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Objectives: The aim of this study was to assess how different soft drinks affect the 
deterioration of conventional and memory orthodontic elastomeric chains. 

Materials and Methods: We used 500 five-loop segments of elastomeric chains, 
which were divided into two equal groups of conventional and memory chains. 
The samples were kept in artificial saliva during the study period. Each group was 
further divided into 5 subgroups consisting of artificial saliva (controls), Coca-
Cola®, non-alcoholic beer (ISTAK®), and carbonated and non-carbonated 
yoghurt-based drinks (Alis®). Treatment with the soft drinks consisted of 
immersion in the test liquids twice a day for 3 minutes each time. Force 
measurements were taken on days 1, 7, 14, 21, and 28. Data were analyzed using 
One- and three-way ANOVA tests, and independent t-test, with a significance level 
of 5%. 

Results: The mean initial force for the conventional and memory elastomeric 
chains was 3.34±0.112N and 2.49±0.209N, respectively. Conventional chains 
showed significantly greater degradation than memory chains (P<0.01). Soft 
drinks had a significant impact on force degradation for both types of chains at all 
time points (P<0.01). Coca-Cola® had the highest level of force degradation, while 
non-carbonated yoghurt-based drinks had the lowest (P<0.01). 

Conclusion: Based on the findings of this study, it is recommended that 
orthodontic patients choose non-carbonated yoghurt-based drinks during their 
treatment. Memory elastomeric chains may be more suitable for patients who 
consume large amounts of carbonated soft drinks, due to their lower amount of 
force degradation compared to conventional chains. 
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INTRODUCTION 
Physiologic and effective tooth movement is 
possible with light and continuous forces [1]. 
One of the space closing methods in 
orthodontics is the usage of elastomeric chains 
[2]. These materials are economical and 

relatively hygienic, their utilization is simple and 
doesn’t need the patient's cooperation [2]. On 
the other hand, due to viscoelastic properties, 
force degradation is inevitable and many studies 
have considered this property [1-8]. The 
mechanism of this degradation is mainly in the 
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vicinity of molecular chain slippage and tension. 
The mechanical properties of polyurethane 
products are related to their molecular structure 
and different additives. Due to force degradation 
of orthodontic chains, there has been an 
increasing trend toward the use of elastomers 
that offer shape memory and durability [9]. 
Memory chains are one of the elastomeric chains 
that were introduced in the early 1990s. It is 
claimed that they preserve force for a longer 
duration. However, this type of chain is usually 
more expensive and their application should be 
justifiable [10]. 
It has been confirmed that elastomeric chains 
experience degradation over time, particularly 
in dry conditions, and their properties can be 
influenced by temperature and humidity [8]. For 
instance, research has shown that in dry air, the 
force degradation of elastomeric chains can 
range between 42-63% after just 21 days, 
depending on the brand [7]. Furthermore, a 
significant portion of the initial force diminishes 
within 24 hours after force loading, typically 
ranging from 13-75% [2,11,12-14]. 
However, the extent of force decay can vary 
depending on different factors, such as the 
shape, color, and type (short, medium, and long) 
of the elastomeric chain, as well as the patient's 
dietary habits and changes in the oral 
environment. Additionally, factors such as the 
use of mouthwash and the evaluation methods 
used to measure the applied initial force can also 
influence the rate of force degradation reported 
in different studies [1-3,8,15-17]. Notably, 
investigations have indicated that greater initial 
loading and moisture in the environment can 
accelerate force degradation. For example, 
immersion in a water bath at 37 ̊ C and exposure 
to alkaline solutions have been shown to 
significantly increase the velocity of degradation 
[2,18].  
Several studies have been done on the effect of 
environmental conditions on the degradation of 
orthodontic elastomeric chains such as 
temperature, humidity, PH alterations. Nattrass 
et al. [19] evaluated the effects of Water, Coca-
Cola, and Turmeric Solution on elastomeric 
chains at 10, 22, and 37 ˚C. Their results showed 
elastomeric chains were affected by all of these 
conditions. Larrabee et al. [2] reported that 

mouthwashes with different concentrations of 
alcohol (Cepacol 14% and Listerine 26.9%) 
increase force degradation compare to 
deionized water during time. Kardach et al [20] 
evaluated the mechanical properties of plastic 
and memory chains and showed that after 7 
days, the residual force in plastic chains was 
half of the initial force while it was only 20% of 
the initial force in memory chains. Also, after 3 
weeks, the plastic chain length reached from 
8cm to 13.5cm but the Memory chain was 
9.5cm. Oshagh et al [8] used hot tea, hot water 
(65°), chlorhexidine, and a fluoride mouthwash 
to evaluate force degradation of elastomeric 
chains, tie-back rings, and Niti coil springs 
compared to water at 37° (control), during a 3-
week period. Their results showed that tea 
increased force decay in the elastomeric chain 
and tie-back groups. The type of immersion 
media had the highest and lowest effect on the 
tie-back group and Niti coil springs, 
respectively. Another research [1] compared 
the effect of Coca-Cola, tea, and Listerine 
mouthwash on the force delivered by 
elastomeric chains in vitro. The results showed 
that tea caused the highest force decay followed 
by Listerine and Coca-Cola when compared to 
the control group. Omidkhoda et al [15] focused 
on the effects of three different types of 
mouthwash (Persica, Chlorhexidine 0.2%, 
Sodium fluoride 0.05%) on the force decay of 
orthodontic chains. They demon-strated that 
after 4 weeks, Persica caused the lowest, while 
chlorhexidine induced the highest percentage 
of force loss [15]. On the other hand, some 
studies did not find any effect of immersion 
treatments on the decay of elastomeric forces 
[11].  
Coca-Cola is the most consumed carbonated 
drink (50%) in developed countries, followed 
by lemon flavored (22%) and orange-flavored 
drinks (7%). “Doogh”, a yogurt-based, salty 
drink, and non-alcoholic beer are two popular 
drinks in the Iranian diet [21]. Understanding 
the risk factors associated with force 
degradation is the first step in their effective 
management. The aim of this research was to 
evaluate and compare the effects of different 
soft drinks on the force degradation of 
orthodontic memory and conventional chains. 
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MATERIALS AND METHODS 

Elastomeric chains were used to simulate the 
retraction of canines into premolar extraction 
spaces. Memory and conventional clear closed 
elastomeric chains (American Orthodontics 
(AO), USA) (Figure 1) and were stored in 
plastic bags at room temperature (22-24°C) 
until the beginning of the study [15]. Each 
chain segment included five loops and an extra 
half-loop at each end to compensate for the 
probable damage caused by pre-stretching. 
 

 
Fig.1. Closed elastomeric conventional (left) and 
memory (right) chains 

 

The chains were pre-stretched to 100% of 
their initial length for 10 seconds. A jig with 
two secured posts was designed (Figure 2), so 
that the distance between the posts would be 
fixed at 25mm to simulate the distance 
between the first molar hook and distal wings 
of the canine brackets [15]. Each piece of chain 
was stretched between the two posts. In this 
way, a constant force was exerted on the 
elastomeric chain during the test period. 
 

 
Fig 2. Designed holding-jig for retaining each of the 
chain segments 

 

A total of 500 segments of memory and 
conventional chains (250 each) were included 
in this study. Each group was divided into 5 
subgroups (N=50) according to the media 

type, which consisted of artificial saliva, Coca-
Cola®, non-alcoholic beer (ISTAK®), and 
carbonated, and non-carbonated yoghurt-
based drinks (Alis®). These subgroups were 
further divided into 5 groups (N=10), based on 
evaluation-time points performed at 1, 7, 14, 
21 and 28 days.  
During the test period, the jigs holding the 
elastomeric chains were kept in artificial 
saliva in a light-free environment. The controls 
received no further treatments but the 
samples of the experimental groups were 
immersed in each of the test liquids for 3 
minutes, at 8-hour intervals [22]. They were 
then removed and washed with distilled 
water, and placed back into the artificial saliva 
medium. Force was measured after 1, 7, 14, 21, 
and 28 days using a force gauge (Lutron, 
model DC-515, Taiwan). 
The pH of the drinks was measured with a pH 
meter (WTW™ inoLab™ Multi 9420 IDS™, 
Germany) three times for each drink and the 
mean was recorded (artificial saliva: 6.24, 
non-carbonated yoghurt: 3.37, carbonated 
yoghurt: 3.71, non-alcoholic beer: 3.21, Coca-
Cola®: 2.47). 
Statistical analysis:  
The amount of force loss (%) was compared 
among the experimental and control groups in 
the memory and conventional elastomeric 
chain groups. The normality of data 
distribution was confirmed using the Shapiro-
Wilk test. Three-factor analysis of variance 
and one-factor analysis of variance and 
independent t-test were used for data analysis. 
The significance level was set at 5%. The 
interaction between the three factors as well 
as the interaction between each of the two 
factors was significant (P<0.05 for all).  
 
RESULTS 
Based on our findings, the mean and standard 
deviation of the initial force was 3.34±0.112N 
and 2.49±0.209N in the conventional and 
memory elastomeric chain groups, respectively. 
Tables 1 and 2 show the amount of force 
degradation percentage in both chain types, in 
all experimental solutions, during the evaluated 
time-points and demonstrate the results of two-
by-two comparisons using Tukey's post hoc test.
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Table 1. Mean (± standard deviation) percentage of force decay (N) of conventional elastic chains in the tested 
solutions at each time point 

Groups 
Time (days) 

P 
1 7 14 21 28 

Control (artificial saliva) -5.8±1Aa -10.8±2.4Ba -16.1±2.4Ca -21.5±2.4Da -26.2±2.1Ea <0.01 

Non-carbonated yoghurt-based drink -6.9±3.9Aab -16.9±4.5Bb -23.5±3.6Cb -29.4±3.3Db -33.7±2.2Db <0.01 

Carbonated yoghurt-based drink -8.8±1.5Ab -21.1±5.3Bbc -27.5±5.3Cb -33.2±3Db -37.4±2.9Dc <0.01 

Non-alcoholic beer -12.3±2.5Ac -24.6±2.0Bcd -34.3±1.6Cc -38.2±1.8Dc -42.0±1.9Ed <0.01 

Coca- Cola® -14.0±3.6Ac -28.4±3.4Bd -37.1±4.2Cc -40.3±4.2Cc -46.7±3.7De <0.01 

P <0.01 <0.01 <0.01 <0.01 <0.01  

Lowercase letters indicate significant differences between groups and capital letters indicate significant differences 
between time-points (P<0.05) 
 

Table 2. Mean (± standard deviation) percentage of force decay (N) of memory elastic chains in the tested solutions 
at each time point 

Groups 
Time (days) 

P 
1 7 14 21 28 

Control (artificial saliva) -5.0±1.1Aa -10±1.6B -14.1±2.5Ca -17.9±2.5Da -20.8±2.6Ea <0.01 

Non-carbonated yoghurt-based drink -5.5±1.5Aa -10.1±2B -16.0±2Cabc -18.3±3.4Ca -23.4±3.6Da <0.01 

Carbonated yoghurt-based drink -7.9±1.6Ab -11.2±3.2AB -15.6±3.6BCab -19.8±3.6Cab -26.4±4.7Dab <0.01 

Non-alcoholic beer -8.7±2.5Ab -13.0±4.3A -20.2±5.2Bbc -24.3±5.2Bb -31.9±5.2Cb <0.01 

Coca-Cola® -8.4±3.8Aab -13.9±4.8A -20.6±4.3Bc -24.7±5.4BCb -30.0±5Cb <0.01 

P <0.01 <0.01 <0.01 <0.01 <0.01  

Lowercase letters indicate significant differences between groups and capital letters indicate significant differences 
between time-points (P<0.05) 

 
Table 3 shows comparison of the mean 
percentages (± standard deviation) of force 
decay between the two memory and 
conventional elastic chain groups in all test 
solutions and time points.  
The results showed that the difference in the 
force decay of Conventional and Memory 
chains over time went through a significant 
reduction in force in different environments 
at an all-time of 1 to 28 days (P<0.01).  
In the conventional chain group, the highest 
rate of force loss in comparison to the 
control group at any time point, was related 
to Coca-Cola® and the lowest force decay 
was due to the non-carbonated yoghurt-
based drink. The force decay sequence was 
determined as follows, starting with the 

highest force decay: Coca-Cola®, non-
alcoholic beer, carbonated yogurt drink, 
non-carbonated yogurt drink, and artificial 
saliva (control).  
Similarly, the memory chains showed a 
gradual decrease in force from day 1 to day 
28 for all tested soft drinks.  
The greatest force decay on the 1st and 28th 
day was related to non-alcoholic beer and on 
the 7th, 14th, and 21st days was related to 
Coca-Cola®. We did not find statistically 
significant differences at any of the time 
points between non-alcoholic beer and Coca-
Cola® drinks. 
A comparative chart of the two chains types 
tested in different soft drinks at different 
times is presented in Figure 3.
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Table 3. Comparison of the mean percentages (± standard deviation) of force decay between memory and 
conventional elastic chains in the studied soft drinks at all time points 

Group Chain type 1day 7days 14days 21days 28days 

Control 

Conventional -5.8±1 -10.8±2.4 -16.1±2.4 -21.5±2.4 -26.2±2.1 

Memory -5±1.1 -10.0±1.6 -14.1±2.5 -17.9±2.5 -20.8±2.6 

P <0.001 0.003 <0.001 <0.001 <0.001 

Non-carbonated 
yoghurt drink 

Conventional -6.9±3.9 -16.9±4.5 -23.5±3.6 -29.4±3.3 -33.7±2.2 

Memory -5.5±1.5 -10.1±2 -16.0±2 -18.3±3.4 -23.4±3.6 

P 0.051 <0.001 <0.001 <0.001 <0.001 

Carbonated 
yoghurt drink 

Conventional -8.8±1.5 -21.1±5.3 -27.5±5.3 -33.2±3 -37.4±2.9 

Memory -7.9±1.6 -11.2±3.2 -15.6±3.6 -19.8±3.6 -26.4±4.7 

P 0.002 <0.001 <0.001 <0.001 <0.001 

Non-alcoholic 
beer 

Conventional -12.3±2.5 -24.6±2 -34.3±1.6 -38.2±1.8 -42.0±1.9 

Memory -8.7±2.5 -13±4.3 -20.2±5.2 -24.3±5.2 -31.9±5.2 

P <0.001 <0.001 <0.001 <0.001 <0.001 

Coca- Cola® 

Conventional -14.0±3.6 -28.4±3.4 -37.1±4.2 -40.3±4.2 -46.7±3.7 

Memory -8.4±3.8 -13.9±4.8 -20.6±4.3 -24.7±5.4 -30.0±5 

P <0.001 <0.001 <0.001 <0.001 <0.001 

 

 
Fig. 3. Comparison of memory and conventional elastic chains in various soft drinks at different time points 
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DISCUSSION 

In this in-vitro study, the effect of four types 
of drinks on the degradation of memory and 
conventional orthodontic elastic closed 
chains was compared with artificial saliva. An 
ideal elastomer returns to its original state 
after being stretched and released [23]. 
However, in reality, this does not occur and 
the force of orthodontic chains degrades over 
time and under different conditions [1-4,24]. 
Our findings were related to three factors 
affecting chain degradation: time, type of 
chain, and environment (drinks). Since the 
1970s, several studies on force degradation 
of elastomers in orthodontics have been 
published [25-32,4-7] and have shown a wide 
range of force degradation after 28 days (24-
85%) based on the environment and the 
quality of materials used in the elastomers. 
The present study compared conventional 
and memory elastomeric chains in different 
beverages including Coca-Cola®, non-
alcoholic beer (ISTAK®), and carbonated, 
and non-carbonated yoghurt-based beverage 
(Alis®)) to provide a better understanding of 
their decay rate and how they change over 
time. 
In this study, conventional chains showed 
greater force decay than memory chains, 
despite the fact that they were both clear and 
of the same brand. This was confirmed in all 
groups and time points and the difference 
between them was statistically significant. 
Previous studies have also reported 
differences between different types of chains 
[27,17,31]. 
Generally, force degradation results are 
typically reported after a 28-day period, 
which is the typical time interval for 
orthodontic follow-ups. In this study, it was 
observed that the conventional chain 
experienced a significant decrease in force, 
ranging from 34 to 47%, when exposed to 
different drinks after 28 days. On the other 
hand, the memory chains only showed a 23 to 
30% force loss after the same time period. 
The current investigation confirmed that the 
environment plays a significant role in the 
decay of force in conventional and memory 
chains. This finding aligns with previous 

studies that have also shown the impact of 
environmental factors on orthodontic force 
degradation [9,24,25,16,1-3]. One study 
conducted by Pithon et al. [22] specifically 
investigated the effect of acidic beverages such 
as Coca-Cola, Sprite, Guarana Antarctica, and 
Fanta on elastomeric chains. They found that 
Coca-Cola had the greatest detrimental effect 
on the destruction of elastomeric chains. This 
result is consistent with our findings, as we also 
observed that Coca-Cola had a greater impact 
on force decay compared to other drinks when 
it came to conventional chains. Another study 
by Braga et al. [33] immersed memory 
elastomeric chains in Cola and compared it 
with artificial saliva. They discovered that Cola 
caused more force degradation at both 7 and 21 
days. However, in our research, we found that 
there was a significant reduction in force decay 
compared to artificial saliva only at 21 and 28 
days for the memory chain groups. It should be 
noted that our research ensured temperature 
stability, which was identified as a significant 
factor in Barretto's study. 
The difference between the effect of 
carbonated yogurt drink and non-carbonated 
yogurt drink with other beverages in 
reducing the force of elastomeric chins in our 
study was significant. We did not find any 
similar studies in the literature to compare 
our results.  
Suprayugo et al. [34] conducted a study on 
power chains immersed in various beverages 
and found that Coca-Cola caused the greatest 
force decay over a period of 48 to 336 hours, 
compared to sweet tea, distilled water, and 
juice. Surprisingly, acidity did not have a 
significant influence on the force decay of the 
power chains [34]. While the pH factor has 
been examined in previous research, there 
are still differing opinions on its effects [22, 
34, 35]. In addition to pH, other factors such 
as pigments, chlorides, and phosphates 
present in acidic beverages may also play a 
role in force decay. For example, our study 
found that the non-carbonated yogurt drink 
(pH=3.37) had a lesser impact on force decay 
compared to the carbonated yogurt drink 
(pH=3.71). On the other hand, Coca-Cola® 
caused the most force decay in conventional 
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chains, and non-alcoholic beer (pH=3.21) and 
Coca-Cola® (pH=2.47) caused the most force 
decay in memory chains, suggesting a strong 
correlation with acidity. 
In a recent study on the effect of carbonated and 
non-carbonated yogurt drinks, as well as sodas 
like Seven Up and Pepsi Cola, it was found that 
lactic acid had no significant effect on shear bond 
strength [36]. These findings were also 
supported by Hobson et al. [37]. However, it was 
observed that yogurt drinks have high levels of 
acidity and the accumulation of acid molecules 
in these beverages can reduce shear bond 
strength in orthodontic brackets [37]. In our 
study, the impact of these yogurt drinks was 
examined on force degradation, revealing that 
the non-carbonated type behaved similarly to 
artificial saliva, while the carbonated type, 
although milder than Coca-Cola and non-
alcoholic beer, had a similar effect. 
In the current investigation, average force 
degradation of conventional and memory chains 
in artificial saliva after 4 weeks was about 26% 
and 21% respectively, which is in contrast to an 
in situ study by Baratieri et al [10]. They 
reported a force decay of about 44% and 33% 
for conventional and memory chains, 
respectively, after 3 weeks. The difference may 
be related to oral media conditions and the 
elastomeric chain types as well as the stretching 
mount.  
Mirhashemi et al [9] reported 60-70% force loss 
after 4 weeks for three different brands of 
conventional elastic chains which were 
immersed in distilled water. They found that 
memory chains retained more than 60% of the 
force during this period, under the same 
circumstances. These findings are relatively 
close to our study. Another study showed that 
memory chains are more effective in 
orthodontic treatment due to diminished loss of 
mechanical and elastic capabilities when 
compared to plastic chains. [20]. This agrees 
with our observations in that force decay in 
conventional elastic chains was about 1.5 times 
higher than that of the memory chains, after 28 
days. 

 
CONCLUSION 
This study showed that memory elastomeric 

chains experience less force degradation 
compared to conventional chains. We found 
that different soft drinks had varying effects 
on the degradation process. In conventional 
chains after a period of 28 days, the most 
significant negative impact was found to be 
caused by Coca-Cola ®, while non-carbonated 
yogurt drinks had the least effect. However, 
for memory chains, Coca-Cola, non-alcoholic 
beer, and carbonated yogurt drinks showed 
maximum degradation, while non-carbonated 
yogurt drinks had the minimum effect. In light 
of these findings, we recommend to our 
orthodontic patients that if they must 
consume soft drinks, they should at least opt 
for non-carbonated yogurt drinks in their diet. 
Also in patients with high consumption of 
carbonated drinks, use of memory chains 
should be considered. 
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