p={

WO E |

The relationship between oral function and cognitive
function
-Effect of tongue and lip motor training for cognitive

function in elderly people-
(H R RE SRR ENIE% BE D B £

_%ﬁﬁ%@mufﬂ*& WA iﬁ‘%‘ H }E%&é HER) ”'f"%@)‘j]% )
ENEZ
REpFBee FARSLAFZERE G O R 7 O e R BOR
(BHREHE & HER T Ed%)

FAAH AR R 2R Be o AR SL AT TR (8 572) "2 Y Rim 3L

The relationship between oral function and cognitive function
-Effect of tongue and lip motor training for cognitive function in elderly people-

Minoru Innami

Department of Hard Tissue Research, Graduate School of Oral Medicine
(Chief Academic Advisor : Professor Mihoko Tomida)

The thesis submitted to the Graduate School of Oral Medicine,
Matsumoto Dental University, for the degree Ph.D. (in Dentistry)



- S=R=Ri0)|

ekt 2 M2 ZHmNEIR, ERE R LU RELE OB INNZE LOREIC
S TWD, L RIFHZFREEBE BB F 2 H L, 2025 F121E 700 5 AIZE L,
NHESCEEZ T HMUOBMNIEFICRELS D ETRINSG, —F T, OIE#EE
N OREEHERFICRE G L TR, MATEHEILSE S Z EBMEINTHD,

BOMEFFNEEMR S, BUERENZW0IE EREEEITR T LIz »wZ &ﬂ%%
Ihiz, o T, EmE OFRAEREZHERF T 5720128, Y72 N FEERE DO REr
MEETHDLEEZLND, LL, § ﬁ%%_ﬂﬁém%%%ﬂﬁ®ﬁ% %
L CIERIEARIAZR AN Z Y, £ 2T O EREEE & RS @%Lé%%%b

X 52 MR @101%6%D&$@@%%ﬂﬁ# B RE ﬁxé%@%ﬁ

~7e,

[kf5: & Fik]
MFTEXT 53 100 4 (65-100 7%) (O A ENRA (BEHEE, Rl OFHOHFE) |
@ FERRE (Mini-Mental State Examination : MMSE). @A itad (47
N—W =) @OEHMSHEEERA (U b—AHEF = v 7 L 5 BFEEHE) . @
EOEEIEERE (F—TJ V7 47 Raxx A 0DK) 2% L, FEEHKEE &
H IPER RE 0 B 4 Spearman 0)llﬂﬂ‘ﬁ%’%%%&%ﬁﬁ“t%*ﬁ%&EIEI PAR IS R
72o MMSE 1X, IE#H, B . BERERRAE, hAEIRRAE, HEFRAED 5
&EfﬁﬁbtowKﬁ\lhﬁ FgETE ) T2 1) © 3 5F0FEE
Hamn < A® (Takei, Co, Japan) ZfEM L THIL L, S5HIZ, MMSE OHE
75 1E%# (non—impairment group : N &f) 5 4. %%’LBW*ZPE (impairment group :
I #E) 10 A Z@O, HOEEESREIIE (BRI, 2. TOKRFEOHEE 6 7
M) % 3[E) % 15 » AMFEM 7, *llfﬁﬁﬁﬁﬁ“ﬁ)% 3HHMEIE y HETO—-®
ATV, BRI & A% %2 Friedman #7E & Dunnett-T3 test (ZE43EL CTHRWGE
HEEHATEE) 2 AW TG L. GRS AR RE IS 5 2 D B A G~ T2,

[FER]

A1 MMSE O]7E TlE, 1E% 1 33 44, BAFFRAfES (Mild Cognitive Impairment:
MCT) : 25 44, HRFEERANE @ 11 44, ¢£E DIENE : 27 4, BEERIE 44 Tho
7co MMSE D L DOBIE Z FH~ 5 T2 O HANTAT - T2 BAHBIIZ 35 Tk, MMSE
CAEM, BUIE SR, THMEHEEE. ODK & ORICHBIBIR AR biviz, I HlT, 4
%kﬁ&@ﬁ\@@%b\mm\ﬁﬁﬁﬁk&m . THMEFERE. ODK, MG 71 &H
UEHEEE. ODK, MHMEHERE & ODK ORICHEBINFR® Hivlz, MMSE Zft@EH e L
HE[EUF AT 6. MMSE (34545, ODK DNRIZBEN H > 7=, NFEOHD 24D 3, 6
H A% MMSE @ i, MCTIZEES T 2 B TH o 7eh3, Gl 9 » A UUIRRIZIER
FPHZAMEEF L7 TRED 104D H B 2 AWM ABE LI=72, 15 » H ORGB %18 2 7=



DIX8ALThH Tz, ZD8LDINMBALEE 15 4 A MISE @ s, AT & i
ﬁ%A%S&ﬂ’m@Lfﬁi*Lﬁbtoim iﬁﬁ_kmf%wﬁﬁﬁ@
HEZEITRD o Tz, HEKEEIZB W T, NEECTOIIRL 15 » H & IXH
%%i@ﬁﬁumﬁ%mbmIﬁﬁﬂ;%wiﬁﬁﬁ% IR Lo Tz,
meﬁwf\Nﬁ@%ﬁ%%%lBhﬁm%ﬁﬁ%%ﬁ%%%Baﬂib%ﬁﬁ
(ZEF U7z, T RETIR, AIEBAE 9 » A LI ODK 1X, AT L CHEIC
EH U7z, F7, FIfBRLA 15 » A% O DKL, 3, 6 » H#% LV LR L7,

[#&7m
WMSE @ sifiid, i, BIfEdh e, "HUESHERE. ODK CAHBIDNER®D HaL, Fn, ODK
DNEIZBEENRBO BTz, T D ORENG, ks & & HITFRAERIIME T L,
TOBERELEZ D EEX b, £z, #EIO MISE TRREERRICIKR T2 H 5 &
HE SN2 B ORI, & OEEEERESI 15 » A% Eﬁtﬁéﬂf:o X5
(2. ANFROMESE T ODK HHIM L7=, LsULARnn D, WA & IHISHEEE 1T I3
RO NI Tolodd, KE T EHE T % m ESE512i%, BloF) llﬁﬁw‘é%fi
%x%htoéﬁwﬁnf\mﬁﬁwmﬁ% T—E TR <, BESSHEROIR
Bl SNAZ EbbhoTz, HFABEISKIIZ KT 2 FICLD, HFHP
D%%#%z%hﬂﬂ@@%%ﬁﬂ&&@ Z 2D DREROEEN R AN AR
ZHNDZ LT, REESIENUE L ERB Iz,



EXEY

The relationship between oral function and cognitive
function
-Effect of tongue and lip motor training for cognitive

function in elderly people-

(0 e 1&&% LR FNEEEE DAL
_%ﬁﬁ%@mufﬂ*& iﬁﬂgm%it?&ﬁbn”f%@)‘j]% )

FIFg fa
REEBEH FARNIAFGTRE fREEIEHE O e Rl 52 O et R BOR
(EHEHE - E BT 2d%)
FAAHE R RS R A Be o A ARSI SRR A (B 572) =26 R i s SC
The relationship between oral function and cognitive function
-Effect of tongue and lip motor training for cognitive function in elderly people-

Minoru Innami

Department of Hard Tissue Research, Graduate School of Oral Medicine
(Chief Academic Advisor : Professor Mihoko Tomida)

The thesis submitted to the Graduate School of Oral Medicine,
Matsumoto Dental University, for the degree Ph.D. (in Dentistry)



[EFEREAM]

LSRN RS gt dy et s N ES | Efﬁ%jaotzﬁ$i4\f%ﬁﬁ;%f’@imbu75§%bb\F’:ﬁ%é:iﬁ
STWD, ZIVE R CEREE B Bob A 2 BENL . 2025 4E121% 700 5 AIZEL, I
HEFHE LT HAOEHNIEF ICRELIDETIHEND, jif . IPERRE DN 25 D
fEREHERFICES 5L CRY, IMATEMH LS EAZEDN R EINTHD, W OMERF N EE
HREN, BAEHRE N Z VTS NSRBI T LIC <b\ EMBREICESNTZ, e T, Elin
H DL %u’rél% EAHERF 5720128 WU OWSEREDIREFNEE THHEE 2 HILD,
L. # %m%%ﬁb IR D O ESBERIFR D D RACBAL TIERIEABR AN LN, £
<. DWA% Eayally @BSL PEZ IOl SHIZ O FEERED 1 > THLHE HIETE
%ﬁ@&&éﬁmllﬁiﬁx DI REIC 52 DB A TR~

[Rt5e k]

WFIEXIRHE 100 41(65-100 HOICO AREARE (BEHE, 2ZE O OAE) |
QW INEERER A (Mini-Mental State Examination : MMSE) . @W & it (427 v
—F—), @OHMEEERE (F2 U F—VIHEF = v 7 L 05 BRESHE) . ©F
IR EEERER A (I —F L7 47 Rafx R 2:0DK) Z 3L | @RAERES M etkse
DBE % Spearman DAL AHBIGRE 2 F V- BLAHBE & B [ENF /04T CTall~72, MMSE
XLIER . BERRAIIETE . BERRAE, TERERRAVE, HEEGRAED 5 BRE TR
fliL7-, ODK I%. 1BRICHKE T/ (%) 12 (4] @ 3 EOLLEH A D
< A® (Takei, Co, Japan) Z i L CHH L7z, & 512, MMSE OHENHIER#

(non-impairment group : N #) 54, LS5 (impairment group : 1 #£) 10
Az, HDBEEREEERI (RIS, ¥, D OKFEOMEN (5F0H) % 3 [8)
%15 AMFERS ST, IR D 3 B AE 15 » A ETO -G %17V, AT

& % % Friedman #iE & Dunnett-T3 test (250 CWEA LM H AlEE) 2 H
VTR ET L, B PR EISRE |2 5- 2 DB 21~ T2,

[R5 3]

HIEID MMSE OHIE T, 1E% 33 44, B KNIE S (Mild Cognitive Impairment:
MCI) :25 4, SREERRAVE 11 44, PEEEFRIE 27 44, HERAE 4 4 ThoTe,
MMSE D ;i di& D BEA G~ 57O W i AT S T AR B Z 3B\ Tk, MMSE & 4F (s,
BUFE s, EPEHERE . ODK L DRI BIBILR3FRO BTz, SHIT, P S BT AL
NHIEHEEE . ODK., BLFE £ /), IEMEHEHE . ODK., I /1 SR RE . ODK ., FH
IEF%RES ODK ORICHHBIZNGRO BTz, MMSE Z0E R A3 L= E BRI,
MMSE (34-#n, ODK DNEIZEHE D B >7-, NFEOF D 244D 3, 6 4 H#% 0D MMSE O
BT MCLIZRE S 2 588 Tl 7203, AR 9 4 A DA IE 7 #iPH A HERF L 72, THE
D 10 D5 2 LIS ABELTZT2D 15 7 H ORI A B X T7-DI1% 8 4 ThoTe, 20D 8
2 OB 15 H O MMSE O 5803, FIfaATE 3B 4614 3 » H ITHiLTH



BIC ER U BAETNTHEBECB W TR HIER COR B ZITRO bIRh -7, THIE
#Aé HEIZEBWTUN Eif‘@%ll%ﬁﬁfﬁ% 15 7 A%IEANFRRT LA BICEmEE R LTz, [ BT
I, B RER A B ZITFRO ) T, ODK (2T, N BEOFIFBALIGE 15

ciéﬂlﬁﬁﬁ%%ﬂlﬁﬁﬁﬁu?& 3y ALVLAEIC EF U, T EECI, JIBEBIAA9 - H LUK
@ ODK &, ANFRATZHE L THEIC EA- L, F2, dliBHLA 15 # H %0 ODK I,
3, 6 y HR I EH LT,

[

MMSE O i %, i, BUE £, PHIEFHERE . ODK SFHBEANGR® HaL, i, ODK
DNEIZBIERNRD ST, ZNHDOFERD, MEE LS ISR REIE TL, T 0E
HEREL 2 DEE 2 BT, FT-, ¥lEIO MMSE T FIEERE IR F 3 AL ES -

4 B OFRMBERET. & DR EEEAERIME 15 » A 141 _Eﬁz%é&mto BT, AR OMKSE
TODK HEINLTz, LINLZRDNS, IRE ] EMHEHERE I I DGR LIV~ T2720
WA ) EIEIE % 0] _ESE 11X, B ll"rﬁ?ﬁﬂé%ﬁ&%i%htoé\lﬁl@lﬁjﬁ(\ =
W OFBABERE T — & TIIe RESHIEOREICEASNAZEb D o7, H N
JE BRI A 3 23R 20 L SO DHEm AL 23 2 DAL OB I L7220 |
ZINHDOEFECEB RN AR ZDNDHZE T, BAMEEN L EL - LRB S
770



Introduction

The number of patients with dementia has surpassed six million in Japan, a
country with a “super-aged” society. The number of people with dementia will
continue to increase in Japan and in many other parts of the world. It is a major
social problem because patients with long-term dementia reduce their quality of
life and their families, friends, and caregivers induce psychological and physical
burdens. Identifying preventive strategies for dementia and strategies for
improving cognitive function of dementia patients is essential for super-aged
society".

Recent studies have explored various non-pharmacological intervention
programs and found that cognitive training such as learning therapy can improve
cognitive function, which depends on the plasticity of the nervous system>>.
Some studies have found that enjoyable activities, reading, playing games,
dancing, and music therapy, significantly reduced the risk of dementia® and
cognitive impairment>® . Moreover, these activities have a positive effect on both
cognitive function and mental health, including depressive symptoms, among

older people”. Consequently, home-based training sessions or hands-on activities

have been introduced as effective measures against dementia. Music therapy has



been found to improve cognitive function in early stage dementia®® . Task such as
playing musical instruments can also significantly improve the frontal lobe
function in patients'”. However, to play games or musical instruments at home,
people need to buy the device or instrument. Therefore, despite showing positive
results, costly intervention programs are not widely used in clinical settings'”. In
summary, few studies have investigated the long-term effects of training or
activities on patients with dementia. Therefore, it is necessary to develop
individual interventions that are low cost and include personalized training
programs and enjoyable content.

Regarding oral functions, numerous prospective studies have reported on an
association between oral health and dementia in old age'”. Particularly, tooth loss
was independently associated with the development of cognitive impairment and

poor nutrition'”

. Recent research has also demonstrated that the dexterity of the
tongue simultaneously improved pronunciation functions'?. Body strength, which
is related to tongue pressure is very important for preventing dysphagia (i.e.,
swallowing disorders) in the elderly'”. As strengthening the tongue has been

found to be important for maintaining and improving the health of elderly people,

we hypothesized that tongue and lip motor training may improve tongue pressure



and dexterity. Therefore, this study aims to investigate the relationship between
the cognitive function and oral function, and to clarify the effects of tongue and
lip motor training for elderly people who are healthy or require a minimum

amount of care.

Methods
Subjects
One hundred residents of a nursing home (33 men, 67 women) aged = 65 years
old volunteered to participate in this study which was investigated the relationship
between oral function and cognitive function. We excluded volunteers who were
unable to communicate well. All subjects undertook the Mini-Mental State
Examination (MMSE), and the oral, occlusal force, masticatory function, and oral
diadochokinesis (ODK) examinations. The correlation of these factors were
analyzed.

In a second study, we randomly selected five subjects from among those
evaluated as having no cognitive impairment in first MMSE, and allocated them
to the non-impairment (NI) group (n=5). Next we randomly selected 10 subjects

from among those evaluated as having some cognitive impairment in the first



MMSE, and allocated them to the impairment (I) group (n=10), Mild cognitive
impairment (MCI, n=5), mild dementia (MD, n=3), and moderate dementia (MOD,
n=2).
We did not include persons with severe dementia because it would have been
difficult for them to participate in tongue and lip motor training on a daily basis.
The present study was approved by the Ethics Committee of Matsumoto
Dental University (No. 258). Informed consent was obtained from all participants.
This study followed the Declaration of Helsinki with regard to medical protocol

and ethics.

Cognitive evaluation

Cognitive function was measured using the MMSE, an instrument that has been
used extensively in clinical and research settings'®. The MMSE consists of 11
simple tasks grouped into seven cognitive domains:

1. Orientation to time

2. Orientation to place

3. Registration of three words

4. Attention and calculation



5. Recall of three words

6. Language

7. Visual construction

A maximum score of 30 was used to assess an individual’s cognitive performance

based on direct observation. The following five levels were employed to classify

cognitive impairment:

1. No cognitive impairment — 28-30 points

2. MCI — 24-27 points

3.MD — 21-23 points

4. MOD — 11-20 points

5. Severe dementia — =10

Oral examination

A dentist examined the total number of present teeth and the use of dentures.

Teeth with severe decayed teeth and residual teeth were not considered present

teeth.

Occlusal force



Subjects were asked to bite the pressure sensitive film (Dental Prescale 5S0H Type
R, GC, Tokyo, Japan) with maximum force. If subjects habitually used their
dentures, they bit the film wearing their dentures. Occlusal force was measured in
Newtons (N) using a pressure-sensitive film and the associated analytical

equipment (OCCLUZER 709, GC, Tokyo, Japan).

Masticatory function

We measured subjects’ masticatory function using xylitol check gum (LOTTE Co.,
Ltd, Tokyo), which changes color during the chewing process. After subjects had
chewed the gum sixty times, the color of the gum was observed. Masticatory
function was evaluated as per five phases each with a related score:

1. Green (score 1) means very poor mastication

2. Yellow green (score 2) means poor mastication

3. Light pink (scare 3) means normal mastication

4. Pink (score 4) means good mastication

5. Red (score 5) means very good mastication.

Oral diadochokinesis



The ODK rapid syllable repetition test was used to evaluate articulatory oral

motor skill at sites such as the lips, tongue tip, and tongue dorsum. Subjects were

asked to repeat each given syllable Pa, Ta and Ka sequentially and as fast as

possible for five seconds. The number of repetitions per second were calculated

using an electronic calculator via an internal microphone named Kenkoukun

(Takei Scientific Instruments, Co., Ltd., Niigata, Japan). We measured the number

of repetitions three times with 10-second intervals in between and calculated the

mean value per one second. Furthermore, we calculated the average repetition

time of three words and the value was used for the analysis of correlation and

comparison.

Training

Subjects performed two kinds of training exercise three times per day before each

meal. The first training exercise involved subjects keeping their mouths open for

five seconds while holding their lower jaw with their hand and applying upward

pressure. This training exercise was performed three times to prepare subjects for

the next tongue and lip motor training.

The second training exercise was to pronounce the syllables, Pa, Ta, and Ka.

10



Subjects rapidly repeated Pa for five seconds three times, with 10-second intervals.

They then did the same for Ta and Ka in turn.

Statistical analysis

At first, to explore the factor correlated with MMSE, the relevance between
MMSE, the number of present teeth, masticatory function, occlusal force, and
ODK were tested using single correlation with Spearman’s rank correlation.
Furthermore, the relations between each factor and MMSE were analyzed using a
stepwise multiple regression analysis. To evaluate the effect of training,
Friedman’s one-way repeated measure analysis of variance test was used on the
MMSE, occlusal force, masticatory function and ODK times. Thereafter, the
Dunnet-T3 test which is available in the case of non-equal variance was used to
compare the values of the groups during training. All statistical analyses were

conducted using SPSS 23.0 and the results were considered significant at P<0.05.

Results

Subject attributes

Age distribution is shown in Table 1 and subject characteristics are shown in Table

11



2. The mean £ SD of MMSE scores was 23.36 £ 5.97 points. The subjects
evaluated by the MMSE were allocated to groups as follows: 33 subjects in the
NIG, 25 subjects in the MCI, 11 subjects in the MD, 27 subjects in the MOD, and

4 subjects in the severe dementia.

Correlations between each factor

As Table 3 shows, the MMSE scores were correlated with age (r=-0.428, P<0.01),
the number of present teeth (r=0.337, P<0.01), masticatory function (r=0.426,
P<0.01), and ODK (r=0.436, P<0.01). There were also some correlations between

other factors, (Table 3).

Connection with the MMSE score
From the results of the multiple regression analysis with MMSE scores as the

dependent variable, cognition function was shown to be strongly related to age

(t=-2.79, P<0.01) and ODK (t=2.28, P<0.05) (Table 4).

Effects of tongue and lip motor training

Subjects

12



The mean age + SD of five subjects (one man, four women) in the NI group was

74.2+6.8. Two of the ten subjects selected for I group were hospitalized during the

15-month follow up, and so dropped out of the study. The mean age of the eight

remaining subjects (4 men, 4 women) was 78.7+6.5. There was no significant age

difference among the subjects in the two groups.

MMSE scores

In the NI group, the median MMSE scores pre-training was 29, and the scores

post after 3, 6, 9, 12 and 15-months of training were 28, 28, 30, 30 and 30,

respectively. The Friedman—test results showed a significance level of P<0.005.

However, the difference between each two periods was not significant as shown in

Figure 1A.

In the I group, the median MMSE scores pre-training was 23.5, and the

scores post after 3, 6, 9, 12 and 15-months of training were 23, 24.5, 25.5, 27 and

28.5, respectively. The Friedman—test results showed a significance level of

P<0.005 for the I group. The scores post 15 months of training were significantly

higher than the pre-training scores and the scores three months after training

started (P<0.05), as shown in Figure 1B. Moreover, four subjects in the I group

13



who were evaluated as having MCI before training improved in no cognitive
impairment after 12 months of training. Two subjects in the MD moved up to the
MCI and two subjects in the MOD moved up to the MD after 15 months of

training.

Occlusal force

In the NI group, the median scores for occlusal force before training was 369.7 N,
and the scores after 3, 6, 9, 12 and 15-months of training were 176.9, 236.4, 255.8,
196.5 and 231.6 N, respectively. The Friedman—test results showed P<0.05 for the
NI group, but, the differences between each two periods were not significant
(Figure 2A).

In the I group, the median score for occlusal force before training was 330.3 N,
and the scores after 3, 6, 9, 12 and 15-months of training were 298.0, 233.1, 183.9,
158.1 and 107.0 N, respectively. The Friedman—test results showed p<0.01 for the
I group, but the differences between each two periods were not significant (Figure

2B).

Masticatory function

14



In the NI group, the median pre-training scores for masticatory function was 3,
and the scores after 3, 6, 9, 12 and 15-months of training were 4, 4, 4, 4 and 5,
respectively. The Friedman—test results showed P<0.005 and the score after
15-months of training was significantly higher than before training (Figure 3A).

In the I group, the median pre-training scores for masticatory function was 3,
and the scores after 3, 6, 9, 12 and 15-month of training were 4, 4, 4, 3 and 3,
respectively. The results of the Friedman—test showed no significant difference for

the pre and post training masticatory function scores (Figure 3B).

Oral diadochokinesis
In the NI group, the median of ODK times before training was 3.9, and the times
after 3, 6, 9, 12 and 15-month of training were 4.1, 4.4, 4.5, 4.6 and 5.2,
respectively. The results of the Friedman—test showed a value of P<0.0001 for the
NI group. The ODK times after 15 months of training were significantly higher
than ODK times before training and the times 3 months after training (Figure 4A).
In the I group, the median of ODK times before training was 3.1, and the
times after 3, 6, 9, 12 and 15-month of training were 3.6, 3.8, 4.5, 4.1 and 5.2,

respectively. The results of the Friedman—test showed a value of P<0.0001 for I

15



group. The ODK times after 15 months of training were significantly higher than
the ODK times before training, and the ODK times three and six-months after
training (Figure 4B). In addition, there was a significant difference between the
ODK times before training and the times of 9 and 12 months after training (Figure

4B).

Discussion

This study analyzed the association between cognitive and oral functions. The
MMSE scores showed a correlation with age, the number of present teeth,
masticatory function, and ODK. The results suggest that tooth loss leads to poor
masticatory function, which may negatively affect brain function. Loss of teeth
increases the risks for deterioration of cognitive function'”. Previous studies
analyzed comparison values using odds ratios and reported that dementia was
associated with the number of teeth, oral hygiene, and bite force'”"!®. However, in
this study, we found a positive correlation between the number of teeth and
occlusal force, but no correlation between MMSE scores and occlusal force. The
reason for these differences could be attributed to the use of different analysis

methods.

16



The MMSE scores were strongly related to age and ODK. One study found
that a decrease in oral motor dexterity can be an early signal of MCI, so its
detection might improve the prognosis of dementia'?. We also hypothesized that
oral motor skills may improve dementia and maintain cognitive function. A
decrease in cognitive function may be due to age and the natural passage of time,
but the results in our study found that the pronunciation function, not age alone,
was strongly related to cognitive function. It is possible that age-related decrease
in the functions of the motor area in the cerebral cortex and the dexterity of the
tongue were improved by 15 months of tongue and lip motor training.

Tongue and lip motor training as an exercise that engages oral motor skills
was offered continuously for 15 months and was well received by the subjects in
the nursing home. The MMSE scores of the subjects in the I group after
15-months of training were significantly higher than their scores before the
training and after 3-months of training. Moreover, all subjects in the I group
improved in their cognitive function after 15 months of training. Tongue and lip
motor training expands the dexterity of the tongue and lips, and the sense from
these parts is transmitted to brain, which then increase the activities of the neurons

and network in the brain. Thus, continuous training contributes to improving

17



cognitive function. However, we also found that the MMSE scores of subjects in
the NI group were not always stable. This finding could be due to physical and
mental conditions brought on by depressive symptoms®”. Therefore, it is
necessary for old people to maintain a good physical state and a comfortable
environment so as to maintain their brain functions. Overall, these results
demonstrate that tongue and lip motor training induces a positive effect on the
cognitive function of patients with dementia and poor cognition.

In both the I group and NI group, subjects’ ODK scores after 15-months of
training were significantly higher than their times before the training and after
three months of training. Subjects’ ODK times are used to evaluate oral motor
skills. In Japan, “pa/ta’ka/ra” is used to create tongue movements to maintain
swallowing function in the elderly?". Previous studies found that singing can
enhance motor neurons associated with tongue and lip movements??. The tongue
and lip motor training increased the movements of the tongue muscle and the
orbicularis oris muscle, which then improved subjects’ pronunciation.

There are no significant differences between the occlusal force values of the
two groups. The value of occlusal force shows a decreasing tendency in repeated

measurement during training. The power of masticatory muscles may decrease

18



with age®”, which induces the tendency to decrease occlusal force. This suggests
that tongue and lip motor training cannot always strengthen masticatory muscles.
One the other hand, the masticatory function of all subjects increased. However,
when comparing each measurement, we found that they did not differ
significantly from each other. These results demonstrate that masticatory function
and occlusal force may be associated with the number of present teeth and the
power of the masticatory muscle. Therefore, it is necessary for the elderly to
maintain masticatory function to eat sufficient nutritious food'?. If, not, they will
need further training to enhance masticatory function.

Physical exercise such as aerobic exercise is recommended to prevent

dementia as per clinical practice guidelines?*

). This is because physical activity
protects against the loss of gray and white brain matter and reduces neurotoxic
factors®®. Audiovisual integrative training such as music therapy with digital
devices can positively affect executive function and induce an improvement in
memory, which can then increase MMSE scores’”. Pleasant stimulation and
physical activity activate the brain; stress promotes the pathogenesis of dementia,

)

which is associated with decreased sociability and depression?®’. Therefore,

emotion is the most important factor in the daily life of elderly people. As it is

19



relatively easy and affordable to participate in music therapy and tongue and lip
motor training at home, the combined method could be effective for enhancing
cognitive function in the elderly.

Many studies show that oral function is an important factor in maintaining

12,13,17,18

cognitive function ' and that intervention programs improve the cognitive

121019 Eyrthermore, our study found that advanced

function of patients with MC
dementia, MD and MOD, were improved by 15 months of tongue and lip motor
trainings. Our results also suggested that cognitive function may be improved by
strengthening the muscle in the oral maxilla facial area by adding more teeth. This
further suggests that cognition function in old people may be related to oral
function, as measured by the frequency of pronunciations.

However, as there were just 100 subjects in this study, a small percentage of

the elderly population, it will be necessary to verify these effects using many more

subjects in a future study.

Conclusion
In this study, 15 months of tongue and lip motor training was found to be

effective for improving cognitive and tongue and lip motor functions. Tongue and
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lip motor training increased the MMSE scores of subjects with MCI and mild and
moderate dementia, and the pronunciation frequency of all subjects. These results
suggest that tongue and lip motor training can enhance the activity of the tongue
and orbicularis oris muscle and enhance their dexterity, which can then improve

cognitive function.

Figure legends

Figure 1. Comparison of MMSE scores between before and after tongue and lip
motor training

A: non- impairment group  B: impairment group

*P<0.05

Figure 2. Comparison of occlusal force between before and after tongue and lip
motor training
A: non- impairment group ~ B: impairment group

*P<0.05
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Figure 3. Comparison of masticatory function between before and after tongue
and lip motor training

A: non- impairment group  B: impairment group

Figure 4. Comparison of ODK between before and after tongue and lip motor
training

A: non- impairment group ~ B: impairment group

*P<0.05

Table 1. Age distribution

Table 2. Subject Characteristics

Mean + SD, MMSE: Mini-mental state examination, ODK: Oral diadochokinesis

Table 3. Correlation of Each Parameter

Values are presented as per the Spearman’s rank-oder correlation coefficient

**P<0.01, *P <0.05.

Table 4. Multiple Regression Analysis with MMSE scores as the Dependent

22



Variable

**pP<0.01, *P <0.05.
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Age The number of people (n=100)

65 - 69 14
70-74 23
75-79 22
80 - 84 22
85 -89 4
90 - 94 14
95-100 1

Table 1l Innami
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Factor

Total (n=100)

Age ( years old )
Sex ( men/women )
MMSE ( score)

Number of present teeth

Occlusal force ( N)

Masticatory function ( score )

ODK ( time/s )

7843 £7.72

33 /67

23.36 £ 5.97
16.30 +9.74
380.54 + 293.58
3.33+1.10
4.13 £1.24
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Number of Occlusal Masticatory
Factor MMSE Age present teeth force

function
MMSE
Age -0.428"
Number of presentteeth 9. 337" -0.237"
Occlusal force 0.163 -0.173 0.533~
Masticatory function 0.426" -0.367" 0.3757 0.4227
ODK 0.4367 -0.280" 0.3727 0.3307 0.499"

Table 3 Innami

35



Eactor B standard standardizing tvalie

error coefficient pvalue
Constant 31.018 6.72 4.62 0.00
Age -0.204 0.073 -0.269 -2.79 0.006**
ODK 1.095 0.479 0.24 2.28 0.025*

Table4 Innami
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