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Ridge preservation is an important technique for maintaining the dimensions of the alveolar bone following tooth extraction,
which is crucial for successful tooth rehabilitation.Te combination of bovine amniotic membrane and hydroxyapatite has shown
promise as a scafold material containing growth factors that can stimulate osteogenic-related factors such as bone morphogenetic
protein 2 (BMP2), Runt-related transcription factor 2 (RUNX2), and osteocalcin. Tis stimulation leads to collagen production
and osteoblast proliferation, resulting in new bone formation. In this study, bovine amniotic membrane-hydroxyapatite (BAM-
HA) composites were prepared using three diferent ratios of bovine amniotic membrane and hydroxyapatite (2 : 3, 3 : 7, 7 :13).
Tirty Sprague–Dawley rats had their frst incisors extracted, and diferent types of BAM-HA were applied for ridge preservation.
Te control group received no treatment, while the positive control group was given xenograft. After 14 and 28 days, the animals
were sacrifced, and immunohistochemical analysis was performed to evaluate the expression of BMP2, RUNX2, and osteocalcin.
Additionally, a histological examination was conducted to analyse collagen thickness and osteoblast cell proliferation. Te results
demonstrated that the application of BAM-HA signifcantly increased collagen density, osteoblast cell proliferation, and the
expression of BMP2, RUNX2, and osteoclacin compared to the control group (p< 0.05) on both days 14 and 28. Furthermore,
increasing the hydroxyapatite content in the composite was found to enhance collagen thickness, osteoblast cell proliferation, and
the expression of osteogenic-related factors.Tese preliminary fndings suggest that the combination of BAM-HA can be used for
ridge preservation to prevent further bone resorption following tooth extraction.

1. Introduction

Dental implant restoration is currently considered a viable
option for patients who have experienced partial or complete
tooth loss [1]. Dental implants’ success depends on the al-
veolar bone’s quantity and quality [2]. In successful dental
implants, the quality of the alveolar bone can be considered
good if the resorption process is less than 1mmwithin a year
[3]. Terefore, strategies for preserving the alveolar bone

after dental extraction are necessary to achieve and maintain
the quality of the alveolar bone. Te ridge preservation
represents a challenging technique that involves active
biomaterials or autologous bone placed in the alveolar socket
after the tooth extraction [4]. Te goal of ridge preservation
is to maintain the alveolar bone and minimise or prevent
alveolar bone resorption [5].

Te amniotic membrane is one potential osteoinductive
biomaterial for bone healing [6]. One of the common
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amniotic membranes used is a bovine amniotic membrane
(BAM), which contains various types of collagen and growth
factors [7]. Te bovine amniotic membrane shares simi-
larities with the human amniotic membrane [8]. Te growth
factors found in the amniotic membrane include epidermal
growth factor (EGF), transforming growth factor alpha and
beta (TGF-α and TGF-β), keratinocyte growth factor (KGF),
hepatocyte growth factor (HGF) and basic fbroblast growth
factor (bFGF) [9]. In addition, the extracellular matrix of the
bovine amniotic membrane consists of various types of
collagen, laminin, nidogen, fbronectin, and proteoglycans
[10]. Several studies have shown that the amniotic mem-
brane expresses C–X–C chemokine receptor type 4 (CXCR-
4), monocyte chemoattractant protein-1 (MCP-1), osteo-
calcin, and cathepsin K (CatK), indicating its osteoinductive
ability [6].

Hydroxyapatite (HA) is a biomaterial that contains
stable calcium phosphate salts with a chemical formula of
Ca10 (PO4)6 (OH)2, plays a role in bone formation, or
substitution and can be used for ridge preservation [11]. Te
role of hydroxyapatite in bone is to act as a scafold [12],
provide osteoconductive properties, and stimulate osteoblast
diferentiation during bone remodelling [13]. Combining
the bovine amniotic membrane with hydroxyapatite (BAM-
HA) is interesting because these materials may possess
synergistic abilities and proceed with bone regeneration.Te
frst research showed that the combination of bovine amnion
membrane and hydroxyapatite with a ratio of 7 :13 produced
the desired characteristics, such as a pore size of 155.625 μm,
porosity of 89.23% [14], and maximum swelling ability [15].
Tis characteristic depends on the ratio of the amniotic
membrane; an increased ratio leads to an increase in pore
size and porosity [14].

Te synergistic combination of bovine amniotic mem-
brane and hydroxyapatite holds great promise as a material
for ridge preservation, efectively maintaining the quality
and quantity of alveolar bone. Te study employed histo-
logical and immunohistochemical analysis to examine the
proliferation phase [16] and remodelling phase [5]. In vivo,
tests were conducted to evaluate collagen thickness, osteo-
blast cell proliferation and the expression of BMP2, RUNX2,
and osteocalcin. Collagen, an integral component of wound
healing, plays a crucial role in the early stages of bone healing
[17]. Osteoblast cells serve as markers for alveolar bone
healing and express bone-forming proteins. BMP2, known
for its ability to induce bone formation [18], and RUNX2,
which promotes osteoblast diferentiation and stimulates
osteocalcin production, were also analyzed. Osteocalcin, in
turn, facilitates calcium binding to the bonematrix, aiding in
late-stage osteoblast diferentiation [19]. To investigate the
potential of bovine amniotic membrane and hydroxyapatite
in various ratios (2 : 3, 3 : 7, and 7 :13) and fnd the optimum
combination for alveolar ridge preservation, the current
study focused on analyzing collagen density, osteoblast
activity, and osteogenic markers, including BMP2, RUNX2,
and osteocalcin.

2. Materials and Methods

2.1. Bovine Membrane Amnion Preparation. Te bovine
amniotic membrane was obtained from a female Bos jav-
anicus domesticus. Te bovine amniotic membrane was
initially washed to remove blood clots using a 0.05% saline
solution, with each washing step lasting 10minutes. Sub-
sequently, it was further washed with Aquadest until the
saline solution became clear. Te cleaned bovine amniotic
membrane was then kept at a temperature of −80°C for
24 hours in a freezer. After that, freeze-drying was per-
formed for 24 hours at −100°C. Te resulting product was
obtained in sheet form.

2.2. Hydroxyapatite Preparation. Cancellous bone samples
(cancellous bone originating from the spongy part of the
hump) were obtained from a seven-year-old female Bos
javanicus domesticus. Te bone samples were cut into small
pieces and thoroughly washed with water. Subsequently, the
bone pieces were placed in an ultrasonic shaker at 60°C to
remove the fat content. After this process, the bones were
washed again using Aquadest.

Following the washing step, the bone pieces were air-
dried and then subjected to a furnace at 1000°C for one hour
for burning. After burning, the bones were washed 3–4 times
using Aquadest.

Te bones were then dried again in an oven at a tem-
perature range of 60–100°C until completely dry. Once
thoroughly dried, the bones were ground into particles using
a bone miller until they reached a particle size of 150 μm.

2.3. Combination of Bovine Membrane Amnion and
Hydroxyapatite. Te bovine amniotic membrane and hy-
droxyapatite (BAM-HA) combination was prepared with
three diferent weight ratios of bovine amniotic membrane
to hydroxyapatite, namely 2 : 3, 3 : 7, and 7 :13 (weight/
weight). A predetermined weight of amniotic membrane
was soaked in 40ml of 0.9% natrium chloride solution for
fve minutes. Subsequently, the bovine amniotic membrane
was homogenised using a blender for 10minutes until
a homogenous amniotic slurry was obtained. Te bovine
amniotic slurry was thenmixed with the previously prepared
HA powder. Te mixture was stirred until homogenous and
transferred into a Petri dish with a diameter of 10 cm. Te
Petri dish was then stored in a freezer at −80°C for 24 hours,
followed by freeze drying for another 24 hours at a tem-
perature of −100°C. Te resulting combination formed
sponge-like structures, which were further sterilised with
a gamma radiation dose of 25Gy (Figure 1).

2.4. Animals. A total of 30 male Sprague–Dawley rats (four
months old, 300 g) were subjected to a seven-day adaptation
period before the commencement of the experimental
treatments. Each rat was individually housed in covered
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cages (dimensions: 39× 42×15 cm). Te rats had sufcient
food, water, ventilation, and appropriate lighting conditions.
Tey were fed twice daily, with a total of 20 grammes of
standard diet per rat. Additionally, the rats received
deworming, antiectoparasites, and vitamins as additional
supplements to support their overall health.

2.5. Alveolar Bone Regeneration Model. Te alveolar bone
regeneration model was established in rats, beginning with
the extraction of the frst mandibular incisor on the right
side. During the extraction process, the rats were anaes-
thetised by intraperitoneal administration of ketamine and
xylazine (2 :1, v/v).

Te extraction procedure involved initially destroying
the periodontal ligament using a probe. Once the buccal,
lingual, mesial, and distal aspects of the periodontal ligament
were detached, the tooth was gently removed using a dental
excavator until it was completely and instantly removed.
After the completion of extraction, each rat was assigned to
its respective treatment, as mentioned in Table 1.

Following the application of amnion membrane and
hydroxyapatite in the socket, suturing was performed using
three stitches of catgut (0.4 µ) thread. Te rats were ad-
ministered antibiotics (ampicillin) and analgesics (para-
cetamol) to mitigate potential side efects from the
extraction, such as swelling and pain.

2.6. Alveolar Bone Regeneration Analysis. After 14- and
28 days post-tooth extraction, all animals were euthanised
using an overdose of ketamine (95mg/kg body weight)
and xylazine (5mg/kg body weight). Te mandible was
collected, and sagittal dissection was performed on the
alveolar bone in the anterior tooth region. Te alveolar
bone was then immersed in 10% neutral-bufered for-
malin for fxation, followed by decalcifcation using 30%
ethylenediaminetetraacetic acid (EDTA) for seven days.
Te tissue samples were subsequently embedded in par-
afn and sectioned into 5 µm thick transverse slices for
collagen density, osteoblast, BMP2 expression, RUNX2
expression, and osteocalcin expression.

2.6.1. Osteoblast Analysis. Osteoblasts were analyzed in the
alveolar bone using hematoxylin and eosin tissue staining.
Te quantifcation of osteoblasts was performed by counting
the number of osteoblasts at the edge of the alveolar bone
socket under a light microscope at a magnifcation of 400 x.
Five diferent regions of interest were examined in each
preparation or sample to ensure a representative analysis.

2.6.2. Collagen Density Analysis. Te collagen density
analysis was performed by evaluating the thickness of col-
lagen fbers in histologically stained tissue exhibiting a bluish
hue following Masson’s Trichrome staining. Te quantif-
cation of collagen density was conducted based on a scoring
system according to the following criteria: 0 (absence of
collagen fber appearance), 1 (very thin/few collagen fbers
observed), 2 (thin and scattered collagen fbers observed)
and 3 (thick and widely distributed collagen fbers observed).
A light microscope at a magnifcation of 400 x and fve
diferent regions of interest were examined in each prepa-
ration or sample to ensure representative analysis.

2.6.3. BMP2, RUNX2, and Osteocalcin Expression. BMP2,
RUNX2, and osteocalcin expression were analyzed in al-
veolar bone using indirect immunohistochemistry staining.
Te primary antibodies were BMP2 (1 :100), RUNX2 (1 : 50),
and osteocalcin (1 : 200) from Afnity Biosciences, Inc.,
USA. Te 3,3′-diaminobenzidine (DAB) system was used as
the secondary antibody (Universal HRP Excell Stain, Biogear,
Life Science). Haematoxylin 560 was used as the counterstain
(Leica Biosystem).

Te quantifcation of BMP2 and osteocalcin was per-
formed by counting the chondrocytes showing immuno-
reactivity, visualized as brown staining in the nucleus and
cytoplasm. Similarly, the quantifcation of RUNX2 was
carried out by counting the osteocytes showing immuno-
reactivity, visualized as brown staining in the nucleus and
cytoplasm. Tis analysis was performed in fve diferent
regions of interest using a ZEISS AXIO SCOPE AI micro-
scope equipped with an AxioCam digital camera.Te images
were captured and analyzed using Zen 3.4 software at
a magnifcation of 40 x.

Xenograft

(a)

BAM-HA
2:3

(b)

BAM-HA
3:7

(c)

BAM-HA
7:13

(d)

Figure 1: Te combination of bovine amniotic membrane and hydroxyapatite in 3 diferent ratios 3 : 7 (b), 7 :13 (c), 2 : 3 (d), and xenograft
was used as a control (a).
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2.7. Statistical Analysis. Te statistical analysis was con-
ducted using a one-way ANOVA to analyse the diferences
in osteoblasts, collagen, BMP2, RUNX2, and osteocalcin
expression after administration of diferent ridge preser-
vation (control, xenograft, BAM-HA 2 : 3, BAM-HA 3 : 7
and BAM-HA7 :13). A signifcance level of p< 0.05 was used
to determine statistically signifcant results. SPSS version 24
(IBM SPSS Statistic 24 for Windows, New York, NY, USA)
was used for the analysis.

3. Results

3.1. CollagenNumber. Te collagen density showed a higher
number in amnion membrane hydroxyapatite (3 : 7) and (7 :
13) compared to the control (p< 0.05 and p< 0.001) on days
14 and 28 of observation. Compared to xenograft density
was lower in amnion membrane hydroxyapatite (2 : 3) and
(3 : 7) (p< 0.05 and p< 0.001) (Figure 2).

3.2. Osteoblast Number. Te osteoblast showed a higher
number in all combinations of amnion membrane and
hydroxyapatite compared to the control (p< 0.0001) on day
14 of observation. Compared to xenograft, the osteoblast
showed lower levels in all groups of amnion membrane
hydroxyapatite (p< 0.05, p< 0.001, p< 0.0001). In the
28 days of observation, there was no signifcant diference
between control xenograft and all amnion membrane hy-
droxyapatite groups (Figure 3).

3.3. Te BMP2 Expression. Te BMP2 expression showed
a higher number in combination with amnion membrane
hydroxyapatite (3 : 7) and (7 :13) compared to the control
(p< 0.01 and p< 0.0001) on days 14 and 28 of observation.
Compared to xenograft, BMP2 expression showed no sig-
nifcant diference in all groups of amnion membrane hy-
droxyapatite. In 28 days of observation, a combination of
amnion membrane hydroxyapatite (7 :13) showed a higher
expression compared to a combination of amnion mem-
brane hydroxyapatite (3 : 7) (Figure 4).

3.4.TeRUNX2Expression. Te RUNX2 expression showed
a higher number in combination with amnion membrane
hydroxyapatite (7 :13) compared to the control (p< 0.001)
on day 14 of observation. Compared to xenograft all
combinations with amnion membrane hydroxyapatite
showed lower RUNX2 expression (p< 0.01 and p< 0.0001).
In 28 days, the RUNX2 expression showed a higher number
in all combinations of amnion membrane hydroxyapatite

compared to the control (p< 0.001), but was not diferent
when compared with the xenograft groups (Figure 5).

3.5. Te Osteocalcin Expression. Te osteocalcin expression
showed a higher number in all combinations with amnion
membrane hydroxyapatite compared to the control
(p< 0.001) on day 14 of observation. But, when compared
with xenograft, the osteocalcin expression was lower in all
groups of amnion membrane hydroxyapatite (p< 0.05 and
p< 0.001). In 28 days of observation, only a combination of
amnion membrane hydroxyapatite (3 : 7) and (7 :13) had
a higher osteocalcin expression compared to the control
(p< 0.05 and p< 0.01) (Figure 6).

4. Discussion

Collagen plays a crucial role in the bone regeneration
process. Collagen is the main protein component of the
extracellular matrix, which repairs damage and restores the
structure and anatomical function of tissues [20]. Te ad-
ministration of BAM-HA results in higher collagen thick-
ness compared to the control group. Te signifcant increase
in collagen thickness in the BAM-HA group is attributed to
the presence of various growth factors and proteomic se-
cretory leukocyte protease inhibitors (SLPI) [21]. SLPI also
plays a role in stimulating growth factors such as epidermal
growth factor (EGF), vascular endothelial growth factor
(VEGF), fbroblast growth factor (FGF), transforming
growth factor-β (TGF-β) and platelet-derived growth factor
(PDGF) [22]. Tese growth factors, particularly EGF, reg-
ulate epithelial cell motility, afecting the rate of re-
epithelialization and assisting wound contraction by stim-
ulating fbroblast proliferation and migration to restore
tissue integrity [23]. Additionally, TGF-β stimulates fbro-
blast activity in the secretion of fbroblast growth factor
(FGF), which binds to tyrosine kinase receptors, leading to
receptor autophosphorylation and subsequent phosphory-
lation of serine, threonine and tyrosine residues on specifc
target proteins such as Raf-1, MAPK/Erk kinase (MEK), and
extracellular signal-regulated kinase-1 (ERK) [24]. Both FGF
and TGF-β increase fbroblast proliferation, thereby en-
hancing collagen synthesis [25, 26]. Moreover, BAM con-
tains collagen types I, III, IV, V, VI, and XV [27], which
further contribute to collagen formation at the site of the
wound [28] (Figure 7).

Te increase in collagen thickness within the socket
stimulates the activity of osteoblasts, which are pivotal in the
process of bone regeneration. Osteoblasts serve as markers
of alveolar bone healing by expressing bone-forming

Table 1: Te animal designated group treatment after tooth extraction.

Name of groups Number of rats Treatment1

Control 6 —
Xenograft2 6 Applied bio-oss collagen
A 6 Applied combination of amnion membrane and hydroxyapatite ratio 2 : 3
B 6 Applied combination of amnion membrane and hydroxyapatite ratio 3 : 7
C 6 Applied combination of amnion membrane and hydroxyapatite ratio 7 :13
1Te material applied has dimensions 3×10mm. 2Geistlich bio-oss® collagen, Geistlich pharma AG, bahnhofstrasse, Wolhusen, Switzerland.
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proteins [29]. Similarly, the application of BAM-HA dem-
onstrates a higher number of osteoblasts compared to the
control group. Te increased number of osteoblasts may be
a result of enhanced fbroblast proliferation and collagen
synthesis within the bone socket. As the increase in collagen
serves as a new tissue matrix, it is always accompanied by

angiogenesis, the formation of new blood vessels [30]. Te
formation of new blood vessels indicates the entry into the
proliferation phase, allowing mesenchymal stem cells to
diferentiate into osteoblasts to generate bone [31]. During
the proliferation phase, preosteoblast progenitor cells exhibit
alkaline phosphatase (ALP) activity and are considered
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Figure 2: Te collagen analysis in alveolar bone using histopathology analysis using Masson Trichome staining. (a and b) Te visualization
of alveolar bone in each group in 400 x magnifcation. Te collagens were stained blue in colour. (c and d) Te quantifcation of collagens
density in 14 days and 28 days of observation using ImageJ software. Asterix in C and D mean diferent collagen density among groups
analyzed using one-way ANOVA test and post hoc test. ∗p< 0.05; ∗∗p< 0.01; ∗∗∗p< 0.001; ∗∗∗∗p< 0.0001; ns� not signifcant (not shown).
Scale bar 100 μm.
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preosteoblasts. Te transition from preosteoblasts to oste-
oblasts is characterised by an increase in the expression of
Osterix (Osx) and the secretion of bone matrix proteins.
Additionally, osteoblasts undergo morphological changes,
becoming larger and assuming a cuboidal shape [32].

Te promotion of osteoblast activity is further facilitated
by the presence of hydroxyapatite in the bovine amniotic

membrane, where HA crystals serve as ligands that activate
signalling receptors and enhance the expression of osteo-
genic transcription factors. Osteoblast stimulation by hy-
droxyapatite can occur through the extracellular signal-
regulated kinase (ERK) signalling pathway [33]. Addition-
ally, fbronectin present in the amnionic membrane can
interact with hydroxyapatite and activate the ERK pathway
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Figure 3: Te osteoblast analysis in alveolar bone using histopathology analysis using hematoxyline-eosin staining. (a and b) Te
visualization of alveolar bone in each group in 400 x magnifcation. (c and d) Te quantifcation of osteoblast in 14 days and 28 days of
observation. Asterix in C and D mean diferent osteoblast among groups analyzed using one-way ANOVA test and post hoc test. ∗p< 0.05;
∗∗p< 0.01; ∗∗∗p< 0.001; ∗∗∗∗p< 0.0001; ns� not signifcant (not shown). Scale bar 100 μm.
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[34]. Te ERK signalling pathway can also be stimulated by
the interaction of HA with the fbroblast growth factor
receptor (FGFr). FGFr binds to ligands that play a role in
activating mitogen-activated protein kinases (MAPKs) [35].
Te increase in the number of osteoblasts observed through
the BAM-HA interaction via the ERK signalling pathway
indicates an accelerated stimulus for alveolar bone healing
(Figure 7).

On the other hand, various osteogenic markers also
exhibit increased expression in the group treated with BAM-
HA. One of the observed osteogenic markers is BMP2.
BMP2 is a protein known to induce bone formation and
plays a role in various biological processes of osteoblasts,
including proliferation, diferentiation, and apoptosis [36].
Te increased expression of BMP2 can be attributed to the
presence of growth factors such as TGF-β in the bovine
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Figure 4:Te BMP2 expression in alveolar bone using indirect immunohistochemistry staining. (a and b)Te visualization of alveolar bone
in each group in 400 x magnifcation. (c and d) Te quantifcation of BMP2 expression in 14 days and 28 days of observation. Asterix in C
and D mean diferent BMP2 expression among groups analyzed using one-way ANOVA test and post hoc test. ∗p< 0.05; ∗∗p< 0.01;
∗∗∗p< 0.001; ∗∗∗∗p< 0.0001; ns�not signifcant (not shown). Scale bar 100 μm.
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amniotic membrane, which can induce BMP2 expression.
Te BMP or TGF-β pathway is essential for osteogenesis
both in vitro and in vivo [37]. When BMP2 binds to BMP
receptors located in lipid rafts, caveolae, and clathrin-coated
pits (CCPs), it activates the phosphorylation of BMPRII and
BMPRIa. Tis leads to the activation of Smad signalling or
non-Smad pathways. Non-Smad signalling pathways,

including ERK, phosphatidylinositol 3-kinase (PI3K), and
transforming growth factor-β-activated kinase 1/binding
protein 1 (TAB1/TAK1), are activated. All these pathways
contribute to the diferentiation of mesenchymal stem cells
(MSCs) and osteoprogenitors into osteoblasts [30, 38].

Another osteogenic marker is RUNX2, which is an
important factor in osteogenesis and osteoblast
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Figure 5: Te RUNX2 expression in alveolar bone using indirect immunohistochemistry staining. (a and b) Te visualization of alveolar
bone in each group in 400 x magnifcation. (c and d)Te quantifcation of RUNX2 expression in 14 days and 28 days of observation. Asterix
in C and D mean diferent RUNX2 expression among groups analyzed using one-way ANOVA test and post hoc test. ∗p< 0.05; ∗∗p< 0.01;
∗∗∗p< 0.001; ∗∗∗∗p< 0.0001; ns�not signifcant (not shown). Scale bar 100 μm.
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diferentiation [39]. Te increased expression of RUNX2 in
the BAM-HA group is also infuenced by the initial role of
TGF-β present in the bovine amniotic membrane, leading to
an enhancement of osteoprogenitors [40]. TGF-β activates
SMAD3 and induces RUNX2 expression through the ERK
pathway, which transforms osteoprogenitors into pre-
osteoblasts. Additionally, the presence of FGF in the bovine

amniotic membrane can increase RUNX2 expression
through FGFR1 receptors [41]. Trough the upregulation of
RUNX2 expression, there is also an increase in osteocalcin
production by osteoblasts.

Osteocalcin, the third osteogenic marker observed in this
study, is a non-collagenous protein initially identifed in
bone and dentin as a calcium-binding protein secreted by
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Figure 6: Te osteocalcin expression in alveolar bone using indirect immunohistochemistry staining. (a and b)Te visualization of alveolar
bone in each group in 400 x magnifcation. (c and d) Te quantifcation of osteocalcin expression in 14 days and 28 days of observation.
Asterix in C and D mean diferent osteoclacin expression among groups analyzed using one-way ANOVA test and post hoc test. ∗p< 0.05;
∗∗p< 0.01; ∗∗∗p< 0.001; ∗∗∗∗p< 0.0001; ns� not signifcant (not shown). Scale bar 100 μm.
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mature osteoblasts, namely, osteocytes [42]. Te increase in
osteocalcin in alveolar bone is a result of increased RUNX2,
which acts as a master regulator of osteogenesis, controlling
the expression of non-collagenous proteins such as osteo-
calcin that play a role in the fnal stages of osteoblast dif-
ferentiation, matrix binding of calcium, and induction of
mineralization [43]. Te increased osteocalcin production is
expected to promote mineralization and facilitate the pro-
cess of alveolar bone regeneration.

Based on this research, the application of this bio-
composite material is not limited to just being a ridge
preservation material after extraction. However, it is also
hoped that it will be able to act as ridge preservation to
stimulate new bone and improve alveolar bone healing in
cases of large bone defect, such as cases of mini crestal sinus
removal, implant placement, and major craniofacial surgery
[30, 38]. Te limitation of this study is no radiographic
examination to confrm the presence of new bone. Tis
examination is needed for the future application for human
application. In the other hand, alveolar bone healing takes
a longer time, it can take months to years, so it requires
observation of the research object for a longer time.

5. Conclusions

Te application of BAM-HA in the socket after tooth ex-
traction showed an increase in bone remodelling. A higher
ratio of hydroxyapatite increases collagen density, osteo-
blast, and osteogenic-related factors such as RUNX2, BMP2,
and osteocalcin. Tis initial fnding suggests that a combi-
nation of amnion membrane and hydroxyapatite can be
used as ridge preservation to maintain the quality and
quantity of alveolar bone. In large bone defects, it is also
hoped that this material can also stimulate bone healing
because the clot is the most powerful bone growth factor and
is autologous in that it provides all the cells for bone
transformation.
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- This in vivo study aimed to compare 3 different ratios of amniotic membrane-

hydroxyapatite composites against xenograft for ridge preservation following 

extraction of incisors in rats.  

- The title is misleading as the authors used bone chips instead of pure HA. - In this 

study, a biocomposite material was shaped like a sponge inserted into the alveolar bone 

socket. The biocomposite material was soft like a sponge, not a bone chips. 
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Title 
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Abstract  
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“bovine”before “amniotic” 

- The rationale for doing the study should be stated. If the use of BAM-HA has shown 

promising results, there is no need to do the study. If the authors want to find the 

optimum combination which has not been reported, please state so. -  

- The combination of bovine amnion membrane and hydroxyapatite is expected to have 

potential as a material that can stimulate bone formation so that bone healing after 

extraction becomes faster. This study uses several ratios to find the best ratio to increase 

bone formation stimulation as ridge preservation 

- Consider adding the statistical analysis. 

Introduction  

- The rationale for doing the study should be elaborated as mentioned 

- This study aims to use bovine amnion membrane and bone as natural materials. 

-  The combination of bovine amnion membrane and hydroxyapatite is expected to have 

potential as a material that can stimulate bone formation so that bone healing after 

extraction becomes faster. This study uses several ratios to find the best ratio to increase 

bone formation stimulation as ridge preservation 

-  

-  

 

Materials and methods 

- 2.2: it seems that bone chips (inorganic and organic biological material) instead of pure 

hydroxyapatite (inorganic chemical compound) were prepared. 

- 2.3: Why were these 3 particular ratios chosen? – The ratio used in this study is a ratio 

that approaches the components of bone and alveolar bone. 

- Please justify the sample size n=3. The use of samples on living things as many as 3 

mice. The sample is calculated based on the Federer formula, where the research in the 

laboratory has been controlled. This research has also passed the ethics commission 

where the use of living things as research subjects must be limited. 

- 2.6.1: Who and how the 5 regions of interest (ROI) were selected? How many examiners 

were involved? Were they blinded?  



- The determination of ROIs was done randomly and blindly, the label of the preparate 

was covered. This study involved 3 examiners 

- 2.7: Please state the 2 independent variables in the statistical model. 

 

Discussion 

- Please state the limitations of the study. -  

- The limitation of this study is that bone healing takes a longer time, it can take months 

to years, so it requires observation of the research object for a longer time.  

- And this study requires other test parameters such as radiographs of the alveolar bone 

to determine how far the bone is formed after tooth extraction. 

- How long can the prepared bovine amniotic membrane be kept? 5 year after 

sterilization wit gamma x-rays 25 KgY 

- In clinical situations, collagen membrane or sponge is usually placed over the graft 

before suturing. I presume it was not done in this model as the socket was very small.  

In this study, the collagen membrane was not placed over the graft. The existing 

collagen membrane was already combined with hydroxyapatite into one biocomposite.  

- Please discuss. 

- The most important rationale for ridge preservation is to maintain the ridge 

morphology but it was not measured in this study. Yes, it is important, because seeing 

the morphology of the bone after tooth extraction takes longer and requires other test 

tools such as radiological X-rays to support the research. Therefore, the limitation of 

this study is that it requires other tests before entering clinical research. 

- The results showed enhanced bone healing in the tested groups. What are the clinical 

implications? Earlier placement of dental implants or for patients with compromised 

bone healing response? Please discuss." The clinical implication of this study is that 

tooth extraction involves large bone defect, so it requires material that can stimulate 

bone formation faster. In this study, the extraction of the lower incisor teeth of rats 

caused large bone loss because the lower incisor teeth of rats were long and attached to 

the mandibular bone. 
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Abstract 

Socket preservation is an important technique for maintaining the dimensions of the alveolar 

bone following tooth extraction, which is crucial for successful tooth rehabilitation. The combi-

nation of amniotic membrane and hydroxyapatite has shown promise as a scaffold material con-

taining growth factors that can stimulate osteogenic-related factors such as bone morphogenetic 

protein 2 (BMP2), Runt-related transcription factor 2 (RUNX2) and osteocalcin (OCN). This stim-

ulation leads to collagen production and osteoblast proliferation, resulting in new bone for-

mation. In this study, amniotic membrane-hydroxyapatite composites were prepared using three 

different ratios of bovine amniotic membrane and hydroxyapatite (2:3, 3:7, 7:13). Thirty Sprague-

Dawley rats had their first incisors extracted, and different types of amniotic membrane hydrox-

yapatite were applied for socket preservation. The control group received no treatment, while the 

positive control group was given xenograft. After 14 and 28 days, the animals were sacrificed, 

and immunohistochemical analysis was performed to evaluate the expression of BMP2, RUNX2 

and OCN. Additionally, a histological examination was conducted to analyse collagen thickness 

and osteoblast cell proliferation. The results demonstrated that the application of amniotic mem-

brane-hydroxyapatite significantly increased collagen density, osteoblast cell proliferation and 

the expression of BMP2, RUNX2 and OCN compared to the control group (p<0.05) on both days 

14 and 28. Furthermore, increasing the hydroxyapatite content in the composite was found to 

enhance collagen thickness, osteoblast cell proliferation and the expression of osteogenic-related 

factors. These preliminary findings suggest that the combination of amniotic membrane and hy-

droxyapatite can be used for socket preservation to prevent further bone resorption following 

tooth extraction. 

Keywords: socket preservation; alveolar bone; bio-composite; bovine; hydroxyapatite; osteogen-

esis; socket preservation 

  



 

 

1. Introduction 

Dental implant restoration is currently considered a viable option for patients who have 

experienced partial or complete tooth loss [1]. Dental implants' success depends on the alveolar 

bone's quantity and quality [2]. In successful dental implants, the quality of the alveolar bone can 

be considered good if the resorption process is less than 1 mm within a year [3]. Therefore, strat-

egies for preserving the alveolar bone after dental extraction are necessary to achieve and main-

tain the quality of the alveolar bone. The socket preservation represents a challenging technique 

that involves active bio-materials or autologous bone placed in the alveolar socket after the tooth 

extraction One such strategy is socket preservation, which involves using active biomaterials in 

the extraction socket [4] [5]. The goal of socket preservation is to maintain the alveolar bone [6] 

and minimise or prevent alveolar bone resorption [75] [8]. 

The amniotic membrane is one potential osteoinductive biomaterial for bone healing [96]. 

One of the common amniotic membranes used is a bovine amniotic membrane, which contains 

various types of collagen and growth factors [107]. This amniotic membrane shares similarities 

with the human amniotic membrane [118]. The growth factors found in the amniotic membrane 

include epidermal growth factor (EGF), transforming growth factor alpha and beta (TGF-α and 

TGF-β), keratinocyte growth factor (KGF), hepatocytes growth factor (HGF) and basic fibroblast 

growth factor (bFGF) [129]. In addition, the extracellular matrix of the amniotic membrane con-

sists of various types of collagen, laminin, nidogen, fibronectin and proteoglycans [1310]. Several 

studies have shown that the amniotic membrane expresses CXCR-4, MCP-1, osteocalcin and 

CatK, indicating its osteo-inductive ability [96]. 

Hydroxyapatite is a biomaterial that contains stable calcium phosphate salts with a chemi-

cal formula of Ca10(PO4)6(OH)2, plays a role in bone formation or substitution and can be used for 

socket preservation [1411]. The role of hydroxyapatite in bone is to act as a scaffold [1512], pro-

vide osteoconductive properties and stimulate osteoblast differentiation during bone remodel-

ling [1613]. Combining the bovine amniotic membrane with hydroxyapatite is interesting because 

these materials may possess synergistic abilities and proceed with bone regeneration. The first 

research showed that the combination of bovine amnion membrane and hydroxyapatite with a 

ratio of 7:13 produced the desired characteristics, such as a pore size of 155.625 μm, porosity of 

89.23% [1714] and maximum swelling ability [1815]. This characteristic depends on the ratio of 

the amniotic membrane; an increased ratio leads to an increase in pore size and porosity [1714].  

The synergistic combination of amniotic membrane and hydroxyapatite holds great prom-

ise as a material for socket preservation, effectively maintaining the quality and quantity of alve-

olar bone. The study employed histological [19] and immunohistochemical analysis to examine 

the proliferation phase [2016] and remodelling phase [85]. In vivo, tests were conducted to eval-

uate collagen thickness, osteoblast cell proliferation and the expression of BMP2, RUNX-2 and 

Osteocalcin. Collagen, an integral component of wound healing, plays a crucial role in the early 

stages of bone healing [2117]. Osteoblast cells serve as markers for alveolar bone healing and 

express bone-forming proteins (Tanaka et al., 2005). BMP-2, known for its ability to induce bone 

formation [2218], and RUNX2, which promotes osteoblast differentiation and stimulates Oste-

ocalcin production, were also analysed. Osteocalcin, in turn, facilitates calcium binding to the 

bone matrix, aiding in late-stage osteoblast differentiation [2319]. To investigate the potential of 

bovine amniotic membrane and hydroxyapatite in various ratios (2:3, 3:7, 7:13) for alveolar bone 

regeneration, the current study focused on analysing analyzing collagen density, osteoblast ac-

tivity and osteogenic markers, including bone morphogenetic protein 2 (BMP2), Runt-related 

transcription factor 2 (RUNX2), and osteocalcin. 

2. Materials and Methods 

2.1. Bovine membrane amnion preparation 

The bovine amniotic membrane was obtained from a female Bos javanicus domesticus. The 

amniotic membrane was initially washed to remove blood clots using a 0.05% saline solution, 



 

 

with each washing step lasting 10 minutes. Subsequently, it was further washed with aquadest 

until the saline solution became clear. The cleaned amniotic membrane was then kept at a tem-

perature of -80 °C for 24 hours in a freezer. After that, freeze-drying was performed for 24 hours 

at -100 °C. The resulting product was obtained in sheet form. 

2.2. Hydroxyapatite preparation 

Cancellous bone samples (cancellous bone originating from the spongy part of the hump) 

were obtained from a seven-year-old female Bos javanicus domesticus. The bone samples were cut 

into small pieces and thoroughly washed with water. Subsequently, the bone pieces were placed 

in an ultrasonic shaker at 60°C to remove the fat content. After this process, the bones were 

washed again using Aquadest.  

Following the washing step, the bone pieces were air-dried and then subjected to a furnace 

at 1000°C for one hour for burning. After burning, the bones were washed 3–4 times using 

Aquadest. 

The bones were then dried again in an oven at a temperature range of 60–100°C until com-

pletely dry. Once thoroughly dried, the bones were ground into particles using a bone miller until 

they reached a particle size of 150 μm. 

2.4. Combination of bovine membrane amnion and hydroxyapatite 

The amniotic membrane and hydroxyapatite combination was prepared with three different 

weight ratios of amniotic membrane to hydroxyapatite, namely 2:3, 3:7 and 7:13 (weight/weight). 

A predetermined weight of amniotic membrane was soaked in 40 ml of 0.9% natrium chloride 

solution for five minutes. Subsequently, the amniotic membrane was homogenised using a 

blender for 10 minutes until a homogenous amniotic slurry was obtained. The amniotic slurry 

was then mixed with the previously prepared HA powder. The mixture was stirred until homog-

enous and transferred into a petri dish with a diameter of 10 cm. The petri dish was then stored 

in a freezer at -80°C for 24 hours, followed by freeze drying for another 24 hours at a temperature 

of -100°C. The resulting combination formed sponge-like structures, which were further sterilised 

with a gamma radiation dose of 25 Gy (Figure 1). 

2.5. Animals  

A total of 30 male Sprague-Dawley rats (four months old, 300 g)) were subjected to a seven-

day adaptation period before the commencement of the experimental treatments. Each rat was 

individually housed in covered cages (dimensions: 39 x 42 x 15 cm). The rats had sufficient food, 

water, ventilation and appropriate lighting conditions. They were fed twice daily, with a total of 

20 grammes of standard diet per rat. Additionally, the rats received deworming, anti-ectopara-

sites and vitamins as additional supplements to support their overall health. 



 

 

 

Figure 1. The combination of amniotic membrane and hydroxyapatite in 3 
different ratios 3:7 (B), 7:13 (C), 2:3 (D) and xenograft was used as a control 

(A). 

2.6. Alveolar bone regeneration model 

The alveolar bone regeneration model was established in rats, beginning with the extraction 

of the first mandibular incisor on the right side. During the extraction process, the rats were 

anaesthetised by intraperitoneal administration of ketamine and xylazine (2:1, v/v). 

The extraction procedure involved initially destroying the periodontal ligament using a 

probe. Once the buccal, lingual, mesial and distal aspects of the periodontal ligament were de-

tached, the tooth was gently removed using a dental excavator until it was completely and in-

stantly removed. After the completion of extraction, each rat was assigned to its respective treat-

ment, as mentioned in Table 1. 

Following the application of amnion membrane and hydroxyapatite in the socket, suturing 

was performed using three stitches of catgut (0.4 µ) thread. The rats were administered antibiotics 

(ampicillin) and analgesics (paracetamol) to mitigate potential side effects from the extraction, 

such as swelling and pain. 

Table 1. The animal designated group treatment after tooth extraction 

Name of groups Number of 

rats 

Treatment1 

Control  6 - 

Xenograft2 6 applied Bio-Oss Collagen  

A 6 applied combination of amnion membrane and 

hydroxyapatite ratio 2:3 



 

 

B 6 applied combination of amnion membrane and 

hydroxyapatite ratio 3:7 

C 6 applied combination of amnion membrane and 

hydroxyapatite ratio 7:13 
1 The material applied has dimensions 3 x 10 mm. 
2 Geistlich Bio-Oss® Collagen, Geistlich Pharma AG, Bahnhofstrasse, Wolhusen, Switzerland 

2.7. Alveolar bone regeneration analysis 

After 14 and 28 days post-tooth extraction, all animals were euthanised using an overdose 

of ketamine (95 mg/kg body weight) and xylazine (5 mg/kg body weight). The mandible was 

collected, and sagittal dissection was performed on the alveolar bone in the anterior tooth region. 

The alveolar bone was then immersed in 10% neutral-buffered formalin for fixation, followed by 

decalcification using 30% ethylenediaminetetraacetic acid (EDTA) for seven days. The tissue sam-

ples were subsequently embedded in paraffin and sectioned into 5 µm thick transverse slices for 

collagen density, osteoblast, BMP2 expression, RUNX2 expression and osteocalcin expression.  

2.7.1 Osteoblast analysis 

Osteoblasts were analysed in the alveolar bone using hematoxylin and eosin tissue staining. 

The quantification of osteoblasts was performed by counting the number of osteoblasts at the 

edge of the alveolar bone socket under a light microscope at a magnification of 400x. Five different 

regions of interest were examined in each preparation or sample to ensure a representative anal-

ysis. 

2.7.2 Collagen density analysis 

The collagen density analysis was performed by evaluating the thickness of collagen fibres 

in histologically stained tissue exhibiting a bluish hue following Masson's Trichrome staining. 

The quantification of collagen density was conducted based on a scoring system according to the 

following criteria: 0 (absence of collagen fibre appearance), 1 (very thin/few collagen fibres ob-

served), 2 (thin and scattered collagen fibres observed) and 3 (thick and widely distributed colla-

gen fibres observed). A light microscope at a magnification of 400x and five different regions of 

interest were examined in each preparation or sample to ensure representative analysis.  

2.7.3 BMP2, RUNX2 and osteocalcin expression 

BMP2, RUNX2 and osteocalcin expression were analysed in alveolar bone using indirect im-

munohistochemistry staining. The primary antibodies were BMP2 (1:100), RUNX2 (1:50) and Os-

teocalcin (1:200) from Affinity Biosciences, Inc., USA. The 3,3′-diaminobenzidine (DAB) system 

was used as the secondary antibody (Universal HRP Excell Stain, Biogear, Life Science). Haematox-

ylin 560 was used as the counterstain (Leica Biosystem). 

The quantification of BMP2 and osteocalcin was performed by counting the chondrocytes 

showing immunoreactivity, visualised as brown staining in the nucleus and cytoplasm. Similarly, 

the quantification of RUNX2 was carried out by counting the osteocytes showing immunoreac-

tivity, visualised as brown staining in the nucleus and cytoplasm. This analysis was performed 

in five different regions of interest using a ZEISS AXIO SCOPE AI microscope equipped with an 

AxioCam digital camera. The images were captured and analysed using Zen 3.4 software at a 

magnification of 40x. 

2.8. Statistical analysis 

The statistical analysis was conducted using a two-way ANOVA to analyse the differences 

in osteoblasts, collagen, BMP2, RUNX2 and osteocalcin expression. A significance level of p<0.05 

was used to determine statistically significant results. SPSS version 24 (IBM SPSS Statistic 24 for 

Windows, New York, NY, USA) was used for the analysis. 



 

 

3. Results 

3.1. Collagen number 

The collagen density showed a higher number in amnion membrane hydroxyapatite (3:7) 

and (7:13) compared to the control (p<0.05 and p<0.001) on days 14 and 28 of observation. Com-

pared to xenograft density was lower in amnion membrane hydroxyapatite (2:3) and (3:7) (p<0.05 

and p<0.001) (Figure 2). 

 

Figure 2. The collagen analysis in alveolar bone using histopathology analysis using Masson-Trichome 
staining. (A) The visualization of alveolar bone in each group in 400 x magnification. The collagens were 

stained blue in colour. (B-C) The quantification of collagens density in 14 days and 28 days of observation 

using Image J software. Asterix in B and C, mean different collagen density among groups analyzed using 
ANOVA test and post-hoc test. * p<0.05; **p<0.01; ***p<0.001; p<0.0001; ns= not significant (not shown). Scale 

bar 100m. 

3.2. Osteoblast number 

The osteoblast showed a higher number in all combinations of amnion membrane and hy-

droxyapatite compared to the control (p<0.0001) on day 14 of observation. Compared to 



 

 

xenograft, the osteoblast showed lower levels in all groups of amnion membrane hydroxyapatite 

(p<0.05, p<0.001, p<0.0001). In the 28 days of observation, there was no significant difference be-

tween control xenograft and all amnion membrane hydroxyapatite groups (Figure 3). 

Figure 3. The osteoblast analysis in alveolar bone using histopathology analysis using hematoxyline-eosin 

staining. (A) The visualization of alveolar bone in each group in 400 x magnification. (B-C) The quantifica-

tion of osteoblast in 14 days and 28 days of observation. Asterix in B and C, mean different osteoblast among 
groups analyzed using ANOVA test and post-hoc test. * p<0.05; **p<0.01; ***p<0.001; p<0.0001; ns= not sig-

nificant (not shown). Scale bar 100m. 

3.3. The BMP-2 expression 

The BMP2 expression showed a higher number in combination with amnion membrane hy-

droxyapatite (3:7) and (7:13) compared to the control (p<0.01 and p<0.0001) on days 14 and 28 of 

observation. Compared to xenograft, BMP2 expression showed no significant difference in all 

groups of amnion membrane hydroxyapatite. In 28 days of observation, a combination of amnion 



 

 

membrane hydroxyapatite (7:13) showed a higher expression compared to a combination of am-

nion membrane hydroxyapatite (3:7) (Figure 4). 

Figure 4. The BMP2 expression in alveolar bone using indirect immunohistochemistry staining. (A) The 

visualization of alveolar bone in each group in 400 x magnification. (B-C) The quantification of BMP2 ex-
pression in 14 days and 28 days of observation. Asterix in B and C, mean different BMP2 expression among 

groups analyzed using ANOVA test and post-hoc test. * p<0.05; **p<0.01; ***p<0.001; p<0.0001; ns= not sig-

nificant (not shown). Scale bar 100m.  

3.4. The RUNX2 expression 

The RUNX2 expression showed a higher number in combination with amnion membrane 

hydroxyapatite (7:13) compared to the control (p<0.001) on day 14 of observation. Compared to 

xenograft all combinations with amnion membrane hydroxyapatite showed lower RUNX2 ex-

pression (p<0.01 and p<0.0001). In 28 days, the RUNX2 expression showed a higher number in all 

combinations of amnion membrane hydroxyapatite compared to the control (p<0.001), but was 

not different when compared with the xenograft groups (Figure 5). 

 



 

 

 

Figure 5. The RUNX2 expression in alveolar bone using indirect immunohistochemistry staining. (A) The 

visualization of alveolar bone in each group in 400 x magnification. (B-C) The quantification of RUNX2 ex-

pression in 14 days and 28 days of observation. Asterix in B and C, mean different RUNX2 expression among 
groups analyzed using ANOVA test and post-hoc test. * p<0.05; **p<0.01; ***p<0.001; p<0.0001; ns= not sig-

nificant (not shown). Scale bar 100m.  

3.3. The OCN expression 

The OCN expression showed a higher number in all combinations with amnion membrane 

hydroxyapatite compared to the control (p<0.001) on day 14 of observation. But, when compared 

with xenograft, the OCN expression was lower in all groups of amnion membrane hydroxyap-

atite (p<0.05 and p<0.001). In 28 days of observation, only a combination of amnion membrane 



 

 

hydroxyapatite (3:7) and (7:13) had a higher OCN expression compared to the control (p<0.05 and 

p<0.01) (Figure 6). 

Figure 6. The OCN expression in alveolar bone using indirect immunohistochemistry staining. (A) The vis-

ualization of alveolar bone in each group in 400 x magnification. (B-C) The quantification of OCN expression 

in 14 days and 28 days of observation. Asterix in B and C, mean different OCN expression among groups 
analyzed using ANOVA test and post-hoc test. * p<0.05; **p<0.01; ***p<0.001; p<0.0001; ns= not significant 

(not shown). Scale bar 100m. 

4. Discussion 

Collagen plays a crucial role in the bone regeneration process. Collagen is the main protein 

component of the extracellular matrix, which repairs damage and restores the structure and ana-

tomical function of tissues [2420]. The administration of amniotic membrane hydroxyapatite re-

sults in higher collagen thickness compared to the control group. The significant increase in col-

lagen thickness in the amniotic membrane-hydroxyapatite group is attributed to the presence of 

various growth factors and proteomic secretory leukocyte protease inhibitors (SLPI) [2521]. SLPI 

also plays a role in stimulating growth factors such as epidermal growth factor (EGF), vascular 



 

 

endothelial growth factor (VEGF), fibroblast growth factor (FGF), transforming growth factor-β 

(TGF‑β) and platelet-derived growth factor (PDGF) [2622]. These growth factors, particularly 

EGF, regulate epithelial cell motility, affecting the rate of re-epithelialization and assisting wound 

contraction by stimulating fibroblast proliferation and migration to restore tissue integrity [2723]. 

Additionally, TGF‑β stimulates fibroblast activity in the secretion of fibroblast growth factor 

(FGF), which binds to tyrosine kinase receptors, leading to receptor auto-phosphorylation and 

subsequent phosphorylation of serine, threonine and tyrosine residues on specific target proteins 

such as Raf-1, MAPK/Erk kinase (MEK) and extracellular signal-regulated kinase-1 (ERK) [2824]. 

Both FGF and TGF‑β increase fibroblast proliferation, thereby enhancing collagen synthesis 

[2925] [3026]. Moreover, BAM contains collagen types I, III, IV, V, VI and XV [3127], which further 

contribute to collagen formation at the site of the wound [3228]. 

The increase in collagen thickness within the socket stimulates the activity of osteoblasts, 

which are pivotal in the process of bone regeneration. Osteoblasts serve as markers of alveolar 

bone healing by expressing bone-forming proteins [3329]. Similarly, the application of amniotic 

membrane hydroxyapatite demonstrates a higher number of osteoblasts compared to the control 

group. The increased number of osteoblasts may be a result of enhanced fibroblast proliferation 

and collagen synthesis within the bone socket. As the increase in collagen serves as a new tissue 

matrix, it is always accompanied by angiogenesis, the formation of new blood vessels [3430]. The 

formation of new blood vessels indicates the entry into the proliferation phase, allowing mesen-

chymal stem cells to differentiate into osteoblasts to generate bone [3531]. During the prolifera-

tion phase, pre-osteoblast progenitor cells exhibit alkaline phosphatase (ALP) activity and are 

considered pre-osteoblasts. The transition from pre-osteoblasts to osteoblasts is characterised by 

an increase in the expression of Osterix (Osx) and the secretion of bone matrix proteins. Addi-

tionally, osteoblasts undergo morphological changes, becoming larger and assuming a cuboidal 

shape [3632]. 

The promotion of osteoblast activity is further facilitated by the presence of hydroxyapatite 

in the amniotic membrane, where HA crystals serve as ligands that activate signalling receptors 

and enhance the expression of osteogenic transcription factors. Osteoblast stimulation by hydrox-

yapatite can occur through the extracellular signal-regulated kinase (ERK) signalling pathway 

[3733]. Additionally, fibronectin present in the amnionic membrane can interact with hydroxy-

apatite and activate the ERK pathway [3834]. The ERK signalling pathway can also be stimulated 

by the interaction of HA with the fibroblast growth factor receptor (FGFr). FGFr binds to ligands 

that play a role in activating mitogen-activated protein kinases (MAPKs) [3935]. The increase in 

the number of osteoblasts observed through the amniotic membrane-hydroxyapatite interaction 

via the ERK signalling pathway indicates an accelerated stimulus for alveolar bone healing. 

On the other hand, various osteogenic markers also exhibit increased expression in the 

group treated with amniotic membrane-hydroxyapatite. One of the observed osteogenic markers 

is BMP-2. BMP-2 is a protein known to induce bone formation and plays a role in various biolog-

ical processes of osteoblasts, including proliferation, differentiation and apoptosis [4036]. The in-

creased expression of BMP-2 can be attributed to the presence of growth factors such as TGF-β in 

the amniotic membrane, which can induce BMP-2 expression. The BMP or TGF-β pathway is 

essential for osteogenesis both in vitro and in vivo [4137]. When BMP-2 binds to BMP receptors 

located in lipid rafts, caveolae, and clathrin-coated pits (CCPs), it activates the phosphorylation 

of BMPRII and BMPRIa. This leads to the activation of Smad signalling or non-Smad pathways. 

Non-Smad signalling pathways, including ERK, phosphatidylinositol 3-kinase (PI3K), and trans-

forming growth factor-β-activated kinase 1/binding protein 1 (TAB1/TAK1), are activated. All 

these pathways contribute to the differentiation of mesenchymal stem cells (MSCs) and osteopro-

genitors into osteoblasts [4238] [3430].  

Another osteogenic marker is RUNX2, which is an important factor in osteogenesis and 

osteoblast differentiation [39]. The increased expression of RUNX2 in the amniotic membrane-

hydroxyapatite group is also influenced by the initial role of TGF‑β present in the amniotic mem-

brane, leading to an enhancement of osteoprogenitors [44] [45](Wang et al., 2019; Bruderer et al., 



 

 

2014). TGF‑β activates SMAD3 and induces RUNX2 expression through the ERK pathway, which 

transforms osteoprogenitors into pre-osteoblasts. Additionally, the presence of FGF in the amni-

otic membrane can increase RUNX2 expression through FGFR1 receptors [4541]. Through the 

upregulation of RUNX2 expression, there is also an increase in osteocalcin production by osteo-

blasts. 

Osteocalcin, the third osteogenic marker observed in this study, is a non-collagenous pro-

tein initially identified in bone and dentin as a calcium-binding protein secreted by mature oste-

oblasts, namely osteocytes [4642]. The increase in osteocalcin in alveolar bone is a result of in-

creased RUNX2, which acts as a master regulator of osteogenesis, controlling the expression of 

non-collagenous proteins such as osteocalcin that play a role in the final stages of osteoblast dif-

ferentiation, matrix binding of calcium and induction of mineralisation [4743]. The increased os-

teocalcin production is expected to promote mineralisation and facilitate the process of alveolar 

bone regeneration. 

Based on this research, the application of this biocomposite material is not limited to just 

being a socket preservation material after extraction. However, it is also hoped that it will be able 

to stimulate new bone and improve alveolar bone healing in cases of large bone defect, such as 

cases of mini crestal sinus removal, implant placement and major craniofacial surgery. [48] [49] 

The limitations of this study lie in the observational method focused solely on tissue anal-

ysis. The precise signalling mechanisms between different osteogenic markers cannot be conclu-

sively explained through in vivo studies or tissue observations alone. Further research incorpo-

rating in vitro observations or more specific gene or RNA expression analyses is needed to eluci-

date these mechanisms. However, the tissue observations conducted in this study provide valu-

able insights into the direct role of the amniotic membrane and hydroxyapatite in various osteo-

genic markers, enabling potential clinical implications. Therefore, this study concludes that am-

niotic membrane-hydroxyapatite is a material for socket preservation that can influence multiple 

osteogenic markers to enhance alveolar bone formation. 

 



 

 

Figure 7. The possible mechanism combination amnion membrane – hydroxyapatite in alveolar bone regen-

eration. 

5. Conclusions 

The application of amnion membrane-hydroxyapatite in the socket after tooth extraction 

showed an increase in bone remodelling. A higher ratio of hydroxyapatite increases collagen den-

sity, osteoblast and osteogenic-related factors such as RUNX2, BMP2 and OCN. This initial find-

ing suggests that a combination of amnion membrane and hydroxyapatite can be used as socket 

preservation to maintain the quality and quantity of alveolar bone. In large bone defects, it is also 

hoped that this material can also stimulate bone healing, because the clot is the most powerful 

bone growth factor and is autologous in that it provides all the cells for bone transformation. 
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