Volume 1 | 2019

PROCEEDING BOOK OF

9TH DENTAL STUDENTS’ SCIENTIFIC SYMPOSIUM

An Overview on the Use of Concentrated Growth Factor
(CGF) and Poly Lactic-co-Glycolic Acid (PLGA) in

Periodontal Regeneration

Nur Zety Mohd Noh?, Nur Aliana Hidayah Mohamed?, and Erni Noor'”"

Faculty of Dentistry, Universiti Teknologi MARA, Sungai Buloh Campus, Malaysia

Abstract: Alveolar bone loss as a result of periodontitis and physiological alveolar bone
resorption following tooth extraction can be treated and minimized with clinical procedures such
as periodontal regeneration and socket preservation. The use concentrated growth factor (CGF)
has received an attention nowadays in clinical practice as source of growth factors. Meanwhile,
poly lactic-co-glycolic acid (PLGA) microspheres is well known for its use in drug delivery due
to its high porosity and interconnected pores. The objective of this review paper is to provide an
overview on the current use of CGF and PLGA in periodontal regeneration in order to promote
and obtain new bone formation and periodontal attachment.

1. Introduction

Conventional open flap debridement is a common
practice in previous years in treating periodontal

defect such as intrabony defect and furcation defect.

With the evolution of knowledge and technologies,
many surgical techniques and new materials have
been introduced in order to provide better care for
the patient and treatment outcome. These include
the use of concentrated growth factor (CGF) and
poly lactic-co-glycolic acid (PLGA).

CGF is the third-generation of platelet
concentrate, containing more growth factors and
harden fibrin structure as compared to first and
second generation of platelet concentrate, which
are platelet-rich plasma (PRP) and platelet rich
fibrin (PRF) respectively. It is very much useful in
periodontal and oral surgeries. Meanwhile, a wide
range of PLGA based drug delivery systems have
been reported for the treatment or diagnosis of
various diseases and disorders. Therefore, a
combination of CGF and PLGA is seen as a novel
approach to induce bone regeneration and
connective tissue attachment. Therefore, this
review article aimed to provide a glance on the
current use of CGF and PLGA in periodontal
regeneration in order to promote and obtain new
bone formation and periodontal attachment.

2. Concentrated growth factor

The invention of platelet concentrate provides an
alternative effective measure to recombinant
human growth factors to deliver high concentration
of growth factors to the respected sites.
Recombinant human growth factors are expensive,
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tend to suffer from instability and quick dilution
due to solubility of the delivery vehicle. This will
significantly reduce the half-life of the growth
factors M. Therefore, the use of platelet concentrate
may overcome those limitations of human
recombinant growth factors.

2.1 Platelet concentrate generations

Nowadays, the use of patient’s own blood that are
rich in growth factors has gained an attention to
facilitate the success of periodontal regeneration
procedure as it is more cost saving as patient’s own
blood is drawn for its fabrication and thus
minimizing the risk of cross contamination. The
discovery of platelet concentrate using autologous
source of blood started with the development of
PRP followed by PRF in 2001.

CGF is the current generation of platelet
concentrate product which was first introduced by
Sacco in 2006 I B, CGF is produced using single
centrifugation with alternate speed and this allows
for isolation of larger and denser fibrin matrix
compared to PRP and PRF that are rich in growth
factors. It also results in clot with increase stability,
strength and protection against plasmin degradation.
Therefore, it can prolong the release of growth
factors and action ™. Following centrifugation,
three layers were obtained in the vacutainers;
which are red blood cell layer at the bottom, fibrin
gel with platelets and growth factor at the middle
and upper serum layer B,

Various growth factors have been
identified in the CGF. These include the platelet
derived growth factor (PDGF)-AB, transforming
growth factor (TGF), insulin-like growth factor
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(IGF) -1, bone morphogenetic protein (BMP) -2
and vascular endothelial growth factor (VEGF).
Borsani and colleagues observed that PDGF-AB
and TGF- 1 had constant release from the CGF
throughout eight days of experimental period.
Meanwhile, BMP-2 and VEGF had maximum
accumulation by day eight and IGF-1 by day 6 12,
Significant amount of concentrations of TGF-R1,
PDGF-BB and VEGF also had been observed by
Masuki and colleagues. They concluded that CGF
act as a reservoir for various growth factors
required for healing (€1,

2.2 CGF in periodontal management

The application of CGF may provide a constant
supply of growth factors to further enhance healing.
Bone stromal cells and osteoblast cells that have
been treated with CGF also showed significant
higher cell differentiation and proliferation Bl [7],
Similarly, application of CGF into human
periosteal cells resulted in significant cell
proliferation 1. This shows that CGF provides a

medium to augment better periodontal regeneration.

In the current practice, CGF has been
fabricated to be used as a membrane in periodontal
regeneration procedure. Many clinical studies have
been conducted in order to investigate on the
effectiveness of CGF in regenerative procedure.
One of them was done by Qiao and colleagues
where they used CGF on management of grade 1l
furcation involvement. Significant improvement in
periodontal clinical parameter was noted one year
after surgery in a group of patients receiving bone
graft with CGF [,

Qiao and colleagues also had conducted a
study on management of intrabony defect. A
significant result was also noted in clinical
parameter and hard tissue fill on radiograph in
group treated with bovine porous bone mineral and
CGF P, Significant gain in gingival thickness and
keratinized gingival width on Miller class I and 11
recession was also noted with utilization of CGF
combined with coronally advanced flap ['%. These
in total show that application of CGF may provide
better treatment outcome on hard and soft tissue
regeneration.

3. Poly Lactic-co-Glycolic Acid
3.1 Properties of PLGA

PLGA is a copolymer of lactic acid and glycolic
acid that is FDA-approved biodegradable polymer
and safe to be used in living cells as it has great
strength property and highly biocompatible 14, It
is a synthetic polymer that can be dissolved by a
wide range of common solvents. It is a flexible

54

material as it can be can be processed into any
shape and size to encapsulate various agents such
as drugs, vaccines, proteins and growth factors.
Molecular weight of the monomers initial, ratio of
lactic acid and glycolic acid, exposure time to
water and storage temperature are among several
factors that influenced the physical properties of
PLGA [ 1t undergoes degradation by hydrolysis
and the rate of degradation is also influenced by
several factors such as the molecular weight,
composition of lactic and glycolic acid and
surrounding pH environment (1 1221,

3.2 PLGA and periodontitis

Current approach already focused on the use of
PLGA in periodontal treatment, particularly used as
barrier materials in guided tissue regeneration
(GTR) procedures as the materials are being
incorporated into the membrane. Yoshimoto and
colleagues have constructed bilayer PLGA
membrane and it was found that the use of bilayer
PLGA membrane successfully inhibited connective
and epithelial tissue invasion while promoting bone
regeneration %1, Besides that, PLGA also were
constructed as a scaffold to be put into extraction
sockets and better extraction bone socket
preservation noted B¥HI51 Apart from that, PLGA
has also been incorporated into sutures due to its
biocompatibility (61,

Local delivery of antimicrobials is one of
the management in treating periodontal defect.
PLGA microspheres have been fabricated as a
carrier for doxycycline placed in the periodontal
pockets in chronic periodontitis patients as an
adjunct to non-surgical periodontal therapy and was
observed to provide a sustained release of
doxycycline up to twenty days after placement [27],
The usage of PLGA as scaffold for phenytoin,
nifedipine and cyclosporine delivery in treating
periodontal defect have also been investigated
using Sprague-Dawley rats. It was found that
PLGA loaded phenytoin resulted in significant new
alveolar bone formation compared to other drugs
and the control group [*8. These shows that the use
of PLGA aids in enhancing the clinical outcome.

4. Conclusion

The application of CGF and PLGA have shown
better clinical outcome in regenerative medicine
and dentistry. This shows that both materials can
serve as an alternative to current available materials
that may further augment clinical outcome and has
the potential to facilitate better periodontal
regeneration.



Volume 1 | 2019

PROCEEDING BOOK OF

9TH DENTAL STUDENTS’ SCIENTIFIC SYMPOSIUM

5. References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

S. Raja, G. Byakod, and P. Pudakalkatti,
“Growth factors in periodontal
regeneration,” Int. J. Dent. Hyg., vol. 7, pp.
82-89 (2009).

E. Borsani, V. Bonazza, and B. Buffoli,
“Biological Characterization and In Vitro
Effects of Human Concentrated Growth
Factor  Preparation:. An  Innovative
Approach to Tissue Regeneration,” Biol.
Med., vol. 7, no. 5, pp. 1-11 (2015).

Y. Takeda, K. Katsutoshi, K. Matsuzaka,
and T. Inoue, “The Effect of Concentrated
Growth Factor on Rat Bone Marrow Cells
In Vitro and on Calvarial Bone Healing In
Vivo,” Int. J. Oral Maxillofac. Implants,
vol. 30, no. 5, pp. 1187-1196 (2015).

L. F. Rodella et al., “Growth Factors ,
CD34 Positive Cells , and Fibrin Network
Analysis in Concentrated Growth Factors
Fraction,” Microsc. Res. Tech., vol. 74, no.
December 2010, pp. 772777 (2011).

C. Pirpir, O. Yilmaz, C. Candirli, and E.
Balaban, “Evaluation of effectiveness of
concentrated growth factor on
osseointegration,” Int. J. Implant Dent., vol.
3, pp. 3-8 (2017).

H. Masuki et al., “Growth factor and pro-
inflammatory cytokine contents in platelet-
rich plasma (PRP), plasma rich in growth
factors (PRGF), advanced platelet-rich
fibrin (A-PRF), and concentrated growth
factors (CGF),” Int. J. Implant Dent., vol. 2,
no. 19, p. 1-6 (2016).

X. Chen, J. Wang, L. Yu, J. Zho, D. Zheng,
and B. Zhang, “Effect of Concentrated
Growth Factor ( CGF ) on the Promotion of
Osteogenesis in Bone Marrow Stromal
Cells ( BMSC ) in vivo,” Sci. Rep., vol. 8,
no. June 2017, pp. 1-8 (2018).

J. Qiao, N. An, and X. Ouyang,
“Quantification of growth factors in
different platelet concentrates,” Platelets,
vol. 28, no. 8, pp. 774-778 (2017).

J. Qiao, J. Duan, Y. Zhang, Y. Chu, and C.
Sun, “The effect of concentrated growth
factors in the treatment of periodontal
intrabony defects,” Futur. Sci. OA, vol. 2,
no. 4, pp. 1-6 (2016).

S. Bozkurt Dolan, F. Ongoz Dede, U. Balli,
E. N. Atalay, and M. C. Durmuslar,

55

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

“Concentrated growth factor in the
treatment of adjacent multiple gingival
recessions: A split-mouth randomized
clinical trial,” J. Clin. Periodontol., vol. 42,
no. 9, pp. 868-875 (2015).

C. Martins, F. Sousa, F. Aradjo, and B.
Sarmento, “Functionalizing PLGA and
PLGA Derivatives for Drug Delivery and
Tissue Regeneration Applications,” Adv.
Healthc. Mater., vol. 7, no. 1, pp. 1-24
(2018).

P. Gentile, V. Chiono, I. Carmagnola, and
P. V Hatton, “An Overview of Poly (lactic-
co -glycolic ) Acid ( PLGA ) -Based
Biomaterials for Bone Tissue Engineering,”
Int. J. Mol. Sciences., vol 15, pp. 3640-
3659 (2014).

I. Yoshimoto, J. I. Sasaki, R. Tsuboi, S.
Yamaguchi, H. Kitagawa, and S. Imazato,
“Development  of  layered  PLGA
membranes  for  periodontal  tissue
regeneration,” Dent. Mater., vol. 34, no. 3,
pp. 538-550 (2018).

N. Hoda, A. M. Saifi, and G. B. Giraddi,
“Clinical use of the resorbable bioscaffold
poly lactic co-glycolic acid (PLGA) in
post-extraction socket for maintaining the
alveolar height: A prospective study,” J.
Oral Biol. Craniofacial Res., vol. 6, no. 3,
pp. 173-178 (2016).

A. Brown, S. Zaky, H. Ray, and C. Sfeir,
“Porous  magnesium/PLGA  composite
scaffolds for enhanced bone regeneration
following tooth extraction,” Acta Biomater.,
vol. 11, no. C, pp. 543-553 (2015).

K. Avgoustakis, “Polylactic- Co -Glycolic
Acid ( PLGA ),” Encycl. Biomater. Biomed.
Eng., no. Scheme 2, pp. 1-11 (2005).

L. Moura, F. Ribeiro, T. Aiello, E. De
Rezende Duek, E. Sallum, and F. Nociti
Junior, “Characterization of the release
profile of doxycycline by PLGA
microspheres adjucnt to non-surgical
periodontal therapy,” J. Biomater. Sci., vol.
26, pp. 573-584 (2015).

X. Zhao, F. R. Tay, Y. Fang, and L. Meng,
“Archives of Oral Biology Topical
application of phenytoin or nifedipine-
loaded PLGA microspheres promotes
periodontal regeneration in vivo,” Arch.
Oral Biol., vol. 97, no. June 2018, pp. 42—
51 (2019).



