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Abstract

Aim: The aim of this in vitro study is to compare the coloration of dif-
ferent types of denture teeth with electronic cigarette smoke depending
on thermal aging.

Methods: Denture teeth, consist of three different materials, are: mi-
crofiller reinforced polyacrylic resin (Vitapan, VITA Zahnfabrik),
nanofilled composite resin (Sr Phoneres II, Ivoclar Vivadent AG), and
feldspathic ceramic (Lumin Vacuum; VITA Zahnfabrik). The speci-
mens were then randomly separated into groups (n=6), according to the
material of the denture teeth, thermal aging, and the nicotine level of the
electronic cigarette liquid. The color differences are determined by using
a VITA Easyshade spectrophotometer.

Results: In groups where thermal aging is not applied, the color change
resulting from the electronic cigarette creates a statistically significant
difference between 3 different materials (p <0.05). AE*ab value of Lu-
min vacuum is significantly lower than SR Phonares II; however, there is
no significant difference in AE00 value. There is a statistically significant
difference between 3 different materials in terms of AE*ab and AE00
values in all groups undergoing thermal aging (p <0.05).

Conclusions: Denture teeth color was altered by ECIGs containing lig-
uids with different nicotine contents.
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INTRODUCTION

Electronic Distribution Systems (ENDs), also known
as electronic cigarettes (ECIGs), are rechargeable elec-
tronic devices designed to create an aerosol by heating
the ECIGs’ liquid content with various flavors and com-
ponents such as nicotine (1). The use of ECIGs is in-
creasing rapidly in global markets, including the United
States and Europe (2). In the United States, ECIGs use is
more than 15% of adults, and the majority are between
the ages of 18 and 44 (3,4). Released as a safer alter-
native to traditional cigarettes, e-cigarettes are gaining
popularity among traditional smokers (5). Reported
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Amag: Bu in vitro ¢alismanin amaci, termal yaslanmaya bagh olarak

elektronik sigara dumanu ile farkh igerikli yapay dislerin renklesmelerini
incelemektir.

Gereg ve Yontem: Ug farkli materyalden yapay disler kullanilmustir:
mikrofiller ile giiclendirilmis poliakrilik recine (Vitapan, VITA Zah-
nfabrik), nano dolgulu kompozit regine (Sr Phoneres II, Ivoclar Viva-
dent AG) ve feldspatik seramik (Lumin Vacuum; VITA Zahnfabrik).
Ornekler daha sonra yapay diglerin materyaline, termal yaglanmaya ve
elektronik sigara likitinin nikotin seviyesine gore rastgele gruplara (n=6)
ayrilmustir. Renk farkhiliklari, VITA Easyshade spektrofotometresi kul-
lanilarak belirlenmistir.

Bulgular: Termal yaglandirma uygulanmayan gruplarda; elektronik
sigaramin neden oldugu renk degisimi 3 farkl malzeme arasinda ista-
tistiksel olarak anlamli bir fark olusturmaktadir (p<0.05). Lumin va-

kumnun AE*ab degeri, SR Phonares II'den énemli 6lgtide diisiiktiir;

ancak AE00 degerinde anlamh bir fark yoktur. Termal yaslandirma uy-
gulanan tiim gruplarda AE*ab ve AE00 degerleri agisindan 3 farkl mal-
zeme arasinda istatistiksel olarak anlamli fark bulunmaktadir (p<0.05).

Sonuglar: Yapay dis rengi, farkh nikotin icerikli sivilar iceren elektronik
sigaralardan etkilenmektedir.

Anahtar Kelimeler: Renk Bilimi, Protez, Dis Malzemeleri

e-cigarette use among traditional smokers ranges from
15.94% in the United States to 21.9% in the UK (6).

The working principle of ECIGs is as follows: a device
called an atomizer heats a liquid mixture containing
water, flavors, propylene glycol, glycerine, and different
levels of nicotine. When activated by inhalation or push
of a button, ECIGs concentrate on an aerosol inhaled
by the person. This reaction is not a combustion reac-
tion, so “vaping” produces fewer chemical compounds
than conventional smoking (7).

Data examining the effect of ECIGs on oral health is
scarce (3,8), and studies examining the effects on nat-
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ural teeth (7) or restorative dental materials (9) are
scarce. Although many studies have been conducted to
determine the effects of conventional cigarette smoke
on the color stability of denture teeth (10,11), data on
the staining effect of electronic cigarettes on denture
teeth are not available in the literature.

Denture teeth, used to replace natural teeth lost for var-
ious reasons, play an essential role in complete dentures’
aesthetic and functional success (10). Denture teeth are
available in dental markets in different material con-
tents (12). However, the first acrylic denture teeth are
still used today. Several new types of resinous dentures
have been introduced to increase the clinical success of
acrylic resin teeth. For example, denture teeth based
on cross-linked acrylic and micro-filled composite res-
in have been developed to improve clinical outcomes
(13,14). Micro-filled composite and nanocomposite’s
high polishability as well as being resistant to stains and
impacts have enabled them to be used as denture teeth
(13).

There are some important physical properties that the
teeth used in prosthesis should have. One of them is
the ability to maintain color stability. Dental aesthetics
can be achieved by choosing dental materials with ex-
cellent color stability, so it has become more and more
important to increase the stain resistance of artificial
denture teeth (10). Ceramic prosthetic teeth have also
been used for abrasion resistance and to meet increas-
ing aesthetic demands (15). However, ceramic has dis-
advantages such as brittleness, lack of bonding to the
denture base, and difficulty polishing.

Previous studies have used various staining agents such
as coffee, tea, or conventional cigarette smoke to deter-
mine the color stability of denture teeth (10,11). How-
ever, the authors are unaware that electronic cigarette
smoke can affect the ability to preserve the color of den-
ture teeth. Therefore, the purpose of this in vitro study
is to compare the coloration of microfiller reinforced
polyacrylic resin, nanofilled composite resin, and feld-
spathic ceramic denture teeth with electronic cigarette
smoke, depending on thermal aging.

The null hypotheses were that electronic cigarette
smoke with different nicotine levels would make no
difference and be similar in discoloration of denture
teeth with different material content exposed to ther-
mal aging.

MATERIAL and METHODS

Denture teeth of three different materials were used:
microfiller reinforced polyacrylic resin (Vitapan, VITA
Zahnfabrik), nanofilled composite resin (Sr Phoneres
I1, Ivoclar Vivadent AG), and feldspathic ceramic (Lu-
min Vacuum; VITA Zahnfabrik). In addition, a maxil-
lary right central incisor (shadow A1) was chosen for
all denture teeth. Table 1 lists the origin and contents
of the materials included in this study. The specimens
were then randomly separated into eighteen groups (n
= 6), according to the material of the denture teeth (mi-
crofilled, nanofilled and ceramic), thermal aging (yes
or no), and the nicotine level of the electronic cigarette
liquid (0 mg and 12 mg). All samples in the study were
kept in distilled water at 370C for 24 hours.

Table 1: Materials used

Material Type Component Manufacturer
SR Phonares II | Composite Resin Urethane dimethacrylate | Ivoclar Vivadent AG
Denture Teeth with | matrix (TMX-
Nanofillers (NCRT) | UDMA),PMMA,
silanized SiO2
Lumin Vacuum | Ceramic Feldspathic Vita Zahnfabrik
Vitapan Composite Resin PMMA with 14% Vita Zahnfabrik
Denture Teeth inorganic fillers (highly
(CRT) dispersed silica)
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After the first color measurements of all samples were
made, half of the samples were aged with 5000 ther-
mocycles (Buchi 461 Water Bath; Fisher Scientific).
The cold water cabin is set at 5°C and the hot water
cabin at 55°C. The waiting time inside the cabins was
30 seconds and the transfer time between the cabins
was 10 seconds (16).

Samples were exposed to 20 cycles of aerosol using
the ECIG device (EGO-CE5, CE FC RoHS). A smok-
ing simulator was used for this procedure. A negative
pressure vacuum device was used in the glass cabi-
net of the simulator device (the chamber in which the
samples were placed) that simulates the inhalation of
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electronic cigarette smoke. The buccal surfaces of the
samples were placed perpendicular to the entrance
direction of the electronic cigarette smoke and at a
distance of 1.5 cm. Colorless wax was used to fix it.
The batteries of the electronic cigarette device were
charged before each period, and the cartridges were
completely filled with (1.6 mL) e-liquid (KF Brazil
e-liquids, Brazil). It was connected to the top of the
chamber by a vacuum system that applied negative
pressure to expel the cigarette smoke that had en-
tered the chamber. In this way, the smoke-free state
in the period between breaths was simulated. A cycle
of 3.6 minutes was created, consisting of 10 breaths,

Figure 1. Graphic illustration of AE from CIELab and CIED2000 formulae, considering thermal aging, e-cigarette,
and nicotine levels. Dotted lines represent the thresholds for perceptible (P) and acceptable (A) values.

with a breathing time of 4 seconds and a 20 seconds
interval between each breath. After 10 cycles, the
cartridges were refilled with e-liquid to prevent over-
heating. After 20 cycles were completed, the samples
were washed with non-pressure distilled water, and
color measurements were made (7).

A spectrophotometer (Vita Easyshade, VITA Zahn-
fabrik, Germany) was used to measure the color of
each sample before and after exposure to the e-ciga-
rette aerosol. A single researcher made all color meas-
urements. Samples were placed in colorless acryl-
ic molds with a 6 mm diameter circular hole in the
center to make a standard color measurement. The

central hole corresponds to the buccal middle third
of each specimen. The measuring tip of the spec-
trophotometer was directed over the hole, and the
position was kept constant in the first and last meas-
urements. Results were expressed using the formulas
CIELab (AEab) and CIED2000.

The formula for CIELab color difference (AE*ab)
is (17):
AE*ab = [(AL*)2 +(Aa*)2 +(Ab*)2]1/2

The formula for CIED2000 color difference (AE00)
is (18,19):

233 Joumnal of Medical Sciences | http://jms.yeniyuzyil.edu.tr| Volume 3 Issue 4


http://jms.yeniyuzyil.edu.tr

The Effect of Electronic Cigarettes on Color Stability of Different Denture Teeth

AE00 = [(AL/KL.SL)2 + (AC/KC.SC)2 + (AH/
KH.SH)2 + RT. (AC/ KC.SC) X (AH/KH.SH)]0.5

The 50:50% detectability threshold (PT) was set to
AEab=1.2 and AE00=0.8,

while the 50%:50% acceptability threshold (AT) was
set to

AEab=2.7 and AE00=1.8 (20) (Figure 1).

All data were recorded in the SPSS (statistical package
for social sciences) for Windows 22 program on the
computer and analyzed. In analyzing the data, first-
ly, the assumptions must be met to decide which tests
(parametric/nonparametric) to apply are tested. To de-
cide the normality of the distribution, Shapiro-Wilk,
kurtosis and skewness values, which are other assump-
tions of the normal distribution, and the histogram plot

were used. One-way analysis of variance was used to
compare two or more unrelated groups, and the Tukey
test, one of the post hoc tests, was used to determine
the source of the difference. In order to determine the
homogeneity of the variance, Levene statistics were ex-
amined and it was found that the variances were homo-
geneous. The significance level of 0.05 was used as the
criterion in interpreting whether the values obtained
were meaningful or not.

RESULTS

In groups in which thermal aging is not applied, the
color change caused by the electronic cigarette creates
a statistically significant difference between 3 different
materials (p <0.05). According to the Tukey multiple

Table 2: Colorations calculated with CIELab (AE * ab).

Vitapan ® | Lumin Phonares © | F P Difference
vacuum ®
No TA + No 1.23+0.53 1.05+1.38 | 1.71+0.48 0.71 ]0.51
smoke
No TA + 0 mg 1.26+1.28 1.23+1.01 | 2.85+0.81 3.9 0.5
nicotine
NoTA+12mg | 2.56+0.97 1.38+0.46 | 3.03+0.96 5.19 | 0.02*% | b<c
nicotine ®
TA + No smoke | 2.17+0.74 3.07+0.28 | 4.54+0.98 13.59 | 0.01* | a<b,c
(4)
TA +0mg 2.93+1.29 3.77£1.18 | 4.98+0.62 4.64 | 0.03* |a<c
nicotine
Termal + 12 mg | 3.87+1.23 3.99+1.02 | 6.03+1.02 6.18 | 0.01* |ab<c
nicotine ©
Statical Test F:4,72, F:9,59, F:18,32,
p:0.01 p:0.01 p:0.01
Difference 1,4<6 1<4,5,6 1,2,3<4,5,6
2,3<5,6

TA: Thermal Aging

#p<0.05
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Table 3: Colorations calculated with CIED2000 (AEQO).

Vitapan @ | Lumin Phonares® | F p Difference
Vacuum ®
No TA + No 0.84+0.29 0.76+0.91 1.29+0.28 | 1.03 0.32
smoke (V)
No TA + 0 mg 0.90+0.85 0.89+0.71 2.03+£0.59 | 4.06 0.04*
nicotine @
NoTA +12mg | 1.834+0.70 0.95+0.30 2.12+0.68 | 5.29 0.02* | b<c
nicotine ®
TA + No smoke | 1.51+0.49 2.20+0.19 3.39+0.64 | 19.7 0.01* | ab<c
“)
TA +0mg 2.21+0.78 2.75+0.87 3.55+0.39 | 4.48 0.04* | a<c
nicotine ©
TA + 12 mg 2.84+0.94 3.02+0.82 4.24+0.73 | 4.17 0.04*
nicotine ©
Statical Test F:5,89, F:10,75, F:19,18,
p:0.01 p:0.01 p:0.01
Difference 1,4<6 1<4,5,6 1,2,3<4,5,6
2,3<5,6

TA: Thermal Aging

*p<0.05

comparison tests conducted to understand which
materials the difference is, AE*ab value of Lumin vac-
uum is significantly lower than Phonares II (Table 2);
however, there is no significant difference in AE00
value (Table 3).

There is a statistically significant difference between
3 different materials in terms of AE*ab and AE0O val-
ues in all groups undergoing thermal aging (p <0.05).
According to Tukey, multiple comparison tests were
conducted to understand which groups the difference
is; Vitapan's AE*ab value is significantly lower than
Lumin vacuum and Phonares II in groups that do not
apply electronic cigarettes. The AE00 values of Vita-
pan and Lumin vacuum are significantly lower than
Phonares II. Both AE*ab and AE00 values of Vitapan
in 0 mg nicotine e-cigarette groups were significantly
lower than Phonares II. AE*ab values of Vitapan and
Lumin vacuum are significantly lower than Phonares

IT in groups administered 12 mg nicotine e-ciga-
rette. There was no significant difference between the
groups in the value of AE0O in the 12 mg nicotine
electronic cigarette groups.

AE*ab and AE00 values of Vitapan show a statistical-
ly significant difference between all groups. (p <0.05)
According to the Tukey multiple comparison test
conducted to understand which groups the difference
is, the AE00 and AE*ab values of all groups without
e-cigarettes were significantly lower than the group
exposed to thermal aging and exposed to 12 mg nic-
otine e-cigarettes.

AE*ab and AE00 values of Lumin vacuum show a sta-
tistically significant difference between all groups (p
<0.05). According to the Tukey multiple comparison
test conducted to understand which groups the dif-
ference is, the AE00 and AE*ab values of the group
that did not undergo thermal aging and did not apply
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electronic cigarettes were significantly lower than all
groups that applied thermal aging. In addition, those
who did not undergo thermal aging in the groups treat-
ed with 0 mg or 12 mg nicotine e-cigarettes show sig-
nificantly lower AE*ab and AE00 values than those who
underwent thermal aging.

AE*ab and AE00 values of Phonares II show a statisti-
cally significant difference between all groups (p <0.05).
According to the Tukey multiple comparison test con-
ducted to understand which groups the difference is, all
groups that underwent thermal aging show significant-
ly higher AE*ab and AE00 values than all groups that
did not undergo thermal aging.

DISCUSSION

Discoloration in denture teeth can be caused by inter-
nal and external factors (21). Internal discoloration
occurs due to the aging of the material resulting from
thermal changes and engages in physical and chemical
interactions involving moisture. The reason for color
changes due to external factors is absorption and ad-
sorption (22).

Although some authors have evaluated discoloration of
denture teeth from exposure to oral fluids and coloring
agents such as tea and coffee (11,23), there are no stud-
ies in the literature testing the ability to maintain color
of denture teeth affected by electronic cigarettes. Be-
sides, studies on discoloration in denture teeth, includ-
ing thermal cycling, are scarce in the literature (24).
Current studies examining the behavior of denture
teeth against staining agents also state that the effect of
aging should be examined (12). In a study examining
the color change of acrylic resin-based prosthetic teeth
of different brands, acrylic prosthetic teeth subjected to
thermal aging yielded higher E values, and AE of <3.3
was considered clinically acceptable (24). In this study,
AE values were found to be highest in nanohybrid (3.39
and 4.54) and lowest in microfilled (1.51 and 2.17) and
ceramic (2.26 and 3.07) in the groups that underwent
thermal aging only.

It is known that traditional cigarette smoking can affect
the discoloration of denture teeth and various dental
materials. Moreover, these color changes cause dissatis-
faction with the aesthetic expectation of the person (7).
However, information on the effects of smoke produced
by any ECIG device on the color of natural teeth (7)

and dental materials (9) is rarely found in the literature.
Moreover, there is no information about its effect on
prosthetic teeth.

More than half of the review studies examining percep-
tibility and acceptability thresholds for color differenc-
es in dentistry use the perceptibility threshold AE*=1,
and one-third of the studies indicated AE*=3.7 as the
acceptable threshold for color difference in half of the
observers (25-27). In a study examining the visual per-
ception of color differences by different observers, the
perceptibility and acceptability thresholds for AE*ab
were 1.2 and 2.7, respectively, while the thresholds for
AE00 were 0.8 and 1.8, respectively (28). In our study;,
AE*ab values vary between 1.23 and 6.03, while AE00
values vary between 0.89 and 4.24. Therefore, based on
predetermined thresholds for color difference detec-
tion, we may believe that ECIGs (regardless of nicotine
content and thermal aging) cause perceptible discolor-
ation on denture teeth.

The CIEDE2000 and CIELAB formulas are also used in
studies on color measurement in dentistry; however, it
has been reported in the literature that the CIEDE2000
performs better. The CIEDE2000 formula balances the
differences between colors in L*, a* and b* and removes
inequality (26).

Considering the individual differences in human per-
ception, since it is complex and challenging to meas-
ure the color difference, different systems have been
developed to strengthen the relationship between color
measurements and visual perception. However, it is im-
possible to convert these values to each other because
the color variations calculated by different systems de-
pend on the chosen color coordinate pair (27).

Various studies (26,27) examined the correlation be-
tween systems evaluating color differences, and they
concluded that color coordinates are important and
necessary for color perception and claimed that the
CIEDE2000 formula makes more successful adjust-
ments in evaluating color differences. However, it con-
tinues to be used extensively in calculations related to
AE, both in the literature and clinical applications (28).
While Karen et al. examined the ECIG effect on tooth
enamel discoloration, they showed that the increase
in nicotine content increased the color difference (7).
Our study found the staining effect of ECIG without
nicotine to be lower. Besides, the AE*ab values in the
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results of this in-vitro study were higher than those
reported by Karen et al. (1.90-4.60). In studies using
conventional cigarettes, AE*ab values are much high-
er. This can be attributed to the dark components of
the fumes produced in the combustion reaction (10).

On the other hand, unlike conventional cigarettes,
ECIG devices do not have a burning reaction; A va-
porized aerosol is mentioned. Therefore, ECIG aero-
sol does not contain the carbon monoxide found in
conventional cigarette smoke. However, in the car-
tridges where e-liquid is stored, liquid absorbent fib-
ers and heating elements containing heavy metals are
in contact (29).

Although ECIGs do not contain most of the toxic
substances associated with the burning reaction in
conventional cigarettes, the size of the particles sent
by ECIGs is much smaller than that of convention-
al cigarettes (3). The ultrafine particles of ECIGs
(modes, =100-200 nm) may be the reason for their
lower AE*ab values compared to conventional ciga-
rettes (7).

One of the limitations of our study is that the use of
ECIG in vitro studies (number of cycles, inhalation
and exhalation time, resting time, EC fluid amount)
is different from traditional cigarettes, and the ap-
plication protocol supported in the literature is not
standard. Another limitation is that ECIG devices
of different brands and models may differ in terms
of charging time, battery life, nicotine distribution,
aerosol evaporation, and heating temperature; all of
these can affect results (3,30,31). The last limitation is
that this study did not evaluate other factors that may
affect discoloration, such as tooth brushing and other
oral hygiene controls.

It is important to develop standardized test methods
to evaluate the effects of ECIGs on the discoloration
of dental materials, especially in Dentistry. Despite
some limitations, this study is the first to evaluate the
discoloration of denture teeth in different materials
exposed to ECIG aerosols in vitro.

CONCLUSION

In light of the findings of this in vitro study, these
conclusions can be assumed:

o Denture teeth color changes with ECIGs contain-
ing e-liquids with different nicotine percentages.

o The high nicotine levels of e-liquids caused more
discoloration.

o The thermal cycle adversely affected the color
stability of denture teeth.

o The color change of nanohybrid denture teeth
due to ECIGs was more than microfilled and ce-
ramic denture teeth.

Conflict of Interest:

The authors declare that there is no conflict of inter-
est.

Acknowledgments:

The author thanks Cagatay Ozsoy for developing the
smoking simulation machine.

Disclosure Statement:

This research was supported by the Scientific Re-
search Projects Coordination Unit of Beykent Uni-
versity (project no: BAP-2019-20-08).

Received Date/Gelis Tarihi: 01.06.2022
Accepted Date/Kabul Tarihi: 13.10.2022

REFERENCES

1. Bullen C, McRobbie H, Thornley S, Glover M, Lin R, Laugesen M. Effect of
an electronic nicotine delivery device (e cigarette) on desire to smoke and
withdrawal, user preferences and nicotine delivery: Randomised cross-over
trial. Tob Control 2010;19(2):98-103.

2. Rahman MA, Hann N, Wilson A, Worrall-Carter L. Electronic cigarettes:
Patterns of use, health effects, use in smoking cessation and regulatory issu-
es. Tob Induc Dis.2014;12(1):1-9.

3. Yang I, Sandeep S, Rodriguez J. The oral health impact of electronic cigarette
use: a systematic review. Crit Rev Toxicol 2020;50(2):97-127.

4. Schoenborn CA, Gindi RM. Electronic Cigarette Use Among Adults: United
States, 2014. NCHS Data Brief 2015;217:1-8.

5. Syamlal G, Jamal A, King BA, Mazurek JM. Electronic Cigarette Use Among
Working Adults - United States, 2014. MMWR Morb Mortal Wkly Rep
2016;65(22):557-61.

6. Brown J, West R, Beard E, Michie S, Shahab L, McNeill A. Prevalence and
characteristics of e-cigarette users in Great Britain: Findings from a general
population survey of smokers. Addict Behav 2014;39(6):1120-5.

Pintado-Palomino K, de Almeida CVVB, Oliveira-Santos C, Pires-de-Souza

237 Joumnal of Medical Sciences | http://jms.yeniyuzyil.edu.tr | Volume 3 Issue 4


http://jms.yeniyuzyil.edu.tr

&

The Effect of Electronic Cigarettes on Color Stability of Different Denture Teeth

FP, Tirapelli C. The effect of electronic cigarettes on dental enamel color. J Est-
het Restor Dent 2019;31(2):160-165.

Sultan AS, Jessri M, Farah CS. Electronic nicotine delivery systems: Oral health
implications and oral cancer risk. J Oral Pathol Med 2021;50(3):316-322.
Vohra E Andejani AE, Alamri O, Alshehri A, Al-Hamdan RS, Almohareb T, et
al. Influence of electronic nicotine delivery systems (ENDS) in comparison to
conventional cigarette on color stability of dental restorative materials. Pakistan
J Med Sci 2020;36(5):993-8.

Ayaz EA, Altintas SH, Turgut S. Effects of cigarette smoke and denture cleaners
on the surface roughness and color stability of different denture teeth. J Prosthet
Dent 2014;112(2):241-8.

Barao VAR, Ogawa ES, Moreno A, Mesquita ME Wee AG, Assungdo WG.
Long-term clinical evaluation of the color stability and stainability of acrylic
resin denture teeth. ] Prosthet Dent 2015;113(6):628-35.

al-Qarni FD, Goodacre CJ, Kattadiyil MT, Baba NZ, Paravina RD. Stainability
of acrylic resin materials used in CAD-CAM and conventional complete den-
tures. ] Prosthet Dent 2020;123(6):880-7.

Suzuki S. In vitro wear of nano-composite denture teeth. J Prosthodont
2004;13(4):238-43.

Gregorius WC, Kattadiyil MT, Goodacre CJ, Roggenkamp CL, Powers JM, Pa-
ravina RD. Effects of ageing and staining on color of acrylic resin denture teeth.
] Dent 2012;40(2):47-54.

Phunthikaphadr T, Takahashi H, Arksornnukit M. Pressure transmission and
distribution under impact load using artificial denture teeth made of different
materials. ] Prosthet Dent 2009;102(5):319-27.

Alp G, Subasi MG, Johnston WM, Yilmaz B. Effect of surface treatments and
coffee thermocycling on the color and translucency of CAD-CAM monolithic
glass-ceramic. ] Prosthet Dent 2018;120(2):263-8.

Grum E Witzel RE Stensby P. Evaluation of Whiteness. ] Opt Soc Am
1974;64(2):210-5.

Luo MR, Cui G, Rigg B. The development of the CIE 2000 colour-difference
formula: CIEDE2000. Color Res Appl 2001;26(5):340-50.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Pecho OE, Ghinea R, Alessandretti R, Pérez MM, Della Bona A. Visual and
instrumental shade matching using CIELAB and CIEDE2000 color difference
formulas. Dent Mater 2016;32(1):82-92.
Paravina RD, Ghinea R, Herrera L], Bona AD, Igiel C, Linninger M, et al. Color
difference thresholds in dentistry. ] Esthet Restor Dent 2015;27(S1):S1-9.
Joiner A. Tooth colour: A review of the literature. ] Dent. 2004;32:3-12.
Abu-Bakr N, Han L, Okamoto A, Iwaku M. Color stability of compomer after
immersion in various media. ] Esthet Dent 2000;12(5):258-63
Koksal T, Dikbas I. Color stability of different denture teeth materials against
various staining agents. Dent Mater ] 2008;27(1):139-44.
Assungdo WG, Bardo VAR, Pita MS, Goiato MC. Effect of polymerization
methods and thermal cycling on color stability of acrylic resin denture teeth. J
Prosthet Dent 2009;102(6):385-92.
Khashayar G, Bain PA, Salari S, Dozic A, Kleverlaan CJ, Feilzer AJ. Percepti-
bility and acceptability thresholds for colour differences in dentistry. ] Dent
2014;42(6):637-44.
Gomez-Polo C, Portillo Muioz M, Lorenzo Luengo MC, Vicente P, Galindo P,
Martin Casado AM. Comparison of two color-difference formulas using the
Bland-Altman approach based on natural tooth color space. ] Prosthet Dent
2016;115(4):482-8.
Gomez-Polo C, Muioz MP, Lorenzo Luengo MC, Vicente P, Galindo P, Martin
Casado AM. Comparison of the CIELab and CIEDE2000 color difference for-
mulas. ] Prosthet Dent 2016;115(1):65-70.
Paravina RD, Swift EJ. Color in dentistry: Match me, match me not. J Esthet
Restor Dent 2009;21(2):133-139.
Takeuchi CYG, Corréa-Afonso AM, Pedrazzi H, Dinelli W, Palma-Dibb RG.
Deposition of lead and cadmium released by cigarette smoke in dental structu-
res and resin composite. Microsc Res Tech 2011;74(3):287-91.
Andrikopoulos GI, Farsalinos K, Poulas K. Electronic nicotine delivery systems
(ENDS) and their relevance in oral health. Toxics 2019;7(4):1-14.

Ozsoy HE. The staining effect of cigarette smoke on different dental materials.

Journal of Dental Problems and Solutions 2020 Apr 11;7(1):020-1.

Volume 3 Issue 4 | http://jms.yeniyuzyil.edu.tr | Journal of Medical Sciences 238


http://jms.yeniyuzyil.edu.tr



