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Abstract

Grip strength measurement data has many applications in health assessment and ergonomic strategies. However, this issue 
has been neglected by wellness researchers and activists in Iran. Therefore, this study was designed to review the factors 
affecting grip strength, the protocol and tools necessary for grip strength tests, the validity and reliability of grip strength 
tests, as well as the databases and forward-looking equations of grip strength. This is a review study. The required information 
was obtained by searching the International Information Banks of Science Direct, Web of Science, Scopus, Springer, ProQuest, 
Google Scholar and PubMed (between 1980to2022). Search keywords were "hand strength, grip strength, pinch strength, 
normative data, dynamometer, regression models, and anthropometric measurements". One hindered and forty relevant 
articles were found in total 45 of them were reviewed and finally used in this study. In this study, effective demographic 
and anthropometric factors, measurement instruments, test protocols, validity and reliability of measurement, principles of 
creating databases of grip strength, and also forward-looking models of these databases were reviewed and results were 
presented. The measurement of grip strength is performed with the purpose of investigating upper limb disorders, designing 
hand tools, designing workstations, and determination of the improvement level of different treatments. Demographic 
characteristics and anthropometric factors, particularly the upper anthropometric dimensions, affected the grip strength. 
Researchers, ergonomists, therapists, and physicians can benefit from the results of this study.
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Introduction

Grasping and holding an object is one of the most 
important functions of the hand, and any disturbance in 
this ability can disrupt daily activities. Because proper hand 
strength is a prerequisite to meeting the daily needs of life. 
Therefore, grip and pinch strengths are generally the most 
important performance indexes of the hand. The grip strength 
is defined as a combined force resulting from the external 
and internal muscles of the hand that bends the joints of 
the hand; which reflects the total force of the muscles of the 

upper limbs and is also related to the force of other muscles 
in the body [1-3]. The grip strength not only describes the 
hand’s condition but it is used as an objective evaluation of 
the upper limb’s function in treating hand injuries [4,5]. Grip 
strength is even a predictor of general complications and 
failures after surgery [6], disabilities, and the consequences 
of aging such as disability [7], increased risk of disease 
[8,9], and mortality [10]. It is also used in examining the 
work capacity of patients with local injuries [11]. Hand grip 
strength is also used as a nutritional assessment technique 
because it is sensitive to short-term changes in nutritional 
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status [11,12]. The measurement of the pinch strength is also 
used for the same purposes as mentioned [13].

According to what was said and based on previous 
research, the information obtained from the measurement of 
grip strength is very useful in the field of health assessment 
and ergonomic measures. While this issue has been paid less 
attention by health researchers and activists. Accordingly, 
examining and providing information about grip strength 
for the use of researchers, ergonomists, health activists, 
and industrialists seemed necessary. Therefore, this study 
was designed to review the factors affecting grip strength, 
the protocol, and tools necessary for grip strength tests, the 
validity and reliability of grip strength tests, as well as the 
databases and forward-looking equations of grip strength.

Materials and Methods

This is a review study and the desired information was 
obtained by searching the international databases Science 
Direct, Web of Science, Scopus, Springer, ProQuest, Google 
Scholar, and PubMed. The search keywords included “hand 
strength, grip strength, pinch strength, normative data, 
regression models, anthropometric measurements”. Being in 
the time range from 1980 to 2022 and using the standard 
test protocol (following the standards of the American 
Society of Hand Therapists (ASHT) were among the criteria 
that were considered for the inclusion of scientific articles in 
the literature review process. A total of 140 related articles 
were found, and finally, the texts of 45 articles were reviewed 
and used to write the present study.

Demographic Factors Affecting Grip 
Strength

Gender

The conducted studies confirm the general idea that men 
are stronger than women. Gunther, et al. [14] believe that 
the grip strength in healthy people of both sexes increases 
until the third decade of life, and then a continuous decrease 
begins with increasing age, but women reach the threshold 
of reduction earlier (first half of the fourth decade and men 
in the second half of this decade). In Mohammadian, et al. 
[11] study, the grip strength of Iranian men in the dominant 
and non-dominant hands was 40% (17.7 kg) and 42% (17.6 
kg) stronger than women, respectively [11]. These results 
are consistent with the findings of other researchers [14-
17]. Mitsionis, et al. [4] while investigating the grip strength 
of the Greek population, state that in recent years the grip 
strength of women has improved, which can be attributed 
to the dramatic change in the role of women in the current 
modern society. He knew the reason for these changes can be 
found in the increase in women’s job needs [4,18].

Age

In a study conducted on Iranian adults, the maximum 
grip strength of men was achieved in the age group of 20-24 
years old [11]. In past research, the studies of Mathiowetz, et 
al. [17], Adedoyin, et al. [19], and Wu SW, et al. [20] found the 
maximum grip strength of men in the same age group [11]. 
Among women, the maximum grip strength was obtained in 
the age group of 35-39 years, which is consistent with the 
results of Gunther, et al. [14] and Puh [13] studies. 

Dominant Hand

The dominant hand shows expertise and distinction 
in the upper musculoskeletal of the body [21]. The results 
of Mohammadian, et al. [11] research showed that the grip 
strength of the dominant hand is significantly higher than the 
non-dominant hand among both women and men. Also, the 
pinch strengths (tip, key and palmar) of the dominant hand 
were stronger in both genders, except for men’s palmar pinch 
strength. Based on this, the grip strength of the dominant 
hand of men and women was 4.4 and 7.1% respectively (1.96 
and 1.89 kg) stronger than their non-dominant hand. As well 
as, Crosby, et al. [15], Werle, et al. [22] reported that the 
dominant hand was stronger than the non-dominant hand 
by 5-7% and 5.4%, respectively.

Physical Activities

The type of job and activities performed in free time 
are effective on grip strength [15]. In some studies, they 
have specifically investigated the effect of the job on grip 
strength; their results were contradictory. Some researchers 
did not find differences in grip strength between different 
occupational groups (such as official, technical, manual, 
and agricultural workers) [23]. While other study had 
reported that workers in heavy occupations have more grip 
strength than workers in light and office occupations [24]. 
Other researchers stated that leisure and physical activities 
performed in free time have a greater effect on grip strength 
than a heavy job [15]; although, this issue has not been 
investigated comprehensively and completely. Ultimately, 
physical activity (in occupation or free time) has affected 
grip strength; but it is not possible to quantify this effect [15].

To investigate the effect of occupation on grip strength, 
researchers divided the occupational activities into 6 
categories [25]. This job classification is based on the 
strength demands of job duties. As well as, people’s sports 
activities have been taken into consideration based on the 
method of Crosby, et al. [15]. In addition, other important 
factors including posture and biomechanics of the body (size, 
shape, and moments) contribute to the division of jobs.
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Anthropometric Factors Affecting Grip Strength

The results of Ugurlu and Ozdogan’s study showed that 
the height of the participants compared to their weight 
has a greater correlation with grip strength [26]. These 
findings are compatible with the results of Mohammadian, 
et al. [27], Puh [13], and Angst, et al. [21] studies. Also, the 
anthropometric dimension of forearm circumference had 
the highest correlation with grip strength among Iranian 
people (r=0.42). While Nicolay and Walker [28] found 
a stronger correlation than the study of Iranian society 
(r=0.74). Although, Gunther, et al. [14] observed a weaker 
correlation coefficient (r=0.37). The arm circumference also 
had a positive correlation with the grip strengths measured 
in Iran [27]. Harries also reported a positive significant 
correlation between grip strength and arm circumference of 
Africans [29]. The hand length also had a positive correlation 
with grip strength in Iranian adults (r=0.39) [27]. As well as, 
Wu SW, et al. [20] found a strong correlation between grip 
strength and hand length (r=0.69).

In the interpretation of this correlation, it can be said 
that the length of the hand provides a larger volume for the 
thenar musculature (muscular structure of the palm); which 
naturally increases the grip strength [20]. The anthropometric 
dimension of hand width had a stronger correlation with the 
Tip and Key pinch strengths compared to the grip strength in 
Iranian people [27]. A similar correlation has been observed 
in German people (r=0.31) [14].

Tools for Measuring Grip and Pinch Strengths

In general, grip strength measurement tools are 
classified into five main categories: 1. hydraulic tools, 2. 
pneumatic tools, 3. mechanical tools, 4. digital tools, and 5. 
strain gauges. Describing the mechanism of each of these is 
beyond the goals of this study. 

Hydraulic Tools

The hydraulic equipment for measuring grip strength 
includes a closed system that shows the results in pounds 
or kilograms of force. Jamar dynamometer (Asimow 
Engineering, Santa Fe springs, CA, USA) (Figure 1) is 
included in this group of tools. This tool measures the grip 
strength with handles that can be adjusted in five positions 
(2.5, 3.8, 5.1, 6.4, and 7.6 centimeters) [30]. The use of this 
device has been reported in many studies and recommended 
for measuring grip strength [8,27,31,32]. In a survey of 
American occupational therapy schools and clinics, it was 
found that almost 80% of therapists measure grip strength 
using the Jamar dynamometer [33]. There is also a hydraulic 
tool to measure the pinch strength, which can be used to see 
the force in terms of pounds or kilograms of force, just like a 

dynamometer [18].

Pneumatic Tools

In pneumatic tools, the pressure of the grip strength is 
measured by compressing the air inside a bubble or bag. 
These types of tools are usually used by people who have 
painful hands with thin skin (such as people who suffered 
from rheumatoid arthritis). Because pneumatic tools are 
softer and easier to grip. The pneumatic tools include a 
modified sphygmomanometer, Martin vigorimeter with 
different bubble sizes, Tekdyne dynamometer (Tekdyne 
Corp., North Wales, PA, USA), and boots grip strength 
meter (Boots Co. Ltd, England), which are similar to Martin 
vigometer [30].

Mechanical Tools

These types of tools measure grip strength based on 
the amount of tension produced in a steel spring. Smedley 
dynamometer (a clinical instrument used in Clifton State, 
USA), Stoelting dynamometer, Harpenden dynamometer 
(both are similar to Smedley), Kny-Scheerer dynamometer 
(Kny-Scheerer Corp., Germany), Collins dynamometer 
(Gebrüder Martin, Germany) (these are known as steel 
spring dynamometers) and My-Gripper (Yamasa, Tokei, 
Japan) are mechanical tools. In these tools, the grip strength 
has measured in kilograms or pounds of force.

Digital Tools

Companies that manufacture precision instruments 
trying to keep up with the remarkable technological 
progress. Based on this, digital tools for assessing hand grip 
strength emerged. Meanwhile, Jamar, TKK, Bisline, B&L, Dyn 
X, and Seahan companies have widely offered grip strength 
evaluation tools that can be connected to the computer. 
Figure 1 shows different types of dynamometers and pinch 
gauges.

Strain Gauges 

These tools usually measure the grip strength in 
terms of newtons of force and include MIE digital pinch/
grip analyzer (MIE Medical Research), Statham electronic 
dynamometer (Statham Instrument Inc. Oxnard, CA, USA), 
the Isometric Strength Testing Unit (ISTU) and other strain 
gauges. Despite the abundance of force measurement tools, 
ergonomists, therapists, and physicians must be familiar 
with each of them and know how to use each one. Knowing 
about the validity and reliability of the tools, the standard 
measurement protocol for each of these tools, and the 
availability of normative data related to them is essential for 
evaluation and treatment.
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Figure 1: Tools for measuring grip and pinch strengths: a- Jamar dynamometer; b- Martin vigorometer; c- Smedley 
dynamometer; d- Dyn X dynamometer; e- hydraulic pinch gauge; f- five-position hydraulic pinch gauge; g-mechanical pinch 
gauge and h-digital pinch gauge.

The Protocol of the Grip Strength Test

Body Posture during the Test

Many studies have followed the standard postures 
approved by the ASHT. In this standard, the posture of the 
body is described as follows [31,32,34]: “A person sitting on 
a chair, the back is straight and the feet are completely on the 
floor; the shoulders are fixed and do not rotate. The elbow is 
bent to a 90-degree angle, the forearm is in a neutral position 

and the wrist is between 0 to 30 degrees of extension and 
15 degrees deviates to the ulnar side. The arm should not 
be supported by the chair handle. To measure grip strength, 
the dynamometer should be placed in the hand vertically and 
in line with the forearm, maintaining the standard position 
of the forearm and wrist (Figure 2). The above explanations 
have been developed for using the Jamar dynamometer, of 
course, it also corresponds to the body’s position when using 
Martin vigorimeter.

Figure 2: Body posture during the grip strength test.
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To measure pinch strength, one should also follow the 
body posture approved by ASHT (the above-mentioned 
posture). It is common to measure three types of pinch 
strengths Key, Tip, and Palmar. The method of measuring 
each pinch strength according to the study of Mathiowetz, et 
al. [18] is as follows (Figure 3):

•	 Tip: The thumb tip in front of the index fingertip is 
placed on the pinch gauge and the applied force and the 

results are read on the display of the device (Figure 3, 
part a).

•	 Key: The thumb pad is placed against the lateral aspect 
of the middle phalanx on the pinch gauge and the force is 
measured (Figure 3, part b).

•	 Palmar: The thumb pad is placed in front of the pads 
of the index and middle fingers are placed on the Jamar 
pinch gauge and the force was measured (Figure 3, part 
c).

 

Figure 3: Types of pinch strengths: a-Tip, b-Key, C-Palmar.

The Number of Grip and Pinch Strength 
Measurements

The preferred method to obtain the maximum grip 
strength is averaging three trials [31,35]. The number of grip 
and pinch strength measurements has been investigated in 
studies (for example, one-time measurement is better or 
two or three times and etc.). Based results the average of 
two times of exerted grip and pinch strengths showed the 
highest force among the three times of applying the force 
of the individual [15,36]. While all these policies had high 
retest reliability (ICC<0.93) and no significant difference was 
observed between them [35,37]. Despite this, the highest 
reliability for the averaging method has been obtained from 
3 times exertion of strength measurement [36].

Rest Periods between Each Effort Exerted

When several times of effort and application of force are 
needed to reach the maximum strength in a limited time, the 
fatigue of the subject is mater. Mathiowetz investigated the 
effect of force exerted three times on grip strength between 
rehabilitation patients and healthy people; the results 
indicated no significant difference between of force exerted 
three times in any of these two groups [38]. In a similar study, 
Trossman and Lee also investigated the effect of rest periods 
between five times of force exerted [39]. They did not find 
a significant difference between rest periods with intervals 
of 60 seconds, 30 seconds, and 15 seconds. Although in the 
exertion of the first to fifth forces, a trend of grip strength 
reduction was observed. In summarizing this issue, it should 
be said that most researchers recommend a 60-second rest 

period between each force exerted.

Verbal Encouragements

The standard protocol includes fixed instructions that 
show how to perform the test [18,40]. The instructions 
become especially important when the use of volume (verbal 
encouragement of the person to apply force until reaching 
the maximum grip strength) is also added to the instructions. 
Innes, et al. [30] found a significant difference between oral 
instructions and isometric strength. Therefore, wherever the 
voice and verbal command increased, the results showed an 
increase in strength. It is important to use the same tone of 
voice along with creating sound in each test.

Normative Data of Grip and Pinch Strengths

The purpose of creating normative data is to describe the 
normal or standard values of a characteristic such as a grip and 
pinch strengths in a specific population [30]. Establishing the 
natural range of grip strength is a valid method of diagnosing 
the severity of damage to each of the two musculoskeletal 
and nervous systems of the hand. This information is 
usually collected from healthy people in the community and 
based on factors such as age and gender [19,31]. To create 
normative data on grip and pinch strengths, it is necessary 
to pay attention to the recommendations (mentioned in the 
present study) and standards, until these data have been 
used by therapists and other professionals. Factors affecting 
the quality of studies on the creation of normative data on 
grip and pinch strengths include the following:
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• Structure of population and race: The first important 
point for the creation of normative data on grip and 
pinch strengths is race. Angst, et al. [21] point to the lack 
of generalizability of information on the natural range of 
force to countries and populations with different social 
and economic conditions as one of the limitations of their 
study. Also, Ugurlu and Ozdogan emphasized the use 
of normative data on grip and pinch strengths specific 
to each population [26]. It should be noted that along 
with the changes in the social, economic and political 
situation of the society or the change of generation, 
normative data of grip and pinch strengths should be 
updated as well.

• Sample size: The sample size for creating normative data 
on grip and pinch strengths should be large, random, and 
representative of the population with different genetics 
of the target society; until it be statistically valid. The 
reliability of normative data is affected by insufficient 
acceptable sample size, a small number of elderly people, 
focusing on a part of the population, deviation from the 
standard protocol, or the type of dynamometer [22]. 
Also, the sample size may be small, especially in the old 
age groups. For example, in Newman, et al. [41] study, 
there were only four females and nine males 75 years 
old. As Fike and Rousseau used seven males and six 
males aged 71-80 years to create normative data [42]. 
The size of the samples, when participants are broken 
into subgroups with age and gender restrictions, often 
has 20-40 samples [43,44].

• Screening of healthy people: Another important 
point in creating normative data is an accurate and 
correct screening of healthy people to enter the study. 
Mathiowetz, et al. [11] have recommended inclusion 
criteria for creating normative data of grip and pinch 
strengths should be divided into people under 60 years 
and over 60 years old as follows [17]. People under 60 
years old: no pain or disorder in the body’s upper limbs 
and not having a history of hand surgery, fracture, or any 
other type of disease (such as arthritis, Intervertebral 
disc herniation, joint diseases, etc.). People over 60 years 
old: not having severe pain in the arms and hands, not 
having a history of being hospitalized for more than six 
months (due to a heart attack or any type of surgery), 
and not having a limitation in the level of daily activities 
caused by a health disorder. If a person has any of the 
above health disorders and limitations; It should be 
excluded from normative data study.

• Age groups: Different researchers have used different 
age ranges to create normative data. For example, in 
some studies of age groups with five [4,17,20-22,26], ten 
[14,19], and even fifteen [13] year intervals have been 

presented. But to be able to more accurately provide 
normative data for each age group of society, it is 
recommended to use age groups with five-year intervals, 
including the age group over 75 years old [11,17].

Predictive Models of Grip and Pinch 
Strengths

Currently, to achieve evaluation and treatment goals, 
the comparison of the subject’s hand strength with 
normative data on grip strength is used. While in past 
studies, the effect of factors such as age, gender, posture, 
anthropometric characteristics, fat percentage, body mass 
index, socio-economic status, occupation, lifestyle, and 
racial dependence on grip strength have been mentioned. 
Based on this, researchers have created models for easy 
and more accurate prediction of grip [13,17] and pinch 
[45,46] strengths in healthy people by statistical analysis of 
demographic variables and anthropometric factors affecting 
hand strength. It is useful and helpful to develop and present 
models for estimating the strength of a person’s hand based 
on normal data using parameters that can be measured 
quickly and easily [47]. Also, considering the relationship 
of anthropometric dimensions on hand strength in the 
calculation of predictive equations can help to estimate the 
amount of deviation from the values of normative data of 
grip and pinch strengths [26].

Conclusion

The measurement of grip strength is performed to 
investigate upper limb disorders, design hand tools, design 
workstations, and determination of the improvement 
level of different treatments. Demographic characteristics 
and anthropometric factors, particularly the upper 
anthropometric dimensions, affected the grip and pinch 
strengths. Researchers, ergonomists, therapists, and 
physicians can benefit from the results of this study. Also, 
in this study, the types of equipment, the principles of 
creating normative data, and the key points in the protocol 
for conducting grip strength measurement studies were 
mentioned; which can be helpful for ergonomists, therapists, 
and doctors to choose and use them optimally.
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