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ABSTRACT

In bone tissue engineering, scaffold-based approaches offer great potential for regenerating damaged
or lost bone tissue. Composite scaffolds have gained popularity because they combine the beneficial
properties of two or more materials, providing promising biomimetic properties for tissue regeneration.
In our study, combining the biocompatibility of bioactive glass with the mechanical qualities of
polycaprolactone provides tailored properties and scaffold architecture conducive to alveolar bone
regeneration. This study aims to develop a bone substitute using bioactive glass/polycaprolactone
(BG/PCL) composites and to evaluate its biocompatibility for potential applications in alveolar bone
regeneration. BG/PCL scaffolds were fabricated using a solvent-casting method at three different weight
percentages (wt.%) ratios (10:90, 20:80, and 30:70). The scaffolds were characterised using scanning
electron microscopy (SEM), Fourier transform infrared (FTIR) spectroscopy, and methyl tetrazolium
(MTT) (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) Assay to evaluate their
physical, chemical, and biocompatibility properties. Among the three BG:PCL composite ratios tested
(10:90, 20:80, and 30:70), the 10:90 ratio demonstrated the most favourable properties. SEM analysis
of this composition revealed optimal surface roughness and well-distributed interconnected pores,
which are conducive to cell attachment, enhanced cellular infiltration, and efficient nutrient diffusion.
FTIR spectra displayed characteristic absorption bands corresponding to the functional groups of
BG and PCL components while the biocompatibility test confirmed the viability and proliferation of
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periodontal ligament (PDL) fibroblast cells when cultured with the scaffolds. This study demonstrates
that the developed BG/PCL composite, especially at the 10:90 ratio, possesses suitable properties and
biocompatibility, highlighting its potential for use in alveolar bone regeneration.

Keywords: Alveolar bone regeneration; bioactive glass; composite scaffold; polycaprolactone

INTRODUCTION

Maxillofacial bone deformities can be caused
by a wide range of conditions, including
infections, trauma, periodontal disease, oral
cancer, tooth extractions, and other dental
issues. It differs by socioeconomic level,
cultural traits, geographical region, and
among various age groups (Wusiman et al.,
2020). These bone defects have a negative
impact on facial aesthetics and crucial
oral functions like mastication, speaking,
and feeding, which dramatically lowers
patient quality of life. Thus, it is significant
to develop the most effective regenerative
treatment for the injuries happening in
this area to prevent their potential to cause
permanent alveolar bone defects.

Additionally, a variety of illnesses,
conditions, and injuries can result in alveolar
bone abnormalities in the maxillofacial
region. It might develop from systemic
factors, such as congenital anomalies,
general diseases, and drugs. It can also
happen because of local factors, such as
inflammation, traumatic injuries from
accidents or surgical procedures. Alveolar
bone defects could also result from dental
procedures like tooth extractions as
well as surgical procedures, such as the
removal of malignant or benign tumours.
Surgically removed malignant tumours of
the oral cavity are frequently treated with
additional therapies like immunotherapy,
chemotherapy, or radiotherapy. The surgical
resection procedure could lead to significant
tissue loss and leave large residual bone
defects in the affected region (Muzaffar
et al., 2021). Additionally, alveolar bone
deficiencies may result from several reasons,
including craniomaxillofacial trauma
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resulting from motor vehicular collisions,
falls, and other accidents (Manodh
et al., 2016).

Unfortunately, the optimum method and
material for alveolar bone regeneration
have not yet been fabricated and until
now, autologous bone grafting from iliac
bone remains the standard of choice for
alveolar bone reconstruction. However, it
is linked to several complications, including
gait difficulties, infection, nerve damage,
persistent  discomfort, and  prolonged
hospitalisation to the patients. Consequently,
bone tissue engineering has emerged as a
promising alternative, leveraging scaffolds,
cells, and bioactive molecules to facilitate
regeneration (Larsson er al., 2016).

A Dbone scaffold is a three-dimensional
matrix that facilitates the adherence and
growth of osteogenic cells, capable of
guiding bone growth and stimulating new
bone formation (Ghassemi er al., 2018).
Scaffolds serve as critical templates for bone
regeneration, providing structural support
and a conducive microenvironment for cell
adhesion, proliferation, and differentiation
(Yousefiasl er al., 2023). Ideal scaffolds
require biocompatibility, biodegradability,
and mechanical stability, necessitating careful
selection of biomaterials. Among available
options, bioactive glass (BG) exhibits
exceptional osteoconductivity, bioactivity,
and antibacterial properties, promoting
hydroxyapatite formation and stimulating
osteogenesis (Granel er al., 2019). However,
its  brittleness limits standalone use.
Conversely, polycaprolactone (PCL), an
FDA-approved synthetic polymer, offers
tunable degradation kinetics, flexibility, and
biocompatibility, making it suitable for load-



bearing applications (Kundu er al., 2015;
Darie-Nitd et al., 2022). Combining BG
with PCL may synergise their strengths,
enhancing mechanical resilience while
maintaining bioactivity.

In tissue engineering, along with the
biomaterials scaffold, cells are crucial
components for tissue regeneration. Human
periodontal ligament fibroblasts (HPLFs)
are mesenchymal-derived fibroblasts that are
found in the periodontal ligament (PDL)
that surrounds the tooth root. HPLFs play a
pivotal role in periodontal and alveolar bone
regeneration due to their high proliferative
capacity and ability to remodel surrounding
tissue (Nanci & Bosshardt, 2006).

This study aims to develop a bone substitute
using BG/PCL composites and to evaluate its
biocompatibility for potential applications in
alveolar bone regeneration. This innovative
approach could address limitations of
current grafts, offering a viable alternative for
alveolar bone regeneration.
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MATERIAL AND METHODS

Scaffold Fabrication and Characterisation

BG was obtained from Universiti Sains
Malaysia and biodegradable PCL with
molecular  weight  80,000g/mol, were
purchased from Sigma-Aldrich, UK. To
ensure homogeneity, PCL was dissolved
in 5% chloroform (w/v), mixed with BG
powder, and processed using a sonicator
(Ufere & Sultana, 2016). Ratios of 10:90,
20:80, and 30:70 were chosen based on
established protocols reflecting alveolar
bone density (Lu er al., 2014). The prepared
BG/PCL mixture was then placed into a
separated mould and left under fume hood
at room temperature for 24 hours to allow
evaporation of the chloroform. Eventually,
thin membrane films obtained were air-
dried for further 24 hours and placed inside
desiccators to avoid material degradation
(Kuo er al., 2021) (Fig. 1).
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desiccators (48 hours)

Fig. 1 Fabrication steps of BG/PCL membrane scaffold via sonication and solvent casting.
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Scanning electron microscopy (SEM) was
employed wusing the Hitachi TM3000,
following sputter coating with gold/palladium
to improve conductivity. Images were
obtained at different magnifications and
processed using Image] to assess particle
size and surface roughness (Malagdén-
Escandoén er al., 2021). Additionally, Fourier
transform infrared (FTIR) spectroscopy was
done to analyse molecular vibrations and
chemical bonds within the scaffolds. The
interpretation of peaks and patterns allowed
for the identification of specific functional
groups and chemical components.

Cell Culture Techniques and Analysis

HPLFs were cultured to assess the
biocompatibility of the BG/PCL scaffold.
Cells were maintained in T75 flasks with
Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% fetal
bovine serum (FBS) at 37°C and 5% CO:
until 80% confluency. For subculture,
adherent cells were washed with PBS,
detached using trypsin-EDTA, neutralised
with fresh medium, and centrifuged. The
cell pellet was resuspended in DMEM,
and cell density was determined using a
hemocytometer.

Prior to cell seeding, scaffolds were sterilised
and pre-conditioned in DMEM (30 min,
37°C). A density of 10,000 HPLFs per well
was seeded onto scaffolds in 96-well plates,
with scaffold-only wells serving as controls.
Seeded constructs were incubated for 72
hours.

Cell viability was evaluated via methyl
tetrazolium (MTT) assay. After incubation,
medium was replaced with MTT solution
(5 mg/mL, 4 hours), and formazan crystals
were dissolved with dimethyl sulfonic oxide
(DMSO) solution and discarded after 30
minutes. Absorbance was measured at 570

m http://aos.usm.my/

nm using a microplate reader to detect the
optical density at 570 nm (Safi ez al., 2020).

For morphological analysis, cell-seeded
scaffolds and controls were washed in PBS,
fixed in 4% glutaraldehyde (1-2 hours), and
a gradual dehydration process using a series
of ethanol washes were performed (Abay
et al., 2019). Samples were then imaged via
SEM to examine cell adhesion and surface
morphological microstructure.

RESULTS

Scanning Electron Microscopy

The fabricated BG/PCL composite scaffolds
displayed wuniform dimensions, with all
groups measuring the same diameter
(Fig. 2). However, slight variations in
average weight were noted relative to BG
concentrations (Table 1).

Fig. 2 Representative image displaying fabricated
BG/PCL scaffolds captured by the authors. The
scaffold is round with a diameter of 6 mm.
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Table 1 Diameter and mean weight of fabricated BG/PCL scaffold from three different compositions

BG/PCL composition Diameter/mm Mean weight/mg (n = 20)
10:90 6.0 21.60
20:80 6.0 21.13
30:70 6.0 19.7
Surface roughness and morphological (Fig. 3A). The 20:80 BG/PCL scaffold

features characterisation were conducted
on three different compositions of bone
scaffolds: 10:90 BG/PCL, 20:80 BG/PCL,
and 30:70 BG/PCL. SEM images revealed
distinct differences in surface morphology
among the samples at both 500 and 1,500
magnifications (Fig. 3).

The 10:90 BG/PCL scaffold exhibited
the most pronounced surface roughness
among the three compositions with a highly
irregular and textured surface, characterised
by numerous protrusions and valleys
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revealed a moderately irregular surface with
fewer prominent features compared to the
10:90 BG/PCL scaffold but was still notably
rougher than the 30:70 BG/PCL scaffold
(Fig. 3B). In contrast, the 30:70 BG/PCL
scaffold exhibited the least surface roughness
among all compositions. SEM analysis of
30:70 BG/PCL scaffold showed a relatively
smooth and wuniform surface texture,
with minimal irregularities or protrusions
observed at both magnifications (Fig. 3C).
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(A) 10:90

Fig. 3 Representative SEM images displaying surface morphology of BG/PCL scaffolds captured at two

different magnifications: 500x and 1,500x. (A) represents 10:90; (B) represents 20:80; and (C) represents 30:70
weight percentages (wt.%) ratio of the BG/PCL scaffold.

(B) 20:80 (C) 30:70
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2024/01/08 15118 N D6.6 x300 300um

(A) 10:90

2024/01/09 15:23N  D6.6 x300 300 um

(B) 20:80

2024/01/09 1624N  D7.2 x300 300 um

(C) 30:70

Fig. 4 Representative SEM images displaying characterisation of porosity present on BG/PCL scaffolds
captured at 300x magnification. (A) represents 10:90 BG/PCL scaffold; (B) represents 20:80 BG/PCL scaffold;
and (C) represents 30:70 BG/PCL scaffold.

The 10:90 BG/PCL composition exhibited
the largest and most interconnected pores,
with a mean pore size of 102.29 pum,
facilitating potential nutrient diffusion
and cell infiltration (Table 2). The pores
appeared  well-defined and  uniformly
distributed, with some larger void spaces
interspersed among smaller pores (Fig. 4A).

Table 2 Mean pore sizes on different groups of BG/
PCL scaffolds

BG/PCL composition Mean pore sizes/ pm

10:90 102.295
20:80 96.619
30:70 87.840

The analysis of cell morphology reveals
distinct characteristics of HPLFs cultured on
the different groups of BG/PCL composite
scaffolds. Microscopic examination under
500%, 1,500x and 8,000x magnification
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The 20:80 BG/PCL scaffold displayed a
moderately porous structure with a mean
pore size of 96.6 um (Fig. 4B), whereas
the 30:70 BG/PCL scaffold had the lowest
porosity with a mean pore size of 87.8
um with regions of dense polymer matrix
dominating the  scaffold  architecture
(Fig. 4C).

reveals a heterogeneous population of
HPLFs exhibiting diverse shapes and
structures (Fig. 5). Numerous clusters of
cells were noted under 500% magnification,
and more clearly in the higher magnification
of 1,500x and 8,000x. While a significant
proportion of cells exhibit elongated and
spindle-shaped morphologies (Fig. 5B)
with well-defined cytoplasmic extensions,
others present in a nodular configuration,
suggesting the presence of cell aggregates or
clusters (Fig. 5A, 5C).
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6.6 x500 200 um 2024/02/05 1208 N D69 x500 200 um

2024/02/05 12:06 N D6.9 x1.5k  50um

2024/02/05 1152 N D82 x8.0k  10um
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Fig. 5 Representative SEM images displaying cell structure present on BG/PCL scaffolds captured at three
different magnifications: 500, 1500x and 8000x. (A) represents 10:90 BG/PCL scaffold; (B) represents 20:80
BG/PCL scaffold; and (C) represents 30:70 BG/PCL scaffold.

Fourier Transform Infrared Spectroscopy

FTIR analysis was performed to determine
the chemical integrity of scaffold components
and their interactions (Fig. 6). In the FTIR
spectra, prominent peaks corresponding to
Si—-O-Si and Si-O-C stretching vibrations
were detected, indicating the presence of a
silicate network characteristic of BG (Khan
et al., 2020). The absorption bands in the
region of 400 cm™ to 1,200 cm™ correspond
to the Si-O-Si stretching vibrations,

while peaks in the region of 800 cm™ to
1,100 cm? represent Si-O-C stretching
vibrations. Additionally, the presence of
absorption bands around 600 cm™ to 1,300
cm! indicates the presence of phosphate
(PO,*) groups, which are essential
components of BG. The absence of peaks
in the region of 1,650 cm to 1,750 cm!
suggests minimal presence of organic
functional groups, indicating high purity of
the BG.
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Fig. 6 FTIR graph illustrates the spectra for the pure BG, pure PCL, 10:90, 20:80, and 30:70 BG/PCL
scaffold groups.

In contrast to BG, the FTIR spectrum
obtained for pure PCL exhibits characteristic
absorption bands corresponding to the
functional groups present in the polymer.
The major peaks observed in the FTIR
spectrum  typically include  stretching
vibrations of C=0 bonds (carbonyl groups)
at around 1,720 cm™!, indicating the
presence of ester groups in the PCL polymer
chain. Additionally, peaks in the region of
1,150 cm™'to 1,290 cm™ correspond to C-O
stretching vibrations, while peaks around
1,400 cm™ to 1,550 cm™! represent stretching
vibrations of C-H bonds. The lack of
hydroxyl peaks at 3,400 cm™ to 3,500 cm™
confirmed its hydrophobic nature and high

purity.

The 10:90 BG/PCL composite spectrum
demonstrated successful integration of both
phases, preserving key functional groups
without new absorption bands, confirmed by
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BG’s silicate/phosphate vibrations coexisting
with PCL’s carbonyl stretches, though
with modified intensities. Peak broadening
at 1,000 cm! to 1,200 cm' suggested
interfacial interactions between Si-O and
C-O groups, while the maintained C=0
peak position (1,720 cm™?) indicated no ester
bond cleavage during fabrication.

Cell Viability Assessment (MTT Assay)

The MTT assay was done to assess cell
proliferation and viability on the bone
scaffolds of different compositions: 10:90
BG/PCL, 20:80 BG/PCL, and 30:70 BG/
PCL, as well as on a control group. Mean
absorbance values at 570 nm wavelength
were measured as indicators of metabolic
activity and cell viability (Fig. 7). HPLF
cells cultured on the 10:90 BG/PCL
scaffold exhibited a mean absorbance value
ranging from > 2.0 to 2.5, indicating robust



metabolic activity and cell proliferation.
The relatively high absorbance values
suggest a favourable cellular response to the
scaffold material. In contrast, cells cultured
on the 20:80 BG/PCL scaffold displayed
lower mean absorbance values, measuring
below 2.0. This suggests a reduction in
metabolic activity and cell proliferation
compared to the 10:90 BG/PCL scaffold.
Although cells were viable on the scaffold,
the lower absorbance values indicate a less
favourable cellular response compared to
the 10:90 BG/PCL scaffold. Similarly, cells
cultured on the 30:70 BG/PCL scaffold
exhibited mean absorbance values below 2.0,
indicating reduced metabolic activity and
cell proliferation compared to the 10:90 BG/
PCL scaffold. The lower absorbance values
suggest a less favourable cellular environment
on the 30:70 BG/PCL scaffold, potentially
due to differences in scaffold composition

ORIGINAL ARTICLE | BG/PCL Scaffold for Alveolar Bone Regeneration

and properties. The control group consists
of cells without scaffolds, displaying mean
absorbance values below 0.5, consistent with
baseline metabolic activity levels. This serves
as a reference point for assessing the relative
impact of scaffold composition on cell
viability and proliferation.

The absorbance value for scaffold-only
samples was also examined (Fig. 8). Notably,
scaffold-only samples exhibited consistent
absorbance values, indicating the absence
of interference from scaffold compositions
on the assay readout. This rigorous
powering approach ensures the reliability
and reproducibility of the assay results,
supporting robust conclusions regarding
the biocompatibility and suitability of the
scaffold materials for bone tissue engineering
applications.
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Fig. 7 Bar chart depicting cell viability across various scaffold groups. The x-axis delineates different

scaffold compositions, while the y-axis represents the mean absorbance value at 570 nm wavelength,

indicative of cellular metabolic activity. **denote p < 0.001, indicating highly significant differences

specifically between 10:90 and 30:70 scaffold groups, as well as between 20:80 and 10:90 scaffold
groups.
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Fig. 8 Bar chart illustrating the absorbance values of scaffolds devoid of cells. The x-axis represents
different scaffold compositions, while the y-axis indicates the absorbance values at 570 nm wavelength,
reflecting scaffold absorbance independent of cellular metabolic activity.

DISCUSSION

Microarchitecture and Surface Morphology
of BG/PCL Scaffold

Analysis of 10:90, 20:80, and 30:70 BG/
PCL scaffold structures was carried out
using Hitachi TM3000 SEM to determine
the microarchitecture, surface morphology,
and pore sizes of the samples. The surface
roughness of the scaffold observed in Fig. 3 is
highly efficient for cell attachment. The pores
sizes for each scaffold concentration are also
measured (Fig. 4). The pores sizes for each
scaffold concentration are also measured.
However, even for bone regeneration, no
consensus has been determined regarding the
optimal pore size in scaffolds, but sufficient
porosity of suitable size and interconnections
between the pores provides an environment
to promote cell infiltration, migration,
vascularisation, nutrient and oxygen flow,
and waste material removal while being
able to withstand external loading stresses
(Abbasi er al., 2020). For bone regeneration,
pore diameters between 50 and 710 pum
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have been proposed; numerous studies
indicate that macropores between 150 and
350 um are ideal (Kramschuster & Turng,
2010). Therefore, macropores on the
order of hundreds of micrometres with an
interconnecting network on the order of tens
of micrometres have been identified as ideal
for tissue regeneration (Kramschuster &
Turng, 2010).

Morphological Analysis of Cell Attachment
(SEM)

The observed differences in cell morphology
across the three scaffold groups, as depicted
under SEM at varying magnifications,
provide valuable insights into the interactions
between HPLFs and the BG/PCL composite
scaffolds. In the 10:90 BG/PCL, numerous
clusters of cells were noted under 500x%
magnification, suggesting cellular aggregation
and potential cell-cell interactions within
the scaffold microenvironment. At higher
magnifications (8,000x), the presence of
adherent cells with extended cytoplasmic
extensions indicates successful cell adhesion



and spreading, essential for cellular function
and tissue integration. Conversely, the 20:80
scaffold group exhibited predominantly
elongated and spindle-shaped cells with
well-defined cytoplasmic extensions under
both magnifications. This morphology is
characteristic of healthy cellular adhesion and
spreading, signifying favourable interactions
between HPLFs and the scaffold surface.
Notably, the 30:70 BG/PCL displayed
fewer cell clusters under 500x magnification
compared to the other groups, suggesting
a less conducive microenvironment for
cellular aggregation. However, examination
at 8,000x magnification revealed adherent
cells with elongated extensions, akin to
those observed in the other groups. These
findings suggest that despite variations in
cell aggregation at lower magnifications, all
scaffold groups ultimately support cellular
adhesion and spreading, essential for tissue
regeneration. The observed differences in cell
morphology may be attributed to variations
in scaffold composition and surface
characteristics.

Fourier Transform Infrared Spectroscopy

The FTIR spectra obtained for the BG/PCL
scaffolds revealed characteristic absorption
bands corresponding to the functional groups
present in the PCL and BG components.
The spectra were compared to those of raw
PCL and raw BG to assess the influence of
scaffold composition on chemical bonding
and interactions.

The results of FTIR measurements on
the BG/PCL scaffolds are shown (Fig. 6).
Obtained FTIR spectra also indicate the
interatomic bindings in BG structure. The
characteristic bonds at 1,178.7cm™ is related
to bending and stretching bonds of Si-O-Si.
Characteristic band at 926cm™ is related to
stretching bond of Si-O and characteristic
bands at 626.4 and 1,242.4cm™ are related
to P-O bonds. These peaks serve as reference
points for identifying the presence of BG in
the scaffold samples comparable to a study
by Sadeghinia ez al. (2021).
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Similarly, the FTIR spectra of raw BG
displayed characteristic absorption bands
corresponding to the functional groups
present in BG, such as characteristic peaks
at 731.3 and 934.4 cm™ are related to C-O
bonds, peaks at 1,045.3 cm™, 1,167.7 cm™!
and 1,239.7 cm™ are attributed to C-O-C
stretching bonds of PCL while stretching
vibration bands in wavenumber range of
1,418.5cm™ to 1,510.5cm™ are related to
C-H bond. Band at 1,721.8cm™! related to
stretching bond of carbonyl C=0 in PCL,
while peaks with wave numbers of 2,866.6
cm™ and 2,944.0 cm™! belong to stretching
bonds of C-H in PCL. These peaks are
comparable to a study by Sadeghinia er al.
(2021).

Upon comparing the FTIR spectra of the
BG/PCL scaffolds to those of raw PCL
and raw BGQG, differences in peak intensities
and positions were observed, indicative of
chemical interactions between the polymer
and BG components. For example, shifts in
peak positions or changes in peak intensities
suggest the formation of new chemical bonds
or interactions between functional groups
within the scaffold matrix (Hooi ez al., 2021).

The FTIR spectra of the BG/PCL scaffolds
exhibited peaks corresponding to both PCL
and BG functional groups, suggesting the
presence of both components in the scaffold
compositions. Additionally, variations in
peak intensities and shapes were observed
among the different scaffold compositions,
indicating differences in chemical bonding
and interactions.

For instance, the presence of FTIR peaks
corresponding to both PCL and BG in
the 10:90 scaffold confirms the successful
incorporation of both materials within
the composite matrix, with relatively
high intensities compared to the other
compositions. This suggests strong
interactions between the polymer and BG
components, potentially leading to enhanced
scaffold stability and bioactivity (Sadeghinia
et al., 2021).
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Cell Viability Assessment (MTT Assay)

The MTT assay results provide valuable
insights into the biocompatibility and
cytocompatibility of BG/PCL composite
scaffolds with human periodontal ligament
fibroblasts (HPLFs). The favourable viability
and metabolic activity of PDL fibroblasts
on all three scaffold compositions (10:90,
20:80, and 30:70 BG/PCL) indicate the
scaffolds’ ability to support cell growth and
proliferation. Among the three compositions,
the 10:90 BG/PCL scaffold showed the
greatest cell viability, with progressively lower
values observed for the 20:80 and 30:70
groups.

The observed differences in cell viability
could be attributed to various scaffold
characteristics, including porosity and
surface roughness. SEM analysis revealed
that the 10:90 BG/PCL scaffold exhibited
the largest and most well-defined pore
structures, potentially providing a favourable
environment for cell attachment and
proliferation. In contrast, the 30:70 BG/PCL
scaffold demonstrated the lowest porosity,
which may have limited cell infiltration and
nutrient exchange within the scaffold matrix
(Abbasi er al., 2020).

Furthermore, scaffold surface roughness is
known to influence cellular responses, with
rougher surfaces promoting enhanced cell
adhesion and metabolic activity. The 10:90
BG/PCL scaffold, characterised by higher
surface roughness, may have facilitated better
cell-scaffold interactions compared to the
smoother surfaces of the 20:80 BG/PCL and
30:70 BG/PCL scaffolds.

The BG component in the scaffolds also
likely contributed to their bioactivity and
osteogenic potential. While the 10:90
BG/PCL scaffold contained the lowest
proportion of BG, its bioactive properties
may have been sufficient to stimulate
favourable cellular responses. It suggests
complex interactions between scaffold
composition, microstructure, and cell
behaviour.

http://aos.usm.my/

The findings of this study underscore the
importance of comprehensive scaffold
characterisation and  optimisation in
tissue engineering applications. Scaffold
design parameters, including composition,
microstructure, and surface properties,
play critical roles in determining cellular
behaviour and ultimately, the success of
scaffold-cell interaction in regenerating new
bone tissue.

CONCLUSION

In this study, it was revealed that among
the tested compositions, the 10:90 BG/
PCL scaffold exhibited the most promising
features across multiple parameters. Based
on all tests and analyses that have been
done, it demonstrated that the 10:90
BG/PCL scaffold possessed the highest
surface roughness, largest pore sizes, highly
crystalline material, and highest cell viability
percentage, indicative of its excellent
cytocompatibility and potential for tissue
regeneration. In conclusion, our evaluation
indicates that the 10:90 BG/PCL scaffold
possesses an optimal combination of surface
roughness, porosity, and biocompatibility,
highlighting its potential as a promising
candidate for subsequent stages of our
research, including the @ vivo and in vitro
analysis. Its applicability for those mentioned
above  proposed  additional analyses,
highlighting its capacity to greatly advance
our knowledge of scaffold performance and
its practical applications in tissue engineering
and regenerative medicine.
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