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Changes in blood flow in the prefrontal cortex during occlusal elevation
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Abstract
In this study, we measured the change of blood flow in the prefrontal cortex induced by

changes in mandibular position in order to investigate the possibility of an objective method
for determining the vertical dimension of occlusion. The subjects were 18 adults with
individual normal occlusion. The neural activity of the prefrontal cortex was measured using
functional near-infrared spectroscopy (fNIRS) when wearing bite-raising splints of different
heights (0 mm as control, +2 mm, +4 mm, and +6 mm). Emotional changes were subjectively
evaluated using the Visual Analog Scale (VAS). The results showed that the discomfort of the
VAS scores increased significantly with the increase of the vertical dimension of occlusion.
On the other hand, the neural activity of the prefrontal cortex decreased as the vertical
dimension of occlusion increased, and significantly decreased in comparison with 0 mm, +4
mm and +6 mm. In particular, a significant decrease was observed near the frontal pole.
These results suggest that the blood flow of the prefrontal cortex changes according to the
vertical dimension of occlusion and that the vertical dimension of occlusion can be assessed

non-invasively and objectively from the brain activity.

(189 /200 words)
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RE RO, HEG - BEREOBERTZ L6 TIEN0 TR, WO
FEMESLHER - ABLLHER I D, BFEAFORE®mBEZEYICHEEST L Z L
IERBIERICE o THERITRNO —2TH LY. KERBILETHEOENKE
L Eil2niMTlESNT-HEEL LTERSA TS Y. ZOKREEED
PWEIZIL, Bmetill - FEOR I OFH - HEROFMAZ HWIZBEN T 7o —
F 3D L FRHEERAL - RS T) - WET - FEE - MR TEE & W o RERY T
Ta—FED TR END. R Th, BEOTHRMERRE AT 5 HEE,
BE BT OETE D DR A4 (Comfortable Zone ) ZFIH L CHIET 5 7=
B, ZHE TOMEO BRI CICEASA SR WD 7R A SR 72
FELELTHA SN TS V2D 0 HIE, THAEREOMEICEL TE,
B LRREEO —>TH L MEFE] ZHOTEERKRTADZESI LTS
0, WD EHER 72O B ER~OICHPZE L WORBERTHDL. ZHETH
WO SCHERZ BT 2R Y, MOMRIEE 2> b M BT 2 2B L
Wt IE AR, REERISHICLE TRy, Lok, 2hETS
K DOEERIITAPBEBEINTWD A, BRI EEIZOVTIIRER - LA
ERFFOENLTNRNWZ LD, BEBRKTIIZALEEOMAZMAGDE,
WIEE RO 2KE®mBEIMEDNFATHBRAICEE L TV L2ORBRTHD Y.
IHIT, TOXHICRESINTEWEEBIL, LT LOEBEEOWMEE L —HT 5
CIER DT, REMRRESEOREIZEZOFBKRTICZNRNL Z bR
KW, Z0DiE - BEPMET LU REE®EELRET D2DICHHE
FHHEOEBRERE, WD DLHHR - RNREE (1G5 ) 0L &2 BBLAYIZFEAE T
SOV AT LORESLIA RO LTS,

FAMEROBREIERIL, ZXHREEZRE L TRMEE O —RIEMERREE I
EINLON, BEFROP - RREZREL TWDHOIE, HEE - A REER
ATEAATEF 8 S LTV D 2 ERMBN TS 319 i, FREMIZZNG O
WMiEE &2 Al b D =a—0 A A=V FHNARIZERLTETCWS. H
T H HERER T IR AL 43 615 (functional Near-infrared spectroscopy : fNIRS ) (X, & b
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oy E R E (PET) , MRS (MEG) , HEREMIBES LIS ML (fMRI)
REDHMD =2 —n A4 A=V TEERTYE, HRIZE HETFTThdF=x
T =% A FTHEEICHMOTEEREZHE TE D720, BRI ATEE 7287 72 70 2k
BEELTHHEINTWD!I.

INETHLDO2® fNIRS Z AW WF5E TiX, AR O 4805 8) & 5+l
THZE THIREZMEES Z L2URB SR TR Y 1820, ER4E T
PRAE IR 0993 JBE 7> & ~CUL R A 23 EE L WRE AR R 0 BBLRYAEA & L CER IR IS A 723 BA
h LT 52h22),

—7, WRHEIEICEB W TIX, NIRS Z W CHIBHAT OIFB 2 Bl T 5 2 &
2 &0, WEREOZLICEE L7z 0 R 2 BEIRICFHE T& 5 2 & 23 FEHR
LRV TCHESNTEHEY, BWBKRICHOFRRMER RSB I TN D 325,

BAET 2NN ESRT 59, FRHARIZBWTLT V2 Libnbw %
DX( VNI TUATF—A—ay ) RABIZIERLTWD. KRl
NAF v T —%Z AWV HFERIRES CAD/ICAM ¥ AT A2 L 5 ik dEE o fE
T CIEIKISHISNTEY, & - BEONFIZESTRERAY v e
STWVDE . LN LRBRBROBERGDT VX kX, WELFFOH DA h5HIE
BHZBWTIHBEREH SN T D00, BHEEO X O RREXFOME LT
JEFI TIIRE QAL o TS,

AWFZED B BIE, BEBEOEIT L > TR S 25 [ gE i o i & o &
AT o2 LT, KERMBOFHIRREFIEE L TORAEEZRFITL 2
EThD.

-
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RS ik

1. BB

PERAE 1L, RN 18 4 (B 10 &, &84 “EXHH 327+ 35 ik ) &

ST, EEEFREEZAL, REEI2, BHAAOERICETE DR W L 4§k

Wk, FHEZEN & WEIRAM O N - 4 A BEBEZHIL, Z0%%
HZERES LT, 15mm ~ 35mm URNTEo7=FE2ERE L L TREL -

($ﬂ£% U 22 + 04mm) . ETCOEREITHL, ~NLTUFES LM

SFL, EBRBWBETICA 7+ —L Fartvy b 2T, EREICLKIRAELET-
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FORHREXNGRE L, W, KU, MEIIERRETREGHEEELZESS
544 5 DGR A G THEM I L.

2. B RERY AT AR AN 43 615 (INIRS)

b TE Bh B O 21X INIRS 2 #E (ETG-7100, HN~VAFT T « =27 77
Fx V7, TE BAR)ZFEHLEZ. BEEO7e—71F, 8 2ORNtamL 7
ODORHEBER TIRICEE LT, 22 Fy 3 AL, 2 BEO R DI
FOEHRIE (695 £ 20nm & 830 = 20nm) Z2fFH L T 10Hz ¥ 7V
J L — FTHFEI~T7rE (LLF oxy-Hb), WEEFL~E 7ot (LT
deoxy-Hb) , BLOZENLDEFHDORA~EZ Y (LT total-Hb) % HIE L
o, BMHEBE o —7 LR NAE o — 7 0T 30mm T, #EEZ25H 20 mm
DS OMMMTEEZBRHE L-. BEEND 20mm OESIIIE, BTz Tl
RIS FENTWDH 2D, BHRIMEIE Y A7 3ISD KD air&247 9 F T/
A RXELTHWSA Lz, R CIIMIEBI O EEIL, oxy-Hb REOELE Lz
. F 7, INIRS O7'w—70%, MK CHEMA I D EE 1020 & 2 (2K
WCHELE L, BTEEATE 28 ) fEEEmICHE L. KbEWTu—77 1 i
Fpl ( ZERIEHMRES )-Fp2 ( ARTEEAMES ) 74 i CTREL, FRO T v —
7% Fpz ( IEHRTEEAME ) ICRELZ. (K 1)

3. A7 U v hELE

BEBRE L, AEEE THVIRVWKESRIIHBH TE RV, ZODAEIT,
FWKRAEBEOERET VEFHIL, — ANOWBRE K L TREEKRAN TO 2
Yhur—= AT L, 3EEOREE AT M EARELLE. REZ L
27V v bOBEICE, ETHEESNE Y a— 0 I AHRMIC CTHIRES 21T
W, YU a NS MITKRAERS, 724 ARY b T 07 7 —ICTREHRMNE
ZiTole. A7V U FOBBMEEZRDLOIC, 3D TV U —FHWTAS
Vo ha8HELE, ETOWINEERZ A —F NV AF% ¥ F— (Trios3, 3-
Shape , X N—F v, FTUv—7 )Y EHWTAXZy U LI-tk, KEHDA
YA A ET O0mm, 2mm, 4mm, 6mm ([CiRELZIRET AN, P AX
EATo7. ETHEINZEFFEHIDONA, NAXF Yy T —X &R L, BABET
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firvIalb—varv A7 A (ManMos , v 7 B A7 Afl, W, HAR) %
MANWT, #&30 ETHWAISHOZERIC, EE Smm ORXT Y DT 7L
— T =2 ERRE L TCRATY T2 2 ®/ELE. 20%, ATV T
— X % 3D 7Y & — (Form2, Formlabs, VI >~ D.C., 7 AU )IZTT
TV NT U NLE, BELEAT U Y ML, #HBREO WSO ICE b T
NIV T %R To%, HREOOENICRE L, RHEMOTEHN RS
IO AMERA W CHIAREZITo72. ZOK, RELEKREEELY T2
HRVWEIICHEREL CHEZIT- 2

M, 2> b= AT Y MIOWTIE, KKOKEEME AT L7201
WEHHHR AL COHEMRITEDL TRy, (K 2)

4. EHH AT

BB L, OB 2%, EALIZ T INIRS O 71— 7 2 BT 4
HELWRET, avyhfe—nA 27 Y h (0mm), ERAEZEEATY b (2
mm, 4mm, 6mm) ZH¥EEL, L THEIEZEMIEL THMEZRET 4
27 FER LI, A7V o FE—2HELRET, BREILT—ED 3 17
VDR AT EFE LI, %A 7 0F 10 BoX 27 L 30 BO LA THEIRK
L7 (K 3) . 72, VA RMNFIIKEEZMIELRWESIZRLEZ. v kb=
— VDRI, FALARAT P a—MICH>T, NVaryOR7 Y=L T
Tofe. BATV U ba3EE LU THMUT DIETEFIZ, HBREZLICT X LHICT
HZ LT, IBBICLHIEEBLHRTLILOIIC L. £AT V2 FOFHORMIC
X, HREOERESLCMIEEI D 7+ v a7 U R E LT, X7V v h &S
THRMAEZE DT 10 SMEE L. 28, EEROBEIHRE, R, WEs
R L7 WD 7l 28 C 7oy, iREPIXFREZRIR Y B 28 =, REN
NOBIWZEFT LI IR L.

5.7 — 2 JLER

T — A%, REIC L MiREOZ (b Z AL L, SRMH Tl LT
T 57T, Integral fiEAT % 7=, Integral fEAT CIX, 3 BID X X7 %k
DKL RAEZMAE L CTEYEE & 2MEFHLE L, ZRZho X 27 I
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BWTHE—FMETOMTEZFREE T 5 X=X 4 VBN EKRIC/T i,
Integral FEHT1% (2 INIRS ZEE ICHEFH S LTS T Y 7 b (Multiple Data
Analysis) Z#HWT, &£F ¥ X NICEBIT D oxy-Hb OEALDEF % FEtd 5
72IZ, 18 AT —Z ZMMENEH LB LR L.

6. A7 > b HEE I O 0% B AT A

BHREIL, 0 FAPRIEZRL ) 205 10 (MRE O R RK ) OFIFE ORI T T
o 7 A /- — /L (Visual Analog Scale : VAS ) T# A 7 H D EBLH) 72 NP & FEAR L
7. VAS A a7 3B EOHMEER L, #BFICFEALTHE LY, FAHMT
VAS 2 27 D #1T - 7.

7.7 — Z AT

ARBFZETIE, WARNKIZINE Lz oxy-Hb D2 L& % KK EE O 7% 8 o f5 i
E LT MBITICERAT DT — Z 1% Integral fEANTH: ORERNIILZ A7 H D oxy-
Hb ZbEDOEWHEZFEHAL T, £A 7YV hTO oxy-Hb OE{fLEEZF v
FNTEIWZRGL, F£ATY U NEATHEZITo7. T Z2T58Bo7 — 2
T.i% Pre:5[s], Task:10[s] , Recovery: 10[s], Post: 5[s], Moving average: 10[s] &
L7=. 7ok, #EHAELIZIX, SPSS22.0 for Windows (SPSSInc , U /A N
=, YAV ) EERHL, WIDICEAT Y U MNEERHZEBIT S oxy-Hb @
A EOF¥MEIZ® L, Shapiro-Wilk fEIZ XV IEMRMEOKREZITV, ERME
MIPNZ LR LIZDOT, KT —XIZHEAT Y > NEO T RAE O K G 72 2
FZ2OWT, Friedman lREZ T - 7. ABEEZROTZT ¥ X IZHONTIT,
ZOHRDLEIBMREEZIToT-. ZEILBKREEX, O0mm ZxfHEEL LT,
Wilcoxson 15 5 BT f% & @ Bonferroni fifi IEIZ TR E 1TV, K 21T - 7.
MEHFHAEAKREL 005 &Lz, 22k, MEGHO /A4 XREEND ATREMEN
B D7, {AIEEFHIZITV Chl, Ch4, ChS, Ch9, Ch10, Ch13, Chl4, Ch18, Ch19, Ch22 %,
AT ORISR LT, £z, RREDVAS 2 a7 2O TH IEFMEDN
RO LMo T, oxy-Hb BEDE(E & [F Uik THREHRIT 21T,
VAS 227 & oxy-Hb DOt & OFHEARMR % Spearman JEALAHBILREUIZ T
E L.



SIS

Bl4 138 A7) » MEEFKRICEB TS #HRE 18 HDOF ¥ X/ ED 3 [EOD
A7 DEEMED oxy-Hb OEAL%E 7R3 . Ch2,Ch3,Chll ZR< BTOF ¥
B WT, 0mm O3> ba—/LAT7 Y 2 FD oxy-Hb 23 b & WME %

L, WEZEEENEINT HIHEV, oxy-Hb NEA L, 6mm OAFY 2 T
EHBRWEZRTEMICH 7. ERIEX A7 HENP O BN RKREL Y, ¥
27 HDOSITETHFICEL, TORIIFZAZETNDL S5~ 15 BT T
BRIIR—=2TF A4 (0) ICR-TWAHZ ERMERINT-.

X 51X 4FEHEOATY > FRET, oxy-Hb OELEICHBERENRD LN
F v X NERT . BIEEMAFITO Chl15, Chl6, Chl7 IZBWT, WEZE
ERMANT 51250 T, oxy-Hb EIEHA T AR D S47=. Chls,
Chl6, Chl17 i, Omm D=2 ha—/LAZ U kL 6mm OATY k&
DB W TAHEBERBY PR O Bz (p<0.05). Chl6 X 0mm & 4mm
EDHBICBWT O AR RBDNBO LN, (X 6)

KEAT VY FEHEELLRORREERT VAS R a7, WEZE &N
MFTDICONTHEIWCHEML (p<001), (X 7)VAS 227 & oxy-Hb O
ftELOMIZHBWT, Chl5, Chl6, Chl7 CHELZRAOHBENER SN
(p<001). ( X 8)

5

P

AL, BMOFHREAL & LT, ATBEENICALE L TV 2 FTSEATE 28R L 7.
BH AR OFRFEE BIE, —MRANCS KM E ORI IC(RE - LS, * D,
AR Z ol & 3 5 KGR ~MaE ST, B RO L5 2258 OGR4 AT
bivd. mIEARTE X, BESOFHmEME, CHWr, AlE, RORE, M, £hnl, %
KO ZEZEF>TNDHZ LT ESHMONTEIY, FFIZKMLBERTOR - Ak
DX D RIFEHFII K L THHICEH <. 72, SRR S 2 BB
MR 2L T D, ORISR A B AL & 570 0 @k 22 0 WO & 5%
BEEFF-oTWVDZ EMBY, FHUEALE LIRS MENRH 230, £z, KL
MaERIE2 56, MECKEDHZHECE2HMTHDL I L HEINRHEHO—
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D ToH%. INIRS FHHIZAT 9 BRIT, KBS H A7 FITREOIEENIC L2 7 —F
777 FORENEERINTEY, KRBV THLREESE D0, HIGH
ORFIANTAFTG OFIEENC L 2 EEZ T DR H 5. 40, & OREL KR
Y7 T2 7wIT, B AL TS AT o o IG5 4012 B 72 2 AR A T~ T
SMATTEERTER AT & U7, BIRE AL ClE, FER R D DR & < IS Bk e 2 )
ETEDEALEEZEZTND.

RITSE T B SE IR O MR TR B O FEIE & L7 oxy-Hb &IX, HEICHARLA b LA,
RREEFIC L > THINT 2 2 LRGN TS 19303 0 INIRS #fEH L T
ABE Y 27 &2 FBEEICENTY, A7V v hEEFELFMTOZ L
YF TP R, FTHMAEMEETOZ LF o7, ETFEARAERIC X
Ny T RENTESIETCOTIA T 407 B REOHHRKEX AT %
HX2HZ IO ARPEERAm EL, oxy-Hb &8 EHR T2 EnHEINATWY
L. LG, KRFFETIE, oxy-Hb & & RPRIEO I XA o MBI IR
S, ZOMHBE LTEHE (X—2XF 1) O oxy-Hb EOEWRZET 5
D, Ak, INIRS IE oxy-Hb ®EDHMEXIAYRZ(LTIX AR <, MR R L % 5t
W HEEBTHD. TNETOREIIR—AT A THDHEEHFRCK L TEIW
ZATBREOEALZFH L TWATD, oxy-Hb mIFHEMLZEEZEZbND. £
nizxt LC, ARoREEEOZ A7 1E, LA N PIXLERZER A 8 2 75
OEZHF L RLZERREDTZDX—ZF 4 D oxy-Hb &L+ TIZ EH L=
WREIZR>TWD., ELTHAIREKRET LI LICE> T TFHMNDRLET D
LT, RPN L oxy-Hb ENEAD Lt DL HEERT 5.

A Y v NEFEFEOMIEE 27 MRI B3 3 Tk, A4 744 —%l
AT Y NEFIZRY, KMEE DR - BB PR - R D 0 D KK
WiFk RO ERECHRBEEDIFEHNB AT L2 EnREN SN TEY, KiER
EXFFLTWD., £, FREFELEED oxy-Hb &AL THAD E, 2 b
2Z—/L (0mm) {IZX LT 4mm & 6mm & ETIIAEREZITROLNLTZLD
® 2mm F LETEROONRNoT2. 2O LITHREEADORERZERINEZE L
TEHREL TS, EHEREIIIMAERHY, PRVAT Ilmm, KEW
ATIE 9mm EEBIIREZNVNEOD, FHT2~3mm BELHEINTND
W ASEFHI AT o T HBRE OLHZEREITFEYT 22mm ThH Y, FHHR
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LBHERBOWREN R L 2ol 0, B#iTbhnroztE2bNh5. =
N E TIRALRE DRI IC BN T, LEHZERN TORE2E LN EBRIZITbh
TWAZ e, HBKRELSTV V7 L TWEREREEDLNE 3O Wiz

LTHAEORRENGIX, BEEZE LT 52 &I XV AiET O mE&E, —
EOLEEBEMZ R LTS DD, NIRS AT 28CIE, RUKAEX AT TH
S THEHAERED TR X o TRk & O 2L BB 13 5 7 5 FTREE VR IE S
7.

AREFGEIE, BOEEIOIRA @R (RENR FTHEM ) ZIRELEY L7257
UIFV—REROTZD, WS OPDORARDH L. ZO—21%, THWT—2N0
AR IO FERATNCY TN Y A X2 WUNTHRET DI E Rk 2
EThHDH. KEENOME ALY TS XE2EHT 5L, B ixa s b
72—/ L (0mm) (2% LT 4mm % ET 0944, 6mm % T 0933 & &L
Mol n, BT YA XL 22 L, BE BEFBIIREL TV,
£, AMRIIAHEEEZSRL Lz, BOKAEEROERT P A o0
BHIRZ2MEE b HoRCWwWianZ b B2 o d. S%ITERHEE 2 x40,
REBEDIERNERT VA PR RMBIEO LELEX TS,

TUOINT T AA N =R AEERICREZEL T HFT, BEOFEELT
TE ML L EBHER O FIERLTMIZISHT 52 801X, Tl T s
NFEDO =2 52 EHFLTND.

Tl A

ARWFZETIE, BEEI LV BEEAORESEZRET 2D OB IE L L
T, #ERE 18 AW LT, mESDRRLLZATY v MEHWTERMKEZ I
ATV, ZORFOFTEHFTE O MIEE) & & R OFEFI 2 L 72R R, RO
im a7

- BTEHATE SO N, ATEEMAMT T OMRIEE &1L, WEE L&/ HNT 5125
N, WAhTsr3EmERLE. FiIZ4mm & 6mm ZF EICBWTHEICEL
MMFRO LTz,

VAS 2 a7 z Wi BB REEFHEIC W TIE, e EESENTS

2o T, APREIEAREICHEML .
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VAS A2 =27 Lt oxy-Hb OB L EIZAERAOHBBEFZEEZ R L
bz E&hn, midEaiBHOMKRIEES 25T 22 L2k by, mEEROEL
%, FERTEE DO R B FEAM K 2 AT REME S R IR STz,
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Legend

Figure 1: fNIRS measurements and the location of the probe in the prefrontal cortex
Figure 2: Application of each bite-raising splint

Figure 3: Occlusal task design
Figure 4: Changes in oxy-Hb levels with additive averaging for each channel at each

bite-raising splint
Figure 5: Test results of oxy-Hb change in each channel
Figure 6: Changes in oxy-Hb levels in Ch 15, Ch 16, and Ch 17 when wearing each
bite-raising splint
Figure 7: Emotional changes with each bite-raising splint

Figure 8: Correlation between change in oxy-Hb and VAS scores at each bite-raising splint in

Ch 15, Ch 16, and Ch 17
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