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Abstract –  
Purpose: This paper considers the relevance of grip strength in everyday life and why and how it is measured to establish a 
baseline of physiological design parameters which will allow the development of a standardised test protocol for the 
handgrip dynamometer which generates consistent and accurate results.  
Methods: Relevant publications were reviewed and evaluated to glean insight into the effects of various device and test 

parameters on the test outcomes. 
Results: A number of physiological parameters were consistently reported as having a negative effect on the reliability of 
the test results. These parameters include variations in the: Choice of test Device, Anthropometrics, Test Protocols, Body 
Position, Instructions, Device Feedback, in addition to a range of Physical parameters which will be discussed in a 
subsequent review. 
Conclusions: Even though Jamar controls a majority of the hand grip testing market, there are a range of results as well as a 
range of Jamar products available on the market which give a variety of test results. These test results, in combination with 
inconsistencies identified in the above listed test parameters, revealed inconsistent medical examination outcomes. It is 

possible to develop a standardized testing protocol and to incorporate appropriate physiological considerations to generate a 
more standardised outcome from hand grip tests.Many devices have been made available on the market with widely varying 
applications due, in part, to an inconsistency in understanding of physics and the inconsistent selection of design parameters.  
Grip strength is important for everyday activities in and out of the work environment. The assessment of explosive and 
sustained grip strength is used as an indicator of overall strength and health as well as to measure the impact of injuries to the 
hand and wrist.  
A reliable device is required to run grip strength tests. The device must be of a design appropriate for use by normal healthy 
individuals as well as patients with hand deformity, tissue sensitivity and reduced ability who can only deliver low levels of 

force. It must also be able to deliver results that are both accurate and reproducible.  
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BACKGROUND 

 

Grip strength is the ability of the forearm and the 

hand to exert a force squeezing the hand or individual 

fingers (Moreira D, 2003).  It is important for 

everyday activities in and out of the work 

environment. 

The assessment of grip strength is often used in the 

clinical scenario as an indicator of overall physical 
strength and health (Massy-Westropp N, 2004) as 

well as for assessment of specific hand and wrist 

injury impact (Ashton L, 2003).Measuring grip 

strength identifies potential strength deficits and 

tracks improvement through rehabilitation after 

injury. It can also be used to establish realistic 

treatment goals for hand and wrist injuries. (Moreira 

D, 2003). Grip strength is either explosive/dynamic 

(e.g. catching, grabbing), or sustained/static (e.g. 

carrying a shopping bag, operating a lever). 

(Williamson T L, Sept 2003) Because testing of 

handgrip strength in clinical settings is carried out on 
patients presenting with a wide range of grip 

abilitysuch a device should consider design 

parameters that promote ease of use from the point of 

view of the patient as well as the clinical practitioner. 

There are several different types of dynamometer in 

use: Pneumatic, Hydraulic, Electronic/Strain. Any 

device that allows for the varying of the surface area 

over which pressure is applied leads to variable 

results (i.e. larger hand size leads to artificially lower 

results than smaller hand size) They do not all have 

the same physical grip profile. 

An evaluation of a variety of test devices revealed 

that material choices could be at odds with best 

practices for consistent test results. Good quality, 

rigid devices made of metal give consistent results 
but tend to be heavy and unforgiving, which can lead 

to test fatigue and poor performance due to 

unsuitability for some hand sizes. In contrast, 

lightweight plastic devices are easier to use, can be 

used for longer test sessions and flexure of the device 

provides a more comfortable grip; but the ability to 

flex can also cause inconsistent results when 

comparing the grip strength between test subjects.  

 

INTERPRETATION OF RESULTS FROM 

PREVIOUS STUDIES: 

 

Overview: 

Many daily functions, such as carrying, require the 

use of the flexor musculature of the forearms and 

hands, and these are the muscles that are involved in 

gripping strength. (Hui Lin Ong, Aug 2017) 
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Handgrip has two functions: a static grip pattern used 

to hold or handle objects and a dynamic grip pattern 

which exerts explosive force to assist the functions of 

the lower limbs or trunk, for instance when grabbing 

a support to help in getting up from a chair or to 

climb stairs. (Kayoko Watanabe, 1 May 2011) 
Grasping an object with the five digits is complicated.  

Each digit exerts a six-dimensional wrench on the 

object. The five digits have in all 30 force/moment 

degrees of freedom, which must satisfy six 

constraints of statics (force and moment balance in 

the three-dimensional space). (Ambike S, Apr 2014) 

In order to initiate a grasping motion both the 

extrinsic and intrinsic tendons of the hand must work 

together to produce a coordinated effort. (Diaz-

Garcia, 2016).   

Being able to measure the strength and monitor the 

improvement of the hand grip is considered an 
important parameter in rehabilitation. This paper 

looks into the inconstancies in the results of the test 

and identifies physiological parameters that influence 

those results. 

 

Anthropometric requirements 

Consideration should be given to age, sex and 

impairment state of the individual. The author of a 

European study from 2014 that looked at the effect of 

body position (supine, standing, sitting) on grip 

strength concluded ―Age is one of the important 
determinants of the hand grip evaluation, particularly 

when standing position is used.‖ (El-Sais & 

Mohammad, Dec 2014) 

For those with no injury or disease of the upper 

extremities, Ke Li et al (2010) and Jean-Yves Hogrel 

(Hogrel, 2015) found that hand circumference had the 

largest correlation with maximum grip strength, while 

Wichelhaus (2018) found length of hand had a 

significant influence on the hand strength. However, 

a longitudinal German study concluded that the 

person’s height was a significant factor in grip 

strength (Steiber, 2016).  
A study in 2010 (Ke Li, Dec 2010) considered a set 

of anthropomorphic factors including hand and palm 

length, the subject’s height; weight; hand, wrist and 

forearm circumference, while in 2018 researchers 

looked at gender, hand length and work-related grip 

activity (Wichelhaus A, Feb 2018). Ke Li concluded 

that hand circumference can be used to predict 

maximum grip strength for both men and women and 

for dominant and non-dominant hands. (Ke Li, Dec 

2010). In 1956 the California Medical Association 

examined factors impacting grip strength in detail and 
identified four factors that impacted ability to grip:  

1. Grip loss resulting from amputation. The image 

below shows percentage of grip loss due to 

amputation. For partial loss of any digit at the 

middle joint the value is 75% of that for finger. 

For partial loss of any digit at the top joint the 

value is 20% that of finger. Grip loss would be 

increased in all cases by pain, limited motion, 

tender stump, scars, incoordination and muscle 

weakness. 

2. Grip loss resulting from limited hand motion, 

The California Medical Associationconsidered the 

difficulty of estimating the percentage of grip loss 

resulting from limited hand motion and devised a 
method of estimation which considered the distance 

the finger tips missed the palm during flexion. 

(Kirkpatrick, 1956) 

 

 
Table 2: Table shows distance finger misses mid-palm (in 

closing) and its percentage impact on grip strength. (after 

Kirkpatrick, 1956, units updated) 

3. Grip loss resulting from pain in the hand, wrist, 

elbow or shoulder, 
4. Grip loss resulting from muscular weakness. 

It was also noted that with certain limitations of 

motion a person may have a normal grip for large 

objects and yet a complete loss of grip for small 

objects. (Kirkpatrick, 1956) 

In order to compare an individual’s grip strength 

consistently with published expectations for an 

individual of comparable physiology, the device, or 

the technician, should be able to account for these 

researched and understood variations so that the test 

results can be normed and give meaningful reflection 
under a wide range of circumstances and medical 

conditions.  This implication favours digital devices 

that can be programmed and give both raw data and 

adjusted outputs based on a patient’s medical profile. 

The device would therefore need to be a design based 

on a microprocessor.  

 

Test Protocols from Previous studies: 

In order to standardise handgrip strength tests, 

consideration must be given to the type of instruction 

given, the amount and quality of verbal 

encouragement and whether visual feedback on static 
strength is given. Myung-Chul Young et al tested a 

group of males and found all three factors had 

positive effects on static and peak grip strength and 

time to reach maximal strength. (Myung-Chul Jung, 

Nov 2004) 

 

Body Position 

It is considered that consistency of test administration 

is a key factor in the quality of information garnered 

from handgrip strength tests. (Lorie Gage Richards, 

Mar 1995)although (Spjkerman D C M, 1991) 
concluded that, although standardisation of protocol 

was important, protocols with stricter conditions did 

not enhance reliability. 
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The American Society of Hand Therapists’ protocol 

for strength-grip testing recommends a standard 

position as follows: seated with straight back on chair 

with backrest; feet flat on floor, shoulder adducted 

and neutrally rotated, elbow at 90 degrees, forearm 

supported in the neutral position. 
The American Society of Hand Therapists (ASHTs) 

describe specific guidelines for the measurement of 

grip strength using the Jamar (TM) dynamometer. 

(Weinstock-Zlotnick, Bear-Lehman, & Yu, 2011) 

Positioning of the arm, wrist and hand are important 

for grip strength testing as is whether the test subject 

is standing or sitting. 

The position of the body, arm, wrist and hand, the 

choice of test device and the number and duration of 

trails are important to consider. (Lorie Richards, 

1996) 

The effect of testing posture and elbow position on 
grip strength has been studied. Balogun et al found 

there was a significant (p < .05) difference between 

the grip strength measured in subjects sitting with the 

elbow in 90°flexion and standing with the elbow in 

full extension. The findings suggest the need for 

clinicians to maintain standard testing conditions 

while measuring grip strength. (Balogun J, 1991). 

Mathiowetz found a sample of 29 women displayed a 

significantly stronger grip strength measurement in 

the 90° elbow flexed position than in the fully 

extended position (Mathiowetz Virgil, 1985) 
James Pryce investigated the effect of wrist position 

on grip strength by testing subjects grasping an 

adjustable isometric handle in nine wrist positions 

between neutral and ulnar deviation, fifteen degrees 

each side of neutral in volar and dorsiflexion. 

Findings revealed a significant difference between 

ulnar deviation wrist positions and between volar-

dorsiflexion wrist positions, and that there was 

significant interaction between ulnar deviation and 

volar-dorsiflexion wrist positions (Pryce, 1980). 

Pryce used Duncan's Multiple Range Test to show no 

significance for zero degrees ulnar deviation and 15 
degrees dorsiflexion, 15 degrees ulnar deviation and 

15 degrees dorsiflexion, 15 degrees ulnar deviation 

and zero degrees volar-dorsiflexion, and zero degrees 

ulnar deviation and zero degrees volar-dorsiflexion 

wrist positions; although he concluded those means 

were significantly higher than the power grip strength 

means for the other five wrist positions tested. 

 

 
Figure 1: Ulnar deviation and volar-dorsiflexion wrist positions 

O’Driscoll et al found that grip strength was 

significantly reduced when wrist position deviated 

from the self-selected optimum position which was 

found to be 35 degrees of extension and 7 degrees of 

ulnar deviation. Grip strength was significantly less in 

any position of deviation from this self-selected 
position, even after accounting for fatigue. 

(O'Driscoll, 1992) 

A study in 2005 concluded that it may be useful to 

introduce self-selection of the handgrip position in 

protocols to assess the maximal handgrip strength 

after finding that both in sitting and in standing, 

participants were able to self-select the handgrip 

position on the hand dynamometer with which the 

maximal handgrip strength could be delivered. 

(Boadella Juliette M., 2005) 

It would be easier for a clinician to instruct the patient 

to self-select the handgrip position, but could that still 
be considered consistent? If the measurement being 

sought is maximum grip strength, and research has 

shown that patients consistently self-select the 

position that produces the maximum grip strength, 

then perhaps a less rigid testing protocol will produce 

better and more consistent results in some respects. 

The research appears to indicate that tests should be 

consistently performed with the patient either 

standing or sitting while the arm is bent at 90 degrees 

and the device is oriented at the self-selected 

optimum handgrip position which will most likely be 
at 35 degrees of extension and 7 degrees of ulnar 

deviation.  

 

INSTRUCTION AND ENCOURAGEMENT: 

 

Muscle strength measurement is influenced by 

instruction (Williamson T L, Sept 2003) 

Most research studies clearly describe the instructions 

given to the participants at the time the research is 

being performed. However, these instruction are not 

consistent. 

A standardized set of instructions should be 
developed and uniformly issued to produce consistent 

results.  This produces obvious challenges and the 

only way to guarantee the consistency is to prerecord 

the encouragement and ensure that it is offered at the 

same intensity and with the same timing for every 

test.  This can also only be accomplished with the use 

of a microprocessor which is monitoring the test 

results for consistency in timing. 

 

FEEDBACK 

 
The ASHT guidelines do not provide guidance for the 

position of a digital or computer screen display 

during grip strength testing.It is known that during 

reliability or validity studies the patient is not allowed 

to see a feedback screen, it is not known whether 

patients in a clinical setting are able to view the 

digital or computer display during testing. 

(Weinstock-Zlotnick, Bear-Lehman, & Yu, 2011) 
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The question arises as to whether providing visual 

feedback of their effort to the patient is important. In 

normal test conditions the patient cannot see the 

screen with the Jamar handheld dynamometer.  

―It has been known that the force produced in 

isometric conditions drops if no visual force feedback 
is provided, even when subjects try to maintain its 

magnitude (Slifkin et al. 2000; Vaillancourt and 

Russell 2002; Baweja et al. 2009).‖ (Ambike S, Apr 

2014) 

―Sincerity of maximum voluntary effort is a factor in 

grip strength measurement as this has relevance to 

monetary payment in worker's compensation, motor 

vehicle accident and medical insurance claims.‖ 

(Ashton L, 2003) 

In 1991 Spijkerman et al found that a challenging 

stimulus to exceed a previous maximal effort (in the 

form of a real-time graph of effort) created a 
significant learning effort in patients (Spjkerman D C 

M, 1991) while in 2011, Weinstock-Zlotnick found 

participants achieved a small, yet statistically 

significant, 1.74lb (0.789 kg) stronger grip score 

when they had visual feedback (p<0.002).  

 

DISCUSSION 

 

The author of a recent German study considered that 

―handgrip strength is an important biomarker of 

healthy ageing and a powerful predictor of future 
morbidity and mortality both in younger and older 

populations.‖ (Steiber, 2016) 

We know also that strength of grip is crucial to 

everyday functioning in the workplace and for 

domestic and recreational activities. 

There are two types of grip: explosive grip, as in 

grabbing a handrail or catching a frisbee, and 

sustained grip, as in carrying shopping bags.In the 

workplace there is commonly a form of sustained grip 

which involves holding a cylindrical-shaped lever. 

The Jamar hand-held dynamometer is the clinical 

instrument most frequentlyused to measure grip 

strength. It measures sustained grip using a curved 

plastic or metal grip that the patient holds and 

squeezes. Numerous studies have used the Jamar 

dynamometer to demonstrate the reliability and 

validity of grip strength testing, to establish grip 

strength norms (data that characterizes what is usual 
in a defined population at a specific point or time 

period (O'Connor, July 1990)) in adults in the United 

States. (Hanten WP, 1999) However, a 2015 

comparison of the Jamar and Myogrip dynamometers 

found ―the 

reliability of the MyoGrip device was excellent but 

the Jamar tended to overestimate 

maximal grip strength by about 14 % across 

populations.‖ (Hogrel, 2015) 

Wichelahus (2018) found a partial reason for the 

influence of hand length on grip strength in the case 

of the Jamar dynamometer was that the finger tips do 
not touch the Jamar dynamometer during grip and 

therefore do not take part in load transmission. 

Wichelhaus concluded that the Jamar dynamometer 

in comparison with a new cylindrical measuring 

system (Manugraphy system) yielded similar results, 

while the cylindrical system gave the added benefit of 

being able to ―enable more precise comparisons of 

isolated hand regions applying dynamic 

measurements.‖  

If the results of the grip strength tests are not 

interchangeable for different devices, then either the 
devices are not measuring the same thing consistently 

or clinicians are not using consistent methodology to 

collect the data. A need for a more standardized 

method and approach is indicated. This standardized 

method will need to be independent of the clinician 

proffering the test and specifically responsive to the 

test being performed in real time. Therefore, the 

testing device should be computerized and interactive 

in nature with pre-recorded instructions, 

encouragement and response that will be consistent 

globally. 
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