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ABSTRACT

Porcelain fused to metal (PFM) restoration is one of the most common restorations for fixed dentures because of
its high strength, durability, biocompatibility, and satisfactory esthetics. The brittle nature of ceramic makes it easily
fractured. Porcelain fracture is the second largest failure after caries. Repairing porcelain directly using composite
resin becomes an option because it is cost-effective and easy to apply. The repair process requires chemical and
mechanical bonding to create a strong resin bond. Hydrofluoric (HF)acid can be used as a surface treatment ma-
terial to achieve good bonding. Concentration and etching time affect the bond strength. However, HF becomes
harmful whenin contact with soft tissues. Strict protocols in its application are observed and prolonged use in the
mouth isavoided. This article reviews the effect of HF as a surface treatment material on bonding strength between
porcelain and composite resin. Knowing the HF bonding strength changes to time and concentration as a surface
treatment material for direct repair. It is concluded that minimizing the contact of HF onsofttissues, applyingHF in
the mouth for a short time without reducing its function to achieve good bonding strength.
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INTRODUCTION in anterior region.* Clinically failure starting from

Porcelain-fused-to-metal (PFM) restorationisa  porcelain fracture caused byimproper coping de-
metal-porcelainrestorationconsistsofametalsub-  sign, poor preparation, technician error, contami-
structure that supportsmechanicallyandchemical- nation, physicaltrauma, or premature occlusion.378
lybonded porcelain veneers.Burning techniqueis Inaddition,factors such as impact, fatigue, occlu-
carried out to obtain chemical components inthe sal load and mismatch between the physical pro-
bond.12Thetype of metal materialthatmostlyused perties of metal and porcelain can produce fract-
is Ni-Cr,* while the most commonly used type of ures of porcelain which are often cohesive.”8The
porcelainis feldsphatic.12The combinationofthese  majority of 65% failures are in the anterior region.
materialsin PFMrestorationsisthemostcommon.  Other failures occurred in the labial for about 6%,
Itisapopular choicefor crown and bridge restora-  27%buccal, 5% incisal,and 8% in the occlusal re-
rationswitha 10-year successrate of about 95%.2 gion. This fracture generally occurs in the maxilla
PFM restoration has also been used extensively (75%), predominantly occursinthelabialsurface.’
for about 50 years to produce improvements in Friedman classifies PFM restoration fractures
function, esthetics and longevity.? In the literature  intothree types, namely static fracture, fracture oc-
reported survival rates of 98% after 5 years, 97% cursinporcelainbuttherestoration remainsintact;
after 10 years,and 85%after 15yearson intraoral  cohesivefracture, failure occursinbody porcelain;
use.* However, there are drawbacks to PFM res-  adhesive fracture, failure occurs at the bonding sur-
torationsduetothe brittle nature of porcelainwhich  face between porcelainand metal sothat metalbe-
causes failure of PFM restorations. comes visible. While Haelton etal specifically des-

Failure of PFM restoration generally occurs in  cribedthefracture of PFM restorations as follows;
porcelain for about 2.3-8% and is the second lar-  simple fracture, occurs only in porcelain; mixed frac-
gestcause of failure after caries.>® This condition ture,occurs in metal and porcelain; complex frac-
isadentalemergency, especiallywhenitislocated ture, where the metal area is widely exposed.>®
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Figure 1 Pictorial representation of Friedman's classification for porcelain
fractures; A static fracture, B cohesive fracture, C adhesive fracture.®
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Afracture ofthe porcelain layer or cohesive frac-
turedoes not necessarily mean that the PFM res-
toration hasfailed. However,itbecomesaproblem
whenitoccurs on the front teeth for aesthetic rea-
sons.®In certain situations, replacingthe PFM res-
toration inthe clinicis notasolution to dealing with
thefracture problem. Notonly amatter of time and
cost, therisk of damage to the abutment when re-
moved can occur.Repairing porcelain fracture in-
traorally is another treatment which is easier and
cheaper.® Several porcelain repair techniques in
PFMfractures have beenintroduced, including di-
rect and indirect repair.®°

LITERATURE STUDIES
Porcelain repair technique

Porcelain repair technique is divided into 2 ty-
pes, namelydirectandindirect.Indirectrepairis car-
riedoutinthe laboratory using porcelain without or
removingthe restorationfirst. Meanwhile,directre-
pairisatechniquethatis carried out directly in the
mouth ondamagedrestoration by applying compo-
site resin.>691 According to Robert, porcelain re-
pair technique is divided into 3, namely rebonding
porcelainfracturetofix restoration; making porce-
lain veneer to reattach them to the porcelain frac-
ture; using composite resinto repair porcelainfrac-
ture.>"12

Theadvantage oftheindirecttechniqueismore
aesthetic because it is made through laboratory
procedure using porcelain material. Disadvantages
of indirect technique require additional time and
cost. Fracture ofthe abutmentand porcelainveneer
canoccurwhenremoval ofaPFMrestorationisre-
quired.®Some ofthe advantages ofthe directtech-
nique include shortertimerequired, lowercostand
easyto application. While the disadvantages are lo-
wer strength, quality of use and lack of aesthe-
tics. 1113

Thedirectrepair procedure using composite re-
siniscarried outinseveral stage, including the be-
ginning with an examinationof the fracture portion
ofthe PFMrestoration. Isolation ofthe fracture part
usingarubberdam.Formabevel on the porcelain
lain fracture suffix using a low-speed green stone
bur. Apply HF acid to the porcelain surface, rinse
withwater and dry. Application of silane materialon
porcelain surfaces. Thebonding material was ap-
pliedtothe porcelainfracture surface andthenlight
cured. The application of the composite resin res-
torative material usingincremental technique and
lightcuredwith each layer.Finishing and polishing
using a disc bur with conventional method.? The
success of porcelain repair by directtechnique is

clinically determined by the intact bond between
ceramicand composite resin. This complete bond
is achieved by chemical and mechanical bond.
Chemical bonding is obtained fromthe application
of silane on the porcelain surface, while mechani-
nical bonding is obtained from the surface treat-
ment performed on the porcelain surface.®”%14

Surface treatment

Clinicalapplication of the adhesive method on
porcelainrequires surface treatmentto optimize the
adhesion ofthe composite resintothe porcelain.*
Surfacetreatmenton porcelainis performedtopro-
duce mechanicalretention whichcanincreasethe
bond strength of porcelainrepair fromtheroughen-
edporcelainsurface.**¢This surfaceroughnessre-
sultsinamicromechanical bond between the por-
celainandthe repairmaterial obtained fromthesur-
facetreatment. This makes surface treatment pro-
cedures important in determining the success of
intraoral repair.l” Several surface treatment me-
thods that have been carried out include a) dia-
mond bur. Surface treatment with a diamond bur
createsanirregular sharp surface and micro-cracks
in the ceramic causing stress concentration and
subsequent fracture.*® Roughing with a diamond
bur mustbe carried outusing ahigh speedto avoid
the production of cracks. Cracks in the ceramic
marginsresultfrom low-speed vibration of the hand-
piece. The roughening of the diamond bur should
be combinedwith other surface treatmentmethods
to achieve higher adhesion values.!82° Pameijer
etaland Kussano etal have reported that the sur-
faceroughness of porcelainwith diamondbur alone
resultsinloweradhesionvalue than the other sur-
face treatment method.?°
b) air abrasion. Surface treatment with the use of
abrasive particlesdriven by compressed air or other
gasesis an air abrasion orsandblasting process.!
The particles that are commonly used are alumi-
nium oxide and silica coated. Sandblastingiscar-
ried out with a high-speed flow of pure aluminium
oxide particles (30-250 pm) transmitted through
airpressure (2-3 bar or 30-42 psi) for approximate-
ly 15seconds.t*2°For cleaning, roughening, enlar-
larging and activating the surface by sandblasting
with 50 um aluminium oxide particles at 2-3 bar
airpressure. The maindrawback of this air abrasi-
onisthe potentialtodamage the intended surface,
thereby affectingthelong-term use of the restora-
tion. Whenthe aluminiumoxide particles hitthe ma-
terial with high energy, they produce small surface
defects. This is because the porcelain material is
fragile, so that cracks usually start from this surfa-
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ce defect. The condition occurs even in the strong-
estceramic materials such as zirconia and alumi-
na and becomes particularly problematic in weaker
porcelains.t’
c)laser.Recently, the newest technique for surfa-
cetreatmentisusinglaserasanalternative to acid
etchingand air abrasion to get the surface rough-
ness of porcelain. Lasers can be CO2, erbium:
yttrium-aluminum-garnet (Er:-YAG) and neodymi-
um:yttrium-aluminum-garnet (Nd:YAG), which are
used to enhance micromechanical bonding. The
porcelain surface is melted by an Nd:YAG laser
then solidifies and finally the surface is blistered.
In contrast to the CO:laser, which produces con-
choidaltearsonthe porcelain surface which helps
mechanical retention.* Sarac et al concluded that
the Er:-YAG laserasasurface abrasive did not pro-
ducethedesiredporcelainresinbondalthough CO;
and Nd:YAG lasers showed better results, but the
effect is lower when compared to HF etching.?
Surface treatment with this method is still consi-
dered because of the heat generated.*
d) acid etching. Acid etching provides a clean sur-
face by increasing the capacity for micromecha-
nicalretentionand, as a consequence, increasing
potential bond strength.?? Acid etching on dental
ceramics wasfirst suggested by Simonsen etalin
1983.Sincethen,severaltypesofacid,such as or-
thophosphoric (OP), sulfuric, nitric,ammonium hy-
drogen difluoride, acidulate phosphate fluoride
(APF) and HF acid are recommended as surface
treatment materials for ceramic restoration. The
mostcommonly usedacid etchingis HF acid.** Acid
of HF is an inorganic acid capable of etching the
surface of glass.??HFacid reacts with silicon oxide
(Si0Oy) in the glass phase of ceramics, resulting
in surface microporosity, which allows the forma-
tion of mechanical interlocks with the composite
resin.2022

HF acidis considered arelatively weak acid from
achemical point of view because of itslow tenden-
cyto dissociate intoH+ and F- ions. This does not
mean that HF is harmless. Quite theopposite; HF
hasthe ability to easily penetrate skin tissue (often
without causing external burns) due to its low dis-
sociation potential. These conditions can cause ex-
tensive internal tissue damage, as well as alter
blood calciumlevels (dueto CaF.formation),which
can lead to cardiac arrhythmias.?® The use of HF
duringintra-oralrepair procedures, exposesthe pa-
tientto ahighrisk ofacid damage, in particular, soft
tissue. Thus, specificprotocols should be followed
including isolation of the rubber dam, careful use
ofatriple air water syringe, removal of excessacid

anduse of a high-volume aspiratorto maximize pre-
ventive measures.?2

HF acid with aconcentrationof 4-10%is the type
commonly usedin etching porcelain veneers and
intraoral repair of porcelain fractures.HF acid can
be safely usedin dental procedureswithin this con-
centration range, including intraoral repairs, with
cautionandreasonable care whenused.Z Recom-
mended HF etching time is in the range of 20 se-
condsto 20 minutes, depending onacid concentra-
tion and type ceramics.2022Kimmich recommends
etching HF acid with a concentration of 2.5-10%
for 60 seconds for clinical surface preparation of
porcelain cohesive fractures.* Concentration of
etching on feldsphatic ceramic is usually recom-
mended for the preparation of surface treatment
usingacid.HF 9-10%for 60 seconds.?* For exam-
ple,some ofthe HF-containing porcelainrepairma-
terialsavailableinthe market are Ultradent® Por-
celain Repair Kit (Ultradent, Utah, USA) and Ce-
ram-Etch (Gresco Products Inc Stafford, Texas,
USA).?2

Surfacetreatmentusing HF acid to obtain ade-
guate adhesion between feldsphatic ceramic mate-
rials and compositeresinis acceptable. Etching of
feldsphatic ceramics also has the potential to sig-
nificantly increase the bond strength of composite
resin. Generally, porcelain consists of aglass ma-
trixphase and a crystalline phase.*HF acidas an
acid that selectively dissolves the glass matrix in
porcelainsoasto increase the porosity of the sur-
face, itishighenergy, microretentive and provides
alarge surface area for the bonding of composite
resin.Z Inprinciple, these conditions are the same
as enamel surface after etching with phosphoric
acid.2Thehydroxyl groupsare also exposed after
etchingusing HF which are importantfor chemical
bondingthroughthe solute-pairs present in the si-
lane.?®

The success of adhesion between porcelainand
composite resin is determined by the concentra-
tion of HF acid and etching time. The formation of
a special "honeycomb" pattern was seen micro-
scopically by SEM onthe porcelain surface which
was etched using HF acid. The patternwas formed
at4% HF acid concentration for 5 minutes and 9-
10% HF acid concentration for 90 seconds, crea-
ting a high-energy, retentive and hydrophilicsurfa-
ce.Inaddition, the adjustment of HF acid concen-
centration and time also depends on the type of
porcelain. The use of high concentrations of HF
acid over a long period of time can weaken the
bond between porcelain and composite resin.??

The use of composite resinto repair fracturesin
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Table 1 Comparison of various surface roughening methods on ceramics.*

Type of Ceramic Diamond  HF Acid Sand Tribochemical Lasers Recommended

Burs Etching blasting Silica Coating Method

Feldsphatic Porcelain e.g. IPS Classic Effective Most Effective Longtermlow Low HF Acid

(Ivoclar Vivadent, Inc., Amherst, New effective Stability bond  Etching

York), VITA Mark Il (Vident, Brea, strength

California)

Lithium Disilicate based Ceramic e.qg. Effective Most Reduces Low HF Acid

IPS e.max Press, Ivoclar Vivadent, Inc., effective bond n/a bond Etching

Amherst, New York 56 Strength strength

Leucite-Reinforced Glass Ceramic e.g.  Effective Low bond Effective Effective Low Sand blasting

IPS Empress, Ivoclar Vivadent, Inc., strength bond  with alumina

Amherst, New York 57 strength particles

Glass-infiltrated Aluminium oxide Ceramic Ineffective Ineffective Effective Most effective Low Tribochemical

e.g. In-Ceram Alumina; Vita Zahnfabrik, 58,59 bond  Silica Coating

Bad Sackingen, Germany strength

Densely Sintered Aluminium Oxide Cera- Ineffective Ineffective Most effective Low Tribochemical

mic e.g. Procera All-Ceram, Nobel Bio- 58,59 bond  Silica Coating

care,USA, Inc., Yorba Linda, California strength

Zirconia based Ceramics e.g. In-Ceram  Ineffective Ineffective Effective Most effective Low Tribochemical

Zirconia (Vita Zahnfabrik, Bad Sackingen, 59 58,60 bond  Silica Coating

Germany), Cercon (Dentsply, York, PA, strength

USA), Lava (3M ESPE, St.Paul,
Minnesota)

porcelain has beenintroducedin various methods.’
Micromechanical retention of composite resin can
be obtained from all surface treatment methods
performed on porcelain surface.®!” However, etch-
ing porcelain using HF acid is a commonly used
procedure. The use of HF acid to achieve a clean
microretention surface before bonding or repairing
porcelain can be produced. This is because the
acid can dissolve the glass matrix on the porce-
lain, thereby creatingamechanically retentive sur-
face.” Several selections of surfacetreatment me-
thods onporcelain surfaces that provide effective
results can be seen in table 1.

Silane coupling agent application

The application of silane coupling agents ser-
ves as a chemical surface preparation for porce-
lainattachment. The use of silane canincreasethe
adhesive strength of the repair porcelain, because
the silica content in porcelain causes the silane
coupling agent to be an important factor in achie-
vingthe bonding ofthe composite resin to the por-
celain.?389 Silane coupling agent forms a chemi-
cal covalent bond between the silicaonthe porce-
celainsurface andthe composite resin. This bond
will increase the micromechanical interlock.?

Silane asaclassof organic molecules contain-
ing one or more silicon atoms. 3-methacryloxy-
propyltrimethoxysilane is a silane used in dentist-
ryfortheintraoral repair and treatment of ceramic
restoration prior to cementing.®Silanesare activa-
ted byacidsto form silanol group which react with
hydroxyl group (OH) on the surface of the subs-

trate by acondensationreaction (Si-OH+HO subs-
trate=> Si-O substrate) when applied to a treated
surface, for example on a porcelain surface. The
reaction between the organo-functional groups of
silanes (with C-Cbonds), andthe functionalgroups
of resin monomers containing C-C bonds is in-
ducedbyreactive free radicals generated by pho-
toactivation of initiator componentsinthe resinma-
trix. As a result,the silane couplingagent connects
the composite resin to the porcelain surface.®19:26

Porcelain surface whichis treated with HF acid
andsilane offailure type is a cohesive type of por-
celain. Likewise,inthe research conducted by Kho-
roushietal.lthasbeen reported that the observed
failure in the repair of the composite resin on the
porcelain is the cohesive form in the porcelain.®
This means that the bond strength between the
compositeresinandtheporcelainformedinthere-
pair porcelain has good adhesive strength. The
combination of silane-bonding should theoretically
provide stability and longevity in the repair of por-
celainfracture.® Therefore, silane is necessary to
increase the bondstrength between compositere-
sin and porcelain.

DISCUSSION

Failure of PFMrestorations can cause aesthe-
thetic and functional disturbances that will be felt
by patient.**#Indirect porcelain repair byreplacing
PFMrestorationsisthe bestoptiontocorrectthese
disorders, butitisamatter of time, the cost and risk
of damage to the abutment can cause more com-
plex problems when the treatment is an option.*
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The selection of direct repair is the treatment of
choice to minimize the risks that occur when indi-
rect repair is carried out. However, direct repair
alsohasits own challengesinachievingmaximum
retention of the mechanical bonding system bet-
weenthe porcelainand composite resin surfaces.
Mechanical bonding is obtained by surface treat-
ment performed on the porcelain surface. Surface
treatmentusing HF acidis amethod that has been
developed for a long time.’

The HF acid asasurfacetreatmentmaterialalso
has drawbacks. This materialbecomes dangerous
whenincontactwith soft tissues. So, its use in the
mouth for as short time as possible is a consider-
ationto minimize the possibility of contact with the
tissue, withoutcompromising its functioninachiev-
ing mechanical adhesion strength. The minimum
bond strengththat must be achievedby the porce-
lain ripper material is 8-9 MPa.® In vitro studies
on the use of HF acid as a surface treatment ma-
terialinthe surface roughening of porcelain to pro-
duce maximum bond strength between resin and
porcelain have beencarried out,suchasthe effect
of HF acid concentration and etching time on the
increase in bond strength between porcelain and
composite resin.’

The effect oftime and concentration on increa-
singbond strengthcanbe seenintheresults of the
study of Moura et al,there was a difference in the
effect of time (60 seconds and 120 seconds) on
the concentration ofHF acid (5% and 10%) on the
bond strength offeldsphaticceramics. The results
of the highest shear bond strength test were ob-
tainedata concentration of 10% HF acid for 60 se-
conds (15.35+3.2 MPa), and thelowestwithacon-
centration of 5% HF acid for 120 seconds (9.41+
2.8MPa). Theresults of this study showedthatthere
was an effect of bond strength on the concentra-
tionandtime of application of HF acid.?*Similarto
the study conducted by Venturinietal., the effect of
HF acid concentration on resin bonding to felds-
phatic ceramicsatdifferent HF concentrations (1%,
3%, 5% and 10%) for 60 seconds. The highest
bond strength results were obtained at HF 10%
(15.7+2.8 MPa), 5% (14.9+2 MPa), 1% (14.5+3
MPa) and 3% (14.2+3.3MPa). However, the high-
est value was at 10% HF acid concentration.?’

Alarge concentration of HF acid or a long etch-
ingtime onporcelain ceramics can result in "over-
etching"and significantly weakenthe porcelain sur-
face.Z This is supported by the research of Guiler
etal. Porcelain after increasing the time from 120
seconds (14.84MPa)to180seconds (12.01MPa)
at 9.6% HF acid concentration.” Similar to the re-

sults of the study conducted by Moura et al, there
was a decrease in bond strength after the addition
of time carried out at 5% and 10% HF acid con-
centrations. Thedecrease inbond strength occur-
red at both HF acid concentrations when the time
of 60 seconds was increased to 120 seconds.?®

Over-etchingonthe etched porcelainsurfaceis
clearly visible as “white residue”. Thisappearance
is a combination of porcelain salts and porcelain
flakes. Sometimes, due to the large amount of re-
sidue deposits, it can be very broad covering the
porcelainsurface, this is related to the concentra-
tionofHF acid,time andtype of porcelain. The con-
dition cannot be removed by air/water spray and
wiping with acetone-soaked cotton. Cleaning can
be done by placing it in ethanol followed by ultra-
sonication. It takes 15 minutes of ultrasonication
to release the white residue.??

Chemical bonding is required to increase the
bond strength betweenthe porcelainandthe com-
posite resin. The use of silane coupling agents is
veryimportantto obtain increasing of bondstrength.
Khouroushicompared the bonding strength of com-
posite resinto porcelain feldsphatic using silane or
notafter surface treatmentusing HF9.6% for 3 mi-
nutes. The highest bond strength results were ob-
tained in the sample that was given silane 20.47
MPa and in the sample that was not given silane
12.89 MPa. This proves that there is a significant
increase in the bond strength between porcelain
and composite resin. Thisis caused by the micro-
mechanical interlocs on the surface of the etched
porcelain forming a chemical covalent bond bet-
weenthesilicaand the resin, which increases the
bond strength.3’

Itis concludedthat the use of HF acid as a sur-
face treatment material in increasing the bond
strength of porcelain and composites is an option
that can be considered because the material is
guite easy to obtain in the market, more economi-
cal,andeasytoapply. However,thisdoes notmean
that this material is harmless, the use of a rubber
dam in its application is necessary to avoid con-
tact between HF acid and oral tissue. The right
time and concentration of HF acid to obtain maxi-
mum bond strength between porcelain and com-
posite is also a concern. The time and concentra-
tration of HF acid that are not possible cannot
meet the needs of the bond strength value to be
achieved in porcelain repair, which is around 8-9
MPa. Likewise, conditions where time and exces-
sive concentration of HF acid will reduce the bond
strength of porcelain and composites.

The selection of the right time and concentra-
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tioninthe application of HF acid as a surface treat-
mentmaterialfor directrepair of porcelain is need-
edtoensurethatthe bond between porcelain and
composite resin becomes stronger and more du-
rable. The application of HF acid in the mouth for
toolongisfearedtobe a risk of contacting the sur-
rounding tissue. Therefore, the application within
ashort time without reducing the bond strength is

sarywhen etching porcelain using HF acid, which
significantly contributes toincrease bond strength
between porcelain and composite. Further rese-
arch is needed on the effect of time and concen-
tration of HF acid as a surface treatment material
on porcelainrepairto obtainthe maximumincrease
in bond strength between porcelain and compo-
site resin. Sothatthe minimum application time is

absolutely necessary. The use of silane isneces-
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