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Introduction

Handgrip strength is a simple and cheap evaluation way that could 
be used to measure muscle strength. Thirty-five muscles are in-
volved in the movement of the forearm and hand. A lot of these 

muscles play a crucial role in gripping. During gripping, flexor muscles 
create grip strength and the extensor muscles of the forearm stabilize the 

Original

ABSTRACT
Background: Handgrip or Grip strength (GS) is a common method used to evalu-
ate muscle strength and affected by different factors, including age, gender, and arm’s 
positions. 
Objective: This study aims to investigate the effect of both the gender and arm’s 
positions on the handgrip strength and the fatigue resistance (FR), which is the time 
needed for the handgrip strength to drop to 75% (FR75), 50% (FR50), and 25% (FR25) of 
its maximum strength during sustained maximal handgrip effort.
Material and Methods: In this experimental study, 59 male and 41 female 
participants were asked to grip forcefully on a dynamometer for the longest period. GS 
and FR75, FR50, and FR25 values were recorded for 7 different arm positions. Factorial 
ANOVA was used to find the main effect of gender and position and the interaction 
between them. Sidak and Tukey’s HSD tests were used to find the gender and arm 
position effects, respectively. 
Results: The results showed a significant effect for gender and arm position on GS 
and FR and a significant interaction effect for GS that was significantly higher in males 
than females for all positions. The gender difference in FR depends on arm’s positions 
and the level at which the FR was measured. GS was higher when arm adduction with 
90 ͦ forward at the elbow as compared to arm abduction with 180 ͦ at the shoulder and 
90 ͦ at the elbow.  
Conclusion: The results confirmed the significant effect of the gender and arm’s 
positions on the maximal handgrip strength and fatigue resistance during sustained 
maximal handgrip effort.
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wrist [1]. A dynamometer that has high test-
retest reliability is usually used to measure 
the handgrip strength [2]. Handgrip strength is 
usually used to predict the whole body strength 
in both genders as well as different ages [3], 
and also predict the forearm and hand muscles 
performance [4]. Some sports, such as wres-
tling, tennis, handball, and basketball require 
a degree of grip strength. Coaches and athletes 
could use the handgrip strength test as an as-
sessment method [1]. Also, handgrip strength 
could be used to determine the nutritional sta-
tus, health status, and the mortality in elderly. 
It is also known that lower handgrip strength 
could be related to a higher subsequent risk of 
poor health [5-8]. In medical research, hand-
grip strength is usually used to detect altering 
muscle strength associated with sarcopenia [9], 
and frailty [10]. Grip strength could be used as 
a biomarker for overall strength, upper limb 
function, bone mineral density, fractures, and 
quality of life [11-13]. 

Handgrip strength is affected by physiologi-
cal factors, including age, gender, weight, hand 
size, upper arm size etc. Many studies have 
been conducted to investigate the difference 
in handgrip strength in relation to gender [14-
17]. In general, males generate higher maxi-
mum handgrip force compared to females. 
However, different handgrip force values were 
reported in the literature. This variation may 
be due to differences in body posture and arm 
anatomical positions adopted by each study. 
For instance, Elsais and Mohammad [18] have 
studied the effect of body posture on handgrip 
strength. They found that the handgrip strength 
was higher in standing posture compared to 
supine, side-lying, prone, and sitting postures. 
In their study, the shoulder was adducted with 
90° flexion at the elbow joint and maintained 
in this position for all body postures. Handgrip 
strength is also affected by the arm’s anatomi-
cal position. Various studies have focused on 
the influence of shoulder positioning angle and 
the role of different elbow angles on the hand-
grip force [19-21]. Furthermore, Alkurdi and 
Dweiri have investigated the effect of differ-

ent arm anatomical positions on the handgrip 
strength for 20 male subjects only while the 
subjects were in standing posture [22]. There 
were some differences in the handgrip strength 
for different arm positions.

Muscle fatigue is defined as a reduction in 
the capacity of the muscle to generate force 
[23]. It could be due to changes at the level of 
the muscle or central nervous system failing 
to drive the motoneurons effectively [20, 23]. 
Many researchers have studied the relationship 
between handgrip strength and fatigue [24-26]. 
Bautmans et al. [25] introduce an assessment 
method for muscle fatigue resistance by ask-
ing the subject to sustain maximal handgrip 
effort as long as possible and reporting the 
time at which the grip force drops to 50 % of 
its maximum. Staszkiewicz et al. [27] stud-
ied the relationship between muscle strength 
and the fatigue resistance at different levels of 
25%, 50%, and 75% of maximal strength ( i.e. 
the time at which the grip force drops to 25%, 
50%, and 75% of its maximum) in males and 
females. They found that there is a gender dif-
ference in relation to fatigue resistance at 50% 
of handgrip force, delivering the best knowl-
edge about muscle endurance [27]. Alkurdi and 
Dweiri [22] have studied the fatigue resistance 
at 50% of handgrip force for different arm ana-
tomical positions during sustained maximal 
handgrip effort. Their study was conducted on 
only twenty males’ subjects. Therefore, they 
recommended evaluating the fatigue resistance 
at 25%, 50%, and 75% of the maximum grip 
force for a larger sample size.

This present study aims to determine the 
effect of gender on the maximum handgrip 
strength and the fatigue resistance at different 
levels of maximum force (i.e. the time needed 
for grip strength drops to 75% (FR75), 50% 
(FR50), and 25%, (FR25) of the maximum grip 
force) during sustained maximal handgrip ef-
fort at different anatomical positions in healthy 
adults. Furthermore, the effect of different arm 
anatomical positions on maximum handgrip 
strength and fatigue resistance during sustained 
maximal handgrip effort was investigated.
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Material and Methods

Participants
In this experimental study, we proposed to 

study the effect of gender and arm’s anatomi-
cal position on the handgrip strength and en-
durance time. One hundred young Jordanian, 
undergraduate students, participated in the 
current study. Forty-one females with an aver-
age age of 21.8 years and fifty-nine males with 
an average age of 22.1 years. All participants 
were healthy with no history of musculoskel-
etal injuries or complications. The right hand 
was the dominant hand for all participants. 
Table 1 shows the subject characteristics, in-
cluding age, height, weight, body mass index 
(BMI), and some anthropometric measures of 
the dominant hand of the female, males, and 
both combined.

Instrumentations 
The system used for data collection is a com-

mercial system developed by ADInstruments 
corporation. Figure 1 shows the complete 
setup, composed of a Grip Force Transducer 
(GFT) and is attached to the PowerLab unit. 
The PowerLab is a highly, reliable, and precise 
data acquisition (DAQ) unit. The GFT sensor 
is a pre-calibrated strain gauge based isomet-
ric dynamometer with a linear response in the 
0–800 N range. The DAQ unit was connected 
via a USB port to a personal computer (PC). 
The software environment used in the data col-
lection operation and interfaced with the hard-
ware is the LabChart software.

Procedures
At the beginning, participants were informed 

about the protocols and procedures adopted 
for the experiments. Participants were asked 
to sign the consent form after explaining the 
experiment. The study’s protocol was ap-
proved by the Research Ethics Committee at 
the Department of Biomedical Engineering at 
Yarmouk University. Subject height was mea-
sured using a wall-fixed measuring tape while 
the subject stands on the floor next to the wall. 
A flexible measuring tape was used to measure 
the arm length, the forearm length, the hand-
breadth, and the hand length, of the dominant 
right hand. A standard weight scale was used 
to measure the weight for each participant. The 
body mass index (BMI) was calculated using 

Male Female Overall
Height (cm) 176.6 (6.7) 161.8 (5.2) 170.5 (9.5)
Weight (Kg) 75.8 (14.8) 61.3 (10.7) 69.8 (15)
Arm length 

(cm) 61.4 (7.1) 53.8 (4.2) 58.3 (7.1)

Forearm 
length (cm) 35.8 (6.6) 31.0 (2.6) 33.8 (5.8)

Hand-
breadth 19.8 (4.5) 17.3 (1.5) 18.8 (3.8)

Hand length 
(cm) 18.6 (3.7) 14.3 (1.6) 16.8 (3.7)

Age (Years) 22.1 (1.2) 21.8 (0.9) 22 (1.1)
BMI (Kg/m2) 24.2 (3.8) 23.4 (3.8) 23.9 (3.8)

BMI: Body mass index

Table 1: Subjects demographics, data pre-
sented as mean (standard deviation)

Figure 1: Block diagram of the system used in data collection.
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the well-known equation where the BMI equals 
the weight in kilogram divided by the height in 
meter squared. Participants were instructed to 
grip the hand force transducer to their maxi-
mum capacity and to sustain the force for the 
longest period possible. FR75, FR50, and FR25 
were measured which is the time needed for 
the handgrip strength to drop to 75%, 50% and 
25% of its maximum strength during sustained 
maximal handgrip effort, respectively. The 
experiment was repeated for seven different 
anatomical positions as shown in Figure 2. Par-
ticipants were asked to rest for five min after 
each trial. The data were recorded and saved in 
a computer connected to the Power Lab. Lab-
Chart software was used to visualize the force-
time data and find the key variables of interest 
for all anatomical positions. The values of the 

key variables of interest, which are the maxi-
mum force and the fatigue resistances at 75 %, 
50 %, and 25 % of the maximum force, were 
organized and saved in an Excel sheet.

Statistical Analysis 
Statistical analysis was performed using a 

two-way factorial analysis of variance (ANO-
VA) using SPSS software (IBM SPSS Statistics 
20). A two-way analysis of variance (ANOVA) 
followed by Sidak multiple comparisons test 
was used to determine the gender effects on 
grip strength and fatigue resistance. Tukey’s 
Honest Significant Difference (HSD) post-hoc 
test was used to investigate the main effect of 
arm anatomical positions on grip strength and 
fatigue resistance. Probability (p) values < 0.05 
were considered statistically significant.

Figure 2: Different anatomical positions of the arm. A) Position 1(P1): Arm adduction with  
180 ͦat the elbow joint. B) Position 2 (P2): Arm adduction with 90 ͦforward at the elbow joint. C) 
Position 3 (P3): Arm abduction with 90 ͦat the shoulder joint and 180 ͦat the elbow D) Position 
4 (P4): Arm abduction with 90 ͦat the shoulder joint and 90 ͦat the elbow joint with the forearm 
perpendicular to the frontal plane. E) Position 5 (P5): Arm perpendicular to the frontal plane. 
F) Position 6 (P6): Arm abduction with 180 ͦat the shoulder joint and 180 ͦat the elbow joint. G) 
Position 7 (P7): Arm abduction with 180 ͦat the shoulder joint and 90 ͦat the elbow joint
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Results
The results of the two-way ANOVA for grip 

strength and fatigue resistance at 75% (FR75), 
50% (FR50) and 25% (FR25) of maximum 
strength are summarized in Table 2. The results 
showed significant F-ratio for gender and posi-
tion main effects for grip strength, FR75, FR50 
and FR25 (p<0.01). The interaction effect be-
tween gender and position was significant for 
grip strength (p=0.018) while it was not signifi-
cant for FR75, FR50 and FR25 (p>0.05).

Figure 3 summarized the results obtained us-
ing a post hoc multiple comparison test to find 
gender differences. The maximum grip strength 
was significantly higher for males as compared 
to females for all the seven positions (p<0.01) 
(Figure 3A). The FR75 was significantly higher 
for males as compared to females for position 
3 (p=0.015), position 4 (p=0.039) and position 
6 (p=0.0017) (Figure 3B). Figure 3C showed a 
significantly higher FR50 for males as compared 
to females for position 1 (p=0.0016), position 3 
(p=0.0051), position 4 (p=0.0016) and position 
6 (p<0.001). Furthermore, FR25 was signifi-
cantly higher for males as compared to females 
for position 1 (p=0.0027), position 2 (p=0.02), 
position 3 (p=0.006), position 4 (p=0.0045), 
position 5 (p=0.015) and position 6 (p=0.008) 
(Figure 3D). Interestingly, there was no signifi-
cant difference between males and females for 
position 7 for all the fatigue resistance times.

Figure 4 shows a bar chart representation of 
the maximum force, FR75, FR50 and FR25 for 

all included anatomical positions. The results 
of the position pairwise comparisons were ob-
tained by applying Tukey’s HSD post hoc test 
for the handgrip strength, FR75, FR50 and FR25, 
as shown in Figure 4. Handgrip strength was 
significantly higher for position 2 as compared 
to position 7 (Figure 4A). FR75 was significant-
ly higher for position 1 as compared to position 
4 and position 5. Similarly, FR75 was signifi-
cantly higher for position 7 as compared to po-
sition 4 and position 5 (Figure 4B). Regarding 
FR50, the time at position 7 was significantly 
higher than that at position 4 (Figure 4C). FR25 
was significantly higher for position 7 as com-
pared to position 6 (Figure 4D).

Discussion
This study aimed to determine the effect of 

gender on the maximum handgrip strength, 
and the fatigue resistance, defined as the time 
to drop to 75% (FR75), 50% (FR50) and 25% 
(FR25) of the maximum grip force during sus-
tained maximal handgrip effort at different an-
atomical positions and to investigate the effect 
of different arm anatomical positions on maxi-
mum handgrip strength and fatigue resistance 
at different levels of maximum force during 
sustained maximal handgrip effort in healthy 
adult university students. The current work re-
veals some important results that show a high 
degree of agreement with previous work on the 
topic. 

In agreement with previous studies, the cur-

Source Force (N) FR75 FR50 FR25

Gender
F (1, 98) = 43.27; 

p<0.001
F (1, 98) = 10.97; 

p=0.0013
F (1, 98) = 18.35; 

p<0.001
F (1, 98) = 17.40; 

p<0.001

Position
F (6, 588) = 5.697; 

p<0.001
F (6, 588) = 6.920; 

p<0.001
F (6, 588) = 6.948; 

p<0.001
F (6, 588) = 7.977; 

p<0.001

Interaction: Gender × Position
F (6, 588) = 2.568; 

p=0.018
F (6, 588) = 1.594; 

p=0.146
F (6, 588) = 1.040; 

p=0.398
F (6, 588) = 0.522; 

p=0.7918
FR: Fatigue resistance, FR75, FR50 and FR25: Time during which grip strength drops from maximum strength to 75%, 50% and 
25% of maximum strength, respectively.

Table 2: Summary of two-way analysis of variance (ANOVA) for grip strength and fatigue resis-
tance (FR) at 75%, 50% and 25% of maximum strength.
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rent result showed that males generate signifi-
cantly higher hand grip force compared to fe-
males for all included arm anatomical position. 
The maximal handgrip strength was studied 
among 75 male and 50 female young subjects 
using a mechanical dynamometer [28]. For 
the dominant hand, the maximal hand strength 
was 48.6 kg and 32.9 kg on average for males 
and females, respectively. The maximal hand-
grip strength in females was 67.7% of that of 
males. Similarly, Maynard and Triyanti [14] 
described the handgrip strength and the factor 
associated with it among 94 Indonesian young 
subjects aged 18-21 years old and distributed 
as 47 males and 47 females. For the domi-
nant hand, the maximal handgrip strength was 
35.99 kg and 21.89 kg on average for males 
and females, respectively. Furthermore, Kim et 
al. [15] conducted a normative handgrip size 
values for 11,104 subjects across over Korean 
people’s lifespan aged from 10-80 years. For 
Korean young aged 20-24 years, the males are 

shown to have higher grip strength compared 
to females with 42.5 kg and 25.9 kg on aver-
age, respectively. On the other hand, the effect 
of gender for 200 young Taiwanese subjects on 
the handgrip force and their ability to excrete 
force by their hands was investigated using a 
handgrip dynamometer [16]. The Maximum 
strength was obtained for males with 40.4 kg 
compared to 28.3 kg for females on average. 
Hence, the maximum strength of females in Tai-
wan was ~70.0% that of males. Also, the hand-
grip strength and its association with gender, 
the body mass index, and hand anthropometric 
data for 524 Sri Lanka, undergraduate universi-
ty students (350 females and 174 males), have 
been investigated [17]. The results of handgrip 
strength showed a significant difference among 
the different genders. The strength of the domi-
nant hand for male students was 35.27 kg com-
pared to 19.52 kg for females.

The current results show that the maximal 
handgrip strength in females was 52.4%, 50.8 

Figure 3: Handgrip strength and fatigue resistance for females and males at different arm’s anatomi-
cal position. A) The handgrip strength, B) fatigue resistance at 75% (FR75) of the maximal force, C) fa-
tigue resistance at 50% of the maximal force (FR50) and D) fatigue resistance at 25% (FR25) of the max-
imal force for all anatomical positions. The values are the means± standard error (SE). ***P<0.001, 
**P<0.01 and *P<0.05, significant difference between males and females at each position.
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%, 54.6%, 51.6%, 54.5%, 56.9%, and 65% of 
that of males for positions one to seven, respec-
tively. While, Maynard and Triyanti [14], Kim 
et al. [15], Liao [16], Christine [29], and Piumi 
et al. [17] reported that the maximal handgrip 
strength in females was 60.8%, 60.9%, 70%, 
60% and 55.3% of that of males, respectively. 
Although the current results agree to a high ex-
tent with previous results, these small variations 
in results among the study could be explained 
by different body postures and hand anatomical 
positions adopted by each study. For example, 
in Kubota and Demura [28] study, the measure-
ments were conducted while the subject was 
seated on a chair and their arms were straight 
and close to the body. In an another study, the 
handgrip strength was measured while the sub-
ject was seated, and their elbows were fixed at 
90°  [14]. Furthermore, in Kim et al. [15] study, 
the measurement was obtained while the par-
ticipant was standing upright with their shoul-
ders in a neutral position, the elbow is fully ex-

tended, and the arms are adducted. It has been 
established in the literature that different body 
posture and hand anatomical positions have an 
impact on the obtained handgrip force values 
[18-22]. Such a difference in muscle strength 
explained the variation in the ability to perform 
the daily basis activities between males and fe-
males. Another reason behind the reduced grip 
strength in females compared to males is relat-
ed to the high prevalence of developing frailty 
as they age [30].

Fatigue resistance has been studied and com-
pared between males and females. As shown 
in the results, the gender differences in fatigue 
resistance depend on arm anatomical positions 
and at which level the fatigue resistance was 
measured (i.e. FR75, FR50, and FR25). For ex-
ample, position 7 showed no significant dif-
ferences for all fatigue resistance levels, while 
position 2 and 5 showed that males have higher 
fatigue resistance as compared with females at 
only 25 % of maximal force (FR25). On the oth-

Figure 4: Handgrip strength and fatigue resistance for all arm’s anatomical position. A) The handgrip 
strength of all anatomical positions. B) Fatigue resistance at 75% (FR75) of the maximal force for all ana-
tomical positions. C) Fatigue resistance at 50% (FR50) of the maximal force for all anatomical positions. 
D) Fatigue resistance at 25% (FR25) of the maximal force for all anatomical positions. The values are 
the means± standard error (SE). **P<0.01 and *P<0.05, significant difference between two positions.
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er hand, males have higher fatigue resistance at 
positions 3, 4, 6 as compared with females re-
gardless of the fatigue resistance levels. Gupta 
et al. [31] have found that the 70% handgrip 
strength time was significantly higher for males 
as compared with females for 301 healthy par-
ticipants aged 12-14 years old. On the contrary, 
Bautmans et al. [25] investigated the resistance 
of handgrip muscle to fatigue in elderly people 
(age 76.4 ± 5.4 years). In this study, the time 
taken by 40 elderly subjects to reach 50% of its 
maximal handgrip force during sustained con-
traction was higher in females than males with 
an average of 82.3s for females versus 54.0s 
for males. Different age groups may contrib-
ute to this variation in the literature. It has been 
shown that the force-time characteristics dur-
ing a sustained maximal grip effort are signifi-
cantly different according to age [32].

The results obtained in the current work 
show that the maximal handgrip force (i.e. grip 
strength) is significantly affected by arm’s ana-
tomical position on handgrip strength. This is 
in consistent with previous studies conducted 
to find the effect of different arm position on 
handgrip strength. The effect of the shoulder 
and elbow positions on grip strength with re-
spect to wrist positioned in neutral and in exten-
sion during six different positions was studied 
for 50 healthy young students aged 18-25 years 
old [19]. These positions were divided into two 
groups, for the first group the elbow was main-
tained at full extension while varying the shoul-
der flexion angle for 0º, 90º, and 180º. For the 
second group, the elbow was maintained at 90º 
flexion while varying the shoulder flexion an-
gle for 0º, 90º, and 180º. The highest mean grip 
strength among these positions was recorded 
when the shoulder was positioned in 180º of 
flexion and elbow with full extension with re-
spect to wrist positioned in neutral (30.20 Kg) 
and wrist in extension (25.44 Kg). Whereas the 
lowest mean grip strength was recorded when 
the shoulder was positioned in 180º flexion 
with elbow 90º flexion with respect to wrist po-
sitioned in neutral (21.92 Kg) and wrist in ex-
tension (19.40 Kg). In another study, handgrip 

strength for four different shoulder positions 
for 160 Chinese subjects (20-69 years old) was 
investigated [20]. Three of these positions were 
maintained at a full extension of the elbow and 
varied shoulder flexion angles (i.e. 0º, 90º, and 
180º) whereas for the last position, the elbow 
was flexed at 90º and the shoulder was flexed 
at 0º. Among these positions, the highest mean 
handgrip strength was when both shoulder and 
elbow were at full extension (87.6 Kg) whereas 
the lowest mean strength was recorded with 0° 
flexion of shoulder and 90° flexion of the elbow 
(82.2 Kg). Furthermore, Mathiowetz et al. [21] 
have compared the grip strength between ex-
tended and 90° flexed elbow while maintaining 
0° flexion shoulder angle for 29 females aged 
between 20 to 34 years old. Mathiowetz and his 
colleagues found that grip-strength scores were 
significantly higher when the elbow was flexed 
with 90° (69.2 Kg) as compared to when the 
elbow was fully extended (66.7 Kg). 

Kurdi and Dweiri have studied the handgrip 
strength at seven different anatomical positions 
[22] that were the same as those investigated 
in the current study. Despite the small sample 
size, where only twenty males’ subjects were 
recruited in their study, the descriptive result 
showed that the largest grip strength was ob-
tained at position 2 in which the shoulder 
adducted and the elbow was at 90° flexion, 
whereas the lowest grip size was recorded at 
position 7 in which the shoulder abducted with 
180° and 90° at the elbow joint. The pairwise 
comparisons between all arm anatomical posi-
tions in the current study showed that the only 
significant difference is found between posi-
tion 2 and position 7. Position 2 generates sig-
nificantly higher handgrip force as compared to 
position 7. These findings are compatible with 
what has been found in [22] and with results 
for the standardized testing protocol given by 
[33].

Conclusion
The results of this study confirmed the sig-

nificant effect of gender on the maximal hand-
grip strength. Higher grip strength has been re-
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ported for males as compared to females. The 
current work showed that gender difference in 
fatigue resistance depends on fatigue resistance 
levels. To the authors’ best knowledge, this is 
the first study, investigating the fatigue resis-
tance at various levels of the maximal handgrip 
force for different arm anatomical positions. 
The results in this study show that the fatigue 
resistance is significantly influenced by the ana-
tomical position of the arm. Further studies are 
needed to investigate how other factors such as 
age, height, weight, hand size, and upper arm 
size may affect the handgrip strength and en-
durance for different anatomical positions.
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