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ABSTRACT

The innovation of grafting materials facilitates an improved patients’ care and treatment
outcomes in promoting bone regeneration. A recent paradigm shift towards poly lactic-
co-glycolic acid (PLGA) as an excellent scaffold for tissue engineering and autologous
nature of concentrated growth factor (CGF) is starting to be in the highlight of treatment.
However, the role of both materials as substitutes for bone grafting material remains
unclear. In this study, we aimed to investigate the influence of both materials on the
biological behavior of human osteoblast cells (HOBs). PLGA microspheres prepared
using double solvent evaporation method were observed under scanning electron
microscope. Blood was collected from a rabbit and centrifuged to obtain CGF. HOBs
were incubated with CGF, PLGA microspheres, and CGF+PLGA for 24, 48, and 72 h.
Their proliferation was assessed. Microscopic image revealed a spherical shape with
interconnected pores as an architecture for cellular ingrowth. Significant differences
observed in the mean proliferation of HOBs between control and CGF+PLGA group.
Similar observations were observed between control and PLGA, and between CGF
and PLGA, indicating the role of PLGA and CGF for bone regeneration. This result
further indicated that both PLGA scaffold with CGF has the potential as alternative
materials in promoting bone regeneration.
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for clot development, maturation, and remodelling
(Reynolds et al,, 2010). A bone graft material is considered

Over the past decades, various treatment approaches and
grating materials were used in facilitating bone regeneration
for periodontal defect. Bone formation in the osseous defect
is facilitated by bone grafts as they provide an organisation
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ideal when it possesses three main features, which are
osteogenesis, osteoinduction and osteoconduction (Kumar
et al, 2013; Laurencin, et al, 2006; Sangeetha and Jain,
2018). Autograftis the gold standard material obtained from
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the intraoral sites of the donor and it has higher
osteoconductive, osteoinductive, and osteogenic properties
(Reynolds et al,, 2010). Nevertheless, the drawbacks in the
application of autograft range from a limited volume of
harvestable graft, prolonged surgical time, and morbidity of
donor site (Brown etal,, 2015; Hoda et al,, 2016; Kumar etal,,
2013). Allograft is an osteoinductive material sourced from
other cadavers or donors of the same species (Jamjoom and
Cohen, 2015). Allografts are available in mineralized and
demineralized forms, and the osteoconductivity and
mechanical properties are reduced during sterilization and
storage. Although allograft is an alternative to autograft, it
needs to be strictly monitored for infectious diseases to
prevent cross-infection. On the other hand, a xenograft has
osteoconductive property and due to its similar
hydroxyapatite content to human bone, the scaffold allows
for new vascularization and subsequently replaced by new
bone formation (Jamjoom and Cohen, 2015). However,
xenograft lacks mechanical properties and is controversial
due to ethical issues regarding the use of animal tissue in the
body.

Alloplastic material is a synthetic bone graft that has been
recently developed to overcome the limitations of other
grafting materials. It induces bone formation by providing an
osteoconductive platform through their composition,
morphology, and surface topography (Laurencin et al,, 2006).
Recently, studies have highlighted the potential application
of a synthetic polymer known as poly lactic-co-glycolic acid
(PLGA) in regenerative medicine and dentistry. PLGA, a
copolymer consisting of lactic acid and glycolic acid, is an
FDA-approved biodegradable polymer that is safe to be used
in living cells due to its high strength properties and
biocompatibility (Makadia and Siegel, 2011; Martins et al.,
2018). Due to its high porosity and interconnected pores, the
role of PLGA particles as a drug delivery system has been
investigated and widely applied in various fields of medicine
such as delivering chemotherapeutic agents, antimicrobials,
vaccines, anti-inflammatory drugs and antihypoglycemic
agents (Martins et al,, 2018; Mir et al,, 2017; Qi et al,, 2019).
These features, together with its controlled degradation,
allow for the sustained release of drugs (Avgoustakis, 2005;
Martins et al, 2018). PLGA has also been employed as an
implant for orthopedic intervention as it can be constructed
to slowly degrade and thus, accommodate the slow bone-
healing process (Avgoustakis, 2005). Currently, the use of
PLGA in periodontal treatment has started to gain
momentum as it is commonly used as a barrier material in
guided tissue regeneration procedures (Yoshimoto et al.,
2018), extraction sockets scaffold material (Araujo-Pires et
al, 2016; Yoshimoto et al, 2018) and suture material
(Avgoustakis, 2005).

In the management of periodontal and bone injuries,
growth factors need to be delivered to regulate the migration
and proliferation of cells during healing. A vehicle is required
to achieve the delivery of growth factors to the indicated site.
The common materials employed for the vehicular transport
of growth factors include bone graft, collagen and polymers.
These materials are processed into various forms such as
microparticles, sponge, film and sutures (Kowalczewski and
Saul, 2018; Raja etal, 2009; Zhang etal., 2018). Nevertheless,
the delivery of recombinant human growth factors is
expensive and tends to undergo rapid dilution after
application, thus limiting the half-life for prolonged action
(Raja et al.,, 2009; Shimono et al,, 2010).

In place of recombinant human growth factors, the usage
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of autologous platelet concentrates has gained attention as
an alternative in delivering a high concentration of growth
factors to indicated sites, and as a scaffolding for cells (Chen
and Jiang, 2020). The invention of platelet concentrate using
autologous sources of blood began with the development of
platelet rich plasma (PRP) and was followed by platelet rich
fibrin (PRF) in 2001 (Toffler et al, 2009). The concentrated
growth factor (CGF) is the current generation of platelet
concentrate products, which was first introduced by Sacco in
2006 (Borsani et al,, 2015; Takeda et al.,, 2015). It was found
that CGF contained a higher amount of growth factors as
compared to PRP and PRF (Masuki et al, 2016). The CGF is
produced using single centrifugation with an alternate speed
thatallows for the isolation of larger and denser fibrin matrix
as compared to PRP and PRF. It also results in clots with
increased stability, strength, and protection against plasmin
degradation. Therefore, it can prolong the release of growth
factors and action (Rodella etal, 2011).

Due to the unique features of PLGA and CGF, the effects of
both materials on bone regeneration were evaluated in this
study, particularly on the osteoblast cells. To the knowledge
of the authors, this present study is the first attempt to
evaluate the combinatory action of PLGA and CGF in bone
regeneration. PLGA microspheres in this study were mainly
aimed to substitute the bone graft materials currently used
in clinical practice. Apart from that, it also acted as a vehicle
for delivery of growth factors when the CGF was combined
in bone regeneration. This combination effect between PLGA
and CGF in the bone generation study, however, is relatively
unclear. These events prompted the hypothesis that a
combination of PLGA and CGF will significantly affect the
proliferation of human osteoblast cells (HOBs). Therefore,
the objective of this in vitro study was to investigate the
influence of PLGA scaffold with CGF on the biological
behavior of HOBs as a model for bone regeneration.

2. MATERIALS AND METHODS

2.1 Fabrication of PLGA microspheres

PLGA microspheres were firstly prepared using the double
solvent evaporation method. Approximately 1 g of PLGA was
mixed with 5 mL dichloromethane (DCM) and 250 pL of
phosphate buffer saline was added to the mixture prior to
homogenization at 9000 rpm to form a primary emulsion.
Subsequently, 200 mL of 0.3% w/v polyvinyl alcohol (PVA)
solution was supplemented into the mixture and
homogenized again at 4000 rpm to form a secondary
emulsion. The secondary emulsion mixture was stirred for
4 h at 300 rpm to allow DCM to evaporate and the
microspheres to precipitate. The microspheres were then
washed with distilled water by centrifugation and
suspended in 10 mL of ethanolic-sodium hydroxide solution
to enhance the porosity of the microspheres. The suspension
was vortex-mixed at 1400 rpm at different durations, sieved
with a pore size of 40 pm, and washed again using distilled
water. Finally, the particles were freeze-dried for 72 h to
obtain the final product of PLGA microspheres that will act
as a scaffold for CGF (Qutachi et al, 2013).

2.2 Observation of PLGA microspheres under
scanning electron microscopy (SEM)

Freeze-dried PLGA microspheres that were previously
diluted and vortex-mixed in distilled water were directly
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dropped onto its platform, air-dried, and covered with a 15-
20 nm layer of gold. The microspheres were then examined
by scanning electron microscope (Tabletop TM3000, Hitachi,
Tokyo, Japan) for its pore characteristics under 400x
magnification (Qutachi et al,, 2013; Vyslouzil et al,, 2016).

2.3 Blood collection for fabrication of CGF

This study was reviewed and approved by the Committee on
Animal Research and Ethics (UiTM CARE) with the approval
number 256/2018 and was conducted according to animal
research: reporting in vivo experiments (ARRIVE) guidelines
2.0. An eight-month old healthy male New Zealand white
rabbit was quarantined for one week at a quarantine room
and allowed for acclimatization for two weeks in a procedure
room prior to the research procedure. The rabbit was housed
in a cage with temperature controlled rooms, fed with
standardized diet and free access to tap water, and was
inspected daily for their general health, feeding and the cage
condition. Approximately 6 mL of venous blood was drawn
from the marginal ear vein and collected into serum
vacutainers. The vacutainers were immediately centrifuged
(Tabletop Centrifuge Kubota 2420, Tokyo, Japan) using
alternate speed to form CGF (Kim et al., 2014; Takeda et al.,
2015).

2.4 Combination of CGF with PLGA microspheres
by centrifugation

For the incorporation of both PLGA microspheres and CGF,
both materials were centrifuged at 1000 rpm for two minutes
(Tabletop Micro Refrigerated Centrifuge Model 3500, Tokyo,
Japan) at room temperature (Lee etal, 2015).

2.5 Treatment of HOBs with CGF, PLGA and
combination of CGF and PLGA

The extraction media was prepared by immersing the
specimens in Dulbecco’s modified Eagle’s medium (DMEM).
The HOBs (HFOB1.19.AddexBioT0004005) were seeded at a
density of 1x103 cells/well containing 10% heat-inactivated
fetal bovine saline and 5% penicillin-streptomycin solution
prior to incubation at 37°C. The cell culture media were
removed with an aspirator after one day, and the cells were
extracted and transferred into 96 well plates containing the
following treatments: i) 1 g of CGF, ii) 10 mg of PLGA, and iii)
CGF + PLGA (containing a mixture of 1 g of CGF + 10 mg of
PLGA) (Borsani et al,, 2015; Lee et al,, 2015; Takeda et al,
2015). All experiments were performed in triplicate and
subjected to a 24, 48, and 72 h incubation.

2.6 Evaluation of cell proliferation by MTS assay
The CellTiter 96 aqueous one solution cell proliferation assay
system (Promega, Madison, USA) was used to determine the
HOBs proliferation according to the manufacturer’s
instructions (Takeda et al, 2015). After each incubation
period (24, 48, or 72 h), approximately 20 pL of CellTiter 96
aqueous one solution reagent (Promega, Madison, USA) was
added into each well and incubated for one hour in a
humidified atmosphere containing 5% CO. The absorbance
was measured at 490 nm using an enzyme-linked
immunosorbent assay plate reader (Multilabel Plate Reader
Victor™ X5, PerkinElmer, USA).

2.7 Statistical analysis
A sample from a rabbit was used for blood taking as source of
CGF to avoid bias from multiple sources of blood of different
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rabbits and examined in triplicate for statistical analysis. The
data were then exported to Statistical Package for Social
Science (SPSS, Version 26.0, IBM) software for data analysis
by comparing cellular proliferation rate in between
treatment groups at three time points. A repeated-measure
ANOVA was applied to evaluate the time and treatment
effects. Pairwise comparison with confidence interval
adjustment together with Bonferroni correction was
performed for time-effect analysis. Post-hoc multiple
comparisons were executed when a significant treatment
between groups was found. A p<0.05 was considered for
significant effects and statistical difference between the
treatments. Assumption of normality, homogeneity of
variances and compound symmetry were checked and
fulfilled.

3. RESULTS AND DISCUSSION

3.1 Characterization of PLGA microspheres
under SEM

The surface morphology of the PLGA microspheres observed
by SEM revealed a spherical shape with the presence of
interconnected pores on its surface. To stabilize the emulsion
formed between the polymer and drug solution with water,
PVA was used as an emulsifier. Following the evaporation of
the organic solvent from the surface of droplets, the
concentration of the polymer increased until it reached a
critical point at which the polymer concentration exceeded
its solubility in the organic phase and subsequently
precipitated to produce microspheres (Igbal et al, 2015).
Figure 1 shows the features of the microspheres under SEM
with 400x magnification. The size of the microspheres was
analyzed using the Image ] software and ranged between
53.7 um to 120 pm.

In this study, microspheres were fabricated using PLGA
showed interconnected pores within the microspheres.
This characteristics of microspheres, which have high
porosity, are important in this study. Upon centrifuged, it
is postulated that the growth factors (CGF) were trapped
in between the interconnected pores and were gradually
released during the HOBs treatment. The extraordinary
characteristics of PLGA microspheres of high porosity and
interconnected pores also help to facilitate cell behavior
and performance as they provide a convenient substrate
surface area for cellular adhesion and biodegradable cell
carriers (Martins et al, 2018). It is also important to
emphasize the pore size dimensions in the formation of
scaffolds from microspheres as the scaffolds should not
only have the mechanical properties, but also the porosity
and appropriate pore diameter to support the formation of
new tissue (Kirby et al,, 2016; Liu et al,, 2010). Porosity is
an important factor characterized by the presence of pores
which influences the diffusion of drugs to the external
environment, cellular invasion into the scaffold structure,
and cellular attachment (Abbasi et al, 2020; Xu et al,
2016). In addition, adequate diameter of the pore size is
required to allow the sustainable release of drugs (Han et
al, 2016; Lemperlee et al, 2004). In this study, porous
PLGA microspheres were fabricated with different sizes,
with some pore sizes above 30 um. This size is considered
to be acceptable for use in scaffold preparation to favor
scaffold vascularization and the growth of osteoblasts
(Abbasi et al,, 2020; Sicchieri et al., 2012).
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3.2 The effect of CGF, PLGA and CGF + PLGA on
osteoblastic proliferation

Table 1 and Figure 2 show the descriptive statistics of
mean percentage of HOBs proliferation, reported as mean
and standard deviation. There was a gradual increase in
the mean percentage of cells upon incubating the HOBs
with CGF. The rate of cell multiplication was 79.74%,
107.65% and 127.86% at 24, 48 and 72 h, respectively.

Meanwhile, cells treated with PLGA and CGF + PLGA
exhibited a similar pattern of increased cell proliferation
from 24 to 48 h but decreased from 48 to 72 h. Compared
with the cells treated with CGF and PLGA alone, HOBs
treated with CGF + PLGA showed an overall higher mean
percentage of cell proliferation estimated as 147.97%,
468.43%, and 260.25% at 24, 48, and 72 h, respectively.

Figure 1. SEM image of porous PLGA microspheres (400x magnification)

Table 1. Mean percentage of HOBs proliferation (%)

Time (h) Treatment groups (mean (SD))
Control CGF PLGA CGF+PLGA
24 100 (2.13) 79.74 (0.82) 121.13 (7.10) 147.97 (0.00)
48 100 (5.10) 107.65 (9.02) 4448 (161.92) 468.43 (126.36)
72 100 (2.65) 127.86 (4.62) 240.96 (28.23) 260.25 (52.63)
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Figure 2. Mean percentage of HOBs proliferation at three different time points

The mean percentage of cell proliferation increased
gradually when treated with CGF and a significant difference
was observed between 24 and 72 h upon treatment. These
findings corroborated findings from previous studies as
treatment with CGF, resulting in a gradual increased
proliferation of stem cells, human periosteal cells, bone
stromal cells, and osteoblast cells (Borsani et al,, 2015; Sahin
et al, 2018; Takeda et al, 2015). The high content and
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prolonged release of growth factors from CGF were also
influenced by its fabrication process, whereby a single
centrifugation step with alternate speed allowed for the
isolation of larger and denser fibrin matrix. Since an alternate
speed is employed in the preparation of CGF, this further
enhanced the release of growth factor which is facilitated by
the increased of platelet rupture occurring during the
centrifugation (Chen and Jiang, 2020). This centrifugation
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leads to the formation of a regular, cross-linked fibrin matrix
with increased stability, strength and does not dissolve
rapidly upon application (Rodella et al,, 2011). CGF is the
current generation of platelet concentrate products used in
clinical practice to enhance the healing process. It also has
the additional benefit of reduced costs as the patient’'s own
blood is drawn for its fabrication, thus minimizing the risk of
cross-reaction.

PLGA is widely recognized as an excellent scaffold
material for drug delivery and tissue engineering
procedures. In addition, PLGA has also becoming a popular
choice for its use in periodontal regeneration (Araujo-Pires
etal, 2016; Avgoustakis, 2005; Yoshimoto et al., 2018; Zhao
et al, 2019). In a recent study by Cai and colleagues, PLGA
microspheres were used as a vehicle to test the efficacy of the
P24 component, which is a synthetic derivative of bone
morphogenetic protein (BMP)-2 on the osteogenic potential.
It was observed that PLGA loaded with P24 resulted in the
continuous release of P24 for over 60 days as well as
enhanced the proliferation of MC3T3-E1 cells and secretion
of alkaline phosphatase (Cai et al., 2019).

In the present study, since the PLGA microspheres were
porous with adequate pore size, osteoconductivity was
facilitated for the migration and attachment of osteoblast
cells on the PLGA scaffold, thus promoting a greater
proliferation of osteoblast cells as compared to CGF (Abbasi
etal, 2020; Ebrahimi, 2017; Hosseinpour et al., 2017). Based
on Figure 2, the proliferation of HOBs cultured with CGF +
PLGA was higher than those cultured with the control group,
CGF, and PLGA alone at three different time points. The
higher HOBs proliferation observed when treated with CGF
+ PLGA is possibly due to the combinatory effects of both the
unique features of CGF and PLGA.

The time effect comparison showed a significant
difference of mean percentage of HOBs proliferation within
each treatment group based on time (p=0.007). There were
significant differences of mean percentage of HOBs
proliferation among four treatment groups (p<0.001)
regardless of time. The post-hoc multiple comparison results
(Table 2) showed that there were significant differences in
the mean percentage of cell proliferation between control
and PLGA but not significant between PLGA and CGF + PLGA.
For bone regeneration to take place, a suitable environment
for cellular attachment and proliferation, adequate supply of
blood and nutrients, and provisions for complete removal of
by-products are required. These events are promoted when
the surface materials employed as scaffold possess

interconnected pores and adequate porosity (Abbasi et al,
2020).

Since the PLGA microspheres were fabricated with
features previously described, this shows that the
application of PLGA scaffold alone was able to induce
osteoblast cell proliferation. Owing to the porosity, greater
surface area and lower mass density of the fabricated PLGA
particles, the cell attachment and proliferation were
improved (Cai et al, 2013). In addition, a review paper by
Zhao and colleagues (2021) has emphasized the role of PLGA
in promoting bone formation due to its advantages such as
adequate mechanical strength, excellent biocompatibility
and processability. This facilitates the manufacturing of
PLGA scaffold with various pore sizes and the ability to adjust
the ratio of lactic and glycolic acid allows a controlled
degradation time to match with turnover rate of bone
formation. Additionally, various bioactive materials can be
incorporated with the PLGA in promoting bone regeneration
(Zhao et al,, 2021). This is applied in this present study as
CGF was incorporated with the PLGA and a significant
difference was observed between control and CGF + PLGA.
This shows that the combination of PLGA with CGF might
have enhanced the sustained release of growth factors from
CGF and protected the CGF from early degradation (Yuetal,
2019). Based on the observation of the proliferation of HOB
cells in this study, the growth factors from CGF were
postulated to be released in a sustained manner for the
growth of cells.

A significant difference was also observed between CGF
and PLGA, indicating that, in addition to source of growth
factors, CGF also act as a scaffold for cell migration as it is
associated with an interwoven cross-linked structures and
networks. Overall, the networks provide an attachment for
cytokine and recruitment of cells towards the CGF scaffold,
enabling its role in promoting bone formation (Qiao et al,
2016; Fang et al,, 2020). However, no significant difference
was observed when the treated cells were compared
between control and CGF. Our result contradicts with the
previous findings as the culture of osteogenic cells with CGF
reported on significant differences in cellular proliferation
(Chen et al, 2019; Masuki et al, 2016; Sahin et al, 2018;
Zhang and Ai, 2019). This could be contributed by one of the
limitations that only one density of CGF (1 g) was assessed.
Multiple density of CGF is suggested for future studies. Even
though there was no significant difference observed between
control and CGF, mean proliferation of HOBs increased
gradually from 24 to 72 h.

Table 2. Mean differences in HOBs proliferation among treatment groups

Comparison Mean difference (95% confidence interval) p-value
Control and CGF -5.09 (-88.40, 78.23) 0.997
Control and PLGA -168.96 (-252.27, -85.65) 0.001
Control and CGF+PLGA -192.22 (-275.53,-108.91) <0.001"
CGF and PLGA -163.88 (-247.19, -80.56) 0.001
CGF and CGF+PLGA -187.13 (-270.44,-103.82) <0.001"

Note: Statistically significant (p<0.05)

There was a significant difference of mean percentage
of HOBs proliferation among four treatment groups based
on time (p < 0.001) (Table 3). From the study, it was found
that there was significant difference in mean percentage
of HOBs proliferation at 24 h between control and CGF +
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PLGA group and in the mean percentage of HOBs
proliferation at 48 and 72 h between control and PLGA
group. In addition, a significant difference at 48 and 72 h
was also observed between control and CGF + PLGA

group.
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There is data paucity on the use of PLGA microspheres as
a depot for CGF, nevertheless, a few studies have reported on
the delivery of growth factors from other generations of
platelet concentrate products such as PRP. For instance, it
was observed that the combination of PLGA and PRP showed
improved treatment outcomes following the use of heparin-
conjugated PLGA nanospheres treated with PRP and fibrin
gel as compared to PRP and fibrin gel alone in promoting skin
wound healing in mice. Improved treatment outcomes were
measured based on the release of PDGF-BB and the rate of

regeneration of epidermal and dermal tissue (La and Yang,
2015). Besides, Lee and colleagues found that the
centrifugation technique showed a significant increase in cell
proliferation of human bone marrow stromal cells,
compared to a simple dripping and dynamic oscillation
technique (Lee et al., 2015). The authors selected PRP as a
coating material to improve the surface characteristics of the
PLGA as a scaffolding structure. These observations indicate
the feasibility of PLGA as a depot for enhanced release of
growth factors.

Table 3. Comparison of mean percentage of HOBs proliferation among four different treatment groups based on time

Time (h) Treatment Mean 95% Confidence interval
24 Control 100 95.04,104.96
CGF 79.74 74.78,84.70
PLGA 121.13 116.16,126.09
CGF + PLGA 147.97 143.01,152.93
48 Control 100 -36.90, 236.90
CGF 107.65 -29.25, 244.56
PLGA 4448 307.90, 581.70
CGF + PLGA 468.43 331.53,605.33
72 Control 100 60.08,139.92
CGF 127.86 87.95,167.78
PLGA 240.96 201.04, 280.88
CGF + PLGA 260.25 220.33,300.17

Based on the findings of this study, the use of CGF + PLGA
resulted in a significant difference in the comparison of the
mean percentage of proliferation of HOBs between treatment
groups and at different time points. However, the comparison
between the various time periods used in this study
contribute to one of the limitations in this study as previous
studies observed cell proliferation on alternate days such as
atday 1, 3, 5,and 7 (Borsani etal., 2015; Cai et al,, 2019; Chen
et al, 2019; Sahin et al, 2018; Takeda et al, 2015).
Nevertheless, the mean proliferation rate in the CGF + PLGA
group increased from 24 to 48 h and reduced from 48 to 72
h. We postulated that high density of cells may affect the
reading at 72 h and contribute to the limitation of the present
outcome as the culture of cells with CGF and PLGA only did
showed increased in cellular proliferation from 24 to 48 h.
However, this pattern of mean cell proliferation rate
percentage corroborates the findings from other studies as
there was an increased cellular proliferation from 24 to 72 h
(Sahin et al,, 2018; Zhang et al,, 2019). For the group treated
with only PLGA, there was no difference in the mean HOB
cells proliferation compared to CGF + PLGA group but greater
cell proliferation was observed when compared with CGF
alone. This shows that PLGA itself has an osteogenic effect in
inducing the proliferation of HOB cells. Furthermore, the
result highlights that PLGA microspheres may act as a depot.
The incorporation of CGF into the scaffold allows a sustained
release of growth factors for enhanced healing and
regenerative effect.

Notwithstanding these limitations, the unique features of
PLGA microspheres facilitated cell behavior and
performance by acting as a scaffold and allowing the
sustained release of growth factors from CGF. The use of
PLGA as a depot for CGF delivery and as a scaffold material
could be applied clinically to the designated area, thus
increase the probability of an improved treatment outcome
and augment periodontal bone regeneration. As this study
serves as a preliminary study on the influence of CGF and
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PLGA scaffold on proliferation of osteoblast, it is suggested to
increase the time interval for cellular proliferation with
various densities of CGF and PLGA, to study the release
profile of CGF from PLGA and observation of cellular
adhesion in future studies.

4. CONCLUSION

In a nutshell, it can be concluded that the use of PLGA scaffold
and CGF has the potential to induce greater human osteoblast
cell proliferation and regenerative activity to facilitate
improved bone regeneration. In addition, this study serves as
an ideal standard and benchmark for future investigations on
the beneficial role of CGF + PLGA for the enhancement of
bone regeneration.
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