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INTRODUCTION 
An artificial bone (e.g., ceramics for 
biological use, -tricalcium phosphate 
[TCP], and hydroxyapatite [HA]) lack 
osteoproliferation abilities and only 
show osteoconduction1. Autogenous 
bone grafting remains the gold standard 
for treatment of bone loss due to trauma, 
tumors, surgery, and periodontal dis-
eases2. Nevertheless, it is widely ac-

cepted that the grafted bone often in-
duces significant bone loss at a later 
stage in the recovery process3. There 
are some drawbacks with this technique, 
such as the limited availability of bone 
mass and marked absorption of the 
grafted bone4,5. 

Recent studies have reported that 
autogenous tooth bone graft material 
can provide results equivalent or supe-
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SYNOPSIS 
This study compared bone regeneration ability following non-demineralized dentin
granule transplantation and autogenous bone grafting. A critical-sized bone defect
was created at the center of the calvaria in rats, and autologous bone and dentin
were transplanted. All specimens were evaluated microradiographically and
histologically. Computed tomography (CT) analysis revealed no difference in the
amount of hard tissue between the dentin-transplanted group and the autologous
bone-grafted group 8 weeks after surgery. Tissue analysis revealed that the defect
was almost entirely replaced with new bone in the autogastric bone-grafted group
8 weeks after surgery. About half of the dentin granules remained in the
dentin-transplanted group, and the rest were replaced with autologous bone.
These results suggest that dentin was slowly replaced by new bone while securing
the space at the transplantation site, even after a long period of transplantation. 
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rior to those achieved with other bone 
substitutes6,7. Teeth are known to be 
organic–inorganic hybrids composed of 
calcium phosphates with collagen and 
other organic compounds. Dentin, which 
is a component of teeth, comprises 65% 
inorganic matter and about 35% organic 
matter and moisture. Alveolar bone is 
composed of 65% inorganic matter and 
about 35% organic matter. Although 
dentin has a different morphology than 
bone, it is reported that the components 
are very similar8. The main constituents 
of inorganic substances are four types 
of calcium phosphate: HA, TCP, amor-
phous calcium phosphate (ACP), and 
octacalcium phosphate (OCP). These 
substances have osteoconductive   
potential. Furthermore, about 90% of 
the organic matter consists of collagen 
fibers (mainly type I collagen), and these 
fibers play an important role in osteoin-
duction in calcification. The remaining 
organic constituents have also been 
found to consist of bone growth factors, 
including bone morphogenetic pro-
teins9-11. 

In this study, we focused on dentin, 
which is absorbed at a slower rate than 
autologous bone with the same compo-
sition and growth factors as autogenous 
bone, to cope with the problem of 
autogenous bone resorption after auto-
genous bone grafting. In this experiment, 
autologous bone or dentin was trans-
planted in the rat skull defect, and bone 
regeneration ability was evaluated and 
compared using histological examina-
tion and micro-computed tomography 
(CT).  
 
MATERIALS AND METHODS 
1. Preparation of graft dentin 
The dentin granules were prepared by 
collecting teeth from a control group of 
rats euthanized by intraperitoneal 
overdose of pentobarbital. Mandibular 
middle incisor teeth were removed from 
the rats, and enamel and cementum 
were removed using a turbine. Soft tis-
sue, such as tooth pulp, was removed 

with isopropanol, washed, and sterilized. 
Dry dentin was roughly crushed with a 
bone mill and formed into fine particles 
using a mortar and pestle. The dentin 
particles were sieved with a sieve   
machine to 75 to 500 μm, which is said 
to be the optimum range of sizes of the 
granule of the graft material 12.  
 
2. Electron microscope photography 
A field emission-scanning electron 
microscope (FE-SEM; S-4100, Hitachi 
High Technologies Corporation, Tokyo, 
Japan) was used to analyze particle size, 
pore distribution, and outer surface 
conditions. Before observation, samples 
were coated with platinum palladium 
using E-1030 (Hitachi High 
Technologies Corporation). 
 
3. Surgical procedure  
Male Sprague–Dawley rats (age, 8 
weeks; weight, 300–350 g) were used 
for transplantation. The rats were anes-
thetized with a 30-mg/kg intraperitoneal 
injection of pentobarbital sodium 
(Somnopentyl; Kyoritsu Seiyaku, Tokyo, 
Japan); in addition, 0.2 mL of local   
anesthetic (1% xylocaine / epinephrine 
1:100,000; Astra-Zeneca, Tokyo, Japan) 
was injected into the surgical sites   
before the start of surgery. The surgical 
areas were shaved and disinfected with 
povidone iodine (Isodine Surgical Scrub; 
Meiji, Tokyo, Japan). Skin incision and 
subperiosteal dissection were then  
performed. After the flap was raised, a 
critical-sized bone defect (diameter, 8 
mm; depth, 1.0 mm) was created at the 
center of the skull using a bone trephine 
bur (external diameter, 9 mm) under 
running water. The rats were divided 
into 3 groups for the experiments: in one 
group, the defect was filled with autolo-
gous bone graft; in another, the defect 
was filled with dentin granules; and in 
the control group, the defect was not 
filled with any material. Finally, the flap 
was repositioned and sutured. The skin 
was sutured with 3-0 silk (Natsume 
Seisakusho Co., Tokyo, Japan). The 
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animals were euthanized at 4, 6, and 8 
weeks after surgery (n = 3 at each time 
interval per group). All procedures in this 
study were approved by the Animal 
Experiment Committee of Osaka 
Dental University and conformed to the 
guidelines described  in the Guiding 
Principles for the Use of Laboratory 
Animals  (approval nos. 14-01001・
15-07008). 
 
4. Micro-CT imaging of animal 
specimens 
The harvested cranial bone defects 
were imaged using high-resolution  
micro-CT (SMX-100CT SHIMADZU, 
Kyoto, Japan). Each specimen was 
fixed vertically by the sample holder and 
placed in the micro-CT specimen 
chamber. The scanner voltage was set 
at 34 kV and current at 30 mA with no 
aluminum filter in place. Serial coronally 
oriented tomograms were reconstructed 
from the raw images. The number of 
slices was set at 25 slices. High-  
resolution three- dimensional (3D)   
images were constructed using Ratoc 
System Engineering. The bone regen-
erated at the 8-mm defect was scored 
according to the criteria3. 
 
5. Bone volume and total volume 
analysis 
New bone was measured using the 
TRI/3D-BON 3D analysis routine using 
the obtained CT values. In the 3D 
analysis, the total volume (TV, cm3) 
and bone volume (BV, cm3) were 
measured directly. The volumetric  
density was calculated as BV/TV (%). 
 
6. X-ray diffraction analysis  
Autologous bone and dentin were 
characterized using the powder X-ray 
diffraction system (XRD; XRD-6100, 
Shimadzu, Kyoto, Japan). XRD patterns 
were obtained under the following 
conditions: 40.0 kV, 30.0 mA, scan rate 
of 2 degrees/min with a step size of 0.05 
degrees, 3–80 degrees. The crystal 
phase was characterized using the 

database from the International Centre 
for Diffraction Data. 
 
7. Histological analysis 
At the end of the observation period (4, 
6, and 8 weeks after surgery), the  
animals were lethally exsanguinated 
and euthanized under intravenous an-
esthesia with sodium pentobarbital. For 
all cases, after observing the presence 
or absence of macroscopic abnormality 
in each organ and tissue, the surround-
ing vegetable surrounding organs and 
tissues (including the skull) were re-
moved and fixedly stored in 10% neutral 
buffered formalin solution. After immobi-
lization, acid demineralization was per-
formed on the buried vegetable sur-
rounding organs and tissues (including 
the skull) to prepare a paraffin block, 
and the skull-buried area was cut into 
coronal sections. Three sections 3 μm in 
thickness were produced at intervals of 
800 μm in order from the cross-section 
after confirming the part where the end 
of the implanted plant was confirmed. 
Each section was subjected to hema-
toxylin and eosin staining, and subse-
quently examined. Tartrate-resistant 
acidic phosphatase (TRAP) staining 
was also performed in the den-
tin-transplanted group. 
 
RESULT 
1. Electron microscope images 
Autologous bone (Fig. 1(A)) and dentin 
(Fig. 1(B)) were observed under an 
electron microscope. In autogenous 
bone, the material was finely divided 
into particles. The particles overlapped 
and formed a porous structure. Unlike 
autogenous bone, elongated particles 
were observed in dentin. Fibrous, over-
lapping particles and more pores were 
observed. 

 
2. XRD analysis 
XRD analysis of materials before and 
after surgery was performed. In the 
autologous bone-grafted group, the 
crystalline structures observed before 
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transplantation were similar to those 
observed after transplantation (Fig. 
2(A)). In the dentin-transplanted group, 
the peak observed before transplanta-
tion displayed a sharp pattern, but the 
peak of the graft after transplantation 
was similar to that of autogenous bone 
(Fig. 2(B)). 

 
3. Histological evaluation 
1) 4-week postoperative group 
No inflammatory cells were found in the 
autologous bone-grafted, dentin-  
transplanted, and control groups. In the 

autologous bone-grafted group, more 
than half of the autologous bones 
transplanted were substituted with new 
bone and many connective tissues were 
observed (Fig. 3(A)). In the dentin- 
transplanted group, many osteoblasts 
were found around the transplanted 
dentin and replaced with new bone.  
Although osteoclasts began to absorb 
dentinal granules, little replacement with 
new bone was observed and dentin 
granules remained (Fig. 3(B), Fig. 4). In 
the control group, connective tissue was 
found in the defective part (Fig. 3(C)). 

 

Fig 1  Scanning electron micrographs of the autologous bone-grafted group (A) and dentin granule-transplanted
group (B). Original magnification: ×1000. 

Fig 2  X-ray diffraction pattern of samples before (A) and after (B) the implantation.  
(Left： Autologous bone-grafted group, Right： Dentin-transplanted group)   
Arrow: specific peak of apatite at 32.9° 
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Fig 3  Histological micrographs of Hematoxylin and eosin-stained sections from each group at 4, 6, and 8 weeks after surgery.
(A),(D),(G)：Autologous bone-grafted group, (B),(E),(H)：Dentin-transplanted group, (C),(F),(I) : Control group 
(Left: Original magnification: ×4; Right: Original magnification: ×20) 

Fig 4  Histological micrographs of tartrate-resistant acidic phosphatase-
stained sections from the dentin-transplanted group 4 weeks after
surgery. (Original magnification: ×20) D：Dentin, O：Osteoclast. 

Fig 5  Micro-computed tomography images and the three-dimensional bone mineral density distribution map at 4, 6,
and 8 weeks after surgery. 
(A)：Autologous bone-grafted group, (B)：Dentin-transplanted group, (C): Control group 
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2) 6-week postoperative group 
In the autologous bone-grafted group, 
most autologous bone transplanted was 
absorbed and replaced with new bone 
(Fig. 3(D)). In the dentin-transplanted 
group, most of the transplanted dentin 
granules remained, and replacement 
with new bone was not performed as 
much as in the autogenous 
bone-grafted group. (Fig. 3(E)) In the 
control group, new bone was formed 
from around the existing bone, but most 
of the connective tissue was found (Fig. 
3(F)). 
 
3）8-week postoperative group 
In the autologous bone-grafted group, 
almost all the transplanted autogenous 
bone was substituted by new bone (Fig. 
3(G)). In the dentin-transplanted group, 
nearly half of the transplanted dentin 
granules were absorbed and replaced 
with new bone. It was confirmed that 
dentin granules were in the process of 
replacement of newly formed bone and 
that the formation of new bone contin-
ued, compared to the replacement of 
newly formed bone in autologous bone 
almost 8 weeks after surgery (Fig. 3(H)). 
In the control group, bone regeneration 
occurred from the side of the dura of the 
cerebrum, and newly formed bones 
were observed thinly as a whole (Fig. 
3(I)). 

4. 3D color-mapping (3D map) and 
micro-CT inspection  
Fig. 5 shows the 3D-reconstructed mi-
cro-CT image and BMD distribution map. 
Each experimental group was analyzed 
at three timepoints of 4, 6, and 8 weeks 
after surgery, and the BMD of each 
group is shown in the 3D map. The color 
scale of BMD is expressed as red and 
orange for high BMD values, yellow and 
green for middle BMD values, and blue 
and purple for low BMD values. In the 
transplanted part of the autologous 
bone-grafted and dentin-transplanted 
groups 4 weeks postoperatively, the 
bone defect was filled with hard tissue in 
the new bone. In contrast, low to mod-
erate BMD values (blue) were observed 
in the control group. The micro-CT  
image showed that no hard tissue was 
formed in the defect. Micro-CT images 
showed high BMD values (red–orange 
color) in both the autogenous bone- 
grafted and dentin-transplanted groups 
6 weeks postoperatively. This indicated 
that the graft material was replaced with 
new bone and hard tissue was present 
in the grafted part. In the control group, 
hard tissues were formed from the ex-
isting bone margin towards the center of 
the defect, and the low to middle BMD 
values (blue–green color) was shown. 
The proportion of low BMD values (blue) 
increased in the autologous bone- 

 

Fig 6  Analysis of bone volume to total volume ratio (BV/TV) (%) of each group to evaluate the
quantity of new bone at 4, 6, and 8 weeks after surgery. (p  0.05) 
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grafted group 8 weeks postoperatively. 
This suggested a decrease in hard  
tissue at the graft site from 6 weeks to 8 
weeks. In the dentin-transplanted group, 
the proportion of middle and high BMD 
values increased. In the control group, 
low BMD values were similar at 6 
weeks. 
 
5. BV/TV analysis 
In the determination of new bone tissue 
using image analysis software (Ratok 
Engineering), the average volume ratio 
of new bone is obtained by dividing the 
BV by the TV. The regeneration rate of 
new bone relative to the total amount of 
bone loss was 58.2% for the autologous 
bone-grafted group and 63.8% for the 
dentin-transplanted group at 4 weeks, 
while it was 20.4% in the control group. 
At 6 weeks, the regeneration rate was 
69.4% in the autologous bone-grafted 
group, 62.9% in the dentin-transplanted 
group, and 24.0% in the control group. 
At 8 weeks, the regeneration rate was 
57.7% in the autologous bone-grafted 
group, 74.7% in the dentin-transplanted 
group, and 15.4% in the control group. 
There was a significant difference in the 
autogenous bone-grafted group and the 
dentin-transplanted group compared 
with the control group in each week (Fig. 
6). 
 
DISCUSSION 
1. Transplantation of dentin granules 
Experiments involving the transplanta-
tion of dental pulp stem cells are com-
mon, but comparisons of autologous 
dentin granule transplantation and 
autologous bone granule transplantation 
have not been reported under 
non-demineralized and same granule 
size conditions 13. Therefore, we gener-
ated dentin granules and autologous 
bone granules under the same condi-
tions. The size of the particles was not 
limited to a uniform particle size, but 
different sizes varying between 100 μm 
to 1000 μm were decided to be trans-
planted. 

As reported by Dr. Sakai et al., 
small particles are replaced immediately 
in bone, and large particles secure 
space and promote blood vessel inva-
sion 14. Regarding demineralization of 
dentin particles, it has been reported 
that osteoblasts tend to invade owing to 
swelling of the dentinal tubules due to 
demineralization, but degeneration of 
collagen I and BMP protein growth fac-
tors occurs due to decalcification 15. In 
this study, transplantation was per-
formed without demineralization to 
make maximum use of growth factors. 
 
2. XRD analysis 
XRD analysis of grafts obtained from the 
dentin-transplanted group 8 weeks after 
transplantation was performed. The 
crystalline structure of the mineral 
components of rat autogenous bones 
displayed low crystallinity. The peak for 
dentin displayed a very sharp pattern, 
indicating that the tooth crown only par-
tially contains enamel 16. In the den-
tin-transplanted group, the linearity of 
XRD changed before and after trans-
plantation, and a peak attributable to 
dentin was observed in the graft, but it 
became a straight line close to autoge-
nous bone. This suggested that dentin 
remained 8 weeks after transplantation, 
suggesting that new bone is positively 
formed even after 8 weeks. 
 
3. Histological evaluation and micro- 
CT evaluation 
Based on histological findings and mi-
cro-CT evaluations, skeletal-like struc-
tures were observed in the den-
tin-transplanted and autologous 
bone-grafted groups compared with the 
control group. In the dentin-transplanted 
group, osteogenesis was observed at 
sites where existing osteoblasts, such 
as bone and dura, easily attach, and 
newly formed bone was observed at the 
center of the defect in the early stages. 
Osteoclasts were also observed ad-
hered to the periphery of dentin. This 
characteristic suggests that dentin is an 
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excellent material as new bone is 
formed around the existing bone and the 
central part, compared with other scaf-
fold materials from which new bone is 
formed from the periphery of the existing 
bone. These results show that the main 
components of the dentin inorganic 
substance are four calcium phosphates 
that have osteoconductive capacity: HA, 
TCP, ACP, and OCP. Furthermore, 
about 90% of the organic matter is 
composed of collagen fibers (mainly 
type I collagen), and these fibers are 
thought to play an important role in os-
teoinduction in calcification 17, 18. In the 
autologous bone-grafted group 8 weeks 
after transplantation, almost all the 
transplanted bone was replaced with 
newly formed bone, but dentin granules 
remained in the dentin-transplanted 
group. From these results, it was sug-
gested that after transplantation of den-
tin, the space of the transplanted site 
was secured for a long time while it was 
slowly replaced with new bone, sug-
gesting that there is an advantage that 
is not present in autograft bone grafting.  
From the above, although the amount of 
new bone is not different between the 
dentin-transplanted and the autologous 
bone-grafted groups 8 weeks after 
transplantation, the dentin-transplanted 
group can retain a large amount of bone 
8 weeks after transplantation 
 
CONCLUSION   
In this study, the wound healing process 
of the control, autologous bone-grafted, 
and dentin-transplanted groups at 4, 6, 
and 8 weeks after surgery was 
evaluated. Micro-CT findings revealed a 
significant difference in the bone mass 
ratio (BV/TV evaluation) between all 
groups. This is because the hard tissue 
of the autologous bone tissue 
decreased 8 weeks after the operation, 
but the hard tissue content of the dentin 
tissue was maintained a high level for a 
long time, even 8 weeks after the 
transplantation. From the above, it was 
confirmed that transplantation of dentin 

exhibits almost the same level of bone 
regeneration as autogenous bone 
grafting and is extremely useful as a 
long-term bone regenerating material.  
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