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[ Abstract]

Recent reports indicate that the dental arch width of Japanese children is narrowing
due to weakened oral functions. Genetic and environmental factors are involved in the
development of malocclusion, and oral function as an environmental factor influences
the growth and development of maxillofacial morphology. It is different from an
organic disorder, and is a condition that appears due to a combination of factors caused
by several functional impairments. A proper understanding of these factors and
prediction of morphological growth will determine the success and long-term stability
of treatment. In orthodontic clinical practice, slow palate expansion (SPE) with a
removable expansion plate is often chosen for its excellent oral hygiene and low patient
burden. In terms of the method of lateral expansion of the maxillary dentition, rapid
palate expansion (RPE) and SPE are often considered as options when classified
according to expansion speed. In general, RPE is expected to benefit from the jaw
shaping force due to the release of the median palatal suture, whereas no unified
conclusion has been reached regarding the release of the median palatal suture at SPE.

Therefore, in Study 1, longitudinal changes in the palate morphology in Japanese
children aged 6 — 12 years were investigated to clarify the reference values for growth
changes over time, and in Study 2, the relationships between the expansion aspect of
palatal morphology and oral function in SPE were investigated. The study was approved
by the Ethics Committee of Nihon University School of Dentistry at Matsudo (EC17-
16-16-15-022-3, EC-20-038) .

In Study 1, subjects were selected from 158 subjects who fulfilled the following
conditions from a longitudinal study of the same subjects over a six-year period from
the first to sixth grades at KOGASAKI primary school in Matsudo, Chiba Prefecture,
Japan, from 2011 to 2016.The selection criteria were as follows: all permanent teeth up
to the first molar were present in the sixth grade of elementary school, no excess or
congenitally missing teeth (except for the third molar), no extensive restorations, no
severely carious teeth with crown collapse, no ectopic eruption or abnormal tooth
morphology, and no history of orthodontic treatment. 36 subjects (17 boys, 19 girls) met
the selection criteria. These subjects were divided into three developmental stages

according to dental status. In T1(boys: 8.0 £0.6 years, girls: 7.5+0.4 years, early mixed -



dentition), the maxillary permanent first molars and central incisors were fully erupted,
with four deciduous teeth remaining in each quadrant. In T2(boys:9.9+0.9years,
girls:9.2+0.7 years, mid mixed - dentition), the maxillary lateral incisor fully erupted
with two or three deciduous teeth remaining in each quadrant. In T3(boys: 12.0+£0.9
years, girls: 12.040.7 years), most permanent teeth were fully erupted, with one
deciduous tooth remaining in each quadrant. The parents or legal guardians of all
participants provided informed consent.

The palatal morphology was measured by digitizing the maxillary dentition model
with a non-contact three-dimensional (3D) shape measuring device (Maestro 3D Ortho
System, Yasunaga Computer System, Fukui, Japan) and then measuring it with 3D
measurement software (3D-Rugle version 8, Medic Engineering, Kyoto, Japan). The
palatal width diameter was defined as a straight line connecting the deepest point of the
cervical region of the maxillary first molars. Then, a perpendicular line was drawn from
both lines to the deepest point of the palate, and the distance was divided into ten equal
parts. Next, a straight line parallel to the reference plane was drawn from each of the ten
parts to the palate, and the distance between the intersection points with the palate was
divided from 1 (basal part) to 10 (the deepest point of the palatal side cervix). Location
2 was defined as the deep width (DW), 5 as the middle width (MW), and 8 as the
shallow width (SW) position. Palatal depth (PD) was measured from a reference plane
to the deepest point on the palate.

Results showed no significant differences between males and females at all
measurement periods: T1 (early mixed-dentition), T2 (mid mixed - dentition), and T3
(late mixed-dentition). DW and MW showed a significant increase at T1-T2, and PD
showed a significant increase at T2-T3. SW showed no significant difference between
T1-T2-T3.

The growth peak of the palatal morphology was observed at a later time for the palatal
depth compared to the palatal width (DW, MW).

The amount of growth was also larger in the deeper part of the palate, suggesting that
the palatal morphology changed from a V-shaped to a box-shaped growth when

evaluated in the coronal plane.



In Study 2, 22 patients (10 boys and 12 girls, mean age 9.34+1.0 years) of Hellman
dentition age IIIA-IIIB who visited the orthodontic clinic of Nihon University School of
Dentistry at Matsudo, were diagnosed with dental narrowing and underwent expansion
by SPE.

Changes in palatal morphology were assessed before and after SPE according to the
methods of Study 1. We also assessed the occlusal force, tongue raising force, and
masticatory movement patterns, representing the oral function. Changes in the hyoid
and resting tongue position before and after treatment were also evaluated by lateral
cephalometric radiographs. Finally, the patients were divided into two groups based on
the enlargement frequency (once every two weeks or once per week) for measurement
comparisons.

We found that the amount of expansion at the deep width of the palate was half that at
the shallow width. Furthermore, tongue pressure force, lip closure force, and maximum
occlusal force improved after the treatment. Additionally, multiple regression analysis
indicated that the resting tongue position and occlusal force before the expansion
treatment were significantly associated with the amount of palate expansion a study
using finite element analysis of lateral growth of palatal morphology, it was reported
that the stress on the median palatal suture was greater in molar-motor chewers with a
strong lateral motion component than in those without such a component, and that the
stimulation may promote lateral growth. Multiple regression analysis showed that there
was no association between masticatory path width and the amount of expansion at t1,
which was inconsistent with the results of previous studies. On the other hand,
maximum occlusal force before SPE was strongly associated with lateral expansion of
palatal morphology.

Study 1 showed that the growth peak of palatal morphology was later for palatal depth
(PD) compared to palatal width (DW, MW).

Study 2 showed that SPE increased tongue pressure force, lip closure force, and
maximum occlusal force in addition to morphological changes.

SPE showed the possibility of basal palatal expansion.
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[#]

F1TL, T2, T3ICHEIFSOFFRERDFLLLE

DW w SW PD
B [n=17] % [n=19] B [n=17] %% [0=19] BY [n=17] &R [n=19] B n=17] 2 [n=19]
HPgefiE (DU hLAEpE 25-75]

T1 15.6 154 23.1 22.7 30.0 30.5 9.5 10.4
(14.2-17.0) (14.4-16.8) (21.0-25.1) (22.1-25.5) (28.4-31.0) (28.7-32.2) (8.8-11.0) 9.1-11.5)

™ 16.7 16.5 24.4 24.3 30.9 31.9 10.2 11.3
(14.4-18.8) (15.3-18.1) (22.5-26.2) (23.5-26.5) (28.4-32.3) (30.4-33.7) (9.2-11.8) (10.4-12.1)

- 17.5 17.1 25.7 25.8 31.6 32.1 11.9 12.4
(16.0-19.5) (15.8-19.5) (23.5-27.3) (23.8-27.3) (29.1-34.0) (30.9-34.3) (10.4-13.7) (11.4-13.1)

DW : [ HTEMIERE, MW : (2 R RERIEE, SW: OZFXE0IEE, PD : 135 5%, Mann-Whitney DU E
Mann-Whitney DUIRTE %17 - 72§58, ZEHAMEDBLRICEEREIE AL 5T,

(mm)
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2 T1I-T28 L OT2-T3D O EIERED Rk B 221t

Steel-Dwass i i

T1 T2 T3 PiE
R (U5 ArFiEPH 25-75] TI-T2 T2-T3
15.6 16.5 17.2
bW 0.04* 0.10
(142-17.2)  (15.0-183)  (15.8-19.5)
229 24.7 25.9
MW 0.04* 0.17
(21.8-25.4)  (22.9-264)  (23.7-27.4)
304 30.9 31.6
W (28.6-31.3) (29.9-33.0) (30.8-34.3) 0.10 0.41
10.3 10.8 12.0 .
P (8.9-11.3) (95119 (105-13.2) 0.11 0.01

DW : [ VEHIEEE, MW @ 1125 TP s e, SW e
n=36, * p<0.05

I RS, PD « 1 25

(mm)
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Fo4 JERIBFRT% O & FHTE E O g

tl [n=22] 2 [n=22] t1-2 [n=22] t1-t2

FRfE [ AIER 25-75] P&
DW 16.0(14.9-16.8) 17.1(14.9-18.1) 0.8(0.5-1.6) 0.001**
MW 23.3(21.1-24.8) 24.8(23.5-26.4) 1.3(1.1-2.0) 0.001%**
SW 28.9(28.2-30.8) 31.3(30.5-33.1) 2.0(1.6-2.7) 0.001%**
A — K W R A 51.8(50.4-52.6) 54.6(53.1-55.8) 2.5(2.3-3.3) 0.001**
PD 10.1(8.4-11.1) 10.9(8.8-11.8) 0.7(0.3-1.0) 0.001%**
Hyoid-V (EE ) 101.9(97.7-105.4) 105.4(99.5-110.8) 4.0(1.9-6.2) 0.001%**
Hyoid-H (K T 2E ) 11.6(6.3-18.4) 9.6(3.2-15.0) -4.1(-6.5-0.4) 0.023*
Ta2(§IAEF) 5.1(2.1-6.9) 7.2(3.3-9.7) 2.3(-1.4-4.8) 0.067
Ta5 (2 E6) 4.9(3.5-6.7) 6.7(3.7-9.0) 1.5(-1.0-3.8) 0.054
Ta7 (A =R) 6.8(5.2-7.8) 6.6(4.6-10.1) 0.8(-2.0-3.8) 0.372
DW : HZELHBIERE, MW : 1 ZH Y EBIERS, SW o 1 ZRIIER, PD : NE&ER (mm)

WilcoxonDF 5+ ZNERLARE * p<0.05 **p<0.01
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F5 PERIGIRAER DILR RIS K OHERBARE R D FLig

JERFE (%) [n=22] ARE(%) [n=11] B#(%) [n=11] A-B

i (VU5 AL PR 25-75] P&

DW 35.4(19.4-53.3) 35.6(22.2-44.3) 28.5(18.4-54.3) 0.534

MW 46.5(40.1-68.8) 57.0(41.9-64.4) 46.5(36.3-88.1) 0.723

SW 63.7(56.0-74.7) 65.7(62.8-76.5) 64.7(51.4-78.6) 0.594

TEE—KFAERIER 85.8(75.2-95.9) 93.3(84.3-99.7) 75.8(64.9-90.3) 0.131

PD 22.9(7.6-33.8) 19.2(5.8-24.8) 32.5(11.8-47.4) 0.155
DW : [ EETRHbIERE, MW : 1 35 R #2, SW o 1 3 A ERIRAS, PD : 1 S mafe (mm)

A=0.2 mn/ 2;8[E], B=0.2 nn/ 138, WilcoxonD 7551+ & ARk &
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F6 PLRIGHEHIE O O e EE D 2 D Huig

tl ©2 t1-t2
HRfiE (a5 fzaapE 25-75] P&
&% T (kPa) 19.3(14.5-23.6) 29.8(26.4-34.7) 0.001%**
NIZEASHIIN) 5.3(3.5-8.0) 9.6(7.9-10.7) 0.001%*
BREEESIN)  244.0(184.5-278.0) 305.3(259.6-366.8) 0.001%*
LN 5% 5 g8 (mim) 1.1(0.5-2.8) 1.7(0.8-3.7) 0.388

WilcoxonDFF 5 Z NEAL KR E **p<0.01
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KT AFBWEOILREITK T 2 t1F O FHAE B O BEEYF T

DW MW SW
B B B

Hyoid-V (B JE#f; mn) 0.567 * 0.549 * -0.245
Hyoid-H (7K F 35 8ft; mm) -0.291 -0.201 0.415
Ta2 (3175 EB;mm) 1.408 * 1112 % 0.362
Tab(dp JEB;mm) 0.214 0.195 -0.856
Ta7 (%75 #B;mm) -0.964 -0.935 1417 %
F 2 1 F (kPa) 0.474 0.539 0.846
AIERSH 7 (N) -0.543 -0.824 * -0.838
HeRmEA 1 (N) 0.598 * 0.610 * 0.594 *
MRV 3% 1 (o) -0.394 -0.466 0.467

R? 0.702 0.765 0.570

DW : [ ZVREDHEAS (mm), MW @ [ 25 F1 9L 5 0E 2% (mm), SW : 3% 18 (mm)

B AE AR E A% * p<0.05 ** p<0.01
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