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INTRODUCTION

Elastomeric chains have been widely used in 
Orthodontics since the 1960s and its effects has been 
evaluated since then (1-5). They are used to deliver 
continuous light forces during sliding mechanics in 
diastema closure (6), rotational correction, and mainly 
during canine retraction after premolar extraction (7,8).
When stretched and exposed to the oral environment, the 
chains may absorb humidity and suffer a breakdown of 
internal bonds, which leads to permanent deformation 
(3). A rapid loss of force occurs due to stress relaxation, 
resulting in a gradual loss of effectiveness, which can 
be different for each kind of elastomeric chain (9-12).
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Orthodontic elastomeric chains with enhanced 
properties that are claimed to provide greater efficacy 
during mechanics have been introduced lately. Better 
memory elastic properties were introduced in the 
earliest 1990s (Memory Chain; American Orthodontics, 
Sheboygan, WI, USA). The manufacturer claims the 
chain provides a lighter, yet longer lasting force. A 
different type of elastomeric chain was introduced in 
2000 (Super Slick; TP Orthodontics Inc., La Porte, IN, 
USA) with metafasix technology. A water-insoluble, 
hydrogel-polymer coating, which, in contact with  
moisture, transforms the polyurethane-based elastomeric 
surface into a highly smooth surface, is claimed by the 
manufacturer to decrease friction. Despite the advertised 
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benefits about this enhanced chains, very few specific 
studies have been conduced (13,14).

Force degradation of elastomeric chains has been 
previously studied and discussed. The majority of studies 
have been conducted in vitro (3,4,10-12,15-19) or in vivo 
(3,8,9,18). In all studies, substantial decrease occurred 
after stretching. Various studies have shown significant 
amount of force degradation (13-75%) within the first 24 
h after elastomeric chain application (9,11,17,20). This 
variation range depends on several situations, such as 
elastomeric chain composition and size, environment, 
evaluation period, evaluation method, pre-stretching as 
well as initial force applied. Some questions still remain 
concerning the range of initial force that must be applied 
to be effective and for how long the remaining force may 
be still considered clinically effective.

In vivo testing seems to be the ideal condition 
to analyze the behavior of elastomeric chains currently 
used under load. However, the great individual responses 
to orthodontic forces and the difficulties to standardize 
the distance or initial force during retraction increases 
substantially the sample size to find differences among 
elastomeric chain types. An in vitro evaluation allows 
a level of simplification of the system under study, 
so that the investigator can focus on a small number 
of components and exclude some variables. Despite 
the advantages of in vitro experiments, no artificial 
environment exactly duplicates the oral cavity. Therefore, 
an in situ evaluation combines the standardization of the 
in vitro testing with in vivo environment. 

The hypothesis tested was that intraoral exposure 
of elastomeric chains alters their tensile strength. Thus, 
the aim of this study was to evaluate the in situ behavior 
of different elastomeric chains stretched for 3 weeks.

MATERIAL AND METHODS

This randomized in situ study was performed at 

the Department of Orthodontics of the Federal University 
of Rio de Janeiro, Brazil, after approval by the Ethics 
Committee of the Institute of Collective Health Studies 
(process #0072.0.239.000-10) of the same University. 
The tested elastomeric chains are described in Table 1. 

A sample size calculation suggested that 13 
individuals should be sufficient to find tensile strength 
changes, with a significance level of 0.05 and a power 
of 0.95. The patients (10 females and 3 males, mean 
age of 28.5 years) were selected based on the following 
inclusion criteria: fixed edgewise standard appliance in 
the finishing stage of the orthodontic treatment, with 
full 0.019 x 0.025-inch stainless steel archwires in both 
arches; adequate space to attach two crimpable hooks 
(in three quadrants) to the archwire in the interbracket 
space distanced exactly 16 mm from each other; good 
oral health; agreement to sign an informed consent form 
previously approved by the Ethics Committee. 

In all patients, two crimpable hooks (Morelli 
Ortodontia, Sorocaba, SP, Brazil) were attached and 
soldered to the archwire in 3 hemi-arches with the fixed 
distance of 16 mm between them. One hook was placed 
distal to the canine and the other was placed mesial to 
the first molar (Fig. 1). This distance was previously 
established after measuring the distance between the 
middle of the buccal surfaces of the canine and the 
second premolar in 30 volunteers (mean distance of 16.24 
mm). Hence, it was considered to be the elastomeric 
chain extension needed in the first moment for canine 
retraction after extraction of first premolars. 

Each elastomeric chain type was tested beforehand 
in different sizes and with a different number of units to 
standardize the initial force delivered by them. The sizes 
and the number of units chosen (Table 1) were the ones 
in which initial force close to 180 g was delivered when 
the chain was stretched in the stipulated distance, which 

Table 1. Description of the elastomeric chains evaluated.

Commercial 
name/group

Chain 
size Manufacturer

Plastic Chain 
(PC)

Closed
5-unit

American Orthodontics, 
Sheboygan, WI, USA

Memory Chain 
(MC)

Short
4-units

American Orthodontics, 
Sheboygan, WI, USA

Super Slick chain 
(SSC)

Mini
5-units

TP Orthodontics, La Porte, 
IN, USA

Figure 1. A stretched elastomeric chain inserted on hooks attached 
to the archwire.
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was considered to be ideal to simulate a canine retraction 
(21). The elastomeric chains were randomly placed in 
3 quadrants of the selected patients and maintained in 
the oral cavity during 3 consecutive weeks. The hook 
conditions and the distance between them were checked 
during each appointment.

In the beginning of the study, all patients received 
a new toothbrush and a fluoride toothpaste. No especial 
diet was prescribed to the volunteers. Strict control of 
oral hygiene was maintained and checked at each clinical 
appointment. 

Thirty-nine test quadrants provided data on 13 
pieces of elastomeric chain of each type, which were 
tested in tensile strength at 6 time intervals: initial, 1 
h, 24 h, 1 week, 2 weeks and 3 weeks. Tensile testing 
was performed in a universal testing machine (DL 
10,000; EMIC, São José dos Pinhais, PR, Brazil). 
Attachments were adapted for the testing machine 
consisting of two L-shaped solid pieces of stainless 
steel where the elastomeric chain could be properly 
inserted. The distance between these two end points was 
confirmed to be 16 mm by a digital caliper (727-6/150; 
Starret Ind. e Com. Ltda., Itu, SP, Brazil). Each tested 
specimen was carefully removed from the oral cavity 
with a customized device used to hold and transfer it to 
the testing machine held at constant stretch. Once the 
specimen was positioned in the testing machine, the 
force generated on the end points was determined. Room 
temperature and humidity were standardized during the 
entire experimental period. 

A blinded statistician performed the statistical 

analysis. Means and standard deviations for the 
remaining force in grams at the evaluated intervals and 
relative percentages of the initial force were calculated. 
As normality and homogeneity of variance criteria 
were fulfilled for all 3 groups of elastomeric chain 
types evaluated, parametric tests were used. A two-way 
ANOVA test was performed to identify the influence 
of both material and time on the force decrease. A 
subsequent one-way ANOVA test with Tukey’s post hoc 
test was used to identify statistical significant intragroup 
and inter-group differences at 5% significance level. 
All statistical analyses were performed using the SPSS 
software (version 17.0; SPSS, Chicago, IL, USA).

RESULTS

The two-way ANOVA test showed that the effect 
of both the material factor and of the time factor was 
significant (p<0.001). The material factor accounted 
for 12.14% and the time factor accounted for 51.75% 
of total variation observed in the groups.

As the initial force was not exactly the same in 
all groups, the percentage of the force was calculated 
in each period. This allowed a better comparison of the 
remaining force among groups.

The mean values and standard deviations (SD) 
of the tensile force in grams (g) and percentage (%) of 
the groups (PC, MC and SSC) at each time interval are 
presented in Table 2. The mean initial force applied 
decreased in all 3 groups during the evaluated period. 

All groups showed a significant decrease in the 

Table 2. Mean forces (g and %) measured at each time interval.

Chain Force
Initial 1 h 24 h 1 week 2 weeks 3 weeks

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

PC
g 171.5 (8.7) a 131.5 (11.0) b 109.0 (17.8) c 102.2 (18.1) c 99.54 (17.7) c 96.9 (16.8) c

% 100 A 76.8 A 63.7 A 59.9 A 58.35 A 56.8 A

MC
g 193.9 (10.2) a 167.2 (15.0) b 151.2 (12.6) bc 140.7 (15.4) cd 136.69 (12.9) cd 128.8 (13.2) d

% 100 B 86.3 B 78.2 B 72.7 B 70.65 B 66.6 AB

SSC
g 176.8 (10.3) a 151.1 (10.3) b 139.3 (10.9) bc 134.0 (17.4) c 127.46 (16.5) c 124.8 (15.9) c

% 100 A 85.7 B 78.9 B 75.7 B 72.05 B 70.7 B

PC: Plastic chain. MC: Memory chain. SSC: Super slick chain. Same lowercase letter (a, b, c, d) in the same row represents similarity 
(p>0.05; Tukey’s post-hoc test) among the mean force at the different time periods in each group. The % force was used for comparison. 
Same uppercase letter (A, B, C, D) in the same column represents similarity (p>0.05; Tukey’s post-hoc test) among the mean force 
among the groups at each time period. In the initial period, the force in grams was used for comparison and at the other periods the 
force in percent value was used.
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force measured after 1 h. The decrease continued to be 
significant at the 24-h period for the PC group. After 
24 h, force decrease was not statistically significant for 
all groups. MC and SSC groups had a similar behavior 
at all time intervals. The tensile force for the PC group 
was the lowest at all time intervals. 

DISCUSSION

The results of this study showed that different 
elastomeric chains might present different behaviors of 
force decrease during a period of 3 weeks. The obtained  
results are in accordance with previous reports showing 
that the greatest loss of force in elastomeric chains occurs 
in the first hour, although the magnitude of the loss 
may differ. The force decrease in the first hour ranged 
around 14-23% from the original force (around 180 
g), depending on the chain tested. Bousquet et al. (9) 
observed force decay of 31-40% during in vivo evaluation 
and using initial force of 200 g. In a laboratory study, 
Kim et al. (17) used initial force around 350 g and found 
a decrease of 28-33%. Lu et al. (11) tested different 
initial forces (370 g, 302 g and 240 g) and observed 
a force decrease of 27%, 24% and 13%, respectively. 
Different findings in the studies could be attributed to 
several methodological differences, such as elastomeric 
chain type tested, environment conditions, and methods 
of tensile testing. 

The concept of optimal force is based on the 
hypothesis that a force of a certain magnitude and 
temporal characteristics would be capable of producing 
maximum rate of tooth movement without tissue damage 
and with minimum patient discomfort. There is no 
scientific evidence for the optimum force magnitude 
for orthodontic tooth movement (22). Previous studies 
have recommended forces between 100 and 300 g for 
retracting the canine (21,23,24). A mean force of 180 g 
was considered in the present study, as it is expected to 
avoid hyalinization and root resorption, so the remaining 
force should be enough to stimulate periodontal bone 
resorption leading to tooth movement.

The time factor had greater impact (51.75%) on 
the total force variation observed in the groups than 
the material factor (12.14%). However, the types of 
elastomeric chains tested influenced significantly the 
force decrease behavior. Memory Chain and Super Slick 
chain maintained significantly higher levels of force 
than the plastic chain during all time intervals along the 
tested period. One hour after the initial stretch, around 

23% of the original force decayed in the PC group, while 
in the MC and SSC groups only 14% of the force was 
dissipated. At the end of the 3-week period, the original 
forces remaining were 57%, 67% and 71% for PC, MC 
and SSC groups, respectively.

Baty et al. (15) demonstrated that force delivery 
behavior of elastomeric chains varies according to 
the manufacturer. In the present study, chains from 
the same manufacturer, PC and MC, had different 
behaviors, while MC and SSC, which are from 
different manufacturers, American Orthodontics and 
TP Orthodontics respectively, had similar behaviors 
during the 3 weeks of evaluation. This finding could be 
attributed to the different types of elastomeric chains. PC 
is considered a conventional ligature, otherwise MC and 
SSC are enhanced chains. These kinds of elastomeric 
chains with different properties were introduced later in 
an attempt to reduce force decrease. Manufacturers claim 
for the existence of continuous elastic memory (in MC) 
and decreased friction (in SSC), which could improve 
the behavior of these elastomeric chains. Both types of 
chains, MC and SSC, had the remaining force after 3 
weeks considered clinically adequate (about 125 g) for 
canine retraction, while, in the PC group, the remaining 
force was lower than 100 g.

Despite the advantages of an in situ study, not all 
the variables could be controlled. Further in situ studies 
should evaluate the influence of the number of rings 
and the size of the elastomeric chains, as well as the 
permanent elongation on the force degradation.

In conclusion, in situ stretching of elastomeric 
chain induced force decrease during the 3-week study 
period after an initial 180 g activation. In general, the 
greatest force decrease occurred within the first hour. 
The remaining force and its percentage at each interval in 
enhanced chains, Memory Chain and Super Slick Chain, 
were greater than in the conventional one, plastic chain. 
After 3 weeks, only the enhanced chains maintained the 
force over 100 g. 

RESUMO

A hipótese testada foi que a exposição dos elásticos em cadeia ao 
meio bucal altera sua força de tensão. Portanto, o objetivo deste 
estudo foi avaliar o comportamento, in situ, de diferentes cadeias 
elastoméricas quando tensionadas durante 3 semanas. Três tipos 
de elásticos em cadeia Plastic Chain (PC), Memory Chain (MC) e 
Super Slick Chain (SSC) foram inseridos aleatoriamente em 3 dos 
quadrantes de 13 pacientes com distância fixa de 16 mm e força 
inicial de 180 g. Foi realizado ensaio de tração em uma máquina 
de ensaio universal EMIC nos seguintes intervalos: inicial, 1 h, 
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24 h, 1 semana, 2 semanas e 3 semanas. O teste ANOVA a dois 
critérios foi aplicado para verificar a influência do material e do 
tempo na degradação da força. Subsequentemente, foi utilizado o 
teste ANOVA a um critério e pós-teste de Tukey para identificar 
diferenças estatísticas (p<0,05), intra-grupo e inter-grupo, na 
força remanescente (g e %). Tanto o material quanto o tempo 
tiveram efeito significativo na degradação da força. Todos os 
grupos mostraram diminuição significativa da força depois de 1 
h sob tensão (23% para o PC e 14% para o MC e SSC). Ao final 
do período de 3 semanas, a força remanescente foi de 57% (96 g), 
67% (129 g) e 71% (125 g) para o PC, MC e SSC, respectivamente. 
A exposição dos elásticos em cadeia ao meio bucal alterou a 
força de tensão. No geral, a maior diminuição da força ocorreu 
na primeira hora. A força remanescente testada em cada intervalo 
foi maior para os elásticos reforçados (MC e SSC) do que para o 
elástico convencional (PC). Após 3 semanas, apenas os elásticos 
reforçados mantiveram a força acima de 100 g. 
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