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Effects of rapid maxillary expansion on morphological changes of the nasopharynx

and intranasal environment in children
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Abstract

Chapter 1

Rapid maxillary expansion (RME) is a technique used to treat dental malalignment. Although
several studies have described changes in the nasopharyngeal region associated with RME,
consensus has yet to be reached. The objective of this study was to ascertain the morphological
changes that occur in the nasopharyngeal region as a result of RME in children. In the present
study, a comparative investigation of the pharyngeal tonsils and the nasopharyngeal airway on
lateral cephalograms scanned before and after RME was therefore performed.

Fourteen children (6 boys and 8 girls, mean age of 7.8 years, range 5~14) who underwent
orthodontic treatment for dental malalignment by RME were included. Lateral cephalograms
were obtained twice, before the start of RME and after the start of RME.

The mean length of pharyngeal tonsil (A) was 114.65 pixels before RME and 108.64 pixels
after RME. The mean value of nasopharyngeal space (N) was 210.72 pixels before RME and
233.95 pixels after RME. The mean A/N ratio was 0.547 before RME and 0.466 after RME. The
mean pharyngeal tonsil (Pt) area was 16181.14 pixels before RME and 16407.71 pixels after RME.
The mean airway (Air) area was 12488.96 pixels before RME and 16040.64 pixels after RME.
The mean Pt/Ep (Ep = Pt + Air) area was 0.570 before RME and 0.502 after RME.

In this study showed that the A/N and Pt/Ep ratios decreased significantly after RME. The N
and Air area values also increased significantly, but there were no significant changes in the A and
Pt area values. It was concluded that the decrease in the A/N and Pt/Ep ratios were due to the
changes in the N and Air area values.

Chapter 2

RME has the effect of stimulating maxillary bone growth and improving upper airway ventilation
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obstruction. The aim of this study was to investigate whether changes in nasal and mucosal epithelial
components between before and after the orthodontic treatment with nasal cytology.

Sixteen children (6 boys and 10 girls, mean age of 8.1 years, range 6~12) with RME treatment
were recruited and harvested the nasal resistance with anterior mask method and nasal mucus with
Liquid Based Cytology (ThinPrep® method) at prior to start of treatment (before RME), after widening
complete (after RME1) and three months after the treatment (after RME2). The samples for nasal
cytology were harvested from nasal secretion using Endo Cervix Brush (MBL, Japan). Two slides
were prepared by ThinPrep®2000 processor (Hologic,Inc, USA) and stained with Papanicolaou and
Periodic Acid Schiff (PAS) method, respectively.

Nasal resistance at before RME was 0.87+0.58 Pa/cm® / sec and it seems to be decreased with
RME treatment. These at after RME2 showed a trend towards approaching the mean value (0.45+0.70
Pa/cm’/sec) in primary school children. Neutrophil and Macrophage were detected from the nasal
samples at before RME, and these inflammatory cells were significantly decreases with proceeding
the treatment (after RME1 and after RME2). Degenerated ciliated cells were detected more frequently
at the nasal samples of before RME, while the frequent of normal ciliated cells increased from after
RMEI to RME2. Mucous substance, bacteria, pollen, five funguses (Malassezia spp., Cryptococcus
spp., Epidermophyton floccosum, Microsporum canis, Alternaria spp.) were detected from nasal
samples at before RME, after RME1 and RME2.

It suggested that nasal cytology can observe the transition of inflammatory cells and mucosal
epithelial components before and after RME treatment in children, suggesting that it is a useful method

for detecting changes in the nasal environment that cannot be inferred from nasal airflow rate alone.
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1. WrENER

AWFGEIE, HAKRNT 25 A E MM B 20K 2 5 TiTh 7z (EC19-026A),
e R IE, BEFEAMETIES S B 0 lgRHCEFI A IEZ 37 & LORBEL, RME
X BREIEmRERAE A To 72 B 154 (B 6 £, K94, “FHFER8.0% 5i%~14
) Th D, HAWFEHBO L KREH 2 HT 2H, ICERE SR (RSHRE RE 75
L) OBFRED B EH, T7 /74 FIBRSLT T /4 VB s 52 228K E%HT 5
H D ARWFES R HERIN L 72, WESERAMEREIC, BIEKR U Z ORHEE IS LIFSEE & J5
EDOFHEIT RGN ORE 2572, FHICHERSE T L, S g b ik
I NTIERNE RME O R%E2132 2 L B3 TE W72 DT 5 SR L 72,

2. BRI — % OBS &M L 5HAA E

RME 2 (%, Hyrax®10-12mm (DENTAURUM #t, Ispringen) %27z, BA 5
Wi ERES —FLA e & RSESS T RLE, AR ARSI (3 RFESS /NI & RREEE—K
FRZEERE Lz 2o A7 Y 2 —REFIE PR &7 THE 2 5 1.0-2.0 mm #h
TAREET, 27V o —HubArE IZEA WA CIZ G 0% —FLA N & 55— KA DR
BEIHI 2 A A 728 & IEHPAR D AE B, ARSI Tl el 0 55 — K F g 0 ol i & i A 72
e EPRROZHICHE L2 22, fhkoE X3 1 H 1[EEE (90 T 0.2mm fEK) &
L, 227V 2 — 3 BROMEHRE D& OIREEICH AL REE 2 T L 72, FHILKE L
11.57mm TH - 7=,

752 7 7 v B G EOR &l ABERRER O 72 0 OHRERT X, RME BllaH
(before RME) & fR7EHAM % & ¢ RME F#atz 1 4F 5 2 HLL E#G#EE (after RME) (C
fTbitiz,

[+ 7 7 o HIS BRI, BRI v 2 2SR (Trophypan Pro @ 7 2 LR
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Jit 7 7 uBERE (BB 74 kV, FER 12 mA, WEEKE 0.638) %2fTo7%, #&
KRR, BHE A A Y —my FCREEL, 77 v 27 70 PFHIZIKRE TSR 5 X 5 Ihr
BT L7,

752 7 7 n K EE D F — & 1% trophy windows ver.6.x (B &tha v &, Hn)
T (R 2020%2012 pixel, 7 7 4 AR jpg) L, Image] 1.53s (National
Institutes of Health, Bethesda) %\ CTLA T DEHIZ 1T - 7=,

BRI D & & 1 Fujioka o " OFHlliEZ T, 77+ 7 7 v B EE LR

RkDE X (A) & FBHOR X (N) ZFHHIL (H4L : pixel), ZoDf% A/N i &
L7 (Fig. 1,

EURSEEIK O [ 1% Yamada & 'Y 0 FHHlL % f v T, PL (palatal line), SpL (sphenoid
line), AAL (anterior atlas line), PML (pterygomaxillary line) ([ ¥ 4 7= fEis % L0
SHTEIN (Ep area) & L, % Df% Ep area % WHSHRmHkHEIK (Ptarea) & XUETHIH (Air area)
WHEI L7z, 2otk PY/EplbzHEHE L7~ (Fig.1),

Before RME & after RME D5 SiEFEDEEZ KD 5720, 721/ FX

(DIGITAL CALIPER 150mm, Shinwa Rules Co., Niigata) % I\ C 51 B 1R o i

(K A e AT 2 G100 L 72 2, mfRR A s B (X, RME 0 #77 O BEE RS 55—
KA O E I IZEAM O b oD T T & o BT ok PR & DA s D BREE S L,
%I OREERFD LS A AR OEA T AL 0% A AN O &S L oEE A
i & RS OREREE L7,

2 ToOFHINT 1 A OWRBIED 3 HU LR ZFET T 2 BEMBL, %0z
flie LT L7z, EHAIC & 72 - T, Dahlberg’s formula?® % FivsCEHAIE 3% D
TR ZITW, HEDPNT W L RMERL 7,

7727 7 v B EE 2 W50 1E, RIS L 72 2 A O EHEIEEIC X Y b

L — ZADIEfEEDSHER X Lz,



3. BREHERIENT

Before RME & after RME & D7 DORUE (X, Shapiro-wilk test (a = 0.05) TIEHED
W xZT-o7-0b, IEFRWLHERTE 72 DL Paired rtest, ZIREDHEHIC Cohen’s d
Wz, ERBEOMERSTE d o 72 Dlt, Wilcoxon signed-rank test, ZIHRE D
FH i Cliffs delta % w7z,

2T ORI L, #EEFY 7 b R version 4.2.0 (The R Foundation for Statistical
Computing, Vienna) #f#iH L7z, ™, Cohen’sd & Cliffsdelta ®FHIT T effsize »¥ v 7

—%’, Cronbach’s alpha ®FLH (3 psych ¥ v 7 — L Z{EM L 72,



FER

WizextiE 5 b 1 L5kt a il L7272, #EEIEONZDIR 144 (B64, &
8 %, VILEN 7.8%, 5ik~14%) THh o7z, MENRD RME [lih#; D Hellman th
ERIZTA BI~TICHITH o 72, T G L o572 14 %413, RMEBASEHZ 0 HE & L
T, IEREARIE P 97 H (R 56 H, &I 256 H), Hyrax®% ik L 72 H 23145 264
H (& 120 H, &E 494 H), fil/7+ 7 7 v B G ERGE K CHIRREMTb /- D
2P 611 H (A 529 H, R 760 H) T®H o7 (Tablel),

)i 7 7 o B EE EOMEROE S (A) & EWFoRS (N) oFHilfER%
Table 2 IC7Rd . A OFIE[ISWISHEXM, LARE 95% C.IL]iX, before RME 114.65
pixel[102.61, 126.70], after RME 108.64 pixel[90.48, 126.80] T& - 7=, Wilcoxon
signed-rank test TIIHEZE (p = 0.80) %5293, #hHEE[95% CIL]d 0.061[-0.292,
0.400]CH - 72, N D F¥fE[95% C.1.] 1% before RME T 210.72 pixel[200.17, 221.27],
after RME 233.95 pixel[225.41, 242.49] T® - 7z, Paired rtest THEZ (p<0.01) %
R, FEE T 1.222[0.376,2.069] TH - 7z, A/N LD FHfE[95% C.1.] 13 before RME
0.547[0.489, 0.605], after RME 0.466[0.386,0.546] & 72 b, Paired rtest ic THE% (p
<0.001) %o, FEEIZ0.581[-0.212, 1.374]TH - 7=,

)5 & 7 7 v IR EE ¢ o FIFTETERL O Hf % Table 3 ic/83, WHUHRPEMEE (Pt
area) DF¥fE[95% C.I.]i1x, before RME 16181.14 pixel[14510.91, 17851.38], after
RME 16407.71 pixel[13673.95, 19141.48] CTd - 7z, Paired rtest iCTHHESE (p =
0.83) %D F, EEIL 0.050 [-0.727,0.828] %R L 72, KUK (Airarea) D5
fii[95% C.I] 1%, before RME 12488.96 pixel[10214.03, 14763.89], after RME 16040.64
pixel[13833.40, 18247.89] &£ Z{t. L, Paired r-test IC THEA (p<0.01) 2D 7=, %
R&IZ 0.800[-0.008, 1.607]TH - 7=, Pt/Ep Lo VHE[95% C.1.]1%, before RME

0.570[0.514, 0.625], after RME 0.502[0.426,0.577] & 72V, Paired ¢-test ic THE% (p
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=0.01) 2&D7=, TEMEEIL0.519[-0.271,1.309] %R L 72,

51 5 g e o T fiE[95% C.1.] % Table 4 ISR 3, ti%ISIEAEIE, before RME 34.32
mm[32.96,35.67], after RME 42.78 mm[41.29,44.27] ¢ 72V, Paired r-test ICH T3
AEE (p<0.001) 2#ED 7=, FHEEIL 3.000[1.868,4.133] TH - 7=, H¥|SlEED L

KEDFHE[95% C.1.]1x 8.47 mm[7.00, 9.93]CH - 7=,
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Table 1 Status of each subject

age at start sex

Hyrax® size expansion period

removal Hyrax®

Cephalometric image

(mm) (day) (day) and impression (day)
5 f 10 67 199 760(2.08)
12 m 12 65 163 665(1.82)
5 f 10 63 444 687(1.88)
8 f 10 56 154 651(1.78)
8 f 12 73 290 619(1.70)
9 f 12 121 211 596(1.63)
6 f 12 65 327 610(1.67)
8 m 12 64 258 624(1.71)
10 m 12 80 151 609(1.67)
14 f 12 120 120 554(1.52)
6 m 12 82 258 539(1.48)
5 m 12 256 494 529(1.45)
6 f 12 139 279 545(1.49)
7 m 12 112 350 574(1.57)
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Table 2 Measurement nasopharyngeal length and A/N ratio

before RME after RME
A
Average(pixel) 114.65 108.64
95% C.1I. [102.61, 126.70] [90.48, 126.80]
Normality test p 0.03* 0.20
Paired difference test Wilcoxon
p 0.80
Effect size[95% C.1.] cliffs delta
0.061 [-0.292, 0.400]
N
Average(pixel) 210.72 233.95
95% C.1I. [200.17, 221.27] [225.41, 242.49]
Normality test D 0.68 0.22
Paired difference test Paired ¢
p <0.01**
Effect size[95% C.1.] Cohen's ¢
1.222 [0.376, 2.069]
A/N
Average 0.547 0.466
95% C.. [0.489, 0.605] [0.386, 0.546]
Normality test p 0.15 0.22
Paired difference test Paired ¢
D <0.001***
Effect size[95% C.I.] Cohen's ¢

0.581 [-0.212, 1.374]

95% C.1.: 95% confidence interval

12



Table 3 Measurement nasopharyngeal area and Pt/Ep ratio

before RME after RME
Pt area
Average(pixel) 16181.14 16407.71
95% C.I. [14510.91, 17851.38] [13673.95, 19141.48]
Normality test p 0.1891 0.5383
Paired difference test Paired ¢
o 0.83
Effect size[95% C.1.] Cohen's d
0.050 [-0.727, 0.828]
Air area
Average(pixel) 12488.96 16040.64
95% C.1. [10214.03, 14763.89] [13833.40, 18247.89]
Normality test p 0.06 0.80
Paired difference test Paired ¢
o <0.01**
Effect size[95% C.1.] Cohen's d
0.800 [-0.008, 1.607]
Pt/Ep
Average 0.570 0.502
95% C.l. [0.514, 0.625] [0.426, 0.577]
Normality test D 0.57 0.11
Paired difference test Paired ¢
P 0.01*
Effect size[95% C.1.] Cohen's d

0.519 [-0.271, 1.309]

95% C.1.: 95% confidence interval
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Table 4 Measurement of dental arch width

before RME after RME
Arch width

Average (mm) 34.32 42.78
95% C.1. [32.96, 35.67] [41.29, 44.27]
Normality test p 0.15 0.25
Paired difference test Paired ¢

o <0.001***
Effect size [95% C..] Cohen's d

3.000 [1.868, 4.133]
Expansion distances of dental arch width

Average (mm) 8.47
95% C.I. [7.00, 9.93]

95% C.1.: 95% confidence interval
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Figure 1 Landmarks and reference lines in cephalometric measurements

PML spL. [ Pt area
I Air area
AAL
PL
B

O

Landmarks and reference lines name. A is dropped perpendicularly from A’ to its point of cross
with line. A’ is the point of Maximum thickness of the pharyngeal tonsil. B drawn along straight
of the anterior margin of the basiocciput. D’ is determined as the point of crossing of the
posteroinfenior margin of the lateral pterygoid plate (P) and the floor of the bony nasopharynx.
N: It is length between PNS and anteroinferior edge of sphenobasioccipital synchondrosis. ANS:
Anterior nasal spine, PNS: Posterior nasal spine, Ptm: Pterygomaxillary fissure, Ba: Basion, PL:
Palatal plane, SpL: Sphenoid line, ALL: Anterior atlas line, PML: Pterygomaxillary line. PML is
perpendicular to SpL. AAL is parallel to PML. Pt area: A cross-sectional area of the pharyngeal

tonsil. Air area: A cross-sectional area of the nasopharyngeal airway.
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AWFGEIE, HAKRANT 25 A @ MM 2 20K 2 5 CTfTh 7z (EC19-026A),
e R IE, BEFEAMETIES S B 0 lgPHCEFI A IEZ 37 & LORBEL, RME
X 2IBIEREHEEETo 2B 16 % (B 64, X104, FHER 8.1/, 6/~12
) TH D, WIS X OWEIERERARE XS 1 HICHES 2, F7ERlthRc, BIERY
Z OLREF TN LIFSEE T & BB Z T Wit e 1 o R E 21572,

2. RERUVEREHEHE

1]

RME FA#GRFICAR N R ORER 10 L TR, R, fhHE, BRI A%
BIhotz, BIEBSAERE & SHMIEEIL, HEBIAEE (before RME), LA T B
(after RME1), &K TH (after RME2) (<% L 7=,

1) AR ERE

SVEESERAE L, SPSEKEIETA P4y ¥ iy, IRREERENERRE (<
NFT77vrvarrioifnr— HI-801, F =& MRS, H5) 22T
VT IVA =N e R AT RICE VT o e, MO R IR BHESTEZE 3 EHE L, Zh
ZnoPEExHilEE LCERL 7,

BHRIC & 2 e SRR UE O 2L 2 815§ 5 72012, before RME TOHIEE %
bLic, EAEDIbEOMEY 2R AR SRR UE Z /R 3l (Lower side: LS) & &0
D A BRSO E Wl (Higher side: HS) @ 2 Bfic/rF, 22 N OREEFN 72 A
] SRl O 2L % e L 72,

Fr (SR oo Ao A 7= s Bt (EIRSEE SRR E 7 &) IS L Twd e v )
WO BB B Lnb, AHFFETIE before RME @ F I &FEHEPUEE b LT, EHD
5B RO Y AR ARG RPHRYTEZ R Il (Lower side: LS) & S oifi b 237 < Sujpe

EhiAE Wl (Higher side: HS) @ 2 #1253, Fr ISR UE & 745 0 st ik oy D%
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P2 b 2 8% L 72,
2) BotHifEs

SIPOESERER ICERA N I A Nt n X —2cfE L -8t 2Rl Z i Endo
Cervix 7' 7 o (E2EEWEWTZERT, HA) 1 THELL, 3% 212 ThinPrep preservCyt®
Solution (Hologic Ltd.,K[E) (< FEEE L 720 BEAIERLZ, ThinPrep®2000 7ot v
¥ (Hologic Ltd., KE) %\ TITW, 95% T % 7 — LIEHIC T 30 23 L iR i E 12,
Papanicolaou (Pap) %:ft3 X U Periodic Acid Schiff (PAS) Jt% ML, #fgi2Er
PERHE 1 4 & AR 1 4 2908 (Olympus BX51; 4V v o8 2 HA) Z v
TRIEWMIE, SticHEET 2MEYoEEHL H8E (+,-) 28%EL -,
3. WEETERIET

IBRBAIRKE (before RME) o Mifill S KA %2 /N A2 O FHMH 37 & BBk T 5 7230 1C
Student's rtest Z1T o 7z, WIS O Fr (R S @ SR8 o0 R IR 28/ 1%, Friedman #7E &
Bonferroni &% HC, Sty (SAEMAE-CHAEY) OfERRIZE LI, Fisher OEE:
MERWE 2 -l T2 W WG A e G 21T o 720 7 — X b1, IBM SPSS Ver.26

(HAIBM, HA) %fEHL 72,
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1. BEOBBICHE S MAREHETEOZL

WF2 0t 52 o i | L e BT fiE 0 “F¥ME  (before RME) 1%, 0.87% 0.58 Pa/cm?/sec %71
L, S9RE DD 2/NEA Ol EPEGUEIc T (Fig. 2), HBERHER & o ] sy
PUliEiE, WAMER % R 3 S EEIIRD bd o7z (Table5),

2. wROBEICHE S R AlRPHETE O 2L

TRERSE IS WA B IR IUE A 3 2 Em 2R L2 BE 1, A SRRy o
5% [HS #] 7217 THh - 7= (p=10.035, Fig.3), Bonferroni & Cix, HS FED before
RME & after RME1] 3 X Of [before RME & after RME2] D icznZnEE% (p
=0.019, p=0.039) 25D b7z,
3. &iHiiREE
@ SiHIfEZ ORE

LSEE HSHDOEH 2513, HFFER WL Y v kB 2 nid~r v 77—V % ke

\c+
O
>>

RAEMEAINE, BRE BRI, #LIRCRRE L S ¥ R MIIEIPRE 2 /R 3 AR E B

;N
=
=
o
B
¥
oF

W, S BERE(~ 72T TE, 7V 7+ a v s RE, Epidermophyton
floccosum, Microsporum canis, 77 A+ ) T)E) »#Hi a7z (Fig. 4),
@ MRS DHRS

LS #& HS #E & b IchfpEk, ~27 v 77—, BUHRE LEMEoMmERIL, HHE
BHAEIES (before RME) > #iA# THE (after RME1) > {REK THE (after RME2) &
BRICECE IR T Z R L7z (Fig.5). MRS, 74 F 277V — VIFRED IR
75t E LRI DRI 2 B & b ISR O HER & TN 2R L 72,
® BEENMEYMOHR

~ 7% F 7@, LSEE:75.0% (before RME) > 43.8% (after RME1) > 30.8%

(after RME2), HS #f£:68.8% (before RME) > 62.5% (after RME1) > 38.5% (after
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RME2) & REEROEBICHE IR 25380 L, Fisher O EHERERME T, LS B [before
RME & after RME2 | O CHEZZRD L 2B TE R (Fig. 6), % DOfttoMlEHE,
8, EEEOMHRILIRERANR (before RME) > fE A T (after RMED) > {£
TEAL TR (after RME2) &3 2MHAIZ R L7224, AEEXRD LI LI TERD >

770
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Table 5 Changes in the bilateral nasal resistance associated with RME treatment.

Friedman test

(Pa/em’ /sec) N Mean SD Min. Max ¥° af P
At the start (before RME) 16 0.87 058 020 201 3.5 2 0.174
At the end of expansion (after RME1) 16 065 048 028 215

At the end of retention period (after RME2) 16 058 027 025 1.10
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Figure 2 Comparison of the bilateral nasal resistance before RME between the study group and control

groups.
(Pa/cm? /sec)
1.60
Student's #-test

1.40 p=0.000
1.20 Student's ¢-test

’ p=0.017
1.00 { ‘
0.80 0.87

0.57

0.60
0.40 0.35

: I
0.20
0.00
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Figure 3 Changes in the unilateral nasal resistance over the course of RME treatment. Significant
difference between before RME, after RME1 and after RME2 was calculated with Friedman’s test and

Bonferroni correction.
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Figure 4 Inflammatory cells, ciliated cells and microorganisms obtained according to nasal cytology.
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A: Typical nasal image in study group  (Pap, x10) , B: Neutrophil and keratinized squamous cells

(Pap,x20) , C: Ciliated cells with irregular cilia length  (Pap,x20) , D: Malassezia spp. (PAS,

x40) , E: Alternaria spp. (PAS, x40) , F: Cryptococcus spp. (PAS, x40)
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Figure 5 Changes in detection rate of inflammatory cells and ciliated cells over the course of RME
treatment. Significant difference between before RME, after RME!1 and after RME2 was calculated

with Fisher's exact test.
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Figure 6 Changes in detection rate of the mucous substances, bacteria, pollen, fungus over the course
of RME treatment. Significant differences between before RME, after RMEI1 and after RME2 was

calculated with Fisher's exact test.
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