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Histomorphometric evaluation of bone healing with natural calcium carbonate-
derived bone substitutes in rat calvarial defect
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ABSTRACT

Purpose: This study investigated the osteoconductivity of natural calcium carbonate-derived bone substitutes, hen
eggshell (ES), and compared with those of commercial bone substitutes.

Materials and Methods: Osseous defects created in the rat calvaria were filled with particulated ES(ES-1), ES with
calcium-deficient hydroxyapatite surface layer (ES-2), Biocoral(Inoteb, France), and Bio-Oss(Geistlich Pharma, Wolhusen,
Switzerland). After 4 and 8 weeks of healing, histomorphometic analysis was performed to evaluate the amount of newly
formed mineralized bone area (NB%).

Results: Histologic and histomorphometric analysis showed new bone formation and direct bony contact with the grafted
materials in all groups. At 4 weeks, Biocoral group showed greater NB% compared to Bio-Oss and ES-1 groups (P<0.05).
At 8 weeks, Biocoral and ES-2 groups showed significantly greater NB% compared to Bio-Oss group (P<0.05).
Conclusion: These results indicate that natural calcium carbonate-derived bone substitutes with microporous calcium-
deficient hydroxyapatite surface layer may be an effective materials treating osseous defects. (J Korean Acad Periodontol
2008;38:83-90)

KEY WORDS: bone substitute; calcium carbonate; osteoconductivity; histomorphometry.

ME 7FE olAAE thAllsk] iRt SeiAlAfell el w A A

o] o]FolA it o] T BAFEEH(CaCOy) 2442 Ake7}

A7V RS BAZS BEs)| 95t 7P o[kl oalage] Ak ARl Gl TAES Aol et etk &
Ak A5 93 F7HAQ) aHe7t Fastal o]2 QIgh ol&A|9] shutz Yo olefarto]E(aragonite) FEL; 4=
FHIZ dpgo] yl=Ao) glom L7 FojH o] 9o Al Aug-2 B3l FAERIZ] Y (hydroxyapatite) © 2 H3HE =

5 7S ko] S} Qe thae Ut} ol ola) xp /X FEIR AREOIIT Y Abefao] ik e Ak
Hiollx 3] Fin, %742 7ol Rzt vhlelelA

A
) . (carbonated apatite) THAZ9] 41;57‘\1@”_}%40] I Q3kA| &
Correspondence: Dr, Jin—-Woo Park
Department of Periodontology, School of Dentistry, Kyungpook National 71of = ZA Ao vlal A& FEAAL ol S A=A
University, 188-1, Samduk 2Ga, Jung—Gu, Daegu 700-412, Korea 34)
oz ol ArtY o ol fg=zo] Z=o] A
e—mail. jinwoo@knu, ac kr, Tel: 82—-53—-420—5954, Fax: 82—53-257—6883 om E% q- ]g]- E‘ dZH A 0:131 '4 =
“ 8 QTE BARAR RAYR ST Aol Gate] ol A o) 2 sjtel ST SelF o}EZ o]ARIel Bio-Oss
21(A060106), _
4= 20084 39 3Y; Y 20084 3Y 129 (Geistlich Pharma, Wolhusen, A9 = JdZHES} A

83



0I5%, HHS|, OlfH=E, M=

R TS E A|FAERY] sl Qloja] SIsHA| A
geojA) 1 P,

AFeot AR FERYS THE AR dEdl 2R79
RS- OF 95%2] SAFdHHOR o]FofA glow, Ao|E
(calcite) o2 ZAJslct, o]zfeh WzhS AR =A] AR
S17] f13F Al=7E Qlglom, ofof Tl 420 Hh= 559
B E= ol Fejo] Bt2o] W H(Ostrich eggshell) A
A= ZAEFA tiFE AfddHfibrous union) o
o) 98 P HasGy . x| wzio] ujs)
7F gkl A/do] gt 5ol W A7) 4an, AHE
39] 7Fs/dE 8] wiAlE = gl o= oAAR o=

Z

oUb E5T olAlAel efEAAET Ha| Wito] o5t

;O

o
rr
ﬁ:
o
N
L
S
b
i
i
£

S/} S71E kA 02 Qlal] Zol A= AREAT RS A
d 5 e AoE A=,

5 Ao afs A el A 2s) BrEl AAET S
Y AL el B W2 o) galo] Al ©
o 3714901 Aol AlRlst BAAe] BUERS e
2 $1iet, ol Sls) A o] ARE ARERe] Taky
o 37 7 AE BHS BT G PS80 2
Al e A 249 Biocoral(Inoteb, X&)} o]
2 ol Bio-Oss 2 AR v, BIEHc)

o

o

CHetR = fels|X| 2008 383 15

TS

. 2O0[AxH2| Z=H|

s o] 2he AT B millz} sieved o] 83jol
Hat 300 4mo] WAE USRI ©F sodium hypo-
chlorite®} sodium hydroxide -8HLS 0] &5}0] 7|22 &
71 AAYE AR FES-1), 10mMO] Ca”, 2.5 mMO]
HPO,, 1.5mMe] HOO 2499] TS} Sj8is} 8918 ol
slo] AAERE B9l dedo]l FET RIS
(calcium—deficient hydroxyapatite, CDHA) 02 A% n}
o|2LE vHe) 29| 2L 717 Bl S A
CHES-2), The F7HAQl HAIE AlgshA] o2 o] W2t
¢l BES—13} AR FE=24dS 7H Biocorald} o|F& o]4]
A9l Bio-Oss& o AMGEIc), Aol AL 2t
OAJA)e] GBS FAPHAANA(S-4300; Hitachi, U
) WA 7] tE vNsEHTES YERSICKFig, 1),

2. S24H

Z 16112] 9] ¥l X(Sprague—Dawley rat, B A% 350 g)
= ARESIGAL, ARTehE Y FEAAE ARl elst
of 2 AIS AT, Ketamine(Ketara: S22, thet
Q=) 1} xylazine(Rompun; et 5=610] A0S

ages of Bio—Oss(a), Biocoral(b), ES—1(c),
and ES—2(d) at a magnification of X< 3000,



J Korean Acad Periodontol 2008; 38(1)

A & 595 HEshal A58 2% 2ErRIH3t
FE olgote] FIHHQ AnHE Al F RS
4ol AAE AlskaL, ASAEE 71 5 27 5 mmo]

trephine bur(W7Hl QETE, =) E o83l 4=
How BAEYE WS, AHEES 7} svjely 2
o pEsll ABEEE 18 M) H 93 Aew
Bio—Oss®} Biocoral& S48, AEsE+t 2= 27| &,
92 o] BS-17} BS-28 SR, Sk 479} 87
ol 48710 svlely, 2t SR afele] B 9
A B 2leo] AaHe y3lsl BEAWRS e & EALA
Q1 vl oJsf] &3JA|HE A2F 3 Masson's trichrome ¢
E AE] ZHNBE AT ZAAZNE B A

stk

i
=2

XA AETRA BAL FtAn]d(BX51; Olympus, Y43}
olof] AA= X ]— ZHCC-12; Soft Imaging System,
EUE ol8sto] 53 S HITE] HUE AollA] ou]A]
A A|28)(i—Solution; iMTechnology, tiehil=))<& o]8-5}
o] trephine®] 23] FAE HA| ALH ol Al F=3}
& AXE3 AT newly formed mineralized bone area%,

NB%)S Aepa oz Haslol)

FLIEE

Y

2} 9] NB%gke SASTAREAMAILES ol8sle] Az
5. one—way analysis of variance(ANOVA)E& o]-83}o] Z}

2 20 S Aot heH) BrAsIn

NTIHE ZARON ISR B

290
Zu}

1, EXISHM Dzt

o e B |

e

1) AEsESE 1
Bio—OssE oJAI3l A4t 4= A7
TR AL WA Qe Fejof Y

A
N
RS E LRV

(il

Q13 Aulat Qllek Helolld 4] AME BAS Uehig)

1(Fig. 2a), 85 Aol AZ FAL

4200 vl ok}

7FSkAOLE ik ol UehA] Slgkeh. ARl A%
el 9 AR ARl 8 wsliis. .

Biocoral-& 0|15} - 43R0l etz QU4 5ie]
RO} 5% A SRS A el 2

Ao (Fig. 2b), 85 oAM= A 2

A A998 Lokt 3, 4229} 7014 113
2 B4 10l F9IolA thiie] ol AgEe] 4%
S

991 ZZARS Holon 8ol o]4]

S opAre KL 4

jud

(Fig. 2c), 85 o= 45l
A

= Biocoral A=
o] 0‘]1;1—

Ixdat Y91} 2t 5op HpA Mﬂom
I8l A2 4o A

1ol A Al 21 A9E B4 el ei

E
4050 4% PR e, BS- 2% o B

AT FAE ATl A W <

Figure 2, Histological sections of Bio—Oss(a), Biocoral(b), ES—1(c), and ES—2(d) grafted defects
at 4 weeks of healing. Stained with Masson’s trichrome,
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Figure 3, Histological sections of Bio—QOss(a), Biocoral(b), ES—1(c), and ES—2(d) grafted defects
at 8 weeks of healing. Stained with Masson's trichrome,
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Table 1. Histomorphometric Analysis of the New Bone Formation (mean %+ SD)

New bone formation (%)
4 weeks (n=4) 8 weeks (n=4)
Bio-Oss 15.1 + 3.6 208 + 8.4"
Biocoral 34+ 7.2° 474 + 65%
ES-1 18.3 £ 43" 333 + 14.7%°
ES-2 226 + 7.2%° 454 + 9.1%

A8 The same letters are not significant by Tukey's multiple comparison at a= 0.05.
* Statistically significant difference between two healing periods (p<0.05 by t-test).
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