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INTRODUCTION

Bone graft is used to restore defects in the oromaxillary
area1). The bone regeneration process after bone graft can
be summed up to the integration process involving
inflammation, followed by granulation, vascularization,
and extracellular matrix formation2). Restoration after
bone graft involves the integration process of host tissue
to the new bone or graft material and its mechanism dif-
fers whether the graft material is autograft, allograft, or

xenograft. There is no doubt that autograft is the most
ideal for the restoration of soft tissue defect1,2). Autograft
has the osteogeneration, osteoinduction and osteocon-
ductive properties and at the same time shows no
immune rejection and heals fast. However, the biggest
drawbacks using autograft are a limited harvesting bone
volume, bone resorption after graft and secondary defect
at the donor site3). Thus, many different graft materials
such as allograft, xenograft and heterograft are used clin-
ically, and many attempts have been made to develop
ideal bone graft materials4-6).

Among those bone graft materials, the combination of
particulate dentin and plaster of Paris is reported as the
resorbable material having bioaffinity and showing
osteoconductive healing process1). Easily obtainable par-
ticulate dentin is mainly composed of hydroxyapatite.
Plaster of Paris is inexpensive, can be purchased and
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Purpose: This study was performed to investigate the expression of the transforming growth factor (TGF)-1, in a rat calvarium
defect model using particulate dentin and/or plaster of Paris, and correlate the bone regeneration process with the histologic events. 

Materials and Methods: Thirty-two Sprague-Dawley rats were divided into 4 groups of 8 animals each. A 1.0 cm-sized calvarial
defects were made and the defect was filled with different graft materials as follows : Group A, the defects were filled with a mixture
of particulate dentin and plaster of Paris with a 2:1 ratio; Group B, the defects were filled with plaster of Paris only; Group C, defects
were filled with particulate dentin only; Group D, untreated control group. The animals were sacrificed by 1, 2, 4, 8 weeks after
implantation. Excised wound tissues were processed for histology, immunohistochemistry and RT-PCR for the analysis of TGF-1
expression. 

Results: Gene expression of  TGF-1 was detected for all experimental groups. The highest gene expression was observed in the
specimen taken at the first week after implantation in Group A. According to the histologic and immunohistochemical studies, TGF-
1 positive osteoblast-like cells were found in the early stage of healing after the implantation of particulate dentin and plaster of
Paris. 

Conclusion: These findings suggest that TGF-1 may be related to new bone formation at the early healing process after the implan-
tation of particulate dentin and plaster of Paris. 
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sterilized easily, and completely resorbable1-3,5). Through
many experimental studies, researchers showed the
potential of the biomateiral formed by combining an
appropriate ratio of particulate dentin, which is mainly
composed of hydroxyapatite, and plaster of Paris, which
increases the stability of graft material and promotes
bone healing, to be used in soft tissue restoration, osteo-
condutive restoration and for membrane function1-5). 

It is well known that bone graft materials would induce
the formation of new bone having high density through
osteogenesis and osteoconduction and that growth fac-
tors are involved in the wound healing process including
new bone formation7-10). The important growth factors
discussed during the healing process of bone defect are
connective tissue growth factor (CTGF)7), bone mor-
phogenic protein-4 (BMP-4)8), and transforming growth
factor- (TGF-)8-10). However, the molecular biologic mech-
anism involved during this healing process after the
implantation of particulate dentin and plaster of Paris
has not been determined. TGF-, an important controlling
factor during wound healing, acts as the strongest stimu-
lating factor for the formation of connective tissue during
the wound healing process8-10). CTGF belonging to the
CCN family is the secreting peptide containing abundant
cysteine and is secreted from fibroblasts and vascular
endothelial cells7). Termed by Urist11), BMP having the
potential to induce the formation of cartilage and bone
from nonskeletal mesodermal cells is the first multifunc-
tional growth factor confirmed in bone matrix, is known
as the growth factor belonging in the TGF- family and
inducing bone formation, and is divided into several
subfamilies based on the traditional protein homology of
protein structure12). Among several BMP subfamilies,
BMP-2 and BMP-4 having closely related base sequences
have an excellent new bone formation property so that
they are expected to the important controlling factors
during new bone formation after bone graft
implantation8,10). By confirming the expression of TGF-1
through protein distribution and mRNA expression after
the implantation of plaster of Paris, particulate dentin,
and the combination of these two materials into the aras
of bone defect, this study was conducted to understand
the signal pathway of growth factors involved during
the bone healing process of these implant materials and
to establish the biochemical mechanism to develop new
bone graft materials, which would promote bone forma-
tion.   

MATERIALS AND METHODS

A. Materials 

1. Study animal and materials  
a. Study animal 
The animal used in this study was 32 male and female

Sprague-Dawley rats weighing more than 200g grown
under the same conditions without limiting water and
feed. 

b. Implant materials
(1) Particulate dentin
Particulate dentin was obtained from healthy extracted

human teeth, which were washed in physiological saline
solution, ashified at 950 ℃ in a furnace, and made into
powder at 100 mesh(0.149 mm).  

(2) Plaster of Paris
Plaster of Paris (calcium sulfate hemihydrate) was pur-

chased from Gypsum Co.
(3) Combination of particulate dentin and plaster of

Paris 
Particulate dentin and plaster of Paris were mixed at a

weight ratio of 2:1, wrapped in paper, and sterilized in
ethylene-oxide gas.

2. Methods
a. Implantation of implant materials 
Ketamine (90 mg/kg) and xylazine (10 mg/kg) were

intramuscularily injected into the rat femur for anesthe-
sis and gentamycin(5 mg/kg) was also injected intra-
muscularily for the prevention of infection. The surgery
area was shaved and sterilized. After injecting 2 % lido-
caine HCl(1:100,000 epinephrine) to prevent bleeding,
the calvarial bone was resected and the periosteum was
exposed. On the exposed calvarial bone, a circular full
thickness defect having 1cm diameter was formed using
a #1/4 round bur. The defect was filled with the graft
material prepared by combining particular dentin and
plaster of Paris at a weight ratio of 2:1 (Experimental
group A where n=8). It was filled with plaster of Paris in
Experimental group B (n=8) and with particulate dentin
in Experimental group C (n=8). It was not filled in the
control group D (n=8). The wound was washed and ster-
ilized after surgery and sutured thoroughly including
the periosteum.  
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b. Sacrifice of rats
Two rats were sacrificed in each group by 1, 2, 4 and 8

weeks of implantation by administering over-dose ether.
A bone sample was taken from the implantation site, in
which 1/2 was fixed in 10% formalin and 1/2 was stored
in nitrogen to isolate RNA and protein.  

B. Study methods 

1. Preparation of decalcified tissue samples 
The sample taken from the implantation site was fixed

in 10% formalin for 3 days and decalcified in 5% formic
acid-sodium citrate for 5 days. It was embedded in paraf-
fin according to the conventional method and prepared
into 4 m slices, which were stained with Hematoxylin-
Eosin (H-E) and histologically observed under optical
microscope.

2. Immunohistochemical staining
The expression of TGF-1,which is the growth factor

involved in bone formation, was observed using immuno-
histochemistry. The primary antibody for TGF-1 was
monoclone antibody (OSN4-2, Takara, Japan).
Immunohistochemistry was performed according to the
conventional peroxidase avidin-biotin complex method
as follows. After deparaffining the sample using xylene,
acetone, and 100%, 95%, and 75% alcohol, it was washed
in running water. It was then treated at room tempera-
ture with 0.4 mg/ml Proteinase K (V302B, Promega) for
5 min. TBS (Tris buffered saline, TBS999, ScyTek) was
used to wash the sample 3 times for 5 min each to
remove any reagents left over. It was treated with 3%
H2O2 for 5 min at room temperature to remove endoge-
nous peroxidase activity. It was again washed with TBS,
reacted with the streptavidin biotin universal detection
system for 10 min at room temperature, and reacted with
TGF-β1 primary antibody at 5 g/ml for 90 min at room
temperature. It was then washed with TBS, reacted with
biotin marker secondary antibody at room temperature
for 10 min, washed with TBS, reacted with streptavidin
peroxiadase (Cat No. 2391, Immunotech) at room tem-
perature for 10 min, washed with TBS, and decolorized
with DAB at room temperature for 2 min. The reaction
was stopped by placing the sample in distilled water. For
counterstaining, Mayer’s hematoxylin (HMM500,
ScyTek) was used to treat the sample at room tempera-
ture for 20 sec. The degree of TGF-1 expression was ana-
lyzed at each period by designating a score in which +/-

was given when no or some expression was shown, +
when some staining was shown in cells scattered in nor-
mal mature bone, ++ when medium grade staining was
shown in the cytoplasm, and +++ when strong staining
was shown in the cytoplasm.  

3. RT-PCR (RT-PCR Analysis)
The expression of TGF-1 mRNA was analyzed using

reverse transcriptase-polymerase chain reaction (RT-
PCR). The remaining 1/2 tissue sample in the control
group and experimental groups not fixed in formalin
was frozen quickly in liquid nitrogen and homogenized.
Trizol (Invitrogen Co., USA) was added into the homog-
enized sample, which was treated with 1/10-fold chloro-
form, and the supernatant was discarded. The pallet was
treated with the same amount of isopropanol, washed
with DEPC-70% ethanol, dried and dissolved in DEPC-
DW. Absorbance was read at 260 nm to quantify the
amount of RNA, and reverse transcription reaction was
done. To the reactant, 1  RT buffer (Promega, USA), 20 M
of dNTP, 0.25 g of oligo(dT)15 primer, 5 units of AMV
(Avian Myoblastosis Virus) reverse transcriptase
(Promega, USA), 2 g of RNA and DEPC-DW added to
bring up the total volume to 10 l, and the reaction was
carried out at 42℃ for 60 min. After the reaction, 5 l
of RT product was mixed with 1 × PCR of buffer
(Promega, USA), 10 pmol sense and antisense primer,
1unit of Taq polymerase, and distilled water to bring up
the total volume of 25 l. Then, the mixture was treated at
58℃ for 30 min, and 30 cycles at 92℃ for 15 sec, at 60℃
for 30 sec, and at 72℃ for 30 sec, and at 72℃ for 10 min.
For each factor shown in Table 1, the sense primer and
antisense primer were applied for the primer sequence.
After mixing 2 l of 6  loading buffer (0.25% bromphenol
blue, 0.25% xylene cyanol, 30% glycerol in water) into 5 l
of the resultant solution was taken from each sample
after PCR, electrophoresis was performed for 30 sec in
agrose gel at 100 V. After ethidium bromide staining was
performed, the sample was observed with a ultraviolet
projector and polaroid pictures were taken. 

RESULTS  

A. Histopathological findings 

Experimental group A (Particulate dentin and plaster
of Paris combined implantation)
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a. Findings by one week (A-1)
Around the freed graft material an active infiltration of

chronic inflammation cells and multinuclear foreign
giant cells was shown, whereas the edema of connective
tissue, proliferation of radiating immature fibroblasts
and vascularization were weak. In the margin of existing
bone defect, some proliferation of new bone trabecula
separated from the graft material was shown.

b. Finding by 2 weeks (A-2)
Compared with the findings by 1 week, the edema of

connective tissue was decreased, but the vascularization
and proliferation of fibroblasts were active around the
freed graft material. The infiltration of chronic inflamma-
tion cells and multinuclear foreign giant cells was similar
to that of week 1. The proliferation of new bone trabecula
shown in bone defect was active. In the margin, the pro-
liferation of osteoblasts was active. Some osteoid tissue
was fused with the graft material, covering a part of graft
material. 

c. Finding by 4 weeks (A-4)
The inflammation of connective tissue around the freed

graft material was decreased, whereas the vasculariza-
tion and fibroblast proliferation were active, with its den-
sity increased. In the area of bone defect, new bone tra-
becula was covering around the graft material with no
connective tissue involvement, fusing with the existing
bone. The reversal line was distinct in the interior of new
bone, and the proliferation of osteoblasts was active
around the margin. 

d. Finding by 8 weeks (A-8)
Compared with the findings by 4 weeks, the inflamma-

tion of connective tissue was decreased around the freed
graft material and the fibroblast proliferation was active,
with its density increased. New bone trabecula was com-
pletely covering around the graft material in the area of
bone defect so that new bone and existing bone could not
be distinguished, with the distinction possible only with
the reversal line and the graft material in the new bone.
Furthermore, new bone trabecula proliferated into the
freed graft material.

Experimental group B (Plaster of Paris implantation)

a. Findings by I week (B-1) 
Around freed plaster of Paris, the infiltration of acute

and chronic inflammation cells and multinuclear foreign
giant cells, the edema of connective tissue, the prolifera-
tion of immature radiating fibroblasts, and the granula-
tion with active vascularization were observed. Some
new bone trabecula separated from plaster of Paris was
proliferated in the area of bone defect.  

b. Findings by 2 weeks (B-2)
Freed plaster of Paris was divided into small granules

and surrounded by dense connective tissue and multinu-
clear foreign giant cells. Compared with the findings by
1 week, the infiltration of inflammation cells was
decreased in the adjacent connective tissue, whereas vas-
cularization and immature fibroblast proliferation were
active. In the area of bone defect the proliferation of new
bone trabecula separated from plaster of Paris granules
was decreased compared with the findings by 1 week.

c. Findings by 4 weeks (B-4)
The vacularization and the infiltration of inflammation

cells were decreased in the connective tissue around
plaster of Paris whereas the proliferation of fibroblast
was active, showing dense connective tissue. The prolif-
eration of new bone trabecula not fused with plaster of
Paris granules was increased in the margin of the exist-
ing area of bone defect.   

d. Findings by 8 weeks (B-8)
The connective tissue around plaster of Paris was

dense as in the findings by 4 weeks. In the area of exist-
ing bone defect the proliferation of new bone trabecula
not fused with plaster of Paris was also increased com-
pared with the findings by 4 weeks.

Experimental group C (Particulate dentin implanta-
tion)

a. Findings by 1 week (C-1)
Around the freed graft material the infiltration of

chronic inflammation cells and multinuclear foreign
giant cells was active, whereas the vascularization and
the proliferation of immature radiating fibroblasts were
weak in the connective tissue. In the margin of existing
bone defect, some new bone trabecula was proliferated,
trabecula, and osteoblasts was actively proliferating
around the trabecula with some of these cells fused with
the graft material.
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b. Findings by 2 weeks (C-2)
Around the freed graft material, the finding of inflam-

mation was decreased, whereas the proliferation of new
bone trabecula seen in the area of bone defect and
osteoblasts around this area was active. Some osteoid tis-
sue was fused with the graft material, covering a part of
graft material. The proliferation of new bone trabecula,
distant from the margin of bone defect, was seen, fusing
with the graft material.

c. Findings by 4 weeks (C-4)
Around the freed graft material, the inflammation of

connective tissue was decreased, whereas fibroblast pro-
liferation and collagen deposit were increased, increas-
ing connective tissue density. The area of bone defect
around the graft material was completely covered by
new bone trabecula without any involvement of connec-
tive tissue, fusing completely with the existing bone. The
reversal line was distinct in the newly formed bone, and
the proliferation of osteoblasts was active in its margin.  

d. Findings by 8 weeks (C-8)
Around the freed graft material the density of connec-

tive tissue was increased further compared with the find-
ings by 4 weeks. New bone trabecula was completely
covering the area of bone defect around the graft materi-
al so that the distinction from the existing bone was diffi-
cult, with the distinction possible only with the reversal
line or the existence of graft material in the new bone.
New bone trabecula was formed around the freed graft
material, connected with new bone.  

Control group (Bone defect group, Group D)

a. Findings by 1 week (D-1)
The findings included acute and chronic inflammation

of connective tissue, immature fibroblasts, and the gran-
ularization characterized by vascularization and edema.
In the area near the bone defect, osteoblast activity and
new bone formation were weak. 

b. Findings by 2 weeks (D-2)
Connective tissue inflammation and edema were

decreased, whereas fibroblast activity was increased and
its density was increased. In the area near the bone
defect, the formation of new bone trabecula was active
and osteoblast activity was increased.  

c. Findings by 4 weeks (D-4)
Compared with the findings by 2 weeks, connective tis-

sue inflammation and edema were significantly
decreased, but fibroblast proliferation and collagen
deposit were increased. In the area near the bone defect,
the formation of new bone trabecula was active, the
amount of new bone was increased, and the reversal line
was seen.

d. Findings by 8 weeks (D-8)
The area of bone defect was filled with dense fibrotic

connective tissue with fibroblast and collagen deposit. In
the area near the bone defect, the amount of new bone
was increased significantly compared with that by 4
weeks, and the reversal line was distinctive.  

B. RT-PCR (RT-PCR Analysis)

RT-PCR was used to analyze the expression of TGF-1
mRNA, and the results are shown in Fig. 1. The results
obtained by adjusting the pattern of TGF-1 mRNA
expression on agarose gel to that of GAPDH mRNA
expression are shown as a graph. We found that the
expression of TGF-1 mRNA was weak in all groups.
However, compared with Group A (particulate dentin
and plaster of Paris combined implantation) or Group B
(plaster of Paris implantation), the expression of TGF-1
mRNA was high in Group C (particulate dentin implan-
tation) by 1 week of implantation. This expression was
decreased with time so that it was similar to that in other
groups by 2 weeks of implantation.  

C. Findings with immunohistochemistry 

1. Experimental group A (Particulate dentin and plaster
of Paris combined implantation)

The expression was strong in the early stage (by 1 and
2 weeks of implantation) around osteoid tissue,
osteoblasts and ostocytes. However, it decreased with
time (by 4 and 8 weeks of implantation) (Fig. 2A, B). The
expression of TGF-1 protein was maintained at constant
levels in extracellular matrix or endothelial cells.   

2. Experimental group B (Plaster of Paris implantation)
The expression was strong around osteoid tissue

including extracellular matrix and endothelial cells, and
osteoblasts and osteocytes inside the defect at the early
stage, but decreased with time (Fig. 2C, D). However, it
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(A) (B) (C)

(D) (E) (F)

Fig. 1. TGF-1 mRNA expression after the implantation of particulate dentin
and plaster of Paris (RT-PCR). 

Fig. 2. TGF-1 protein expression after the implantation of particulate dentin and plaster of Paris (Immunohistochemistry).  

A. Photomicrograph of the group A-2; TGF-1 was expressed in the osteoblasts and osteocytes, and together with proliferating mes-
enchymal cells (× 200).  

B. Photomicrograph of the group A-4; There were decreased TGF-1 expression compared to the A-2 group (× 200).  
C. Photomicrograph of the group B-4; TGF-1 was expressed in the osteoblasts and osteocytes, but the osteiod formation was

decreased than the A-4 group (× 200).  
D. Photomicrograph of the group B-8; Active new bone formation was observed, but TGF-1 expression was highly decreased (× 200). 
E. Photomicrograph of the group C-4; Active new bone formation around graft materials was observed, and the TGF-1 was moder-

ately expressed in the osteoid and surrounding mesenchymal cells (× 200).
F. Photomicrograph of the group D-4; TGF-1 was highly expressed in the osteblasts and surrounding mesenchymal cells, but the

bony defects was still present (× 200).
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did not change significantly in interstitial cells around
the graft material.  

3. Experimental group C (Particulate dentin implanta-
tion)

The expression was strong around osteoid tissue
including extracellular matrix and endothelial cells, and
osteoblasts and osteocytes inside the defect at the early
stage, but decreased with time. Especially, the expression
of TGF-1 protein was maintained at constant levels in
interstitial cells around the graft material (Fig. 2E).    

4. Control group D (Bone defect group, Group D) 
The expression was strong around osteoid tissue

including extracellular matrix and endothelial cells, and
osteoblasts and osteocytes inside the defect at the early
stage, but decreased with time (Fig. 2F). Especially, the
expression of TGF-1 protein was weak by 8 weeks. The
results of immunohistochemistry are summarized in
Table 2.    

DISCUSSION  

The biological response mechanism involved in bone
tissue after applying an external mechanical stimulus or
graft implantation is not understood completely. It is
believed that local growth factors would play an impor-
tant role in inducing the proliferation, differentiation and
activation of osteoblasts during the bone healing
process8). This belief is based on the finding that TGF-
and BMP-4 promote bone formation in vivo8,10,13,14). In the
present study, we observed the mRNA and protein
expressions of TGF-1, which is a well-known growth fac-
tor, after implanting particulate dentin and plaster of
Paris into an area of bone defect. We found that the
expression of TGF-1 mRNA was very weak in most
groups. It was only strong by 1 week after implanting
particulate dentin. However, the expression of TGF-1
protein was observed in all experimental groups includ-
ing the control group. Especially, it was increased uni-
formly in the cells participating in new bone formation,
suggesting that different graft materials would induce
TGF-1 protein to promote new bone formation. 

In the early stage, the expression of TGF-1 protein was
strong in mesenchymal cells, which is similar to
osteoblasts and fibroblast, but gradually decreased in
various cells. According to the overall histologic and
immunohistochemistry findings, we think that TGF-β1

would stimulate bone formation after graft implantation.
Thus, particulate dentin and plaster of Paris used in this
study were not probably the materials promoting bone
formation. Similar to the result of previous studies1,3),
they are characterized by the healing process involving
osteoconduction. Nonetheless, we could not tell whether
other growth factors are involved in bone formation
because we only examined only TGF-1 among those
growth factors participating in bone formation.
Especially, the finding, that the expression of TGF-1 was
strongest by 1 and 2 weeks of implantation in all experi-
mental groups but weak by 4 and 8 weeks of implanta-
tion, suggests that other growth factors would partic-
ipate in the later stage of healing. 

During the extraction and healing process, Kanyama et
al7) observed the expression of CTGF-positive osteoblasts
in the later stage of wound healing, suggesting that new
bone formation is deeply involved during the healing
process of extract wound. As the down stream mediator
for TGF- action, CTGF acts on connective cells to stimu-
late cellular proliferation and extracellular matrix synthe-
sis15-18). In other words, the expression of CTGF gene is
selectively controlled by TGF-, inducing the expression
of CTGF mRNA in cultured fibroblasts18). Thus, further
studies are needed on whether other growth factors such
as BMP and CTGF would participate after the implanta-
tion of various graft materials and comparative studies
are needed with different graft materials such as Bio-oss
used extensively in clinical settings.  

TGF-βis the polypeptide growth factor having various
functions and exists in two homology forms, ie, TGF-1
and 2 having similar amino acid sequences. Initially
found in tumor cells, researchers found that TGF-βand
its receptor exist in almost all types of cells. This growth
factor has high homology so that it plays an important
role during wound healing10-19). TGF-βhas been examined
extensively and is considered important for vasculariza-
tion and as well as collagen synthesis. TGF-1 also up-reg-
ulate the expression of vascular endothelial growth fac-
tor(VEGF). VEGF is essential for vascularization and
thus, for bone formation. The results from studies on the
extraction and healing processes showed that the expres-
sions of TGF-1 and VEGF were increased at the same
time with increasing bone formation by 2 and 12 weeks
after extraction, showing the biological characteristics
and interaction of these two growth factors10). During the
wound healing process, TGF-1 acts as a chemotaxic fac-
tor or dissociating factor to induce the proliferation and
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differentiation of undifferentiated cells into fibroblasts,
osteoblasts or chondroblasts19). Osteocytes synthesize the
growth factor, TGF-, and store this growth factor in
extracellular matrix, where this growth factor is stored
the most in the body. Once bone is injured and the latent
form of TGF- is released and activated in acidic state, the
activated TGF- would induce the differentiation of undif-
ferentiated mesenchymal cells into fibroblasts,
osteoblasts, or  chondroblasts. Furthermore, it would
stimulate the formation of collagen, fibronectin or plas-
minogen activating factor in osteocytes20-22). Also in the
present study, the expression of TGF-1 protein was
increased in the early stage of implantation in all experi-
mental groups but decreased by 4 weeks. The expression
was shown related with inflammatory cells such as in
extracellular matrix, mesenchymal cells similar to fibrob-
lasts, or vascular endothelial cells. On the other hand, the
expression of TGF-1 was also decreased as inflammation
response decreased. 

In this study, the expression of TGF-1 mRNA was weak
in all experimental groups. However, considering the
basal level of expression, the expression of mRNA could
be confirmed. However, this expression was shown the
strongest by 1 week after implanting particulate dentin
and decreased gradually afterwards. With this result, we
could not tell whether only particulate dentin would
induce TGF-1. However, we could not ignore the possi-
bility that the expression of TGF-1 mRNA may have
been the highest before 1 week, considering the finding
from distraction osteogenesis (DO) that the expression of
TGF-1 mRNA was the highest in DO 4-day group, which
was 450% of the normal level and gradually decreased to
the point that it was 82% by DO 7 days8). Thus, we need
to examine the expression of mRNA and its protein by
less than 1 week of implantation to confirm the expres-
sion of mRNA. 

CONCLUSION

In this study, we observed the mRNA expression of
TGF-1, which is a well-known growth factor, after the
implantation of particulate dentin and plaster of Paris
into bone defect areas. According to the results, the
expression of TGF-1 mRNA was very weak and was
strongest by 1 week of particulate dentin implantation.
However, the expression of TGF-1 protein was observed
in all study groups including in the control group. It was
particularly increased uniformly in cells participating in

new bone formation, suggesting that new bone forma-
tion was promoted by inducing TGF-1 protein, which is
bone growth hormone by various bone graft materials.
Although we believed that TGF-1 would promote bone
formation after the implantation of bone graft materials,
this promotion was not significant compared with the
defect in the control group. Thus, we believe that partic-
ulate dentin and plaster of Paris used in this study pro-
moted osteoconduction, rather than stimulating bone
formation, as found in the previous studies. In all experi-
mental groups, the expression of TGF-1 protein was
strong by 1 and 2 weeks of graft implantation and weak
by 4 and 8 weeks, suggesting that other growth factors
might be involved after the healing process.  
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