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Abstract

There are many items to measure physical functions, and assessment using a hand, such as handgrip strength, draws a great deal of interest.
Pinch strength, as well as handgrip strength, can be measured in a short period of time, which makes it a common measurement method used in a
clinical setting. However, there are no reports that have evaluated its endurance. Sixteen subjects (78.5+3.2 years old) living in Hiroshima city were
measured their dominant hand pinch strength with maximum force for 20 seconds. The average value per second was calculated from the results.
Fifteen students (21.5+0.6 years old, hereinafter referred to as the “younger group”) were also measured in the same way for comparison.

Result: The maximum pinch strength in 20 seconds was lower in the elderly group than that in the younger group (4.1+1.3 N vs. 6.8+1.2 N,
p<0.01). Both groups showed maximum strength when two seconds had passed. The elderly group showed no significant decrease in pinch strength
over 20 seconds, while the younger group showed decrease only after 20 seconds had passed, however, there was no difference between the groups
(Group*Time effect p=0.82). In terms of decrease rate from the maximum value, elderly and younger group showed a significant decrease, however
there was no difference between the groups (after 16 seconds vs. 15 seconds, Group*Time effect p=0.92).

Conclusion: Measurement of pinch endurance showed no difference in transition of strength in both the elderly and the younger groups: a certain
level of strength from the maximum value was able to be exerted. The results could be useful as a reference for demonstrating enduring strength in
daily life and sports. We would like to continue to study its effect on circulatory hemodynamics, the comparison with other pinch strength, and the

relationship with finger coordination.
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Introduction

In many countries, there are lots of measurable items of physical
function for their citizens. In recent years, there has been a great
deal of clinical and research interest in sarcopenia and frailty as a
means of evaluating prediction of the event [1-4]. As for evaluation
of sarcopenia and frailty, many theories have been proposed to
relate them to various evaluation methods [5,6]. Asian Working
Group for Sarcopenia (AWGS) has also focused on handgrip
strength and has identified lifestyle interventions [7], particularly
exercise and nutrition, as the mainstay of treatment and prevention

to improve low muscle strength [8,9].

@ @ This work is licensed under Creative Commons Attribution 4.0 License| ABEB.MS.ID.000627.

Like handgrip strength, pinch strength is an index for evaluating
a hand [10]. Previous reports suggest that both handgrip strength
and pinch strength can be used as clinical criteria [11]. We
previously studied and reported on handgrip endurance in older
and younger adults [12]. However, pinch endurance has not been
reported. Therefore, in order to find out the possibility that pinch
endurance can be used as an evaluation index, we measured pinch
endurance in elderly and younger people and the change over time
under the hypothesis that the results would be similar to those of

handgrip endurance.
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Materials and Methods

The subjects were 16 elderly people (AHA/ACC classification
Stage A/B [13], 2 males and 14 females, 78.5+3.2 years old)
aged 65 or older living in Hiroshima city, who do exercise of light
intensity (<2 METs) once a week, and 15 healthy young people (9
males and 6 females, 21.5+0.6 years old) as a comparison group.
Measurements were conducted in April 2021 for the elderly group
and in September 2021 for the younger group, while taking care
to prevent the spread of infection by COVID-19. Subjects suffering
from diseases that may affect pinch strength measurement were not
measured (those with severe heart failure, end-stage renal failure,
malignant tumors, dementia, severe chronic lung diseases, and
those unable to walk more than 20 m). The study was approved by
the Hiroshima cosmopolitan university internal ethics committee,

and the data were anonymized based on privacy protection.

In order to measure pinch strength and endurance, participants
were asked to sit on a chair without leaning back, with both knees
bent atarightangle, both soles touching on the ground, elbows bent
at a right angle, and forearms and wrists in a neutral limb position
[14]. Participants used their dominant hand to measure for 20
seconds with maximum strength. Bellies of the thumb and the index
finger were used for pinching. The pinch strength measurement
device used was an attachment for pinch strength (T.K.K. 1269m,
Takei Scientific Instruments Co., Ltd.). The measurement unit for
the maximum pinch strength is newton (N). A strain amplifier
(TK.K.1268 Takei Scientific Instruments Co., Ltd.) and an A/D

converter (T.K.K.5721 Takei Scientific Instruments Co., Ltd.) were
used to digitally output (v) the measurement results. The results
of participants’ pinch endurance were calculated by converting
the value obtained in 1/100 seconds into the average per second.
Analysis was performed using commercial software (SPSS ver.26,
IBM). In the data, the values are expressed as average # SE in the
figures. Continuous variables were presented as mean values, and

a p-value of less than 0.05 was considered statistically significant.
Result and Discussion

Result

Social background showed a difference in age between the
elderly and the younger groups (<0.01). Twenty-second maximum
pinch strength showed difference (4.1+1.3N vs. 6.8+1.2N, p<0.01).
Pinch endurance for 20 seconds showed no difference between
the elderly and the younger groups (Group*Time effect p=0.82).
Average pinch strength per second reached its maximum value
when two seconds had passed both in the elderly and the younger
group. The younger group showed a significant decrease in the
maximum value when 20 seconds had passed, while the elderly
group showed no decrease in the maximum value. The decline rate
per second relative to the maximum value showed no difference
between the elderly and young groups (Group*Time effect p=0.92).
As for the decline rate to the maximum value when two seconds
had passed, the elderly group showed a significant decrease after
16 seconds, while the younger group showed a significant decrease
after 15 seconds had passed (Figure 1,2) (Table 1).
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Figure 1: Changes in pinch strength per second.
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Table 1: People characteristics, physical function data.

Number 31 16 15
Male gender, n (%) 11 (35.5) 2 (12.5) 9 (60) <0.01
Age, yrs 49.9+29.0 78.3+3.7 21.5+0.6 <0.01
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Body mass index, kg/m? 22.4+3.0 23.1+3.4 21.6+2.3 0.16
Social background, n (%)

Car user 9(29.0) 3(42.9) 6 (40.0) 0.25
Housework 11 (35.5) 11 (68.8) 0(0) <0.01

Fall down history within 1 years 2 (6.5) 2(12.5) 0(0) 0.48

Comorbidities, n (%)
Hypertension 6(19.4) 6(37.5) 0(0) 0.02
Dyslipidemia 7 (22.6) 7 (43.8) 0(0) <0.01
Medication, n (%)

ARB/ACE-inhibitors 5(16.1) 5(31.3) 0(0) 0.04

CCB 4(12.9) 4 (25.0) 0(0) 0.1
Statin 7 (22.6) 7 (43.8) 0(0) <0.01

Physical function calf circumference, cm
Rt 35.842.9 35.343.2 36.3+2.5 0.36
Lt 35.6+3.1 35.1+3.6 36.0+2.4 0.51
Pinch strength, N

Rt 5.3+¥1.9 41+1.3 6.8+1.2 <0.01
Lt 49+2.1 3.8+0.8 6.6+0.6 <0.01

Values are mean * SD or n (%); ARB= Angiotensin || Receptor Antagonists; ACE= Angiotensin Converting Receptor; CCB= Calcium Channel Block-

er; Rt= Right; Lt= Left; m=meters; p<0.05 Elderly vs. Younger.
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Figure 2: Rate of decrease per second relative to peak grip strength.
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Discussion between the elderly and younger groups (interaction effect p<0.01)

We measured pinch endurance of the dominant hand with
maximum strength for 20 seconds in the elderly group and
examined differences between the elderly and the younger group,

the change rate over time (seconds), and the measurement time.
Pinch endurance and strength within elderly
people

It has been reported that there is no correlation between pinch
strength and handgrip strength in men with type 2 diabetes [15].

It has also been reported that handgrip endurance was different

[12]. Handgrip endurance has been reported to show a significant
decrease after 16 seconds compared to the maximum value in
the younger group, while the elderly group showed no decrease
after 20 seconds. In the study of pinch endurance here, the elderly
group showed no decrease compared to the maximum value
after 20 seconds, while the younger group showed decrease only
after 20 seconds had passed. However, there was no difference in
the passage of time between the two groups (Group*Time effect
p=0.92), and pinch endurance did not show the same result as

handgrip endurance.
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In a study of students up to 16 years old, pinch strength has
been reported to correlate with BMI [14]. In our study, the elderly
and the young groups showed a difference in maximum pinch
strength (p<0.01), but notin BMI (p=0.16). It has also been reported
that pinch strength correlates with physical activity level in young
people, and that pinch strength correlates with hand strength
depending on lifestyle (e.g., work engagement) in elderly people
over 60 years old (16). The group of elderly people measured
in this study were not engaged in any work in their residential
area. Another study has reported that engaging in household
activities promotes the maintenance of physical activity. Among
the participants, we calculated pinch strength between the groups
with and without housework engagement and found no difference
(4.1£1.1N vs. 4.1+1.7N, p=0.91).

Pinch strength measurement time

Pinch strength has been measured in a variety of ways from 3
to 10 seconds [16,17]. Handgrip strength has been measured in 3
to 5 seconds, and it has been reported that the maximum value can
be measured within 5 seconds [12]. The longer measurement time
is, the more likely blood pressure is to increase due to an increase
in peripheral vascular resistance caused by static movement and
occlusion of circulation as a result of mechano reflex, metaboreflex
and other actions [18-22]. The maximal muscle strength in our
study reached its maximum after 2 seconds had passed for all
participants but did not decrease until 20 seconds had passed.
Therefore, it is possible to measure maximum muscle strength with
the same measurement time (5 seconds) as handgrip strength,

instead of 10 seconds.

Conclusion

By measuring pinch endurance, both the elderly and the
younger groups showed no difference in transition of strength until
19 seconds and were able to exert a constant strength. The younger
group showed a decline after 20 seconds onwards. The results may
be useful as a reference for sustaining strength when exerting the
maximum pinch strength in daily life and sports. We would like
to continue to study the effect of sustained force on circulatory
hemodynamics, the comparison of strength with key pinch and

others, and the relationship with hand coordination.
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