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EDITORIAL

BDS IN THE CONTEXT OF ACHIEVEMENTS

Impact Factor (IF) means the science-merit index
that represents the average annual number of
citations that manuscripts published in a specific
journal received in the last two or three years [1,
2]. It expresses the relative importance of the
journal in the field from the view of the scientific
community.

Different databases have their own impact factor
calculation based on the citations in the indexed
journals.

For the journals indexed on the Web of Science,
those are ranked by JCR (Journal Scientific
Report)/ISI (Institute for Science and Information)
in JIF (Journal Impact Factor). For Scopus by SJR
(Scimago Journal Rank-citescore)/SNIP (Source
Normalized Impact per Paper); etc.

Since we got Scopus indexation in 2017, BDS
has been growing its CiteScore index from 0.3 to
1.0 in 2020 [3]. This bibliometric index shows a
positive trend for BDS during the last years. Our
team is focused on reaching a score higher than
“1.0”.

Furthermore, BDS has improved its Editorial
Board. Twenty-four section editors and 30
assistant editors are weekly directly involved with
the process of the manuscripts submitted to the
journal. Opportunities arising from the pandemic
brought improvements in the speed of evaluation
process, distribution of the steps, partnership,

digital or remote meetings, and visibility of the
journal.

The communion of ideals among the team
members led BDS to a high profile on social
networks as Instagram, Facebook and LinkedIn.
Our posts have been shared with researchers with
great success.

By 2021, authors and readers can expect issues
with the highest quality in science, committed to
innovation, and sharing.

Welcome to BDS journal once again.
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EDITORIAL

BDS NO CONTEXTO DE REALIZAQf)ES

Fator de impacto (FI) significa o indice cientifico-
métrico que representa a média anual de
citacbes que os manuscritos publicados em um
determinado periddico receberam nos tltimos
dois ou trés anos [1, 2]. Expressa a importancia
relativa da revista na drea do ponto de vista da
comunidade cientifica.

Diferentes bancos de dados tém seu proprio
célculo de fator de impacto com base nas citagoes
nos periddicos indexados.

Para os peridédicos indexados no Web of Science,
eles sdo classificados pelo JCR (Journal Scientific
Report) / ISI (Institute for Science and Information)
no JIF (Journal Impact Factor). Para Scopus por
SJR (Scimago Journal Rank-citescore) / SNIP
(Source Normalized Impact per Paper); etc.

Desde que obtivemos a indexagdo Scopus em
2017, a BDS vem crescendo seu indice CiteScore,
aumentando de 0,3 para 1,0 em 2020 [3]. Este
indice bibliométrico mostra uma tendéncia
positiva para o BDS nos ultimos anos. Nossa
equipe estd focada no futuro com uma pontuacio
superior a “1.0”.

Além disso, a BDS aprimorou seu Conselho
Editorial. Vinte e quatro editores de secdo e 30
editores assistentes estdo diretamente envolvidos
semanalmente com o processo dos manuscritos
submetidos a revista. As oportunidades
decorrentes da pandemia trouxeram melhorias na
agilidade do processo de avaliacdo, na distribuicao

das etapas, na parceria, na realizacido de reunides
digitais ou remotas e visibilidade do periédico.

A comunhao de ideais entre os membros da equipe
levou a BDS a um destaque nas redes sociais como
Instagram, Facebook e LinkedIn. Nossas postagens
foram compartilhadas pelos pesquisadores com
grande sucesso.

Em 2021, autores e leitores podem esperar
edi¢bes com a mais alta qualidade em ciéncia,
compromisso com a inovacdo e divulgacao.

Bem-vindo ao jornal BDS mais uma vez.
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ABSTRACT

Objective: To determine the force decay and
discoloration in Generation I and Generation II
elastomeric chain on artificial saliva immersion.
Material and methods: Generation I and
Generation II elastomeric chains stretched on
an acrylic board and immersed in artificial
saliva for 1, 7, 14, 21, and 28 days according
to the group of days. On each specified day,
the force of each sample measured by an
orthodontic force gauge and the magnitude of
the force obtained is entered to the formula to
find out the force decay in percentage, whereas
discoloration of each sample analyzed by the
color reader with CIE Lab analysis. Results:
The force decay between Generation I and
Generation II elastomeric chains showed a
statistically significant difference in every
group of days, in which Generation II is more
effective in maintaining stretch force. Similar
to force decay, the discoloration in Generation
I elastomeric chains on the 14th day showed
significant value and Generation II elastomeric
chains were more stable in maintaining color
compared to Generation I. Conclusions: over
the entire research period time, Generation
I elastomeric chains are more stable in
maintaining stretch forces and color compared
to Generation I elastomeric chains.

KEYWORDS

Discoloration; Elastomeric chain; Force decay;
Generation I; Generation II.

RESUMO

Objetivo: Determinar a queda de forca e
descoloracdo nos eldsticos ortodonticos tipo
corrente de Geracgdo I e Geracdo Il na imersdo em
saliva artificial. Material e métodos: Elésticos
Geracdo I e Geragdo II foram esticados em placas
de acrilico e imersas em saliva artificial por 1,
7, 14, 21 e 28 dias, de acordo com o grupo de
dias. Em cada dia especificado, a for¢a de cada
amostra medida por um medidor de forca
ortodontica e a magnitude da forca obtida sdo
inseridos na formula para descobrir sua queda
em porcentagem, enquanto a descoloracdo de
cada amostra foi analisada pelo leitor de cores
“CIE Lab”. Resultados: A queda da forca entre
os elasticos Geracdo I e Geracdo II apresentou
diferenca estatisticamente significativa em
todos os grupos de dias, sendo que a de Geragdo
IT foi mais efetiva na manutencédo da forca de
alongamento. Semelhante a queda de forca, a
descoloracao nos eldsticos da Geragdo I mostrou
um valor significativo no 14° dia, e elasticos da
Geracdo II foram mais estdveis na manutencéo
da cor em comparacdo com a Geracdo I.
Conclusdes: durante todo o periodo de
pesquisa, os elasticos tipo corrente da Geragdo
IT foram mais estaveis na manutencao das forcas
de alongamento e da cor em comparacao com oS
eldsticos da Geragéo I

PALAVRAS-CHAVE

Descoloracdo; Elastico corrente; Queda de forga;
Geragao I; Geracdo II.
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INTRODUCTION

lastomeric chains are one of the most used

components in fixed orthodontic treatment.
This kind of elastics available in the form of
long chains with interconnected holes and when
applied resemble ribbons that connect between
teeth [1]. The use of elastomeric chains is a
popular method of space closure because it
has several advantages, such as its ease of
application, relatively low cost, and a high level
of comfort between patients and dentists [2].

Nevertheless, elastomeric chains also
have disadvantages such as that are sufficiently
sensitive to the oral environment, especially
when exposed to saliva. Elastomeric chains are
hydrophilic so that interaction between it and
saliva will deform the internal bonds and make
the physical properties become permanently
deformed. This irreversible elastic deformation
generates a force decay and discoloration of
the elastomeric chains [3]. Also, factors in
the oral cavity such as mastication pressure,
tooth movement, pH variation, enzymes, and
temperature of the oral cavity influence the
degree of decrease in chain strength [4].

In previous studies, the greatest force
decay of the elastomeric chains occurred in the
first 24 hours ranging from 50% to 75% [5]. The
stretching force on the elastomeric chain then
experiences a constant gradual degradation and
ultimately 60% of the initial force left after the
use of elastomeric chains for 4 weeks [6]. Related
to force decay, elastomeric chain discoloration is
also a major problem for patients and dentists
because it affects aesthetic appearance, intensify
the frequency of visits, and increase financing
costs.

The disadvantages of the elastomeric
chain properties can be controlled by modifying
the constituent chains of the polymer so that
it becomes more stable and stronger, so that
elastic deformation is not expected to occur
easily. Recently, elastomeric chain modification
is mostly done by changing its composition to

Generation | and Generation Il Elastomeric Chains
Characteristics Comparison in Artificial Saliva Immersion

minimize the shortcomings of its constituent
structure, polyurethane [7].

One of the elastomeric chain renewal
products is Generation I and Generation II
produced by Ormco®, USA. Generation II is
an update of Generation I which is claimed
for having a longer stretch strength and
color stability, so it is expected to increase
the effectiveness of treatment time [8]. Both
products from Ormco® are still produced and
used despite there is a claim that Generation II
is more stable in maintaining force and color
so that force decay and discoloration should be
lower than Generation I.

Based on the description above, this
study aims to determine the comparison of
Generation I and Generation II elastomeric
chain force decay and discoloration immersed
in artificial saliva.

MATERIAL AND METHODS

This type of research is an experimental
laboratory with a post-test only control group
design, research model. This research was
conducted at the Laboratory of Chemistry at the
Faculty of Pharmacy, the University of Jember
for immersion and measurement of force on
samples and was carried out at the Material
Characterization Laboratory of Materials and
Metallurgical Techniques at the November 10
Institute of Technology to identify the sample
structure. The study was conducted in December
2019.

The research sample used is the elastomeric
chain produced by Ormco, USA Generation I
and Generation II closed chain types with gray
color variation with a sample size of 5 lumens.
A total of 80 samples, each consisting of 40
samples from Generation I and 40 samples from
Generation II then formed groups again based
on group days, namely days 1, 7, 14, 21, and
28. Five groups of days formed from each
Generation I and Generation II groups each
consist of 4 elastomeric chains stretched on an
acrylic board. (Figure 1)

2
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The prefix research was carried out to
identify the building structure of each sample
group using the Fourier Transform Infra-red
(FTIR) tool. The way the FTIR works is by firing
an infrared beam which will then produce a
reading in the form of a spectrum. From this
spectrum, the constituent functional groups
of each sample will be identified and then
compared as supporting data to conclude the
effect of the building structure on the physical
properties of the two elastomeric chain groups.

Determination of the elastomeric chain
stretch length is done by pulling the elastomeric
chain using an orthodontic force gauge until it
reaches a force of 200 grams. The optimal force
in canine retraction with the point of retraction
in the canines and molars is 200 grams [9].

When reaching a force of 200 grams then
the elastomeric chain is measured in length
and the result obtained is the length used in
stretching on the acrylic board and becomes
the benchmark for the length of the force gauge
withdrawal when measuring the force on days
1, 7, 14, 21 and 28. Based on the results the
elastomeric chain lengths of Generation I and
Generation II when stretched with 200 grams
force showed 18 mm.

1 2 3 4
e e o o

18 mm
e © @& ¢

40 mm

60 mm

Figure 1- lllustration of acrylic board.
Source - Personal lllustration.

The study was carried out by stretching all
the samples on the acrylic board according to
the generation group and the day group, then
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immersed in artificial saliva with a pH of 7 and
during immersion was kept in an incubator to
adjust the temperature of the oral cavity at 37
° C. Then on every day that is determined the
1st, 7th, 14th, 21st, and 28th the measurement
of the force on that day uses an orthodontic
force gauge and force shown on force gauge
is calculated with the formula to find out the
decrease in the stretching force in the form
percentages and color changes were measured
using a color reader (Konica Minolta, Japan)
with CIE Lab color analysis. (Figure 2). The
formula used to determine force decay are:

Force decay percentage: A; X 100%

Information:
A = initial force (200 grams)

B = nmagnitude of force at each
measurement time (days 1, 7, 14, 21 and 28)

Data from the results of force decay
that has been obtained is then performed a
normality test using the Shapiro-Wilk test
because the sample number is less than 50 and
the homogeneity test uses the Levene test. Then
a different test is done using the Kruskal-Wallis
test and further tests with the Mann-Whitney
test. Statistical analysis was performed with
IBM SPSS Statistics for Windows, Version 20.0.
Armonk, NY: IBM Corp. While the formula to
determine the color change is to use the CIE Lab
color analysis as follows:

AE = [(AL”)2 + (Aa*)2 + (zi\b”)z]”2

Information:
AE = total color difference

AL * = (L * sample minus L * standard) =
difference in light and dark (4 = brighter, - = dark)

Aa * = (a * sample minus a * standard) =
red and green difference (+ = red, - = green)

Ab * = (b * sample minus b * standard) =
yellow and blue difference (+ = more yellow, -
= blue)

3
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White (+L%)

Yellow
+b*

Black

Figure 2 - Colour dimensions in CIELAB.
Source - https://sensing.konicaminolta.asia/what-is-cie-1976-lab-
color-space/

Data on the results of color changes
that have been obtained are then performed a
normality test using the Shapiro-Wilk test and a
homogeneity test using the Levene test. Then a
different test is done using the One-way ANOVA
test and further tests with Tukey. Statistical
analysis was performed with IBM SPSS Statistics
for Windows, Version 20.0. Armonk, NY: IBM
Corp.

RESULTS
Force decay

Generally, all samples experienced elastic
deformation in the form of loss of elasticity and
physical changes marked by elastomeric chain
lengthening from their original size. Samples
from Generation I and Generation II both have
a gradual decrease in stretching force. The force
decay of Generation I elastomeric chains are
listed in the following tables I and II:

Generation | and Generation Il Elastomeric Chains
Characteristics Comparison in Artificial Saliva Immersion

Table | - Force decay of Generation | elastomeric chains

Force Decay Generasil
Sample1 Sample2 Sample3 Sample4
2204% 14,95% 5,03% 779%  1495%

7 26,29% 14,95% 1779% 2629%  2133%
4 50,39% 50,39% 43,30% 4330%  4684%
21 64,56% 5748% 50,39% 5039%  5570%

28 64,56% 64,56% 50,39% 5039%  5748%

Source - Personal Documentation

Table Il - Force decay of Generation Il elastomeric chains

Force Decay Generasill
Mean
Sample1 Sample2 Sample3 Sample4
1 219% 0,77% 786% 7.86% 467%
7 1212% 12,12% 14,95% 1353%  1318%
1% 14,95% 1353% 16,37% 779%  1566%
21 22,04% 2913% 22,04% 2913% 2558%

28 22,04% 22,04% 2913% 36,21% 2735%

Source — Personal Documentation

70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
10,00%

0,00%

Force Decay

1 7 14 21 28
== Generation | 14,95%21,33%46,84%55,70%57,48%
&= Generation Il 4,67% 13,18%15,66%25,58%27,35%

Figure 3 - Force decay comparison graph of Generation | and
Generation Il elastomeric chains.
Source — Personal Documentation.

In the graph showing the comparison of
force decay between GenerationIand Generation
I (Figure 3), it appears that Generation II
percentage of force decay every day 1, 7, 14, 21,
and 28 is always lower than Generation I. The
lower value of the percentage of force decay,
the less an elastomeric chain experiences a force
decay. Until the 28th day or the fourth week,

Braz Dent Sci 2021 Jan/Mar;24(1)
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Generation II only experienced a force decay
by 27.35% which is the range of force decay in
Generation I when it was still on the 7th day.

The results of the study then analyzed
statistically. Based on the results of the normality
and homogeneity test, the significance of the
data showed abnormal and non-homogeneous
data variations, so that the different tests are
performed using the Kruskal-Wallis test non-
parametric test. Kruskal-Wallis test results show
a significance value of 0.000 < 0.05 which means
there are significant differences in all groups of
days from Generation I and Generation II. Then
proceed with the Mann-Whitney test. The test
results show that there are significant differences
in Generation I between 7th and 14th days while
in Generation II there are significant differences
between 1st and 7th days and 14th and 21st
days. Further tests are also conducted between
generations which show the results that there
is a significant difference between Generation I
and Generation II on the 7th, 14th, 21st, and
28th days.

Discoloration

Samples from Generation I and Generation
I both have gradual color changes. The number
of color changes for Generation I and Generation
IT are listed in the following tables (III and IV)
by way of interpretation:

AE = total color difference

AL * = (L * sample minus L * standard) =
difference in light and dark (+ = brighter, - =
dark)

Aa * = (a * sample minus a * standard) =
red and green difference (+ = red, - = green)

&
7

Ab * = (b * sample minus b * standard) =
yellow and blue difference (+ = more yellow, -
= blue)

Generation | and Generation Il Elastomeric Chains
Characteristics Comparison in Artificial Saliva Immersion

Table lll - Discoloration value in Generation | elastomeric chains

Gup!  Samble (A (aak  (abE  AE
1 0,0382 0,0187 0,0282 02916
2 0,0024 00750 0,0061 0,2889
genl/1days
3 0,169 00750 0,0080 04470
4 0,0095 11995 0,0245 1107
1 0,2356 05878 00238 09204
2 09422 32001 0,0485 20472
genl/7 days

3 0154 0,0000 0,078 03510
4 0,2356 02612 0,0393 0,7322

1 0,0024 11995 00178 11044
genl/14 2 24121 0,687 0,0045 16079
days 3 0154 54167 0,0209 23565
4 0,0848 0,0187 0,0011 03235

1 00476 13225 0;1139 12182
genl/21 2 0,0587 00163 02173 05407
days 3 15270 0,0367 0,0661 12767
4 0,7608 13225 0,0285 14532
1 0,0024 0,0000 00147 0,307

genl/28 2 0,0861 09184 02567 11231
days 3 0,0096 11995 0,0008 1,0999
4 0,0383 22679 0,0001 15186

Source - Personal Documentation

Table IV - Discoloration value in Generation Il elastomeric chains

Group/  Sample
Period  Code (ALY (Aa) (Ab) AE
1 0,0382 0,0187 0,0282 02916
0,0024 0,0750 0,0061 02889
genll/1days

0169 00750 00080 04470
00095 11995 00245  1iffo7
07632 01469 00078 09581
07632 0469 00078 09581
07632 08000 00030  125%5
01154 02622 0001  06H6
07632 01469 00078 09581
genll/ia 07632  0M69 00078 09581

3
4
1
genll/7 2
3
4
1
2
days 3 0,7632 08000 0,0030 12515
4
1
2
3
4
1
2
3

days

0,154 02612 0,001 06146
0,7632 0;1469 00078 0,9581
0,7632 0,469 00078 0,9581
0,7632 0,8000 0,0030 12515
0;1154 02612 0,001 06146
0,7632 0;1469 0,0078 0,9581
0,7632 0;1469 0,0078 0,9581
0,7632 0,8000 0,0030 12515
0,154 02612 0,001 06146

genll/21
days

genll/28
days

Source - Personal Documentation
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The value of AE Generation II on every
day 1, 7, 14, 21, and 28 is always lower than
Generation I. The lower the value of AE,
then an elastomeric chain experiences fewer
color changes. Although both experiences a
discoloration, Generation II is relatively more
stable in maintaining color that is marked by a
small and constant change in value until the 28th
day while Generation I has a very significant
color change on the 14th day.

Data on the results then analyzed
statistically. Based on the results of the normality
and homogeneity test, the significance of the
data shown normal and homogeneous data
variations. The One Way Anova test was then
performed, and it was found that the significant
value in each group showed a value of p =
0.012 (p < 0.05) for Generation I and p =
0.395 (p > 0.05) for Generation II. Generation
I elastomeric chains have different means so it
can be concluded that the average Generation
I is significantly different and Generation II has
the same average so it can be concluded that the
average Generation II elastomeric chain is not
significantly different. The results of the Tukey
follow-up test, Generation I with an immersing
time of 14 days showed a value of p = 0.027 (p
< 0.05) so that it could be concluded that there
were significant differences. Whereas in the
elastomeric chain Generation I with immersion
time 1, 7, 21, and 28 days there were no
significant differences. Whereas in Generation II
there were no significant differences in all-time
groups. In Tukey tests, there was a significant
difference between the 7-day and 14-day
immersion times with p = 0.03 (p < 0.05) and p
= 0.01 (p < 0.05). Whereas for the duration of
immersion of 1 day, 21 days and 28 days, there
were no significant differences due to p > 0.05.

Fourier Transform Infra-red (FTIR)

The identification of the elastomeric
chain structure of the two groups, Generation
I and Generation II, was carried out using the
FTIR instrument whose spectrum as an output
to interpret. The spectrum of Generation I and

Generation | and Generation Il Elastomeric Chains
Characteristics Comparison in Artificial Saliva Immersion

Generation II shows a similar pattern, this shows
that the structure of Generation I and Generation II
elastomeric chains are mostly the same (Figure 4).

e . S -
N \ Generation 1
/‘H‘l‘ N Generation 11

i
| ‘} ‘\\/“‘Wﬂh\\ (\L“I“‘\/\J\'\f\‘/\i‘[
¥ !

Ina
' \I\S'J

100 }.m,w.-y

I

Transmittance [%]

30
{
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers [1/cm]

Figure 4 - Superimposed FTIR spectrum of Generation | and
Generation Il elastomeric chain.

Source - Personal Documentation associated Material and
Metallurgical Engineering Department Sepuluh November
Institute of Technology, Indonesia.

Each spectrum has 2 parts that become
a hint in analyzing the structure of the sample,
wavenumber on the x-axis and transmittance on
the y-axis. The numbers of wavenumber of the
lowest point in a spectrum (peaks) indicate the
type of a functional group, while the percentage
of transmittance indicates the number of
functional groups (Table V).

Table V - Identified functional groups and transmittance of
Generation | and Generation Il elastomeric chains.

No. Functional Wavenumber (cm-1) / Transmittance (%T)
o.

Groups Generation| Generation|l

1 O-H 333741cm-1/92272%  3326,22 cm-1/88,256%
2 N-H 295114cm-1/88217% 295317 cm-1/79,633%
3 C=0 172739cm-1/47306% 172538 cm-1/32,873%
4 C=C 1596,93cm-1/80,230%  1596,29 cm-1/72,890%
5 O-H 141338cm-1/70636% 141348 cm-1/59,736%
6 C-N 130954 cm-1/74,705%  1309,23 cm-1/61517%
7 C-0 121608 cm-1/56,031%  1219,67 cm-1/37873%
8 C-0 136,16 cm-1/48,625% 116343 cm-1/34,179%
9 C-0 106598 cm-1/55319%  1064,10 cm-1/43,909%
10 C=C 816,82 cm-1/70,565 % 815,79 cm-1/67,771%

Source - Personal Documentation associated Material and
Metallurgical Engineering Department Sepuluh November
Institute of Technology, Indonesia.

The percentage of transmittance indicates
how much light is not absorbed by a functional
group. When the percentage of transmittance
is low, less light passes through the group.

6
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Thus, the lower the value of the percentage
of transmittance, the greater the content of a
functional group in a sample. The results show
that Generation II has a lower percentage of
transmittance so it can be presumed there are
more numbers of each functional group that
compose Generation II than Generation I.

DISCUSSION
Force Decay

Elastomeric chains are made from
polyurethane which is one type of synthetic
rubber. Related to elastic materials in general,
elastomeric chains can experience loss of
elasticity which causes a force decay. A force
decay on the elastics can occur by stretching
over its elasticity limit. Based on Hooke’s
Law, when elastics stretched over its elasticity
limit, a deformation will occur in the form of
prolongation from its original size so that when
stretched with the same length it will not give
the same force as the initial force [10].

Based on many previous studies, the
greatest force decay occurred in the first 24 hours
ranging from 50-75% of the initial force [5].
Research on the two groups on Day 1 showed
results that both Generation I and Generation II
did not show a decrease in the force of up to 50%.
The Generation I group experienced a decrease
in force by 14.95% and Generation II gave a
better result which was only a force decrease of
4.67%. This shows that both Generation I and
Generation II have not decreased by as much
as other elastomeric chain brands, and both are
equally good at maintaining stretching forces in
the first 24 hours.

On the 7th day, Generation I experienced
a force decay of 21.33% while for Generation II
the decrease in force occurred was 13.18%. The
force decay that occurs on the seventh day is
due to the elastomeric chain starting to interact
with saliva which causes interaction of water
molecules in the saliva with the elastomeric
chain molecules [11]. The character of the
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elastomeric chains that absorbs water causes
hydrogen atoms to enter the polymer molecule
because of the negative charge from the oxygen
atoms in the polymer. When hydrogen ions and
oxygen bind it will cause the elastomer to swell
microscopically [12].

On the 14th day, there was a force
decay of 46.84% in Generation I and 15.66%
in Generation II. On the 14th day, there was
a drastic change in force decay of Generation
I from the previous day by 21.33% to 2 times
which is 46.84%. Generation II still gives better
results than Generation I, with a difference
almost twice over Generation II.

On the following day, the two groups
showed results that did not differ greatly
from the 21st day and 28th day. Generation I
experienced a force decay of 55.70% and 57.48%
while for Generation II experienced a force
decay of 25.58% and 27.35%. This is compatible
with the theory that after a large decrease in
stretching force on day 1, the elastomeric chain
subsequently experiences a slow and gradual
decrease in stretching force almost constant
until the third week onwards [5,4].

Generation II since the first day to the
28th day experienced less force decay and more
constant in maintaining force compared to
Generation I, which in its graph had experienced
a drastic increase on the 14th day. So if it is
concluded from the theory that the decrease in
the ideal elastomeric chain strength force is as
minimal as possible and constant, Generation II
is better than Generation I [13].

Discoloration

The process of changing the color of the
elastomeric chain is dependent on the absorption
of water into the polymer and is followed by the
chemical degradation of the elastomeric chain
[14]. The elastomeric chain can absorb small
molecules such as water. The elastomeric chain
will experience a decrease in intermolecular
force between chains when absorbing water.
In the process of absorption of water by the

7
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elastomeric chain, hydrogen ions from the water
will enter the polymer molecules. The entry of
hydrogen ions is due to the positive charge of
oxygen atoms present in the polymer. Water
molecules will enter between the polymers so
that the elastomeric chain will expand. Water in
the polymer will cause the distance between the
polymer molecules to be far so that the polymer
bonds become tenuous [15].

The CIE Lab color system used in this
study is commonly used to assess small color
changes. The advantage of this system for
color measurement is that it more accurately
represents human sensitivity to color.

When comparing the values of AL, Aa, and
Ab, the result is that L of all elastomeric chains
decreases after 1, 7, 14. 21, and 28 days. This is
due to an increase in elastomeric chain opacity
after exposure to the oral.

When stretched and exposed to the oral
environment, the elastomeric chain absorbs
water and saliva and the internal bonds break.
A broken internal bond causes permanent
deformation in the form of permanent and
permanent staining [16].

Elastomeric chains are made with
polyurethane synthesis produced with various
chemicals. Chemical changes affect the
configuration of the elastomeric chain and
its ability to be deformed by external agents.
Processing conditions can also affect the
structure and configuration of the polymer
chain. In addition, surface characteristics, such
as texture and porosity, may differ between
manufacturers and are influenced by external
agents [5].

Based on the color analysis that has been
done, the results show that there are significant
differences in the color degradation that occurs
between the control and treatment groups. The
subsequent color degradation is categorized
according to the value of the change using the
NBS rating system based on Table VI.
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Table VI - National Bureau of Standards (NBS) rating system.

Critical remarks on color differ-

NBS Units .
0.0-05 Extremely slight change
06-15 Slight change
16-30 Perceiveable change
31-6.0 Marked change
61-120 Extremely marked change
more than 12.0 Change to other color

Source — The National Bureau of Standards (NBS), United
States.

The value of color change on in vitro
studies is clinically acceptable if AE < 3.70,
whereas on in vivo studies the color change is
acceptable if AE < 6.80. This research is an in
vitro study with the biggest color change < 3.70
so it is still acceptable.

Generation II stability at maintaining force
and color also supported by the comparison test
of its constituent structures. Generation I has the
same constituent functional groups as Generation
I, but the transmittance of each functional
group is always lower. The transmittance value
in a spectrum shows the amount of light that
is not absorbed by a compound in the polymer
when carried out the FTIR test. The lower the
percentage transmittance value, the more
light is absorbed by compounds in a polymer.
This high absorption of light indicates that the
functional groups making up a specimen are
less. Because all Generation II functional groups
have lower transmittance percentage values
than Generation I, it can be concluded that
Generation II is composed of more functional
groups than Generation I, especially in hydroxyl
(OH) and isocyanate groups (N=C=O0) which
forms polyurethane [17].

The character of polyurethanes which
are constituents of elastomeric chains depends
on the number of crosslinks in the polymer.
The crosslinks determined from the ratio of
hydroxyl groups and isocyanate groups (OH/
NCO). A high number of crosslinks also support
the character of the elastomeric chain which is
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always in contact with saliva because the more
crosslink contained, the more difficult the water
enters the elastomeric chain and binds to the
polymer. So that swelling in the polymer will
be less and the elastomeric chain will be more
stable in maintaining force and color [18].

CONCLUSION

Under the circumstances of this study, the
following conclusions were suggested:

1. Generation I elastomeric chains
experienced a significant decrease in stretching
force between days 7 and 14 whereas Generation
II elastomeric chains experienced a significant
decrease in stretching force between days 1 and
7 and days 14 and 21;

2. Changes in color in Generation I
elastomeric chains on Day 14 show significant
value;

3. During the research time, Generation
II Elastomeric chains are more stable in
maintaining color and stretching force compared
to Generation I.
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ABSTRACT

Objective: To determine the force decay and
discoloration in Generation [ and Generation II
elastomeric chain on artificial saliva immersion.
Material and methods: Generation [ and
Generation I elastomeric chains stretched on
an acrylic board and immersed in artificial
saliva for 1, 7, 14, 21, and 28 days according
to the group of days. On each specified day,
the force of each sample measured by an
orthodontic force gauge and the magnitude of
the force obtained is entered to the formula to
find out the force decay in percentage, whereas
discoloration of each sample analyzed by the
color reader with CIE Lab analysis. Results:
The force decay between Generation [ and
Generation II elastomeric chains showed a
statistically significant difference in every
group of days, in which Generation II is more
effective in maintaining stretch force. Similar
to force decay, the discoloration in Generation
I elastomeric chains on the 14th day showed
significant value and Generation II elastomeric
chains were more stable in maintaining color
compared to Generation . Conclusions: over
the entire research period time, Generation
I elastomeric chains are more stable in
maintaining stretch forces and color compared
to Generation I elastomeric chains.

KEYWORDS

Discoloration; Elastomeric chain; Force decay;
aenerau'on I; Generation II.

RESUMO

Objetivo: Determinar a queda de forca e
descoloracdo nos elasticos ortodénticos tipo
corrente de Geracdol e Geracdo II na imersdo em
saliva artificial. Material e métodos: Eldsticos
Geracdo [ e Geracdo II foram esticados em fBcas
de acrilico e imersas em saliva artificial por 1,
7, 14, 21 e 28 dias, de acordo com o grupo de
dias. Em cada dia especificado, a forca de cada
amostra medida por um medidor de forca
ortodéntica e a magnitude da forca obtida sdo
inseridos na férmula para descobrir sua queda
em porcentagem, enquanto a descoloracdo de
cada amostra foi analisada pelo leitor de cores
“CIE Lab”. Resultados: A queda da forca entre
os eldsticos Geracdo [ e Geracdo Il apresentou
diferenca estatisticamente significativa em
todos os grupos de dias, sendo que a de Geracdo
II foi mais efetiva na manutencdo da forca de
alongamento. Semelhante a queda de forca, a
descoloracio nos elasticos da Geracdo I mostrou
um valor significativo no 14° dia, e eldsticos da
Geracdo II foram mais estdveis na manutencio
da cor em comparacio com a Geracdo L
Conclusdes: durante todo o periodo de
pesquisa, os eldsticos tipo corrente da Geracdo
II foram mais estaveis na manutencdo das forcas
de alongamento e da cor em comparacdo com 0s
eldsticos da Geracdo I

PALAVRAS-CHAVE

Descoloracdo; Eldstico corrente; Queda de forga;
Geracdo I; Geracao IL
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INTRODUCTION

lastomeric chains are one of the most used

components in fixed orthodontic treatment.
This kind of elastics available in the form of
long chains with interconnected holes and when
applied resemble ribbons that connect between
teeth [1]. The use of elastomeric chains is a
popular method of space closure because it
has several advantages, such as its ease of
application, relatively low cost, and a high level
of comfort between patients and dentists [2].

Nevertheless, elastomeric chains also
have disadvantages such as that are sufficiently
sensitive to the oral environment, especially
when exposed to saliva. Elastomeric chains are
hydrophilic so that interaction between it and
saliva will deform the internal bonds and make
the physical properties become permanently
deformed. This irreversible elastic deformation
generates a force decay and discoloration of
the elastomeric chains [3]. Also, factors in
the oral cavity such as mastication pressure,
tooth movement, pH variation, enzymes, and
temperature of the oral cavity influence the
degree of decrease in chain strength [4].

In previous studies, the greatest force
decay of the elastomeric chains occurred in the
first 24 hours ranging from 50% to 75% [5]. The
stretching force on the elastomeric chain then
experiences a cqgant gradual degradation and
ultimately 60% of the initial force left after the
use of elastomeric chains for 4 weeks [6]. Related
to force decay, elastomeric chain discoloration is
also a major problem for patients and dentists
because it affects aesthetic appearance, intensify
the frequency of visits, and increase financing
costs.

The disadvantages of the elastomeric
chain properties can be controlled by modifying
the constituent chains of the polymer so that
it becomes more stable and stronger, so that
elastic deformation is not expected to occur
easily. Recently, elastomeric chain modification
is mostly done by changing its composition to
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minimize the shortcomings of its constituent
structure, polyurethane [7].

One of the elastomeric chain renewal
products is Generation I and Generation II
produced by Ormco®, USA. Generation II is
an update of Generation [ which is claimed
for having a longer stretch strength and
color stability, so it is expected to increase
the effectiveness of treatment time [8]. Both
products from Ormco® are still produced and
used despite there is a claim that Generation II
is more stable in maintaining force and color
so that force decay and discoloration should be
lower tw Generation L.

Based on the description above, this
study aims to determine the comparison of
Generation I and Generation II elastomeric
chain force decay and discoloration immersed
in artificial saliva.

MATERIAL AND METHODS

This type of research is an experimental
laboratory with a post-test only control group
design, research model. This research was
conducted at the Laboratory of Chemistry at the
Faculty of Pharmacy, the University of Jember
for immersion and measurement of force on
samples and was carried out at the Material
Characterization Laboratory of Materials and
Metallurgical Techniques at the November 10
Institute of Technology to identify the sample
structure. The study was conducted in December
2019.

The research sample used is the elastomeric
chain produced by Ormco, USA Generation I
and Generation II closed chain types with gray
color variation with a sample size of 5 lumens.
A total of 80 samples, each consisting of 40
samples from Generation [ and 40 samples from
Generation II then formed groups again based
on group days, namely days 1, 7, 14, 21, and
28. Five groups of days formed from each
Generation I and Generation II groups each
consist of 4 elastomeric chains stretched on an
acrylic board. (Figure 1)

2
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The prefix research was carried out to
identify the building structure of each sample
group using the Fourier Transform Infra-red
(FTIR) tool. The way the FTIR works is by firing
an infrared beam which will then produce a
reading in the form of a spectrum. From this
spectrum, the constituent functional groups
of each sample will be identified and tlEfh
compared as supporting data to conclude the
effect of the building structure on the physical
properties of the two elastomeric chain groups.

Determination of the elastomeric chain
stretch length is done by pulling the elastomeric
chain using an orthodontic fdEEp gauge until it
reaches a force of 200 grams. The optimal force
in canine retraction with the point of retraction
in the canines and molars is 200 grams [9].

When reaching a force of 200 grams then
the elastomeric chain is measured in length
and the result obtained is the length used in
stretching on the acrylic board and becomes
the benchmark for the length of the force gauge
withdrawal when measuring the force on days
1, 7, 14, 21 and 28. Based on the results the
elastomeric chain lengths of Generation I and
Generation II when stretched with 200 grams
force showed 18 mm.

2 2 3
e o o o
18 mm 40 mm
e & o o
60 mm

Figure 1- lllustration of acrylic board
Source - Personal lllustration.

The study was carried out by stretching all
the samples on the acrylic board according to
the generation group and the day group, then
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immersed in artificial s§#¥a with a pH of 7 and
during immersion was Kkept in an incubator to
adjust the temperature of the oral cavity at 37
° C. Then on every day that is determined the
1st, 7th, 14th, 21st, and 28th the measurement
of the force on that day uses an orthodontic
force gauge and force shown on force gagf}
is calculated with the formula to find out the
decrease in the stretching force in the form
percentages and color changes were measured
using a color reader (Konica Minolta, Japan)
with CIE Lab color analysis. (Figure 2). The
formula used to determine force decay are:

Force decay percentage: A;_B %X 100%

Information:
A = initial force (200 grams)

B = nmagnitude of force at each
measurement time (days 1, 7, 14, 21 and 28)

Data from the results of force decdf
that has been obtained is then performed a
normality test using the Shapiro-Wilk test
because the sample number is less than 50 and
the homogeneity test uffj the Levene test. Then
a different test is done using the Kruskal-Wallis
test #3d further tests with the Mann-Whitney
test. Statistical analysis was performed with
IBM SPSS Statistics for Windows, Version 20.0.
Armonk, NY: IBM Corp. While the formula to
determine the color change is to use the CIE Lab
color analysis as follows:

AE = [(AL%? + (aa")? + (ab%)2] 72

Information:
AE = toﬁcolor difference

AL * = (L * sample minus L * standard) =
difference in liga and dark (+ = brighter, - = dark)

Aa* = (a * sample minus a * standard) =
red and green difference (+ = red, - = green)

Ab * = (b * sample minus b * standard) =

yellow and blue difference (+ = more yellow, -
= blue)

3
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White (+L*)

Black

Figure 2 @EPplour dimensions in CIELAB.
Source - htipsy//sensingkonicaminolta.asia/what-is-cie-1976-lab-
color-space/

Data on the results of color changdgy
that have been obtained are then performed a
normality test using the Shapiro-Wilk test and a
homogeneity test using th@@¥vene test. Then a
different test is done using the One-w#j) ANOVA
test and further tests with Tukey. Statistical
analysis was performed with [BM SPSS Statistics
for Windows, Version 20.0. Armonk, NY: IBM

Corp.

RESULTS
Force decay

Generally, all samples experienced elastic
deformation in the form of loss of elasticity and
physical changes marked by elastomeric chain
lengthening from their original size. Samples
from Generation I and Generation II I§ffh have
a gradual decrease in stretching force. The force
decay of Generation I elastomeric chains are
listed in the following tables I and II:
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Table | - Force decay of Generation | elastomeric chains

2204% 4.95% 503% 779% 14.95%
7 26.29% #.95% 779% 2629%  2133%
5039% 50,3%%0 4330% 4330%  4684%
2 64.56% 5748% 5039% 5039%  5570%
28 64.56% 6456% 50.39% 5039%  5748%

Source - Personal Documentation

Table Il - Force decay of Generation Il elastomeric chains

219% 0.77% 7.86% 786% 467%
7 212% 212% 4.35% 1353% 1318%
14.95% 13.53% 16.37% 1779% 15,66%
2 2204% 2913% 204% 2913%  2558%
28 2204% 204% 2913% 36.21% 2735%

Source - Personal Documentation

70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
10,00%

0,00%

Force Decay

1 7 14 21 28
== Generation| 14,95%21,33%46,84%55,70%57,48%
=®—Generation Il 4,67% 13,18%15,66%25,58%27,35%

Figure 3 - Force decay comparison graph of Generation | and

Generation |l elastomeric chains.
Source - Personal Documentation.

In the graph showing the comparison of
force decaybetween Generation [ and Generation
Il (Figure 3), it appears that Generation II
percentage of force decay every day 1, 7, 14, 21,
and 28 is ahE¥s lower than Generation I. The
lower value of the percentage of force decay,
the less an elastomeric chain experiences a force
decay. Until the 28th day or the fourth week,
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Generation II only experienced a force decay
by 27.35% which is the range of force decay in
Generation [ when it was still on the 7th day.

The @@sults of the study then analyzed
statistically. Based on the results of the normality
and homogeneity test, the significance of the
data showed abnormal and non-homogeneous
data variations, s@)that the different tests are
performed using the Kruskal-Wallis test non-
parametric test. Kruskal-Wallis test results show
a significance value of 0.000 < 0.05 which means
there are significant differences in all groups of
days from Generation I and Generation II. TEgh
proceed with the Mann-Whitney test. The test
results show that there are significant differences
in Generation I between 7th and 14th days while
in Generation II there are significant differences
between 1st and 7th days and 14th and 21st
days. Further tests are al conducted between
generations which show the results that there
is a significant difference between Generation I
and Generation II on the 7th, 14th, 21st, and
28th days.

Discoloration

Samples from Generation I and Generation
Il both have gra@f! color changes. The number
of color changes for Generation I and Generation
IT are listed in the following tables (III and IV)
by way of interpretation:

AE = toﬁcolor difference

AL * = (L * sample minus L * standard) =
difference in light and dark (+ = brighter, - =
dark)

Aa * = (a * sample minus a * standard) =
red and green difference (+ = red, - = green)

Ab * = (b * sample minus b * standard) =

yellow and blue difference (+ = more yellow, -
= blue)

Generation | and Generation || Elastomeric Chains
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Tablelll - Discoloration value in Generation | elastomeric chains

1 0,0382 0,0187 0e®  029%
2 0,0024 0,0750 00061 02889
genldays

3 0169 00750 00080 04470

4 0,0095 11995 0,0245 1107

1 02356 05878 00238 09204

2 09422 32001 00485 20472

genl/7days

3 0154 00000 00078 03510

4 02356 02612 0038 0732

1 0,0024 11995 0078 1044

genl/#4 2 24121 01687 00045 16079
days 3 07154 54167 00209 23565
4 00848 00187 000 03235

1 0,0476 13225 039 12182

genl/21 2 00567 00163 0273 05407
days 3 15270 0,0367 00661 12767
4 0,7608 13225 00285 14532

1 0,0024 00000 00147 01307

genl/28 2 0,0861 09184 02567 1°31
days 3 0,0096 11995 00008 10999
4 0,0383 22679 00001 15186

Source - Personal Documentation

Table IV - Discoloration value in Generation Il elastomeric chains

1 0,0382 00187 0RE 029
2 0,0024 00750 00061 02839

genliidays 3 071169 0,0750 00080 0470
4 0,0095 11995 00245 1107

1 07632 01469 00078 09581

genlli7 2 07632 03469 00078 09581
days 3 07632 08000 00030 1255

4 05154 02612 0001 0646

1 07632 03469 00078 09581

genli#4 2 07632 07469 00078 09581
days 3 07632 08000 00030 12565

4 07154 02612 0001 06146

1 07632 01469 00078 09581

genli21 2 07632 0,469 00078 09581
days 3 07632 08000 00030 12515

4 07154 02612 0001 0646

1 07632 01469 00078 09581

genl/28 2 07632 03469 00078 09581
days 3 07632 08000 00030 1255

054 02612 0001 06146

Source - Personal Documentation
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The value of AE Generation II on every
day 1, 7, 14, 21, and 28 is always lower than
Generation I. The lower the wvalue of AE,
then an elastomeric chain experiences fewer
color changes. Although both experiences a
discoloration, Generation II is relatively more
stable in maintaining color that is marked by a
small and constant change in value until the 28th
day while Generation [ has a very significant
color change on the 14th day.

Data @@n the results then analyzed
statistically. Based on the results of the normality
and homogeneity test, the significance of the
data shown normal and homogeneous data
variations. The One Way Anova test was then
performed, and it was found thgffhe significant
value in each group showed a value of fE)=
0.012 (p < 0.05) for Generation [ and p =
0.395 (p > 0.05) for Generation II. Generation
I elastomeric chains have different means so it
can be concluded that the average Generation
I is significantly different and Generation II has
the same average so it can be concluded that the
average Generation Il elastomeric chain is not
significantly different. The results of the Tukey
follow-up test, Generatig I with an immersing
time of 14 days showed a value of p = 0.027 (p
< 0.05) so that it could be concluded that there
were significant differences. Whereas in the
elastomeric §f@in Generation I with immersion
time 1, 7, 21, and 28 days there were no
EBnificant differences. Whereas in Generation II
there were no significanffilifferences in all-time
groups. In Tukey tests, there was a significant
difference between the 7-daffjand 14-day
immersion times with p = 0.03 (p < 0.05) and p
= 0.01 (p < 0.05). ¥ereas for the duration of
immersion of 1 day, 21 days and 28 days, there
were no significant differences due to p > 0.05.

Fourier Transform Infra-red (FTIR)

The identification of the elastomeric
chain structure of the two groups, Generation
I and Generation II, was carried out using the
FTIR instrument whose spffffum as an output
to interpret. The spectrum of Generation I and
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Generation II shdff§ a similar pattern, this shows
that the structure of Generation I and Generation I
elastomeric chains are mostly the same (Figure 4).

w000 3500 3000 2500 3000 1500 1000 500
Wavesmberns [1/em]

Figure 4 - Superimposed FTIR spectrum %eneration | and
Generation Il elastomeric chain.

Source - Personal Documentation associated Material and
Metallurgical Engineering Department Sepuluh November
Institute of Technology, Indonesia.

Each spectrum has 2 parts that become
a hint in anafing the structure of the sample,
wavenumber on the x-axis and transmittance on
the y-axis. The numbers of wavenumber of the
lowest point in a spectrum (peaks) indicate the
type of a functional group, while the percentage
of transmittance indicates the number of
functional groups (Table V).

Table V - I|dentified functional groups and transmittance of
Generation | and Generation |l elastomeric chains.

Generation | Generationll
1 OH I AMem-1/92272% 332622 cm-1/ 88.256%
2 N-H 2951 cm-1/8821M% 296317 cm-1/79,633%
3 C=0 72739cm-1/47306% 172538 cm-1/ 32,67 3%
4 Cc=C 1596,93cm-1/80230% 159629 cm-1/72,890%
5 OH 141338 cm-1/70,636% 141348 cm-1/59,736%
6 B0954cm-1/M,705%  1309.23cm-1/61517%
7 1216,08cm-1/ 56031  1219,67 cm-1/ 37873%
8 113606 cm-1/48625%  116343cm-1/34179%
9 106598cm-1/5531% 106410 cm-1/ 4390%%
10 C=C 816.82cm-1/70565%  §1579cm-1/67771%

Source - Personal Documentation associated Material and
Metallurgical Engineering Department Sepuluh November
Institute of Technology, Indonesia.

The percentage of transmittance indicates
how much light is not absorbed by a functional
group. When the percentage of transmittance
is low, less light passes through the group.
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Thus, the lower the value of the percentage
of transmittance, the greater the content of a
functional group in a sample. The results show
that Generation II has a lower percentage of
transmittance so it can be presumed there are
more numbers of each functional group that
compose Generation II than Generation I.

DISCUSSION
Force Decay

Elastomeric chains are made from
polyurethane which is one type of synthetic
rubber. Related to elastic materials in general,
elastomeric chains can experience loss of
elasticity which causes a force decay. A force
decay on the elastics can occur by stretching
over its elasticity limit. Based on Hooke’s
Law, when elastics stretched over its elasticity
limit, a deformation will occur in the form of
prolongation from its original size so that when
stretched with the same length it will not give
the same force as the initial force [10].

Based on many pref s studies, the
greatest force decay occurred in the first 24 hours
ranging from 50-75% of the initial force [5].
Research on the two groups on Day 1 showed
results that both Generation I and Generation II
did not show a decrease in the force of up to 50%.
The Generation I group experienced a decrease
in force by 14.95% and Generation II gave a
better result which was only a force decrease of
4.67%. This shows that both Generation I and
Generation II have not decreased by as much
as other elastomeric chain brands, and both are
equally good at maintaining stretching forces in
the first 24 hours.

On the 7th day, Generation I experienced
a force decay of 21.33% while for Generation I
the decrease in force occurred was 13.18%. The
force decay that occurs on the seventh day is
due to the elastomeric chain starting to interact
with saliva which causes interaction of water
molecules in the saliva with the elastomeric
chain molecules [11]. The character of the
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elastomeric chains that absorbs water causes
hydrogen atoms to enter the polymer molecule
because of the negative charge from the oxygen
atoms in the polymer. When hydrogen ions and
oxygen bind it will cause the elastomer to swell
microscopically [12].

On the 14th day, there was a force
decay of 46.84% in Generation I and 15.66%
in Generation II. On the 14th day, there was
a drastic change in force decay of Generation
I from the previous day by 21.33% to 2 times
which is 46.84%. Generation II still gives better
results than Generation [, with a difference
almost twice over Generation II.

On the following day, the two groups
showed results that did not differ greatly
from the 21st day and 28th day. Generation |
experienced a force decay of 55.70% and 57.48%
while for Generation II experienced a force
decay of 25.58% and 27.35%. This is compatible
with the theory that after a large decrease in
stretching force on day 1, the elastomeric chain
subsequently experiences a slow and gradual
decrease in stretching force almost constant
until the third week onwards [5,4].

Generation II since the first day to the
28th day experienced less force decay and more
constant in maintaining force compared to
Generation [, which in its graph had experienced
a drastic increase on the 14th ERly. So if it is
concluded from the theory that the decrease in
the ideal elastomeric chain strength force is as
minimal as possible and constant, Generation II
is better than Generation I [13].

Discoloration

The process of changing tHg] color of the
elastomeric chain is dependent on the absorption
of water ifff§ the polymer and is followed by the
chemical degradation of the astomeric chain
[14]. The elastomeric chain can absorb small
molecules such afjwvater. The elastomeric chain
will experience a decrease in intermolecular
force between chains when absorbing water.
In the process of absorption of water by the

7
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3

elastomeric chain, gydrogen ions from the water
will enter the polymer molecules. The entry of
E)drogen ions is due to the positive charge of
oxygen atoms present in the polymer. Water
molecules will enter between the polymers so
that the elastomeric chfgh will expand. Water in
the polymer will cause the distance between the
polymer molecules to be far so that the polymer
bonds become tenuous [15].

B2 CIE Lab color system used in this
study is commonly used to assess small color
changes. The advantage of this system for
color measurement is that it more accurately
represents human sensitiviﬁo color.

When comparing the values of AL, Aa, and
Ab, the result is that L of all elastomeric chains
decreases after 1, 7, 14. 21, and 28 days. This is
due to an increase in elastomeric chain opacity
after Pﬁosure to the oral.

When stretched and exposed to the oral
environment, the elastomeric chain absorbs
water and saliva and the internal bonds break.
A broken internal bond causes permanent
deformation in the form of permanent and
permanent staining [16].

Elastomeric chains are made with
polyurethane synthesis produced with varihs
chemicals. Chemical changes affect the
configuration of the elastomeric chain and
its ability to be deformed by external agents.
Processing conditions can also affect the
structure and configuration of the polymer
chain. In addition, surface characteristics, such
as texture and porosity, may differ between
manufacturers and are influenced by external
agents [5].

Bas@pn the color analysis that has been
done, the results show that there are significant
differences in the color degradation that occurs
between the control and treatment groups. The
subsequent color degradation is categorized
according to the value of the change using the
NBS rating system based on Table VI.

Generation | and Generation || Elastomeric Chains
Characteristics Comparison in Artificial Saliva Immersion

Table VI - National Bureau of Standards (NBS) rating systam.

e Critical remarks on color differ-
pY) ence

00-05 Extremelyslight change

06-15 Slight change

16-30 Perceiveable change

3160 Markedchange

61120 Extremely marked change
rr% thant2.0 Change to other color

42

Source - The Mational Bureau of Standards (NBS), United
States.

The value of color change on in vitro
studies is clinically acceptable if AE = 3.70,
whereas on in vivo studies the color change is
acceptable if AE = 6.80. This research is an in
vitro study with the biggest color change < 3.70
so it is still acceptable.

Generation II stability at maintaining force
and color also supported by the comparison test
ofits constituent structures. Generation I has the
same constituent functional groups as Generation
I, but the transmittance of each functional
group is always lower. The transmittance value
in a spectrum shows the amount of light that
is not absorbed by a compound in the polymer
when carried out the FTIR test. The lower the
percentage transmittance value, the more
light is absorbed by compounds in a polymer.
This high absorption of light indicates that the
functional groups making up a specimen are
less. Because all Generation II functional groups
have lower transmittance percentage values
than Generation I, it can be concluded that
Generation II is composed of more functional
groups than Generation I, especially in hydroxyl
(OH) and isocyanate groups (N=C=0) which
forms polyurethane [17].

The character of polyurethanes which
are constituents of elastomeric chains depends
on the number of crosslinks in the polymer.
The crosslinks determined from the ratio of
hydroxyl groups and isocyanate groups (OH/
NCO). A high number of crosslinks also support
the character of the elastomeric chain which is
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always in contact with saliva because the more
crosslink contained, the more difficult the water
enters the elastomeric chain and binds to the
polymer. So that swelling in the polymer will
be less and the elastomeric chain will be more
stable in maintaining force and color [18].

CONCLUSION

Under the circumstances of this study, the
following conclusions were suggested:

1. Generation [ elastomeric chains
experienced a significant decrease in stretching
force between days 7 and 14 whereas Generation
II elastomeric chains experienced a significant
decrease in stretching force between days 1 and
7 and days 14 and 21;

2. Changes in color in Generation I
elastomeric chains on Day 14 show significant
value;

3. During the research time, Generation
II Elastomeric chains are more stable in
maintaining color and stretching force compared
to Geﬁration I.
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