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Abstract (J. Kor. Oral Maxillofac. Surg. 2006;32:317-326)

EXPRESSION OF OSTEOCALCIN AND CALLUS REACTION DURING DISTRACTION
OSTEOGENESIS WITH RECOMBINANT HUMAN BONE MORPHOGENIC PROTEIN-7 INJECTION

Yeong-Cheol Cho*, lel-Yong Sung*, June-Ho Byun**, Bong-Uk Park**,
Uk-Kyu Kim*** Sang-Hun Shin***, Jong-Ryoul Kim***
*Department of Oral & Maxillofacial Surgery, College of Medicine, Ulsan University
“*Department of Oral & Maxillofacial Surgery, College of Medicine, Gyeongsang National University
% Department of Oral & Maxillofacial Surgery, College of Dentistry, Busan National University

Purpose: The am of this study was to evaluate the effect of recombinant human bone morphogenetic protein-7 (rhBMP-7) injected on the rate of
new-bone formation for distraction osteogenesis on dogs.

Materials & Methods: Twelve adult dogs were randomly selected into two groups of six dogs on each. Unilateral osteotomies were performed on
the body of the mandible and an intraoral distractor was mounted to the mandible on dogs. One group was treated with injection of rhBMP-7 and the
other group served as the control. RhBMP-7 was administered on the day of surgery by single injection into the medullary bone at the osteotomy gap.
Distraction was performed five days after osteotomy as a rate of 0.5 mm twice per day for 10 days. The animals were then sacrificed at 2, 4, and 8
weeks after completion of the distraction. Two dogs in each group, totaling four dogs, were killed at 2 weeks, 4 weeks, and 8 weeks after completion
of distraction, respectively. The lengthened mandibles were harvested and processed for radiographic and histological examinations. In addition,
immunohistochemical examination using osteocalcin expression was studied.

Results : Radiographs showed accelerated regenerate ossification with maturation of new bone in the rhBMP-7 group comparing with the control
group at the 4 weeks of the consolidation. There was no significant difference in the radiographic findings at the 2 weeks and 8 weeks of the consoli-
dation period. Histological findings demonstrated increased bone healing pattern in the rhBMP-7-treated group during all observation period. The
expression of osteocalcin immunoreactivity was hardly detected in the normal mandible of dog, but the expression was detected in all experimental
rhBMP-7 treated specimens. There were aso significant increasing in number of positive immunostaining cells and staining intensity of osteocalcin
expression in the rhBMP-7 treated group compared with those of the control group on 2-weeks and 4-weeks. There was a significant decreasing in
staining intenstiy of all both two groups on 8 weeks of consolidation period, but significant differences of immunostaining was not seen in two groups.

Conclusions: A single injection of rhBMP-7 at the time of osteotomy may stimulate the rate of regenerate ossification and increase callus matura-
tion during distraction osteogenesis. In addition, it may shorten the distraction osteogenesis procedure and decrease the prevalence of complications
associated with mandibular distraction osteogenesis.

Key words: Distraction Osteogenesis, thBMP-7, Osteocalcin
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Fig. 1. Mean staining intensity for the osteocalcin in
normal mandible, rhBMP-treated group and rhBMP-
non treated group. An asterisk indicates statistically
significant difference (p<0.05 by the Wilcoxon s
rank sum test).

rhBMP indicates recombinant human bone mor-
phogenic protein.
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Fig. 2. Schematic representation of the study protocal.
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A. rhBMP-7 (2weeks) B. Control (2weeks)

C. rhBMP-7 (4weeks) D. Control (4weeks)

E. rhBMP-7 (8weeks) F. Control (Bweeks)

Fig. 4. Representative radiographs of experimental and control groups at the end of 2 weeks, 4 weeks, and
8 weeks of the consolidation period. There was no significant difference in the radiographic findings at the
2 weeks of the consolidation period. During the next 2 weeks, mineralization zones of the distraction
regenerate progressed towards the central radiolucent zone. There is a significant increase in callus
formation in the rhBMP-7 treated group compared with the control group at the end of 4 weeks of the
consolidation period. At 8 weeks after the termination of distraction, the regenerate was completely
consolidated in both groups. There was no significant difference in the radiographic findings at the 8
weeks of the consolidation period(A - F).
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Fig. 5. Histological appearance of hematoxylin-eosin stain in the distraction site.

Photomicrographs of control distracted mandibles (A, C, and E) and rhBMP-7-treated (B, D, and F) dis-
tracted mandibles at 2 week (top row), 4 weeks (middle row), and 8 weeks (bottom row) of consolida-
tion, demonstrating increased bone healing in the rhBMP-7-treated group at all time points (hematoxylin-
eosin stain; original magnification x 40).
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Fig. 6. Inmunohistochemical detection of osteocalcin expression.

Photomicrographs of control distracted mandibles (A, C, E), rhBMP-7-treated (B, D, F) distracted
mandibles, and normal mandible (G).

Osteocalcin expression was hardly detected in the normal mandible of dog, but the expression was
detected in all experimental specimens. (immunohistochemical stain, original magnification X 100).
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Systemic regulation of distraction osteogenesis. a cascade of bio-

chemical factors. JBone Miner Res 2002;17:1280-1289.
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