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SUMMARY
Introduction. With the growing population of older adults, a spike in the problems 
related to aging is expected, with sarcopenia being the foremost. Among the pleth-
ora of factors contributing to the development of sarcopenia, oral hypofunction is 
one among them and there is a growing number of findings on the link between oral 
health and sarcopenia. However, the strength of this relationship specifically in the 
older adult population is poorly understood.
Objective. To determine the relationship between oral health and sarcopenia among 
older adults.
Materials and methods. Systematic literature search was conducted in the five elec-
tronic databases like PubMed, Scopus, Embase, CINAHL and Web of Science, the 
identified records were exported to Rayyan software, duplicates were removed, and 
screening of title and abstracts was done. Details about the relationship were extracted 
from the full text records.
Results. Twenty studies were included in this review, and nineteen are cross-section-
al and one cohort design, carried out in South-East Asian nations. The usage of full 
dentures, masticatory function, tongue pressure, jaw opening force, and the number of 
surviving teeth have all been demonstrated to significantly correlate with grip strength. 
Skeletal muscle mass and tongue pressure is found to have a strong association. Gait 
speed and tongue pressure have a weak association and those who have a loss of at least 
10 teeth have been found to walk with less pace.
Conclusions. There exists a relationship between sarcopenia and various components 
of oral health and oral function among older adults. 
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INTRODUCTION
Sarcopenia a term coined in the last decade of 20th century is 
characterized by a triad of decrease in muscle mass, muscle 
strength and physical performance respectively (1–3). The 
prevalence of sarcopenia ranged from 10% to 27% in the 
older adults (4). The European Working Group on Sarcope-
nia in Older People (EWGSOP) and Asian Working Group 
for Sarcopenia (AWGS) have come up with the diagnostic 
criteria for sarcopenia among older adults, which consid-

ers muscle mass, muscle strength, and physical performance 
parameters with slight variations in the cut-off values (2, 
3). A plethora of factors contribute to the development of 
sarcopenia among older adults, including reduced dietary 
protein intake, increase in muscle protein breakdown, endo-
crine dysfunction and sedentary lifestyle (5, 6). 
The World Dental Federation General Assembly in 2016 
come up with the definition of oral health which states “Oral 
health is multifaceted and includes the ability to speak, 
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smile, smell, taste, touch, chew, swallow, and convey a range 
of emotions through facial expressions with confidence and 
without pain, discomfort, and disease of the craniofacial 
complex” (7). Poor oral health and oral health problems 
are highly prevalent among older adults (8). Moreover, oral 
health conditions have links with chronic diseases (9) and 
with physical functions among older adults (10). A study has 
reported the prevalence of sarcopenia to be 30.8% in older 
adults visiting the dental outpatient department (11). 
Despite of the findings on the link between oral health and 
sarcopenia (12), the strength of this relationship specifical-
ly in older adults population are still poorly understood. 
Thus, this review aimed to find out the relationship between 
oral health and sarcopenia among older adults, along with 
summarizing different components of oral health evaluated 
in the literature and their association with sarcopenia. 

METHODS

Eligibility criteria
The studies were included if they met the criteria: 1) original 
study, 2) on older adults aged ≥ 60 years, 3) diagnosed with 
sarcopenia, 4) evaluated different components of oral health, 
5) study design like cross sectional study, longitudinal study, 
case-control, cohort design and 6) study settings like commu-
nity dwelling, dental clinic, hospital, long term care settings. 
The studies were excluded if they fail to meet the inclusion 
criteria and/or: 1) full text not available, 2) language other 
than English, 3) the studies providing no extractable data.

Data sources and search strategy
The systematic literature search was undertaken in May 
2022 using the following electronic databases: PubMed, 
Scopus, Embase, Cumulated Index to Nursing and Allied 
Health Literature (CINAHL) and Web of Science. Relevant 
MeSH terms and Boolean phases were used for the search: 
like “sarcopenia” OR “reduced skeletal muscle mass” OR 
“muscle mass loss” OR “muscle atrophy” OR “hand grip 
strength” OR “quality of life” AND “oral health” OR 
“dental health” OR “oral hygiene” OR “mastication” OR 
“occlusal force” OR “Gerodontology” AND “aged” OR 
“elderly” OR “older adults” OR “older people” AND “resi-
dential care facilities” OR “long term care facilities” OR 
“old age homes” without time restrictions and no filters 
were applied. The complete search strategy for each data-
base can be requested from the corresponding author.

Data extraction and Quality assessment
Two reviewers, PK and SV independently searched the 
literature. The identified studies were imported to Rayyan 

(Ref. # abcdef) software. After resolving the duplicates, two 
reviewers conducted title and abstract screening separately. 
Any conflict regarding the article selection was resolved by 
discussion with the third reviewer GN. Full-text reading of 
the identified articles was done by PK, and relevant studies 
were included in this review matching our inclusion crite-
ria. The data charting form was drafted by PK and it was 
finalized after a consensus discussion with all the authors. 
Quality evaluation was performed using the Jonna Brigs 
Institute appraisal checklist for analytical cross-sectional 
studies (13). 

RESULTS
A total of 5,907 studies were identified through databases 
searches. After removing duplicate studies, the titles and 
abstracts of 3,671 studies were screened. A review of the 
titles and abstracts yielded 150 relevant studies for full-text 
screening. Finally, 20 studies met all inclusion criteria and 
were included in this review. A Preferred Reporting Items 
for Systematic Review and Meta-analysis 2020 (PRISMA 
2020) (14) flowchart of the literature search is demonstrated 
in figure 1.

Figure 1. Preferred reporting system of systematic review 
and Meta-Analysis (PRISMA 2020).
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The characteristics and findings from the selected stud-
ies are summarized in table I. The results of the reviewed 
studies suggest that the components assessed as part of 
oral function assessment varied among the studies. Oral 
hygiene, oral dryness, occlusal force, tongue lip motor func-
tion, tongue pressure, masticatory function and swallow-
ing function are the components of oral function report-
ed among studies. Number of teeth, jaw opening force, 
denture, lip strength, oral health related quality of life, oral 
health assessment tool, masseter and genohyoid muscle 
thickness were the components of oral health reported. 
Regarding the quality of the studies, all the included stud-
ies have clearly defined the criteria for inclusion. Sixteen 
(n = 16) studies have described the study subjects and the 
settings in detail (11, 15–24, 24–29), while three (n = 3) 
studies have not described it in detail (30–32) and it was 
unclear in one (n = 1) of the study (33).  The exposure 
measured is valid and reliable in six (n = 6) studies (15, 18, 
20, 26, 30, 33), while four (n = 4) studies (19, 27, 29, 34) 
have not measured exposure in a valid and reliable way 
and it is unclear in ten (n = 10) studies (11, 16, 17, 21–25, 
31, 32). Seventeen (n = 17) studies have used the standard 
criteria for the measurement of the condition (11, 15–21, 
23, 25–27, 29–33), while three (n = 3) studies have not 
used the standard criteria (22, 24, 34). The confounding 
factors have been identified in ten (n = 10) studies (11, 
15–18, 20, 22, 26, 33, 34), seven (n = 7) studies have not 
identified confounding factors (19, 23, 24, 27, 29, 30, 32), 
while it was unclear in three (n = 3) studies (21, 25, 31). 
Nine studies (n = 9) have applied the strategies to deal 
with the confounding factors (11, 15, 17, 18, 20, 22, 26, 
33, 34), in three (n = 3) of the studies it was unclear (16, 
21 ,25), and in eight (n = 8) studies it was not stated (19, 
23, 24, 27, 29–32). All studies included in this review have 
measured the outcomes in a valid and reliable way and 
have used appropriate statistical analysis. The full detail 
of the critical appraisal assessment tool for analytical study 
can be found in the appendix 1.
Oral hygiene is assessed using tongue coating index in two 
studies (15, 30), oral dryness is assessed using oral mois-
ture meter using (Mucus Life Co Ltd., Saitama, Japan) in 
two studies (15, 30), occlusal force assessed in three stud-
ies (15, 29, 30), tongue lip motor function assessed in four 
studies (15, 19, 30, 31), tongue pressure is assessed in ten 
studies (15, 19, 23–25, 27, 28, 30–32), masticatory func-
tion is assessed in seven studies (15, 18, 20, 21, 26, 29, 
30), and swallowing function is assessed in three studies 
(15, 30, 31). 
Number of teeth were assessed in eight studies (16–18, 23, 
26, 29, 30, 33). Two studies had evaluated the jaw opening 
force as part of oral health assessment (24, 27). Three stud-

ies had included the assessment of denture as part of oral 
examination (17, 26, 33). Lip strength (23), masseter muscle 
thickness (22) and cross-sectional area of Genohyoid muscle 
(19) has been assessed as per the objectives of the studies. 
One study have assessed oral health related quality of life 
(11) and two studies have evaluated the oral health using 
oral health assessment index (11, 16).

Sarcopenia
Four studies have used Asian working group for Sarcopenia 
(AWGS 2019) criteria (15, 16, 18, 30), one study has used 
Asian working group for Sarcopenia (AWGS 2016) crite-
ria (11), seven studies have used Asian Working Group for 
Sarcopenia (AWGS 2014) criteria (17, 19, 20, 23, 26, 27, 
31), four studies have used European working group on 
Sarcopenia in older people (EWGSOP 2010) criteria (25, 
28, 29, 32) to diagnose the sarcopenia among the included 
participants. One study has only considered grip strength 
component to include participants (33), one study has 
used SARC-F questionnaire as a screening tool for sarco-
penia (21), one study have utilized only appendicular skel-
etal muscle index component for screening for sarcopenia 
(22). One study has used grip strength and walking speed 
components of sarcopenia criteria (24).

Number of teeth
Total of eight studies investigated the association between 
number of teeth and sarcopenia. Elderly patient with < 
20 number of remaining natural teeth were more likely to 
have diagnosed sarcopenia (OR 5.55) (16, 26). There was 
no association found between number of tooth loss with 
muscle mass and with sarcopenia, however, grip strength 
and walking speed was lower in those who had lost at least 
10 teeth compared to those 9 or less (17). A study suggests 
that less number of teeth was associated with decline in grip 
strength (18, 33) and possible sarcopenia (33). 

Tongue pressure
Ten studies investigated the association between tongue 
pressure and sarcopenia. Tongue pressure was evaluated 
with the device disposable oral balloon probe (JMS tongue 
pressure measuring instrument, Hiroshima, Japan). All are 
cross-sectional studies, findings suggest significant correla-
tion between tongue pressure and muscle mass (25), tongue 
pressure and grip strength (24, 25), tongue pressure is inde-
pendently associated with the presence of nutrition relat-
ed sarcopenia (23), weak correlation was found between 
gait speed and tongue pressure (19, 24). Multivariate linear 
regression analysis showed tongue pressure was signifi-
cantly associated with the presence of sarcopenia (15, 27, 
30, 31, 34).



573Muscles, Ligaments and Tendons Journal 2022;12 (4)

P. Kumar, S. Varshney, N. Girish

A
ut

ho
r, 

Ye
ar

 &
 C

ou
nt

ry
Ti

tle
 &

 D
es

ig
n

St
ud

y 
po

pu
la

tio
n

&
 S

et
tin

g
A

im
 o

f t
he

 st
ud

y
O

ra
l h

ea
lth

 
co

m
po

ne
nt

(s
) 

ev
al

ua
te

d,
 a

nd
 

in
st

ru
m

en
t u

se
d

C
rit

er
ia

 u
se

d 
to

 d
ia

gn
os

e 
sa

rc
op

en
ia

St
at

is
tic

al
m

et
ho

d(
s)

us
ed

Fi
nd

in
g(

s)

Sh
ir

ah
as

e 
et

 a
l.,

 2
02

2
(J

ap
an

)

A
 C

ro
ss

-S
ec

tio
na

l S
tu

dy
 

on
 th

e 
R

el
at

io
ns

hi
p 

be
tw

ee
n 

O
ra

l F
un

ct
io

n 
an

d 
Sa

rc
op

en
ia

 in
 

Ja
pa

ne
se

 P
at

ie
nt

s 
w

ith
 R

eg
ul

ar
 D

en
ta

l 
M

ai
nt

en
an

ce

(C
ro

ss
-s

ec
tio

na
l s

tu
dy

)

26
9 

pa
tie

nt
s 

(1
33

 m
en

, 
13

6 
w

om
en

) A
ge

d 
≥ 

65
 

ye
ar

s 
(m

ea
n 

ag
e 

74
.9

 ±
 

6.
50

 y
ea

rs
)

(D
en

ta
l C

lin
ic

)

To
 c

la
ri

fy
 th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
or

al
 fu

nc
tio

n 
as

se
ss

m
en

t f
or

 
or

al
 h

yp
of

un
ct

io
n 

an
d 

sa
rc

op
en

ia
 in

 
pa

tie
nt

s 
w

ho
 h

ad
 

co
m

pl
et

ed
 tr

ea
tm

en
t 

fo
r 

or
ga

ni
c 

de
nt

a
pr

ob
le

m
s

O
ra

l H
yg

ie
ne

: T
on

gu
e 

co
at

in
g 

in
de

x

O
ra

l d
ry

ne
ss

: O
ra

l 
m

uc
os

al
 w

et
ne

ss
 a

t 
ce

nt
er

 o
f t

he
 to

ng
ue

 
us

in
g 

or
al

 m
oi

st
ur

e 
m

et
er

 (M
uc

us
, L

ife
, 

Sa
ita

m
a,

 J
ap

an
)

O
cc

lu
sa

l f
or

ce
: 

A
cc

or
di

ng
 to

 n
um

be
r 

of
 r

em
ai

ni
ng

 te
et

h 

To
ng

ue
 li

p 
m

ot
or

 
fu

nc
tio

n 
(p

a)
 (t

im
es

/
se

c)
 , 

(t
a)

 (t
im

es
/

se
c)

, (
ka

) (
tim

es
/

se
c)

: u
si

ng
 a

ut
om

at
ic

 
m

ea
su

ri
ng

 d
ev

ic
e 

(K
en

ko
-k

un
 H

an
dy

, 
Ta

ke
i K

ik
i K

og
yo

, 
N

iig
at

a,
 J

ap
an

)

To
ng

ue
 p

re
ss

ur
e 

(K
Pa

): 
(J

M
S 

To
ng

ue
 

P
re

ss
ur

e 
M

ea
su

ri
ng

 
D

ev
ic

e,
 J

M
S,

 
H

ir
os

hi
m

a,
 J

ap
an

) 

M
as

tic
at

or
y 

fu
nc

tio
n 

(m
g/

dL
): 

gu
m

m
y 

je
lly

 
(G

lu
co

lu
m

, G
.C

., 
To

ky
o,

 J
ap

an
)

Sw
al

lo
w

in
g 

fu
nc

tio
n 

(%
): 

Se
ir

ei
 

dy
sp

ha
gi

a 
sc

re
en

in
g 

qu
es

tio
nn

ai
re

A
si

an
 W

or
ki

ng
 G

ro
up

 fo
r 

Sa
rc

op
en

ia
 2

01
9 

(A
W

G
S 

20
19

)

G
rip

 st
re

ng
th

 (K
g)

: S
m

ed
le

y 
H

an
d 

H
el

d 
D

yn
am

om
et

er

Ph
ys

ic
al

 p
er

fo
rm

an
ce

 (m
/s

): 
6-

m
et

er
 w

al
k

A
pp

en
di

cu
la

r s
ke

le
ta

l 
m

us
cl

e 
m

as
s (

SM
I, 

K
g/

m
2)

:  
B

od
y 

co
m

po
si

tio
n 

an
al

yz
er

 
In

B
od

y 
47

0 

 

Tw
o 

P
oi

ss
on

 r
eg

re
ss

io
n 

m
od

el
s 

w
er

e 
co

ns
tr

uc
te

d:
 

M
od

el
 1

- u
ni

va
ri

at
e

m
od

el
s 

M
od

el
 2

- m
ul

tiv
ar

ia
te

m
od

el
 

In
 u

ni
va

ri
at

e 
an

al
ys

es
, t

he
re

 
w

as
 a

 s
ig

ni
fic

an
t a

ss
oc

ia
tio

n 
be

tw
ee

n 
sa

rc
op

en
ia

 a
nd

 th
e 

nu
m

be
r 

of
 r

em
ai

ni
ng

 te
et

h 
(P

R
R

 =
 0

.9
7,

 P
-v

al
ue

  0
.0

17
), 

to
ng

ue
-li

p 
m

ot
or

 fu
nc

tio
n 

[p
a]

 (P
R

R
 =

 0
.6

9,
 P

-v
al

ue
  

<
  0

.0
01

), 
[t

a]
 (P

R
R

=
 0

.6
8,

 
P

-v
al

ue
  <

  0
.0

01
), 

[k
a]

 (P
R

R
 

=
 0

.6
4,

 P
-v

al
ue

  <
  0

.0
01

) ,
 

to
ng

ue
 p

re
ss

ur
e 

(P
R

R
 =

 0
.9

3,
 

P
-v

al
ue

  <
   

0.
00

1)
, m

as
tic

at
or

y 
fu

nc
tio

n 
(P

R
R

=
1.

00
, P

-v
al

ue
  

0.
02

7)
, a

nd
 th

e 
nu

m
be

r 
of

 o
ra

l 
hy

po
fu

nc
tio

n 
ite

m
s 

(P
R

R
 =

 
1.

57
, P

-v
al

ue
  <

  0
.0

01
)

In
 m

ul
tiv

ar
ia

te
 a

na
ly

si
s,

 
to

ng
ue

-li
p 

m
ot

or
 fu

nc
tio

n 
[p

a]
 

(P
R

R
 =

 0
.8

0,
 P

-v
al

ue
 <

 0
.0

35
) 

[k
a]

 (P
R

R
=

0.
76

, P
-v

al
ue

 
0.

02
9)

, t
on

gu
e 

pr
es

su
re

 
(P

R
R

=
0.

95
, P

-v
al

ue
 0

.0
03

) 
w

er
e 

si
gn

ifi
ca

nt
ly

 a
ss

oc
ia

te
d 

w
ith

 s
ar

co
pe

ni
a

 

C
ao

 e
t a

l.,
 2

02
2

(C
hi

na
)

C
or

re
la

tio
n 

be
tw

ee
n 

nu
tr

iti
on

, o
ra

l h
ea

lth
,

an
d 

di
ff

er
en

t s
ar

co
pe

ni
a 

gr
ou

ps
 a

m
on

g 
el

de
rl

y 
ou

tp
at

ie
nt

s 
of

 
co

m
m

un
ity

 h
os

pi
ta

ls
: a

 
cr

os
s‑

se
ct

io
na

l s
tu

dy
 o

f 
15

05
 p

ar
tic

ip
an

ts
in

 C
hi

na

(C
ro

ss
-s

ec
tio

na
l s

tu
dy

)

n 
=

 1
50

5 
pa

rt
ic

ip
an

ts
,

N
on

 s
ar

co
pe

ni
c 

n 
=

 
11

39
 (7

4.
47

 ±
 6

.2
3)

, 
P

os
si

bl
e 

sa
rc

op
en

ic
 n

 =
 

88
 (7

8.
26

 ±
 6

.7
4 

ye
ar

s)
, 

D
ia

gn
os

ed
 s

ar
co

pe
ni

c 
n 

=
 1

42
 (7

7.
02

 ±
 6

.8
2 

ye
ar

s)
, a

nd
 S

ev
er

e 
sa

rc
op

en
ic

 n
 =

 1
36

 
(8

5.
99

 ±
 5

.8
3 

ye
ar

s)

(H
os

pi
ta

l)

To
 c

ha
ra

ct
er

iz
e 

th
e 

or
al

 h
ea

lth
 s

ta
tu

s,
 

pr
ev

al
en

ce
 o

f 
sa

rc
op

en
ia

, a
nd

 r
is

k 
fa

ct
or

s 
in

 d
iff

er
en

t 
sa

rc
op

en
ia

 g
ro

up
s 

of
 

el
de

rl
y 

ou
tp

at
ie

nt
s 

of
 c

om
m

un
ity

 
ho

sp
ita

ls
. 

F
ur

th
er

m
or

e,
 

to
  d

et
er

m
in

e 
th

e 
co

rr
el

at
io

n 
am

on
g 

nu
tr

iti
on

, o
ra

l 
he

al
th

, a
nd

 d
iff

er
en

t 
sa

rc
op

en
ia

gr
ou

ps
.

N
um

be
r o

f r
em

ai
ni

ng
 

na
tu

ra
l t

ee
th

 (N
R

T
) 

O
ra

l h
ea

lth
 

as
se

ss
m

en
t i

nd
ex

 
of

 e
ld

er
ly

 p
at

ie
nt

s 
(G

en
er

al
 O

ra
l 

H
ea

lth
 A

ss
es

sm
en

t 
In

de
x 

[G
O

H
A

I]
) 

A
W

G
S 

20
19

G
rip

 st
re

ng
th

 (K
g)

: 
E

le
ct

ro
ni

c 
ha

nd
 d

yn
am

om
et

er
 

(C
A

M
RY

; C
hi

na
)

Ph
ys

ic
al

 p
er

fo
rm

an
ce

 (m
/s

ec
): 

6-
m

et
er

 w
al

k

A
pp

en
di

cu
la

r s
ke

le
ta

l m
us

cl
e 

m
as

s (
K

g/
m

2)
: B

io
im

pe
da

nc
e 

an
al

ys
is

 (B
IA

) (
In

B
od

y 
72

0)
 

M
ul

tin
om

in
al

 lo
gi

st
ic

 
re

gr
es

si
on

 m
ul

tiv
ar

ia
te

an
al

ys
is

 

T
he

 G
O

H
A

I 
sc

or
e 

w
as

 
as

so
ci

at
ed

 w
ith

 th
e 

di
ag

no
se

d 
sa

rc
op

en
ia

 g
ro

up
 (O

R
 =

 5
.5

5,
 

95
%

 C
I 

=
 3

.8
0–

8.
12

) a
nd

 
se

ve
re

 s
ar

co
pe

ni
a 

(O
R

 =
 6

.6
6,

95
%

 C
I 

=
 4

.1
3–

10
.7

8)
 

In
 th

e 
re

gr
es

si
on

 m
od

el
, 

el
de

rl
y 

pa
tie

nt
s 

w
ith

 le
ss

 th
an

 
20

 N
R

T
 w

er
e 

m
or

e 
lik

el
y 

to
 

ha
ve

 d
ia

gn
os

ed
 s

ar
co

pe
ni

a 
(O

R
 =

 5
.5

5,
 9

5%
 C

I 
=

 3
.8

0–
8.

12
) o

r 
se

ve
re

 s
ar

co
pe

ni
a 

(O
R

 
=

 6
.6

6,
 9

5%
 C

I 
=

 4
.1

3–
10

.7
6)

Ta
b

le
 1

. C
ha

ra
ct

er
is

tic
s 

an
d

 fi
nd

in
g

s 
fr

om
 t

he
 s

el
ec

te
d

 s
tu

d
ie

s.



574 Muscles, Ligaments and Tendons Journal 2022;12 (4)

Review on Oral Health and Sarcopenia Among Older Adults

W
an

g 
et

 a
l.,

 2
02

2
(C

hi
na

)
R

el
at

io
ns

hi
p 

be
tw

ee
n 

to
ot

h 
lo

ss
 a

nd
 

sa
rc

op
en

ia
 in

 s
ub

ur
ba

n 
co

m
m

un
ity

‑d
w

el
lin

g 
ol

de
r 

ad
ul

ts
 in

 S
ha

ng
ha

i 
an

d 
T

ia
nj

in
 o

f C
hi

na

(C
ro

ss
-s

ec
tio

na
l s

tu
dy

)

T
he

 s
ub

je
ct

s 
w

er
e 

n 
=

 
14

94
 p

eo
pl

e 
ov

er
60

 y
ea

rs
 o

f a
ge

 (4
0.

7%
 

m
en

; a
ge

d 
71

.6
4 

±
 

5.
97

 y
ea

rs
) 

(C
om

m
un

ity
dw

el
lin

g)

To
 in

ve
st

ig
at

e 
po

te
nt

ia
l 

re
la

tio
ns

hi
ps

 
be

tw
ee

n 
to

ot
h 

lo
ss

 
an

d 
sa

rc
op

en
ia

 a
nd

 
its

 c
om

po
ne

nt
s 

in
 s

ub
ur

ba
n

co
m

m
un

ity
-d

w
el

lin
g 

ol
de

r 
ad

ul
ts

 o
f 

Sh
an

gh
ai

 a
nd

 
T

ia
nj

in
, C

hi
na

N
um

be
r o

f t
oo

th
 lo

ss
 

0-
9 

an
d 

≥1
0.

 

B
ru

sh
in

g 
fr

eq
ue

nc
y:

 
≥ 

2 
tim

es
/d

ay
, <

 
2 

tim
es

/d
ay

B
ru

sh
in

g 
tim

e:
 <

 2
 

m
in

, ≥
 2

 m
in

G
in

gi
va

l 
bl

ee
di

ng
: y

es
/n

o

D
en

tu
re

 st
at

us
: y

es
/n

o

A
W

G
S 

20
14

A
SM

/H
t2

 (K
g/

m
2)

: 
B

io
el

ec
tr

ic
al

 im
pe

da
nc

e 
an

al
yz

er
 (I

nb
od

y7
20

; B
io

 s
pa

ce
 

C
o.

, L
td

, S
eo

ul
, K

or
ea

)

G
rip

 st
re

ng
th

 (K
g)

: 
D

yn
am

om
et

er
 (G

ri
p-

D
; T

ak
ei

 
L

td
, N

iig
at

a,
 J

ap
an

) 

W
al

k 
sp

ee
d 

(m
/s

ec
): 

4-
m

 w
al

k 

B
in

ar
y 

lo
gi

st
ic

 r
eg

re
ss

io
n

m
od

el
s 

M
ul

tiv
ar

ia
te

lin
ea

r
re

gr
es

si
on

m
od

el
s

A
 b

in
ar

y 
lo

gi
st

ic
 r

eg
re

ss
io

n 
m

od
el

 d
id

 n
ot

 id
en

tif
y 

a 
st

at
is

tic
al

 r
el

at
io

ns
hi

p 
be

tw
ee

n 
to

ot
h 

lo
ss

 a
nd

 s
ar

co
pe

ni
a

In
 M

ul
tiv

ar
ia

te
 li

ne
ar

 
re

gr
es

si
on

 m
od

el
 m

us
cl

e 
m

as
s 

w
as

 n
ot

 a
ss

oc
ia

te
d 

w
ith

 to
ot

h 
lo

ss
 in

 e
ith

er
 s

ex
 g

ro
up

In
 m

en
, g

ri
p 

st
re

ng
th

 
w

as
 1

.5
77

 k
g

lo
w

er
 in

 th
os

e 
w

ith
 a

t l
ea

st
 1

0 
te

et
h 

lo
st

 a
s 

co
m

pa
re

d 
w

ith
 

th
os

e 
w

ith
 n

in
e 

or
 fe

w
er

 te
et

h 
lo

st
 (p

 =
 0

.0
23

)

A
m

on
g 

w
om

en
, p

ar
tic

ip
an

ts
 

w
ho

 h
ad

 lo
st

 a
t l

ea
st

 1
0 

te
et

h 
ha

d 
an

 a
ve

ra
ge

 w
al

ki
ng

 s
pe

ed
 

th
at

 w
as

 0
.0

59
 m

/s
 s

lo
w

er
 th

an
 

th
at

 o
f p

ar
tic

ip
an

ts
 w

ith
 n

in
e 

or
 fe

w
er

 te
et

h 
lo

st
 (p

 <
  0

.0
01

)

A
be

 e
t a

l.,
 2

02
1

(J
ap

an
)

N
um

be
r 

of
 te

et
h 

an
d 

m
as

tic
at

or
y 

fu
nc

tio
n 

ar
e 

as
so

ci
at

ed
 w

ith
 

sa
rc

op
en

ia
 a

nd
 d

ia
be

te
s 

m
el

lit
us

 s
ta

tu
s 

am
on

g 
co

m
m

un
ity

-d
w

el
lin

g 
ol

de
r 

ad
ul

ts
: A

 S
hi

m
an

e 
C

oH
R

E
 s

tu
dy

(C
ro

ss
-S

ec
tio

na
l S

tu
dy

)

n 
=

 6
35

 o
ld

er
 a

du
lts

, 
m

en
 n

=
28

0,
 w

om
en

 n
 

=
 3

85
pa

rt
ic

ip
at

ed
 w

ith
 

m
ea

n 
ag

e 
67

.3
 ±

 7
.7

(C
om

m
un

ity
dw

el
lin

g)

To
 e

xa
m

in
e 

th
e 

nu
m

be
r 

of
 te

et
h 

an
d 

m
as

tic
at

or
y 

fu
nc

tio
n 

as
 o

ra
l 

he
al

th
 in

di
ce

s 
an

d 
cl

ar
ify

 th
ei

r 
ro

le
s 

in
 th

e 
pa

th
og

en
es

is
 

of
 s

ar
co

pe
ni

a 
an

d 
di

ab
et

es
 m

el
lit

us
 in

 
co

m
m

un
ity

-d
w

el
lin

g 
ol

de
r 

ad
ul

ts

T
he

 n
um

be
r o

f 
re

m
ai

ni
ng

 te
et

h 
(e

xc
lu

di
ng

 th
ir

d 
m

ol
ar

s 
an

d 
m

is
si

ng
 

te
et

h)
 w

as
 c

ou
nt

ed

O
bj

ec
tiv

e 
M

as
tic

at
or

y 
fu

nc
tio

n 
w

as
 a

ss
es

se
d 

us
in

g 
a 

gu
m

m
y 

je
lly

A
W

G
S 

20
19

H
an

dg
rip

st
re

ng
th

Sk
el

et
al

 m
us

cl
e 

in
de

x:
 

B
io

im
pe

da
nc

e 
m

et
ho

do
lo

gy
 

(M
C

-7
80

A
; T

an
ita

 
C

or
po

ra
tio

n,
 T

ok
yo

, J
ap

an
)

C
al

f c
irc

um
fe

re
nc

e

L
og

is
tic

re
gr

es
si

on
an

al
ys

is

L
og

is
tic

 r
eg

re
ss

io
n 

an
al

ys
is

 
sh

ow
ed

 th
at

 le
ss

 n
um

be
r 

of
 

te
et

h 
w

as
 a

ss
oc

ia
te

d 
w

ith
 a

 
de

cl
in

e 
in

 h
an

dg
ri

p 
st

re
ng

th
 

(o
dd

s 
ra

tio
 [

O
R

],
 0

.9
61

; 9
5%

 
co

nfi
de

nc
e 

in
te

rv
al

 [
C

I]
, 

0.
93

2–
0.

99
2)

 a
nd

 p
os

si
bl

e 
sa

rc
op

en
ia

 (O
R

, 0
.9

49
; 9

5%
 

C
I,

 0
.9

07
–0

.9
92

) 

L
ow

 le
ve

l o
f M

as
tic

at
or

y 
fu

nc
tio

n 
w

as
 s

ig
ni

fic
an

tly
 

as
so

ci
at

ed
 w

ith
 a

 d
ec

lin
e 

in
 

ha
nd

gr
ip

 s
tr

en
gt

h 
(O

R
, 0

.9
65

; 
95

%
 C

I,
 0

.9
41

–0
.9

90
) a

nd
 

po
ss

ib
le

 s
ar

co
pe

ni
a 

(O
R

, 
0.

94
1;

 9
5%

 C
I,

 0
.9

04
–0

.9
79

)

A
ut

ho
r, 

Ye
ar

 &
 C

ou
nt

ry
Ti

tle
 &

 D
es

ig
n

St
ud

y 
po

pu
la

tio
n

&
 S

et
tin

g
A

im
 o

f t
he

 st
ud

y
O

ra
l h

ea
lth

 
co

m
po

ne
nt

(s
) 

ev
al

ua
te

d,
 a

nd
 

in
st

ru
m

en
t u

se
d

C
rit

er
ia

 u
se

d 
to

 d
ia

gn
os

e 
sa

rc
op

en
ia

St
at

is
tic

al
m

et
ho

d(
s)

us
ed

Fi
nd

in
g(

s)



575Muscles, Ligaments and Tendons Journal 2022;12 (4)

P. Kumar, S. Varshney, N. Girish
A

ut
ho

r, 
Ye

ar
 &

 C
ou

nt
ry

Ti
tle

 &
 D

es
ig

n
St

ud
y 

po
pu

la
tio

n
&

 S
et

tin
g

A
im

 o
f t

he
 st

ud
y

O
ra

l h
ea

lth
 

co
m

po
ne

nt
(s

) 
ev

al
ua

te
d,

 a
nd

 
in

st
ru

m
en

t u
se

d

C
rit

er
ia

 u
se

d 
to

 d
ia

gn
os

e 
sa

rc
op

en
ia

St
at

is
tic

al
m

et
ho

d(
s)

us
ed

Fi
nd

in
g(

s)

K
ug

im
iy

a 
et

 a
l.,

 2
02

1
(T

ok
yo

, J
ap

an
)

R
el

at
io

ns
hi

p 
be

tw
ee

n 
O

ra
l H

yp
of

un
ct

io
n 

an
d 

Sa
rc

op
en

ia
 in

 
C

om
m

un
ity

 D
w

el
lin

g 
O

ld
er

 A
du

lts
: T

he
 

O
ta

ss
ha

 S
tu

dy

(C
ro

ss
-S

ec
tio

na
l s

tu
dy

)

n 
=

 8
78

 a
du

lts
 (n

=
 

26
8 

m
en

 a
nd

 n
=

 6
10

 
w

om
en

, M
ea

n 
ag

e:
 7

6.
5 

±
 8

.3
 y

ea
rs

)

(C
om

m
un

ity
dw

el
lin

g)

To
 c

la
ri

fy
 th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
or

al
 

hy
po

fu
nc

tio
n 

an
d 

sa
rc

op
en

ia
 a

m
on

g 
co

m
m

un
ity

-d
w

el
lin

g 
ol

de
r 

ad
ul

ts
.

N
um

be
r o

f t
ee

th
: V

ia
 

in
tr

a-
or

al
 e

xa
m

in
at

io
n

Po
or

 O
ra

l H
yg

ie
ne

 
(%

):T
on

gu
e 

co
at

in
g 

in
de

x 
(T

C
I)

O
ra

l D
ry

ne
ss

: O
ra

l 
m

oi
st

ur
e 

ch
ec

ke
r 

(M
uc

us
, L

ife
 C

o.
, 

L
td

., 
Sa

ita
m

a,
 J

ap
an

)

R
ed

uc
ed

 O
cc

lu
sa

l 
Fo

rc
e 

(N
): 

se
ns

iti
ve

 
sh

ee
t (

D
en

ta
l P

re
sc

al
e 

50
H

 T
yp

e-
R

, F
uj

i F
ilm

 
C

o.
, T

ok
yo

, J
ap

an
)

D
ec

re
as

ed
 T

on
gu

e–
Li

p 
M

ot
or

 F
un

ct
io

n 
(t

im
es

/s
ec

): 
A

ut
om

at
ic

 c
ou

nt
er

 
(K

E
N

K
O

U
-K

U
N

 
ha

nd
y,

 T
ak

ei
 S

ci
en

tifi
c 

In
st

ru
m

en
ts

 C
o.

,
L

td
., 

N
iig

at
a,

 J
ap

an
)

D
ec

re
as

ed
 T

on
gu

e 
Pr

es
su

re
: J

M
S

to
ng

ue
 p

re
ss

ur
e 

de
vi

ce
 T

P
M

-0
1,

 
JM

S 
C

o.
, L

td
., 

H
ir

os
hi

m
a,

 J
ap

an
 

D
ec

re
as

ed
 

M
as

tic
at

or
y 

Fu
nc

tio
n:

 
G

um
m

y 
je

lly
 (t

es
t 

gu
m

m
y 

je
lly

, U
H

A
 

M
ik

ak
ut

o 
C

o.
, L

td
., 

O
sa

ka
, J

ap
an

) 

D
et

er
io

ra
tio

n 
of

 
Sw

al
lo

w
in

g 
Fu

nc
tio

n:
 

10
-it

em
 E

at
in

g 
A

ss
es

sm
en

t T
oo

l

A
W

G
S 

20
19

Lo
w

 m
us

cl
e 

st
re

ng
th

: 
Sm

ed
le

y-
ty

pe
 h

an
d 

dy
na

m
om

et
er

 (G
ri

p-
A

, 
Ta

ke
i S

ci
en

tifi
c 

In
st

ru
m

en
ts

 
C

o.
, L

td
.,

N
iig

at
a,

 J
ap

an
)

Lo
w

 p
hy

si
ca

l p
er

fo
rm

an
ce

: 
G

ai
t s

pe
ed

 to
 c

ov
er

 
5-

m
 d

is
ta

nc
e

Lo
w

 A
pp

en
di

cu
la

r s
ke

le
ta

l 
m

us
cl

e 
m

as
s: 

M
ea

su
re

d 
us

in
g 

bi
o-

el
ec

tr
ic

al
im

pe
da

nc
e

an
al

ys
is

 (I
nB

od
y 

77
0,

 I
nB

od
y 

In
c.

, S
eo

ul
, K

or
ea

)

L
og

is
tic

 
re

gr
es

si
on

 a
na

ly
si

s 
Sa

rc
op

en
ia

 o
cc

ur
re

d 
at

 
an

 in
cr

ea
se

d 
fr

eq
ue

nc
y 

in
 

pa
tie

nt
s 

di
ag

no
se

d 
w

ith
 o

ra
l 

hy
po

fu
nc

tio
n 

(o
dd

s 
ra

tio
:1

.5
9,

 
95

%
 c

on
fid

en
ce

 in
te

rv
al

: 
1.

02
–2

.4
7)

; a
cc

or
di

ng
ly

, o
ra

l 
hy

po
fu

nc
tio

n 
ap

pe
ar

s 
to

 b
e 

si
gn

ifi
ca

nt
ly

 a
ss

oc
ia

te
d 

w
ith

 
sa

rc
op

en
ia



576 Muscles, Ligaments and Tendons Journal 2022;12 (4)

Review on Oral Health and Sarcopenia Among Older Adults

A
ut

ho
r, 

Ye
ar

 &
 C

ou
nt

ry
Ti

tle
 &

 D
es

ig
n

St
ud

y 
po

pu
la

tio
n

&
 S

et
tin

g
A

im
 o

f t
he

 st
ud

y
O

ra
l h

ea
lth

 
co

m
po

ne
nt

(s
) 

ev
al

ua
te

d,
 a

nd
 

in
st

ru
m

en
t u

se
d

C
rit

er
ia

 u
se

d 
to

 d
ia

gn
os

e 
sa

rc
op

en
ia

St
at

is
tic

al
m

et
ho

d(
s)

us
ed

Fi
nd

in
g(

s)

Y
un

 a
nd

 L
ee

., 
20

20
(S

ou
th

 K
or

ea
)

A
ss

oc
ia

tio
n 

be
tw

ee
n 

or
al

 h
ea

lth
 s

ta
tu

s 
an

d 
ha

nd
gr

ip
 s

tr
en

gt
h 

in
 

ol
de

r 
K

or
ea

n 
ad

ul
t

To
ta

l w
om

en
 n

 =
36

71
, 

an
d 

m
en

 n
 =

 2
76

6

(C
om

m
un

ity
dw

el
lin

g)

In
ve

st
ig

at
ed

 th
e 

re
la

tio
ns

hi
p 

or
al

 
he

al
th

 s
ta

tu
s 

an
d 

gr
ip

 s
tr

en
gt

h 
in

 
ol

de
r 

ad
ul

ts
 li

vi
ng

 in
 

th
e 

co
m

m
un

ity

D
en

ta
l 

pr
os

th
es

is
 st

at
us

:
F

ul
l D

en
tu

re
P

ar
tia

l D
en

tu
re

F
ix

ed
 P

ro
st

he
si

s

N
um

be
r o

f 
re

m
ai

ni
ng

 te
et

h:
0-

9 
, 1

0-
19

, 2
0-

32
 

H
an

dg
rip

 st
re

ng
th

: D
ig

ita
l 

dy
na

m
om

et
er

(T
ak

ei
 D

ig
ita

l G
ri

p 
St

re
ng

th
D

yn
am

om
et

er
,

M
od

el
 T

K
)

C
hi

-s
qu

ar
e 

te
st

L
og

is
tic

 r
eg

re
ss

io
n

an
al

ys
is

 

In
 th

e 
cr

ud
e 

m
od

el
 o

f l
og

is
tic

 
re

gr
es

si
on

 a
na

ly
si

s,
 b

ot
h 

m
en

 
an

d 
w

om
en

 h
ad

 a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

fu
ll 

de
nt

ur
e 

us
e 

an
d 

lo
w

 g
ri

p 
st

re
ng

th
 c

om
pa

re
d 

to
 

hi
gh

 g
ri

p 
st

re
ng

th

A
ft

er
 c

on
tr

ol
lin

g 
fo

r 
co

va
ri

at
es

, t
he

 u
se

 o
f f

ul
l 

de
nt

ur
es

 w
as

 a
ls

o 
as

so
ci

at
ed

 
w

ith
 lo

w
 g

ri
p 

st
re

ng
th

 
co

m
pa

re
d 

to
 h

ig
h 

gr
ip

 
st

re
ng

th
 in

 m
en

 (O
R

 =
 1

.4
7,

 
95

%
 C

I 
=

 1
.0

9–
1.

98
). 

N
o 

si
gn

ifi
ca

nt
 a

ss
oc

ia
tio

ns
 w

er
e 

fo
un

d 
in

 w
om

en

In
 th

e 
cr

ud
e 

m
od

el
 o

f l
og

is
tic

 
re

gr
es

si
on

 a
na

ly
si

s,
 b

ot
h 

m
en

 
an

d 
w

om
en

 h
ad

 a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

nu
m

be
r 

of
  t

ee
th

 a
nd

 
lo

w
 g

ri
p 

st
re

ng
th

 c
om

pa
re

d 
to

 
hi

gh
 g

ri
p 

st
re

ng
th

 

A
ft

er
 c

on
tr

ol
lin

g 
fo

r 
co

va
ri

at
es

, t
he

  0
–9

 te
et

h 
w

as
 a

ss
oc

ia
te

d 
w

ith
 lo

w
 g

ri
p 

st
re

ng
th

 c
om

pa
re

d 
to

 h
ig

h 
gr

ip
 

st
re

ng
th

 in
 m

en
 [

od
ds

 r
at

io
 

(O
R

) =
 1

.3
9,

 9
5%

 c
on

fid
en

ce
 

in
te

rv
al

 (C
I)

 =
 1

.0
3–

1.
88

]
N

o 
si

gn
ifi

ca
nt

 a
ss

oc
ia

tio
ns

 
w

er
e 

fo
un

d 
in

 w
om

en

K
ob

uc
hi

 
et

 a
l.,

 2
02

0
(J

ap
an

)

T
he

 r
el

at
io

ns
hi

p 
be

tw
ee

n 
sa

rc
op

en
ia

 
an

d 
or

al
 s

ar
co

pe
ni

a 
in

 
el

de
rl

y 
pe

op
le

n 
=

 5
4 

pa
rt

ic
ip

an
ts

 
(n

=
 1

6 
m

en
 a

nd
 n

=
  3

8 
w

om
en

), 
m

ea
n 

ag
e 

of
 

78
.8

  ±
  7

.1
 y

ea
rs

 

(D
en

ta
l h

os
pi

ta
l a

nd
 

nu
rs

in
g 

ho
m

es
)

To
 c

la
ri

fy
 th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
ge

ne
ra

lis
ed

 
sa

rc
op

en
ia

 a
nd

 o
ra

l 
sa

rc
op

en
ia

 in
 th

e 
el

de
rl

y 
in

 o
rd

er
 

to
 fa

ci
lit

at
e 

th
e 

es
ta

bl
is

hm
en

t o
f a

 
m

et
ho

d 
fo

r 
as

se
ss

in
g 

or
al

 s
ar

co
pe

ni
a

C
ro

ss
-s

ec
tio

na
l 

ar
ea

 o
f G

en
oh

yo
id

 
m

us
cl

e 
(C

SG
) 

(m
m

2)
: u

ltr
as

on
ic

 
di

ag
no

st
ic

 s
ys

te
m

To
ng

ue
 p

re
ss

ur
e 

(T
P)

 (K
Pa

): 
to

ng
ue

 m
ea

su
ri

ng
 

in
st

ru
m

en
t (

JM
S)

O
ra

l  
di

ad
oc

ho
ki

ne
si

s 
(O

D
K

) (
tim

es
/s

ec
): 

ca
lc

ul
at

or
 m

et
ho

d

A
W

G
S 

20
14

Sk
el

et
al

 m
us

cl
e 

m
as

s i
nd

ex
 

(S
M

I)
 (K

g/
m

2)
: B

io
el

ec
tr

ic
al

 
im

pe
da

nc
e 

an
al

ys
is

 (B
IA

) u
si

ng
 

In
 B

od
y 

S1
0 

(I
n 

B
od

y 
Ja

pa
n,

 
To

ky
o,

 J
ap

an
) 

G
rip

 st
re

ng
th

 (G
S)

 (K
g)

: 
D

ig
ita

l g
ri

p 
st

re
ng

th
te

st
er

 (T
ak

ei
 S

ci
en

tifi
c 

In
st

ru
m

en
ts

 C
o.

, L
td

.)

W
al

ki
ng

 sp
ee

d 
(W

S)
 (m

/s
ec

): 
w

al
ki

ng
 9

 m

P
ea

rs
on

’s 
co

rr
el

at
io

n
co

ef
fic

ie
nt

.
M

ul
tip

le
 

re
gr

es
si

on
 a

na
ly

si
s 

M
od

er
at

e 
co

rr
el

at
io

n 
be

tw
ee

n 
C

SG
 a

nd
 S

M
I 

r 
=

 .4
8,

 p
 =

 .0
0)

W
ea

k 
co

rr
el

at
io

n 
be

tw
ee

n 
G

S 
an

d 
T

P
 (r

 =
 .2

9,
 p

 =
 .0

3)

M
od

er
at

e 
co

rr
el

at
io

n 
be

tw
ee

n 
W

S 
an

d 
O

D
K

 (R
 =

 
.5

0,
 p

 =
 .0

0)

B
y 

m
ul

tip
le

 r
eg

re
ss

io
n 

an
al

ys
is

, S
M

I 
(β

 =
 .3

9,
 p

 
=

 .0
03

) a
nd

 T
P

 (β
 =

 .2
7,

 
p 

=
 .0

4)
 w

er
e 

si
gn

ifi
ca

nt
ly

 
as

so
ci

at
ed

 w
ith

 C
SG

O
D

K
 (β

 =
 .3

9,
 p

 =
 .0

03
) 

an
d 

C
SG

 (β
 =

 .2
9,

 p
 =

 
.0

24
) w

er
e 

si
gn

ifi
ca

nt
ly

 
as

so
ci

at
ed

 w
ith

 T
P

 

W
S 

(β
 =

 .4
2,

 p
 =

 .0
01

) 
an

d 
SM

I 
(β

 =
 .3

2,
 p

 =
 

.0
09

) w
er

e 
si

gn
ifi

ca
nt

ly
 

as
so

ci
at

ed
 w

ith
 O

D
K



577Muscles, Ligaments and Tendons Journal 2022;12 (4)

P. Kumar, S. Varshney, N. Girish

Y
un

 a
nd

 L
ee

., 
20

20
(S

ou
th

 K
or

ea
)

A
ss

oc
ia

tio
n 

be
tw

ee
n 

or
al

 h
ea

lth
 s

ta
tu

s 
an

d 
ha

nd
gr

ip
 s

tr
en

gt
h 

in
 

ol
de

r 
K

or
ea

n 
ad

ul
t

To
ta

l w
om

en
 n

 =
36

71
, 

an
d 

m
en

 n
 =

 2
76

6

(C
om

m
un

ity
dw

el
lin

g)

In
ve

st
ig

at
ed

 th
e 

re
la

tio
ns

hi
p 

or
al

 
he

al
th

 s
ta

tu
s 

an
d 

gr
ip

 s
tr

en
gt

h 
in

 
ol

de
r 

ad
ul

ts
 li

vi
ng

 in
 

th
e 

co
m

m
un

ity

D
en

ta
l 

pr
os

th
es

is
 st

at
us

:
F

ul
l D

en
tu

re
P

ar
tia

l D
en

tu
re

F
ix

ed
 P

ro
st

he
si

s

N
um

be
r o

f 
re

m
ai

ni
ng

 te
et

h:
0-

9 
, 1

0-
19

, 2
0-

32
 

H
an

dg
rip

 st
re

ng
th

: D
ig

ita
l 

dy
na

m
om

et
er

(T
ak

ei
 D

ig
ita

l G
ri

p 
St

re
ng

th
D

yn
am

om
et

er
,

M
od

el
 T

K
)

C
hi

-s
qu

ar
e 

te
st

L
og

is
tic

 r
eg

re
ss

io
n

an
al

ys
is

 

In
 th

e 
cr

ud
e 

m
od

el
 o

f l
og

is
tic

 
re

gr
es

si
on

 a
na

ly
si

s,
 b

ot
h 

m
en

 
an

d 
w

om
en

 h
ad

 a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

fu
ll 

de
nt

ur
e 

us
e 

an
d 

lo
w

 g
ri

p 
st

re
ng

th
 c

om
pa

re
d 

to
 

hi
gh

 g
ri

p 
st

re
ng

th

A
ft

er
 c

on
tr

ol
lin

g 
fo

r 
co

va
ri

at
es

, t
he

 u
se

 o
f f

ul
l 

de
nt

ur
es

 w
as

 a
ls

o 
as

so
ci

at
ed

 
w

ith
 lo

w
 g

ri
p 

st
re

ng
th

 
co

m
pa

re
d 

to
 h

ig
h 

gr
ip

 
st

re
ng

th
 in

 m
en

 (O
R

 =
 1

.4
7,

 
95

%
 C

I 
=

 1
.0

9–
1.

98
). 

N
o 

si
gn

ifi
ca

nt
 a

ss
oc

ia
tio

ns
 w

er
e 

fo
un

d 
in

 w
om

en

In
 th

e 
cr

ud
e 

m
od

el
 o

f l
og

is
tic

 
re

gr
es

si
on

 a
na

ly
si

s,
 b

ot
h 

m
en

 
an

d 
w

om
en

 h
ad

 a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

nu
m

be
r 

of
  t

ee
th

 a
nd

 
lo

w
 g

ri
p 

st
re

ng
th

 c
om

pa
re

d 
to

 
hi

gh
 g

ri
p 

st
re

ng
th

 

A
ft

er
 c

on
tr

ol
lin

g 
fo

r 
co

va
ri

at
es

, t
he

  0
–9

 te
et

h 
w

as
 a

ss
oc

ia
te

d 
w

ith
 lo

w
 g

ri
p 

st
re

ng
th

 c
om

pa
re

d 
to

 h
ig

h 
gr

ip
 

st
re

ng
th

 in
 m

en
 [

od
ds

 r
at

io
 

(O
R

) =
 1

.3
9,

 9
5%

 c
on

fid
en

ce
 

in
te

rv
al

 (C
I)

 =
 1

.0
3–

1.
88

]
N

o 
si

gn
ifi

ca
nt

 a
ss

oc
ia

tio
ns

 
w

er
e 

fo
un

d 
in

 w
om

en

K
ob

uc
hi

 
et

 a
l.,

 2
02

0
(J

ap
an

)

T
he

 r
el

at
io

ns
hi

p 
be

tw
ee

n 
sa

rc
op

en
ia

 
an

d 
or

al
 s

ar
co

pe
ni

a 
in

 
el

de
rl

y 
pe

op
le

n 
=

 5
4 

pa
rt

ic
ip

an
ts

 
(n

=
 1

6 
m

en
 a

nd
 n

=
  3

8 
w

om
en

), 
m

ea
n 

ag
e 

of
 

78
.8

  ±
  7

.1
 y

ea
rs

 

(D
en

ta
l h

os
pi

ta
l a

nd
 

nu
rs

in
g 

ho
m

es
)

To
 c

la
ri

fy
 th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
ge

ne
ra

lis
ed

 
sa

rc
op

en
ia

 a
nd

 o
ra

l 
sa

rc
op

en
ia

 in
 th

e 
el

de
rl

y 
in

 o
rd

er
 

to
 fa

ci
lit

at
e 

th
e 

es
ta

bl
is

hm
en

t o
f a

 
m

et
ho

d 
fo

r 
as

se
ss

in
g 

or
al

 s
ar

co
pe

ni
a

C
ro

ss
-s

ec
tio

na
l 

ar
ea

 o
f G

en
oh

yo
id

 
m

us
cl

e 
(C

SG
) 

(m
m

2)
: u

ltr
as

on
ic

 
di

ag
no

st
ic

 s
ys

te
m

To
ng

ue
 p

re
ss

ur
e 

(T
P)

 (K
Pa

): 
to

ng
ue

 m
ea

su
ri

ng
 

in
st

ru
m

en
t (

JM
S)

O
ra

l  
di

ad
oc

ho
ki

ne
si

s 
(O

D
K

) (
tim

es
/s

ec
): 

ca
lc

ul
at

or
 m

et
ho

d

A
W

G
S 

20
14

Sk
el

et
al

 m
us

cl
e 

m
as

s i
nd

ex
 

(S
M

I)
 (K

g/
m

2)
: B

io
el

ec
tr

ic
al

 
im

pe
da

nc
e 

an
al

ys
is

 (B
IA

) u
si

ng
 

In
 B

od
y 

S1
0 

(I
n 

B
od

y 
Ja

pa
n,

 
To

ky
o,

 J
ap

an
) 

G
rip

 st
re

ng
th

 (G
S)

 (K
g)

: 
D

ig
ita

l g
ri

p 
st

re
ng

th
te

st
er

 (T
ak

ei
 S

ci
en

tifi
c 

In
st

ru
m

en
ts

 C
o.

, L
td

.)

W
al

ki
ng

 sp
ee

d 
(W

S)
 (m

/s
ec

): 
w

al
ki

ng
 9

 m

P
ea

rs
on

’s 
co

rr
el

at
io

n
co

ef
fic

ie
nt

.
M

ul
tip

le
 

re
gr

es
si

on
 a

na
ly

si
s 

M
od

er
at

e 
co

rr
el

at
io

n 
be

tw
ee

n 
C

SG
 a

nd
 S

M
I 

r 
=

 .4
8,

 p
 =

 .0
0)

W
ea

k 
co

rr
el

at
io

n 
be

tw
ee

n 
G

S 
an

d 
T

P
 (r

 =
 .2

9,
 p

 =
 .0

3)

M
od

er
at

e 
co

rr
el

at
io

n 
be

tw
ee

n 
W

S 
an

d 
O

D
K

 (R
 =

 
.5

0,
 p

 =
 .0

0)

B
y 

m
ul

tip
le

 r
eg

re
ss

io
n 

an
al

ys
is

, S
M

I 
(β

 =
 .3

9,
 p

 
=

 .0
03

) a
nd

 T
P

 (β
 =

 .2
7,

 
p 

=
 .0

4)
 w

er
e 

si
gn

ifi
ca

nt
ly

 
as

so
ci

at
ed

 w
ith

 C
SG

O
D

K
 (β

 =
 .3

9,
 p

 =
 .0

03
) 

an
d 

C
SG

 (β
 =

 .2
9,

 p
 =

 
.0

24
) w

er
e 

si
gn

ifi
ca

nt
ly

 
as

so
ci

at
ed

 w
ith

 T
P

 

W
S 

(β
 =

 .4
2,

 p
 =

 .0
01

) 
an

d 
SM

I 
(β

 =
 .3

2,
 p

 =
 

.0
09

) w
er

e 
si

gn
ifi

ca
nt

ly
 

as
so

ci
at

ed
 w

ith
 O

D
K

A
ut

ho
r, 

Ye
ar

 &
 C

ou
nt

ry
Ti

tle
 &

 D
es

ig
n

St
ud

y 
po

pu
la

tio
n

&
 S

et
tin

g
A

im
 o

f t
he

 st
ud

y
O

ra
l h

ea
lth

 
co

m
po

ne
nt

(s
) 

ev
al

ua
te

d,
 a

nd
 

in
st

ru
m

en
t u

se
d

C
rit

er
ia

 u
se

d 
to

 d
ia

gn
os

e 
sa

rc
op

en
ia

St
at

is
tic

al
m

et
ho

d(
s)

us
ed

Fi
nd

in
g(

s)

Se
no

o 
et

 a
l.,

 2
02

0
(J

ap
an

)
C

om
bi

ne
d 

ef
fe

ct
 o

f 
po

or
 a

pp
et

ite
 a

nd
 lo

w
 

m
as

tic
at

or
y 

fu
nc

tio
n 

on
 s

ar
co

pe
ni

a 
in

 
co

m
m

un
ity

-d
w

el
lin

g 
Ja

pa
ne

se
 a

du
lts

 a
ge

d 
≥ 

75
 y

ea
rs

: A
 3

-y
ea

r 
co

ho
rt

 s
tu

dy

(C
oh

or
t s

tu
dy

)

n 
=

 1
73

 c
om

m
un

ity
-

dw
el

lin
g 

Ja
pa

ne
se

 
ad

ul
ts

 a
ge

d 
≥ 

75
 y

ea
rs

(C
om

m
un

ity
dw

el
lin

g)

To
 in

ve
st

ig
at

e 
th

e 
lo

ng
itu

di
na

l 
as

so
ci

at
io

n 
of

 th
e 

co
m

bi
na

tio
n 

of
 

po
or

 a
pp

et
ite

 (P
A

) 
an

d 
lo

w
 m

as
tic

at
or

y 
fu

nc
tio

n 
(L

M
F

) 
w

ith
 s

ar
co

pe
ni

a 
in

 
co

m
m

un
ity

-d
w

el
lin

g 
ol

de
r 

ad
ul

ts

M
as

tic
at

or
y 

fu
nc

tio
n 

as
se

ss
m

en
t u

si
ng

 
sp

ec
tr

op
ho

to
m

et
ri

c
m

ea
su

re
m

en
t o

f 
di

ff
er

en
ce

s 
in

 g
um

 
co

lo
ur

 b
ef

or
e 

an
d 

af
te

r 
m

as
tic

at
in

g 
co

lo
ur

-c
ha

ng
ea

bl
e 

ch
ew

in
g 

gu
m

 w
er

e 
pe

rf
or

m
ed

 a
t b

as
el

in
e

A
W

G
S 

20
14

Sk
el

et
al

 m
us

cl
e 

m
as

s: 
B

io
el

ec
tr

ic
al

im
pe

da
nc

e 
an

al
ys

is
 

m
et

ho
d 

us
in

g 
th

e 
bo

dy
 

co
m

po
si

tio
n 

an
al

ys
er

In
B

od
y 

S1
0 

(B
io

sp
ac

e,
 

Se
ou

l, 
K

or
ea

)

H
an

dg
rip

 st
re

ng
th

: 
D

yn
am

om
et

er
(T

K
K

54
01

; T
ak

ei
 S

ci
en

tifi
c 

In
st

ru
m

en
ts

 C
o.

, L
td

, 
N

iig
at

a,
 J

ap
an

U
su

al
 g

ai
t s

pe
ed

: 4
-m

 
w

al
ki

ng
 te

st

C
ox

 p
ro

po
rt

io
na

l h
az

ar
ds

 
re

gr
es

si
on

 m
od

el
s

A
ft

er
 a

dj
us

tin
g 

fo
r 

co
va

ri
at

es
, 

th
e 

ad
ju

st
ed

 O
R

 fo
r 

sa
rc

op
en

ia
 

in
 p

ar
tic

ip
an

ts
 w

ith
 b

ot
h 

PA
 a

nd
 L

M
F

 w
as

 4
.4

 (9
5%

 
co

nfi
de

nc
e 

in
te

rv
al

 =
 1

.6
-1

2.
2)

 
co

m
pa

re
d 

w
ith

 th
os

e 
w

ith
ou

t 
PA

 o
r 

L
M

F
 

PA
 o

r 
L

M
F

 a
lo

ne
 w

as
 n

ot
 

si
gn

ifi
ca

nt
ly

 a
ss

oc
ia

te
d 

w
ith

 
sa

rc
op

en
ia

 d
ev

el
op

m
en

t.

W
oo

 e
t a

l.,
 2

01
8

(H
on

g-
K

on
g,

 C
hi

na
)

C
he

w
in

g 
D

iffi
cu

lty
 

Sh
ou

ld
 b

e 
In

cl
ud

ed
 a

s 
a 

G
er

ia
tr

ic
 S

yn
dr

om
e

To
ta

l n
 =

 2
25

9 
m

en
 a

nd
 w

om
en

 
ch

ew
in

g 
di

ffi
cu

lty
 a

ge
 

60
-6

9 
ye

ar
s 

(C
om

m
un

ity
 d

w
el

lin
g)

To
 te

st
 th

e 
hy

po
th

es
is

 th
at

 
ch

ew
in

g 
di

ffi
cu

lti
es

 
fo

rm
 p

ar
t o

f 
th

e 
ge

ri
at

ri
c

sy
nd

ro
m

e

C
he

w
in

g 
di

ffi
cu

lty
: 

T
he

 p
re

se
nc

e 
or

 
ab

se
nc

e 
of

 c
he

w
in

g 
di

ffi
cu

lty
 w

as
 b

as
ed

 o
n 

an
sw

er
in

g 
‘y

es
’ o

r 
‘n

o’
 

to
 th

e 
qu

es
tio

n.
 I

f y
es

, 
re

as
on

/s
 fo

r 
ch

ew
in

g 
di

ffi
cu

lty
 b

as
ed

 o
n 

th
e 

fo
llo

w
in

g:
 ‘P

ro
bl

em
s 

w
ith

 d
en

tu
re

s’
, ‘

no
 

st
re

ng
th

 to
 c

he
w

’, 
‘lo

os
e 

te
et

h 
or

 n
o 

te
et

h’
, ‘

pa
in

fu
l 

gu
m

s 
or

 te
et

h’
 o

r 
‘d

ry
 m

ou
th

St
re

ng
th

, A
ss

is
ta

nc
e 

in
 

w
al

ki
ng

, R
is

e 
fr

om
 c

ha
ir,

 
C

lim
b 

st
ai

rs
, a

nd
 F

al
ls

 
(S

A
R

C
-F

) q
ue

st
io

nn
ai

re
Sa

rc
op

en
ic

 (S
A

R
C

-F
 ≥

 4
) 

B
in

ar
y 

lo
gi

st
ic

 r
eg

re
ss

io
ns

(M
od

el
 1

)
B

in
ar

y 
m

ul
tiv

ar
ia

te
 

lo
gi

st
ic

 r
eg

re
ss

io
n 

(M
od

el
 2

) 

O
dd

s 
ra

tio
 w

ith
 c

he
w

in
g 

di
ffi

cu
lty

 w
ith

 m
od

el
 1

: 3
.1

1 
(9

5%
 C

I:
 2

.4
4–

3.
97

)

O
dd

s 
ra

tio
 w

ith
 c

he
w

in
g 

di
ffi

cu
lty

 w
ith

 m
od

el
 2

: 1
.5

2 
(9

5%
 C

I:
 1

.1
3–

2.
06

)

T
he

 fi
nd

in
gs

 o
f t

hi
s 

st
ud

y 
su

pp
or

t t
he

 p
ro

po
sa

l 
th

at
 c

he
w

in
g 

di
ffi

cu
lti

es
 

sh
ou

ld
 b

e 
in

cl
ud

ed
 a

s 
a 

ge
ri

at
ri

c 
sy

nd
ro

m
e

Ta
ka

ha
sh

i 
et

 a
l.,

 2
01

8
(J

ap
an

)

P
re

va
le

nc
e 

of
 

sa
rc

op
en

ia
 a

nd
 

as
so

ci
at

io
n 

w
ith

 o
ra

l 
he

al
th

-r
el

at
ed

 q
ua

lit
y 

of
 li

fe
 a

nd
 o

ra
l h

ea
lth

 
st

at
us

 in
 o

ld
er

 d
en

ta
l 

cl
in

ic
 o

ut
pa

tie
nt

s

T
hi

s 
st

ud
y 

in
vo

lv
ed

 n
 

=
 2

79
 p

at
ie

nt
s 

(n
 =

 1
73

 
w

om
en

, n
 =

 1
06

 m
en

) 
w

ith
 a

 m
ea

n 
ag

e 
of

 7
6 

±
 7

.5
 y

ea
rs

(D
en

ta
l O

P
D

)

To
 c

la
ri

fy
 th

e 
pr

ev
al

en
ce

 o
f 

sa
rc

op
en

ia
 in

 
ol

de
r 

de
nt

al
 c

lin
ic

 
ou

tp
at

ie
nt

s 
an

d 
its

 
re

la
tio

ns
hi

p 
w

ith
 

O
H

R
Q

oL
 a

nd
 o

ra
l 

he
al

th
 s

ta
tu

s

O
ra

l H
ea

lth
 Im

pa
ct

 
Pr

ofi
le

-1
4 

(O
H

IP
-

14
) f

or
 O

ra
l H

ea
lth

 
re

la
te

d 
Q

ua
lit

y 
of

 L
ife

 
(O

ra
lH

R
Q

oL
) 

O
ra

l H
ea

lth
 st

at
us

 
us

in
g 

O
ra

l H
ea

lth
 

A
ss

es
sm

en
t T

oo
l 

(O
H

A
T

) t
ha

t c
on

ta
in

s 
ei

gh
t i

te
m

s 
as

se
ss

in
g 

va
ri

ou
s 

as
pe

ct
s 

of
 o

ra
l 

he
al

th
 s

ta
tu

s,
 n

am
el

y,
 

lip
s,

 to
ng

ue
, g

um
s 

an
d 

tis
su

es
, s

al
iv

a,
 n

at
ur

al
 

te
et

h,
 d

en
tu

re
s,

 o
ra

l 
cl

ea
nl

in
es

s,
 a

nd
 d

en
ta

l 
pa

in
, e

ac
h 

to
 b

e 
ra

te
d 

us
in

g 
on

e 
of

 th
re

e 
gr

ad
es

: 0
 (h

ea
lth

y)
, 

1 
(c

ha
ng

es
) a

nd
2 

(u
nh

ea
lth

y)

A
W

G
S 

20
16

G
rip

 st
re

ng
th

: J
am

ar
-t

yp
e 

di
gi

ta
l h

an
d 

dy
na

m
om

et
er

 
(M

G
- 4

80
0,

 M
or

ito
, 

A
ic

hi
, J

ap
an

). 

U
su

al
 G

ai
t s

pe
ed

 (m
/s

ec
) 

us
in

g 
6-

m
 w

al
k 

te
st

Sk
el

et
al

 m
us

cl
e 

m
as

s: 
ca

lf 
ci

rc
um

fe
re

nc
e 

(c
m

)

Tw
o 

m
ul

tiv
ar

ia
bl

e
lin

ea
r

re
gr

es
si

on
 a

na
ly

se
s 

w
er

e 
ca

rr
ie

d 
ou

t t
o 

id
en

tif
y 

va
ri

ab
le

s 
in

de
pe

nd
en

tly
 

as
so

ci
at

ed
 w

ith
 O

H
IP

-1
4 

an
d 

O
H

A
T

 s
co

re
s

P
ar

tic
ip

an
ts

 w
ith

 s
ar

co
pe

ni
a 

ha
ve

 lo
w

er
 n

um
be

r 
of

 te
et

h 
(p

 <
 0

.0
01

), 
po

or
er

 O
H

R
Q

oL
 

(p
 <

 0
.0

01
), 

po
or

 o
ra

l h
ea

lth
 

st
at

us
 (p

 <
 0

.0
01

)

Sa
rc

op
en

ia
 w

as
 a

n 
in

de
pe

nd
en

t e
xp

la
na

to
ry

 
fa

ct
or

 o
f O

H
IP

-1
4 

(β
 =

 0
.1

38
, 

p 
=

 0
.0

25
) a

nd
 O

H
A

T
 s

co
re

s 
(β

 =
 0

.1
99

, p
 <

 0
.0

01
)



578 Muscles, Ligaments and Tendons Journal 2022;12 (4)

Review on Oral Health and Sarcopenia Among Older Adults
A

ut
ho

r, 
Ye

ar
 &

 C
ou

nt
ry

Ti
tle

 &
 D

es
ig

n
St

ud
y 

po
pu

la
tio

n
&

 S
et

tin
g

A
im

 o
f t

he
 st

ud
y

O
ra

l h
ea

lth
 

co
m

po
ne

nt
(s

) 
ev

al
ua

te
d,

 a
nd

 
in

st
ru

m
en

t u
se

d

C
rit

er
ia

 u
se

d 
to

 d
ia

gn
os

e 
sa

rc
op

en
ia

St
at

is
tic

al
m

et
ho

d(
s)

us
ed

Fi
nd

in
g(

s)

Su
zu

ki
 e

t a
l.,

 2
01

8
(J

ap
an

)
R

el
at

io
ns

hi
p 

be
tw

ee
n 

ch
ar

ac
te

ri
st

ic
s 

of
 

sk
el

et
al

 m
us

cl
e 

an
d 

or
al

 
fu

nc
tio

n 
in

 c
om

m
un

ity
-

dw
el

lin
g 

ol
de

r 
w

om
en

(C
ro

ss
-S

ec
tio

na
l s

tu
dy

)

n 
=

 2
45

 p
ar

tic
ip

an
ts

 
w

ith
 m

ed
ia

n 
ag

e 
81

 y
ea

rs

(C
om

m
un

ity
 d

w
el

lin
g)

To
 e

xa
m

in
e 

th
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

or
al

 fu
nc

tio
n 

an
d 

sa
rc

op
en

ia
 s

ta
gi

ng
, 

in
cl

ud
in

g 
dy

na
pe

ni
a 

an
d 

pr
es

ar
co

pe
ni

a,
 

in
 c

om
m

un
ity

-
dw

el
lin

g 
ol

de
r 

ad
ul

ts

M
ax

im
um

 to
ng

ue
 

pr
es

su
re

 (K
Pa

): 
JM

S 
to

ng
ue

 p
re

ss
ur

e 
m

ea
su

re
m

en
t 

in
st

ru
m

en
t; 

G
C

, 
To

ky
o,

 J
ap

an

O
ra

l d
ia

do
ch

ok
in

es
is

 
“p

a”
, “

ta
” 

an
d 

“k
a”

 
(t

im
es

/s
ec

): 
di

gi
ta

l 
co

un
te

r 
(T

K
K

 3
35

0 
D

ig
ita

l C
ou

nt
er

, T
ak

ei
 

Sc
ie

nt
ifi

c 
In

st
ru

m
en

ts
)

Su
bj

ec
tiv

e 
sw

al
lo

w
in

g 
di

ffi
cu

lti
es

 u
si

ng
 th

e 
E

at
in

g 
A

ss
es

sm
en

t 
To

ol
 (E

A
T-

10
)  

A
W

G
S 

20
14

M
us

cl
e 

m
as

s:
A

pp
en

di
cu

la
r 

m
us

cl
e 

m
as

s 
(S

M
I:

 K
g/

m
2 )

 v
ia

 
bi

oe
le

ct
ri

ca
l i

m
pe

da
nc

e
an

al
ys

is
 m

ea
su

re
m

en
ts

 
(M

C
-7

80
A

; T
A

N
IT

A
 C

o.
, L

td
., 

To
ky

o,
 J

ap
an

) 

H
an

g 
gr

ip
 st

re
ng

th
 (K

g)
 u

si
ng

 
a 

ha
nd

gr
ip

 d
yn

am
om

et
er

(T
K

K
 5

40
1;

 T
ak

ei
 S

ci
en

tifi
c 

In
st

ru
m

en
ts

, T
ok

yo
, J

ap
an

) 

M
us

cl
e 

pe
rf

or
m

an
ce

: 5
-m

 
w

al
ki

ng
 s

pe
ed

 (m
/s

ec
)

M
ul

tiv
ar

ia
te

 g
en

er
al

 
lin

ea
r 

m
od

el
 

P
os

t h
oc

 a
na

ly
si

s 
w

as
 

pe
rf

or
m

ed
 u

si
ng

 th
e 

B
on

fe
rr

on
i t

es
t 

W
ith

 r
es

pe
ct

 to
 o

ra
l f

un
ct

io
n,

 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
s 

w
er

e 
ob

se
rv

ed
 fo

r 
m

ax
im

um
 

to
ng

ue
 p

re
ss

ur
e,

 w
hi

ch
 

w
as

 s
ig

ni
fic

an
tly

 lo
w

er
 in

 
th

e 
sa

rc
op

en
ia

 g
ro

up
 (p

 <
 

0.
01

) t
ha

n 
in

 n
or

m
al

 g
ro

up
 

(p
 <

 0
.0

1)

Si
gn

ifi
ca

nt
 d

iff
er

en
ce

s 
w

er
e 

ob
se

rv
ed

 fo
r 

or
al

 
di

ad
oc

ho
ki

ne
si

s 
w

hi
ch

 
w

as
 s

ig
ni

fic
an

tly
 lo

w
er

 in
 

th
e 

sa
rc

op
en

ia
 g

ro
up

 (p
 <

 
0.

01
) t

ha
n 

in
 n

or
m

al
 g

ro
up

 
(p

 <
 0

.0
5)

Si
gn

ifi
ca

nt
 d

iff
er

en
ce

s 
w

er
e 

no
t o

bs
er

ve
d 

fo
r 

E
A

T-
10

, t
he

 
sa

rc
op

en
ia

 g
ro

up
s 

te
nd

ed
 

to
 s

ho
w

 m
or

e 
su

bj
ec

tiv
e 

sw
al

lo
w

in
g 

di
ffi

cu
lti

es
 th

an
 

no
rm

al
 g

ro
up

 (p
 <

 0
.0

50
)

U
m

ek
i e

t a
l.,

 2
01

8
(J

ap
an

)
T

he
 r

el
at

io
ns

hi
p 

be
tw

ee
n 

m
as

se
te

r 
m

us
cl

e 
th

ic
kn

es
s 

an
d 

ap
pe

nd
ic

ul
ar

 s
ke

le
ta

l 
m

us
cl

e 
m

as
s 

in
 J

ap
an

es
e 

co
m

m
un

ity
-d

w
el

lin
g 

el
de

rs
: A

 c
ro

ss
-

se
ct

io
na

l s
tu

dy

(C
ro

ss
-s

ec
tio

na
l s

tu
dy

)

To
ta

l p
ar

tic
ip

an
ts

 
n 

=
 7

74
 (M

ea
n 

A
ge

 
73

.5
 ±

 5
.6

)

(C
om

m
un

ity
 d

w
el

lin
g)

T
hi

s 
st

ud
y 

ex
am

in
ed

 
th

e 
as

so
ci

at
io

n 
of

 
th

e 
M

M
T,

 w
hi

ch
 

is
 a

ss
oc

ia
te

d 
w

ith
 

m
as

tic
at

or
y 

fu
nc

tio
n,

 
w

ith
 th

e 
sk

el
et

al
 

m
us

cl
e 

in
de

x 
(S

M
I)

, 
a 

di
ag

no
st

ic
 c

ri
te

ri
on

 
fo

r 
sa

rc
op

en
ia

, 
in

 c
om

m
un

ity
-

dw
el

lin
g 

el
de

rs

M
as

se
te

r m
us

cl
e 

th
ic

kn
es

s (
M

M
T

) 
(m

m
): 

m
ea

su
re

d 
us

in
g 

an
 u

ltr
as

on
og

ra
ph

y 
de

vi
ce

 (M
ir

u-
C

ub
e;

 
G

lo
ba

l-h
ea

lth
, 

K
an

ag
aw

a,
 J

ap
an

)

Sk
el

et
al

 M
us

cl
e 

In
de

x 
(S

M
I)

: 
B

od
y 

co
m

po
si

tio
n 

an
al

yz
er

 
(I

nB
od

y®
72

0;
 I

nB
od

y,
 

Se
ou

l, 
K

or
ea

)
us

in
g 

th
e 

bi
oe

le
ct

ri
c 

im
pe

da
nc

e 
m

et
ho

d.
 

P
ea

rs
on

’s 
co

rr
el

at
io

n 
co

ef
fic

ie
nt

M
ul

tip
le

 
re

gr
es

si
on

 a
na

ly
si

s

T
he

 c
or

re
la

tio
n 

co
ef

fic
ie

nt
 

be
tw

ee
n 

M
M

T
 a

nd
 S

M
I 

w
as

 r
 =

 0
.2

66
, i

nd
ic

at
in

g 
a 

si
gn

ifi
ca

nt
 c

or
re

la
tio

n 
be

tw
ee

n 
M

M
T

 a
nd

 S
M

I

T
he

 m
ul

tip
le

 
re

gr
es

si
on

 a
na

ly
si

s
in

di
ca

te
d 

th
at

 S
M

I 
w

as
 

si
gn

ifi
ca

nt
ly

 a
ss

oc
ia

te
d 

w
ith

 
a 

de
cr

ea
se

 in
 M

M
T

 (β
 =

 
0.

31
0,

 p
 <

 0
.0

01
), 

A
dj

us
te

d 
R

2 
=

 0
.1

03
)



579Muscles, Ligaments and Tendons Journal 2022;12 (4)

P. Kumar, S. Varshney, N. Girish
A

ut
ho

r, 
Ye

ar
 &

 C
ou

nt
ry

Ti
tle

 &
 D

es
ig

n
St

ud
y 

po
pu

la
tio

n
&

 S
et

tin
g

A
im

 o
f t

he
 st

ud
y

O
ra

l h
ea

lth
 

co
m

po
ne

nt
(s

) 
ev

al
ua

te
d,

 a
nd

 
in

st
ru

m
en

t u
se

d

C
rit

er
ia

 u
se

d 
to

 d
ia

gn
os

e 
sa

rc
op

en
ia

St
at

is
tic

al
m

et
ho

d(
s)

us
ed

Fi
nd

in
g(

s)

Sa
ka

i, 
N

ak
ay

am
a,

 
To

ha
ra

, K
od

am
a 

et
 a

l.,
 2

01
7

(J
ap

an
)

R
el

at
io

ns
hi

p 
be

tw
ee

n 
to

ng
ue

 s
tr

en
gt

h,
 li

p 
st

re
ng

th
, a

nd
 n

ut
ri

tio
n-

re
la

te
d 

sa
rc

op
en

ia
 in

 
ol

de
r 

re
ha

bi
lit

at
io

n 
in

pa
tie

nt
s:

 a
 c

ro
ss

-
se

ct
io

na
l s

tu
dy

(C
ro

ss
-s

ec
tio

na
l s

tu
dy

)

A
 to

ta
l o

f n
=

 2
01

 
pa

rt
ic

ip
an

ts
 (n

=
 7

0 
m

en
 

an
d 

n=
 1

31
 w

om
en

) 
m

ed
ia

n 
ag

e 
84

 y
ea

rs

(I
np

at
ie

nt
)

To
 c

la
ri

fy
 th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
to

ng
ue

 s
tr

en
gt

h,
 

lip
 s

tr
en

gt
h,

 a
nd

 
nu

tr
iti

on
-r

el
at

ed
 

sa
rc

op
en

ia
 (N

R
S)

To
ng

ue
 st

re
ng

th
: 

B
al

lo
on

-t
yp

e 
di

sp
os

ab
le

 o
ra

l 
pr

ob
e 

on
 o

ne
 e

nd
 

(J
M

S,
 H

ir
os

hi
m

a,
 

Ja
pa

n)
(k

P
a)

 

Li
p 

st
re

ng
th

: L
ip

 
cl

os
ur

e 
st

re
ng

th
 

in
di

ca
to

r 
L

ip
 D

e 
C

um
 (C

os
m

o 
In

st
ru

m
en

ts
 C

o.
, L

td
., 

To
ky

o,
 J

ap
an

)

R
em

ai
ni

ng
 te

et
h

 

A
W

G
S 

20
14

G
rip

 st
re

ng
th

: D
ig

ita
l g

ri
p 

st
re

ng
th

 d
yn

am
om

et
er

 
(T

K
K

 5
40

1;
 T

ak
ei

 S
ci

en
tifi

c 
In

st
ru

m
en

ts
, T

ok
yo

, 
Ja

pa
n)

 (K
g)

U
ni

va
ri

ab
le

 a
nd

 
m

ul
tiv

ar
ia

bl
e 

lo
gi

st
ic

 
re

gr
es

si
on

 a
na

ly
se

s 

A
ll 

va
ri

ab
le

s 
ex

ce
pt

 a
ge

 w
er

e 
si

gn
ifi

ca
nt

ly
 a

ss
oc

ia
te

d 
w

ith
 

N
R

S 
in

 th
e 

un
iv

ar
ia

bl
e 

lo
gi

st
ic

 
re

gr
es

si
on

 a
na

ly
si

s 
lik

e 
To

ng
ue

 
st

re
ng

th
 O

R
: 0

.8
7,

 9
5%

 
C

I:
0.

83
–0

.9
2,

 P
-v

al
ue

 <
 0

.0
01

, 
L

ip
 s

tr
en

gt
h 

O
R

:0
.7

3,
 9

5%
 

C
I:

 0
.6

5-
0.

82
, P

-v
al

ue
 <

 0
.0

01
 To

ng
ue

 s
tr

en
gt

h 
an

d 
lip

 
st

re
ng

th
 w

er
e 

in
de

pe
nd

en
tly

 
as

so
ci

at
ed

 w
ith

 th
e 

pr
es

en
ce

 
of

 N
R

S 
(t

on
gu

e 
st

re
ng

th
: O

R
 

=
 0

.9
3,

 9
5%

 C
I 

0.
87

–0
.9

8,
 

P
=

0.
01

2;
 li

p 
st

re
ng

th
: O

R
 =

 
0.

76
, 9

5%
 C

I 
0.

66
–0

.8
8,

 P
=

 
0.

00
1)

 in
 th

e 
m

ul
tiv

ar
ia

bl
e 

lo
gi

st
ic

 r
eg

re
ss

io
n 

an
al

ys
is

 
(R

2 
=

 0
.5

1)

W
ak

as
ug

i 
et

 a
l.,

 2
01

7
(J

ap
an

)

C
an

 g
ri

p 
st

re
ng

th
 a

nd
/

or
 w

al
ki

ng
 s

pe
ed

 b
e 

si
m

pl
e 

in
di

ca
to

rs
 o

f 
th

e 
de

te
ri

or
at

io
n 

in
 

to
ng

ue
 p

re
ss

ur
e 

an
d 

ja
w

 
op

en
in

g 
fo

rc
e 

in
 o

ld
er

 
in

di
vi

du
al

s?

n 
=

 1
97

 e
ld

er
ly

 
in

di
vi

du
al

s 
(n

 =
 9

7 
m

en
; n

 =
 1

00
 w

om
en

) 
(D

ay
 c

ar
e)

T
hi

s 
st

ud
y 

in
ve

st
ig

at
es

 th
e 

re
la

tio
ns

hi
ps

 
be

tw
ee

n 
de

cr
ea

se
d 

w
ho

le
-b

od
y 

st
re

ng
th

, w
hi

ch
 is

 
ea

si
ly

 e
va

lu
at

ed
, a

nd
 

sw
al

lo
w

in
g-

re
la

te
d 

m
us

cl
e 

st
re

ng
th

To
ng

ue
 p

re
ss

ur
e:

 
JM

S 
m

ea
su

re
m

en
t 

ap
pa

ra
tu

s 
(J

M
S,

 
H

ir
os

hi
m

a,
 J

ap
an

)

Ja
w

 o
pe

ni
ng

 fo
rc

e:
 

op
en

in
g 

st
re

ng
th

 
tr

ai
ne

r 
(L

iv
et

 I
nc

., 
To

ky
o,

 J
ap

an
)

G
rip

 st
re

ng
th

: D
ig

ita
l g

ri
p 

dy
na

m
om

et
er

 (T
T

M
 I

nc
., 

To
ky

o,
 J

ap
an

)

W
al

ki
ng

 sp
ee

d:
 4

-m
et

re
 p

oi
nt

 
of

 a
n 

8-
m

et
re

 w
al

k

P
ar

tia
l 

co
rr

el
at

io
n 

an
al

ys
es

 
A

m
on

g 
m

en
, t

on
gu

e 
pr

es
su

re
 

w
as

 c
or

re
la

te
d 

w
ith

 g
ri

p 
st

re
ng

th
 (r

 =
 .6

0;
 p

 <
   

.0
1,

 
ef

fe
ct

 s
iz

e 
=

 0
.7

7)
 a

nd
 w

al
ki

ng
 

sp
ee

d 
(r

 =
 .3

7;
 p

 <
   

.0
1,

 e
ff

ec
t 

si
ze

 =
 0

.6
1)

Ja
w

 o
pe

ni
ng

 fo
rc

e 
w

as
 

co
rr

el
at

ed
 w

ith
 g

ri
p 

st
re

ng
th

 
(r

 =
 .3

9;
 p

 <
 .0

1,
 e

ff
ec

t s
iz

e 
=

 
0.

62
) b

ut
 n

ot
 w

al
ki

ng
 s

pe
ed

 (p
 

=
 .0

7,
 e

ff
ec

t s
iz

e 
=

 0
.4

3)
A

m
on

g 
w

om
en

, n
ei

th
er

 to
ng

ue
 

pr
es

su
re

 n
or

 ja
w

 o
pe

ni
ng

 fo
rc

e 
w

as
 c

or
re

la
te

d 
w

ith
 e

ith
er

 
gr

ip
 s

tr
en

gt
h 

 (0
.4

0,
 0

.3
3)

 o
r 

w
al

ki
ng

 s
pe

ed
 (0

.1
7,

 0
.1

7)

Sa
ka

i, 
N

ak
ay

am
a,

 
To

ha
ra

, M
ae

da
 

et
 a

l.,
 2

01
7

(J
ap

an
)

To
ng

ue
 S

tr
en

gt
h 

is
 A

ss
oc

ia
te

d 
w

ith
 

G
ri

p 
St

re
ng

th
 a

nd
 

N
ut

ri
tio

na
l S

ta
tu

s 
in

 
O

ld
er

 A
du

lt 
In

pa
tie

nt
s 

of
 a

 R
eh

ab
ili

ta
tio

n
H

os
pi

ta
l

(C
ro

ss
-S

ec
tio

na
l

st
ud

y)

17
4 

pa
tie

nt
s 

(6
4 

m
en

, 
11

0 
w

om
en

) m
ed

ia
n 

ag
e 

84
 y

ea
rs

(H
os

pi
ta

l)

To
 in

ve
st

ig
at

e 
w

he
th

er
 to

ng
ue

 
st

re
ng

th
 o

bs
er

ve
d 

in
 o

ld
er

 a
du

lt 
in

pa
tie

nt
s 

of
 a

 
re

ha
bi

lit
at

io
n 

ho
sp

ita
l i

s 
as

so
ci

at
ed

 w
ith

 
m

us
cl

e 
fu

nc
tio

n,
 

nu
tr

iti
on

al
 s

ta
tu

s,
 

an
d 

dy
sp

ha
gi

a

To
ng

ue
 st

re
ng

th
: 

To
ng

ue
 p

re
ss

ur
e

m
ea

su
ri

ng
 in

st
ru

m
en

t 
(J

M
S,

 H
ir

os
hi

m
a,

 
Ja

pa
n)

 fi
tt

ed
 w

ith
a 

ba
llo

on
-t

yp
e 

di
sp

os
ab

le
 o

ra
l p

ro
be

 
on

 o
ne

 e
nd

.

E
ur

op
ea

n 
W

or
ki

ng
 G

ro
up

 o
n 

Sa
rc

op
en

ia
 in

 O
ld

er
 P

eo
pl

e 
20

10
 (E

W
G

SO
P

 2
01

0)

G
rip

 st
re

ng
th

: D
ig

ita
l g

ri
p 

st
re

ng
th

 d
yn

am
om

et
er

 (M
od

el
 

T.
K

.K
. 5

40
1,

Ta
ke

i, 
Ja

pa
n)

M
us

cl
e 

m
as

s: 
C

al
f 

ci
rc

um
fe

re
nc

e 
(C

C
) A

rm
 

m
us

cl
e 

ar
ea

 (A
M

A
) w

as
 a

ls
o 

m
ea

su
re

d 
as

 a
n 

ad
di

tio
na

l 
in

de
x 

of
 m

us
cl

e 
m

as
s

B
iv

ar
ia

te
 

co
rr

el
at

io
n 

an
al

ys
is

M
ul

tiv
ar

ia
te

 li
ne

ar
 

re
gr

es
si

on
 a

na
ly

si
s

Si
gn

ifi
ca

nt
 c

or
re

la
tio

ns
 w

er
e 

fo
un

d 
be

tw
ee

n 
m

ax
im

al
 

to
ng

ue
 p

re
ss

ur
e 

an
d 

ag
e 

(r
 

=
 -0

.1
9,

 p
 =

 0
.0

12
), 

m
us

cl
e 

m
as

s 
(C

C
, r

 =
 0

.4
5,

 p
 <

 
0.

00
1;

 A
M

A
, r

 =
 0

.3
8,

 p
 <

 
0.

00
1)

, g
ri

p 
st

re
ng

th
 (r

 =
 0

.4
6,

 
p 

<
 0

.0
01

)

M
ul

tiv
ar

ia
te

 li
ne

ar
 r

eg
re

ss
io

n 
an

al
ys

is
 in

 a
ll 

pa
tie

nt
s 

an
d 

pa
tie

nt
s 

80
 y

ea
rs

 a
nd

 
ol

de
r 

re
ve

al
ed

th
at

 M
T

P
 w

as
 s

ig
ni

fic
an

tly
 

as
so

ci
at

ed
 w

ith
 g

ri
p 

st
re

ng
th

 
in

 a
ll 

pa
tie

nt
s 

(c
oe

ffi
ci

en
t =

 
0.

33
, 9

5 
%

 c
on

fid
en

ce
 in

te
rv

al
 

(C
I)

 0
.1

2–
0.

54
, p

 =
 0

.0
02

), 
bu

t 
no

t p
at

ie
nt

s 
80

 y
ea

rs
 a

nd
 o

ld
er

 
(c

oe
ffi

ci
en

t =
 0

.2
5,

 9
5 

%
 C

I 
-0

.0
1 

to
 0

.5
2,

 p
 =

 0
.0

61
)



580 Muscles, Ligaments and Tendons Journal 2022;12 (4)

Review on Oral Health and Sarcopenia Among Older Adults
A

ut
ho

r, 
Ye

ar
 &

 C
ou

nt
ry

Ti
tle

 &
 D

es
ig

n
St

ud
y 

po
pu

la
tio

n
&

 S
et

tin
g

A
im

 o
f t

he
 st

ud
y

O
ra

l h
ea

lth
 

co
m

po
ne

nt
(s

) 
ev

al
ua

te
d,

 a
nd

 
in

st
ru

m
en

t u
se

d

C
rit

er
ia

 u
se

d 
to

 d
ia

gn
os

e 
sa

rc
op

en
ia

St
at

is
tic

al
m

et
ho

d(
s)

us
ed

Fi
nd

in
g(

s)

Iw
as

ak
i e

t a
l.,

 2
01

7
(J

ap
an

)
T

he
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
de

nt
iti

on
 s

ta
tu

s 
an

d 
sa

rc
op

en
ia

 in
 J

ap
an

es
e 

ad
ul

ts
 a

ge
d 

≥7
5 

ye
ar

s

(C
ro

ss
-s

ec
tio

na
l s

tu
dy

)

n 
=

 2
72

 p
ar

tic
ip

an
ts

 
(n

=
92

 m
en

 a
nd

 n
=

18
0 

w
om

en
). 

T
he

 m
ed

ia
n

ag
e 

w
as

 8
2 

ye
ar

s

(C
om

m
un

ity
 d

w
el

lin
g)

W
e 

in
ve

st
ig

at
ed

 
w

he
th

er
 d

en
tit

io
n 

st
at

us
 is

 a
ss

oc
ia

te
d 

w
ith

 s
ar

co
pe

ni
a 

in
 

co
m

m
un

ity
-d

w
el

lin
g 

ol
de

r 
Ja

pa
ne

se
 a

du
lt

T
he

 n
um

be
r o

f 
na

tu
ra

l t
ee

th
 a

nd
 

oc
cl

ud
in

g 
pa

irs
 o

f 
na

tu
ra

l t
ee

th
w

as
 c

ou
nt

ed

In
 d

en
tu

re
 w

ea
re

rs
, 

th
e 

de
nt

ur
es

 w
er

e 
ex

am
in

ed
 fo

r 
st

ab
ili

ty
 

an
d 

re
te

nt
io

n
 C

he
w

in
g 

ab
ili

ty
 w

as
 

as
se

ss
ed

 u
si

ng
 th

e 
qu

es
tio

nn
ai

re
.

A
W

G
S 

20
14

Sk
el

et
al

 m
us

cl
e 

m
as

s (
SM

M
): 

B
io

el
ec

tr
ic

al
 im

pe
da

nc
e 

an
al

ys
is

 m
et

ho
d 

us
in

g 
th

e 
bo

dy
 c

om
po

si
tio

n 
an

al
ys

er
 

In
B

od
y 

S1
0

H
an

dg
rip

 S
tr

en
gt

h:
 

D
yn

am
om

et
er

(T
.K

.K
.5

40
1)

U
su

al
 g

ai
t s

pe
ed

: 4
-m

w
al

ki
ng

 te
st

.

L
og

is
tic

 
re

gr
es

si
on

 m
od

el
s.

T
hr

ee
 r

eg
re

ss
io

n 
m

od
el

s 
w

er
e 

de
ve

lo
pe

d.
M

od
el

 1
: i

nc
lu

de
d 

on
ly

 
th

e 
de

nt
iti

on
 s

ta
tu

s 
as

 
an

 e
xp

os
ur

e
(c

ru
de

 m
od

el
)

M
od

el
 2

: f
ur

th
er

 in
cl

ud
ed

 
ag

e 
an

d 
se

x.
M

od
el

 3
: f

ur
th

er
 in

cl
ud

ed
 

co
va

ri
at

es
 s

ho
w

n 
by

 
un

iv
ar

ia
bl

e 
an

al
ys

es
 

N
um

be
r o

f n
at

ur
al

 te
et

h
M

od
el

 1
: C

om
pa

re
d 

to
 th

e 
in

di
vi

du
al

s 
w

ith
 ≥

 2
0

te
et

h,
 th

os
e 

w
ith

 1
–9

 te
et

h 
(5

.1
8 

(2
.2

4–
11

.9
7)

 a
nd

 n
o 

te
et

h 
(2

.8
8 

(1
.3

1–
6.

34
) h

ad
 

a 
si

gn
ifi

ca
nt

ly
 h

ig
he

r 
ri

sk
 o

f 
ha

vi
ng

 s
ar

co
pe

ni
a

A
ss

oc
ia

tio
ns

 w
er

e 
at

te
nu

at
ed

 
an

d 
be

ca
m

e 
no

n-
si

gn
ifi

ca
nt

 
af

te
r 

ad
ju

st
m

en
t f

or
 c

ov
ar

ia
te

s 
(M

od
el

s 
2 

an
d 

3)

N
um

be
r o

f o
cc

lu
di

ng
 p

ai
rs

 o
f 

na
tu

ra
l t

ee
th

M
od

el
 1

: I
nd

iv
id

ua
ls

 w
ith

 
≥1

0 
oc

cl
ud

in
g 

pa
ir

s 
of

 n
at

ur
al

 
te

et
h,

 th
os

e 
w

ith
 n

o 
oc

cl
ud

in
g 

pa
ir

s 
of

 n
at

ur
al

 te
et

h 
ha

d 
a 

si
gn

ifi
ca

nt
ly

 h
ig

he
r 

ri
sk

 o
f 

ha
vi

ng
 s

ar
co

pe
ni

a 
(c

ru
de

 
od

ds
 r

at
io

 [
O

R
],

 6
_2

8;
 9

5%
 

co
nfi

de
nc

e 
in

te
rv

al
 [

C
I]

, 
2_

35
–1

6_
80

)
M

od
el

 2
: S

ta
tis

tic
al

ly
 

si
gn

ifi
ca

nt
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
oc

cl
ud

in
g 

pa
ir

s 
of

 n
at

ur
al

 
te

et
h 

an
d 

sa
rc

op
en

ia
 r

em
ai

ne
d,

 
al

th
ou

gh
 a

tt
en

ua
te

d,
 a

ft
er

 
ad

ju
st

m
en

t f
or

 o
th

er
 h

ea
lth

-
re

la
te

d 
ch

ar
ac

te
ri

st
ic

s 
3.

46
 

(1
.2

1–
9.

87
)

M
od

el
 3

: C
om

pa
re

d 
to

 
in

di
vi

du
al

s 
w

ith
 ≥

10
 o

cc
lu

di
ng

 
pa

ir
s 

of
 n

at
ur

al
 te

et
h,

 th
os

e 
w

ith
 n

o 
oc

cl
ud

in
g 

pa
ir

s 
of

 
na

tu
ra

l t
ee

th
 h

ad
 s

ig
ni

fic
an

tly
 

hi
gh

er
 r

is
k 

of
 h

av
in

g 
sa

rc
op

en
ia

 (a
dj

us
te

d 
od

ds
 

ra
tio

, 3
.3

7;
 9

5%
 c

on
fid

en
ce

 
in

te
rv

al
, 1

.0
7–

10
.6

1)

D
en

tu
re

 fi
t

M
od

el
 1

: 3
.8

1 
(1

.5
9–

9.
16

)
M

od
el

 2
: 5

_1
1 

(1
.8

0–
14

.4
7)

M
od

el
 3

: C
om

pa
re

d 
to

 
in

di
vi

du
al

s 
w

ith
 w

el
l-fi

tt
in

g 
de

nt
ur

es
, t

ho
se

 w
ith

 il
l-fi

tt
in

g 
de

nt
ur

es
 h

ad
 s

ig
ni

fic
an

tly
 

hi
gh

er
 r

is
k 

of
 h

av
in

g 
sa

rc
op

en
ia

 ((
ad

ju
st

ed
 o

dd
s 

ra
tio

, 5
.0

7;
 9

5%
 c

on
fid

en
ce

 
in

te
rv

al
, 1

.5
9–

16
.1

9)



581Muscles, Ligaments and Tendons Journal 2022;12 (4)

P. Kumar, S. Varshney, N. Girish
A

ut
ho

r, 
Ye

ar
 &

 C
ou

nt
ry

Ti
tle

 &
 D

es
ig

n
St

ud
y 

po
pu

la
tio

n
&

 S
et

tin
g

A
im

 o
f t

he
 st

ud
y

O
ra

l h
ea

lth
 

co
m

po
ne

nt
(s

) 
ev

al
ua

te
d,

 a
nd

 
in

st
ru

m
en

t u
se

d

C
rit

er
ia

 u
se

d 
to

 d
ia

gn
os

e 
sa

rc
op

en
ia

St
at

is
tic

al
m

et
ho

d(
s)

us
ed

Fi
nd

in
g(

s)

M
ac

hi
da

 
et

 a
l.,

 2
01

7
(J

ap
an

)

E
ff

ec
ts

 o
f a

gi
ng

 
an

d 
sa

rc
op

en
ia

 o
n 

to
ng

ue
 p

re
ss

ur
e 

an
d 

ja
w

-o
pe

ni
ng

 fo
rc

e

n 
=

 9
7 

ol
de

r 
ad

ul
ts

 (n
=

 
97

 m
en

, m
ea

n 
ag

e 
78

.5
  

±
  6

.6
 y

ea
rs

; n
 =

10
0 

w
om

en
, m

ea
n 

ag
e 

77
.8

  
±

  6
.2

 y
ea

rs

(C
om

m
un

ity
 d

w
el

lin
g)

A
gi

ng
 a

nd
 

sa
rc

op
en

ia
 r

ed
uc

e 
no

t o
nl

y 
bo

dy
 

st
re

ng
th

, b
ut

 a
ls

o 
th

e 
st

re
ng

th
 o

f 
sw

al
lo

w
in

g 
m

us
cl

es
. 

W
e 

ex
am

in
ed

 
ho

w
 a

gi
ng

 a
nd

 
sa

rc
op

en
ia

 a
ff

ec
t 

to
ng

ue
 p

re
ss

ur
e 

an
d 

ja
w

-o
pe

ni
ng

 fo
rc

e

To
ng

ue
 p

re
ss

ur
e 

(K
Pa

): 
JM

S 
to

ng
ue

 
pr

es
su

re
 d

ev
ic

e 
(J

M
S,

 
H

ir
os

hi
m

a,
 J

ap
an

)

Ja
w

-o
pe

ni
ng

 fo
rc

e 
(K

g)
: j

aw
-o

pe
ni

ng
 

st
he

no
m

et
er

 

A
W

G
S 

20
14

Sk
el

et
al

 m
us

cl
e:

B
io

el
ec

tr
ic

al
 im

pe
da

nc
e 

da
ta

 
(I

nB
od

y4
30

; I
nB

od
y 

Ja
pa

n,
 

To
ky

o,
 J

ap
an

)

T
he

 g
ai

t s
pe

ed
: M

ea
n

G
ai

t s
pe

ed
 o

f t
he

 in
te

rm
ed

ia
te

 
4 

m
 o

f t
he

 8
-m

 p
at

h

H
an

dg
rip

 st
re

ng
th

: H
an

dg
ri

p 
dy

na
m

om
et

er
(T

T
M

, T
ok

yo
, J

ap
an

)

M
ul

tiv
ar

ia
te

 li
ne

ar
 

re
gr

es
si

on
 a

na
ly

si
s 

To
ng

ue
 p

re
ss

ur
e:

 
In

 th
e 

m
ul

tiv
ar

ia
te

 li
ne

ar
 

re
gr

es
si

on
 a

na
ly

si
s,

 s
ar

co
pe

ni
a 

w
er

e 
si

gn
ifi

ca
nt

 in
de

pe
nd

en
t 

va
ri

ab
le

s 
in

 m
en

 (O
R

: −
5.

46
9,

 
95

%
 C

I:
 −

8.
24

8 
to

 −
2.

69
0,

 
P

-v
al

ue
 <

 0
.0

01
) a

s 
w

el
l a

s 
in

 w
om

en
 (O

R
 : 

−
3.

97
9,

 
95

%
 C

I:
 −

7.
16

4 
to

 −
0.

79
3,

 
P

-v
al

ue
   

0.
01

5)

Ja
w

 o
pe

ni
ng

 fo
rc

e:
In

 th
e 

m
ul

tiv
ar

ia
te

 li
ne

ar
 

re
gr

es
si

on
 a

na
ly

si
s,

 s
ar

co
pe

ni
a 

w
as

 a
 s

ig
ni

fic
an

t i
nd

ep
en

de
nt

 
va

ri
ab

le
 in

 m
en

 (O
R

: −
1.

22
2,

 
95

%
 C

I:
  −

1.
90

0 
to

 −
0.

54
4,

 
P

-v
al

ue
 0

.0
01

), 
bu

t n
ot

 in
 

ca
se

 o
f w

om
en

 (O
R

: −
0.

32
7,

 
95

%
 C

I:
  −

0.
92

4 
to

 0
.2

69
, 

P
-v

al
ue

  0
.2

79
)

M
ae

da
 a

nd
 

A
ka

gi
, 2

01
5

(J
ap

an
)

D
ec

re
as

ed
 to

ng
ue

 
pr

es
su

re
 is

 a
ss

oc
ia

te
d 

w
ith

 s
ar

co
pe

ni
a 

an
d 

sa
rc

op
en

ic
 d

ys
ph

ag
ia

 in
 

th
e 

el
de

rl
y

n 
=

10
4 

pa
tie

nt
 (n

 =
 

36
 m

en
 a

nd
 n

 =
 6

8 
w

om
en

), 
m

ea
n 

ag
e 

84
.1

  
±

  5
.6

 y
ea

rs

(H
os

pi
ta

l)

To
 c

la
ri

fy
 th

e 
as

so
ci

at
io

n 
be

tw
ee

n 
to

ng
ue

 p
re

ss
ur

e 
an

d 
fa

ct
or

s 
re

la
te

d 
to

sa
rc

op
en

ia
 s

uc
h 

as
 a

gi
ng

, a
ct

iv
iti

es
 

of
 d

ai
ly

 li
vi

ng
, 

nu
tr

iti
on

al
 s

ta
te

, 
an

d 
dy

sp
ha

gi
a

To
ng

ue
 p

re
ss

ur
e 

m
ea

su
re

m
en

t (
K

Pa
) 

: M
ax

im
al

 to
ng

ue
 

pr
es

su
re

 (M
T

P
) 

w
as

 m
ea

su
re

d 
by

 a
 

de
vi

ce
 c

on
si

st
in

g 
of

 a
 

di
sp

os
ab

le
or

al
 b

al
lo

on
 p

ro
be

 
(J

M
S 

to
ng

ue
 

pr
es

su
re

 m
ea

su
ri

ng
 

in
st

ru
m

en
t, 

JM
S,

 
H

ir
os

hi
m

a,
 J

ap
an

).

E
W

G
SO

P
 2

01
0

Sa
rc

op
en

ia
 w

as
 d

ia
gn

os
ed

 b
y 

bo
th

 sk
el

et
al

 m
us

cl
e 

lo
ss

 a
nd

 
lo

w
 h

an
dg

rip
 st

re
ng

th
, w

hi
ch

 
is

 o
ne

 o
f t

he
 c

ri
te

ri
a 

ac
co

rd
in

g 
to

 th
e 

co
ns

en
su

s 
re

po
rt

M
ul

tiv
ar

ia
te

re
gr

es
si

on
 a

na
ly

si
s 

M
ax

im
um

 to
ng

ue
 p

re
ss

ur
e 

w
as

 s
ig

ni
fic

an
tly

 a
ss

oc
ia

te
d 

w
ith

 p
re

se
nc

e 
of

 s
ar

co
pe

ni
a 

(O
R

: -
0.

20
7,

 9
5%

 C
I:

 -1
0.

83
4 

to
 -0

.1
74

,  
p 

=
 0

.0
43

)



582 Muscles, Ligaments and Tendons Journal 2022;12 (4)

Review on Oral Health and Sarcopenia Among Older Adults
A

ut
ho

r, 
Ye

ar
 &

 C
ou

nt
ry

Ti
tle

 &
 D

es
ig

n
St

ud
y 

po
pu

la
tio

n
&

 S
et

tin
g

A
im

 o
f t

he
 st

ud
y

O
ra

l h
ea

lth
 

co
m

po
ne

nt
(s

) 
ev

al
ua

te
d,

 a
nd

 
in

st
ru

m
en

t u
se

d

C
rit

er
ia

 u
se

d 
to

 d
ia

gn
os

e 
sa

rc
op

en
ia

St
at

is
tic

al
m

et
ho

d(
s)

us
ed

Fi
nd

in
g(

s)

M
ur

ak
am

i 
et

 a
l.,

 2
01

5
(J

ap
an

)

R
el

at
io

ns
hi

p 
be

tw
ee

n 
ch

ew
in

g 
ab

ili
ty

 a
nd

 
sa

rc
op

en
ia

 in
 J

ap
an

es
e 

co
m

m
un

ity
-d

w
el

lin
g 

ol
de

r 
ad

ul
ts

n 
=

 7
61

 p
ar

tic
ip

an
ts

 
(a

ve
ra

ge
 a

ge
 7

3.
0 

 ±
  

5.
1 

ye
ar

s)

(C
om

m
un

ity
 d

w
el

lin
g)

T
he

 p
re

se
nt

 s
tu

dy
 

in
ve

st
ig

at
ed

 th
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

ch
ew

in
g 

ab
ili

ty
 

an
d 

sa
rc

op
en

ia
 

in
 a

dd
iti

on
 to

 
kn

ow
n 

sa
rc

op
en

ia
-

re
la

te
d 

fa
ct

or
s

C
he

w
in

g 
ab

ili
ty

: A
 

co
lo

r-
ch

an
ge

ab
le

 
ch

ew
in

g 
gu

m
 

(m
as

tic
at

or
y 

pe
rf

or
m

an
ce

ev
al

ua
tin

g 
gu

m
 

X
yl

ito
l; 

L
ot

te
, 

Sa
ita

m
a,

 J
ap

an
) w

as
 

us
ed

 to
 e

xa
m

in
e 

ch
ew

in
g 

ab
ili

ty

N
um

be
r o

f e
xi

st
in

g 
te

et
h:

 T
he

 n
um

be
r 

of
 e

xi
st

in
g 

in
tr

ao
ra

l 
er

up
te

d 
te

et
h 

w
as

 
co

un
te

d,
 e

xc
lu

di
ng

 
th

e 
re

si
du

al
 r

oo
ts

N
um

be
r o

f f
un

ct
io

na
l 

te
et

h:
 T

he
 n

um
be

r 
of

 
pr

os
th

et
ic

 tr
ea

tm
en

t 
br

id
ge

s,
 p

la
te

 
de

nt
ur

es
 (r

em
ov

al
 

de
nt

ur
es

), 
im

pl
an

ts
 

(a
rt

ifi
ci

al
 r

oo
ts

) o
f 

de
fe

ct
 s

ite
s 

an
d 

th
e 

nu
m

be
r 

of
 e

xi
st

in
g 

te
et

h 
w

er
e 

co
un

te
d

O
cc

lu
sa

l f
or

ce
: 

A
n 

oc
cl

us
al

 fo
rc

e 
m

ea
su

re
m

en
t s

ys
te

m
 

fil
m

 w
as

 u
se

d,
 D

en
ta

l 
P

re
sc

al
e 

50
H

 T
yp

e 
R

 (F
uj

i P
ho

to
 F

ilm
, 

To
ky

o,
 J

ap
an

) a
nd

 
an

 O
cc

ul
us

er
 (F

uj
i 

P
ho

to
 F

ilm
)

E
W

G
SO

P
 2

01
0

Sk
el

et
al

 m
us

cl
e 

m
as

s i
nd

ex
: 

B
od

y 
co

m
po

si
tio

n 
w

as
 

m
ea

su
re

d 
w

ith
 B

IA
 u

si
ng

 
an

 I
nB

od
y7

20
 (B

io
 S

pa
ce

, 
Se

ou
l, 

K
or

ea
)

G
rip

 st
re

ng
th

: S
m

ed
le

y 
dy

na
m

om
et

er
 (A

s 
on

e,
 

O
sa

ka
, J

ap
an

)

U
su

al
 w

al
ki

ng
 sp

ee
d:

 
P

ar
tic

ip
an

ts
 w

al
ke

d 
al

on
g 

a 
w

al
ki

ng
 p

at
h 

w
ith

 a
 3

-m
 

ac
ce

le
ra

tio
n 

zo
ne

, a
 5

-m
 

m
ea

su
re

m
en

t z
on

e 
an

d 
a 

3-
m

 
de

ce
le

ra
tio

n 
zo

ne

L
og

is
tic

 r
eg

re
ss

io
n

an
al

ys
is

 
T

he
re

 w
er

e 
si

gn
ifi

ca
nt

 
co

rr
el

at
io

ns
 o

f s
ar

co
pe

ni
a 

w
ith

 
ch

ew
in

g 
ab

ili
ty

 (o
dd

s 
ra

tio
 

2.
18

, 9
5%

 c
on

fid
en

ce
 in

te
rv

al
 

1.
21

–3
.9

3)

B
ue

hr
in

g 
et

 a
l.,

 2
01

3
(U

SA
)

To
ng

ue
 s

tr
en

gt
h 

is
 

as
so

ci
at

ed
 w

ith
 ju

m
pi

ng
 

m
ec

ha
no

gr
ap

hy
 

pe
rf

or
m

an
ce

 a
nd

 
ha

nd
gr

ip
 s

tr
en

gt
h 

bu
t n

ot
 w

ith
 c

la
ss

ic
 

fu
nc

tio
na

l t
es

ts
 in

 
ol

de
r 

ad
ul

ts

(C
ro

ss
-S

ec
tio

na
l s

tu
dy

)

n 
=

 9
7 

C
au

ca
si

an
 

vo
lu

nt
ee

rs
 (n

 =
 4

9 
w

om
en

, n
 =

 4
8 

m
en

), 
m

ea
n 

ag
e 

w
as

 8
0.

7 
(r

an
ge

 7
0–

95
)

(C
om

m
un

ity
 d

w
el

lin
g)

To
 d

et
er

m
in

e 
w

he
th

er
 c

la
ss

ic
 

m
us

cl
e 

fu
nc

tio
n 

te
st

s 
an

d 
ju

m
pi

ng
 

m
ec

ha
no

gr
ap

hy
 

(J
M

) a
re

 r
el

at
ed

 to
 

to
ng

ue
 s

tr
en

gt
h

Is
om

et
ric

 to
ng

ue
 

st
re

ng
th

 a
ss

es
sm

en
t: 

T
he

 I
ow

a 
O

ra
l 

P
er

fo
rm

an
ce

 
In

st
ru

m
en

t (
IO

P
I)

 
w

as
 u

se
d 

to
 d

et
er

m
in

e 
an

te
ri

or
 a

nd
 p

os
te

ri
or

 
is

om
et

ri
c 

to
ng

ue
 

st
re

ng
th

 (k
P

a)
 

E
W

G
SO

P
 2

01
0

M
us

cl
e 

fu
nc

tio
n 

an
d 

st
re

ng
th

 
as

se
ss

m
en

t:
SP

P
B

 

G
rip

 st
re

ng
th

: h
an

d-
he

ld
 

dy
na

m
om

et
er

 (J
am

ar
, 

B
ol

in
gb

ro
ok

, I
L

) (
K

g)

A
pp

en
di

cu
la

r l
ea

n 
m

as
s: 

A
L

M
/h

ei
gh

t2

L
in

ea
r 

re
gr

es
si

on
 a

na
ly

se
s 

A
nt

er
io

r 
m

ax
im

um
 to

ng
ue

 
pr

es
su

re
 w

as
 p

os
iti

ve
ly

co
rr

el
at

ed
 (p

 =
 .0

03
) w

ith
 

m
ax

im
al

 g
ri

p 
st

re
ng

th
. 

r 
va

lu
e 

no
t r

ep
or

te
d

N
ot

e:
 A

W
G

S:
 A

si
an

 W
or

ki
ng

 G
ro

up
 fo

r 
Sa

rc
op

en
ia

; E
W

G
SO

P
: E

ur
op

ea
n 

W
or

ki
ng

 G
ro

up
 o

n 
Sa

rc
op

en
ia

 in
 O

ld
er

 P
eo

pl
e;

 A
SM

: A
pp

en
di

cu
la

r 
sk

el
et

al
 m

us
cl

e;
 P

R
R

: P
re

va
le

nc
e 

 r
at

e 
ra

tio
; O

R
: 

O
dd

s 
ra

tio
; A

L
M

: A
pp

en
di

cu
la

r 
le

an
 m

as
s;

 H
G

S:
 H

an
d 

gr
ip

 s
tr

en
gt

h;
 G

S:
 G

ai
t s

pe
ed

; I
O

P
I:

 I
ow

a 
or

al
 p

er
fo

rm
an

ce
 in

st
ru

m
en

t; 
SP

P
B

: S
ho

rt
 p

hy
si

ca
l p

er
fo

rm
an

ce
 b

at
te

ry
; J

M
: J

um
pi

ng
 m

ec
h-

an
og

ra
ph

y;
 M

T
P

: M
ax

im
al

 t
on

gu
e 

pr
es

su
re

; T
P

: T
on

gu
e 

pr
es

su
re

; S
M

M
: S

ke
le

ta
l m

us
cl

e 
m

as
s;

 N
R

S:
 N

ut
ri

tio
n 

re
la

te
d 

sa
rc

op
en

ia
; E

A
T-

10
: E

at
in

g 
as

se
ss

m
en

t 
to

ol
-1

0;
 O

H
IP

-1
4:

 O
ra

l h
ea

lth
 

im
pa

ct
 p

ro
fil

e-
14

; O
H

A
T:

 O
ra

l h
ea

lth
 a

ss
es

sm
en

t t
oo

l; 
SA

R
C

-F
: S

tr
en

gt
h,

 A
ss

is
ta

nc
e 

in
 w

al
ki

ng
, R

is
e 

fr
om

 c
ha

ir,
 C

lim
b 

st
ai

rs
, a

nd
 F

al
ls

; P
A

: P
oo

r a
pp

et
ite

, L
M

F
: L

ow
 m

as
tic

at
or

y 
fu

nc
tio

n;
 C

SG
: 

C
ro

ss
-s

ec
tio

na
l a

re
a 

of
 G

en
oh

yo
id

 m
us

cl
e;

 O
D

K
: O

ra
l  

di
ad

oc
ho

ki
ne

si
s;

 W
S:

 W
al

ki
ng

 s
pe

ed
; G

O
H

A
I:

 G
en

er
al

 O
ra

l H
ea

lth
 A

ss
es

sm
en

t 
In

de
x;

 T
C

I:
 T

on
gu

e 
C

oa
tin

g 
in

de
x;

 N
R

T:
 N

um
be

r 
of

 
re

m
ai

ni
ng

 te
et

h;
 m

/s
: m

et
er

 p
er

 s
ec

on
d;

 K
g:

 K
ilo

gr
am

s;
 K

g/
m

2 : 
K

ilo
gr

am
 p

er
 m

et
er

 s
qu

ar
e



583Muscles, Ligaments and Tendons Journal 2022;12 (4)

P. Kumar, S. Varshney, N. Girish

Swallowing function
Three studies investigated the association between swallow-
ing and sarcopenia. Swallowing function was assessed using 
Seirei dysphagia screening questionnaire (15), 10-Item 
Eating Assessment tool (30, 31). Although significant differ-
ences were not observed for EAT-10 (p < 0.05) but still 
sarcopenic group tended to show more subjective swal-
lowing difficulties than normal group (31). As part of oral 
hypofunction assessment component, sarcopenia occur at 
increased risk in patient diagnosed with oral hypofunction 
(OR = 1.59) (30).

Masticatory function
Seven studies investigated the association between the 
masticatory function and sarcopenia. In univariate analysis 
significant association found between sarcopenia and masti-
catory function (15). A cross sectional study, reported low 
level of masticatory function was significantly associated 
with a decline in hand grip strength (OR = 0.96) and possi-
ble sarcopenia (OR = 0.90) (18). As part of oral hypofunc-
tion assessment, it has been found that sarcopenia occurred 
at an increased frequency in patient diagnosed with oral 
hypofunction (30). One of the studies suggested that low 
masticatory function alone is not associated with sarcopenia 
but when present alongside poor appetite it is associated 
with sarcopenia with hazard ratio value of 4.4 (20). Chewing 
difficulty should be included in geriatric assessment as the 
OR of 3.11 for sarcopenia in those with chewing difficulty 
has been found (21). A study using logistic regression anal-
ysis have found significant correlation of sarcopenia with 
chewing ability (OR 2.18) (29). 

Tongue lip motor function
Total of four studies have investigated the association 
between the tongue lip motor function and sarcopenia. 
Tongue lip motor function has been assessed using digi-
tal counter (TKK 3350 Digital counter, Takei scientific 
instrument) (31), using calculator method (19), Automat-
ic counter (KENKOU-KUN hand, Takei scientific instru-
ment Co. Ltd., Niigata, Japan) (15, 30). In univariate anal-
ysis, significant association was found between sarcopenia 
and decrease tongue lip motor function pa, ta, ka (15, 30). 
Moderate correlation was found between walking speed 
and oral diadochokinesis (tongue lip motor function) with 
r = 0.50 (19). Sarcopenic group showed a significant lower 
tongue lip motor function (p < 0.01) (31). 

Occlusal force
Three studies have investigated the relationship between 
occlusal force and sarcopenia. Occlusal force was evaluated 
by number of remaining teeth (15), sensitive sheet (Dental 

Prescale 50H Type-R, Fuji Film Co., Tokyo, Japan) (29, 30). 
There exist significant association between the occlusal force 
assessed according to number of teeth and sarcopenia (15). 
Occlusal force as part of oral hypofunction assessment compo-
nent found significant association with the sarcopenia (30). 
Oral hygiene and oral dryness as part of oral hypofunction 
assessment found to significantly associated with the sarco-
penia (15, 30). Two studies have examined jaw opening force 
with one using opening strength trainer (Livet Inc., Tokyo, 
Japan) (24) and other using jaw opening sthenometer (27) to 
assess it. Jaw opening force correlated with grip strength (r 
= 0.39) not with walking speed in men (24) as well in multi-
variate linear regression analysis sarcopenia was a significant 
independent variable with OR -1.222 for jar opening force. 
Considering the denture status, an association between the 
full denture use and low grip strength in both men and 
women in crude model but after adjusting for covariate no 
significant association were found in women (33). One of 
the study findings suggest that the individual with ill-fitting 
dentures have significantly higher risk of having sarcope-
nia (OR 5.07) (26). Significant association both in univari-
ate regression and multivariable logistic regression has been 
found between nutrition related sarcopenia and lip strength 
(23). There exists a significant correlation r = 0.266 between 
masseter muscle thickness and skeletal muscle index (22). 
One of the studies reported moderate correlation between 
cross-sectional area of Genohyoid muscle and skeletal 
muscle index have been found (19). In a study, it was found 
that participants with sarcopenia have poor health related 
quality of life (p < 0.001) which was assessed using Oral 
Health Impact Profile-14 (OHIP-14) and sarcopenia was an 
independent explanatory factor of OHIP-14 (β = 0.138, p 
= 0.025) (11). Two studies which have assessed oral health 
assessment index using oral health assessment tool (11, 16). 
Findings suggest that oral health assessment index score was 
associated with the diagnosed sarcopenia group (OR = 5.55, 
95% CI = 3.80–8.12) and severe sarcopenia (OR = 6.66, 
95% CI = 4.13–10.78) (16) and also it has been found that 
participants with sarcopenia have poor oral health status (p 
< 0.001) and sarcopenia was an independent explanatory 
factor of OHAT scores (β = 0.199, p < 0.001) (11). 

DISCUSSION
To our knowledge this the first review to investigate the rela-
tionship between oral health and sarcopenia restricting to 
the elderly population. Out of the 20 studies included in this 
review, 19 records are showing a relationship between oral 
health and sarcopenia in older adults.  
Considering updated sarcopenia assessment as given by consen-
sus groups like European working group on sarcopenia in older 
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people 2019 (2) as well as Asian working group for sarcope-
nia 2019 (3) with slight variation in cut-offs, three components 
are assessed muscle mass, grip strength and gait speed. In two 
studies, grip strength has been found to have significant correla-
tion with masticatory function (18), tongue pressure (24, 25), 
jaw opening force (24), full denture use (33), and number of 
remaining teeth (16–18, 26). Significant correlation found 
between skeletal muscle mass and tongue pressure (24, 25). 
Among two studies included in the review, moderate to signif-
icant correlation has been found between Genohyoid muscle 
and masseter muscle thickness (19, 22). Taking walking speed 
into account, weak correlation found with tongue pressure (24) 
while not with jaw opening force (24). Walking speed have been 
found to be lower in those who have lost at least 10 teeth (17).
There could be various plausible explanation to link sarco-
penia and oral health. According to several research, poor 
dental health has a negative impact on food intake and 
lower consumption of a variety of nutrients, such as protein, 
calcium, and vitamins A, D, and E (35–37). The reduction 
in muscle mass, muscle strength, and physical performance 
may be significantly influenced by dietary shortages (38–40). 
Through neurological pathways, balance and exercise can 
be linked to oral health. According to certain studies, dental 
occlusion affected postural stability (41, 42). The periodon-
tal ligament’s proprioceptive feeling may be crucial in regu-
lating how the body balances. Additionally, according to 
some research, the trigeminal nerve’s orofacial sensory input 
may affect balance and muscle strength (43, 44). It is plau-
sible that peripheral orofacial sensory input affects moto-
neuronal control of the exertion of muscle power in other 
sections of the body given that prior research have shown a 
correlation between limb and orofacial motor control mech-
anisms. Loss of muscle strength may result from periodontal 
disease-induced inflammation. In gingival tissue, periodon-
titis raises interleukin-6 and TNF- levels (45). 
It’s likely that sarcopenia causes a decline in oral function 
and, conversely, that muscle loss decreases muscle strength. 
In actuality, hand grip strength, muscle mass, and sarcope-
nia have all been connected to occlusal force, mastication, 
tongue pressure, and swallowing (46–48). Sarcopenia can 
also weaken the oral muscles. Although sarcopenia is likely to 
be closely related to oral health, the available studies do not 
adequately describe the mechanism of this association. Also, 
models exist which predict the risk of sarcopenia among 
older adults (49). However, the use of oral health status as 
one of the factor in the prediction models is not taken into 
consideration, which could be used in future research.
Studies that evaluated the oral health of institutionalised 
older persons have shown that the elderly residing in residen-
tial facilities have poor oral health (50, 51). However, there 
is a lack of research on the oral health of sarcopenic elderly 

people living in long-term care facilities. Similar trends can 
be observed in this review, where twelve investigations were 
done on sarcopenic older persons living in communities 
from the twenty studies that were included with no single 
study in institutionalised sarcopenic older adults. It has been 
reported that residents of old age homes have a much lower 
quality of life than people who live in the community (52). 
Oral conditions also impact quality of life of older adults (53) 
and their general health and diet (37) which may deteriorate 
sarcopenia status of the older adult. Additionally, as people 
age, their capacity to care for their oral health may dimin-
ish and taking too many medications may cause dry mouth 
(54). Nearly half of all residents of care homes have their 
own natural teeth (55), yet they have substantially worse oral 
health than their contemporaries who live in the community 
(e.g., caries prevalence was 73% vs 40%) (56).
This study have few limitations as well. First, all the studies 
of this review are observational studies with cross-sectional 
and cohort study design, the cause and effect relationship 
between the oral health and sarcopenia cannot be estab-
lished. Second, most of the included studies are restricted 
geographically to Asian region making the generalizability 
of the association difficult. Lastly, grey literature, conference 
abstract and proceedings were not accessed. 

Significance of the review
The cross-sectional and cohort design of the studies includ-
ed in this review suggest the relationship exist between the 
oral health and sarcopenia, however the cause effect rela-
tion cannot be commented. Considering the objective of the 
review the findings would help the dentist as well as physio-
therapist to work in tandem to provide holistic care to the 
older adults there by improving their quality of life. However, 
other professionals could be involved like nutritionist to say a 
few in a team to provide a comprehensive care to older adult.

Future recommendations
To the best of our knowledge, no studies have been 
conducted explicitly in institutionalised sarcopenic older 
adults. Future research could compare the oral health 
characteristics of institutionalised sarcopenic older 
persons with those of institutionalised non-sarcopenic 
older adults in a case-control study. Also, to look at the 
cause and effect relationship between the oral health and 
sarcopenia longitudinal cohort study could be considered 
for future research.

CONCLUSIONS
There exists a relationship between sarcopenia various 
components of oral health and oral function among older 
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adults. This review would help the practitioners and research-
ers in selecting oral health and function components in the 
prediction model as well as to include in the management.
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SUPPLEMENTS

Appendix 1. JBI critical appraisal checklist for analytical cross-sectional study.

1) Title: A Cross-Sectional Study on the Relationship between Oral Function and Sarcopenia in Japanese Patients with 
Regular Dental Maintenance
Author: Shirahase et al.
Year: 2022  

Yes No Unclear Not applicable
Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■

2) Title: Correlation between nutrition, oral health, and different sarcopenia groups among elderly outpatients of commu-
nity hospitals: a cross‑sectional study of 1505 participants in China
Author: Cao et al.
Year: 2022  

Yes No Unclear Not 
applicable

Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■
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3) Title: Relationship between tooth loss and sarcopenia in suburban community‑dwelling older adults in Shanghai and 
Tianjin of China
Author: Wang et al.
Year: 2022  

Yes No Unclear Not applicable
Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■

4) Title: Number of teeth and masticatory function are associated with sarcopenia and diabetes mellitus status among 
community-dwelling older adults: A Shimane CoHRE study
Author: Abe et al.
Year: 2021  

Yes No Unclear Not 
applicable

Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■

5) Title: Relationship between Oral Hypofunction and Sarcopenia in Community Dwelling Older Adults: The Otassha Study
Author: Kugimiya et al.
Year: 2021 

Yes No Unclear Not 
applicable

Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■
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6) Title: Association between oral health status and handgrip strength in older Korean adult
Author: Yun and Lee
Year: 2020  
 

Yes No Unclear Not applicable
Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■

7) Title: The relationship between sarcopenia and oral sarcopenia in elderly people
Author: Kobuchi et al.
Year: 2020

Yes No Unclear Not 
applicable

Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■

8) Title: Combined effect of poor appetite and low masticatory function on sarcopenia in community-dwelling Japanese 
adults aged ≥ 75 years: A 3-year cohort study
Author: Senoo et al.
Year: 2020  

Yes No Unclear Not 
applicable

Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■
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9) Title: Chewing Difficulty Should be Included as a Geriatric Syndrome
Author: Woo, Tong, Yu
Year: 2018 

Yes No Unclear Not 
applicable

Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■

10) Title: Prevalence of sarcopenia and association with oral health-related quality of life and oral health status in older 
dental clinic outpatients
Author: Takahashi, Maeda and Wakabayashi
Year: 2018  

Yes No Unclear Not 
applicable

Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■

11) Title: Relationship between characteristics of skeletal muscle and oral function in community-dwelling older women
Author: Suzuki et al.
Year: 2018  

Yes No Unclear Not 
applicable

Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■
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12) Title: The relationship between masseter muscle thickness and appendicular skeletal muscle mass in Japanese commu-
nity-dwelling elders: A cross-sectional study
Author: Umeki et al.
Year: 2018  

Yes No Unclear Not 
applicable

Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■

13) Title: Relationship between tongue strength, lip strength, and nutrition-related sarcopenia in older rehabilitation inpa-
tients: a cross-sectional study
Author: Sakai et al.
Year: 2017 3rd August  

Yes No Unclear Not 
applicable

Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■

14) Title: Can grip strength and/or walking speed be simple indicators of the deterioration in tongue pressure and jaw open-
ing force in older individuals?
Author: Wakasugi et al.
Year: 2017  

Yes No Unclear Not applicable
Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■
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15) Title: Tongue Strength is Associated with Grip Strength and Nutritional Status in Older Adult Inpatients of a Rehabil-
itation Hospital
Author: Sakai, Nakayama, Tohara, Maeda et al.
Year: 2017  

Yes No Unclear Not applicable
Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■

16) Title: The association between dentition status and sarcopenia in Japanese adults aged ≥75 years
Author: Iwasaki et al.
Year: 2017  

Yes No Unclear Not applicable
Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■

17) Title: Effects of aging and sarcopenia on tongue pressure and jaw-opening force
Author: Machida et al.
Year: 2017  

Yes No Unclear Not 
applicable

Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■
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18) Title: Decreased tongue pressure is associated with sarcopenia and sarcopenic dysphagia in the elderly
Author: Maeda and Akagi
Year: 2015  

Yes No Unclear Not applicable
Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■

19) Title: Relationship between chewing ability and sarcopenia in Japanese community-dwelling older adults
Author: Murakami et al.
Year: 2015  

Yes No Unclear Not applicable
Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■

20) Title: Tongue strength is associated with jumping mechanography performance and handgrip strength but not with 
classic functional tests in older adults
Author: Buehring et al.
Year: 2013  

Yes No Unclear Not applicable
Were the criteria for inclusion in the sample clearly defined? ■
Were the study subjects and the setting described in detail? ■
Was the exposure measured in a valid and reliable way? ■
Were objective, standard criteria used for measurement of the condition? ■
Were confounding factors identified? ■
Were strategies to deal with confounding factors stated? ■
Were the outcomes measured in a valid and reliable way? ■
Was appropriate statistical analysis used? ■




