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Introduction

Objective Verification of the accuracy of crown fit before final cementation is imper-
ative. The aim of this in vitro study was to evaluate the film thickness of commonly used
dental crown disclosing materials and their comparison with final cement thickness.
Materials and Methods One hundred fifty provisional crowns (Protemp) were fab-
ricated on standardized resin dies and divided into five groups (N = 150; n = 30)
based on five disclosing agents: A = Fit-Checker auto-mix; B = Okklu-top; C = Express;
D = Fit-Checker hand-mix; E = Coltene PSI, and Final cement = Relyx U200. Crowns
were loaded with test materials, tried over dies under load (50N), and later cemented
under same load. Film thickness (um) was recorded between crown margin and the
finish line of die after loading with test material and final cementation using a digital
microscope.

Statistical Analysis Descriptive statistics, analysis of variance, Tukey’s and paired
t-test were used for statistical analysis (p < 0.05).

Results Significant variations were found between the film thicknesses of the five
disclosing agents (p =0.019). Group-A showed the lowest (131.67 £ 101.10 pm), while
group-B (295.00 + 263.88 pm) showed the highest film thickness (p = 0.011). Film
thicknesses after cementation were similar for groups (p = 0.957). Significant differ-
ence was observed for group-B disclosing agent versus final cement (p = 0.010). The
lowest mean difference between the film thicknesses of the disclosing agent and final
cementation of 13.7 pm was revealed for group-A.

Conclusions Variations in the film thicknesses of the tested disclosing agents were
found. Fit-Checker auto-mix was found with minimal film thickness and satisfied the
requirements as the disclosing agent, while Okklu-top aerosol spray did not.

step may ruin the hard word put in the clinical and laboratory
steps.2*> However, the minor errors such as in the form of

An optimal indirect dental restoration involves several clin-
ical and laboratory steps.! The final clinical procedure of
cementation is very critical and any major error during this
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marginal discrepancy may promote the progression of sec-
ondary caries and compromise the long-term prognosis of the
abutment tooth.** The marginal fit of an indirect restoration
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to the finish line is considered optimal if the gap between
the two is up to 25 microns (um).* The marginal discrepancy
of up to 200 um is considered to be clinically undetectable.’
Though this may be considered clinically acceptable, this
gap is large enough for harboring the microorganisms from
the oral microflora and increasing the chances of irrevers-
ible destruction of the abutment tooth structure.® Thus, the
importance of optimal cementation of indirect restorations
cannot be overemphasized.

Assessment of the marginal and internal fit of the indi-
rect restoration before its final cementation clinically is a
challenging task. The naked eye or the tactile method using
a sharp explorer can detect a marginal discrepancy of more
than 200um,® anything less than that is undetectable with
the visual inspection or tactical sensations. According to
Bjorn et al,’ marginal defects of 300 um were clinically unde-
tectable in all ceramic crowns that were evaluated radio-
graphically. In another study by Christensen,'® it was reported
that even experienced restorative dentists cannot detect the
marginal discrepancies as great as 119 um. In addition, the
detection of any marginal discrepancy on the proximal sur-
faces, subgingival surfaces, and the internal gap discrepancy
cannot be accomplished by visual inspection only.

Various methods and materials have been adapted and
used for the verification of the marginal and internal fit of
the indirect restorations before their final cementation to the
abutment teeth. Close inspection of the margins and fitting
surface of the restorations is recommended in the contem-
porary textbooks.*> True evaluations can be accomplished by
using recommended disclosing agents or fit checking materials
like disclosing wax, rouge with nonhazardous solvent, aerosol
sprays, elastomeric impression materials of low viscosity, and
silicone-based disclosing agents. These materials not only help
in disclosing the interference areas but also help in revealing
the marginal discrepancies and verification of the internal
cement film thickness provided in the form of die spacer.

To avoid the wrong details about the marginal and inter-
nal fit of the indirect restoration, the film thickness of dis-
closing materials must have an equal or less than the film
thickness set forth by ISO standard for the final cementation
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that is 25 um for water-based cements and 50 um for resin
cements.!"'2 The final cementation is also greatly influenced
by the pressure applied occlusally during the cementation
procedure. The force applied by the dentist depends on the
finger pressure and varies between the different dentists. The
standardization of the pressure applied during cementation
is still subjective even if it's done by the same dentist. Some
studies have shown that the increase in the seating forces
applied during the cementation may reduce the marginal
discrepancies of up to more than 50%. Thus, it underscores
the importance and relevance of optimal and standardized
seating force application prior to the final cementation with
disclosing agents as well as during the final cementation of
the indirect restorations.

Many research studies have attempted to evaluate the var-
ious factors involved in the marginal discrepancies of the den-
tal crowns and also evaluated the film thickness of the dis-
closing materials. However, the evaluation of film thickness
of the disclosing materials, together with the evaluation of
the final cement thickness under standardized loading and
their comparison, is missing. Thus, the aim of this in vitro
research was to evaluate the film thickness of various den-
tal crown disclosing materials and their comparison with
cement thickness of the final cement, after the final cemen-
tation of the dental crowns under standardized seating load.
The null hypothesis was that all the disclosing materials will
have similar film thickness comparable to the final cement
thickness.

Materials and Methods

Before initiation of the study, ethical clearance was obtained
from the ethics committee at the College of Dentistry
Research Center (CDRC), King Saud University (Registration
no. FR 0515). The study was conducted from October 2019
to December 2019 at the Department of Prosthodontics and
CDRC, College of Dentistry, King Saud University, Riyadh, KSA.

For this research study, the test materials included
five commonly used dental crown disclosing agents and
a self-adhesive resin cement (=Table 1). One hundred

Table 1 Details of the tested disclosing agents and final cement used in the research study

S. No. Group Material Trade name Manufacturer Lot number
1. Group-A Addition silicone auto-mix | Fit Checker Advanced | GC Corporation; Tokyo, Japan | 1808021
disclosing agent Blue
2. Group-B Aerosol spray Hanel Okklu-top Coltene/Whaledent GmbH, A2225
Germany
3. Group-C Vinyl Polysiloxane light 3M ESPE Express 3M ESPE; MN 55144, USA N904221
body impression
4. Group-D Addition silicone hand-mix | Fit Checker Advanced | GC Corporation; Tokyo, Japan | 23B2X00038000038
disclosing agent
5. Group-E Condensation silicone Coltene PSI Coltene/Whaledent AG, 181743
hand-mix disclosing agent Switzerland
6. Final Self-adhesive resin cement | Relyx U200 Automix | 3M ESPE; 3M Deutschland 5100524
cementation GmbH, 41453 Neuss,
Germany
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and fifty (N = 150) provisional crowns (Protemp Plus; 3M
ESPE, Germany) were fabricated on duplicated resin dies of
prepared ivorine tooth and randomly divided into five groups
(n = 30) based on the five types of disclosing agents. The
details of all the tested materials is presented in =Table 1.

Master Die Preparation and Fabrication of Indexes

To fabricate the standardized master die of a prepared tooth,
an ivorine mandibular right first molar no. 46 (KaVo Den-
tal GmbH, Germany) was mounted on acrylic resin base
(Ortho-Resin; DeguDent GmbH, Germany) of 2x2 cm size,
exposing the anatomic crown and 2 mm of the coronal root
surface. A total of 150 indexes (Virtual Putty; Ivoclar, Viva-
dent Inc., United States) were fabricated over the unprepared
tooth. The mounted tooth was then prepared for an all-
ceramic crown, with recommended guidelines (=Fig. 1).141°

Duplicated Master Dies Fabrication

One hundred fifty final impressions (polyvinyl siloxane
[PVS], Virtual XD 380, Ivoclar, Vivadent Inc., United States)
were recorded for the prepared master die in customized
impression trays. Impressions with any defects on visual
inspection were discarded. The selected impressions were
poured with resin (Ortho-Resin, DeguDent GmbH, Germany)
for the fabrication of the duplicated master dies (=Fig. 2).
Samples with any distortions or defects were discarded and
the impressions re poured.

Fig. 2 Duplicated resin die of the master die.

Provisional Crowns Fabrication

The duplicated resin dies were painted with two layers of
die spacer (Yeti; Yeti GmbH, Germany) on entire axial and
occlusal surface except 0.5 to 1 mm of finish line. Silicone
Putty Indexes fabricated earlier over the unprepared master
tooth were loaded with provisional crown material (Protemp
Plus; 3M ESPE, Germany) using auto mixing gun and seated
over the duplicated resin dies. Manufacturer’s instructions
were followed and after the complete setting the provisional
crowns were removed from their respective dies (=Fig. 3).
The intaglio surface of crown margin marked with a lead
pencil and the provisional crowns were finished with acrylic

Fig. 3 Sample of fabricated provisional crown over the duplicated
resin die.

burs (H79E040; All-purpose E-Cutter system, Dental Instru-
mentation, Brasseler, United States) using a low speed straight
hand piece (KaVo Dental; GmbH, Biberach, Germany). Pro-
Fig. 1 Prepared ivorine tooth (master die). visional crowns found with defects visually were discarded

European Journal of Dentistry Vol. 14 No. 2/2020



and remade. All the 150 fabricated samples were then stored
in distilled water at room temperature for 24 hours.

Application of Disclosing Agents and Final Cementation
For groups-A and -C, the materials were dispensed in the
intaglio surface of the crowns with the help of auto mix-
ing/dispensing guns as per manufacturers’ instructions. For
the group-B samples, the bottle was shaked and material
was sprayed onto the intaglio surface of crowns for 2 sec-
onds to create a uniform layer of the disclosing material
as per manufacturer’s instructions. For the samples in
group-D and -E, the materials were hand-mixed in equal
proportions until uniform color was obtained, followed by
loading the crowns with the help of a plastic instrument.
After application of the disclosing materials, all the speci-
men crowns were placed onto their respective dies under
a standardized vertical load of 5kg (50 N). The load was
applied on the occlusal surface with the help of a custom-
ized dental Surveyor (=Fig. 4) until each material setting
time was completed, followed by the excess flash trimming
with sharp blade.??

Fig. 4 Customized dental surveyor for standardized loading.
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After the measurements, all the crowns were hand/ultra-
sonic cleaned, dried, and cemented with resin cement (Relyx
U200 Automix; 3M ESPE, 3M Deutschland GmbH, 41453
Neuss, Germany). Automixing gun was used for dispensing
the cement in equal amounts and cementation completed
under the similar conditions used for the disclosing agents.

Microscopic Film Thickness Measurement

To determine the film thickness of five disclosing agents
and the resin cement, vertical distance was measured using
built-in software of a digital microscope (Digital Micro-
scope, KH-7700; Hirox-USA, Inc., New Jersey, United States)
at each of the four axial line angles (mesiobuccal, distob-
uccal, distolingual, and mesiolingual). All the specimens
were stabilized on the microscope table with customized
locking device (=Fig. 5) and measurements recorded from
the external crown margin to a perpendicular correspond-
ing point on the finish line of the resin die with the help of
a micrometer ruler placed in the field of view to calibrate
the computer software program. The measurements were
recorded before and after application of disclosing agents
and after final cementation with resin cement (~Fig. 6).
All the measurements were recorded by one trained digital
microscope technician.

Calculation of Mean Film Thickness for Each Tested
Material

To obtain the film thickness of all the tested disclosing agents
and the final cement material for each sample, the mean
of all four digital microscopic measurements recorded for
each sample was calculated before and after application of
fit checking materials and after final cementation. The film
thickness was calculated by subtracting the measurements
obtained before (Pre) disclosing material/cement applica-
tion from the measurements obtained after (Post) disclosing
materials and final cement application.

Statistical Analysis

The obtained data was statistically analyzed by entering in
SPSS version 22 (SPSS Inc.; Chicago, Illinois, United States).
One-way analysis of variance (ANOVA) test was performed
to determine whether there was a significant difference
between the film thickness of five test group disclosing
materials and film thickness of final cement. Multiple com-
parisons between the film thicknesses of materials were
performed using post-hoc Tukey’s tests. Paired t-test was
applied to evaluate the statistical difference between film
thickness of each group disclosing material and final cement.
The probability for statistical significance was set at o < 0.05
(=Tables 2-4).

Results

The current in vitro study evaluated the film thickness of
dental crown disclosing agents and compared their film
thickness with cement thickness after final cementation
of the crowns. Three measurements (pre-disclosing agent
application/cementation; post-disclosing agent application;
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Fig. 5 Customized locking device for stabilization of the provisional crown over the die during the microscopic measurement.

Fig. 6 Measurement with the digital microscopic ruler in micrometers.

post-cementation) were recorded for all the specimens of the
five groups of materials.

~Table 2 presents the descriptive statistics for the film
thicknesses in micrometers (um) of all the disclosing agents
and film thickness of the final cementation material. Signifi-
cant variation was found between the film thicknesses of the

European Journal of Dentistry  Vol. 14 No. 2/2020

Result Ratio
133.1649 4m 67%

five groups of disclosing agents as one-way ANOVA confirmed
statistically significant difference (p = 0.019). The lowest film
thickness was observed for the group-A(131.67 +101.10 um)
while the highest for group-B (295.00 + 263.88 um). Simi-
larities between the film thicknesses were observed for the
final cement of the five post-cementation groups. This was
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Table 2 Descriptive statistics with mean, standard deviation, and ANOVA results of film thicknesses for all the tested disclosing materials

and final cementation (N = 150)

Material groups | N aMean SD 95% Confidence interval | Minimum | Maximum | ANOVA p-value
for mean
Lower bound | Upper
bound
Group-A 30 131.67 101.10 93.91 169.41 0.00 350.00 0.019
., | Group-B 30 295.00 263.88 196.46 393.53 30.00 1140.00
ig Group-C 30 216.33 214.83 136.11 296.55 30.00 920.00
-% Group-D 30 244.33 186.83 174.56 314.09 20.00 720.00
“:TE Group-E 30 185.33 156.99 126.71 243.95 10.00 620.00
§_ Total 150 214.53 197.87 182.60 246.45 0.00 1140.00
Group-A 30 152.00 179.27 85.05 218.94 0.00 760.00 0.957
5 Group-B 30 156.33 133.17 106.60 206.06 -50.00 420.00
E Group-C 30 165.00 96.48 128.97 201.02 0.00 440.00
E Group-D 30 172.00 92.07 137.61 206.38 10.00 350.00
E Group-E 30 172.33 99.98 134.99 209.66 30.00 380.00
é Total 150 163.53 123.21 143.65 183.41 -50.00 760.00

Abbreviations: ANOVA, analysis of variance; SD, standard deviation.
*Mean film thickness was measured in micrometers (um).

further confirmed with ANOVA as no statistically significant
difference (p = 0.957) was found (~Table 2).

The mean differences between the film thicknesses of
the tested disclosing agents and their one to one compari-
son with post-hoc Tukey’s test are presented in = Table 3. The
highest mean difference of 163.33um was observed between
group-A and group-B, which was found to be statistically
significant (p = 0.011). No significant differences were found
between rest of the group materials (~Table 3).

Paired samples t-test was used for the comparison
between the film thicknesses of the disclosing agents and
film thickness of the cement after the final cementation of
the same group specimens. The pair number 2 (Hanel Okk-
lu-top vs. Relyx U200 Resin cement) showed the highest
mean difference of 138.67um that was statistically signifi-
cant (p = 0.010) (~Table 4). The mean differences between
the film thicknesses of the disclosing agents and final cemen-
tation of 13.1 and 20.33 pm were revealed for group-A and
group-E, respectively (=Table 4). Among the materials tested
the film thickness for the group-A disclosing agent was found
to be the nearest to the film thicknesses of the final cement
in the same group.

Discussion

In this in vitro research study, the film thicknesses of five
different crown disclosing agents/materials were evaluated
and compared with the film thickness of final cementation
material. Ideally crown disclosing materials should verify
crown’s marginal and internal adaptation precisely and also
should identify interferences that prevent complete seating
of the crowns on the prepared teeth.'®'” To prevent the false
information about the fit of crowns during seating and try-in,
these fit checking materials should have the film thickness

similar or less than that of the final cementation material.'®!°
Various studies have been performed on the film thickness
of different crown disclosing agents, but data regarding their
comparison with film thickness of final cement material is
lacking.'>16-22 Besides, some research studies evaluated the
film thickness of disclosing agents between two similar flat
surfaces.!® This is in contrast to the actual clinical scenario
where the shape of intaglio surface of a crown and the pre-
pared abutment tooth are completely different from each
other. The flow dynamics and behavior of the disclosing
material or cement in between these two surfaces will be
different than between two flat surfaces. This current study
attempted to simulate clinical scenario under standardized
occlusal load for the evaluation of the film thickness of dis-
closing agents as well as the final cement thickness.

For this study, duplicated resin dies of the ideally pre-
pared tooth were prepared and individualized provision-
al crowns were fabricated over each resin die to be used as
specimens. This method, which has previously been used by
some researchers??® successfully, was employed to standard-
ize the specimen fabrication for all the test groups. Digital
microscope was used for the evaluation of the film thickness
before and after the application of the disclosing agents and
the final cement. Use of digital microscope in the evaluation
of the marginal discrepancies is well documented?*-2> and
not new. The film thickness of the disclosing agents and the
final cement was measured between the crown margin of
the provisional and the finish line of the abutment tooth at
the four-line angles between the axial walls. Alabdulkader
and Habib,? Al Rifaiy,® and Habib* have used the similar
technique/methodology and found it appropriate for the
measurement of the marginal discrepancies/cement thick-
ness. The authors found this methodology to be useful keep-
ing in view the objective of the current research that was to
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229



230 Crown Disclosing Agents

Habib et al.

Table 3 Multiple comparisons and mean differences of the film thicknesses among the groups by post-hoc Tukey’s HSD test

Dependent variable Groups Groups Mean difference Significant?

Post fit checkers Group-A Group-B -163.33? 0.011
Group-C -84.66 0.436

Group-D -112.66 0.162

Group-E -53.66 0.817

Group-B Group-A 163.332 0.011
Group-C 78.66 0.512

Group-D 50.66 0.846

Group-E 109.66 0.184

Group-C Group-A 84.66 0.436
Group-B -78.66 0.512

Group-D -28.00 0.980

Group-E 31.00 0.971

Group-D Group-A 112.66 0.162
Group-B -50.66 0.846

Group-C 28.00 0.980

Group-E 59.00 0.759

Group-E Group-A 53.66 0.817
Group-B -109.66 0.184

Group-C -31.00 0.971

Group-D -59.00 0.759

Abbreviation: HSD, honestly significant difference.
aThe mean difference is significant at the p < 0.05 level.

Table 4 Pair wise comparison of film thicknesses of each disclosing agent with final cement of the same group by paired samples

t-test

Materials tested Mean N SD SE mean p-Value?
Pair 1 Fit Checker Advanced Blue 131.67 30 101.10 18.45 0.541
Group-A Relyx U200 Resin cement 152.00 30 179.27 32.73
Pair 2 Hanel Okklu-top 295.00 30 263.88 48.17 0.010
Group-B Relyx U200 Resin cement 156.33 30 133.17 2431
Pair 3 Express Vinyl Polysiloxane light body | 216.33 30 214.83 39.22 0.185
Group-C impression

Relyx U200 Resin cement 165.00 30 96.48 17.61
Pair 4 Fit Checker Advanced 244.33 30 186.83 34.11 0.050
Group-D Relyx U200 Resin cement 172.00 30 92.07 16.81
Pair 5 Coltene PSI 185.33 30 156.99 28.66 0.653
Group-E Relyx U200 Resin cement 17233 30 99.98 18.25

Abbreviations: SD, standard deviation; SE, standard error.
aThe comparison is significant at the p < 0.05 level.

measure the film thickness of the disclosing agents and final
cement under standardized and simulated clinical scenario.
Among the various disclosing agents available for the
checking of the indirect restorations, silicone-based mate-
rials are the most commonly used.'®2!2¢ Three-dimensional
evaluation of the interferences evident in different thickness-
es, availability in different colors for accurate detection of the
interferences with contrast, operator friendly hand-mix-
ing and auto-mixing options, excellent tear resistance, and

European Journal of Dentistry Vol. 14 No. 2/2020

ease of removability without leaving any remnants/residues
on the fitting surface of the restorations are advantages of
using silicone-based disclosing agents.'® Use of the auto-mix-
ing addition silicones is also recommended by Jahangiri and
Estafan,”” and Keys?® who found its thickness to be appropri-
ate for finding interferences and similar to the final cement
thickness. The results of the current study confirmed this
as the only material with film thickness less than the final
cement for group-A that was auto-mixed silicone-based



disclosing material. This indicates that group-A (Fit Check-
er Advanced Blue Automix) can detect crown misfit as
accurately as possible.

In terms of film thickness the next disclosing material,
close to the final cement thickness was found to be the
group-E (Coltene PSI, condensation silicone hand-mix dis-
closing agent). The comparison between the addition sili-
cones or condensation silicones based disclosing agents is
not documented in literature. Though, the accuracy of con-
densation silicones as impression materials is comparable to
addition silicones but with minor inaccuracies for condensa-
tion silicones.?**° These minor dimensional changes due to
the difference in the chemical composition of the two mate-
rials could possibly be the reason for the slight nonsignificant
difference between the group-A and group-E materials test-
ed in the current study.

Attainment of a uniform layer of the aerosol spray type
disclosing agents on the fitting surface of crowns is found to
be difficult as reported by Kious et al.’® The sprayed material
dispenses various film thicknesses at different spraying time
and distance.?! This observation was evident in the present
study as the group-B (aerosol spray) showed the maximum
film thickness (295 um) with highest standard deviation
(263.88 um) among the tested materials. The results showed
some significant variations between the film thicknesses
recorded for the group-B specimens with as low as 30 um
and as high as 1140 um. This finding further corroborates
the variations associated with aerosol spray type disclosing
agents. Furthermore, the colored remnants become a bother-
ation as it is difficult to remove all the residues completely/
cleanly, the material is sensitive, and can be displaced easily
by moisture and can be inadvertently wiped off if restoration
is not fitted or removed along the path of withdrawal, thus
disclosing a false interference.’®?! Due to the variations in the
film thicknesses and above-mentioned reasons, the aerosol
spray may not detect interferences accurately.!®

Due to easy availability of PVS impression materials,*! it
was tested for usage as a disclosing agent in this study. Though
the film thickness of the PVS was high as compared with the
auto-mix fit checker, it was found to be less than the hand-
mixed fit checker. The observation based on the results of the
current study recommends PVS to be used for the detection of
the interferences associated with the fitting surface of crowns,
in case of unavailability of the disclosing materials.

Some possible limitations of the study included dimen-
sional inaccuracies in the resin dies due to inherent proper-
ty of autopolymerising resin setting reaction, marginal and
internal discrepancies due to shrinkage of the provision-
al crown material, manual application of the die spacer,
and digital microscopic measurements. The possibility of
errors in the dies and provisional crowns was minimized by
fabrication of individualized crowns over each resin die. Con-
sidering the mean of four measurements recorded for each
sample as the final film thickness of each tested specimen
was planned to eliminate the errors associated with micro-
scopic measurements.

Crown Disclosing Agents Habib et al.

Conclusions

In conclusion, variations in the film thicknesses of the tested
disclosing agents were found. The similarity in film thickness
of the Fit Checker Advanced Blue Auto-mix to the final cement
film thickness makes it the choice of material as a disclosing
agent for accurate detection of the interferences associated
with intaglio surfaces of dental crowns. Due to significant
variations associated with aerosol spray disclosing agents, in
clinical situations achieving a uniform thickness on the inta-
glio surface of a crown would likely be less predictable.
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