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(8) BEEH DI
BEL7- L XD, TOBELRAICEED L0, BEHO—TORIEZVEPSMAL, RACHETS. bR
BeLed v VRl 10X 2% 4T) L &1, F9°, A7 — U REE,S 1~3ml 2—iE LTHRET S, 20
REL T, LIS UTH~10 ml I LTHRAET 4. hE CIERITTREMR SR, Thhr 5B &
FHERUE BT 23618, S/ icAikotidr e (81 R D £ 95 > €Y —) % 30 BB - SEARHTE ©
BlGS 5. Zof, KB Lo THOWROEY EINA Y, WRLZYT2. h
(4) BAEERDOLIE
MEEOME, FH & LT WA ORI, doRilE, WREZRE), 2) €958 — (S %2EE), 3)
Fa—L (3= bhL), 4 EREY—, 5) 7v¥—, 6) BEENLRETHL, BERILEELT, —O
ERER L AT, LELBEORYZBINT 5 (4 5 HBH). :
(5) MEDLEH
BYWZOWTHE, HEEAL TV A ESBZ RIS 5. BNITbhz 0 EHERZ dik LTw 5848121, 30
BEANEAE, SRR S L, REFMHEIO RO A ITHEL FIFTw L, B34, BT KT, BHE
BIZX o THIRZ %205, TELRY, BB ULESrREns L) THRT 5.
(6) BEHEDSHER S NIGEITE, A4 T TomBEEdbds. AEEE1T9 2 X ) BEENEIT EE2 5
NZ2BEE, TOHELRAL. DTS, Bl il 385 HkEom%E 557k,
1) BZ 52T (supraglottic swallow) @ Lo 0 BEBWAAZDL, BEikd, ZORETHETL, BTD
BERICZEOWET L LIl Zm: <.
2) MKMW OmENE © Fie OMPED ) 7 5 4 = 7R WL &2, SEEoERECHE 2 BEHAS
bbb,
3) AWBEOEEL L . KRBIRICEAAREMTLY, )=, TV, 8=V RERRARS.
(7) E—&ATcofodulikiEd, DToOHEBEOWIhpAPRobhiEas 145,
1) KRE Ok
2) WEIT & BIEHIA L
3) IS4 F WA A v RIPIREE DZEL
4) ISWVAFF T A—F =T 15 MDY 0.8 2590% PUFICET L22W4E, H5Wid 1 5o 0,8at 2SHATHT I
T 3% DL O A5k L 7o 8 &
5) MRAEE DM WS Trp ik A3 & R S oz
(8) HEERE RO LN GEE, UTOFE23E LT, BELAVIET HEL X OBREREO T B2 RE
T 5.
1) WETFOHM (think swallow ©  SKAALHIC, T SHKE T &% ERT2)
2) ZEWET AR R EEEWET, EMEET).
3) REMET (Ka—LROLDEE) —REWEDRLR LS DELEICHETT5)
4) SEERHEGE (B X WET)
5) SHEFRIEMET (GHG|EWET)
6) WEH, WE|%n Y
e BRI, W5, A—EEE, W hEld, 2ETHny 5.
(9) EmeDOXMEL LTiE, UTOHEZHEEITS.
1) Bk (ERNCHE S8 TH )
2) W5l
3) P (R A4—Y ), ﬂiub vi—v
4) BREWA
(10) BHEIZ X o C, LELIEAICE, BMEPEBEHL, A I VA Y PELEL OREFD. N
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9. NRDBEDEEEFIE ' :

INROBEITIE, MEOSEMN - %E%~¢kLTVF%ﬁ &uﬁ@1&< %@%@ﬁ#@%ﬁ %mﬁ%

IR UT, BE G AEREI X VRERIT). %K%L@,ﬁ@l)2)@20@%Akkwaﬁ§%ﬁ5#

IDOZLEBAL bLETIERZ S ThHS.
1)»%#%%Dﬁﬂ@%%%ﬁﬁ?%fﬂ ®ODEE k%z%ﬂéﬁﬁ%##%&ﬁ%ﬁ#b BMERE L\

WESEE G 25580 & e U, %1%:%}’7(1}(#%@*&6 GEo1). ,

z)ﬁﬁﬁmwkﬁmbfwé# BMEEDY 2 7 OFHli, LYV REGBIGEORS 21T EM | BERITIER

LT aEASHE, TEXLETRALKE TR R, ?m¢%bwmﬁﬁ”# b%hé%*ku zh

, %#ﬁﬁf%é&%x%hé%#fﬁﬁ?é :

(1) &3 ' :
INROBETD, WT@%%@Q%onf#&btgéna kk+ﬁ%“?5 MR, KPEEREOLT

BB L CHET 5 2 L 2 Th 5. Lol ,;@§%®ﬁ§T%EhéFﬁ@#&U@m%T@6 CT7—2AHl

EERHL, N IRE f@@ﬁ#&%ﬁﬁ?%t&é# @@ﬁ%?fif%&w RO L5 1 BAE A

L, B9 RBEHICHRET .

1) BO IR E 2 FY, 0 LIk L THRET 5. miﬁﬁkﬁﬁf%é ENEFELL, REWL
BAA—FRA MLy Fr—Tbl\v. FYAF—NEOAZHEETLILLTETHS. AOH SR
&g, wcmﬁwﬁﬂx%u—w&k%%%fﬁé%ﬁv AK%&&@&%%%E&LT ,ﬁ@%ﬁw
EHSENTHE. . ?
® ryvvars=7: "“’”"f&?&fim /\‘/71//“( OBERAE, KPEPLE0EET 5. T EL=

ﬁvlz/%lnét mﬁﬁmm¥#esm@t&é EAY =y VOANKCHESTBECTES (E

9-2). : : S :
® xvm—?V%0N2~9y?: @ﬂﬁﬂﬁ?,#Oﬁmﬁﬁlm;%ﬁﬁuﬂgﬁif®$ﬁﬁﬁﬁ?

x5 (993). . | s | | |
® FrvTNTF—hT7UT—=TY—1 ! @ﬂﬁiﬁmk sz OB, REMICKT S (E94).

@ BEORE—9v 7 BHFERETEZ08EE. MOWHEETERAT 206 kv, :

2) APy Fr—OLICEATY MRS NVREREE, vzb@ﬁé%&ﬁ»klofm$#%@iﬁﬁ§%
RET 5. 727L, ZORETIRBHOTHRIBHAE N2 V0, MERERTIALECRY, XY
BYRPEMOBEERILIH B, 20X RFATE, h@fi%9mﬂﬁmu,%%%%9oﬁﬁﬁu&
L, TR LIRBIC LS £ 58y FRETTRT 5. '

3) HIET, Wﬂﬁﬁﬁ?&VF@ﬁ%kiofﬁﬁ?é %%%ﬁ%é%étbku ﬁk%@ﬁhtﬁ?#“i
Sl A/ﬁvx}®ﬁﬂﬁ#ﬁﬁfébwﬁﬁ%%mw%%Akm,U774 VIR LZEEID,
RO ASIN T L C V7 E AR & 75 B AR D 2. TOX) BHEICE, BB LR,
JBAES 90 BENRBAL & 22 5 X 9 TR 5. ' > : o

4) RRIEBIEE % BT 5 ER 0 L8
BEEAHBIE L2 L, D, ZOLBELDT a#ﬁﬁmkﬁﬁﬁﬁ%#aﬁﬁéﬁwﬁé INRAZ T
ANRTL, BRELTVALBETHLILIBETH 5.

@ FHOERA %ﬁuﬁﬁﬁ,A/?VXP#P#Bm4&%0F®%$@ﬂﬁkééiuﬁ%§%%ﬁ
BLTHRE? BEIET 5. COMENBENCELVEEPR, JOMETHRIBEICHES 5\ W IdHE T
236, BESHEL CERIALEIIALERATE, CRIYIBREIGEVESTRET L. COfE
THMEPE LVCIHERE SO SN AT, LY AFISECESTRET 5. H

@ GHOMAE T GEHEECEEE~TEICE S L1, Koy ANty FEEHT R, 25y 70F
THRFELTRET 2. PEBICISRIRET 2 EAIRCETE, OLBTHRENZD SNE LT
b, EREETEETE RV, 22T, EHBEMLTHERENECEVAE I P ERET S, RIS
21915, HrViE, HECBEEROMLEAOHEOZ LS 2RET L2010, FREAESETVS
EFLHB. O L) BHEICE, BORBML R ERICE SR ADEIT R\,
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BUER I L T BRI T, HMEO-0ICHET 86

BAARIHIL TV D B CHAZ ET 5. W RBTRFHIL Ty 2T, RICBRzE 9 %)
BE2HWERS, wObOls CITHWEBIC L THRAET 5. ZORBTRIEIGED LA, BoA
BERED PR & OMEFA & 22 CTHRD . BEOWIEIT X - C, BRI 256 - ik T&E 509
PERMET 5.

(2) &R

1)

2)

3)

4)

5)

FERHIOFN - 7 LIV F— O - e
HANaT S 74 0O, ABICBWTLH#ITARETH L., WELEPLMHTHEN) T ATHE
SR TE DA, D ) A7 HE L, WO SEHVIERITIE, NY T AT R, BRREEEHEA
FoPEa— FREEH 2T S, 9= F7 LV F—OFEE - AR S 2856100, EELEFS/N) Y
AEMHT S, G— FT7 UIVF—ORBEREDV L WEES, RAOARE IR TE LWIENSEZ WO T, TO
BRI 2~3 AR U 72238588 2 A0 ¢, USRI O IR AR 2 OIS FEE A v &9 2y, 10 5BL
FRELTh ML MIET 5. % OREBETLEIEA 4 kg — FREEAICEEARD Y, 2070, E
X QBN R BT AR D 5. HAODH L, CINR—2R4 VEZ M 2EHTLIEICE -
T, SOMEIET SRS, EVN—2° 4 VYR, BROETIE, mmm&tfﬁﬁbﬁ<&%+\r
BEOBINGDTTRECH 5. DR S5 2 2100, WIS X - THINS N, BEIAHEHICR L, 22T, F
MLz, CE02FEETOFRET L. ZODREE 2 58611, 2&@#%&&?6 BB i
FERHN WA LT, RS2 CIEAT A 2 I X VAT 5.
BRI 2 W3 2PN B 1T 2 A o &
BEH ORI, LEPOEBTS, ASHRAYDETIE, 01~02ml W) TLARTY, BlEFFEDORL S
LhHDH. NAURZDLHIBT, &L TR Z BIET 2 CEHICER 2 BT 5. 1 ml OF 14 R
R—FTNWI ) IV THEZIEELDH LD, TOHEIZ01ImIO RS, HFOHEBICEAL TBET 5.
RRMEDS 72 VAU, AR LCEIZET 5.
BUERECHERL L T B IERNIZ BV A 38H o &t
FHEERL T iE, A LELCERE (X7 =4 E) TREETHIET 5. 7L, REDY X7 5
WEEZ BNAIEMTIE, PRPSHGT 5.
BN 4G 2 M3 2 IEPNC 381 2 s Hl oMk
— I, HEOENEE (355 LA X0, MEOBVIUE (&AREMITIHME) 2, =X MR
AR —RARKDIED DS, BEEZL R, Lo T, Ihh b@IEICE G AR TIE, BLoIiC
HEOBE VAP R— 2 MIRESPSBB L THREL, BMES 2T, BEORVWEEZEZ 2DPRETH
B. W, REOKVEADIE) 255 LICC {, MEOBWIRARDIZ) PRELLTVWE VI EFALH 5.
FRFEM DL DL VIEFI T, BHEOEW DI ) 5077 ) OBBIChL-> THE L, FhiigEshs.
FO LS BHAIE, HMEOENEAEDIE ) FHERESEL, RESI eI HICbEET S, Lk
o T, WEOBEWVETRENSZD ONLBEED, fM@&%ﬁaﬂML SEFOEEL 2D SHE R
WA THAET 5.
R OB VBRI E AN HERH 2 B CTEET 225, HEOREX, PHE (MATF—UpbELLALLE X
WCPE PR EORN o MERNTHETTLHRE) 2, BHE OMNAT—V0bES L2 XITRY Ry L5050
LabETTARE) 12, DT 50PERNTDH 5.
BFERR A L T 2 BN B 1) 5 8 H o HER
BAEROER LT AER T, BRL W20 LFE UEROBRERELFEH L CRET 5. BECRWHAT
BEMEASTD 5N BBEE, PREORETEESERT 2289 S 2 HRT 5. ROBRFCERET L W)
GRHs DS HE RS BRI T, TREORMAPR—X PREFBCTREEREIES 22 MRECEET . BHE
LT AEAITIE, BHAIC X 2B EFURGN 2 ENOBERR 2 ER T AEBREICOVT L FAICEE T
5. ZOE, TELRINEEISLWEMHEZMERTS. BU—a -7V M, BEZHEZRATS LHE
WHERTE20T, Do LOEFHERBALLEY —LEREoTBLZEPIEE LW,
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NYT LR T —% T ABOKITECTRONY TAR=Z P ELZbD B 10g % 1.6 ml THL) %,
FADFLI =TV, )=, XR—2A PRZEXIHELLVBEELILITLSTY, ﬁmwﬁﬁ%k%<w
ié:k%ﬁﬁ&ﬁ&@ﬁ%ﬁﬁ#?&f%é

(8) ZDDFIE

1) fBhE ~ ~
NETIR, BESETOBHWA PLAZEITE7-0, iﬁ,aﬁf@&%®%;®fbk, EAPLTY
BANCHREBHICTbE->Tbbokl), REEZAPLTEZTHED #wibm%A#%w'@@

B ABEOEIEOTE @@ﬁm,ﬁ%ﬁ%§%@%$ﬁv—%m&a ﬁ%ﬁ%£%+ﬁcﬁ5)

2) YAA B
—SED Y A ERLLEVOREREEZHILICXOT, Qﬁm%’ﬂﬁiﬁ B ASEEW, &)bwm%l}:ﬁ noBld b
3. FHOY XL TERNT 2 BEOWT ORES, MEFICBVTOBETE LX) CRET 5. AFEICE
VBRI E T 2 EHITIE, EIRBEARC SR R < T, BRI A L2 RAD S S, 20
59 BWRESEZL SN AEFATIE, BUDIVFRITY, S THETEEORTER LT, BEOKTHE
RIE <42, FFOTVF 247 o THER ?6kwoﬁE% HEINTVD (E95). -

(@) BROMREBERS~OEH ' ; ,

ARTE, HRSHZRBETORETH S L 2l CRRT 2 14%75%% LEB@E&&E EHHC X 2R EW O
PRIRZEAL, LB OBIRZ X2 5, false positive B %, TADLTE L Y IIR BRI M S TR (worst swal-
low) b s, —F, 5LENEBOBEARLY LABEL BV BRIE, BREEISERI) VEBI Ehs,
false negative 24 R, TAbbLERL Y IXRIF LRI 2 TWEEM (best swallow) dH 5. BEICLZoTHE, 20
X 9 % false positive, false negative Z#R2Z TE 72T EETE L L HIMET 5. $72, A S A 58t
RUET A L ERBT, BARERE BREEEZER L OREMICHNT S 2 81X, RADEHELFEAKTH 525, N
TREFCEETHA.

o1 TELVHERESR] 213, ROXILE®RTHS . SHIMHEECBITLZ0L, BN, SECERT 256 G E TR TREERE
HEOELVERICHE) &, BTHROBEESLHERBEINOLEORE 2 ELETN).

%92 EETE. , V ‘

98 AVr—FVHERE-=Fy s - RE=Val¥ ! AYF—Fy MEXT (NVAY Y Ey bREPD).

W94 TEVTA—Xr 7%y MR-,

¥ 9-5. Arvedson JC, Lefton- Greif MA: Pedlatnc videofluoroscopic swallow studies. A Professional Manual with Careglver Guidelines, Communication
Skill Buﬂders 1998.

10. EMLIMEE ; T i
‘@ﬁﬁ@ﬁ%ﬁxw@ EREORE Y 5o T B BHENREY, Z0BXORELRALCEHET 2. WT - 2
WORBEIEWOLAE - 8 - BELEICL TR 2720, KRRTFICBIT 2L WEALR EOLEEZWRL, 44
m;%ﬁmmomréﬁm¢é.%TLQiﬂvﬁk%ﬁéna§%&@ﬁf&atb,@ﬁ%ﬁr@ﬁgtwr&
Q, UFFEEREE S LI ELBE LTIHET 5. VP RERIERAEET bR 20, BEERENLT
LbBEOTHOREL KB LTS L IZMES 2. MBOHINC Yo T, WEROKR - BHEL CRECH
BE5 2 2 ERCERER - B2 WEL, BET W TEREL best swallow % worst swallow 22 + 5 EET 5
(# 10-1). ' :

(1) &HITFIC BT BRESME

1) %3 fREERHE - BROME

2) WA M, BE, 08 BE ENLE)

3) YEEH TR, BE

4) BEFE: ﬁﬂkmwtﬁﬁklvaiﬁm#ﬁ%ﬁﬁ#

5) WET R . SEEREE, supraglottic swallow, SHERZEMEZR &, Hw 7”?&‘

6) WA W - M - AL (BEEL0)

FEPIVTY, B 2 e OHEAT L2 AR T .
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(2) BT 5 WH ORI
BRER, Y7, SRR IR TR E FEDH IR 5.
(3) T ByRE o FAill
LTS EICUTOHEIZOWT, 31 BEFFALGERTEH, 2. PR0FR - 2R/, 11 RE-2E, 03
BB A, FAEBOWRER Y 4 3 V70T SEEEIRT .
1) mE#
YO AR (DUEM, USRS 0RYO ZITh e BiE)
3. BWORY AR, TVEEZMBHLTL-o 2 Y AL, ZI3NEL
20 BSAtG - Lh ZFLARDY
1! AWELEOEISZENDD
UM - LB L (R - L oR LSRR Ao R)
31 [EIEY NG ELT
20 MHWLEENS - R

10 THM§ASTT

OB SO%H

3: &L

21— X Y SRR

10 ZhRICHE

< BRI (e T OB OMAER T 7213 — 2 + OIREER A 2 5#Hil)
3. RIF

2 WHEEAA A

1 EBEAZRRA

-ﬁ%%&(ic%@ﬁﬁk;bﬁﬁﬂfﬁ%%%&?é%ﬂ%%%)

3 B, OENTHSIESZW

20 RRRH

10 AR, OFENTHSIES

- DR (MET RO DNERSE %2, mEE - DK - HFMEhecowCEMl. mEIcmz, B0 U CrER )
3. BRELL ‘

2. LEER

1: ZEkRE

CWHEA DO Y AAR (EOEENC X Y B A IREA% Y AT REST & 5HE)

3. HTRIIHEY AL

20 BB, BEECHTCORTORD AL

1: BEHTHEDS, £VRAD%RWV, DENICEZERETS
-WTE%%L%W(%Tﬁ%ﬁﬁtéﬂéiﬁwﬁﬁ%%m,m@*mﬁﬁ#ﬂ&MMLébfwé%ALu
NELWRHE T g2 & OIRE[E 2 B34 (7 10-1)

3: ﬁ%#ﬂ&%ML%Témitiébtkﬂ%ki%#%kéné

2 BUWIFRBINGEL T2 6 3K

1 EHSFURMEMIGELTh S 3sBULE

- OfE~ oM (W TROMENE LRI X 2 BB DN~ $ % 50

3: L

2. LEDY

1! Z8HY

- SERE~ DM (6 TR OUEENIE EFIC X 5 B0 SRR~ % FH)
3. L
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2: SEBHY

1: %EDY

‘ﬁﬁkﬂ%®LL(ﬁpkﬂ%%ﬁhﬁéﬁﬁ®5%4ﬁ)

3. ZE@EE
2. DEHEs
1: IFEASERTT

CWEERA (BWAEEICASFEMERL VA, BEEAL LT ({35 10-2) ’

* NS B EIEHEREAOHEE FREB L 2.
3! MEREBRARL '

2. BADY. Hishs
11 BAHY. FHEhT

II,!
ll

(ﬁ%#ﬁﬁ%@ﬁfnﬁkﬁkbf%A%=%aLT%ﬁ)@ﬂ&w‘

- BT R T (}ﬁ%ﬂ#@}iﬁj‘éﬁ&ﬁﬂ‘@ﬁ%%~ﬂﬂﬁ)

3. LEbHy
2. SEmit iﬁhé ,

1: tEil, HoWiE 0B LEERS
- FRIE %@%&(ém%#ﬁ%%&ﬁ%itdﬁlﬁ&wklof%&?%#@#%?ﬁ)

8 T NTHEIMTEE

20 —EREHTRE
1 WEHART
f%£%§%”(WTﬁmﬁﬁﬁ@«wﬁﬁmﬁm%4m)

BELL

2! &%ﬁ%

1. ZERY V
-%&h@%%(WTﬁmﬂﬁmM«@ﬁ%@ﬁ%%%ﬁ)
3 BRELL o
9" ji;&%.ﬁn '

1. ZEEH
2) IEM# ,

- AR OEHEER (BSFUIRMEN % 88T 5 K EE BlE)

A BEAMERL
K OEDER

W EAERL

%@%@ﬁm(ﬁmwzﬁi%ﬁg)

31 BERL

2. DeRY ,

p R S AT

R AN

W EAEEZL
1 ZERR

RN S1 N AT

E ORI
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W EAEERL
- ZLUIRFA MR
3 BELL
2. AuFRR
YR SY e AN
i e AN
W AR L
11 RN
p SR CE N AT
K OEICEN
W kAR L
- BEFRE (1 10-3)
3: &L
2. Sdh
1 ZEHY
- EEPNGEG (7 10-3)
3: &L
2. SEdYy
1. %&b
- BREYH (F 10-3)
3: &L
2. SEdY
1. Zwd?

(4) f#H) - A PR nOfEaE & B & o FH

IS E, VRO, WEDHES, A, SR, MEL COME, ZBEOHEXOREICOVWTEMET A, gAY b
RPRPLELRGEIERET 5. /2, ThEnOREPETEICE 2 TV B EEIIOWTHFMET 5.

1) CDEOFHE

- [UEBISH

3. R ‘
20 WIVE AT 5 2SI 0555 v
1 9]

- TEHORM GO 20
3. B

2 RRAR

1: AR

- IHRES) (FHOBX)

3. EIF

2 RRFR

1! AR

- IHREE) (FoBhX)

3: B

2 RRFR

11 AR

- R AKEE (FoHE)

3. RIF
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2. RRARE
1! AR
- 2) WHEH O FHI
- R R
3: RELRL
2. BWERYE
1: BERE
- EREOB X (HET RICERATHIERRE IS Lo & 1 A IREE % 5RE)
3: BT ‘
2. RRRE
11 AR

~%ﬂ@ﬁ%(m?ﬁ®ﬁﬂ@§ﬁ%$ﬁ)

3: MEF~OBHEHY

2. PR

N - »

- WEEEVEE) (T EROWRIEZS FEREE, 2% ERRRER % 54
3 1HERDLEZ L - 2 ERERER TS
2:1@@%L§L?é#?(kTh,ét?é#ﬁﬁﬁﬁ&b
1: BERL, F3bTCEE

- MRS (WHSRUEE & #eBE & OFMCRE & 5HE)

31 BIEAEL T air space (F 72133 E# O space) %1‘()%9&
2. At
10 FoklAbhiw .

'ﬁékﬂ%@%i(mTﬁ@ﬁﬁKD%®%ﬁﬁ %4%)
3: AR LTHARL
2. BXFR+H
1:Lik&tﬁﬁ%? ‘ '

- WRUEPASK (ETER TR ﬁ%m@%%&%%ﬁg)

3. B
2. RRARH
1! AR
- EEHE OB X (HF 10-4)
3: RIF
2. RPLRR
11 AR
3) D FEA
HREMRE (EF - AT - )
3. BRERL
2. BERE
1: EERE
- AEIEE)
3. RIF
2 RRARR
1) ABRI-QEHLEL
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- TEREERR AR O FK
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20 BARATS

1D e AEHRES

%101
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WAL £ H 5| [HEH 8T i e
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LN CEN YA
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e
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A
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HERY
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B BNCET I S
EE A hZa-LoE () ) Bl

IR - B & O]

B 3 2 1
THOMMA D - B0 3 2 1

O | IHGES) (THOBHE) 3 21
HBER (FOBHE) 3 2.1

%Y AHES (FOBX) 3 2 1
THRERE 3 2 1

| ERBOH & 3.2 1

| EROBE 3 2. 1
| WEEEZEE B 3 2 1
R g 5 2 1
B AT ORK 3 2 1
MEEHPA SR : 32 1

R DB) & 3.2 1
HEOER - AT - P2 18 2 1

ol | REEy 3 2 1
THEEEHSHTORK 3.2 1

(IR 5% % BUR)

i

¥R 101, WET RO ‘
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Summary ~ This study reviews the research of dementia, a pathology for which numerous stud
ies have found associations with masticatory function in the elderly. These issues are present{y
major problems in geriatric medical and welfare settings, and we discuss the prospects for
future research into mastication. Dementia-and masticatory function have been examined in'a
range of epidemiological and neuroscientific studies, and associations between the two have
been reported. However, a causal relationship has not been satisfactorily established. Biochem-
ical studies have also clarified the basis of the association between dementia and periodontal
disease, but have not yet yielded sufficient evidence. Studies offering a high level of evidence,
such as intervention studies and meta-analyses, are expected to be undertaken in this area
in the future. Maintenance and recovery of masticatory function is of great importance with
respect to achieving healthy longevity. Dental science will have considerable obligations and
will have to take on an important role in this regard. For dental treatment to take on such
important roles in the fields of health, medicine and welfare, it is necessary to provide infor-
mation that will be understood not ]ust by other medical and healthcare professmnals, but also
by the general public.
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1. Introduction

Japan has become a super-aged society, reaching this situa-
tion before any other country [1]. The 2012 Survey of Dental
Diseases found that the proportion of elderly individuals with

at least 20 of their own teeth at 80 years of age was 38.3% .

[2]. At the same time, an increase has been seen in the num-
ber of elderly people who have many of their own teeth but
have decreased masticatory function [3]. Masticatory func-
tion may therefore be conjectured to be affected not only
by reductions in the number of teeth, but also by increasing
age [4].

Mastication, in which food is crushed and mixed with
saliva to form a bolus for swallowing, is a complex pro-
cess involving the repeated opening and closing of the jaw,
the secretion of saliva and the mixing of food with the
tongue. Mastication is a rhythmic, automatic movement
similar to breathing or walking, and is a characteristic move-
ment that can intentionally be made faster, slower or even
stopped [5]. In addition, mastication and swallowing of solid
food differs from command swallowing of fluid or semi-solid
food. With solid food, the masticated bolus is transported
to the oropharynx (stage Il transport) before the swallow-
ing reflex begins, and bolus formation within the mouth
continues. This transport to the oropharynx is not gravity-
dependent, but takes place as a result of active movement
of the tongue during mastication. The bolus sent to the
pharynx is swallowed while the next bolus is masticated in
the mouth and then is sent to the pharynx. Swallowing also
occurs sequentially while food that has not been fully mas-
ticated remains in the mouth [6]. For this reason, humans
are able to efficiently form, divide and swallow boluses of
food while masticating and tasting them, even when large
amounts of food are placed in the mouth, and can thus
ingest abundant nutrition within a short period. This com-
plex feeding and swallowing function is essential for humans
to be able to ingest nutrients of the quality and in the quan-
tity necessary for an intellectually and physically active life
[71. .

The neural circuits for mastication, together with those
for the regulation of breathing, walking, posture and blood
circulation, exist within the lower brainstem. The rhyth-
mic movement of the jaw and tongue is regulated by
the lower brainstem, mainly as a mechanism of rhythm
formation based on information generated during mas-
tication from sensory receptors in the oral cavity and
masseter muscles [5]. In addition, control is achieved

via regulatory mechanisms in areas of the upper brain,
including the cerebral cortex, amygdala, basal ganglia, mid-
brain reticular formation, hypothalamus and cerebellum,

- which are involved in arousal, higher mental activity, emo-

tion, instinct, homeostasis, taste, motivation to eat, food
discrimination, saliva secretion, elicitation of swallowing
and movement [8]. Moreover, there are many integrative
effects, including health maintenance by the stimulation
of saliva secretion, promotion of digestion and appetite
regulation by stimulation of digestive juices and hormonal
secretion, elicitation of a sense of safety and euphoria via
the secretion of pleasure-related substances in the brain by
the jaw and oral cavity sensation during mastication, brain
activation, and promotion of faciocranial growth and devel-
opment [8]. In other words, mastication is not only directly
involved in digestive function in-the oral cavity, but also
plays very important and broad-ranging roles in maintaining
vital functions.

One important factor inhibiting masticatory function
in elderly people is periodontal disease, and numer-
ous reports in recent years have examined relationships
between the sustained chronic inflammation in periodon-
tal disease and pathologies such as dementia, diabetes,
cardiovascular disease, cancer, premature birth and low
birth weight [9]. Associations of periodontal disease with
these conditions are supported by a large body of epi-
demiological data [10], but no causal relationships have
been adequately established [11]. This review summarizes

‘the findings on dementia [1Z—15], which numerous recent

studies have reported to be associated with masticatory
function in the elderly. This issue is presently a major prob-
lem in geriatric medical and care-giving settings, and we
consider the prospects for future research into mastica-
tion.

2. Relationship between masticatory function
and dementia in the elderly

According to results published by a study group of the
Japanese Ministry of Health, Labor and Welfare, an esti-
mated 4.62 million people with dementia lived in Japan
in 2012. A further 4.0 million people had mild cognitive
impairment (MCI), which has a high probability of develop-
ing into dementia [16]. Altogether, one in four people >65
years old in Japan has or is at risk of dementia [17]. The -
prevalence of dementia increases with age, so the number
of individuals with dementia is expected to continue rising.
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Dementia and its associated problem behaviors lead to the
need for more intensive levels of care and are major factors
preventing independent living {18]. Consequently, preven-
tion of dementia and protection against aggravation of the
condition are enormously important. This review examines
- the relationship between masticatory function and demen-
tia in the elderly =

' 2.1. Studies of masticatory function and dementia

Activity levels are higher in elderly individuals with good
chewing ability compared to those without, and in particu-
lar, marked differences in items related to cognitive ability
have been demonstrated. Kondo et al. reported that the
loss of teeth, which can markedly impair masticatory func-
tion, is a significant risk factor for Alzheimer’s disease (AD)
[19]. Moreover, the risk of developing AD increases as the
number of intact teeth decreases. Kusaga et al. observed a
relationship between chewing score and dementia level, and
stated that the number of remaining teeth, molar occlusion,
and chewing habits may exert influences on dementia [20].
Moreover, chewing scores decreased rapidly from the mild
dementia group to the moderate dementia group. Chewing
scores thus did not gradually decrease with dementia pro-
gression, but rather decreased rapidly with loss of teeth
‘after mild dementia started, suggesting some degree of
influence on cerebral function. Encouraging the prevention

of tooth loss and adjustment of dentures is of course impor-

. tant when subjects are healthy, but is particularly essential
in individuals with mild dementia.

In a separate study, in addition to blood pressure mea-

surements, blood testing and electrocardiography, magnetic
resonance imaging (MRI) was performed on volunteers to

comprehensively evaluate overall function, including cog-

nitive function, motor function and mental status. The
relationship -between intraoral status, masticatory func-
tion and number of remaining teeth was examined. Elderly
individuals- who underwent testing were divided into three
groups: a ‘‘healthy group’” (n=652, 55.8%), an ‘‘age-
associated cognitive decline group’’ (n=460, 39.4%) and a
‘*suspected dementia group’’ (n=55, 4.7%). The healthy
elderly group had a mean of 14.9 teeth remaining, whereas
~ the 55 elderly individuals with suspected dementia had a
significantly lower mean of 9.4 teeth. This suggested a rela-
tionship between the number of teeth and dementia. In
addition, a total of 195 individuals in the healthy and age-
associated cognitive decline groups underwent MRI of the
brain to clarify the relationships between both the num-
ber of r'emainingf teeth and number of occlusions with the
volume of gray matter in the brain. In individuals with a
smaller number of teeth, the volume near the hippocampus
was decreased. The volume of the frontal lobes, associated

with higher brain functions such as volition and thought,

was also decreased [21]. Similarly, in a study of 155 people
who had undergone MRI, the prevalence of lacunar infarction
from asymptomatic cerebrovascular disease and leukoaraio-
sis, which represent high risk factors for dementia onset,
increased with the decreasing number of remaining teeth
[22].

A study of 218 elderly mdwtduals in Brazil found
that edentulous participants who did not use any dental

prostheses scored significantly lower on the Mini-Mental
State Examination {23]. People hospitalized with demen-
tia also showed a significantly increased risk of AD as the
number of lost teeth increased [24]. Numerous other reports
have found -associations between tooth loss and decreased
cognitive function [25,26]. - ,

Animal experiments have reported significant effects on
learning and significant extension in memory time as a result
eating of hard food [27,28]. Studies using aged animals
have shown that hard food delays the decline in learn-
ing effectiveness brought on by old age when compared
to soft food, which suggests that hard food may curtail
senile deterioration [29]. Also, the results of an experi-
ment -in- which:- masticatory function disorder was- caused
by tooth extraction in senescence-accelerated mice sug-
gested an association between masticatory function disorder

~and declines in cognitive function [30]. Studies using ani-

mal models of AD show that soft food causes declines in
memory and learning ability compared to hard food, sug-
gesting that the hardness of food affects cognitive function
{31]. Studies using animal models of cerebral infarction have
also reported that hard food is associated with significantly
greater recovery from: learning and memory defects than
soft food [32].

2.2. Studies of periodontal disease and dementia

The greatest cause of impaired masticatory function among
elderly individuals is periodontal disease. In one study of
periodontal disease and dementia, the relationship between
aserological marker for periodontal disease (Porphyromonas
gingivalis serum immunoglobulin G antibody titer) and cog-
nitive function was investigated in 2355 individuals >60
years old as part of the National Health and Nutrition Exam-
ination Survey 11l in the United States. That study reported
impairments of recent memory ‘and ‘calculation ability as
associated with detection of a serological marker for peri-
odontal disease [33,34]. A separate study looking at AD
also found that AD patients show high levels of inflam--
matory mediators such as tumor necrosis factor (TNF)-a
and antibodies to bacteria related to periodontal disease in
their sera, suggesting a statisticalty independent association
between periodontal disease and AD [35].

A number of reviews of the literature [36—38] concern-
ing AD and bacterial infections found significant correlations
between AD and the presence of P gingivalis. In a brain

“analysis study of patients with AD, bacteria of the genus

Treponema, one type of bacteria related to periodontal dis-
ease, were observed in >90% of the cases {39]. In vitro
experiments have also suggested an association between
neurospirochetosis and AD. A research group in the UK
recently carried out an analytic study of brain samples from
10 AD patients, and found traces of P. gingivalis in four of
them. However, bacteria were not detected in brain samples
from 10 people of the same age range who did not display
symptoms of dementia [40]. In a recent study, we exam-
ined AD model mice (J20 mice) with periodontal disease
caused by oral inoculation of P. gingivalis. Compared to mice
not inoculated with the bacteria, the mice with periodon-
tal disease showed lower maintenance of cognitive function,
increased deposition of senile plaques in the hippocampus
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and cortex of the brain tissue, and increased levels of inter-
leukin 18 and TNF-« in the brain tissue [41]. These findings
suggest the possibility that persistent infection in a local-
ized area of the host, such as periodontal tissue, and the
resulting inflammatory response may spill over to the whole
body, including the brain, and may be involved in systemic
inflammation and the development of AD {42]. Lexomboon
et al. reported that persons with multiple tooth loss and/or
difficulty of chewing hard food had significantly higher odds
of cognitive impairment, in a cross-sectional survey of 557
people who were nationally representative of the Swedish
population aged 77 or older [43]. When adjusted for sex,
age and education, the odds of cognitive impairment were
not significantly different between persons with natural
teeth and with those multiple tooth loss, but the odds of
impairment remained significantly higher for persons with
chewing difficulty even when adjusted for sex, age, educa-
tion, depression and mental illness.

In response to that report, Savikko et al. sent a response
letter stating that people with dementia differed from
those without dementia in several characteristics although
dementia was not related to dentition status or chewing
difficulty in a cross-sectional survey that included 3164 peo-
ple living in long-term care facilities (nursing homes and
service housing) in Helsinki [44]. Individuals with dementia
were more likely to have malnutrition than those without.
It may be that in this frail, highly selected older popula-
tion residing in long-term institutional care, lifetime risk
factors, such as cardiovascular disease, depression, inflam-
mation, use of alcohol or tobacco, and nutrition, have had
more of an effect on the prevalence of dementia than den-
tition or chewing ability at this late point in life. It may also
be that these risk factors have had their effect on cogni-
tive impairment and chewing abilities. Savikko et al. further
commented that these results may imply that chewing diffi-
culties alone do not lead to cognitive decline, but may be a
marker of comorbidities and nutritional status partly respon-
sible for initiating processes that lead to the development
of dementia. As yet, insufficient data has accumulated to
verify a causal relationship [4%], but the nature of the rela-
tionship will doubtless become clearer -as the mechanisms
involved are clarified and intervention studies are carried
out in the future.

2.3. Neuroscientific studies of mastication

As discussed in the preceding section, a number of biochemi-
cal studies have reported factors linking periodontal disease
and dementia. However, factors linking masticatory function
and dementia are unclear. In light of studies.showing that
reduced masticatory function affects cognitive function, we
reviewed the current neuroscientific findings on masticatory
function and examined factors that link masticatory function
and dementia.

Increases in cerebral cortical activity with mastication
have been studied using various devices measure brain func-
tion, and have been shown by increased blood flow and
increased metabolic and nervous activity in various regions
of the brain [4é].

Cerebral blood flow (CBF) decreases with aging, and
the brain atrophy index (BAl) increases when regional CBF

decreases [47]. In elderly individuals, a positive correla-
tion has been observed between carotid artery blood flow
and intellectual and mental functions {48]. In addition,
decreased CBF is a factor associated with cerebrovascular
dementia [49].

Mastication causes an autonomic nervous system
response that results in increased metabolic activity. This
activity also stimulates oral tissues, resulting in increased
blood flow not only to oral tissues, but also to the brain.
Increases in regional CBF, by chewing sensory information
sent to the brain via a sensory input subsystem from an
effector subsystem of the masticatory system, and by a
rise in carbon dioxide partial pressure produced by an
increase in metabolic activity of feedback cortical sensor-
imotor neurons, are elicited as a result of the capillary
lumens being dilated [50]. Based on these findings, sen-
sory stimuli from the periodontal membrane and masseter
muscle spindles are thought to reach cerebral blood vessels
during chewing movements via trigeminal afferent path-
ways, leading to blood vessel dilation, and increasing CBF
by an increase in heart rate {51]. A recent study using near-
infrared spectroscopy (NIRS) evaluated differences in CBF
during clenching in edentulous subjects and in those with
implant prostheses. CBF was significantly increased with the
implant prosthesis [52].

With measurement of brain function using functional MRI
(fMR1), increased CBF in motor areas, sensory areas, supple-
mentary motor areas, insula, thalamus and the cerebellum
have been observed when chewing gum [53]. Moreover, gum
chewing on both sides of the mouth has been reported to sig-
nificantly increase CBF in the primary sensory area, motor
area and prefrontal cortex on both sides, while gum chewing
on only one side of the mouth preferentially increases CBF
on one side [54--58]. Prefrontal cortical activation as a result
of mastication was observed in a study using NIRS, and this
increased activity was particularly marked in the elderly,
suggesting that mastication may be useful in maintaining
cognitive function [59].

Fibroblast growth factors released into the brain as a
result of mastication regulate appetite and promote growth,
and also are believed to promote brain cell repair and learn-
ing and memory formation [60—621.

In“an electroencephalographic study, attention to lan-
guage and processing speed were both increased by
chewing, and effects on long-term memory were also sug-
gested {63]. A study by Hirano et al. measured brain activity
by fMRI when performing working memory tasks, and the
effects of gum chewing were examined {64]. When gum
was chewed before performing memory tasks, CBF was
increased in the prefrontal area (Brodmann’s areas 9 and
46). Furthermore, increased CBF was observed in the right
premotor area, precuneus, thalamus, hippocampus and infe-
rior parietal lobe. These findings suggest that chewing can
stimulate arousal and may also accelerate the working
memory process. Another study on working memory using
magnetoencephalography was also conducted [65]. In that
study, the magnetic field was measured when gum was
chewed, when gum was not chewed and when the hands
were opened and closed before performing the visual Stern-
berg task (working memory task). Under all conditions,
in the occipital lobe during memory and in the calcarine
and parieto-occipital sulci during memory maintenance, «
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waves were observed. After no gum chewing and after hand

opening and closing, as compared to after gum chéwing

but before performing the tasks, the correct response rate
decreased and o waves increased. This was attributed to
decreases in concentration ability. The conclusion of that
study was that chewing exerted effects on maintaining con-
- centration and working memory acquisition. Neuroscientific
studies have thus shown that mastication promotes CBF and
‘cerebral metabolic and nervous activities, thus affectmg
cognitive functwn :

3. Prospects for research into mastication and
dementia among the elderly

The above findings indicate a certain level of consensus
" that mastication affects dementia through the promotion
of CBF and cerebral metabolic and nervous activities. How-
ever, very few studies have been carried out to verify the
effects on dementia of the recovery of masticatory function
in the elderly, and there is a need for intervention studles
and large-scale prospective cohort studies in this area.
Dementia includes core symptoms of memory defects,
disorientation, deterioration of judgment, aphasia, apraxia,
agnosia, and behavioral and psychological symptoms of
delirium, depression, agitation, wandering and delusions
[66]. These symptoms can cause impaired eating and
swallowing functions or. impairments related to eating
behaviors, such as refusing food, overeating, allotriophagy
or interrupted meals. When severe, such impairments can
lead directly to malnutrition, impacting the prognosis and
increasing the burden on caregivers [67,68]. Also, factors
such as declmes in awareness and behaviors related to
oral hygiene, dlfﬁculty in carrying out oral care and eating

soft food due to declines in eating and swallowing func- -

tions clearly increase the risk of periodontal disease [69]
(shown schematically in Fig. 1). Mice in which periodontal
disease was induced experimentally, as mentioned earlier,
- showed reduced cognitive function and increased deposi-
tion of amyloid B-protein in the hippocampus and cerebral
cortex [41]. Such findings suggest that the oral function and
oral hygiene condition of elderly individuals may affect the
status of dementia. However, clarification of causal relation-
ships between dementia and oral function or oral hygiene
will require comprehensive survey analysis not only of fac-
tors such as the knock-on effect of oral infection or chronic
~ inflammation, but also factors strongly influenced by mas-
ticatory function, such as the effectiveness of periodontal
disease treatment, nutrient intake, motor function, sphere
of activity and intellect'ual activity. The emergence of clear
causal relationships will mean that dental treatment can
contribute in a substantial way to the prevention of demen-
tia and the control of its progress. We hope that large-scale
studies carried out not just by dental professionals, but also
with the input of personnel from various different occu-
pational categories will clarify the relationshlp between
mastication and dementia. ,

4, Conclusidn '

Looking to the future of health , rhedicine and welfare, soci-
ety will be confronted by the issue of how a healthy longevity

Y. Watanabe et al.

External factor
Reduction of mast‘;catory function @9~

Decrease in cerebral blood ﬂow 23 D
Decreased metabolic activity in the brain

' Intrinsic factor

Loss of teeth

Figure 1 Relationship between dementia and masticatory
function. ‘Reduced cerebral metabolic and nervous activities
and CBF due to a decrease in masticatory function are external
factors for severe dementia. In addition, tooth loss and persis-
tent infection caused by pe'kiodontal disease are internal factors
for severe dementia. There are core symptoms and behavioral
and psychological symptoms of dementia, these exacerbate the
level of care for patients with dementia. In addition, the decline
in cognitive function due to atrophy of the brain exacerbates
poor oral hygiene and also impairs swallowing function. Further,,
the periodontal disease is exacerbated. Reduction of the masti-
catory function-and the progression of dementia are associated
with each other in this way. In this figure, (2.1) shows Section 2.1
of the text (Studies of masticatory function and dementia). (2.2)
shows Section 2.2 of the text (Studies of periodontal disease and
dementia). (2.3) shows Section 2.3 of the text (Neurosaentlﬁc
studies of mastication). ,

that encompasses the quality of life and the purpose in life
can be achieved. In this respect, the maintenance and recov-
ery of masticatory function is of great importance, as shown
by the various effects of mastication on the whole body. Den-
tal science will therefore have considerable obligations and
will have important roles to play in this respect [70}. For -

dental treatment to take on these challenging problems in

the fields of health, medicine and welfare, an understand-
ing will be crucial not just by other medical or healthcare
professionals, but also by the general public. For this rea-
son, it is important to promote research into the relationship
between mastication and health with cooperation between
oral biology and clinical dentistry, and with the collabo-
ration of fields such as medicine, nutritional science, and
science and engineering to disseminate necessary and accu-
rate information to the general public.
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9. Effects of dental care

'5) Home dental care

Midori Tsuneishi, Takuo Ishii

Japan Dental Association Research Institute

[Abstract]

In Japan, which is currently witnessing an increase in the
size of the high older population, it is of the utmost urgeney
to deploy measures for accommodating older peréons\
requiring nursing care, the number of which is expected to
rapidly increase in the future. Although there is a system in
Japan that allows home dental care to be performed within

the framework of the p,ublic’ health irisurarice system, the

number of cases of home dental care is not keeping pace
with the rapidly growiiig number of elders requiring nursing
care despite demonstrating an increasing trend. Amidst the
. importance of home dental care bemg widely recogmzed
this study summarized research conducted both in Japan
and overseas on the effects of dental care when dental care
is provided to the elders residing at home or in.a facility
by visitation. As a result, in addition to reducing bacterial
counts, dental care was demonstrated to contribute to
improvement of the incidence of fevers and pneumonia,
and cognitive function durmg the time specrahzed oral care
was provided by dental professronals on a regular basis at
nursing homes and other facilities. Since the underlying
diseases and oral health status of the elders requiring nursing
care at home or in a féicility vary considerably, systematic
research on the effects of home dental care per se was unable

to be acqurred

[Introduction] , , 4
In Japan, a system of public health insurance for the

whole nation was established in 1961 in the form of

public health insurance, a system is available that enables
accommodation of home medical/dental care for patients
convalescing at home or in a facility for whom it is difficult
‘to commlite toa h’ospitél. As the size of the older population
groWs and amidst the increasing number of persons
requiring nursing care, the importance of home dental
care has come to be widely recognized. However, various
problems still exist.

According to the results of the Comprehensive Research
on Aging.and Health Project of the Ministry of Health,
Labour and Welfare!, despite havirig judged that roughly

90% of persons requiring nutsing care require some form

of dental care, only 27% of those personé have actually
undergohe a dental treatment. As is indicated from this
result as well, a survey conducted in Niigata Prefecture
found considerable imbalariee between the supply and
demand for dental care among persons requiring nursing
care. As evidence of this according to nationwide data,
Fukai? simulated the imbalanced status of a'system for

providing dental care required by persons including the

elders requiring nursing care within a grand design (2005)
for promoting home dental care. According to this report,
as of 2005, 18.2% of dental clinics among all dental clinics
nationwide performed an average of 12.6 home dental care
per month (total for patient homes and non- -patient homes),
resultmg ina sufﬁcrency rate of 3.6% in the case of assummg
that all persons requiring nursing care receive dental care -
once a month. In addition, according to a similar simulation
conducted in 2011% 20.3% of dental clinics performed
home dental care, and were estimated to have performed
an average of 22.1 home dental care (total for homebound
and institutionalized) per month, resulting in a dental care
sufficiency rate for persons requiring nursing care of 5.8%.
In other words, those health care institutions providing‘
home dental care account for roughly 20% of the total, and
the number of home dental care performed by dental clinics
can be seen to demonstrate a rapidly increasing trend. Since
dental care had previously been provided primarily through
out-patient services, the number of dental clinics attempting
to accommodate this situation is not increasing despite
rapldly growing needs. Thus, in conmderaﬂon of the current
situation in which dental care for all persons requiring

nursing care cannot be said to be adequate, measures are
- required for eliminating the imbalance between supply and

demand with respect to dental care provided to the elders
requiring nursing care. ) ' )
"Home dental care support clinics" were newly
established as a part of the medical service paymentksystem
in 2008 for the purpose of promoting home dental care,
and following the revision of the medical service payment
system in 2012, additional allocations were newly established
when dental hygienists of home dental care support clinics
assist in providing home dental care . In addition, "Training
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