mean key pinch
strength in females was 5.97 kg. Themean tip pinch strength
in males was 4.86 kg and the mean tip pinch strength in
females was 3.59 kg. The mean tripod pinch strength in

Fig. 1 Position to measure grip strength.
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males was 5.41 kg and the mean tripod pinch strength in
femaleswas 4.16 kg. All four strengthsweremore inmen and
it was statistically significant.

The participants were further subdivided into five groups
based on age: (1) 18 to 20 years, (2) 21 to 30 years, (3) 31 to
40 years, (4) 41 to 50 years, and (5) 51 to 60 years. The mean
value of strengths in the age group is depicted in ►Table 2.
The grip strength and key pinch strength were maximum in
the 18- to 20-year age group and they were statistically
significant. The tip pinch strength was maximum in the age
group of 41 to 50 years and the tripod pinch strength was
maximum in the 21- to 30-year age group, but both were not
statistically significant.

The left hand was found to be dominant in 7.26% (74
persons) participants. The mean value of strengths as per
handedness is depicted in►Table 3. In right-handed individ-
uals, the grip, key pinch, tip pinch, and tripod pinch strengths
were higher in the dominant hand, but it was not statistically
significant (p>0.05). In left-handed individuals, the grip
strength and key pinch strength were higher in their domi-
nant hand and the tip pinch and tripod pinch strengths were
higher in the nondominant hands. However, the variations of
strength due to handednesswere not statistically significant.
On comparing the dominant side for grip strength, it was
more in the left-handed individuals, but the difference was
not statistically significant. The right-handed individuals
when compared with left-handed individuals had more
key pinch, tip pinch, and tripod pinch strengths in their
dominant hand, but the difference was not statistically
significant (p>0.05).

The strengths based on occupation are depicted
in ►Table 4. All strengths were more in skilled job occupa-
tions when compared and were statistically significant.

Fig. 3 Key pinch (lateral pinch).

Fig. 2 Jamar dynamometer is set in the second handle and supported
by the examiner.
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The mean height was 161.14 cm and the standard devia-
tion was 10.27. The mean weight was 63.41 kg and the
standard deviation was 11.15. There was a significant posi-
tive correlation between height and weight for all four
strengths as depicted in ►Table 5. The average body mass
index (BMI) was 24.36 kg/m2 (range: 14.45–43.57 kg/m2).
There was a weak correlation between age and BMI for all
four strengths and it was significant for key pinch strength
alone.

Discussion

Surgery of the hand addresses not only the removal or
rectification of the problem but also the betterment of
hand function. Measurements of grip and pinch strengths
give visual feedback to the patient, thereby encouraging

them to undergo therapy well. Also, the nominal value of
grip strength and pinch strength allows the therapist and
surgeon to compare and infer the present condition and the
future progress. Apart from this, hand grip strength is
correlated with diabetes, chronic anemia, dyslipidemia, car-
diovascular diseases, and male cancer.5,6 A low hand grip
strength is an indicator of frailty and risk of disability among
the elderly and allows early risk identification and interven-
tion.1 The usage of percentile from the normative value of
hand grip strength to diagnose sarcopenia adds more impor-
tance to the study of a normative value.6,7

Although there are few studies from India, they have
limitations like measuring in the standing position,8 less
age group range,9,10 female gender alone,11,12 and of the
same region.8,13 It has been established that grip strength
was higher for individuals who stood than for those who sat

Fig. 4 Tip pinch.

Fig. 5 Tripod pinch (chuck pinch or palmar pinch).
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in a chair and in individuals with a 90-degree flexed elbow
than in those with an extended elbow.14 Also, in many
studies grip strength alone was measured. In our study,
participants were recruited from three states and the
strength measurements were taken as per the recommen-
dation of the American Society of Hand Therapists in cali-
brated machines. To our knowledge, this is the first study to
include participants from different regions of the country.

The hand grip strengths and pinch strengths of the study
population were lower than those of the American and
European populations. This finding is similar to that of
previous studies from Asia.1,2,8,15 In the present study, the
mean grip strength is 38.18 kg in males and 24.06 kg in
females, when compared with the mean grip strength of

44.77 kg in males and 26.47 kg in females in the United
States16 and the mean grip strength of 44.62 kg in males
and 27.17 kg in females in the United Kingdom.3 Of pinch
strengths measured, key pinch strength was the highest,
followed by tripod strength and tip strength, respectively,
which is in accordance with many reported studies3,16

except for the study done by Shaheen et al who reported a
higher tripod pinch strength.17 Most of the studies ignored
the hand dominance as the left-hand dominance was less
than 10%16 and reported as the mean of the strength. In the
present study, we followed the same criteria.

Previous studies have shown that men have more power
in all four strengths compared with women3,16 and the
present study’s inference is the same. Most of the studies

Table 1 Gender-wise mean value of grip and pinch strengths

Strength Men (n¼509) Women (n¼510)

Mean (kg) Standard
deviation

Standard
error, mean

Mean (kg) Standard
deviation

Standard
error, mean

Grip strength, right 38.77 8.40 0.37 24.81 8.67 0.38

Grip strength, left 37.59 7.74 0.34 23.31 8.09 0.36

Key pinch, right 8.77 2.63 0.12 6.23 1.99 0.09

Key pinch, left 8.26 2.49 0.11 5.72 1.91 0.08

Strength Men (n¼200) Women (n¼200)

Mean (kg) Standard
deviation

Standard
error, mean

Mean (kg) Standard
deviation

Standard
error, mean

Tip pinch, right 5.01 1.40 0.09 3.73 1.16 0.08

Tip Pinch, left 4.72 1.43 0.10 3.45 1.22 0.09

Tripod pinch, right 5.58 1.42 0.10 4.45 1.75 0.12

Tripod pinch, left 5.23 1.41 0.10 3.87 1.19 0.08

Table 2 Age-wise distribution of the mean of strengths recorded in kilogram

Age group & n
(no. of hands)

Grip strength (kg) Key pinch
strength (kg)

Age group & n
(no. of hands)

Tip pinch
strength (kg)

Tripod pinch
strength (kg)

18–20 (n¼86) 35.80 8.77 18–20 (n¼ 0) 0 0

21–30 (n¼568) 32.28 7.29 21–30 (n¼ 400) 4.07 4.88

31–40 (n¼566) 31.21 7.41 31–40 (n¼ 400) 4.29 4.64

41–50 (n¼396) 28.89 6.75 41–50 (n¼ 400) 4.31 4.87

51–60 (n¼422) 30.54 7.09 51–60 (n¼ 400) 4.23 4.73

Table 3 Strength as per the handedness (strength in kilogram)

n (no. of persons) Grip strength
(kg)

Key pinch
strength (kg)

n (no. of persons) Tip pinch
strength (kg)

Tripod pinch
strength (kg)

D ND D ND D ND D ND

Right-handed 945 31.86 30.27 7.54 6.96 Right-handed 382 4.40 4.10 4.99 4.56

Left-handed 74 32.65 30.79 7.36 6.93 Left-handed 18 3.74 3.80 4.38 5.34

Abbreviations: D, dominant hand; ND, nondominant hand.
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showed that the hand strengths either increased with in-
creasing age18–20 having a linear inverse relationship or
peaked somewhere between 25 and 50 years and decreased
thereafter3,16,21 having a curvilinear relationship. The pres-
ent study did not fall under either category and showed that
the grip strength declined with increasing age and showed
an increase in strength in the 51- to 60-year age group. Key
pinch strength also showed a similar pattern. A possible
explanation for this could be exclusion of participants with
diabetes and the fact that most of the participants were
working, hence representing the healthier set of people in
that age group. In the present study, the change in tip pinch
strength and tripod pinch strength with agewas not statisti-
cally significant.

The left hand was the dominant hand in 7.26% of the
participants. Left-hand dominancewas 9.4% in Saudi Arabia,5

7% in Malaysia,6 11% in Greece, 10% in Australia,7 7% in one
study from the United States,8 and 18% in another study from
the United States.9 Similar to other studies, there was no
statistically significant association with handedness.

Participants doing skilled jobs had more strength than
those in other jobs. We were not able to infer a more
meaningful relationship with job as the physical demands
of each personwere not categorized.Many studies found that
with increasing levels of occupational and hobby-related
demands, the strengths also increased.22,23

In the present study, there is a significant correlation
between height and weight and a weak correlation with
BMI. Similar results were seen in the study by Kamarul et al15

and Anjum et al.2

The limitation of the study is that though occupation has
been taken into account, the nature of occupation was not
segregated based on the scale of physical demand. Also,
hobbies and measurement of palm width and upper limb
were not recorded and analyzed.

Conclusion

This multicentric study provides reference data for grip and
pinch strengths in the Indian population. It can be used as a

Table 4 Strengths based on occupation

Occupation n Grip strength (kg) Key pinch
strength (kg)

n Tripod pinch
strength (kg)

Tip pinch
strength (kg)

Administrator 10 33.833 6.017 10 4.933 4.4585

Agriculturist 15 31.066 7.621 15 5.7895 4.947

Business 10 27.574 6.665 10 4.2145 3.9645

Clerical job 37 28.3975 7.0465 37 5.073 4.4605

Homemaker 58 22.963 5.862 58 4.706 3.908

Nurse 47 21.87 5.1785 47 4.4555 3.887

Physiotherapist 29 24.8335 6.768 29 4.8045 4.0015

Professional 3 35.7775 7.111 3 7.028 5.5555

Skilled Job 296 36.058 9.076 59 4.374 4.2605

Student 62 22.8945 5.6505 62 4.5625 3.847

Unskilled Job 61 29.2545 6.366 61 5.1595 4.8605

White collar 391 31.995 6.786 9 5.3725 4.361

Total 1,019 400

Table 5 Correlation analysis of strengths with weight, height, body mass index (BMI), and age

Correlation analysis r value

Height (cm) Weight (kg) BMI (kg/m2) Age (y)

Grip strength, right 0.473 0.305 –0.0603 –0.0429

Grip Strength, left 0.49 0.33 –0.0439 –0.042

Key pinch, right 0.347 0.158 –0.133 0.0757

Key pinch, left 0.345 0.161 –0.124 –0.0659

Tripod pinch, right 0.203 0.168 0.0476 –0.0292

Tripod pinch, left 0.345 0.23 0.0169 –0.0185

Tip pinch, right 0.304 0.275 0.0941 0.0741

Tip pinch, left 0.297 0.246 0.0691 0.0412
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reference value for diagnosing disease and quantifying prog-
nosis or risk. It will play a great role in the rehabilitation of
the hand in the Indian population.
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