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Abstract:
To address the challenge of preserving sufficient alveolar bone volume and quality following tooth extraction,
this in vitro study presents the design and optimization of a bioactive scaffold composed of carboxymethyl
cellulose (CMC), alginate (Alg), and tricalcium phosphate (TCP). This composite aims to facilitate post-
extraction socket healing and promote osteogenesis. The scaffold was fabricated using freeze-drying to
achieve a porous, sponge-like structure. Sodium alginate and CMC were mixed at a 30:70 ratio, with
TCP incorporated at 3% wt% and crosslinked using a 0.5 M calcium chloride solution. The formulation
was subjected to controlled freezing and lyophilization steps to enhance porosity and mechanical integrity.
Characterization studies confirmed a highly porous structure (79% porosity) with interconnected pores, as
visualized by SEM. Mechanical testing revealed improved compressive strength due to TCP incorporation,
while FTIR and XRD analyses confirmed polymer bonding and the presence of TCP, respectively. Degradation
testing showed a slow initial breakdown followed by accelerated degradation, leading to complete scaffold
resorption by day 28. Biological assays, including MTT, Alizarin Red staining, and ALP activity, demonstrated
the scaffold’s excellent biocompatibility and ability to support cell proliferation, migration, and enhanced
calcium deposition. These findings suggest that the scaffold has potential for promoting osteogenesis in vitro,
warranting further investigation for its possible application in alveolar bone regeneration.
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1. Introduction

Each year, a significant number of patients receive implant-
supported dental prostheses to replace missing teeth lost
due to cancer, trauma, or poor oral hygiene [1]. Diabetes
mellitus exacerbates periodontal disease by impairing im-

mune response and promoting chronic inflammation, with
hyperglycemia-induced advanced glycation end-products
(AGEs) contributing to tissue destruction and more severe
disease manifestations [2–4]. Following tooth extraction,
natural blood clot formation initiates alveolar bone regener-
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ation; however, studies show that when the extraction socket
is left untreated, substantial bone resorption can occur, lim-
iting the ability to place implants successfully [5, 6]. A
critical challenge in implant dentistry is achieving sufficient
bone height and width for long-term implant stability [7, 8],
and it is estimated that more than 60% of implant sites re-
quire some form of bone augmentation to ensure adequate
bone volume and quality [9–13].
Immediate implant placement has been proposed to limit
post-extraction bone resorption and preserve ridge mor-
phology [14]; however, it does not prevent buccal bone
remodeling, particularly in fresh extraction sites [6]. While
implant placement itself cannot halt the biological changes
following extraction, biomaterials have been suggested as
a method to slow down resorption and promote new bone
formation. Socket preservation techniques using bone grafts
or guided tissue regeneration are commonly performed im-
mediately after extraction to mitigate bone loss [15–18]. A
variety of graft materials have been used, including auto-
grafts [19, 20], freeze-dried allografts and xenografts [21–
24], each with benefits and limitations. Autografts are con-
sidered the “gold standard” due to their osteoconductivity,
osteoinductivity, and viable osteogenic cells [19], reducing
the risk of immune rejection or disease transmission. How-
ever, they are associated with donor site morbidity, potential
pain, infection, and cosmetic issues [25–30].
To overcome these drawbacks, allografts, xenografts, and,
more recently, synthetic or composite materials have been
explored. Deproteinized bovine bone (Bio-Oss®, Geistlich
Pharma AG, Wolhusen, Switzerland) has shown positive
outcomes in clinical and experimental studies, serving as
an osteoconductive scaffold for bone regeneration [31–33].
Most synthetic graft materials are based on calcium phos-
phate ceramics such as β-tricalcium phosphate (β-TCP) and
hydroxyapatite, which resemble bone mineral and support
osteoblast adhesion [34]. However, their slow degradation
can hinder full bone regeneration [17, 35], necessitating the
development of materials with improved resorption profiles
and biological performance.
Hydrogels based on natural polysaccharides such as sodium
alginate, carboxymethyl cellulose (CMC), and dextran have
gained traction in bone and tissue engineering applications
due to their biocompatibility, biodegradability, and ease of
processing [36–40]. Porous scaffolds made from these mate-
rials offer high water retention, large surface area, and high
porosity (> 90%), which are essential for cell migration
and nutrient exchange [41, 42]. CMC, in particular, is an
anionic, water-soluble, biodegradable polymer known for
its hydrophilicity, viscosity-modifying, and pH-responsive
swelling behavior [43–48]. It has demonstrated applica-
tions in wound healing, drug delivery, and protein transport
systems [49–51], and its cell-adhesive matrix can support
attachment and proliferation [52–54].
Sodium alginate, a seaweed-derived polysaccharide com-
posed of β-D-mannuronate and α-L-guluronate blocks,
forms hydrogels through ionic crosslinking with divalent
cations like Ca2+ [55]. Although alginate itself lacks intrin-
sic cell adhesion properties [56]. Its favorable characteris-
tics—such as rapid gelation, good biocompatibility, wound

moisture retention, and hemostatic properties—make it a
widely used material in dressings and bone regeneration
scaffolds [56–64]. When combined with CMC, alginate can
form hydrogen-bonded, hybrid hydrogels with improved
mechanical and biological performance [65].
Tricalcium phosphate (TCP), a calcium phosphate ceramic,
is known for its high biocompatibility and bioactivity, mak-
ing it suitable for orthopedic and dental applications. TCP
supports osteoblast adhesion, binds proteins and growth
factors, and is readily resorbed by the body [66–68]. By
combining TCP with CMC and alginate, a composite hy-
drogel scaffold with both hemostatic and osteoconductive
properties can be developed.
In this study, we propose a novel bioactive socket dressing
as a moldable cone, composed of tricalcium phosphate, algi-
nate, and carboxymethyl cellulose. This composite scaffold
is designed for insertion into tooth extraction sockets to
stabilize the clot, promote bleeding control, and enhance
natural bone healing and regeneration.

2. Method and materials

2.1 Materials
Sodium alginate (biomedical grade), carboxymethyl cel-
lulose (CMC, low viscosity, biomedical grade), calcium
chloride dihydrate (CaCl2 ·2H2O, ≥ 99% purity), and trical-
cium phosphate (β-TCP, biomedical grade) were purchased
from Sigma-Aldrich (St. Louis, MO, USA) and used with-
out further purification.

2.2 Methods
To prepare the Carboxymethyl cellulose/alginate/tricalcium
phosphate scaffold (figure 1), the carboxymethyl cellu-
lose/alginate solution with a concentration of 3−4% wt%
was first prepared. In this solution, the ratio of CMC to
alginate is 70% to 30%. To make this solution, an algi-
nate solution was first made at a temperature of 60 °C on
a stirrer at a speed of 800 rpm. After homogenization, the
CMC solution was slowly added to it. After the CMC was
completely dissolved in the solution, an amount of 3% wt%
compared to the initial concentration of the solution, trical-
cium phosphate was added. In the next step, 2% calcium
chloride solution with a concentration of 0.5 M is added
to crosslink the solution. The solution was placed on the
stirrer for 24 hours at a temperature of 50 °C and a speed of
600 rpm. Before the freeze-drying process, the solution was
placed in an ultrasonic device with a power of 50 watts for
10 minutes for homogenization. After that, it was poured
into the final mold and placed in a freezer at −20 °C for
24 hours, in a freezer at −80 °C for 8 hours, and then in a
freeze-drier for Lyophilization for 48 hours.

2.3 Characterization
2.3.1 Scanning electron microscopy (SEM)
The porosity and surface morphology of the CMC/Al-
g/TCP scaffold were investigated using scanning electron
microscopy. A thin layer of gold was applied after vacuum
drying and mounting the sample on carbon tapes. Then, an
FE-SEM (TE-SCAN, Czech Republic) was used to examine
the material.
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Figure 1. Schematic of preparation of CMC/Alg/TCP bone dressing.

2.3.2 Fourier transform-infrared spectroscopy (FT-IR)
The chemical reactions between the scaffold’s constituent
parts were characterized using the FTIR. The spectra of the
CMC/Alg/TCP scaffolds and the individual scaffold com-
ponents were recorded using an FTIR spectrophotometer
(Thermo Scientific Co., USA). The observed spectra fell
between 4000 and 600 cm−1.

2.3.3 X-ray diffraction analysis (XRD)
Using a PHILIPS (Netherlands) X-ray diffractometer with
Cu Ka radiation and a scanning rate of one second per step,
scaffold X-ray diffraction (XRD) patterns were produced.
The X-ray tube has a voltage of 40 kV and a current of 30
mA. The powdered biocomposite scaffold was studied at
two angles of 10−50.

2.3.4 Mechanical testing
Using a load cell of 250 N, cylinder pieces with a 2:1 L/D
ratio were mechanically compressed and evaluated on a
Universal Testing Machine (SANTAM, Iran). Around 2
mm/min, the crossing-head rate was maintained constant.
The samples were loaded up until a 50% deformation was
achieved. The tests were run three times, and the average
outcomes were shared.

2.3.5 Porosity measurement
The fluid displacement approach was used to calculate the
porosity [69]. In summary, the sample was soaked in de-
hydrated alcohol for 48 hours until it reached saturation,
and the porosity of the mixture was determined using the
formula:

P =
W2 −W1

ρV1

where V1 is the volume prior to immersion, W1 and W2
are the sample’s weights before and after immersion, re-
spectively, and ρ is a constant representing the density of

dehydrated alcohol. Three scaffold samples were tested in
parallel.

2.3.6 Degradation rate
According to ISO 10993-13, the degradation test was per-
formed. PBS liquid medium was considered as the most
similar liquid to the non-protein part of body fluids. In this
test, the sample was immersed entirely in PBS according
to the standard, and in an incubator, at 37 °C. The Sample
was weighed once before the immersion and once after 1,
3, 7, 14, and 28 days. At the end of each time, the PBS
was removed entirely, and the sample was dehydrated. The
weight of each sample at that time point relative to its initial
weight was recorded against the time of immersion (weight
loss).

2.3.7 Cell culture
In DMEM containing 10% fetal bovine serum, 1%
penicillin-streptomycin, 0.25 mg/mL fungizone, and 2 mM
L-glutamine, osteoblast cell lines (G292) were grown. Cul-
tures were kept alive by replacing the culture media every
two days and keeping them at 37 °C with 5% CO2. For
confluency (80%), the culture media were replaced every 48
hours. The following stage made use of the second passage
of cells.

2.3.8 MTT assay
The ISO 10993-5 standard was followed in the extraction
process to examine the samples’ toxicity and their impact
on cell growth and multiplication. The samples were first
sterilized, and then one milliliter of DMEM was added to
each sample for every 3 cm2. After that, the samples were
in the culture medium for one, three, and five days. To find
out the cell proliferation rate in this study, 100 microliters
of culture media and 1×104 cells were added to each well
of a 96-well cell culture plate. The plate was then incubated
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at 37 °C for 24 hours, or until the cells adhered to the
bottom. Following confirmation of cell adhesion, the cells’
culture medium was removed as much as possible. Then,
90 microliters of the prepared extracts and 10 microliters of
FBS were added to each culture well, and the cells were left
for a further 24 hours in the vicinity of these concentrations.
Subsequently, each well was filled with 0.5 mg/mL of MTT
solution, which was then incubated for 4 hours. After four
hours, the solution was taken out of the cells, and DMSO
was added to dissolve the purple crystals. The plate was
shaken for fifteen minutes in order to dissolve the MTT
material better. The concentration of the material dissolved
in DMSO was then determined with an ELISA reader.

2.3.9 ALP assay

ALP activities were measured to assess the functional activ-
ity of the cells on the scaffolds that had been constructed. At
specified intervals (3, 7, and 14 days), the ALP activity was
assessed to look into the osteogenic differentiation of G292
osteoblast cells. Following the manufacturer’s instructions,
an ALP assay kit (Delta Darman Part kit, Iran) was used
to measure the ALP activity in the supernatant. In short,
G-292 cells were precisely plated at a density of 2× 104

cells/well in 24-well microliter plates. In the wells, scaffold
extracts are poured. As negative controls, three wells with-
out scaffolds were utilized. The plates were incubated in
warm air with 5% CO2 for 3, 7, and 14 days at 7 °C. On
days 3, 7, and 14, around 15 µL of supernatant was taken
out of each well and processed according to the procedure.
In short, the sample’s ALP hydrolyzed the p-nitrophenyl
phosphate (pNPP) to yield the yellow-colored product p-
nitrophenol. A microplate reader was used to measure the
absorbance at 405 nm, which is directly proportional to the
ALP activity and thus the rate of p-nitrophenol synthesis.

2.3.10 Alizarin red staining and quantification

G292s were subjected to alizarin red staining for 14 days in
order to look for mineralization. 48-well plates were used to

cultivate cells for 24 hours before the culture medium was
removed and scaffold extract was applied to each well. After
14 days, the extract was withdrawn, and the cells were then
twice-washed with PBS and fixed with 4% formaldehyde
for 30 minutes at 4 °C. After extensive washing three times
with PBS to remove non-specific stains or actual deposits of
calcified nodules, the cells were stained for 5 minutes with
Alizarin Red S solution 0.2% (pH 4.2) and photographed
under a microscope. The blot was solubilized with 10%
cetylpyridinium chloride monohydrate in 0.1 M PBS (pH
7.0) with shaking for 15 minutes after being washed with
dH2O. The amount of calcium deposition was then mea-
sured by measuring the absorbance at 570 nm using an
ELISA reader.

3. Result and discussion

3.1 SEM and porosity analysis
Based on the SEM images, the scaffolds have a porous
structure with each other. The pore size of the scaffolds is
approximately 70 to 150 micrometers with 79% porosity.
As seen in figure 2, the connection of the pores is very
consistent, which significantly affects cell proliferation [70].

3.2 Characterization of functional groups by FTIR
The FTIR–ATR spectra obtained for the CMC/Alg scaf-
fold, alginate, and carboxymethylcellulose are displayed in
Fig. 3. The absorption bands located at 1030 cm−1 and 950
cm−1 in Fig. 3 (a) signify the stretching of C-H from uronic
acid and C-O-C from the glycosidic bond. The stretching
vibration of the asymmetric -COO group is represented by
the absorption bands at 1600 cm−1, whereas the symmetric
-COO group from the carboxylic group is visible at 1416
cm−1 and 1290 cm−1. The O-H group is indicated by a
broad absorption band visible in the 3200–3500 cm−1 area.
The O-H group is present in Fig. 3 (b) as evidenced by the
broad absorption peak at 3200− 3500 cm−1, the stretch
vibration of C–H stretching is shown at 2880 cm−1, the
C=O stretching is shown at 1600 cm−1 by the sharp absorp-

Figure 2. SEM images of carboxymethyl cellulose/alginate/tricalcium phosphate scaffold.
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Figure 3. Chemical structure of (a) Alginate, (b) Carboxymethyl cellulose, and (c) CMC/Alg/TCP.

tion band, the scissoring of C–H2 is shown at 1420 cm−1,
and the ether group vibration is shown at 1046 cm−1. The
peaks for scaffold were found to be slightly displaced to
2864 cm−1 from their original locations at 2900 cm−1 in
both the alginate and CMC peaks, as shown in Fig. 3 (c).
The –OH peak (3300 cm−1) in the scaffold moved to 3319
cm−1. These findings could indicate a potential relationship
between CMC and Alg in the current study.

3.3 Mechanical properties
A universal testing machine was used to assess the compres-
sive strengths of Alg, CMC, and CMC/Alg/TCP scaffold
under 50% compression. Figure 4 illustrates that at the 50%
strain zone, the compressive strength of the CMC/Alg/TCP
plug (0.142 MPa) was the highest, followed by the Algi-
nate plug (0.098 MPa) and the CMC (0.124 MPa). The

Figure 4. Mechanical strength and modulus of alginate scaffolds, CMC
and cross-linked CMC/Alg/TCP dressing.

CMC/Alg/TCP plug’s compressive strength was noticeably
higher. The presence of TCP may boost the strength of
CMC/Alg/TCP.

3.4 X-ray diffraction analysis
XRD examination was conducted to verify the existence
of the crystalline phases of β-TCP. The JCPDS two firm
diffraction peaks in the β-TCP powder’s XRD patterns are
located at 2θ = 25°–32°, and they correlate to the (2 1 1)
and (3 0 0) crystal planes, respectively. Regardless of their
polymeric composition, the XRD patterns of the scaffold
containing β-TCP likewise showed the peaks correlating
with this ceramic, indicating that the ceramic component is
present in the scaffold structure (Fig. 5).

3.5 Degradation rate
The rate of degradation was evaluated as it affects the suc-
cess of the defect repair. This study assessed the degradation
of CMC/Alg/TCP bone dressing in PBS solution. The eval-
uation method was performed by measuring the weight loss
of the membrane after leaving it in the PBS solution and
drying it at room temperature, respectively, over 28 days.
Figure 6 shows the CMC/Alg/TCP scaffold degradation
curve over 28 days of testing. The rate of degradation is
slow in the first few days and up until the 14th day, which is
the useful period for establishing a site and osteogenesis at
the tooth site. After that, this rate rises until the 28th day, at
which point it is destroyed.

3.6 MTT assay
The MTT test revealed the impact of scaffold extracts on
cell viability. At the 24-hour mark, the cells near the scaf-
fold displayed a survival rate similar to the control group.
Notably, after 72 hours, the cells cultured with the extract
showed a significant increase in survival, suggesting that the
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Figure 5. XRD analysis of CMC/Alg/TCP scaffold.

Figure 6. Scaffold degradation rate curve in 28 days.

scaffold aids in bone cell growth and proliferation. However,
on the fifth day, the proliferation of G292 cells decreased
(Fig. 7). This decline in proliferation could be attributed
to an escalation in cell density, leading to the inhibition of
intercellular contacts [71].

3.7 ALP assay
The ALP activity was assessed at 3, 7, and 14 days of
culture, with normalization based on the respective protein
content of each sample. Figure 8 illustrates no notable
disparity in ALP activity between the cells exposed to the
scaffold and the control group on days 3 and 7. However,
the scaffold-exposed cells exhibited higher ALP activity. On
the 14th day, a significant difference was observed between
the treatment and control groups, indicating the scaffold’s
positive impact on ALP activity.

3.8 Alizarin red and quantification
Alizarin red S staining was carried out for 14 days to verify
calcium’s presence in the scaffold throughout cell culture.
Figure 9 displays the results of the Alizarin Red S staining.
After 14 days, the staining color of the scaffold-cultured

Figure 7. Cell biocompatibility of CMC/Alg/TCP Scaffold, evaluated by
MTT assay.

cells grew slightly richer than that of the control group,
causing the cells to turn red. The amount of calcium depo-
sition in the scaffold groups was notably larger than in the
control group, indicating the scaffold’s capacity for osteoge-
nesis. The application of extract treatment led to a notable
reduction in extracellular calcium deposition, as seen by the
accumulation of mineralized matrix deposition (Fig. 9 (c)).

4. Discussion
The goal of the current investigation was to deter-
mine whether CMC/Alg/TCP scaffolds might be used
as biomimetic bone dressings to encourage bone repair.
Through an SEM study of the scaffolds’ surface shape and
porosity, it was possible to identify favorable properties for
promoting cell adhesion and proliferation. These results are
in line with earlier research that showed how crucial the

Figure 8. Alkaline phosphatase (ALP) activity by ALP Assay Kit on days
3, 7, and 21 (n = 3 for each group).
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Figure 9. The extracellular calcium deposition was visualized by Alizarin Red S stain after the cells were cultured in the above extracts for 14 days, (a)
control group, (b) extract group. Quantification of Alizarin Red staining showing calcium deposition in 14 days.

scaffold microstructure is for promoting tissue regeneration
[29]. The CMC/Alg/TCP scaffolds’ linked porosity points
to the possibility of appropriate cell infiltration and nutrient
exchange, both of which are necessary for effective bone
regeneration [30].
The CMC/Alg/TCP scaffolds’ FTIR examination revealed
intermolecular interactions, which suggested that the scaf-
fold’s components had been successfully integrated. Given
that it offers the requisite cues for cell communication
and gene expression, this trait is essential for fostering os-
teogenic differentiation [72].
Scaffolds’ mechanical qualities also significantly affect how
well they work. The CMC/Alg/TCP scaffolds tested me-
chanically showed they could tolerate compressive forces
up to 50% distortion. This shows the scaffold’s capacity to
offer stability and mechanical support during bone regen-
eration, which is crucial for successful tissue engineering
[73].
In this investigation, the effects of the scaffold extract on
cell viability, osteogenic differentiation, and mineralization
were assessed using the MTT assay, ALP activity evalua-
tion, and Alizarin Red staining, respectively.
Additionally, MTT results revealed that CMC/Alg/TCP scaf-
folds improved cell viability in comparison, which is con-
sistent with earlier research showing that biodegradable
materials, at a particular concentration range, stimulated
cell proliferation [74, 75].
An ALP assay was used to evaluate the ALP activity, a
marker of early osteogenic differentiation, at various time
points (3, 7, and 14 days). On days 3 and 7, the findings
revealed no appreciable difference in the ALP activity be-
tween the scaffold-exposed and control cells. The scaffold-
exposed cells did, however, display increased ALP activity
on day 14, indicating improved osteogenic differentiation.
According to this research, the scaffold extract encourages
G292 cells to differentiate into osteoblasts, which are essen-
tial for bone regrowth.
To measure mineralization, G292 cells were stained with
Alizarin Red for 14 days. 48-well plates of cells were used
for culture, and scaffold extract was applied. The cells were

fixed, cleaned, and stained with Alizarin Red S solution af-
ter 14 days. Compared to the control group, the stained cells
had a deeper red hue, indicating increased calcium depo-
sition and probable mineralization in the scaffold-exposed
cells. Moreover, the quantitative data on Alizarin Red stain-
ing determines the mineralization extent, demonstrating that
this scaffold can enhance the calcium deposition. Based on
the results, we proposed several concepts in Table 1.
A future research roadmap in the realm of dental implan-
tology explores optimizing bio-scaffold development via
innovative technologies and materials, conducting advanced
analytical and cellular studies, executing detailed in vivo
and clinical trials, enhancing biodegradability and drug de-
livery, ensuring scalable production, regulatory compliance,
and fostering global collaboration and knowledge dissemi-
nation to facilitate bone regeneration post-tooth extraction.
Based on that, the Future Research Roadmap can be ex-
plained in 8 phases mentioned in Table 2.
While the current findings highlight the promising poten-
tial of the CMC/Alg/TCP composite dressing in promot-
ing socket preservation and supporting bone regeneration,
several aspects require further investigation before clinical
translation can be recommended.
The comprehensive in vivo studies in small animal models
are necessary to evaluate the material’s biological perfor-
mance in a dynamic oral environment. Factors such as
local inflammation, salivary enzymes, and mechanical load-
ing may affect the degradation profile, hemostatic function,
and osteoconductive capacity of the dressing. Additionally,
long-term studies are essential to determine the rate of scaf-
fold resorption, the quality and volume of newly formed
bone, and the stability of subsequent implant placement.
In conclusion, although the presented CMC/Alg/TCP com-
posite scaffold demonstrates strong potential as a socket
preservation dressing, systematic preclinical and clinical
evaluations are indispensable to ensure its safety, efficacy,
and practical applicability in dental implantology.
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Table 1. Concepts, explanation, and highlights based on the result.

Concepts Brief Explanation Highlighting

Scaffold Structural Efficacy Emphasis on porous structure
and its effect on cell prolifera-
tion

Highlight the observed porous structure and its
potential implication for enhancing cell prolifer-
ation, given that the consistent pore connections
have been indicated to impact this aspect no-
tably.

Functional Group Characteriza-
tion and Compatibility

Explanation regarding active
groups and FTIR results

Emphasize the significance of the identified
functional groups in alginate and CMC, and how
the FTIR results demonstrate successful integra-
tion and potential interaction in the CMC/Alg
scaffold.

Mechanical Strength Analysis and discussion on
compressive strengths of the
structures

The comparative analysis of the compressive
strengths of Alg, CMC, and CMC/Alg/TCP scaf-
fold emphasizes the latter’s superior mechanical
properties and its implications for durability and
resilience in a potential in vivo setting.

Crystalline Phase Confirmation Confirming the presence of β-
TCP crystal phases

Validate the crystalline phases of β-TCP and
their persistence within the scaffold, ensuring
that the ceramic component, vital for osteocon-
duction, remains integral in the structure.

Controlled Degradation Examining the controlled
degradation rate of the scaffold

Affirm the controlled degradation rate as pivotal
for allowing enough time for osteogenesis at
the defect site while ensuring eventual scaffold
breakdown.

Cell Viability and Proliferation Analysis of MTT assay results
and their impact on cell growth

Discuss the MTT assay results, pointing out
that while the scaffold appears to be biocom-
patible and initially promotes cell survival and
proliferation, the longer-term viability might be
influenced by factors like cell density.

Osteogenic Potential Emphasizing ALP activity and
calcium deposition

Highlight the positive impact on ALP activity
and calcium deposition, indicating the scaffold’s
potential to facilitate osteogenesis.

Calcium Deposition and Osteo-
genesis Ability

Investigating results from
Alizarin Red S staining

Discuss the outcomes of the Alizarin Red S
staining, recognizing the scaffold’s capacity to
not only host cells but to possibly influence cal-
cified matrix deposition and thereby support the
osteogenic process.

Possible Improvements and
Further Research

Suggestions for optimization
and future investigations

Introduce the need for further studies to opti-
mize scaffold properties, investigate longer-term
in vitro outcomes, and potentially explore in
vivo implications. Consider discussing any in-
consistencies or unexpected findings, such as
the decline in cell proliferation over time, and
speculate on the underlying reasons while sug-
gesting avenues for future research.

Clinical Implications Elucidating potential clinical
applications considering the
findings

Discuss the potential implications of your con-
clusions for clinical applications, considering
the scaffold’s effectiveness in providing a suit-
able environment for cell growth and prolifera-
tion, its mechanical strength, and its biodegra-
dation profile.
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Table 2. Future research roadmap.

Phase Title Key Activities and Focus Areas
1 Augmentation of

Biodegradable Scaf-
fold Development

Hybrid scaffold development, 3D bioprinting, incorpo-
ration of growth factors

2 Advanced Analytical Tech-
niques

Application of nanotechnology, in-depth FTIR, and
mechanical property analysis

3 Cellular and Molecular Dy-
namics

Investigate cell-matrix interactions, delve into stem
cell research, and analyze genetic expressions related
to osteogenesis.

4 Real-time In Vivo Studies Implement live imaging technologies and explore im-
munological responses in the host.

5 Biodegradability and Drug
Delivery System Enhance-
ment

Develop controlled drug delivery systems, investigate
means for temporal control of biodegradability

6 Clinical Studies and Appli-
cation

Conduct rigorous preclinical and human clinical trials,
adhering to ethical considerations and robust data col-
lection methodologies

7 Commercialization and
Policy-Making

Strategies for scalable production, ensuring regulatory
compliance, and engaging in policy development

8 Continuous Improvement
and Knowledge Dissemina-
tion

Employ feedback for methodological optimization, fos-
ter global collaborations, and initiate education and
training programs for professionals

5. Conclusion

In conclusion, the research underscores the promising
potential of CMC/Alg/TCP scaffolds in promoting bone
repair and regeneration, particularly following tooth
extraction. The scaffold exhibited favorable porosity,
mechanical strength, and biocompatibility, critical for cell
adhesion, proliferation, and nutrient exchange, pivotal
for effective bone regeneration. FTIR analysis affirmed
successful integration of the scaffold’s components,
while mechanical tests proved its capability to provide
crucial stability and mechanical support during bone
regeneration. Moreover, biological evaluations, including
the MTT assay, ALP activity, and Alizarin Red staining,
revealed the scaffold’s positive influence on cell viability,
osteogenic differentiation, and mineralization. Thus,
the CMC/Alg/TCP scaffold enhances cell viability and
osteogenic differentiation and supports mineralization,
showcasing its significant potential as a biomimetic bone
dressing to foster bone repair. It is a noteworthy subject for
further research and potential clinical applications.
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C. K. Kim. Periodontal healing in one-wall intra-bony defects in
dogs following implantation of autogenous bone or a coral-derived
biomaterial. Journal of Clinical Periodontology, 32(6):583–589,
(2005).
DOI: https://doi.org/10.1111/j.1600-051X.2005.00729.x.

[24] G. C. Keles, M. Sumer, B. O. Cetinkaya, F. Tutkun, and S. B. Sim-
sek. Effect of autogenous cortical bone grafting in conjunction with
guided tissue regeneration in the treatment of intraosseous periodon-
tal defects. European Journal of Dentistry, 4(04):403–411, (2010).

[25] C. R. Perry. Bone repair techniques, bone graft, and bone graft
substitutes. Clinical Orthopaedics and Related Research®, 360:
71–86, (1999).
DOI: https://doi.org/10.1097/00003086-199903000-00010.

[26] S. C. Ludwig, J. M. Kowalski, and S. D. Boden. Osteoinductive bone
graft substitutes. European Spine Journal, 9(Suppl 1):S119–S125,
(2000).
DOI: https://doi.org/10.1007/pl00008317.

[27] M. Yildirim, H. Spiekermann, S. Biesterfeld, and D. Edelhoff. Max-
illary sinus augmentation using xenogenic bone substitute material
Bio-Oss® in combination with venous blood: A histologic and histo-
morphometric study in humans. . Clinical Oral Implants Research,
11(3):217–229, (2000).
DOI: https://doi.org/10.1034/j.1600-0501.2000.011003217.x.

2008-9295[https://doi.org/10.57647/inl.2024.1401.01]

https://doi.org/10.1016/j.actbio.2014.09.008
https://doi.org/10.1902/annals.2001.6.1.99
https://doi.org/10.1902/jop.2006.050459
https://doi.org/10.1007/s00125-011-2342-y
https://doi.org/10.1016/0022-3913(67)90046-7
https://doi.org/10.1111/j.1600-051X.2005.00642.x
https://doi.org/10.1016/s0278-2391(96)90113-5
https://doi.org/10.1067/moe.2000.110035
https://doi.org/10.1902/jop.2007.060048
https://doi.org/10.1111/j.1600-0501.2008.01575.x
https://doi.org/10.1111/j.1600-0501.2010.02064.x
https://doi.org/10.1902/jop.1998.69.9.1044
https://doi.org/10.1902/jop.2008.070502
https://doi.org/10.1111/j.1600-0501.2010.01918.x
https://doi.org/10.1111/j.1600-0501.2010.01922.x
https://doi.org/10.1111/j.1600-0501.2010.01937.x
https://doi.org/10.1902/jop.2003.74.7.990
https://doi.org/10.1902/jop.2003.74.7.965
https://doi.org/10.1111/j.1600-051X.2005.00729.x
https://doi.org/10.1097/00003086-199903000-00010
https://doi.org/10.1007/pl00008317
https://doi.org/10.1034/j.1600-0501.2000.011003217.x
https://doi.org/10.57647/inl.2024.1401.01


Houshmand et al. INL14 (2024) -142401 11/12

[28] D. Apelt, F. Theiss, A. El-Warrak, K. Zlinszky, R. Bettschart-
Wolfisberger, M. Bohner, S. Matter, J. A. Auer, and B. von Rechen-
berg. In vivo behavior of three different injectable hydraulic calcium
phosphate cements. Biomaterials, 25(7-8):1439–1451, (2004).
DOI: https://doi.org/10.1016/j.biomaterials.2003.08.073.

[29] P. V. Giannoudis, H. Dinopoulos, and E. Tsiridis. Bone substitutes:
An update. Injury, 36(3):S20–S27, (2005).
DOI: https://doi.org/10.1016/j.injury.2005.07.029.

[30] F. M. Tamimi, J. Torres, I. Tresguerres, C. Clemente, E. López-
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