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Abstract

Introduction: A temporary construction serves as a preliminary representation of the type and appearance of a future permanent one
that is tailored to the patient’s requirements. Like any prosthetic construction, it should meet the functional requirements, preserve or
improve chewing and speech function. No matter how well maintained a prophylactic and functional prosthetic structure is, it will not
be evaluated by the patient unless it retains and restores the existing shape, size and color of the natural teeth.

Aim: To determine instrumentally to what extent different colorants change the color of temporary constructions.

Materials and methods: Two materials for temporary restoration were tested — Protemp II and Protemp IV, of which a total of 100
test specimens, were fabricated. Under the equal storage conditions of room temperature and no direct access to sunlight, they were
exposed to five 100-ml staining solutions: Coca-Cola, coffee (espresso), berry tea, orange juice and red wine in five separate containers.
Measurements of color changes in the three areas of the tooth were performed using two spectrophotometric devices — Vita EasyShade
and SpectroShade, at different time intervals — immediately before placement in the staining solution, at 1, 4, 7, and 14 days.

Results: The results were analysed using the SPSS Statistical Processing Program (SPSS Inc., IBM SPSS Statistics) version 21.0. They
were converted to a text file with the converter of the same program. In hypothesis testing, a standard value of p < 0.05 was chosen for
the level of significance that rejects the null hypothesis.

Conclusion: Based on this study, the strong colouring effect of coffee and red wine on these restorations was demonstrated. We can
conclude that Protemp IV material showed better color stability compared to Protemp II.
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tion. No matter how well maintained a prophylactic and
functional prosthetic structure is, it will not be evaluated by
the patient unless it retains and restores the existing shape,

INTRODUCTION

Temporary constructions serve as preliminary representa-
tions of the type and appearance of future permanent ones
that are tailored to the patient’s requirements.!? Like any
prosthetic construction, it should meet the functional re-
quirements, preserve or improve chewing and speech func-

size and color of the natural teeth.?

The color and appearance of teeth are a phenomenon
created by a lot of factors such as lighting conditions, tran-
slucency, opacity, light scattering, gloss, and human percep-
tion.*
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Recent advances in color determination are driven by
the desire to achieve high-quality aesthetic restorations.
Improved colouring and the availability of colour-matching
devices increase the clinician’s ability to achieve satisfactory
accuracy in their reproduction.>

The knowledge of human tooth color and its distributi-
on are very important in aesthetic dentistry.” The basic sha-
de of the tooth is represented in the middle third, and the
color range changes from the incisal to the gingival region.?

Determination of tooth color can be done by two basic
methods: visual in a clinical environment and instrumen-
tal with the help of different devices - colorimeter, spec-
tro-photometer and digital imaging.®-14

Instrumental methods of color matching are incre-
asingly used.! In the visual determination of color, a high
variability of the selected color is observed with different
determinations of the same colour. In such cases, the in-
strumental matching is strongly recommended as an addi-
tional method in everyday dental practice.'®

Modern devices provide a fast, reproducible and en-
vironment-friendly way of registering colour. They reduce
the subjective influence of the operator and the need for
special lighting conditions.®

AIM

To determine instrumentally to what extent different co-
lorants change the color of temporary constructions.

MATERIALS AND METHODS

Two materials for temporary restoration were tested - Pro-

¢ Protemp™ 4
© Temporizaion Material

Temporiires Kronen: und
Brickenmaterial
Mater

Protemp II

Protemp IV

Figure 1. Materials for temporary restorations.

temp IT and Protemp IV (Fig. 1), of which 100 test speci-
mens were fabricated in total.

For this purpose, we used a matrix with an individual
design, which is as close as possible to the anatomical con-
figuration of the natural teeth (Fig. 2). The test specimens

Figure 2. Matrices with individual parameters and design.

obtained were 1.2 mm thick in the cervical region, 1.5 mm in
the tooth body, and 2 mm in the area of the cutting edge (at
the front teeth) and the chewing surface (at the lateral ones).

Figure 3. Test specimens of Protemp II.

Figure 4. Test specimens of Protemp IV.
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Fifty pieces were made from each of the two materials.
The test specimens were obtained from the cavity formed
between the assembled matrix and the die (Figs 3, 4). They
were distributed equally from all dental groups (central and
lateral incisors, canines, premolars and molars).

Under the same storage conditions - room temperature
and without direct access to sunlight, they were exposed to
five 100 ml staining solutions: Coca-Cola, coffee (espresso),

Figure 5. Staining solutions - 1: orange juice; 2: Coca-Cola; 3:
coffee; 4: berry tea; 5: red wine

berry tea, orange juice and red wine in five separate con-
tainers (Fig. 5). Each material was examined individually,
placing ten copies from it in each of the five vessels.
Measurements of color changes in the three areas of the
tooth were performed using two spectrophotometric devi-

Figure 6. Color-matching devices - Vita EasyShade and Spec-
troShade.

ces — Vita EasyShade and Spectro Shade (Fig. 6), at diffe-
rent time intervals — immediately before placement in the
staining solution, and at 1, 4, 7, and 14 days.

To harmonize the conditions of color determination,
we used an LED apparatus consisting of 85500 K intensity
LEDs that reproduce naturally neutral daylight (Fig. 7).

Figure 7. LED apparatus reproducing neutral daylight.

Statistical analysis of the data from all measurements
was performed using the SPSS Statistical Processing Pro-
gram (SPSS Inc., IBM SPSS Statistics) version 21.0. The re-
sults obtained from the processing were converted to a text
file with the converter of the same program. In hypothesis
testing, a standard value of p < 0.05 was chosen for the level
of significance that rejects the null hypothesis.

Microsoft Office Excel 2010 was used to interpret and
present the obtained results.

The following methods were used:

o Graphic analysis - to visualize the results obtained;

o Descriptive statistics — point estimates of parameters
- finding averages, standard deviations, standard errors of
averages;

« Fisher’s exact test — to determine the statistical signi-
ficance of the influence between parameters (Fisher’s exact
test) for tables 2x2;

o Chi-squared Tests - for statistical testing of hypotheses
at nominal measurement scales.

RESULTS

The results below show how the most common initial co-
lors D2, B3, and B4 change over the given period from dif-
ferent colorants. Thus, by looking specifically at the change
from one color to another, we can determine with certainty
the color stability of the individual materials. We looked at
the data obtained separately for the three areas of the tooth
- cervix, body, cutting edge.

Cervix

Color D2

The Protemp II specimens of the initial D2 color, measured
with SpectroShade, were 32 in the cervix. On the first day
the color was mostly retained, but in 12 of them it changed
to C4 after staining with coffee and red wine. On day 4,
specimens that had retained their color were now stained
to D4, B4, and C3, and stained to C4 retained their number.
On day 7, the stains from coffee and red wine remained
unchanged; the tea stains to C4 and to a lesser extent to C3,
and the coke and natural juice to B4. On day 14, some of
the Coca-Cola and natural juice specimens darkened to C3.
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Figure 8. Protemp II with initial color D2 measured with SpectroShade.

In the case of coffee, red wine and tea, data were retained
(Fig. 8).

The D2 color in the cervical area was also measured in
the Protemp IV test specimens. On day 1, those immer-
sed in Coca-Cola retained their original color and those
in red wine darkened to C4. On day 4, the specimens in
Coca-Cola changed to B4. On day 7, the results were re-
tained, and on day 14, the predominant color was already
C4, followed by B4 and C2 (Fig. 9).

Color B3

Color B3 in the cervix area of Protemp II material measu-
red with the Vita EasyShade apparatus was found in 40
specimens. After 1 day it changed to C4 from coftee and
red wine and to A3.5 from Coca-Cola and tea. One part
of the samples (4 pieces) stained with Coca-Cola retained
their original colour. On day 4, five of those immersed in

B4
mA4

tea darkened from A3.5 to A4, and the coffee and red wine
colorants retained the coloration to C4. On day 7 the re-
sults were maintained — Coca-Cola stained to A3.5, coffee
and red wine - to C4, and tea - to A4. On day 14, the results
were again retained, with only natural juice causing a parti-
al darkening of A3.5 to B4 (Fig. 10).

Color B4

For Protemp IV specimens of B4 initial color, measured
with a Vita EasyShade apparatus, in the cervical area, the
changes tended to be C4 when colored with coffee and red
wine, but 6 of them on day 1 retained their B4 colour. On
day 7, a change in the samples immersed in Coca-Cola was
observed, staining to A4, the others remaining unchanged
for 24 hours. At the end of the study period (14 days), chan-
ges were observed only in orange juice specimens which
darkened to A4 (Fig. 11).

mD2
mC2
e

Day 7 Day 14

Figure 9. Protemp IV with initial color D2 measured with SpectroShade.
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Figure 10. Protemp II with initial color B3 measured with Vita EasyShade.
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Figure 11. Protemp IV with initial color B4 measured with Vita EasyShade.

The color C4 in the cervix was also indicated by the
SpectroShade apparatus. At day 1, the samples dipped in
coffee darkened to C4, and those from tea — to C3. On day
4, color B4 of those immersed in tea and natural juice and
color A4 of those in coffee were observed. The results were
unchanged on day 7. On day 14, all specimens immersed in
coffee darkened to C4, those from natural juice - to B4, and
those from tea — to C3 and C4 (Fig. 12).

Body

Color D2

Protemp II specimens measured with SpectroShade with
initial color D2 retained their color for 1 day on Coca-Cola,
tea and natural juice. For coffee and red wine they changed

to C4.

Data on coffee and red wine were retained on day 4. The
specimens from Coca-Cola darkened to C3 and from tea -
to B4. On day 7, the juice also darkened to B4. On day 14,
the tea darkened to C3 and C4 and the results for coffee and
red wine were maintained (Fig. 13).

For Protemp IV material, the initial D2 color was also
measured in the body area with a SpectroShade apparatus.
Here, too, red wine stains more than Coca-Cola and natu-
ral juice.

Color B3

Protemp II specimens measured with Vita EasyShade with
initial color B3 in the body area for 1 day stayed unchan-
ged in Coca-Cola, tea and natural juice solutions, most of

20 m D2
15 mC2
10
mCc3
5
mca
0 T
Day 1 Day 4 Day 7 Day 14 m B4
Figure 12. Protemp IV with initial color B4 measured with SpectroShade
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Figure 13. Protemp II with initial color D2 measured with SpectroShade.
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Figure 14. Protemp II with initial color B3 measured with Vita EasyShade.
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those immersed in coffee and all in red wine changed to
C4. On day 4, the red wine data was retained, but they all
were coloured to C4. Three of the samples immersed in the
Coca-Cola solution changed to B4. On day 7, there was a
change only in the samples immersed in tea, which darke-
ned to A4. Data were retained on day 14 (Fig. 14).

Color B4

Protemp IV samples measured with Vita EasyShade with
initial color B4 in the body area at day 1 changed to C4 in
coffee and red wine solutions. With natural juice, the origi-
nal color was mostly retained, and there was no discernible
difference in Coca-Cola and tea. Data was saved on day 4.
On day 7, there was a change in the Coca-Cola specimens
colouring up to A4, and tea — darkened to C4 and A4. At

12
10 -

o N B~ OO
1

Day 1 Day 4

14 days there was already a darkening in the natural juice,
which was colored to B4 and A4 (Fig. 15).

Protemp IV specimens of B4 initial color were also
measured with a SpectroShade apparatus. On day 1, all the
samples dipped in coffee change to C4, all from tea — to C3,
and those from natural juice to C2 and C3. At the end of
the study period, data on coffee and Coca-Cola remained
unchanged, with changes in tea mainly up to C4 (Fig. 16).

Cutting edge

Color D2

In the area of the cutting edge, the samples of Protemp II
material with D2 initial color, measured by a SpectroShade

m B4
mA4
mCca

Day 7 Day 14

Figure 15. Protemp IV with initial color B4 measured with Vita EasyShade.
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Figure 16. Protemp IV, with initial color B4, measured with SpectroShade.
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Figure 17. Protemp II with initial color D2, measured with SpectroShade.
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apparatus on day 1 showed the following results: all speci-
mens immersed in Coca-Cola, tea and natural juice retain-
ed their original color, while those in coffee and red wine
stained to C4. On day 4, the natural juice stained to D4,
and the tea - to A4. On day 7, Coca-Cola and natural juice
darkened the specimens to B4. On day 14, a change was
observed only in tea, which had already stained the samples
not only up to A4 but also up to C4 (Fig. 17).

Protemp IV material also displays specimens of initial
D2 color in the cutting edge area measured with a Spec-
troShade apparatus. At the end of the study period, the red
wine solution was found to colour to C4 and natural juice
and Coca-Cola - to B4.

Color B3

In the area of the cutting edge, samples of Protemp II ma-
terial of initial B3 color measured with a Vita EasyShade
apparatus on day 1 showed the following results: the ori-
ginal color was retained with the specimens in the Co-
ca-Cola, tea and natural juice solutions, and in the coffee
and red wine solutions it changed to C4. On day 4, chan-
ges were observed only in the tea staining samples up to
A3.5 and A4 and in natural juice staining up to A3.5 and
B4. On day 7, two of the specimens in the Coca-Cola solu-
tion darkened to B4 and A4, and in the tea those with A4

color already prevailed over A3.5. At day 14, data were re-
tained with changes in natural juice only up to B4 (Fig 18).

Color B4

Protemp IV specimens of B4 initial color in the cutting
edge area measured with Vita EasyShade gave the follo-
wing results on day 1: For Coca-Cola and natural juice
colorants, we have a primary preservation of the original
colour. For coffee, all were colored to C4, and for red wine
- to C4 and A4. On day 4, the red wine specimens were al-
most entirely C4, and the tea was colored up to A4. On day
7, the specimens immersed in the Coca-Cola were fully
A4. In the case of coffee, red wine and natural juice, there
was no change from the previous measurement. On day
14, only one of those stained with tea darkened to C4, and
no changes were observed in the others (Fig. 19).

The SpectroShade apparatus also found an initial B4
color in some of the Protemp I'V specimens. On day 1, the
results showed that all samples immersed in wine were
colored to C4 and those dipped in coffee - to C4 and A4.

Almost all specimens immersed in Coca-Cola and na-
tural juice retained their original color, the tea staining to
C3. On day 14 of the study, all samples immersed in coftee,
wine and most of those in tea were already C4. Coca-Co-
la and natural juice specimens retained their initial color
(Fig. 20).

14
12
10
8 mB3
6 - m B4
4 Cca
2
0 -
Day 1 Day 4 Day 7 Day 14
Figure 18. Protemp II with initial color B3, measured with Vita EasyShade.
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Figure 19. Protemp IV with initial color B4, measured with Vita EasyShade
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Figure 20. Protemp IV with initial color B4 measured with SpectroShade

DISCUSSION

The initial measurement of all test specimens prior to their
treatment with colorants from all zones and apparatus
summarized that the most common colors were D2, B3 and
B4, although the manufacturer noted A3 on the package.
There is a difference in the colours in the three zones of the
tooth, which is explained by the fact that the material in
them is of different thickness and the light passes through
them differently. It was important for us to prove the zonal
distribution of colors through individually created matrices
in order to trace and color the temporary crowns in zones
independently of one another.

Comparing data from the two Protemp materials, it was
found that fewer Protemp IV test specimens reached C4
and A4 color on day 7. It follows that it shows greater color
stability than Protemp II during this period. On day 14, the
results of the two materials are very similar, which means
that with the long stay and the influence of the strong co-
louring solutions, the stability of the material is significant-

Camera, Notes, Shade HeTr-rre.

Figure 21. Data from the two devices at day 14 from Protemp II
stained with red wine.

ly reduced. As the days of stay increase, the color change
becomes more noticeable and the stability less significant.

Comparing the results of 7 days of staining in the three
zones, we came to the conclusion that approximately the
same number of specimens in the cervix, body and cutting
edge darken to C4. There was a slight predominance in the
body area (42%) followed by the cervix (39%) and the cut-
ting edge (36%). This can be explained by the thicker layer
of material in this zone, which imbibes the colorant more.

The aforementioned results from both devices (Vita
EasyShade and SpectroShade) summarized for all tooth
areas prove that coffee and red wine have the most pron-
ounced colouring effect on both materials for temporary
restorations (Fig. 21).

Unlike the others, these colouring solutions mainly
achieve color C4, which is visible on the first day of the
study. They are followed by tea, which also achieves color
C4, but after a longer stay in the solution. From Coca-Cola
and orange juice, the color change is smaller - it reaches
color B4.

CONCLUSION

By examining the temporary crowns by area, we can more
accurately compare the changes in colour, guided by the
anatomical shape of the teeth. Based on this study, the
strong colouring effect of coffee and red wine on these
restorations was demonstrated. Frequent use of these leads
to permanent color changes that violate the aesthetics,
which should be taken into account in a prosthetic treat-
ment. Also important is the selection of material for tem-
porary crowns, which, in addition to being robust and with
good marginal adaptation, should also be stable in colour
until it is replaced by permanent construction. As a result
of our research, we can conclude that Protemp IV material
is more in line with these criteria.
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Pe3tome

BBeaeHue: BpemeHnHasa pecTaBpaliOHHAA KOHCTPYKIMA CIY>KUT I IPeIBapUTE/IbHOTO IIPE/ICTAB/IeHNA TUIIA U BHEIIHETO BUJa
OyayLeil ITOCTOSHHOI PEKOHCTPYKINMY, KOTOpas M3TOTABIMBAETCS B COOTBETCTBMM C TpeOoBaHMAME ManyeHTa. Kak u mo6as
IIpOTe3Hasi KOHCTPYKIA, OHA [O/DKHA OTBeYaTb (YHKIMOHAIBHBIM TPeGOBAHINAM, COXPAHATb WINM YIy4IIATb >XEBATEIbHYIO I
peueByio ¢ynxuuo. HesaBucumMo oT TOro, HACKOIBKO XOPOIIO IIOAFEPKUBACTCS FaHHASA MPOdUIAKTIIecKas 1 QYHKIMOHATbHASL
IIPOTETNICKAs CTPYKTYpA, OHA He OyeT OlleHeHa MallMeHTOM B TOM C/Iydae eC/Ii He BOCCTAaHOBUT CYIIeCTBYIOI[YI0 GpopMy, pasMep u
I[BET €CTECTBEHHBIX 3Y0OB.

ueﬂb: OHPCHGHI/IT]} VMHCTPYMEHTA/IbHO, B KaKOJi CTereHn Ppa3Hbl€ KpaCUTENN MEHAIOT IBET BDEMEHHDIX KOHCprK].H/Iﬁ.

MaTtepuanbl 1 MeTOAbI: Beiin MCHBITaHBI {BA TUIIA BPEMEHHOTO BOCCTaHOBUTENbHOrO Marepuana — Protemp II u Protemp IV, us
KOTOPBIX OBIIO M3TOTOB/IEHO 061ee KomrdecTBO i3 100 IpoOHBIX 06pasiioB. XpaHsmyecs B OFMHAKOBBIX YCIOBIAX IIPY KOMHATHOI
TeMmIreparype 1 6e3 IpsAMOro ZOCTYIa COTHEYHOTO CBETa, OHMU IOABEPraliCh BO3JENCTBIIO AT KPACALIMX pacTBOpOB 1o 100 M —
KOKa-KOJIbL, Kode (3cIpecco), ATOHOTO Yas, alebCMHOBOTO COKa M KPAaCHOTO BJHA B IIATHU OT/E/IbHBIX KOHTellHepaX. VI3MeHeHu 1iBe-
Ta M3MepsIN B TPEX 00/1acTAX 3y0a C MCIONIb30BaHNEM JBYX cliekTpodoToMeTpuyecknx npubopos — Vita EasyShade n SpectroShade
Jyepe3 pasHble MPOMEXKYTKN BPeMeHN — HeTIOCPeACTBEHHO TIepef TOMelleHIeM B OKPAIIMBaIouil pacTBoOp, B fHN 1, 4, 7 n 14.

Pesynbratbl: Pesynbrarsl 6b111 IpOaHAIM3UPOBAHEL ¢ ucHonb3oBaHueM SPSS (SPSS Inc., IBM SPSS Statistics) Bepcnu 21.0. Onu
ObUIY ITPeo6pa3sOBaHbl B TEKCTOBBII (aill ¢ KOHBEPTEPOM M3 TOIL JKe MPOrpaMMbl. B IMIOTeTHYeCKOM MCCTIeTOBaHNY CTaHAAPTHOE
3HadeHMe p < 0.05 661710 BEIOPAHO [/Is1 YPOBHA 3HAYMMOCTH, YTO OIIPOBEPraeT Hy/IeBYIO TUIIOTE3Y.

3akntoueHne: Ha ocHOBaHMM TOTO MCCIeOBAaHNMA OBUIO IIOKA3aHO OKpallMBaloliee BO3/eiicTBIe Kode 1 KPACHOTO BMHA Ha 3TU
pecTaBpanyy. Mo)XHO NpUATY K 3aK/IOYeHMI0, 4To Marepuan Protemp IV moxasan ayymnyio IjBeTOCTOMKOCTb IO CPaBHEHMIO C
Protemp II.
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