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In Vitro Effect of Tea, Coffee, and
Cigarette Smoking on Color of

Low-Fusing Porcelains

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Dis co lo ra ti on of por ce la in ma te ri als can re sult in pa ti ent dis sa tis fac ti on and
ad di ti o nal ex pen se for rep la ce ment. The co lor sta bi lity of den tal ce ra mics cur rently used for me tal
ce ra mic crowns is unk nown. The pur po se of this study was to de ter mi ne the co lor sta bi lity of 4
dif fe rent low-fu sing den tal por ce la in ma te ri als aga inst te a, cof fe e and ci ga ret te smo ke. MMaa  ttee  rrii  aallss
aanndd  MMeett  hhooddss::  Sixty disc-sha ped spe ci mens (12 mm in di a me ter and 1.5 mm in thick ness) we re fab-
ri ca ted with 4 den tal por ce la in ma te ri als (D-Sign, Fi nes se, Ome ga 900, VM7) ac cor ding to ma nu -
fac tu rers’; ins truc ti ons. Spe ci mens we re di vi ded in to 3 sub gro ups for ex po su re to 1 of the fol lo wing
3 en vi ron ments: te a, cof fe e, and ci ga ret te smo ke. The co lor pa ra me ters (L*, a*, b*) of each spe ci men
was me a su red with a co lo ri me ter pri or to ex pe ri ment, af ter ex po su res of 1 day, 10, 20, 30, and 45
days. Furt her co lor me a su re ments we re ma de af ter brus hing of spe ci mens to de ter mi ne the re si -
du al sta i ning. Co lor chan ge (∆E) was cal cu la ted and da ta we re analy zed with 2-way ANO VA. RRee--
ssuullttss:: The re we re no sig ni fi cant dif fe ren ces among co lor chan ge of por ce la in ma te ri als; ho we ver, the
dif fe ren ce among sta i ning agents was sig ni fi cant. Ci ga ret te smo ke pro du ced the hig hest dis co lo ra -
ti on (∆E= 18.71) in all por ce la in ma te ri als fol lo wed by cof fe e (∆E= 2.13) and te a (∆E= 2.11) so lu ti -
ons. Be fo re brus hing, te a and cof fe e pro du ced the si mi lar dis co lo ra ti on in all ma te ri als tes ted. All
sta i ning agents in cre a sed dis co lo ra ti on of por ce la in sur fa ces up to 45 days. Af ter brus hing ci ga ret -
te smo ke aga in ca u sed the hig hest dis co lo ra ti on (∆E= 2.65) in all por ce la ins fol lo wed by cof fe e (∆E=
2.02) and te a (∆E= 1.21). CCoonncc  lluu  ssii  oonn::  The sta ins on por ce la in sur fa ces we re ef fec ti vely re mo ved by
brus hing. Af ter brus hing te a so lu ti on ca u sed slight co lor chan ge and ci ga ret te smo ke and cof fe e so-
lu ti on ca u sed no ti ce ab le co lor chan ges in all por ce la ins tes ted.

KKeeyy  WWoorrddss::  Den tal por ce la in; prost he sis co lo ring; smo king; cof fe e 

ÖÖZZEETT  AAmmaaçç::  Por se len diş le rin renk len me si has ta nın hoş nut suz lu ğu na ve ila ve ola rak pro te zin de -
ği şim mas ra fı na ne den ola bi lir. Son yıl lar da ye ni kul la nıl ma ya baş la nan den tal por se len le rin renk
sta bi li te si bi lin me mek te dir. Bu ça lış ma nın ama cı 4 fark lı dü şük ısı por se le ni nin renk sta bi li te si ne
çay, kah ve ve si ga ra du ma nı nın et ki si nin in ce len me si dir. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  60 adet disk (12 mm
ça pın da ve 1.5 mm ka lın lı ğın da) şek lin de ör nek üre ti ci ta li mat la rı na gö re 4 den tal por se len ma ter -
ya lin den (D-Sign, Fi nes se, Ome ga 900, VM7) üre til di. Ör nek ler çay, kah ve ve si ga ra du ma nı na ma -
ruz bı ra kıl mak için 3 alt gru ba ay rıl dı. Her bir ör ne ğin renk pa ra met re le ri (L*, a*, b*) bir ko lo ri met re
yar dı mıy la baş lan gıç ta, 1, 10, 20, 30 ve 45’er gün lük ma ruz bı rak ma lar so nun da öl çül dü. İla ve ten
fır ça la ma dan son ra ka lan renk len me yi tes pit et mek için tek rar renk öl çü mü ya pıl dı. Renk de ği şim -
le ri (∆E) he sap lan dı ve ve ri le re iki yön lü ANO VA ana li zi uy gu lan dı. BBuull  gguu  llaarr::  Por se len ma ter yal -
ler ara sın da renk de ği şi mi açı sın dan fark bu lu na ma dı. An cak bo ya yı cı ajan lar ara sın da fark
is ta tis tik sel ola rak an lam lıy dı. Fır ça la ma ya pıl ma dan si ga ra du ma nı (∆E= 18.71) tüm por se len ma -
ter yal ler de en faz la renk len me ye ne den ol muş tur. Bu gru bu kah ve (∆E= 2.13) ve çay (∆E= 2.11) iz -
le miş tir. Kah ve ve çay test edi len ma ter yal ler de ben zer renk len me oluş tur muş tur. Tüm bo ya yı cı
ajan lar 45 gü ne ka dar renk len me yi art tır mış lar dır. Fır ça la ma dan son ra yi ne si ga ra du ma nı (∆E=
2.65) en yük sek renk len me yi gös te rir ken bu nu kah ve (∆E= 2.02) ve çay (∆E= 1.27) iz le miş tir. SSoo  --
nnuuçç:: Fır ça la may la por se len de ki renk len me ler önem li öl çü de azal mak ta dır An cak yi ne de çay tüm
por se len ler de ha fif bir renk len me ye yol açar ken kah ve ve si ga ra du ma nı kli nik ola rak fark edi le bi -
lir bir renk len me ye ne den ol muş lar dır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Diş por se le ni; pro te zi renk len dir me; si ga ra iç me; kah ve  
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e ve ral ma te ri als such as gold, me tal sup por ted
por ce la in, all ce ra mic, and cas tab le ce ra mics
are used for fab ri ca ting full co ve ra ge den tal

res to ra ti on de pen ding on the est he tic and func ti o -
nal re qu i re ments.1 Among the se ma te ri als, me tal-
ce ra mic res to ra ti ons ha ve be en the most fre qu ently
pres cri bed for ap pro xi ma tely 40 ye ars. Du ring this
pe ri od, subs tan ti al im pro ve ments in al loy subs tra -
tes and ve ne e ring por ce la ins ha ve re sul ted in the
wi des pre ad ac cep tan ce of me tal-ce ra mic res to ra ti -
ons.2 Me tal-ce ra mic res to ra ti ons com bi ne the
strength and ac cu racy of cast me tal with the est he -
tics of por ce la in.3 In the la bo ra tory, den tal por ce -
la in is fi red, and a gla zed res to ra ti on re sults with a
sur fa ce tex tu re and ap pe a ran ce re semb ling that of
a na tu ral to oth sur fa ce.4

Co lor sta bi lity is cru ci al for the suc cess of any
crown and brid ge-ve ne e ring ma te ri al.5 Dis co lo ra -
ti on of den tal ma te ri als can re sult in pa ti ent dis sa -
tis fac ti on and ad di ti o nal ex pen se for rep la ce ment.
Co lo ring so lu ti ons such as, cof fe e, te a, be ve ra ges,
clor he xi di ne, co la, and ni co ti ne are known to ca u -
se sta i ning of te eth and den tal res to ra ti ons.6-8

Among the se, cof fe e, te a, and co la are known to ca -
u se he avy sta i ning on den tal res to ra ti ons and app -
li an ces.6 Sta i ning of a res to ra ti on by co lo rants in a
ser vi ce en vi ron ment may be mo re lar gely res pon -
sib le for co lor chan ge than co lor ins ta bi lity of the
ma te ri al it self.6,9 The ex tent of dis co lo ra ti on in the
oral ca vity may be as so ci a ted with di e tary ha bits.10

Se ve ral ce ra mic systems ha ve be en in tro du ced
to the mar ket with pro mi ses of ex cel lent co lor
match, lon ge vity, and com pa ti bi lity.11 Alt ho ugh
den tal por ce la in was tho ught to be a co lor-stab le
aest he tic ma te ri al in pre vi o us stu di es,1,5,12,13 sur pri -
singly, in a few stu di es,6,11 so me por ce la in ma te ri al
was fo und to be sta i ned by the co lo ring so lu ti ons.

It is well known that the in teg rity of the gla ze of a
den tal por ce la in res to ra ti on dec re a ses the ro ugh -
ness of the por ce la in sur fa ce and thus mi ni mi zes
sta i ning.6

The long term co lor sta bi lity of the lo wer fu sing
por ce la in ma te ri als ha ve be en in ves ti ga ted.5,13-15 But
the long term ef fect of dif fe rent sta i ning agents on
the se por ce la in ma te ri als is unk nown. Seg hi et al12

de mos tra ted that co lor me a su re ment using a co lo -
ri me ter pro vi des con sis tent co lor eva lu a ti on on the
por ce la in sur fa ces. Co lo ri me ters of ten re port co lor
using the CI E LAB a met hod which was de ve lo ped
for cha rac te ri zing co lor ba sed on hu man per cep ti -
on in 1978 by the Com mis si on In ter na ti o na le de
I’Ec la i ra ge. It de sig na tes co lor ac cor ding to 3 spa ti -
al co or di na tes. L*, a* and b*, whe re L* rep re sents
the brigh tness (va lu e) of a sha de, a* rep re sents the
amo unt of red-gre en co lor, and b* rep re sents the
amo unt of yel low-blu e co lor.7,16,17 The use of a co l-
o ri me ter per mits so me deg re e of qu an ti ta ti ve
analy sis of co lor dif fe ren ce10 but, the cli ni cal sig ni -
fi can ce of the va lu e of co lor dif fe ren ces has yet to
be es tab lis hed. Gold ste in and Schmitt18 pro po sed
that a ∆E gre a ter than 0.4 can al re ady be de tec ted
by the highly tra i ned hu man eye. Se ve ral stu di -
es5,6,10 cla i med that ∆E va lu es lo wer than 3.3 are ac-
cep tab le for to oth co lo red res to ra ti ve ma te ri als
ho we ver ∆E va lu es gre a ter than 2 we re con si de red
vi su ally per cep tib le.9,12,19  To re la te the amo unt of
co lor chan ge (∆E) re cor ded by the spec trop ho to -
me ter to a cli ni cal en vi ro ment, ∆E va lu es can be
dec ri bed tho ught the equ a ti on NBS (Na ti o nal Bu re -
a u of Stan dards) units= ∆E X 0.92. Cri ti cal re marks
of co lor dif fe ren ces as ex pres sed in terms of NBS
units are shown in Tab le 1.14,20,21

The pur po se of this study was to de ter mi ne the
co lor sta bi lity of 4 dif fe rent low-fu sing por ce la in

Porcelain materials Lot numbers Manufactures

D-Sign E37780 Ivoclar Vivadent AG, Schaan, Liechtenstein

Finesse 02041811 Ceramco, Burlington, NJ. USA

Omega 900 7411 Vita Zahnfabrik, Bad Sackingen, Germany

VM7 7549 Vita Zahnfabrik

TABLE 1: The porcelain materials and their manufacturers
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ma te ri als aga inst te a, cof fe e and ci ga ret te smo ke.
The hypot he sis for this study was that the low-fu -
sing por ce la in ma te ri als (D-Sing, Fi nes se, Ome ga
900 and WM7) ha ve dif fe rent ra tes of co lor chan -
ge af ter ex po su re to te a, cof fe e, ci ga ret te smo ke.

MA TE RI AL AND MET HODS
Sixty disc-sha ped spe ci mens (12 mm in di a me ter
and 1.5 mm in thick ness) we re fab ri ca ted with 4
low-fu sing den tal por ce la in ma te ri als (n= 15). The
por ce la in ma te ri als and the ir ma nu fac tu rers are
shown in Tab le 2. Por ce la in spe ci mens we re pre pa -
red using a ro und split mold ma de of poly vinyl si -
lo xa ne putty thus in ci sal por ce la in co uld be app li ed
in a thick ness of 2 mm. The por ce la in was con den -
sed un til no li qu id ap pe a red on the sur fa ce. Spe ci -
mens we re trim med flush with the top of the mold,
re mo ved from the mold and pla ced on a fi ring tray.
Each por ce la in spe ci men was fi red on ce, ac cor ding
to the ma nu fac tu rer’s re com men da ti ons. Af ter fi r-
ing, all spe ci mens we re gro und flat on one si de to
ac hi e ve ap pro xi ma tely uni form thick ness and gla -
zed ac cor ding to ma nu fac tu rers’ ins truc ti on. The
fi nal thick ness of por ce la in spe ci mens was 1.5 mm
as in pre vi o us stu di es.1,14 Fif te en spe ci mens of each
gro up we re di vi ded in to 5 spe ci mens con ta i ning
sub gro ups for ex po su re to 1 of the fol lo wing 3 en-
vi ron ments: te a, cof fe e, and ci ga ret te smo ke. 

PRE PA RA TI ONS OF STA I NING EN VI RON MENTS

Spe ci mens se lec ted from each ma te ri al we re ex po -
sed to 1 of the fol lo wing con di ti ons: cof fe e or te a
and kept in the dark at 37 ± 1°C for 45 days. To pre-
pa re a stan dard so lu ti on of cof fe e, 15 g of cof fe e
(Nes ca fe Clas sic; Nest le, Is tan bul, Tur key) was po -
u red in to 500 mL of bo i ling dis til led wa ter. Af ter
10 mi nu tes of stir ring, the so lu ti on was pas sed thro -
ugh fil ter pa per. The te a so lu ti on was pre pa red by
im mer sing 5 te a bags (Lip ton Yel low La bel Te a, Is-
tan bul, Tur key) in to 500 mL of bo i ling dis til led wa -
ter for 10 mi nu tes. 

The smo ke ex po su re system con sis ted of a glass
cham ber, a pump, and a fan as si mi lar to that used
in pre vi o us stu di es (Fi gu re 1).22,23 The fan was at-
tac hed to the glass cham ber of the smo king mac hi -
ne. The pump was used to push the air thro ugh the

bur ning ci ga ret te in to the glass cham ber. One vo l-
u me ci ga ret te smo ke was mi xed with one vo lu me
of ro om air in the di lu ti on cham ber using a ro ta -
ting fan. Du ring smo ke ex po su re, spe ci mens we re
pla ced in the cham ber and in ha led 50% of ci ga ret -
te smo ke. Each fil ter ci ga ret te was bur ned for ap-
pro xi ma tely 8-10 mi nu tes and a to tal num ber of 20
ci ga ret tes we re used each day. ‘Mal te pe’ ci ga ret tes
(Te kel Ci ga ret te Fac tory, Is tan bul Tur key) ma nu -
fac tu red from a blend of Tur kish to bac co we re used
in the study.

NBS unit Critical remarks of color differences

0.0-0.5 Trace Extremly slight change

0.5-1.5 Slight Slight change

1.5-3.0 Noticiable Perceivable change

3.0-6.0 Appreciable Market change

6.0-12.0 Much Extremly market change

12.0 or more Very much Change to other color

TABLE 2: National Bureau of Standards (NBS) ratings.

FIGURE 1: Smoke exposure system.
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CO LOR ME A SU RE MENTS

Be fo re ex po su re to the sta i ning agents, the ba se li -
ne co lor me a su re ment of all spe ci mens was re cor -
ded with a co lo ri me ter (Mi nol ta Chro ma Me ter CR
300, Mi nol ta Inc Osa ca Ja pan). The spe ci mens we -
re ar ran ged so that the gla zed sur fa ces we re ex po -
sed for the app li ca ti on of the co lo ring agents. Co lor
me a su re ments we re ta ken on 1st, 10th, 20th, 30th, and
45th days. Pri or to the re cor dings be ing ob ta i ned;
the spe ci mens we re re mo ved from the con ta i ners
and tho ro ughly rin sed in dis til led wa ter and dri ed
with tis su e pa per. Af ter ta king the 45th day’s da ta,
all spe ci mens we re gently brus hed with a to oth -
brush and then me a su re ments we re re pe a ted. Co -
lor pa ra me ters in L*a*b* co lor spa ce we re re cor ded
with a small are a co lo ri me ter as in pre vi o usly des -
cri bed.1,6,9,12,15,24

The co lo ri me ter was set to the mul ti-me a su re
mo de in which 3 re a dings we re au to ma ti cally ta -
ken for each spe ci men. The me an va lu e of the se 3
re a dings was re cor ded. The whi te ca lib ra ti on stan-

dard was used as the back gro und for each spe ci men
du ring da ta col lec ti on to stan dar di ze the ef fects of
back gro und co lor du ring me a su re ments. The co lor
dif fe ren ce (∆E) bet we en the in ter val and ba se li ne
was cal cu la ted from the fol lo wing equ a ti on: 

∆E = [(L1-L2)2 + (a1-a2)2 + (b1-b2)2] 1/2.

Whe re L1, a1, b1 rep re sent pre-ex pe ri men tal
co lor va lu es of each samp le and L2, a2, b2 rep re sent
post-ex pe ri men tal co lor va lu es of each samp le.
Then the da ta we re con ver ted NBS units using the
equ a ti on of NBS unit (NBS unit = ∆E X 0.92). Sta-
tis ti cal analy sis was car ri ed out using the prog ram
SPSS 11.0 for Win dows ver si on. Da ta we re analy -
zed with 2-way ANO VA (α= .05). 

RE SULTS
The me an ∆E va lu es with the stan dard de vi a ti ons
of each por ce la in gro up ex po sed the sta i ning agents
at the ti me in ter vals and af ter brus hing are shown
in Tab le 3. The me an co lor dif fe ren ces con ver ted
to NBS units are gi ven Tab le 4. 

Porcelains Staining agents 1 Day 10 Days 20 Days 30 Days 45 Days After brushing

IVOCLAR D SIGN Tea 0.48 ± 0.29 1.16 ± 0.23 1.42 ± 0.29 1.68 ± 0.51 2.82 ± 1.05 0.46 ± 1.11

Coffee 0.04 ± 0.14 0.81 ± 0.55 1.66 ± 0.56 1.88 ± 0.48 3.05 ± 0.89 0.91 ± 0.28

Cigarette Smoke 1.71 ± 0.82 18.31 ± 0.91 26.21 ± 0.96 28.33 ± 0.68 29.88 ± 1.89 1.21 ± 0.24

FINESSE Tea 1.52 ± 1.54 1.90 ± 1.63 2.47 ± 2.42 2.73 ± 2.42 2.76 ± 1.97 2.42 ± 0.89

Coffee 1.29 ± 1.23 1.29 ± 1.53 1,32 ± 1.59 1.44 ± 1.23 1.46 ± 1.23 1.49 ± 1.17

Cigarette Smoke 6.23 ± 2.67 17.45 ± 1.56 25.42 ± 1.87 26.09 ± 2.27 30.04 ± 1.53 3.23 ± 1.78

VITA OMEGA 900 Tea 0.60 ± 0.34 2.49 ± 0.94 2.74 ± 0.87 2.86 ± 1.21 3.31 ± 1.32 0.19 ± 0.81

Coffee 0.89 ± 0.68 1.88 ± 0.76 3.23 ± 1.32 4.92 ± 1.53 4.96 ± 1.45 3.31 ± 1.85

Cigarette Smoke 4.54 ± 2.78 21.03 ± 1.76 28.00 ± 3.12 30.79 ± 1.41 32.40 ± 3.42 4.96 ± 1.85

VITA VM7 Tea 1.25 ± 1.13 2.83 ± 1.21 3.42 ± 1.38 3.49 ± 1.41 3.78 ± 1.23 1.23 ± 1.01

Coffee 1.04 ± 0.79 1.56 ± 0.93 3.40 ± 1.22 3.59 ± 1.42 3.63 ± 1.36 2.39 ± 0.34

Cigarette Smoke 3.65 ± 1.03 18.28 ± 3.21 28.20 ± 1.62 28.98 ± 1.75 32.26 ± 1.63 2.75 ± 2.01

TABLE 3: Mean color change (∆E) values with the standard deviations of all porcelain groups against to staining agents
at time intervals.

Staining agents 1 Day 10 Days 20 Days 30 Days 45 Days After brushing

Tea 0.89 1.93 2.32 2.47 2.92 1.11

Coffee 0.71 1.28 2.21 2.72 3.02 1.86

Cigarette Smoke 3.72 17.27 24.80 26.27 28.66 2.62

TABLE 4: Mean National Bureau of standards (NBS) values of staining agents at time intervals.
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Ome ga 900 por ce la in sho wed most dis co lo ra ti -
on. Ho we ver, co lor chan ge va lu es we re fo und to be
si mi lar among the por ce la in gro ups for all sta i ning
agents and at all ti me in ter vals (P= .89), (Fi gu re 2).

Be fo re brus hing, te a (∆E= 2.11) and cof fe e
(∆E= 2.13) sho wed si mi lar co lor chan ge va lu es;
whe re as, ci ga ret te smo ke (∆E= 18.77) re sul ted in
gre a ter dis co lo ra ti on (P= .00), (Fi gu re 3) in all por -
ce la in ma te ri als.

Co lor chan ge of por ce la in gro ups aga inst te a
and cof fe e we re si mi lar at all ti me in ter vals and less
than 3.3 ∆E (3 NBS) va lu es. Ho we ver, ci ga ret te
smo ke sta i ning in cre a sed up to 20 days and  it re-
ma i ned stab le af ter 20th day. It was fo und that the
va lu e of ∆E for ci ga ret te smo ke sta i ning was hig -
her than 3.3. 

Af ter por ce la in spe ci mens we re brus hed, the
va lu es of ∆E we re sig ni fi cantly dec re a sed (Fi gu re 4).

Te a so lu ti on (1.11 NBS) ca u sed slight co lor chan ge
and ci ga ret te smo ke (2.62 NBS) and cof fe e so lu ti on
(1.86 NBS) ca u sed no ti ce ab le co lor chan ges in all
por ce la in ma te ri als tes ted (Tab le 4).

DIS CUS SI ON
All por ce la in ma te ri als tes ted sho wed the sa me dis-
co lo ra ti on when ex po sed to va ri o us sta i ning agents;
cof fe e, te a and ci ga ret te smo ke so that the re se arch
hypot he sis for this study was re jec ted. Ci ga ret te
smo ke sta i ned the por ce la in ma te ri als mo re than
the cof fe e and te a so lu ti ons be fo re brus hing. Nes ca -
fe, te a and ci ga ret te smo ke we re cho sen as test
agents, be ca u se they ha ve be en shown to ha ve gre -
a ter sta i ning abi lity on den tal res to ra ti on ma te ri -
als.8-10,16,25-27

A pre vi o us study6 re ve a led that the pre pa ra ti -
on and con cen tra ti on of the cof fe e and te a af fec ted
the deg re e of dis co lo ra ti on. The so lu ti ons used in
the pre sent study we re pre pa red clo ser to that of
re al drinks. Re gu lar da ily ci ga ret te smo kers with a
cur rent con sump ti on of mo re than ten ci ga ret tes a
day are usu ally re cor ded as ‘smo kers’, so the spe ci -
mens we re ex po sed to the smo ke from 20 ci ga ret -
tes a day thro ugh the mac hi ne.

Co lor per cep ti on by vi su al as sess ment of ob-
jects is a sub jec ti ve, physi o lo gic, and psycho lo gi cal
pro cess that va ri es bet we en and wit hin per sons.25,28

This va ri a bi lity is a re sult of se ve ral fac tors, inc lu -
ding ob ser ved ob ject and il lu mi nant po si ti on re la -
ti ve to the ob ser ver and to each ot her, co lor
cha rac te ris tics of the il lu mi nant, me ta me rism, fa ti -

FI GU RE 2: Me an co lor chan ge (∆E) va lu es of por ce la in gro ups aga inst to
sta i ning agents.

FI GU RE 3: Me an co lor chan ge (∆E) va lu es of sta i ning agents (be fo re brus -
hing).

FI GU RE 4: Mean color change (∆E) values for various lengths of time.

TIME DAY



Serhan AKMAN ve ark. DÜŞÜK ISI PORSELENLERİNİN RENGİNE ÇAY, KAHVE VE SİGARA DUMANININ İN VİTRO ETKİSİ

Turkiye Klinikleri J Dental Sci 2010;16(3)228

gu e, aging, and the emo ti o nal sta te of the ob ser ver.
Ins tru men tal co lo ri me ters ha ve be en fo und to ha -
ve ac cu racy for in vit ro me a su re ment of co lor and
co lor dif fe ren ces.12,28 Sin ce the lat ter eli mi na tes the
sub jec ti ve in ter pre ta ti on, co lo ri met ric tech ni qu e
was used in this study.

In this study, dis co lo ra ti on of por ce la in ma te -
ri als aga inst sta i ning agents (cof fe e, te a and ci ga ret -
te smo ke) was in ves ti ga ted for 45 days. In in vit ro
co lor sta bi lity stu di es, a pe ri od of for we ek’s im mer-
si on may be con si de red to be to o long. Ho we ver, to
re ach the cu mu la ti ve sta i ning re sults of the se so lu -
ti ons, it was de ci ded to con ti nu e tes ting un til the
end of a pe ri od of 4 we eks.25,29 Si mi larly, in the pre s-
ent study, the co lor sta bi li ti es of por ce la in spe ci -
mens we re al so me a su red for 45 days. Af ter 45 days
all tes ted por ce la in gro ups sho wed lo wer co lor
chan ge in cof fe e and te a so lu ti on, which we re less
than 3.3 ∆E units, the hig hest va lu e that has be en
de ter mi ned as cli ni cally ac cep tab le. Ho we ver, ∆E
va lu es we re gre a ter than 2∆E units which we re
con si de red vi su ally per cep tib le. Ci ga ret te smo ke ca -
u sed the most sig ni fi cant co lor chan ge, which was
hig her than 3.3 ∆E units. It has be en de ter mi ned as
cli ni cally unac cep tab le. In this study al so the ef fect
of the brus hing pro ce du re was se en as a re duc ti on of
the ∆E va lu es for the spe ci mens tre a ted with te a,
cof fe e and ci ga ret te smo ke. Es pe ci ally the re duc ti -
on of the ∆E was the most in ci ga ret te smo ke gro up.
Be ca u se of this, the pos sib le plas ti ci zing ef fect of ci -
ga ret te tar and the ci ga ret te smo ke sta in can be re-
mo ved with mec ha ni cal cle a ning (brus hing).
Rin sing wa ter alo ne is not eno ugh to re mo ve the
sta ins from por ce la in sur fa ces. 

This re sult of the study in di ca ted that mec ha -
ni cal cle a ning (brus hing) is im por tant for re duc ti on
of dis co lo ra ti on of por ce la in ma te ri als. This fin ding
is si mi lar to re sults from pre vi o us stu di es.10,26,27 

Se ve ral stu di es de mons tra ted that cof fe e pro-
du ced gre a ter co lor chan ges than te a. Ho we ver,

Khok har et al26 and Poly zo is et al30 sho wed that te -
a had hig her sta i ning ef fects than cof fe e on re sin
ma te ri als. In the pre sent study te a and cof fe e pro-
du ced si mi lar dis co lo ra ti on on low-fu sing por ce la -
in ma te ri als for 45 days ho we ver, af ter brus hing,
te a sta i ning was less no ti ce ab le. Whi le te a ca u sed
slight co lor chan ge, cof fe e and ci ga ret te smo ke ca -
u sed no ti ce ab le co lor chan ge in por ce la ins.

When dis cus sing the cli ni cal app li ca ti ons of
the se re sults, it must be con si de red that the oral en-
vi ron ment dif fers in se ve ral ways from in vit ro
con di ti ons. Fac tors such as the va ri ety of fo od,
ther mal and mec ha ni cal stres ses, and the ir in te rac -
ti ons may in ten sify dis co lo ra ti on in vi vo.9 Be si de
this, ton gu e, che ek, lip and sa li va in the mo uth all
pro vi de physi o lo gi cal cle a ning of to oth crowns.

Co lor chan ges to the res to ra ti on are af fec ted
by many pa ra me ters inc lu ding the type of ma te ri -
als used for the res to ra ti on as well as the di et and
oral hygi e ne of the pa ti ent. The co lor of por ce la in
ma te ri als tes ted can be chan ged de pen ding on the
di e tary fac tors (cof fe e and te a), smo king and re gu -
lar oral hygi e ne of pa ti ents. 

CONC LU SI ONS
Wit hin the li mi ta ti ons of this study, the fol lo wing
conc lu si ons we re drawn:

1. All por ce la ins  tes ted ex hi bi ted the sa me co -
lor chan ges af ter ex po su re to sta i ning agents.

2. Be fo re brus hing te a and cof fe e so lu ti ons
pro du ced si mi lar dis co lo ra ti on in the ma te ri als tes -
ted. Ci ga ret te smo ke ca u sed mo re dis co lo ra ti on
than the te a and cof fe e.

3. Af ter mec ha ni cal cle a ning, the dis co lo ra ti on
of sta i ning agents (es pe ci ally ci ga ret te smo ke) on
the por ce la in ma te ri als tes ted was re du ced. Whi le
te a ca u sed slight co lor chan ge, ci ga ret te smo ke and
cof fe e ca u sed, no ti ce ab le co lor chan ge in por ce la -
in ma te ri als cli ni cally.
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