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ABSTRACT

Background: Tissueengineeringis animportanttreatment strategy and usedincurrentandfutureregenerative the-
rapies. To achieve the success of tissue engineering. itis necessary to select a scaffold with certaincharacteristics.
The ability to absorbwater or swelling in the scaffold material is one of the properties related to architecture and cell
activation. Swellingindicates the ability ofthe scaffold to absorbor retain water from the scaffold. The swelling ability
isexpected toabsorbwater from the suroundingtissue and haveanimpact onthe morphology of the scaffold, espe-
cially the combinationofchitosan and hydroxyapatite on cellgrowth. Purpose:Knowingtheability of water absorption
(swelling) on the scaffold combination of chitosan and hydroxyapatite for the purpose of bone tissue engineering.
Method:Literaturereviewwith statistical review method that usesinclusionandexclusion criteria with article design
used experimentallaboratory in vitro and or experimental laboratory in vivo. Results: Thereareeightarticles show-
ing increased swelling ability and five articles showing decreased swelling ability. Conclusion: The combination of
chitosan and hydroxyapatite biomaterials can increase and decrease the ability of water absomption onthe scaffold so
that affects the success of tissue engineering.
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INTRODUCTION

Tissueengineeringisastrategyusedintissue
engineering regenerative therapy with the aim of
restoring, regenerating, maintaining or improving
the functionof damagedtissue ortissue lostdueto
variousdiseases." In prosthodontics, tissue engi-
neeringisusedinprosthodontictherapy fortheim-
plantationof prostheses aimed at replacing missing
tooth. Missingteethcanusuallybe caused bytooth
fractureor alveolarbone resorption which changes
the morphology and quality of the bone after tooth
extraction.?

Forthe purposesof tissue engineering,impor-
tantcomponents are needed, namely cells, matrix,
and signals. The matrix required for tissue engi-
neeringmustbe similarly to the extracellularmatrix
(ECM) because it has functions and effects that
affectcell activity. Scaffold is an example of ama-
trix that can be used to replace ECM because it
functionsinvitroandinvivo,and has a similar role
to ECM 2The success oftissue engineering is de-
termined by the characteristics of the scaffold. The
ability of waterabsorptionor swelling ability of the
scaffold material is oneofthe propertiesrelatedto
architectureandcell activation. Swelling showsthe
ability of the scaffoldto absorb or retain water from
the scaffold so thatithas animpactonthe morpho-
logy of the scatfold and cell growth. The nature of
water absorption is influenced by several factors,
includingthe nature of the biomaterial for making
scaffolds.*

Biomaterials thatare often usedtomake scaf-
foldsinclude chitosan andhydroxyapatite. Chitosan
(CS) is a natural polymer with a linear structure
consisting of D-glucosamine linked by glycosidic
bonds-(1-4) and a variable number of N-acetyld
Glucosamine(NAG) groups. The CShas bioactive,
biodegradable, biocompatible, antibacterial pro-
ties,andhas a hydrophilic surface thatis not found
inmany synthetic polymers.Chitosan plays a role
inincreasing celladhesion, proliferation, anddiffer-
rentiation of osteablasts and mineralization which
cansupportits function as one of the basic ingre-
dientsin the design and fabrication of scaffolds to
get better results in the improvement of bone
tissue engineering.’

Hydroxyapatite (HA)is abiomaterial that has
biocompatibility and similarity to the mineral com-
positionofhardbone. HA actsas anosteoconduc-
tive and osteogenesisthatoccursduetocellgerm-
ination before implantation. Pore size and morpho-
logy in HA scaffold are important factors for good
osteointegration. The HAporeswith sizes ranging
100-150 mareveryinfluential for bone growth and
angiogenesis. However, the higher pores size,
which is in the range of 200-500 m can be helpful
for osteoblast colonization, fibrovascularization,
and new bone apposition. The HA scaffold must
meetcertaincriteria,including mechanicalmecha-
nical properties similarto those at the bone repair
site, biocompatibility, biodegradability, and cell po-
rosity.® In order to maintain the integrity of the bio-
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materialas animplantagainsttissue engineering,
the mechanical properties must be maintained. A
cause ofthe loss of the mechanical strength is the
absorptionof water. In addition, blending of synthe-
tic and natural polymers such as CS and HA are
used to control not only swelling, but also to im-
prove mechanical performance.”

Theaimofthis review s discussing the ability of
waterabsorption onthe scaffold combination of chi-
tosan and hydroxyapatite for the purpose of bone
tissue engineering.

METHODS

Thesource ofthe article searchusedthe Pub-
med, Google Scholar, and Science Direct data-
bases using the keywords scaffold, chitosan, hy-
droxyapatite, and swelling. The search was limit-
ed to articles in Indonesian and English, with the
yearofpublicationofthe article inthe last 10 years.
Scaffold manufacturing methods, swelling ability
observation methods, and scaffoldmaterial ratios
arenot limited in this review. Atotalof288 articles
werefound and asmany as 12 articles were selec-
ted afterthe authors read the entire contents of the
article basedon the relevant topics, inclusion and
exclusion criteria.

DISCUSSION
The abilityofthe scaffold to absorb fluids (swel-
ling) and hydrophilicity is importantto createa good
interactionbetween the scaffoldandthe surround-
ingtissue so that cell migration and colonization of
the scaffold occurs sothat swelling canbecomea
standard whether the scaffold is hydrophilic and
capable of absorbing large amounts of liquid.® In
the research of Kartikasari et al.,? scaffold con-
tainingHAand CS(BHA-G-CS) has an increased
swelling ratio which means that the hydrophilicity
ofthese components has a high possibility of cell
attachment to absorb nutrient-containing fluids. In
the research of Wattanutchariya and Whattana-
pong,'®it was also found that the swelling ability
increased with the increase in the chitosan-gela-
tinconcentration, but wasinversely proportionalto
the decreased HA concentration. This can occur
in order to provide an optimal balance between a
tavorable surface areaforcellattachment and the
strength of its structure. Good swelling ability if
used in a large area, the higher the better.""
Rogina et al.'? stated that the scaffold with
lowerorganic phase content than inorganic show-
ed a slight increase in swelling capacity because
lowerHA content could affect the amount of water
absorbedso that it could inhibitswelling. Thiscan

be an obstacle for HA which playsa rolein preven-
ting water seepage into the CS matrix. Meanwhile,
in the research of Karetal,"*HA playsa role in re-
ducing the hydrophilicity of CS by bindingto the hy-
drophilic -COOH and -NH2. Other organic com-
ponents in the form of OM play a role in reducing
swellingwhichinhibitstheinteraction betweenpo-
lymer macromolecules and water molecules, re-
sultinginadecreaseinthewatercontentofthe CS-
OM and CS-OM-HA composite scaffolds. There-
fore, the swelling properties of a CS-based com-
positecan be determined based on the appropri-
ate amount of inorganic phase.

Theeffectofadding nano-HAtoHydrogel ZN-
CS/NHAP/B-GP increases swellinginthe research
ofDhivyaetal.,'*namely the increase inhigh swel-
ling ability due to fluid retention resulting inrelaxa-
ationofthe mechanical CS chain, which cancause
anincrease in the surface area of the scatffold. In
the study of Shakiretal."*showed a significantde-
crease inthe swelling capacity ofn-HA/CS and n-
HA/CS-ST scaffolds in SBF solution for different
timeintervals(1,7,14,21,and28days). Thiscould
be due tothe higher intermolecular interaction of n-
HA/CS-ST which refers to the possibility of H-
bondingbetween starchOHand CS aminogroups.
Thelow swelling rate of scaffold mixture contain-
ingstarchindicatesa higher mechanical strength
to support growth into bone tissue.
Inresearchby Pengfei etal, ' shows a decrea-sed
swelling rate because the PVA affects the 3D
structure and porosity of the scaffold. Compres-
sive strength of the composite will increase if the
PVA contentis high and the nHAp content is less
than 12.5% haslittle effect on the spatial structure
of this scaffold, namely maintaining stable water
absorption ability.’” The swelling ratio willbe stable
when the nHAp contentin the scaffold is within a
certain range. Swelling ratio according to Porrelli,
et al,'® increased by ~1850% after one day.CSL
in combination with hDPSC can be used to acce-
lerate bone healing. Then on research Bakopou-
lou et al,' also found an increase in swelling on
the scaffold CS/Gel-0.1 showed a value of 980%
andwas higherthanCS/Gel-1with a value of 590%.
Scaffolds with higher swelling ratios are related
tothe distance betweenbondsinthe hydrogel net-
work. Intheresearchof lgbal et al,?° the presence
ofcross-linkers invarying amounts can ultimately
affect the properties of the scaffold whereas the
distributionof HA and CS in the matrixto facilitate
cellular properties.

Further research by Zhang, etal,?' stated that
therewas a decrease in the swelling ratio of scaf-
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folds containing HA (SF/CMCS/Sr-HAp) compared
to scaffolds cantaining CS (SF/CMCS) due to the
addition of Sr-HAp whichreduced the hydrophilicity
of carboxymethyl CS and silk fibroin. In addition,
by providing more physical crosslinks to the car-
boxymethyl CS chains and silk fibers, the additi-
onofSr-HAp and CNC made the scaffold network
structure more stable. Inthe study of Salim et al, 22
the PVA/HA/CH combination scaffoldachieved a
high swellingratiocomparedto PVA/HA. The addi-
tionofCSwhich has ahydrophilicgroup thatallows
the penetration of water molecules in the scaffold
chain. As aresult, PVA/HA/CH showed thehighest
hydrophilicity and swellability. This was inversely
propartional to the addition of salinized HA nano-
particlesinto the NF. The incorporation of HA into
the nanofibers significantly reduced the swelling
rate due to the interaction between the HA nano-
particles and the —OH group. On the other hand,
the presence of CS can increase the swellability
and penetrationrate ofnanofibers, duetothe high
hydrophilicity of CS.

From the evaluation of the 12 articles used,
there are eight articles that show increased swel-
lingofthe scaffold and lead to biomaterial proper-
tiesthatcanmeettissue engineeringrequirements
suchasanincreaseinthesurface area ofthe scaf-
fold,increased celladhesion,overalldistribution of
cell nutrients, good mechanical strength, and in
combination with other stem cells, for example
humandentalpulp stemcell (hDPSC) can support
the repairofdefective bone tissue. There are four
articles which show that the decrease in swelling
can occur due to several factors such as; combi-
nation ofother organic components that can inhi-
bitthe hydrophilicity of the scaffold. The presence

ofothercomponents can reduce the swelling ratio,
but in some cases can also help the mechanical
strength of the scaffold itself.

According to the authors'understanding, the
highamountofCS in the scaffoldcanaffect thecell
properties such asincreasingporosityand alsoma-
king the scaffold enlarging or have an increased
swelling ratio. However, the decreased HA when
combining materials on the scaffold can also im-
prove the mechanical propertiesofthe scaffoldwith
toolarge aporosity so that the mechanical, physi-
cal,and thermal properties of the scaffold canbe
balanced with the swelling ability which is not as
greataswhenCS is added. Several studies have
shownthatswelling is initially be neficial for adhesi-
sionorcell growth in 3D scaffold mode becauseit
causes an increase in pore size,butifswellingin-
creases continuously itwillcause loss of mechani-
cal integrity and compressive strength of the sur-
rounding tissue, as stated by Chenet al.?* There-
fore,the amount of HA within a certain range can
still maintain the optimal swelling ratio.

Scaffoldwith combination of CS andHAbioma-
terials has the ability to increase the potential for
successfulbone tissue engineering by increasing
the swellingratio. Theincreased swellingratiocan
help in cell migration, cell adhesion,and isable to
absorbanddistribute nutrients that are important
for cells. Meanwhile, slightly decreased swelling
can benefit several aspects such as increasing
compressive strength and cell porosity.

So,furtherresearch is needed ontheoptimal
swelling ability andratio,componentratio and par-
ticle size of HA/CS which can produce the most
idealswellingability in determiningthe modification
of scaffold manufacture.
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