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Abstract

The aim of this study was to investigate the effects of slow maxillary expansion (SME)
on the dentoalveolar, skeletal, upper airway, and maxillary sinus using cone-beam
computed tomography (CBCT). Twenty-three orthodontic patients (mean age 8.93
* 1.61 years) who were treated with maxillary expansion using banded hyrax in the
Department of Pediatric Dentistry at Jeonbuk National University Dental Hospital
were included. According to the expansion speed applied, they were divided into two
groups: SME (12 subjects, mean age 8.92 * 1.45 years) and rapid maxillary expansion
(RME, 11 subjects, mean age 8.94 £ 1.84 years). CBCT were obtained before (T0)
and after (T1) the treatment and were analyzed with InVivo5 software (Anatomage,
San Jose, CA, USA). Descriptive statistics showed no significant differences between
the two groups in age, sex, or skeletal maturity. There were significant increases in
maxillary width at the dentoalveolar and skeletal levels for both groups. Upper airway
volume revealed a significant increase of 38.59% in the SME group and 28.72% in
the RME group. However, there was no significant difference between SME group
and RME group in all measurements. This study suggested the efficacy of SME
in growing patients. SME was effective in increasing not only dentoalveolar and
skeletal measurements but also airway volume. Therefore, pediatric dentists should
select an appropriate expansion method considering the physiological aspects of
periodontal tissues and discomfort in growing children. [J Korean Acad Pediatr Dent
2023;50(2):155-167]
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Three Dimensional Skeletal, Dentoalveolar and Airway Space Changes after Slow Maxillary Expansion in Children

1) et &4 ol i £5

23749] ojdo]= A R7| 5o 7|FE| o] QU= Aot &
o] & ol wat A& /et EAEH(SME group, 2 turns/week,
0.5 mm/week)®t 4 /g2t &4 (RME group, 2 turns/day,
3.5 mm/week) 02 275t 0™, Zk7ko] 2 7|7k 9l {7

71k BT,

B

2) Cone-beam computed tomography (CBCT) %/&<] &4

CBCT+ Alphald VEGA (Asihi Roentgen Ind. Co., Kyoto,
Japan)Z 2=, TAY 80 kv, THHF 8 mA, o AIZH
17%, 154 mm X 154 mm9] field of view, 300 um<] voxel
size2 A=At

CBCT 942 EA517] 93) InVivo5 software (Anatom-
age, San Jose, CA, USA)E o]-&5tlt}. 4ot &4 #(T0)=}
2 % 52 5(T1) CBCTOlA vl 7Hs5h o
Frankfort horizontal plane (FH plane)o] A&} H3¥s
T & Ak, Ad 7hsd 7S ol 85

FFe M735H3ItHFig. 1). CBCT @732 ASAI 199] A2

o2
S~
%l

o

Z 7 (intercanine width)z} &
A2 A2l A7 =7 (inter-
molar width)& A& o, X5 WIS &elst7] 9fsf 4
of Aditxle] FF wret S X2E ol e 7Iee
2 Z}% (intermolar angulation)E AIEsH3ith. 2|22 9 4
ohZ e EA517] 3l Aot 7|4 ¥ (maxillary base),
7 27 (palatal width), H]% 27 (nasal width), 2 2Z 27

(alveolar width)E =75+ th(Fig. 2).

(2) 371 = Fujo] ¥zt

g A5l BA7|e By Prhs fsl & 419 7IEdE
A5t thFig. 3). Posterior nasal spine (PNS)ol|A] FH
planeoll W& 44, FH plane®} PNS Ato]E o] 525t 4
oAl FH plane¥} a5t A, #1374 32] 25t olA FH
plane¥} Faet A2 24z} 710 9 AA, & 737, 5t
B A 2 A=} InVivos AZEgo]o|A] A7 =2 s
7NE4E ol g3tol THekA 3HALR A7|= olulx|E F2
SHATE. o] % PNSe 217459 HAstA e o2 Ae 71
O & AJ7|EE retropalatal airway®} retroglossal airway=

Fig. 1. Reorientation of CBCT image using InVivo5 software. (A) Sagittal section, (B) Axial section, (C) Coronal section. Reoriented as
parallel to the FH plane (Sagittal section), passing through the center of furcation area of both maxillary first molars (Axial section),
and parallel to the hard plate (Coronal section).
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Fig. 2. The transverse measurement in the coronal section.
(A) Intermolar width (mm): The shortest width between the
crowns of maxillary first molars on both sides, (B) Alveolar
width (mm): Line between the lowest point of the alveolar pro-
cess on both sides, (C) Maxillary base (mm): Line between the
jugular process for maxillary width on both sides, (D) Palatal
width (mm): Line between the junction of the palatal cortical
alveolar bone and the lateral cortical nasal bone on both sides,
(E) Nasal width (mm): Width at the widest portion of the nasal
aperture, (F) Intermolar angulation (°): Angle between the line
joining the tip of the buccal cusp to the apex of the palatal root
of the maxillary first molars on both sides.

T-25tod, total upper airway volume, retropalatal airway

volume, retroglossal airway volume2 Z7 531t

(3) et Ul 714 Fujo] His}

2| & AZe] ot 1A Fulg S4s1] sl CBCT 973

Fig. 3. The planes for delimiting the upper airway. (A) FH
plane, (B) Anterior border. Plane perpendicular to the FH plane
on PNS, (C) Superior plane. Plane parallel to the FH plane on
the point of the (B) line, (D) Border of the retropalatal and ret-
roglossal airway sections. Anterior lowest point of C1-PNS, (E)
Inferior plane. Plane parallel to the FH plane on the anterior
lowest point of C3.

< inverse image® Hgtsto], FH|5 9l A7) =0 32k14] o]
oA & Adstt. s ks THostium)E BAI=
2lskaL, 324 ojm|z|o] AP EE wof FAE FEsH
< Z}7ke] Rl Z7otolch(Fig. 4).

ol H{o

Fig. 4. Airway space of the maxillary sinus in a 3D image. CBCT images were converted into inverse images to re-
construct 3-dimensional images of the paranasal sinuses and upper airway. The maxillary sinus was separated
with the ostium as the boundary, and each volume was measured.
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3.54 24 2. Mot stz x| 2 ME 2N HE}
Aot 2 Wt x| 8 M Fol W2 ol R, FA44, 7] 1) x|okx| =/ ¥}
ERuo] wste] BAH Fol/dS A55t7] s Wilcoxon ot # A5 A et AlchtRe] 25 HEHE va g
signed rank testE Algat3ct. 54 242 SPSS (version S uff, A< Afol S 3.88 £ 6.35°, 54 Aot e
23.0, IBM, Chicago, IL, USA)E ©]-&5}3ich. 8.01 £ 4.39° Z7lstl o, g4 o ZAolAwt 414
02 895t 2jo] 2 BATtHp < 0.01). Ao} A7 27
o1 MH 2 A& Aot AT 596 + 1.45 mm, 34 At TS
6.41 = 1.49 mm Z7Flthp < 0.01). A 2Z $FoA
1. 8txfo| St &3 7|7 A sk A& Aot S22 A F9lolA 545 £ 1.20

A 4.25 + 1.51 mm Z7s13loH, 24
Ato)] 3 F 23759 gHx}o] Lhol=8.93 + 1.614% 2 Aol S0 Az] BeloA 565 + 1.36 mm, T3z £

™ o]% P2h= 147(9.07 + 1.74A), oI}=99(8.70 + 1.44 oA 4.74 + 1.26 mm 75131 tHp < 0.01, Table 2).
ADoIAE. /et 2o Lol whet 2|4 Aot FA 127, &

& ot S+ 11922 BR 5 AtHTable 1). 27 71742 A 2) =77d Wi}

& ot TS Bt 14.27F, S5 Aot F2 Wt 2.07 Aot 4 A& AF nasal widthe #& ot S22
FAoH, §A4 7IRHS A& Aot T W 34770, F AX], iR F9lelA 22 1.91 + 0.79 mm, 1.69 & 1.09
& ot 72 B 3.62701€ 0] ATt mm, §% gt g2 A=, titz] FejollAf 24+2F 2,51 +

Table 1. Classification of subjects according to maxillary expansion rate

Male Female Total
SME Number of subjects 7 5 12
Age (Mean % SD) 8.86 £ 1.49 9.00 £ 1.55 8.92 £1.45
RME Number of subjects 7 4 11
Age (Mean % SD) 9.29 +2.06 834 £ 1.40 894 +1.84

SME: slow maxillary expansion; RME: rapid maxillary expansion.

Table 2. Transverse changes in dentoalveolar measurement before and after maxillary expansion

SME RME

TO T1 AT l T0 T1 AT l
-value -value
(Mean % SD) P (Mean £ SD) P

Intermolar angulation (°) 62.08 £7.21 6595+ 7.24 3.88+6.35 0.297 62.26 =343 70.27+5.04 801%+439 0.002*
Intermolar width (mm) 3232£263 3828+1.83 596+145 0.001** 31.67*266 38.09+1.98 641+149 0.001**
Alveolar Canine 36.85+2.00 4230*217 545+120 0.001** 3656+ 195 42.20*243 565+136 0.003**
width (mm) - o(ar 56.84+248 61.09+216 425+151 0.002** 5590*+1.86 60.64* 156 4.74*1.26 0.001**

Wilcoxon signed rank test.

*p <0.05;":p <0.01;***: p <0.001.

T0: Before treatment; T1: After treatment; AT: T1 - TO.

SME: slow maxillary expansion; RME: rapid maxillary expansion.
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0.82 mm, 1.98 + 1.08 mm 32|53t S7Fs+%Ich. Palatal
widthe <& Aot St Ax], o] F9lol|l A 22k 1.86
+ 1.78 mm, 1.45 + 1.24 mm Z7FeI oW, 34 Aot &3
T2 A, tht] FBjollA] 2+t 2.61 £ 0.65 mm, 2.34 +
171 mm F7Fet3l ot A BeolojXet SAH = [of5t
Z}olE BEHtHp < 0.01). Maxillary baset= #4 /et 27
oA 2.06 = 1.59 mm S7FstL, S4 ot koA
2.53 £ 0.77 mm S7}FsFAcHp < 0.01, Table 3).

3. 49 83 K| W 47|E B1jo] W

# 4 Aot 8t o] total upper airway volume-2 /2t &

2273 A 9.20 £ 2.04 cc, S A8 F 12.75 £ 2.55

cc Rom A& HF 38.59%9] Fogt F7HE ETHp <

0.01). Retropalatal airway®} retroglossal airway+ ZH2}

53.85%, 25.63% & 7F5FS 1L, retropalatal airwayRto] 54 %]
o5k 2to] 2 B 3itk(p < 0.01).

4 39 419 total upper airway volume2 4
4 28 A 12.60 + 3.20 cc, Ao T A8 T 16.22
313 cc AoH A8 AF 28.72%2] FoJgt F7Hs Hich
Retropalatal airway®} retroglossal airway+ 22t 28.44%,
28.97% F7hstRou, RE SAACR FofatA= FUT
(Table 4).

H 22

Table 3. Transverse changes in skeletal measurement before and after maxillary expansion

SME RME
TO T1 AT l TO T1 AT l
-value -value
(Mean % SD) P (Mean £ SD) P
Nasal Canine 22.04+159 2395+214 191+£0.79 0.022* 2198 =223 2448 +258 251*0.82 0.028*
width (mm) Molar 2753 +165 2921 +217 169=£1.09 0.049* 2692 £3.19 28.89 =315 198=*1.08 0.042*
Palatal Canine 1255+ 150 1441+217 186+178 0025 1277£112 1538+127 261+065 0.001**
width (mm) - volar 1802+129 1948+158 145+124 0.039* 17.68+289 20.02+262 234+171 0.062
Maxillary base (mm) 64.12 =235 66.18+194 206=*159 0.015* 6232 =166 64.86+130 253*x0.77 0.005**
Wilcoxon signed rank test.
*p <0.05;":p <0.01; " p <0.001.
TO: Before treatment; T1: After treatment; AT: T1 - TO.
SME: slow maxillary expansion; RME: rapid maxillary expansion.
Table 4. Volumetric changes in upper airway space before and after maxillary expansion
SME RME
TO Tl AT TO Tl AT
p-value p-value
(Mean % SD) (Mean = SD)
Total upper airway 9204204 1275+255 355+207 0005 12.60+320 1622 +313 362+241 0.034*
volume (mm?)
Retropalatal 4234069 650+157 228+170 0003* 607+263 7.80+250 173+151 0.091
airway (mm’)
Retroglossal 498+178 625+233 128+159 0139  653+£150 842+205 189+235 0.054

airway (mm?®)

Wilcoxon signed rank test.

*p <0.05;":p <0.01;***: p <0.001.

T0: Before treatment; T1: After treatment; AT: T1 - TO.

SME: slow maxillary expansion; RME: rapid maxillary expansion.
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4. Ao} 1% X| 2 FE MotS 7|H o 1zt 5. Ato} ha A0f 02 21 wato| Hla
Aok 8 A A% AokE Ul 1A e A4 Aot B Aot B9 B W A% Ao BT 34 Aot 932
oA 2H9-Z 747} 3.32 £ 4.00 cc, 2.60 £ 3.93 cc F-2I5HAl Ztol &g &} Aol & BASHIS wl, FA] Wsk(X|okx] 24,
716l B4 Aot egole 292 22 1.82 £ 222 TAA), AT R, Aots 7] Hulo BE =H7tolA A
cc, 1.26 = 1.50 cc S7Htl o, sAA oz fogt Apolz & et T g5 Aot AT 1] SAA R Fofjt At
A cHTable 5). 0|2 Ho|x| &ttH(Table 6)
Table 5. Volumetric changes in airway space of maxillary sinus before and after maxillary expansion
SME RME
T0 T1 AT TO T1 AT
(Mean % SD) prvalue (Mean £ SD) prvalue
Left sinus (mm?®) 7771440 11.09+2.01 332+4.00 0.046* 842+312 1024+241 182+222 0.140
Right sinus (mm’) 821+396 10.81%1.87 260%£393 0.041* 8.65+227 991%+218 126%x150 0.163
Wilcoxon signed rank test.
*p < 0.05;**:p < 0.01;***: p < 0.001.
TO: Before treatment; T1: After treatment; AT: T1 - TO.
SME: slow maxillary expansion; RME: rapid maxillary expansion.
Table 6. Comparison of expansion effects between SME and RME
SME RME
AT (Mean + SD) prvalue
Dento-alveolar Intermolar angulation 3.88+6.35 8.01 =4.39 0.070
Intermolar width 5.96 £ 1.45 6.41 £ 1.49 0.487
Alveolar width Canine 5.45%1.20 5.65 £ 1.36 0.627
Molar 425+151 474+ 1.26 0.351
Skeletal Nasal width Canine 191 £0.79 2.51+0.82 0.138
Molar 1.69 £ 1.09 1.98 £1.08 0.432
Palatal width Canine 186+ 1.78 2.61£0.65 0.105
Molar 145+ 1.24 234+ 171 0.162
Maxillary base 2.06 = 1.59 2.53+0.77 0.415
Upper airway volume Total airway volume 3.55+2.07 3.62+241 0.761
Retropalatal airway 228+ 1.70 173+ 151 0.525
Retroglossal airway 1.28 £ 1.59 1.89+2.35 0.398
Airway space in Mx. sinus Left sinus 3.32£4.00 1.82+2.22 0.784
Right sinus 2.60 +3.93 1.26 £ 1.50 0.693

Wilcoxon signed rank test.

*p <0.05;":p <0.01; " p <0.001.

T0: Before treatment; T1: After treatment; AT: T1 - TO.

SME: slow maxillary expansion; RME: rapid maxillary expansion.
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EE LNk

Aot 3 72 18609 tholl Afetze] P4 BzshE A
a17] 919 22 EQlEiglon], we SEg ol B
£ 34 Aot 87 o A7t o] 2ojzirHo4l 34 Aot
sge ofg %, 22199 4 S| AotxA, 244 &
3} 9ol HIQIE, H]9l, HulEe] |4 HuE ZAA7|n
B P AT B3k BRITHI9,05-27). 34 Aot

o @agoln, 34 ot Bt feld 2ol} glrty By
=

AR, sy Agte 2| &0l AR T A7 B2 AL

ASATE. whebA o] A-tolla= F& Aot gt A& Aot g
7% & o 7ke] A& banded hyrax applianceTro 2 |5kt
A, S5 T HEE dAYsto] Y S0 & et
g a9E vl skl

o] AFe| ot FH A5 AL A& Aot T S5 4
of 29| A Wstol| gk FAJ0A Z|okx|2/d, =44 Al
Sx|e 25 4o = Eoln FUIeHl A& Aot ST
I G et o] S Hlwslele o fofet 2ol &
Holz] ¢fom fARg X|okx| 2/, =44 & aE HYld
Ty ok 24, =44 & gatol tisiA] gute At
£ Ho|&= o] ot Proffit S[4]2 A& Aot &4 &
& ot o] Fe £ 7t HE oln FAEE fARsH
AL sl o, ot 2|4 Aot ghgo] B e A Ql 2
o|2}1l 3}9ith. Luiz Ulema Ribeiro 5[23]-2 H+ 8.18A] &
Aol Al & Aot EApo] A& Aot IR X|ofx| 24, 4
3 B 237t FHolutthal skl ow, Zhou 5{30]2 HE:
A ol A& Aok FAol titx| R ] B 35 gt
SFET o HojuhH, o]ele] AlSA|o= A& et At
a4 Aot & 7he] folgt Ato)7} gltkar B alskeitt, gt
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