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new device, we have proposed new indices and showed
the difference by sex or hand side."

In the present study, using the data from our newly-
developed device, we investigated the association of
gripping performance and independence of ADL in
older adults, evaluated by total Barthel Index (BI) score
and its subitems, and attempted to reveal the meaning of
the newly proposed indices, as well as that of maximum
grip strength.

Methods

Study population

The participants of the present analyses were recruited
at the outpatient clinic for memory disorders at the
National Center for Geriatrics and Gerontology, Japan
at Obu City, Aichi Prefecture in Japan. The period of
recruitment was from 18 October 2010 to 10 June 2011.
Inclusion criteria were principally the patients who
visited our memory disorder clinic for the first time and
could understand the instructions on how to measure
grip strength with the new device. Before the examina-
tion, their blood pressure was measured, and those with
higher than 160 mmHg systolic pressure were excluded.
The participants of the present study were 347 patients
(142 men and 205 women, average age 75.0 £ 9.1 years).

Average Mini-Mental State Examination (MMSE)
score was 21.1 £ 6.1 in men and 20. 2 £ 5.7 in women.

Evaluations of ADL independence by BI and
participant grouping

Independence of the ADL was evaluated by BI* ques-
tionnaire. The index is composed of 10 items regarding
bathing, grooming, feeding, dressing, toilet use, ascend/
descend stairs, bowel management, bladder manage-
ment, bed/wheelchair transfer and mobility (level
surface), totaling 100 points as a full score. Participants
were classified into two groups based on the total BI
score. Those with a total score of 100 points were clas-
sified as independent, and those with less than 100
points as dependent. They were also classified by the
scores on each of the 10 component subitems of BI (full
score, less than full score).

Newly-developed device for measuring grip strength

Using the force-gauge (manufactured by IMADA,
Toyohashi, Japan; product no. ZP-500N) for measuring
industrial products, the signal output from the device is
sent to a computer (Fig. 1). At the moment an LED
lamp on the device lights up, the examinee is encour-
aged to grip the handle, and the grip strength is con-
stantly recorded by the computer. How the gripping
strength is produced can be automatically described on
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Figure 1 Newly-developed device for measuring grip
strength. Force-gauge (made by IMADA, Toyohashi, Japan)
can be used for measuring industrial products, such as the
operation switch on a deluxe automobile. The gauge is
equipped with an easy-grip handle. The signal output from
the device is sent to the computer. The moment the LED
lamp on the device lights up, the examinee grips the handle.
Grip strength is constantly recorded by the computer. How
the gripping strength is produced is automatically described
on the computer monitor.

the computer monitor. Not only can it measure the
maximum (peak) grip strength accurately, even very low
levels of strength, but it can also measure the response
time, agility (catching ability) or endurance (holding
ability).

Method for measuring grip strength and
items calculated

The participants were mostly elderly patients, whose
grip strength was measured in the sitting position, with
their elbows flexed approximately 90°. In the agility
examination, the examinees were asked to grip the
handle as soon as the lamp illuminated. The time and
the pattern to reach the peak value were then evaluated.

For the analyses to assess agility in detail, from the
graph showing the data output and recorded on the
computer monitor, we selected four points: (i) lamp
lights up; (ii) time to start gripping; (iii) turning point
when curve inclination changes; and (iv) peak. We then
defined nine indices, calculated with these four points
as follows: (1) maximum strength; (2) response time;
(3) time to reach maximum strength; (4) time to reach
turning point; (5) strength at turning point; (6) inclina-~
tion from start to turning point; (7) time from turning
point to reach maximum strength; (8) inclination from
turning point to maximum strength; and (9) ratio of
strength (turning point/maximum); (Fig. 2).
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(8) Inclination from turning point

to maximum strength

(9) Ratio of strength
turning point / maximum

(5) Strength at turning point
(6) Inclination from
start to turning point
Time when gripping starts

Lamp lights up

(2) Response time
Figure 2 A graph showing nine
detailed indices in the agility
examination,

Statistical analyses

The average maximum grip strength was compared
between the independent group and dependent group
(both BI total score and each subclass item). Also, the
average absolute values of each of the aforementioned
nine items were calculated, and then the relationships
were investigated between those items and BI scores
of the total, and that of each subclass: bathing, groom-
ing, feeding, dressing, toilet use, ascend/descend
stairs, bowel management, bladder management, bed/
wheelchair transfer and mobility were investigated with
Pearson’s coefficient, utilizing SPSS version 19 for
Windows (SPSS, Chicago, IL, USA) was used. Partial
correlations adjusted for age and total score of MMSE
were also examined. Furthermore, the relationships
between the nine grip strength measuring items and
total BI scores of the three different age groups, below
70 years, 70s and 80s, were also investigated with partial
Pearson’s coefficient, adjusted for MMSE. P-values less
than 0.05 were considered statistically significant. The
study protocol was approved by the Committee on
Ethics of Human Research of the National Institute for
Longevity Sciences. Written informed consent was
obtained from each participant.

Results

Participant characteristics

The demographic data of participants are listed in
Table 1. There were significant differences between the
independent group and dependent group in age, height,
weight, and BI score (both total and each subclass item)
in both sexes. Significant differences were seen in five of
the nine newly advocated indices with the right hand in
men, and in seven of the nine items in women. Signifi-
cant differences were seen only in women regarding two
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(7) Time from turning point
to reach maximum strength

indices: time to reach maximum strength and ratio of
strength (turning point/maximum).

Comparisons of maximum grip strength

The partial correlation coefficients between the maxi-
mum grip strength and Bl total score, after adjusting age
and sex, were 0.296 for the right hand (P < 0.001) and
0.295 for the left hand (P < 0.001), showing significant
relationships. Even after adjusting for MMSE total
score, they were 0.228 for the right hand (P < 0.001) and
0.238 for the left hand (P < 0.001), and the relationships
remained significant.

Comparisons among groups divided in terms of
scores for total Bl and each of the 10 subclass items in
men showed significant differences between the full
score (independent) group and those losing points
(dependent) in total BI and all subitems. Similarly in
women, except in one item of feeding, significant dif-
ferences were shown between the independent and
dependent group for almost all subitems, as well as for
total BI (Table 2).

Correlations between nine grip strength items
measured and Bl

Partial correlations between the nine grip strength items
measured and BI score (total score and each of 10
subitems), adjusted for age and MMSE, were examined
for both hands in men (Table3) and in women
(Table 4). In men, maximum grip strength was signifi-
cantly correlated with eight items in the left hand and
five in the right, as well as with the total score in both
hands. Response time was significantly correlated with
five items in the left hand, four in the right hand and
total score in both hands. Time to voach turning point
was significantly correlared with five items and with total
score in the left hand. Strength at turning point was
significantly correlated with four items in the left hand
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Table 1 General characteristics of participants

Men Women
Independent  Dependent P-value Independent  Dependent P-value
(n=87) (n=355) (n=144) (n=61)
Age (years) 72.6 £ 8.7 75.5+£10.5 0.073 Age (years) 742 £ 8.8 80.1+6.6 <0.001
Height (cm) 163.9£5.7 160.2+7.2 0.001 Height (cm) 149.8 £ 6.4 144.6+7.1 <0.001
Weight (kg) 61.2+838 57.1+11.2 0.017 Weight (kg) 47.9+8.2 46.1+9.1 0.154
BMI (kg/m?) 22.8+2.9 22.1+3.2 0.209 BMI (kg/m? 21331 22.0+3.8 0.171
MMSE score 23.0%+5.2 18.1+6.3 <0.001 MMSE score 214+5.4 17.3+5.5 <0.001
Barthel Total score 100.0 £0.0 78.9+21.6 <0.001 Barthel Total score 100.0 £ 0.0 80.7+17.6  <0.001
Index Index
Feeding 10.0+0.0 9.4+2.0 0.002 Feeding 10.0£0.0 94+1.6 <0.001
Bed/wheel-chair transfer 15.0+0.0 13.9%£2.9 <0.001 Bed/wheel-chair transfer 15.0+0.0 13.9+23 <0.001
Grooming 5.0+£0.0 3.8+2.2 <0.001 Grooming 5.0+0.0 34+24  <0.001
Toilet use 10.0 £0.0 83+24  <0.001 Toilet use 10.0+£0.0 9.1+2.0 <0.001
Bathing 5.0+0.0 3.5+23 <0.001 Bathing 5.0£0.0 2.8+2.5 <0.001
Mobility 15.0+£0.0 13.6 £3.7 0.001 Mobility 15.0+0.0 13.8+2.8 <0.001
Ascend/descend stairs 10.0£0.0 85127 <0.001 Ascend/descend stairs 10.0£0.0 83+£29 <0.001
Dressing 10.0£0.0 8.0£2.8 <0.001 Dressing 10.0£0.0 8.4+25 <0.001
Bowel management 10.0£0.0 6.6x3.0 <0.001 Bowel management 10.0£0.0 6.5+3.0 <0.001
Bladder management 10.0+0.0 6.2+2.9 <0.001 Bladder management 10.0+0.0 6.2+2.5 <0.001
Nine new Response time (ms) 360.2+153.6 425.6+188.2 0.026 Nine new Response time (ms) 388.6 £138.0 492.3+186.7 <0.001
indices indices
Time to reach turning point 692.6 +£252.2 807.8+£304.9 0.016 Time to reach turning point 761.8+279.4 8383 +£273.4 0.077
(ms) (ms)
Strength at turning point (kg) 24.5+8.3 183+7.7  <0.001 Strength at turning point (kg) 16.7+£5.8 11.3+4.7  <0.001
Inclination from start to 0.082+0.045 0.054+0.037 <0.001 Inclination from start to 0.048 £0.027 0.031+0.017 <0.001
turning point (kg/ms) turning point (kg/ms)
Time to reach maximum 12764 £ 464.6 1302.3+422.1 0.740 Time to reach maximum 1261.2+£385.8 1397.4+394.3 0.025
strength (ms) strength (ms)
Maximum strength (kg) 28.3+8.2 21.6+8.8 <0.001 Maximum strength (kg) 19.3+6.0 14.0£5.6 <0.001
Time from turning point to 583.8+403.2 494.5+362.5 0.186 Time from turning point to 499.4+331.5 559.2£335.6 0.248
reach maximum strength reach maximum strength
(ms) (ms)
Ratio of strength (turning 85.7+11.5 84.9+11.3 0.663 Ratio of strength (turning 86.1+10.2 80.9+£12.9  0.003
point/maximum) (%) point/maximum) (%)
Inclination from turning point ~ 0.010+£0.010  0.009 £0.008  0.451 Inclination from turning point  0.007 £0.005  0.005+0.004 0.119

to maximum strength
(kg/ms)

to maximum strength
(kg/ms)

BMI, body mass index; MMSE, Mini-Mental State Examination.
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Table 2 Comparisons of maximum grip strength between independent and dependent groups of total Barthel Index score and each Barthel Index

subitem

Men
Independent ()

Dependent (n)

P-value

Women
Independent (n)

Dependent (n)

P-value

Total score

Feeding
Bed/wheelchair transfer
Grooming

Toilet use

Bathing

Mobility
Ascend/descend stairs
Dressing

Bowel management

Bladder management

Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left

28.3 8.2 (87)
27.3+ 8.0 (87)

26.3 + 8.8 (134)
25.4+8.7 (135)
26.3 + 8.8 (130)
25.4+8.6 (131)
26.8 8.7 (126)
25.8 +8.3 (127)
26.9 + 8.8 (121)
26.0 £8.5 (122)
27.0 £8.6 (122)
26.1+8.3 (123)
26.4+8.8 (131)
25.4+ 8.6 (132)
26.8 £8.7 (125)
25.8 £ 8.4 (126)
26.9 8.6 (121)
25.8+8.5 (121)
27.4+8.3 (108)
26.3+8.1 (108)
27.3£8.7 (104)
26.6 £8.5 (104)

21.6 + 8.8 (54)
21.1+8.6 (55)
15,4+ 5.4 (6)

15.9 £ 4.9 (6)

17.5+7.7 (9)

17.3+8.1 (9)

16.1£35.9 (13)
15.5+7.0 (13)
18.4 % 6.5 (18)
17.4+ 6.5 (18)
15.7 £ 6.1 (15)
14.7 + 5.6 (15)
16.0 £ 5.6 (8)

16.1+ 6.3 (8)

16.9 £ 6.8 (14)
16.3+7.1 (14)
17.8 £7.7 (18)
18.9+ 8.1 (19)
20.0+9.1 (32)
19.8 £9.2 (33)
20.8 +8.3 (35)
19.8 + 7.7 (36)

<0.001
<0.001
0.003
0.009
0.004
0.006
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.001
0.003
<0.001
<0.001
<0.001
0.0001
<0.001
<0.001
<0.001
<0.001

19.3 £ 6.0 (142)
17.9+ 5.7 (143)
17.9 + 6.3 (194)
16.5 6.0 (196)
18.1+6.2 (189)
16.9 5.9 (190)
184+ 6.2 (181)
17.0 £ 6.0 (183)
18.1+ 6.3 (190)
16.8 + 6.0 (191)
18.5+ 6.1 (175)
17.1 5.9 (176)
18.0 + 6.2 (190)
16.7+5.9 (191)
18.3+6.2 (183)
17.0+ 5.9 (184)
18.3 £ 6.2 (183)
17.0 £5.9 (184)
18.8+ 6.1 (163)
17.5+5.8 (164)
18.9+ 6.2 (158)
17.6 £ 6.0 (159)

14.0 £ 5.6 (59)
12,9+ 5.4 (60)
14.0 + 4.7 (7)

13.2+6.9 (7)

11.4+5.0 (11)
10.3+3.9 (12)
12.2 £ 4.3 (20)
10.9 3.6 (20)
12.5 + 4.5 (10)
11.4+4.3 (11)
12,6+ 5.1 (25)
12.2+5.3 (26)
12.8 6.7 (10)
11.7 £ 6.0 (11)
12.4+5.0 (17)
11.2+4.5 (18)
124+ 4.7 (17)
11.0 £4.0 (18)
13.1%5.3 (37)
11.8 £ 4.6 (38)
13.6 £ 5.1 (42)
12.4 + 4.4 (43)

<0.001
<0.001
0.11
0.15
<0.001
<0.001
<0.001
<0.001
0.007
0.004
<0.001
<0.001
0.01
0.006
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
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Table 3 Partial correlations between nine grip strength items measured and Barthel Index (total score and each sub items) adjusted for age and

Mini-Mental State Examination total score in men

Total Feeding Bed/wheel-chair ~ Grooming  Toilet Bathing  Mobility ~Ascend/ Dressing Bowel Bladder
score transfer use descend management — management
stairs
Response time Right » -0.22*  -0.22*  -0.12 -0.10 -0.16 —-0.25%%  -0.22% -0.15 -0.19*% -0.14 ~-0.04
Left — r -0.24%*% -029%* -0.16 -0.12 -0.13 ~0.27%%  -0.23%**  -0.18*  -0.25**  -0.06 -0.07
Time to reach turning point Right + -0.22% -0.30%*  -0.13 -0.12 -0.13 -0.15 -0.28%*  -0.12 -0.12 -0.09 -0.14
Left —r -025%* -029** -0.14 ~0.06 ~0.15 -0.10 -0.25%*%  —0.12 -0.20* -0.19% -0.18*
Strength at turning point Right r  0.17 0.12 0.07 0.13 0.10 0.23% 0.10 0.10 0.14 0.16 0.09
Left — r  026% 015 0.13 0.22% 0.16 0.32%%  0.17 0.21% 0.16 0.14 0.18%
Inclination from start to turning point ~ Right r  0.18% 0.16 0.09 0.12 0.10 0.13 0.15 0.08 0.07 0.11 0.22%
Left — r~  0.20% 0.15 0.08 0.16 0.09 0.11 0.16 0.07 0.07 0.20* 0.26%*
Time to reach maximum strength Right r  0.13 -0.10 0.06 0.06 0.14 0.09 0.04 0.12 0.21* 0.14 0.07
Left — r -0.01 -0.08 0.00 -0.06 0.08 0.11 -0.05 0.02 -0.06 -0.08 0.00
Maximum strength Right r  0.26%* 0.1 0.12 0.18* 0.18* 0.31%*  0.16 0.17 0.22% 0.20% 0.16
Left —r  0.30%  0.17 0.15 0.25%* 0.23% 0.36%*  0.20% 0.23%# 0.17% 0.18% 0.23%#
Time from turning point to reach Right r  0.30**  0.10 0.17 0.15 0.25%%  0.21* 0.24%* 0.23* 0.33## 0.22% 0.18%
maximum strength Left r 015 0.11 0.10 -0.03 0.19* 0.20% 0.10 0.11 0.07 0.07 0.13
Ratio of strength (turning Right r -0.22*  -0.07 -0.17 -0.14 -0.20*  -0.19*  -0.20* -0.17 -0.18% -0.06 -0.18*
point/maximum) Left r -0.09 -0.06 -0.07 -0.02 -0.17%  -0.07 -0.06 0.04 -0.01 -0.12 -0.09
Inclination from turning point to Right +  0.06 0.11 0.09 0.03 0.02 0.12 0.09 0.06 -0.07 -0.04 0.06
maximum strength Left — r  0.07 0.08 0.08 0.12 -0.06 -0.05 0.09 -0.03 -0.01 0.12 0.10

##P < 0.01, *P < 0.0S.

Table 4 Partial correlations between nine grip strength items measured and Barthel Index (total score

Mini-Mental State Examination total score in women

and each sub items) adjusted for age and

Total Feeding  Bed/wheel-chair ~ Grooming  Toilet Bathing  Mobility ~Ascend/ Dressing Bowel Bladder
score transfer use descend management — management
stairs
Response time Right r -0.14 0.26 -0.05 -0.12 -0.02 -0.16* 0.04 -0.17% 0.07 -0.19% -0.14
Left —r -0.16% -0.10 -0.07 —0.22%* ~0.06 -0.16* 0.02 -0.11 0.07 -0.15* -0.18*
Time to reach turning point Right +  0.01 0.10 0.10 0.04 0.04 0.03 0.07 -0.03 0.04 -0.12 -0.05
Left —r  0.02 0.03 0.05 -0.07 0.02 0.02 0.09 ~0.04 0.08 -0.02 -0.03
Strength at turning point Right r  0.26%* 0.09 0.20%* 0.16% 0.11 0.22%% 0.12 0.21%* 0.15% 0.22%% 0.23%%
Left —r  0.23%  0.04 0.17* 0.17* 0.09 0.13 0.14 0.15% 0.16* 0.24%% 0.25%*
Inclination from start to turning point ~ Right r  0.14 -0.10 0.07 0.02 0.07 0.04 0.10 0.12 0.06 0.20%* 0.17%
Left r 011 -0.04 0.09 0.03 0.06 0.02 0.05 0.12 0.03 0.15* 0.16*
Time to reach maximum strength Right r -0.11 -0.02 0.04 -0.02 -0.07 -0.01 -0.05 -0.10 -0.08 -0.20%% -0.15%
Left r -0.04 0.00 0.01 0.02 -0.05 0.07 -0.02 -0.02 0.01 -0.13 -0.09
Maximum strength Right r  0.22%%  0.06 0.20%* 0.15% 0.06 0.19%*  0.12 0.17* 0.13 0.18%* 0.20%*
Left —r  0.23*  0.03 0.19%* 0.18* 0.08 0.15* 0.13 0.16* 0.16* 0.19%#* 0.22%#
Time from turning point to reach Right + -0.14 -0.10 -0.04 -0.06 -0.11 -0.04 -0.11 -0.09 -0.13 -0.12 -0.14
maximum strength Left r -0.06 -0.02 -0.02 0.03 -0.07 0.08 -0.08 -0.01 -0.04 -0.15% -0.09
Ratio of strength (turning Right r  0.24**  0.13 0.18%* 0.18* 0.25%*  0,19%*  0.15% 0.18%* 0.19* 0.13 0.14
point/maximum) Left 7 011 0.08 0.02 -0.01 0.06 -0.04 0.10 0.00 0.09 0.22%% 0.17*
Inclination from turning point Right »  0.04 0.01 -0.01 -0.03 —-0.04 -0.02 0.05 0.02 0.01 0.10 0.12
to maximum strength Left 012 0.02 0.09 0.08 0.07 0.07 0.05 0.08 0.09 0.11 0.12

#*P < 0.01, *P < 0.0S.
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and with total score. Different from the results before
adjustment, in the right hand only one index gained
significance. Time from turning point to reach
maximum strength and ratio of strength (turning point/
maximum strength) were significantly related to seven
and five items, respectively, as well as to the total score
in the right hand. Inclination from start to turning point
was significant only in total score and some subclass
items in both hands (Table 3). In women, maximum
grip strength was significantly related to seven items in
the left hand and six in the right, as well as with the total
score in both hands. Response time was significantly
related to four items in the left hand and three in the
right, whereas the total score was significant only in the
left hand. Strength at turning point, differing slightly
from men, was significant in seven items in the right
hand and six in the left, as well as in the total score in
both hands. The ratio of strength (turning point/
maximum strength) was significant in seven items and
the total score in the right hand (Table 4).

Correlations between nine grip strength items
measured and total BI scores in three different

age groups

In men aged in their 70s, six out of nine items, namely,
response time, time to reach turning point, strength at
turning point, maximum grip strength, time from
turning point to reach maximum strength and ratio of
strength (turning point/maximum), were correlated with
total Bl score in the right hand, whereas five items,
response time, time to reach turning point, strength at
turning point, inclination from start to turning point
and maximum grip strength, were related with total Bl
score in the left hand (Table 5). In the age group below
70 years, just two items, strength at turning point and
ratio of strength (turning point/maximum), were related
in both hands (Table 5). In the 80s age group, no item
was correlated in the right hand, and response time and
inclination from start to turning point were correlated in
the left hand (Table 5).

Much different from men, in women aged in their 70s
only one item, strength at turning point, was correlated
in the right hand, and also only one item, response time,
was correlated in the left (Table 5). In the age group
below 70 years, no item was correlated in the right hand,
whereas four items, response time, time to reach
turning point, time to reach maximum strength and
time from turning point to reach maximum strength (all
of these were time-related items), showed significant
correlations in the left hand. In women aged in their
80s, strength at turning point and maximum strength
were correlated in both hands, and time from turning
point to reach maximum strength was correlated in the
right hand (Table 5).

© 2014 Japan Geriatrics Society

Discussion

The grip strength test is one of the most popular
and widely utilized methods for evaluating muscle
strength.™® It is doubtful, however, whether a grip
strength device, originally made for young people, is
suitable for measuring very weak strength, because
average grip strength of female residents (mean age 83.2
years) in a nursing home was reported to be as low as
8.7 kg.** We have developed a new grip-strength mea-
suring device that not only measures small values accu-
rately, but also evaluates muscle contraction in detail,
by taking a time axis into consideration, and defined
various indices, which were shown to be different by sex
or side in a previous study.”’

In the present study, we have investigated the associa-
tion of grip strength and independence of ADL in older
adults, comparing the data from our newly-developed
device and the internationally utilized BI to determine
whether the newly advocated indices are associated with
limitations in ADL. Maximum grip strength was proved
to be a very good index, which could be shown with
precise values; however, response time, values at the
turning point and ratio of strength (turning point/
maximum strength), although correlated with the
indices, varied by sex or hand side (Tables 3 and 4).
When we first introduced this device, we thought that
not only measuring the maximum strength, but also the
time to reach maximum strength, would be important.
The time to reach maximum strength, however, was not
found to be significant in either sex or in total Bl score, or
in most of the subclass indices. As a matter of fact,
although no association was seen in time to reach
maximum strength, some relationships were seen in time
to reach turning point and time from turning point to
reach maximum, especially in men (Tables 3 and 4).
Therefore, the meaning of time might not be the same
before and after the turning point. Also, strength at
turning point was found to be correlated with total BI
score and several subclass items, especially in women.

From the aforementioned, turning point was sug-
gested to be worth measuring, although its meaning
warrants further investigation; it could have something
to do with the proportional change of the fast and slow
twitch fiber contraction, or something else, such as the
relative involvement of flexors and extensors in gripping
performance. In order to determine this with greater
certainty, further studies should be carried out, such as
simultaneous electromyography measurement. In the
analyses of the separate age groups, particularly in the
group of men aged below 70 years, the strength at
turning point was associated with total Bl scores,
although maximum grip strength was not. In the group
of women aged below 70 years, in the left hand, neither
maximum grip strength nor strength at turning point
was related with total Bl scores, and some other indices,
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Table 5 Partial correlations between nine grip strength items measured and total Barthel Index scores in three different age groups, adjusted by

Mini-Mental State Examination score

Age Men Women
Below 70 years 70s 80s Below 70 70s 80s
(n=238) (n=67) (n = 36) (n =4S) (n="71) (n = 85)
Response time Right hand -0.12 —0.34%* -0.14 0.20 -0.08 -0.07
Left hand -0.12 —-0.33%# -0.40%* -0.33* -0.27% -0.09
Time to reach turning point Right hand 0.16 —0.42%* -0.11 0.01 -0.01 0.08
Left hand 0.15 -0.27* -03.2 —0.34* -0.01 0.06
Strength at turning point Right hand 0.41% 0.25% 0.26 0.07 0.26% 0.30%*
Left hand 0.35% 0.36%%* 0.31 0.11 0.22 0.35%%
Inclination from start to turning point Right hand 0.16 0.21 0.31 0.18 0.15 0.14
Left hand -0.16 0.28*% 0.37% 0.22 0.07 0.18
Time to reach maximum strength Right hand 0.08 0.06 0.07 -0.10 -0.15 -0.16
Left hand -0.23 0.04 -0.1 —0.48%* 0.11 -0.02
Maximum strength Right hand 0.24 0.35%* 0.28 0.08 0.16 0.29%#
Left hand 0.09 0.43%#* 0.30 0.12 0.20 0.35%%
Time from turning point to reach maximum strength Right hand 0.03 0.36%* 0.19 -0.11 -0.16 -0.25%
Left hand -0.32 0.22 0.16 -0.38% 0.13 -0.07
Ratio of strength (turning point / maximum) Right hand 0.39% -0.29% 0.17 0.02 0.23 0.21
Left hand 0.52%%* -0.20 0.22 -0.02 -0.02 0.18
Inclination from turning point to maximum strength Right hand -0.07 0.12 0.06 0.15 0.02 0.12
Left hand 0.07 0.07 -0.03 0.25 0.02 0.17

#*P <0.01, #*P < 0.0S.
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Association of grip strength and ADL

involving time elements rather than strength were sig-
nificant. These time-related items were influenced by
sex or by side (right or left). This could be as a result of
the changes of the quality of the muscle,” such as the
rates of fast and slow twitch fiber, respectively, or the
proportion of the fat infiltration.

As the participants of the present study were assumed
to have cognitive problems, we adjusted for MMSE score
in the analyses (Tables 3-5). Even after that, however, the
results were almost the same in men, with a difference
becoming apparent in only one item — inclination from
start to turning point. In women, differences became
apparent in five items (data not shown), suggesting that
cognitive function might be influenced more in women.
Further detailed analyses will have to be carried out to
elucidate the associations between cognitive function,
grip strength and the related new indices. With regard to
the association between dementia and gripping perfor-
mance in particular, further careful studies are required
with separation of dementia into vascular, Alzheimer
type, Lewy body disease or other types.

So far there have been several studies expressing the
association between grip strength and ADL.""® All but
one related to ADL performance as a whole."”® Although
most of the studies compared the sex difference, none of
them focused on the side difference nor differentiated
the subjects by age groups. Thus, to our knowledge, the
present study carried out the most detailed analyses to
date, such as the subclass items of ADL or the influ-
ences of sex, side, or age. Furthermore, we investigated
the detailed items during muscle contraction, which
were shown for the first time while taking the time axis
into consideration. Thus, it has become possible to
analyze such detailed items by utilizing our elaborate
new device equipped with a machine for quality control
in the industrial product field. The detailed indices
showed the difference, not only when comparing the
difference between an independent group and those
with clearly lower levels of ADL, but also with those
who require only light assistance (group with total BI
score of 95 or 90). This was suggested by the finding
that right hand inclination from start to turning point
was significantly lower in the 95 and 90 point group
than in the 100 point group, although a significant
difference was not seen in maximum strength (data not
shown), which an ordinary device can measure as a
solitary index.

Notwithstanding, the number of participants in the
present study might not be large enough to confirm the
significance of these indices, as the results on the sig-
nificance of some of the indices changed when the par-
ticipants were divided into three different age groups,
particularly in women. This was seen in the ratio of
strength (turning point/maximum).

There were some limitations to the present study.
First, the analyses were carried out only in a Japanese
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population, and in participants with some cognition
problems. Also, although we found some relationships
between grip strength and BI scores, they remained
rather weak. This might derive from the fact that the
distribution of the BI was not even, shifting towards the
full or nearly full score group. To more properly assess
the influence of gripping performance and ADL, there-
fore, it might be necessary to use other indices, such as
instrumental ADL, or gain a greater number of patients.
These are issues to be investigated in future.

For hand side we used right versus left, but it would
be more appropriate to consider this based on the hand
dominance. However, it was not easy (or simple) to
separate the participants by hand dominance, because
when asked about their dominancy, 134 male patients
replied right, three replied left, three replied both, two
replied right but switched from left and eight did not
answer. In women, 195 replied right, four replied left,
six replied both, one replied right but switched from
left and 20 did not answer. We therefore carried out
the investigation with the classification of right and left.
Nevertheless, for ratio of strength (turning point/
maximumy), significant correlations were seen with
many subitems only in the right hand in both sexes, as
was the case for time from turning point to reach
maximum strength in men (Tables 3 and 4).

The device itself is still also limited to research pur-
poses, and further improvements must be made to adapt
it for more practical use, both in software so that the
detailed indices are read automatically, and in hardware,
including the handle section, for more comfortable
gripping by older adults.

Despite those limitations, however, we will carry out
further analyses on the various functions of older adults,
by increasing the number of study population, and show
the effectiveness of these indices, as the measuring
method has advantages: it can be carried out safely and in
a very short time with subjects in a sitting position, and
can measure isometric contractions that are considered
to be proper in measuring strength in elderly people. The
device is accurate, of which measuring values (maximum
strength) accorded quite well with those of Jamar
Hydraulic Hand Dynamometer (data not shown).

In summary, we investigated the association of grip
strength and the independence of ADL in older adults,
using the data from a newly-developed grip strength
measuring device. The maximum grip strength was
shown to be associated with ADL in many items of the
BI, but some of the newly defined indices, such as
response time, strength at turning point, elements
regarding before and after turning point until the
strength reaches maximum, were shown to be associ-
ated with some ADL-related items. Some of the asso-
ciations were different from those with the maximum
grip strength, and they varied by sex, hand side or age
groups. This new device, considering the time axis and
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novel items for measuring, could possibly be used effec-
tively for applications in evaluating the functions of
older adults, although further investigations will be
required in order to determine the meaning or useful-
ness of the newly advocated indices.
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ABSTRACT: Sarcopenia, an aging-induced generalized decrease in muscle mass, strength, and function, is
known to affect elderly individuals by decreasing mobile function and increasing frailty and imbalance that
lead to falls and fragile fractures. Sarcopenia is a known risk factor for osteoporotic fractures, infections,
and early death in some specific situations. The number of patients with sarcopenia is estimated to increase
to 500 million people in the year 2050. Sarcopenia is believed to be caused by multiple factors such as disuse,
malnutrition, age-related cellular changes, apoptosis, and genetic predisposition; however, this remains to be
determined. Various methods have been developed, but no safe or effective treatment has been found to date.
This paper is a review on the association between sarcopenia and its related-fractures and their diagnoses

and management methods to prevent fractures.

Key words: sarcopenia, sarcopenia-related fracture, osteoporosis, diagnosis, muscle mass, treatment, pathogenesis

Sarcopenia, an aging-induced decrease in muscle mass, is
known to affect elderly individuals by decreasing
activities of daily living and increasing frailty and
vulnerability to falls and osteoporotic fractures.

In the field of orthopedics, the elements of the
musculoskeletal system have been classified as follows:
the “muscles,” the source of the power; the “tendons,”
which bind the muscles and the bones; the “bones,” which
are load-bearing structures; and the “joints,” which
connect bones with other bones. Thus far, efforts have
been made to deepen the understanding of the functions
and impairments of each of those elements. Compared
with other musculoskeletal disorders such as fractures,
osteoarthritis, and tendon or ligament ruptures, muscles
have a high capacity to regenerate and are often believed
to “heal even without treatment.” [1] Unfortunately, there
has been a delay in the understanding of the
pathophysiology of muscular regeneration and sarcopenia
as well as the awareness of treatments. In fact, the
regenerative capacity of skeletal muscles is decreased in

the elderly; in recent years, it has been found that even
when the muscles regenerate, the muscle fibers are
abnormal, fatty, and fibrosed [2-4] in aged environment.
Such a decrease in muscle mass and strength causes a
physical instability that makes the body fall easily,
resulting in reduced mobility [5]; and ultimately, the
patient experiences falls and fractures and is confined to
bed [6, 7].

Sarcopenia has been reported to affect more than 40%
of elderly individuals >70 years of age, approximately 50
million people worldwide. This number is estimated to
increase to 500 million people in the year 2050 [8].
Therefore, there has been major interest in developing
strategies to reduce the disadvantage of sarcopenia and
help in attenuating the age related decline and disability.
In this communication, we comment on the association
between sarcopenia and osteoporotic fractures, and the
management of sarcopenia to prevent osteoporotic
fractures.

*Correspondence should be addressed to: Dr. Tetsuro Hida, Department of Orthopedic Surgery, Nagoya University
Graduate School of Medicine, 35, Tsuruma, Showa-ku, Nagoya, 466-8550, Japan. Email: hidat@med.nagoya-u.ac.jp

ISSN: 2152-5250

226



