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Abstract
Background: Handgrip strength (HGS) and pinch strengths (PS) are the common measures to evaluate hand
function and predict general health. Normative values of HGS, PS, and prediction equations of HGS for healthy
young adult women have not been reported yet in Saudi Arabia. The aims of the study were to determine the HGS
and PS normative values and develop the prediction equations for the established HGS in a sample of healthy
female college students, aged 19–25 years. In this descriptive cross-sectional study, 139 healthy female college
students were recruited randomly from King Saud University (KSU). Both HGS and PS in kilograms were measured
using a Jamar hand dynamometer and pinch gauge respectively with standard testing protocol and instructions.
Results: HGS significantly increased with progress in age, while there was no significant effect of age on PS. HGS
and PS of the dominant hand were statistically greater than those of the nondominant hand (P < 0.05) in most
ages. There were significant correlations between dominant HGS, age (r = 0.7, P < 0.001), palmar width (r = 0.74, P
< 0.001), and level of physical activity (r = 0.60, P < 0.001). Regression analysis revealed that palmar width and age
were the predictors of dominant HGS and accounted for 55% and 14% of the variation, respectively.
Conclusions: Normative values can be used as a clinical reference in the evaluation of hand function in the
rehabilitation process with consideration of age and palmar width for a particular population.
Keywords: Handgrip and pinch strength, Dominant, Norms, Prediction equation

Background
The hand is a creative tool that is used for nonverbal
communication and an important tactile organ. It implements fine and sensitive tasks. Hands are required for
many functions such as grasping, moving, writing, computing, and so many others [1]. Hand gripping represents the complex anatomical and functional structure
of the hand [2], which occurred during all the activities
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of daily living (ADLs). Therefore, the analysis of hand
strength, including handgrip strength (HGS) and pinch
strengths (PS), is an essential item in upper limb functional evaluation. The gripping movements recommended for functional assessment using dynamometers
are HGS, and PS (palmar, key, and tip pinches).
The palmar pinch is used in about 60% of the ADLs. It
is a pinch of intermediate strength. It occurs between
the thumb, index, and middle finger pulls, such as picking up a pen [2]. It requires the action of index and middle fingers’ superficial flexor muscles and thenar muscles
[3] to stabilize of the middle and the proximal phalanges
of the thumb in flexion, respectively.
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The key pinch is carried out between the thumb pulp
and the lateral side of the middle phalange of the index
finger, such as putting a key into a lock [2, 3]. The adductor musculature of the thumb performs a significant
role in this pinch, which is established by electromyography studies. Tip pinch is the finest and the most precise of the digital pinches and is used for grabbing small
objects. It is accomplished by using the thumb and index
finger pulps [3, 4].
The evaluation of HGS and PS is very essential in
upper limb injury assessment [5]. It helps in clarifying
the efficiency of various treatment methods and in assessing the work capability of patients with local hand
trauma and injuries or in case of a systematic condition
that might affect hand function such as rheumatoid
arthritis or muscular dystrophy [5].
HGS is an assessment of the maximum voluntary contraction force of the hand. It is the simplest measuring
method of muscle function and a powerful predictor of
both future morbidity and mortality rate not only in
older population but also in the younger one [6]. HGS
and PS are assumed to be a central biomarker of healthy
aging [7].
The establishment of normative values of HGS and PS
is required in decision-making in hand surgery to evaluate and interpret data, design an accurate treatment program, and evaluate the patients’ capability to return to
their jobs [8]. The reported HGS and PS norms are varied significantly in different populations, proposing that
universal norms do not exist [9–11]. Several studies have
established normative values of hand strength using different measurement methods in Indian [12], German
[5], Greek [1], Turkish [13, 14], South Korean [15], and
Nigerian [16] populations.
Several prognostic factors of hand strength had
been reported in the literature, like gender, age,
height, weight, body mass index (BMI), wrist and
hand circumferences, hand dominance, physical activities, and occupation [14]. Thus, establishing the
norms of HGS and PS for each population and even
for each geographical region is very crucial for hand
therapists to assess impairment and follow progress
among patients [17].
Up to the authors’ knowledge, only six studies
attempted to estimate the normative values of HGS
and PS in the Kingdom of Saudi Arabia (KSA). Four
studies were conducted for male children and male
adults [17–20] and two studies for older adult s[21,
22]. However, no studies were conducted yet in
healthy young adult women. Therefore, this study
aimed to (1) establish the normative values of HGS
and PS and (2) develop the prediction equations for
the established HGS in a sample of healthy female
college students, aged 19–25 years.
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Methods
Design and setting

In this descriptive cross-sectional study, a sample of 139
healthy female college students was recruited randomly
from King Saud University (KSU), Riyadh, KSA, between
March 2018 and November 2019.
Participants

Participants with the following criteria were eligible for
the study: (1) healthy Saudi female students and (2) aged
19–25 years old. Exclusion criteria were (1) cardiac, pulmonary, and metabolic disorders affecting muscular
strength; (2) trauma, fracture, surgery, and/or deformity
of the upper limb and hand; (3) cervical radiculopathy;
and (4) presence of pain at the time of evaluation. All participants signed a consent form describing the aims and
procedures of the study before enrolling. The research
ethics committee at College of Applied Medical Sciences
Institutional Review Board, KSU, Riyadh, approved the
study with reference number (CAMS 088-3839).
The participants were selected via random sampling
using an envelope method. The sample size was calculated using the formula “N > 104 + m”, where N is the
sample size and m is the number of independent variables (n = 7). The independent variables were age,
height, weight, BMI, wrist circumference, palmar width,
and physical activity (PA) level [23]. Therefore, the estimated sample size was 111 participants, and for a possible 10% of dropped out, the sample size increased to
123 participants.
Procedures

The primary investigator examined the integrity of the
musculoskeletal and neurofunction of the upper extremities through inspection, palpation, assessment of the active range of motion, and symptoms of pain before the
dynamometry measurements.
Demographic and anthropometric measurements

Information regarding the demographic variables such
as age, weight, height, BMI, and hand dominance (defined as the ability to use hand to manipulate the ADL
such as eating, writing, drawing, and throwing a ball)
were collected. Weight and height were measured using
calibrated weight (ProMed 6129) with a stadiometer to
the nearest kilogram (kg) and centimeter (cm). BMI was
calculated as the ratio between the weight and the
square of height (kg/m2). The same investigator measured anthropometric hand data using 100-cm nonelastic tape. The circumference of the wrist was measured at the level of the articulation of the radius and
the ulna which matches the edge of the tiniest part of
the forearm. The palmar width was measured in both
hands from the radial side of the metacarpal of the
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second digit (index finger) and ulnar side of the metacarpal of the fifth digit (small finger). All anthropometric
data were measured to the nearest cm, with the forearm
and hand rested in a supinated position and the elbow
was supported on a table [15, 24].
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Statistical analysis

The PA level was measured utilizing the short form (7
items) of the international physical activity questionnaire
(IPAQ) Arabic version [25]. The metabolic equivalent
minutes (MET-min) per week for walking, moderateand vigorous-intensity activities were calculated as follows: walking, ¼ (3.3 × walking minutes × walking days);
moderate activity, ¼ (4.0 × moderate activity minutes ×
moderate activity days); and vigorous activity, ¼ (8.0 ×
vigorous activity minutes × vigorous activity days). Furthermore, sufficient vigorous activity was computed
based on 3 or more days of vigorous-intensity activity of
at least 20 min per day. Likewise, sufficiently moderate
and walking activities were computed based on 5 or
more days of moderate-intensity and walking of at least
30 min per day. PA levels were classified into three categories: inactive, minimally active, and health-enhancing
physically active, according to the scoring system provided by the IPAQ website (www.ipaq.ki.se).

The distribution of data was examined prior to analysis
using Kolmogorov-Smirnov test. The data were presented as a mean ± standard deviation (SD) for continuous variables and as frequency and percentage for
noncontinuousvariables. The HGS and PS were collected
and stratified by age (in 1-year increments) to capture
normative values. The analysis of covariance (ANCOVAs) was utilized to determine the effect of age on HGS
and PS. Post hoc analysis (Scheffe test) was utilized to
detect the difference in each pair-wise condition. An independent sample t-test was conducted to compare
hand strength for the dominant and nondominant
hands. Pearson and Spearman correlation coefficients
applied to investigate the correlation between HGS and
PS as dependent variables and independent variables
(demographic, anthropometric, and PA level). Stepwise
multiple linear regression model was operated to determine if any of the independent variables predict dominant HGS. The presence of multicollinearity between
independent variables was tested using variance inflation
factors (VIF) at a cutoff point of 10 [29]. All analyses
were performed using SPSS, version 22.0 (SPSS Inc.,
Chicago, IL, USA) for Windows®. Statistical significance
was considered at a P value of < 0.05.

HGS and PS assessment

Results

Valid and reliable Jamar hand dynamometer and a pinch
gauge ((749805)-JLW instruments) were used to measure the HGS and PS respectively for both dominant and
nondominant hands.
Data collection was performed according to the
American Society of Hand Therapists (ASHT) guidelines
[26]. The participants were seated on a chair without
armrests with their feet flat on the floor, shoulder was
adducted and neutrally rotated, elbow flexed at 90°, forearm in a neutral position, and wrist between 0 and 30°
extension and between 0 and 15° ulnar deviation. The
dynamometer was set at the second handle position.
The primary investigator showed all testing positions
and provided oral instructions. The participants received
verbal encouragement “squeeze the gauge as hard as
possible” to exert their maximal force during each trial
and hold for 5 s. Each test was performed three times to
collect HGS and PS data, and the average was calculated
and expressed in kilograms. If a measurement displayed
a difference of over 10% from the previously achieved
measurements, it would lead to performing a fourth trial
[26, 27]. The measurements of HGS and PS were done
in alternating order between the dominant and nondominant hands, and a 1-min rest between them to minimize
fatigue effect [1, 28]. The calibration of Jamar hand
dynamometer and a pinch gauge was tested periodically
during the study [28].

Demographic and anthropometric characteristics of the
participants

PA level measurement

One hundred eighty-eight participants were evaluated.
Forty-nine were excluded due to neurological disorders
(n = 20), non-Saudi (n = 15), and did not complete all
measurements (n = 14), while 139 participants were eligible and completed the assessment procedures.
Table 1 summarizes the demographic and anthropometric characteristics of the study participants. The
mean of age was 21.39 ± 1.68 years (ranged 19–25),
and the means of weight, height, and BMI were 60.3
± 13.4 kg, 158.6 ± 6.2 cm, and 23.81 ± 5.0 kg/cm2 respectively. Overall, there were no significant differences regarding weight, height, BMI, and wrist
circumference (of both dominant and nondominant
hands) across different ages (P ˃ 0.05 for all). The significant effect of age was reported on palmar width of
the dominant hand only (F(6) = 11.41, P < 0.001)—the
greater the age, the wider the palmar width. Besides,
there were no significant differences between the
hands for wrist circumference and palmar width in all
age groups (P ˃ 0.05). Right hand dominant was reported in 90.6% of participants, while left-handed
found in 9.4%.The majority of the participants 64.8%
reported moderate to a high level of physical activity
while 35.2% were inactive with a significant difference
between age groups (P ˂ 0.05) in favor of older age.
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Table 1 Demographic and anthropometric characteristics of all participants
Age
(y)

N

Weight
(kg)

Height
(cm)

BMI (kg/
cm2)

Palmar width

Wrist circumference

PA level

D

ND

D

ND

High

19

Moderate

Low

10

55.7 ± 8.4

158 ± 7.4

22.4 ± 3.7

17.4 ± 0.6

17.4 ± 0.6

15.4 ± 0.5

15.4 ± 0.5

0 (0%)

0 (0%)

10 (100%)

20

11

55.7 ± 7.0

160.6 ± 5.4

21.2 ± 3.2

17.7 ± 0.7

17.5 ± 0.6

15.4 ± 0.5

15.4 ± 0.5

0 (0%)

1 (9.1%)

10 (90.9%)

21

10

59.7 ± 7.5

156.1 ± 5.2

24.5 ± 3.0

17.6 ± 0.9

17.6 ± 0.9

16.1 ± 1.4

16.3 ± 1.7

0 (0%)

3 (30%)

7 (70%)

22

22

63.2 ± 14.6

160.2 ± 9.3

24.4 ± 5.0

18.7 ± 1.1

18.4 ± 0.95

15.8 ± 1.1

15.8 ± 1.1

5 (22.7%)

9 (40.9%)

8 (36.4%)

23

39

60.9 ± 13.6

158.0 ± 5.6

24.4 ± 5.2

19.5 ± 1.4a

19.1 ± .99

15.7 ± 0.8

15.6 ± 0.8

17 (43.6%)

15 (38.5%)

7 (17.9%)

b

24

33

60.6 ± 16.3

157.6 ± 5.1

23.9 ± 6.1

19.1 ± 1.5

18.6 ± 1.7

15.6 ± 0.8

15.6 ± 0.9

10 (30.3%)

18 (54.5%)

5 (15.2%)

25

14

60.4 ± 13.7

154.5 ± 4.1

23.3 ± 4.7

20.1 ± 1.3c

19.0 ± 1.9

15.9 ± 0.96

15.9 ± 0.96

8 (57.1%)

4 (28.6%)

2 (14.3%)

Total

139

60.3 ± 13.4

158.6 ± 6.2

23.8 ± 5.0

18.9 ± 1.4

18.5 ± 1.4

15.7 ± 0.9

15.7 ± 0. 9

40 (28.8%)

50 (36.0%)

49 (35.2%)

Data are represented as mean ± SD or N (%) unless otherwise stated
D dominant, ND nondominant
a
Difference between 23 and19–21 years
b
Difference between 24 and 19 and 21 years
c
Difference between 25 and 19–21 years

Handgrip strength

Pinch strengths

Table 2 lists the normative values of HGS and PS including means and SDs, for dominant and nondominant hands. The HGS showed incremental and
significant increase as age progresses for both dominant and nondominant hands (F(6) = 24.52, P < 0.001)
and (F(6) = 7.19, P < 0.001) respectively. Regarding
the dominant hand, significant differences were noted
between ages except for 19–21-, 22–24-, and 24–25year-old women (P > 0.05). Meanwhile, significant differences were reported only between 19 and 22–24
years and between 20- and 23–24-year-old women in
the nondominant hand (P > 0.05) in favor to an older
age. Overall, dominant HGS was significantly stronger
than that of the nondominant (P < 0.05) in all age
groups except for 21-year-old women (P > 0.05). The
lowest mean difference between dominant and nondominant hands (2.30 kg) was reported in 21 years
while the greatest mean difference (6.07 kg) was observed in 25-year-old women.

No differences were reported in PS across age groups for
both dominant and nondominant hands (F(6) = 1.85, P >
0.05 vs (F(6) = 1.43, P > 0.05), (F(6) = 1.49, P > 0.05 vs
F(6) = 1.13, P > 0.05), and (F(6) = 0.75, P > 0.05) vs F(6) =
1.91, P > 0.05) for palmar, key, and tip pinch respectively. However, the dominant hand exhibited greater PS
than that of the nondominant hand (P < 0.0001) in all
age groups except for 19–21 years (P > 0.05) for palmar
pinch strength, 19 and 21 years for key pinch (P > 0.05),
and 19, 21, and 25years for tip pinch (P > 0.05). For
three types of pinch strengths, palmar pinch was the
strongest followed by key pinch and tip pinch. The maximum values were observed at 25-year-old women for
both hands.
Table 3 demonstrates the correlationsof HGS and PS
of the dominant hand with the independent variables in
addition to their correlation to each other. HGS was
positively and strongly correlated with age (r = 0.71, P <
0.05) and palmar width (r = 0.74, P < 0.05) and

Table 2 Mean and SD of HGS and PS in different age groups and total sample
Palmar pinch (kg)

Key pinch (kg)

Age (yr)

N

D

HGS (kg)
Non-D

D

Non-D

D

Non-D

D

Non-D

19

10

24.2 ± 0.9**

21.9 ± 1.5

5.9 ± 1.1

4.9 ± 1.0

5.7 ± 2.0

4.7 ± 0.8

5.0 ± 2.2

3.9 ± 1.0

20

11

25.0 ± 0.8**

22.4 ± 1.2

4.7 ± 0.7

4.2 ± 1.1

5 ± 0.7**

4.1 ± 0.8

4.3 ± 0.4**

3.5 ± 1.0

21

10

26.8 ± 1.8

24.5 ± 3.4

5.4 ± 0.7

4.9 ± 0.7

4.8 ± 0.7

4.7 ± 0.9

4.5 ± 1.0

3.8 ± 1.0

22

22

28.7 ± 2.7**,a

25.5 ± 2.8a

6.4 ± 2.2**

4.7 ± 1.1

5.5 ± 1.7**

4.4 ± 1.2

4.6 ± 1.4**

3.8 ± 1.2

39

,a

29.7 ± 2.1**

26.1 ± 2.7a

6.5 ± 2.2**

4.9 ± 1.1

6 ± 1.6**

4.6 ± 1.2

5 ± 2.0**

3.9 ± 1.0

24

33

,a

30 ± 1.8**

26.1 ± 2.2

a

6.4 ± 1.8**

4.3 ± 1.3

5.7 ± 1.3**

4.1 ± 1.1

4.6 ± 1.1**

3.3 ± 0.8

25

14

31.5 ± 2.4**,a

25.4 ± 2.3

6.5 ± 1.4**

4.4 ± 1.0

5.3 ± 1.0**

4.2 ± 0.9

4.2 ± 0.8

3.6 ± 1.0

Total

139

28.8 ± 2.9**

25.2 ± 2.8

6.2 ± 1.9

4.6 ± 1.1

5.56 ± 1.44

4.4 ± 1.1

4.7 ± 1.5

3.7 ± 1.0

23

yr years, kg kilograms, N number, D dominant, Non-D nondominant
**Significant differences between dominant and nondominant hands (P˂0.01)
a
Significant in respect to age

Tip pinch (kg)
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Table 3 Pearson’s and Spearman;s correlation values of HGS and PS of the dominant hand with demographic and anthropometric
variables (n = 139)
Independent variables

HGS (kg) (D)

Palmar pinch (kg)

Key pinch (kg)

Tip pinch (kg)

Age (yr)

0.71**

0.202*

0. 085

− 0.037

Weight (kg)

− 0.004

0.032

0.082

0.036

Height (cm)

−0.009

0.072

0.053

0.040

BMI (kg/cm2)

0.000

0.000

0.064

0.015

Wrist circumference

0.079

0.109

0.072

0.071

Palmar width

0.74**

0.41**

0.31**

0.21*

Level of physical activity

0.603**

0.215*

0.167*

0.015

HGS (kg) (D)

–

0.455**

0.283**

0.184*

yr year, kg kilogram, cm centimeter, BMI body mass index, kg/cm2 kilogram/centimeter square, HGS handgrip strength, D dominant hand
*P ˂ 0.05, **P ˂ 0.01

moderately correlated with PA level (r = 0.603, P <
0.05). Furthermore, HGS demonstrated moderate to
weak significant correlations with a palmar pinch, key
pinch, and tip pinch (r = 0.455, r = 0.283, and r = 0.184,
all P < 0.05) respectively. Palmar pinch of the dominant
hand showed positive weak correlations with age and PA
level and moderate correlation with palmar width respectively (P < 0.05). On the other hand, there was a
weak positive correlation between both key and tip
pinches with palmar width respectively and weak correlation of key pinch with PA level (P < 0.05).
A stepwise multiple linear regression analysis revealed
that palmar width and age were the predictors of HGS
of the dominant hand whereby 55% (P˂0.001) and 14%
(P˂ 0.001) of the variation in HGS could be explained by
palmar width and age respectively (Table 4). Prediction
equations of HGS include:
HGS ðkgÞ ¼ 0:48 þ 1:50  ½palmar width ðcmÞ; r
¼ 0:74
HGS ðkgÞ ¼ − 7:53 þ 1:03  ½palmar width ðcmÞ
þ 0:75  ½age ðyrÞ; r
¼ 0:83

Table 4 Stepwise regression analysis for anthropometric
characteristics and dominant handgrip strength in healthy
women (n = 139)
Model

R2

R

Constant
Palmar width

B

Β

t

Sig.

0.22

0.83

0.74

12.91

0.001

0.48
0.74a

0.55

b

0.69

1.50

− 3.58

0.001

Palmar width

1.03

0.51

9.05

0.001

Age

0.75

0.44

7.79

0.001

Constant

a

0.83

− 7.53

Predictors: (constant), palmar width of the dominant hand
b
Predictors: (constant), palmar width of the dominant hand + age

Discussion
This study aimed to establish the HGS and PS normative
values and develop the prediction equations for the
established HGS in a sample of healthy female college
students, aged 19–25 years. The results illustrated that
HGS incrementally increases with the age progress from
19 to 25 years old. HGS and PS of the dominant hand
are stronger than those of the nondominant hand, and
the variability in dominant HGS can be explained by palmar width (55%) and age (14%). The established prediction equations using these variables could be applied
easily in both rehabilitation and research settings.
The main problem when comparing normative values
among similar studies starts from variations in the methodology, data presentation [29], and differences in sample size from previous studies [30]. The mean of HGS
was observed to be 28.82 kg and 25.21 kg for dominant
and nondominant hands, respectively. This finding
agrees with the results of the studies conducted in the
same age groups in other countries such as Germany
[5], Turkey [13], Brazil [31], and Iran [9]. However, other
studies showed lower values of HGS such as South
Korea [15], Sri Lanka [32], India [11], and Nigeria [16].
The PS was reported in different studies. In line with
the value estimated in the current study (6.2 ± 1.9 for
the dominant hand), Dianat et al. [33] found that palmar
pinch was 6 kg in 21–25-year-old women. In contrast,
Mathiowetz et al. [28] reported a higher value of palmar
pinch strength. Meanwhile, the values of key pinch reported in the current study were 5.56 ± 1.0 and 4.2 ± 0.9
kg for dominant and nondominant hands, respectively,
which were lower than those reported in previous studies [28, 33, 34]. Regarding tip pinch, the value accounted
for in this study was 4.7 ± 1.5 kg for the dominant hand
which is supported by Dianat et al. (4.5 kg) [33]. In contrast, many studies showed higher values of tip pinch for
both dominant and nondominant hands [9, 30]. According to Han et al., the key pinch was the strongest
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followed by tip pinch and tripod pinch [35]; however,
our study showed that palmar pinch is stronger than key
pinch and tip pinch.
The discrepancies of the HGS and PS between participants in different studies could be attributed to research
type, geographic differences, genetic elements, nutritional deficits, and social/cultural contradictions [36].
The anthropometric difference among different populations might give another explanation for HGS and PS
variation among studies [16]. When studying HGS and
PS, it is important to recognize their association with
the anthropometric measures as they are the indicators
of nutritional status. Likewise, this study investigated the
correlation between hand strength (HGS and PS), demographic variables (height, weight, BMI, and PA level),
and hand anthropometric measurements (wrist circumference and palmar width) in the dominant hand.
The findings of this study show that dominant HGS
and palmar pinch strength positively correlates with age,
palmar width, and PA level. These results agree with
Amaral et al. [37] and Nevill and Holder [38]. However,
Nakandala et al. reported positive correlations between
both dominant and nondominant HGS, weight, and BMI
and in adult women [32]. In addition, weak positive correlations were found between palmar width, key pinch,
and tip pinch. The current study confirmed that there
were positive correlations between HGS and PS (palmar,
key, and tip pinch) which were supported by Han et al.
[35].
The results reported that palmar width and age are the
predictors of HGS. However, Lim et al. reported that occupation, weight, and height are the predictors of HGS
[39]. In addition, Macdermid et al. stated that height was
the predictor of HGS which was not consistent with the
current findings [40].
Palmar width was the strongest factor associated with
HGS and the main predictor in the regression equation
in our study. The positive influence of palmar width on
HGS was consistent with previous studies [32, 40]. This
can be related to the fact that larger palmar width shows
larger muscle mass [41] and bone which reflected on
grip strength. Age was considered the second predictor
of HGS and explained 14% of the total variance. This
agreed with previous studies [32, 40] and disagreed with
Angst et al. where they concluded that weight is one of
the HGS predictors [34]. There was no predictor variable with a VIF value of 10 or more which shows the absence of multicollinearity between the predictor
variables [29]. In our study, both the palmar width and
age showed a significant contribution to HGS in regression analysis and the VIF was 1.40 and 1.38 for palmar
width and age, respectively.
The study has several limitations; first, it was performed only in one province in Saudi Arabia. The results
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cannot estimate the values of the residents in other areas
of Saudi Arabia, or other ethnicities; second, despite calculation of sample size, a larger sample size is recommended for future studies; third, incorporation of adult
women aged 19–25 years.

Conclusion
The current study presents specific norms for HGS and
PS in Saudi young adult women by age and dominance
which can be used as a referencevalue during patient’s
rehabilitation with the same age group.
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