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Background. Grip-force performance can be affected by aging, and hand-grip weakness is associated with functional limitations
of dasily living. However, using an appropriate digital hand-held dynamometer with continuous hand-grip force data collection
shows age-related changes in the quality of hand-grip force control may provide more valuable information for clinical
diagnoses rather than merely recording instantaneous maximal hand-grip force in frail elderly adults or people with a
disability. Therefore, the purpose of this study was to indicate the construct validity of the digital MicroFET3 dynamometer
with Jamar values for maximal grip-force assessments in elderly and young adults and confirmed age-related changes in the
maximal and the quality of grip-force performance using the MicroFET3 dynamometer in elderly people. Methods. Sixty-five
healthy young (23.3 + 4.5years) and 50 elderly (69.5 + 5.8 years) adults were recruited and asked to perform a validity test of
the grip-force maximum voluntary contraction (MVC) using both the dominant and nondominant hands with a Jamar
dynamometer and a MicroFET3 dynamometer. Results. A strong correlation of maximal grip-force measurements was found
between the MicroFET3 dynamometer and Jamar standard dynamometer for both hands in all participants (p < 0.05).
Although, the results showed that a lower grip force was measured in both hands by the MicroFET3 dynamometer than
with the Jamar dynamometer by 49.9%~57% (p <0.05), but confidently conversion formulae were also developed to convert
MicroFET3 dynamometer values to equivalent Jamar values for both hands. Both dynamometers indicated age-related
declines in the maximum grip-force performance by 36.7%~44.3% (p <0.05). We also found that the maximal hand-grip
force values generated in both hand by the elderly adults were slower and more inconsistent than those of the young adults
when using the MicroFET3 dynamometer. Conclusions. This study demonstrated that the digital MicroFET3 dynamometer
has good validity when used to measure the maximal grip force of both hands, and conversion formulae were also developed
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to convert MicroFET3 dynamometer force values to Jamar values in both hands. Comparing with the Jamar dynamometer for
measuring grip force, the MicroFET3 dynamometer not only indicated age-related declines in the maximum grip-force
performance but also showed slower and more inconsistent maximal hand-grip strength generation by the elderly.

1. Introduction

The hand-grip strength performance in both hands plays
important roles in daily activities. Aging-induced deteriora-
tion of grip strength might occur, and this results in poorer
muscle strength and poorer bimanual coordination control
by elderly people [1, 2]. Therefore, physical and occupational
therapists use clinical evaluation tools to measure the grip
strength performance, analyze age-related changes in maxi-
mal and submaximal grip-force performances, and deter-
mine their impacts on functional performances, which is
helpful for developing appropriate exercise programs to
improve the maximal grip-force performance of frail elderly
people and people with diseases. Additionally, the Asian
Working Group for Sarcopenia (AWGS) includes and uses
the hand-grip force as an index to set the sarcopenia criterion
for sarcopenia screening in elderly adults and indicated that a
low muscle mass and lower hand-grip force cause poorer
physical performances by community-dwelling older people
[3], suggesting that these elderly adults with sarcopenia need
exercise programs to improve their hand-grip strength and
physical activities. Early studies also pointed out that older
adults with sarcopenia are associated with falls and func-
tional limitations and have poor health conditions following
an acute illness, including depression and longer hospital
stays [2, 4-7]. However, in addition to confirming the
decrease in hand-grip strength, identifying unstable hand-
grip strength control should be considered as well, because
we believe that if an elderly person has sufficient hand-grip
strength, but accompanying unstable hand-grip strength
control, he or she may not be able to perform daily activities
very well. Therefore, physical and occupational therapists
also need appropriate measurement tools to evaluate the
quality of hand-grip strength control.

Traditionally, the Jamar dynamometer is the gold stan-
dard tool for hand-grip strength evaluations with excellent
validity and reliability in the clinic and research [8], and
many therapists use the Jamar dynamometer for measuring
grip force and recording a single maximal or submaximal
grip force value during testing [4, 8]. However, the Jamar
dynamometer is a mechanical measurement tool and only
shows an instantaneous hand-grip force, which means that
the Jamar dynamometer cannot continuously record hand-
grip force or show changes in the quality of hand-grip force
control. The Jamar dynamometer also needs recalibration
each year [9], and a recent study reported that its limited con-
tact area may cause hand pain in subjects, thereby influenc-
ing the grip-force measurement when applying higher grip
strengths [10]. Additionally, the man-made bias of grip
strength data recording using the Jamar dynamometer also
occurs in the clinic. Therefore, a novel digital dynamometer
with automatic calibration, a larger contact area, automatic
grip strength data recording, and continuous hand-grip force

data collection might be more convenient for therapists for
measuring the quality of hand-grip force control. Recently,
digital electronic hand-held dynamometers, such as the
MicroFET3 dynamometer [11], were developed with excel-
lent validity and reliability and can be used to measure the
muscle strength and continuously record changes in the
muscle strength performance, improving clinical diagnoses
and analyses of the effects of treatments for neuromuscular
diseases [12, 13]. The MicroFET3 dynamometer has larger
contact areas and can automatically be calibrated before test-
ing for each subject, and data collection can be transferred to
a computer via Bluetooth or a USB stick during testing,
which is helpful in eliminating man-made bias of data
recording [11]. Therefore, the MicroFET3 dynamometer
might be more convenient and suitable for evaluating the
hand-grip force, but little is known as to whether the Micro-
FET3 dynamometer can be used to evaluate hand-grip force
performance, because its construct validity for measuring
the maximal grip force has not been confirmed with the gold
standard measurement tool (the Jamar dynamometer). If the
MicroFET3 dynamometer can measure grip force as accu-
rately as the Jamar dynamometer, it could then be used clin-
ically to monitor the quality of grip-force control, which
would provide valuable information in assisting clinical diag-
noses, identifying early signs of potential frailty, and develop-
ing appropriate rehabilitation interventions and health
promotion programs for frail elderly adults and people with
disabilities [14]. Therefore, the purposes of this study were
to (1) determine the construct validity of the MicroFET3
dynamometer for maximal grip-force assessments in young
and elderly adults in comparison with the Jamar dynamom-
eter and (2) indicate age-related changes in the maximal and
the quality of grip-force performance using the MicroFET3
dynamometer in elderly people.

2. Materials and Methods

2.1. Participants. Sixty-five young (23.3 + 4.5 years old) and
50 elderly (69.5+ 5.8 yearsold) adults were recruited and
participated in this study from college and community set-
tings (Table 1). The inclusion criteria included no disease
that would impact grip-force generation by the hands, no
cognitive impairment, and the ability to follow the
researchers’ instructions for executing maximal voluntary
grip-force contraction tests. Additionally, the elderly adults
underwent a Mini-Mental Status Examination, and a mini-
mum score of 24 was required, which was identified as hav-
ing normal cognitive function [15]. The exclusion criterion
was the experience of pain or discomfort during maximal
voluntary grip-force contraction tests. This study was
approved by the local ethics committee (approval no.
N201704083). Each subject gave informed consent before
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TaBLE 1: Demographic data of the young and elderly groups.

Young group Elderly group
(n=65) (n=50)

Age (years) 23.3+4.5 69.5+5.8
Sex (male, n) 36 (55%) 3 (6%)
Dominant hand (right, #) 60 (92%) 49 (98%)
Height (cm) 168.9 8.6 154.9+22.2
Weight (kg) 63.9+12.3 59.2+17.2*
MMSE (score) — 27.7 +3.1

Values are presented as the mean + standard deviation; MMSE: Mini-Mental
Status Examination. #p < 0.05.

joining the study, and the dominant hand was defined as the
one used for writing.

2.2. Research Device and Data Processing. The Jamar hand
dynamometer (Lafayette Instrument, Lafayette, IN, USA)
was used as a gold standard tool to evaluate the maximal vol-
untary grip-force contraction with a maximum of 90kg of
grip force in 2-kg intervals. The Jamar dynamometer was
set at the second handle position to evaluate each partici-
pant’s grip strength [16]. To perform grip-force measure-
ments, each subject placed the Jamar in their palm and
pulled the metal bar toward their palm with their fingers.
The MicroFET3 dynamometer (Hoggan Health Industries,
Salt Lake City, UT, USA) can measure 68kg of muscle
strength. Data were collected via Bluetooth or a USB stick
using the TBS program (vers. 11.0.1) with the sampling rate
set to 100 Hz. All grip strength data for the maximal volun-
tary contraction tests from each subject were shown in real
time on a laptop via the TBS program for the clinical evalua-
tor, showing real-time changes in the grip strength.

2.3. Experimental Procedures and Positioning. Each partici-
pant was comfortably seated and asked to hold the Jamar
dynamometer vertically with one hand and execute the max-
imal voluntary grip-force contraction test. The measurement
was then repeated with the other hand after a 30-minute rest
period to prevent muscle fatigue [17]. Dominant and non-
dominant hands were tested in a counterbalanced order,
and the grip force was measured with the MicroFET3 and
Jamar dynamometers in a counterbalanced order as well.
The test position for grip strength for each subject was set
with the shoulder adducted and placed in neutral rotation
with the elbow joint in 90° flexion, the forearm in a neutral
position, and the wrist positioned between 0° and 30" exten-
sion according to the recommendations of the American
Society of Hand Therapists [18].

2.4. Validity Testing. The concurrent validity was examined
by comparing the maximal grip forces in kilograms recorded
by the MicroFET3 hand-held dynamometer and Jamar. The
maximal voluntary grip-force contraction test was used to
determine the muscle strength of both hands in each subject.
The test was performed by asking a subject to, respectively,
grasp the Jamar and MicroFET3 hand-held dynamometers
with each hand and generate the maximum grip force three

times for a period of 6 seconds each [19]. These repetitions
were executed with 60-second rest periods in between to pre-
vent muscle fatigue [20]. A maximal voluntary contraction
was defined as the average maximal voluntary contraction
value from the three trials [21].

2.5. Statistical Analysis. Bland-Altman plots were con-
structed to examine the difference (bias) between the two
dynamometers against the average of dynamometers in both
hands for all participants. Horizontal lines were drawn at the
mean difference and at the limits of an agreement which were
defined as the mean difference + 1.96 standard deviations
(SDs) of differences. Pearson’s correlation was used to vali-
date the validity of the maximal grip-force assessment of both
hands obtained using the Jamar and MicroFET3 hand-held
dynamometers in young and elderly groups. A correlation
coefficient (r value) of 1 indicates a perfect correlation while
0 indicates no correlation. It was assumed that an r value <0.3
represented a negligible correlation, 0.3-0.5 a low correla-
tion, 0.5-0.7 a moderate correlation, 0.7-0.9 a strong correla-
tion, and >0.9 a very strong correlation [22]. Additionally, a
two-way analysis of variance (ANOVA) was also used to con-
firm differences in grip-force performances for both hands
between the hand-held dynamometers and groups. The SPSS
vers. 17.0 statistical software was used (SPSS, Chicago, IL,
USA). The alpha level of statistical significance was set to
0.05. In addition, we pooled all grip force data, collected with
the MicroFET3 during validity testing for each subject, were
pooled into SigmaPlot software (vers. 10.0, Systat Software
Inc, San Jose City, CA, USA). This allowed us to create sche-
matic diagrams that could provide a visual comparison of
age-related changes in the patterns of maximal grip force
generation for young and elderly adults.

3. Results

According to the Bland-Altman plots, the mean bias between
dynamometers was 13 kg with 1~25-kg limits of agreement
in the dominant hand and a bias of 10 kg with 2~19-kg limits
of agreement in the nondominant hand for all participants
(Figure 1). The MicroFET3 dynamometer recorded lower
values of grip force than the Jamar by 49.9%~57%; however,
a significantly strong correlation was found between the
Jamar and MicroFET3 dynamometers for both the dominant
and nondominant hands for the young group (r=0.76 and
0.80, respectively), elderly group (r=0.72 and 0.72, respec-
tively), and all participants (r = 0.82 and 0.84, respectively)
(Table 2). A scatter-plot diagram revealed a formula to con-
vert MicroFET3 dynamometer values to equivalent Jamar
values for each hand as shown in Figure 2. A two-way
ANOVA showed a significant interaction between dyna-
mometers and groups in the dominant hand (p = 0.01), non-
dominant hand (p = 0.006), and both hands (p = 0.007), with
a greater grip force required in the Jamar than in the Micro-
FET3 dynamometer and a greater amount of maximal volun-
tary grip-force contraction in young adults than in elderly
adults for both the dominant and nondominant hands
(Figure 3). Additionally, we also found that the maximal
hand-grip force values generated in the dominant and
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FIGURE 1: Bland-Altman plot of the mean and difference between the Jamar and MicroFET3 dynamometers for the (a) dominant and (b)
nondominant hands in all participants. Biases were 13 kg in the dominant hand and 10kg in the nondominant hand.

TasLE 2: Correlation coeflicient r values between the Jamar and MicroFET3 dynamometers.

Young group Elderly group All participants
r value p value r value p value r value p value
Dominant hand 0.76 2.80 x 10713** 0.72 3.31x 107 0.82 4.14x1072**
Nondominant hand 0.80 2.66 x 1071°** 0.72 4.10x 107 0.84 2.87 x 1073
#p <0.05, *xp <0.001.
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FIGURE 2: A scatter-plot diagram showing a strong correlation between the MicroFET3 and Jamar dynamometers in (a) the dominant and (b)
nondominant hands with formulae to convert MicroFET3 values to equivalent Jamar values.

nondominant hand by the elderly group were slower and
more inconsistent than those of the young group when using
the MicroFET3 dynamometer (Figure 4).

4. Discussion

This study indicated that hand-grip measurements, acquired
using the MicroFET3 dynamometer, strongly correlated with
the same measurements made by the Jamar dynamometer, in
both hands, and for young and elderly adults. Grip-force

measurements with the MicroFET3 dynamometer can be
confidently converted to Jamar values using the formulae
developed in this study. Age-related changes in maximum
grip-force performance and grip strength control were found
among elderly people.

4.1. Grip-Force Measurements and Development of Formulae
for Converting MicroFET3 Dynamometer Force Values to
Jamar Values. The Jamar dynamometer is one of the most
commonly used measurement tools for measuring grip
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FIGURE 3: Greater grip force was shown by the Jamar than by the MicroFET3 dynamometer, and a greater amount of maximal voluntary grip-
force contraction was shown for young than for elderly adults for (a) the dominant and (b) nondominant hands. *p < 0.05, ##p < 0.001.

strength in clinical evaluations. Previous studies showed that
nonpneumatic dynamometers such as the Baseline [23] and
Dexter [24] had strong correlations with the Jamar dyna-
mometer, and similar results were found in this study. How-
ever, grip forces measured by the MicroFET3 dynamometer
were lower than those of the Jamar, and the discrepancy
between the two dynamometers was greater than that in a
previous study in which the difference in grip force measured
by Rolyan and Jamar dynamometers was approximately
0.05~0.73kg [8]. There are several potential reasons that
might have caused this phenomenon, including different
types and physical arrangements of the dynamometers, mus-
cle length, and hand position while testing, and the size of the
hands of subjects. First, the Jamar dynamometer has an
adjustable handle, and subjects in this study were instructed
to place their fingers in a position which caused the force
mainly to be applied by the middle phalanx of the fingers
when pulling the handle toward the palm to generate the
maximal grip force [25]. In contrast, we found that when
subjects held the MicroFET3 dynamometer device, the fin-
gers were placed in a position such that the force was primar-
ily applied by the distal phalanx of the fingers, which
produces a relatively weaker grip force, and this finding is
similar to those of earlier studies [25, 26]. This indicated that
the force produced with the handle at the center is larger than
when the handle is at the extremes. Additionally, the physical
configuration of different measurement devices may also
influence a grip-force generation, including the material,
form, surface, and weight, but these need to be further inves-
tigated in future studies. In addition to the different types of
dynamometers affecting the generation of the grip force, the
muscle length and positions of the hands and forearm can
also impact muscle activity and influence grip-force genera-
tion when performing grip-force measurements [26, 27].
Furthermore, the size of the hand can also influence the per-
formance of grip strength, because we found that female sub-

jects with smaller hands reported that they had great
difficulty holding the farthest position of the dynamometer,
which may result in a lower grip force; a similar finding
was also shown in an earlier study [25].

Another interesting finding in this study was that we
developed formulae for converting MicroFET3 dynamome-
ter values to Jamar values. In previous studies, grip strength
measurement tools such as a sphygmomanometer (which
measures force in mmHg) [28] and the Manugraphy system
(which measures force in Newtons) [10] were also reported
to be capable of being utilized through conversion formulae
equal to the Jamar unit (which measures force in kilograms).
This suggests that the measured values of the grip force
cannot directly be interchanged between different dynamom-
eters and the Jamar model. In contrast, our findings indicated
that the MicroFET3 dynamometer values can confidently be
converted to equivalent Jamar dynamometer values with the
formulae developed in this study. Therefore, grip-force
values obtained from the MicroFET3 dynamometer can be
compared to data from previous studies or normative data,
since the majority of grip strength data were measured with
the Jamar dynamometer [29, 30].

4.2. Age-Related Decline in the Maximum Grip-Force
Performance. In this study, we found an age-related decline
in the maximum grip-force performance, and these findings
were similar to those of previous studies [31, 32]. Grip force
is considered representative of upper limb function, a major
predictor of an elderly person’s ability to perform activities
of daily living [33], to be strongly associated with mobility
and balance [7], and an indicator of a person’s general health
status [34]. An early study also indicated that the develop-
ment of frailty appears to be highly related to grip strength
[35]. The AWGS recommends a diagnosis of sarcopenia
use the presence of a low muscle mass, low muscle strength,
and low physical performance [3], with cutoff values of
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FIGURE 4: Representative plot of maximal hand-grip force measurements using a digital hand-held dynamometer in healthy young (a, b) and
elderly (c, d) adults. The arrows indicate the peak value of the maximal hand-grip force.

maximum grip force for people with sarcopenia of <26 kg for
men and <18kg for women [3]. In this study, elderly men
and women revealed mean grip forces of 31 +4 and 18 +4
kg, respectively, and 51% of the elderly women had a domi-
nant hand-grip force of <18 kg. Further analyses showed that
females with lower hand-grip strength (<18 kg) were signifi-
cantly older than the others (mean age of 72+ 5 vs. 68 +5
years old). Recent studies have indicated that advancing age
is associated with lower grip strength [36] and a higher prev-
alence of sarcopenia [37]. We surmised that approximately
half of our female subjects matched at least one of the sarco-
penia criteria and might have a higher likelihood of sarcope-
nia; however, other criteria, such as walking velocity and
muscle mass, were not assessed in this study. Additionally,
other factors such as gender, height, and weight might also
affect the grip strength [38, 39]. Furthermore, this study also
showed that maximal hand-grip force values generated in

both hands by the elderly group were slower and more incon-
sistent than those of the young group using the MicroFET3
dynamometer. This phenomenon was not shown and has
been little reported in previous studies because most thera-
pists only evaluate the instantaneous maximal hand-grip
strength of both hands using the Jamar dynamometer and
indicate age-related changes in grip-force performance. In
humans, the neuromuscular and sensory systems are
involved in maximal hand-grip generation. This involvement
includes activation and neuron excitation in the primary
motor cortex, primary sensory cortex, premotor cortex, the
prefrontal cortex, supplementary motor area, and cerebellum
in the brain. This activation results in action potentials being
delivered to the neuromuscular junction, thereby facilitating
muscle contractions within the hands via the peripheral ner-
vous system [40]. However, these physiologic functions in
neuromuscular and sensory systems can deteriorate with
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age and may result in slowing and inconsistencies in hand-
grip generation in the hands of elderly adults. Other changes
related to aging include atrophy of the motor cortical regions,
reduction of the grey matter, reductions in the dendritic den-
sity of the brain [41-44], reduced nerve conduction, sensory
system changes, and fewer and less sensitive somatosensory
receptors in the skin, muscles, and joints [45-48]. De Dob-
beleer et al. also reported similar grip dynamics during sus-
tained grip efforts in healthy middle-aged individuals [49].
Gijzel et al. indicated that the slowing down and greater var-
iance in dynamic time series measures were valid indicators
of physical resilience. These findings help therapists under-
stand the dynamic resilience of grip force control and hand
function, enhance treatment selection, and improve the ben-
efit to older people with frailty and multiple morbidities [50].
Therefore, we believe the delayed and inconsistent maximal
hand-grip force generation data can provide valuable infor-
mation for physical and occupational therapists and
researchers to further understand age-related changes in
muscle function and help in developing appropriate exercise
programs to improve muscle function in elderly people.

Although this study pointed out that the MicroFET3
dynamometer can be an option for measuring the maximal
grip force with good validity and grip-force values can be
converted to Jamar values via the formulae we calculated,
we found a limitation of the MicroFET3 dynamometer when
measuring hand-grip strength. For instance, the MicroFET3
dynamometer has larger contact areas for generating more
grip force without feeling pain, but it is still difficult to use
by individuals with small hands such as children, because it
does not have an adjustable handle, thereby decreasing the
maximum grip strength generated. Additionally, as the
MicroFET3 dynamometer could continually collect grip-
force data and assess hand-grip force performance via the
schematic diagrams, it showed evidence of the lower speed
and inconsistent generation of maximal hand-grip force
values, in both hands, in the elderly group compared to the
young group. However, we did not statistically compare the
differences in speed and maximal hand-grip force generation
consistency between the young and elderly groups. We
believe this valuable information would be very useful for
physical and occupational therapists to apply this function
to evaluate and analyze the quality of grip-force generation
in patients with neurologic or orthopedic diseases, as it pro-
vides valuable information for clinical diagnoses of quality
control of grip-force generation, by identifying patients with
potential frailty, and developing appropriate rehabilitation
interventions and health promotion programs for high-risk
frail and disabled elderly adults.

5. Conclusions

In conclusion, this study indicated that the hand-grip
strength measurement of the digital MicroFET3 dynamome-
ter was highly correlated with that of the gold standard Jamar
dynamometer and can be used to measure the hand-grip
force, and the developed confidently conversion formulae
can be used to enhance clinical applications of grip-force
measurements of MicroFET3 dynamometer scores and com-

pare them with the Jamar standard. The digital MicroFET3
dynamometer not only indicated age-related declines in the
maximum grip-force performance but also revealed slower
and more inconsistent maximal hand-grip strength genera-
tion by the elderly than the young group.
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