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—Abstract

BONE HEALING PROCESS IN EARLY MOBILIZATION
AFTER VERTICAL RAMUS OSTEOTOMY
OF THE MANDIBLE IN ADULT DOGS

Sang-Hwy Lee, Hyung-Sik Park*

Dept. of Dentistry, Medical College, Gyeongsang National University
Dept. of Oral & Maxillofactal Surgery, College of Dentistry, Yonsei Universify*

This investigation is an experimental study of the bone healing and remodeling process after Vertical
Ramus Osteotomy(abbreviated as VRQ) with early mobilization in adult dogs. Nineteen dogs were
divided nto three groups. Normal Control Group(N=2) was free of surgery. Experimental Group
I(n=5) received only VRO without any intentional movements of distal fragments, and Experimental
Group [I{n=12) got VRO and backward driving of distal fragments. Animals were killed serially
and the operated sites were reviewed grossly and histopathologically after the plain radiographs and
Magnetic Resonance Images(abbreviated as MRI) were taken.

The obtained results are as follows :

1. The early bone healing after VRO occurred mainly by the fusion of endosteal and subperiosteal
calluses, and osteoinduced calluses from the cortices of fragments in intramembranous bone forma-
tion process. And the cartilaginous bone formations, which were considered to be associated with
early functional movements of the mandible, were evident at the junction of these calluses.

2. The overlapping cortices of each fragment were fused by the osteoinduced calluses after decreased
mobility of fragments mainly achieved by the subperiosteal calluses at the lateral and posterior
part of pterygomasseteric sling,

3. Osteocytes in the cortices of fragments were dead by ischemia and the marrow tissues were predo-
minantly replaced by fibrous tissues in early stages. Active revascularization in the cortex and
formation of new bone in the marrow, seen as the cancellous bones, were observed almost simulta-
neously and they were maintained until the 8th week when bone unions were confirmed.
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4. Morphology of the mandible was changed by remodeling of the bone with reattachments of adjacent

muscles after the 8th week. Callus in the gap was changed more and more into the compact
bone after the 8th week, which united the proximal and distal fragments securely.

. Low or iso-signal intensity at the cortex of fragments in early stages of MRI was being increased
from the 4th week till the 12th week after VRO. The marrow spaces had high signal intensities
on the T2-weighted images in early stages, but they returned to normal T1 and T2 high signals
after the 12th week.

. Signal intensities of the interfragmentary gap were high at the early stages and were gradually
decreased to low signals at the 24th week. Atrophy of the masseter muscles with the high signal
spots suggesting the increased vascularity was seen from the 2nd week, but the recovery of muscular
volume with disappearance of high signal spots were also observed after the 8th week.

In summary, the overlapped fragments made by VRO were completely healed by true bony union

in adult dogs, even though they had cortex to cortex overlapping and early mobilizations had been

allowed. Development of caelluses through the intramembranous bone formation, and the cartilaginous

bone formations at the union of them wre mainly involved in the early bone healing. Direct communica-

tion of the marrows of the both segments was not found in this investigation, and more advanced

study will be needed to explain the details of the fate of bony union after VRO.
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B4E AR 53 FHEE(Vertical Ramus Os-
teotomy of the Mandible, ©13 VROZ ¢f3)& <
ot P#AE FotE HEFE oz XFEY]
A stetES T o] FAH W AMEEHEe dEAYU
&4 9] stojeprnn, BA sltE A4 HE(sig-
moid notch) 2.2%-¢] 3P¥e = st F (mandibular
foramen)& W& dtzpR-o] &d7tA] 3 e
g2 Fddsln 94 IW(distal fragment) & T+t
22 olFAYER FofF WFRE X 24
F9(proximal fragment)©] ¥4 ZTH] #Fo] F
aﬂqm.m)_

Yurzo g FFWe] FAHoR AHH7| 3
e 298 IAUEE HIZH 5T AR
oA 2PAA LAl 7FE (primary callus) 2] ¥4
& A7\ o]50] AFE FHANAN AFHEE
fredhs Aol 71E3 delrl. VROY ZAfelm
FHUY AFE kAT 98 Zolele A
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AL 344 v k. Reizk™ & fFolel 34
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AR 2 Bz #FE 4FF02 A9
e 4H9 st AdAY VROE EHEF 3
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FEAA 2 94 FUE SHAZHAL F2).
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1. T3 29 2 SAd AR #9

Fed Ak WA AL G4 47 131 Pa-
nex EC(Morita Co, Japan) & ©]-4 100KVp2} 75—90
mA¢] & A FH L SH] TR AL Pl
Azl (cephalometric radiograph) & dsich. & ¥
v A tAdE wghs A7) Y3 %S At g skt
A 1HTFH wgHe] AAE T oY 2AHE A
et on 7o) 7138 Fol7) A8 o H2
2ol oslR-9 (submandibular area) ol
Ao} AEe HA)Eg .

HYFEE 33 74 194 Ketamine Hydroch-
loride(Ketamine, #%+<3, )& 15mg/KgZ,
N-3-propionyl phenothiazine(Combelen, ¥=1}o]
ds}sl, )L 0.05ml/Kg=, T3 Atropine sul-
fate(Z} olE 2, B-$4E, I 05megs S
THFALE S A 4lek3 A7 F 2919 (prone posi-
ton) 2 &d MRIE #9390, AM8E 7152
15Tesla Magnetom 63SP 4000(Siemens Medical
System, Erlagen, S2)eolon Al (sagittal
plane) 22 TR 570, TE 15, FOV 170cm, thickness
3.0mme| TSI T1 FE2Y4-E Gt o1&
ol&, #FHAS AW A F%W(axal plane) ]
T1(TR 450, TE 15, FOV 170cm, ACQ 2, thickness
3.0mm, matrix 170X 256), T2(TR 2600, TE 90, FOV
170cm, ACQ 1, thickness 3.0mm, matrix 170X 256)
2 A (proton) ZZERA(TR 2600, TE 20, FOV
170cm, ACQ 1, thickness 3.0mm, matrix 170X 256)
&+ 4k

2. ¥

A FES AN FE e 5E S e
AFI AEXE 4 7 7Y FIHer o
sHESE AN ¥ 25 g S S8 s
FHo= sotE 3d 2 JAAE =&2AA 4
9] 3N A7 R BIIHUA tE #5F
A dEogrnE ez 3dE7|(angular
process) AW 2—3cm?) &z 2A AR 2
g =gz AZAQY AAds YA slellA
72 ZAGE-g AAEsin). obgr e 53
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LHEVIR AT T o)Fe LS H3lr]) 93
L2857 A& (coronoidotomy) & AldEQATH(
H1 F=).

Y A1FL Fdche] gE g FeoA sltFe
FEWEL 2 Qo) FEG AHNF 4 L e
AxAE Tyl we} 38 ek 49 A2
T2 gokE FEE 4¥3 b 93 QY =He
AN EEGN 4RE AAEgn NgEE g
wygon MY ¥ FAASS APsH(ad 1
FFE),

dotE ARo} AFRE X g4 FHe o
7-15mm ¥4ez, A5§ Xgse 24 IHL
ko 2 AXARL, o] of 3o} A 1 X Ao
Al 2 BT} TREEE S5k slebEe] Elo)
UFE BFE A FH AYIE SV FHE
FABE FHY AFRE FAYE 54317 98l
UE Y4 SH YL o] &4 FYH ggEr)
AHE B}o2 AH3LE 1-0 Nylon(Etilon, Eti-
con co., F7) 2R =&F g4 AFAsm et
Aot =S v dE95EL £ A4e Hid
HA oFF e Akl s utd el
EAMA 1F79GL I 3AsF
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AL {RAMNAAA Fd Qo PALE Bl 9,

£
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FRIFL oy FA0 2gE 2] 98 ampi-
cilline 500mg/dayE AHWFAF shgich, 49 U
AuiAlE Eof 1S HAH H AvbdalAAL
g ol %, st 59 U 3dg st 2 - 44
F92 Azl oF HAATe) wPsiAeA
golstgoh. 2 H o 3¢S 4A /54 1 ol F
of 3—493ke F& AHANALY AY ITALH
AREE 1Y AIEZ AMEEIY .

4. AYPEEL PAL AAEY E A

HAA AP F3] MRI 2 7% AF P4
A AL o AT 2o ZA3 A TUEH SAE
o] &3 niFH3n FgsiHch. FF VIte) Ad
AY 45T 4Y FEoAT 43 185 Al7le) MRI
U Juhakald AR AALE bR e g HAIE .
AY ATy 4Y FBES 552, 4,8, 12, 4
o Ztz} 1opeld, A9 AT £%F 1 2, 3 4
8, 12, 245 47 1vhE] ®= 2vtdy, AddE
& ¢ 15U ASF 47 372 potassium chlo-
ride® RAWFAs YA FHl &4 APEELS A
He AT § FH 49 29, 2%, Y H
etE A E T A 2L AT o
A% AgdA RFLEL oj&-Ee] WAL AR
#9% 10% %4 formalin] 233t

5. & gE A&

&% 232 diamond wheelZ A3l crystal
cutter(Maruto co., Japan)& o] &3t 3ot &+
el aldzR e EeRAE et HH £H
HEE o 5mm FA2 A2 FH & 1Y% 10%
formalin®l @A 32389k Nitric acid2 25-7F
g93A17) ¥ Eel wel paraffin®] Evfsla 5p
FA2 AHL N H hematoxyline-eosing 4 F
e du)AL o] &3 wESAt.

m, &% Znt

7, &% 3o

HPEEL BF 5718 43 ¢F T
Qo] A B AF-HUen, 1 F 4ullolM £&
239 QN SRR QAT 15U W2 SAHUT,
AY 3 4FHHE 1YAEE dFH ks Az 3
2. A% 457X AR5 E diioA of
1-2kge] AF F4 Ao, LT HEE 05
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kgdl AEF FTPF ARXAT AR A)7)kE FHo)
Ssich

L, |ct oA

AR A2e BT 458 3otE 58 Been
ZAGRE F4oz2 @ A#A(pseudoarthrosis)
5 5 AN AR LA BIHA Qo)
3utele) 4 FEeA SGE FEH F A nFo
dAase] A HAPUINES ALEH s £ 8
obFo] Aoz HAYT AL BGch H4Y 24
FZ 19kE]elA) slebEel Heleh vjgld) AL B
Hov & FEESoMe= FEHA gt 4y
Ao 49 FEEX 718 PHEe HA=R
ggrom wghe AH 02 FAHo stF FEh}
NiZe 218 et

AP A2 23 A9 @R AN
-9 YU FAZ BHAT AT Ao
Y A2Fe 43 FRAMZA BEERen 53
dzRde g&oh M, SEsiEde 3
ofF 3l Ao Bth AY 85 olF A A2
79 48 FEAAE & 94 29 T d&4
o2 3ty o)A & RYE 5] ojYn
AE 4F o|FREE AT el Ax ZAHAU
=8
A9 A2 §¢ LA HY 4F7A) 4
ATl ET ge & ¥Ao #FEge IH
dA&A e NEL Wil AY 434 AU
Ay 8% o] FZ = {9 234 A4 bk FldE
Fe)E Bt

Cf, 2db HIARM AR 47

A 255E 49 A1 € A2 FE290A
WAl BRG]l A FrMEch 4F AT
A4 A 470, 49 Aord A8 4¥ 8F3H
FHGR] glo] B HAT 3ttt vlgjAe] &
B399 198 A8 24FHAE AN Ho}
AT E LSV EEE AP 2=,
A A1 E AT EFOA 3 gPgRug
WE FAF FIE Vel 48 4Ry 3d
Ao Aol diRE VEIGXY BREAY day B
] 98 HelZlx dgch
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1. Add=T

Ha@F oAz 3t =T (Haversian canal) %
2 F9 9] E8(lamellae) T&7F THF I 11 Ale] o)
Z9}(lacunae) & F A X (osteocyte) 7t EAfste] 2
H(Osteon ®+= Haversian system)S o|F% A4
H AYE g Beldh. S5 29 F=
A E(fat cel)Z2 TR Ao AL
(hematoporetic cell) B& BAHA FAch(AlAF=
.

2. 48 A

(D A¥ 2

nAg 9 5748 &4 2 Te] AAE ¥
Aol Iy S Y T Y a4 Ag
2. AQF = Fu3} 71 (subperiosteal callus) ©]
Mg nEpn 2453 e adort. F57
el e A RZA gelA™ A4 A2 (loose
connective tissue) ©.2 X5 97 #AHAD
4 GH37E dojd RHME AT HA
g% Bdge] A SFHUAG. - 44 SH
F& Af&(fibrin) Y 2§23 (connective tissue)
S8 AYAR AUAANL @RoMe= 2A dae] FA4=
HYHAERE 2).

(2) 49 45 &7

F@AZ o} FgollA FiF(trabeculae) 3 F1
9 44 AFYxHoz FAE H4Z(cancellous
bone) o) #F o - 4 FH Alelg) 732
S8 I AU A= AU FH F
Aol AGZ P42 ol FAsle 2 - f4 FHE
FEA 8 Ao oz T F YS9
oFo] BWotth Elm o) AR APIE 9
M= TAF/) 7HasbAAM B9 A= 240t
Z7k=l 2 A2 A A (interstitial fluid) &) S7F2 Al
X tFo] yolAe WalE HJou dFHEY
&S PAAGARREE 3),

(3) 49 8% &4

HAZH T} e FAF7E ZAEE F94)
FAHRE A e A FAdte FHER
SA AT dol itk FHAo] FEolA 1 gl
oM AT 2EAEE] IA Z715 0
UL 2 wPEFZo 2= He] vt wopA AT
4 FAREYT

12
F &7
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(4) 4% 123 &4
AAZol A Zaste] Ao AFHA A9
st el g #3n FEDHEE 88 ol

ek 57 FANNE B8 TAFI} Hhste
AAES 2YAER THE FTFdel A

o} obA o Rt FEE) =24 R, 1n
I &L oS ADEd J7rgAwA d4d
Hd@dge] SR USUh

(5) ¥4% uF 24

A3 127700 A 9} virlR g e AdFe] gl
ojz AAAQY FHotF FHE HYow FEY
&ds iz ddse] JYn FEGY &F
7] AR E 4).

3. 43 A2

(D 4% 15 &4

24 IR FAEI} glo] ¥l Lehst Mw
Aoz FFHUen I BH FHelu A
2748 FFHA gsid), FF7U E80 Fo
A I Wolda = - 94 29 Alolo) W
el 9 F9 FL2 Hiiv BF(hema-
toma) &2 R A 419},

(2) 49 23 &4

AY FE 20lEle] Fwkgo] Holt sl &
il M AY 15 4349 spEvtde 24 29
oA HAEe] Fert ¥lo] glowA FARI A}
2t A=zie] FHAEA UepgAT 94 FHe
A4 SHEDRNA 7l7he R HFHAN, =
ANAZY gdo] ®epx|7] AlAgen 53 4
THY =] Y4, - 944 ¥y FEg
oAz QHF 4 oA F4Fe 2F A E(osteo-
blast) 522 FAE A4 71 g4 AU
5% WellMe oty AtAMREge] Ald HEE
LB S gy dFAX HE, 2F0 I
F2AF AR A4 g 94 ZHY
ZOoRRE Aol EFHA &L AT FAol
G433 delvta gtk IXH F-H9 FH &
509 A= BE gD AL AFEA(de-
nse connective tissue), Ao Z(fibroblast) %
#Y A (collagen) ©] A= o] FHA FRHAIA
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Yol ABHAD 53] AN FHY BATRY A
He SRSt 353 eldE A4 BaFe
40 dolubil &4 ARz TP 2719
zAgHez 494 Atk =4 2R F4H
A4 3] el FNN B g AT Yool
Hg W) olfolza B4 I o&e v by
oA BB YR ITE YRS AT F,
F9s} 72o] SYALR YAshe At BES
gk, i B A7) AE AR} v)EhdE B
¥490) BA GUTHARRE 6).
(3) 4Y 35 &2
AAF PN AT YEE YA RolA
2% 99 AF 2NRAE YolA T8 ANF
44952919 SAREA HSich B8 2 - 44 FW
23 2UEY el HABL Ty A4 AHER
Aol ek THAG YA ZA B W2
2ole PAE=e Wil Aok

24 2Y 9208 A0 FU NETL 5YH
oz 4 9oy ok & 94 ZuH 9
A4 ZAUT 1 2T AW 2B2AT 4

1o o MM

HE 243& T $7ANY vl wad
FUeA wAREL o] FH T2V AL

olFI AXrh.

(4) 49 45 27

HAF Zo3Ue 7l e - 94 38 A
Aol A& ol Ao} dFelvt ¥F, ¥ T2
A BEEA) g, A9 3% vdtd 257
Bolola BEAez FAhFIE FAIH 44 H
AW AgEA N AR R} SR L e
W gs=s 4z s 2574E 7871 @ fth
TAF F99 2F2F ddMe g9 22X}
08 F71elga 94 He] FHER A A
7bg SRR AHAE BE 7).

Z- 94 I Alolodle AR AYPZAo] go}
APAY P2 94 A PN FAHE A4
ot ZhEol AAEWA 24 W FHAN A
Zt2n FARS o|FUL, o FAY FHdAME
o] BFHUAYG. Tt FEHoRE ALY
ARt ZAY F-9] Atolol FEdte] ABZ A AT
Aol AAHEe £d= FFHUG 2 94
FHE T EPFHo= 43 2 7S FH
AAFE & 94 FHUEE 945 dAen o
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Ad B9 ME A4 AFo] gFEE A 45 24
FH 9 e M B I HNEY FFH X (osteo-
clast) o] &%t F{HF £AS EHN AE 25353
FaE]7] A2 stekg I MY A F1E 3
AL d& g4,

(5) 4% 87 &4

AZol AA ZadeN FTAY 4% FF
£7} AP o 2 @ger] AFHen) 24 Z98
e AN Fe FAXY BRHA
dotel. - 94 ¥ FeaiEY AAd 93
=9 olMEY} 8 TIP3 FF7o)
AYAEAN ¥ 28 (congestion) LA §HA
AL} 2H A XL F] F8le 2H I ¥
geEE e Bych

EH FcAM e 459 @4 e A ==
44 dfze] Goldlye W4T Fehrt fAE%
th ahel Al A4 7bgo] FH F92 By siA
EAEI AAAN AFAME NG F FH 7H3t
Foboll SR 24 FHY Akl E w2
YE-7F EHol| AU, ofAE FH Tl M
AY2E H971 ZUHEN AXgAGe] Frisof
HAE Ate] ZkFo] golx Hole Wy} o} QI
on AR 2A4F Aol FEAE D A4
T FFEAT FAN: ABYT FYolA B
A9 A ZA A HAU

(6) 4% 12% &4

AY 850 AAHE ANAQ) FHFS 29 (&
A Foh diRE IAEZ AN

<. 94 SHEL HAF RHE AY 854 v
238 FAYEr} FAHe EH 157 K9 9
Z2E57 FEo] ojgjfan, F57 AgdMe 49
§3ol vid) AWM E7F F7EE 1, FH =AM =
BE Fej7l fAFHAA ol Al7IRGg FXYES}
ZIVekAh. & g dojEiv) B SietE ) N E ma
Z9) Axr} Folbd AW AP A FA FALG
Y E HA HAGARIRE §),

(7) 49 245 &3

stz §47 o 44 298 FHE fuie
21¥e Hole AUFE Hefeo] mAZo| FHNR
Ak oldd HAIZE AYA 9d IW NF
2= 2433 3ol AdEE viHen A%
sk A AR F47 FA4E sold

. A W)
FhFE

flesd B
L



HAFe] BFHULT. - 94 W £ ¥
g Qo9 @A F2 PR 28T o7
o]Zolger FME 1 ¥4t Agtort ol
Zo N oldx AH & F5FeR BAHY
o £F - 94 29 FYME 48 1257
FRHNE AAT 2 A Fgto] HAHA @
gkch. AMH oz HY 125 vlE) 433 A5E
Y E VeEb o ZdsietZely 49 AT
24F 270 b3 ol vdsd o] YHE B
RFAHARE 9),

ol AV 3 Ha oA

#49E MRIYA T1 2= 94oze 32 3y
td BAE, T2 Z= d¥esEw F WIHH
234 A 5 AU ¥ LYo] FHHEMA
BF 247 2EE WA E Jehl Byen] 3
Az 53] 2HA Y WRE Fl3A BB F
At

1. Az

AN EZE(low signal intensity T hypotoni-
city) & Hele #EE 99 1 O9% IR E
(high signal intensity ¥ hypertonicity) 2} €%
Zol TIAZ F3dAA #FHNH T2z 948
drae FFgel nAETFER JERGTAEE
10).

2. 4% A

(D 29 25 &4

T2 7z G40 HAFe] Y HAZe A%
Zerr) 27HE A5AEE JERL 572 T1
FE GAANA ANELE, T2 Fx G 74
IZEE Bion W A5 TIFZ 93eA
54 E = (iso-signal intensity = 1sotonicity),
T2 ZAZ Gl 2REZEE R AR
X 11).

(2) 4% 45 27

o4 Y Fo] ZAY A4 7 84 2T
YR T2 = Gl INIF=7 BEHY
onj(AHRRE 12), ol BEEn g AAF
B 29F AT FastdA 4 A4 2
ZAFG ke Y AE T4 2 Axddag
Holz F9jo) sjdEsict.
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(3) 4% 85 &7

A3AQ stetZel MAF B FFAo| X3
ANEAEZ GEAT FHGRE TIH T2 2%
g atol Al FE 2R3 v wele SAEFEY Mow
ol it

() 38 3 27

A=A et Y E B, FF7 FHE
T1 ZAZF G434 14z ZEE B T2 22
AANME DANEZFEE JER) BFot o) A
7B} FAEow FEd e IWE 5 gl
st

(5) 49 185 2 UF 47

Ay 1259 vpFvx 2 A4 stebR] 9] 39}
T1, T2 Z& oM HFEFL ANBAE, FF
e AAZFEE VepiT (AR T 13).

3. 49 A2z

(1) 449 2% &4

A whgel =W 4FF oA AT A
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