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THE EFFECT OF NEW BONE FORMATION OF ONLAY BONE GRAFT USING VARIOUS GRAFT
MATERIALS WITH A TITANIUM CAP ON THE RABBIT CALVARIUM

Young-Jun Park, Guen-Ho Choi, Jung-Rok Jang, Seung-Gon Jung, Man-Seung Han,
Min-Gi Yu, Min-Suk Kook, Hong-Ju Park, Sun-Youl Ryu, Hee-Kyun Oh
Department of Oral and Maxillofacial Surgery, School of Dentistry, Dental Science Research Institutue,

Znd stage of Brain Korea, Chonnam National University

Purpose: This study was performed to evaluate the effect of various graft materials used with a titani-
um cap on the ability of new bone formation in the rabbit calvarium.

Materials and Methods: A total of 32 sites of artificial bony defects were prepared on the calvaria of
sixteen rabbits by using a trephine bur 8 mm in diameter. Each rabbit had two defect sites. 0.2 mm deep
grooves were formed on the calvaria of sixteen rabbits by using a trephine bur 8 mm in diameter for the
fixation of a titanium cap. The treatments were performed respectively as follows: without any graft for the
control group (n=8), autogenous iliac bone graft for experimental group 1 (n=8), alloplastic bone graft
(SynthoGraft®, USA) for experimental group 2 (n=8), and xenogenic bone graft (NuOss®, USA) for experi-
mental group 3 (n=8). After the treatments, a titanium cap (8 mm in diameter, 4 mm high, and 0.2 mm
thick) was fixed into the groove. At the third and sixth postoperative weeks, rabbits in each group were
sacrificed for histological analysis.

Results: 1. In gross examination, the surgical sites showed no signs of inflammation or wound dehis-
cence, and semicircular-shaped bone remodeling was shown both in the experimental and control groups.

2. In histological analysis, the control group at the third week showed bone remodeling along the inner
surface of the cap and at the contact region of the calvarium without any specific infiltration of inflamma-
tion tissue. Also, there was no soft tissue infiltration. Bone remodeling was observed around the grafted
bone and along the inner surface of the titanium cap in experimental group 1, 2, and 3.

3. Histologically, all groups at the sixth week showed the increased area of bone remodeling and matura-
tion compared to those at the third week. In experimental group 2, the grafted bone was partially absorbed
by multi nucleated giant cells and new bone was formed by osteoblasts. In group 3, however, resorption of
the grafted bone was not observed.

4. Autogenous bone at the third and sixth week showed the most powerful ability of new bone formation.
The size of newly formed bone was in decreasing order by autogenous, alloplastic, and heterogenous bone
graft. There was no statistically significant difference among autogenous, alloplastic, and heterogenous
bones(p)0.05).

Summary: This result suggests that autogenous bone is the best choice for new bone formation, but
when autogenous bone graft is in limited availability, alloplastic and xenogenic bone graft also can be an
alternative bone graft material to use with a suitably guided membrane.
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Fig. 1. The titanium cap
(annealed, 99.56%, Johnson
Mattey Company, USA)
had a height of 4 mm,
diameter of 8 mm, and
thickness of 0.25 mm.




JIE 9| FIHZOA ElEfE BE O]&3t C}2FSt onlay bone graftA| 284 &8

Fig. 2. Grooves: depth of 0.2 mm, diame- Fig. 3. Bone graft was performed respec- Fig. 4. Titanium cap was fixed into the

ter of 8 mm.
bleeding)

tively. (control group:

induced only groove.

Fig. 5. Various graft materials: A. autogenous bone: lliac PMCB, B. Alloplastic bone material: Synthograft®, USA.

C. Xenogenic bone material: NuOss®, USA
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Table 1. The newly generated bone and total mineralized bone under the titanium cap at 3 and 6 week
Graft 3 week 6 week
materials NB(%) AMT(%) NB(%) AMT(%)
Control 8.20 +1.29 8.20 £ 1.29 15.36 + 1.62 15.36 £ 1.61
Autograft 15.38 + 0.36" 40.52 + 3.23" 26.26 + 3.32* 51.46 + 2.82*
Alloplast 13.58 + 0.47* 38.13 + 3.92* 24.03 + 4.55* 49.56 + 3.75*
Xenograft 13.87 + 1.22* 40.32 + 2.43" 23.91 + 4.42* 50.67 + 2.53*

NB(%) = Newly formed bone area / total sample area X 100

RG(%) = Remaining graft bone area / total sample area X 100

AMT(%) = Augmented mineralized tissue %
= NB + RG / total sample area X 100

*p €0.05
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Figs. 6-9. Light microphotographs of an haematoxylin & eosin-stained section from rabbit calvaria with titanium caps.

(HE&E X 4)

(HEEX 4)

Fig. 6-a, b. The control group at 3 week(a), 6 week(b) showed that new bone was generated through the penetrated marrow
spaces of the skull under the cap. Slender bone is climbing along the inner wall of the cap. There was no fibrous connective

tissue invasion (H & E, X 4).
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Fig. 7-a,b. The experimental group 1 (autograft) at 3 weeks (a) showed that newly formed bone growing in a lamellar orienta-
tion in direct contact with grafted iliac PMCB which showed irregular shape (H & E, X 4). The photograph (autograft) at 6
weeks (b) shows newly formed anastomosing woven bone(*) growing in a lamellar orientation in direct contact with the auto-
grafted bone(+). The osteoblast (red box) is seen at newly formed bone (H & E, x 100).

in direct contact with grafted /~TCP. The biomaterial (+, 3~-TCP) was surrounded by bone tissue(*), partially absorbed by multi
nucleated giant cell(red box) while the newly formed woven bone grows into the resorbing structure of the graft (H & E, X
100). The A-TCP granule(+) (alloplast) at 6 weeks (b) was more perforated by the newly formed bone(*) and resorpted than
the A-TCP granule at 3 weeks (H & E, x 40).

Fig. 9-a,b. The experimental group 3 (xenograft) at 3 week (a) showed that newly formed bone growing in a lamellar orientation
in direct contact with grafted NuOss® particle (H & E, X 4). The photograph (xenograft) at 6 weeks (b) shows bone forming
over the NuOss® surface(+) but no resorption pitting is observed on the grafted granules, and their edges (red box) remain
sharp (H & E, x 40).
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