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A HISTOLOGICAL STUDY OF MANDIBULAR FRACTURE
HEALING IN THE FETAL RABBIT

Sung Joo Hong, M.D., Kih Wan Han, M.D., Jin Sung Kang, M.D.

Department of Plastic Surgery Keimyung University
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Although clinical and experimental findings have demonstrated that fetal soft~tissue wounds
heal without scarring, very little is known about the process of fetal bone healing. This study
examined fetal membranous bone healing in utero, histologically, without fracture fixation in a
fetal rabbit model. Our study group consisted of 50 live fetuses (from 30 New Zealand White
rabbit). An incisional fracture of the fetal mandibular body was performed on fetal rabbit at
24 days’ gestation (term=31days) in utero. The other side mandibular body (not operated on)
was used as a control. The specimens havested 1, 3, 5, 7 and 10 days after fracture. Twenty-
five fetuses survived the procedure and were alive at the time of harvest. Histologically, the
incisional fracture sites demonstrated fibrin with little hemorrhage at 1 day. There was no evi-
dence of hematoma formation or inflammatory reaction. At 3 days, there was no fibrin or in-
flammatory cells with more infiltration of mesenchymal cells in fracture sites. The fracture site
demonstrated new bone formation at 5 days. At 7 days, the fracture sites healed with woven
bone completely filling the fracture gap. The fracture sites demonstrated more mature bone at
10 days. The results of this study demonstrated that the fetal membranous bone healing was
rapid and no evidence of hematoma formation or inflammatory reaction.
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T4, PG, FHFZ7]8%3 (craniosyno-
stosis), ®¥FFAY A= (craniofacial microsomia)
5 A7 AHY PAGHENEL 2T 2
Asoigs nlg 9 V)5Hoz vy UEy o
@ 27 g+ AW, F4d o4 $EH 4
FEe &4 W& dFre] BapAIA o)xpH
FAJEE AN E oA G bl o
HH e 7t wPFge] YasiA ok wef go}

4% (fetal surgery) 24 ¥ o3 dxd 72
ot AR el glol A2 A g FHAo)
AHE & Ut oA dHAE g 5 g
Aolch.

AF7A 9 T8 dged A Asd =zt
(animal fetus) AxFY AgL FFHed BE
A flo] Afrdote Aol WEFoh'? gH o
el B2A0] DY AFE I Fojgh Az

FIOI' JPN

>4,

ew, Longaker $(1992)¥2 <F(lamb)g] ®)
ZF A d-ZE (endochondral bone) ¢l 1]F (fib-
ula) 8] FHAE 7FE(callus) BT} oA F
87 Aol gle] AfEte A& BT L Slate
$(1993)7¢ A (tibia)g ZEAZ H mini
plate24 1FPE W= H=d ZHAE Yehid
th o] MY o ME HzlgeEd B A7t B
o] Al E|ojA] o|m] <UAe] AL A% QR|gt

FTHdAE 7tE Bizte] F&E AAAR B
AT Az F& #HEY de dAFooh o
7] FALHEZ] hEEE AR s HAE (mem-
branous bone) o] B3 AF= Fo| AT g
2He] AT EEY AR71A e A B
3 Ao gle HHolh

old] HzagL ml AlstA E 2irkx] A

A FALEE7IRY "dred F43 FgHA
THE GolET E APE 47 3 wEA=N
3 E7] ¥x}(New Zealand White rabbit) &] s}e}

Fig. 1 Intraoperative photographs of mandibular fracture. (Left) A small incision is made over the left

submandibular region. ( Right) The middle portion of the mandibular body is sectioned with microscissors.
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24 (mandibular body)& AAE4EA7 5 2 3

#7he A71eE Ba 2.
. A2 U by

PlE rHAE 1 e 94 2499 FEAE
A E E7 30WEE R dHeesiirt
Ketamine HCl -,acepromazine mealeate T
(15 mg/kg)?} 2% pentothal sodium(5 mg/kg)
& 27 28FAHE 1A O, 2% pento

thal sodium(5 mg/kg) 9 AHWFA1e}l 05% h-

alothane— 2kA (3 liter/min) &) Yoz AAw}
Hatgch. AAE A o, SHERY Ee
7Z+1 povidone iodine &Yooz AEsIHGoH, 3
A= penicilline G(30% @¢)E & FA 1
3] 28 FARIAh AFA BRANE B8 42
29 2 (bicornuated uterus) € =2A)7) H,
% 2l Ax|5-3(purse string suture) &
& ok 5~7mm Zole] HANE st ejzle] ¢
9 =2 A% (Fig. 1). €804 olaid A =
249 §% slebR ol SHE met WF A el &
oEE =% A7 F, PlAleE7H] (microscissors)
2R stEAe 70 FHE A4EE(linear
fracture)A17l of&, THHE A @u 10
—0 nylono.2 Az Egstyct YaE 2AF
Aoz EE v, FFY ST AH TR
A5 G, BEFn 238 "R
< "E HEAY AR EEE 294 2ot Frh
A7 B3 Z(rectus abdominis muscle) 3 m] &
= 72 3—0 ZHAIEA BEstdh olw tiz
T2 B % ek 2 A SHAT|RA] FUTh
ZEF A 1, A 3 2 A 549 22w
otefoll A A|LENE B3l BHAHE ERHAIA 2%
Hoz AP on, 1 FARHE FAETAA
4% A 7, A 1040 BEA 2AEH A
Al JHE S2HL 10% T4 T2 £99
IARANZ 5 B4 33 (decalcification) #3 glo)
T4HY HHeg g L vEoA 4~64
m FAZE 94dE ¥, 42 hematoxylin-eosin
M7 FAdE F3F (woven bone) o] 433 A
TE B7| 9% von Kossa @4& 24z} Ajg)3to]

r

a2 A47gE Foduges AR
mza o

30ute]e] ofw] 7o)X 50ute}e} BAE
st AN B AAET AL W 2575}
AT 50.0% 2 BETEE eI

ESILTPN D

1) =2

A2l 2590 7tE ez} sl V)24 23
33 sdozE 7Y upgdd M E (mesen-
chymal cell) ¢] &2 (condensation)o] Z&E =)
o, ulg o}gjd] FZFFF(woven bone trabecu-
lae)2 FAE Fo] HAHH AL, o FF
FFe MgAEE FE E3tE SHAAHE (osteo-
genic cell) B9l o8} EMAA AATH FHEF
Alolol= ¥#|7 AH Z3 (connective tissue) o]
Z dEEe ggjeH, FFEFZY WRde I
A ¥ (osteoclastic cell ) & FFE It THF A
3, Al 5, A 7 € A 1049 izt BT A
Bleg 28 4278 Byer, 9X Alde] 3
HEFE BAAEI} B $HEHT B2 F ¥4
2 A3} (calcification) 7} A F7)Vsh= AgS
Back(Fig. 2).

2) Agx

THE A 1de] 27 T4 B9 2¥H4 A
Fa(fibrin)go] FEAHUI, BrE FFAE F
&o] E9ony, ¥E&A(hematoma formation)
oly} 4FWH-& = gokch(Fig. 3).

ZAF A 3dde FFIEFVL 24" 79
438 Be NPATEC] HRFH Ued,
e FAx FEHY Aok Avad ER
(fibrinoid material) & A2 F5Ho F4FHo
2 go} AUk (Fig. 4).

ZHE A 5dolls FH F99 dFEAAM A
&8 TANEER FE 43gtd F22H (oste
oid tissue)o] &3] FAE7] A3t A
(mesh) 2Y& vehhsion], 34€ RIF=H9
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Fig. 2 Histology of control groups. ( Above, left) One,
(above, Tight) 3, (center, left) 5, (center, right) 7,
(below) 10 days postoperatively. Common findings of
each control group are . a laminar array of woven bone
trabeculum is surrounded by mesenchymal cells
(arrow) and a small area of vascularized connective
tissue is seen between the woven bone trabeculum (out-
lined arrow). The extent of mesenchymal condensa-
tions and woven bone formations are increased gradu-
ally with time (H & FE stain | X100).

Wed 227t vebgh(Fig. 5).
FAE A 7dedl= E 9 AHAL H3jgE

—948—



Fig. 3 Photomicrograph of one day after fracture.
The fracture site is filled with the mild hemorrhage,
fibrin, and mesenchymal cells (H & E stain : X100)

Fig. 5 Photomicrograph of five days after fracture. A
mesh-like calcified osteoid (arrow) is formed by means
of modulation of mesenchymal cells (H & E
stain ;. X100).

2
o

FExH o2 QX 4T FF
Wrl AlFEeeH, 349 7E5E
Axz BFHA(Fig. 6).

FA% A 1040l FAFS AA BFEF
7t AR, UAFMEE AY vpgFd &5
g5 A%E Uehle] 2e A7e iz A
F93% =484 P& vl dck(Fig. 7).

von Kossa 43l o ZAFHLALE THF
A 3Yell= BEMES] FEFXE e &
ob7l W&o AT YERL, SHF A4 5
UR-E 435 57| Algste] A 7 9 A 104T

oo
&

2 ot
A

gf“ﬂ

aL
=2

Fig. 4 Photomicrograph of three days after fracture.
There is no fibrin or inflammatory cells with more in-
filtration of mesenchymal cells in fracture sites (H &
E stain : X100)

A

Fig. 6 Photomicrograph of seven days after fracture.

New woven bone trabeculum (arrow) Is seen in the en-
tire area of bony gap (H & E stain * X100).

Ae 2 A= ddAle &
8).

e vehfdeh(Fig.

V. 11 &

FEAYE B HFe 192080 H AR E
909", Barnard(1957)¥+ Mongrel® 7] iz}
o] A4 33 (congenital ileal atresia)E,
DeMyers} Baird(1973)"% o] elzjolA] ¥4
% (hydrocephalus)&, Harrion 5(1980)'& <
o] ezt A AHA A3 o} (congenital dia-

phragmatic hernia)& <f&stge®, Michejda
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Fig. 7 Photomicrograph of ten days after fracture.
The consolidation of woven bone trabeculum (arrow) is
present and the original fracture line cannot be identi-
fied (H & E stain : X100).

&(1981)'"" 2 o] iAol FFEFo]2 (allog-
enic bone graft) & AlYsigct. &8, Algoe
ARG FFALE YLD, ARA HEFD 5 glo}
W Fedhd] dow golo] Ay 23 e
2 + s Ao el 198198 H4e
& A3 23 .

ARl d el gz Az A AP
Hallock 5(1985)190] A/JZZ] ejzbollA] zpour
AE TEEE dAl 1749 $E3td 92uey
HEFA §lo] AfEHE A& #FEYL, Hal
lock &(1987)'®2] <% o](rhesus monkey) ¥
AME Bl AoE Aok Longaker &
(1990)'93} Stern ¥(1992)'"& ¢JAl 2499 &
QW=D B B2 SRl AHes dxy 7
7§ d (cleft of primary palate) & TH5olM wAH
& WE gFuey HEYAY glo] NAHe 1

Fig. 8 Histology of fracture groups. (Above, left) Three days after fracture. A photomicrograph does not
shows the calcium deposits. (Above, right) Five, (below, left) 7 and (below, right) 10 days after fractures.
Photomicrographs show that the calcium deposits are increased gradually in the new formed woven bone tra-
beculum with time (von Kossa stain | X100).
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ek Bizke] ExFd @3 HFEL Riss
Wray(1972)'97} QA 23~272¢] 7}E el of
BZE(femur)& TEAA ¥ 649 =3 v
wEEE o, gFehEE ¥FPHS o F1, 7t
YL o Bod, A{7ITE 29 A= o wk
thal g}, Slate $(1993)72 AZ (tibia)& &
AAZ 5 miniplate2X 1AL W= 1S3
4ol 1, miniplate 17ge] F G FFE
ux)z] & HEth o|¥E I HA F
ZHo BT AFE S 3¢ =HieH, ¥
APAFY fREE A S S #F A+
= AR Yyolth oo IudlA F3}r] H,
ol Bimy Mo, et 47t B FIA=A 4
E7& o|&sle] BAEQ slehEe FA ARHAA
& YobE YT

g el A doivte FE49 AR7|HE got
1Y) s e E9 2T 4% A/rlde
ojgig Wart stk T2 AEHoR AT UWE
3} (endochondral ossification)1} ®hjZ3} (intr-
amembranous ossification)& AA ZIERF
(mesenchymal tissue) © 2 BE TrEoAT}, AF
W& (endochondral bone)& HEAH o7 T3lEE
6-g]8dF(hyaline cartilage)® ¥E FAFH,
Meckel Q€& AT ZE JAFHIL AIHE
712} 9k Z (membranous bone) & Z334A
o] 27t ©AlQl AF7HE (endochondral ma-
trix)e] A glol BHZZY &5 o8 uwiz
S]] & 2 o] ASYEREY st
ok Z& 9EYA glo] ARE F U FRT
zHolc}. 2% FHEAZ oy AnsA 1A
A &9k w dofvts FTHEXRY FALBE A
Huw® 3@ F(cortical bone)2 F=(perioste-
um)# U9 (endosteum) ] U Bo] £A4LE
o] T4 Hejo] EFo] YA H o2 9571
of 9% Futor FE A E (osteogen-
ic cell)7} 2=, o] NXE Af4 do=37
A EFE MAE AATG AAEA g -
A= Es8 (endosteal circulation)o] ZEX]
F 7175 Uy S-AlskAw, dHeE 2 we
S Eedte] BE =] Wi ZHEE (perioste-
al circulation)o] 283% d&& 3o}, w FA

B ¥ Iz Fa% gYFFdelnt. £
719 AREA AN dEd A{z3F, HARrdEE
(fibrocartilage) 2 |9F2 FAH 7}Fo] wgo]
Ak, TR S| AAFEHA A7e
Z7go] & dHo] 71F Ao g FEFA FHAHM
¥ E ZTRAM X (osteoblast)Z 2FA|7|H, ZHA
Ee s A2 g2 3 e F3EE 724
2 SAANIY. AEE UeEg I3het &
F7F BAle dojud, AR-dF47+2 (fibrocar-
tilaginous callus)e] F47}& (bony calius)2 3
2 wgdEn. A 9 olyd EXF:
(trabeculm)7} Al&3|A FAd=lo] 2d E& A¢
o, Mo A= 708 (remodeling) o] doldtt, &)
WA Z (cancellous bone) 8] TARG= F2 )
A7}2 (endosteal callus) Ao g XHFEc). 3
HAZE ¥Yo] FH3L JUT HHo] 27| #
£oll R {47 o wach X3 wWd
E SR T FH3A sjEEZe I 73
& AU BUrlEe) Rz AAE
g8o W} Fol FFE WA B ALY
2 BAFe Zo| MjAH}.

Ris®} Wray(1972)'%= o4l 23~2749] 71
elate] AT Z dEZE FHEAL H A L A
2, A 3, A 4, A 5, Al 6, A 7 L A 8YA A&
o2 2N AL ot AF A 6Uol| SHA
2 W7 E7et M2 B|udte Bgg o ez of
HEFEE 24 FET 93T EF¥Aol ¢
Hon, 712 Y4 Bod, A4/VE 29 =
o Wl ok B Ay gdFME G5
<3 ¥F ¥Ao] giden, Al0dd= HxeH
A9l BHxd ZH42ALE BY FEE Fgo]
&5k, Riset Wray(1972)'9¢] 7%, 8
FoxE FPAHL Holx ¥ THEFHE IS4Vt
Fo o8 Aol Asttn = HE & o
Tl M ZHF ASLFH FHHo| o FolHA
A10YAE e A v x4 27&
yerd oz gzl BAgEFEHe dFYIEY o
g Fo] AW, dEFVHE Y AZE A
A FI AREE & F AUk Slate T
(1993)Y& & HiAre] AEg FHEAZ ¥ minip-
late2 nAHE T x| & F& vE H{EE

=

=3
7
o
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W 3R] &L FolMe THEEAC] R I
8 ¥ (collagen) o] H&o] WET FH3}A|
BA-8-% (malunion) o]v} 4% (nonunion) ¢ A
AL Yepdd vE 1A FolM e FFEFEA el
1 wE Aol dAHd X4 (primary bone
healing) 7} dojub Aol g o7t g E=A]
#&& U 5 FEF(long bone)d A 2EHE
B]7}HE 3} (immobilization) A|Z|H 2 X|-§7]7te)
I o] B ojFoAti= Y], B AY
g THFIFHLe AT HITAEY:s @8 F
(stress) & A &7] & H|7HE3IA7)A] 4T
g 7HEEA o) TAREE ¢ 7 Ad

2 d7e B3 AEE F UM EAHES A
A, 7tE ejzte] Fo| YR FolA Algdtr] ol
New, 5, B} HEE] w¢en, AlA, ofn|
7} A7E FoldE H(canivalism)& =] &3}
o 4F 2A4=E Z0F e, vR, 24
F 71802 "ol Aj7le BEEola AT A7
Z3F ojulyl EEA] SobA Ao zH X
A7 FHRAL E AW Aotk AEEo| W
2 o= BA9 FHF, Hixte] 28 € AAL,
Bt g g &4, AT &%, ¥ (am-
niotic membrane)¢] €4, %4 (amniotic fluid)
9] 24 o] Jeon, A9 FgHFoaEs {4,
Wit(dystocia), AF&E, AHAE 53 2%,
749 Fo] Urh doz Ao e 2¢dn
P27 2 Aef7)zke] 11 FEE AYEHE Ao
Fow FH9 ZAE EdoF & Rz QA

[ 9]

>

kv

AZE o] ATE EWE Aol do Asley
AT-E FIIeEN izt HAZEHY A/71A
& Fo A3 Hela, JopkA AFE AETES
FAA AFAIY whE FAASEH 2AF(ceph-
alometric study) & &3l ez} FHo] 7ol njx]
T 9% wRazt g

V. 2 of
FEA=A 8 E7) g2} 500t eI AE

HEEEAR | TARA dke W) 2E A%
HYg 2ARHo ATs] WS o oL

e A2E 4e F AU

2A% A 190 92083 gEY4o) BEd
2] asteh.

2A% A 5YolE Yre 2Y R0 Faw
AYAEEE BH AssE T2 B ¥
A7) Azeld A gehE Yo

A% A 79 2R B9 AA7 4 £
Fzoz YA SUT F2E HE s
RREE-ES

TE% A 1090] BH 29 A7t FrEFE
4T BIAEI AL whd) S55E
A% UEo] 2& AVl thzee) B2Y ¥
Het Ao BU 22E e
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