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Table 1. The effect of the combination of chitosan with polymers/biomaterials and/or other bioactive molecules on soft and hard

tissue regeneration

No. Reference Preparation Polymer / Combination Method Result
Biomaterial of Bioactive
Combinations Molecules
1. Hendrijantini et al (2018) gel combination of 20% A laboratory study The combination of
The effect of combination chitosan and 12% involved 36 Rattus 12% spirulina and 20%
spirulina—chitosan on spirulina norvegicus, divided chitosan increases
angiogenesis, osteoclast, into three groups angiogenesis and the
and osteoblast cells in socket (nondiabetic Mellitus number of osteoblast
models of hyperglycemic (DM), uncontrolled cells and decreases the
Rattus norvegicus" DM, and controlled = number of osteoclasts
DM) and further in diabetic conditions.
divided into six This combination can
subgroups. The inhibit the
control group (K1, accumulation of
K2, and K3) was reactive oxygen species
induced with 3% (ROS) so that it also
carboxymethyl inhibits the expression
cellulose Na, while of pro-iﬁlammatory
the treatment group  cytokines (IL-1pB, IL-6,
was induced with and TNF-a) which play
12% spirulina and a role in  bone
20% chitosan. On resorption. A decrease
day 14, the lower of IL-6 will increase
jaws of the rats were the amount of
removed. Capillary osteoprotegerin that
8732
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2, Maryani et al (2018) Effect  gel
of Gel Combination Platelet
Rich Plasma and
ChitosantolncreaseOsteobla
stas Bone Regeneration in
WoundHealing Post
Extraction Teeth in Mice
Wistar'®

http:/fannalsofrscb.r

Platelet-rich
plasma

lumen, osteoblasts,
and osteoclasts were

calculated by
examining the
gpothalamus-

pituitary-adrenal
examination and the
results were analyzed
using Shapiro- Wilk,
Levene's, one-way
ANOVA, and
Tukey's post hoc
difference test.

The true
experimental  post-
test only control
group design was
carried out on 28
Wistar  rats. The
samples were
divided into 4
groups, namely PRP
gel, combination
PRP and chitosan
gel, chitosan gel, and
Povidone lodine
control group. The

inhibits RANK and
RANKL interactions.
This condition causes a
decrease in the number
of osteoclasts. The
osteoinductive
properties and
osteointegratability of
chitosan stimulate bone
regeneration.

There was a significant
increase in the number
of osteoblasts in the
combination PRP and
chitosan gel groups
compared to the PRP,
chitosan gel, and
povidone-iodine groups
14 days after tooth
extraction.

8733
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3. Xu et al (2019) Influence of  microsphere

in vitro differentiation status
on the in vivo bone
regeneration of cell/chitosan
microspheres using a rat
cranial defect model'*

http:/fannalsofrscb.r

bone-

Marrow-
derived
mesenchymal
stromal cells

(BMSCs)

mandibular right
incisor was extracted
and treated according
to the group. The
number of
osteoblasts in the
post-extraction

socket was observed
microscopically after
14 days m'ng IHC
staining. Data were
analyzed using the
One-Way ANOVA
parametric test
followed by the Post
Hoc LSD test.

Stromal
mesenchymal cells
(BMSCs) derived
from mouse bone
MmAarrow were
inserted into the
apatite-coated

chitosan
microsphere. The
constructs were
osteogenically

There was the closure
of the bone defect in
the chitosan scaffold
group cultured with
osteogenic media for
14 da, after eight
weeks. The new bone is
thick and almost covers
the entire defect.

8734
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4, Gaihre et al (%18)
Comparative investigation of
POrous nano-
hydroxyapatite/chitosan,
nano-zirconia/chitosan and
novel nano-calcium
zirconate/chitosan
composite scaffolds for their
potential applications in
bone regeneration'’

http:/fannalsofrscb.r

Nano
hydroxyapatite/Nano
ZrO» /Nano CaZrO3

differentiated for O,
7, 14, and 21 days
followed by
implantation of the
in vivo calvarial
defect for up to 8
weeks.

The porous
composite  scaffold
was developed using
the freeze-drying
technique. Cell
culture studies were
rried out using
mouse pre-osteoblast
lls (OB-6). The
sterilized  samples
were incubated with
culture media for 5
hours at 37°C and
5% CO;.  The
scaffold wasgp then
removed and 200 ul
of cell suspension
containing 50,000 to
105 cells was added
to the top of the

The addition of
bioceramicnanopowder
to the chitosan scaffold
increased  mechanical
strength, cell
proliferation, and cell
spread on the scaffold.

8735
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5. Saravanan et al (2018) hydrogel

Chitosan-based
thermoresponsive hydrogel
containing graphene oxide
for bone tissue repair'®

http:/fannalsofrscb.r

Glycerophosphate +
graphene oxide

scaffold slowly so
that the cells could
spread over the
entire surface, then
incubated at 37°C
and 5% CO, for 3

urs. The
proliferation of pre-
osteoblasts along the
surface and into the
scaffold was
observed using a
confocal laser
scanning microscope
(CLSM) (Leica,
USA) after staining
cells with calcein
AM

The hydrogel pore

architecture was
examined using
scanning electron

microscopy (SEM),
aﬁ:lling properties,
protein  adsorption
ability, degradation
rate, and exogenous

The hydrogel is

biocompatible with
mesenchymal stem
cells and is
metabolically  active.
Hydrogels increase
osteogenic

differentiation of

mouse  mesenchymal

8736
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biomineralization. In
in vitro biological
studies,
mesenchymal stem
cells derived from
mouse bone marrow
(rBMSCs) were
isolated. = rBMSCs
were used for in vitro
biocompatibility
analysis and mouse
mesenchymal  stem
cells (C3HI0T1/ 2)
were used for
differentiation
studies. rBMSCs
were homogeneously
suspended in HEC
solution (2 x 105
cells / ml; 20 mg / ml
HEC dissolved in
DMEM), and mixed
with CS / GP gel
solution. To
qualitatively — assess
the viability of the
encapsulated cells,
FDA and DAPI

stem cells by
upregulating Runt-
related transcription
factor 2  (Runx2),
Alkaline  phosphatase
(ALP), collagen type 1
(COL-1), and
osteocalcin  (OC) in
osteogenic conditions.

8737
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stains were
performed to assess
their distribution in
the hydrogel. After 4
days, cell hydrogels
were washed and
fixed with 25%
glutaraldehyde for 1
hour, washed with
ethanol series
(gradient elution),
dried, gold-sputtered,
and analyzed by
SEM to assess cell
distribution in the

hydrogel.
6. Keller et al (2019) composite poly-g-caprolactone =~ BMP-2 A 1.5 mm Bone and cartilage
Preclinical safety study of osteochondral round regeneration was seen
a combined therapeutic defect was induced in both experimental
bone wound dressing for with a short drill in animals without
osteoarticular the femur to cytotoxicity. BMP-2 is
regeneration’! subchondral bone released gradually,
bleeding (approx. 2 thereby reducing the
mm). A NanoMI- side effects of
BMP2 membrane inflammation.

was placed at the
bottom of the break,

http:/fannalsofrscb.r 8738
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http:/fannalsofrscb.r

which was then filled
with the hMSCs /
hydrogel mixture and
gelled by adding 102
mM calcium chloride
(SigmaAldrich), for
5 minutes. Rats in
experimental group 1
(ARTiCAR; n = 20
rats; 10 males and 10
females; 3.5 pul
hydrogel containing
105,000 + 10% cells)
and group 2 (n = 20
mice; 10 males and
10 females; 3.5 pul
control hydrogel)
underwent the same
procedure with
different ingredients.
After gelation, the
articulation  capsule
is closed, the
muscles and skin are
sutured and  the
wound is disinfected.
Rats were observed
daily for wound

8739
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7. Ansarizadeh et al (?019) membrane
Fabrication, modeling and
optimization of lyophilized
advanced platelet-rich fibrin
in combination with
collagen-chitosan as a
guided bone regeneration

http:/fannalsofrscb.r

collagen

Advanced
platelet-rich
fibrin

(A-PRF)

healing, leg mobility,
morbidity, mortality,
and signs of toxicity,
and twice a week for
each weight loss for

up to 90 days.

Hematocrit,
hemoglobin
concentration,
erythrocyte  count,
leukocyte count,

mean cell volume,
and platelet count is
determined in a

blood sample.
Histopathological

analysis was
performed on

animals used for
blood tests.

Response surface
methodology (RSM)
was used to design
experimental
conditions and to
correlate effect
parameters,

Analysis of alkaline
phosphatase (ALP)
showed an increase in
osteoblast
differentiation due to
the addition of A-PRF

8740
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membrane'®
8. Elango et al (2019) composite Chondroitin sulfate
Chitosan- Collagen 3D + hydroxyapatite

Matrix Mimics Trabecular
Bone and Regulates
RANKL-Mediated
Paracrine Cues of
Differentiated Osteoblast
and Mesenchymal Stem
Cells for Bone Marrow
Macrophage-Derived
Osteoclastogenesis"

http:/fannalsofrscb.r

including the weight
mio of
chitosan/collagen
(chit/col) and A-PRF
concentration ()
Young's  modulus,
the  viability  of
mesenchymal stem
cells (MSCs), and
degree of membrane
degradation.

Collagen is cross-
linked with chitosan,
hydroxyapatite (H),
and chondroitin
sulfate (Cs), 1o
produce a natural,
bone-like 3D
structure  and to
evaluate its effect on
bone homeostasis
using bone marrow
mesenchymal  stem
cells, osteoblasts,
and bone marrow
macrophages. XRD
and micro-CT data

there is  increased
osteoblast
differentiation through
increased cellular ALP
and bone mineral. The
matrix regulates
RANKL secretion
which can promote
osteoclastogenesis 5o
that bone resorption is
limited and  bone
regeneration is
enhanced.

8741
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9. Sularsih et al (2016) gel
Influenced of
UsingChitosanwith Weight
Molecul Different to
TumourExpression of
Necrosis Factor Alpha (Tnf
A) in Wound HealingPost
ExtractionTeethRattus

http:/fannalsofrscb.r

confirm the
arrangement of H
crystals in the three-

dimensional (3D)
chitosan-collagen-H-
Cs (CCHCs) matrix

and the three-

dimensional

structure  of  the
matrix. The
stimulatory
osteoblastogenic and
exploitative
osteoclastogenic
activities of the 3D
matrix were
identified using
differentiated
osteoblasts and
osteoclasts.
Rattusnorwegicus

strain  Wistar was
divided into 3

treatment groups,
namely group I with
chitosan gel

treatment which has

Chitosan gel with high
molecular weight
showed an increase in
the amount of TNF-a
expression that was
greater than that of the
treatment group with

8742
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Norvegicus™

10. Gupta et al (2019) Efficacy ~ wound
of Chitosan in promoting dressing
wound healing in extraction
socket: A prospective study'!

http:/fannalsofrscb.r

a high molecular
weight, group II with
chitosan gel
treatment which has
a low molecular
weight, and group 111
without chitosan gel.
Chitosan is applied
to the tooth socket.
The mandibular jaw
was decapitated 3
and 4 days after
treatment, then an

anatomical
histopathological
examination was
carried out to
observe the
angiogenesis

process.

Symmetrical
mandibular third
molars were
extracted

simultaneously in 27
patients and Chitosan
dressing was placed

chitosan which had low
molecular weight both
at 3 and 4 days of
observation.  Chitosan
with high molecular
weight contains more
N-acetyl so that it will
stimulate macrophage
cells to release more
TNF-a cytokines. Also,
the polymer chains are
long so that the
molecular bonds are
getting stronger. The

more N-acetyl
monomer, the higher
the effect of
accelerating wound
healing.

Chitosan is effective in
accelerating wound
healing and  early
osteogenesis of the
post-extraction socket.
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into the extraction
socket. Pain scores
were recorded on the
Visual Analog Scale
(VAS) using a pain
score of  0-10.
Wound healing
compared  between
right and left side.
The radiographic
findings were
evaluated by
observing the lamina
dura and extraction
socket density.

8744
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Tissue Regeneration Intooth Extraction Socket: A Literature Review
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