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ABSTRACT

Introduction: Varnish is one of the dental materials that can be used to protect the pulp. Raw materials 
for making varnish were easy to be obtained using simple technique and composition. Self-processed 
varnish which has 40 gr of copal, 50 mL of 95% alcohol and 10 mL of chloroform was produced. When 
applied, varnish formed a thin film layer which tend to porous. The aim of this study was to analyze 
the comparison between porosity which formed in film layer of self-processed and factory varnish. 
Methods: This study was true experimental with 12 third upper molars that had been cut horizontally 
as specimens and were divided into 2 groups as treated and control groups. First group had 1, 2, 3 and 
4 times application of processed varnish as treated sample and second group samples were applied with 
factory varnish as control sample. Porosity was tested using SEM then its percentage was calculated by 
comparing the  porosity and the tooth area. The data was then tested  with t-independent test. Results: 
The result showed that self-processed varnish obtained larger percentage of porosity. Started at the third 
application time, both processed and factory varnish showed no porosity. The conclusion of this study 
was that there is difference between porosity which formed in film layer of self-processed and factory 
varnish. 
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INTRODUCTION

Protection of dental pulp is necessary for opened 
dental tubuli and pulp after teeth preparation.1 
One of the materials used for pulp protector is 
varnish, with film thickness between 1–40 µm.2-

4 The thin film layer of varnish is insufficient 
for protecting against thermal and mechanic 
elements, but is a sufficient protector against 
chemical substance.3-7 

Varnish can reduce the entry of elements 
that can irritate the pulp from the restoration 
or cement base used. Varnish can also block the 
entry of oral fluid by reducing micro leakage 
thereby reducing the sensitivity of the pulp after 
the restoration process is completed. In amalgam 
restorations, varnish can reduce the entry of 
corrosion products to the dentinal tubules thus 
reducing tooth discoloration. In addition, varnish 
is used as coating to protect the restorations from 
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dehydration or contact with oral fluids (such as 
glass ionomer and silicate restorations).3,4,8

One of the materials that can be used as 
raw material of varnish is copal. Copal is easily 
available on the market as Indonesia is the world’s 
largest producer and exporter of copal since.9 
Copal is one of Indonesia’s export commodities 
which controls 80% of the world market and one of 
the producing regions is Probolinggo.10 Other areas 
in Indonesia that produce copal are Makassar and 
Pontianak.11 The easy-to-obtain raw material of 
varnish in a relatively simple way and composition 
based on Grossman12 makes it possible to make 
self-processed varnish.

Varnish is a solution consisting of one or 
more resins which can be derived from natural 
or synthetic resins dissolved into organic 
solvents.3,4,8,13 One of the natural gums often used 
as raw material for making varnish is copal.14 
Copal is the result of secretion of various trees 
belonging to the family Pinaceae. Copal is also 
widely used as raw material for making varnish. 
Copal contains organic acids, so organic solvents 
are used to dissolve them.15

The organic solvents which can be used for 
the preparation of varnish are alcohols, ethers, 
chloroforms, acetone, benzene, toluene, ethyl 
acetate, and amyl acetate.4,13,16,17 In this study, 
alcohol was used as the main solvent. The alcohol 
used was ethanol with a concentration of 95%. 
After water, ethanol is the most useful solvent 
in pharmaceuticals, used as the main solvent for 
many organic compounds.18 Alcohol is relatively 
safer when compared to other organic solvents.19

In the application, varnish is applied with 
several times of application. In some literature, it 
is mentioned that varnish is applied with twice to 
three times of application.3,4,6,21,22 This is because 
the drying of the first film layer may leave small 
holes or porosity and the second layer will cover 
the porosity resulting in a more homogeneous 
layer.3,4,6,14

Once applied to the tooth surface, varnish 
forms film layer immediately after the solvent 
evaporates. The average solvent takes 8-20 
seconds to evaporate.1,14,20 The film layer formed 
is a porous layer, therefore, it takes two to three 
times of application.3,4,6,13 Varnish can be applied 
to the surface of the tooth using a brush or cotton 
pledget.4,8,14

One particular importance in the 
application of varnish is the formation of a 
uniform and unbroken film layer.3,4,6,13 This can 
be obtained by applying a thin layer of varnish 
with several times of application. This technique 
is much more effective than a one-time varnish 
with thick layers.4 Based on previous explanations 
and reasons, a study to analyze the porosity ratio 
formed on the self-processed varnish and the 
factory varnish was conducted.

METHODS

The type of research used was pure experimental 
with sample of self-processed varnish and 
factory-made varnish (GC Fuji Varnish). The first 
procedure is the preparation of a self-processed 
varnish with a composition of 40 gr of copal, 50 
mL of 95% alcohol, and 10 mL of chloroform, by 
dissolving coagulant that has been mashed into a 
mixture of alcohol and chloroform and then the 
result is filtered. Further preparation of dental 
specimens was conducted by cutting the upper 
molar of 12 pieces in the transverse direction 
on the crown to obtain a flat field on the dentin 
with a thickness of 7 mm. The piece of the tooth 
was inserted into the decorative resin mold; resin 
was poured, hardened, and was then polished 
with fine sandpaper. Then, either self-processed 
or manufactured varnishes was applied to dental 
specimens with 1, 2, 3, and 4 times polishing 
frequency on each different tooth and repeated 
twice on the second polishing frequency. The 
porosity formed on the film layer was observed 
using SEM. Materials and instruments used in this 
study were shown in Figure 1. 

RESULTS

Calculation of porosity percentage was conducted 
based on existing means, the image proplus 
software. The porosity percentage of the varnish 
film layer was obtained from the wide sum of 
the entire porosity formed by the surface area of 
the tooth viewed from the photograph using SEM 
(Scanning Electron Microscope) and multiplied 
100%.

The porosity image of the varnish film layer 
with once to four times applications on the self-
processing varnish were shown in Figure 2, while 
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the factory-made varnish application was shown 
in Figure 3. The result of difference of percentage 
of porosity which formed at film layer and the 
influence of self-processed varnish and the 
fabricated varnish frequency after applying on 
tooth surface were shown in Table 1. 

The percentage of porosity occurring in the 
self-processed film layer of varnish with single 
application was 0.402%, while in the factory-made 
varnish, with the same polishing frequency, the 
porosity percentage was 0.310%. Self-processed 
varnish with two times of application showed 
the porosity percentage of 0.226%, while in the 
fabricated varnish, the percentage reached 0.157%. 
For both types of varnishes, no porosity was shown 
in the film layer on the third and fourth application. 

After conducting the research to see the 
effect of the polishing frequency on the porosity 
formed on the self-made varnish film layer and 
the factory-made varnish, the application was 
repeated twice in both type of varnish respectively. 
The repetition results were shown in Table 2.

To perform the statistical calculation, the 
calculation of the average percentage of porosity 
of the self- processed varnish and GC Fuji varnish 
with two times of application can be seen in Table 3.

The results of statistical calculations 
indicated that there was no difference between 
the porosity formed on the film layer of copal-
based and alcohol self-processed varnish with 
factory-made varnish.

1                                     2                                      3

4                                    5                                     6

Figure 1. Materials: (1) copal, (2) alcohol 95%, (3) chloroform, (4) Fabricated varnish (GC Fuji Varnish), (5) Upper third 
molars (6) decorative resin.

Table 1. Porosity percentage on varnish film layer

Type of Varnish
Application

I II III IV

Self-processed varnish
Fabricated varnish

0.402 %
0.310 %

0.226 %
0.157 %

0 %
0 %

0 %
0 %

Table 2. Porosity Percentage on film layer of self-processed 
varnish and fabricated farnish on two times of applications

Self-processed varnish Fabricated varnish

0.226 % 0.157 %

0.140 % 0.123 %

0.265 % 0.104 %

Table 3. Average Percentage of Porosity on a Self-processed 
Varnish Film Layer and fabricated varnish at two times of 

application

Type of varnish x ± S

Self-processed varnish 0.210 % ± 0.064 %

Fabricated varnish 0.128 % ± 0.027 %

DISCUSSION

The self-processed varnish was composed of 40 
grams of copal, 50 mL of 95% alcohol, and 10 mL 
of chloroform. This composition was taken based 
on Grossman with modification and based on the 
preformulated results in preliminary study. Initial 
varnish preparations were made with 70% alcohol 
solvent, which once applied to teeth, it resulted 
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A B

C D
Figure 2. A. Film Layer of Single Application  of Self-processing varnish; B. Film Layer of Twice Application of Self-process-
ing varnish; C. Film Layer of three times Application  of Self-processing varnish; D. Film Layer of four times Application  of 

Self-processing varnish

A B

C D
Figure 3. A. Film Layer of Single Application  of Fabricated (GC-Fuji) Varnish; B. Film Layer of Twice Application  of Fabricat-
ed (GC-Fuji) Varnish; C. Film Layer of Three times Application  of Fabricated (GC-Fuji) Varnish; D. Film Layer of Four times 

Application of Fabricated (GC-Fuji) Varnish

in an almost invisible, very thin film layer. This 
occurred due to the fact that copal powder did 
not dissolve completely in 70% alcohol. The 
alcohol concentration was then increased to 
95%, so that all copper powder was soluble and 
produced clearly visible film layer. Visually, the 

self-processed varnish film layer with 95% alcohol 
solvent had a similar film layer generated by 
factory-made varnish, but the time required 
for the film layer to dry completely on the self- 
processed varnish was longer than that of the 
manufactured varnish. To speed up the time, 
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chloroform was added to the preparation resulting 
in formation of film layer with sufficient thickness, 
visually visible, and faster time required for the 
film coating to dry completely. 

The porosity of the self-processed varnish 
film layer with single application was noticeable 
and had larger size than the fabricated varnish. 
The self-processed varnish film layer with twice 
of application showed the presence of porosity 
as well as bubble form. Bubble may arise due 
to two things: the time in between two layer 
applications was too fast or the varnish solution 
was too thick.21 A thick varnish solution was 
caused by evaporation of the solvent contained 
in the varnish preparation. This problem could be 
solved by diluting the varnish preparation using 
the same solvent as the solvent contained in the 
preparation.22

The film layer of varnish on the first 
application protected 55% of the tooth surface, 
while the second layer of the film protected 80-
85% of the tooth surface.1 Based on the fact, it 
was expected in the third and subsequent layers, 
the film layer of varnish can protect the surface of 
the tooth perfectly. This is in line with the results 
of the research that showed the self-processed 
varnish film layer with three and four times of 
application showed no porosity. Similar results 
were obtained in fabricated varnish film layer 
with the same amount of application.

It could be obtained from the SEM result 
that blisters around the formed porosity were 
visible. According to Morrel and Waele21, blisters 
on the film layer of varnish were caused by 
trapped solvents that evaporated and the heat 
was received by the coating. These blisters may 
occur because SEM generated heat that promote 
the formation of blisters.

Uneven film layers affected porosity. 
To control the occurrence of porosity, it was 
necessary to apply the varnish with a thin flat 
layer. In addition, it took three times of application 
to obtain a film layer that was feasibly cover the 
entire surface of the tooth so that the purpose of 
using the varnish as sealant could be achieved.

CONCLUSION

There is a difference in the percentage of porosity 
formed on the self-processed varnish based on 

copal and alcohol film layer with the factory-
made varnish. The porosity percentage of the 
self- processed varnish film layer is greater than 
that of the manufactured varnish both on singular 
and twice of application, although this difference 
is not statistically significant. There is influence 
of the application frequency to the porosity 
formed in the varnish film layer in either self-
processed or manufactured groups. Meanwhile in 
the application itself, varnish requires three times 
of application with a thin and even layer. Further 
study on the effective self-processed varnish 
ingredients that produce minimum porosity of film 
layer are to be conducted in the future. Given the 
amount of energy that SEM device spend during 
observation and picture taking, the use of other 
observation tools other than SEM is worth to be 
considered in order to produce better picture 
results and allow observations on larger amount 
of samples. 
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