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Table 1. Mean age and number of subjects (unit : year)

Study group Control group
TO0 T1 T2 TO Tl T2
Male (n=12) 123+1.0 142111 20219 12.0+£09 14.0+£1.2 20214
Female (n=12) 10.8+1.1 13.0+0.7 195+25 10.0+0.7 12.8+0.7 2l6x24
Total (n=24) 116+£13 136113 199+22 11.0£1.2 134105 209+2.1

TO, initial; T1, right after functional appliance treatment in the study group, after the
same duration in the control group; T2, growth completion
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ATl AR AZW L AN Aol ASFBY Fd: v 2
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Frow fgom £9 7FMe] FHolEA sellad] AMo] et A& 54 7F

Aoz A3A T}, (Baccetti et al., 1997)

Sella Turcica The center of the pituitary fossa of the sphenoid bone

N Nasion The junction of the frontal nasal suture at the most posterior
on the curve at the bridge of the nose

ANS Anterior Nasal Spine The tip of the bony anterior nasal spine in the median plane

PNS Posterior Nasal Spine The process formed by united projecting ends of the
posterior borders of the palatal process of the palatal bone

A A point The deepest anterior point in concavity of anterior maxilla
B B point The deepest anterior point in concavity of anterior mandible
Pog Pogonion The most anterior point of bony chin

Table 2. Cephalometric landmarks and reference planes
Me Menton The most inferior point of bony chin

Go Gonion A mid—plane point at the gonial angle located by bisecting the
posterior and inferior borders of the mandible

Ar Articulare A mid—plane point at the inter section of posterior ramus with
inferior cranial base

Ba Basion The most forward and lowest point on the foramen magnum

H plane horizontal reference The line reconstructed 7° upward from the SN line pivoted on
plane N point

V plane

vertical reference plane The line perpendicular to the H plane and tangent to the
anterior wall of sella




ANS

N

Fig. 1. Cephalometric landmarks, horizontal and vertical reference planes

used in this study

See Table 2 for the abbreviations.



3. 4ol 4 A% AS %

ATl ARRE ol B 7% AS F5S dad g 74 Vsl A
point7kA| 9] A=l E et 71A =] Aol (Mx. base), B point 7k4] & A E stk 7]
Az Zol(Mn. base) Z Fatqlth. 2t SN lineol dial] Aol 7]A o] o] F&=
7t SNA, dtef 7|4 &Ze] o]F& 79l SNB % F ZFEhe] #folql ANBE &
otk shefol A atetzAlel stetA 7 o] F= ZFE=<l Gonial angler®t SN line
o W&l sFer Hwo] o]F= ZFx <l Mandibular plane angleS =743} tH(Table 3,

Fig 2).

Table 3. Linear and Angular measurements to determine skeletal changes

Mx. base The perpendicular distance of A—point to V plane
(maxillary base length)
Mn. base The perpendicular distance of B—point to V plane

(mandibular base

length) The angle between SN line and N—A line

SNA

SNB The angle between SN line and N—B line

ANB Difference between the SNA and the SNB

Gonial angle The angle formed by the intersection of the body of the

mandible and the ascending mandibular ramus

Mandibular plane angle The angle between the SN line and Mandibular plane




Fig. 2 Linear and angular measurements to determine skeletal changes

See Table 3 for the abbreviations.
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B AgelA AR JAF = A5 52 th53 vk (Table 4, Fig 3) ¥l
AF oS S4ete dol(DD) = PNSSF Bas Sl AAelA QF7=w1te] e
St Ftolw AR TS Hol(D2)E ATt AFFHAL S M F A
o]3 - FRAFE] Aol (D3) & & VAT I IFF¥Ateld] T F2 AYE
=743 th (Gonealves et al,, 2006; Hanggi et al., 2008) QIF7]|=37ke] w3

(Area)< D13} D3 Afo]9] Q57| =¥ 7Y e A=

Table 4. Measurements of pharyngeal airway

D1 (mm) A distance within the pharyngeal airway area through the PNS—Ba line

D2 (mm) the narrowest distance between the soft palate and the posterior
pharyngeal wall

D3 (mm) the narrowest distance between the base of tongue and the posterior
pharyngeal wall

Area(mm?) the pharyngeal airway area which boundaries defined as anteriorly soft

palate and tongue base, posteriorly posterior pharyngeal wall,

superiorly the line of D1 and inferiorly the line of D3

11



Fig. 3 Measurements of pharyngeal airway

See Table 4 for the abbreviations.



5. ZAEHY

B A4S Statistical Package for Social Science 19.0 for Windows (SPSS
Inc., Chicago, Illinois, USA) & o]&stith. TONA 2t 79 771272 A
7t 8] Wilcoxon Rank sum testE ©]83+9 0 TO, T1, T2o4 A3 oz
9 H]3+= Two sample t—test & ©o]83lqith AT tixa 2H7Fe] uof A
JAF/NZF 7] AZIH(T1-TO0, T2-T1, T2-T0) ¥3}e] Bl paired t—test &
ol gt om ZF 73k QJIF7|EFit Mgt vliE Two sample t—testE ©]§
sttt =44 ASA S 7712332 #AE ¢7] 9@l linear mixed model =

o] g3slo] A=A 719 A3 Z8 33 (interaction effect) S -3+ th.
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Table 5 Comparsion of pharyngeal airway dimensions between male and female subjects within each study and control group.

Wilcoxon Rank Sum Test was used.

Study group Control group
Male Female Sig Male Female Sig
Median (min~max) Median (min~max) Median (min~max) Median (min~max)
D1(mm) 17.79(14.96~23.34) 18.71(14.55~22.39) NS 16.25(13.41~20.68) 17.37(15.50~21.63) NS
D2(mm) 840(6.17~10.26) 9.02(6.12~11.47) NS 9.56(8.23~13.11) 10.33(8.83~13.74) NS
D3(mm) 10.20(5.88~12.60) 9.75(6.07~11.54) NS 10.03(6.99~14.55) 11.55(9.31~16.35) NS
Area(mm?) 486.84(387.1~681.7) 510.01(409.6~532.2) NS 554.37(443.8~625.1) 579.64(443.4~740.7) NS

See Table 4 for the abbreviations.
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Table 6 Comparison of measurements between the control and the study group. Two sample t-test was used.

T0 T1 T2

Study Control Sig Study Control Sig Study Control Sig

(Mean+SD) (Mean+SD) (Mean+SD) (Mean+SD) (Mean+SD) (Mean+SD)
SNA(°) 81.46+3.38 79.30£1.99 * 81.54+3.03 79.71+2.66  * 81.58+2.98 80.82+2.99 NS
SNB(°) 74454331 76.36£2.90 NS 76.44+3.24 76.84+2.85 NS 77.01+3.80 78.65+3.94 NS
ANB(°) 7.01+1.70 2941043  *** 5.10+1.58 287+0.51 *** 4.57+1.75 217+059 ***
Gonial angle(®) 121.45+5.43 122.15+5.34 NS 121.24+5.83 121.93+6.34 NS 120.22+5.43 120.83+6.64 NS
Mn. plane angle(°®) 37.60+4.91 3847+4.76 NS 37.83+5.39 38.18+5.04 NS 37.23+6.00 36.70+4.84 NS
Mx.base(mm) 62.36+4.24 60.02+343 NS 63.52+2.82 61.96+3.48 NS 64.89+2.95 64.43+391 NS
Mn.base(mm) 51.68+4.15 53.81+4.52 NS 55.04+3.54 55.70+5.08 NS 57.08+4.10 5846+4.52 NS
Mx-Mn(mm) 10.67+2.00 6.20£1.82  *** 8.48+2.18 6.26+£1.86  ** 7.82+2.62 596+181 *
D1(mm) 17.85+2.59 17.17+234 NS 20.09+2.42 19.33+2.56 NS 21.33+2.30 21.02+244 NS
D2(mm) 849+1.56 10.27+£1.53  *** 1045+1.26 11.07+161 NS 10.96+0.91 11.84+1.70 NS
D3(mm) 9.75+1.78 11.28+222 * 11.21+2.12 12434239 NS 11.76+2.30 13.18+245 NS
Area(mm?2) 492.54+70.27  557.63+77.37 ** 598.46+73.00  614.20+88.60 NS 635.47+67.69  654.40+73.74 NS

SD, standard deviation; Sig, significance; NS, not sifnificant; *p<0.05 ; ** p<0.01; =x* p<0.001

TO, initial; T1, right after functional appliance treatment in the study group, after the same duration in the control group; T2,

growth completion See Table 4 for the abbreviations.
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Fig.4 Longitudinal changes of a distance within the pharyngeal airway
area through the PNS-Ba line(D1); TO, initial; T1, right after functional
appliance treatment in the study group, after the same duration in

the control group; T2, growth completion

D2, D3, Area®] A% TO°l+= F24 UA Aol A xRt 220U (p<0.001)

olF ¥ AZ(TLTelE F94 A= 2ol7h A, (5>0.05)
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~8=study
0
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Fig.5 Longitudinal changes of the narrowest distance between the soft
palate and the posterior pharyngeal wall (D2); TO, initial; T1, right after
functional appliance treatment in the study group, after the same duration

in the control group; T2, growth completion; *** p<0.001
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6 —#=control
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2
0

(unit : mm)To T1 T2

Fig.6 Longitudinal changes of the narrowest distance between the base
of tongue and the posterior pharyngeal wall(D3); TO, initial; T1, right
after functional appliance treatment in the study group, after the same

duration in the control group; T2, growth completion; *p<0.05
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Fig.7 Longitudinal changes of the area which boundaries defined as
anteriorly soft palate and tongue base, posteriorly posterior pharyngeal wall,
superiorly the line of D1 and inferiorly the line of D3; TO, initial; T1, right
after functional appliance treatment in the study group, after the same

duration in the control group; T2, growth completion; ** p<0.01

NF/NEFZI A== zF FUold A AP|el(T1-T0, T2-T1, T2-T0) A
A dzat BRelA oA Al S7HICE TOolA T17HA19] 713F Sk HIQlF
FA DD elAE F o] F7FFe] f2ek 2oz e (p>0.05) 7 71T 41 (D2),
SHE RIF FA9(D3), AF7IEFIE] WA (Area)> AFwro] txrEth Frbo]l o
weolth (D2, p<0.001; D3, p<0.05; Area, p<0.001) TI1elM T27HA¢] Q17| %33t
Aol A8y} gzdt Aol 28t zto)7t 9l (p>0.05) TOolA T27k4]2] 4
gl BT G (D) AW f2A Qi zkel7t §iglom v A] o efal= Aol

tiztell vlsl 24 Al & WiskEgS Bl (D2, p<0.01; D3, p<0.05; Area, p<0.001)
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Table 7 Changes of pharyngeal airway dimensions for the study and control groups.

Paired t-test was used for comparison of within each group; Two sample t-test was used for comparison between study and control

groups
T1-TO T2-T1 T2-TO
Study Control sig Study Control sig Study Control sig
(MeanzSD) (MeanzSD) (MeantSD) (MeanzSD) (MeanzSD) (MeantSD)

D1(mm) 2.24+1.62" 2.16+1.96™ NS 1.24+1.16" 1.69+2.08" NS 3.48+2.11" 3.85£249" NS
D2(mm) 1.96+1.03" 0.79+1.45 +++ 0.51+0.75" 0.77+1.60° NS 2.47+1.30" 1.57+1.80" ++
D3(mm) 1.46+1.24" 1.15+1.59" + 0.56+1.18" 0.75x1.21" NS 2.01+1.86™ 1.89+1.89" +
Area(mm?) 105.91+65.85° 56.57+52.14" +++ 37.01+61.73"  40.20£49.46" NS 142.91+83.14"  96.77+55.85" +++

Sig, significance; NS, not significant; comparison of within each group * p<0.05; ** p<0.01; *** p<0.001; comparison of

between study and control groups + p<0.05; ++ p<0.01; +++ p<0.001

21
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(interaction effect)

Linear mixed model& ©]£3to] &2 AZX = (SNA, SNB, ANB, Gonial angle,

-

Mandibular plane angle, Maxillary base, Mandibular base) ¥ <UF7]%F7t
A=D1, D2, D3, D4, Area)ite]l 43528 a¥(interaction effect) &

Solw gkt QIF7|EF7Fe] WA (Area) ¥ SNB7F o3t #dAA7F Q= Fo=

TR 99 D2 gk Fod Ae BAE HERUTH (p<0.05) “dstelrt TjA =

o] zFo]l Mx—Mn%E M 715 99l D3 9F #2935 #AE HAh (p<0.01)

Table 8 Interaction effects between skeletal measurements and pharyngeal airway dimensions.

Linear mixed model was used.

D1 (mm) D2 (mm) D3 (mm) Area(mm®)
SNA () NS NS NS NS
SNB (° ) NS NS NS ok
ANB () NS NS NS NS
Gonial angle ) NS ok NS NS
Mn. plane angle (" ) NS * NS NS
Mx.base (mm) NS NS NS NS
Mn.base (mm) NS NS NS NS
Mx—Mn (mm) NS NS ok NS

NS, not sifnificant; *p<0.05 ; ** p<0.01; ***x p<0.001
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ABSTRACT

Long—term changes of pharyngeal airway dimensions
after treatment with functional appliance
in skeletal Class II subjects

Seimin Han, D.D.S.
Department of Dental science, Graduate school, Yonsei University

(Directed by Prof. Kyung—Ho Kim, D.D.S., Ph.D.)

The aim of this study was to evaluate long—term changes of pharyngeal
ailrway dimensions in growing skeletal Class II children after functional
appliance treatment.

A total of 48 growing children who did not reach the growth peak were
included in this study. The study group was composed of 12 boys and 12 girls
(the mean age of 11.55) with skeletal Class II malocclusion. The control group
was composed of 12 boys and 12 girls (the mean age of 11.01) with skeletal
Class I malocclusion having mild dental problems only. The study group was
treated with Class II bionator for 2 years on average. Three lateral
cephalograms taken at TO(before treatment), T1(right after functional
treatment in the study group, after the same duration in the control group), and
T2 (completion of growth) were used for measurements. Pharyngeal airway
dimensions were analyzed for the following measurements; the lengths of the
nasopharyngeal region (D1), the superior oropharyngeal region (D2), the
inferior oropharyngeal region (D3), and the pharyngeal airway area (Area). The

study and the control groups were compared at each time point using Two
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sample t—test, and the dimensional changes during observation period were
analyzed with paired t—test. The interaction effect was calculated by using the
linear mixed model in order to identify the relation between skeletal
measurements and pharyngeal airway dimensions. The following results were

observed.

1. TO, there were no gender differences for the pharyngeal airway

dimensions (p>0.05).

2. TO, D1 was not significantly different between the study and the control
groups (p>0.05). However, D2, D3 and Area of the study group were

significantly smaller than those of the control group (p<0.05).

3. During T1—TO period, the increases D2, D3, and Area of the study group
were significantly larger those of the control group(p<0.05), while there

was no difference of D1 change between the two groups (p>0.05).

4. During T2—T1 period, the changes of pharyngeal airway dimensions were
not significantly different between the two groups(p>0.05), and the
measurements at T2 did not show the significant differences between the

two groups (p>0.05).

In conclusion, Class II functional appliance can increase the pharyngeal airway
dimensions in growing Class II patients, and the treatment effect is maintained

until the completion of growth.

Keywords : pharyngeal airway, functional appliance, skeletal Class II
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