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VERTICAL FACIAL GROWTH IN ANTERIOR OPEN-BITE AND DEEP-BITE

BY MEANS OF LATERAL CEPHALOMETRIC ROENTGENOGRAMS

Kenjiro Takeuchi

Department of Orthodontics,

Osaka University Dental School, 32 Joan-cho, kita-ku, Osaka, Japan

An attempt was made to evaluate the vertical facial growth
in open-bite and deep-bite using lateral roentgenographic
cephalograms on the cross-sectional basis.

The open-bite sample was composed of 103 females,aged 4,8,10,
12 and adult. The deep-bite sample was composed of 93 females,
aged 8,10,12 and adult. As control,the data of 92 females with
normal overbite and overjet of the same age level were used. -

Firstly,the t-test was conducted on each measure and secondly,
the discriminant function analysis was employed to know the |
Mahalanobis' distance between open-bite and control,and also

between deep-bite and control.
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The following results were obtained.
1. Open-bite cases
(1) The skeletal discrepancy became evident from 8 to 10 years of age.
(2) The lower face height became larger after 8 years of age.
The larger total face height,the steeper mandibular plane
and the more obtuse gonial angle were observed after 10 years
of age. In the adult,the shorter ramus was marked.
(3) Both lower incisor and molar increased in height more than
the control from 8 to the adult.
(4) Ptm' point seemed to be located lower than the control at
younger age in consequence of the thumb sucking behavior.
2. Deep-bite cases
(1) The vertical disharmony,which was localized in the
dento-alveolar height of the incisor area,became evident
from 10 years of age.
(2) An increased vertical development of the lower incisor
was the main factor of a deep overbite. This characteristic
seemed to be closely related to the mandibular growth in

distal direction.



- /
L Ak

1) i ¥k 6P (1960) . Hia4ttihe %
kA% B TAP, £, Phdn 35,

2) Subtelny,J.D. and Sakuda,M.(1964): Open-bite; Diagnosis and
treatment. Am.J.Orthod. 50, 337-358.

3) Sassouni,V.(1969): A classification of skeletal facial types.
Am.J.Orthod. 55, 109-123.

4) Bjork,A.(1960): The relationship of the jaw to the cranium.
in; Introduction of orthodontics. ed.Lundstrém,A.,McGraw-Hill,
New York.Tronto.London,104-140.

5) Hixon,E.H.(1966): The nature of orthodontic diagnosis,Mosby,
St.Louis, 353-357.

) BREE, NTREL B@EAN PAE:

/
(1962) . BEnZ B 2 HEPFA « 2 0 13
st i e, LT, 2, 48~ ot

Bhin 3 7 .
7) EBpBah (1978)  BLoi s 0h B piA
1220 T, BBE, 7 , /%~ 40, Phin 17,

F32.% (1970)  WBEZS w5 o T
S RET , 36, 981~977 B5de 45 .



<

9) Hapak,F.M.(1964): Cephalometric appraisal of the open-bite
case. Angle Orthod. 34, 65-72.

10) ML LB, Balukl (,1957) 1 iBE X £
P EB 52 & 3ok 5 AT, AL
17, 3] ~40, Bhin 33 .

1) BB 1B, BB e (1991) By &adp
PrInk o 75 BE 2 694 5. — & < 1= BBEP x $2£8
#;ﬁe’)'/@’jajﬁ? 10E 5 7 —

-

BHELE, 0, (4~ 02, Bhin Yl .

12) Nahoum,H.I.,Horowitz,S.L.and Benedicto,E.A.(1972): Varieties
of anterior open-bite. Am.J.Orthod. 61, 486-492.

13) Nahoum,H.I.(1971): Vertical proportion and the palatal plane
in anterior open-bite. Am.J.Orthod. 59, 273-282.

19) 4815 ¢ Pk 2 4 (1994) 1 B & fpm»zw/
REZO9ETA 2. BBED X MRrith L B2 1= s
3 vertical open-bite = horizontal open-
bite o $BHL, coB . AL | 13
10§ ~ 11!, Bhin 49 .



J

1) 18{5 2 Mz 10 (1579 | BVEEPPAE & #)
REIHEL 7 . 30%p x HREIET B 32
30008% 8 o i) . D%
112~ 118 , BE4r 47 .

16) Prakash,P.and Margolis,H.I.(1952): Dento-craniofacial relations
in varying degrees of overbite. Am.J.Orthod. 38, 657-673.

17) Kf%f,;, % (1957 ) : 388 x fRrEIL B it
Bk £ 3 BEnke o HBER /99/577%.
fﬂi’éif%, 17, 170~1820 , Bhin 35 .

18) Richardson,A.(1969): Skeletal factors in anterior open-bite
and deep overbite. Am.J.Orthod. 56, 114-127.

19) &% "?f (1772) (B » & i A ol »
FIREZ bIAR R — € < 1= GBEP x fR 2074 'F B
25 Qﬁ":’izﬁﬁ*ﬂmpﬁﬂfﬁnv v 7 —
Q&S 3], 45~ 4o, BRAR 477

20) Samir Loufty,M.(1973): Cephalometric evaluation of deep overbite
and anterior open bite in Kuwait school children.
Trans.Europ.Orthod.Soc., 281-285.

21) Popovich,F.(1955): Cephalometric evaluation of vertical overbite
in young adults. J.C.D.A. 21, 209-222.

22) Issacson,K.G.(1970): Overbite and facial height. Dent.Practit.
20, 398-407.



4

23) Atherton,J.D.(1965): The influence of the face height upon the
incisor occlusion and lip posture. Dent.Practit. 15, 227-231.

24) Bhatia,S.N.and Leighton,B.C.(1971): Factors in the development
of overbite; A longitudinal study. Trans.Europ.Orthod.Soc.,
451-464.

25) Wylie,W.L.(1944): Overbite and vertical facial dimensions in
terms of muscle balance. Angle Orthod. 14, 13-17.

24) Wylie,W.L.(1946): The relationship between ramus height,
dental height and overbite. Am.J.Orthod. 32, 57-67.

127) Muller,G.(1963): Growth and development of the middle face.
J.Dent.Res. 42, 385-399.

28) Bjork,A.(1963): Variations in growth pattern of the human
mandible; Longitudinal radiographic study by the implant
method. J.Dent.Res. 42, 400-411.

27) Schudy,F.F.(1965): The rotation of the mandible resulting
from growth; Its implication in orthodontic treatment.
Angle Orthod. 35, 36-50.

20) Isaacson,J.R.,Isaacson,R.J.,Speidel,T.M.and Worms,F.W.(1971):
Extreme variation in vertical facial growth and associated
variation in skeletal and dental relation. Angle Orthod.

41, 219-229.

21) Sassouni,V.and Nanda,S. (1964): Analysis of dento-facial
vertical proportion. Am.J.Orthod. 50, 801-823.

32) BRANF (1761) BEEPX $RABIES B
£ 3 lai/\’ffim?’%’%:ﬁliéf’é_@»y&m Zﬁ-
BI51 % . BEREEL 20, 190~/9] B4R I,

1

33) 485 PR = o (1973) 1 B EPPIR o T
RLZBYER R — EBED x FRAAIRS B 24 1= & 3
YRRy 2 B — | BB &L, 2,
238~ 246 | PEIn 48 .



.

20) BRI E BB T BF (1957)  BBEP
X-‘ffzﬂi’)}%fﬁ ”ﬁ,ﬁ)jzj/;/ﬂc‘/’/ 2 v T,
ABE e 16, 7~ 29, BhinI2.

J$¢) Downs,W.B.(1948): Variations in facial relationships; Their

significance in treatment and prognosis. Am.J.Orthod. 34,
812-840.

26 Williams,B.H.(1953): Craniofacial proportionality in a

horizontal and vertical plane; A study in norm lateralis.
Angle Orthod. 23, 26-34,

37) 4815 2 P62 (19¢7) @ FYAEERL - ThAB
MIBEM e 2 5 5 69 48th 1-PA 7 3 x #4471
P oIETEL . BEEL e 24, 1~ 24, BR4n 42 .

28) An BiBHE (1977) . BBED X IR18141915LT
ﬂé‘ 1= & 3 ?é ' /?EJ@Z@%_ 2 /@ﬂ‘ﬁ@iﬁlff) Klgﬁ
J3IE . BRXL R 22, 277~249,

Phan $2

1) AILS (1993) DEATE. BBEHIBL -
Xk . ABLIZ | 32, 61~97, Pidn 45 .



'3

) B (1975)  FRIMEEEFE- 24
LHhath KBIBE oNE | Rk
34, 32~65  Bhinsv .

41) B iBIAPEIEL - 2 (1775) .
Mark IL Japan Librdr/ , User’s f«ic/e
(#15)%2:2 ) %7  Bhinso.

42) Tulley,W.J.and Campbell,A.C.(1970): A manual of practical
orthodontics. 3rd.ed.,John Wright,Bristol,182-185.

432 ) Walther,D.P.(1966): Current orthodontics,John Wright,Bristol,
161-162. .

4;4) Moyers,R.E.(1973): Handbook of orthodontics. 3rd.ed.,
Year Book Medical Publishers,Chicago,579-583.

4$) Schwalz,A.and Gratzinger,M.(1966): Removable orthodontic
appliances,Saunders,Philadelphia and London, 76-78. ’

46 ) Hellman,M.(1921): Variation on occlusion. Dent.Cosmos, 63,
608-619.

47) Anderson,G.M. (1955): Practical orthodontics. 8th.ed.,
C.V.Mosby,St.Louis, 129-133.

¥ ) Sassouni,V.(1971): Orthodontics in dental practice,C.V.Mosby,
St.Louis, 32.

1;7) Strang,R.H.W.(1943): An analysis of the overbite problem
in malocclusion. Angle Orthod.,4, 65-84.

£0) hAGS (1959)  AF L EBMIEL » A £
= PE] 9 AR — Sella turcica 2%’5‘ L
cT — . BERLE, 18, I~17, Bodr 34 .



7

57) ) 33785 (1960) . §BEP x $27845F B 33,

52)
)
£4)
£5)

4

£

58
59

o)

é/)

42)

4 3 Hﬁ/\ﬁﬁ%@?;@fﬁéﬁén s & - PE T

3ERR . oL 27, i~ exb | BRAR IS

Weinmann,J.P.and Sicher,H.(1947): Bone and Bones,Fundamentals
of bone biology, C.V.Mosby,St.Louis,93.

Sarnat,B.G.(1963): Postnatal growth of the upper face; Some
experimental consideration. Angle Orthod., 33, 139-161.

Scott,J.H.(1967): Dento-facial development and growth,
Pergamon Press,Oxford,93-94,175-190.

Enlow,D.H.and Bang,S.(1965): Growth and remodeling of the
human maxilla. Am.J.Orthod., 51, 446-464.

Graber,T.M.(1972): Orthodontics; Principles and practice.
3rd.ed.,Saunders,Philadelphia.London.Toronto, 57.

Bjork,A.and Skieller,V.(1977): Growth of the maxilla in
three dimensions as revealed radiographically by the
implant method. Br.J.Orthod.,4,53-64.

Moss,M.L.and Salentijn,L.(1969): The capsular matrix.
Am.J.Orthod., 56, 474-490.

Sassouni,V.(1969): A classification of skeletal facial types.
Am.J, Orthod »55, 109-123.

Droel,R.and Isaacson,R.J.(1972): Some relationship between
the glen01d fossa position and various skeletal discrepancies.
Am.J.Orthod., 61, 64-78.

Brod1e,A.G.(194l): On the growth pattern of the human head
from third month to the eight year of life.
Am.J.Anat., 68, 209-262.

Jensen,E.and Palling,M.(1954): The gonial angle.
Am.J.Orthod., 40, 120-133.

¢3) Limin k.  AaAtEsg (1992) @ N2 ILIR
éﬁiaﬁé&ml MK&%, y

87 ~94  Bh4n 47T .



5

£%) Enlow,D.H.(1971): The growth and development of the cranio-
facial complex. in; Cleft lip and palate. ed.Grabb,W.C.,
Rosenstein,S.W. and Bzoch,K.R., Little Brown,Boston, 81-96.

£$) Scott,J.H.(1954): The growth and function of the muscles of
mastication in relation to the development of the facial
skeleton and the dentition. Am.J.Orthod.,40, 429-449.

6) Moss,M.L.(1970): Functional cranial analysis of the
coronoid process in the rat. Acta.Anat., 77, 11-24.

£7) Mgller,E.(1966): The chewing apparatus. Acta physiol.scand.,
69, suppl., 280.

68) DEPA K (1774)  nAdB bbb e TB- 4B
AR cPAIIME L. olhroittr s
'0}%“7%’%77 L?):Z? é@@ﬁ?,@ e o PEIZ v 5 0, T

ABgiE- 28, 265 ~24F  BRAn L] .

67) Proctor,A.D.and DeVincenzo,J.P.(1970): Masseter muscle position
relative to dentofacial form. Angle Orthod., 40, 37-44.

—

%
[~

70) BhIKH K (175F8) . BBEP X FR18IKT B 24
=& 3 AFLNBokBaXE P T 3ETR
2t , 25, 266~292  Phin 33 .

7/) Haberle,F.E.(1941): Orthodontic consideration of cases to
obtain normal vertical dimensions. J.A.D.A., 28, 66.



72)
79
7%

79

7

Nahoum,H.I.(1977): Vertical proportions; A guide for prognosis
and treatment in anterior open-bite. Am.J.Orthod.,72,128-146.

Harvold,E.P.(1968): The role of function in the etiology and
treatment of malocclusion. Am.J.Orthod.,54, 883-898.

McNamara,J.A.(1973): Neuromuscular and skeletal adaptations

to altered function in the orofacial region. Am.J.Orthod.,
64,578-606.

McNamara,J.A.(1977): An experimental study of increased
vertical dimension in growing face. Am.J.Orthod.,71,382-395.



pp ok

KWKP&T P EM L} thE
(F4&: (F@ FA)

FHio 8%, b aakibe 52
KB (19978108 , IBE D=kt Fhe
1= .



EII A X))
2 | . ek e BEnd B o ENEE

2 2. A @ vitBE, BB @,
> ETRR

23 . AT -3 fReyite)18A
Do . AR @ AT PIEE .

D5 RS v iR o A8 A B
mean ,Drofi [D;P‘d% ) i b

2] ¢ . BEARS ¢ 1R o B4 T2
mean profilogram o Z21hH ¢



2
27 4F, 8% ,0% , /23, AL
(=113 Pﬁ”jf? 12 Qqﬁg/fgrﬂ) medn
/7}~ofi/00‘ikdm/ B hph

tl 2 #B% » ifje’:‘ (:@%i
wEHS h BT T,

s . 53,003,725, A it
773 B AEF £ 1TAERS o
mean profilosram o B b bt

tl 1351281 %. o

ﬂ\éxx..‘h?lh'lfét E1-7 .

N
b o

1 9. 5BE /A v LYBEP=PA 9 3 (18038 A
» F195N &k

% 5'0/, L~A\IL U /ﬁ%ié /7’:? o
* X /,/b LI U /ﬁ)é,%, 59,



2o, TY8ED-H]7 35181381 »
F 395 B fk

XK $Sdhi~ntobhbittTd.
** /o/,, ud’;ul"@/f]%--/%.éff‘?v

211 . B % =P T 3 51810 A -
Z 195 £ R

X .5'0/0.1/'\"}1/2"4)@%..%_2,7\?0
XX [ o L~ z"a)/ﬁy_%../% ERT .

%)12 . Denturve Fdﬁ'ewn "/P'f]? 3
1RIE 8 2 F195E iR

XK Sdhi~xnrohbitid,
KK /oo xnnrvohb i 277,



7

)2] 13 . W);'})Izﬁél’b (Mdﬁélﬂl'lméis Ds;udre )
o 1977 69 % 1

X #0oBzler 1T,

4. =GN ER (v FThET F )
~BraRtElr i) Lo
Rkt o wjp95| — 018288 x 1R
AT B 0 L - 2 0 Bbhiht—



& 2.

£ 3

£ 4.

k5

%6 .

& 7.

At RLLL
e ;ﬂﬂ— 5Ef o B, F Y
4%‘5;755’],’.5‘\ 2 By (he:ght) 9
23918 PR A IR A

Ai181E 5% 5 (depth)
F1958 , PRA A

ei1P) 0 F1918 TR (BE

BlAae) 18] 191 12 A%
f’)fﬁﬁ» (Mdﬁd(a/?oé 'S Dsfadre )

%8 - AAM A EF o c&“%‘



2] 1.

Open-bite Deep-bite

iy




%] 2.

B SN Plane (33

LPG

Ramus Plane

Y&

ANS
NF Plane

Ul

B

P

Mand.Plane



1) S-N

2) N-Me

3) N-NF

4) Me-NF
5) Ar-Go
6) Go-Me
7) U1-NF
8) U6-NF
9) L1-MP
10) L6-MP

(1)

~~NF Plane
)

~
S Mand.Plane



Ramus Plane

(1) /NSBa (6) /SNA
(2) /RP-SN (7) /SNB
(3) /NF-SN (8) /SNP
(4) /MP-SN (9) /U1-SN
(5) GoA  (10) /L1-SN
(11) TIA

Mand.Plane

SN Plane

NF Plane



x| 5




x| ¢







—— Deep-bite

- eoam e = COntrol




mm
S-N
70 A s
60 | /
50 1
T
. T v v L A
4y 8y 1Oy 1l2y adult
1409_ [_SNBa
p———_ == -.-\ﬁ ... .........
130 -
120 -
~
90 1 /SNA

70 4

10 T ====::::§;=—-=§::===-
*

4y 8y 10y 12y adult

Open-bite
------- Deep-bite
Control




x| /0.
GoA
1409
-2 %
130
Go-Me K
R 1204 0 TTTmee---l
1101
o~
T /MP-SN
- 501 % % *
/ ' ] ' ' — 401 7_%
4y 8y 10y l2y adult™
301
Open-bite ~
------- Deep-bite
Control dy éy ldy liy adult
110°- /RP=SN
100 1 * ¥
90 - ’Ki
/SNP /SNB
80 T =
* *
70 1
o
4y gy 10y 12y adult 4y gy 10y 12y adult



60 1

50 4

40 4

30 -

2

N-Me

AR

Me-NF

N-NF

Ar-Go

A\

4y 8y 10y 1£y aduit

Open-bite
------- Deep-bite

e CONEYOL1




LY
-
-

*ok

-

Control

* x .
1.3
IIA
’/
,/
80 -
p
,/
éy ioy izy ad;lt 8y 10y 12y adult
mm
48
i 464
32-
' 441
301
42-
281
40-
26"
384
244
364
227
34-
201
32
184
307
167
P~ 284
gy 10y 12y adult 1
gy 10y 12y adult
Open-bite
----- Deep-bite



MAHALANOBIS DSQUARE
- deep-bite -
. *

® -¥
L

iy §y ldy lfy adult

MAHALANOBIS DSQUARE
- open~bite -

Sam aw v §

4y

8§ lby léy adult



' i )

7T




.

Age group 4 8 10 12 Adult
N 12 26 21 20 24
Open-bite | Age Mean 4.3y | 8.0y 9.8y 12.2y 20.6y
Range 3.8y | 7.2y 9.0y | 1l.ly 18.0y
5.0y | 8.8y 10.7y | 13.4vy 27.3y
N 24 23 23 23
Deep-bite | Age Mean 8.3y 10.0y} 12.0y 23.3y
Range 7.3y 9.0y| 11.0y 18.3y
8.9y 10.9y| 13.7y 26 .4y
N 12 20 20 20 20
Control Age Mean 4.4y | 8.1y 10.0y| 12.0y 20.0y
Range 3.6y} 7.2y 9.3y| 11.2y 18.0y
: 4.9y | 8.8y 10.8y| 13.0y 24.3y




A 2.

Height (mm)
by 8y 10y 12y Adult

mean s.d.

ANS C 42.5 1.67 48.6 2.34 50.8 2.01 53.9 2.19 56.4 3
0 41.8 3.20 47.2 2.17 51.7 2.23 53.7 2.76 55.9 2
D 49.7 2.31 50.8 2.69 52.5 3.01 55.3 2
A C 48.4 2.23 54.2 2.47 57.0 1.80 60.1 2.21 62.7 2
0 47.8 2.77 52.2 2.16 57.4 2.19 59.5 2.93 61.9 2
D 55.5 2.31 56.3 2.83 58.6 3.09 61.5 2
ul C 67.0 2.90 74.7 2.92 78.0 2.19 82.5 2.84 86.7 2
(A) 0 65.7 2.99 73.2 3.35 80.6 3.05 83.0 4.44 87.2 4
D 77.2 3.11 79.3 3.72 81.7 3.94 87.4 4
L1 C 65.3 2.74 72.2 2.54 75.0 2.38 79.6 2.84 84.2 2
(A) 0 67.3 3.38 75.3 3.07 81.4 3.91 84.6 3.98 89.1 4
D 70.8 2.95 72.6 3.43 75.4 3.68 80.8 4
B C 80.4 2.86 89.7 3.22 93.0 2.92 98.4 3.51 103.6 3
0 82.4 4.16 91.9 3.64 98.5 4.60 103.2 5.03 108.2 5
D 88.6 3.59 90.7 4.10 94.4 4.35 100.6 4
P C 91.8 3.39 100.6 3.94 105.0 3.68 111.8 4.05 118.6 3
0 91.9 4.31 103.9 3.91 112.1 5.02 117.6 5.63 123.7 5
D 101.3 4.65 105.1 4.55 108.5 4.96 117.6 4
Me C 93.8 3.37 102.5 3.63 107.3 3.92 114.4 4.18 121.4 3
0 93.5 4.09 105.7 3.85 113.5 4.68 119.6 5.37 125.5 5
D 103.7 4.20 107.3 4.96 110.9 4.60 120.1 4
Go € 57.3 1.65 62.6 3.68 66.4 3.44 70.9 4.48 77.7 6
0O 58.3 2.32 64.5 4.22 66.6 3.08 71.6 4.24 73.7 5
D 64.9 4.29 67.5 4.55 68.9 5.68 75.8 5
Ar C 22.1 1.37 24.6 2.65 25.7 2.41 27.5 3.05 28.5 2
0 21.8 2.45 25.0 2.64 25.7 1.89 28.7 2.84 27.3 3
D 25.6 2.60 27.3 2.36 27.4 3.45 27.0 2
Ba C 28.8 1.87 31.6 2.49 32.5 2.24 34.6 3.17 34.9 3
0 28.1 1.38 32.5 3.26 32.8 2.44 35.8 3.45 34.9 3
D 32.8 2.77 34.9 2.49 34.4 4.85 34.1 3
Ptm' C 36.5 1.73 40.8 2.20 42.9 1.62 45.1 2.71 47.7 2
0 36.8 2.39 40.9 1.85 43.9 1.91 46.6 2.93 47.0 2
D 42.3 2.26 43.0 2.57 44.9 2.52 46.7 2
U6 C 56.2 2.27 58.7 2.65 63.2 2.44 69.1 3.71 75.1 3
(E) 0 56.5 2.50 61.1 3.40 65.7 3.16 71.3 4.46 75.8 3
D 60.7 4.03 62.9 3.45 66.6 3.76 74.1 3
L6 C 57.8 2.28 61.0 2.75 64.9 2.39 70.7 3.60 76.6 3
(E) 0 58.1 2.45 62.7 2.8 67.7 3.48 73.2 4.30 78.2 3
D 62.2 2.99 64.2 3.59 67.7 3.89 75.3 3

C: Control group
0: Open-bite group ]
D: Deep-bite group (unit:mm)
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= 3.

Depth (mm)
4y 8y 10y 12y Adult

mean s.d.

. . e o

O = NN WM OOVOPLrOWNOWHNOULIEOHESOESD

N C 61.2 2.41 64.3 2.25 65.2 2.32 66.4 2.60 68.0 2
0O 60.8 2.12 62.8 2.78 65.4 2.99 66.2 2.70 68.1 2
D 64.8 2.73 65.9 2.29 66.8 3.20 68.4 3
ANS C 57.0 2.40 59.1 2.61 60.3 3.25 61.9 3.19 64.3 4
0 58.3 2.14 60.1 3.79 61.7 4.77 62.7 3.77 64.1 4
D 60.8 3.04 61.5 3.03 63.1 4.76 64.2 3
A C 52.7 2.43 54.5 2.95 55.0 3.56 56.9 3.23 59.4 5
- 0 54.5 2.16 54.9 4.22 55.5 5.20 56.2 3.78 57.3 4
D 55.5 3.19 56.1 2.98 57.7 5.50 59.3 3
UL C 48.6 2.56 54.0 3.46 56.1 4.18 58.4 4.37 61.4 7
(A) 0 52.4 3.15 56.4 5.47 58.1 6.45 59.4 4.94 62.4 6
D 55.5 5.18 57.2 4.97 60.0 7.80 63.7 5
L1 C 46.9 2.76 51.3 3.3 53.2 3.84 55.8 4.27 58.6 6
(A) 0 49.9 3.23 51.8 4.92 52.7 5.86 55.2 5.66 57.1 8
D 50.0 3.80 51.0 3.96 53.9 6.46 57.5 5
B C 39.5 3.17 40.0 3.69 41.9 3.81 44.0 5.85 46.0 7
0 40.7 3.87 39.8 5.61 38.5 6.49 41.3 7.27 41.010
D 39.5 3.90 40.5 4.89 40.8 7.77 43.4 7
P c 35.1 3.21 36.1 4.23 38.6 4.29 40.9 7.04 43.3 8
0 36.5 4.45 36.0 6.46 33.4 7.02 37.0 8.58 34.9 12
D 36.2 4.68 37.2 5.66 37.4 8.89 39.4 8
Me C 27.8 3.22 28.6 4.08 31.0 4.12 33.7 6.93 35.7 8
0O 28.9 3.96 28.9 6.63 26.4 7.03 29.3 8.92 27.0 12
D 28.9 4.82 29.9 5.53 29.7 9.34 31l.1 9
Go C -13.8 2.02 -16.8 3.06 -18.4 2.92 -19.2 4.34 -21.4 5
0 -13.2 2.12 -16.4 4.47 -18.9 3.77 -19.9 5.17 -21.6 7
D -18.4 2.50 -20.0 4.22 -22.2 4.41 -24.1 5
Ar C -15.3 2.15 -17.4 2.03 -18.8 2.50 -19.7 2.41 -20.9 3
0 -14.8 2.91 -17.1 2.55 -18.1 3.46 -19.9 3.43 -20.3 4
D -18.5 2.43 -19.7 3.15 -20.4 2.70 -20.8 3
Ba C -26.1 2.42 -28.4 1.99 -29.9 2.37 -31.3 2.45 -32.1 3
0 -26.5 2.05-29.7 3.11 -30.6 3.38 -31.7 3.15 -33.3 3
D -30.5 2.32 -31.0 3.33 -32.4 3.43 -33.6 2
Ptm' ¢ 12.1 1.76 12.6 2.03 12.0 1.55 13.2 2.29 12.2 3
o 12,9 2.04 12.2 2.57 12.5 3.05 12.2 2.84 12.2 3
D 12.5 1.89 12.0 2.21 12.4 3.35 13.0 2
U6 C 26.4 2.44 20.9 2.93 22.1 3.12 24.7 3.95 29.2 6
(E) o 28.8 2.39 22.2 3.83 22.0 4.90 25.2 3.26 28.5 6
D 22.0 2.81 22.1 2.76 24.0 4.73 28.0 5
L6 C 27.3 2.33 22.5 2.91 23.2 3.35 26.2 4.07 30.2 6
(E) 0 29.5 2.27 22.6 3.85 22.9 4.43 27.1 3.94 30.7 7
D 21.8 2.33 21.9 2.83 24.2 4.92 28.1 5

C: Control group
0: Open-bite group
D: Deep-bite group (unit:mm)
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L1-MP
(A)

U6-NF
(E)

L6-MP
(E)

con
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= 4

4y
mean

61.2
60.8

99.6
98.8

54.8
54.6

42.5
41.6

35.2
36.5

55.4
55.0

25.4
24.4

33.9
33.5

17.7
17.8

27.3
28.0

s.d.

2.41
2.12

3.74
4.11

2.39
2.51

1.65
2.98

1.41
1.55

2.62
3.98

1.85
1.82

1.81
1.91

1.40
1.57

1.26
1.94

: Control

: Open-bite
Deep-bite

8y

64.3
62.8
64.8
108.6
111.2
109.8
58.2
62.1
58.2
48.6
47.1
49.6
38.1
39.5
39.2
60.5
61.4
61.4
26.6
26.3
28.0
37.5
37.7
38.8
16.2
18.7
16.7
28.0
28.4
28.5

2.25
2.78
2.73
3.85
4.63
4.82
2.87
3.39
3.40
2.27
2.26
2.35
2.17
2.80
2.99
2.35
2.42
3.20
1.60
2.59
2.03
2.11
3.10
2.58
1.67
2.19
2.74
1.78
2.11
1.98

10y

65.2
65.4
65.9
112.6
120.1
113.3
60.4
66.5
60.8
50.7
51.5
50.7
40.7
41.0
40.2
64.2
65.3
63.9
27.5
29.1
28.9
38.9
41.0
40.2
18.3
20.0
18.1
28.6
30.1
29.6

2.32
2.99
2.29
3.55
4.53
4.65
2.82
3.72
3.13
2.00
2.33
2.74
2.16
2.95
3.25
4.06
3.44
4.54
1.64
2.60
2.34
1.97
2.37

1.98

1.63
2.09
1.66
2.59
1.41
1.95

12y Adult
66.4 2.60 68.0 2.12
66.2 2.70 68.1 2.67
66.8 3.20 68.4 3.58
119.1 3.90 125.8 3.41
125.4 6.60 132.6 6.71
117.2 5.82 126.0 5.67
64.5 2.80 68.9 3.13
69.9 3.80 74.9 4.66
62.8 3.71 69.4 3.58
53.7 2.04 56.1 2.91
53.5 2.82 55.7 2.50
52.4 3.02 55.0 2.68
43.4 2.14 49.3 4.29
43.0 3.56 46.5 4.83
41.7 4.03 48.9 4.02
68.6 4.09 72.2 3.69
69.0 3.97 71.5 5.19
67.0 3.31 71.0 4.10
28.7 2.01 30.4 1.97
29.4 2.78 31.1 3.16
29.4 3.17 31.8 3.08
40.9 1.99 43.3 1.96
43.1 3.05 47.0 4.29
42.9 3.62 47.3 2.99
21.4 2.05 24.3 2.63
22.6 2.35 25.6 2.39
19.7 2.20 24.5 1.90
30.0 2.59 33.3 2.15
32.5 2.24 35.9 3.06
31.2 2.73 34.1 2.76
(unit:mm)



/ NSBa
NF-SN

/ SNA

/ SNB

/ SNP

MP-SN
GoA
%:p-SN

/UL-SN
()

/L1-
(A)

IIA

A b

mean s.d.

C 132.1 2.60
o 133.3 2.77

D

C
0)
D
c
o)
D
c
o)

D
C
o]
D
C
o)
D
C
0
D
C
o
D
C
0
D
C
0
D
C
O
D

o0 O

7.5 1.35
6.3 1.82

80.0 2.85
82.3 2.19

74.8 2.29
76.1 1.99

74.0 2.30
75.1 1.93

39.7 3.59
38.5 3.15

130.1 4.55
129.0 3.83

89.6 2.80
89.3 4.88

89.0 2.80
94.6 8.23

87.8 5.60
94.7 4.20

143.2 7.50
132.0 10.09 116.0

Control

Open-bite
Deep-bite

8y

131.9
132.4
132.9
9.4
7.4
8.7
79.6
81l.3
80.5
74.7
75.8
74.0
74.2
75.5
74.2
39.6
40.9
37.7
128.0
129.4
125.2
91.4
91.4
92.4
101.9
107.6
102.3
93.3
95.3
91.6
124.9

128.1

10y
2.92 132.6
5.25 132.9
3.20 131.5
2.82 9.2
3.34 9.0
2.62 8.9
2.34  79.7
4.04 80.2
2.91 80.0
2.14 75.8
3.45 74.6
2.35 74.2
1.99 75.6
3.52  73.9
2.32 74.6
3.65 38.0
4.58 44.6
4.70 37.2
4.48 126.1
5.54 130.9
5.22 123.7
4.02 91.9
4.92 93.6
3.08 93.5
5.06 105.4
7.01 109.1
8.00 105.4
6.04 94.6
6.19 94.9
6.96 91.8
5.26 121.6
9.64 111.2
13.04 125.2

3.13
3.57
4.00
2.43
2.73
3.20
2.81
3.29
3.07
2.07
3.00
3.19
2.08
2.89
3.16
3.71
5.16
3.84
5.15
4.94
5.80
2.95
4.24
4.30
4.59
5.89
8.56
5.59
7.90
6.05
5.67

10.66
10.29

12y

132.1
131.5
133.4
10.0
8.0
8.4
80.9
80.3
81.3
77.1
76.4
74.6
77.0
76.0
74.8
37.6
43.1
37.2
125.3
130.3
121.8
92.2
92.7
95.4
105.1
110.7
107.4
93.9
93.4
96.5
123.0
112.5
118.6

(unit:degree)

Adult
3.78 132.6 4.56
4,06 133.6 4.83
6.38 134.5 4.25
3.21 9.5 3.69
3.29 9.7 2.36
3.35 9.5 3.09
2.35 82.1 3.77
2.42 80.1 3.78
4.83 81.5 3.27
3.15 77.9 3.68
3.25 75.9 5.14
4.48 76.0 3.57
3.47 78.1 3.46
3.44 74.9 5.28
4.59 76.1 3.71
4.41 35.5 6.30
5.03 45.7 6.97
6.13 36.9 5.71
5.99 122.3 5.99
5.39 131.7 8.42
5.31 120.3 5.63
4.71 93.1 5.12
5.62 93.9 6.33
5.87 96.6 4.98
6.77 105.3 8.57
5.60 113.6 6.59
10.04 109.9 8.70
6.34 97.9 7.93
6.79 92.4 10.60
6.89 96.7 6.70
6.61 121.0 10.28
10.04 108.0 12.34
12.74 116.2 12.06



A

Open-bite : Control

D1 D2
4y 0.13917 0.82708
8y 0.10599 2.24730
10y 2.12573 3.75835
12y 1.45347 4.55546
Adult 2.45252 6.39018

Deep-bite : Control

D1
0.34481
0.19687
0.49341
0.47430

D2
0.33233
0.12573
0.55528
0.22558

D3
2.85240
2.79354
1.49824
1.31708
1.75959

D3
0.67680
1.04758
2.22820
3.73716



A
by
S=N/N-Me C 6l.4
0 61.5
D
N-NF/N-Me C 42.7
0 42.1
D
Me-NF/N-Me C 55.0
0 55.3
D
N-NF/Me-NF c 77.6
0 76.2
D
Ar-Go/N-Me C 35.3
0 36.9
D
U6-NF/Ul-NF. C 69.7
0o 73.0
D
L6-MP/L1-MP C 80.5
0 83.6
D
Ul-NF/Me-NF C 46.4
0 44.7
D
L1-MP/Me-NF C 61.9
0 6l.4
D

C: Control group
0: Open-bite group
D: Deep-bite group

8y

59.2
56.5
59.0

44.8
42.4
45.2

53.6
55.8
53.0

83.5
75.8
85.2

35.1
35.5
35.7

60.9
1.1

59.6

74.7
75.3
73.5

45.7
42.4
48.1

64.4
60.7
66.7

10y

57.9
54.5
58'2

45.0
42.9
44.7

53.6
55.4
53.7

83.9
77.4
83.4

36.1
34.1
35.5

66.5
68.7
62.6

73.5
713.4
73.6

45.5
43.8
47.5

64.4
61.7
66.1

12y

55.8
52.8
57.0

45.0
42.7
44.7

54.2
55.7
53.6

83.3
76.5
83.4

36.4
34.3
35.6

74.6
76.9
67.0

73.3
75.4
72,7

44.5
42.1
46.8

63.4
61.7
68.3

Adult

54.1
51.4
54.3

44.6
42.0
43.7

54.8
56.5
55.1

81.5
74.4
79.3

39.2
35.1
38.8

79.9
82.3
77.0

76.9
76.4
72.1

44.1
41.5
45.8

62.8
62.8
68.2

(unit: 7 )



