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ABSTRACT

Introduction: Orthodontic elastomeric chain is polyurethane elastomer that is widely used among 
orthodontists due to its functions. Chlorhexidine (CHX) and sodium fluoride (NaF) are listed in mouthwash 
composition which could affect the mechanical properties of the elastomeric chain. This study was aimed 
to analyze the effect of sodium fluoride in chlorhexidine mouthwashes on force decay and permanent 
deformation of orthodontic elastomeric chains. Methods: This research is an experimental analytic 
laboratory with pretest-posttest control group design. 150 samples of orthodontic chains were divided 
into three groups. Group 1: artificial saliva (control group); Group 2: 0,1% chlorhexidine gluconate 
solution (CHX); Group 3: 0,1% chlorhexidine digluconate with sodium fluoride solution (CHX-NaF). The 
orthodontic elastomeric chain was stretched and maintained at a standardized distance equivalent to 
a force of 300 g. The measurement of force decay and permanent deformation were performed with 
digital force gauge and digital caliper (0.01mm) at intervals of the first, seventh, fourteenth, twenty-
first, and twenty-eighth days, respectively. Results: The force decay and permanent deformation of the 
elastomeric chain compared among three groups (control, CHX mouthwash and CHX+NaF mouthwash) 
showed did not have any significantly different (p-value>0,05) at the first, seventh, fourteenth, twenty-
first, and twenty-eighth days, respectively. Conclusion: Sodium fluoride in chlorhexidine mouthwash 
showing no difference among saliva, CHX mouthwash and CHX+NaF mouthwash on force decay and 
permanent deformation of elastomeric chain. 
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INTRODUCTION

The orthodontics elastomeric chain is polyurethane 
elastomer that widely used among orthodontists.1,2 
It is a long chain with an interconnected hole, 
and available in various colors.3 Due to its elastic 
ability, orthodontics elastomeric chain can return 
to its original dimensions when subjected to 
deformation forces.2,4 Orthodontics elastomeric 
chain are used in any movement that requires 
pulling, such as tooth derotation, canine and 
incisor retraction, mild space closure, midline 
correction, mesial displacement in the posterior 
quadrants, and traction of impacted teeth.5,6 
According to the length of filament, orthodontics 
elastomeric chain divided into closed chain, short 
link chain, medium link chain and long link chain.7

Orthodontics elastomeric chains have 
many clinical advantages. Specifically, they are 
economic, easy to use and can be adjusted to 
the patient’s needs, does not require patient’s 
cooperation, good biocompatibility, able to 
reduce the risk of intraoral trauma and provide 
light, continuous, as well as powerful assistance 
in appropriate tooth movement.3,8,9 However, 
the disadvantage is that the force produced is 
irreversible so it must be replaced after some 
time.2,3

Deformation, force decay and relaxation 
behaviors of orthodontics elastomeric chain 
are also dependent on environmental factors 
like teeth movement, temperature changes, 
environmental pH, mouthwashes, salivary 
enzymes and mastication forces.10 Studies have 
shown that the elastics tested in a humid medium 
underwent greater degradation than those 
tested in a dry medium.11 The rapid decrease in 
forces of orthodontic elastomeric chains causes 
insufficient tooth movement resulted in increased 
appointments for activating the appliance.10 
Studies have shown a 28–50% loss of initial force 
as early as 8 h after chain insertion into the oral 
cavity. After 24 h, the rate of initial force loss 
decreased significantly but is still continued in the 
following 2 to 4 weeks afterward.8

Poor oral hygiene is a major concern during 
orthodontic treatment. Orthodontic treatment 
with fixed appliance alters the oral environment, 
there is an increased accumulation of plaque 
around the bands and brackets.12 Dentists 

recommend using mouthwashes during orthodontic 
treatment to promote oral hygiene and decrease 
caries lesions. It is shown that using chemical 
agents along with tooth brushing and flossing is 
better than mechanical control alone, in the way 
that both plaque and gingival inflammation could 
be decrease.10  Among the antimicrobial agents for 
oral use, chlorhexidine and sodium fluoride are 
commonly used in mouthwash ingredients.12

Chlorhexidine (CHX) is a bis-biguanide agent 
with antibacterial properties, having a special 
affinity for the oral structures and presents a high 
level of effectiveness. Sodium fluoride (NaF) has an 
advantage which could promote re-mineralization 
and make the enamel resistant to acid attack. 
Chlorhexidine causes long term disadvantages such 
as tooth color change and taste alteration. While 
sodium fluoride as an ionized fluoride on the tooth 
surface causes calcium fluoride sedimentation on 
the enamel surface.10,13  Fluoride mouthwashes are 
avoided in children less than 6 years of age, as the 
risk of ingestion is high.13

Previous study has been carried out 
by Omidkhoda et al. by comparing the types 
of mouthwashes containing sodium fluoride, 
chlorhexidine and persica which have an influence 
force decay of orthodontics elastomeric chain. 
However, the main ingredient of the mouthwash 
was different from one another which is not 
contain any sodium fluoride in chlorhexidine 
concentration in its mouthwash.14 The same study 
was also carried out by Al-Attar et al, by comparing 
the types of chlorhexidine mouthwashes based on 
different concentration.12 Nevertheless, there is 
lack of information about the effect of sodium 
fluoride which were available  in chlorhexidine 
mouthwashes on force decay and permanent 
deformation of orthodontics elastomeric chain.
The purpose of this study was to analyze the effect 
of sodium fluoride in chlorhexidine mouthwashes 
on force decay and permanent deformation of 
orthodontics elastomeric chain. 

METHODS

This research was an experimental laboratory 
analytic research in vitro with pretest-posttest 
control group design. The research was conducted 
at the Orthodontic Clinic of Dental Hospital of 
Universitas Sumatera Utara. Statistical analysis 
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used parametric technique one-way ANOVA and 
non-parametric technique Kruskal-Wallis test.

Samples
One-hundred and fifty samples of orthodontics 
elastomeric chains (American Orthodontics®) with 
four links were used. All samples were short type 
elastomeric chains with transparent color. The 
orthodontic elastomeric chains were randomly 
divided into 3 experimental groups (n=50), for 
three different mouthwashes solution: Group 1 
(Control) - immersed in artificial saliva; Group 
2 immersed in Minosep® mouthwash (contain 
0,1% chlorhexidine gluconate will be abbreviate 
to CHX) for 30 second; Group 3 immersed in 
Kin® mouthwash (contain 0,12% chlorhexidine 
digluconate with 0,05% sodium fluoride will be 
abbreviate to CHX+NaF) for 30 second. Each 
group will then divide into five subgroups (n=10) 
according to five times of day observation last, 
i.e. 1, 7, 14, 21,28 days.

The tools used in this research was a square 
wood board measuring 10x5x1 cm provided as 
many as 15 pieces, this board received ten aligned 
marks spaced 17 mm apart, facing each other on 
one line, digital force gauge (Shahe 10 N), digital 
caliper with 0.01 accuracy (Mitutoyo® 150 mm), 
and stopwatch.

Preparation phase
CHX (Minosep®), CHX+NaF (Kin®), were poured 
respectively into 300 ml immersion baths; and 
CHX+NaF mouthwash was diluted by adding 
distilled water to equalize CHX concentration to 
0,1%. Each orthodontic elastomeric chain (150 
sample) was cut with four links distance for each 
sample. The initial length of a short elastomeric 
chain with four links distance. The baseline 
force controlled equivalent to 300 g force, and 
mounted on each wood board with a pin. The 
first elastomeric chain lumen tip was placed on 
a wood broad string and the last lumen tip was 
hooked onto the hook arm of the digital force 
gauge. Continuous stretching was performed until 
force equivalent to 300 g force or the determined 
distance of about 13,96±0.17 mm stretched 
(Figure 1).

Mouthwash immersion phase
Experimental of group 1 (Control group) was 

immersed in artificial saliva, Group 2 was 
immersed into 0,1% CHX (Minosep®) mouthwash, 
group 3 was immersed into diluted CHX+NaF 
(Kin®) mouthwash with final concentration of 
sodium fluoride 0.0417% and 0.1% chlorhexidine 
(Figure 2). 

Both group 2 and 3 have the same 
concentration of 0.1% chlorhexidine digluconate. 
Immersion in mouthwash was done twice each day 
every 12 hours. The time’s length of immersion 
in each mouthwash was 30 seconds, measured 
using a stopwatch. After immersion, samples 
were washed with purified water for 1 minute for 
complete removal of the mouthwash residues and 
then stayed immersed in artificial saliva. After 
the immersion stage, each group was placed in a 
container and stored in room temperature.

Measurement phase
Measurement of force decay and permanent 
deformation were done on each group with digital 
force gauge (Sanhe, China) and digital caliper 
(Mitutoyo, Japan). The measurement method of 
permanent deformation was from the first tip of 
elastomeric chain lumen which kept on a wood 
board string and the last lumen tip was removed 
from the pin, the extended elastomeric chain 
flattened on the board then measured with a 
digital caliper eat the other end. 

The measurement method of force decay 
was also the same, but the other elastomeric chain 
was hooked onto the hook arm of the digital force 
gauge. Continuous stretching was performed until 
the elastomeric chain had an equivalent length to 
the permanent deformation which was measured, 
then the force decay could be determined. 
Orthodontics elastomeric chains were measured 
for their force decay and permanent deformation 
at time intervals of 1 day, 7 days, 14 days, 21 days 
and 28 days after immersion.

Statistic Analysis
Data were studied using Shapiro-Wilk statistical 
test to assess normal distribution. Then, one-
way ANOVA were compared for force decay and 
Kruskal-Wallis were compared for permanent 
deformation (elongated). Analysis was continued 
to General Linear Model-Repeated Measures with 
Bonferroni Post Hoc to compare each immersion’s 
media.
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Figure 1. Baseline: A. Elastomeric force; B. Elastomeric length

Table 1. Average of elastomeric chain force decay in 
different solutions at different times

Time Solution
Mean

P-value*
Gram %

Day 1

Saliva 239.50 ± 6.10 79.83

0.098 CHX 232.50 ± 6.80 77.50

CHX + NaF 237.50 ± 8.38 79.17

Day 7

Saliva 215.30 ± 3.68 71.77

 0.087 CHX 211.50 ± 4.38 70.50

CHX + NaF 213.80 ± 2.90 71.27

Day 14

Saliva 203.80 ± 7.44 67.93

0.097 CHX 195.30 ± 10.79 65.10

CHX + NaF 199.50 ± 6.38 66.50

Day 21

Saliva 178.10 ± 5.41 59.37

0.070 CHX 171.00 ± 9.33 57.00

CHX + NaF 176.10 ± 4.48 58.70

Day 28

Saliva 169.30 ± 5.21 56.43

0.080 CHX 163.00 ± 8.21 54.33

CHX + NaF 166.80 ± 3.77 55.60

Table 2. Average elastomeric chain permanent deformation 
(elongated) in different solutions at different times

Time Solution
Mean

Min Max P-value*
Mm %

Day
1

Saliva 15.67 12.25 15.24 16.17

0.372CHX 15.77 12.97 15.54 16.05

CHX + NaF 15.63 11.96 15.12 15.98

Day
7

Saliva 16.42 17.62 16.04 16.72

0.765CHX 16.43 17.69 15.97 16.74

CHX + NaF 16.50 18.19 16.20 16.83

Day 
4

Saliva 16.43 17.69 16.04 17.01

0.100CHX 16.75 19.99 16.35 17.14

CHX + NaF 16.54 18.48 15.91 17.06

Day
14

Saliva 17.01 21.85 16.36 17.48

0.103CHX 17.30 23.93 16.14 17.94

CHX + NaF 16.94 21.35 16.30 17.52

Day
28

Saliva 17.11 22.56 16.54 17.48

0.082CHX 17.52 25.50 16.88 17.89

CHX + NaF 17.33 24.14 16.75 17.69

A                                                            B

*One-way ANOVA test result *Kruskal-Wallis test results

RESULTS

In this study, the elastomeric chains in all three 
groups demonstrated force decay and permanent 
deformation. The force level of force decay in 
the elastomeric chains from each group were 
presented in Table 1. According to the result, the 

highest force decay from day 1 until day 28 was 
at group 2 (0,1% CHX (Minosep®)), from 77.5% to 
54.33%; followed by group 3 (CHX with NaF (Kin®)) 
from 79.17% to 55.60%; and group 1 as a control 
group (artificial saliva) 79.83% to 56.43%. it was 
not seen statistically difference among those 
three groups for each time measurement.

Figure 2. Immersion medium: A. Artificial saliva; B. Chlorhexidine (Minosep®); C. Chlorhexidone + NaF (Kin®)
A                                               B                                              C



78

Padjadjaran Journal of Dentistry. 2021; 33(1): 74-80. 
 

Figure 3.A. The difference of force decay between immersion media; B. The difference of permanent deformation 
(elongated) between immersion media

A                                                                                                                 B

Table 2 shows permanent deformation 
(elongated) of the elastomeric chain in different 
solutions at different times. The highest 
deformation from day 1 until day 28 was at 
group 2 (0,1% CHX (Minosep®)), from 12.97% 
to 25.50%; followed by group 3 (CHX with NaF 
(Kin®)) from 11.96% to 24.14%; and the last was 
a control group (artificial saliva) from 12.25% 
to 22.56%. At this table neither was seen any 
statistically difference between three groups for 
each time of measurement. From table 1 and 2 
showed no significantly found at each time point 
of measurement. Continuing the post hoc analysis 
for multiple comparison between variables could 
not be performed.

DISCUSSION

Orthodontic elastomeric chains are made up of 
polyurethane elastomers, which are composed 
of several repeated subunits called monomers.1 
Orthodontic elastomeric chains have an ability to 
return to its original dimensions when subjected 
to deformation forces.4 The applied force makes 
the molecules of polymer uncoiled; at first, the 
activated chain is stretched but as time passes, 
the molecules slip on each other, which results 
in force decay and permanent deformation.10 

Environmental factors for our study was 
controlled to CHX concentration of immersion 
solution, humidity of the environment, stayed in 
room temperature, force applied, no color to the 
elastomeric chain, because any of differences to 
environmental such like water, temperature, pH 
and time also cause a force decay in orthodontic 
elastomeric chain.9

In this study, the elastomeric chain which 
was immersed in 0,1% CHX has the highest force 
decay than the elastomeric chain which was 
immersed in CHX+NaF and artificial saliva. Which 
was in agreement with the results of Omidkhoda 
et al. study the effect of different mouthwashes on 
force decay of elastomeric chain were evaluated 
and at the end of study, showing that mouthwash 
containing fluoride has a lower force decay than 
mouthwash without fluoride.14 This is because the 
CHX immersed solution had the lowest pH of 4.5 
among the other immersion media that has a pH 
6.4 for CHX+NaF and for artificial saliva has a pH of 
7.7. Chlorhexidine digluconate has a slightly acidic 
pH that varies from 5.5 to 6.0, with the ability to 
donate protons.15 It can be explained by Clemitson, 
that elastomer which has an acidic pH below <5.4 
or pH above >8.0, the polyurethane material 
within the elastomeric will be easily hydrolysed.16 
Acidic condition of CHX was give more negative 
effect than it’s ingredients itself.  Pithon et al.’s 
study mentioned that the effect of different 
concentration of chlorhexidine (0,12% and 0,2%) 
on force decay of elastomeric chain were found 
no significant difference.17 However, to eliminate 
probable effect of different concentration of the 
chlorhexidine on force decay, chlorhexidine in this 
study was controlled into 0.1% by adding 50 ml of 
distilled water to dilute Kin® mouthwash. 

Also in our study, Group 3 Chlorhexidine 
with sodium fluoride had less force decay than 
group 2 with Chlorhexidine only, but we found no 
statistically difference in this study. This study had 
an agreement with the results of Al-Attar et al. 
and Omidkhoda et al., that  the effect of different 
mouthwashes on force decay of elastomeric chain 
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showed that mouthwash containing fluoride has 
a lower force decay than mouthwash without 
fluoride.12,14 Sodium fluoride works to promote re-
mineralization and make the enamel resistant to 
acid attack. Sodium fluoride is a basic inorganic 
salt formed by the reaction of weak acids (HF) and 
strong bases (NaOH).13

In this study, neither had a significant 
difference of force decay between the immersion 
medium (p>0,05) for each time measurement.  
This is supported by another study by Losito et 
al. who studied effect of immersion in disinfection 
solution on force decay of elastomeric chain and 
at the end of study showing that the disinfection 
with chlorhexidine and peracetic acid did not 
affect the degradation of elastomeric chains that 
used in this study.2 This may occur because of time 
immersion in mouthwash, which were 2 times a day 
for 30 seconds correspond to patient’s daily using 
of mouthwash. After immersion to mouthwash, 
the elastomeric chain is also rinsed by purified 
water which resulted the acidity  being removed 
by a water solution, moreover, the samples then 
immersed for a longer time in an artificial saliva 
which corresponded to human mouth.17 

All elastomeric modules will undergo 
permanent deformation when subjected to 
sufficient load. The range was influenced by the 
rate and loading duration, and the preliminary 
force was controlled before immersion by the 
environmental conditions.18 

Since the study was done under static 
conditions in vitro, the performance of the 
elastomeric chain could not simulate the 
degradation seen in-vivo. Further study is needed 
controlling the pH and temperature of the sample 
while examining the effects of various sodium 
fluoride concentrations on force decay and 
permanent deformation. This would allow us a 
better understanding of the physical properties 
of orthodontic elastomeric chains. In addition, 
it is also recommended to use different brands 
of orthodontic elastomeric chains. This would 
help to determine whether the results of this 
study are comparable to what might be seen on 
a larger scale among different manufacturers. 
Therefore, although the present findings are a 
useful guide to the anticipated clinical behavior of 
the orthodontics elastomeric chain, the observed 
clinical behavior may differ.

Finally, it is important for the orthodontist 
to understand the behavior of the materials to 
achieve appropriate clinical outcomes. Clinically, 
orthodontics elastomeric chain is replaced at 3-4 
week intervals as the result of force decay and 
permanent deformation. Orthodontists also need 
to know that a pH that tends to be acidic can cause 
hydrolysis to the material of the elastomeric, 
which influences permanent deformation and 
force decay in orthodontics elastomeric chains.

CONCLUSION

Sodium fluoride in chlorhexidine mouthwash 
showed  no significant difference among saliva, 
CHX mouthwash and CHX+NaF mouthwash on 
force decay and permanent deformation of the 
elastomeric chain.
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