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Abstract: Hand grip strength is broadly used for performing tasks involving
equipment in production and processing activities. Most professionals in this field
rely on grip strength to perform their tasks. There were three main aims of this
study: i) determining various hand grip strength measurements for the group of
hand tool users, ii) investigating the effects of height, weight, age, hand dominance,
body mass index, previous Cumulative Trauma Disorder (CTD) diagnosis, and
hand tool usage experience on hand grip strength, and iii) comparing the obtained
results with existing data for other populations. The study groups comprised 71
healthy male facility workers. The values of subjects’ ages was observed between
26 and 74 years. The data were statistically analyzed to assess the normality of
data and the percentile values of grip strength. The results of this study
demonstrate that there were no significance differences noted between dominant
and non-dominant hands. However, there were highly significant differences
between the CTD group and the other group. Hand grip strength for the dominant
hand was positively correlated to height, weight, and body mass index, and
negatively correlated to age and tool usage experience. Hand dominance, height,
weight, body mass index, age and tool usage experience should be considered
when establishing normal values for grip strength.

El Aleti Kullanimina Gore Kavrama Kuvvetinin incelenmesi

Anahtar Kelimeler
Kavrama kuvveti,

El aleti kullanimi,

Kiimilatif travma bozuklugu

Ozet: El kavrama kuvveti, iiretim siireclerinde belirli isleri tamamlamak icin
kullanilan el aletlerinde 6nemli yere sahiptir. Bu ¢alismada, i) el aletlerini kullanan
kisiler arasinda kavrama kuvveti farkliliginin belirlenmesi, ii) boy uzunlugu, viicut
agirhigy, yas, sag-sol el kullanimyi, viicut kiitle indeksi, el aleti kullanim1 deneyimi ve
kiimiilatif travma bozukluklarinin (KTB) kavrama kuvveti tizerindeki etkilerinin
incelenmesi ve iii) literatiirdeki diger popiilasyonlarin kavrama kuvveti ile
karsilastirilmasi amacglanmistir. Calismaya yaslari 26 ile 74 arasinda degisen ve
saghk acisindan problemi olmayan 71 calisan katilmustir. Istatiksel analizler ile
elde edilen sonuclara gore dominant el ile diger el arasinda kavrama kuvveti
acisindan anlamh istatiksel farklilik goriilmemistir. Gegmiste KTB rahatsizlig
geciren grup ile gecirmeyen grup arasinda ise énemli derecede istatiksel farklilik
gorilmistiir. Kavrama kuvvetinin; boy uzunlugu, viicut agirligi, ve viicut kiitle
indeksi ile arasinda pozitif korelasyon iliskisi; yas ve el aleti kullanim siiresi ile
negatif korelasyon iliskisi bulunmustur. Kavrama kuvveti i¢cin normal degerler
olusturulurken; dominant elin kullanimi, boy uzunlugu, viicut agirhigs, viicut kiitle,
yas ve el aleti kullanim siiresi goz 6niinde bulundurulmalidir.

1. Introduction

functions, grip strength is frequently used in clinical
practice as a representation of long-term body

Hand grip strength is defined as a measurement of
the strength of different muscles in the hand and the
forearm [1]. It is measured in either kilograms or
Newtons by squeezing a hand grip strength
dynamometer with one's maximum strength [2].
Because gripping is important for many daily
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strength and health [3,4,5]. Hand grip strength is
broadly used for performing tasks involving
equipment in production and processing activities
[6]. Most professionals in this field rely on grip
strength to perform their tasks. Facility workers,
especially working in small companies, may be more
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likely to use equipment and hand tools that are old
and cheap, most of them not ergonomically designed
[7]- The use of poor tools might be a potential factor
that increases the risk of Cumulative Trauma
Disorder (CTD).

In the USA, hand and finger injuries constitute 35% of
the total work-related injuries [8]. In order to get
information about the capacity of workers, the
assessment of grip strength is very important. The
obtained information can be considered to design
tools, equipment, and workstations [9].

There are various factors which affect hand grip
strength such as gender, weight, height, age, and hand
dominance[10]. There is a non-linear relationship
between grip strength and age [11]. According to
gender differences, male participants have greater
grip strength than female participants [12]. The
dominant hand is almost 10% stronger than the non-
dominant hand [13]. In addition, there is a positive
relationship between grip strength, weight and
height [14].

Several authors have evaluated the grip strength of
various populations. For instance, Fernandez and
Uppugonduri [15] have compiled data on hand grip
strength from South Indian male workers (n=128) in
the electronic industry. Chau et al. [16] have compiled
grip strength data from French males (n=55) and
females (n=45). Kamarul et al. [17] have compiled
grip strength data from Malaysian males (n=212).
Mandahawi et al. [18] have compiled grip strength
data from Jordanian males (n=115) and females
(n=120); the subjects were mainly carpenters, vehicle
drivers, electrical technician, and others. Recently,
Cakit et al. [19] have compiled grip strength data
from Turkish male (n=92) and female (n=73)
students studying at dentistry faculty.

There were three main aims of this study: i)
determining  various  hand grip  strength
measurements for the group of hand tool users, ii)
investigating the effects of height, weight, age, hand
dominance, CTD, and hand tool usage on hand grip
strength, and iii) comparing the obtained results with
existing data for other populations.

2. Material and Method
2.1. Sample size
The minimum required sample size was predicted

applying the equation used in “General requirements
for establishing anthropometric databases” [20]:

n > (3.006x) v = 2x100 (1)

(n: sample size, CV: coefficient of variation, a: the
percentage value of relative accuracy, x: the mean

value of the population and s: the standard deviation
fort he corresponding population).

Based on the inital pilot study of 15 participants, A
relative accuracy was assumed as 5%, and using the
mean (46,4 kg) and standard deviation (6,45kg)
values were calculated and a relative accuracy was
assumed as 5%. The minimum required sample size
was calculated as 70 from the equation above. Thus,
seventy-one US-based healthy male facility workers
were randomly selected for this study.

2.2. Participants

Seventy-one US-based healthy male facility workers
participated in the study. The values of subjects’ ages
was observed between 26 and 74 years. The average
values and standard deviations of age, height and
weight of the subjects were 47.44+ 16.34 years,
170.734+10.29 cm, and 80.04+ 16.58 kg, respectively.
Of the 71 participants, only one was left-handed, the
remaining 70 were right-handed. The demographic
data of participants are summarized in Table 1. Some
of the tools that participants have used mostly are
screw drivers, pliers, drill, electric testing, etc. (Figure
1). The hand tool experience was changed between 6
and 55 years and some participants had CTD before.
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Figure 1. Some hand tools used frequently by participants

Hand grip strength measurement was taken for both
hands. At the beginning of the study, the subjects
were informed of the objectives of the study, and
those who agreed to voluntarily participate in the
study signed a Consent to Participate form. This study
was approved by the Institutional Review Board for
Research with Human Subjects at University of
Central Florida. A hand injury or any related
disability was not observed at the time of the study.

Table 1. Subject demographics

Facility workers (n=71)

Gender All male

70 right-handed,

Hand dominance 1 left-handed

Mean age, year (Min-Max) 47.44 (26-74)

Mean body weight, kg (Min-

Max) 80.04 (60-100)

Mean body height, cm (Min-

Max) 170.73 (160-185.4)

Body Mass Index, kg/m2

(Min-Max) 27.17 (23.4-33.1)
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2.3. Apparatus and measurements

The Jamar dynamometer has been used to measure
grip strength of both the right and left hands; it is a
hydraulic instrument that measures in pounds (lbs)
and kilograms (kg), up to 200 lbs or 90 kg,
respectively  (Figure 2). Maximal voluntary
contraction (MVC) is recorded when the manometer
needle stops at each particpant’s optimal grip point,
which remains in place until it is manually reset to
Zero.

Figure 2. Jamar dynamometer used in experiment

The American Society of Hand Therapists (ASHT)
recommends standardised positioning: subject
seated, shoulders adducted and neutrally rotated,
elbow flexed at 90 degrees, forearm in neutral, and
wrist between 0 and 30 degrees of extension [21].
Several studies have reported no significant
difference in grip strength with subjects either sitting
or standing [22, 23, 24]. For this purpose, in our
study, standardised positionining described by ASHT
was considered as stated above (Figure 3-a and 3-b).

Figure3. Typical subject positioning (left), Front
view (right)

As shown in Figure 3.a, there is no support for the
arm, since the dynamometer is positioned vertically
[25]. The span is adjustable with five different grip
distances (2.5, 3.8, 5.1, 6.4 and 7.6 cm apart)
according to a comfort scale. It has been found that
maximal grip strength is usually calculated when the
scale is in the second or third position [26,27,28]. In
the current study, maximum grip strength values
were obtained in the second position in centimeters
(3.8cm).

The popular approach for assessing maximum grip
strength is to calculate the average value of three
trials [29]. Participants performed three maximum
attempts with each hand, while the average value was
recorded in kilograms. In addition, participants’ body
mass index (BMI) was determined as well, according
to weight and height factors.

2.4. Statistical analysis

To perform the normality of data and the important
percentile values of grip strength, all data were

statistically analyzed using IBM SPSS® version 20.
The mean, standard deviation (SD), and percentile
values were obtained in order to summarize the
descriptive statistics. T-tests were used to compare
dominant hand versus non-dominant hand, CTD
group versus other group, and American versus other
populations for existing hand grip strength
measurements in previous research. The levels of
statistical significance were declared at p value as 5
% or 1%.

3. Results and Discussion

Important percentile values (first, 25th, 50th, 75th,
and 99th) of grip strength data for the dominant and
opposite hands were calculated to represent the
extreme values (Table 2). Hand tool designers might
be interested in the extreme values of grip strength
(first and 99th percentiles) since they influence fit
and comfort.

Table 2. Percentiles value for American male facility
workers

Grip strength

1st 25th 50th 75th  99th
(kg)

Dominant Hand | 34.00 37.88 44.67 5874 66.66

Non-dominant | 5, ' 3300 4200 5868 6333
Hand
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The mean and standard deviation for each hand in
CTD situations is shown in Table 3. The percentage
difference between dominant and non-dominant
hands and the significance test results for the
differences are represented in Table 4. The results of
this study demonstrate that there were no
significance differences noted between dominant and
non-dominant hands. However, there were highly
significant differences between the CTD group and
the other group. The results suggest that individuals
with CTD lost some grip ability on hand tools. The
last objective of this study was to compare US-based
grip strength data with some of the international
data.

Several studies have been carried out on hand grip
strength in different countries. Grip strength was
used to compare with South Indian (n=128 male)
[15], French (n=55 male) [16], Malaysian (n=212
male) [17], Jordanian (n=115 male) [18], Turkish
(n=92 male) [19] (Table 5). Based on the results of
the T-tests for the significance between American and
other populations, there were significant differences
between U.S. males and males from other countries,
excluding the nations of Jordan, Malaysia, and Turkey
(Table 6). Based on the comparison of the results,
grip strength is significantly different in distinctive
populations. According to the results obtained, the
grip strengths of American males were significantly
higher than South Indian males and significantly
lower than French males. Table 7 depicts the
correlations among the variables.
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Table 3. The grip strength(kg) mean and standard deviation for both hands and CTD diagnose.

Dominant Hand Non Dominant Hand

CTD Group (n=35)(DH)

Other Group (n=36)(DH)

Mean SD Mean SD Mean
48 11.64 44.85 12.89 38.6

SD Mean SD
4.9 55.52 9.7

DH: Dominant Hand

Table 4. Comparison of grip strength between dominant and opposite hands, CTD-Other group

Dominant vs. Non-dominant Hand

CTD vs. Other group

t %Difference t
Grip strength (kg) 0.83 6.56

%Difference
496 43.83

* Statistically significant (p<0.05); **statistically significant (p<0.01) %Difference for opposite hands = 100 x (mean for Dominant - mean
for Opposite hand) / mean of Dominant %Difference for CTD = 100 x (mean for CTD group - mean for other group) / mean of CTD group

Table 5. Summary data of grip strength of American male facility workers and other populations (n=71)

American French Jordanian Malaysian South Indian Turkish
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
4648 12.95 55.3 9.4 43.05 11.6 41.2 12 32.05 343 43.21 6.42

Table 6. Comparison of grip strength between American male facility workers and other nationalities

American vs. American vs.

American vs.

American vs. South American vs.

French Jordanian Malaysian Indian Turkish
t %Diff t %Diff t %Diff t %Diff t %Diff
3.28** 18.97 1.22 7.38 1.91 11.36 10.67** 31.04 1.69 7.03

* Statistically significant (p<0.05); **statistically significant (p<0.01) %Difference = 100 x (mean for American - mean for comparison

nationality) / mean of American

Table 7. Correlation between dominant hand grip strength and other parameters

Age Height Weight

Body Mass Index (BMI)

Tool usage experience (years)

-0.67* 0.72* 0.57

0.28 -0.48

* Statistically significant (p<0.05)

This study supported the results obtained from the
study of Amosun et al. [30] that a positive
relationship between grip strength, weight and
height was found. As shown in Table 7, hand grip
strength for the dominant hand was positively
correlated to height, weight and body mass index
(p<0.05 for height); negatively correlated to age and
tool usage experience (p<0.05 for age).

4. Discussion and Conclusion

In conclusion, there were no significance differences
found between dominant and non-dominant hands.
However, there were highly significant differences
between the CTD group and non-CTD group, and
between U.S. males and males from other countries,
excluding the nations of Jordan, Malaysia, and
Turkey. The hand grip strengths of U.S. male workers
appeared to be stronger than those of other
populations aside from French males; the dominant
hand had greater grip strength than the non-
dominant hand. Such differences have practical
implications for the design of hand tools. However,
more data are needed to reliably establish these
differences. Hand dominance, height, weight, body
mass index, age and tool usage experience (for facility
workers) should be considered when establishing
normal values for grip strength. On the other hand,
tools should be selected more carefully to minimize
possible problems such as excessive vibration and
force that might lead to a CTD diagnosis.
Furthermore, tools should be balanced properly and
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designed based on hand anthropometry such as palm
width, length, etc. Workers should be trained to use
tools properly and how to report problems with
tools.
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