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The purpose of this study was to compare bone regenerative effects of allograft, xenograft, and alloplast bone sub-
stitutes in rabbit calvarial defects. 14 male New Zealand rabbits were used. Four defects with a diameter of 8 mm were
created on each animal. Demineralized bone matrix (DBM) gel, bovine bone (BB) and hydroxyapatite (HA) were used
as the three test groups, while the control group was left unfilled. The animals were sacrificed after 2 and 8 weeks
of healing. All experimental groups at 8 weeks showed statistically significant differences in new bone formation com-
pared 2 weeks. Residual biomaterials in sites received DBM gel decreased compared to the sites received BB and HA.
Within the limits of this study, there were no significant differences in bone regeneration between the sites received
DBM gel, BB, and HA.

Key words: Allograft, Xenograft, Hydroxyapatite, Bone regeneration, Calvaria

N B MZS0| m=[RA7| =0 FAMEHOITt Demineralized

bone matrixDBM)= QIX| T2 [alo| Es|=l BV|HEM =

_+_é>*._| XFExHg 3557| o Tt AHE=AS0| At 29 WA AR FHE 0] o NSkl ZFy T
e 257 9=h 1 £ ZNME 2802 5= ZolAla Z(BMP; Bone morphogenic protein/2t Z-2 MH&QIX7L &
O] 71 OIXIMHRUA ARZE|D QUCtY SO[ARIS| RMIIFE 3 20| JActy 20%D UL DBMS| 2EY sH2 BMP
IHKZ B 4 Ut SMES SRstn U MY 22 st of 2 MEXIZC| JTiEimo| ol ASECESY AXHE e
7L, 20| Y4 HAR SHE sEe 24 YA, 22 DBMC| =4 s30l| CisiA= ol0] 3FEe! At 2nF
7ol 7|AR HEECEN ERE SEE 1 U= Ao HEZL QALY SEXI2H AASBOIM UXIEE = &Xte| B340
Ch? 20lAME 7|0 met X2, 833, 0153, 8422 Z@olct AYEICl DBM2 = Z&R0| ojAlg e I Fx
Ltz 4 Ut AR E39rSa HALtSo| gl 38y 7t 24| A5510] MAeHoM HENE & K 4 QUCH?
S20| 2510 BEE ZOIAMZE ARBE0| RACHY SHX|DH £ FESE Ao mEM MFENS| DBMS| HIIMIQ! poloxamar=
TRl =57 Westl SEt U2 ESsP| oSN A BMPZ SloiZ DBMOIM LS RESH YEsHA sictl 2

DES S BEES 0PI 4 A0 ARBO| AMEHHo| UEEY W= HPp QO B eI 9 SEHEM 5339
ol HESS 22| fsld 3=, 0IF&, IS0 =2 852 SHAR AF, SdE, TAXE2F0| w2t T
HEO ARZEIZ AT Ut ZUR0IE BOF QUCH T

SE=2 SEUx ST ERSEUE SEEE L= o O|EZ2 S=T0 Metdol M A9l siHZ2t 27t
AsH AL B S 627 FHZ MSEL ALE SEE2  RABIE @80l UM Bovine bone(BBy2 CHEXNP! 0|52
AEL 22 Sd= 21 AN ZHAME(2FEoM S ZM QA hydroxyapatite?t FAFRH CIEFES 7MKL U=

A FI|Ho|cE™ ofg] 2SI0M BB= HASHYE 89 &
HoIM OIAAS /S 2eN=SF RAIY 4 AC! HE HE

x
Jzt
o
r
I
Ral
A
w
5
o
>
e}
S
%)
o
®
~<
c
=
(%]
Q
o

140



E7 42 2HolM ERESEE, ERlRE,

B Hydroxyapatite®| ZAHM H|wWHA7 141

CEI SRR S8l g4
QUrts ST Yt
4= MZ0| Solotar EEMOI9| 7hsdo| gl 7HH0]|
L, BE40t B S} CUSicks BREO| ICHY B
calcium phosphate ceramics, calcium carbonate,
polymer, bioactive glass ceramicsO| HTEA2MH 0| FoiA
= hydroxyapatite(HA)2t  beta - tricalcium  phosphate(3-TCP)
= calcium phosphate ceramicsQ| CHEXQI MESEA B2
HTASO| FHED ULV 0] B HAS eImet T,
SISO R FASIH WANEY0l f4otl ZdYo| XX[A|
2 8% 4 YN HSo2 ASHS O E47 =21 3
&4 50| "ojNCkn 21E Hpf YLk
= gF0ME B S0 dE 2EF0 §3F, 015
=I5t

o ’
BB OlMslo] NRIHO TE BN ENE £

og

gdoll =t

I'II'

Aol

IO;

$0 M
ol ot
ol o; 9

0x X

T
ro

rul

parn i
=
X 9 ZX ASEHOR M RAEICE
e 2w
Ay S8

= AF0IM= 14012] 2.8-3.2 kg FAHIQ E7|(New Zealand
white rabbits)S AFESIGCE e S22 MER 2|, 22
MA W F=HI= ANt ofuicst Mo siiTdESl XIFH
Off o2t AJRE|ACE

= AF0ME SSEL! demineralized bone matrix(DBM)
gel, 0|532!l bovine boneBB) X BH4EQ! hydroxyapatite
(HAE ArS5ICt. DBM gel(Bongener™; CG Bio, Co., Ltd,
Seongnam, Koreay2 Q1A= Refo| EalE =7|H0| 4HH
0| =2 £849 LFAt poloxamer hydrogel carriers &
7tst gelHENC| MA|O|A] XHZO|CH BB(Bio-Oss®, Geistlich-
pharma, Wolhusen, Switzerland)= 0.25-1.0 mm At 37|E
AtE3 O HA(Bongros®-HA; Bio-a, Co., Ltd, Seongnam,
Korea)7t AFSE|RACH.

HE= 4™

1402 &7 FH30 242t UHel Y Z2EFE FHsio]
Olfiet 20| SO|AMMHE SHsIUCt. 24 #2 25, 8F
AP AL 2 TEZ 704 B SIRICEH

1) x0T, 85 22 70k2)): & ZERIt gEez]
AR == LE3IRAC

2) DBM gel O|AZ (2%, 83 22t 70I2): = Z&F0
demineralized bone matrix gelS O|A5IRACE.

3) BB OIANZ(2F, 85 42 7hlE)): & Z&70
boneZ O|AISIAC.

HA OIAZ (25, 8%

apatiteS O[A3I3ICY.

o
-

Z¥Zb 7ai2)): & ZE&F0 hydroxy-

2|2 XMX|

A& E70ll ketamine hydrochloride(Ketalar, Yuhan, Seoul,
Korea)2t xylazine(Rompun, Bayer Korea Co., Seoul, Korea)
o2 MMOFE RES T FHESF HMZEE AMdsta
povidone iodineRE F&82| ASS SICE 2% lidocaine
(LidocaineHCl, Huons, Seoul, Korea2Z ZZORFIE Al st
1 MFE IUYRM LRI SYFE w2t 2SI
HSEHYUS AYstl FHEs =8AZ = 2E 8mm
trephine bur2 U7HS Y = Z&FS ISR U742l
= Z2&5FE 22z FF51 22 DBM gel, BB, HAS O

O

At LA 2PHol & Z&Fs 8o HXES ot
%ACHFigure 1). B2US &Y SEAKG-0 Viayl®, Ethicon,

Somenville, NJ, USAZ &gkl File 47 =& Ea*f

=
(Monosyn®, Braun, Tuttlingen, Germany)i Seretdct &
17 20| LAY = & 25, 8% 20| 3dsIQICt.

BIbary
o a

=
Soloz B0l ¥EAW, BHZ U SOMY RS BE

Micro CT £H&t

#BE=AHE & micro CT(SkyScan 1072, SkyScan, Aartselaar,

Belgium)S EU5I0f YASHOR BHY A7S BE A5
qict.

ERSE

SE20\E EHAO B FHES AMSHDL 10%5

H
formalindll 10247t D&SH & 5% ZAo| 527t Elslsin
ofetEof Zofsict EE2ES 5um FHE ZHAH FESUAL0|
M FHTetl hematoxylin and eosin(HE)2Z SASIICt. H

Figure 1. Application of bone materials.
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Figure 2. Schematic diagram of a calvarial osteotomy defect showing
the histometric analysis.
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BBO|AIZ M HAO|AIZOIME 253, 85T 25 1UEol
AN SF0FY0| 2 CHFigure 3).

Figure 3. Micro CT presentation of calvarial defects after 8 weeks of
healing.

Figure 4. Histologic presentation of a specimen from the control
group after 2 weeks (A) and 8 weeks (B) of healing. (A, H&E, x 40; B,
H&E, x 40). Arrowheads, defect margin.

5 W CAFNENS )
Figure 5. Histologic presentation of DBM gel group after 2 weeks (A,B)
and 8 weeks (C,D) of healing. (A,.C, H&E, x 40; B,D, H&E, x 100).
Arrowheads, defect margin. OB: original bone, NB: new bone, RP:
residual particle.
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Figure 6. Histologic presentation of BB group after 2 weeks (A,B) and
8 weeks (C,D) of healing. (A,C, H&E, x 40; B,D, H&E, x 100). Arrow-
heads, defect margin. OB: original bone, NB: new bone, RP: residual
particle.

Figure 7. Histologic presentation of HA group after 2 weeks (A,B) and
8 weeks (C,D) of healing. (A,C, H&E, x 40; B,D, H&E, x 100). Arrow-
heads, defect margin. OB: original bone, NB: new bone, RP: residual
particle.
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Figure 8. Total bone Augmented area of Histometric results at 2 and
8 weeks. Error bars represent standard errors.
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Figure 9. Total new bone formation area of Histometric results at 2
and 8 weeks. Error bars represent standard errors.
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Figure 10. Residual particles area of Histometric results at 2 and 8
weeks. Error bars represent standard errors.
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Table 1. Histometric results after 2 and 8weeks of healing (mm?)
Parameters Control DBM gel BB HA
2 wk(n = 7)
Augmented area 3.65 = 1.40” 30.35 + 4.68” 13.02 +1.83" 16.76 + 2.54"
New bone area 0.65+0.36 0.77 £0.41 0.71£0.52 1.21+0.42
Residual particles 7.62+1.12 3.17 £0.52" 3.91+0.58”
8 wk(in =7)
Augmented area 3.98 +1.00” 9.88 +3.167 11.34+2.127 14.48 £1.37%
New bone area 1.11+0.38 1.48 +0.56° 1.65 £ 0.559 2.22+0.789
Residual particles 1.33 £0.449 2.55+0.80” 3.27 +0.34”

Values are persented as mean + SD

ISignificant statistical difference compared to control group at each week (p < 0.05)
PSignificant statistical difference compared to DBM gel group at each week (p < 0.05)

9Significant statistical difference compared to 2 weeks (p < 0.05)

DBM gel: demineralized bone matrix gel, BB: bovine bone, HA: hydroxyapatite
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10, Table 1).
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