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ABSTRACT

All-ceramicrestorations have beenwidely used in prosthodontics as metal-free restoration because of their esthetics,
biocompatibility,and inert properties. However, fracture remains a complication for all-ceramic restorations. All-ce-
ramic posterior restorations encounter significant fracture after 5 years of usage than anterior region. Stress distri-
tribution in all-ceramic restorations during mastication is higher on cervical margin than other surfaces according to
finite element analysis. Shoulder and chamfer finish line are recommended designs for maximum fracture resist-
anceofrestoration and had influence instress distribution. Mechanical properties of restoration material such asflex-
ural strength, modulus of elasticity (ME), and fracture resistance are important factors that must be considered for
its durability. Increasing ME of restoration material will increase strength of fracture. Zirconiausuallyused because
of its superior fracture resistance among other ceramic material (ME+205 GPa). Shoulderisrecommended in zir-
coniabecause of greater fracture resistance but other literature suggests chamfer. Lithium disilicate has animproved
physical properties and translucency ceramicrestoration andis recommended as an alternative treatment (ME+96
GPa). In lithium disilicate, shoulder and chamfer have almost equal fracture resistance. PEEK is a thermoplastic
semi-crystalline materialwith ME near human cortical bone (+3.6 GPa) with shock absorption properties. This litera-
ture review role of all-ceramic restoration finish lines design on stress distribution. Shoulder and chamfer still the

main choice in FPD but which design is most appropriate still undecided.
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INTRODUCTION

Over the past decades, allceramic dental ma-
terials have been widely used in prosthetic dent-
istry as metal freerestorationdue totheir good es-
thetics, biocompatibility, and excellent inert pro-
perties.t2Improvement of microstructure and phy-
sical properties fromall ceramic crowns have been
developedtothe posteriorregionasan alternative
treatmentfor dental defects,and it has been sug-
gested that these material are as reliable as me-
tal-ceramic crowns, therefore all ceramic crowns
are currently considered the gold standard. How-
ever, fractures remain a complication of all cera-
micrestorations.One ofthe main problemswithall
ceramic restorations is the possibility of fracture
under occlusal and lateral forces.'34

The mostimportantfactor influencing the frac-
ture rate of an all-ceramic crown is the position of
the restored tooth in the mouth, this position de-
termining the magnitude and direction of the oc-
clusalforce.Ferrarioetal reportedthatthe greatest
force occured in molars, decreasedinthe premo-
lars, and became only one-thirdto one-fourth ofthe
original value for the incisors. Goodacre et al. re-
ported that the clinical fracture rates of ceramic
crowns differed between types of restored teeth,
namely 21%for molars, 7% for premolars,and 3%
foranterior teeth. In a systematic review by Xiao-
dong et al., all ceramic crowns showed anaccep-

table 5-years fracture rate of 4.4% regardless of
the materials used with molar crowns (8.1%) show-
ing a significantly higher 5-yearsfracturerate than
premolar crowns (3.0%), and the difference bet-
ween anterior crowns (3.0%) and posterior crowns
(5.4%) also achieved significance. Fractures were
classified as core fractures or veneer fractures.
The determinants offracture ofanall-ceramic res-
torationdepends onthe fracture resistance of the
material, finish line design, appropriate thickness
of the material, magnitude and direction and fre-
guency of appliedloads, interfacial defects of resto-
ration cement, and oral environment effects. Fi-
nite element analysis studieshas beenappliedto
investigate fracture in fixed partial denture. The
results showedthatstress was mostly concentra-
ted in the cervical region of the restoration. There-
fore, finish lines design may affectthefracture re-
sistance of fixed restoration.*?

This literature review is aimed to discuss the
role of finish lines design on stress distribution in
fixed partial denture

LITERATURE STUDIES
Restoration material

Restorative material considered to be a factor
thatinfluencethe biomechanics,that is stress dis-
tribution and cusp deflection, during masticatory
movements.lthasbeenreportedthat some crown
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fracture due to the relatively low mechanical re-
sistance of the ceramic crowns,which maybere-
latedto the large masticatory forces applied to the
premolars and molars aswellas to the brittleness
oftheinherentof ceramics. Ceramic materials are
very susceptible to tensile stressand mechanical
resistance whichis also greatly affected by the pre-
sence of superficial flaws and internal voids. The
defect may represent sites of the crack initiation.
The modulus of elasticity of restorative materialsis
an important factor in crack initiation and propa-
gationin dental ceramics. Scherrerandde Rijkre-
portedthatthefractureloadincreasedastheelas-
tic modulus ofthe material or supporting structure
increased. Farah et al. reportedthatthe base ma-
terial should have the highest possible modulus of
elasticity to support restorations from intermittent
forcesduring mastication. The choice of crown ma-
terialhas a great influence on the maximum prin-
cipal stress in the crown. Increasing the stiffness
of the crown material concentrates more stress
withinthe crown, whereas crowns madefromama-
terial with a lower stiffness transfer more stress to
the cement layer and the tooth supporting core.®

Leucite-reinforced glass-ceramic have been
used for more than 30 years for the esthetic ap-
pearance inthe anteriorregionfor single crown. In
1998, pressable lithium disilicate all-ceramic mate-
rial IPS Empress 2, which exhibits higher mecha-
nical strengththanits predecessorand is suitable
for three-unit fixed dental prostheses in the ante-
rior region, was introduced on the market. Due to
its opacity, this material needs to be veneered. In
2007, IPS e.max Press material, which is a new
pressable lithium-disilicate glass ceramic, was
used to improve its mechanical properties with
good esthetics and translucency. In addition, the
range of indications for use include anterior and
posteriorteeth. Lithiumdisilicate has amodulus of
elasticity of + 96 GPa.®

Meanwhile, zirconiamaterialis currently consi-
dered as the most suitable material for posterior
restorations becauseithas higher flexural strength,
fracture strength and fracture toughness of 6-15
MPa.m? flexural strength of more than 900 MPa,
high Vickers hardness1200-1350 HVN and modu-
lus of elasticity +205 GPa compared to other ce-
ramics suchasalumina, glass ceramicsand lithium
disilicate. Ayittria-tetragonal zirconia core with its
stabilizedtetragonal phaseisindicatedin the high
stress sector because of its ability to resist crack
propagation. However, the high incidence of ve-
neer chipping and porcelain veneer fracture is a
frequently reported technical complication. The cli-
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nical survival rate of tooth supported by zirconia-
basedallceramic crowns canbe as high as 95.9—
98.5% after5 years but decreases by 10 years to
67.2%.Beueretal. reported a significantly higher
fracture load (2286 N) in a single zirconia crown
withashoulderfinish line design compared to the
other conservative finish line designs. Ezatollah et
alevaluatedthe effectoftwo differentfinish line de-
signsnamely chamfer and deep chamfer of zirco-
niacore restoration and fromtheseresults showed
that both finish line designs had high fracture re-
sistance over masticatory forces so that both de-
signs could be used. However, since fracture re-
sistance tendsto favor chamfer finish line design,
itisrecommendedbecause of its efficiency in bio-
mechanical characteristics of posterior single all
ceramiccrownrestorations. Comparedtootherce-
ramics, zirconia shows the highest stability as a
framework material. However, the most frequent
technical problem in fixed dental prostheses with
zirconiaframeworkis minor chipping or extensive
fracture of the ceramic veneer.3¢°

Recently, PEEK materialhas been used as an
alternative to single crown restorations due to its
material properties but research on this material
is stillongoing. Polyetheretherketone (PEEK); ther-
moplastic crown type is a new material that has
beenintroducedinthefield of dentistry, namely bio-
active high-performance polymer (BioHPP); con-
taining 20% ceramicfiller. ThisPEEKthermosplas-
tic material is characterized by good biocompati-
bility, goodwear resistance, chemical stable, light
weightand adequate mechanical properties allow-
ing it to be a suitable alternative material for cera-
ramicrestorations. BioHPP isindicated forthe ma-
nufacture of implant fixtures, crown/bridge fixed
denture prosthesis framesand removable den-tu-
res, as well as for implant frames and restorative
implant parts. The modulus of elasticity of this ma-
terial is 4-6 GPa close to the modulus of elasticity
of bone allowingittoactasaload absorber agent;
thereby, reducingtheforcestransmittedtotheres-
toration and the tooth roots. The advantages of
using thismaterial are the eliminationofallergicre-
actions,good polishing properties,andlow plaque
adhesion. In addition, despite its low modulus of
elasticity and hardness, its high wear resistance
makes it competitive with metal alloys. However,
research evaluating the material properties of
these materials is still limited.->1°

Finish lines design
Thetooth preparationisaveryimportant factor
in determining the strength of all ceramic crown.

DOI: 10.46934/ijp.v3i2.151



114

Shoulder and chamfer finish line design are the
mostwidely used designs for fixed partial dentur-
es. Shoulderfinishline designis usually chosenfor
full all crown restorations. The wide ledge of the
shoulderfinishlines provides resistance to occlu-
sal forces, minimizes stressesthatcan cause por-
celain fracture and leaves space for healthy res-
toration contours and maximum esthetics. Thedis-
advantage ofthe shoulderfinishline design is that
the tooth structure is less conservative and the
stress concentration is at an internal angle of 90°
on the finish line, making it susceptible to coronal
fracture. Chamfer finishlineisa concave extraco-
ronal finish line that provides greater angulation
thanthe knife-edge design and asmallerwidththan
the shoulder design. The advantage of chamfer fi-
nish line design is more conservative, has clear
margins, easy to identify, and provides room for
more adequate bulk of material and the develop-
ment of anatomically precise axialcontours. Cham-
ferfinishline designrequires care to avoid leaving
alipofunsupported enamel. Several studies have
been carried out to evaluate the effect of finish
line design on load at fracture, but the results of
these studies are inconclusive. Some studieshave
foundthatfinishline design has an effect on fract-
ure resistance,while others have seennosuch ef-
fect. Alargerrestareaformargins,suchas should-
erfinishline design,is suggestedto ensure abetter
pattern of stress distributionduring occlusalload-
ing, butthe results of studies onthis subject are in-
consistentbecause some authors have found no
relationship betweenthefinishline designandthe
fracture strength of all ceramic crowns, while sig-
nificantresults were found by other authors. Should-
erfinishline design and several other authors have
proposed a deep chamfer finish line design for
maximum fracture resistance of fixed restorations.
Jalalian et al. suggested deep chamfer finish line
design for higher fracture resistance to improve
the biomechanical performance of zirconia poste-
rior single crownrestorations. Pasharecommends
chamferfinishline design becauseithashighfrac-
ture resistance against posterior bite forces for bet-
ter biomechanical performance.1%-13

Stress distribution

Finite element analysis (FEA) is a digital test
carried outby simulating experimental studies, this
analysistestalways represents a simplification of
clinical scenarios. The FEA has become a powerful
test technique in dental biomechanics due to its
flexibility in calculating stress distributionsincom-
plex structures. The FEAallowsthe study of stress
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distribution through model simulation, which can
be used toexaminetheroleofvariousdesign. The
advantages ofthe FEAtestcomparedtoinvitrola-
boratorytests are lower costs and faster. The dis-
advantage is that it is a computerized in vitro stu-
dy in which clinical conditions may not be fully re-
plicable 361415

It is known that the design of the finish line is
one ofthe factors affecting the marginal adaptation
andfractureresistance ofthe crowns. The fracture
patternofafractured crown during clinical use in-
dicates the origin of the fracture is at the cervical
margin of the crown orfromthe intaglio surface of
the crown. In one study, FEA was used to study
stress distribution during masticationin the maxilla-
ry second premolarsrestored with metal ceramic
crownsand comparedwiththe non-restorabletooth,
alarge stresswasrecorded on the cervical line of
therestoredtooth. Theload onanall-ceramiccrown
during mastication has beenreportedto be higher
nearthe cervical margin than on the occlusal sur-
face, and thin margins may be the cause of fract-
ure according to fractographic and FEA. The cer-
vical margins have also been reported to be vul-
nerable,and during clinical use, cracksmay bein-
duced from the occlusal surface to the thin mar-
gins.13.15

DISCUSSION

In the literature, data showed that differences
inthefinishline design clearly affectthe stressdis-
tribution to the crown margin. Stress distribution
can be used as an indicator of the biomechanical
behavior of crown restorations. The FEA helps in
analyzing stress distribution within crown. Most
studies of stress distribution in single crown resto-
rations have shownthatthe cervicalareahas high
stress. The location of the stress depends on the
crown structure, the abutment material and finish
line design. The bestchoice offinishline designfor
fixed dentures is still uncertain. Rammersberg et
al, agree that chamfer finish line design has the
greateststability for posterior all ceramic crowns.
Jalalian et al. stated that fracture resistance with
the shoulderfinish line design was lower than the
chamfer finish line design of the InCeram full ce-
ramic restoration. Jalalian et al. in another study
showed lower fractureresistance of CAD/CAM zir-
conia posterior crowns with a shoulder finish line
design comparedto chamferdesign. However, Di
Lorioetal, evaluated the effect of the shoulderand
chamferfinish line designonfracture resistance of
the Procerafull ceramic crown core and concluded
that fracture resistance with shoulder finish line
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design was higher chamfer finish line design. De
Jageretal, performed a FEAto assess stress dis-
tribution on full ceramic restorations and conclu-
dedthatchamferfinish line design was more suit-
able for posterior restorations. Cho etal, evaluated
the effect of finish line design on fracture resist-
ance of composite-reinforced ceramic restorations
and demonstrated that the fracture resistance of
chamferfinish line design samples was significant-
ly higher than shoulder finish design. Potikel et al,
assessed the fracture resistance ofthe teeth res-
tored by differentfull ceramic systems and showed
no significant difference betweenthe groups. Roh
et al and Ahmadzadeh et al demonstrated that
shoulderand chamferfinishline design did not af-
fect the fracture resistance of the IPS-emax pos-
terior single crown. Rocha et al. stated that finish
line design of crown proved susceptible to fract-
ture with maximum stress in the area using FEA.
Turketal. in his study using 3D-FEAmethod show-
ed that rounded-shoulder finish line design had a
higherVVon-Mises stress value than chamfer finish
line design model. D'Souza et al. concluded that
the area with maximum stress was concentrated
inthe cervicalthird region of the single crown root
of the mandibular posterior teeth when given the
maximum bite force using FEA. Magray etal, using
FEA evaluatesvon Mises stress having the highest
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value inthe chamfer finishline design comparedto
the shoulder finish line design. Miura et al, stated
that using 3D finite element analysis, shoulder fi-
nish line designs can show better clinical perfor-
mance and can be expectedtoreduce fracture risk
in all ceramic crowns.

Itis concludedthat shoulder and chamferfinish
line designstillthe main choice infixed partial den-
ture. Wide ledge of shoulder design providesresis-
tancetoocclusalforcesandgives spaceto healthy
restoration with maximum estheticbutitisless con-
servative of tooth structure and stress concentra-
trationat90°internal angle offinish line hence con-
ducive to coronal fracture. Chamferfinishline has
concave form. Itprovides greater angulation than
knife edge and less width thanshoulder. Chamfer
aremore conservative withdistinctmarginandeasy
toidentified. The mostappropriate finish line design
forlongtermdurability is stillundecided. The choice
of crown restorative material has an influence on
the stress distribution for a longterm crown resto-
toration. Careful planning of the finish line design
and selectionof restorative materials is important
before carrying out treatment.

Further research in stress distribution evaluat-
ting proper finishline designthat complementwith
restorative material for long term of fixed restora-
ration is needed to provide a further explanation.
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