JHDS.unjani.ac.id/jite
Doi: 10.54052/jhds.

Article History
Received:22/05/2022
Accepted: 29/05/2022

EFFECT OF ADDITIONAL TRISODIUM
PHOSPHATE 2% AS A RETARDER TO
DIMENSIONAL  STABILITY TESTS DENTAL
MATERIAL ALGINATE AFTER HARDENING
(PENGARUH PENAMBAHAN TRISODIUM FOSFAT
2% SEBAGAI RETARDER TERHADAP  UJI
STABILITAS DIMENSI BAHAN CETAK ALGINAT
SETELAH MENGERAS)

Zwista Yulia Dewi'", Rachman Ardan?, Shinta Damayantie?
!Departement of Dental Materials, Faculty of Dentistry, Universitas
Jenderal Achmad Yani, Cimahi, 40285, Indonesia

2Departement of Prosthodontics, Faculty of Dentistry, Universitas
Jenderal Achmad Yani, Cimahi, 40285, Indonesia

*Corresponding author
zwista.yulia@lecture.unjani.ac.id

ABSTRACT

The alginate moulding material is a negative mold of the teeth and oral
cavity tissue. The alginate molding material is hydrophilic and is used
as a pre-elimination mold to a custom tray for a more accurate second
mold. The dimensional stability of the alginate mold is essential for the
success of making a precise mold model. Changes in alginate
dimensions are related to the contraction during the hardening process
of the alginate molding material or the setting time. The addition of
Trisodium Phosphate (TSP) is known to prolong the hardening time of
alginates by slowing down the reaction of alginate salts and calcium
sulfate. The purpose of this study was to compare the dimensional
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stability test of the alginate molding material with the addition of 2%
trisodium phosphate and those without 2% trisodium phosphate after
hardening. This research is pure laboratory experimental research.
Alginate was divided into two groups: the group according to the
manufacturer's provisions and the group added with 2% trisodium
phosphate. The results of this study were analyzed using the unpaired T-
test, and the results showed a p-value <0.05, namely (0.00 <0.05), so
there was a significant difference in the dimensional stability of alginate
without TSP 2% with the addition of TSP 2%. This study showed that
the addition of 2% TSP improved dimensional stability in the group with
the addition of 2% TSP.

Keywords: alginate; dimensional stability; irreversible hydrocolloid;
TSP

ABSTRAK

Bahan cetak alginat berfungsi sebagai cetakan negatif dari gigi dan
jaringan rongga mulut. Bahan cetak alginat bersifat hidrofilik dan
digunakan sebagai cetakan pre-eliminasi untuk custom tray sebagai
cetakan kedua yang lebih akurat. Stabilitas dimensi pada hasil cetakan
alginat merupakan hal penting untuk keberhasilan pembuatan model
cetakan yanh akurat. Perubahan dimensi alginat berhubungan dengan
kontraksi selama proses pengerasan bahan cetak alginat atau setting
time dari bahan cetak alginat. Penambahan Trisodium Fosfat (TSP)
diketahui bisa memperpanjang waktu pengerasan alginat dengan
memperlambat reaksi garam alginat dan kalsium sulfat. Tujuan
penelitian ini untuk mengetahui perbandingan antara uji stabilitas
dimensi pada bahan cetak alginat dengan penambahan trisodium fosfat
2% dengan yang tidak ditambahkan trisodium fosfat 2% setelah terjadi
pengerasan. Penelitian ini merupakan penelitian eksperimental murni
laboratorik. Alginat dibagi menjadi 2 kelompok, yaitu kelompok sesuai
ketentuan pabrik dan kelompok yang ditambahkan trisodium fosfat 2%.

Hasil penelitian ini kemudian dianalisis dengan menggunakan uji T test
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tidak berpasangan, hasil menunjukan nilai p-value <0.05 yaitu (0.00 <

0.05) maka terdapat perbedaan yang signifikan pada stabilitas dimensi

alginat tanpa TSP 2% dengan penambahan TSP 2%. Penelitian ini

menunjukkan bahwa penambahan TSP 2% menghasilkan stabilitas

dimensi yang lebih baik pada kelompok dengan penambahan TSP 2%.

Kata kunci: alginate; hidrokoloid ireversibe;, stabilitas dimens;, TSP

INTRODUCTION

Alginate impression material is
one of the materials widely used in
dentistry. Alginate impression material
creates a negative impression of the teeth
and oral tissues. The resulting appearance is
cast with gypsum so that a working model
or study model is obtained, a replica of the
teeth and oral tissues. * Alginate material is
a water-soluble salt of sodium, potassium or
ammonium  alginate.  The  alginate
impression material consists of 15%
potassium alginate, 16% calcium sulfate,
4% zinc oxide, 3% potassium titanium
fluoride, 60% diatomaceous earth and 2%
sodium phosphate. Manipulation of alginate
impression material in the form of powder
mixed with water to form a gel.?

The dimensional stability of
alginate impressions is essential in making
accurate mold models. This can cause
changes in the shape or dimensions of the
mold so that it is easy for expansion to

occur, which can cause inaccurate alginate
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impressions. Another factor that affects the
dimensional stability of the alginate
impression material is the distortion or
creep that will happen if the alginate
impression material does not change its
elasticity when the alginate impression
material hardens and the undercut is
removed. 5678

One of the properties that the
impression material must own is elasticity
and changes in deformity so that it can print
undercuts without changing dimensions.
The printed material's dimensions will
affect the plaster model's result. The
dimensional stability of the impression
material must be maintained so that the
positive impression has the same shape and
size as the original shape and size of the
teeth and soft tissues. Recovery from
deformity is the percentage of the
impression material's ability to return to its
original dimensions and return when the
compressive load is removed. Therefore,

the dimensional stability of the alginate
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impression is important for the success of
the next mold model. In addition, alginate is
easy to shrink when left too long in the open
air. So, it is important to maintain the
humidity of the alginate mold so that its
dimensional stability is well maintained. °°
Besides being influenced by temperature,
the type and nature of the printing material
used, the printing technique, and the
proportion of the mixture of printing
materials. The dimensional stability of the
alginate impression material is influenced
by the presence of exudate or foreign
objects on the gel surface. A retarder was
added to control the setting time. A water-
soluble phosphate salt is added to the
composition as an inhibitor to prolong the
working time. The amount of retarder is
adjusted to provide the correct setting time.
10,11,15

Trisodium phosphate serves as an
ingredient to slow the setting time. The
percentage of trisodium phosphate in
commercial materials is 2%. The more the
trisodium phosphate retarding agent is
added, the slower the setting time of the
impression material. In a previous study,
Farras added 2% trisodium phosphate to
normal set alginate powder. They obtained
a setting time (of 2.24 minutes) before
adding trisodium phosphate, while after
adding 2% trisodium phosphate, the setting

time was (4.47 minutes). So there is a
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significant increase in time when 2%
trisodium phosphate is added to alginate.
The casting time delay can affect the
resulting mould's dimensional stability. The
results of the alginate impression should be
cast directly, or it can be delayed for a
maximum of 12 minutes. Therefore, the
authors are interested in conducting
research on experimental tests regarding the
dimensional stability of alginate impression
materials after the addition of 2% trisodium
phosphate with 2% trisodium phosphate not
added as a retarder after hardening.
Dimensional stability of the alginate
impression material is needed to prevent the
shrinkage process from occurring on the

alginate impression material.

METHOD

This research method is an
experimental laboratory to determine the
characteristics of alginate impression
material that have been added with 2% TSP,
and 2% TSP is not added. The tools used are
a rubber bowl, spatula, measuring cup,
stopwatch, glass lab, stainless steel mold
with a diameter of 33 mm and a height of 16
mm, a digital calliper, and a digital
analytical scale. The materials used in this
study were normal set alginate, room
temperature distilled water, and TSP in
powder form. The object of this research is

normal to set alginate impression material
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with 2% TSP added.
Number of samples

In this study, there were two
groups. Namely, the control group sample
was alginate impression material without
adding 2% TSP, and the treatment group
was alginate impression material with 2%
TSP added. They determined the number of
samples using the Federer formula and
obtained results of a minimum of 16

samples per group.

Procedures
1. Weighing 8.4 grams of alginate and
0.168 grams of TSP 2%.
2. Alginate manipulation

a. Alginate impression material that
has been weighed is placed in a
container. In the alginate group with
the addition 0f2% TSP, 0.168 grams
of TSP was added into the container.

b. Measure out 20 ml of water and mix
it into a container.

c. Stirring using a spatula in a circular
motion, the other hand rotates the
rubber bowl until a smooth alginate
mixture is obtained homogeneous.

d. After the mixture of alginate
impression material is

homogeneous, the alginate mixture
in a rubber bowl is collected using a

spatula.
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3. Then put in a metal plate with a
diameter of 30 mm and a height of 16
mm. Samples were stored in an open
room at a room temperature of 20 °

4. After setting the results removed from
the metal plate, setting the alginate-
based on the consistency of the alginate
that has hardened when pressed.

5. Then the measurement of dimensional
stability is carried out based on the
vertical and horizontal distances.

6. The mould was not treated as a control
for 5 minutes, 10 minutes, 15 minutes,
and 20 minutes.

7. The length of the specimen diameter
was measured again with a calliper, and

the average dimension was sought.

Data analysis

The addition of trisodium phosphate as
a retarder on alginate impression material
aims to slow down the setting time. A
dimensional stability test was carried out to
determine the shape changes in the alginate
impression material. After the data was
obtained, it was analyzed using Statistical
Product and Service Solution (SPSS). The
first test was carried out, namely the
normality test using the Shapiro Wilk test
and the homogeneous test using the Levene
test. If the conditions for normality and

homogeneity are met, the data analysis used
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is the unpaired T-test.

RESULT

Table 1 shows data from research
and analysis on adding trisodium phosphate
2% on alginate for dimensional stability

after hardening. There were 2 sample

groups in the treatment group (i.e. alginate
with the addition of 2%
phosphate) and (alginate without the

trisodium

addition of 2% trisodium phosphate) as a
control group. The following data were

obtained from the two groups:

Table 1. Data of the measurement results of the dimensions and height of the sample

5 minute 10 minute 15 minute 20 minute
Sample 0 minute (mm} {mm) {mm} {mmj} (mm)
D T D T D T D T D T
1 33 16 33 16 327 16 323 158 322 157
2 33 16 329 16 327 16 324 158 322 15,7
3 33 16 32,35 15,8 324 157 323 156 323 156
4 33 16 327 15,9 326 158 3246 157 323 154
5 33 16 328 15,9 327 158 3246 158 325 15,7
4] 33 16 3238 15,8 327 157 326 157 324 15,5
7 33 16 ) 15,8 327 157 324 157 324 15,6
8 33 16 326 15,8 325 157 324 157 323 15,6
9 33 16 2o 15,9 327 158 326 157 325 15,6
10 33 16 325 15,8 24 157 323 156 322 15,5
11 33 16 327 15,8 326 157 326 156 323 15,6
12 33 16 32,8 159 327 158 3246 157 325 15,7
13 33 16 326 15,7 325 156 324 155 323 15,5
14 33 16 329 16 327 16 323 158 324 15,3
15 33 16 32,8 15,9 327 158 3246 157 325 15,7
16 33 16 329 159 328 158 327 15,7 325 15,7
X 3300 1600 3276 1586 32463 1578 3250 1569 3236 15461
sd 0.00 0.00 0.1% 0.08 013 012 012 008 011 0.10
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:

1 33 16 32.8 158 327 158 326 157 326 157

2 33 16 32,9 16 328 159 327 158 327 153

3 33 16 33 16 329 159 329 159 328 153

4 33 16 32,9 159 328 158 327 157 326 156

5 33 16 32.8 158 327 157 326 157 326 157

6 33 16 32.8 158 327 158 327 158 326 157

7 33 16 32,9 16 328 159 328 158 327 158

8 33 16 33 16 329 159 328 158 328 159

g 33 16 32,9 159 328 159 327 158 326 158

10 33 16 32.8 158 327 158 326 157 326 157

11 33 16 32,9 16 328 159 327 158 326 157

12 33 16 32,9 159 328 158 327 157 326 156

13 33 16 32.8 159 327 159 326 158 326 158

14 33 16 32,9 16 328 159 327 159 327 159

15 33 16 33 16 329 159 327 158 327 153

16 33 16 32.8 158 327 158 326 157 326 156

x 33.00 1600 32.88 1591 3278 1585 32690 1578 3265 1574

sd 000  0.00 0.07 008 007 006 008 007 007 009
Description: For D shows the group experienced a change. Still, those

dimension, T shows the height, x shows the

average value and sd show the standard

deviation.Tables 1 and 2 show that the

results of dimensional stability in each

who

experienced more

changes

in

dimensional stability occurred in the group
with the addition of 2% TSP.

Table 2. Dimensional stability volume calculation results

JHDS Special Issues Smart Dentistry June 2022
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Sample 0 minute 5 minute 10 minute 15 minute 20 minute

(mm*) (mum* (mum® (mm® (m®
1 828.96 828 96 821,424 806,195 793 697
2 228.96 B26,448 521,424 803,714 793,697
3 828.96 806,195 798.627 791,091 791.091
4 228.96 816,290 808,675 803,557 780,949
5 828.96 818.786 811.156 808.675 801.092
6 228,96 813,636 §06,022 B03,557 T88. 454
7 828.96 816,117 806,022 798.627 793 _540
8 228.96 808,675 801,092 798,627 791,091
9 828.96 821,282 811,156 803,557 795.99
10 228.96 806,195 798,627 791,091 783,587
11 228,96 B11,156 803,557 708,439 791,091
12 228.96 B18,786 811,156 B03,557 801,092
13 828.96 803,557 795,99 788 454 786,020
14 228.96 826,448 821,424 806,195 793 540
15 828,96 B18,786 B11,156 B03,557 801,092
16 828.96 821282 813 636 806,022 801.092
X 828.96 316.41 80882 300,93 79294

sd 0,00 7.71 8.15 6.05 6.25

Table2. . Dimensional stability volume calculation results
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Control 0 minute 5 minute 10 munute 15 munute 20 minute
(mm?®) (mm?®) (mm?) (mm?®) (mm?®)
1 328.96 813,636 811,156 803,557 803,557
2 228,96 826,448 818,786 811,156 811,158
3 828.95 828,96 821,282 821,282 813,636
4 328.96 821,282 813,634 806,022 798,439
5 228,96 813,636 806,022 803,557 803,557
5] 82894 813,636 811,136 811,156 803557
7 828.95 826,448 818,786 813,636 811,156
2 828.95 828,96 821,282 818,786 818,786
9 228,96 826,448 818,786 811,156 803,557
10 228,96 813,636 811,156 803,557 803,557
11 828.95 826 448 818,786 811,156 803,557
12 328,96 821,282 813,634 806,022 798,439
13 228,96 818,786 816,290 803,557 803,557
14 828.94 826,448 818,786 816,290 816,290
15 828.95 828,96 821,282 811,156 811,156
16 328.96 813,636 811,156 803,557 798,439
X 52895 82179 81574 s09.72 20639
sd 0.00 6.34 4 66 578 1.60

Description: x shows the average value and sd shows the standard deviation.

Data analysis

The normality test of numerical
data is tested using the Kolmogorov
Smirnov test if the amount of data is > 50,

and the alternative is the Shapiro Wilks test.

Table 3. Normality and Homogeneity Test

If the amount of data is <50, that is the
measurement of dimensions and height
measurements at minute 0 to minute 20 for

the treatment and control groups.

Normality test Homogeneity Test

P-Value Interpretation  P-Value Interpretation
No TSP 2% 0274 Normal
With 2% TSP 0.059 Normal 0.063 Homogeneous

Table 3 shows that the dimensional
stability data is
(p>0.05)
homogeneity test was obtained (p>0.05),

normally  distributed

in each sample group. The

JHDS Special Issues Smart Dentistry June 2022

indicating homogeneous data. Thus, the
analysis used a parametric test using an

unpaired t-test.
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Figure 1Graph of dimensional stability results with and without TSP.

Figure 1 shows that the
observation of dimensional stability with
and without the addition of 2% TSP in the
alginate impression material experienced a
change. Still, there was a minor change in
the group without the addition of 2% TSP
(control group) compared to the group with
the addition of 2% TSP (treatment group).
To find out whether there is an effect with
and without the addition of 2% TSP on the
dimensional stability of the impression
material after hardening, it was tested with

Table. 4 Unpaired T-Test

unpaired t.

Furthermore, the results of the
statistical comparison of the two groups,
where the results of the t-test test show that
the probability value (p-value) between the
two groups is 0.00 because the p-value
<0.05, namely (0.00<0.05), then there is a
difference in dimensional stability between
without the addition of 2% TSP and with the
addition of 2% TSP which can be seen in
table 4.

Group N x + 5D T p
With 2% TSP 16 B0BB2 = B.153
2950 0.000
No TSP 2% 16 81575 = 4.663
230 | JHDS Special Issues Smart Dentistry June 2022



In table 4, the p-value between the
two groups was p<0.05, this indicates that
there is a significant difference in
dimensional stability between the alginate
group given TSP 2% and the alginate group
without TSP 2%, the mean value of the
dimensions of the alginate group that was
given TSP given a TSP of 2%, which is
808.82 + 8.153. It is lower than the group
without adding 2% TSP with dimensions of
815.75 + 4,663. So it can be concluded that
the group was given TSP 2% dimensional
stability was lower than the group without
adding TSP 2%.

DISCUSSION

This study aims to compare the
dimensional stability of alginate impression
material with 2% TSP added with 2% TSP
not added. TSP is a material to slow the
setting  reaction. When the TSP
manipulation changes its shape into a gel
form, the TSP plays a role in holding the
dough so it doesn't turn into a solid, so the
gelation process becomes slower. In
alginate impression materials, dimensional
changes can occur during the gelatin
process in the presence of stress applied or
on the impression material during mold
takes.

According to Glickman, the
factors that influence the solubility of

alginate well are temperature,

JHDS Special Issues Smart Dentistry June 2022

concentration, polymer size and water
solvent as physical factors. The number of
retarder influences alginate setting time
added, normal type alginate setting time
reaches a gel form within 3 to 4 minutes.
The printout can be good if the accuracy is
guaranteed and does not change
dimensions. Changes in the dimensions of
alginate are influenced by various factors,
namely the pressure received by the gel on
the printing spoon during the gelation
process, the imbibition process, syneresis,
the type and nature of the impression
material used, printing technique, and the
proportion of the mixture of impression
materials.

Changes in chemical reactions in
the alginate impression material can cause
changes in the shape or dimensions of the
impression so that it is easy to expand,
which can cause inaccuracies in the alginate
impression. Therefore, the dimensional
stability of the alginate impression is
essential for the success of the subsequent
mold modelling. The accuracy and
dimensional stability of alginate are
essential for the owverall success of the
impression. Changes in the impression
dimensions can occur due to shrinkage and
changes in chemical reactions so that they
can affect the physical characteristics of the
alginate impression material.

Table 1 shows that there are
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significant differences in each group with
the addition of 2% TSP and without the
addition of 2% TSP. According to Walker,
the time delay for filling the alginate prints
is 30 minutes because there will be a change
in dimensions if it is done afterwards. The
results of this study showed that the
dimensional stability was lower in the group
with the addition of 2% TSP.

Figure 1 shows that the results of
dimensional stability at minute 0 of each
sample did not experience a change in
dimensions. At minute 5, minute 10, minute
15 and minute 20 printed material with the
addition of TSP, 2% experienced the shiftin
dimensional stability was more than the
change in dimensional stability in the
control group. With the use of alginate for
dental students in the preclinical stage and
the addition of TSP as a retarding agent or
retarder, several factors can control the
setting time by manipulating the ratio of
water and powder but are at risk of being

swallowed during printing.

CONCLUSION

Based on the results and discussion,
it can be concluded that the value between
the two groups is p<0.05. It indicates a
difference in dimensional stability between
alginate with 2% TSP added and alginate
without 2% TSP added. The alginate

impression material with the addition of 2%
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TSP experienced more dimensional

changes, so the alginate group's
dimensional stability with 2% TSP was

lower.

SUGGESTIONS

Based on the research that has been
done, some suggestions can be given for
further research so that further research is
expected to be better, namely as follows:
1. Further research can use alginate
impression materials with different setting
times.
2. Future research can examine the
measurement time of dimensional stability

for longer.
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