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Influence of masticatory exercises using hard
chewing gum on chewing pattern and first molar
of mixed dentition

Abstract : Masticatory exercise for a set period of time im-
proves maximum bite force and labial-closure strength and
changes masticatory patterns. The purpose of this study was to
investigate the effects of masticatory exercise with hard chewing
gum in children in the growing period on the change in masticato-
ry movement, and the growth changes of dental arch width of the
upper and lower first molars, bucco—lingual inclination, and the
palatal width of the maxillary first molars. The subjects were 44
students (average age, 11.21+0.29 years) of Chiba Nihon Daigaku
Daiichi Primary School (23 boys and 21 girls) of Hellman dental
developmental stage I1IB to IIIC.

The subjects were instructed to chew hard gum (DAY -UP ORAL
GUM <Kamu Training >, LION Corporation, Tokyo) for 10 min-
utes twice daily, after breakfast and dinner as masticatory exer-
cise. The training period was set as 3 months, followed by a
3-month observation period. We conducted impression taking
and jaw function examination and subsequently measured before
the masticatory exercise (T1) and after the follow—up (T2). In
addition, in the jaw function examination of T1, masticatory path
width wider than the average value was set as wide group (W
group), and the narrower as narrow group (N group) ; we com-
pared the change volume in these two groups. In the comparison
of T1 and T2, the masticatory path width significantly increased
and changed into grinding—type mastication and also dental arch
width of the upper and lower first molars, the bucco-lingual in-
clination of the mandibular first molars, and the palatal width of
the maxillary first molars changed significantly. Furthermore, the
dental arch width of the upper and lower first molars, the palatal
width of the maxillary first molars, and the bucco—lingual incli-
nation of the mandibular first molars more significantly increased
in N group than W group. In conclusion, it was demonstrated that
masticatory exercise using hard gum leads to grinding—type
mastication, gives impact on growth of the upper and lower first
molars, and increases dentition width.

(Orthod Waves—Jpn Ed 2010 ; 69(3): 156-162)

NI | -El ectronic Library Service



Japanese Orthodontic Society

BEALM -2 I RAEIMREOEMES S S UE—KAERELICS A 358

157

®1 #HRELOWE

HIEME X (kef) - BENE Gyl b NEL P
BEME A I 2765 0911 3.356 2520 8474
EHA L 2445 1.220 3071 2.021 6.456
(CCEk 17 & v 51H)
WL X OEESS IR TR EEEEREO R
# E L, RANBEER SN, “EBEABRVRELL, &

EEOREOEM L0 FER LB T2 EEL(A
ELTwa"? 58, EEREHIMETLTWwaY, BRE
iz WTd, RBLOFEIC X HIHBE I DET 23
EEantwa'”. chig, HRENTVIAME
FRFEATHBI N TV I REoBELE L, BR
HAADBEBEOEMERE wbh T h?, 20
BR, THEOUERARLHEINBORAEIZ L 5 FIER
AN TwBYY, —8, BENBEL /T4 v
F4 v Ty A4 THBE2 LTw3b0: FEE—KHAH
DOFFI~DRENZEAGIZ & D TSHEFIIE L KT 5 AlfE
W3 3" LuIRERHY, FIL VT4 VITY
A 7OHES 2 R TR E LT, B L0685
BRBEhTw3Y, &k, BEMEY BV, F
PRFvRNTA—F— L LTHOEE B L VHBHEDE
VLD ELERINTLS (FD,

D& BER»S, BEESLHEHBNL -V 7D
MEICOVLTHRESY X, KAHEB L OEHSEA
DEEZSNICHBRY -2 DT ITAL VTV TH4
TADEMHH SN EBRRT WS, 2Dk S
HAEBE L —= v 7 LIS EE L8
EE pEE XN LD, HEHL—=v 7 L #Yl
B DOREEALOBIEIC D W THE L RIS A w,

22T, AMETIE, BESLHEBNL - %
o BRED ML —= v JHIRAT & R TR
THMEE S ¥ — v DIl & L CHHMERERIEZ, X o ICHl5]
B O & LT L TS — A 88 00 U MR e B R
B, EENEEERN AL S CIE - KABOSBRER
I, WA AR L —= v s — K
25 2 5B Ic > TSR L 1,

BHBSUHE

1. #HERE

WA TEARREE~NERO 44 (B 23
%, LR214) ORAWMIII (Hellman O s B~
MC) DRE (FHEM1121029/%) & Lz bL
—= v 7HMIZ 3 AME L, Z0%3»ARORRE
B 2 8\ /-,
BRI RS BV O R AR, RAE, e

it L—= v 7HEHIC E TS HEBOBE 2 R
DBVHDE LT, &, FAFAEZHOERANF RS
BRERELDRR LRI T3,

II. BB rL—=2THH L

HBRAeEME LT, BEHESL DAY-UPA—F LA
L (b L—=v7), (¥) LION, ®xX) %F|H
L7z, W X32765kgf, BEEMIE 0011, BAMEIE
3356, LMl 2520 B X ORI 8474 TH 2™,
%8, BEY L (MEDISH-C, (#) LION, ®HIE) @
YL R 1 ICERT 2.

I ML —=Fh%

RE L REH I, EAHBEORD BHF LT3 &
9 THRIT 10 EIREA 725, ERIC 10 R, TOE
ZEAUCHES ) R EZH@ N L —= v VBB IEE
L, TH2EIEAAHKD 10 2BOHB L —=v 7
7ot PL—=v 78I 3»HBTZ D% 3 H
AR ORABEHE2RT . £/, tL—=v %
ToTwBREICHL, 1 »ARICHETROBERBES X
OEREDHER 2T 7.

IV. ETRIEE

1. WHMREE)

IHES OGN IEERE—Ya vX vy TF v —
ZI0H L -5 RIS EE % (Diginatho, (BR) 7
AR, BY) 2RV BREOBRTE X CERHEE
AV FVICEZESmm O —h—%2E b 1, HEEE
BESTICY Iy 7ALRRET7? 77 7V R
DR EAKFICR D &9 ICETFICES E 721, FIHBH
BT 30 BEoH LIHE2THhE 7,

BRI DT IE, HESY % 5% 1 IHBRIS
BESAPO—ID5E 14 A -7 ETOE10 A
Fr—2%2NRELTHBDOY 7 2T ZT
o7, K LIORTFEHBER O S RICOVWT, &
EHRICBIERANL % Level 0, B ABHIINIZ Level 10 &
EDHT, Level 1 25 Level 9 ICZ N FNHY T 350
B BN E TOREMEZ RO T, 206 DFHEEE
HOSAI 1< 3 ) 2 HMEHE IR & L 72,

¥/, H L —=v 7BGE (UT, T &8

NI | -El ectronic Library Service



Japanese Orthodontic Society

158 Orthod Waves—Jpn Ed 2010; 69(3): 156162

1 THREERIEDEHA
(32t 21 £ Y 51H)
EWRROSERICOVWT, BENICKERSAH %
level 0, RARONM % level 10 EEH T, level 1 »°
5 level 9 ICF N ZFhBY T 2O, SHOBRETO
IERE SR, TN 5DFIEEEBZIREE L 7.

WC, MHRERIEOFEHEL D IAWH D% wide group
(214 :BR104, LWR114. MUT, WE), v
b D % narrow group (234 : HIR 134, LR 10 4.
BUF, N#) L L, Wi#o 6 »HEOE{LERD g%
Tot-.

2. TIPEde 5 Ry

T1, FBRBEKTR (UT, T2) KE/LALLET
FOPERFIBEIT, T SHE— K E R D B v SE
e (LT, ETHEE—-KABRMIER) &0 LEE
—RAROBERERE T, OFBR) 277090
/¥ A (MAX-CAL, v +32, @&, g/hxEY
00l mm) ZHWTEHILZ (K2, OBBERIES
FE—RKHEEEHEEE T OEHERRE SRR E L,
ETHEE - ARAREE N REENA ORI, &
BE=XILTY ¥ A4 ¥ — (Micro Scribe, HA&NA F Y
=, BF) ZHOTEHIEEREL, Bohlz7—%
% 3D/CAD & #t vV 7 + (KEY CREATOR Version7.03,
JRTy 7, KK KCEHEIL 7, BBE=XTTFY
AT I TR ZRET 208, BIIEEIISH» %
WEIEE LAY, EAEE, hYERILEES &
OEAEZ/NENR L FE—REABORMILEED 3 5%
WAEEE L, EEHOE/INAE LS~ KAEOH
MAHELE2ERE X, E¥EFEHETZzhICE
T3 2EM% Y, *-REEVEICETT3ER?Z
B U7, FREEROLIE, B—KAROBEEROED S
BAHEDEEENDBITR L EAEOED S WA D
HHBNOBITHRD 2 A B2EMB 28 L 2 TA%
EEM A L L (X3).

V. #Eth&
THMBAERRIR 3 L VO ERFIRERI D T1 & T2 IC B
2 ZEHAHE O st % Wilcoxon test 12 & 2 HRERE S

X2 EHRIEE
A B—KBEEEOBAIKERER, B £—KA%
AZEIEE

BAuTiTe, Z20FNoBERELZHEEKES% B LU
1%PATFE L,

VL RIERE

FHENEBNCEHHIL 72 HA 6 1 A 2 BB 0
HzTve, A—EAOHEBEI LIC1FE L 2HEDE
HIE % K, paired t—test % F > THSE % 1TV, Dahl-
berg @ double determination method™ = & 1, #4r#k
AT 2EESBOBATE (error¥%) ZRdDZ, ZD
FER, BRI IHEBEEIITIX 087 mm, AT
12 028° AT EARDBERBERASNARD 572, Error%
BRI d 006-191 % AT TH o 7-.

f5 R

I. EESHDEHA (R2)
THMRRRIEIE T2 TL K D BRI L 72, WE
WKBWTIRTLET2TERALNL VA, NETI
T2TI XD EREICHEMER L, £, WEBEN
OB T, TLIZBWTIE WENERIZKZ VS,
T2 CHMBRICERLEZRRD oA o1,

II. OfewsEBOEHR (R3)
FTEE-RARMIBRIZ T2 TI L hERICKE
otz THE—KEASEEWEEENAIE T2 25 T1
EDERINE L, EEELARICELE. &5
I, OEBRRBIET2HTI LD ERICKE o7, ¥,
WHENBED T2IZE8 I 2E(LROHETIZ, LTS
B REBHEIER, DBERE L OTHEE -KA%ESE
BB WT, NERIWHEHIDERICHEMLZ (X4).

£ =

Hggehom E2RsHEB L —= 7L LT, F

NI | -El ectronic Library Service



Japanese Orthodontic Society

WAL - TFRARFIAREOEMES S L UE—KEEELIC5 2278 159

3 F—KEERGRMENS
FTHRE-XBEROHEABNE, SREABNFEAENDETREEAENED, SKREED
THBNOBTRD2RERIERN ZHELTAE

®2 bL—Z1JREA (T SSUREBRERTE (T2) (I 2EBRERBOLER

(mm)
Tl T2 Wilcoxon test
2HERE *
(a=14) 0.88+£0.56 2.35+181
W B
(a=21) 2.07£0.88 s 229060 7 NS
* %k NS
N# 0524021 J 2414063 J i
(n=23)
* 1 p<005, **:p<001, NS : notsignificant
W # : wide group
N # : narrow group
£3 bL—=C7JBAR1 (T1) BLURBEBRERTE (T2) OFEREHAOLEE
T1 T2 Wilcoxon test
FORAELOBRBTRRE o)) 52.84+300 *
(mm)
= %ﬂj‘aﬁmﬁwmﬂ‘@ﬁ% 737341 6.86%3.12 **
FARHENRERE 37.39+2.72 39.99+327 **
(mm)
R E B LRI R 4454331 4507280 *
T ()
%*kﬁﬁﬁ%mﬁw@ﬂé) 1493+295 1286265 **
* 1 p<005, "' p<00l

NI | -El ectronic Library Service



Japanese Orthodontic Society

160 Orthod Waves—Jpn Ed 2010; 69(3): 156-162
(mm) —k *—I
4t
3} N
X X

2 r *7
1t ‘7 (%) ®

TEE—KEA® TEE—KEE
O EEMEBENA WERAEEMER A 0

LEE KBS TEE—XKBHE
ﬁlt.\ﬁﬁlll&iﬁl'ﬂ#%n% i&lbﬁﬁllﬂﬁﬁﬁﬂﬂ'h(im%

[J: Wa¥( wide group )
N : NE#( narrow group )

EEE— K8 L
OEME

M4 rL—Z>JRtART (T1), BEBRERTH (T2) BICHT3WE, NEOELEOLER

* 1 p<0.05,

HE O BFA LA EENIHE ¥ — DI
ST 2HROEH 2R T Z LITHL w3y, IHEE
DEVRMIE, HIS, HEB X CHE OGS % 15
iLL, HRHhom EZHBNE LA-RBIEREIEL
T3 LI EE"® B ans,
THEMSREDFZEL T B A — A 9 ) PRAERIZE
SUEDIEL 754 V74 v 794 7HB% L Tw32,
7, HREHAACBOTORENDRS 94 VT
47y 4 TIHEE LT3 SO TEAFEAE
L, WAESAT Y, o, Vo4 vFavy
74 7H@RRTEMLE LT, HBEoEOEES A
BEELLEHELTVwRY, Sy Favsa4
THEZT> T 2000 E IR, THERHIE & HIEH
BIOBAEOHHZT> T2 b 0% uHY, O
BEA BB ORI CIRBAOM ORIERIC X 2 H DR
THHEROMERIAELEELELLVT b
5, AR TRHBRBIBOAHL, 754 vF4
YA A TIHBOHER LT, ZORE, HSRRKIE
BT2HTLEDERICKEL, EESLIL—ZV
TWEo2TCTIA T v T4 THBNEEL -
CLBHERINS, 4, NEATIES T2I28W
TIHEHERIENERICHEM L2 05, PL—=v
TIEoTTIA VTV T 94 TIHEEEEH LI Z
LR INS, R, HEFETE, FL—=v S
RTEROBERFRE LTI FETH o708, UF/E
BOMEIC L D ERRBE2ITI I LIZTE d oz,
EHEBEBSOELEER, E#MOElicLsbDT

** 1 p<0.01

B OBOAIAFREICEEL TWwa W) BENDH
h®, AFEICBEVTH, NEBXOWROZLE
KBV, FES-RARMELS X OOREREE
BRESRED SN, FEE—-KAREEIIEE R
ERBOSNEDP o, BASY 3 LEAAROE
EHRSREEIZ 7 2 A o v VP 4 7 & B L A THNR
BREOFEL 2T 20, EEAFASESE & EHEERC
MR, siEmTOOEHESa Y /724> v
NE A TIERE, HEEEOHR Y a—F 724> %
VI TOOBHKEIIAETHS EREL T3, &
Sic, P ZREAEREIR & BAA O REER %
LB L, THMEHSRE DB\ BRI 0 R 0 A H0
HEEOMARERVPAZIVEBRE LTV, Thb
L, WERAHEER L V54 VT4 v I Y4 SIS
FHEEROZRAICHA~NOREN ML LB
ns,
THEAARS~OHEE LKA NI THEEORNE &
RS ORES 2, FEACEIE T 22"
EEINTVS, Thbb, Y94V F4v 794
ZHE T TEAAEBENL AT Y 794 + T3
TEBEZON, AREERIZBCTH T, T2iK8
W OBEE R ENER A, F—KEAEMIERSE B I
MERLZ, £, NELWELDOERICHNE
AL EORABORIEIS EEZ 5N D,
AFELD, BEEALEZERALAZEBN L —=v )
BFavEr 7y 4 7HETH 5 NEICEBIT 2HE
REBIBZILT, 7940 F 1 v 794 7HEANEEL

NI | -El ectronic Library Service



Japanese Orthodontic Society

BEEHL ML -2 T HREAETIRENERERHS SUE—KREELICS A 88

161

L, F—KAWDOENHA~NDREELICENTH 3
ZEBbh o,
SHIFEEEQORBIINT 2 L ) BN LHAE LT
v, BEHEALHBN L —= v ORIz OB THRET
L ENBBETHBELEEZ LN,

Bl REKZDICHID, ARFRICE W THRIGRY)
AZHERBEY ¥ L1594 4 v BRMHRSHHE
HEFMEILA 2R, 54 A4 VRS FREIRA
A — 7 V7 THEFEEHEEEHE—EBKL 5 i
Bl R A BRIERRICEATRHOBEZRTL LD
2, ECRBEHR L ETET, ¥, AHEETICH
HDZHHCREEE L LTEIAREE /N AREE
R ek, KRESEEER BOEAE RRIGE
RSN LET.

X ®

1) SCERlAE. B 46 FEERRMEREHREREE.
1970.

2) SCEHREE. R 20 FEEERR R REREE.
2008.

3) CERlEA. P 21 R SRR AR B 2009.

4) FRERIEH, PR O e A B2, SRR E R B, 1990:
112-132.

5) 6l A FE— K OIHMGHERE O R, Ik By
35 1989; 16: 1-15.

6) RIHESR, 53 B HEOEA, i hNEOBEARKRE
LITE) (BT BT 2HF% B 18 Wa A,
NEMER 712D\ TL /N R B S 1989; 27: 1002—1009.

7) R T SR8 3HBIHORE. NRER
2000; 41: 2167-2175.

8) Watt DG, Williams CH. The effects of the physical
consistency of food on the growth and development of
the mandible and the maxilla of the rat. Am J Orthod
1951; 37: 895-928.

9) Berber CG, Green L], Cox GJ. Effects of the physical
consistency of diet on the condylar growth of the rat
mandible. ] Dent Res 1963; 42: 848—-851.

10) &H B 7 v MEEEL L OCEIEEOREH
BRI TEBYOBEEOBE B8R #k¥E 1985 11
141-170.

11) Beecher RM, Corruccini RS. Effects of dietary consis-
tency on craniofacial and occlusal development in the
rat. Angle Orthod 1981; 51: 61-69.

12) Rk, BILAIS) ZHEFEH, fth 8 ORI
T 2 HEERHITTZE. HAEHEE 1982; 41: 708-715.

13) #HEEE. ABICBT 28 & HEOAFM. ABGE
1980; 88: 69-81.

14) IR 4, @B Bl—H av Yo — W8

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

BEHICK 3 THEDOMEIRGE & THEHEL OB
HE I OVT. HFESEE 1998; 57: 299-306.

B ORTREE— =t BREROE
i & 2 UH M E ) o £k, B K O RERE A 2008; 34:
1-6.

BEE— 28, FEBE, 8. BiEs A
HHIE - L — = 7 oRA S R E O HEEE 1
I T2 Orthod Waves—Jpn Ed 2008; 67: 132-138.
R OBER INKET, SNBR, b £ REREL
BEE L 7= & W & VY8 A5 75 B 0 3FAi. Orthod
Waves—]Jpn Ed 2005; 64: 167—-172.

Ingervall B, Bitsanis E. A pilot study of the effect of
masticatory muscle training on facial growth in long—
face children. Eur J Orthod 1987; 9: 15-23.

Yurkstas A. The effect of masticatory exercise on the
maximum force tolerance of individual teeth. ] Dent
Res 1953; 32: 322-327.

Worner HK, Anderson MN. Biting force measurements
on children. Aust Dent J 1944; 48: 1-18.

iz, EREZ, REBT, b SRR IEIEH
B DA L IHMGFIBR DS SHETE B35 O IHMSHEAE 1< )2
E IR, BFHAES 2004; 14: 170-179.

Chen H, Lowe AA, de Almeida FR, et al. Three—di-
mensional computer—assisted study model analysis
of long—term oral-appliance wear. Part 1: Methodol-
ogy. Am ] Orthod Dentofacial Orthop 2008; 134: 393—
407.

R B EAC. 55— K F B o B R S fE AL & o 51 0
DRENRY — V20T BERA L AR
D 2 %M & » H#. Orthod Waves—Jpn Ed 2006; 65:
112-121.

BREEL, HNET, RRFA. BROVE L EE
BEE BT 20 1% RROYEO BB
HIE, 72 & KICERIEIT OV T, /NS 1985
23:962-983.

HANET, PRSI, 08 F, RIRFA. BRhoY)
HLBEERBICETIMA B2k EROYE
2 & 2 HERIEELE. /NS 1985; 23: 984-992.
Hayashi R, Kanazawa E, Kasai K. Three—dimensional
changes of the dental arch form and the inclination of
the first molars: Comparison between crowding —im-
provement and crowding—aggravation groups. Orthod
Waves 2006; 65: 21 -30.

PN ES. HEES OMRE - fiX H = X5 AR
YA 1084; 63: 123137, 297316, 477-492.

BEASE REAC, N £ avEa—F—
WIBEEICL 52 LERKABROEIRE L EHE S
& CSHBEIRE & o BhE M 20T RS
2000; 10: 3-9.

NI | -El ectronic Library Service



Japanese Orthodontic Society

162 Orthod Waves—Jpn Ed 2010; 69(3): 156162

29) AR, MUY BMEE Ty H 5% %
FA 7z CIRERABSRERR VR, /N VR B 3% 2003; 41: 625.

30) /NEFERBA, BB, KREEL, f. /ANRo OB
MBI 2% F 2 WERE & 0B NE
BEEE 2004; 42 441446,

HEEH B #& 2009 £ 10 A 4 HZAY
2010 4 1 A 15 H3Z 8
gk R —
H A KR B - B BHR IE 3
TFERERAF i RHET 7 2-870-1

E-mail : negishi.shinichi@nihon-u.ac.jp

NI | -El ectronic Library Service



