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Abstract (J. Kor. Oral Maxillofac. Surg. 2008;34:250-265)

EXPRESSION OF OSTEOGENESIS RELATED FACTORS ACCORDING TO DISTRACTION
RATE IN THE DISTRACTION OSTEOGENESIS

Yu-Jin Jee*, Yeo-Gab Kim**
*Division of Oral & Maxillofacial Surgery, Dental Hospital, East-West Neo Medical Center, Kyung Hee University
“*Department of Oral & Maxillofacial Surgery, Professional Graduate School of Dentistry, Kyung Hee University

Distraction osteogenesis is a well-established clinical treatment for limb length discrepancy and skeletal deformities. Appropriate mechanical ten-
sion-stressis believed not to break the callus but rather to stimulate osteogenesis. In contrast to fracture healing, the mode of bone formation in distrac-
tion osteogenesisis primarily intramembranous ossification. Although the biomechanical, histological, and ultrastructural changes associated with dis-
traction osteogenesis have been widely described, the basic biology of the processis still not well known. Moreover, the molecular mechanismsin dis-
traction osteogenesis remain largely unclear. Recent studies have implicated the growth factor cascade is likely to play an important rolein distraction.
And current reserch suggested that mechanical tension-stress modulates cell shape and phenotype, and stimulates the expression of the mRNA for

bone matrix proteins.

The purpose of this study is to examine the pattern of expression of growth factors(TGF-81, IGF-I, bFGF) and extracellular matrix proteins(osteo-
clacin, osteonectin) related to osteogenesis by osteodistraction of the mandible in rabbits. 24 rabbits is used for this experiment. Experimental group
are gradua distraction(0.7mm, twice/day), acute distraction(1.4mm, twice/day) and control group is only osteotomized. After 5 days latency,
osteotomic site is distracted for each 7 days and 3.5 days. Consolidation period is 28 days. The animal is sacrificed at the 3th, 7th, 14th, 28th. The dis-
tracted bone is examined by immunohistochemica analysis and RT-PCR anaysis.

The results obtained from this study were as follow :

No significant difference was found on clinical examination according to distraction rate, but gradua distraction was shown to improve regenerate
bone formation on radiographic and histologic examination. Growth factors and extracelluar matrix proteins expression increased in distraction group

than control group.

From these results, it could be stated that graudal distraction is shown to improve and accelerate bone formation and mechanica stress like distrac-
tion has considerable effects on osteogenesis related factors. And rabbit is the most appropriate animal model for further reseach on the molecular
mechanisms that mediate osteodistraction. It is believed that understanding the biomolecular mechanisms that mediate distraction osteogenesis may
guide the development of targeted strategies designed to improve distraction osteogenesis and accel erate bone healing.

Key words: Distraction osteogenesis, Molecular mechanisms, Growth factors, Extracellular matrix proteins
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mental foramen

Fig. 1. Rabbit' s mandible. Fig. 2. Radiograph of rabbit' s mandible.
Note that 360" tumning produces a distraction of 0.7mm.

Fig. 3. Photograph of custom-made distraction Fig. 4. Distraction design of the model.
device. Note that osteotomy was made bilaterally anterior to
the first premolar.

a, Periosteum was elevated along b, Osteotomy was performed between the ¢, Extraoral photographs after operation.
the border of the mandible and  premolar and mental foramen and the dis-
mental nerve was identified. traction device was placed.

Fig. 5. Surgical technique.
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Table 1. Polymerase chain-reaction primer information

From: Morone; Clin Orthop, Volume(351). June 1998.252-65

o) G2 F5Y Bof onpe Y

Gene bp Sense Primer Antisense Primer

TGF-p1 271 CGGCAGCTGTACATTGACTT AGCGCACGATCATGTTGGAC

IGF-I 345 GTACTTCAGAAGCAATGGGA GGTGCGCAATACATCTCCAG

bFGF 282 TACAACTTCAAGCAGAAGAG CAGCTCTTAGCAGACATTGG
Gentamycin(20mgkg) 2} Bescom=: <5 Akt 3l th ogeonectin® 2 m el state] A oA AojF BFEA 3}
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a, Prior to distraction. b, After distraction, severe cross-bite developed.

Fig. 6. Extraoral photographs of rabbit demonstrating mandibular distaction.

e

a

a, Bone regenerate(arrow) is confirmed in A28 distraction b, Bone regenerate(arrow) is confirmed in B28 distraction gap
gap. but slightly fibrous tissue was seen on newly formed bone.

¢, Bone formation(arrow) above fixation plate was seen in
C28.

Fig. 7. Bone regenerate photographs of experimental and control group after postoperative 28 days.
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C14 Al4 B14

Gce8 A28 B28

Control group Experimental A group Experimental B group

Fig. 8. Radiographic findings at 3, 7, 14, 28 days in all groups.
Fracture site was completely remodeled and indistinguishabe from the adjacent normal bone in C28 and distracted
areas(arrow) were identified in A28 and B28, but A28 distraction gap was more radiopaque than B28.
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A7(x100) B7(x100)

C14(x40) A14(x100) B14(x40)

C28(x40) A28(x40) B28(x40)
Control group Experimental A group Experimental B group

Fig. 9. Histologic findings at 3, 7, 14, 28 days in all groups (H-E stain).
Small foci of endochondral ossification(arrow) was existed in A14, B7, C7. Newly formed osteoid tissue(arrow) was

viewed in A7 and new bone trabeculae were noticed in C14.
The new bone trabeculae resulted in a near complete closure of distraction gap in A28, B28.
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C3(x40) A3(x40) B3(x40)

C7(x40) AT(x40) B7(x40)

C14(x40) AT14(x100) B14(x100)

C28(x40) A28(x40) B28(x100)

Control group Experimental A group Experimental B group

Fig. 10. Immunohistochemical distribution of osteocalcin in all groups.
Note that osteocalcin staining(arrow) is prominent in A4, 28 than others.
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C3(x40) A3(x40) B3(x40)

C7(x40) A7(x100) B7(x40)

C14(x40) A14(x100) B14(x40)

C28(x100) A28(x40) B28(x100)

Control group Experimental A group Experimental B group

Fig. 11. Immunohistochemical distribution of osteonectin in all groups.
Note that osteonectin staining(arrow) is prominent in A14, 28 than others.

259



LHT2IX| 2008;34:250-265

A3 A7 A14 A28 B3 B7 B14 B28 == C3 C7 C14 C28

a. Expression of TGF-1 at 3, 7, 14, 28 days in all groups.

A7 A14 A28 B3 B7 B14 B28 C3 C7 C14 C28

b. Expression of IGF-I at 3, 7, 14, 28 days in all groups.

B3 B7 B14 B28 C3 C7 C14 cC28

|

c. Expression of bFGF at 3, 7, 14, 28 days in all groups.

d. Expression of f-actin.

Fig. 12. RT-PCR analysis demonstrating expression of growth factors.
Note that growth factors expression increased during distraction, early consolidation,consolidation period in A, B group than

C group.



Table 2. The expression of osteocalcin and osteo-
nectin in A group

514 of olxte] Yl

Table 3. The expression of osteocalcin and osteo-
nectin in B group

A3 A7 Al4 A28 B3 B7 B14 B28
osteocalcin - + ++ ++ osteocalcin - + + ++
osteonectin - + ++ ++ osteonectin - + + ++

Table 4. The expression of osteocalcin and osteo-

nectin in C group

C3

osteocacin

osteonectin
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5. RT-PCR A7

1) TGF1

F% 539 A A B,CZ B5 HEAE Hol A ghath Ad
27)0) S5 790 A, B,CZ BT 28 e waS e
oM A B B5] Zol s Feh MR A A G4
AT 2L NI Ao AP BAR A E A,
Bto] AYS BY I 2T Co A& wAol ekt
2¥3krHFg 12

2) IGF

5% ¥ 39 ABCZ BF gvd ANE BAT & F
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