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First time Second times

Fig 1 Surgical procedures of tungue volume expansion

Fig 2-B Surgical procedure
of tongue volume
reduction

Fig 2-A Tweezers for
tongue volume
reduction surgery

Fig 3-A Dental arch length
measurement apparatus

Fig 3-C Dental arch
width measure-
ment method

Fig 3-B Dental arch
rength measure-
ment method

expansion control reduction

Fig 4-B Comparison of
tongue
morphology

Fig 4-A Measurement
sites 1n the
tongue
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Cd-Ild Length of the mandibular bone
Cd-MA Length of the mandibular ramus

Cd-Go Height of the mandibular ramus
Cd-CC Length of the condylar head
Go-ld Total length of the mandible

Go-Me Length of the mandibular body

MA-Id Length of the mandibular inferior border
CC-Ag Height of the posterior face

Al-Me Height of the anterior face

Me-ld Height of the lower face

Fig 5-A Measurement points on the lateral surface of
the mandibular bone, and measurement
items

Cd-Cd' Between the condylar crests
M1-M2 Between the first molars
Go-Go' Between the mandibular angles
Fig 5-B Measurement points on the occlusal surface

of the mandibular bone, and measurement
items

]
1. EREMOBENEE)

SHEREETIE 1 HPE6. 3gDIZIF—EDWMAH -
72, FRICH LT, HMAMHETIEIFEHE2HEIT
21 HPEH4. 1gnhn, 4 B UGS BEOHEE
fLERULTHA. T/, THAFTIE, FHOEAIR
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PE373g, EYLAMBEST1g, THI/MITEF370gT 3 BRI
FEEZHEDLN LD -7
2. THEISREELWIISERE (Fig 6-A, B Ta-

ble 1)

M1-M1' - Between the maxillary first molars

M2-M2' Between the maxillary second molars
Z1-Z1' Between the zygomatic arch anterior borders
Z22-Z2' Between the zygomatic arch posterior borders

Fig 5-C Measurement points on the maxillary bone,
and measurement 1tems
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reduction

(week)

Fig 6-A Length of the mandibular dental arh

control

——-expansion
""" reduction

(week)

Fig 6-B Width of the mandibular dental arch

Table 1 Length and width of the mandibular dental

arch

week 3 4 5 6 7 8 9 10
mean SD mean SD  mean SD  meanSD mean SD  mean SD mean SD  mean SD
control 90 (D1) 95 (01) 100 (OD 1Ws5@1D 1140 N7@0) 1180 124 (0 1)
Length expansion 90 (01) 99 (1) W08 0D 116 (0 1) N8O 12201 12301 128 (01)
reductton 90 (01) 94 (01) 100 (0D 020D 11101 11301 116 (01) 121 (01
control 7101 76 (01) 78 (01 84 (01 88 (01) 90 (O 1) 91 (01) 9301
Width expansion 72 (0 1) 78 (O 1) 84 (01) 91 O g2 0D 94 (01 96 (O 1) 98 (01
reduction 71 (01) 74 (01) 75 (01) 78 (01 84 (01) 87 (01) 90 01 91 Q1)
()

T, HIRMBETIE 5 BT TI0. 6mm/BR0 L,
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*f B8 B DO Tongue Width 113, 108858 T T120.7
mm, Tongue Width 2/30.4mm, Tongue LengthiZ
2. Imm#& A BN L T 7z,

FILRM#E D Tongue Width 1131038858 F TL21.0
mm, Tongue Width 2120.4mm, Tongue Lengthi
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Fig 7-A Tongue width 1 (T1-T1’)
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Fig 7-B Tongue width 2 (T2-T2’)
(mm)
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1M ==
12
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1 2 3
(week)
Fig 7-C Tongue length (Ts—T1)
Table 2 Tongue width and length
control expansion reduction
week mean SD mean SD mean SD
4 69 (02) 74 (02 61 (01
Tongue widthl 5 7202 79 (01 63 (02)
10 76 (01 84 (03) 67 (02
4 66 (02) 7102 60 (01)
Tongue width2 5 68 (02 73 (03) 61 (01
10 70 (02 75 (02 63 (01
4 110 (0D 128 (02) 92 (01
Tongue length 5 122 00D 140 (©2) 99801)
10 131 (02) 150 (03) 108 (02)

2.2mm#EM L T 7z, F A8 EMICIE, Tongue Width
L3tk 1 ~ 2 AR OIS A EEE X YP<0.05L
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BEAEHMLU h o7 L2 L, 10388 Tl RRE
18. ImmiZxt L, H3k#18. Smm TH# MIZP<0.05
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FEENBD LN HH/NEE 4 825 5 HETL.2
mmiEI L, FRUBIZIFEASHEML 2h o 7295,
1058 #5 T 1216, 2mm TR A L P<0.05L NV O
ERAR LN

2 VBRI 2 B EHI (Fig 9-A~] Table 4-A, B)
(1) AiRRRRFHIEE

TEHUE (Cd) #3E4e & LA HREE o MM i 813 Cd
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(mm)
12 -

10

-
—

control

~~ T~ expansion
reduction

(mm)

control

reduction

Go—Go’

10

(week)

control
——————— — — = -expansion

reduction

5

Fig 8-C Cd-Cd’

(week)

Table 3 Measurement of the ccclusal surface mor-

phology

control £xpansion reduction

weex mean SD mean S D mean S D

4 77 (01 78 (01 7401

MI-MI 5 79 01 84 (01 76 (02
10 94 (O 98 (01) 91 @D *

4 162 (0D 164 (O 161 (01

o-Go 5 177 01 184 (0 1) 176 OD

10 181 0D 188 (0 1) * 178 01

1 148 D 151 01 143 © 1

Cd-cd 5 160 (01 167 (1 156 (02)
10 165 (0 1) 173 (01) * 162 (O *

* P<005  (mm)

Go-Me & Go-1d7% % 4 0.8mm, MA-I1d74%0.4mmT &
DEHIEBALIC X o TRED B2 > T/, LaL, &
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Fig 9-B Cd-MA
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control
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Fig 9-C Cd-Go
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Fig 9-D Cd—CC
FHEE &b H KRR 0 BB X ) EREAK X

TR NS WAL IR D SN oz, L
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Fig 9-E Cd-Id

control
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Fig 9-F Go—Me

(week)
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control
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Fig 9-H CC-Ag
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KWHETIE, &7V —F, $I2Cd-1d, Go-Id, Go-Me
DOFHAEE2Y, P<0.01L XV THEIZKZVWOIZH
LT, Cd-CCEIR7z 2 3HHIE H 1ZP<0.05L XL
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Fig 9-] Me-Id
Table 4-A Measurement of the mandibular bone
control expansion reduction
Wik
4 13 @ 1600 * 42 01
td Go 47 0D 190 )+ 400D
10 69 O D 7100 68 (01
4 5K 0 1) 60 0 y7 D
e s b2 01 630D ol (02
10 100 702 69 WD
4 Y6 © 1) 98 01 CERCEN
Cd-MA 5 01 0N 012 * 99 (01 *
10 134 01 [ECRCRURS 132 011 *
1 20100 206 (0 1) ** 202 (0 1) **
Ca-ld S 201 01 208 (01 ** 201 01 ¥
10 Hron 254 01 ** 249 (O1) +*
4 200 O 201 @1 ** 196 (0 1) **
Go-id 5 206 (01 21240 1) *=* 206 (©1) >
16 250 b 25301 =+ 248 (1) **
* P<003 x% P00 (w
Table 4-B Measurement of the mandibular bone
control expansion reduction
WOk
1 154 @1 [EERCITIR o+
Go Me % 1675 (02) 168 O 1) ** Wl 02 *
10 208 W1 202 (00 *x 2006 (0 **
1 IERCE Lo W+ W30y *
MA Id 125 01 12700 * 1230
10 ML JERECESRS 139 (0 1) *
68 (0 71 1) % 67 0D *
A 5 70D 71001 710N *
10 9% (010 WL o 97 (0D
t 180D 1002 16 1)
AlMe 39 (00 fLon 370D
1w S0 02 521 19 01
i 11 @0 130D = 10 (00 *
Ne-Id 5 ERRCR! i 1N *
1 3700 39 01 5500
P00, *k 1<001 ()
e i ) . - 3 N SN e PR
HEIIKRE Do —HEMRNEO 487 V=TT

13, Cd-l1d& Go-IdoFHAE H AP <0.01 L X)L TH S
5 EE S N — 7 L 108 7V — 7 TR 2 #
¥ 7-P

\/xﬁi‘,

2 TGo-MeAP<0.01L NV IZ 7% o Tz,

<0.05V XNV OFHHEE ZCd-Ma, Ma-ldTH - 7-.
(2) BIoFHIER

B TIECd-GoA%0. 42mm/ B3 28 L, 108%
Tl36.9mm CC-Agi0.5mm/#T9.8mmiZ, Al-Me
120. 2mm/# T5.0mmiZ, Me-Idi0.25mm/# T5.7
mm& A4 IZEELTWA. HIAMEETIZCAd-Gok CC
—AgkMe-TdA itk 2 M £ THREEN KR E o E
EP<O.01L NIV OFBEEDNRED HNzH, Al-MeT
BEINV—-THEEEIED N0 7.

3) EFEHBEMNESH (Fig 10-A~D, Table 5)

xR #E S —F1H (M1-M1) TR£2 1L 4 B#ET7. 7mmT
HD0.32mm/HDIZITH—L2BmERL, 108E
TH9.6mmTdH - 7. HFILAME T 588 F TO.5
mm/ BB L TV 72235, Z0%EMEA A L10AEk
T TmmE BB LT E A EEDR R o Tz
TR ETIIEOBERIIBOLTOLMIZERTIES 25
7275, 1088 TI1X9.5mmiZ i Y B L OEITIT &
AER LR o Twz, BTHER M2-M2) I8#E 1,
B-Fmil L 0 EBMEIIKE <, WIREETIE0. 4mm
THhorz. HIARETIZS AR T TOWMA0. 7mm
EREVOIH LCOER/NEOBIE I b o 72,
LrL, 10B#E Tl 3 BMICEIE % <10.2mmTH >
7o, BEEF (Z1-Z0) MR B B0 4mm/ A ORI T
H O HFILAMBETHF L 0. 4mm/BEDOIEMA D - 72,
108 &6 T LRI A A%16. 3mm, E A A%16.5mmTdH - 7.
— i EFR/ANEETO108E 115, Smm & A E I RE X
DINE D572 (P<0.01). LA LZ2-Z2°Tld, £F0.3
mm/BAEI L, 10B# TS 5Smm, FHILRME
18.8mm, TH#E/IEE18. 3mmE ZHEICA BENR
oo,

4) MBEFATR (Fig 11, 12)
(1) xR

4 AR TIE, TRHEILE-OHANDBEFA DT I
Roh, FiE01/3TRIBIEL, ELIZA
Mo THL o TV, RENEB TII RS
OB REAMER T TR S L TR OF
Z L 5Tz (Fig 11-A).

5 EEECIEIE LARDLL ES) R LR, o
MR- THREERIZE 0 1 /3 TE HICE L 4 %60
RL7z. F72, RBHE LB ENSSICERL
Twiz (Fig 12-A).

(2) LR

4 ERTIE, NBEICHASTTHEOBEFHI 2w
&R L7, REHIEERNEL, ZOTRO
(LB DOFLEE D N BEE X D 3T L T/ (Fig 11-B).

5EETIE, THEHKGFOESZ4EHKLIISSH
WEL Y, TROBRER IR KD, $TICE
RE N BROBAHL B0 SNz (Fig 12-B).
(3) Hfi/EE

4 BETIE, MEBECHANTTEEO®R T IAND



ERAR L, /22 DE L 1/ 3 DEBEDOZEHROIE
EHEo &7 (Fig 12-C).

5B TIX, FOTHEHEOELHEANDLE EA3D
BARONTAS, O IIr B R EILAMEE & X
ThThThor. FEBRICKERBOERILIETDLN
oo 72, ZOBTIIKREMEERE O EREK MK
RELTHRETH - 72 (Fig 12-C).
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== =~ = -@xpansion

reduction

(m)
12

5

Fig 10-A M1-M1

10

>

(week)

control

- — — -expansion

reduction

5

10

Fig 100-B M2-M2’

{week)

~— = -expansion

reduction

5

Fig 10-C Z1-Z1°

(week)
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(ma)
19
185 ="
//—’ .
18 z -
7z .
e -
rd "
175 £ Ll
L4 Pid
P Lt contro!
17 — — = — — — - expansion
LT e reduction
165 =t
16
155
15 4
4 5 10
(week)
Fig 10-D. Z22-Z2
Table 5 Measurement of the maxillary bone
control expansion reduction
week mean SD mean SD mean SD
4 77 (0D 78 (01 76 (01)
M1-M1 5 810D 83 (01 78 01
10 96 (01) 97 (01 65 01
4 79 (02) 81 (01) 76 (02)
M2-M2 5 85 (02 88 (01) 80 (02)
10 102 (1) 102 (01) 102 01)
4 13701 140 (01 135 (02)
Z1-21 5 156 (01) 159 (01) 154 (0 1)
10 163 (0 1) 165 (0 1) 158 (01) *%
4 166 (0 1) 169 (01) 164 (0 1)
22-722 5 178 (01 183 (01D 174 (01)
10 185 (0 1) 188 (02) 183 (02)
* P<005 *x P<001 (am)
mesial distal
A .control
B.expansion
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Fig 11 Condylar head (4 weeks)
mesial
A:control
B:expansion
C:reduction

HL.E. stain
Fig 12 Condylar head (5 weeks)

AZ stain
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Abstract Tongue pressure 1s a force that mamntains normal occlusion, which is called occlusal retentive
force Individual differences in tongue morphology are marked, and 1t has been clinically found that
macroglossia causes spaced dental arch or maxillo-mandibular protrusion, and aglossia and microglossia cause
crowding or cross bite However, causal relationships in such disorders have not been sufficiently clarified
Furthermore, the causal relationship between the morphology of the temporomandibular jomnt and that of the
tongue i1s unknown

In this study, we performed tongue volume expansion and tongue volume reduction surgeries on rats,
and measured dental arch morphology and morphological changes in the maxillo-mandibular bones i dry
skulls Simultaneously, morphological changes 1n the temporomandibular joint were histologically mnvestigated

Results were as follows

Our findings suggested that tongue morphology greatly influenced the morphology of the maxillo-
mandibular bones and dental arches during the growth and developmental period, and tongue size is an 1m-
portant factor determuining the vertical dimension of the condylar head in the temporomandibular joint
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