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ABSTRACT

Introduction. Elastomeric chains and tiebacks are used in orthodontics during the space closure 
phase. Hence, it is necessary to use the most efficient material for this purpose. Objective. This 
research aimed to evaluate the loss of strength in elastomeric chains (3M Unitek) and tiebacks 
(3M Unitek) on days 0, 7, 14, and 21, as well as the effects of 0.12% chlorhexidine and triclosan 
on their mechanical behavior. Materials and methods. The sample consisted of 90 elastomer-
ic chains and 90 tiebacks. These chains were brought under stress tests at a constant distance. 
Results. The differences in strength between the chain measurements and tieback exposed to 
the three solutions were not statistically significant (p> 0.05). Significant changes were iden-
tified among the different time intervals. The elastomeric chain presented a higher mean value 
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of strength loss in the first 7 days and remained constant until 21 days, with biological forces. 
The tieback showed loss of strength up to 14 days, from that moment on, the strength is no lon-
ger functional for tooth movement. Conclusion. Time is the most important factor in elastomer 
strength loss. The force maintained in the elastomeric chain is more constant and biological in 
comparison with the tieback.

Keywords: Elastomeric chain, tieback, in vitro, chlorhexidine, triclosan.

INTRODUCTION

One of the most time-consuming phases in orthodontic treatment is the space closure phase in 
cases of premolar extractions. Accelerating this stage by using the most efficient material will 
reduce total treatment time thus increasing patient cooperation and decreasing possible side 
effects1. The ideal biological forces for these dental movements are based on exerting light and 
continuous forces; a common, practical, and inexpensive way to perform these movements can 
be carried out with sliding techniques and the aid of elastomeric materials2, for example, with 
elastomeric chains or elastic distal ligature.

In the mid-sixties, elastic materials began to be used to maintain the archwire within the 
bracket slot, which led to the development and patenting of an elastomeric material process; 
later the Unitek company purchased the products and began marketing them to orthodontists 
in 19683. Thus, elastomeric chains were introduced, offering benefits such as low cost, ease of 
use and requiring minimal patient cooperation, if any.

In 1970 Andreasen and Bishara compared latex and Alastik Unitek elastics concerning space 
closure and found that 74% of their initial strength was lost 24 hours after placement, while 
latex elastics lost only 42%4. In 1975 Hershey and Reynolds compared three types of chains 
and found that after 24 hours 50% of the initial strength had been lost while a remnant of 
40% of the initial strength remained after four weeks. In addition, they noted that the most 
constant strength was given by chains manufactured by stamping and not by injection5. By 
1976, Wong conducted a study of two different chains, immersing them in water at 37°C, and 
reported that in the first 24 hours, a loss of 50 to 75% of the initial strength occurred6. Kovatch 
et al. evaluated the initial strength levels of Unitek Alastiks that were stretched to 30% of their 
original size and recommended slow stretching of the modules for their placement7.

In 1978 Ash and Nikolai compared the loss of strength of open chains in vivo, in water, and 
air, and concluded that in vivo chains show a greater loss of strength after 30 minutes than 
those in air8. They assumed that oral cavity factors modify the degradation rates of the chains. 
However, both maintained force levels of 160 g, which according to Mohammed et al.9, and 
to Baty et al., is a force strong enough for tooth movement10. Mousavi performed a study in 
which he compared elastomeric chains of different lengths: closed, intermediate, and open; 
and concluded that the closed chain presents better physical behavior, maintaining the initial 
force longer than the intermediate and open chain2. Baty et al.10 and Von Fraunhofer et al.11 
compared colored chains and gray chains and concluded that the colored chains needed to be 
stretched more to obtain optimum levels of strength.

The importance of knowing the factors that may modify the mechanical behavior of elas-
tomeric materials lies in being able to choose the material that provides the most efficient 
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treatment and how long it can be maintained with useful biological forces for the space 
closure phase.

MATERIAL AND METHOD

The study was conducted at the Post-Graduate Studies and Research Division (DEPeI, its ac-
ronym in Spanish) of the Universidad Nacional Autónoma de México (i. e., DEPeI UNAM), in 
the Dental BioMaterials Laboratory. We used grey closed Alastik Chain 3M Unitek elastomeric 
chains made by stamping with batch IC3WI and grey Alastik Silver Easy-To-Tie Ligature 3M 
Unitek modules made by injection with batch HM9VS (Figure 1). The inclusion criteria were 
all closed chains and elastic modules corresponding to the brand, color, size, and lot men-
tioned above. The exclusion criteria were all chains and modules that did not correspond to 
that brand, color, size, and lot, those that were damaged or damaged to the naked eye, or that 
the packaging had been opened.

To establish the distance at which the samples would be stretched, a measurement was 
taken in 41 patients of the Orthodontic Clinic, DEPeI, UNAM, with orthodontic treatment 
ready to begin the space closure phase. This measurement was taken from the hook of the 
band or tube of the upper first molar at half the distance between the canine and lateral of the 

Figure 1. Optical microscopy image of 3M elastomeric module (injection)  
and 3M elastomeric chain (stamped).
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same quadrant, using a Mitutoyo digital caliper in both quadrants. Eighty-two measurements 
were obtained; the mean was 25.6mm. Six transparent acrylic bases were made where 32 pairs 
of metallic posts made of 0.045” stainless steel were placed at a distance of 25.6mm between 
each of them. The immersion solutions used (two oral antiseptics and artificial saliva) were 
Bexident® Gingival Mouthwash Chlorhexidine 0.12%, Bexident® Triclosan Gingival, and artifi-
cial saliva elaborated in the Dental Biomaterials Laboratory, DEPeI, UNAM. The pilot tests were 
performed using a Macmesin AFG 50N digital dynamometer, to establish forces between 300-
400 gr12; using seven links of the chains and in the distal ligature a total distance of 23.1mm, 
with metallic ligature of 0.010” SS caliber of the TP Orthodontics, Inc® brand.

The tests were run in an Instron machine at a loading speed of 0.5mm/min with the unit 
of measurement in Newtons (1N= 102 grams force); 90 samples of chain and 90 of ligature, 
each sample was placed in the Instron machine, and the tensile strength was measured when 
stretched at a distance of 25.6mm. Once the measurement was done, they were placed on the 
acrylic base (Figure 2). Of the 90 chain and ligature samples, 30 from each group remained 
immersed in artificial saliva for 21 days; 30 in 0.12% chlorhexidine and 30 in triclosan for 
21 minutes respectively, then they were pressure-rinsed with purified water and placed in 
artificial saliva for 21 days. All the samples remained in a temperature-controlled environment 
at 37°C in a Red Line by Binder model oven. Tension measurements were taken at baseline, 7 
days, 14 days, and 21 days.

To compare the percentage of strength loss among the three groups, a one-way analysis of 
variance (anova) (factor) was used. To evaluate the percentage of loss between the measure-
ments at 7, 14, and 21 days for each solution, the repeated measures anova analysis was used. 

Figure 2. Samples of elastomeric chain placed on acrylic base.
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In both cases the Bonferroni post hoc test was used, and a significance level of p<0.05 was 
established, and the SPSS® 18.0 statistical package was used.

RESULTS

The loss of strength in the elastomeric chain was not different for having been immersed in 
saliva, chlorhexidine, or triclosan (Table 1), however, when assessing the loss of strength over 
time of the elastomeric chain for each solution, a statistically significant trend of decrease 
is shown. For the chains immersed in saliva, differences were found between the baseline 
measurement and at 7, 14, and 21 days; for chlorhexidine and triclosan, all comparisons were 
statistically significant, except between the 7 and 14-day intervals (Table 2).

Table 1.
Effect of three solutions on elastomeric chain strength loss.

Solutions Strength loss in Mega Pascals
Mean difference (CI 95 %)

p

Saliva a Triclosan b -0.70 (-1.53-.013)ab 0.098

Clorhexidine c -0.001(-.085-.082)ac 0.974

Triclosan b Saliva a 0.070 (-.013-.153) ba 0.098

Clorhexidine c 0.069 (-.014-.152) bc 0.104

Clorhexidine c Saliva a 0.001 (-.082-.085) ca 0.974

Triclosan b -0.069 (-.152-.014) 0.104

anova test, significance p<0.05

Table 2. 
Comparison of the effect of three solutions at four-time measurements on elastomeric chain 
strength loss.

Treatment Strength loss in Mega Pascals
Mean difference (CI 95 %)

p

Saliva Basal measurementa 7 days b 2.047 (1.996-2.098) 0.000*

14 days c 1.984 (1.907-2.062) 0.000*

21 days c 2.422 (2.372-2.472) 0.000*

7 days 14 days c -0.063 (-0.113- -0.012) 0.009*

21 days c 0.375 (0.344-0.407) 0.000*

14 days 21 days c 0.438 (0.381-0.494) 0.000*

Triclosan Basal measurementa 7 days b 2.311 (1.745- 2.876) 0.000*

14 days c 2.280 (1.708- 2.851) 0.000*

21 days c 2.691 (2.119- 3.262) 0.000*

7 days b 14 days c -0.031 (-0.068- 0.006) 0.153

21 days c 0.380 (0.341- 0.420) 0.000*

14 days c 21 days c 0.411 (0.372- 0.451) 0.000*
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Table 2. Continued

Treatment Strength loss in Mega Pascals
Mean difference (CI 95 %)

p

Clorhexidine Basal measurementa 7 days b 2.118 (2.088- 2.147) 0.000*

14 days c 2.116 (2.09- 2.142) 0.000*

21 days c 2.496 (2.465- 2.527) 0.000*

7 days b 14 days c -0.001 (-0.03- 0.027) 0.923

21 days c 0.378 (0.347- 0.409) 0.000*

14 days c 21 days c 0.380 (0.349- 0.41) 0.000*

Repeated measures anova test, *significance p<0.05

Graph 1 shows that the trend of loss of strength for the three solutions is very evident 
between the baseline measurement and 7 days; however, for the measurement from 7 to 14 
days there was a slight increase in strength in all three groups, but for the 21 days measure-
ment there was a decrease in strength. Likewise, in the elastic distal ligature group, it was 
found that there was no difference in the loss of strength when comparing the three solutions 
(Table 3). Additionally, when evaluating the loss of strength over time when immersed in 
saliva, chlorhexidine, and triclosan, a statistically significant decrease trend was observed. For 
the ligatures immersed in saliva and chlorhexidine, we found differences between the basal 
measurement and at 7, 14, and 21 days, for triclosan all the comparisons were statistically 
significant, except between 14 and 21 days (Table 4).

Graph 1. Estimated marginal measurements in time.
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Table 3.
Effect of three solutions on the loss of strength of the elastic distal ligature.

Solutions Strength loss in Mega Pascals
Mean difference (CI 95 %)

p

Saliva a Triclosan b -0.050089 (-0.150871- 0.050693) 0.685

Clorhexidine c 0.008879 (-0.091903- 0.109661) 1.000

Triclosan b Saliva a 0.050089 (-0.050693- 0.150871) 0.685

Clorhexidine c 0.058968 (-0.041813- 0.15975) 0.470

Clorhexidine c Saliva a -0.008879 (-0.109661- 0.091903) 1.000

Triclosan b -0.058968 (-0.15975- 0.041813) 0.470

anova test, significance p<0.05

Table 4.
Comparison of the effect of three solutions at four time measurements on the loss of strength of the 
elastic distal ligature

Group Strength loss in Mega Pascals
Mean difference (CI 95 %)

p

Saliva Basal measurement 7 days b 0.779 (0.647- 0.911) 0.000*

14 days c 3.050 (2.885- 3.214) 0.000*

21 days c 3.273 (3.18- 3.366) 0.000*

7 days 14 days c 2.270 (2.139- 2.401) 0.000*

21 days c 2.494 (2.374- 2.614) 0.000*

14 days 21 days c 0.223 (0.111- 0.336) 0.000*

Triclosan Basal measurement 7 days b 0.584 (0.387- 0.781) 0.000*

14 days c 3.037 (2.85- 3.224) 0.000*

21 days c 3.197 (3.045- 3.349) 0.000*

7 days b 14 days c 2.453 (2.234- 2.672) 0.000*

21 days c 2.613 (2.379- 2.847) 0.000*

14 days c 21 days c 0.16 (-0.011- 0.331) 0.079

Clorhexidine Basal measurement a 7 days b 0.690* (0.531- 0.849) 0.000*

14 days c
2.970* (2.794- 3.145) 0.000*

21 days c
3.160* (3.05- 3.271) 0.000*

7 days b 14 days c
2.279* (2.08- 2.479) 0.000*

21 days c
2.470* (2.287- 2.653) 0.000*

14 days c 21 days c

0.191* (0.002- 0.38) 0.047*

Repeated measures anova test, *significance p<0.05

Graph 2 shows that the tendency of the loss of strength is constant, regardless of the 
solution; however, the greatest loss was found between the measurement at 7 and 14 days for 
the three solutions, and very attenuated for the measurement from 14 to 21 days. In addition, 
the effect of the solutions was compared over time for both groups. For saliva the loss of 
force between the chain and the distal ligature in the four measurements showed statistically 
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significant differences, with the loss of force in the chain being greater for the first two measure-
ments and reversing in the following two. For triclosan and chlorhexidine all the comparisons 
were significant except for the basal measurement. Likewise, we observed the same trend of 
loss of force between the groups as that shown in saliva (Table 5).

Table 5. 
Comparison of means of the chain technique and elastic distal ligature in different environments and time.

Strength loss in Mega Pascals

(measurement 1) (measurement 2) (measurement 3) (measurement 4)

Mean 
(Confidence 

interval - 95%)

p Mean
(CI- 95%)

p Mean 
(CI- 95%)

p Mean 
(CI- 95%)

p

Saliva

Chain 3.86(3.83- 3.89) <0.001 1.81(1.78-1.84) <.001 1.87(1.82-1.92) <.001 1.43(1.41-1.46) <0.001

Distal 
ligature

4.01(3.95-4.07) 3.23(3.11-3.35) 0.96(.83-1.10) 0.742(0.678-0.806)

Triclosan

Chain 4.13(3.73-4.54) 0.4818 1.82(1.80-1.84) <.001 1.85(1.83-1.88) <.001 1.44(1.43-1.46) <0.001

Distal 
ligature

3.99(3.92-4.05) 3.4(3.26-3.55) 0.957(.833-1.08) .797(.718-.877)

Clorhexidine

Chain 3.93(3.91-3.95) 0.8959 1.81(1.78-1.84) <.001 1.81(1.78-1.84) <.001 1.43(1.41-1.45) 0.971

Distal 
ligature

3.93(3.86-4.00) 3.24(3.12-3.36) 0.966(.850-1.08) 0.775(0.723-0.828) <0.001

Student’s t-test, significance p< 0.05

Graph 2. Estimated marginal measurements in time.
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DISCUSSION

Many studies have been conducted on elastomeric chains; however, there are very few studies 
on elastic distal ligatures. Therefore, it is important to know the factors that have an impact on 
the degradation of the initial strength such as stretch length, time to remain deformed, fabrica-
tion method, contact liquids, and pigments, to choose the most efficient material. The results 
of this study show that elastomeric chains are not able to maintain constant forces for 21 days; 
the same was reported in the studies performed by Baty et al.10; Hershey and Reynolds5, and 
Wong6. After 21 days of stretching the chains, the initial remaining force was 37%, in contrast 
to what Weissheimer et al.13 reported in their study where the remaining force was 40-45%.

The degradation pattern of the strength of the chains suffers the greatest loss during the first 
few days, then remains more constant, and at the end of 21 days the remaining strength is too 
little to be able to perform dental movements; the same was obtained in studies by Mirhashemi 
et al.14, Lu et al.15, da Silva et al.16, Santos et al.17, Morales-Pulachet et al.18, and Balhoff et al.19.

In this study elastic chains made by stamping presented a better mechanical behavior, 
obtaining results similar to those presented by Hershey and Reynolds5, in comparison with 
the elastic modules used in distal ligatures which are elaborated by injection. For this study, 
the length (25.6mm) to which the samples were put through was obtained from the average 
measurement of patients under orthodontic treatment who were ready to begin the space 
closure phase; this measurement is similar to that used in studies by Nattrass et  al. 20 and 
Freeman et al.21; as opposed to that used by other authors based on stretching the elastic chain 
samples to double their original size14,22 or an arbitrary measurement13,15,18,23. Morales-Pulachet 
et al. described that on day 21, a degradation of strength of 80-82%18 happened. These results 
are different from the ones obtained in this study where a 63% degradation of strength was 
found. The difference may lie in the fact that the commercial brand of the chain was different.

The elastomeric chains that were immersed in 0.12% chlorhexidine did not show significant 
changes compared to the other groups; however, in the study by Omidkhoda et al., differences 
were identified; the result of this study may be attributed to the fact that chlorhexidine had a 
higher concentration, i.e., of 0.20%24. As already mentioned, there are few studies in which me-
chanical tests are performed on the elastic distal ligature; however, the study by Mohammadi 
and Mahmoodi25 shows a behavior similar to that of the elastomeric chains, where the greatest 
loss of strength occurs during the first week and not until the second week as obtained in this 
study. However, in that study, the elastomeric modules were pre-stretched.

Ren et al.26 describe that there is insufficient clinical evidence to establish an ideal biologi-
cal force for dental movement. However, a force of between 150-350g9 has been established in 
the studies carried out in humans. In elastic distal ligature, values above 350g are maintained 
during the first seven days, which could be related to root resorption and greater discomfort 
perceived by the patient, as indicated by Halimi et al.27; after the seventh day the force de-
creases rapidly so that during the third week of the use of elastic distal ligature the remaining 
values of force are no longer sufficient for dental movement.

CONCLUSIONS

•	 Time is the most important factor in the loss of strength of elastomers.
•	 Elastomeric chains have a large loss of strength in the first 7 days, however, thereafter it 

remains constant up to 21 days, with biological forces.
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•	 The elastic distal ligature suffers the greatest loss of strength up to 14 days. Thereafter its 
strength is no longer functional for tooth movement.

•	 There are no changes in the mechanical behavior of the chain or distal ligature if the 
patient is under any oral antiseptic therapy such as 0.12% chlorhexidine or triclosan.
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