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ABSTRACT 
Background: Tooth extraction is a procedure with the highest prevalence of causing alveolar 
bone damage. After extraction, the dimension will change. This procedure needs a balance of 
bone formation and resorption. Osteocytes are the most common cells in bone and have an 
essential role in bone formation. Objective: This study explores the effect of bovine tooth grafts 
on the number of osteocytes in the socket preservation process post-dental extraction. 
Methods: A total of 28 Wistar rats, 14 control and 14 treatment groups, were extracted on the lower 
left incisor. Control group with PEG without induction and treatment group with bovine tooth graft and 
PEG induction. On the 14th and 28th days, the rats were euthanized. Then perform histological 
examination with HE staining and cell counting using a light microscope. Result: There was a 
significant increase in osteocytes among the treatment group compared to the 
control. Conclusion: Bovine tooth graft application as dental socket preservation was proven to 
increase the number of osteocyte cells in the alveolar bone of Wistar rats after extraction. Bovine tooth 
grafts as dental socket preservation materials increased the number of osteocytes at a peak at 
28 days. 
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INTRODUCTION 
Tooth extraction is also one of the actions with the highest prevalence of causing 

complications or damage to the alveolar bone and surrounding tissue.1–3 Damage to the 

alveolar bone can occur in endodontic surgery, one of which is in the act of surgical 
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hemisection. Surgical hemisection removes one side of the dental root that has an infection 

or is necrotic by cutting the tooth into two pieces. In contrast, it has been done with 

endodontic treatment and obturation of the root canal on the remaining dental root. 

Sockets formed after extraction, if not done with therapy, will experience a change in 

dimensions 4. In their review, Van der Weijden et al. (2009) showed that the clinical loss in 

width was greater than the loss in height, assessed clinically and radiographically.5 This 

dimensional change occurs due to a progressive resorption process in the alveolar bone 

during the healing process. In this healing phase, it can cause about 20% to experience 

resorption of the horizontal plane of the alveolar bone and a decrease of about 50% in the 

vertical height of the bone wall.6 

Socket preservation is one way to minimize dimensional changes in the alveolar bone 

by stimulating bone formation so that homeostasis between bone formation and resorption 

occurs.4,7 Socket preservation is done by applying a bone graft on the socket or area 

experiencing bone resorption.4 A good bone graft material must have any characteristics. It 

includes osteoconductive properties, stimulates growth factors, and is a stable material. 8 

The bovine tooth is one part of the cow that is part of the waste. It has morphology and 

chemical elements that are almost similar to human teeth, one of which is the presence of 

hydroxyapatite. It has the character of stimulating osteoprogenitors that can support bone 

metabolism in sockets. The study on FTIR conducted by Ratnayake et al. (2020) showed a 

similar result of wavelength among hydroxyl, phosphate, and carbonate groups in 

hydroxyapatite in bovine teeth. In addition, the X-ray diffraction showed a higher profile 

than the synthetic hydroxyapatite. This study indicates a higher formation of bovine tooth 

hydroxyapatite than the synthetic product.9 There were no statistically significant differences 

between the bovine and human radicular dentin.10 It also has a similar number of dentin 

tubules and amino acid composition of enamel matrix protein to the bovine and human teeth. 

In contrast, the bovine tooth has a higher calcium ion release.11 

In the dentin of the bovine tooth, there are also micro-porous that can help the adhesion 

and growth of cells to cause faster cell growth. The existence of micro-porous also supports 

the increase in mechanical strength when used as a graft material. It is also supported by 

research conducted by Ratnayake et al. (2020), which states that bovine dentine-derived 

hydroxyapatite has a higher mechanical strength than bovine bone graft, which has been 

widely used today.9 

Bovine tooth graft can be applied to sockets with carrier substances. The most 
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commonly used carrier is PEG. PEG was used in this study as a valuable carrier polymer to 

facilitate the delivery of bovine tooth grafts in tissues. 12 PEG is one of the materials with a 

high level of biodegradation in-vivo, so it is expected to be a beneficial carrier in bovine 

tooth grafts. 13 PEG can increase solubility, reduce aggregation rates and increase the stability 

of bovine tooth graft particles, has low toxicity, is non-immunogenic, biocompatible, 

biodegradable, and has been approved by the FDA (Food and Drug Administration) for use 

in humans as a biomedical material.14 

The study will be observed on the 14th and 28th days post-induction. Hassan and Al-

Gahban (2019) showed that osteocytes could be identified in new trabeculae bones on the 

14th day after intervention. Chairunas and Saputri (2020) showed that the peak expression 

of osteocytes was present on the 28th day after induction.15,16 

This study will explore the effect of a Bovine tooth graft supplemented with PEG as a 

carrier in the increase of osteocytes in the dental socket of Wistar rats on the 14th day and the 

28th day post-extraction. 

 
MATERIALS AND METHODS 

The study was conducted at the  Laboratory of Biochemistry, Faculty of Medicine 

Universitas Airlangga, and was approved by the ethics committee, Faculty of Dental 

Medicine, Universitas Airlangga (Number :  490/HRECC. FODM/VIII/2021). 

This study used 28 Wistar rats (Rattus norvegicus strain Wistar) and divided them 

into two groups, the treatment, and control groups, 14 rats per group, all male and healthy, 

aged 12-16 weeks, weighing 150-200 grams, and with no injuries or defects. 17,18. Wistar rats 

were placed in plastic cages for one week and fed and watered ad libitum with the 

replacement of husk every two days. The Wistar rats were located in a separate cage for 

every two rats and taken at an ambient temperature.18,19 

The rats were anesthetized by injection with ketamine and xylazine intramuscularly 

in the femoral. Then the lower left of the tooth was extracted with forceps. We applied the 

treatment group with HAp-BTG+PEG in the dental socket, and the wound was closed by 

sewing. 18 The control group was injected with PEG (Polyethylene glycol). All the Wistar 

rats were evaluated for 14 and 28 days, then euthanized using ketamine and xylazine until 

overdose and cutting of dental socket tissue. The tissue was immersed in formalin liquid, 

then processed to provide a paraffin block. The block tissue was cut 4 micrometers thick, put 

in glass, fixation, and stained with HE (Hematoxylin Eosin). The osteocytes were observed 
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with a light microscope with a magnification of 400x in 5 microscopic fields. We perform 

statistical analysis of the total number of osteocytes of 5 microscopic fields with SPSS 

version 25. 

RESULTS 

The data from this study obtained a histological picture that shows the number of 

osteocyte cells (Fig.1, Arrow). Figure 1 shows that osteocyte cells in the 14th-day treatment 

group were significantly higher than in the control group. Also, in figure 2, there is a 

significant difference in the number of osteocyte cells in the 28th-day treatment group to the 

control group. 

 
 

 
 

 Figure 1. Microscopic view with 400x magnification of osteocyte cells (yellow 

arrow) in the 14th-day control group (a) and the 14th-day treatment group (b). 

 
 

 
Figure 2. Microscopic examination with 400x magnification of osteocyte 

cells (arrows) in the 28th-day control group (a) and the 28th-day treatment 

group (b). 

 
 
Table 1. The average number of osteocyte cells per five microscopic fields in 14 and 
28 days, and between control and treatment groups 
 

a b 

a b 
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Sample Group N Mean 
Standard 

Deviation 

14th-day Control Group (K1) 7 82,71 11,41 

14th-day Treatment Group (P1) 7 146,43 12,10 

28th-day Control Group (K2) 7 221,71 12, 86 

28th-day Treatment Group (P2) 7 288,14 16,91 

Note: Average results of the number of osteocyte cells in each sample group 

 
Table 2. The significance among the number of osteocytes per 5 microscopic fields, 
of 14 versus 28 days, and between the control and treatment group 
 
   28th day  

   Control Treatment  

  Mean 221.71 288.14  

14th day 
Control 82.71 P=0.000* - 

P=0.000*** 
Treatment 146.43 - P=0.000* 

   P=0.000**  

Note:*: p between 14th versus 28th days of the control groups or treatment groups; 
**: p between control versus treatment group at 28 days evaluation, and *** at 14 
days.  

 

 
Figure 3. The chart of the number of osteocytes per 5 microscopic fields 

in 14 days and 28 days, and between control and treatment groups 

 

All the data were statistically normal distribution (Shapiro Wilk test, p=0.935). We 
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continued the statistically testing with ANOVA followed by the Tukey test, at a significant 

level of 0.05. There were significantly different between treatment (higher) versus the control 

group and in 28 days of evaluations versus 14 days (p<0.001). Table1, Table 2, and Figure 3. 

 
DISCUSSION 

Bovine teeth are an alternative material with morphology and chemical elements that 

are almost similar to human teeth. In cows, teeth found the presence of hydroxyapatite that 

can stimulate osteoprogenitors. This material can be used as a graft to support bone healing in 

sockets. This material has more apatite crystals than synthetic hydroxyapatite. Micro porous 

in bovine teeth can also help with cell adhesion and growth, so cell growth is faster. 9 

In this experiment, the treatment group was induced with a bovine tooth graft and PEG 

as the carrier. PEG is a polymer that serves as a valuable carrier to facilitate the delivery of 

bovine tooth grafts on tissues, and this material is absorbable. 12 This study uses PEG 400 and 

PEG 4000 to form a gel-shaped medium so that the bovine tooth graft can be distributed on 

the socket properly. 17 

Hydroxyapatite is a low biodegradation material. Hartatiek et al. (2020) showed that 

scaffolds containing more hydroxyapatite will have longer biodegradation. 13 The same study 

also mentioned that PEG has a high biodegradation level. 18  The PEG, chitosan mixture, and  

4% hydroxyapatite can produce scaffolds with the best biodegradation. 13 

Our study's results found an increase in the number of osteocytes in the 28th-day 

control group compared to the 14th-day control group and an increase in the 28th-day 

treatment group compared to the 14th-day treatment group. This study also showed that the 

number of osteocytes is higher in treatment compared to the control group. It means that HAp-

BTG has an impact on more osteocyte increase, which can speed up bone formation. Sadr et 

al. (2017) showed that the maximum bone formation stage is identified at 14 days, which is 

characterized by high osteoblastic activity to produce the osteocytes. 19  Our study showed that 

the osteocytes increased within 14 days of evaluation and continuously increased until 28 days. 

The results of the 28th day showed an increase in the number of osteocyte cells 

compared to the average number of osteocyte cells on the 14th day after tooth extraction. This 

result is in line with the previous study conducted by Hassan and Al-Gahban  (2019).   It 

showed that applying grape seed oil to a post-extraction dental socket in rabbit teeth can 

increase osteocytes until the peak number after 28 days. 15 Olaitan et al. (2019) also stated in 

their study on histology picture in the healing process of sockets after rabbit tooth extraction 
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that the fourth week after removal obtained the highest amount of osteocytes compared to the 

second week after extraction. 19 The study by Zubaidah et al. (2022) showed that there was 

increasing after the application of HAp-BTG (Hydroxyapatite Bovine tooth graft) in dental 

socket post-extraction of any biomarker of bone healing, such as collagen type 1, BSP, and 

significantly decrease MMP-8. 20 It means that the healing process of the bone socket is 

aggravated. Thus, osteocytes as a part of bone regenerative are also increasing for inducing 

bone healing. 

Our study found that the results of the 14th-day treatment group were higher compared 

to the 14th-day control group and the 28th-day treatment group was higher compared to the 

28th-day control group. The other study by Sari et al. (2019) showed that bovine tooth graft 

increased the bone development rate.21 Hydroxyapatite in bovine tooth grafts can stimulate 

osteoprogenitors differentiation into bone-forming cells. And stimulate surrounding 

osteogenic cells for proliferation.22 The hydroxyapatite content in bovine tooth graft stimulates 

stem cells to proliferate faster and differentiate with scaffold formation.22 Calcium phosphate 

levels in hydroxyapatite will deposit and form apatite crystals. These apatite crystals will then 

form microporous, which can be a suitable medium for mesenchymal cell proliferation and 

differentiation. 23–25 The mesenchymal cells differentiate into osteoblasts and begin to secrete 

osteoids along areas that have been injected with bone grafts. 26  Bone in air breathing 

vertebrates is a specialized tissue that developmentally replaces cartilage as simpler solid 

tissues. Bone is a living organ bound with any bone material. These materials include 

osteoblast,  bone matrix, and osteocyte. The osteocytes are reorganized in the matrix as living 

cells. It communicates with each other through matrix canaliculi.27  Bovine bone matrix 

proteins (BBMPs) also increase mineral deposition five folds compared to without 

intervention in in-vitro experimental. It was supported by osteoblast growth and 

differentiation, which also increased the osteocytes. 28,29  

Increased proliferation and differentiation of mesenchymal cells into osteoblasts due 

to stimulation of bovine tooth graft leads to increased osteocyte cells in the induced area. 30 

The increase of osteocytes will impact the rise of osteoprotegerin. That inhibits RANK and 

RANKL bounds, decreasing bone resorption in the remodeling phase. 31,32 This event results 

in the formation of alveolar bone to be more optimal so that homeostasis can balance bone 

formation and bone resorption in the socket.7,33 

In conclusion, our study showed applying hydroxyapatite bovine tooth graft in dental 
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socket post-extraction will impact on 1). increase the number of osteocytes; 2). optimize the 

bone healing process. 
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ABSTRACT
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Background: Tooth extraction is a procedure with the highest prevalence of causing alveolar bone damage. After extraction, 
the dimension will change. This procedure needs a balance of bone formation and resorption. Osteocytes are the most 
common cells in bone and have an essential role in bone formation. This study explores the effect of bovine tooth grafts on 
the number of osteocytes in the socket preservation process post-dental extraction.
Methods: A total of 28 Wistar rats, 14 control and 14 treatment groups, were extracted on the lower left incisor. Control group 
with PEG without induction and treatment group with bovine tooth graft and PEG induction. On the 14th and 28th days, the 
rats were euthanized. Then perform histological examination with HE staining and cell counting using a light microscope
Results:  We found the treatment group had higher the average number of the osteocyte, which was 146.43±11.41 on 14th 
day and 288.14±161.91 on 28th day. There was a significant increase in osteocytes among the treatment group compared 
to the control (p=0.000). 
Conclusion: Bovine tooth graft application as dental socket preservation was proven to increase the number of osteocyte 
cells in the alveolar bone of Wistar rats after extraction. Bovine tooth grafts as dental socket preservation materials increased 
the number of osteocytes at a peak at 28 days.

INTRODUCTION
Tooth extraction is also one of the 
actions with the highest prevalence of 
causing complications or damage to the 
alveolar bone and surrounding tissue.1–3 
Damage to the alveolar bone can occur 
in endodontic surgery, one of which is in 
the act of surgical hemisection. Surgical 
hemisection removes one side of the dental 
root that has an infection or is necrotic 
by cutting the tooth into two pieces. In 
contrast, it has been done with endodontic 
treatment and obturation of the root canal 
on the remaining dental root.

Sockets formed after extraction, if 
not done with therapy, will experience a 
change in dimensions.4 In their review, 
Van der Weijden et al. showed that the 
clinical loss in width was greater than 
the loss in height, assessed clinically and 
radiographically.5 This dimensional change 

occurs due to a progressive resorption 
process in the alveolar bone during the 
healing process. In this healing phase, 
it can cause about 20% to experience 
resorption of the horizontal plane of the 
alveolar bone and a decrease of about 50% 
in the vertical height of the bone wall.6

Socket preservation is one way 
to minimize dimensional changes 
in the alveolar bone by stimulating 
bone formation so that homeostasis 
between bone formation and resorption 
occurs.4,7 Socket preservation is done by 
applying a bone graft on the socket or 
area experiencing bone resorption.4 A 
good bone graft material must have any 
characteristics. It includes osteoconductive 
properties, stimulates growth factors, and 
is a stable material.8

The bovine tooth is one part of the cow 
that is part of the waste. It has morphology 
and chemical elements that are almost 

similar to human teeth, one of which is 
the presence of hydroxyapatite. It has the 
character of stimulating osteoprogenitors 
that can support bone metabolism in 
sockets. The study on FTIR conducted by 
Ratnayake et al. showed a similar result of 
wavelength among hydroxyl, phosphate, 
and carbonate groups in hydroxyapatite 
in bovine teeth. In addition, the X-ray 
diffraction showed a higher profile than 
the synthetic hydroxyapatite. This study 
indicates a higher formation of bovine 
tooth hydroxyapatite than the synthetic 
product.9 There were no statistically 
significant differences between the bovine 
and human radicular dentin.10 It also has 
a similar number of dentin tubules and 
amino acid composition of enamel matrix 
protein to the bovine and human teeth. 
In contrast, the bovine tooth has a higher 
calcium ion release.11

In the dentin of the bovine tooth, there 
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are also micro-porous that can help the 
adhesion and growth of cells to cause faster 
cell growth. The existence of micro-porous 
also supports the increase in mechanical 
strength when used as a graft material. It is 
also supported by research conducted by 
Ratnayake et al., which states that bovine 
dentine-derived hydroxyapatite has a 
higher mechanical strength than bovine 
bone graft, which has been widely used 
today.9

Bovine tooth graft can be applied 
to sockets with carrier substances. The 
most commonly used carrier is PEG. 
PEG was used in this study as a valuable 
carrier polymer to facilitate the delivery 
of bovine tooth grafts in tissues.12 PEG is 
one of the materials with a high level of 
biodegradation in-vivo, so it is expected 
to be a beneficial carrier in bovine tooth 
grafts.13 PEG can increase solubility, 
reduce aggregation rates and increase the 
stability of bovine tooth graft particles, 
has low toxicity, is non-immunogenic, 
biocompatible, biodegradable, and has 
been approved by the FDA (Food and 
Drug Administration) for use in humans 
as a biomedical material.14

The study will be observed on the 14th 
and 28th days post-induction. Hassan 
and Al-Gahban showed that osteocytes 
could be identified in new trabeculae 
bones on the 14th day after intervention. 
Chairunas and Saputri showed that the 
peak expression of osteocytes was present 
on the 28th day after induction.15,16

This study will explore the effect of a 
Bovine tooth graft supplemented with PEG 
as a carrier in the increase of osteocytes in 
the dental socket of Wistar rats on the 14th 
day and the 28th-day post-extraction

MATERIAL AND METHODS
The study was conducted at the Laboratory 
of Biochemistry, Faculty of Medicine 
Universitas Airlangga, and was approved 
by the ethics committee, Faculty of Dental 
Medicine, Universitas Airlangga (No. 490/
HRECC). FODM/VIII/2021).

This study used 28 Wistar rats (Rattus 
norvegicus strain Wistar) and divided 
them into two groups, the treatment, and 
control groups, 14 rats per group, all male 
and healthy, aged 12-16 weeks, weighing 
150-200 grams, and with no injuries or 
defects.17,18 Wistar rats were placed in 

Table 1.	 The average number of osteocyte cells per five microscopic fields in 
14 and 28 days, and between control and treatment groups

Sample Group N Mean Standard
Deviation

14th-day Control Group (K1) 7 82.71 11.41
14th-day Treatment Group (P1) 7 146.43 12.10
28th-day Control Group (K2) 7 221.71 12.86

28th-day Treatment Group (P2) 7 288.14 16.91
Notes: Average results of the number of osteocyte cells in each sample group

Table 2.	 The significance among the number of osteocytes per 5 microscopic 
fields, of 14 versus 28 days, and between the control and treatment 
group

28th day

14th day

Control Treatment
Mean 221.71 288.14

Control 82.71 P=0.000* - P=0.000***Treatment 146.43 - P=0.000*
P=0.000**

Notes: :*: p between 14th versus 28th days of the control groups or treatment groups; **: p between 
control versus treatment group at 28 days evaluation, and *** at 14 days.

Figure 1.	 Microscopic view with 400x magnification of osteocyte cells (yellow arrow) in the 
14th-day control group (A) and the 14th-day treatment group (B).

plastic cages for one week and fed and 
watered ad libitum with the replacement of 
husk every two days. The Wistar rats were 
located in a separate cage for every two rats 
and taken at an ambient temperature.18,19

The rats were anaesthetized by 
injection with ketamine and xylazine 
intramuscularly in the femoral. Then the 
lower left of the tooth was extracted with 
forceps. We applied the treatment group 
with HAp-BTG+PEG in the dental socket, 
and the wound was closed by sewing.18 
The control group was injected with PEG 
(Polyethylene glycol). All the Wistar rats 
were evaluated for 14 and 28 days, then 
euthanized using ketamine and xylazine 
until overdose and cutting of dental socket 
tissue. The tissue was immersed in formalin 
liquid and then processed to provide a 
paraffin block. The block tissue was cut 4 

micrometers thick, put in glass, fixation, 
and stained with HE (Hematoxylin 
Eosin). The osteocytes were observed with 
a light microscope with a magnification of 
400x in 5 microscopic fields. We perform 
statistical analysis of the total number of 
osteocytes of 5 microscopic fields with 
SPSS version 25.

RESULTS
The data from this study obtained a 
histological picture that shows the number 
of osteocyte cells (Figure 1, Arrow). Figure 
1 shows that osteocyte cells in the 14th-
day treatment group were significantly 
higher than in the control group. Also, in 
Figure 2, there is a significant difference in 
the number of osteocyte cells in the 28th-
day treatment group to the control group.

BA
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All the data were statistically normal 
distribution (Shapiro Wilk test, p=0.935). 
We continued the statistical testing with 
ANOVA, followed by the Tukey test at 
a significant level of 0.05. There were 
significantly different between treatment 
(higher) versus the control group and 
in 28 days of evaluations versus 14 days 
(p<0.001). Table 1, Table 2 and Figure 3.

DISCUSSION
Bovine teeth are an alternative material 
with morphology and chemical elements 
almost similar to human teeth. In cows, 
teeth found the presence of hydroxyapatite 
that can stimulate osteoprogenitors. This 
material can be used as a graft to support 
bone healing in sockets. This material 
has more apatite crystals than synthetic 
hydroxyapatite. Micro porous in bovine 
teeth can also help with cell adhesion and 
growth, so cell growth is faster.9

The treatment group was induced with 
a bovine tooth graft and PEG as the carrier 
in this experiment. PEG is a polymer that 

serves as a valuable carrier to facilitate 
the delivery of bovine tooth grafts on 
tissues, and this material is absorbable.12 
This study uses PEG 400 and PEG 4000 
to form a gel-shaped medium so that the 
bovine tooth graft can be distributed on 
the socket properly.17

Hydroxyapatite is a low-biodegradation 
material. Hartatiek et al. showed that 
scaffolds containing more hydroxyapatite 
would have longer biodegradation.13 The 
same study also mentioned that PEG has 
a high biodegradation level.18  The PEG, 
chitosan mixture, and  4% hydroxyapatite 
can produce scaffolds with the best 
biodegradation.13

Our study’s results found an increase 
in the number of osteocytes in the 28th-
day control group compared to the 14th-
day control group and an increase in the 
28th-day treatment group compared to 
the 14th-day treatment group. This study 
also showed that the number of osteocytes 
is higher in treatment compared to the 
control group. It means that HAp-BTG 
impacts more osteocyte increase, which 

can speed up bone formation. Sadr et al. 
showed that the maximum bone formation 
stage is identified at 14 days, characterized 
by high osteoblastic activity to produce 
the osteocytes.19  Our study showed that 
the osteocytes increased within 14 days 
of evaluation and continuously increased 
until 28 days.

The results of the 28th day showed 
an increase in the number of osteocyte 
cells compared to the average number of 
osteocyte cells on the 14th day after tooth 
extraction. This result is in line with the 
previous study by Hassan and Al-Gahban 
showed that applying grape seed oil to a 
post-extraction dental socket in rabbit 
teeth can increase osteocytes until the 
peak after 28 days.15 Olaitan et al. also 
stated in their study on histology picture 
in the healing process of sockets after 
rabbit tooth extraction that the fourth 
week after removal obtained the highest 
amount of osteocytes compared to the 
second week after extraction.19 The study 
by Zubaidah et al. showed that there was 
increasing after the application of  HAp-
BTG (Hydroxyapatite Bovine tooth 
graft) in dental socket post-extraction 
of any biomarker of bone healing, such 
as collagen type 1, BSP, and significantly 
decreased MMP-8.20 It means that the 
healing process of the bone socket is 
aggravated. Thus, osteocytes as a part of 
bone regenerative are also increasing for 
inducing bone healing.

Our study found that the results 
of the 14th-day treatment group were 
higher compared to the 14th-day control 
group and the 28th-day treatment group 
was higher compared to the 28th-day 
control group. The other study by Sari 
et al. showed that bovine tooth graft 
increased the bone development rate.21 
Hydroxyapatite in bovine tooth grafts can 
stimulate osteoprogenitor’s differentiation 
into bone-forming cells. Moreover, 
stimulate surrounding osteogenic cells for 
proliferation.22 The hydroxyapatite content 
in bovine tooth graft stimulates stem cells 
to proliferate faster and differentiate with 
scaffold formation.22 Calcium phosphate 
levels in hydroxyapatite will deposit 
and form apatite crystals. These apatite 
crystals will then form microporous, a 
suitable medium for mesenchymal cell 
proliferation and differentiation.23–25 

Figure 2.	 Microscopic examination with 400x magnification of osteocyte cells (arrows) in the 
28th-day control group (a) and the 28th-day treatment group (b).

Figure 3.	 The chart of the number of osteocytes per 5 microscopic fields in 14 and 28 days, and 
between control and treatment groups.

BA
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The mesenchymal cells differentiate into 
osteoblasts and begin to secrete osteoids 
along areas that have been injected with 
bone grafts.26  Bone in air-breathing 
vertebrates is a specialized tissue that 
developmentally replaces cartilage as 
simpler solid tissues. Bone is a living 
organ bound with any bone material. 
These materials include osteoblast, bone 
matrix, and osteocyte. The osteocytes are 
reorganized in the matrix as living cells. 
It communicates with each other through 
matrix canaliculi.27  Bovine bone matrix 
proteins (BBMPs) also increase mineral 
deposition five folds compared to without 
intervention in in-vitro experimental. It 
was supported by osteoblast growth and 
differentiation, which also increased the 
osteocytes.28,29 

Increased proliferation and 
differentiation of mesenchymal cells into 
osteoblasts due to stimulation of bovine 
tooth graft leads to increased osteocyte 
cells in the induced area.30 The increase 
of osteocytes will impact the rise of 
osteoprotegerin. That inhibits RANK 
and RANKL bounds, decreasing bone 
resorption in the remodeling phase.31,32 
This event results in the formation of 
alveolar bone to be more optimal so that 
homeostasis can balance bone formation 
and bone resorption in the socket.7,33

CONCLUSION
In conclusion, our study showed that 
applying hydroxyapatite bovine tooth 
graft in dental socket post-extraction 
will impact: 1). increase the number of 
osteocytes; 2). optimize the bone healing 
process.
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ABSTRACT
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Background: Tooth extraction is a procedure with the highest prevalence of causing alveolar bone damage. After extraction, 
the dimension will change. This procedure needs a balance of bone formation and resorption. Osteocytes are the most 
common cells in bone and have an essential role in bone formation. This study explores the effect of hydroxyapatite bovine 
tooth grafts on the number of osteocytes in the socket preservation process post-dental extraction.
Methods: A total of 28 Wistar rats, 14 control and 14 treatment groups, were extracted on the lower left incisor. Control group 
with PEG without induction and treatment group with bovine tooth graft and PEG induction. On the 14th and 28th days, the 
rats were euthanized. Then perform histological examination with HE staining and cell counting using a light microscope
Results:  We found the treatment group had higher the average number of the osteocyte, which was 146.43±11.41 on 14th 
day and 288.14±161.91 on 28th day. There was a significant increase in osteocytes among the treatment group compared 
to the control (p=0.000). 
Conclusion: Hydroxyapatite bovine tooth graft application as dental socket preservation was proven to increase the number 
of osteocyte cells in the alveolar bone of Wistar rats after extraction. Bovine tooth grafts as dental socket preservation 
materials increased the number of osteocytes at a peak at 28 days.

INTRODUCTION
Tooth extraction is also one of the 
actions with the highest prevalence of 
causing complications or damage to the 
alveolar bone and surrounding tissue.1–3 
Damage to the alveolar bone can occur 
in endodontic surgery, one of which is in 
the act of surgical hemisection. Surgical 
hemisection removes one side of the dental 
root that has an infection or is necrotic 
by cutting the tooth into two pieces. In 
contrast, it has been done with endodontic 
treatment and obturation of the root canal 
on the remaining dental root.

Sockets formed after extraction, if 
not done with therapy, will experience a 
change in dimensions.4 In their review, 
Van der Weijden et al. showed that the 
clinical loss in width was greater than 
the loss in height, assessed clinically and 
radiographically.5 This dimensional change 

occurs due to a progressive resorption 
process in the alveolar bone during the 
healing process. In this healing phase, 
it can cause about 20% to experience 
resorption of the horizontal plane of the 
alveolar bone and a decrease of about 50% 
in the vertical height of the bone wall.6

Socket preservation is one way 
to minimize dimensional changes 
in the alveolar bone by stimulating 
bone formation so that homeostasis 
between bone formation and resorption 
occurs.4,7 Socket preservation is done by 
applying a bone graft on the socket or 
area experiencing bone resorption.4 A 
good bone graft material must have any 
characteristics. It includes osteoconductive 
properties, stimulates growth factors, and 
is a stable material.8

The bovine tooth is one part of the cow 
that is part of the waste. It has morphology 
and chemical elements that are almost 

similar to human teeth, one of which is 
the presence of hydroxyapatite. It has the 
character of stimulating osteoprogenitors 
that can support bone metabolism in 
sockets. The study on FTIR conducted by 
Ratnayake et al. showed a similar result of 
wavelength among hydroxyl, phosphate, 
and carbonate groups in hydroxyapatite 
in bovine teeth. In addition, the X-ray 
diffraction showed a higher profile than 
the synthetic hydroxyapatite. This study 
indicates a higher formation of bovine 
tooth hydroxyapatite than the synthetic 
product.9 There were no statistically 
significant differences between the bovine 
and human radicular dentin.10 It also has 
a similar number of dentin tubules and 
amino acid composition of enamel matrix 
protein to the bovine and human teeth. 
In contrast, the bovine tooth has a higher 
calcium ion release.11

In the dentin of the bovine tooth, there 



1490 Bali Medical Journal 2022; 11(3): 1489-1493 | doi: 10.15562/bmj.v11i3.3844

ORIGINAL ARTICLE

are also micro-porous that can help the 
adhesion and growth of cells to cause faster 
cell growth. The existence of micro-porous 
also supports the increase in mechanical 
strength when used as a graft material. It is 
also supported by research conducted by 
Ratnayake et al., which states that bovine 
dentine-derived hydroxyapatite has a 
higher mechanical strength than bovine 
bone graft, which has been widely used 
today.9

Hydroxyapatite bovine tooth graft 
can be applied to sockets with carrier 
substances. The most commonly used 
carrier is PEG. PEG was used in this study 
as a valuable carrier polymer to facilitate 
the delivery of bovine tooth grafts in 
tissues.12 PEG is one of the materials with a 
high level of biodegradation in-vivo, so it is 
expected to be a beneficial carrier in bovine 
tooth grafts.13 PEG can increase solubility, 
reduce aggregation rates and increase the 
stability of bovine tooth graft particles, 
has low toxicity, is non-immunogenic, 
biocompatible, biodegradable, and has 
been approved by the FDA (Food and 
Drug Administration) for use in humans 
as a biomedical material.14

The study will be observed on the 14th 
and 28th days post-induction. Hassan 
and Al-Gahban showed that osteocytes 
could be identified in new trabeculae 
bones on the 14th day after intervention. 
Chairunas and Saputri showed that the 
peak expression of osteocytes was present 
on the 28th day after induction.15,16

This study will explore the effect of a 
Bovine tooth graft supplemented with PEG 
as a carrier in the increase of osteocytes in 
the dental socket of Wistar rats on the 14th 
day and the 28th-day post-extraction

MATERIAL AND METHODS
The study was conducted at the Laboratory 
of Biochemistry, Faculty of Medicine 
Universitas Airlangga, and was approved 
by the ethics committee, Faculty of Dental 
Medicine, Universitas Airlangga (No. 490/
HRECC). FODM/VIII/2021).

This study used 28 Wistar rats (Rattus 
norvegicus strain Wistar) and divided 
them into two groups, the treatment, and 
control groups, 14 rats per group, all male 
and healthy, aged 12-16 weeks, weighing 
150-200 grams, and with no injuries or 
defects.17,18 Wistar rats were placed in 

Table 1.	 The average number of osteocyte cells per five microscopic fields in 
14 and 28 days, and between control and treatment groups

Sample Group N Mean Standard
Deviation

14th-day Control Group (K1) 7 82.71 11.41
14th-day Treatment Group (P1) 7 146.43 12.10
28th-day Control Group (K2) 7 221.71 12.86

28th-day Treatment Group (P2) 7 288.14 16.91
Notes: Average results of the number of osteocyte cells in each sample group

Table 2.	 The significance among the number of osteocytes per 5 microscopic 
fields, of 14 versus 28 days, and between the control and treatment 
group

28th day

14th day

Control Treatment
Mean 221.71 288.14

Control 82.71 P=0.000* - P=0.000***Treatment 146.43 - P=0.000*
P=0.000**

Notes: :*: p between 14th versus 28th days of the control groups or treatment groups; **: p between 
control versus treatment group at 28 days evaluation, and *** at 14 days.

Figure 1.	 Microscopic view with 400x magnification of osteocyte cells (yellow arrow) in the 
14th-day control group (A) and the 14th-day treatment group (B).

plastic cages for one week and fed and 
watered ad libitum with the replacement of 
husk every two days. The Wistar rats were 
located in a separate cage for every two rats 
and taken at an ambient temperature.18,19

The rats were anaesthetized by 
injection with ketamine and xylazine 
intramuscularly in the femoral. Then the 
lower left of the tooth was extracted with 
forceps. We applied the treatment group 
with HAp-BTG+PEG in the dental socket, 
and the wound was closed by sewing.18 
The control group was injected with PEG 
(Polyethylene glycol). All the Wistar rats 
were evaluated for 14 and 28 days, then 
euthanized using ketamine and xylazine 
until overdose and cutting of dental socket 
tissue. The tissue was immersed in formalin 
liquid and then processed to provide a 
paraffin block. The block tissue was cut 4 

micrometers thick, put in glass, fixation, 
and stained with HE (Hematoxylin 
Eosin). The osteocytes were observed with 
a light microscope with a magnification of 
400x in 5 microscopic fields. We perform 
statistical analysis of the total number of 
osteocytes of 5 microscopic fields with 
SPSS version 25.

RESULTS
The data from this study obtained a 
histological picture that shows the number 
of osteocyte cells (Figure 1, Arrow). Figure 
1 shows that osteocyte cells in the 14th-
day treatment group were significantly 
higher than in the control group. Also, in 
Figure 2, there is a significant difference in 
the number of osteocyte cells in the 28th-
day treatment group to the control group.

BA
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All the data were statistically normal 
distribution (Shapiro Wilk test, p=0.935). 
We continued the statistical testing with 
ANOVA, followed by the Tukey test at 
a significant level of 0.05. There were 
significantly different between treatment 
(higher) versus the control group and 
in 28 days of evaluations versus 14 days 
(p<0.001). Table 1, Table 2 and Figure 3.

DISCUSSION
Bovine teeth are an alternative material 
with morphology and chemical elements 
almost similar to human teeth. In cows, 
teeth found the presence of hydroxyapatite 
that can stimulate osteoprogenitors. This 
material can be used as a graft to support 
bone healing in sockets. This material 
has more apatite crystals than synthetic 
hydroxyapatite. Micro porous in bovine 
teeth can also help with cell adhesion and 
growth, so cell growth is faster.9

The treatment group was induced with 
a bovine tooth graft and PEG as the carrier 
in this experiment. PEG is a polymer that 

serves as a valuable carrier to facilitate 
the delivery of bovine tooth grafts on 
tissues, and this material is absorbable.12 
This study uses PEG 400 and PEG 4000 
to form a gel-shaped medium so that the 
bovine tooth graft can be distributed on 
the socket properly.17

Hydroxyapatite is a low-biodegradation 
material. Hartatiek et al. showed that 
scaffolds containing more hydroxyapatite 
would have longer biodegradation.13 The 
same study also mentioned that PEG has 
a high biodegradation level.18  The PEG, 
chitosan mixture, and  4% hydroxyapatite 
can produce scaffolds with the best 
biodegradation.13

Our study’s results found an increase 
in the number of osteocytes in the 28th-
day control group compared to the 14th-
day control group and an increase in the 
28th-day treatment group compared to 
the 14th-day treatment group. This study 
also showed that the number of osteocytes 
is higher in treatment compared to the 
control group. It means that HAp-BTG 
impacts more osteocyte increase, which 

can speed up bone formation. Sadr et al. 
showed that the maximum bone formation 
stage is identified at 14 days, characterized 
by high osteoblastic activity to produce 
the osteocytes.19  Our study showed that 
the osteocytes increased within 14 days 
of evaluation and continuously increased 
until 28 days.

The results of the 28th day showed 
an increase in the number of osteocyte 
cells compared to the average number of 
osteocyte cells on the 14th day after tooth 
extraction. This result is in line with the 
previous study by Hassan and Al-Gahban 
showed that applying grape seed oil to a 
post-extraction dental socket in rabbit 
teeth can increase osteocytes until the 
peak after 28 days.15 Olaitan et al. also 
stated in their study on histology picture 
in the healing process of sockets after 
rabbit tooth extraction that the fourth 
week after removal obtained the highest 
amount of osteocytes compared to the 
second week after extraction.19 The study 
by Zubaidah et al. showed that there was 
increasing after the application of  HAp-
BTG (Hydroxyapatite Bovine tooth 
graft) in dental socket post-extraction 
of any biomarker of bone healing, such 
as collagen type 1, BSP, and significantly 
decreased MMP-8.20 It means that the 
healing process of the bone socket is 
aggravated. Thus, osteocytes as a part of 
bone regenerative are also increasing for 
inducing bone healing.

Our study found that the results of the 
14th-day treatment group were higher 
compared to the 14th-day control group 
and the 28th-day treatment group was 
higher compared to the 28th-day control 
group. The other study by Sari et al. showed 
that hydroxyapatite bovine tooth graft 
increased the bone development rate.21 
Hydroxyapatite in bovine tooth grafts can 
stimulate osteoprogenitor’s differentiation 
into bone-forming cells. Moreover, 
stimulate surrounding osteogenic cells for 
proliferation.22 The hydroxyapatite content 
in bovine tooth graft stimulates stem cells 
to proliferate faster and differentiate with 
scaffold formation.22 Calcium phosphate 
levels in hydroxyapatite will deposit 
and form apatite crystals. These apatite 
crystals will then form microporous, a 
suitable medium for mesenchymal cell 
proliferation and differentiation.23–25 

Figure 2.	 Microscopic examination with 400x magnification of osteocyte cells (arrows) in the 
28th-day control group (a) and the 28th-day treatment group (b).

Figure 3.	 The chart of the number of osteocytes per 5 microscopic fields in 14 and 28 days, and 
between control and treatment groups.
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The mesenchymal cells differentiate into 
osteoblasts and begin to secrete osteoids 
along areas that have been injected with 
bone grafts.26  Bone in air-breathing 
vertebrates is a specialized tissue that 
developmentally replaces cartilage as 
simpler solid tissues. Bone is a living 
organ bound with any bone material. 
These materials include osteoblast, bone 
matrix, and osteocyte. The osteocytes are 
reorganized in the matrix as living cells. 
It communicates with each other through 
matrix canaliculi.27  Bovine bone matrix 
proteins (BBMPs) also increase mineral 
deposition five folds compared to without 
intervention in in-vitro experimental. It 
was supported by osteoblast growth and 
differentiation, which also increased the 
osteocytes.28,29 

Increased proliferation and 
differentiation of mesenchymal cells 
into osteoblasts due to stimulation of 
hydroxyapatite bovine tooth graft leads to 
increased osteocyte cells in the induced 
area.30 The increase of osteocytes will 
impact the rise of osteoprotegerin. That 
inhibits RANK and RANKL bounds, 
decreasing bone resorption in the 
remodeling phase.31,32 This event results in 
the formation of alveolar bone to be more 
optimal so that homeostasis can balance 
bone formation and bone resorption in 
the socket.7,33

CONCLUSION
In conclusion, our study showed that 
applying hydroxyapatite bovine tooth 
graft in dental socket post-extraction 
will impact: 1). increase the number of 
osteocytes; 2). optimize the bone healing 
process.
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