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ABSTRACT

Background: Teeth, gingiva and lips are the three interrelated primary components in aesthetic dentistry. These
combinations warrant a multidisciplinary approach for planning and predictable treatment outcome. Objective:
The aim of this article is to describe the multidisciplinary approach for aesthetic rehabilitation involving
gingivectomy and minimally invasive tooth preparation with porcelain laminate veneer (PLV) restorations and
resin bonded bridge. Case: A 25-year-old female patient attended with existing space between maxillary anterior
teeth post orthodontic treatment and missing mandibular anterior teeth. Intraorally, patient had uneven
interdental spacing in between 13 to 23, missing 31 and 32, with merging and irregular opacities suggestive of
enamel fluorosis appearance. The zenith lines were asymmetrical with short clinical crowns and disharmonious
teeth axes. To optimize the aesthetic outcome and overall smile appearance, gingivectomy was performed after
confirmation of biologic width. Eight weeks after healing, PLV restorations were delivered from 13 to 23, and
zirconia resin bonded bridge were used to restore missing mandibular lateral incisors. Conclusion: The present
case illustrates the sequential and predictable approach for management of gummy smile and fluorosis. An

alternative treatment modality such as electrocautery may enhanced the smile and obtain positive outcome.

Keywords: gummy smile, fluorosis, gingivectomy, veneer
This title has been presented in The 12th Biennial Congress of Asian Academy of Prosthodontics, 21 August 2021

INTRODUCTION
Gummy smile and fluorosis whethercongeni-
talordevelopmental origin may cause anesthetic
concernforpatientespeciallyinthe anterior teeth.
The condition ofgummy smile or excessive gingi-
valdisplay (EGD)are usually corrected with gingi-
vectomy, orapically positioning flap with orwithout
osteotomy depending on the biologic width.* Va-
rious approach has been documented to remove
the EGD, and electrocautery is one of the simple
and effective method.? Less pain and discomfort
were alsorecordedwhencomparedto scalpel.®By
correcting the gummy smile, the perfect balance
of three interrelated primary components teeth
(white), gingiva (pink) and lips can be achieved for
smile correction and to restore the patient’s con-
fidence.*To achieve these goals, multidisciplinary
treatmentandthe biomimeticapproachare usually
a dual approach to reproduce the biomechanics,
structure, function and esthetic of naturaltooth.*®
Fluorosis are generally treated with directcom-
posite restoration, indirect composite or all-cera-
mic laminate veneers and metal-free full coverage
crowns.® Compared to the previous years where
adhesive dentistry was not common, the full co-
verage crowns were approved as a treatment of
choicetorestorediscolouredtooth. Itisknownthat
this treatmentoption can be damaging to the tooth

and possibly affect the condition of the pulp and
surrounding periodontal tissues. As biomimetic
concept is introduced, direct composite resin res-
toration has gained popularity, particularly because
of its esthetic properties and being minimally in-
vasive.*Although this treatment can beinasingle
visit, this option has limited longevity because of
discolouration, susceptible to wear and prone to
fracture.” Therefore, the application may be limited
and may need frequent maintenance.

As an alternative for longer clinical perfor-
mance, the indirectapproachwith minimal prepa-
rationis preferred for tooth size and shape modifi-
cation.® All-ceramiclaminate veneer has superior
esthetic resultand lessinvasive thanfull coverage
crown preparation.8This modality is recommend-
ed in the tooth condition that require minimum
preparation, provides lower rate failure and excel-
lent esthetic.® To ensure tooth preparation is mini-
mum, the conservative approach is applied by
using the guidance from the presume final shape,
contour and texture of the restoration, known as
aesthetic pre-evaluative temporary (APT) tech-
nigue.x° Inaddition,bonding between ceramic ma-
terialand tooth structure can be improved by bond-
ing to enamel rather than dentinal layer. The com-
plications like microleakage or debonding of all
ceramic veneer is reduced when the restoration
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isbordered onallmargins by the enamel.’°Hence,
the purpose of this case report is to illustrate a
predictable softtissue management by removing
the excess gingiva, and demonstrate a sequen-
tial approach for the restoration of polydiastema,
fluorosis appearance and missing teeth.

CASE

A25-year-oldladywasreferredto Prosthodon-
tic Clinic from Outpatient Department Faculty of
Dentistry, Universiti TeknologiMARA (UiTM), Su-
ngai Buloh, Selangor, Malaysia for management
of spacing inbetween maxillary anterior teeth and
missing mandibular anteriorteeth, 31 and 32 (Fig.
1A).She completed fixed orthodontictreatment12
yearsago at a private orthodontic clinic, and was
provided with amaxillary Essix retainerand mandi-
bular removable partial acrylic dentureto replace
missing 31 and 32. However, the patient was not
compliance withthe retainer and defaulted ortho-
dontic treatmentfollowup since then. Subsequent-
ly, relapse occurred resulting in the spacing. She
was medically fit and healthy. Onintraoral exami-
nation, the patient had uneven interdental space
between 13to 23,asymmetrical tooth size propor-
tion and disharmonious teeth axes, generalised
merging and irregular white opacities on enamel
surfaces ofthe maxillary and mandibularteeth sug-
gestive ofenamelfluorosis appearance that affect
more than 50% ofthe enamel surfaces (TFl score
3)and asymmetrical zenith lines. (Fig.1B)On the
radiographicevaluation, there wasno abnormality
noted and the pulp vitality test was positive forall
the maxillary and mandibular anterior dentition.

MANAGEMENT

Aftercompleted clinical, radiographic evalua-
tionandinvestigations,a comprehensive treatment
approachthat consisted of aesthetic crown length-
ening followed by the porcelain laminate veneers
(PLVs)withlithiumdisilicate and resinbonded fixed
dental prosthesis (RBFDPs) with zirconia to rest-
ore the interdental spacing, and missing teeth.
Afterobtaining informed consentfromthe patient,
shewasadvisedto practice good oralhygiene care
to preventany oraldiseases priorto the treatment.
During diagnosis and treatmentplanning, maxillary
and mandibular primary impressions were made
usingirreversible hydrocolloidimpression material
(Kromopan, Lascod, lllinois, USA)and pouredwith
Type 3dental stone (Model stone, Zhermack, Italy)
toproduce study models. Following that, study mo-
dels were mounted on an arcon, semi-adjustable
articulator (Denar® Mark Il Articulator) using face-

bow (Denar® Slidematic Facebow) transfer and
interocclusal record takenin maximum intercusp-
ation position (MIP). The conformative occlusal ap-
proach was applied in this case since it only in-
volved rehabilitation of anterior dentition. Diagnos-
tic wax-up was fabricated to help the patient to
visualize the proposed outcome in terms of both
aesthetics and function (Fig.2a).

Veneerpreparationswere performedbased on
the aesthetic pre-evaluative temporaries (APTS)
technique. The APTSs technique was divided into
two steps, which are the evaluation of the APTs
followed by tooth preparations through the APTSs.
Evaluation of the APTs was carried out with Bis-
acryl composite resin temporisation material
(Protempt™ 4, BM/ESPE, Shade A2) prior to the
treatmentinordertoassessthe patientin terms of
aesthetic, function and phonetics (Fig.2b). Trans-
gingival probing was performed to determine the
alveolarbonelevelon labialandinterproximal area.
Due to adequate supracrestal attachment provi-
ded, crown lengthening procedure was done with-
outosteotomy.Based on diagnostic mock-up, gi-
ngivectomy was performed with electrocautery to
produce the favourable gingival zenith and gingi-
val aesthetic line. Amonopolar electrocautery tis-
suecontouring system (PerFect® TCS I, Coltene,
Germany) was used for gingivectomy procedure
with an external bevel incision at an angle of 45°
to the root surface. (Fig.3a).

During provisional phase, minimaltooth prepa-
rationfor PLVsfrom 13-23 were performed through
the APTsrestoration using a horizontal depth cut-
ter diamond bur. The preparation grooves were
marked to ensure the equal and necessary mini-
mumtooth/enamelreductionfromthe facialaspect
and to mimic the exact final contours of the PLVs.
(Fig.3b) The incisal edgewas reduced evenly with
a butt-joint preparation. The preparation margins
were shaped with a smooth shoulder margin and
clearly established within the enamel surface for
better bonding. For PLVs, provisionalisation was
performed using the spotetchtechnique. Forcan-
tilever RBFDPs, theretainer wing of zirconia can-
tilever RBFDPs preparation was performed on
tooth 33 with lingualveneer preparation, afine cer-
vical shoulder margin, a groove on the cingulum
andasmallproximalbox preparation; approximat-
ely 2x2 mm?. The proximal preparation was po-
sitioned lingually to the proximal contact. (Fig.3c)
Priortothe impression taking, electrocautery was
doneto create an ovate pontic onthe missingspace
(Fig.3d). Themissing space was then restored with
patient'smandibularremovable partialacrylic den-
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ture supported with 31 acrylic teeth.

For impression taking, a single cord impres-
sion technique was used with the cord size #00
(Ultrapak, Ultradent Products Inc., South Jordan,
Utah, USA) on RBFPDs preparation (tooth 33).
Double cordimpressiontechnigue was used onall
veneer preparation (teeth 13-23) since the cervical
preparation marginwas placed equigingivally. The
final/working maxillary and mandibular impress-
ionswere made using heavy andlight-bodied con-
sistency polyvinylsiloxane (PVS) (Aquasil, Dent-
sply Sirona, USA)impressionmaterials. Duringthe
definitive restorations, surface treatments for li-
thium disilicate PLVs and zirconia RBFPDs were
carried out prior cementation. The clear shade of
light-cure universal adhesive resin dentalcement
(NX3Nexus™Third Generation,Kerr Corporation,
USA) wasselectedtocementPLVsandthetrans-
lucent (TR) shade of dual cure, adhesive resin
dentalcement (RelyX Ultimate, SM™ESPE™AG,
Germany)was applied for zirconiaRBFPDs. She
was very happy and satisfied with the treatment
outcome, felt confident with her new appearance
(Fig.4a,b,c,d). Maxillary hard occlusal splint (Michi-
gan)was provided as a protective guard to protect
the new anterior bonded restorations and also act
asretainertopreventrelapse. The patient was re-
viewed afterone week for delivery of her occlusal
splint and was reviewed another three months.

A B :
Figure 1A Preoperative frontal view of patient; B preo-

perative frontal view intraoral condition

Figure 2A Diagnosticwaxup; B mockuptryinwas done
to evaluate the esthetic and function

DISCUSSION

The clinical presentation of gummy smiles
may lead patients to seek treatmentto addressthe
aesthetic and functional concerns. The condition
ofexcessive gingival display may resultfrom alter-
edpassive eruption ofthe maxillary dentition, ahigh
lipline,ahypermobile upperlip or vertical maxilla-
ry excess.!'In relation to the smile aesthetics, the
critical consideration is the relationship of the gi-
ngivalmargins to the edge of the upper lip.*? After
stabilizing the periodontal health, the comprehen-
sive treatment with gingivectomy was planned to
expose the ideal clinical crowns and improve the
patient's gummy smile.'® The new ideal clinical
crown heights were planned to make sure they
were notviolating the supracrestal attachmenttis-
sue width, whichwas measured as2.04 mm.'* As
recorded in this patient,the keratinizedtissuewidth
of 5 mm was observed in through transgingival
probing, indicates adequate procedure for gingi-
vectomy for esthetic purpose.

Developmental anomalies ofthe enamel can
have an important effect on dental aesthetic ap-
pearances especially onthe anteriorteeth. Fluoro-
sisfrequently manifestas white colourdefectswith
high opacity, presenting asignificantchallenge for
the clinicianto maskthese alterations. tmay dueto
developmental whitishenamel defects that result
frompathological changes ofameloblasts thatim-

Figure 2A Gingivectomywith electrocautery; B preparation with APT technique; C preparation of grooves on lingual

retainer; D creation of oviate pontic on #32

Figure 3A Intraoralfrontal view of maxillary anterior teeth; B intraoral frontal view of mandibular resinbonded bridge;
C intraoral frontal view after three months follow up; D extraoral view of patient smile.

DOI: 10.46934/ijp.v3i1.131
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pede the formation of normal hydroxyapatite crys-
tals. Severaltreatmentoptions have been propos-
ed to improve the appearance ofthe fluorosis, in-
cluding the placement of veneers or full crowns,
composite restoration, microabrasion, bleaching,
and orresininfiltration. Bleaching and microabra-
sion have been recommended for treating mild
casesoffluorosis; however,inmoderate to severe
cases, bleaching and microabrasion are either in-
effective or may lead to only transient improve-
ment,*®while composite restorations are proneto
discoloration, chipping,and debonding. The PLVs
were planned since they require minimaltooth pre-
paration, provide satisfactory aesthetic results to
mask the fluorosis presentation and close the
interdental spacing, as well as demonstrate high
survival rate.®1’ According to Gurel et al, the 12-
year survival rate of PLVswas 98.7%.'8 Another
retrospective clinical study by Arif et al reported
that PLVs exhibited a high survival rate of 98%
over7yearsand 88.2% over 14 years follow-up.*®
There are a lot of advantages of PLVs com-
paredtoothertreatmentmodalities. For instance,
PLVs are able to provide strong bonded restora-
tionsespecially if cemented onenamelsurfaces,'®
resist staining®® and are excellent in tissue tole-
rance. Inaddition, the highly glazed smooth porce-
lain surface provides less plague adherence.?
Systematictreatmentplanning helps usto ob-
tain desirable and excellent outcomes and fulfill
apatient’s high aesthetic demands. The diagnos-
ticwax-up informationis transferredtothe patient’s
mouthinorderto provide a physical evaluation of
the proposed designofthe final restoration.?>?>For
this case, diagnostic mock-up with Bis-acrylcom-
posite resin temporisation materialwas carried out
priortothe treatmentin orderto assessthe patient
interms of aesthetic, function and phonetics. Du-
ring this stage, the patient can physically evaluate
the desired outcome and the clinician is able to
modify specific areas asneeded.’° PLVs prepara-
tion in this case was confined to enamel the sur-
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ABSTRACT

Background: Alveolarboneresorptionindentistry cases canbe caused by severalfactors. Some ofwhich are perio-
dontaldisease, post-tooth extractiontrauma, postenucleation cyst, and post-tumor surgery. Theideaofbonetissue
engineering, especially biomaterials will be focused on precise scaffold design in terms of physicochemical in cell
adhesion, proliferation, differentiation, and specific organ tissue formation. Chitosan can be combined with hydroxy-
apatite (HA) inform of scaffold 3D design for bone remodeling procedure. Purpose: discover osteogenic ability with
scaffold 3D chitosan-HA in vitro and in vivo. Method: utilizing literature review by collecting, compiling similarities,
and concluding referencesrelated to osteogenicability with scaffold 3D chitosan-HAinvitroandin vivoon bone re-
modelling process. Results:based onjournalresearch with keywords of 3D scaffold, chitosan, HA, bone engineer-
ing,in vitro and in vivo, a total of 15 articles were used as references. Conclusion: Scaffold integrates bone tissue
and provide effective room for new bone formation. Scaffold 3D (combination of chitosan and collagen) plays sig-
nificant part in bone regeneration and becomes natural polymer containing ion complex as to maximalize charac-
teristics of osteoconductivity contained. Scaffold chitosan/hydroaxipatite possesses osteogenic ability integral to

repair bone fracture.

Keywords: 3D scaffold, chitosan, hydroxyapatite, bone engineering, in vivo and in vitro

INTRODUCTION
Alveolarbone fractureindentistry canbe caused
by severalfactors, forinstance periodontal disease,
post-tooth extractiontrauma, postenucleation cyst,
and post-tumor surgery. If periodontal disease is
not immediately handled, fracture in bone tissue
will ensue, leading to tooth loss. With the innova-
tion of bine tissue engineering, biomaterials willbe
focused on the proper design of scaffold in terms
of physicochemicalin celladhesion, proliferation,
differentiation, and specific organtissue formation.:
Scaffold is a media or structure with function
to buildand help stem cell perform adhesion, pro-
liferation,and differentiation thateventually creates
tissue aimed to be replicated.? Scaffold must be
properly formedastocarry correct characteristics
andfunctionwell. Infact, surface of Scaffold should
contain suitable morphologyfor both celladhesion
andcelldifferentiation. Selection of precise bioma-
terials to match extracellular matrix ofreplacedtis-
sue is integral because characteristics of bioma-
terials willinfluence growth of stemcell.2Require-
mentofideal scaffold creation involves character-
istics ofosteoconductive, osteogenic, biodegrada-
ble,good microstructure aswellasprecise mecha-
chanic. Also, the mostvital requirement is the abi-
lity to stimulate cell adhesion and maintain tissue
function.*
Chitosanisamaterial commonly used as graft
materialwhichis less osteoconductive if notcom-

combined with other materials. Chitosan can be
combined with collagenin form of scaffold 3D de-
signforboneremodelling. Chitosanisanamino po-
lysaccharide (poly-1,4-D-glucosamine) which is
widely used as polymer oftissue engineering. Chi-
tosan offers numerous advantagesinterms offunc-
tionality due toits high biocompatibility character-
istic, biodegradable, and low toxicity. Chitosan is
chitin derivative obtained through deacetylation
process.®

Scaffold with singularorganic asbasic material
ofscaffold is notosteoconductive enough and not
quite fulfilling formechanism characteristic neces-
sary forscaffold.* Therefore, increation of scaffold,
additional materials are necessary formaking scaf-
fold more efficient in its use.” HA has over time
focused on the continual development due to its
good biocompatibility as well as strong bond with
biopolymerand has been provenashbiocompatible.
Plus,itiswellabsorbedbytissuesinhumanmouth.
In addition, HA also possesses osteoconductive
ability and has proven to be able to stimulate os-
teoblastdifferentiation growth and bone formation.
Positive characteristic of this biomaterialsis well-
knownin dentistry, forinstance bone remodelling,
periodontal defect treatment, tooth implant layer-
ing, repairmaterialfills including ceramic resinand
glassionomer powder. Scaffold 3D Chitosanfunc-
tionsinthe process of bone recovery process be-
cause both materials form complex ionic comp-
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oundthatcan enhance osteoconductivity charac-
teristics. The enhancementof callus formation in
cracks with scaffold containing HA and pyrophos-
phate compared to scaffold control without pyro-
phosphate and HA or merely pyrophosphate.®

HAis aprimaryinorganiccomponentofabone,
and commonly used as material for bone regene-
rationprocess. HA contains good characteristics,
forinstance non-toxic, non-immunonegic, non-in-
flammatory, biocompatibility, osteioconduction as
well as good bioavailability on bone tissues and
cellsdueto sharing similarities with bone tissue.10.11
HA possesses the ability in good bond formation
on hostcompared to otherbone substitutes. How-
ever,duetoits slowdegradation progressand fra-
gility, it can be modified by collagen and chitosan
as to help repair bone.

This systematic review is aimed to discuss

osteogenic ability with scaffold 3D chitosan-HA in
vitro and in vivo.

METHODS

Source of article search utilized Google Scho-
lar data base, Pubmed, and Science Direct by
searching keywords, forinstance 3D scaffold, chi-
tosan, hydroxyapatite, bone engineering, in vitro,
invivo. Searchwaslimitedto Indonesianand Eng-
lish articles, with year range of article publication
for the last 10 years. Invitroand in vivo laboratory
research involving animal test will be included in
the review. Only articles discussing about osteo-
genic ability with scaffold 3D chitosan-HA will be
includedinthereview. A total of 326 articles were
foundand atotal of 15 articles were selected after
the authorread throughout the article content ba-
sedonthe mostrelevanttopicinlinewith inclusion
and exclusion criteria.

RESULTS

Data identified by search on Google Scholar

database, Pubmed, and Science Direct (n = 326)

| Irrelevant plost—duplication data omitted (n = 284) |
A 4
Data going through
process of screening
for title and criteria (n
=30)
v
Screening based on
abstract suitability (n
= 2?)
v
| Suitable and relevant articles (n = 15) |

Figure 1 Prisma flow diagram

Exclusion:
unspecified/unsuitable
intervension on title and
criteria suitability (n=254)

Exclusion:
Excluded article after
analysis on abstract and

- full text (n=10)

The PRISMA flowchart (Fig.1) shows the pro-
cess of searching for articles according to the in-
clusion and exclusion criteria so that were obtain-
ed 15 articles that match the keywords (table 1).

DISCUSSION

Theinnovation of bone tissue engineering is
focused on biomaterials applicationsthatare being
developed. One of which is scaffold. Scaffold in
form of 3D with porous structure suitable for cell
adhesion, proliferation, differentiation,and specific
tissue formation.'® Biomaterials that can be crea-
ted in form of scaffold are chitosan and HA. Chito-
sanand collagenare polymerswith characteristics
ofbiodegradable and good biocompatible as well
as low toxicity. Therefore, it is suitable to be com-
bined in form of scaffold because precise scaffold
requires those characteristics.®

Chitosan is a natural polysaccharide thatre-
sembles glycosaminoglycan, especially poly-D-
glucosamine interms of structure. On connective
tissue, glycosaminoglycan isthe mostly discover-
ed componentin extracellular matrix or so-called
ECM.Y chitosan is created from deacetylation of
chitin by removing acetylgroup, leading to create
a cationic chitosan.*® The higher the level of dea-
cetylationofchitin is, the greater the cationic cha-
racteristicwillbe. Infact, the higher the level ofde-
acetylation,the lower the biodegradable ability will
be.® Chitosan with positive charge can form ion
complex bond by bonding with negative charged
materials such as collagen. The cationic charac-
teristic on chitosan can stimulate cell adhesion,
acting as cell morphology modulator, differentia-
tion,cellmovement, synthethic,and cell function.?
Chitosanis generally known to be able to stimula-
late growth and differentiation of osteoblaston cell
culture. Chitosan canbe createdin any forms and
utilized in broad medical aspects for medication,
forinstancewoundhealing, gumconnectivetissue
regeneration, and a scaffold to regenerate both
soft and hard tissue.?

On in vitro research, obtained effects of chi-
tosan onbone formation has achieved cellular le-
vel that can affect the enhancement of osteopro-
genitorcelldifferentiation and stimulate new bone
formation.22Currently, chitosan hasbecome one of
the mostsuperb materials to research, especially
asamedium of bone substitute with multiple cha-
racteristics as expected, leadingto the creation of
precise scaffold. However, the idea of scaffold as
singular material using organic materials is less
sustainable to fulfill all criteria necessary for the
success of bone tissue regeneration. Chitosan it-
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Table 1 Characteristics of the articles
i Subjects & .
Research Title Author Methods Variables Research Results

Osteogenetic properties of electrospun No citotoxicity, biomineralization enhancement, and osteogenetic
nanofigbrous PgLs[z:aﬁol ds equinpe dv?/ith Ferrand et Mouse Chitosan=boneengineer- enhancement. Scaffolds combined with chitosan and BMP-2 shown

. quipp in vitro - in ing; regeneration; scaf- in vitro and in vivo in calvaria mouse had osteogenetic ability through
chitosan-based  nanoreservoirs  of al., 2013. . ) 4 " ) . :

Vivo fold; periodontitis osteopontin gene expression enhancement and calcium phosphate
growth factors R 2
biomineralization.

Chitosan/HA scaffolds for tissue engi- . Mouse . L Scaffolds showed the best structural integrity and porosity was
: . Sierra et . . chitosan, HAinsitu=bone . ) .
neering manufacturing method effect in vitro - in . ; . scaffolds CH//HAIs. Scaffolds was recommended material for tissue

, al.,2015 . and tissue engineering . . .
comparison vivo engineering and bone regeneration.
Scaffolds chitosan provedto supportostogenichASC in vitro differen-
Graphene oxide enhances chitosan- Mouse ferentiationfor 28 daysaswell as bone repair in vivo on mouse model
P : Dinescu et .~ =" . Scaffolds  chitosan/HA, for 18 weeks. Scaffoldschitosanimprovedto discoverindicator degree
based 3D scaffold properties for bone in vitro - in . . . L o ;
tissue engineerin al., 2019 Vivo graphene oxide on the highest osteogenic both in vitro and in vivo. Therefore, it can
9 9 be considered the most recommended solution for bone tissue
engineering
Evaluation ofinvitro and in vivo osteoge- hUCMSCs, bone marrow . .
genic differentiation of nanoHA/chitosan/ Mouse mesenchymal stem cells, Scaffolds showed mechanism power of scaffol_ds nHA/chitosan/
: . . Wangetal, . " . . : PLGA can be enhanced. Next, scaffolds nHA/chitosan/PLGA was
poly(lactide-co-glycolide) scaffolds with ;5 in vitro - in-poly(lactide-co-glycolide) o\t  jitable solution for adhesion, proliferation, and differentia-
human umbilical cord mesenchymal Vivo (PLGA), nHA, chitosan = _ . R P '
. : . tion osteogenic hUCMSCs in vitro
stem cells (hUCMSCs) bone tissue engineering
Multrcom_partmen'g sgaﬁold fabricated Giglio et al., Mouse Scaffolds = bone tissue In vitro 3D model can become insight on bone regeneration to boost
via 3D-printing as in vitro co-culture os- S X . ; e o= e )
h 2018 in vitro engineering experiments in clinic as well as reduce cost to minimalize duration
teogenic model
In vitro and In vivo investigation of Mouse Results showed enhancement on callus formation in fracture with
osteogenic properties of self-contained Jahanetal., . . scaffold, osteogenic, scaffoldbearingbothHAand pyrophosphatase or only pyrophospha-
L : in vitro - in 7. . )
phosphate-releasing injectable purine- 2020 Vivo chitosan-HA tase. This result proved that pyrophosphatase-Scaffolds composite
crosslinked chitosan-HA constructs HA had the capacity to facilitate fractured bone.
Bone remodeling using a 3D chitosan- bone tissue engineering; - :
HA scaffold seeded with hypoxic condi- Kamadijaja., Mouse chitosan-HA scaffold; hu- Toxicity test that combined the use of MTT assay showed that
, : S i scaffolds CH-HA was 79.42%. also, cells could adhere themselves
tioned human amnion mesenchymal 2021 in vivo man amniotic mesen- : .
to surface of scaffolds CH-HA planted in calvaria defect bones.
stem cells chymal stem cells
Study on antibacterial of chitosan/HA chitosan, komposit, HA- Addition of chitosan influenced chitosan-HA- magnesium composite
. . Laksono et . . : . : : . .
doped magnesium composite as a ma- in vitro magnesium, bakteri morphology, showing that composite with added chitosan formed
' Co al., 2019 , - ) . -~
terial for bone graft applications E.caoli, granule with hard surface capable of enhancing biocompatibility.
Enhanced biomineralization and protein Chicken scaffolds chitosan-HA showed suitable pores, swelling ratio, pull
adsorption capacity of 3D chitosan/HA Nga et al., eaq shell chitosan/HA. scaffolds force, and biodegradation in bone scaffolds. Scaffolds chitosan/HA
biomimetic scaffolds applied for bone- 2020 ing\%tro ' displayed biomineralization and absorption ability better than in

tissue engineering

vitro.
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Table 1 ...... continuing
In vitro evaluation of HA, chitosan, and . HA, chitosan, carbon na- This biomaterials composite can be used with MSC. biomaterials
s . Paretris et Mouse N . ; X
carbon nanotube composite biomaterial o notube composite bioma- composite HA, chitosan, and carbon nanotube are not cytotoxic.
. al,, 2021 in vitro : . .
to support bone healing terial, vero cells, MSCs  Therefore, they are applicable for in vivo test
Scaffoldsresulted fromthis research not only has physical character-
teristics, but also chemicaland biological. Scaffolds with HA 30% exhi-
Chitosan and HA scaffolds with Ponciano et Mouse Chitosan, HA, scaffolds, biting the best result for cells in vitro survival. Test of viability proved
amoxicillin for bone repair al,, 2021 in vitro amoxicillin thatfibroblastcould growand proliferate on scaffolds. Thisalso proved
that biomaterials were non-toxic and biologically acceptable as
scaffolds.
. L scaffolds chitosan/DA stimulates bone formation in vivo. Scaffolds
In vivo bone regeneration induced by a chitosan scaffold, with or without top primary hPDLC could enhance bone tissue repair
scaffold of chitosan/dicarboxylic acid Sukpaita et Mouse . ' ; ! PP ry . . ussue rep
. X ; o periodontal ligament on mouse calvarial defect. Scaffolds chitosan/dicarboxylic acid could
seeded with human periodontal liga- al., 2019 in vivo ; . ! . )
ment cells cells functhn as host. or |ts_elf to repair bone defect, and it is suitable for
bone tissue engineering.
Indirect 3D printing technology for the fa- . . .
brication of customised B-TCP/chitosan Wang et al., Rabbit B-TCP, Chitosan, _chffold B-TCP/chltosan_ had goodiunctionand degra_danon level,and
. . X O invitro celltest also confirmed that scaffold had sustainable cytocom-
scaffold with the shape of rabbit radial 2019 in vitro scaffolds Qo ; -
S patibility and bioactivity
head—an in vitro study
Experiment in vitro showed that porous Ti-implant had no biological
. . . toxicity. Invivo testresultalso showed that poroustissue was beneficial
Chitosan/HA composite coatings on po- Mouse : I ; ; : o
. o ~.— T~ Zhang., o . Chitosan/HA, titanium because bone tissue could grow into porous. So, this exhibited good
rous Ti6AI4V titanium implants: in vitro in vitro - in . : : — )
and in vivo studies 2020 Vivo implants osseointegration. Porous Tiwith chitosan/HA layer could enhance cell
proliferation and differentiation MC3T3-E1 and osseointegration in
vivo
Membrane composite whitlockite/chitosan had better biocompability,
Comparative study of porous HA/chitosan Zhao et al. Mouse enhance human MSCs osteogenic proliferation and differentiation
and whitlockite/chitosan scaffolds for 2017 N in Vitro HA, whitlockite, chitosan ability compared to HA/Chitosan. In fact, porous scaffold whitlockite/

bone regeneration in calvarial defects

chitosan could significantly boost bone regeneration on calvarial
defect.
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itselfis nearly notosteoconductive enough. There-
fore,the ability toformnewboneis not yet optimal.
Anapproachtohandle to answer such hindrance
is to design a composite by combining forces of
differentmaterials so that weaknesses of two dif-
ferent materials can be minimalized.® One of or-
ganic materials that also plays a great deal in tis-
sue engineering is collagen.? Collagen posses-
sesanionic characteristics ornegative charged. A
combination of chitosan (cationic) and collagen
(anionic) can formion complex that can maximal-
ize osteoconductive characteristic ofa materialon
bonefracture. Optimal osteoconduction can sup-
portcelladhesion ofbone formation integral to the
new boneformation.*Osteogenicability of scaffold
chitosan can stimulate new bone growth.?* Scaf-
fold is created outofbiomaterials and factor of os-
teogenic sighalingaswellasbonetissue engineer-
ingthatappearsto be the mosteffective methodto
regenerate anybones,including eitherweight-sus-
taining bones ornon-weight-sustainingbones. The
use ofnatural or synthethic scaffold forbone rege-
nerationhas been consideredapromisingalterna-
tive for natural bone graft. Factors ofbioactive os-
teogenic growth also provide suitable conditionfor
stemcelladhesionand capture orso-called osteo-
blast, that leads to proper osteogenic differentia-
tion bothinvitroand in vivo. Bone morphogenetic
protein 2 (BMP2)is a protein-based growth factor
withintegral role in stem cell osteogenic differen-
tiation.?*Potential of osteogenic from scaffold co-
vered with layers of CHland BMP-2 can reduce a
number of bioactive components, reducing econo-
mical cost.

Research conducted by Wang by implanting
scaffold on mouse with defect of skull then eva-
luating bone formation by using micro-computed
tomography (micro-CT)and histology examination.
The researcher successfully modified OGP on
scaffold and provedthatscaffold posed an osteo-
geniceffectsignificant through kinase/extracellu-
lar protein path that is arranged by kinase protein
(MAPK/ERK) activated by mitogen both in vitro
and in vivo.?®

Research conducted by Sukpaita showed that
scaffold chitosan/dicarboxylic acid proved to be
able to enhance bone regeneration on calvaria
mouse defect.2*Newbone formation can be seen
in the 6" week and 12" week on the defect imple-
plemented with scaffold chitosan/dicarboxylic acid.
solventofchitosan can enhance synthethic oftype
| collagen and hPDLC differentiation into osteo-
blast. Thisis provento have potentialtoinduce new
bone formation on defect mouse. Scaffold chito-

scaffold

san was also developed so that it could release
growth factors which included BMP-2 and insulin-
like growth factor-1 (IGF-1). This scaffold could en-
hancerestorationand regeneration of rabbitbone.
This showed thatchitosanwas the finest scaffold
material for bone formation.?*

Research performedbyNgashowedthatscaf-
fold 3D chitosan and HA exhibited completely po-
rous tissue with porous size approximately 265
mm, and porosity with average 75,01%; pull force
ofscaffoldingwas2.45 MPa,completely matching
trabekular.™®* Addition of HA into chitosan matrix
can efficiently reduce swelling. The percentage of
scaffold chitosan-HA and maintained level of com-
posite degradation matchingthe scaffold. The per-
centage of scaffold chitosan-HAwas 46.37% after
28days soakedinphysiology solvent. Scaffold chi-
tosan-HA showed biomineralization ability higher
than scaffold chitosan, releasing apatite layerafter
15daysofincubation of body fluid simulation. The
presence of HA imitating biological apatite in scaf-
fold composite facilitated higher protein absorp-
tionability, comparedto scaffold chitosan. The re-
sult showed that scaffold chitosan-HA had great
potentialas biocompatible materialforbonetissue
engineering. 1

Scaffold shows integral role as biomaterial
inbone repairduetoits role in neoformation, neo-
vascularisation, adhesion facilitation,andcellacti-
vity enhancement. Porous scaffold tissue enhan-
cessurface asto provide space for cellfixationand
support chemical bond on close tissues. Moreo-
ver,the highlevel of porosity responsible forarran-
ging bioactivity that directly affects structural per-
meability due todegraded scaffold. Biomaterial de-
gradationinbiological conditionis one of the most
relevantvariables because it is directly related to
long-term durability after being implanted in pati-
ent.22Research conducted by Sultanaprovedthat
scaffold HCG (HA, chitosan, gelatin) showed fine
resultwithinterconnected poroustissue. The size
ofporous fromthis scaffold allows scaffold to per-
form celladhesion, proliferation,and nutrition sup-
ply enhancement that enable bone tissue growth
quickly and precisely.?’

Inpreviousresearch, itis evidentthatconcen-
tration of HA exceeded 80%, creating afragile scaf-
fold. Chitosan and HA were homogen combined
in situ synthethic HA using coprecipitation method
and porous tissue generated from lyophilisation
showed fine porosity and some cells could grow
in3D scaffold porous.” Porous had diameterabout
50-100m. Porousabout40-100menabled growth
into blood vessel to facilitate vascularisation and
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bone mineralization. Inthis matter, scaffold hasthis
dimension porous. Therefore, it can be used for
boneremodelling. The smallest porous less than
20 mm was also essential for protein absorption,
ionic leaching, and osteoblast adhesion on scaf-
fold. According to Manjubala, scaffold applied for
tissue engineering should contain interconnected
porous tissues and high porosity to provide space
for celladhesion, proliferation, and migration. The
ability of swellingis pivotal for scaffold in vitro and
in vivo in tissue formation.?

Based onliterature review conducted, scaffold
3Dwasacombination of chitosanand collagenwith

roleinbone regeneration because a combination
ofboth materials became natural polymercontain-
ingion complexasto maximalize osteoconductivity
contained. Scaffold 3D chitosan-HA possesses ost-
eogenic ability vital to bone fracture repair.

Basedonresearchoutcome,itis evident that
there are suggestions available for researchers
starting from conducting in-depth research and li-
terature reviewinregardsto scaffold materials with
osteogenic ability. In addition, itis necessary fora
research and a literature review to be conducted
further as to discover advantages of scaffold 3D
chitosan-HA on bone fracture.
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ABSTRACT

Aneweraofmaterials can improve the implant rehabilitations. Different materials such as carbonfiber, PEEK, glass
fiber or quartz fiber with composite, hybrid composites or lithium disilicate crowns cemented overtheimplants, can
offer the best solution for the patients. Their occlusal impact absorbing and dissipating behavior allows to obtaina
lower stressintheimplant-bone-prosthesis area, reducing the risk of bone resorption of the implant when the patient
has gingival inflammation. This case report discusses about a partially edentulous of 27-year-old women patient.
The chiefcomplaint ofthe patientwas esthetic aspect; to rehabilitate her mouth with a fixed implant prosthesis. The
treatmentplan for the patient was a full mouth implant rehabilitation, those are as many as 18 implants (10 on the
upper and 8 on the lower jaw), bilateral sinus lift, horizontal regeneration, maxillary impaction (orthognathic surge-
ry). Both prostheses made with carbon fiber frameworks and lithium disilicate crowns cemented over them.

Keywords: occlusal impact, carbon fiber, implant rehabilitation, impact absorbing, full mouth rehabilitation
This title has been presented in The 12th Biennial Congress of Asian Academy of Prosthodontics, 21 August 2021

INTRODUCTION

A full mouth rehabilitation over teeth or im-
plantsisagreatchallenge. Preservingallthe teeth
orimplants and the prosthesis overtimeis notonly
anobjective butalsoamandatory aspect. Rehabi-
litating a young patient, as in this case, is more
complicated, sinceitis not known how long these
implants and the prosthesis can be maintained with
correct function and esthetics. Two important as-
pects should be taken into account, namely the
rehabilitation materials!?! and the patient at risk,
like smoker, poor hygiene, previous periodontitis,
uncontrolled diabetes, implant surface, alcohol,
who will have gingival inflammation.?%3¢

Both aspects have animportant relationship,
namely increased stressintheimplant-bone-pros-
thesisareacan affectboneresorption, especially in
patients with gingival inflammation. By using ma- : i R I
terialsthatabsorb and/or dissipate functionaland ~ 19ure 2A Gingival exposure in a social smile; B short

. . intraoral space in the correct vertical dimension.

parafunctionalforces, suchas carbonfiber, PEEK, )
hybrid composite, quartz fiber, graphene, etc., the - N
risk of the peri-implant bone resorption decrea- St ;
SeS.1'5’6‘9'11’12’15'16’19_21

This article aims to discuss a case about a
partially edentulous 27-year-old women patient
thatwas treated with a fixed implant prosthesis.

pletely edentulousinthe upperjaw, reduced intra-
oral space and a gingival smile (Fig.1-3).

Figure 1A Initial situation sometimes before; B initial si-
tuation.

o

CASE s remaining teeth

A case is presented of a 27-year-old female
(Fig.1) with chief of complaint of the patient was

Figure 3 Hops
MANAGEMENT

esthetic aspect; to rehabilitate the mouth with a
fixed implant prosthesis. The patientcomestothe
dentalclinicand shows his lower jaw was partially
edentulous with hopeless remaining teeth, com-

The treatment plan for the patient was a full
mouth implantrehabilitationthose are as many as
18 implants (10 on the upper and 8 on the lower
jaw), bilateral sinus lift, horizontal regeneration,
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maxillary impaction (orthognathic surgery). Both
prostheses made with carbon fiber frameworksand
lithium disilicate crowns cemented over them.

Our objective was to recover the functional

andaesthetic parametersas soonaspossible, be-
causethe patienthad 3 complete prosthesesinthe
upper jaw, butitwas impossible for the patient to
use them again.
But in this case, according to the initial situation,
touse a complete prosthesis in upper jaw or both
jawswere notpossible beforeimplantplacing, bila-
teralsinusliftand orthognathic surgery. The patient
understood the situation and the team started with
the treatment.

Then, the first step was to extract all the re-
maining teeth. After that, the implant surgery was
performed 2 months later, includes bilateral sinus
lift, horizontal bone regeneration and 18 implants
(10inupperand 8inlowerjaw) C1 (MIS-Dentsply,
Israel) in one day under sedation (Fig.4).

Figure 4 Bilateral sinuslift, horizontalbone regeneration
and implant placing.

Afterthatsurgery,the patientgoes withoutpro-
visional prosthesis. We needed to getmore space
andacorrect maxillary relationship before placing
them. During surgical wound healing, we started
to preparethe provisional prosthesestoplacethem
the day of the maxillary impaction (Fig.5).

Itwas observedthe lack of space for teeth and

Figure 5A Teeth try in in rest position; B teeth try in in
a social smile.

the excessive exposure of them in rest and social
smile. This is the reason the patient went without
prosthesis during this healing time.

In the second step, four months later, provi-
sional prostheses in both arches were screwed
(Fig.6A) guiding us the correct position the day
of the orthognathic surgery (maxillary impaction)
under general anesthesia (Fig.6B and Fig.7).

J 1R ) e

Figure 6A Both provisional postheseswere screwed in
mouth guiding us the maxillary impaction; B,C different
aspect of the maxillary impaction.

Figure 7A The orthognathic surgery was finished; see
the newteeth exposure with the provisional prosthesis;
B 15 days post-surgery; observe the final aspect of the
patient.

Figure 8 Panoramic X-ray after ortr ognathic surgery.
The provisional upper and lower prostheses have been
screwed.

Figure 9 Both full arches made with carbon fiber milled
from carbon fiber discs.

For4 months, the occlusion, VD, esthetic,and
functional parameters were found. Final prosthe-
seswere performedaccordingtothe provisional pa-
rameters, both esthetics and functional. The final
prostheseswere both screwed milled carbon fiber

DOI: 10.46934/ijp.v3i1.133
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frameworks fromadisc Bio Carbon Tablet (Micro-
medicasrl, Italy) (Fig.9) designed with CAD system
(Fig.10A), with titanium abutmentcemented tothe
frameworks, and pressed lithium disilicate crowns
IPS Emax Press (lvoclar-Vivadent, Liechenstein)
(Fig.10B) cemented over them (Fig.11A, 11B).

Figure 10A CADdesign of the framework and single li-
thiumdisilicate crowns; B lithium disilicate crowns made
from a pressed block.

Figure 11A Upper final prosthesisthe lithium disilicate
crowns cemented over carbon fiber frameworks; B the
gingiva was made with composite.

B £ -
Figure 12 Final result after implant rehabilitation.
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ABSTRACT

Background: Tissue engineeringis animportanttreatment strategy and used in currentand future regenerative the-
rapies. To achieve the success of tissue engineering, itis necessary to select a scaffold with certain characteristics.
The ability to absorb water or swelling in the scaffold material is one of the propertiesrelated to architecture and cell
activation. Swelling indicates the ability of the scaffold to absorb or retain water from the scaffold. The swelling ability
isexpected toabsorbwater fromthe surroundingtissue and have animpact on the morphology of the scaffold, espe-
ciallythe combination of chitosan and hydroxyapatite on cellgrowth. Purpose: Knowing the ability of water absorption
(swelling) on the scaffold combination of chitosan and hydroxyapatite for the purpose of bone tissue engineering.
Method:Literature reviewwith statistical review method thatusesinclusion and exclusion criteria with article design
used experimental laboratory in vitro and or experimental laboratory in vivo. Results: Thereare eightarticles show-
ing increased swelling ability and five articles showing decreased swelling ability. Conclusion: The combination of
chitosanand hydroxyapatite biomaterials canincrease and decrease the ability of water absorption onthe scaffold so
that affects the success of tissue engineering.

Keywords: scaffold, chitosan, hydroxyapatite, swelling

INTRODUCTION

Tissue engineeringis astrategy used intissue
engineering regenerative therapy with the aim of
restoring, regenerating, maintaining or improving
the function of damagedtissue ortissue lostdueto
various diseases.! In prosthodontics, tissue engi-
neeringis used in prosthodontictherapy fortheim-
plantation of prostheses aimed at replacing missing
tooth. Missingteeth can usually be caused by tooth
fracture oralveolarboneresorptionwhichchanges
the morphology and quality of the bone after tooth
extraction.?

Forthe purposes oftissue engineering,impor-
tantcomponentsare needed, namely cells, matrix,
and signals. The matrix required for tissue engi-
neering mustbe similarly to the extracellularmatrix
(ECM) because it has functions and effects that
affectcell activity. Scaffold isan example of a ma-
trix that can be used to replace ECM because it
functionsinvitroandinvivo,and has a similar role
to ECM.3The success oftissue engineering is de-
termined by the characteristics ofthe scaffold. The
ability of waterabsorption or swelling ability of the
scaffold material is one ofthe propertiesrelatedto
architecture and cellactivation. Swelling showsthe
ability ofthe scaffold to absorb or retain water from
the scaffold sothatithasanimpactonthe morpho-
logy of the scaffold and cell growth. The nature of
water absorption is influenced by several factors,
including the nature of the biomaterial for making
scaffolds.*

Biomaterialsthatare often used to make scaf-
foldsinclude chitosan and hydroxyapatite. 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 CShasbioactive,
biodegradable, biocompatible, antibacterial pro-
ties,and hasahydrophilic surface thatis not found
inmany synthetic polymers. Chitosan plays a role
inincreasing celladhesion, proliferation, and differ-
rentiation of osteoblasts and mineralization which
cansupportits function as one of the basic ingre-
dientsinthe 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-
position ofhardbone. HAactsas anosteoconduc-
tive and osteogenesisthatoccursduetocellgerm-
ination beforeimplantation. Pore size and morpho-
logy in HA scaffold are important factors for good
osteointegration. The HAporeswith sizes ranging
100-150 mare very influential forbone 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
meetcertain criteria, including mechanical mecha-
nical properties similar to 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 ofthe mechanical strength is the
absorption ofwater.Inaddition, 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.’

Theaim ofthis reviewis discussing the ability of
waterabsorption onthe scaffold combination of chi-
tosan and hydroxyapatite for the purpose of bone
tissue engineering.

METHODS

The source 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 articleinthe last10years.
Scaffold manufacturing methods, swelling ability
observation methods, and scaffold material ratios
arenot limited in this review. Atotal of 288 articles
werefoundandasmanyas 12 articleswere selec-
ted afterthe authors read the entire contents of the
article based ontherelevant topics, inclusion and
exclusion criteria.

DISCUSSION
Theability ofthe scaffold to absorbfluids (swel-
ling)and hydrophilicity is importantto createa good
interaction between the scaffold and the surround-
ing tissue so that cellmigration and colonization of
the scaffold occurs sothatswelling can become a
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 thatthe hydrophilicity
ofthese components has a high possibility of cell
attachmentto absorb nutrient-containing fluids. In
the research of Wattanutchariya and Whattana-
pong,Yit was also found that the swelling ability
increased with the increase in the chitosan-gela-
tinconcentration, but was inversely proportional to
the decreased HA concentration. This can occur
in order to provide an optimal balance between a
favorable 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
lower organic phase contentthan inorganic show-
ed a slight increase in swelling capacity because
lower HA content could affectthe amount of water
absorbed so that it could inhibitswelling. Thiscan

be an obstacle for HA which playsarolein preven-
tingwater seepage into the CS matrix. Meanwhile,
in the research of Karetal, **HA plays a role in re-
ducing the hydrophilicity of CS by binding to the hy-
drophilic -COOH and -NH2. Other organic com-
ponents in the form of OM play a role in reducing
swellingwhichinhibitsthe interaction between po-
lymer macromolecules and water molecules, re-
sultinginadecreaseinthe watercontentofthe CS-
OMand CS-OM-HA composite scaffolds. There-
fore, the swelling properties of a CS-based com-
posite can be determined based on the appropri-
ate amount of inorganic phase.

The effectofadding nano-HAto Hydrogel ZN-

CS/NHAP/B-GPincreasesswellingintheresearch
of Dhivyaetal.,**namely the increase in high swel-
ling ability due to fluid retention resulting in relaxa-
ation ofthe mechanical CS chain,which cancause
anincrease in the surface area of the scaffold. In
the study of Shakiretal.**showed a significantde-
crease in the swelling capacity of n-HA/CS and n-
HA/CS-ST scaffolds in SBF solution for different
timeintervals(1,7,14,21,and 28days). This could
be duetothehigherintermolecularinteraction of n-
HA/CS-ST which refers to the possibility of H-
bondingbetween starchOHand CSaminogroups.
The low swelling rate of scaffold mixture contain-
ing starchindicates a higher mechanical strength
to support growth into bone tissue.
Inresearch by Pengfei et al,**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% hasllittle effecton the spatial structure
of this scaffold, namely maintaining stable water
absorptionability.*’ The swelling ratio will be stable
when the nHAp content in the scaffold is within a
certainrange. 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 higherthan CS/Gel-1with avalue 0f590%.
Scaffolds with higher swelling ratios are related
tothedistance betweenbondsinthe hydrogel net-
work. Intheresearch ofIgbal et al,° the presence
ofcross-linkersinvarying amounts can ultimately
affect the properties of the scaffold whereas the
distribution of HA and CS in the matrix to facilitate
cellular properties.

Furtherresearch by Zhang, etal,? stated that
therewas a decrease in the swelling ratio of scaf-
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RESULTS
Table 1 Results of article characteristics

No Author a_nd \_(ear of Research Title and Design HA:C.:S Scaffold Making Method Swelling Ability Research result
Publication Ratio
1 Kartikasari N, Yuliati Characteristic of bovine HA BHA: CS Freeze-drying, fourier trans- Scaffold BHA-GK material has an Scaffold BHA-GK material has swelling ratio
A, Listiana A, gelatin-chitosan scaffolds as 70:15 form infrared spectroscopy enlarged swelling ratio of 3.00+0.23 and and WCP characteristics above average, and

Setijanto D, Suardita
K, Ariani MD, et al,
2016

biomaterial candidate for (FTIR), scouldning electron the percentage of water (WCP) is 74.90 the hydrophilic properties of its components

bone tissue engineering (In microscopy coupled with + 1.41% with 30% organic components. can indicate the possibility of increasing cell

vitro laboratory experiments) energy dispersive X-ray The higher the mate-rial composition can adhesion so that it has the ability to absorb
(SEM-EDX) increase the swelling ratio and WCP.  liquid containing nutrients.

2 Wattanutchariya W, Characterization of porous CS gel: Freeze-drying, X-ray dif- The extent of expansion and swelling The mixture of CS Gelatin and HA scaffold
Changkowchai W,  scaffold from CS-Gelatin/HA HA: 1% fraction analysis (XRD) ability of the scaffold is good when used porous has conclusion especially the swelling
2014 for bone grafting (In vitro lab aceticacid over a large area; as soon as possible. that increased if there was an increase in CS-

exp) 2.62:2.17: Scaffold material with this ratio can reach gelatin and a decrease in the concentration of
95.21 95.5% swelling. HA.

3 Rogina A, Rico P, In situ HA content affects the CS:HA  FTIR, XRD Scaffold showed a high swelling ratio Swelling and compressive strength showed a
Gallego-Ferrer G, cell differentiation on porous 100/0;90/ (>130%) after 24 hours of immersion in higher value for the composite scaffold with
Ivankovic M, CS/HA scaffolds (In vitro 10; 0/20; DPBS at 37°C and during swelling, the lower HA content for the function of cell and
Ivankovic H, 2016 laboratory experiments) 70/30;60/ texture of the scaffold changed from soft nutrient diffusion, and prevention of body fluid

40; sponge to hydrocolloid with increasing loss.
0/50; water absorption.
40/60

4 Kar S, Kaur T, Microwave-assisted synthesis CS:OM:H XRD analysis, Attenuated HA forms a temporary barrier that Improved mechanical properties and bioactivity
Thirugnanam A, of porous chitosan modified A Total Reflectance-FTIR prevents water from seeping into the CS were observedinthe CS-OM-HA composite due
2016 montmorillonite-HA composite  2:10:10 (ATR-FTIR), freeze drying. and decreases the hydrophilicity of CS to the strengthening of OM-HA. Swelling, degra-

scaffolds (In vitro lab exp) by binding to the hydrophilic -COOH and dation, and protein adsorption ofthe CS-OM-HA
-NH2. Incorporation of CS HA with OM scaffold were decreased com-pared to the CS

plays a role in reducing swelling. and CS-OM scaffolds. All prepared scaffolds

were non-toxic to the MG 63 osteoblast cell line

5 Dhivya S, Saravanan Nano-HA-reinforced CS Zn-CS:B- SEM, EDX, FTIR, and XRD The presence of nanoHA (NHAP) in Hy- The role of NHAP in thermosensitive CS-based
S, Sastry TP, composite hydrogel for bone GP:nHAp drogel ZN-CS/NHAP/-GP increases swel- hydrogeltoimproveits physical & biological cha-
Selvamurugan N, tissue repair in vitro and in  8:1:1 ling, fluid retention causes an increase in racteristics. Increased protein adsorption, swel-
2015 vivo (In vitro and in vivo surface area (swelling) which can ling, & decreased susceptibility to lysozyme de-

laboratory experiments) facilitate cell infiltration into the scaffold. gradation shown by the addition of nano-HA.

Shakir M, Jolly R,
Khan MS, Iram Ne,
Khan HM, 2015

Nano-HA/CS—starch  nano- CS:HA FTIR, SEM, transmission Decreased swelling capacity of n(HA/CS Scaffold n-HA/CS and n-HA/CS-ST in some
composite as a novel bone 85:99 electronmicroscopy (TEM), and nHA/CS-ST scaffolds regularly at in- spectra showed significant intermolecular inter-
construct: Synthesis and in x-ray diffraction (XRD), ther- tervals of 1,7,14,21 and 28 days. n-HA/ actions between different components in both
vitro studies (In vitro lab exp) mogravimetric analysis CS-ST hasamuch lower swelling capacity nanocomposites, improved thermal stability,
(TGA), and differential thannHA/CS meansnHA/CS-ST has high- better bioactivity to facilitate the formation of
thermal analysis (DTA) er molecular interaction enhancement  ingrowths into bone and good osteointegration.
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7 MaP,WuW, WeiY, Biomimetic gelatin/CS/polyvi- CS :HA Electromicron (EM), micro- The swelling capacity of the scaffold de- The mixed Gel, CS and PVA matrix showed

Ren L, Lin S, Wu J,
2021

nylalcohol/nano-HA scaffolds  5: 12.5 CT, mechanical tests, de- creasedwithincreasingPVA.swelling ca- adjustable pore size,

for bone tissue engineering
(In vitro lab exp)

porosity, swelling,
gradation experiments, pH pacity GCP2, GCP3 and GCP4 were sig- degradation and mechanical strength. Then
& swelling tests, FTIR, XR nificantly lower than GCP1. nHAp 12.5% nHAp was introduced as scaffolds fabrication
has effect on GCPH scaffold to maintain for bone tissue engineering.
water absorption ability

8 Porrelli D, Gruppuso

Alginate bone scaffoldscoated CS : HA

SEM, X-ray microcomputed The CSL (Chitosan Lactosed) structure CSL was used as a coating for the porous scaff-

M, Vecchies F, with a bioactive lactose modi- 0.2:3 tomography analysis, ATR- swelled rapidly in the first minutes of the fold, celladhesion and osteogenic activity increa-
Marsich E, Turco G, fied CS for human dental pulp FTIR, experiment; reached maximum swelling sed synergistically when differentiation stimuli
2021 stem cells proliferation and dif- (~1850%) after 1 day. wereadded. CSLinduceshDPSCtowards bone
ferentiation (In vitro lab exp) phenotype so that CSL-coated scaffold in com-
bination with hDPSC can be used to accelerate

bone healing.

9 Bakopoulou A, Geor- Dental pulp stem cells in CS/ CS: HA SEM-EDX analysis, XRD & The degree of swelling of the scaffold In vitro studies revealed that the CS/Gel type of
gopoulou A, Grivas |, gelatinscaffoldsforenhanced 2:9 Rietveld refinement analy- CS/Gel-0.1 showed a value of 980% and scaffold supports viability, cell proliferation, and
Bekiari C, Prymak O, orofacial bone regeneration sis, X-ray powder diffraction, was higher than that of CS/Gel-1, which demonstrated extensive formation of a HA-rich
Loza, et 2018%° (In vitro and in vivo lab exp) XRD;thermo-gravimetry, TG was measured by a value of 590%. nanocrystalline calcium phosphate phase.

10 Igbal H, Ali M, CS/HA/hydroxypropylmethyl  CS:HA SEM, freeze drying high HA caused by CS/HA/HPMC in- The presence of cross-linkersin varying amounts
Zeeshan R, Mutahir cellulose HPMC)spongy scaf- 1:1.25 teraction resulted in a scaffold with better can affect the properties of the scaffold, where
Z, Igbal F, Nawaz folds-synthesis and evaluation pore size, low porosity and low swelling the even distribution of HA and CS in the matrix
MAH, et al, 2017 as potential alveolar bone sub- ratio. Whereas swelling increased with canfacilitate cellular properties. Scaffold compo-

stitutes (In vitro lab exp) increasing HPMC concentration. sition can be adjusted for mineralized tissue
formation.

11 Zhang XY, Chen YP, Biocompatiable silk fibroin/ CS:HA Freeze drying, Cross  The swelling ratio of SF/CMCS/Sr-HAp Scaffold SF/CMCS-based incorporating Sr-
Han J, Mo J, Dong  car-boxymethyl CS/strontium 4:1 linking scaffolds decreasedsignificantly compar- HAp and/or CNC to improve mechanical pro-
PF, Zhuo YH, etal, substituted HA/cellulose nano- ed to SF/ICMCS because addition of Sr- perties and osteoinductivity. The interconected
2019 crystalcomposite scaffolds for HAp reduced the hydrophilicity of car- porous structure, improved mechanical proper-

bone tissue engineering (In boxymethyl CS and silk fibroin ties, and protein adsorption prove the superior-
vitro laboratory experiments) ity of SF/CMCS/Sr-HAp/CNC.

12 Salim SA, Loutfy SA, Influence of CS &HAincorpo- CS:HA electrospinning, SEM, FT- PVA/HA/CH achieved a high swellingratio The incorporation of CS into NF significantly in-
El-Fakharany EM, ration on propertiesofelectro- 1.5:2 IR and, Mechanical Tensile of~325%, comparedto PVA/HA0f~300%, creased swelling, protein adsorption, hemo-

Taha TH, Hussien Y,
Kamoun EA, 2021.22

spun PVA/HA nanofibrous
mats for bone tissue regene-
ration: nanofibers optimization
and in-vitro assessment (In
vitro laboratory experiments)

PVA/HA/HAP showed a swelling ratio of compatibility, and antimicrobial activity of NF
~170% after 2 days of swelling; however, mats. However, incorporation of HA into NF
the addition of CS into the nanofibers reduced swelling, increased mechanicalthermal
(PVA/HA/CH/HAP nanofibers)reacheda stability, and increased the adhesion and
swelling ratio of ~240%, after 4 days.  proliferation behavior of WI38 cells.
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folds containing HA (SF/CMCS/Sr-HAp) compared
toscaffolds containing CS (SF/CMCS) due to the
additionof Sr-HApwhichreduced 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, 2
the PVA/HA/CH combination scaffoldachieved a
high swelling ratiocomparedto PVA/HA. The addi-
tionof CSwhichhas a hydrophilicgroupthatallows
the penetration of water molecules in the scaffold
chain. Asaresult, PVA/HA/CH showed the highest
hydrophilicity and swellability. This was inversely
proportionalto the addition of salinized HA nano-
particlesintothe 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 of nanofibers, duetothe high
hydrophilicity of CS.

From the evaluation of the 12 articles used,
there are eight articles that show increased swel-
ling ofthe scaffold and lead to biomaterial proper-
tiesthatcan meettissue engineeringrequirements
suchasanincreaseinthe surface area ofthe scaf-
fold,increased celladhesion, overall distribution of
cell nutrients, good mechanical strength, and in
combination with other stem cells, for example
humandental pulp stem cell(hDPSC) can support
the repair of defective bone tissue. There are four
articles which show that the decrease in swelling
can occur due to several factors such as; combi-
nation of other organic components that can inhi-
bitthe hydrophilicity of the scaffold. The presence
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ABSTRACT

In additionto chewing and speaking, teeth play an important role in a person’s appearance. The concernsthat are
often experienced by patients are usually caused by the opinion ofthe patientwho is not includedinthe planning of
treatment in the field of prosthodontics, the patient's understanding and knowledge about treatment inthe field of
prosthodontics is minimal, and the patient's attitude towards treatment in prosthodontics. Counselingis one of the
effortstoincrease understanding and knowledge related to prosthodontic treatment. In this study, the patient'slevel
ofunderstanding and knowledge will be evaluated after and before watching the educational video of Prosthodontics,
Faculty Dental Medicine, Universitas Airlangga. Thisresearchis an analytic observational study with a cross section-
al approachand used used a questionnaire before and after being given an educational video. After watching the
educationalvideo, there was an increase in knowledge about follow-up care after tooth extraction from those who
previously did notknowto know as much as42.5%. It was concludedthat there is an increase in publicknowledge

and awareness about the impact of tooth loss and restoration options after watching educational videos.
Keywords: tooth loss, prosthodontics, treatment, knowledge, video

INTRODUCTION

Apartfrom chewing and speaking,teeth contri-
bute significantly to an individual's look. Cavities,
periodontal disease, and trauma can all result in
tooth loss that have an emotional impact due to
speech,chewing,and cosmetic problems.:Dentu-
res can be used to restore masticatory and aes-
thetic functions. With the advancementofcommu-
nication technology, public awareness of dental
health hasimproved,so creating an opportunity to
promote denture use in the community. However,
Indonesian Basic Health Research or Riskesdas
reports that 42.2 % of the Indonesian population
with oral health concerns self-medicate. As many
as 13.9%ofrespondentsvisited adentist, while the
remaindervisited generalpractioners (5.2%),den-
tal nurses (2.9%), speciality dentists (2.4%), and
dental craftsmen (1.3%).2This thing demonstrates
that, while public awareness is relatively high, pu-
blicinformation aboutwhomto consultfor treatment
is still quite limited. People choose toself-medicate,
even dental care from expert doctors.

Prosthodontic treatmentencompasses many
procedures, including toothreplacementforindivi-
vidualswithimperfectteeth,rehabilitationfollowing
partialorcompletetoothloss, fabrication of maxillo-
facialandfingerprostheses,andeventreatmentof
temporomandibular joint (TMJ) disorders. Apros-

thodontistcando allofthese procedures. Allproce-
dures are performed to restore the function and
aestheticsofthe entire dentaland oral care system
andthe organsbeingrestored. However, this treat-
ment is less popular and less well-known among
the generalpublic. Asa result, patients frequently
choose to abandon it, lowering their quality of life.

Comfort, function, and aesthetic are the three
primaryfactors that influence patient acceptance
andsuccess withany form of prosthetic treatment.
Mechanical and biological variables determine
comfortand function. Acceptance ofaestheticfeat-
uresisinfluencedby socialand culturalfactorsand
individual attitudes and opinions.?

Concerns frequently expressed by patients
stem from the fact that the patient's opinion is not
included in the planning oftreatment in the field of
prosthodontics, the patient's understanding and
knowledge of minimally invasive treatment in the
field of prosthodontics, and the patient's attitude to-
ward treatmentinthe field of prosthodontics.*° Pa-
tientnon-participation intreatmentplanningisfre-
quentlyduetoalack ofpatientknowledge,and the
patient's attitude toward treatment is linked to the
patient's capacity to absorb the information pro-
videdby the dentist. Thus, itis vital to raise patient
awarenessand education,asthisis necessary for
success in performing treatments in prosthodon-
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tics that improve these patients' quality of life.

Counselling is one of the strategies used to
promote patient comprehension and information
aboutprosthodontictherapy. Through counselling
regarding prosthodontic therapy, the larger com-
munity and patientswillreceive accurate knowled-
ge regarding the necessary prosthodontic treat-
ment. Choosingthe appropriate strategy and media
is criticalwhen counselling the general audience.
This is to ensure that the general population ab-
sorbs the most information possible.

Health education isdelivered througha com-
bination of face-to-face interactions and certain me-
dia. Print media, exhibition/display media, audio
media,audio-visual media,and multimedia areall
examples ofmediaused. Video mediacanbe used
to counsel patients abouttreatment options in the
field of prosthodontics. Mediainvideos containing
explanationsabouttreatmentsthat prosthodontic
specialistscan carry outwith visualmessages sup-
ported by sound and explanations by dentists can
increase knowledge and understanding. The effect-
iveness of extensionmediais highly dependenton
the number ofaccepted sensesinvolved. The more
engagedsenses,the more easily counsellingmes-
sages can be comprehended.®

In this study, patients' level of understanding
andknowledge will be evaluated before and after
watchingthe educationalvideoofthe Prosthodon-
tics Department, Faculty of Dental Medicine, Uni-
versitas Airlangga.

METHODS

This research was an analytic observational
studywith acrosssectionalapproach,usedaques-
tionnaire asameasurementbefore andafter being
givenaneducationalvideo. Theresearchwas con-
ducted using cluster sampling. Subjects were ta-
ken in Dental Hospital of Universitas Airlangga on
May-August2021. Each member in the selected
group willbe taken as a subject. The population of
this study were all people who had experienced
tooth extractionand had never experienced tooth
extraction.

To determine the level of community know-
ledge in missing teeth, measurements were used
by answering questions before and after being gi-
ven an educational video. Questions that will be
asked are the history of dental treatment, know-
ledge abouttreatmentaftertooth extraction, know-
ledge of teeth that have been extracted and not
replaced, knowledge of the field of dentistry that
manufacturesdentures, knowledge oftreatments
that are not included in the field of prosthodontics,

knowledge of treatment including maxillofacial in
the field of prosthodontics, knowledge of jaw joint
careincludingin the field of prosthodontics. The da-
ta that has been obtained was then presented to
determine the characteristics of the respondents
and the mean final score of all samples.

RESULTS

The studywas conducted by means ofrespon-
dents filling out a questionnaire before and after
watching an educational video about the import-
ance ofreplacing missing teeth thathad been pre-
pared (fig.1) to see the differences in the level of
knowledge ofthe respondents. There are 80 total
respondents with an age distribution between 16-
70consistingof27.5%male (22 people) and 72.5%
female respondents (58 people). The distribution
ofallrespondents canbe seen in fig.2 and fig.3A.
Fromthetotal of 80 respondents,almost80%had
experienced tooth extraction (64 people) and the
remaining 16 people had never experienced ex-
traction.

Afterwatchingthe educationalvideo,therewas
an increase in knowledge of follow-up care after
tooth extraction fromthose who previously did not
knowas much as42.5% (34 respondents)andthe
rest answered that they knew the procedure (fig.
3B).As many as 70% of respondents (56 people)
understand the consequences of not replacing
dentures after watching educational videos and
therestalready know before watching educational
videos.Asmanyas 72.5%respondents (58 people)
onlyunderstood the scope of prosthodontic treat-
ment after watching educational videos, but only
18.7% ofrespondents (15 people) knew that TMJ
care was included in prosthodontics field before
watching thevideo, the remaining 81.3% (65 peo-
ple) knew after watching the educational video.

DISCUSSION
This study was conducted to obtain informa-
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Figure 1 Snippets from the educational video
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tionaboutpublicknowledge andawareness of the
impact of tooth loss and the available restoration
optionsinthefield of prosthodontics obtained from
theresults of questionnaires conducted beforeand
after viewing educational videos. The results ob-
tained showed more female respondentsthanmale
respondents. Therefore, the study results willshow
the influence of female sex characteristics com-
pared to the male gender. The number of female
respondents who are more dominant can be cau-
sed by women generally pay more attention to
appearance thanmen.Inconditions there is tooth
loss, especiallyinthe front, generally, women will
immediately seek treatmentto restore the missing
tooth. This study also follows the results of Teofilo
and Leles,whichstated thatwomen feltthe impact
oftooth loss on chewing function more than men.
Thismay be caused bywomen generally prioritize
dental health compared to men.’

Teethare one of the organsthathave essen-
tial functions for the body. Without teeth, some
partscan be disturbed. Mostofthe respondentsin
this study had experiencedtoothache. Functional
disorders due to tooth loss include masticatory
function, speech function,and aesthetic function.
Forexample,apersonwhoexperiencestoothloss
willresultinalessthanoptimal chewing function of
food, the pronunciation of words in certain letters
is less than optimal and aesthetic function is dis-
turbed. Disturbances due totooth loss canbe pre-

ventedby using denturestoreplace missingteeth.
Denturesare artificial devicesusedto replace mis-
sing teeth and surrounding tissues.®

Knowledgeisone ofthe supporting factors in
taking action. Actions based on knowledge will be
betterthan actions notbased onknowledge. Aper-
son'sactionscanbe seenandinfluencedafterthey
know somethinginformation,andthentheywillas-
sessorrespondtothat information.® Theresults of
the study showed that there was an increase in
knowledge of follow-up care post tooth extraction
afterwatchingeducationalvideos. This showsthe
importance ofthe knowledge thata personhasto
take action, forexample, the knowledge obtained
fromthe educationalvideoinformation providedin
this study.

Knowledge canalsoplay arolein developing
one's health. Knowledge can be a predisposing
factor orafactor that makes iteasier for someone
to performa health behavior such as prosthodon-
tic treatment. Health behavior is a person's res-
ponsetoobjectsrelatedtoillness,disease,and the
health care system. Services fordentures are also
includedinoneform of dentaland oral health servi-
ces. Publicknowledge of the use of dentures can
be obtained from anywhere, even though the in-
dividualdoes notwear dentures.? As explained in
the educational video, the result of not replacing
missing teeth with dentures can cause other sur-
rounding teeth to shift, resulting in gaps in existing
teeth and allowing food debris to get trapped in
these gaps, and causing bad breath to teeth and
caries. Inaddition, ifthe extracted toothis notrepla-
cedwithadenture, the opposingtoothwill be extru-
ded, oraconditionwhere the tooth seems to conti-
nue growingand causingittoappearlonger,some-
times causing the tooth to wobble until it is indica-
ted to be extracted.

Theareaofthe post-extractiontooththatis not
replaced with a denture can cause the tooth ar-
rangement to become disharmonious. Ifthis con-
ditionisleftunchecked,overtime,itcancause pain
anddiscomfortin the jaw joint,whichis usually cha-
racterized by ajaw jointthat makes a sound when
used to chew and limitations when opening the
mouth. However, knowledge about jaw joint care
isstilllow. Ingeneral, publicknowledge about mis-
singteethandtreatmentinprosthodonticstendsto
increase afterwatching the educationalvideointhis
study. Some of the factors thatcause alack of pu-
blicknowledge before watchingeducationalvideos
canbe caused by educationalbackgroundandin-
formation obtained by the community. Information
about dentures can come from anywhere, both
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printand electronic media. In addition, whether or
notsocialization is often carried outby related par-
ties,regardingthefunction,the use ofdentures also
plays an essential role in increasing public know-
ledge. Interests can also affecta person'sknowled-
ge.Interestisatendency orstrongdesire forsome-
thing. Interest makes someone try and pursue
something to gain deep knowledge.*°

Media in the form of videos in health educati-
on is a tool that aims to convey health messages
by stimulatingthe sensesofsightand hearing. The
existence ofinformation with motion models canin-
crease therespondent's desire to pay attention to
whatinformation is presented inthevideo. Thein-
formation contained inthe videoisthen clarified with
theresearcher'sexplanationtothe lecturersothat
itcanincreasethe knowledge ofthe respondents.©

This studyis inaccordance with the results of
previous research by Sari, et al, that there was a
changeintheincreaseinrespondents'knowledge
before andafterreceiving health educationvideos.
According to the researcher, the increase of the
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ABSTRACT

Background:Combination of poor dental hygiene and poor dental treatment lead to multiple missingteeth. Perio-
dontics, orthodontics, oral & maxillofacial surgery, and prosthodontics treatments were undertaken in proper timing
and sequence with an interdisciplinary approach. Objective: Proper diagnosis, treatment planning and teamwork
were crucial to solve difficult cases. Case: A30-year-old unilateral cleft lip and palate female patient with Class I
malocclusionand several missing maxillary anterior and posterior teeth and mandibular posterior teeth came to the
clinictoimprove both herestheticandfunction. Patienthad a unilateral cleft lip and palate. Management: Afterinitial
periodontal care was completed, orthodontic treatmentwas completedto prepare her orthognathic surgery. Space
consolidationand occlusion correction were also completed to prepare her for final prosthesis post surgery. Partial
dentureswere delivered by the prosthodontists. As a result, a stable Class | occlusion with good esthetic and func-
tion treatment results were achieved. Conclusion: The case showedthatproperdiagnosisand treatment planning
is very important especially in an interdisciplinary treatment of Class Ill malocclusion patient.

Keywords: interdisciplinary approach, Class Il malocclusion, multiple missing teeth, unilateral cleft lip and palate
This title has been presented in The 12th Biennial Congress of Asian Academy of Prosthodontics, 21 August 2021

INTRODUCTION

Goodhygiene alongwithregular dental visits
and correcttreatmentwill lead to good oral health.
A30-year-old female patient with a severe Class
Il malocclusion came to the office for treatment
and with the chief complaint: “l want to fix my bite
and my look.

In a tough case,a comprehensive treatment
planby combining several specialties in dentistry
can provide satisfactory results for patients and
doctors themselves. An organized, planned and
well-discussed treatment plan allows doctors and
patientsto produce successfultreatments. Interdis-
disciplinary cares with a collaboration of various
dentaldiscipline canresultinidealand optimal oc-
clusion.*?

The main objective of this case report is to
show that proper treatment planning with the
correct team will lead to a good result for the
patient, both functionally and esthetically.

CASE

Theinitial extraoraland intraoral photographs
(Fig.1)showthat patient has a Class Ill malocclu-
clusion, anterior and posterior crossbite, multiple
spacing, multiple missing maxillaries and mandibu-
lar (anterior and posterior) teeth. Patientalso has
asymmetry softtissue and/or lip canting. She has
a unilateral cleft lip and palate. Panoramic radio-
graph (Fig.2)showsthatpatienthas multiple dental
restorationand periodontal disease, alongwith mul-

tiple, prolonged spacing shown by teeth drifting. La-
teralcephalogram (Fig.3A) shows ahigh angle, ske-
letal Class Il malocclusion and her posteroanterior
cephalogram (Fig.3B) suggested skeletalasymme-
try. The combination betweenpoordental hygiene
and poor prior dental treatment was the cause of
the multiple missing teeth.

Figure 2 Pre-treatment panoramic radiograph
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Figure 3 The cephalogram: A pre-treatment lateral; B pre-
treatment posteroanterior cephalogram

Figure 4 Progress/intermediate panoramic radiograph (post
periodontics and orthognathic surgery)

)
Figure5Progress/intermediate: A extraand B intraoral photo-
graphs (post periodontics, orthodontics and orthognathic sur-

gery).

MANAGEMENT
Periodontic, orthodontic, oral and maxillofa-
cial surgery and prosthodontics treatments were

undertakeninthe propertiming and sequencewith
an interdisciplinary approach. Initial periodontal
carewas completed by a periodontist. After stabi-
lizing the patient’s periodontalhealth, orthodontic
treatment was completed to correct patient’s oc-
clusion and prepare patient for orthognathic sur-
gery.Afteraligning, leveling and diastemaclosure
phases, a modified Le Forte osteotomy,a mandi-
bular setbackwith bilateral sagittal splitosteotomy
and a genioplasty were performed (Fig.4).

Space consolidation and occlusion correction
were alsocompletedto prepare her for final pros-
thesispost-surgery (Fig.5). Removable partialden-
turewas delivered by the prosthodontistbased on
requestby the patient after multiple options were
given. As a result, a stable Class | occlusion with
good estheticand function treatmentresults were
achieved (Fig.6). Patientwere happywith theresult
of treatment.

DISCUSSION

Indonesia consisted of over 17,000 islands.
Incertainlocations,especiallyin ruralareas and/or
islands, doctors and dentists are rarely found. In
otherareas,thelevel ofhealth servicesis very low
andisnotableto fulfillthe needs of the population.
Thisincidentwas experienced by this patientwhich
caused the patient to receive limited treatment,
where curative and preventive care were minimal.
The patientlost multiple teeth, both posterior and
anteriorteeth. Additionally, the patienthad a skele-
letal Class Illmalocclusionwithasymmetry where
none of her local dentists can treat.

The patient needed alongcommutetoreach
the clinic. After clinical examination and additional
datacollection itwas decided that she needed in-
tegrated treatment between periodontist, ortho-
dontist, oral and maxillofacial surgeon, and pros-
thodontist. Initial treatment consisted of periodontal
treatment due to patient irregularity of having a
dental cleaning. Patienthas a generalized mode-
rate periodontitis. Orthodontics treatmentwith fixed
appliance were started after her periodontal dis-
ease was stabilized. The patientunderwentasur-
gery to correct her upper and lower jaw relation-
ship followed by completion of orthodontics treat-
ment to adjust the position of her remaining teeth
andclosethe space. Her surgery included a dou-
ble jawsurgeryto correcther Class Il skeletalmal-
occlusion and asymmetry of the mandible. A ge-
nioplasty was performedto reduce the position of
the chintherebyreducing herClass I facial profile.

Orthognathic surgery is a good approach in
treating anterior crosshite and open bite relating to
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skeletal problems in adult patient.>*® Changes in
profile and occlusion were obvious. Study have
shown that many orthognathic surgery patients
have benefitwhich include improved smile, more
positive esthetics, increased self-esteem,and con-
sequently abetter quality of life.®” After 24 months
of active treatment, the patient showed a Class |
molar and canine relationship and an ideal over-
bite and overjet. Her profile hadimproved,andher
lip were competent. She has a good overall ba-
lance of her hard and soft tissue.

Herfinal treatmentwasthe fabricationand de-
livery of upper and lower removable partial den-
tures. The prosthodontist and orthodontist had to
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ABSTRACT

Background: Sodiumhypochloriteisadenture cleaning solutionthatis widely usedas an efficient cleaningmethod.
However, it has disadvantages of uncomfortable taste and smell. Therefore, therapeutic plant extracts are safer for
the humanbody,theyare usedasanalternative fordenture cleaningagents. Objective: To analyze the effect of act-
ive compoundsextractedfrom therapeutic plantsininhibiting the growth of Candida albicans.Methods: Ten selected
articleswere obtainedfrom five search engineswith due observance of PICO and specifiedinclusion criteria, thenan
assessmentwascarried outonten selected articles whichwere assessed based on the assessment criteria of The
JoannaBriggs Institute Criticial Appraisal Tools checklistand deservedto be included in writing asystematicreview.
Results: The plantextractsfromtenarticleswere lemongrass extractand cinnamon extract, which were fungistatic
andfungicidal; while the extracts of black cumin,mangroveleaf, rosellaflower, ketapang leaf, mexico tea, and grape
seedwerefungistaticonly. Conclusion: The active compounds ofthe terpenoid and phenolic groups from had ade-
guate antifungal activity, but the active compounds in the phenolic group had lower antifungal activity due to the
withdrawal of chlorophyl and carotenoid pigments which are known have antioxidants and antifungal properties.

Keywords: denture cleanser, plant extract, Candida albicans, minimum inhibitory

INTRODUCTION

Edentulism is still considered as one of the
main oral health problems since it affects a large
partof the world population because for decades
the publicoral health policy in underdeveloped or
developing countrieswas based on tooth extract-
ion for treating pain, caries,and infection, among
other oral problems. This curative practice is re-
flectedinthe contemporary population,inwhichit
was found a high number of partially orcompletely
edentulous individuals.: This population is general-
ly rehabilitated with removable prostheses, which
are fabricated of polymethyl methacrylate, due to
the good esthetic qualities and excellent cost be-
nefit ratio.?

Oral candidosis is an opportunistic infection
caused by overgrowth and penetration of the oral
tissues by pathogenicforms, hyphae and pseudo-
hyphae, of Candidaspp., mainly Candidaalbicans.
Candida-associated denture stomatitis (CADS),
the most frequent type of oral candidosis and the
mostcommon mucosalalteration inthe elderly, af-
fects approximately 65% of removable denture
wearers and has been associated with multiple
etiologic factors. Despite its etiology involving sys-
temicand localfactors, CADSis mainly associated
with an overgrowth of Candidain pathogenic form
onthe denture surface asabiofilm. Thefirstcrucial
step of denture biofilm formation is adherence of
yeast-form cells to the acrylic surfaces.!

Maintenance of denture hygiene playsanim-
portant role in the denture care process because

itcan help maintainthe strength, stability and reten-
tion of the denture, as well as maintain the health
of the surrounding tissue in the oral cavity.?

Themostcommonmethod of controlling biofilm
ondenturesisbrushing with toothpaste, because
itiseasyto reach and low cost. Mechanicalbrush-
ing is a simple and widely used cleaning method
to control biofilm on dentures. However,thereare
poresinacrylicresin,and in some situations, tooth-
brush bristles do not properly clean the pores.#In
addition, many denture usersare geriatric patients,
who have had decreasedvisualacuity orevenloss
ofmotorskills, therebyimpairing cleaning and per-
formance. Althoughimmersioninchemical soluti-
onshasbeenrecommendedasacomplementary
method for mechanical cleaning, it has been ob-
servedthatthistreatment also fails to remove the
biofilm C.albicans.In cases where C.albicansisa
persistent infection, the use of antifungal agents
has become a daily routine, e.g. fluconazole and
nystatin. C.albicans drug resistance is one of the
major problems infighting the survivaland spread
ofbiofilmsand canultimately lead to treatmentfail-
ure.*

Thisarticle reviews the effect of dental cleanser
from plantextracts inhibiting the growth of C.albi-
cans on acrylic resin plates.

METHODS

This systematic review is written according
to the guidelines of preferred reporting items for
systematic reviewsand meta-analyses (PRISMA)
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forreporting studies evaluating health care inter-
ventions. Population,intervention, control, and out-
come (PICO)questions of the present systematic
reviewwere C.albicansonacrylicresinplates, act-
tive compounds of therapeutic plant extracts, the
effectofactive compounds onthe growth of C.albi-
cans,and minimalinhibitory concentration ofthera-
peutic plantextracts on the growth of C. albicans.
TheWiley Online Library, Science Direct, Pub-
med Online Library, Cochrane Library,and Google
Scholarwerethe searchingengine oftoget articles
inEnglish. The searchingswere conductedtoiden-
tify articles published in dental journals from Ja-
nuary 2016 to December 2020 focusing on effect
ofdentalcleanserfrom plantextractsinhibitingthe
growth of C.albicans. The MeSH key-words used
were denture cleanser, plant extract, C.albicans,
and minimum inhibitory. The electronic searchisli-
mited to articles in English, the search period, and
the type of text availability. Amanual search of pu-
blished full-text articles and related reviews was
carried outafterwards. There are 825 studiesdes-
cribing this topic but only 10 articles meeting the
inclusion criteria. Specific keywords were used to
identify appropriate study needs, and followed the
characteristics of the PICO questions.

Fortheeligibility criteria, inclusion criteriawere
articles in English, published in the year 2016 to
2020, fulltextof laboratory experimental research
and clinical reports, research using plant extracts,
using the minimuminhibitory concentration (MIC)
and colony forming unit (CFU) tests.
Meanwhile, the exclusion criteria were research
that discusses denture cleaners that do not use
plantextractsasthe mainingredient,andresearch
that is in abstract or in a report.

Thespecialkeywords were used by the three
authors to select the articles being analyzed in
the abstract and the full text. Independently, re-
searchers selected papers based on predefined
inclusion criteria. After that, all abstracts and full
textswere downloaded and evaluated one by one.
Eligibility criteria were used to identify the articles
to be used for this systematic review.

The data were retrieved by three reviewers
thatregarding following parameters: yearof publi-
cation; effect of denture cleanser from plants ex-
tract; and objective. All of the full-texts which met
the inclusion criteria were read independently by
the threereviewers, and evaluated to formulate this
systematic review.

RESULTS
Thedatabase searchyielded 825 references,

including 43fromWiley Online Library, 78 from Sci-
ence Direct, 669 from Pubmed Online Library, 10
from Cochrane Library,and 26 from Google Scho-
lar. After removing duplicate references,there were
799studiesremained. Thetitlesand abstractswere
reviewed afterward, and 19 studieswereeligible for
further analysis. The full-textsthenbereviewed by
the authors andyielded 10 articles which met the
inclusion criteria. The flowchartofarticle selection
isshowninFig.1withtotal 10 selected articles from
initial yield of 825 studies by electronic literature
search. After 825 titles reviewed, 10 articles were
declared eligible for this systematic review inclu-
sions,whereas the other 815 articles were exclu-
ded for some different reasons.

S| [Records identified through
Z| |database searching Wiley
£| |Online Library, Science Direct,
£| [Pubmed Online Library,
B| [Cochrane Library, and Google :
Scholar (n = 825 Articles were
excluded
because
they did not
meet the
Records after duplicate inclusion
removed (n = 799) criteria
o on the
£ PICOS
o frame work
3] v (n =780)
Records screened by titles
and abstracts (n = 19)
— |Articles were
excluded
_ because
2 they did not
5 v meet the
Lj’ Full-text articles evaluated inclusion
— for eligibility (n = 10) criteria on
the PICOS
- frame work;
o did not use
g v the MIC or
E Choosen studies after CFU test
= critical appraisal (n = 10) (n=9)
Figure 1 PRISMA flow chart of article selection
DISCUSSION

Cellwalls and membranes play animportant
role in cell viability, morphogenesis, response to
environmentalinfluences, and pathogenesis; thus,
these morphological changes are thought to re-
flectdamage to cellhomeostasis, resultingincell
death. So, thissystematic review of effective the-
rapeutic plantextracts inhibits the growth of C.al-
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Table 1
No Author (Year) Plant Extract Concentration Active Secund(_ar Sample Group Test Type Result
compound metabolit control
L . . Inhibitory effect from citronella 250 pg/mL & cinnamon on
1 de FatimalLD, Esi?t?gﬁéﬁ; gom lf;;;t?'giig_ gg{gﬁgﬁé Terpenoid 9 Pgﬁg;at (';MC Fungistatic & MIC 65.5 pg/mL, both essential oil significantly (p<0,05) re-
etal (2016) cinnamon mon 65.5 ug/mL hyde Saline  CEU fungicidal duce microorganism and biofilm
Minimum concentration of lemongrass extractneeded toinhi-
bit growth C.albicans 0.625 mg/mL. The presence of lemon-
grass extract during biofilm development resulted in a de-
2 Madeira PLB, Lemongrass 0.625 ma/mL Citronelal & Teroenoid 9 Distilled MIC Fungistatic & crease in the number of cells (p<0.05) which makes MIC
etal (2016) extract ' 9 linalool P water fungicidal enoughto reduce approx 90% cell (p<0.0001). Lemongrass
extract has significant antifungal effects at all concentrations
(p<0,05).
Nigella sativa/
black se_e_d . T_hymoqw- - Essential oil from thyme and black seeds has almost equal
Khan MA, et al, (Thymoquinione) nione . Distilled s . . . .
3 S 0.25 mg/mL Terpenoid 60 CFU Fungistatic effectiveness against C.albicans but the difference was not
(2016) Essential oil from p-Cymene water e SO _
. statistically significant (p = 0,79)
thyme (p-Cymene timol
& timol)
Nigella sativa/ The inhibitory effect of TQ on MIC significantly reduced the
. black seeds . number of C.albicans. The addition of 0.5% TQ to PMMA
4 Agg?g%&%\ﬂ ' (essential oil, 0.5% Isgr??ggj n Terpenoid 80 P'B/IO%I A MIC Fungistatic caused a significant decrease in C.albicans. Increasing
alcaloid, fix oil, the of TQ (0.5-5%), the number of C.albicans decreased
protein & saponin) drastically to zero using the slide count evaluation method
+positive
Alkoholic ex- cpntrgl: lack seeds at | . 2 and / h
_ _ _ tract from nistatin Blac seeds at low concerytrauons (Q. and 0.4 mg mL_) as
AriamaneshH,  Nigella sativa/ . . 100.000 . ... alow antifungal effect against C.albicans. However, with in-
5 0.2mg/mL  Nigella Terpenoid 30 . CFU Fungistatic . . .
et al (2019) black seeds sativa/black unit creasing concentrations of black cumin, the number of Can-
seeds -control: dida colonies decreased significantly
distilled
water
M | Dent 7.5% mangrove leaves extract had optimal inhibition against
Utama MD. et ang(;%?ictteaves Flavonoid clggnusrgr the growth of S.mutans (p <0.05). Mangrove leaf extract at
, o . _— . 0 s
6 al (2017) (Avicennia 10% & saponin Fenolic 10 commer- MIC Fungistatic a C(_)ncentratlpn of 10% had not shown an inhibitory effect
marina) .l against C.albicans
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....continuation from previous page

No Author (Year) Plant Extract Concentration Active Secunde_r Sample Group Test Type Result
compound metabolit control
anthocyanin,
Rosella flower riboflavin, 13- Denture . . . .
7 Utama MD, et Hibi 10% ' Fenoli cleanser CEU Funaistati Therewas nosignificant difference in effectiveness between
al (2017) extract.( foISCus 0 caroten, enolic %0 commer- ungistatic theimmersiontime of 5, 10,and 15 minutesinthe 10% rosella
sabdarifa L) polisakarida, il T
& flavonid
Ketapand leaves Tanin, fraksi MIC value is 0.25 mg/mL of the n-butanol fraction of
Gongalves LM extraF():t ? n-butanol Fluco- Terminalia catappa Linn. (FBUTC) was observed for the
' (Terminalia 0.25 mg/mL Terminalia  Fenolic 108 nazole MIC Fungistatic planktonic cells of C.albicans and C.glabrata. FBUTC
etal (2019) catappa Linn.) catappa solution exposure at 10xMIC had a significant effect on the biofilm
pp ’ Linn C.albicans, indicating a decrease in cell count
+control:
sodium
Chenopodium Quercetin hypo- The observed effect of mexican tea extract on MIC for
9 Maria P, etal ambrosioides 0.25 ma/mL Py Fenolic 72 chlorite MIC FEunaistatic planktonic C.albicans cells obtained a value of 0.25 mg/mL,
(2019) extract / Mexican ' g (SH 1%) g indicating antifungicidal activity.
kaempferol ’ ?
tea extract -control: The effect of mexican
Phos-
phat
The treatment with 1% grape seed extract for 5 minutes
almost completely removed the biofilm formed on the resin.
Chiaki Grape fruit seeds Distilled Treatment with 0.1% grape seed extract, Polident, & 0.1%
10 Tsutsumi-Ara P 0,1% Polifenol Fenolic 250 CFU Fungistatic G + P for 5 minutes showed a statistically significant
extract water S et
et al (2019) inhibitory effect on the biofilm.

The 0.1% GSE and 0.1% G + P treatment gave a persis-
tent inhibitory effect on the biofilm.
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bicans consists of two groups of metabolites se-
condary, namely terpenoids and phenolic.

For secondary metabolites of the terpenoid
group,among others, are obtained from essential
oilsofthe cinnamon plantwiththe active compound
inthe formofcinnamaldehyde,® essential oil of le-
mongrass with active compounds such as citro-
nellal, geraniol, and citronellol,® black seeds with
the contentofessential oils obtained fromthe com-
pound Nigella sativa seeds active in the form of
thymoquinione, p-Cymene, and thymol.”#

Secondary metabolites of the phenolic group
are obtained from mangrove leaves with active
compoundsinthe form of flavonoid and saponin,®
rosella flower with active compounds in the form
ofanthocyanin, riboflavin, beta-carotene, polysac-
charide, and flavonoid,*°ketapang leaves withac-
tive compounds in the form of tannins and n-bu-
tanol (Terminalia catappa Linn).Fraction,it Mexi-
can tea extract with the active compound form
quercetinand kaempferol, grape seed extractwith
active compounds in the form of polyphenols.*?
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ABSTRACT

Objective: Notallremovable partial dentures are successful or function well. One thing that patients complain about
injuries to the oral mucosal tissue. The presence of denture edges that are too long or whatis oftenreferred to as
overextended can cause necrosis of oral mucosal cells which show a clinical form of ulcers. The purpose ofthis pa-
per is to explain the process of mechanical injurydue dentures overextended againstcellnecrosis. Methods: Con-
ductareviewby covering the keywords mucosal ulceration, overextended denture, TNFa signaling. Various articles
that have been obtained were thoroughly reviewed according to the inclusion and exclusion criteria. Results and
discussion:Theliteratures showthatoverextended dentures cause discomfort. Thisisdue to pain caused by injury
to the mucosal lining of the oral cavity. Injury due to overextended denture causes cells to release death receptors
inthe form of TNF-R1receptors. TNFasignalsto bind to TNFatrimer with the TNF-R1 receptor. This response then
proceeds to various processes that then lead to necrotic cell death. Conclusion: Death receptors and TNFa ini-

tiate cell death where this necrotic cell death depends on the formation of reactive oxygen species.
Keywords: overextended denture, TNFa signaling, necrosis cells

INTRODUCTION

Inthe field of prosthodontics, the manufacture
of removable dentures (RD) aims to improve aes-
thetics, masticatory function, speech functionand
protectthe supporting tissuesunder RD.Notallre-
movable partialdentures (RPD) are successful or
function properly, because there are many patient
complaints, including loose prostheses, pain due
toexcessive pressure onthe oral mucosal tissue,
occlusion errors and the presence of a fractured
prosthesis base.

One thing that complained by the patient is
the injurytothe oral mucosal tissue. The wound s
acelldeaththatcausesulcersoftraumaticlesions.
Traumatic lesions are tissue discontinuities that
extend fromthe dermistothe subcutisand always
occurin pathological conditions. Ingeneral, these
lesions are caused by mechanicaltraumaand the
relationship between the causes is known.!

Traumatic lesions are classified as reactive
lesions of cellnecrosiswitha clinical picture in the
form of a single ulceron the mucosawhich canbe
caused by physical ormechanicaltrauma, thermal,
chemicaland radiationchanges that cause tissue
damage.?The lesionis characterized by a yellow-
ish purulent fibrin membrane accompanied by
pain.® These lesions may be healed within a few
daysorweeks after the cause of the trauma is re-
moved. The pain will go away within 3 or 4 days,
andwillhealwithin 10-14 days. The RPD cancause
traumatothe hard and softtissuesbeneaththe den-

ture. These changesbegintooccurassoonas the
patientwears the denture and involve a high pro-
portion of mucosalinflammation within one year of
the denture being made. In a new complete den-
ture (CD),whichis clinically good dexterity. The ex-
istence ofadenture edge thatistoolongorwhat is
oftenreferredto as overextended can cause necro-
sisoforalmucosacellswhich showsaclinical form
of ulcers.

Thus, this paperisaimedtoto explainthe pro-
cess of mechanical injury due to overextended
denture to against cell necrosis.

Removable dentures

Denturesare artificial devices thatare usedto
replace partorall ofthe naturalteeththathave been
lost and restore changes in tissue structure that
occurduetothelossofnaturalteeth. The purpose
ofmaking dentures, both CD and partialdentures,
is essentially to improve the function of mastica-
tion, taste, aesthetics, maintain tissue health and
preventfurtherdamagetothe structure of the oral
cavity organs. Inelderly patients itselfthegoalisto
maintainthe healthandfunction ofthe masticatory
systembyestablishing preventive measures with-
outinvolving excessive medication.*The indicati-
ons for making CD are loss of all teeth, the condi-
tion of the alveolar process is still good, the pa-
tient's oral conditionis good, the general condition
of the patient is good, and the patient is willing to
have dentures made.® Problems often occur after
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the installation of a fulldenture include continuous
painunder dentures, denture less fixed and com-
fortable, the mouth feel fulland uncomfortable and
impaired speech function.®

The RD consistofdentures that are attached
to the base of the prosthesis; their bases can be
made of metal or metal alloys. However,mostden-
ture bases are made of polymers, commonly are
made of poly (methyl methacrylate) resin. Thisre-
sin isvery stable,does not change color under ul-
travioletlight,isdurable,andis quite stablein heat.
Acrylicresinismore often used because of its ad-
vantages, thatislight weight, cheap, the same co-
lor as the gingival color, easy to manufacture and
easyto prepare. The disadvantage, acrylichas mi-
cropores, makeiteasier forfood debrisandbacte-
ria to enter it.4

Overextended denture

Denture overextended is a term applied to
denture plate islongerthanthe peripheral sealmu-
cosa. The denture will cause injury to the oral mu-
cosainthe formofulcers.Dentistswhohave made
dentures on a patient often get complaints about
the feeling of discomfort or pain due to the use of
the denture. Usually, dentists only reduce or re-
move the parts of the denture that are considered
to be the cause. But what is often found is abnor-
malities or painthat arise because the supporting
mucosa is not treated. As a result, it is difficult for
patientswho have suffered from abnormalities or
changesinthe oralmucosatosupportdenturesto
be able to accept dentures again if they are not
treated properly.’

Necrosis cell

Necrosisisthe deathofcellsasa result of da-
mage or trauma (for example: lack of oxygen, ex-
tremetemperature changes,and mechanical inju-
ry), where cell death occurs uncontrollably which
can cause celldamage, aninflammatory response
andvery potentially cause serious health problems.
Stimulus that is too heavy and lasts too long and
exceeds the adaptive capacity of cells will cause
celldeathinwhich cells are nolongerable to com-
pensate for the demands of change. A group of
cellsthatexperience death can be recognized by
the presence of lysis enzymesthatdissolve various
cellelements and the emergence ofinflammation.
Leukocytes will help digest dead cells and then
morphologicalchanges begin to occur.Necrosisis
usually caused by a pathological stimulus. Apart
from pathological stimuli, celldeath can also occur
through a programmed cell death mechanism; af-

terreachingacertain life span, the cellwilldie. This
mechanism is called apoptosis, that is cells will
destroy themselves (suicide).®’

[ Overextended denture ]

4
[ Mechanical trauma to the oral mucosa ]

Damage to cell membranes
(phosholipid)

v

[ TNF-o realese

v

[ Necrosis cell

'

[ Epithelial layer | ]

Figure 1 Conceptual mapping

METHODS

Thisliterature reviewwas compiled by search-
ing articles through databases literature search
Google Scholarand PubMed. The reviewwas car-
ried outby covering the keywords mucosalulcera-
tion, overextended denture, TNFa signaling. Va-
rious articles that have been obtained were tho-
roughly reviewedaccordingtotheinclusioncriteria
and exclusioncriteria. The inclusion criteria used
were articles onthe mechanismofsignaling TNFa
oncellnecrosisdue to overextended dentures. The
exclusion criteria used were articles that did not
have acomplete structure, so they were taken for
information only.

RESULTS

Agooddentureisabletoimprovethe function
of mastication, taste, aesthetics, maintain tissue
health and preventfurther damage to the structure
of the oral cavity organs. Sometimes it is difficult
fordentiststo determine the boundariesof movable
andimmovable mucosainthe oralcavity, resulting
in an overextended denture.

The overextended denture causesdiscomfort
to the patient. The discomfort is due to pain in the
oral mucosa of the oral cavity. The pain is caused
by injury to the mucosal layer by a denture base
thatistoolong. The oralmucosaof the injured oral
cavity is in the form of ulceration. Ulceration is a
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lesion formed by local damage from the epithelial
tissue to the lamina propria.t Cells are damaged
and experience the death of cells that exfoliate
constantly untilthe release of stratumbasaliseven
to the lamina propria.

DISCUSSION

The basic function of the mucosais abarrier,
continuing sensation from the external environ-
ment, regulating heat and asamediumfor the se-
cretion of saliva. The mucosal surface epithelium
forms abarrier majorto various physical and che-
mical conditions. Keratinization is aform ofprotec-
tionagainstadjustmentoffunctionfromstimulation
orirritation. The mucosa in the oral cavity can be
either keratinized or non-keratinized.*Gingivalmu-
cosais a masticatory mucosa that had epithel as
keratinized epithelium,withmoderate vasculariza-
tion. Collagen connective tissue in the mucosa is
denser,thickerand more regular thanthe collagen
connectivetissueinthe coveringmucosa. The mu-
cosaofthe cheeks,lipsandventraltongueisaflexi-
ble covering mucosa. The epithelium of this mu-
cosaisnon-keratinizedstratified squamousepithe-
lium, while the lamina propriaiscomposed ofelas-
tic and reticular collagen fibers.%1!

Mucosa which has a small amountofkeratin
isrelatively more pronetoinjury duetopressure.In
other studies; it is said that this pressure causes
the mucosato atrophy.Atrophyisanadaptiveres-
ponse that can lead to reduced blood supply,ina-
dequate nutrition, hypoxiaand pressure. Associa-
ted with these effects, cell atrophy may increase
to the point where cells are injured and die.!?

Initially, injury occurs because the overexten-
deddenture causes the cells to secrete death re-
ceptors, namely TNF-1 receptors (TNF-R1). The
TNF-1receptorthenactivatesthe caspase. TNFa
signals the TNFa trimer that binds to the TNF-R1
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ABSTRACT

This article presents an original-research conducted at Pushpagiri College of Dental sciences, Thiruvalla, Keralato
compare and evaluate the vertical crestalbone changes around implants with different surface coatings and diame-
ter using CBCT and RVG taken at the time of loading and one year afterloading. Thirty-six sampleswere dividedin
4group;based on3parameters: implantsurface coating, implantdiameter, and single versus multiple implants sup-
ported bridges. Length of all implants is kept standardised at 10 mm. Data were statistically analyzed by Students
paired t-test and comparison between CBCT and RVG is done using interclass correlation test. The mean crestal
bone loss has increased statistically significant from the time of loading and after one year ofloading. The average
crestal bone loss on single implants were less compared to multiple implants supported bridges at both timings.
CBCT shows more accurate and reliable values than RVG both clinically and statistically. It was concluded that
crestalbonelosswaslessamong singleimplants with calcium phosphate surface coating and wider diameter than
alumina blasted and narrow diameter implants. Single implant shows less bone loss than multiple implants. The
CBCT shows a reliable method of detecting circumferential peri-implant bone defects than RVG.
Keywords:dental implant, marginal bone loss, cone beam computed topography, radiovisiography, radiographic

evaluation

This title has been presented in The 12th Biennial Congress of Asian Academy of Prosthodontics, 21 August 2021

INTRODUCTION

Theuse ofendosseousimplantstorestorelost
dentition has provedto be a successful treatment
modality, providing the patientwith near natural re-
placement.:The successrate obtained withdental
implantsdependstoagreatextentonthe quality of
osseointegration. Early identification of signs and
symptoms of bone loss is, therefore essential to
prevent implant loss.?

Evaluation by radiographsis considered as a
source of information for determining the amount
of cervical bone loss around dentalimplants.2Ac-
cording to established criteria for the assessment
ofimplantsurvivaland success by Albrektsson et
al,*marginal bone level changes in the first year
shouldbeless than 1-1.5 mmand ongoing annual
bone loss should be less than 0.2 mm.Bone loss
usually begins from the crest region of an osseo-
integrated implantand progresses apically. Possi-
ble cause of crestal bone loss could be alocal in-
flammation and mechanical stresses actingonthe
crestal bone around the implant crest module.®
Anatomic factors suchas the quality and architect-
ture of bone tissue, as well as implant features,
example: length, surface area, coating, implant
timing and occlusal load influence alveolar bone
crest resorption.®’

Implantsuccessorfailureislargely dependent
onthe macroscopic and microscopic design ofim-

plant. Macroscopics design featuresinclude body
design thread geometry. Microscopic design, in-
cludesimplantmaterials, surface morphologyand
surface coating.

Severalinvestigations have reported that the
crestalboneloss can be minimized by increasing
the contact area of bone to implant interface and
therefore reducing stress at the cortical alveolar
crest.® Studies have showed thatthere ismarginal
bonelossinitially afterloading of dentalimplantwith
prosthesis. Buthowmuch marginal bone loss will
betherebefore loading ofdelayed loadingimplants
with respectto different diameter, surface coating
and numberofimplants needs furtherassessment.
Keeping this in mind, a study was undertaken to
assessmarginalboneloss occurring 6 months af-
ter the implant placement, but before loading of
dental implant with prosthesis.®

Theaim ofthe study was to evaluate the ver-
ticalcrestal bone changes of delayed loading im-
plants using cone beam computed tomography
(CBCT)andradiovisiography (RVG); specifically to
evaluate the crestalbone loss between the surfa-
ce coatings ofsingle implantsystem at the time of
loadingand afteroneyearofloading,to assessthe
crestal bone loss between different diameter of
singleimplantsystematthe time ofloading and af-
terone yearof the loading, to measure the vertical
crestal bone loss between single and multiple im-
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plantsupported bridges, andto assessthe compa-
parisonofmeasurementbetween CBCT and RVG.

METHODS

This studywas conducted atthe Department
of Prosthodontics, Pushpagiri College of Dental
Sciences, Thiruvalla, afterreceiving approvalfrom
the Institutional Ethics Committee (IEC) and the
Review Board, Pushpagiri Institute of Medical Sci-
encesandResearch Centerand clearance obtain-
ed for the same (No.PCDS/IEC/K10/11/15).

Thepresentinvivo study was designed to be
ofthe quasi-experimentaltype. The selection ofca-
seswas purely based on the patients desires for a
radiographicalanalysis ofcrestalbone aroundthe
implants. A total of 36 samples with 9 samples in
each group was collected for the study based on
thevalues from previous studies fora confidence
level of95% and power of study as 80%. According
to the selection criteria, 36 patients were selected
forthe study,who have placedimplantin the man-
dibularposteriorrightorleftregionwitha minimum
period of 3 months of healing were selected. The
patientswere selectedbased onthe criteriaofage
group between 20 and 60 years, non-smoker, no
relevantmedicalhistory,good oralhygiene, healthy
remainingdentition,and adequate ridge widthand
heightto place implants,wheras the patients with
poororalhygiene, medically compromised severe
bruxism, untreated periodontitis or periapical pa-
thology, heavy smokingand alcoholics were exclu-
ded from the study. Informed consent was taken
from every patient.

This study wasdivided intogroupsbasedon 3
parametersie.implantsurface coating,implantdia-
meter as well as single and multiple implant-sup-
ported bridges. Thelength ofthe implantwas stan-
dardized and kept at 10 mm.

Patientswho met the inclusion criteriawere di-
videdinto 4 groups. Group Acomprised of patients
with singleimplant (ADIN [Osseofix] 3.75x10 mm.
calciumphosphate); Group B comprised of patients
with single implant (ADIN [Toureg] 3.75%10 mm
alumina blasted; Group C comprised of patients
withsingle implant (ADIN 4.2x10mm, calcium phos-
phate; Group D comprised of patientswith multiple
implant (ADIN 4.2x10 mm, calcium phosphate.

The comparison is taken between 1) two im-
plants with different surface coating (ADIN [Os-
seofix] 3.75x10 mm) and ADIN (alumina blasted,
3.75x10mm), Group A& Group B;2) twoimplants
with different diameter (ADIN [Osseofix] 3.75x10
mm) and ADIN [Osseofix] 4.2x10 mm), Group B
& Group C; and 3) single implant versus implant

supported bridge (ADIN [Osseofix] 3.75x10 mm
and ADIN [Osseofix] Implant supported bridges,
4.2x10 mm, Group 1 & Group 4).

Thyroid collar, lead apron, ADIN surgical kit,
RVG x-ray cover,RVG sensor holder, Toureg™-S
implant (ADIN dentalimplantsystem, Alon Tavor,
Israel) and Osseofix™-OSimplantresorbable blast
medium (RBM) (ADIN Dentalimplantsystems, Alon
Tavor) are materials used to carry out this study;
and CBCT-CS9300 3D Manual (Carestream Den-
tal Atlanta, GA) and RVG)-6200, Carestream Den-
tal Atlanta, GA) are the equipments used in this
study.

Bothradiographictechniqueswere explained
tothe patients and case history was taken. Preo-
perative radiographs were also examined to find
out the position and angulation of implant or pre-
sence of any cyst or pathology. The RVG was ta-
kenusing sensor plate ofthickness7.3mmofsize
1sensor model. Theradiographs were taken per-
pendicular to the long axis of the implants with a
long-cone paralleltechnique. The patientposition
was standardizedwiththe upperarchparalleltothe
floorand midsagittal plane parallel to the floor. X-
raywas operated at 60 kVp with minimum source
to skin distance at about 100 mm.

The CBCTwastakenwith90voxelsize,84kv,
6.3 Ma with exposure time 20 sec and area 753
mGy.cm?. Theimage wastakenin accordance with
ALARAprinciple. The CBCTandRVG were taken
immediately after loading which were taken as
baseline reference and also after 1 year.

Measuring bone loss in RVG marginal bone
losswas performed asfollows: the marginalheight
of each fixture is measured mesially and distally
byusingthefixturethreadasaninternaldimension-
alreference withthe help ofamillimetric grid. Mar-
ginalbone lossis measured by measuring the dis-
tance fromthe shoulderontheimplantfixture tothe
mostcoronal pointonthe mesial and distal alveo-
larbone crestrespectively. Two perpendicularlines
weredropped onthe mesialand distalaspectofthe
implants to the firstbone-toimplantcontact. Com-
parative measurements of mesialanddistal crestal
bone levels adjacent toimplantswere made tothe
nearest 0.1 mm. A minimum of 3 readings were
made onmesialand distal side for each case and
averagevalueswere usedto calculate theamount
of crestal bone loss. The crestal bone loss mea-
sured using Carestream viewer softwaretothe ac-
curacy of0.2mm.CBCT measurementweretaken
onmesial, distal, buccal and lingual side same as
thatofRVG. The marginal bone loss was defined
asthedifference between true crestalbonelevels
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atthe baseline andafter one of loading. So, calcu-
lated crestal bone change is crestalbone change
(atgiventime)=bone levelatbase line-bonelevel
at that time.

Twoinvestigators, aradiologist and a dentist per-
formed the radiographic analysis.

Statistical analysis

Thedataanalysedand presented asmeanand
SDforthe outcome variable atdifferenttime periods
(atthetime ofloading and after 1 year of loading).
Comparison of effect of two implant diameters,
3.75mmand4.2mm,atdifferenttime periodswere
done using Student t-test. Similarly, the effect of
differentsurface coatingand singleverses multiple
were also compared usingthe sametest. The cor-
relation between CBCT and RVG was also calcu-
lated using interclass correlation test.

RESULTS

Table 1and Table 2 depicts the mean crestal
bone loss values of 4 different types of implants
using RVG and CBCT respectively, whereasFig.1
and Fig.2 are the graphical representation of com-
parison ofthe average crestalbone loss occurring
around 4 different types of implants at the time of
loading and after one year using RVG and CBCT,

respectively.
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Figure 1 Graph representing crestal bone loss of 4 dif-
ferent types of implants using RVG

Both RVG and CBCT, reveals that in each
group,thereisanincreasein crestalbone losseva-
luated after 1 yearofloadingwhencomparedtothe
time ofloading. Calcium phosphate implants shows
reduced bonelossatbothintervalswhen compar-
ed to alumina blasted implants. Multiple-implant
shows the highest range of crestal bone loss at
both intervals. In each group, RVG shows more

41

marginal bone loss in the mesial side of implant
whencompared to distal side ofimplant. Whereas
CBCTreveals average crestal bone loss more in
buccalside followed by mesial, lingual, and distal
sidesin all types ofimplants at the time of loading.
Buccal side of multiple-implant shows less bone
resorptionwhen comparedtoaluminablasted im-
plants afteroneyearofloading. Theaverage cres-
talboneloss of 3.75 and 4.2 implant is very much
lesswhen compared to multiple-implant support-
ed and alumina blasted implant.
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Graph 2 Graph representing crestal bone loss of 4 dif-
ferent types of implants using CBCT

Table 1 Mean crestal bone loss values of 4 different
type of implants using RVG
Group Mo-R Mi-R Do-R Di-R
Mean+SD Mean + SD Mean = SD Mean = SD
0.378+0.13 0.444+0.13 0.333%+0.150 0.40+0.130
0.789+0.10 1.140+0.17 0.722+0.190 1.10+0.273
0.260+0.15 0.367+0.20 0.244+0.113 0.35+0.123
1.050+0.36 1.456+0.23 1.030+0.260 1.37+0.150

A WNPE

Table 3showthe comparisonofbone loss bet-
ween different implant surface coatings Group 1
and Group2usingRVGand CBCT. Thisdatainter-
pretsthat calcium phosphate implanthaslessbone
loss compared to alumina blasted implants. The
latter shows significant bone loss at the time of
loading and afteroneyear of loading. RVG shows
marginal bone loss in mesial side more than dis-
talside ofboth implants at two intervals. CBCT re-
vealsaverage crestalbone lossmaximumonbuc-
calsidefollowed by mesial, lingual, and distal side.
Increaseinbone loss seen at the end of one year
when compared to the time of loading.

Table 4 shows the comparison of bone loss
between Group 1and Group 3 (differentdiameter).

Table 2 Mean crestal bone loss of 4 different type of implants using CBCT

Group Mo-C M;-C Do-C D:-C BO-C B1-C LO-C L1-C
MeantSD Mean+SD Mean+£SD Mean +SD MeanzSD MeanzSD Mean+SD Mean+SD
1 0.467+0.07 0.567+0.08 0.422+0.13 0.544+0.11 0.489+0.07 0.650+0.51 0.440+0.09 0.533+0.07
2 0.944+0.20 1.411+0.17 0.911+0.15 1.256+0.25 1.133+0.17 1.589+0.11 0.930+0.29 1.355+0.12
3 0.367+0.11 0.456+£0.08 0.322+0.13 0.433+0.08 0.389+0.10 0.478+0.09 0.340+0.13 0.444+0.08
4 1.144+0.28 1.478+0.21 1.120+0.23 1.411+0.11 1.189+0.24 1.533+0.08 1.160+0.17 1.456+0.11
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Table 3 Comparison of bone loss between Group 1 and Group 2 (implant surface coating)

Type of radiograph Surfaces Group N Mean Standard deviation t df P value
Distal 1 9 -111 .220 2.819 16 012
2 -.377 178 2.819 1534 .013
RVG Mesial 1 9 -.066 .150 3.68 16 .002
2 -.355 181 3.68 15.46 .002
. 1 -122 .044 2.99 16 .009
Distal 2 O 344 218 299 865 016
Mesial 1 9 -.100 .100 5.88 16 .000
2 -.466 .158 5.88 1351 .000
1 -.022 .044 8.72 16 .000
CBCT Buccal 5 O 455 142 872 952 .000
Lingual 1 9 -.055 101 4.95 16 .000
2 -.444 212 4.95 11.45 .000
Table 4 Comparison of bone loss between Group 1 and Group 3 (implant diameter)
Type of radiograph  Surfaces Group N  Mean Standard deviation t df P value
Distal 1 9 -111 .220 231 16 1.00
RVG 3 -111 105 345 11.47 1.00
Mesial 1 9 -.006 150 485 16 .634
3 -.100 141 485 1594 .634
Distal 1 9 -122 .044 447 16 .661
3 -111 .060 263  14.67 .661
Mesial 1 9 -.100 .100 .263 16 .796
CBCT 3 -.088 .078 268 15.11 .796
Buccal 1 9 -.022 .044 2.68 16 .016
3 -.088 .060 2.68 14.67 017
Lingual 1 9 -.055 101 1.07 16 297
3 -.100 .070 1.07 14.29 .299
Table 5 Comparison of bone loss between Group 1 and Group 4 (single versus multiple)
Type of radiograph Surfaces Group N Mean Standard deviation t df P value
Distal 1 9 -111 .220 2.38 16 .030
RVG 4 -.344 194 238 15.75 .030
Mesial 1 9 -.066 150 4.26 16 .001
4 -.400 .180 426 15.48 .001
Distal 1 9 -122 .044 2.98 16 .009
4 -.288 161 2.98 9.18 .015
Mesial 1 9 -.100 .100 3.50 16 .003
CBCT 4 -.333 173 350 12.80 .004
Buccal 1 9 -.022 .044 4.33 16 .001
4 -.344 .218 4.33 8.65 .002
Lingual 1 9 -.055 101 4.21 16 .001
4 -.300 141 4.21 14.50 .001

Itwas found outthat larger diameter (4.2x10 mm)
shows less marginal bone loss when compared
to 3.75x10 mm implant.

Table 5 shows the comparison of bone loss bet-
ween single versus multiple (Group 1 and Group
4).lItisevidentfromthe measurementsthatinboth
RVG and CBCT multiple implants has a highly sig-
nificant amount of bone loss when compared to
single implants.

Table 6showsthe comparisonbetweenCBCTand
RVG. Itis observed that CBCT values are higher
than RVG values. The average bone loss values

occurring afteroneyearisgreaterthan values ob-
tained at the time of loading. CBCT shows more
accurate andreliable values than RVG both clini-
cally and statistically.

Table 6 Comparison between CBCT and RVG

Sides at Type- Type-  Type p-
different time 1 2 difference value
Mo 0.622 0.730 0.108 0.207
M1 0.852 0.977 0.125 0.163
Do 0.583 0.694 0.111 0.169
D1 0.808 0.911 0.103 0.189
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DISCUSSION

Endostealimplantis effective and appropriate
forreplacingsingle teeth, as wellas for rehabilita-
tingedentulous arches. The long-term preservation
ofcrestalbone heightaround osseointegratedim-
plants is often used as a primary success criterion
fordifferentimplantsystems. Radiographic evalu-
ationofboneisa very importantandviable means
ofdetecting health and stability of bone aroundthe
peri-implanthardtissue. Adecrease ofcrestalbone
levelindicates thatthe implant is loosening its bo-
ny anchorage.

The aim ofthis study is to examine the effect
ofseveralvariables on marginal bone loss around
implantsupporting fixed restorations. Inspite of lack
ofconsensus onwhatfactors affectmarginalbone
loss, the generally accepted guidelines forimplant
inducedbonelossis same asdescribed by Alberk-
tssonin 1986 that the success criteria for implant
include average bone lossshouldbelessthan1.5
mm in thefirstyear of service, and thereafter less
than 0.2mm annually.*Jung, etalin his studies re-
ported that more than 50% of the total bone loss
recorded in 12 months period occurred during the
first three months. Therapidinitial bone loss might
be the result of periosteal elevation, surgical trau-
ma, the preparation ofthe recipientbed and stress
concentrationfrom excessive tightening oftheim-
plant.’’ Roccuzzo etalin his study described that
the mean marginal bone loss of 0.65 mm for im-
plants after 6 weeks loading and 0.77 mmafter12
weeks loading was observed whencomparing 68
implants subjectedtoinitialloading by the common
technique.'

Various causes of greater crestalbonelossin
the 1tyear ofimplantfunctionare surgicaltrauma,
occlusaloverload, peri-implantitis, presence of mi-
crogap, reformation of biologic width and implant
crestmodule design. Ithasbeendocumentedthat,
subtle changesinshape, length, widthandnumber
of endosseous implants can influence success
rate.®

Variousimagingradiographs are available for
the evaluation of the recipient site, such as IOPA
radiographs, panoramicradiograph, CBCT, oblique
cephalometric radiographs, digital subtraction ra-
diography. Radiographs are helpful in assessing
stress concentrationaround implants, thereby ob-
viating excessive alveolarbone loss.22Forthis stu-
dy CBCT and digital-RVG had been used for as-
sessing crestalbone loss and then compared the
values betweenboth of them. The RVG wastaken
usinglong cone parallelingtechnique with the help
of radiographic film holders (Rinn XCP; Densply)

to minimize distortion and errors. Both RVG and
CBCT was taken at the time of loading and after
one year of loading. This invivo study was under-
taken to compare the crestalbone loss occurring
along the implants of differentdiameters, surface
coating, and single versus multiple implants and
also to find out the difference between values of
both CBCT and RVG.

Implant surface treatment

The surface texture plays a very important
role in osseointegration process. The composite
effectofsurface energy,composition, roughness,
andtopographyinfluencesthe biologicalresponse
ofthelocaltissueinterms of protein adsorption and
cellular adherence.

Calcium phosphate surface coated implants
that were used in this study, is a resorbable blast
media which does not involve acid-etching, once
the surface was coatedwiththe active layerandthe
inventors claimthe ill-effects of acid etching such
asboundarydegradationas asurface thatis 100%
free of acid residues is formed.

Rajpal in his study has suggested that rough
surface implants show less bone losswhencom-
pared to smooth surface implants.:2Jimboetal in
2013 did a study to evaluate the early integration
of5commercially available implants andfoundthat
inall five groupsthe trabecular regions were cha-
racterized by woven bone formationwhich was in
close contact with the implant surface.!* All the
above study shows similarresults as of our study.
Thepossible reason of calcium phosphate showing
lessresorptionmightbe duetothe factthatthe sur-
faceroughnessandmicroporesonthe Group1im-
plantwillhelptoconvertpartofthe shearforce com-
ponentinto compressive and tensile component.
Theadjacentcrestalbone osseointegratesintothe
micropores, elevations and depressions of the
rough surface of implant.

Fromthe results obtained in our study, it can
be observedthat,overallaverage crestalboneloss
of Group 1 at the time of loading using RVG was
0.35mmand average crestal bone loss of Group
2was0.755mm.The overallaverage crestalbone
loss of Group 1 at the time of loading using CBCT
was 0.454 mm and average crestal bone loss of
Group 2 was 0.979 mm. Difference of bone loss
with both types of implants using different radio-
graphsatthis stage was statistically significant. Sur-
gicaltraumaand lack of positive stimulationdue to
occlusal forces may have caused this observed
bone loss and these observations are commensu-
rate with other studies.*®
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Aftertwelve months ofloading theimplantsie.
oneyearofimplantservice,averageannualcrestal
bone loss with Group 1 implants using RVG was
0.422 mm and with Group 2 implants was 1.122
mm. The difference in crestal bone loss between
Group 1 and 2 was statistically significant on the
mesial, distal, and lingual side of the implants. On
the buccalside, the difference was notstatistically
significant,thoughaverage bonelosswasmoreon
the buccalside as compared to other three sides.
The reason for greater bone loss on buccal side
could be that the buccal plate is more dense and
compact as compared to the interdental bone or
thelingual plate,hence hascomparativelylessvas-
cularizationand healing potential. Average crestal
bonelosswas maximumonthe buccal side of im-
plants, followed mesial, lingual and distal sides.
Using CBCT,the crestalbone losswas 0.574 mm
in Group 1 and 1.402 mm in Group 2. Both these
figures are below 1.5 mm of annual bone loss in
thefirstyear ofimplantservice andfulfilthe success
criteria as described by Albertsson.*

Implant diameter

In the present study, the crestal bone loss in
relationtothe size ofthe dentalimplantwasevalua-
tedusing CBCTand RVG. Allimplantswere placed
atthe samelevel of the crestal bone and have the
same length but different diameter. Group 1 with
diameter of 3.75x10 mm and Group 3 with diame-
ter of4.2x10mmwas used. Taking the size of im-
plant into consideration, the mean crestal bone
around Group 1 at the time of loading using RVG
was 0.355mm and after one yearwas0.462 mm.
The overall average bone loss of Group 3 using
RVG atthetime ofloading was 0.255mmand after
oneyearwas0.452 mm. Group 1with 3.75x10mm
diameterimplanthas the highest bone loss at the
end of the first year in comparison to 4.2 mm im-
plants. This pattern of bone crestal bone losswas
maintained atthe end of one yearofevaluation. The
difference in the crestal bone level at the time of
loading and after one year between different im-
plant diameters were not statistically significant.
Mesial side shows more bone lossthan distal side
at both time intervals.

Bonelossmeasuredusing CBCT atthetime of
loading in Group 1 was 0.454 mm and in Group 3
was 0.255 mm. After 12 months values in Group 2
was0.574mmandin Group 3was0.361 mm.The
p-values for both mesial and distal aspects of im-
plants were found to be non-significant (p<0.05 is
highly statistically significant). Thus, in this study,
the bone loss was found to be non-significant for

both 3.75 mm and 4.2 mm diameter implants on
both mesial, distal, buccaland lingualaspects ofim-
plants.Ding hasreported thatincreasing thediame-
terandlength ofthe implant decreased the stress
and strain on the alveolar crest and the diameter
had a more significant effect than length to relieve
the crestal stress and strain concentration.’* There
are many studies which supports the result of our
study.”1®

Single implant versus multiple implant

Whentwo ormore consecutive posteriorteeth
are missing, eachtoothhastobe separatively res-
tored by single toothimplant. Splinting multiple im-
plants to replace the consecutive teeth has been
thoughtto helpindistribution of functionalloadsand
therefore reduce marginal bone loss.*”However,
single-toothimplantrestorationhas shown predict-
ablelongtermresults.?®2tInaddition, separate sing-
le-tooth implants are advantageous in aesthetic
and passive framework fitwhile splinted implants
effectively distribute functional loads.??23

Inour study, we compared and evaluated the
marginalbone changes between functionallyload-
edsingleand multiple implants inthe posteriorjaws
for up to 1 year. Overall crestal bone loss around
singleimplantusing RVG atthe time ofloadingwas
0.355mmand after one year was 0.422 mm. The
mean crestal bone loss around multiple-implant
using RVG at the time of loading was 1.044 mm
andafter one year of loading was 1.417 mm. itis
observed that multiple-implantshows statistically
significant bone loss at both intervals. The CBCT
valuesof Group 1was 0.454 mmatthetime ofload-
ing and after one year was 0.574 mm whereas
Group 4 shows 1.153 mm at the time of loading
and1.467 mmafteroneyearofloading. The CBCT
valuesalso shows statistically significantboneloss
in single implants when compared to multiple im-
plants. Kwon, et al in his study stated that sepa-
rate single-tooth implant restorations to replace
consecutive missing teeth may clinically function
well in the posterior.?#This study alsoisinaccord-
ance with our results.

Radiographs
Periapicalradiographyrepresentsagenerally
accepted method to assess the longterm evalua-
tionofinterproximal crestalbone changes ofosseo-
integratedimplants; however, the sensitivity for de-
tecting smallchangesinbonelevelislow.2 Amajor
limitation of periapical radiographs is thatonly two
dimensional-images can be obtained and super-
imposed bone structuresinthe interproximal areas
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are visualized. These limitations can be resolved
with three-dimensional scanning techniques such
as CBCT;whichcanimprove the detection of ana-
tomical sturcturesand have the capacity toassess
bone quality in greater detail.?’A possible draw-
back of 3D scanningsis the higher radiation dose
received bythe patientcompared withthe 2D-ima-
ging-techniques.?’

In our study, the values obtained from CBCT
shows highervaluewhen comparedto RVG. How-
ever, the values were not statistically significant.
Theoverallcrestalbone lossusing RVG onmesial
sideatthe time of loading and after one year was
0.622+0.38 mm and 0.85+0.50 mm respectively
and on distal side was 0.58+0.36 mm and 0.80+
0.48 mm, respectively. The overall mean crestal
bone loss using CBCT on mesial side at the time
of loading and after one year was 0.730+3.7 mm
and0.977+£0.49mmrespectivelyandondistal side
was0.694+0.11 mmand0.911+0.10 mm respect-
ively. The p-values for both mesial and distal as-
pects ofimplants were found to be non-significant
(p<0.05) is highly statistically significant. The re-
sult of this study is in accordance with study con-
ducted by Adelletalwhodeterminedthatthe mean
bonelossforBranemark osseointegrated implants
was 1.5 mm for the 1% year.?®

Thesample size ofthe studyislimited. There-
liability of radiographic methods for the assess-
ment of marginal bone level around oral implants
is influenced by technical factors such as X-ray
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ABSTRACT

Alginate isthe mostcommon used impression material because it is easy to use, affordable, and wellaccepted by
patients. When impression is performed, alginate would be in contacting with the surface of the oral cavity and Sali-
va.ltcaused the microflora, like Candida albicans would adhere to the surface so that it can cause cross-infection.
Cross-infection prevention could be done by disinfecting the impression material before filling with gypsum. Themain
thing of choosing a disinfectant is that the disinfectant material could eliminate microorganisms and affect the di-
mensional stability ofimpression material. This study aimed to determine the effect of alginate impression disinfecti-
onwith sodium hypochlorite and castor oil (Ricinus communis oil) onthe C.albicans counts and the dimensional sta-
bility of the study model. The sample of C.albicans was counted by colony counter and the dimensional stability test-
ed by digital caliper. This study showed that alginate impression desinfection with castor oilhad almost the same ef-
fectivenessas sodiumhypochlorite in reducing the C.albicans counts, but the dimensionwas changed eventhough

the value of the dimensional changes is still within the tolerance limit.
Keywords: alginate, sodium hypochlorite, castor oil, Candida albicans, dimensional stability

INTRODUCTION

Dental Impressionis the stage of making the
negative imprint of the oral cavity tissue obtained
from the impression material using an impression
tray or custom impression tray into the oral cavity
untiltheimpressionmaterialis setting, then theim-
pressionwas made into a study model or working
model. Alginate is the mostcommonused material
because itis easy to use, affordable, and well ac-
cepted by patients.?One study found that 67% of
the materials dentists sentto the dental laboratory
were contaminated with Streptococci, Staphylo-
cocci, P.aeruginosa, methicillin-resistant S.aureus
(MRSA), and Candida spp.Candidaalbicans are
normalmicroflorainthe oral cavity,whichis 45%in
neonates, 45-65% in healthy childrenand 39-45%
in healthy adults, 50-65% in removable denture
wearers, 90% inchemotherapy patients, and 95%
in HIV patients. C.albicans could be pathogenic
and causesopportunistic infection ifthere were pre-
disposing factors such as lowsalivary pHandlow
salivary flow, toothloss, poororalhygiene, weaken-
edimmune systemand systemicdiseases. C.albi-
cans count in the oral cavity will increase if there
is one of these predisposingfactors. Thisallowed
cross-infectionfrom patients, tools,andimpression
materials to dentists and dental technicians in the
dental laboratory, thus preventing infection trans-
mission and reducing cross-contamination before
theimpressionsare sentto the laboratory, infection

control must be carried out by disinfecting theim-
pression before filling it with dental stones.>”
Therearetwotypesofimpressiondisinfection,
such as immersion and spraying. Saber claimed
thatimpressiondisinfectionby immersion showed
the same antimicrobial activity with the spraying
technique.eAlginate impression should notbe soak-
edfortoolongindisinfectantliquid becausetheim-
pression quality would decrease due to waterabs-
orption. The sprayed alginate impressionhad smal-
lerdimensional changes compared tothe immers-
becauselessliquid wasabsorbed. The dimension-
al stability of the alginate impression is a critical
aspecttothe success of making accurate impres-
sion. Therefore, the spraying was the most effect-
ive technique toreduce imbibition that could affect
the dimensional stability ofthe impression. Before
disinfecting,theimpression materialwasrinsed un-
der running water to clean the debris and saliva
attached. Thereafter, the impression was sprayed
with 3 mL of disinfectant solution for 30 seconds
ata distance of £5 cm and the impressionwasin-
serted intoasterile plastic clip bag for 10 minutes.
Accordingtothe American National Standards Ins-
titute/American Dental Association (ANSI/ADA)
specificationNo.18 changesin dimensionsthatoc-
cur in impression material less than 0,5%.°
Chemical disinfections were recommended
by ADAguidelines because they arevirusids, bac-
tericids, and sporosids. Disinfecting materials that
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were often used to disinfect impression material
weredivided into two types,namely non-traditional
andtraditional chemicals.**Sodium hypochlorite is
acommonly used, has prices that are not too ex-
pensive and show good bactericidaland fungicide
properties compared to other chemical disinfect-
ants.1 Sodium hypochlorite also has disadvanta-
ges,suchasthe compoundirritatingmucous mem-
branes,unpleasantodor,anda corrosive effecton
metals. Therefore,itwas necessaryto search alter-
native natural materials with non-toxic disinfectant
properties to prevent cross-infection.*? One of the
natural products that is commonly being studied
in medicine is castor oil. It is relatively safe, bio-
compatible in periapicaltissue, antimicrobial, bac-
tericides, fungicides, and anti-inflammatory.*?
This study was aimed to analyze the effect of
alginateimpressiondisinfectionwith 0.5% sodium
hypochlorite and 10% castoroil on C.albicans count
and dimensional stability of the study model.

METHODS

Theresearch sample for calculating C.albicans
counts usedalginate impression obtained fromthe
impression to the master model, while the sample
formeasuring dimensionalstabilityinthe studywas
astudy modelmade by the type Il plaster obtained
fromthe resultsof pouringthe maxillary mastermo-
del. The modelwas preparedwitharound buronthe
mesioincisal of right central incisive, cusp of me-
siopalatal of left first molar,and cusp of mesiopa-
latal of right first molar which was used as antero-
posterior (AP) line and cross arch (CA) line.

Preparation of alginate samples

In the manufacturing of alginate impression
samples,the master modelwas firstdisinfected by
spraying 70% alcoholto avoid contamination with
othermicroorganisms. Alginate impression materi-
alwitharatioof powderandliquid according to the
manufacturer's instructions was put into a rubber
bowland stirred with aspatulauntilhomogeneous.
Alginate impression material thathas beenhomo-
geneous is inserted into the appropriate tray and
thenimpressed onthe mastermodel. Aftersetting,
then the tray is removed from the master model.

Procedure for making castor oil 10%
Prepare al10mL of castoroilsolution anddis-
solveitinto 100 mL of aquadest by adding0,5mL
of Tween 80 solvent. The solution is stirred until
homogeneous, then filtered with paper filter.

Candida albicans counts
The samples were divided into 3 groups; they

are Al (aquadest), A2 (0.5%sodium hypochlorite,
and A3 (10% castor oil). The impressions were
stored in a plastic bag for 10 minutes, swabbed
usingacottonswab and transferred to a test tube
containing phosphate-buffered saline. The testtu-
bes were vibrated using a vortex for 30 seconds
sothat Candidaattached to the cotton swab could
bereleased.Using amicropipette, 100 uL of phos-
phate buffer saline containing the C.albicans was
transferredtoapetridish. Pourthe thawed Sabou-
raud dextrose agarinto a petridishandthengently
shake it over a flat surface and leave it until hard-
ens. The petridishwas putinto the incubator for 24
hours at 37°C. C.albicans counts was carried out
after 24 hours being removed from the incubator,
using a colony counter.

Dimensional stability (DS) measurement
Inmeasuring dimensional stability, the conta-
minated alginate impression was rinsed with run-
ning water for 15 seconds. The samples were di-
vided into 3groups, namely group B1 (aquadest),
group B2 (sodium hypochlorite 0,5%), group B3
(castor oil 10%). The alginate impressions were
sprayedwith 3mL of disinfectantsolutionfor 30 se-
conds atadistance 5cm. Eachimpressionwasin-
serted into asterile plastic clip bag for10 minutes.
The alginate impression was filled using a type-
[l dental stone on top of the vibrator and waited
until the cast setting for about45-60 minutes and
then removed. The measurements were carried
outby measuring the distance fromthe mesioincisal
rightcentralincisorto the mesiopalatal cusp of the
maxillary left first molar (AP line) and measuring
the distance between the mesial cusp of the pala-
tal right first molar to the mesial cusp of the palatal
left of the left firstmolar maxillary (CA line) using a
digitalcaliper. The percentage of the dimensional

changing obtains by using the formula

Master model — gypsum model
DS = x 100%
Master model

RESULT

Afterthe univariate analysis, C.albicanscounts
inalginate impression after disinfectionwas known
group Al,the smallestvalue was 18 CFU/mL,the
largestwas 43 CFU/mL,and the meanvaluewas
27.70£8.02.1n group B1 the smallestvalue was0
CFU/mL,the largestvaluewas 1 CFU/mL,andthe
meanvaluewas 0.20+0.42. Ingroup C1the small-
estvalue was 0 CFU/mL, the largest was 3 CFU/
mL,and the mean valuewas 1.00+0.81 (Table 1).

Thedimensionalstability value ofthe study mo-
delingroup A2 viewed from the AP line the small-
estvaluewas0.084% andthe largestwas 0.225%,

DOI: 10.46934/ijp.v3i1.36



Indonesian Journal of Prosthodontics June 2022; 3(1): 47-52

49

Table 1 C.albican countsinalginate impression after disinfection with sodium 0.5% hypochlorite and 10% castor oil

C.albicans counts (CFU/mL)

Sample Aquadest (Group Al) Sodium Hypochlorite (Group B1)  Castor oil (Group C1)

1 19 1** 1*

2 25 0* 3r*

3 35 1 1

4 27 0 0

5 18* 0 0

6 22 0 1

7 24 0 1

8 36 0 1

9 28 0 1

10 43* 0 1
X+SD 27.70 £ 8.02 0.20+0.42 1.00+0.81

Table 2 The dimensional stability value of the study model after disinfection with sodium hypochlorite 0,5% and

castor oil 10% viewed from AP dan CA line

The dimensional stability value of the study model (%)

Sample Agquadest (Group A2) Sodium Hypochlorite (Group B2) Castro oil (Group C2)
AP CA AP CA AP CA

1 0.084* 0.115 0.169* 0.231 0.112* 0.202*
2 0.140 0.086 0.309 0.289 0.169 0.231
3 0.112 0.057* 0.252 0.202* 0.281 0.289
4 0.169 0.115 0.366 0.376 0.366 0.202
5 0.197 0.144 0.479* 0.550** 0.309 0.347
6 0.112 0.086 0.422 0.434 0.422 0.492*
7 0.225* 0.057 0.281 0.463 0.253 0.405
8 0.197 0.115 0.338 0.347 0.281 0.463
9 0.140 0.202* 0.450 0.289 0.450** 0.318
10 0.169 0.173 0.253 0.318 0.338 0.347

X+SD 0.154+0.044 0.115+0.047 0.332 +0.098 0.349+0.108 0.298 +0.104 0.329 +0.102

and the mean value was 0.154%+0.044, viewed
from the CA line the smallest value was 0.057%
and the largest was 0.202% with the mean value
was0.115%0.047.In group B2 viewed from the
AP line thesmallestvalue was 0.169% and thelar-
gestwas 0.479% withthe meanvaluewas0.332%
+0.098;viewed fromthe CAline the smallestvalue
was0.202% and the largest was 0.550% with the
meanvaluewas 0.349%:+0.108.Ingroup C2, view-
edfromthe AP line the smallestvaluewas 0.112%
and the largest was 0.450% with the mean value
was 0.298%:+0.104; viewed from the CA line the
smallest value was 0.202% and the largest was
0.492% with the mean values was 0.329%+0.102
(Table 2).

Thenormality testwas carried outon C.albicans
counts using Shapiro-Wilk test and an abnormal
distribution was known;so to determine the effect
of disinfection of alginate impression with group
Al,group B1,group C1lonC.albicanscountswas
tested statistically with the Kruskal-Wallis test.
That found a significance level 0.0001 (p <0.05).
Itindicates thatthere was an effect of disinfection
ofalginate impression disinfection withgroup A1,
groupB1,groupClonC.albicans counts(Table 3).

Table 3 Effect of alginate impression disinfection with
0.5% sodium hypochlorite and 10% castor oil on C.albi-
cans counts

C.albicans Counts

Group N %+ 9D p
Al 10 27.70+8.02
B1 10 0.20+0.42 0.0001*
Cl 10 1.00+0.81

The result of normality test of dimensional sta-
bility value using the Shapiro-Wilk testwas an ab-
normal distribution so that to determine the effect
of alginateimpressiondisinfection with group A2,
group B2,group C2 on study models dimensional
stability, the study models were tested statistically
withthe one-way Anovatest. The results ofthe sta-
tistical test from the AP line obtained a significant
levelofp = 0,0001 (p <0,05) and from the CAline
obtained a significantlevel of p=0.0001 (p <0.05).
Itindicates that there was an effect of disinfection
of alginate impression with group A2, group B2,
group C2 ondimensional stability value (Table 4).

DISCUSSION
C.albicans counts in groups A1, B1, C1 had
different variations. The difference in C.albicans
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Table 4 Effect of alginate impression disinfection with
0.5% sodium hypochlorite and 10% castor oil on dimen-
sional stability value of the study model

The dimensional stability value (%)

Group Line n X+ SD p
A2 10 0.154+0.044
B2 AP 10 0.332+0.098 0.0001*
Cc2 10 0.298+0.104
A2 10 0.115+0.047
B2 CA 10 0.349+0.108 0.0001*
Cc2 10 0.329+0.102

counts were caused by effectiveness differences
ofdisinfection betweenaquadest,0.5% sodiumhy-
pochlorite, and 10% castor oil. Group Al showed
the highest C.albicans counts compared to other
groupsbecausethe aquadestdoesnotcontainany
disinfectants, so C.albicans was stillattached to the
alginate impression. It showed thatwashing the al-
ginate impression underrunningwater could only
reduce the number of microorganisms attached
totheimpression by 40-90%.%4Therefore,the ADA
saidimpression materials beenwashedunderrun-
ning water should be disinfected before pouring
to preventcross-infection to operators and dental
laboratories.?Group B1 showed the leastamount
of C.albicanswhere the chlorine content in the re-
leased sodiumhypochlorite adheredtothe cellcy-
toplasmwhich could destroyimportant C.albicans
proteins.t®

Theresults ofthis study are in accordance with
Ahirwar's research which shows that the amount
of microorganisms in alginate impression is less
after disinfection with sodium hypochlorite com-
paredto aquadest.z¢ Group C1 also showed alow-
eramountofC.albicans than group A1 where the
sodiumricinoleate componentin castor oilcorrela-
ted withadecrease in acid production, therebyin-
hibiting the formation of biofilms.*"*8 The results of
this study are in accordance with the research of
Hanoem; disinfection of alginate impression with
50% neem oilshowed a smaller amount of micro-
organism colonies compared to aquadest.’® The
results ofthis studyare in accordance with Basofi's
research that disinfection of alginate impression
with galangal rhizome decoction showed fewer bac-
terial colonies thanaquadest.?° The results of this
study are also in accordance with the Trivedi re-
searchthatdisinfection ofalginate impressionwith
aloe vera showed a lower amount of C.albicans
compared to aquadest.?*

Values of DS were varied in each sample in
one group; they might be due to the simple mea-
suringtoolsused such asdigital calipers which al-
lowscratchesonthe distance between linestobe

measuredinthe study modelsoit can cause inac-
curate measurements by the operator. In addition,
the compressed stress was not matched by the
strain when releasing the spoon from the master
modelwhichwas notfastenough, sothatthe stress
received would be greater than the strain, this
could cause permanent deformation.?? Another
possibility that could affectdimensional stabilitywas
air humidity. Accordance Arini, et al alginate im-
pressionstoredin plasticwould expand duetohigh
humidity.2Based on ADA specification No.18, the
dimensional stability value of the study model in
the three groups (A2, B2, and C2) was still within
tolerable limits (<0.5%). Group A2, the mean va-
lue of dimensional stability was smaller than the
othergroups because in the control group, the al-
ginateimpressionwasonly sprayed withaquadest,
so that the dimensional stability did not change
too much. Group B2 showed an average value of
dimensional stability thatis greaterthangroup C2
where sodium hypochlorite when reacted with wa-
terwould decompose slowly, whichwouldrelease
chlorine, oxygenand sodium hydroxide causingan
oxidation process. Oxygenwasastrong oxidizing
agent that could cause pressure fluctuations in
the solution. During the disinfection process, the
sodium hypochlorite solution was in contact with
the alginate impression material, the imbibition
nature of the alginate which absorbed water and
the pressure onthe absorbed solution causes the
alginate impressionto expand and the dimension-
al stability of the study model can change?*

Group C2shows a smaller mean value of di-
mensional stability than group B2, this might be
due to the presence of phenol in castor oil which
whenin contactwith alginate impression material
would cause an esterification reaction that produ-
cesesters, such asthereaction of ester formation
by bonding with carboxylic acids which form an
ester contained in the chemical structure of the
alginate impression material. The esterificationre-
actionwould produce esters and H-0, while algi-
nate had propertiesthatwere easy to imbibe cau-
sing the increase of the disinfectant solution ab-
sorptionand affecting the dimensional stability of
the study model.®242

GroupB1showedthe greatestdecreaseinthe
amount of C.albicans caused by the disinfectant
effect of sodium hypochlorite where the chlorine
content of the released sodium hypochlorite ad-
heres to the cell cytoplasm which could destroy
important C.albicans proteins. The results of this
studywereinaccordancewiththe researchof Bus-
tos, etalintheirresearch explaining that 0.5% so-
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dium hypochlorite couldreduce the amountofbac-
teriaincluding C.albicansinalginateimpression.?
The results of this study were also in accordance
with research by Badrian, et al which showed a
reduction in the amount of C.albicans in alginate
impression afterbeing sprayed using 0.525% so-
dium hypochlorite solution bacterial coloniesonal-
ginateimpression after spraying with 0.5% sodium
hypochlorite.?’ The results of this study are in ac-
cordance with Ahirwar's research thatthere wasa
reduction in the number bacterial colonies on al-
ginate impressionafter spraying with 0.5% sodium
hypochlorite.*®

Group C1 showed adecrease in the amount
of C.albicans. The main component of castor oil,
such as sodium ricinoleate, correlates with a de-
crease in acid production which can inhibit the
formation of biofilms. Castor oil had bactericidal
andfungicidal effectsbecauseitcontains substan-
ces such as alkaloids, saponins, tannins, terpe-
noids, steroids, glycosides, phenolics, and flavo-
noids.? According to Pisani, etal castor oil had a
detergent action against microorganisms asso-
ciated with cellwalldamage, allowing cytoplasmic
components to disappear and resulting inthecell
death.!” The results of this study were in accord-
ancewiththe research of Hanoem, etal in their re-
search concludedthat50% neemoilsprayingwas
effective inreducing the amountofmicroorganism
colonies on alginate impression.® The results of
this study are also in accordance withthe research
of Basofi, et al that there are differences in the
amount of bacterial colonies on alginate impres-
sionafterimmersedwith galangal rhizomedecoc-
tion.?° According to Trivedi, etal spraying disinfec-
tionwith aloe vera effectively reduced C.albicans
counts in alginate impression.?!

Disinfection ofalginate impressionwith 0,5%
sodium hypochlorite ingroup B2 showed an effect
onthe dimensionalstability ofthe study model. This
was because sodium hypochlorite when reacted
withwater would decompose slowly, which would
release chlorine, oxygen, and sodium hydroxide
causing an oxidation process. The oxygen was a
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ABSTRACT

Background: Systemicdiseases may impact osseointegration of dental implants. Osteoporosis has become one
of the concerningdiseasessince its prevalence reached 18.3% in the world and 10.3%in Indonesia. Itis character-
ized by the decrease in bone thickness, alteration of trabecular structures, and increase in ratio of carbonate and
phosphate, making the bone more fragile and prone to fracture. Consequently, the issue ofbone quantity and qua-
lity will have a greatimpact on dental implant survival rate. Objectives: To know the effect of osteoporosis on survi-
valrate and osseointegration of dentalimplants. Conclusion: Dentists should be more cautious if patients receiving
dental implant treatment have a bone mineral density score of -2.5<T-Score<-1and an estrogen deficiency, be-
cause bothare directly related to osteoporosis. Consumption of bisphosphonates should also be asked because it
could cause osteonecrosis ofthe jaw. Most studies show no significantdifferences between survivalrate ofimplants
placed onosteoporotic patients and healthy patients after ashorttime period, 0-1 year. However, most studies show

significant differences after a long time period, 5-7 years, so evaluation of implants is recommended.
Keywords: survival rate, osseointegration, dental implants, osteoporosis

INTRODUCTION

Overtime, dentalimplanttreatmentreplacing
singletoothloss to edentulousjawhasbecome po-
pular. One of the keys to success of dental im-
plantsis osseointegration. Patients oftencomewith
specific medical conditions or the consumption of
certaindrugs that can affect the osseointegration
ofdentalimplants. Severaldiseases such asdiabe-
tesmellitus, cardiovasculardisease, hypothyroid-
ism,rheumatoid arthritis and osteoporosis may af-
fectthe osseointegration of dentalimplants.! There
are 86 studiesintotalbeingassessedforthe preva-
lence of osteoporosis worldwide. From 86 studies
withatotalof103,334,579 samplesranginginage
from 15-105years,the prevalence of osteoporosis
inthe worldwas 18.3%.2In Indonesia, osteoporo-
sis needs to be concerned because it has a pre-
valence of 10.3%, which means that 2 out of 5 In-
donesians are at risk for osteoporosis.® Osteopo-
rosisischaracterized by adecrease in bone thick-
ness,changesintrabecularbone structureandin-
crease in the ratio of carbonate to phosphate so
that the bone becomes susceptible to fracture.*

Based onthe World Health Organization, the
diagnosis of osteoporosisis established based on
thevalue of bone mineral density (BMD)-2,5<T-
score <-1.0.°Osteoporosisis classified into prima-
ry and secondary osteoporaosis, type | primary o0s-
teoporosisiscloselyrelated to low levels of estro-
trogeninpostmenopausalwomen. The decrease
inestrogenlevelsinwomenoccursabout2-3years
before enteringthe menopause phase andwillcon-

tinue for 3-4 years after entering the menopausal
phase.SEstrogenisessentialforbone metabolism;
deficiency ofthe hormone causes inhibition of os-
teoclastcell apoptosis, resultingin bone loss until
fracture.’

Tooth loss can lead to reduced quality of life
for a person because it causes problems in mas-
tication and aesthetics. One of the treatments to
replace missing teeth is dental implants. Adental
implant is a form of metal screw that is implanted
in the jawbone to support a crown, partial or full
dentureorprosthesis.8 The choice of dentalimplant
treatment has now drastically increased due to
osseointegration ability ofimplantstobone, sothe
success rate is high and the risk of complications
is low.2Calculation of the success or survival rate
oftheimplantisbasedon4clinical categories which
contain conditions of success, satisfactory survi-
val,compromised survival,and failure. Animplant
is said to have failed if it had to or had been re-
moved.°

Successofdentalimplanttreatment is highly
dependent on osseointegration. Failure of bone
osseointegration with dentalimplants occurswhen
bone decreases in mass anddensity.1: The estro-
trogendeficiency causestype-1primary osteopo-
rosis (post-menopausal osteoporosis) resultingin
adecrease inbone mass by 2-5% per year and a
decrease in trabecular bone density by 50% and
corticalbone by 35%.'?>Therefore, osteoporosis is
considered to be one of the risk factors for dental
implanttreatment.!' This study aims tofurtherana-
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lyze osteoporosisas arisk factor for dentalimplant
treatment and its effect on survival rate.

LITERATURE STUDIES
Osteoporosis

Osteoporosis is a multifactorial disease that
interferes with the bones, including maxilla and
mandible, characterized by the decreased bone
strength and increased risk of bone fracture. Os-
teoporosis risk factors are genetic, intrinsic, exo-
genous and lifestyle that influence each other.:®
Osteoporosis’ particular features are a decrease
inbone densityandbone quality. The disease cau-
ses the decrease in bone thickness, mineral level
of the bone, changes in trabecular structure, and
an increase in ratio of carbonate to phosphate so
that the bone becomes susceptible to fracture.
This greatly affects the treatment in prosthodon-
tics which requires good bone quality.*

Classification of osteoporosis

Based on the cause of the disease, osteo-
porosis is classified into primary and secondary.
Primary osteoporosis is divided into two types.
Type 1, called postmenopausal osteoporosis, is
associated with low levels of estrogen. The de-
creaseinestrogen levelsinwomendoesnotoccur
during the menopausal phase,butabout2-3years
before entering the menopausal phase and will
continue to be persistent until 3-4 years after the
menopause. Type-2 is osteoporosis associated
with old age, calcium and vitamin D levels in the
bones. Individuals over 70 years ofage have twice
the risk of osteoporosis than people with type-1
osteoporosis. The cause of secondary osteoporo-
sisarediseasessuchasEhler-Danlos syndrome,
hyperthyroidism, hypothyroidism, Cushing’s syn-
drome, result of a surgery, ortakingdrugsthat ac-
celerate bone loss.®

Pathophysiology of osteoporosis
Homeostasis of human bone is maintained
by the presence of three main cells that play a
role in bone remodeling, namely osteocytes, os-
teoblasts and osteoclasts. The process of bone
remodeling can repair bone damage, maintain
bone structure and homeostasis of calcium and
phosphate, which are importantminerals in bone.
To maintain its strength, bone needs to hold re-
sorption and new bone formation continuously.*
In osteoporosis, the process does not run nor-
mally. The number of osteoprotegerin (OPG) re-
ceptors decreased so that they could not bind to
the receptor activator of nuclear ofkappa-B ligand

(RANKL) optimally, as a result there was no inhi-
bition of osteoclast differentiation and decreased
osteoclastapoptotic activity. Increased osteoclast
activity causes animbalancein the function of os-
teoblasts-osteoclasts, resulting in a decrease in
bone mass leading to bone loss.®

Bone mineral density

The BMD is avalue obtained fromthe amount
of inorganic minerals in bone. The BMD value is
influenced by severalfactors, namely age, gender,
disease, genetics, and lifestyle.’> Determination of
the diagnosis of osteoporosis is by looking at the
BMDvalue. The normal BMD-value of adult hum-
anisT-Score>-1.Whereas osteoporosis patients
have an average BMD value of -2,5<T-Score <
-1.0.°BMD is one of the important risk factors for
bonefracturesin osteoporaosis patients. The lower
the T-Scorevalue thatdeterminesthe BMD value,
the greatertherisk ofa person’s bone fractures.*®

Estrogen deficiency

Estrogendeficiencyis associated with prima-
ry osteoporosistype-1or postmenopausal osteo-
porosis. Estrogenhas animportantrolein the ma-
turation, mineralization and maintaining the bone
mass.t” Estrogendeficiency accelerates boneloss
by stimulating the formation of inflammatory cyto-
tokines that act as osteoclast regulators, such as
IL-1,IL-2,IL-6 and prostaglandin-E (PGE).* When
estrogen levels in the blood fall below normal,
whathappensis an increase in osteoclast forma-
tion causing excessive bone resorption. Low es-
trogen also inhibits osteoclast cell apoptosis and
whenallofthem occur together, itwill cause bone
loss and eventually fracture.” The importance of
estrogen to bone was proven in a study conduct-
ed by Hendrijanti et al*?thatdecrease in estrogen
levelsin osteoporosis patients causes a decrease
inthe bone mass by 2-5% per year and adecrea-
sein trabecular bone density by 50% and in corti-
ticalbone mass by 35%. Estrogen deficiencywith
aging can interfere with bone formation processes
involving oxidative stress mechanisms.’

Aging

Older people are atgreaterrisk of osteoporo-
rosis. Entering the fourth decade of life, humans
will begin to experience a progressive decline in
BMDvalues. Theriskofbone fracturewillincrease
starting fromthe ninth decade of life and beyond.*®
When osteoporosis patients will undergo implant
treatment,ageis important to determine the prog-
nosis of successful installation. The elderly pati-
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entstendto have systemic health problems, have
poorbone conditionsandtheirhealingabilitiesare
not as good as when they were young.'*

Osteoporosis manifestation in the oral cavity

Osteoporosis canmanifestin bones through-
out the body, including the maxilla and mandible.
The manifestationsinclude decreased cementum
vascularity, alveolar ridge, jaw bone mass and
density and bone metabolic capacity as well as
changesinthe stomatognathic system due to the
patient’s low BMD, increased maxillary and man-
dibular porosity, periodontal tissue changes, and
increased the trabecular bone spacing. In addi-
tion, the temporomandibularjoint also undergoes
changes, in particular, reabsorption inthe condyle
area.Radiographicexaminationisimportantto see
the manifestations of osteoporosis in the oral ca-
vity, the commonly used is panoramic radiogra-

phy.19

Bisphosphonate therapy in the osteoporotic
patients

Osteoporosis patients often receive bispho-
sphonate over therapy. Intravenous administra-
tion of bisphosphonate causes the patient to de-
velop osteonecrosis of the jaw. The bisphospho-
nateswillaccumulate at the site of bone remodel-
ing centers that interfere with the bone replace-
mentprocess, cause surgical traumato the alveo-
veolar bone, increase postoperative drug accu-
mulation, and increase the risk of peri-implantitis
becausethe bisphosphonates reduce peri-implant
bone resistance to oralbacteria.'* Osteonecrosis
ofthe jawbecause ofbisphosphonatesis referred
to as Bisphosphonate (BP)-related osteonecrosis
of the jaw (BRONJ). Zoledronic acid in the bis-
phosphonates makes patients feel pain. BRONJ
manifests as necrotic bone in the maxillaor man-
dible. Its conditions can be exacerbated by infec-
tion with the actinomyces. For that, oral hygiene
osteonecrosis patients must be maintained to re-
duce pathogenic bacteria.?®

Implant treatment in prosthodontics among
patients with osteonecrosis need special atten-
tion. Meanwhile, the survival rate of implant pla-
cement in osteonecrosis patients within a period
of 1-4 years is still 100%. Siebert, et al showed
from 120 implants placed in the mandibular inter-
foraminal areain the group of osteoporosis patients
who received bisphosphonate therapy everyyear
and non-osteoporosis patientswhodid notreceive
bisphosphonate therapy results in no significant
difference, noimplantmobilitywas found andthere

was nodifference inthe mean marginal bone loss
and crestalbone lossin both groups of study sub-
jects.?°

Dental implants

Tooth loss is a problem that humans always
haveto face. During the era when food was mini-
mally processed, tooth loss would make the mas-
ticationand chewing processesless effective, en-
dangering the human survival. However, in this
modern era, survival is no longer a problem, due
to advancements in food processing. Now, aes-
thetic factors and the ability to enjoy various food
textures are the important reasons to replace lost
teeth.?

One of the ways of replacing the lost teeth is
throughdental implants. Dental implantis a metal
screwplacedinthe jawbonethrough surgical pro-
cedures, and acts as a replacement for lost root.
Dentalimplants can support single tooth replace-
ment as crowns, fixed partial or full dentures or
maxillofacial prosthetics.® A dental implant has 3
maincomponentswhichare 1)implantbody,inser-
ted into the bone, 2) abutment, on top of implant
body, 3) superstructure or denture. High success
rate and low risk of complications have made den-
talimplants frequently chosento repairaesthetics
and mastication processes of a patient.?%°

Indicationsand contraindications ofthedental
implants

Indications for dental implants are 1) repla-
cingasingletooth, 2) distalextensionbase, 3)com-
pletelyedentulous state,4)longedentulous spans,
5)whenafixed partialdentureis compromised due
to weak support, long edentulous spans, cantile-
ver,and unfavorable numberand location of abut-
ments, 6) when full denture is compromised by
poor muscle coordination, low mucosaltolerance,
compromised supporting tissues, parafunctional
habits thataffectdenture stability, unrealistic pros-
thodontic expectations, hyperactive gagreflex,and
patient’s requirement for fixed dentures and psy-
chologicalinability towear removable dentures.??

Contraindications for dental implants are di-
vided into two categories, absolute and relative.
Absolute contraindications are 1) high dose irra-
diated patients, 2) hematologic systemicdisorders,
3) psychiatric problems, such as psychosis and
dismorphophobia, 4) surgical contraindications
dueto systemic conditions. Relative contraindica-
cationsare 1) low dose irradiated patients, 2) dia-
betes, 3) smoking, alcohol consumptionanddrug
abuse,4) childrenupto 18yearsold (untiljawbone
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growth has stopped), 5) pregnancy.??

Survival rate of dental implants

On the 5th Octoberof2007,aPisa, Italy Con-
sensus Conference sponsored by International
Congress of Oral Implantologists (ICOI), modified
James-Misch Health Scale and agreed on four
clinical categories. They consistofsuccess, satis-
factory survival,compromisedsurvival,andfailure.
Success category describes implant in optimal
condition, survival category describes a function-
ing implant but not in ideal condition, and failure
category describesimplantsthat must be or have
been removed.°

Table 1 Health scale for dental implants.*°

Implant Quality Scale
Group Clinical Conditions

iccess (optimum health)

Il. Satisfactory surviva

DISCUSSION
Effect of osteoporosis on the dental implant
survival rate

Humanbone metabolism goesthrough a ba-
lance between bone formation and bone resorp-
tion that occurs throughout life. If at any time this
process is disturbed until an imbalance occurs,
for example, systemic skeletal disorders such as
osteoporosis, later the bones will become more
brittle, lose strength (decreased bone mass) and
are atrisk of fracture. The balance of this process
is also very closely related to the estrogen hor-
mone. In general,adeficitof estrogen can disrupt
the balance ofbone metabolism,increasing osteo-
clastogenesis so that the formation process de-
creases and is dominated by the bone resorption
process, makingbone mass and quality decreases
andisatrisk forfracture, this condition is often the
cause of patients with primary type-1 osteoporosis
orwhatis often called osteoporosis postmenopau-
sal.?®

Although studies have shown association of
osteoporosis with smallimplant failure, bone qua-

lity still plays amajor role as abenchmark for good
implanttreatmentoutcomes. So, in systemic con-
ditions where there is a decrease in bone quality
and quantity, suchas osteoporosis,needto be con-
sidered before implant treatment in patients. To
helpdentists diagnose osteoporosis as arisk factor
for implant treatment, the WHO has determined
the criteria for the diagnosis of osteoporosis pa-
tients based on the value of BMD which is-2.5<
T-Score < -1.0. In addition, female patients who
have entered the menopause phase should also
be suspected of having osteoporosis due to estro-
gen deficiency. Ifa patientundergoing the implant
treatment has osteoporosis, the survival rate of
the dental implants needs to be reviewed before
treatment.”2324

Severalscientificarticles provide information
onthe survival rate of implant treatment in osteo-
porosis patients both in the short and long term.
Merheb, et al®® proved that of 160 dental implants
placedinosteoporosis patients and after beingfol-
lowed up for 3 months, none failed, so the survival
rate of the osteoporosis group was 100% not sig-
nificantly different from the control group (healthy
patients). Likewise, Temmerman, et al*® conduc-
tedastudy of installing 148 dental implants in os-
teoporosis patients and only 12 failed after being
followed up for one year so that the survival rate
was 98.4% at the implant level and 97.9% at the
subject level. However, research by Holahan, et
al’®who installed 168 implants, after being follow-
edup for a period of 5-10 years, only 26 implants
failed, sothe average survivalrate was only 82.6%,
much lower than the control group. Niedermaier,
et al*’ installed 34 implants in osteoporosis pa-
tientsand after 7 years of observation, only 2 of 34
dentalimplants failed, resulting inasurvival rate of
94.1%lowerthanthe controlgroup. Temmerman,
etal® also showed the results of a comparison of
survival rates that differed significantly between
dentalimplantsinthe controlgroup andthe osteo-
porosis group. Ofthe 63 dental implants installed,
after being followed up 5 years later there were 5
dentalimplants thatfailed so that the survival rate
was 91.5% at the implant level and 89.2% at the
subject level. Finally, Alsaadi, et al*® also investi-
gatedthe installation of 120 dental implants in os-
teoporosis patients andthe results of a 5-year fol-
low-up showed that 1 implant failed, not much dif-
ferent from the installation of dental implants in
non-osteoporosis patients. Inthis study, the survi-
vivalrate ofimplants in osteoporosis patientswas
96.3%.

Most studies show no significant differences
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Table 2 Short term studies (0-1 year)

Short-Term Placement (0-1 year)

Author Total number of NUmber of
dental implants . failed
implants

Survival rate differences
between osteoporosis and
control group

Survival rate

Merheb J et al®

Temmerman A et
a|23

160 (3 months) 0 (3 months)

148 (1 year) 12 (1 year) 9

98.4% on implant level and
7.9% on subject level (1 year)

100% (3 months) Not significant

Not significant

Table 3 Long term studies (5-7 years)

Long-Term Placement (5-7 years)

Author Total number of

dental implants implants

Number of failed

Survival rate differences
between osteoporosis
and control group

Survival rate

Holahan CM et

82.6% remains

a2 168 (5-10years) 26 (5 to 10 years) constant (5-10years) Significant

l:;zcljgrmwer R 34 (upto7years) 2(upto7years) 94.1% (upto7years) Significant

Temmerman A 91.5% on implant

ot al?® 63 (5 years) 5 (5 years) level and 89.2% on Significant
subject level

gl;sgaadl W et 120 (5 years) 1 (5 years) 96.3% (5 years) Not significant

between survival rate ofimplants placed on osteo-
porotic patients and healthy patients after ashort
time period (0-1 year). However, moststudies show
significantdifferences after along time period (5-7
years) so evaluation ofimplants isrecommended.

Differences in results between human and
animal

Differences of results between experiments
regarding implantosseointegration on osteoporo-
tichumans and animals canbe observed.On den-
talimplants placed forat least 3 yearsinhumans,
there are no significantdifferences inthe marginal
bone loss (MBL), plaque index (PI), and probing
depth between osteoporotic and non-osteoporo-
ticgroups.? Then, thereis also no significant cor-
relation between mandibular cortical index (MCI)
of osteoporosis and MBL on the dental implants
placed for at least 2 years in humans.* On the
other hand, the implants on rats show the peri-im-
plantbone volume, trabecular architecture, bone-
to-implant contact (BIC), and biomechanical pa-
rameters decrease progressively and significantly
within 12 weeks post-ovariectomy.*: Onimplants
placedfor28daysinratsundergone ovariectomy,
results indicate significant decrease of bone vo-
lumef/total volume (BV/TV) and BIC. Maximum
torque, stiffness,and energy oftorque are alsolow-
er onovariectomy rats compared tonormalrats.*

Basedonthe experimental resultsabove,itcanbe
observedthatosteoporosis hasagreater negative
effect on animals compared to humans.

One of the factors that influence this pheno-
menonis the location ofimplants onanimals which
isusuallythe femoralortibialbone. This createsan
environmentforimplants that is different from the
oral cavity, because actualdentalimplants are al-
ways exposed to chemical agents, bacteria, and
mastication forces.®® It is also shown in rats that
femoraland tibial bone experience greatestbone
loss post-ovariectomy, 75.0% and 70.4% respec-
tively in week 36. In contrast, the jaw and cranial
bonesonly experience 1-3%bonelossinweek 36
post-ovariectomy. Trabecular structures of femo-
ralandtibialbonesalso experiencesignificantdes-
truction, whereas jaw bones are relatively stable
post-ovariectomy.3*

Bioactive agents and stem cells to
improve osseointegration

Technology andinnovationindentalimplants
have progressed really far, making it as the main
choices forreplacementoflostteeth. However,the
risk of implant failures still exists, especiallyinpa-
tients with systemic diseases such as osteoporo-
sis, which causes a decrease in bone mass and
interferes with osseointegration. Modifications of
implantsurfaces have beendevelopedto modulate
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host tissue response to implant and improve os-
seointegration. Some methods that are currently
studied are loading of bioactive agents and stem
cells on implant surfaces to improve osseointe-
gration, especially in osteoporotic patients.3>=°
Loading of bioactive agents such asthe anti-
osteoporosis medications like bisphosphonates,
RANKL antibody, parathyroid hormone (PTH)and
selective estrogen receptor modulators (SERM)
have been proven to increase implant osseointe-
gration. Bioactive molecules like platelet-derived
growthfactor, insulin-like growth factor, fibroblast
growth factor, vascular endothelial growth factor
(VEGF),and bone morphogenetic protein (BMP)
have also been used to improve osteogenic dif-
ferentiation and mineralization of bone marrow
stem cells. Inorganic elements such as calcium
(Ca), strontium (Sr), magnesium (Mg), zinc (Zn),
andsilicone (Si)canalsostimulate osteogenesis.*®
Strontium (Sr)is often used in treatment of osteo-
porosisdue toits similarity to calcium (Ca) and its
ability to simultaneously stimulate osteoblast and
inhibit osteoclast. Implantsurfacesloaded with Sr
through hydrothermalreaction have a positive ef-
fectonpromoting early osseointegration in osteo-
poroticrabbits.3” Moreover, biomimetic coating of
Ca-P or calcium-phosphate have been used fre-
quently due to its excellent biocompatibility from
mimicking natural bone mineralization process.*®
Manyresearchers have alsostudiedstemcells
toimprove the osseointegration. Stem cells have
potential to undergo osteogenic differentiationand
proliferate to promote the bone regeneration. Like
the humanumbilical cord mesenchymalstemcells
(hUCMSCs) are proven to have high osteogenic
effect and improve bone regeneration in osteopo-
roticanimalmodel.** Human amniotic mesenchy-
mal cells (hAMSCSs) can also improve bone rege-
neration and osseointegration of implants in rab-
bits.*°The bone marrow mesenchymal stem cells
(BMSCs)coatings cultured in extracellular matrix
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