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Fig. 1. Photographs of distraction divice. (A) Hirax-type expansion screw. (B) Originally designed device after bending and soldering to

metal plates.
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Distraction period
Osteotomy . . .
 Latency period Distraction 1mm/day
Application 72hrs 10days
of device

|

Observation: period and method

Macroscopy

Radiograph 1,3,7,14,28days
Histology after distraction
Immuno-histochemistry

Fig. 2. Time table of this experiment.
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Distraction is done by !

twisting this screw.

Fig. 3.

Intraoperative findings. (A) Mandibular vertical body osteotomy using microturbin. (B) Fixation of the device with titanium

screws. (C) Schematic illustration of the divice after ostectomy. (D) Placement of the device to mandible; before distraction. (E) After

distraction.
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Fig.4. Photographs during the distraction period. (A) Distraction using a twister. (B) Before distraction. (C) After distraction.

Fig.5. A photograph of frontal view of occlusion with severe Fig. 6. A photograph of superior view of mandible with severe
crossbite after distraction. asymmetry after distraction. The arrows indicate lengthened
site.
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Fig.8. The definition of score on the digitalizend radiographs. (A) Nomal mandible. (B) Distraction gap was radiolucent. This was
defined as point 1. (C) Although newly formed bone showed, it was not connected. This was defined as point 2. (D) The continuity of
new bone formation was found, but its radiopacity was still low. This was defined as point 3. (E) Radiopacity of regenerated bone became
similar to the original bone. This was defined as point 4 (F) Cortical bone was clearly observed. This was defined as point 5.




Fig.9. The schematic drawing of the distraction area. The
square indicates the area of immuno-histochemical
observation. This area was located at the center of the edge of
anterior and posterior segments.
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Fig. 10. Photographs of lateral view of the distracted mandible.
(A) 1 day after distraction. Distraction gap was filled with soft
fibrous tissue, and the border was relatively clear. (B) 3 days
after distraction. (C) 7 days after distraction. (D) 14 days after
distraction. Although new bone formation was completed, its
surface was still rough. (E) 28 days after distraction. The
surface of the new bone was as smooth as the original bone.
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Control 1day 3days
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Experimental group

Fig. 11. 1d-G, measurement of both distracted (left) side (E ) and non-distracted (right) side (). Each value represents X+SD.
* Shows significant difference between the control and the treated group using Mann-Whitney'U test, P< 0.05. **Shows significant
difference between right and left side using Mann-Whitney'U test, P < 0.05.
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Fig. 12. Radiographic score of each group. Eath value
represents X+ SD. * Shows significant difference at P < 0.05
with one factor ANOVA.
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Fig. 13. Histological finding at the sagittal section in distraction
area (1 day after distraction). O, original bone; N, newly
formed bone; F, fibrous tissue; A, anterior; P, posterior. HE
stain, X 10. Scale bar indicates Imm.
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Fig. 14. Photomicrographs of distraction area. (A) 1 day after distraction. Distraction gap was filled with fibrous tissue, and new bone formation was
very active. (B) 3 days after distraction. (C) 7 days after distraction. (D) 14 days after distraction. The gap was filled with new bone and little
fibrous tissue remained. (E) 28 days after disrtraction. The gap completely disappeared. (F) Control. HE stain, X 40. Scale bar indicates 200;:m.

Fig. 15. High-magnification phatomicrographs of distraction area (3 days after distraction). (A) Intramembranous ossification. Many
osteoblast-like cells concentrating around the newly formed bone were observed. (B) Endochondral ossification. The masses of
chondrocyte-like cells dispersed near the edge of osteogenesis. HE stain, X 100. Scale bar indicates 50,:m.
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i e o A
.16, Photomicrograph of distraction area stained with BMP-2. (A) 1 day after distraction. At the edge of osteogenesis, bone marrow was strongly
stained. (B) 3 days after distraction. (C) 7 days after distraction. (D) 14 days after distraction. Remained fibrous tissue was stained slightly. (E) 28
days after distraction. Strongly-stained areas were not found. (F) Control. BMP-2 immuno-histochemical stain, X 40. Scale bar indicates 200m.

i ) SR e

17. High-magnification photomicrograph of distraction area Fig. 19. High-magnification photomicrograph of distraction area

3 days after distraction), stained with BMP-2. Many BMP-2- (3 days after distraction), stained with PCNA. Many PCMA-
sitive cells were observed near the osteogenesis site. BMP-2 positive cells were observed near the osteogenesis site. PCNA

-: muno-histochemical stain, X 100. Scale bar indicates 50,.m. immuno-histochemical stain, X 100. Scale bar indivates 50, m.
!
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BMP-2 labeling index (%)

o

1 i R

14days 28days

o

Control

1day 3days Tdays

Experimental group
Fig. 18. The radio of BMP-2 positive cells in each group. Each
value represents X = SD. *Shows significant difference

between the control and the treated group with Mann-
Whitney'U test, P < 0,05.

Table 1. The summary of results of this experiment

N

PCNA labeling index

NI

Control 14days  2Bdays

1day 3days Tdays

Experimental group
Fig. 20. The radio of PCNA-positive cells in eath group. Each
value represents X & SD. *Shows significant difference

between the control and the treated group with Mann-
‘Whitney'U test, P < 0.05.

Experimental group (days after distraction)

Observation
Distraction gap Bone formation New bone was The surface of new
Macroscopy was almost filled ~ ®— progressed from bilateral —% connected but its bone became similar
with soft tissue. side of distraction gap. surface was still to original bone.
rough.
Distraction gap New bone New bone was Radiopacity of )
Radiograph was completely developed,but it connected,but its new bone became Cortical bone was
radiolucent. was not connected. adiopacity was  similar to original clearly observed.
still low. bone.
. Distraction gap Bone formatin was very The gap was almost The gap was
Histology was almost filled active(both intramembranous > filled with new bone, completely filled with
with fibrous tissue. and endochondral and bone formation new bone,and mature
ossification). stagnated. bone was observed.
BMP-2 Bone marrow was strongly stained iny remaineFl fibrous
. < at the edge of osteogenesis, and the tissue was stained There were no
€Xpression ratio of positive cells was higt (the sllg}q?ly, and the ratio of  difference compared
peak was 7days). positive cells was with control group.
remarkably dropped.
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Experimental study of mandibular distraction osteogenesis in rabbits ; the relation between osteogenesis and the
expression of bone morphogenetic protein Kohei Marukawa, Department of Oral and Maxillofacial Surgery, Graduate
School of Medical Science, Kanazawa University, Kanazawa 920-8640 — J. Juzen Med Soc., 111, 240 — 255 (2002)

Key words distraction osteogenesis, bone morphogenetic protein, rabbit mandible, maxillofacial skeleton
Abstract

Recently, distraction osteogenesis is becoming a widely applied maxillofacial treatment. The purpose of this study was to
observe what changes after distraction of the rabbit mandible, and to examine the relation between the process of osteogenesis
and the appearance of bone morphogenetic protein-2 (BMP-2). Japanese white rabbits were used in this study. An original
design device was fixed on the mandible after osteotomy, distraction was performed at a rate of Imm per day, for 10 days.
Experimental groups were sacrificed at 1, 3, 7, 14, and 28 days after the distraction finished, to give different consolidation
periods. The gap between the anterior and posterior segments was filled with a soft tissue differing from original bone
immediately after distraction. This gap was gradually replaced by regenerated bone, and finally the surface of this area
became as smooth as the original bone after 28 days. In all groups, a similar amount of lengthening was obtained and there
was also significant difference in the mandibular length between the right and left (operated) side (P<0.05). Radiographically,
the distraction gap was radiolucent immediately after distraction. However, radio-opaque areas started to be found after 3
days, and finally the border between the original bone and the newly formed bone could not be identified after 28 days.
Histological sections were stained with H-E. In the early period after distraction, the distraction gap was occupied with a
fibrous tissue. New bone formation progressed and the fibrous tissue was gradually replaced by regenerated bone. Finally,
the gap could not be recognized at all after 28 days. In addition, intramembranous ossification and endochondral ossification
were both observed after 1, 3, and 7 days. Immuno-histochemical sections were stained with BMP-2 and proliferating cell
nuclear antigen (PCNA), and the ratio of positively stained cells was calculated. Both BMP-2 and PCNA appeared
specifically at the edge of the osteogenesis site in the early period after distraction, but they tended to disappear after 14 days.
At1, 3,7, and 14 days after distraction, the ratio of positively stained cells was significantly higher than that of control group,
but after that dropped to almost same extent as that of control group (P<0.05). This result suggests that BMP-2 plays an
important role in the induction of bone formation following the process of distraction osteogenesis of the mandible.



