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ABSTRACT

Introduction: Tooth extraction damages soft and hard tissues,
followed by alveolar bone resorption, which can interfere with the
healing process and prosthetic rehabilitation. One effort to minimize
alveolar bone resorption is the use of graft materials such as apatite
cement, which is biocompatible and osteoconductive. This study aimed
to analyze the effect of apatite cement on osteoblast cell numbers
during alveolar socket healing following tooth extraction in rabbits.
Methods: This study used a true experimental design with a post-
test-only control group design. The study objects were biological
materials placed in the alveolar sockets of New Zealand White rabbits,
which were divided into a control group, a tooth extraction group
without apatite cement administration, and a tooth extraction group
with apatite cement administration. Histological observations were
conducted on days 3, 7, and 14, representing the inflammatory,
proliferative, and early remodeling phases of rabbit socket healing,
respectively. The data were analyzed statistically using normality and
homogeneity tests, followed by the one-way ANOVA statistical test.
Results: The mean osteoblast cell counts in the apatite cement group
were significantly higher than those in the control group on days 3, 7,
and 14. The highest osteoblast count was observed on day 14, with
mean values of 28.93 + 3.57 cells/field in the apatite cement group
compared with 0.80 £ 0.35 cells/field in the control group (p < 0.05).
One-way ANOVA demonstrated significant differences among the
experimental groups. Conclusion: Apatite cement administration
increased osteoblast cell numbers in the alveolar socket after tooth
extraction in rabbits, suggesting its potential to promote early
osteogenic activity during the initial stages of socket healing.

Alveolar socket, apatite cement, osteoblasts, rabbits, tooth extraction.

INTRODUCTION

Tooth extraction is the procedure of removing one or more teeth from their
sockets.! According to the 2023 Indonesian Health Survey (SKI), 31.9% of the
Indonesian population has undergone tooth extraction.? Indications for tooth
extraction include teeth that cannot be restored, cavities, periodontal disease,
persistent deciduous teeth, dental abscesses, impacted teeth, teeth with increased
mobility, orthodontic treatment, patients requiring prosthetic rehabilitation, dental
trauma, and tumors.!

According to research conducted by Dewi et al., periodontal disease was the
most common indication for tooth extraction, accounting for 1,465 teeth
(67.67%).3 The tooth extraction process causes damage to both soft and hard
tissues.* Bone resorption is a natural physiological process that occurs after tooth
extraction and cannot be avoided. Horizontal and vertical alveolar ridge bone loss
of 30% occurs within the first 6 months, and continues until reaching
approximately 50% loss within 12 months post-extraction.® This alveolar bone loss
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affects aesthetics, function, quality of life related to oral health, and may hinder
prosthetic tooth replacement therapy due to alveolar bone resorption following
tooth extraction.®

Socket preservation is a procedure performed on the tooth socket by placing
graft material after tooth extraction to reduce bone and soft tissue loss.” Bone
graft material serves as an additive that promotes the formation of natural bone
and new bone growth, thereby aiding bone regeneration.® Generally, there are
four types of bone grafts: alloplast, allograft, autograft, and xenograft.® Alloplast
is @ material commonly used for bone grafting.'°
Alloplast materials are synthetic substances designed to contain organic and
inorganic components in proportions nearly identical to human bone.!' This
material has standardized quality, is free from the risk of infection, and does not
require additional surgical intervention compared to allografts, xenografts, and
autografts,1-12

One type of alloplastic material is apatite cement, a self-setting paste-like
material consisting of a mixture of calcium phosphate and liquid, which, after
hardening, forms hydroxyapatite (HAp:Caio(PO4)s(OH)2). This material has
excellent flow properties, allowing it to fill bone defects in narrow and irregular
spaces. Apatite cement is a biocompatible material, meaning that it can be
absorbed by the body without causing harmful reactions and can degrade over
time, being replaced by natural bone tissue. This material is also osteoconductive,
aiding in the growth of new bone by stimulating osteoblast cells. 13-

The success of bone grafting is marked by its ability to stimulate osteoblast
activity. A bone graft is expected to serve as a suitable substrate for the
attachment of pre-osteoblasts, which will differentiate into osteoblasts.”
Osteoblasts originate from osteoblastic proliferation and develop from bone
marrow mesenchymal cells. Osteoblasts produce and regulate the bone matrix
and play a role in mineralization during bone remodeling.'®

Previous studies have demonstrated that apatite cement possesses the ability
to promote cell proliferation and adhesion, thereby enhancing osteoblast activity.!’
The osteoconductive properties of apatite cement provide a framework or scaffold
compatible with the composition of new bone surrounding the bone graft, thereby
supporting the differentiation of mesenchymal cells to grow along the surface of
the graft material. 3

Previous studies have shown that the application of apatite cement increases
the trabecular thickness of rabbit alveolar bone after extraction compared to that
in rabbits without apatite cement application. The osteoconductive properties of
apatite cement provide a favorable scaffold for cell attachment and bone ingrowth,
thereby supporting the healing process without directly inducing osteogenic
differentiation.'>'”

Previous studies have demonstrated that apatite cement is a biocompatible
and osteoconductive graft material that supports alveolar bone healing following
tooth extraction. However, evidence regarding its effect on osteoblast cell
numbers during the different stages of alveolar socket healing remains limited.

The novelty of this study lies in the temporal histological evaluation of
osteoblast cell numbers on days 3, 7, and 14 after tooth extraction, representing
the inflammatory, proliferative, and early remodeling phases of socket healing in
New Zealand White rabbits. This approach provides a better understanding of the
biological response to apatite cement throughout the healing process. Therefore,
this study aimed to analyze the effect of apatite cement administration on
osteoblast cell numbers in the rabbit alveolar sockets following tooth extraction.

METHODS
This study was a true experimental study conducted at the Laboratory of the

Faculty of Health Sciences, Universitas Jenderal Achmad Yani, Indonesia, using
stored biological specimens obtained from a previous true experimental study.
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Histological observations of osteoblast cell numbers in the alveolar sockets were
performed on specimens collected on days 3, 7, and 14 following tooth extraction
to evaluate the effect of apatite cement on the early stages of alveolar socket
healing.

The specimens consisted of alveolar sockets from adult New Zealand White
rabbits that had been fixed in 10% neutral buffered formalin. The inclusion criteria
were stored biological specimens with complete documentation (including the date
of specimen collection), documented consent from the previous study, and
specimens adequately preserved in 10% neutral buffered formalin. Specimens
contaminated with microorganisms or foreign materials, as well as damaged or
incomplete specimens, were excluded from the study.

The sample size for each treatment group was calculated in a previous study
using Mead’s formula. In this study, three groups were used, consisting of
biological materials from rabbit alveolar sockets without treatment, biological
materials from rabbit alveolar sockets following tooth extraction but without
administration of apatite cement, and biological materials from rabbit alveolar
sockets following tooth extraction and administration of apatite cement.

The sample size for this study was determined using Mead’s formula obtained
from previous studies as follows: E = N — T, where E represents the degrees of
freedom for error in the analysis of variance (ANOVA), N represents the total
number of experimental animals, and T represents the number of treatment
groups. The value of E is recommended to be within the range of 10 and 20 (10
< E <20); if Eis less than 10, the number of test animals is considered insufficient,
which may reduce the statistical power of the study, whereas if E is greater than
20, the number of animals will not provide a significant increase in the statistical
significance of the results, thus contradicting the principles of scientific ethics.!”

In this study, three treatment groups were included: (1) an untreated control
group representing normal alveolar bone, (2) an extraction-only group without
apatite cement administration, and (3) an extraction group receiving apatite
cement. The untreated control group was included to provide baseline histological
characteristics of normal alveolar bone and to allow a comprehensive comparison
of osteoblast cell counts among normal conditions, socket healing following tooth
extraction, and socket healing with apatite cement administration.  The sample
size was determined using Mead's formula (E = N — T), where E represents the
error degree of freedom for error, N represents the total number of experimental
animals, and T represents the number of treatment groups. Three treatment
groups were included in this study (T = 3), and the value of E was set to 15, which
fell within the recommended range of 10-20. Based on this calculation, the
minimum sample size required was 18 animals.

Based on calculations using Mead’s formula, the sample size for this study
was determined to be a minimum of 18 animals. The sampling technique used in
previous animal studies was simple random sampling, in which the selection
process ensured that all subjects had an equal chance of receiving treatment. The
independent variable in this study was the administration of apatite cement, and
the dependent variable was the number of osteoblasts present in the alveolar
socket.

Apatite cement consists of tetracalcium phosphate anhydride and dicalcium
phosphate anhydride (TTCP and DCPA, respectively) mixed with a Na.H.PO.
solution. An analytical balance was used to measure the weight (in grams) and
weight ratios. Osteoblasts are mononuclear cells derived from mesenchyme.
These cells are found on the surface of bone tissue undergoing growth because
osteoblasts play a role in bone matrix formation, so these cells are found on the
surface of bone tissue. Osteoblasts are arranged in a single layer with a cuboidal
or short cylindrical shape, featuring a round nucleus and basophilic cytoplasm at
the apical end of the cell, and the Golgi complex is located in the basal region.!®

Osteoblast measurements were performed using a light microscope, yielding
cell counts and cell count ratios. The equipment used in this study included an
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autoclave, tissue labels, a closed decalcification container, anatomical forceps,
tissue cassettes, a base mold, an incubator or paraffin oven, beakers, a
microtome, microscope slides, and an Olympus CX23 light microscope. The
materials used in this study included masks, gloves, stored biological materials,
10% neutral formalin, 10% EDTA, litmus paper or a pH meter, absolute alcohol
(100% ethanol), 96%, 95%, 80%, 70% ethanol, xylene, paraffin, ethanol, and
Hematoxylin and Eosin (HE).

The biological material consisted of alveolar sockets from New Zealand White
rabbits that had been immersed in 10% neutral formalin. In the previous study,
the following procedures were performed: The instruments used were cleaned and
sterilized using an autoclave, which is a sterilization device that uses steam under
pressure at 121°C for 30 min. The cleaned instruments were then placed in
sterilization pouches meeting American Dental Association (ADA) standards and
packaged to prevent contamination.!?

The preparation of apatite cement involved mixing equal molar (equimolar)
amounts of (TTCP (Ca4(PO4)20) and (DCPA (CaHPO4). Equimolarity is derived
from the formula Molarity = g/Mr, where Mr is the relative molecular mass of TTCP
and DCPA. DCPA was produced by heating DCPD at 300°C for 40 min. The heating
process aimed to remove the water of crystallization present in DCPD, according
to reaction CaHPO4-2H20 (DCPD) — CaHPO4 (DCPA). TTCP was produced by
heating a mixture of DCPA and calcium carbonate (CaCO3) in a 1:1.27 weight ratio
at 1500°C for 6 h in an oven, followed by cooling at room temperature in a
desiccator to obtain the synthesized product: 2CaHPO4 + 2CaCO3 — Ca4(P0O4)20
+ H20+2CO0a.

TTCP was ground to a particle size of 17 ym, and DCPA was ground to a
particle size of 1 pym using ethanol. Subsequently, the samples were dried in a
dehydrator at 80°C. The final yields of the two products were 1.36 g of DCPA and
3.66 g TTCP, which were mixed and sterilized with gamma rays, and the apatite
cement powder was stored in a desiccator.!*!> Sample preparation involved
preparing a 0.2 M NaisH12PO4 solution by mixing 0.2 mol/L Na2HPOa4. Next, 30 pL
of liquid with 90 mg of powder on a mixing glass an L/P ratio of 0.3, and stirred
with a spatula. When mixed with water, the material forms a moldable paste that
begins to set after 15-17 min. Mixing of the apatite cement and SCPC was
performed by stirring until homogeneous for 30 seconds.!3

The test animals were 5—-7 month-old New Zealand White rabbits that had
been acclimated to the laboratory environment for one week. New Zealand White
rabbits were selected because they are widely used in bone regeneration and
biomaterial studies owing to their relatively large size, ease of handling, rapid bone
turnover, and well-characterized healing patterns. Their alveolar bone anatomy
and remodeling characteristics make them a suitable model for evaluating early
socket healing following tooth extraction in humans. The rabbits were fed a
standard diet of commercial feed and Reverse Osmosis (RO) drinking water ad
libitum daily.?3

The rabbit tooth extraction process began with tissue disinfection using 70%
alcohol, followed by general anesthesia via intramuscular injection of 10%
ketamine at a dose of 20—40 mg/kg body weight and xylazine at a dose of 3-5
mg/kg body weight to provide analgesic and sedative effects.?°-?! Tooth extraction
was performed on mandibular incisors using deciduous extraction forceps and a
periodontal elevator to separate the connective tissue attached to the tooth,
followed by luxation using careful unidirectional motion to avoid root fracture. The
extraction socket was irrigated with saline solution, and bleeding was controlled
with sterile gauze.?'"?

Apatite cement bone graft material was applied according to the test group
to the extraction socket site. The application is performed once bleeding has
ceased and the socket is clean. The apatite cement was applied to the alveolar
socket using an Ash 49 or a dental irrigation syringe by first loading the paste-
form apatite cement into the syringe, then inserting the syringe tip into the socket,

258 | Effect of apatite cement on osteoblast cell numbers in alveolar sockets after tooth extraction in rabbits: an experimental study
Padjadjaran Journal of Dentistry e Volume 38, Number 2, July 2026



Supriatna, et al

and gently pushing with the plunger until set. The amount of material applied was
approximately 3 mg until the alveolar socket was filled. The test animals were
administered CO2 gas and then anesthetized intramuscularly with a lethal dose of
ketamine. Rabbit death was confirmed by the absence of respiration. Decapitation
was performed by cutting the lower jaw of the rabbit at the site of the socket
extraction using a small saw.?3-2>

The preparation of histological specimens began with initial fixation, which
involved preserving the cellular structure of the tissue using a 10% neutral
formalin solution. The tissue was decalcified with 10% EDTA at a pH of 7.0-7.4 in
distilled water or aquades in a sealed container, which was then incubated at room
temperature (£25°C) for 5-7 d, depending on the size of the tissue and the
concentration, until the tissue softened. Decalcification was performed to soften
the tissue; the tissue was ensured to be soft by pressing it with a needle or forceps
or by using a chemical method involving the addition of 5% ammonium oxalate;
if @ white precipitate (Ca-oxalate) appeared, decalcification was not yet complete.

After decalcification was complete, the tissue was rinsed under running water
for 6-12 h to remove residual EDTA and prevent tissue damage caused by residual
acid. The tissue was vertically cut at the center of the socket using a scalpel.
Dehydration was performed by immersion in 70% alcohol for 45 min, 80% alcohol
for 45 min, and 96% alcohol for 15 min, carried out in stages twice, and 100%
(absolute alcohol) for 30 min in stages using absolute alcohol I, II, and III.

Next, clearing was performed with xylene to remove the residual alcohol
solution, which was performed three times in three separate tubes for 45 min
each. Before embedding, infiltration was performed to remove the clearing
solution and prevent tissue structure damage during sectioning using paraffin I
and paraffin II. The tissue was placed into a base mold, liquid paraffin was poured
into the mold with the cassette placed on the surface, and it was allowed to
harden, forming a paraffin block. Tissue sections were prepared using a microtome
in the vertical direction with a thickness of 4-6 mm. The sections were smoothed
onto a glass slide by soaking in warm water in a beaker at a temperature of
approximately 40-45°C.%3:26

Before staining, deparaffinization was performed by soaking in xylene to
remove residual paraffin so that the stain could be properly absorbed. Soaking in
xylene was performed in stages using Xylene I and Xylene II for 5 min, followed
by rehydration using alcohol, absolute alcohol, 95%, and 70%. Next, the tissue
was soaked in distilled water for 30 s to achieve maximum rehydration. The tissue
specimens were stained with hematoxylin for 10 min to stain the cell nuclei,
making them appear blue-violet, followed by bluing under running water to ensure
the subsequent staining remained stable.

The specimen was re-stained with eosin to stain the cytoplasm pink to red
for 1 min. After staining was complete, dehydration was performed with 70%,
95%, and absolute alcohol to remove water from the tissue so that it appeared
transparent. The specimens were mounted in Entellan to protect the tissue and
ensure that the specimens remained stable and durable, and were dried in a
paraffin oven.?”

Histological sections were stained with hematoxylin and eosin (H&E) and
examined under a light microscope at magnification of 40x, 100x, and 400x. The
number of osteoblasts was evaluated at 400x magnification across five fields of
view during bone remodeling.?3?¢ Osteoblasts were identified based on their
characteristic morphology, appearing as mononuclear cuboidal cells with
basophilic cytoplasm and eccentrically located nuclei lining the surface of the
newly formed bone trabeculae. Cell identification and counting were performed
according to the established histological criteria

The data obtained by the researchers were analyzed using statistical tests
with the assistance of IBM SPSS Statistics 25 software. In this study, because the
number of samples tested was <50, the Shapiro-Wilk test was used for normality,
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and Levene’s test was used for homogeneity. The analysis used was a One-Way
ANOVA test, yielding p<0.05, indicating an effect of the treatment.

This study used stored biological material in the form of alveolar bone from
New Zealand White rabbits. The stored biological material (rabbit alveolar bone)
was used to investigate the effect of apatite cement on the number of osteoblasts
in the alveolar socket following rabbit tooth extraction. Observations were
conducted on days 3, 7, and 14, followed by histological examination to determine
the osteoblast count.

RESULTS

A total of 18 rabbit alveolar bone specimens were evaluated in this study.
Histological observations revealed differences in osteoblast cell numbers between
the untreated and apatite cement-treated groups during the observation period.
Representative histological sections are presented in Figure 1, and the quantitative
analysis of osteoblast cell counts is shown in the subsequent figures and tables.

Figure 1. Results of Examination for Each Histological Group. MICI‘OSCOpIC findings of an aIveoIar socket
specimen stained with hematoxylin and eosin at 400x magnification. The black arrow indicates the
osteoblasts in the area surrounding the socket. A. Group 0, day 3; B. Group 1, day 3; C. Group 2, day
3; D. Group 0, day 7; E. Group 1, day 7; F. Group 2, day 7; G. Group 0, day 14; H. Group 1, day 14;
I. Group 2, day 14.

The results of the examination are shown as microscopic images of the
alveolar socket with hematoxylin and eosin (H&E) staining at 400x magnification,
organized by group and observation time. The arrangement of the images from
left to right shows Groups 0 (without tooth extraction), 1 (tooth extraction without
apatite cement), and 2 (tooth extraction with apatite cement), whereas the
arrangement from top to bottom represents the observation times on days 3, 7,
and 14. These images demonstrate the presence of osteoblasts (black arrows)
around the surface of the alveolar bone socket. In the first row, showing
observations on day 3, Group 0 (without tooth extraction) exhibited a relatively
intact alveolar bone surface with a layer of osteoblasts arranged parallel to the
bone contours. Osteoblasts appeared oval to cuboidal in shape, with basophilic
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nuclei that adhered directly to the eosinophilic bone matrix. In Group 1 (tooth
extraction without apatite cement), osteoblasts were still recognizable on the
alveolar bone surface, although their arrangement appeared less homogeneous
than that in the untreated group.

Osteoblasts appeared to follow the bone contours, which had begun to
undergo morphological changes with a more uneven distribution. In Group 2
(apatite cement treatment), osteoblasts were clearly visible along the alveolar
bone surface and the area around the socket, with a relatively dense cellular
arrangement that followed the bone margins. In the second row, showing
observations on day 7, Group 0 (without tooth extraction) demonstrated the
presence of osteoblasts on the alveolar bone surface with a stable and continuous
arrangement. Osteoblasts appear to maintain an orientation parallel to the bone
surface. In Group 1 (tooth extraction without apatite cement), osteoblasts were
more clearly visible in several areas of the alveolar bone surface, forming a layer
of cells that followed the uneven contours of the bone.

The osteoblasts in this group appeared scattered and did not always form a
layer. In Group 2 (tooth extraction with apatite cement), osteoblasts appeared to
form a more organized layer around the bone surface and alveolar socket, with
cells appearing close to each other and following the contours of the bone matrix.
In the third row, showing observations on day 14, Group 0 (without tooth
extraction) showed osteoblasts on the alveolar bone surface, although their
appearance was more integrated with the existing bone tissue structure.

Osteoblasts followed the bone surface, which appeared smoother and more
compact. In Group 1 (tooth extraction without apatite cement), osteoblasts were
still identified around the alveolar bone surface and socket area, with a cellular
arrangement following the bone contours that appeared more regular than at
previous observation time points. In Group 2 (tooth extraction with apatite
cement), osteoblasts were clearly visible around the alveolar bone surface with a
relatively even distribution and a cellular arrangement that followed smoother
bone contours.

The results of microscopic observations included quantitative counting of
osteoblasts. The quantitative analysis was performed by counting osteoblasts in
five randomly selected fields of view. The results are presented in Table 1.

Table 1. Overview of the average number of osteoblasts in each group

Variable Mean=+SD

Group 0 Day 3 0.83#£0.46
Day 7 0.80£0.50

Day 14 0.8020.35

Group 1 Day 3 13.334#1.09
Day 7 18.13£0.56

Day 14 20.63£0.92

Group 2 Day 3 16.13£0.76
Day 7 22.90£1.17

Day 14 28.93£3.57

Table 1 shows that Group 0 (untreated) exhibited a very low mean number
of osteoblasts that remained relatively stable at each observation time point, with
an mean osteoblast count of 0.83 on day 3, which then decreased to 0.80 on day
7 and remained at 0.80 on day 14. In Group 1 (tooth extraction without apatite
cement), there was an increase in the mean number of osteoblasts at each
observation time point. The mean osteoblast count was 13.33 on day 3, increasing
to 18.13 on day 7, and to 20.63 on day 14. In Group 2 (tooth extraction with
apatite cement), there was alson an increase in the mean number of osteoblasts
at each observation time point. The mean osteoblast count was 16.13 on day 3,
then increased to 22.90 on day 7, and further increased to 28.93 on day 14. The
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differences in the mean number of osteoblasts on days 3, 7, and 14 for each group
are shown in Figure 2.
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Figure 2. Average number of osteoblasts.

The graph in Figure 2 shows that the highest mean osteoblast count was
found in the tooth extraction group administered apatite cement (Group 2) on day
14, with a count of 28.93 + 3.57. The data were then subjected to a normality
test using the Shapiro-Wilk test because the dataset contained fewer than 50
observations, and to a homogeneity test using the Levene’s Test, as shown in
Table 2.

Tabel 2. Results of the normality and homogeneity test

Variable P V:_a/ue P Va/ye
(Normality Test) (Homogeneity Test)
Osteoblasts day  Group 0 0.801
3 Group 1 0.610 0.170
Group 2 0.169
Osteoblasts day  Group 0 0.110
7 Group 1 0.643 0.060
Group 2 0.499
Osteoblasts day  Group 0 0.607
14 Group 1 0.939 0.080
Group 2 0.654

Normality and homogeneity tests were conducted to determine whether the
data were normally distributed and homogeneous (Table 2). The sample size in
this study was 18 samples (<50); therefore, the Shapiro-Wilk test was used to
assess normality. Based on the Shapiro-Wilk test, p > 0.05, indicating that the
data were normally distributed. Based on the homogeneity test using Levene’s
test, p>0.05, indicating that the data were homogeneous. Subsequently, a One-
Way ANOVA was conducted to compare the groups (Table 3).

Table 3. Effect of apatite cement on osteoblast humbers

Variable F (ANOVA) P Value

Osteoblasts day Group 0
3 Group 1 598.467 0.001

Group 2

Osteoblasts day Group 0
7 Group 1 1243.053 0.001

Group 2

Osteoblasts day Group 0
14 Group 1 273.954 0.001

Group 2
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Table 3 shows that the largest F-value was observed on day 7, at 1243.05,
indicating the greatest variation in the number of osteoblasts among the groups,
with a p-value of 0.001 (p < 0.05), indicating a statistically significant difference.
These findings indicate that apatite cement had a significant effect on the number
of osteoblasts in the alveolar socket following rabbit tooth extraction.
Subsequently, a Tukey post-hoc test with least significant difference (LSD) was
performed, as shown in Table 4.

Table 4. The Effect of apatite cement accros groups

Variabel P Value
Osteoblasts Group 1 dan 2 0.00
day 3 Group 0 dan 2 0.00
Group 0 dan 1 0.00
Osteoblasts Group 1 dan 2 0.00
day 7 Group 0 dan 2 0.00
Group 0 dan 1 0.00
Osteoblasts Group 1 dan 2 0.00
day 14 Group 0 dan 2 0.00
GroupOdan1 0.00

Table 4 shows a statistically significant difference (p<0.05) between Group 0
(untreated), Group 1 (tooth extraction without apatite cement), and Group 2
(tooth extraction with apatite cement).

DISCUSSION

These findings suggest that the biomaterial accelerates physiological bone
regeneration by facilitating osteogenic cell activity within the extraction socket. In
contrast, the untreated control group exhibited only basal osteoblast activity,
which likely reflects normal physiological bone turnover required to maintain bone
matrix synthesis and mineralization rather than active regenerative processes. 31>
The biomaterial significantly improved the healing process compared to leaving
the socket untreated. These results are consistent with previous studies
demonstrating that calcium phosphate-based biomaterials, including apatite
cement, enhance osteoblast proliferation, differentiation, and mineralization
during the early stages of alveolar bone healing.3”

Alveolar socket healing following tooth extraction occurs through a series of
overlapping biological phases, including hemostasis, inflammation, proliferation,
and bone remodeling. During the first 1-3 days, the extraction socket is
characterized by the formation of blood clots and infiltration of inflammatory cells.
Between days 3 and 7, granulation tissue gradually replaces the blood clot,
accompanied by angiogenesis and the recruitment of mesenchymal stem cells.
These cells subsequently differentiate into osteoblasts, initiating new bone
formation along the socket wall. By day 14, osteoblast activity markedly increases,
resulting in the active deposition of osteoid and progressive mineralization of the
newly formed bone. Therefore, observations on days 3, 7, and 14 represent key
stages of early alveolar bone healing and osteogenesis. 282

Consistent with this biological healing sequence, the extraction-only group
(Group 1) demonstrated a gradual increase in osteoblast numbers from day 3 to
day 14, reflecting the normal physiological progression of socket healing. These
findings are consistent with a previous study showing that osteoblast recruitment
and new bone formation increase progressively during the early stages of alveolar
socket healing following tooth extraction. Osteoblast activity gradually increases
during the proliferative phase of socket healing as woven bone begins to replace
the initial blood clot and granulation tissue. The progressive increase in osteoblast
numbers observed in the present study therefore reflects the normal pattern of
physiological bone repair in untreated extraction sockets.3®3° Tooth extraction
initiates an inflammatory response that stimulates the release of cytokines and
growth factors, including BMPs, TGF-B, PDGF, and VEGF, which promote
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mesenchymal stem cell recruitment and osteoblast differentiation during the
proliferative phase of bone healing.282°

The tooth extraction group with apatite cement (Group 2) exhibited a greater
increase in osteoblast cell numbers than that without apatite cement throughout
the observation period. This finding is consistent with previous studies
demonstrating that calcium phosphate- and apatite-based biomaterials enhance
early osteoblast recruitment and bone regeneration due to their excellent
osteoconductive properties. For example, Bohner et al. reported that calcium
phosphate cements provide a favorable microenvironment for osteoblast
attachment and differentiation, thereby facilitating early bone healing. Similarly,
Liu et al. demonstrated that hydroxyapatite-based biomaterials significantly
increased osteoblast proliferation and mineralized tissue formation during the early
phases of bone repair. The present findings further support these observations,
suggesting that apatite cement accelerates osteogenesis by providing an
osteoconductive scaffold that enhances osteoblast adhesion, proliferation, and
extracellular matrix deposition, thereby promoting earlier and more extensive new
bone formation.33:34

Osteoblasts are the primary cells involved in the bone formation process,
synthesizing and secreting a bone matrix rich in type I collagen, and playing a role
in regulating the mineralization of new bone formation.3® Based on the results
shown in Table 3, there was a significant difference between the untreated group,
the group of tooth extraction without apatite cement, and the group of tooth
extraction with apatite cement, indicating that apatite cement had a significant
effect on the number of osteoblasts in the alveolar socket following tooth
extraction in rabbits. This finding is consistent with previous studies reporting that
calcium phosphate-based biomaterials promote early osteoblast recruitment and
differentiation by providing an osteoconductive surface that supports new bone
formation.3%3! Furthermore, the greater osteoblast number observed in the group
of tooth extraction with apatite cement are consistent with earlier reports
demonstrating that apatite-based biomaterials enhance the early phase of bone
healing compared with the group of tooth extraction untreated extraction
sockets.3132

The differences in the mean osteoblast cell number on days 3, 7, and 14 in
the tooth extraction group without apatite cement (Table 1) indicate that healing
time influences the increase in osteoblast activity. On day 3, the osteoblast cell
number was at its lowest due to the ongoing healing phase, which was dominated
by the inflammatory response and granulation tissue formation. Consequently, the
number of maturing osteablasts remained low, and proliferation had not yet been
activated. This finding is consistent with previous reports showing that pro-
inflammatory cytokine-induced MMP-13 expression increases during the early
stages of healing, indicating the presence of the inflammatory phase.3!

By day 7, the osteoblast cell number increased due to the resolution of the
inflammatory phase and the onset of the reparative phase, which was marked by
the initiation of the mineralization process, thereby promoting the migration and
differentiation of mesenchymal cells into osteoblasts to enhance bone formation
activity. This finding is consistent with previous studies demonstrating increased
BMP expression by day 7, which promotes osteoblast differentiation and
activation.3? On day 14, the mean osteoblast cell number was at its highest due
to the proliferation and differentiation of osteoblasts during bone healing,
accompanied by increased expression of growth factors that stimulate osteoblast
activity.

During the proliferative phase, osteoblasts are arranged on the surface of the
newly formed bone and play a role in collagen matrix synthesis and osteoid
mineralization, resulting in a higher osteoblast volume density. In this phase, there
is an increase in the differentiation of mesenchymal cells into pre-osteoblasts and
mature osteoblasts, marked by the activation of RUNX2, which acts as the primary
regulator of osteoblastogenesis. Additionally, there is an increase in growth factor
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activity, particularly TGF-B, which plays a role in stimulating osteoblast
proliferation and differentiation. Previous studies have reported that BMP levels
decrease by day 14 as osteoblasts enter the maturation phase and become actively
involved in bone matrix formation.26:32

Based on the data analysis, there was a significant difference in the mean
osteoblast cell number among the treatment groups at each observation time point
(days 3, 7, and 14). The significant difference in osteoblast cell number between
the groups in the one-way ANOVA indicates different biological responses during
the bone regeneration process. Therefore, the alternative hypothesis (H1) was
accepted, indicating that apatite cement had an effect on osteoblast cell number
in the alveolar socket following tooth extraction in rabbits.

The present findings are consistent with previous studies demonstrating that
calcium phosphate-based biomaterials, including apatite and hydroxyapatite,
enhance alveolar bone healing by providing an osteoconductive scaffold that
supports osteoblast recruitment and new bone formation. Experimental animal
studies have reported significantly greater osteoblast activity and accelerated bone
regeneration in extraction sockets treated with hydroxyapatite-based graft
materials compared with untreated sockets. Likewise, recent reviews have
concluded that synthetic calcium phosphate biomaterials promote favorable
biological responses during alveolar socket healing by facilitating bone
regeneration and preserving alveolar architecture. These findings support the
present study, in which the tooth extraction with apatite cement showed
significantly higher osteoblast cell numbers during the inflammatory, proliferative,
and early remodeling phases of socket healing compared with the control
group.3334

The increase in osteoblast cell numbers observed in the tooth extraction with
apatite cement may be attributed to the osteoconductive properties of the
biomaterial, which provide a favorable surface for cell attachment, proliferation,
and extracellular matrix deposition. This biological response facilitates early bone
formation and supports the transition from the inflammatory to the proliferative
and early remodeling phases of socket healing.

This study had several limitations. First, it only evaluated osteoblast cell
number as an indicator of bone regeneration, without assessing other parameters
such as bone density, immunohistochemical analysis, and the activity of other
cells, such as osteoclasts. Second, the observation period was limited to days 3,
7, and 14; therefore, the findings do not fully describe the long-term and
comprehensive bone remodeling process, during which alveolar bone maturation
and hard tissue stabilization occur over several weeks to months following tooth
extraction. Finally, the use of stored biological specimens may have potential for
changes in tissue morphology due to the fixation process and long-term storage,
which may have affected histological examination.

However, because the observation period was limited to 14 days, these
findings should not be interpreted as evidence of complete bone regeneration.
Further studies with longer follow-up periods and additional histological,
radiographic, and biomechanical assessments are required to evaluate the long-
term regenerative potential and clinical effectiveness of apatite cement before its
routine clinical application. The application of apatite cement significantly
increased osteoblast cell numbers during the early stages of alveolar socket
healing following tooth extraction in rabbits. The increased osteoblast cell number
indicate enhanced early osteogenic activity, suggesting that apatite cement
provides an osteoconductive environment that supports initial bone formation.

CONCLUSION
The application of apatite cement significantly increased osteoblast cell

numbers during the early stages of alveolar socket healing following tooth
extraction in rabbits. The increased osteoblast cell numbers indicate enhanced
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early osteogenic activity, suggesting that apatite cement provides an
osteoconductive environment that supports initial bone formation. However,
because the observation period was limited to 14 days, these findings should not
be interpreted as evidence of complete bone regeneration in the study. Further
studies with longer follow-up periods and additional histological and radiographic
assessments are required to evaluate the long-term regenerative potential of
apatite cement.

The implication of this study is that apatite cement may serve as a promising
biomaterial for alveolar socket preservation by promoting early bone healing after
tooth extraction. These findings provide preclinical evidence supporting the
potential application of apatite cement as an alternative bone graft substitute in
regenerative dentistry and contribute to the development of calcium phosphate—
based biomaterials for clinical bone regeneration.
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