
evelopment of the etched ceramic restorations has enabled dentists
to provide an esthetic alternative to conventional metal restorations
over the last few decades.1,2 The various luting materials such as

zinc phosphate, glass-ionomer and self-activated resin cements have been
previously used for ceramic restorations. However, laboratory and clinical
studies have demonstrated that all ceramic restorations luted with these ce-
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Influence of Ceramic Shade and
Thickness on the Polymerization Depth of

Different Resin Luting Cements

AABBSSTTRRAACCTT  OObbjjeeccttiivvee::  Polymerization depth of resin cements is important to notify the clinician
that the thickness and shade of all ceramic restorations can influence the polymerization of cements.
The aim of this study was to determine the effects of ceramic shade, thickness and exposure time
on polymerization of resin cements. MMaatteerriiaall  aanndd  MMeetthhooddss::  Disk-shaped porcelain specimens were
used in six colour shades, two different thickness and test samples were prepared from light and
dual-cured resin cements under these porcelain disks. The degree of resin polymerization was
determined by Barcol hardness on resins were polymerized with light exposures of 30 and 60
seconds. RReessuullttss::  According to data using Dunnett T3 test with multiple comparisons the
experimental samples showed significant differences from the control groups except for A1 and B1
shades (p < 0.001). CCoonncclluussiioonn::  In all the test conditions, dual-cured resin cements were observed
to show higher surface hardness values. Increase in value of ceramic shade caused a decrease in
surface hardness particularly for light-cured cement and augment in porcelain thickness resulted
in a decrease in hardness values for both of the cements and for each shade group.

KKeeyy  WWoorrddss::  Resin cement, hardness tests

ÖÖZZEETT  AAmmaaçç:: Hekimlerin, tam seramik restorasyonların kalınlık ve renklerinin rezin simanların
polimerizasyon derinliği üzerine etkisini bilmesi son derece önemlidir. Dolayısıyla bu çalışmanın
amacı; seramiğin renk, kalınlık ve ışık ekspoz süresinin rezin simanların polimerizasyonu üzerine
etkilerini belirlemektir. GGeerreeçç  vvee  YYöönntteemmlleerr::  Altı farklı renk ve iki farklı kalınlıkta porselen diskler
hazırlandıktan sonra bunların altında ışıkla polimerize olan ve dual ( hem ışıkla, hem de kimyasal
olarak sertleşebilen ) etkili rezin siman test örneklerin polimerizasyon işlemleri tamamlanmıştır.
Işık cihazı ile 30 ve 60 saniyelik polimerizasyonun ardından rezinlerin polimerizasyon derinliği
Barcol testi ile belirlenmiştir. BBuullgguullaarr:: Dunnett T3 çoklu karşılaştırma testine göre A1 ve B1 renk-
leri hariç diğer renk grupları ile kontrol grubu arasında istatistiksel olarak anlamlı farklılıklar tespit
edilmiştir (p< 0.001). SSoonnuuçç:: Bütün test şartlarında dual rezin simanlar daha fazla yüzey sertlik
değerleri ortaya koymuştur. Seramik rengindeki koyulaşma artışı ışıkla polimerize olan siman
grubunda yüzey sertliği için belirgin düşüşe neden olmuştur. Ayrıca porselen kalınlığındaki artış da
her renk grubu ve her iki siman çeşiti için de  sertlik derecesini azaltmıştır. 

AAnnaahhttaarr  KKeelliimmeelleerr:: Rezin siman; sertlik testleri
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ments suf fer from po or mar gi nal qu a lity, frac tu res
and loss of re ten ti on. The re fo re, vi sib le light-cu red
and du al-cu red com po si te re sins ha ve be en re com -
men ded for lu ting ce ra mic res to ra ti ons. Cur rently
the se are the ma te ri als of cho i ce for ce ra mic in lays
and on lays, full ce ra mic crowns and por ce la in la m-
i na te ve ne ers.3-5

One con cern re gar ding re sin-ba sed lu ting
agents is the poly me ri za ti on depth of the com po si -
tes sin ce the thick ness and the sha de of the por ce -
la in res to ra ti ons ha ve be en shown to ha ve so me
ef fects on poly me ri za ti on of ce ments.1,3,5,6 Ina de -
qu a te poly me ri za ti on and con se qu ently dec re a sed
hard ness of the re sin ce ments may inf lu en ce the ir
physi o mec ha ni cal pro per ti es and even tu ally le ad
to se ve ral cli ni cal prob lems such as res to ra ti on fa -
i lu re.7-9

The inf lu en ce of res to ra ti ve com po si te sha de
on poly me ri za ti on has be en ex ten si vely in ves ti ga -
ted. Ho we ver, litt le in for ma ti on is ava i lab le con-
cer ning the cor re la ti on bet we en poly me ri za ti on
depth and sha de of ce ra mic res to ra ti ons.10,11 It was
shown that sha de of por ce la in may al so af fect the
trans lu cency and light scat te ring and con se qu ently
the poly me ri za ti on depth of pho to-ac ti va ted  re sin
ce ments un der the res to ra ti on. In ad di ti on the
thick ness of ce ra mic ma te ri al pla ced bet we en the
light so ur ce and the ce ment may af fect the deg re e
of poly me ri za ti on.12,13

In 1990, Black man et al.3 re por ted that the
thick ness and type of ce ra mic used af fec ted the
poly me ri za ti on of lu ting re sins be ca u se of ab sorp -
ti on of the vi sib le light by the den tal ce ra mic. Ap-
pro xi ma tely half of the light energy emit ted by the
so ur ce re ac hed the com po si te. Strang et al.14 fo und
that the sha de of ce ra mic did not mar kedly af fect
the amo unt of light ab sor bed by the ce ra mic or the
set ting ti mes of com po si tes. They sho wed that por -
ce la in ab sorbs 40% to 50% of the light and that in-
cre a sed por ce la in thick ness re qu i red in cre a sed
ex po su re ti mes for re sin poly me ri za ti on. In the ir
study, a ce ra mic thick ness of 0.5 and 1.5 mm was
used. This thick ness is su i tab le for the la mi na te ve-
ne ers but in lays and on lays re qu i re a mi ni mum
thick ness of 1.5 to 2 mm.

The pre sent study exa mi ned and com pa red the
ef fects of light ex po su re ti me, ce ra mic sha de and
thick ness on the sur fa ce hard ness of un derl ying vi -
sib le light-cu red and du al-cu red com po si te re sin
lu ting ce ments. Bar col hard ness me a su re ments we -
re used to de ter mi ne the ef fects of two dif fe rent ex-
po su re ti me, ce ra mic sha de and thick ness on re sin
ba sed lu ting ce ments.15

MA TE RI AL AND MET HODS

Twel ve por ce la in disks we re cons truc ted using Co l-
or lo gic Ve ne er Por ce la in (Ce ram co Inc., Bur ling -
ton, USA) ac cor ding to ma nu fac tu rer’s ins truc ti ons.
The se disk-sha ped spe ci mens, 10 mm in di a me ter,
we re ma de in two dif fe rent thick nes ses (1.5 and 2.5
± 0.05 mm) and six co lo ur sha des (A1, A3, B1, B3,
C1 and C3). The sha des of the ma jo rity of den tal
ce ra mics in cur rent use are ke yed to the Vi ta Lu -
min Sha de gu i de (Vi ta Zahn fab rik H.Ra u ter
GmbH, Säckin gen, Ger many), which is nor mally
ar ran ged in gro ups de sig na ted by the sha de let ters
A, B, C and D.11 The re fo re in the pre sent study this
sha de gu i de was se lec ted. The se ce ra mic spe ci mens
we re gla zed on one si de of each spe ci men.

Two com po si te re sin-ba sed ce ments that vi si-
b le ligh t– cu red (Tet ric Flow, Ivoc lar Vi va dent AG,
Scha an, Li ech tens te in) and du al-cu red (RelyX
ARC, 3M Den tal Pro ducts, St. Pa ul, USA) with sa -
me sha de we re se lec ted for this study. Fol lo wing
ma nu fac tu rers’ ins truc ti ons, the con trol gro ups for
each of re sin ce ments we re pre pa red. Each re sin
samp le we re pla ced in a Ple xig lass mo uld, which
had a ho le, 6 mm in di a me ter and ap pro xi ma tely
1 mm de ep, and co ve red with a cel lu lo id strip. A
glass mic ros co pic sli de (1 mm thick nes ses) was pla -
ced over the strip, and the re sin samp les we re poly-
me ri zed with a vi sib le-light so ur ce (QHL 75 Cu ring
Light, Dentsply Ca ulk, Mil ford, USA). The se sam-
p les cons ti tu ted the con trol gro ups for each of re -
sin ce ments. The ex pe ri men tal samp les we re ma de
using the sa me tech ni qu e des cri bed abo ve ex cept
they we re sand wic hed bet we en a por ce la in disk
and the brass pla te ins te ad of glass mic ros co pic sli -
de (Fi gu re 1). The re sins we re then poly me ri zed
thro ugh the por ce la in disks. Re sin samp les we re
light-cu red with sa me vi sib le-light so ur ce, at an ex-
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po su re ti me 30 and 60 se conds, sho wing an ave ra -
ge in ten sity of 500 mW/cm2.

In this study 54 dif fe rent com bi na ti ons inc lu -
ding the con trol gro ups we re exis ted. The samp les
we re mo un ted on brass pla te so that sur fa ces poly-
me ri zed aga inst glass and discs we re ex po sed for
sur fa ce hard ness me a su re ments. Af ter poly me ri za -

ti on of spe ci men, a me a su re ment de vi ce (Bar ber
Col man Im pres sor, Bar ber Col man Co, Il li no is,
USA) was used to de ter mi ne Bar col hard ness on the
sur fa ce that had be en di rectly ex po sed to the light.
The deg re e of poly me ri za ti on was de ter mi ned by
fo ur Bar col hard ness me a su re ments that we re ma -
de on each re sin samp le, one in each qu ad rant.
The ir ave ra ge va lu es we re re cor ded as the fi nal
hard ness va lu es. Hen ce, 54 dif fe rent com bi na ti ons
pro vi ded 270 re sin samp les and 1080 me a su re -
ments. 

Da ta analy sis was per for med using a stan dard
sta tis ti cal soft wa re pac ka ge (SPSS 11.0 for Win-
dows, SPSS Inc., Chi ca go, Il li no is, USA). Ave ra ge
hard ness da ta we re analy sed using thre e – way
analy sis of va ri an ce  (ANO VA). Mul tip le com pa ri -
sons we re per for med with Dun nett T3 post-hoc
test be ca u se of une qu al gro up va ri an ces. The le vel
of sta tis ti cal sig ni fi can ce was set to p < 0.001 to de-
ter mi ne the dif fe ren ce so si mi lar cli ni cal cha rac te -
ris tics of light-cu red and du al-cu red com po si te
re sin ce ments.

FIGURE 1: Method used for polymerization of resin cements through porce-
lain disks or glass microscopic slide.

Porcelain Shade Porcelain Thickness (mm) Exposure Time (second) Surface Hardness ± SD
Glass 30 54.00 ± 0.82 

60 60.50 ± 0.58 
A1 1.5 30 41.50 ± 0.58 

60 53.00 ±  0.82 
2.5 30 31.50 ± 1.00 

60 51.75 ± 0.50 
A3 1.5 30 17.75 ± 0.50 

60 43.75 ± 0.50 
2.5 30 10.50 ± 0.58 

60 19.50 ± 0.58 
B1 1.5 30 29.25 ± 0.96 

60 44.00 ± 0.00 
2.5 30 20.00 ± 0.82 

60 39.00 ± 0.82 
B3 1.5 30 17.75 ± 0.50 

60 42.50 ± 0.58 
2.5 30 10.00 ± 0.00 

60 19.25 ± 0.96 
C1 1.5 30 29.00 ± 0.82 

60 43.75 ± 0.50 
2.5 30 15.25 ± 0.50 

60 37.00 ± 0.00 
C3 1.5 30 12.25 ± 0.50 

60 28.50 ± 1.29 
2.5 30 10.25 ± 0.50 

60 10.25 ± 0.50 

TABLE 1: Mean surface hardness values for light-activated resin cement for different porcelain shade and thickness 
at different exposure times.



RE SULTS

ANO VA re sults of Bar col hard ness da ta of vi sib le
light-cu red and du al-cu red com po si te re sin lu ting
ce ment samp les are shown in Tab le 1 and Tab le 2.
Ac cor ding to the Dun nett T3  mul tip le com pa ri -
sons test, the ex pe ri men tal samp les sho wed sig ni fi -
cant dif fe ren ces from the con trol gro ups ex cept for
A1 and B1 sha des. Wit hin the ex pe ri men tal gro -
ups, A1 de mons tra ted sig ni fi cant dif fe ren ces from
B3, C1 and C3, whi le A3, B1, B3 and C1 sho wed
sig ni fi cant dif fe ren ces from C3 (Tab le 3). For the
light-cu red com po si te re sin ce ment the thick ness
of the por ce la in was fo und to ha ve an ef fect on the
sur fa ce hard ness for  con trol and bet we en ex pe ri -
men tal samp les. For this ce ment A3, B3 and C3 ex-
hi bi ted dif fe ren ces from the con trol gro ups.
Furt her mo re the por ce la in thick ness was sta tis ti -
cally sig ni fi cant in C1du ring 30 se cond cu ring pe-
ri od and 60 se cond for A3, B3 and C3. Among the
all the samp les tes ted re sin ce ments poly me ri zed
with sha de C3 por ce la in gro ups we re fo und the sof -
test (p < 0.001) (Fi gu re 2). 

The ce ra mic thick ness was fo und to ca u se sta-
tis ti cally sig ni fi cant dif fe ren ces bet we en the ex pe -
ri men tal and con trol samp les for du al-cu red re sin
ce ments. Ho we ver no dif fe ren ces we re ob ser ved
amongst the ex pe ri men tal spe ci mens in the sa me
ce ment. The se fin dings we re dif fe rent from tho se
for light-cu red re sin samp les. When the ef fects of
sha des on the sur fa ce hard ness of the du al-cu red
re sin ce ment we re in ves ti ga ted no sig ni fi cant dif fe -
ren ces we re fo und bet we en A1 and B1al so  bet we -
en A3, B3 and C1. The C3 gro up de mons tra ted
sig ni fi cant dif fe ren ces from the all du al-cu red re sin
samp les (p < 0.001) (Fi gu re 3).  

DIS CUS SI ON

The hard ness of a ma te ri al is ge ne rally re la ted to
se ve ral of the mec ha ni cal pro per ti es. In terms of
re sin-ba sed lu ting ce ments one of the fac tors af fec -
ting mic ro-hard ness of the ma te ri al is the ir poly-
me ri za ti on type. Poly me ri za ti on depth of vi sib le
light or du al-cu red ce ments may vary ac cor ding to
a num ber of fac tors, inc lu ding the che mi cal com-
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Porcelain Shade Porcelain Thickness (mm) Exposure Time (second) Surface Hardness ± SD
Glass 30 69.75 ± 0.96 

60 69.75 ± 0.96 
A1 1.5 30 65.75 ± 0.50 

60 67.00 ± 0.82 
2.5 30 61.00 ± 0.82 

60 64.75 ± 0.50 
A3 1.5 30 53.50 ± 0.58 

60 54.00 ± 0.82 
2.5 30 48.25 ± 0.50 

60 52.00 ± 0.82 
B1 1.5 30 64.50 ± 0.58 

60 66.75 ± 1.70 
2.5 30 61.25 ± 0.50 

60 63.75 ± 0.50 
B3 1.5 30 50.50 ± 0.58 

60 51.75 ± 0.50 
2.5 30 47.50 ± 0.58 

60 49.00 ± 0.00 
C1 1.5 30 50.75 ± 0.50 

60 52.25 ± 0.50 
2.5 30 18.00 ± 0.00 

60 38.00 ± 0.00 
C3 1.5 30 14.25 ± 0.50 

60 28.75 ± 1.70 
2.5 30 10.50 ± 0.58 

60 11.00 ± 0.81 

TABLE 2: Mean surface hardness values for dual-activated resin cement for different porcelain shade and thickness at dif-
ferent exposure times.



po si ti on of the ma te ri al, op ti cal pro per ti es, in ten -
sity of the light so ur ce, type of pho to ac ti va ti on
met hod and ex po su re ti me.16 Mo re o ver, poly me ri -
za ti on depth of com po si te re sin ce ments may be a
con cern with por ce la in thick ness and sha de.10,13

Ade qu a te poly me ri za ti on of the ce ments is im por -
tant to en su re op ti mum mec ha ni cal pro per ti es. In-
comp le te poly me ri za ti on of re sins and dec re a sed
hard ness may al so con tri bu te to early res to ra ti on
fa i lu re. The ef fi ci ency of poly me ri za ti on or poly-

me ri za ti on depth is vi tal for light-cu red com po si -
tes, not only to en su re op ti mum physi o mec ha ni cal
pro per ti es, but al so to en su re that cli ni cal prob lems
do not ari se be ca u se of cyto to xi city of ina de qu a tely
poly me ri za ti on of ma te ri al.7,8

Es pe ci ally the cho i ce of re sin lu ting ce ment is
of pa ra mo unt im por tan ce to be ab le to ob ta in a suc-
cess ful lu ting for all ce ra mic res to ra ti ons. The re fo -
re the che mi cal and physi cal pro per ti es of the
ce ment sho uld ini ti ally be eva lu a ted. In ad di ti on
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Shade  ( I ) Shade ( II ) Mean Difference  ( I – II ) Significance
Glass   - A1 8.97 ± 0.22 0.043

A3 26.09 ± 0.22 0.000
B1 14.94 ± 0.22 0.002
B3 27.47 ± 0.22 0.000
C1 28.00 ± 0.22 0.000
C3 47.81 ± 0.22 0.000

A1   - A3 17.13 ± 0.18 0.001
B1 5.97 ± 0.18 0.897
B3 18.50 ± 0.18 0.000
C1 19.03 ± 0.18 0.000
C3 38.84 ± 0.18 0.000

A3   - B1 -11.16 ± 0.18 0.216
B3 1.38 ± 0.18 1.000
C1 1.91 ± 0.18 1.000
C3 21.72 ± 0.18 0.000

B1   - B3 12.53 ± 0.18 0.080
C1 13.06 ± 0.18 0.024
C3 32.88 ± 0.18 0.000

B3   - C1 0.53 ± 0.18 1.000
C3 20.34 ± 0.18 0.000

C1   - C3 19.81 ± 0.18 0.000

TABLE 3: Mean difference of hardness values of resin cements for different porcelain shades.

FIGURE 2: Surface hardness values for light-activated composite resin ce-
ment for different test conditions.

FIGURE 3: Surface hardness values for dual-activated composite resin ce-
ment for different test conditions.



the poly me ri za ti on be ha vi o ur of the ce ments may
ex hi bit so me dif fe ren ces with the por ce la in they
are used with. Par ti cu larly for  the light-cu red
com po si te re sin lu ting ce ments, the por ce la in sha -
de and the thick ness of the res to ra ti on may ne ga -
ti vely al ter the ir poly me ri za ti on pro per ti es of the
ce ment. This may ca u se ina de qu a te poly me ri za ti on
depth. The re fo re the ade qu acy of  light-cu red re sin
poly me ri za ti on is so lely de pen dent on the in ten -
sity of the light re ac hing the re sin. Du al-cu red re -
sin, alt ho ugh pri ma rily ac ti va ted by vi sib le light,
has the fa ci lity to self-cu red sho uld the light not
fully poly me ri ze the re sin. The re sults of this study
re ve a led that thre e fac tors inf lu en ced the poly me -
ri za ti on depth of the light and du al-cu red com po -
si te re sin lu ting ce ments: ex po su re ti me of ce ments,
sha de and thick ness of por ce la in struc tu re. 

In re cent ye ars, LED systems which pro du ces
a spe ci fic wa ve length for the poly me ri za ti on of
camp hor qu i no ne, are pro du ced as an al ter na ti ve
for the ha lo gen systems.17,18 It is cla i med that, the -
re is a cor re la ti on bet we en the sur fa ce mic ro hard-
ness of com po si te re sin and its ex po su re pro to cols.
Ho we ver cur rent re se arc hes disc lo sed the fact that,
both systems show si mi lar poly me ri za ti on pro per -
ti es.19,20 The re fo re in this re se arch to ob ta in a stan-
dard poly me ri za ti on pro to col, ha lo gen light so ur ce
which has lar ge wa ve length in ter vals was used. By
using this met hod we in tend to com pa re the sur fa -
ce pro per ti es of dif fe rent com po si tes which are
sub jec ted to the sa me poly me ri za ti on pro cess, as
brin ging the he ad of the poly me ri za ti on ins tru -
ment in con tact with the por ce la in disk spe ci men’s
sur fa ce. 

Depth of poly me ri za ti on may be ap pra i sed di-
rectly and in di rectly. Di rect met hods, which ac tu -
ally eva lu a te the deg re e of con ver si on, such as
in fra-red spec tros copy, la ser Ra man spec tros copy
and nuc le ar mag ne tic re so nan ce mic ro-ima ging ha -
ve not be en ac cep ted for ro u ti ne use be ca u se of
the ir ti me con su ming, comp lex and costly in na tu -
re.19,21,22 In di rect met hods inc lu de scra ping, vi su al
exa mi na ti on, dye up ta ke and sur fa ce hard ness
tests.23 The scra pe test has be en ac cep ted for use by
stan dard or ga ni sa ti ons even tho ugh it gi ves no in-
di ca ti on of qu a lity of poly me ri za ti on. In cre men tal

sur fa ce hard ness me a su re ments ha ve be en uti li zed
in many stu di es be ca u se it has be en shown to be an
in di ca tor of deg re e of poly me ri za ti on.4,7,24 Furt her -
mo re sur fa ce hard ness co uld be me a su red from va -
ri o us si tes of spe ci mens. This tech ni qu e was
se lec ted be ca u se it was mo re su i tab le for the pur po -
se of this study.

Much re se arch has be en do ne on the poly me -
ri za ti on depth of com po si te re sin ce ments, and the -
se stu di es re por ted ad ver se ef fects of in cre a sing
ce ra mic thick ness on har de ning of light-cu red and
du al-cu red re sin ce ments.3,5,25-28 Dif fe ring from the
pre sent study, the pre vi o us in ves ti ga ti ons did not
cor re la te the pa ra me ters of ex po su re ti me, sha de
and thick ness of por ce la in each ot her in one study.
Black man et al.3 whi le we re in ves ti ga ting the ef fect
of por ce la in thick ness in light-cu red re sin ce ments,
fo und that dif fe rent por ce la in types ha ve dif fe rent
ef fects in terms of thick ness; and spe ci mens with 3-
4 mm por ce la in thick ness ge ne rally ca u sed ina de -
qu a te poly me ri za ti on. They re ve a led that this less
cu re was not com pen sa ted even with an in cre a se in
light ex po su re ti me. In 1999 El-Mo wafy et al.5 tes -
ted poly me ri za ti on cha rac te ris tics of self-ac ti va ted
and du al-ac ti va ted re sin ce ments un der ne ath ce ra -
mic in lay res to ra ti ons. The ir fin dings sho wed that
the sur fa ce hard ness of the spe ci mens re du ced sig-
ni fi cantly if ce ra mic thick ness is over 2-3 mm’s.

In or der to mer ge the ad van ta ges of che mi cally
and pho to-ac ti va ted ma te ri als du al-ac ti va ted com po -
si te re sin lu ting ce ments ha ve be en de ve lo ped. The
che mi cal ac ti va ti on com po nent is ex pec ted to en su -
re comp le te poly me ri za ti on at the bot tom of de ep ca -
vi ti es, whe re as pho to-ac ti va ti on al lows im me di a te
fi nis hing af ter ex po su re to the light. Many stu di es ha -
ve re ve a led that the che mi cal ac ti va ti on mec ha nism
alo ne is less ef fec ti ve than du al-ac ti va ti on, and may
be al most inef fec ti ve for so me ma te ri als. 3,5,27    In 2001,
Hof mann et al.2 eva lu a ted the com pa ri son of pho to-
ac ti va ti on ver sus che mi cal or du al-ac ti va ted of re sin
ce ments in one study. The ir  so me re sults sho wed
that du al-ac ti va ti on pro du ced bet ter mec ha ni cal pro -
per ti es than pho to-ac ti va ti on alo ne. 

Ide ally, du al-cu red re sin ce ments sho uld be
ca pab le of ac hi e ving a deg re e of har de ning thro ugh
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self-cu red si mi lar to that ac hi e ved thro ugh du al-
cu red. This is to en su re ade qu a te poly me ri za ti on of
the ce ment in tho se are as un der ne ath res to ra ti ons
that are inac ces sib le to the vi sib le light.5,12,28  When
vi sib le light-cu red re sin ce ments are used for ce ra -
mic res to ra ti ons, the re ap pe ar to be dis tinct dif fe -
ren ces in what can be ex pec ted from dif fe rent
re sin-ce ra mic com bi na ti ons. The ce ra mic ma te ri al
un der which a re sin ce ment is cu red se ems to exert
a con si de rab le inf lu en ce on the deg re e of re sin
poly me ri za ti on ac hi e vab le, much the sa me as
thick ness do es with di rect com po si te re sin res to ra -
ti ons cu red by vi sib le light. 3,6,29

Car dash et al.1 exa mi ned the ef fects of por ce -
la in sha des on re sin lu ting ce ments. The sha de fac-
tor was fo und to be ef fec ti ve on vi sib le light-cu red
re sins for the spe ci mens with 2 mm por ce la in
thick ness. In the sa me study, du al-cu red re sin ce-
ments de mons tra ted hig her sur fa ce hard ness va lu -
es with sa me ex pe ri men tal con di ti ons. The aut hors
al so sho wed that in cre a sing the ex po su re ti me for
the vi sib le-light cu red ce ments le ad to a sur fa ce
hard ness that is si mi lar to du al-cu red re sins. The
inf lu en ce of pro lon ged ex po su re ti me was mo re ef-
fec ti ve on vi sib le light-cu red than the du al-cu red
re sin ce ments. Mo re o ver Aba te et al.15 sho wed that
ex po su re ti me had no ef fect on the hard ness va lu -
es of com po si te res to ra ti ve re sins when the re is no
ce ra mic la yer on the re sin spe ci mens. The se re sults
we re in ag re e ments with our fin ding for the con-
trol gro up samp les which we re di rectly ex po sed
with vi sib le-light.

Ex po su re ti me, sha de and thick ness of res to ra -
ti on we re the im por tant thre e fac tors that wo uld in-
te ract with each ot her for the ce men ta ti on of an
all-ce ra mic res to ra ti on. Thus in ves ti ga ti on of the se
thre e pa ra me ters in one study was as su med to be
mo re me a ning ful by the aut hors of this study. In the
light of this fin ding, poly me ri za ti on deg re e of the
ce ments ap pe ar to be di rectly re la ted to the por ce -
la in sha de. An in cre a se in va lu e of sha de might di-
mi nish the poly me ri za ti on. The fac tors re la ted to

this phe no me non co uld be that the ma te ri als in or -
der to gi ve ce ra mic sha de may hin der the trans mis -
si on of the vi sib le light. Furt her mo re an in cre a se in
por ce la in thick ness might ag gra va te this hin dran ce
es pe ci ally in the dar ker por ce la in sha des.     

The re sults sug gest that the sha des A1 and B1
are pos sibly the most su i tab le for ce ra mic res to ra -
ti ons in terms of the ir ef fects on re sin poly me ri za -
ti on in this study. The sha de C3 ap pe ars not to
pro vi de an ade qu a te poly me ri za ti on. Ho we ver, if
the re is a cer ta in in di ca ti on for this sha de, it is re -
com men ded that du al-cu red com po si te re sin ce-
ments sho uld be pre fer red for lu ting. 

In ge ne ral, ex ten ding the ex po su re ti me has a
po si ti ve ef fect on poly me ri za ti on; C3 gro up samp -
les still sho wed cer ta in fa i lu res par ti cu larly if the
por ce la in thick ness is in cre a sed. Ex ten ding the ex-
po su re ti me was ap pa rently mo re im por tant for the
ma te ri als re qu i re di rect vi sib le light ex po su re for
all poly me ri za ti on. 

CONC LU SI ONS

1. In all the test con di ti ons, du al-cu red com-
po si te re sin lu ting ce ments we re ob ser ved to show
hig her sur fa ce hard ness va lu es than tho se of light
cu re.

2. In cre a se in va lu e of ce ra mic sha de ca u sed a
dec re a se in sur fa ce hard ness par ti cu larly for light-
cu red com po si te re sin ce ment.

3. Aug ment in por ce la in thick ness re sul ted in
a dec re a se in hard ness va lu es for both of the ce-
ments and for each sha de gro up.

4. Ina de qu a te poly me ri za ti on that oc cur red
du e to in cre a se in por ce la in thick ness was com pen-
sa ted by ex ten ding ex po su re ti mes ex cept for the
ca ses of C3 in du al-cu red and A3, B3, C3 in light-
cu red com po si te re sin lu ting ce ment.

5. From the stand po int of poly me ri za ti on de-
g re e, du al-cu red re sin ce ments is pre fer red for ce-
ra mic res to ra ti ons of 2.5 mm thick ness or mo re. 
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