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Abstract
This experimental was carried out using 12 rabbits. A
rabbit experimental mandibular transsection was re-
constructed with 10µg of rhBMP-2 and 1% atelocolla-
gen gel. The transsection gap was fixed with a titanium
plate and screws, and covered with poly (lactic-co-gly-
colic acid) co-polymer (PLGA) membrane. Histo-
pathological examination of 1-week specimens re-
vealed that many spindle cells had proliferated and in-
vaded blood clots, and a small amount of immature
trabecular bone was formed in the transsection gap. In
2 and 3-week specimens, bone formation was gradual-
ly increased in the fibro-vascular tissues of the site.
These histological findings were also observed in the
control group specimens, but the bone formation was
slightly less than in the experimental group. The re-
sults suggest the effectiveness of atelocollagen gel as a
carrier of rhBMP-2 and PLGA as a covering mem-
brane in this rabbit mandibular transsection recon-
struction model. 
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INTRODUCTION

Recombinant human bone morphogenetic protein
(rhBMP)-2 plays an important role in bone formation,
especially in the healing of bone defects or transsec-
tion. In general, experiments in the past have been
conducted using small-sized animals, such as rats and
mice [1-10]. In addition, some experiments have exam-
ined bone distraction using middle- to large-sized ani-
mals [11-15]. In those reports, the regeneration
process was described using rabbits and monkeys.
However, bone repair using rhBMP-2 and atelocolla-
gen gel with poly (lactic-co-glycolic acid) co-polymer
(PLGA) membrane in rabbit mandibular transsection
has not been investigated. Therefore, this study was
planned.

MATERIALS AND METHODS

Twelve Japanese white rabbits (Japan SLC Inc., Hama-
matsu, Japan) were used. Adult male rabbits, weighing

approximately 1,400g, were maintained in the labora-
tory for 1 week. The animals were given preoperative
doses of intravenous anesthesia. After administration
of lidocaine-nebura to the ear skin of the animal for
local anesthetic purpose, 1% sodium pentobarbital
25mg/kg was inject intravenously for general anesthet-
ic purpose. Then 1/80,000 epinephrine 2% additive li-
docaine 2ml was injected to several locations around
the disinfected operative site. The mandibular inferior
border was opened, and an incision was made through
the masseter muscle and ptrygomandiblar to the pe-
riosteum. The mandibular inferior border periosteum
was abraded, and the mandibular bone was segmented
(Fig. 1). The animals left mandibular second premolars
were transsected immediately. After operation, the
mandibular segmental gap was fixed with a titanium
plate and 4mm diameter screws (Stryker Japan Co,
Tokyo, Japan). The transsection gap was filled up with
1% atelocollagen gel (Koken Co, Osaka, Japan) con-
taining 10 µg of rhBMP-2 (Astellas Pharma Inc.,
Tokyo, Japan), and covered with a PLGA membrane
(GC Co, Tokyo, Japan), whereas the controls were
fixed with only a plate and screws (Fig. 2). The perios-
teum, muscle, and skin were repositioned and closed
with silk sutures. 

After the operation, the rabbits were medicated us-
ing an intramuscular injection of penicillin to minimize
the risk of infection in the period from just after the
operation to 1 week. In addition, we injected a flur-
biprofen axetil for analgesia for 2 weeks. The clinical
conditions and food consumption of the animals were
monitored. The animals were kept in cages, and were
euthanized at intervals of 1, 2 and 3 weeks after opera-
tion under intravenous anesthesia. The operation side
of the mandible was harvested and immediately fixed
in 10% neutral buffered formalin (pH7.0) at room
temperature. Samples were decalcified in 10% ethyl-
enediamine tetraacetate (EDTA, pH7.4). Materials
were processed and embedded in paraffin. Sections 3
µm in thickness were cut longitudinally in the axial
plane with a microtome. After sectioning, the speci-
mens were stained with hematoxylin and eosin (H-E)
for light microscopy. 

The Matsumoto Dental University committee for
Animal Experimentation approved the study.
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RESULTS

Regarding the control group, in 1-week specimens, the
transsection gap had a large quantity of blood clots
with rich fibro-vascular granulation tissues. The granu-
lation tissues with some giant cells appeared inside and

outside of the blood clots (Fig. 3). In the tissues, a lit-
tle immature bone had begun to form (Fig. 4). In 2-
week specimens, the gap had a mixture of small tra-
becular bone, some mature, in the granulation tissues.
In 3-week specimens, there were a few osteoclasts in
the newly formed bone matrix border. Bone remodel-
ing had partially occurred, and mature bone gradually
increased. In addition, there were some chondrocytes
in the proliferating bone tissues. 

Regarding the experimental group, immature bone
and numerous proliferating spindle cells were ob-
served (Fig. 5). There was a small amount of blood
clots and proliferating spindle cells, including some
macrophages, in 1-week specimens (Fig. 6). In 2-week
specimens, a mixture of woven bone and maturing
lamellar bone with a rich fibro-vascular stroma was
observed. In some specimens, small foci of chondro-
cytes had proliferated in the bony tissues (Fig. 7). In 3-
week specimens, there were numerous trabecular ma-
ture bone cells (Fig. 8). Chondroid bone in the central
part of the gap was evident at this stage. 
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Fig. 2. The gap was fixed using a titanium plate and screws
with covering PLGA membrane on mandibular bone. 

Fig. 3. Blood clots and immature bone formation in the gap
(1-week specimen, control group, H-E, x100).

Fig. 4. Enlargement of Fig. 3 showing immature bone forma-
tion (1-week specimen, control group, H-E, x200).

Fig. 5. Spindle shaped cell proliferation and immature bone
formation in the gap (1-week specimen, experimental group,
H-E, x100).

Fig. 1. Schematic diagram of this experimental rabbit
mandibular transsection. 



DISCUSSION

Loss of bone structures, directly or secondarily-related
to neoplasm extirpation, has significant functional and
esthetic consequences. This is especially important in
the oral and maxillofacial regions, since the recovery
of bone defects is a major problem in oral and max-
illofacial surgery. Reconstruction of bone defects using
rhBMP-2 offers a possible recovery therapy. Thus,
there have been many experimental research studies. 

Research on the application of BMP for bone for-
mation have induced successful bone defects in exper-
imental animals [1, 2, 6, 8-14]. Nagao et al. reported
that rhBMP-2/PGS is an effective bone substitute for
reconstructive surgery of the dog mandible [8].
Marukawa et al. showed that the repair of resected
bone treated with rhBMP-2 regenerated completely at
12 weeks postoperatively in monkeys [9]. Boyne et al.
successfully restored bone in monkey mandibular large
defects by hemimandiblectomy using rhBMP-2 [10].
In these experiments, which were carried out in mid-
dle-to large-sized animals, comparatively good results
were reported. However, the bone healing process of
transsection or large bone defects is still not fully un-
derstood. To augment actin and facilitate fundamental
biological research or chemical applications, various
chemical compounds have been examined as BMP
carriers. The carriers are different is each case in terms
of clinical application site and situation. 

In our research group, atelocollagen gel as a BMP
carrier and PLGA membrane as a covering material
were previously examined using a rabbit mandibular
bone defect model. According to those results, atelo-
collagen gel and PLGA composite were effective for
recovery of bone defects [11]. Therefore, we conduct-
ed this current examination. Regarding the atelocolla-
gen gel, as a carrier for rhBMP-2, are characteristic of
atelocollagen is low immunogenecity.  Murata et al. in-
dicated that the carrier collagen was gradually replaced
by rhBMP-2 presented bone tissue [12]. Our present
study demonstrated that the rhBMP-2 increased bone
growth in the carrier atelocollagen gel and facilitated
the replacement process. These results suggest that a
combination of BMP and atelocollagen gel with
PLGA does not cause harm in regeneration. There-
fore, the combination seems effective as an osteogenic
material in middle-sized animals such as rabbits. Our
present result showed good recovery of the rabbit
mandibular transsection defect due to the proliferating
osteogenic granulation and osteogenesis. 

Regarding the “appearance of chondrocyte-like
cells”, it is thought that the cell characteristics were
similar to those described in our previously research
reports [16, 17]. Our research group mentioned that
the third ossification mode, “transchondroid bone for-
mation”, was displayed in the BMP-induced bone for-
mation model, especially in heterotopic bone. There-
fore, in this present examination, the “appearance of
chondrocyte-like cells” suggests that the third type of
ossification mode, “transchondroid bone formation”,
occurred in the present rabbit mandibular bone trans-
section model experiment. In other words, it appears
as if the “chondrocyte-like cells” caused “chondroid
bone”. A decrease of oxygen inflow is thought to be
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Fig. 6. Enlargement of Fig. 5 showing osteogenetic cell in-
crease in a border of immature bone (1-week specimen, ex-
perimental group, H-E, x200).

Fig. 7. Localization of chondrocyte-like cells in the matrix (2-
week specimen, experimental group, H-E x200).

Fig. 8. Newly-formed bone with lamellar structure in the
transsection gap (3-week specimen, experimental group, H-E,
x200).



one of the causes. We believe that the difference of the
chondroid bone formation range in controls and ex-
periments was due to the presence of BMP. The out-
side is covered with PLGA around the transsection
gap and bone formation was affected. It is very likely
that caused by decrease of the ingredient necessary.
Murata et al. has proposed that a decrease in oxygen
inflow affects bone formation [12].
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