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Abstract:
Background: The objective was to evaluate and compare the effect 
of Coca‑Cola, tea, Listerine mouthwash on the force delivered by 
elastomeric chain in vitro.
Materials and Methods: Four specimen groups (distilled water, 
Coca‑Cola, tea, Listerine mouthwash) with a total sample size of 480 
specimens. A specimen is described as a four link grey close elastomeric 
chain. Jigs, each with a series of pins set 25 mm apart, was used to hold 
stretched elastomeric chains at a constant length. These jigs allowed 
for complete submersion of the elastomeric chain in a water bath 
throughout the test period, as well as the dipping of elastomeric chains 
in respective control and test solutions. For 60 s, twice a day, groups 
were exposed to the respective solutions, the two daily exposure was 
separated by 9 h and force measurements were taken at six time points 
during the experiment, that is, 1 h, 24 h, 7 days, 14 days, 21 days, and 
28 days. Force measurements were made by Instron machine by a 
single blinded examiner with the help of a second examiner.
Results: It was found out that there was highly significant difference 
between groups control, Coca‑Cola, Listerine, and tea as well as 
there was highly significant (p < 0.01) between time periods. Group 
versus time was also highly significant (p < 0.01). For all groups 
substantial amount of force decay occurred until 7 days. The control 
group reached plateau between 7 and 14 days and then suddenly 
decreased from 14 days to 28 days. The Coca‑Cola and the Listerine 
group reached a plateau between 7 and 21 days then decrease between 
21 and 28 days. The tea group showed plateau phase between 7 and 
28 days. After 28 days in the control group, 25% force decay occurred 
while the test groups force decay of 30‑50% occurred.
Conclusion: Coca‑Cola, Listerine mouthwash, and tea cause an 
increase in force decay of elastomeric chains over time. Tea caused 
highest force decay followed by Listerine and Coca‑Cola when 
compared to control group.
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Introdution
Space closing systems in common use include elastomeric 
products, such as elastomeric chain and modules, and nickel 
titanium coil springs. It is well‑known those elastomeric products 
lose force over time, even under dry conditions, and that properties 
are modified by both moisture and temperature.1

During stretching, the material is subjected to instantaneous 
elastic deformation. As the load is maintained, there is a 
retarded elastic deformation as well as a viscous deformation 
producing permanent elongation.2

Coke has been the most used soft drink in the world.3 Tea is 
also one of the most used beverage worldwide.4

Many studies have been carried out to study the effect of various 
environmental factors on force of elastomeric chain.5 Various factors 
have been shown to impact the amount of force decay observed with 
elastomeric chains. In dry air, percentage of force decay after 21 days 
after 21 days was illustrated to be 42‑63% depending on the product 
brand.6 Elastomeric chains yielded a significantly greater force decay 
rate in basic pH solution  than acidic pH solution.7

However, no previous studies compared the effect of beverages, 
soft drink, and mouthwash (commonly used fluids by 
orthodontic patients) on force decay of elastomeric chains.

Hence, this study was carried out to evaluate and compare the 
effect of Coca-Cola, tea, Listerine mouthwash on the force 
decay of elastomeric chain.

Materials and Methods
Four specimen gro ups (Table 1) (distilled water, Coca‑Cola, 
tea, Listerine mouthwash) with a total sample size of 480 

Table 1: Experimental design.
Time points Control Coca-Cola Listerine Tea
Initial 20 specimens 20 specimens 20 specimens 20 specimens
1 day 20 specimens 20 specimens 20 specimens 20 specimens
7 days 20 specimens 20 specimens 20 specimens 20 specimens
14 days 20 specimens 20 specimens 20 specimens 20 specimens
21 days 20 specimens 20 specimens 20 specimens 20 specimens
28 days 20 specimens 20 specimens 20 specimens 20 specimens
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specimens. A specimen is described as a four link grey close 
elastomeric chain.

Materials included
• Grey closed elastomeric chain (Alastik, 3M Unitek) 

(Figure 1).
• Coca-Cola.
• Listerine mouthwash.
• Tea.
• Jigs with pins set 25 mm apart (12 jigs per group) (Figure 2).
• Instron testing machine.

Methodology
Jigs, each with a series of pins set 25 mm apart, was used to hold 
stretched elastomeric chains (four link) at a constant length. 
These jigs allowed for complete submersion of the elastomeric 
chain in a water bath throughout the test period, as well as 
the dipping of elastomeric chains in respective control and 
test solutions (Coca‑Cola, Listerine mouthwash, and tea) 
(Figure 3). For 60 s, twice daily, control and test groups were 
exposed to the respective solutions, the two daily exposure was 
separated by 9 h and force measurements was taken at six time 

points during the experiment, that is, 1 h, 24 h, 7 days, 14 days, 
21 days, and 28 days. Each 60 s exposure was measured using 
a digital clock.

After being submerged in the respective solutions, specimens 
were dipped in separate, intermediate artificial saliva for 10 s 
to simulate salivary rinsing of the fluid from the oral cavity, 
and then placed back into their 37°C water bath. The control 
group underwent the same protocol; however, these elastics 
were only exposed to distilled water.

Force measurements (in N) were made by Instron machine 
(3M lab) by a single blinded examiner with the help of a 
second examiner (Figure 4). After each measurement the 
force measurement reading was made to zero. Each specimen 
was connected to a pair of hooks and stretched to a distance 
of 25 mm between the hooks on the Instron testing machine. 
They were left undisturbed for 1 mi, whilst the residual force 
within the specimen was recorded. The elastics were positioned 
by one examiner and readings made by a second examiner. All 
chains were maintained in the same manner at the same vertical 
distance to ensure consistent measurements.

Statistical analysis
The effects of group (distilled water, Coco Cola, Listerine 
mouthwash, tea) and time (initial, 24 h, 7, 14, 21, and 28 days) 

Figure 1: Elastomeric chain.

Figure 2: Jig containing E chains.

Figure 3: Jigs dipped in their respective solutions.

Figure 4: Specimen loaded on Instron machine.
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on force were analyzed with a two‑way analysis of variance 
(Table 2). Pair‑wise comparisons were conducted using 
Tukey’s analysis.

Results
It was found out that there was highly significant difference 
between groups control, Coca‑Cola, Listerine, and tea 
as well as there was highly significant (p < 0.01) between 
time periods. Group versus time was also highly significant 
(p < 0.01) (Table 3).

Force decay increased in control, Coca‑Cola, Listerine, 
and tea over time. All test groups showed significantly 
increased force decay compared with control and each test 
group compared to control in following ways (Table 2 and 
Figure 5).

Force decays increased in all groups through 7 days then the 
increase was not much.

When comparing test groups (Table 4), the results were 
statistically significant (p < 0.01).

When comparing time within each group, in Coca‑Cola 
group, the results when comparing 7th and 14th day, 14th and 
21st day were not statistically significant. Similarly in Listerine 

group also the results were statistically significant except when 
comparing 7th and 14th days and 14th and 21st day. In tea group, 
when comparing 14th day and 21st day, 21st and 28th day the 
results were not statistically significant. 

Table 2: Force measurements and percentage decay (compared to initial).
Group Time 

(days)
Mean (N) 

(force decay, %)
Standard 
deviation

1 ‑ Coca‑Cola 0.00 5.2322 0.16375
1.00 4.8393 (7.5) 0.13909
7.00 4.5805 (12.36) 0.12398

14.00 4.4708 (14.56) 0.11090
21.00 4.3805 (16.28) 0.12083
28.00 4.0663 (22.37) 0.12312

2 ‑ Listerine 0.00 5.2387 0.10296
1.00 4.7456 (9.41) 0.10196
7.00 4.4635 (14.79) 0.31272

14.00 4.3200 (17.53) 0.11013
21.00 4.2358 (19.14) 0.08689
28.00 4.0255 (23.15) 0.08480

3 ‑ Tea 0.00 5.0685 0.33743
1.00 4.0919 (19.27) 0.31568
7.00 3.1390 (38.06) 0.21438

14.00 2.8772 (43.23) 0.12195
21.00 2.6904 (46.92) 0.13431
28.00 2.5659 (49.30) 0.10145

4 ‑ Control 0.00 5.3507 0.11301
1.00 5.1939 (4.71) 0.08780
7.00 4.9024 (10.05) 0.11895

14.00 4.7598 (12.67) 0.09470
21.00 4.2796 (21.48) 0.16857
28.00 4.1104 (22.18) 0.09287

Table 3: Group versus time (force measured in N).

Group Time Mean Standard error
1 0.00 5.232 0.036

1.00 4.839 0.036
7.00 4.580 0.036

14.00 4.471 0.036
21.00 4.381 0.036
28.00 4.166 0.036

2 0.00 5.239 0.036
1.00 4.746 0.036
7.00 4.464 0.036

14.00 4.320 0.036
21.00 4.236 0.036
28.00 4.026 0.036

3 0.00 5.069 0.036
1.00 4.092 0.036
7.00 3.139 0.036

14.00 2.877 0.036
21.00 2.690 0.036
28.00 2.566 0.036

4 0.00 5.451 0.036
1.00 5.194 0.036
7.00 4.902 0.036

14.00 4.760 0.036
21.00 4.280 0.036
28.00 4.110 0.036

Table 4: Tests of between-subjects effects.

Source Type III sum 
of squares

Df Mean 
square

F Significant

Group 140.343 3 46.781 1774.905 0.000
Time 128.706 5 25.741 976.639 0.000
Group*time 26.942 15 1.796 68.146 0.000
Total 9291.652 480

Discussion
The results of this study confirm that when compared to 
control, all test specimens showed statistically significantly 
increased force decay. The results also confirm previous 
studies8‑13 showing force decay over time, which is highly initial 
and then reaches a plateau.

Figure 5: Estimated marginal means of TOT. 
1 ‑ Coca Cola, 2 ‑ Listerine, 3 ‑ Tea, 4 ‑ Control.
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For all groups substantial amount of force decay occurred 
until 7 days.

The control group reached plateau between 7 and 14 days and then 
suddenly decreased from 14 days to 28 days. The Coca‑Cola and 
the Listerine group reached a plateau between 7 and 21 days then 
decrease between 21 and 28 days. The tea group showed plateau 
phase between 7 and 28 days. However compared to other groups, 
tea group showed much higher force decay from initial to 7 days, 
this can be owing to temperature of the tea.

Certain inconsistent force decay was seen in some groups. 
While the elastics used in this study were all selected from 
the same manufacturer, there seemed to be variation between 
individual elastics. The inconsistent force decay seen in some 
groups could be attributed to the fact that there could be 
unequal material exposure.

After 28 days, the control group had 22% force decay occurred, 
while the test groups had 25‑50% force decay. Because neither 
tea, Coca‑Cola nor Listerine mouthwash result in total force 
decay over 28 days, usage of these drinks and fluids does not 
have a detrimental effect on elastomeric chains.

However, research is clear that elastomeric chains studied 
in vivo have significantly more force decay than those 
in vitro.1,8‑10 Studies have shown that in vivo greatest per cent 
of force decay occurs during first day.9,14 Further studies 
can be conducted to ascertain the degree of E chain force 
decay observed in vivo. In a study among the variables 
studied, increase in temperature of environment appeared to 
significantly influence the degradation mechanism responsible 
for deterioration of elastomers; acidity and oxtgen content had 
no significant effects.15 

Studies have also shown greater the amount of pre‑stretching 
greater the amount of force loss observed and greater the 
initial force applied greater the force decay.10,16,17 Until research 
can demonstrate otherwise, the current practice of changing 
elastomeric chains every 21‑28 days seems acceptable from the 
perspective of performance of dental materials.

Conclusion
• Coca‑Cola, Listerine mouthwash, and tea cause an 

increase in force decay of elastomeric chains over time.
• Tea caused highest force decay followed by Listerine and 

Coca‑Cola when compared to control group.
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