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[ Abstract]

Oral function affects the growth of the dentition and jawbone, resulting in functional
decline. Oral function in Japanese children in recent years have reportedly decreased
due to softening of food and dietary changes, and the incidence of malocclusion has
increased because of insufficient growth of the jawbone and narrow dental arches.
Maxillary lateral expansion is often the treatment of choice for narrowing of the dental
arch width during the mixed dentition period. Rapid maxillary expansion (RME) is used
to move the skeleton itself laterally by releasing the median palatal suture, while slow
maxillary expansion (SME) is mainly used for expansion by the tooth axis, but there are
few detailed reports on this. Although there are some reports on morphological and
functional changes before and after expansion treatment, there are few reports on the
adaptation of the mandibular dentition without the use of appliances. The purpose of
this study is to investigate the effect of different expansion devices and different starting
periods of treatment in Study 1, and to investigate the relationship between natural
adaptation and oral function of mandibular molars before and after SPE in Study 2. This
study was approved by the Ethics Committee of Nihon University School of Dentistry
at Matsudo (approval numbers: EC 19-022-A, EC 20-038).

In Study 1, Sixty patients who underwent orthodontic treatment at the Nihon
University Matsudo School of Dentistry Hospital were included in this study to
investigate the effect of treatment beginning at different ages on the expansion effect of
RPE and SPE. In the RME group (Expansion amount: 7.7 + 0.8 mm, Treatment period:
approximately 3 weeks), the expansion screw was turned half a rotation per day (0.4
gmm). The group that started treatment in the early mixed dentition period was defined
as RME - I (7 boys, 8 girls, 7.8 + 0.9 years), while the group that started in the late
mixed dentition period was defined as RME - II (6 boys, 9 girls, 11.8 & 0.8 years). In the
SME group (Expansion amount: 3.4 + 0.9 mm, Treatment period: approximately 20
weeks), half a turn per week (0.4 mm) was performed. The group that started treatment
in the early mixed dentition period was defined as SME - I (5 boys, 10 girls, 7.7 + 0.4
years), while the group that started in the late mixed dentition period was defined as
SME - II (7 boys, 8 girls, 12.1 £ 0.9 years). The pre- and post-treatment dental models
were converted into STL data using a 3D shape measuring device (Maestro 3D Ortho
System, Yasunaga, Fukui, Japan). The STL data were then processed using software
(3D-Rugle version 8, Medic Engineering, Kyoto, Japan) to measure the palatal width
diameter in three dimensions. The results showed a significant increase in the expansion
rate of RME compared to SME in DA and MA. No significant difference was observed

in SA. In the age comparison, a significant difference was observed between RME - |



and II in DA.

In Study 2, the research focused on 19 patients (9 boys, 10 girls, mean age 8.9+1.1
years) diagnosed with narrow dental arches at the same clinic. Measurements were
taken at the initial visit (t1), three months after the start of expansion (t2), and six
months later (t3). Morphological measurements included palatal height, widths of the
upper and lower first molars (U6-6, L6-6), palatal width, buccolingual inclination
angles of the upper and lower first molars (UR inc, UL inc). Functional measurements
included occlusal contact area, bite force, and masticatory path width. Additionally, the
habitual chewing side was determined based on patient interviews and videos of free
chewing. From the diagnosis of the habitual chewing side, patients were classified into
the Grinding-type group (8: 3 boys, 5 girls) with a wide masticatory path width and the
Chopping-type group (11: 6 boys, 5 girls) with a narrow masticatory path width. As a
result, the lower first molars (L6-6) showed a significant increase after maxillary
expansion treatment. This is speculated to indicate an adaptation of the lower molars to
the expansion treatment. Comparing based on masticatory types, there was no
significant result obtained. Although, a positive correlation was observed between the
masticatory path width at t1 and the changes in L6-6 before and after treatment.

In conclusion, Study 1 suggests that RME expanded the palate morphology into a
square shape, while SME expanded it into a V-shape, indicating differences in the
expansion effects between the devices. In Study 2, the natural adaptation of the lower

first molars due to SME was shown to be related to the masticatory path width.
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M1 LRI IERERE
(A) EFZGEPLKEEE  (Rapid Maxillary Expansion)
(B) L3AfRIRILAILEE  (Slow Maxillary Expansion)
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X2 DFEERFHAFGE

KRR E OYLKBRAERT ORI I HUEE 2 VERR U 7o, JRYEEmE, BRI RO R o s e SLEATE A & BB — K o 1 20
M ERIER 285 3 ma@ms i e L,

(A) EZEREA B2 38 () ZFE L, ﬁﬁ$ﬁ(%>%¢ﬁ#é

(B) AR 55— R FA o 1 25100 B BB A R a8 2 5 O T2 RS » CHRYE i | S R (B el R A 2 VBT D

(OVWERR S v 7=k i,

D)FH Y 7 M X0 BEEEm» D O HREE T2 1057 L, Ek Lo 0 ERES,
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X3 OBEEBIOOBEROFEIFE
N#HmEmE (PD) % 10255 L, OFLELHD 3FH 2@ 0 HFIESE (DA), 6 HFAZO@OZPRIESE (MA), 9%FHZQ N ZHERIIE (SA)
L7,
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M5 LESREHAITEE
(A) DA« LA — RFI R 1 AR B0 O fe TR ] & el SRR & ST S 2 R D D i &L HERRA & DaEE,
(B) LS LB RMEARIE RS (U6-6) B/ A RS — Ok FA 8 oD I Wi S T ] L
EBAOEENE RS ER — OR FEE oD 1 2R e B A R A TR R
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X6 THREHIEE

TR RETH L DJRARIMSEARIIE S (L6-6) : FHAAA M — K F18E OJRUIMEATA ] o R,
TR R RS (WML.C) - TR S — R F B oD T i B0 0 e IR s ] D L
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X7 eERER A ORIk

(A) EBEAANE — KA ER4S  (UR inc. + UL inc.)
o RREAAEE— K E R O SRS ~DOBAT A & OHBHIED SR EH~OBITRD 2 @by hVHEMEE I3 5 i &
IRY AR,

(B) FHaAAMNE — KE M fhER4 (LR inc. + LL inc.)
: FRRAAAEE — K E i OB GRS ~OBAT A & HFEIED DA ~DOBITRO 2 Rxil b7 VB EEEmIZ R 5 M8t &
IRY AR,
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M8 MANMESATLIHATA4NL (FrELFLRy—)VI, () GCt, FHR)

WEERE X, 7T 7 70 PEEDIR EATICR D KO CEB 2 MIX LTIRRE TR ISR Y, I KIRETIT 3B 7 4 VLA E2RE LT,
ZORHREU% 24 BRERILANIZ Y 7 v 7 =7 (Bite Force Analyzer, #R&tEY——, HR) ZHW O E1T- 72,
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Level 0

X9 MEMERERSHE O FRITT I

WEHAHK A2 & Level 0, S KBH A2 % Level 10 & 8T, Level 1 725 Level 9 ([CZNZAUHAE T 5B 0N KR E TOHEBEZ RO T, 2 b0
Y & BRI 36 0F 2 MHIEHRERSIE & L7z,
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(%]
£ 1 2FHADOIERIZEIC L DI K

RME- I SME- 1 RME-TI SME-TI
Pre Post Rate Pre Post =~ Rate Pre Post Rate Pre_ Post Rate
Median [interquartile range25-75] Median [interquartile range25-75] Median [interquartile range25-75] Median [interguartile range25-75]
D A 16.4 19.4 38.9 16.0 16.4 11.2 16.2 18.5 29.9 15.8 16.6 9.8
eep Area (154.17.2) (18.0-20.3) (37.4-39.5) (15047.1)  (154417.3) (9_8[12_4) (15.2-16.9) (16.9-19.0) (262-312)  (149-17.0) (15.7-17.8) (7.2-11.9)
| | + |
. 24.0 26.8 36.3 23.7 24.4 19.8 23.4 25.7 30.4 241 253 16.2
Middle Area (22.8.25 4) (254279)  (350-384) (208.246) (237.259)  (186215) (220246)  (242-268) (200-325)  (230-249) (242268  (118-188)
| l B |
Shallow Area 30.5 34.0 45.4 304 31.9 43.0 30.7 33.9 42.2 31.2 34.3 40.2
(28.2-31.5) (32.9-35.0) (44.0-46.3) (29.6-31.4) (30.5-33.0) (42.3-44.1) (28.1-31.7) (32.5-34.9) (40.0-44.2) (30.2-32.5) (33.3-36.0) (37.0-44.8)
Post: L X AR

RME: 23F#i K%E (Rapid maxillary expansion device)
SME: #2#&¥4L K% E (Slow maxillary expansion device)
1 EEEANETH, 1 EEE5IEAEE

Statistical Analysis Methods: Mann-Whitney U test
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X2 1228 D HESNERED T A i

B5R TR
t1 t2 t1 t2
Median [min-max] Median [min-max]
10.4 9.5 9.5 10.5
Palatal de;(:;th) ( 7.6-125 X 7.8-13.0 ) ( 8.32-11.7 ) 7.9-12.4 )
52.2 49.1 49.1 51.5
U6-6(mm) ( 49.1-50.2 X 50.7-53.2 ) ( 47.1-50.5 )( 50.2-53.7
. 32.9 315 31.5 324
Palatal W"(jn:‘nr]) ( 302.7-36.2) 31.5-35.5 ) ( 30.2-32.6 )( 30.5-34.0 )
_ 45.7 42.8 42.8 44.1
L6-6mm) ( 41.9-51.5 X 43.2-51.3 ) ( 405-47.2 )( 41.3-48.5 )
33.7 32.7 32.7 335
W.M.Cmm ( 30.1-38.2 X 31.3-37.8 ) ( 29.9-34.8 )( 31.5-36.2 )
. 80.6 84.6 84.6 81.9
URinc. ¢ ( 75.34-86.8) 75.9-85.3 ) ( 79.4-88.1 )( 79.1-86.6 )
. 80.0 82.9 82.9 79.6
UlLinc. ¢ ( 75.3-983 ) 71.0-89.4 ) ( 78.1-87.1 )( 76.6-83.6 )
LR i 110.3 112.1 112.1 108.3
Inc. ©H ( 93.8-127.3) 99.4-127.4 ) ( 101.3-123.3)(100.9-118.1 )
: 110.8 112.7 112.7 109.3
LLinc. ) ( 94.2-119.9 }969.0-118.3 ) ( 105.0-123.2)(100.6-121.1 )

Palatal depth: O ZE 5%

U6-6 : LS8R EIBBERIIE 2
Palatal width: £ 38O =g

L6-6 : TEULMERIEERIIRE
W.M.C : THE—KEHEEAER
URinc. : ESBRAIE— KB WEEER &
UL inc. : LEEAERIE— KB SEEMERA
LRinc. : TEEAAIZE— KEIEMIER A
LLinc. : TEEERIE —KEAEEtER A

Statistical Analysis Methods:Wilcoxon signed-rank test
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F£3 t1-2 (2R D 1O EREREIC B9 B FHAINE 0 55 4 b

BR

ZIR

t1 t2

t1 t2

Median [min-max]

Median [min-max]

17.1 16.0 17.2 18.2
OCA(mm?) ( 7.1-298 X 7.4-242 ) ( 8.0-36.0 ) 9.2-33.7 )
OF(N) 552.5 626.5 699.0 767.9
(254.1-978.6)267.2-1010.5) (260.8-1251.8/328.4-1369.2)
WPM(mm) 2.1 2.9 2.5 2.8

( 0439 ) 0667 ) ( 1.041 X 0.6-55 )

OCA : RE&EALETE

OF : K&

WPM : PHIGHE EIE

Statistical Analysis Methods:Wilcoxon signed-rank test
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#F4 tl, 2BIOGBIIBITAHEIIIEED g

t1 t2 t3 Friedman test
Median [min-max] t1-t2 t2-t3 “ 't3
9.8 10.5 11.6 NS NS NS
Palatal depthmm) 78155y (7.8130) (947141)
49.3 51.8 53.3 * NS *
UB-6(mm) (47.1-50.5) (50.2-53.7) (50.1-58.2)
) 319 32.6 33.6 NS * *
Palatal widthmm)  (30.2-36.2) (30.5-35.5) (32.1-36.4)
16-6 439 44.8 45,9 * NS *
~O(mm) (40.5-51.5) (41.3-51.3) (41.3-50.4)
33.1 33.6 33.3 N
W.M.Cmm) (29.9-382)  (31.337.8)  (31.0-36.8) NS NS >
i . 82.9 81.3 77.0 *
URinc. (75.4-88.1) (75.9-86.6) (73.4-82.4) NS NS
Linc. ¢ 82.7 79.8 79.5
ULinc. o (75.3-98.3)  (71.0-89.4)  (76.2-89.9) NS NS NS
LRinc. © 111.4 109.3 104.6 NS NS
(93.8-127.3)  (99.4-127.4)  (96.5-1108)
LLinc. © 112.0 110.0 107.6
(94.2-123.2)  (96.0-121.1)  (96.0-110.8) NS NS NS
Palatal depth: AZ S % * P<0.05

U6-6 : ESRIILIRAIRERRIRTE

Palatal width: ESE O Z=1g

L6-6 : TERm D IR EE R E
WM.C : TERE—KHEEEIHEPIRE

URinc. : LEBHEEIE—XEAEEHER A
ULinc. : LSEEAISE —KEIaEIERH
LRinc. : FEEARIE—KEAWEER A
LLinc. : FEEEAIFE—KEEHIEHNA

30



£S5 tl, 2BLOBITBIT 5 OFEHEEEIZRE T 2 FHAME O Mg
t1 t2 t3 Friedman test
Median [min-max] t1-t2 t2-13 t1-t3
14.8 11.7 12.3 * NS *
KEEMEEmm) (8026 ) ( 69191 ) ( 5.6-147 )
NS NS NS
A 569.5 689.3 418.3
& FAN) (254.1-1251.9) (267.2-1369.0) ( 273.8-847 )
* NS *
PELMEAR R (i) 2.0 26 36
( 0441 ) ( 0667 ) ( 2848 )
* P<0.05

OCA : Rt miE
OF : K&
WPM : PHISR RIS
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#£6 tl-22B1T DN A TRt SIERE D&

TS5A0T4v9847  FavELTEAT Wilcoxon test
Median [min-max]
Palatal depth(mm) (_25_73‘3 ) ( (?1'2_3 ) NS
UB-6(mm) (1535 ) ( 1o51) NS
Palatal width(mm) (o8 (0 NS
L6-6(mm) ( 01'6'_11_4 ) ( _2%_91.7) NS
W-M.Cmm) ( c?2715 ) ( .8;1.51.5) NS
URinc. (-7}2.-%5 ) ( -712?7) NS
ULinc. ) (fjgil ) ( ;30§1) NS
LRinc. ) (H3) (2 N>
LLinc. (.;i'_go.g) ( _620218) NS

Palatal depth: A &5 &

U6-6 : EZEUL R R BEE e hE 1%

Palatal width: J:%EEDEE'FE

L6-6 : TR IEAIREERERE
W.M.C : THEE—KEIHEEHERIEE
URinc. : ESBEAIZE— KB wmEHER A
ULinc. : ESAERISE — KEItaEa{ER A
LRinc. : TEEAAIE — KEEHIER B
LLinc. : TERZEAIZE— KB HEE{ER A
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#£7 tl ©OOPESEEICEE T 2 EHANE & t1-2 (1281 2 AITERE D 2 k& DO FHEY

Palatal Palatal

depth U6-6 width L6-6 W.M.C UR inc. ULinc. LR inc. LL inc.
(mm) (mm) (mm) (mm) (mm) () ¢ ) () ¢)

t1 REEMEREm) -027 -001 -051x 005 -022 012 024 -0.12 -008
tIRRE W) 021 -013 -042 017 -028 001 -009 -021 -025
t1 DR RSS2 ERME (nm) 017 012 033 076« 033 -0.18 003 -03 006

palatal depth: NERE Significant levels for the Spearman’s rank
U6-6 : LML SR SARTIE S *P <0.05
Palatal width: £ %8 O 215

L6-6 : FHE BRI IBRIEE

W.M.C : FEAE—KEIEEIREIEE

URinc. : EZAAERIE—KEEMIERH

uLinc. : EEEZERIE—KREIEMEN A

LRinc. : TEAARAIE —KEWEHIER A

LLinc. : FERZRI%E—KEIEMIER A
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