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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.
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Reference lines and points on lateral cephalograms -« 6

Clockwise rotation of the distal segment due to seating of posterior openbite

immediately after splint removal (case 1, 2, 8, 17) «weeereerrrriniien 10

Clockwise rotation of the distal segment due to changes in upper and lower
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Sagging of the proximal segment at postoperative 1 Week ««+-----rereeeeeees 14

Resolution of sagging and counterclockwise rotation of the proximal

Segment at postoperative T MONTN  crverrrrrr 15
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AA TSI TS X 95
4% 4
I.A £

ahbel 71598 (functional  component) = %A (architecture —skeletal
unit) &+ T A (structure—functional unit) = TAE Y Moss and Rankow,

1968). TxA8 7ee TAAY AAEES JhestAl sta, sAlel 1

column) ¥ A7

Ho
B
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12
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=
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o
o
=
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)
o
i
[oV]
28
&

complex), FAlel o7A AAS AAAJ 7led 1o mE oftwE o

_I

A AREsY Ayt s JhestAl dual & 4 itk (Precious and

Delaire, 1987).



upgbA  okebd 71 (dentofacial deformity) o]k oAl FAGEL 9 7%
o]4k(pathologic equilibration in structure) © 2 Wn|Qh2 AT 2] 9] %], FE|
1719 o]A(pathologic equilibration in architecture)o]2tar A™gst 4= It}
FAlel ot wH4% (orthognathic  surgery) ol &2 o 77HAY 7] 5ol
%] (ethio—pathogenic area) & Ztofulo], 1 7152 ooz opyjd =49 $4,

e, 3719 o]S E (reconstruction) A2 71 7155 3|5 (rehabilitation) &

ol
o
offl

Alell, Wstd Aol 1 A A& wrtA

ALstel 1 91A, FH, 718 A8k e sk AolEk 2 ¢ slth

e T HAsH= 3 A (phenomenon of skeletal relapse) & 2+ 9]
°olF ¥ A#H Sl IHo] w®istd Aol A8 (adaptation) dHA]  EKdh=
Aol AT & 4 k. olgfd AN stefu Awolw o EaHA
WA oz delA glom (Behrman, 1972), 1 QA0 &= g sfobx

ZHo] %8 (mandibular advancement), $<9FH 317 (posterior face height) 9
Z7F 5ol BuE At (Epker and Wessberg, 1982; Gassmann, Van Sickels,
and Thrash, 1990; Van Sickels, Larsen, and Thrash, 1988; Will and West,

1989).

TR 27]elE EE = Atole] 1 glo] 6~8F EF ekl A otE
o] &3t o7t (intermaxillary fixation of teeth) & A= oL} ortud 77k
Feol= Aoke] Wtz Qla] IAAAe] AT F Utk RiEgloen
(McNeill, 1973), 71 % 7Z}H 174 (wire fixation), 181 YWAFE (screw)=
o] g3t A9 AIE W1 (rigid internal fixation)o] ZA7/HEoY, ZA=
= (proximal segment) ¥ YA= FH (distal segment) Alo]o|A WA=

2



1127 &2 (osteotomy slippage)> HA|g 4= itk B ¥tk (Wall and
Rosenquist, 2001).

T3 4% F stet¥F (mandibular condyle) o w®FEHAE 95 Fi=d
NoIA 2= AR < AduIUanyge x7] 3AAN (immediate relapse) &
oF71g 4= 1o (Epker and Wessberg, 1982; Mobarak et al., 2001; Van
Sickels et al., 2000), 4ol we} 3535 (condylar resorption) = {13+ 1]
371874 (late relapse)©] 2 = vti ®u¥lth(Kohn, 1978; Will et
al., 1984).

ogel BY 1BL Eae] 3

12
i

Aol & 252 A% (stretching) ©ll
ofs A AHE HEotEE ¥& 14 (fixation) o /MPlzs S5 71
s W ootlel, 23y #AFU e T A4l 91A (physiologic position) 9
RA Fgk AdHeA S daEugagow Qlete], e Agol uwet HAshs

BEe J)AA Wz Akl FAAAYe]l WAT F AFS ¢ & 9

n
o
B

Az AEdS oblske S50 Pe A (Pulling) & HOoR SH38HY

xdF7F A (Inter Dental—Arch Pulling) S o] &3 27| %73 o=

o

Ir

$% (Early Active Mandibular Exercise)2 A]&3te] 2oun] Q= Ay=

WE37] el Balsl= Hpolt



2003ellA 2008 7kA] AM st x| e FAFelobH Q] el 2
9l A A BA (Architectural and Structural Analysis) (Delaire, Schendel, and

Tulasne, 1981) A3} 3t} FHEFO R Aehdty S5 T Ao o] wghgwo]

TZ2A 4 FAA FEXMol o]Ael wd¥HE (ideal occlusal plane) (Delaire,

= Bokon, s A Wi WA kel os AAFHNY. A

o

<
=8 1

3 Ao #R/S o] &3 WA (interocclusal splint) ©] A ZHE At}

i

>

2. F

B
&

FotZel LeFort—1 ZddaEs AP 4+ Delaire] ©]d#<l wed
HaystAl AXAZ Fof] F45 314 F (miniplate) & ©]&38te] 13k shete]
FeE2 ANESEZHATEe WHIAHE WY (modified sagittal split ramus
osteotomy) (Wolford, Bennett, and Rafferty, 1987)2.% A|8)st & A=

=817 A5 =19 st Fel Ade o] &t =% " (loose wiring, LW) =

Ry



Fth(no fixation, NF).
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2) SWFRAS PAHARANY 71ER D ASFY BF (Fig 1

—Point B

CF5

B—7% (supramentale) @ &t AFHF AAL 7HE 2535 4
C3 (the superior line of the cranial base) : M3} ClpE o] & A

CF5 (line of vertical facial balance) : ANSE X1 C39F 2 A

3) SHTFHAS LAAIRA A 2] ASFEE (measurement variables)
dT1 : T1¢ CF5elA B=3742] Ael (mm)

dT2 : T29 CF5°4 B=8749 Azl (mm)



dT3 : T332 CF5eA4 B=37-42 A2 (mm)

dT4 : T42] CF5e1A4 B=37-42 A2 (mm)

MA (dT1-dT2) : B=AelA o] stetx deolE = (mm)
sT3 (dT3-dT2) : T3¢ & 7% (mm)

sT4 (dT4-dT2) : T49 3% (mm)

rT3 (sT3/MA) : T32 3% (%)

rT4 (sT4/MA) : T49] 3A& (%)

sT3/sT4 : T49 2|71 that T3¢ 2712 vl& (%)

UL(T2) : T29] et 44 Z4%(")
UL(T3) : T34 Aot 44 Z%=(")
L1(T2) : T29] st} 4 244=(")
L1(T3) : T3¢ st} T4 Z44=(")

A% @ xF(systematic errors)= =X FRUMAPHAAIKS 2F 7Aoo =7 23]
Z33ko] paired t—test® o|43te] FAZsAT 1 Ay ZFH AZoAE
A A ekt

£ @ A} (accidental errors, s Dahlberg formula(Dahlberg, 1940)Z

G2l £ oaE 0.1mm oWt (Table 1)

Zdz

2n

|\

A

i

ol g0 AETAT. ®

j“ =

LA

(d : difference between the repeated measurements, n : duplication

determinations)



Table 1. Accidental errors

Variables si (mm)
dT1 0.79
dT2 0.45
dT2 0.83
dT4 0.59

4) SAEA (statistical analysis)
7k MR

kel R Al AL S H71sH7] Y3l Spearman's rank correlation

coefficientE 433} t}.



1. 2 3

1) 17 FHE Y 445 28 Ui ASFELS Table 20 ¥715Ho] Ut}

Table 2. Variables for changes of the distal segment

Case Age / Sex Fixation MA sT3 (rT3) sT4 (rT4) sT3/sT4
1 31/M NF 6.8 2.8 (41.2) 2.4 (35.3) 117
2 25/F NF 11 3.6 (32.7) 4.0 (36.4) 90
3 26/M LW 4.1 0.5 (12.2) 0.5(12.2) 100
4 35/F LW 35 0.5 (14.3) 0.3(8.6) 167
5 26/M LW 10.4 1.7 (16.3) 2.5 (24.0) 68
6 24/F LW 6.5 1.0 (15.4) 1.2 (18.5) 83
7 23/F LW 10.5 1.5 (14.3) 1.8 (17.1) 83
8 21/M LW 8 4.0 (50.0) 4.1 (51.3) 98
9 22IF LW 11.1 2.2 (19.8) 2.7 (24.3) 81
10 21/F LW 12.8 3.0 (23.4) 3.1(24.2) 97
11 27IF LW 12.1 2.0 (16.5) 2.7 (22.3) 74
12 17/F NF 11.6 0.2 (1.7) 0.3 (2.6) 67
13 28/F LW 10.5 1.7 (16.2) 2.3(21.9) 74
14 24/F LW 7.7 0.8 (10.4) 1.0 (13.0) 80
15 19/F LW 11.1 0.2 (1.8) 0.5 (4.5) 40
16 23/F LW 9.4 0.4 (4.3) 0.4 (4.3) 100
17 22/F LW 8.6 1.6 (18.6) 2.5(29.1) 64

Mean 9.2 1.6 (18.2) 1.9 (20.6) 88




B-AA ¢ F AWolF=F 9.2mm(3.5mm~12.8mm) I t}.
B—AoA29 T39 H IAHL 1.6mm(0.2mm~4.0mm), Hd IJAELS
18.2%(1.7%~50.0%) 1™, T42] B3t 3|7 1.9mm (0.3mm~4.1mm),
H IAEL 20.6%(2.6%~51.3%) St}

=d 1, 2, 8, 179M = T2 #ZHAA X5 7fugo] T3] wi
AA SA SaEHAA AHS 281 AARFo RS 3Ho] IAHT
(Fig 2).

SEl 1,401A % T39F T4 Atole] 37 ge] haskalrt.

Fig 2. Clockwise rotation of the distal segment due to seating of posterior openbite

immediately after splint removal (case 1, 2, 8, 17)

10



2) FAF Mugo] ARA FHE ALY 13 T = Table 3¢ E71=H] St

Table 3. Variables for changes of the distal segment (excluding posterior openbite

cases)

Case Age / Sex Fixation MA sT3 (rT3) sT4 (rT4) sT3/sT4
3 26/M LW 4.1 0.5 (12.2) 0.5 (12.2) 100
4 35/F LW 35 0.5 (14.3) 0.3 (8.6) 167
5 26/M LW 10.4 1.7 (16.3) 2.5 (24.0) 68
6 24/F LW 6.5 1.0 (15.4) 1.2 (18.5) 83
7 23IF LW 10.5 1.5 (14.3) 1.8 (17.1) 83
9 22IF LW 11.1 2.2 (19.8) 2.7 (24.3) 81
10 21/F LW 12.8 3.0 (23.4) 3.1(24.2) 97
11 27IF LW 12.1 2.0 (16.5) 2.7 (22.3) 74
12 17/F NF 11.6 0.2 (1.7) 0.3(2.6) 67
13 28/F LW 10.5 1.7 (16.2) 2.3(21.9) 74
14 24/F LW 7.7 0.8 (10.4) 1.0 (13.0) 80
15 19/F LW 11.1 0.2 (1.8) 0.5 (4.5) 40
16 23IF LW 9.4 0.4 (4.3) 0.4 (4.3) 100

Mean 9.3 1.2 (12.8) 15 (15.2) 86

O B-HelA2 H dWolsFS 9.3mm(3.5mm~12.8mm) T}

@ B-AoAM29 T39 H+A AL 1.2mm0.2mm~3.0mm), B IASS
12.8%(1.7%~23.4%) 2™, T42] B+t 39172 1.5mm(0.3mm~3.1mm),
B FIANEL 15.2%(2.6%~24.3%) AT},

®  Hit T4 s AZel Ug T3 3AF] Bl&2 86% 3Tt

Wol sy B-Aol 9 T3 3% Alold= AR AJaio]

®
2

1A tHP=0.0496).

11



2. Aok W3}

TAF JHage]l Y FHE ALdE 13 FHe &% 1MEA

THAA 7t st 392 Table 40 %715 o] St

}6]—

]_o

o

I

=

Table 4. Changes in upper incisal angle in association with skeletal change at

postoperative 1 month

Case U1(T2) - UL(T3) L1(T2) - L1(T3) sT3
3 0.5 0 0.5
4 1.0 0 0.9
5 2.0 0 17
6 1.0 0 1.0
7 2.0 0 15
9 25 0 2.2
10 25 -0.5 3.0
11 3.0 -0.5 2.0
12 0.5 0 0.2
13 25 0 1.7
14 1.0 0 0.8
15 0.5 0 0.2
16 0.5 0 0.4
Mean 15 -0.1 1.2
®  BE FdolA T2sh T3 Abelo] Aot HA9 PAZCRe 7 W3
W AE, st FEA #xoze 2w W Y A A%
=9 AAEFe ] o] AAH T (Fig 3)

12



@ = FEddA T29k T3 Apelel AAH FA974 % (overbite) %

3

¥ 2 (overjet) @ W3l= BEE R 9korr

n

@ T2¢F T3 Afele] Aot FHA AR B W2 157057~
3)9en, et FHA Ao HE AEFS -0.1° (-1.0° ~0.5 ) At
@ T2} T3 Atele] Aot FdA Ztwme]l wWgkgy B-AHelAe] T39

A Alolell= FAIA R Aol AT (P=0.0251).

Fig 3. Clockwise rotation of the distal segment due to changes in upper and lower

incisors
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Fig 4. Sagging of the proximal segment at postoperative 1 week
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Fig 5. Resolution of sagging and counterclockwise rotation of the proximal

segment at postoperative 1 month
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X
rlr
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o
S
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pAs7) S8l F b SWe melsack A,
FFRAY Aol R Hobd, T A%l oldom oy 27 91X,
el 2719 oldE xR WAR olAJX, B4, dstd ¥ 1
FHAT AT WA fASE el

FFAL eI Avigel el maBEe Fod e Fvhw

oA ¢tk (Hartono, 1967; Ogawa, Koyano, and Suetsugu, 1996). Delaire+=

MAel AEEAQ WollAl FAIHEe] H3 ShellA o] FoR = AdEtetEo
73E X9} o] dHel wHHW(ideal occlusal plane)S T34 F44
F2 (Delaire, Schendel, and Tulasne, 1981)% %3] A|ATE=d, AA=

12

TAL Tsold FE Fol olgfdt xIRR AR e olEAF RN

1AL 7Eol B = FFRALY ARl FIE I EE A 51T

4

AN ofEs ZIEL HAE olsAlIHEE WA BIAEH UAd
THE0] AER Al A&7 dels ols 5ol gdf of=o] d dH=E
HEzople 1 e AdNe] EASA P (Epker and Wessberg, 1982;
LaBanc and Epker, 1984). £3] 3tetx AwolF A dEntady AdE9

Ao Q) s Ede] A

4
20,
5

1 4E A Qo (MceNeill, 1973; Proffit,

Turvey, and Phillips, 1996). ©]& wWXA3}7] Q& Z7]d= H4HF =H¥



p

Obwegeser+= &4

%

=313 A4S =8 Atolof gstel A 114 (circumferential
wiring) & 19FsF ©. ™ (Trauner and Obwegeser, 1957), Dal Pont< 3speta-+7}
#AA Yo At As w71 Yt W oz 519X (mandibular ramus) 2

ArA R (superior border) o]l ZFA 1AL 1<kt 1 (Dal Pont, 1961), Booth+

19743 Spiessl>  WAMES o] &3 FF & (osteosynthesis), A9
AnEUgE ket om (Spiessl, 1974), o|F oy 7H4 Axzdidy
H o] &71E itk (Jeter, Van Sickels, and Dolwick, 1984; Rubens et al., 1988;

Souyris, 1978). o]¢} #L HAuauanAgdL oftudy 7iE &S5 A2

AAANE FASE add AoAME A 2oyt vk HaE o\
At} (Bouwman et al., 1997; Douma, Kuftinec, and Moshiri, 1991; Watzke et

al., 1990).

AF

N o

sfet

ik

Aol T AnTUuAS A3

]
rlo
ol

A5 319

ot
&

fu

ot

flo

ik

Atk H ¢ (osteotomy site) 9} e+ (mandibular condyle) ol A A sty

a4 9tk (Dolce et al.,, 2000; Epker and Wessberg, 1982; Gassmann, Van

il

Sickels, and Thrash, 1990; Keeling et al., 2000; Mobarak et al., 2001; Perrott
et al., 1994; Schreuder et al., 2007; Van Sickels and Richardson, 1996).

Wall#} Rosenquists radiographic stereophotogrammetric analysis& ©]-&3%F

17



Aol duadades Aldsioete =dd Foleld sk mlne
AL AL 7 glon, ek AAEelM= A d (rigid fixation) o] &

gole EAE 5 gl TSt (Wall and Rosenquist, 2001). HEgt

\

stetabipolM o] A Fe T skt AR e ¥ BT F
A HEETel A HATE 5 qvka 4 A dth(Epker and Wessberg,
1982; Joss and Vassalli, 2009; Mobarak et al., 2001; Van Sickels et al.,
2000). 7= F sttt fA7E Wstd Aol A de AE B¢

G F oAl Ade AR Eeblet @¥oR AsA HEyel

flo
v
L

3] d (torque), %54 (compressive force) i 41%¥ (tensile force)
HF&42 elo] & 4 93 (Fish and Epker, 1986; Lee and Piecuch, 1992;
Stroster and Pangrazio—Kulbersh, 1994; Will et al., 1984), <% JFE++=
u7] 3AEAAAE o) 4 Autm BuEH T (Bouwman, Kerstens, and
Tuinzing, 1994, Hoppenreijs et al., 1999; Kohn, 1978; Merkx and Van
Damme, 1994; Moore, Gooris, and Stoelinga, 1991; Phillips and Bell, 1978;
Scheerlinck et al., 1994; Sesenna and Raffaini, 1985; Van Sickels and
Richardson, 1996; Will et al., 1984). E3] 3s}l}=x HHlolF JFo LA =
HrEFre Fe 3 =4 st AV fAEYRE 24 e 5 St
H ¥ ok (Will et al., 1984).

steta AWols & IAANS] QlozE stetEe] WHAAWE I
AT o] HASE= FkA 1 H Y =7} (Dolce et al., 2000; Epker and Wessberg,
1982; Gassmann, Van Sickels, and Thrash, 1990; Greebe and Tuinzing, 1984,
Mobarak et al., 2001; Proffit, Turvey, and Phillips, 1996; Will and West,

18



Blomgvist and
Epker and

1997;
2002;
B

Dolce et al.,
o] &

L=

o

}ol =2k (Blomqvist et al.,
2004;

Borstlap et al.,

1994,
2008; Kierl, Nanda, and Currier, 1990; Perrott et al., 1994; Thuer, Ingervall,

Wessberg, 1982; Gassmann, Van Sickels, and Thrash, 1990; Joss and Thuer,

and Vuillemin, 1994; Will and West, 1989)

Isaksson,
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(surgical

FAHORE
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Bennett,

pu

fu

A s e

A Akl

HHH (Wolford,
[e)

3

=

B9t (Epker and Wessberg, 1982;
HlX

77}

[¢)

=

317 9]

1

(e}
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ko3
T

1984).
1

Aol g3 B-ol A9
o]

1A 5, AnHow 37

0.0496).

°©

sot 2

€]

o1 3]

[e}
Rafferty, 1987)& %

LaBanc and Epker,
o5 A St
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Abstract

A new concept for prevention of the phenomenon of skeletal relapse after

mandibular advancement surgery

Seung—Won Chung

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Professor Choong—Kook Yi, D.D.S., M.S.D., Ph.D.)

The phenomenon of skeletal relapse has always been a major concern
after mandibular advancement surgery. Muscle force after stretching of
pterygomasseteric sling and suprahyoid muscles have been considered as
responsible for such phenomenon. Despite efforts to prevent the
phenomenon of skeletal relapse by using various fixation techniques, there
were limitations in overcoming the muscle force. Therefore, without internal
fixation, a new concept for prevention of skeletal relapse was devised. In this
study, Early Active Mandibular Exercise by using Inter Dental—Arch Pulling
was applied to 17 patients after mandibular advancement surgery. The

application results are as follows.

34



1. Mean skeletal relapse(skeletal relapse rate) at postoperative 1
month was 1.6mm(18.2%) and mean skeletal relapse (skeletal
relapse rate) at postoperative 6 months was 1.9mm (20.6%).

2. 4 cases showed clockwise rotation of the distal segment due to
seating of posterior openbite immediately after splint removal.

3. In 13 cases without posterior openbite, mean skeletal relapse
(skeletal relapse rate) at postoperative 1 month was 1.2mm(12.8%)
and mean skeletal relapse (skeletal relapse rate) at postoperative 6
months was 1.5mm(15.2%).

4. 13 cases without posterior openbite showed clockwise rotation of the
distal segment due to changes in upper and lower central incisors at
postoperative 1 month.

5. All cases showed sagging of the proximal segment at postoperative 1
week, and resolution of the sagging and counterclockwise rotation of
the proximal segment at postoperative 1 month.

6. There was no change in the proximal segment between postoperative 1
month and 6 months.

7. There was no evidence of condylar resorption until postoperative 6

months.

In summary of above results, the method of Early Active Mandibular
Exercise by using the concept of Pulling was effective in overcoming the

muscle force after mandibular advancement, as well as in prevention of
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postoperative condylar resorption, possibly by physiologic positioning of the

mandibular condyle.

Key words : Mandibular advancement, Skeletal relapse, Pulling, Early Active

Mandibular Exercise
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