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Statement of problem. Regardless of the type of indirect restoration being fabricated, optimizing fit at cementation is a
challenge. Several disclosing agents have been recommended to identify intaglio surface contacts that may result in
incomplete seating and poorly adapted margins. The International Organization for Standardization has established a
standard of 25 mm for the maximum film thickness for water-based cements. To accurately predict the clinical behavior of
a luting cement, the disclosing agents themselves should have a film thickness no greater than 25 mm.

Purpose. The purpose of this study was to determine the film thickness of 2 disclosing products, a spray-on powder (Occlude
Indicator Marking Spray) and a silicone disclosing agent (Fit Checker).

Material and methods. The film thickness of the 2 disclosing products was determined by using optically flat glass cylinders
according to the method set forth in International Organization for Standardization Standard 9917 for water-based cements.
Because the silicone product is fast setting, the load was applied within 10 seconds of completing the mix. The spray-on
product was allowed to dry before applying the load, in accordance with its intended clinical use. The film thickness of both
products was determined with a load of 150 N applied for 30 seconds. Additional determinations were made for the silicone
product at both 100 N and 50 N applied for 30 seconds and at 150 N applied for 90 seconds. An additional film thickness
determination for the spray-on product was made with no load applied. The film thickness data for the various loads and
intervals for the silicone product were analyzed with a 1-way ANOVA and the Tukey-Kramer multiple comparison test
(a¼.05). A t test (unequal variance, 2-tailed) was used to compare the spray-on and silicone products as measured at a load
of 150 N applied for 30 seconds.

Results. The average film thickness of Fit Checker ranged from 16.7 to 23.7 mm, with the two 150-N groups significantly lower
than the others, whereas that of Occlude was 67.7 mm unloaded and 48.4 mm when loaded. The film thickness of Fit Checker
was significantly less than that of Occlude for the 150 N, 30-second group.

Conclusion. Within the limitations of this study design, Fit Checker had a film thickness that satisfied the 25-mm limit
imposed on water-based luting cements in the International Organization for Standardization standard, whereas Occlude
Spray did not. (J Prosthet Dent 2014;112:1246-1249)
Clinical Implications

To ensure complete seating of an indirect restoration, interferences on
the intaglio surface should be identified and corrected on either the
tooth or the restoration. Silicone disclosing agents can effectively identify
these interferences and also serve as a rehearsal for the definitive
cementation.
In the fabrication of an indirect re-
storation, optimizing the fit of the resto-
ration before cementation is a challenge.
The adaptation of the crown to the
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Organization for Standardization (ISO)
standard 9917.1 However, evaluating
the marginal fit of crowns, especially in
subgingival areas, is difficult because
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the use of a dental explorer or radio-
graphs to verify the fit of subgingival
margins is not reliable. Christensen2 re-
ported that experienced restorative den-
tists found nonvisible margins to be
acceptable that had defects as great as
119 mm when measured. Bjorn et al3

evaluated ceramic crown margins radio-
graphically and found that defects that
exceeded 300 mm could not be detected.
As a result, other methods to verify mar-
ginal adaptation have been developed.
Contemporary textbooks4,5 recommend
careful evaluation of the adaptation of
margins and the internal surfaces of
crowns before cementation by using
products such as disclosing wax,6 rouge
suspended in an approved solvent,7

powder sprays, and low-viscosity elasto-
meric impression materials.8,9

Disclosing waxes; polyvinyl siloxane
impression materials; and silicone dis-
closing agents, for example, Fit Checker
(GC America), not only disclose areas of
interference to seating and improper fit
but also reveal the thicknessof the cement
space between preparation and restora-
tion.7 In contrast, solubilized rouge and
powder sprays, for example, Occlude
IndicatorMarking Spray (Pascal Intl), will
only disclose interferences along the
path of insertion. To prevent false in-
formation about the seating of a resto-
ration, the disclosing agents themselves
should not have a film thickness greater
than 25 mm. A previous study10 com-
pared the film thickness of disclosing
wax, a spray-on powder disclosing
agent, and 2 elastomeric products under
a load approximately the same as that
specified in the current ISO standard. All
of the products had an average film
thickness of less than 25 mm.

An evaluation of multiple factors
that affect the margin discrepancies
of metal crowns with a glass ionomer
cement showed that seating forces of
130 N reduced the margin gap by 58%
when compared with a seating force
of 22 N,11 which underscores the
importance and relevance of adequate
seating forces in the cementation pro-
cess and the necessity of testing dis-
closing materials at different loads.
Although no previous studies have been
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done on the actual film thickness of
silicone disclosing agents, the efficacy
of 1 such product was supported when
White et al9 evaluated its use on base-
metal copings. The use of Fit Checker
under a 49-N load and the adjustment
of the interfering areas found produced
a mean 37-mm reduction in margin gap,
a 39% improvement. The 49-N load
used in that evaluation was less than
the 150-N load of ISO standard 9917.

Studies that evaluated the film thick-
ness of newly introduced cements under
differing loads and at different times of
loading validated that both resin and
water-based luting cements meet the
25-mm standard, which suggests that
this would be a valid standard for dis-
closing materials.12,13 Also, human oc-
clusal forces are highly variable. Although
Gibbs et al14 reported an average
clenching force of 720 N in individuals
who were completely dentate, most
studies of occlusal forces found that var-
iables such as position in the arch,15

age,16 sex,17 posterior tooth loss,14 and
temporomandibular dysfunction18 reduce
masticatory ability, which indicates that
laboratory tests of film thickness should
be conducted over a range of loads.

The purpose of this study was to
determine whether either a hand-mixed
silicone disclosing material or a spray-
on disclosing product has a film thick-
ness of 25 mm or less when tested over a
range of loads with a similar protocol
to that for testing the film thickness of
luting cements. The null hypothesis was
that neither product had an acceptably
low film thickness.

MATERIAL AND METHODS

The film thickness of the silicone
disclosing agent (Fit Checker; Lot no.
1204061; GC America) was determined
by measuring the thickness of 2 opti-
cally flat glass cylinders before placing
the product between them. The prod-
uct was mixed according to manufac-
turer’s instructions, and an amount
adequate to cover the entire plate was
placed between the plates within 10
seconds of completing the mix. A
150-N force was applied for either 30
or 90 seconds. The plates were again
measured after the application of the
load, and the difference between the 2
measurements was considered the film
thickness. This testing was repeated
with 100- and 50-N forces to represent
the reduced occlusal forces seen in pa-
tients with tooth loss or weakened
musculature. After the first 3 groups
had been tested with a 30-second load
application, a fourth group was tested
with the 150-N load applied over 90
seconds because this is the manufac-
turer’s recommended time for the pa-
tient to apply occlusal force on an
indirect restoration. Film thicknesses
were measured with a micrometer ac-
curate to �1 mm (Absolute Digimatic
Model 331-711-10; Mitutoyo Corp).

A spray-on disclosing product
(Occlude Indicator Marking Spray, Lot
no. 030116A; Pascal Intl) was tested
similarly, but, because this product has
a rapid drying time, the material was
fully dry before being subjected to
the 150-N load. The specimens were
measured both before and after loading
to determine the extent to which
the material was compressed. Occlude
product instructions do not specify a
length of time to dispense the spray,
thus the product was applied for ap-
proximately 2 seconds, which created
uniform coverage of the glass plate.

A sample size of 7 was determined
with a power analysis at a significance
level of 5%. When assuming a coefficient
of variation of no more than 10%, this
would provide a statistical power of 90%,
givena20%differencebetween thehighest
and lowest subgroups and equal spacing
among the subgroups. Film thickness
data for Fit Checker were analyzed with
a 1-way ANOVA and a Tukey-Kramer
multiple comparison test (a¼.05). A
t test (unequal variance, 2-tailed) was
used to compare theOcclude Spray group
with the Fit Checker group when both
of these were measured with the 150-N
load applied for 30 seconds.

RESULTS

For the siliconedisclosingproduct, no
group reported an average film thickness



Table I. Fit Checker thickness

Material, Fit
Checker Group Force (N) n Time (s)

Mean (standard
deviation) mm*

1 50 7 30 23.7 �3.8a

2 100 7 30 21.6 �1.6a

3 150 7 30 17.4 �1.0b

4 150 7 90 16.7 �2.1b

*Means with same letter not significantly different, 1-way ANOVA, Tukey-Kramer multiple
comparison test (a¼.05).

Table II. Occlude thickness

Specimen No load (mm) 150-N load, 30 s (mm) % Change

1 61 41 33

2 57 44 23

3 61 45 26

4 75 47 37

5 68 51 25

6 79 53 33

7 87 58 33

Mean �standard deviation 69.7 �4.9 48.4 �4.2 30.0 �0.7

1 Metal ceramic restoration. Silicone disclosing agent uni-
formly covers intaglio surface and is displaced at margin.
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greater than 25 mm (Table I), with means
for the 50-N 30-second group (23.7 mm)
and 100-N 30-second group (21.6 mm)
being significantly different from the
150-N 30-second (17.4 mm) and 150-N
90-second groups (16.7 mm). At
48.4 mm, the average film thickness of
the spray-on product was significantly
different from that found in the compa-
rably tested silicone group (21.6 mm).
The spray-on material had a 30% reduc-
tion in average film thickness after
loading, from69.7 to48.4mm. (Table II).
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DISCUSSION

Disclosing agents should identify
interferences between the preparation
and restoration that prevent complete
seating. They also should verify crown
adaptation to the preparation margins,
especially in proximal or furcation
areas, which are difficult to access with
an explorer. Not all patients, however,
can apply a 150-N force to fully seat a
crown that contains luting cement or a
disclosing agent. This is invariably true
try
when the tooth being restored is un-
opposed or opposed by a removable
prosthesis. Occlude Spray is advanta-
geous in these circumstances because
of its low viscosity, which facilitates the
seating of the restoration. This product
can transfer to the tooth preparation,
which allows a more-precise adjust-
ment of the preparation should the
clinician wish and also can be used in
the adjustment of proximal contacts.
However, because Occlude Spray has a
film thickness greater than that of a
luting cement, it may disclose seating
discrepancies irrelevant to the cemen-
tation process. Similarly, aerosol agents
can inadvertently be removed from the
intaglio if the crown is seated along a
path not parallel to the path of draw of
the preparation, thus disclosing a false
interference.

Attaining a uniform coating of
Occlude was found to be difficult. At a
minimum, adequate shaking of the
container before application, a patent
extension tube, and a correct distance
from the tube end to the surface were
necessary. In preliminary trials for
this study, the thickness of Occlude
increased as the application time in-
creased. When the flat glass cylinders
were sprayed for 3 seconds, film thick-
nesses that exceeded 85 mm were
observed. The wide range, 57 to 87 mm
(preload), in the Occlude film thickness
recorded was at least partly due to
difficulty in standardizing a 2-second
application time. In clinical situations,
achieving a uniform thickness on a 3-
dimensional intaglio surface of a crown
would likely be even less predictable.

Conversely, when adequate seating
pressure can be generated, Fit Checker
emulates the film thickness of a luting
cement. The varying film thicknesses
found under differing loads in this
study with this product emphasize
this. The use of Fit Checker also gives
the clinician a preview of cementation,
which includes the eventual marginal
adaptation of the restoration and is
evident as a thin area of show-through
only at the crown margins (Fig. 1). Sil-
icone disclosing agents are relatively
unaffected by tooth moisture, whereas
Kious et al



November 2014 1249
moisture may dissolve or displace an
aerosol disclosing agent, and disclose a
false interference. The results of this
study indicate that, of the 2 products
tested, only the Fit Checker product
had a film thickness less than 25 mm. In
the opinion of the authors, it would be
the better of the 2 products tested in
this study for the routine assessment of
crown restorations.

CONCLUSION

Under the conditions of this study,
Fit Checker was found to produce a
significantly lower film thickness than
Occlude Spray. Only Fit Checker pro-
duced a film thickness that did not
exceed the 25-mm limit imposed by the
ISO standard on water-based luting
cements. Based on these findings, the
null hypothesis of the study was rejec-
ted for Fit Checker but accepted for
Occlude spray.
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