SR £ P A0 OB IERTTE T BF ORI IR HEIT 5 2 % BEBBIT SN T

H AR SR B 5 ol A S 8 2 B

A I



AKFa1L, F & 725255 3C Effects of nasal obstruction on prefrontal cortex activities
during chewing (Orthodontic Waves #:3 5F13 4F 1 HHE# 7&) BLOREIE 725
SEm L APEBRREENFEMIEE DO QOL (2 LIEFTHEIZHOWT (HRHPE

o 38 5544835 FR30FE I HFBMZE LD bDTH D,



[Abstract]

This study was conducted to clarify the effects of experimentally induced nasal
obstruction (NO) on prefrontal activation and jaw movement activities, as well as feelings
of discomfort and difficulty of breathing during chewing.

Eighteen healthy volunteers were enrolled as subjects. The levels of awareness
of discomfort and sense of difficulty of breathing with nasal breathing (NB) and NO were
determined using a visual analogue scale (VAS) following chewing and imagery tasks.
Masticatory movements were analyzed for masticatory path width, cycle duration,
masticatory velocity, number of masticatory cycles, and duration of pre-swallowing phase
during mastication in the subjects with establishment of NO and NB. An fNIRS device
(Hb131S, astem Co., Japan) was used to measure prefrontal cortex activities.

Discomfort and difficulty of breathing under the NO condition were significantly
increased as compared with NB. Also, cycle duration with NO was significantly increased
as well as the number of masticatory cycles, whereas those in the pre-swallowing phase
were significantly decreased as compared to NB. Furthermore, prefrontal activities during
chewing with NO were significantly decreased as compared to NB.

These results indicate that nasal obstruction during chewing may induce a
decline in prefrontal activities, accompanied with deterioration comfort and difficulty of

breathing, and modulated jaw movement activities.



[FEE]

TULAX—BR, 7T /A FEXRA EIZ X > THAET H EMREET O @A E
FILAMER ORME & U TBMERY 2 DR 2 5 & 23 19, [ RER O A5
12 10~40% & A S TR Y 2k LT 220 clideny ), F72, Daimon
54 R Y-Hsu & & 1 PR R MR O J > TS R TS B DR T3 2 5
Z L EWE L, WEREEEN O T XY FR A~ OBE ) 0 mEE S 23
LZEIR0A=T NS N BT DA REMEA R L TV D,

IT4F functional Magnetic Resonance Imaging (LA T; fIMRI)Z J2 2 Ak i i #h & oD G
R, AR LMNIZHS Lo/ L BFRb~T 7 v BB XU
fb~F 7 1 ¥ %34 5 functional near-infrared spectroscopy (2L T3 fNIRS)IZ &
%, MAPRIE BN AE 5 Bl O JFTHIZ b & & 2 2 FHRNC K 0 iMiE B 2 AT
b3 5 Z &L HEE & 72 5 7=, INIRS 13 fMRI 1% & D ZEFRREIZA L TV 72003,
JERL 72 & D HH OAETEEREEIIVIREE COFHAIN FIRE & 7 > T D, £72, WHIEG
SEENFHH 72 ST B R R R A 25 U 7R AR T ORI FHAI S I RE 72 72 8O s B}
(ZBEE T 5 Ik T b Ak 2 REHIM TN TN D O8, b oEE A VoA
(2 KV AHERE & TEME & O BRE ARG S AU TE Y, RERE A R B BT 4] 2 S B Y,
B, BUR, B XOVIMIZ ST 5 M ER R L~ VKRR B O IO BN A &
T ZERHLNERSTND D, 2O Z & TN H AR IE B O TR 72 1
MzH72b L, 2 b OFEIRDFRASAE - LR E BBV N H L Z &b,
IHMEHERR AR L ORI E E R D> TN D LB X HN TS 10, £7-, @iy
ERPLLHEERKSTET v hOFEFENOERTREDHNLZ & W, EBIT
LDREMOW ST K> TEHBICB T 2MIBEN LR D Z &R ERHE ST
5 1, & HIZIE TR O IEMEHERE O T IE, FREBERE DK T I X OGRS
DRAERLEBEENRS L EHEINTND 101D, SF Y NI FEECILEHERE O

3



(KT RICEL 5 X TWD EHEIND, 2D &b R
FVHIEEZ SN D AT OB RE & 2 S EHHB I s O R HE B I
HZ DT TR, PIRMRERICHREL KT L TWDARENRE X HILD
O RUIER T NEERETH DL LEZAbND,

BUE, RIHBEE OBREE~OxtL e L TERERTIZT 7 /4 FEROOH
FRARRE R 72 TR, T b LD RIHEEE Ok EE ST R D &
Obstructive Sleep Apnea Syndrome (VL T; OSAS)D U X7 335 & L vt X
NTWD B F 7=, FBEwRREIRIC W CIE EFRE SR D ED 7= DI, 2df
PERIEE 72 ST K0 EFE OMTGTILRZAT 5 2 & TRIRAYIZ & PASE R 238 L
feEOWEL ERo TS 1, 2o X5 I SHEE ARk EE TR S o R ER
IZHTEREN R Z 52 D AIREEDN m W CTh D ER R TOEENRD B D

BT CohHEEZBND, L, EREH TOEEEIIRIZET 72 LI1TF 2T HEMH
2 &2 O OB R  FESIZRA STV D DT Tl u,

Tk, BN ED Quality of life (ML F; QOL)Z KT I 2 % /N
OSAS #B5# D QOL FEfizz & L T H 41TV % Obstructive Sleep Apnea 18-items
Quality of life questionnaire (VL ; OSA-18 [f1723)* (Fig. NI L W &+ 1T - 7=
2, EIHIER OB AEE A2 £ TR BRI & U C R, 80 2 feiE
& LT OSA-18 2% 29 (Fig. ) &Z FV, #BREIL 9w D 11 DL 85 4 &
L, SPEHEHUEIC L0 IEFHE (N RE), HERAZERE (ANFHIZHEL, ik
L7, EORER, OSA-18 2% 29 (Fig.1)D h — X /LA a 7 \ZEB W TIEF RE

IZHEREESFARIIAEICE WA 27 23580 5 iu(Fig2), &2 EE D QOL ™
KTFEZlERITZENPLNCRoT, ZOMRICEREZET, AL TIX
£ B 0D A7 4 7S H R P TR TR O BRTEIR BB I B 2 5 528 % INIRS Z JHWVTIR S
Rk, FEBRHEEAN A OIHEHER) R X ORTEERTE ORITIRREIC 5 2 5
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1. W

BRI T A AR PR B IE PR IE DR T 7 47 18 (B 5 A,
ek 13 44, EHFHER 302 £ 1.9 1K) Th D, BRAMEHEL L CTHE = KHEME LI OB
ICRBZRD HFE, HHEAEFEICRTE 2RO 2K EE2 AT 54, HADS, MMSE,
SCL-90 (Z & v ¥t 72 M A £ Ll S 7, Sl FHINIC K0 Sk
HEHUEAY 0.25(Pa / em® / s)LL ETHLE & Uiz, SIERHUE O E I B AR S
KUEEHEL R B S HELE L T % AP100Pa TOPUEZERA L7z 22, 7ok,
AL B AR R PR FmEE B OEKREZ T T\ D, (K#HE =S EC19-

036)(7 8% = EC20-19-18-17-039-3)

2. J7ik
1) FHAMRARESS K OFHI task (Fig.3)

FHARIR AR 1% 5 P 2 5RO § L IR SRR 21T © R TB(Nasal breathing condition: LA
T; NBY&E /) — X7 U » I X 5 EERW &P % 1T - 72 1K #8 (Nasal obstruction
condition: LA TF;NO)& L7z, FHHI task 134 AWHME %235 2 72 5 task (UL T; Chewing
task) & FEFRITIEZ AT LAHMG 2 T2 LAHE 21T > TWAIREEZ A A —TF 5
task(LA ; Imagery task) % NB B8 X UYNO IZB W CENENAT - 7=, H LIEIEHEZ
ITHR RS & L CINO TIME (4.35g), = v 7K, AAR]ZMEH Lz,

NB T® Chewing task %2 C-NB, NO T® Chewing task = C-NO, NB T® Imagery

task % I-NB, NO T® Imagery task % I-NO & EF L7z (Fig.3) .

2) PRI & FERR IR R C BS99 % Visual Analogue Scale 71H

C-NB, C-NO, I-NB 3 X OV [-NO R DA Pefkds J ORI A #E /3 % Visual Analogue
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Scale(LA T; VAS)Z i L THEUfE{E L72, VAS X2 71X 0~100 DA — /L2 T
2L, 003 TPy, el R L), 100 1 T T & D DAk
B, MBMBTE 2 REOMNRRNEK) 273 X% E L 2,

3) PHMEREENF (Fig.4)

WE N E COBEEIAZ BT A ATITLY &l L, FES)ABNERMT T e ST
2\ [DigiGnatho Verl.3, 71 A@f, HA] ZEH LT, WHWEES /O 21T -7 29,
T v Rv—27 & LTHREGHEOBREE L O Menton (2B 8.0mm D~ —
H— B0 A, BEER A S ITWE T I E T AR 2 RE T D 72D 3
[Fit's 7' X (5.0g), 7 v 7K, AAR]ZMHH L7 (Figd-A), WHMFREEIED /HTIX
Uesugi & V& SZ ZHMGRIGEE S A 2 Vb8 14 4 7V E TOF 10 W
AT INERGE L THOWT&1T - 72, Figure4-B (s ISR D 43 E 512D
WC, EEAICHERHR G AL Z Level 0, FcRKBHHL% Level 10 & E® T, Level 1
225 Level 9 IZZENENARS T NN OANKE TORBL RO TENLD
A A RTSE IS 3 1) 2 IR NS & L 7= (Fig.4-B). HIETE B I, MHMREEEIE, 1
P A 7 IVICEST DM, 1 YA 7 VOB, HE N £ TIZET HIHEEE, B L O
W T CIC T A IEMER & LT,

4) INIRS |2 & 2 RiiSHATE IS BN G (Fig.5-A,B)

4 F % > 3L ANIRS (Hb1318S, astem, HA)Z M LC, AigARTEIZIS T 2 EE
fb~F 7 1 v (LLT; Oxy-Hb), Wifg#{b~% 7 v &2 (LLT; Deoxy-Hb), #a~E
71 B (LLF; Total-Hb) & HIE L7, Oxy-Hb OZAIL, BIEEIDIEME(LE S W
EARTIELE SN TWAHTH B9 KEFRIZHB WO TILOxy-Hb IZEHT5HF L L
Teo W7V 7 L— ME 01 ICRE LIES, #REI2IZ) 7y 7 ALE%
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BRIV CIER DS ZERT 2 X 2R LTz, BT VA 13 task (30 B) DT rest
RQUMNYEITH > Z tE17ry 7 L, ZRESH#VIET Va7 AL
72 (Fig.5-A), & BT task FHARERITD 10 #0 % pre-task, task #& T E1% 10 £V % post-
task & L7-(Fig.5-B), F 724 B L7z task BEIE task BALEND 10 PETE L
7oo AREBRIZEHBWTIHMERFD Oxy-Hb FH-0 B — 7 73 task BAEAL K 10 B CTHL
%2 &, MHIEZ X o TEE¥E ST IIEEN DS task BRAA 10 METZ THL &9 2
EFTCOWMEL BT HZENDIDEIIT task FEHOREEIT T2, O £,
Rest I3 task ZHWr L, tiRZF O EmICREINT-REZ Y 7y 27 ALEBZMITT
RETHEMATLILIFERLE, ZBHICE- T, 5727 — 4% Band pass
filter |2 & 0 WG OFHIEENC L 2RO O MGy, MRSy, DRy 78
ED ) A R(Hz<0.01,0.1<Hz)Z HER: L 7= 39, £ 7= pre-task & task T Oxy-Hb &
D7=% AOxy-Hb & EF LENEINDIRIE T} L7z task 1T K D EELREFT LT,
FTBRT =0V ADRELRET H72% C-NB, C-NO, I-NB I LU [-NO #
T A DT FELT LT, £, Chewing task BiD B LD SN — & 705 K HITE
BRBABARIC 1 AMEE T LI EIT- TH BV, H0I0 A A3k L 72 RBE ¢t
WZztT o7,

5) {NIRS F % /L OfEH RN E RIFR (Fig.6)

7u— 7 HRENMNBE ORI T o R~— 27 1XEES 10-20 5% AV 1z, Nz, LPA,
RPA 1V Cz ZROBEFBOH IR ZTIE LT IZ INIRS 22855 L7, £72, £
DT ¥  RNVALEITHERE ORI FHITERED 272 5 F 4 B RIS ANRBRE
EEDOTF ¥ U FRIANLEE 3 RILT VX A P —[PATRIOT, Polhemus ¥, K[E] %
fif U C =R oA ~ & 2542 L, Montreal Neurological Institute £ HEfM ~#5 5. L

I ZDNEAREE LT, 2D DEAEIC L > TR LT v o RAALEL, K
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FHIZ AV INIRS O F v VA 1 D CHEAER 3 & > F O A I L T
WA T2, FOFHAIFENRIZ Brodmann area T3 3 fHIkN EDORRE S FL TV D)
ZRUTTR LT, (Fig.6)

FHAIBEEIC E E N FEEUILL T Th 5, HAMAIRTEERTEF (Dorsolateral prefrontal
cortex (LA F; DLPFC) = BA46), R Ri75E & (Orbitofrontal cortex (EAF; OFC) =
BA11), Aij5H M5 35 (Frontal polar area (UL T; FPA) = BA10), T fij5H 0] (Inferior

frontal gyrus (LA I; IFG) = BA44, 45, 47),

IHMEEB D NB & NO (2 X 5 i, VAS 2 227 D C-NB,C-NO, I-NB £ L WV I-NO
TOHHERIZIZ Shapiro-Wilk #RiEZ W, IEHMEZI OV & 2R L7z &
C Wilcoxon 75 5 MANFf & A FH L 72, C-NB, C-NO, I-NB, ¥ X U I-NO [#]
7 Oxy-Hb fE?D L2 Shapiro-Wilk 7€ 2 FIWVIER AT 2 LD & & A8 L
7= ¢ T nRLE SR RIE BT L O Tukey BUEE A Lz, Zh 6 OHiEt
FRMTIX, FERHENT > 7 R[SPSS 26.0, IBM ), KENZMHH L, AEKEL 5%E
L7z,



[R5 5]
1) FHAPRAEFS KOG task Z & OARPRIEFS L OWEK K #E& > Visual Analogue
Scale |Z X % tr#g(Table 1)
Chewing task 35 JX OF Imagery task &5 51238V TH, NO IZIUWTAVREK & FEK
REERE S NB & b L CA B IS L 72 (p<0.05, Wilcoxon £ 5 - NEAL F1 Rk
7E)(Table 1), F 72, NO D Chewing task @ VAS {3 NO FF® Imagery task @ VAS

EX Y HAEEITEVMEZ 7 LT (p<0.05, Wilcoxon 7 5 EAL I &)(Table 1),

2) SPAOH B X 2 MHIEES) O L (Table 2)

WIS IRIS L OV A 7 VOB EIL,NB & NO O THEEZEZRD LN T-
(Table2), —77,NO &M FTD 1 ¥ A 7 /VICET HHFRILNB & bl LT NO I
BWTHRIZED ST (Table 2), X512, WEFE CIIET HIHMREE WE N £ T
(ZEE9 HIHMGEERET, NB & t# L C NO IZBWTHEIZHEA L 7= (Table 2),

(p<0.05, Wilcoxon 755 - AL FiR &)

3) Oxy-Hb DG4I (Fig.7)
WBRE OFHMEIC L % Oxy-Hb % Fig.7 127”79, C-NB (Fig.7-A) & b#E L C
C-NO (Fig.7-B) CHIZHATEF @ Oxy-Hb DRV 3580 b v/ (Fig.7-A, B), —77, I-

NB (Fig.7-C) & 1-NO (Fig.7-D) ClE K & 2 ZILFE O b iv/e ) - 7= (Fig7-C, D),

4) Oxy-Hb @ pre-task, task, post-task C @ Topographical map (Z L 5 ik (Fig.8)
C-NB, C-NO, I-NB, £ X O'I-NO T® pre-task, task, post-task ' D gijZER[EF Oxy-
Hb %:{t.% Topographical map & L T/~9°, C-NO(Fig.8-B) & kgt L C C-NB(Fig.8-

A)T task KFIZ K E RIEMELZ R LTz, & 72 [-NB(Fig.8-C)3 & O I-NO(Fig.8-D) D
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task RFlE & F O Bl % 7~ S 727> 72 (Fig.8-C, D),

5) Pre-task 25 task ~® Oxy-Hb £t & (Fig.9)

C-NO [T C-NB (2}t~ Chl, Ch3, Ch4 T AOxy-Hb 23 A EIIKVME A 7R L7=(p
<0.05, —IrhlE R ERE S BT B X O Tukey #E)(Fig.9), L7>L,I-NB, I-NO
B CIEA B ZEITRRD B AR 0o 7o (ool {8 R I E 43 53 4T) (Fig.9), & BT, I-
NB Tl C-NB |Zt_7T, Ch3, Ch4 T AOxy-Hb 28 E KM Z 7~ L 7= (p <0.05,

B E RAGINE Sy T 38 KT Tukey 4 7E)(Fig.9).
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B £

BUE, mPHOR D RS2 T 2 IMIZ 5- 2 55803 2 & 134 720,
Z 2T, AWFETIIEAZEO R WHEERE I L, — X7 U v 72 L0 ERE
WZEAZEY 7232 Lk v, S EEES)F X ORTEEATE OTEMEIC &0 &
5 IR A . 2 % 7 A VB E BN F I & [RIRE (AT B S HIAS FTAE 72 INIRS 4 AU
THEZITI & L LT

FERZHH 5 S 372 NO 54 T C Chewing task 3 & O Imagery task 2179 &R
PR X ORI R #ET, NB & bl U CHREIZHE N L 7= (Table 1), & ORI &
R R, 18 PERY72 NO B DU TWD Z eGSR TS ¥, &6
|2, NO T Imagery task &, Chewing task % ki35 & Chewing task (235U TR
PR & REIR R RT3 L SN L7z, ZHid 8B 50 task (2B TH NO (FR
PRI & IR IR R 2 K S5 23, Tmagery task HIZIHME 217> T g2 B
Fp 2 2 b — KN A FFRIZ 2B S BRI ORE LI SR 52 N TE 5720
Chewing task & ¥ & NRE & PR N RO &N DR o Tc & ZE 2 biIvD,

F 7o, HIFES)ZIBVT NO TiE NB &g LT, HE N & TIZE T 5 MR
DA, W TIZE D F TICES HIHEERFH ORD 278 L= (Table 2), £72,1 A
7 VOMEEIZEI L TIE NO TIL NB &b U TN L 7= (Table 2), D% Y &PHIE
g EZ G EE T ENRBINTND LB X B, H RN ASIHE R &
GBI 2D S L E VIS ETICHE SN TN DIRERE LM RENED
NIZOTIF RV EBZ N5 +9, DFV, SANFEET D Z LI1T LY HIER)
FITETL, BMEZHED I<KIHETICH TICESRER ISR SN D LHE
mIND,

NO T® Chewing task |2 % Oxy-Hb OHifIEIE, NB T Chewing task T
Oxy-Hb DN & b U C, IREATEARE (OFC), RTEAMREII(FPA), 4 MIIHT]
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SAATEH(DLPFC), FRIEAEIIFGIZIH W TA BIZEVMEZ /R L7 (Fig.9), 5D
AL A CHTEARTEFICE ENDFECTH U, K712 DLPFC |3 & D RAMRNE 2
THOVU—F T AEY —LEI DD TVNDHEEbI TN ¥, F722
TR TR I L O IEM LT 2 ER LN TR Y, BA-E LR L TV D B
WG T uhe & ORGSO IGE, BIBERTEFIZI1T D Oxy-Hb DM 2 %
ZENHE SN TEY, Oxy-Hb OBEMNFMIMGEED A4 & UMIEE) OTEMHEAL
DIFIE L 72> T D B2 oK LU E ORI L D IHMEEE T, 8l
FHATEF IR T D Oxy-Hb OIR T EGlER T e RHESNATEY &9,
Yokoyama & DIZNELMBMEHE AL & TG P BTSERTEFIC 351) % Oxy-Hb EAME T
T5EHE L TWD, £, HBEB O TRES & FEENDORTICHEGT
ATREME D R 2 2RI K D R ST B B 3430 FZ ) Tsubamoto-Sano &
X, ORI ASIEIGEEL O 721F Tl <, FliE & FEICHEE T s EE L o &
RN H D L I ERIVRL TS,

L 72732 T, NO JIREE TIIMHMRER) DR, AP A #ER O B TR 35558 S
o, TOREERE L THEICEAL T 2RIEATIEEHOR TR EEZ S TnD
EEZBND,

Lo L7 23 & REFFE ORI G # 1T LRI MR 24T 5 & 7o b & FBRIIC 8P &
L7z, WHIXAHORHEEZETHY, FEOABHBEITBENZRATHD LB
AOoND, ZDID, 5%, FEOBMHERHOBE XSG L L&A LITH> 2 L
([Z &0 SEANIENERNC B N ORI TR S X0 sEIICHREHT 5 Z & AN AThE
275 E&FExbID,

AW FE T HERRE 22 R ek U S BRAYIC S PH 22 5] &l 2 U 72 b CHELIEE o O FifEA
BEDTEMEAL & HIEER), 35 X OWHME R O AP & R R Rk 2 AT L 72 e #l D
W TH 5,
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FEBRAN S PH 23 B O WEIE IR RITER AT EF O JRIE R AR IZ 5- 2 2 I DWW TIRET L
TofER, DL Offima 157,
1) APARFICIHEHEZ1T O 2 LIS K0 AP, B3 L SITARISHEINT 2 2 &2V
L7,
2) SPARFI LRI T E CTIZ 2 2 MR B U, W E Tl
T HIHMGEER I3 L7223, 1 A 7 VDR EEIZ OV TIREIN L 7=,
3) SPARFORTEHATENZ 31T D IHME T K 2 BETE (X S PE0 RF O REIE 12 K 5 IS 12
HAFEICEWVEEZ R Lz,
LLbED Z & n, mPITHgoZEH 2 5] & & 2 LI ATSHATE 280 To
BIRIE 2 IR T SH D 2 LR S Lz,
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Table 1 EHARREEI L OEHH task = & DRI L ORI KB O Visual

Analogue Scale |Z & 5 b

Chewing task

NB (N=18) NO (N=18) p-value
Median  (25% - 75%) Median  (25% — 75%)
AR I 4 (0.0-6.4) 97.5 (89.0-100.0) wE
IR % IR 8 J 3 (0.0-6.1) 100 (98.2-100.0) ok —
Imagery task NB (N=18) NO (N=18)
Median  (25%-75%)  Median  (25% - 75%) T
SR 3 (0.0-6.1) 14.5 (5.0-39.0) o
I % IR 5 S 0 (0.0-0.8) 26 (17.6-37.5) ok

Table 2 2 DOF I & 5 IEMEER) D L

NB: Nasal breathing condition, NO: Nasal obstruction conditon

Wilcoxonsh =

U zanl=]

FFIERIFNIRTE, **: p <0.01; 1: p < 0.01

Interquartile range; (25% - 75%)

p-value

NEL IS 2% & E (mm)
1A 7 NAZEF B I (s)
1A 7 VO E (mm/s)
WE T FE TITE T D HNE A 5K
WE T F TIZE T D IEERERH] (s)

NB (N=18) NO(N=18)

Median  (25%-75%)  Median (25% - 75% )
1.3 (1.0-2.8) 1.6 (1.0-2.8)
0.7 (0.7-0.8) 0.8 (0.7-1.0)
20.6 (16.9-28.1) 24.8 (18.6-33.5)
41 (30.0-49.0) 34 (24.0-42.0)
36 (32.0-42.0) 28 (23.0-36.0)

ns

sk

ns

*

kK

NB: Nasal breathing condition, NO: Nasal obstruction condition

WilcoxonF 5 {FHIEAIFNIE TE, ns: not significant; *: p < 0.05; **: p < 0.01
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Interquartile range; (25% - 75%)




