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The purpose of this in vitro study was to evaluate the force decrease of
different elastomeric chains after different times: initial, 10 minutes, 1 day,
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28 days and after mechanical brushing. Twenty orthodontic elastomeric
chains segments were utilized for each commercial brand. Initially, the
elastomeric chain of 15mm long were immediate stretched up to 20 mm in an
Instron and the force was measured in gf. After all specimens were placed
stretched on rectangular acrylic jigs with distance of 20 mm, immersed in
deionized water at 37°C for 10 minutes and the force (gf) was measured again.
Five test measurements of remaining force were made at the following time
intervals: initial, 10 minutes, 1 day, 28 days and mechanical brushing. After
28 days, the acrylic plates with the specimens were adapted in the mechanical
brushing machines (MSCT 3) and the elastomeric chains were submitted to
mechanical brushing and the force (gf) measure again. The force (gf) was
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submitted to mixed-model ANOVA and Sidak post-hoc test (o=0.05). A Key Words: orthodontics;
statistically significant reduction in the force was found for all orthodontic ligation; tooth movement
elastomeric chain types after 1 day, 28 days and mechanical brushing techniques

(p<0.05). Morelli and 3M Unitek elastomeric chains showed significantly
higher force than Abzil and GAC (p<0.05) after 1 day, 28 days and
mechanical brushing. In conclusion, the force delivered by all elastomeric
chains decayed rapidly over time. Morelli and 3M Unitek elastomeric chains
consistently had a significantly greater force after mechanic brushing, while
GAC the lowest.

Introduction

The elastomeric chains are used extensively in orthodontics for intra-arch teeth movement. They
are practical, low cost, and comfortable for patients, effective in diastemas closing, correcting rotations,
shifting the midline, achieving general space closure and removal requires little chair time for the dentist
(1,2). Their using is larger, due to these factors and high degree of professional acceptance.

However, the elastomeric chains deteriorate rapidly in the oral environment and do not produced
continuous force for teeth movement for a long period of time. The reduction of force occurs at 1 day,
showing loss of 15.8% to 59.5% of the initial force. Afterwards, changes occur with decline in the force
decay of elastomeric chains having 9.05% to 74.4% of their original force until four weeks (2-12). A
rapid loss of force in an elastomeric chain causes inefficient tooth movement, which will result in an
increased number of consultations for reactivate the appliance (12). Previous studies showed that the
force degradation of different orthodontic elastics may be influenced by many factors, such as time,
mastication, pre-stretch, exposure to heat, color (12), temperatures (13), saliva (7), different pH (14),
and alcohol concentrations in mouthwashes (2,9).

For the other hand, beyond of mouthwashes the using of mechanical brushing during
orthodontics treatment is largely recommended with goal for the maintenance of oral hygiene, reduction
in the frequency of caries lesions (15), and dental biofilm (16). Nevertheless, little is known about the
mechanical brushing effect on the force degradation of elastomeric chains.

Therefore, the aim of this in vitro study was to evaluate the force decrease of five elastomeric
chains brands evaluated initial, 10 minutes, 1 day, and 28 days and submitted to simulated mechanical
brushing. Two hypotheses were tested: 1) The storages periods and mechanical brushing will not affect
the force decrease of all elastomeric chains brands; 2) No significant difference in force will be observed
among all elastomeric chain brands.
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Material and Methods

Orthodontic elastomeric chains (Dentsply GAC; Tokyo, Japan, 3M Unitek; Monrovia, CA,
USA, G & H Orthodontics; Franklin, IN, USA, Abzil; 3M do Brazil, Sao Jose do Rio Preto, SP, Brazil;
and, Morelli; Sorocaba, SP, Brazil) with medium conformation, gray color and within the expiry date
were used.

The elastomeric chains are manufactured in a single continuous chain, they were cut to a
standard length. The orthodontic elastomeric chains (GAC; G & H Orthodontics; Abzil and Morelli)
were cut into 15 mm long segments (five links). The 3M Unitek was cut into 15 mm long segments (six
links) because the links are smaller than the links of other elastomeric chains. Twenty orthodontic
elastomeric chains segments were utilizing for each commercial brands, totalized 100 segments.

Initially, the orthodontic elastomeric chain segments were measured using a digital caliper
(Mitutoyo Corporation, Tokyo, Japan) and submitted to distention of 50% of the original length.
Afterwards, the orthodontic elastomeric chains segments were placed in a universal mechanical testing
machine (Model 4411; Instron, Canton, USA) and submitted to distention in 20 mm at a crosshead speed
of 5.0 mm/minute (2,17) and the force was measured in gf.

Afterwards, all samples were placed stretched on rectangular acrylic jigs (Acrilinjet, S&o Paulo,
SP, Brazil). One hundred rectangular acrylic jigs (60 mm long x 30 mm wide x 3 mm thick) were
fabricated. One mark was made in each side, placed equidistantly 20 mm between them. The acrylic jigs
were perforated on the mark with spherical diamond bur (KG Sorensen, Barueri, Brazil). The stainless
steels pins (0.9 mm diameter x 10 mm height) were symmetrically aligned in rows and adapted in each
orifice with acrylic resin (VIPI, Pirassununga, SP, Brazil). The two most lateral stainless steels pins
were spaced 20 mm from each other (2). The acrylic jigs allowed the orthodontic elastomeric chains
segments stretched to be completely immersed in deionized water at 37°C for 10 minutes and the force
(of) was measured again in a universal testing machine (Instron) as previously described. Five test
measurements of remaining force were made at the following time intervals: initial, 10 minutes, 1 day,
28 days and mechanical brushing.

Afterwards the 28 days measurements, the acrylic jigs with specimens were submitted to a
simulated mechanical brushing technique using a mechanical device (MSCT 3; Marnucci, Sao Carlos,
SP, Brazil) in which every specimen was individually brushed. The mechanical brushing procedure was
carried out with soft nylon bristles (Oral B — Classic; Protector, Rio de Janeiro, RJ, Brazil) fixed to the
device with cyanoacrylate glue (Zapit; Dental Ventures, Corona, USA). Care was taken to ensure that
the bristles were perpendicular to the surface of each specimen and touched the surface evenly. A slurry
of toothpaste (Colgate Total 12 Clean Mint; Colgate-Palmolive, Sao Bernardo do Campo, SP, Brazil)
and deionized water in a 50:50 (w/w) was used. The volume of slurry needed to maintain a constant
supply of abrasive between brush and the specimen surfaces were provided by 37.5 grams of dentifrice
and deionized water (75 grams total). The specimens were brushed for 840 times at 1.5 Hz using a brush
head force of 350 grams (18). After the simulated brushing procedure, the specimens were rinsed with
air/water spray for 30 s and stored in 100% humidity until force (gf) values were obtained using the
testing machine (Instron). The force (gf) was submitted to mixed-model ANOVA and Sidak post hoc
test (o=0.05).

Results

The force mean values are shown in Table 1. Significant differences between the orthodontic
elastomeric chains (p<0.00001) and time (p<0.00001) were detected. The interaction between
orthodontic elastomeric chains and time (p<0.00001) factors were significant.
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Table 1. Mean force values (gf) and standard deviation for orthodontic elastomeric chains after the time intervals and mechanical brushing.

Orthodontic Period
Elastomeric .. . Mechanical
Chain Initial 10 minutes 1 day 28 days brushing
Morelli 265.0 £ 10.6 aA 264.8 £12.2 aA 164.2 +7.8 aB 140.2 £6.1aC 109.7 £6.2 aD
3M Unitek 263.1 £10aA 263.0 £9.2 aA 162.4 +7.8 aB 139.5+4.3aC 110.1 £6.7 aD
G&H 260.2 +10.1 aA 259.9 £ 8 aA 145.8 +5.8 bB 120.5+6 bC 94.1 +4.9bD
Abzil 2475+ 75bA 247.4 + 48 bA 146.1 £5.9 bB 121.3+4.9bC 95.3+5.3bD
GAC 206.1 £ 11 cA 2059+9CcA 130.2+5.9¢cB 1142 +6.6 cC 83.1+5.3¢cD

Means followed by different capital letters in the same row and small letters in the column are significantly different at p < 0.05 (Sidak post hoc test).

When the groups were evaluated individually over time (Table 1 and Figure 1), a statistically
significant reduction in the force was found for all orthodontic elastomeric chain types after 1 day, 28
days and mechanical brushing in relation to initial and 10 minutes condition (p<0.05). The force after 1
day was significantly higher than 28 days and after mechanical brushing for all orthodontic elastomeric
chain (p<0.05). The lowest values of strength were obtained after mechanical brushing. No statistically
difference was observed between initial and after 10 minutes for all orthodontic elastomeric chain
(p>0.05). In comparation with the materials tested at initial, 10 minutes, 1 day, 28 days and after
mechanical brushing led to a reduction of force of 0.10%, 38.10%, 47.10% and 58.61%, respectively,
for the Morelli, 0.03%, 38.27%, 46.98% and 58.16%, respectively, for the 3M Unitek, 0.12%, 43.97%,
53.69% and 63.84%, respectively, for the % G & H Orthodontics, 0.04%, 40.97%, 50.99% and 61.49%,
respectively, for the Abzil, and 0.09%, 36.83%, 44.59% and 59.68%, respectively, for the GAC.
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Figure 1. Elastomeric chains Morelli, 3M Unitek, Orthometric, Abzil and GAC
behavior in the 28 days period and after mechanical brushing.

With respect to the groups at the same time interval, statistically significant differences were
found between Morelli, 3M Unitek and G & H Orthodontics elastomeric chains in relation to Abzil and
GAC (p<0.05) at the time intervals of initial and 10 minutes (Table 1). No statistically difference was
observed among Morelli, 3M Unitek and G & H Orthodontics (p>0.05). For the period of 1 day, 28 days
and mechanical brushing, Morelli and 3M Unitek had significantly higher force than G & H
Orthodontics, Abzil and GAC (p<0.05). GAC showed the lowest force in all periods evaluated (p<0.05).
No statistically difference was observed between Morelli and 3M Unitek, and G & H Orthodontics and
Abzil (p>0.05).
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Discussion

Elastomeric chains are important and commonly used in orthodontics to facilitate tooth
biomechanics mainly due to strength transmission to the teeth. However, these materials are not ideal,
because during the activation period of the treatment the force generated diminishes gradually (6,13).
Several studies have tried to establish the mechanical and environmental factors, such as humid
conditions, exposure to the heat, pre-stretching, incorporation of dyes, and disinfection and sterilization
that can contribute to the force degradation of orthodontic elastics (9,13,14).

The methods used in this laboratory study try to simulate an intra-arch use of orthodontic
elastomeric chains after immersion with deionized water at a 37°C since a basic environment preserves
the force of the orthodontic elastomers compared to acidity of solution and high temperature that could
potentiality reduce the force (2,11,19). Previous study showed that the water bath testing is a most
realistic environment used for large-scale test of orthodontic elastomers than in air (20). However, they
may only be adequate for short-term test (20). On the other hand, the dynamic testing estimates distance
changes and causes a larger decrease in force early in testing of the elastics (21).

Commonly, the elastomeric chain is evaluated over period of 28 days, because this period is
used frequently by orthodontists to exchange synthetic elastics (2,9,20). In this study, the force was
measured in the initial, 10 minutes, 1 day, 28 days and mechanical brushing. The mechanical brushing
was used to simulate the procedure done daily by patients to brush the teeth. It would be interesting to
evaluate how the mechanical brushing can affect orthodontic elastomeric chains after 28 days, period
used by orthodontists to exchange elastics. The choice of 840 cycles was not arbitrary because it reflects
the time used by the patient to brush the teeth per day for 28 days. Previous study reported that the
average person brushes between 25-30 cycles per day on a given tooth surface. This equates to 9,125 to
10,950 cycles per year. Thus, 840 cycles were used in this study to simulate 28 days of brushing (18).

The first hypothesis of this study, which stated that the storages periods and mechanical brushing
will not affect the force decrease of all elastomeric chains, was rejected. The results showed a significant
decrease in the amount of force generated after 1 day, 28 days and mechanical brushing in relation to
the initial period and 10 minutes. The lowest values of strength were obtained after mechanical brushing.
The biggest drop of the force unleashed by all orthodontic elastomeric chain occurred in the first hour
and after mechanical brushing in relation to the initial period, with a significant difference. When
compared to the initial period, the force for elastomeric chain Morelli, 3M Unitek, G & H Orthodontics,
Abzil and GAC decreased by roughly 38.10%, 38.27%, 43.97%, 40.97% and 36.83% after storage for
1 day; and, 47.10%, 46.98%, 53.69%, 50.99% and 44.59% after 28 days, respectively. However, after
mechanical brushing greater reductions in the force of 58.61%, 58.16%, 63.84%, 61.49% and 59.68%
for Morelli, 3M Unitek, G & H Orthodontics, Abzil and GAC were observed in relation to the initial
period, respectively. The results of the present study are in agreement with those of previous studies,
which showed loss of 15.8% to 59.5% of the initial force on the first day of use. These values continued
to decrease between 35% to 90.95%, after approximately 4 weeks, with the elastic chains having
approximately 9.05% to 65% of their original force (2-12). Pithon et al. observed the greatest relaxation
and loss of force of the elastomeric chain with 15.8% to 35.9% within 24 hours and 25.67% to 47% after
28 days (12). Previous studies showed that the greatest loss of force in elastomeric chains occurred after
24 hours of 46% to 49% and the force continue to decrease of 64% to 71.61% after 28 days (10). Other
study showed that elastomeric chains exhibited a high percentage of force loss 42.18% to 53.38% during
the first 24 hours, but after the force decay continued progressively 66.30% to 86.48% until 28 days (5).
Another study showed that the force decay over time with 48.2% after 1 day and 59.7% after 28 days in
relation to initial period in water (9). In this same line, Losito et al. showed that elastomeric chain
decreased significantly in the amount of force generated after one day, around 53.9%. These values
continued to decrease, reaching 71.42% after 28 days (2). The reduced elasticity in association with
nearly constant forces suggests that the elastomeric chains begin to become brittle and lose elasticity
after a short time (6). The force degradation is significant during orthodontic treatment, and it may
depend on the magnitude of the force and the precision desired by the clinician (21). However, it does
not exist consensus in the literature about this value but have been used 10% of difference is a measure
that could be clinically significant for elastomeric chains (22). According to Kersey et al. 10% is
probably reasonable number and should be kept in mind when discussing the results above and relating
them to the clinical setting, but the force was measured only until 24 hours (21). In this study, after
storage for 28 days and mechanical brushing, the reduction was approximately 58% to 63%.
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In relation to the factor of elastomeric chain, statistically significant differences were found to
Morelli, 3M Unitek and G & H Orthodontics elastomeric chains in relation to Abzil and GAC, initial e
after 10 minutes. For the period of 1 day, 28 days and mechanical brushing, Morelli and 3M Unitek had
significantly higher force than G & H Orthodontics, Abzil and GAC. Then, the results indicate that the
second hypothesis was not accept. The performance of elastomeric chains Morelli and 3M Unitek after
1 day, 28 days and mechanical brushing were higher than G & H Orthodontics, Abzil and GAC at all
times. GAC showed the lowest force in all periods evaluated. One possible explanation for this
difference is that some polymeric chain was less susceptible to water sorption and the absorption of
liquids causes alterations in the elastomeric chains (23). Furthermore, the reduced elasticity in
association with nearly constant forces during failure suggests that the elastomeric material begins to
become brittle and lose elasticity after only a short time (6). In addition, manufacturing process, the
composition of elastics, brands of elastomeric chains, variability in diameter and distance between links
may have contributed to the force differences between different brands and force decay when in contact
with distilled water, saliva and chemicals (10,21,24). Besides, these elastic chains may not respond in
the same manner or with same force degradation when compared to other elastic chains brands.

On the other hand, some factors made it difficult to quantify the force needed to promote the
dental movements required to close gaps. According to previous study, better clinical results for space
closure in orthodontics was with forces ranging between 150 g to 200 g (25). Thus, considering the force
values found in the present study on the first day of activation and at the end of mechanical brushing,
the elastics lost their effectiveness to close spaces time. Thus, the results of this study confirm the need
to replace the elastomeric chains used in orthodontic treatment every four weeks with mechanical
brushing in order to obtain a better performance. The alternative to the elastomeric chain using might
be the NiTi spring. The NiTi spring is appropriate for exercising the characteristic of continuous force
that produces rapid tooth movement with low loss of force (11).

In summary, the results showed that different intervals of time and the mechanical brushing
influenced the force degradation for all elastomeric chains. The force delivered by all elastomeric chains
decayed significantly from the first day after activation until after mechanical brushing. Morelli and 3M
Unitek elastomeric chains consistently had a significantly greater force after mechanic brushing, while
GAC the lowest. Although the study had showed that time and mechanical brushing was significant on
the force degradation of elastomeric chains, direct generalization of the results e o impact in clinical
situations should be taken with caution. Future studies should be carried out to investigate other time
intervals after immersion in water, disinfectant solutions with different pH associated to mechanical
brushing, the influence of the number of rings and size of the elastomeric chains as well as the
temperature variation of the environment and the use of NiTi spring.
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Resumo

O objetivo deste estudo in vitro foi avaliar a reducéo da forca de diferentes cadeias elastoméricas
apos diferentes tempos: inicial, 10 minutos, 1 dia, 28 dias e ap0s escova¢ao mecanica. Vinte segmentos
de cadeias elastoméricas ortoddnticas foram utilizadas para cada marca comercial. Inicialmente, a cadeia
elastomérica de 15 mm de comprimento foi esticada imediatamente até 20 mm na Instron e a forca foi
medida em (gf). Apoés, todas as amostras foram adaptadas esticadas em placas retangulares de acrilico
na distancia de 20 mm, imersas em agua deionizada a 37° C por 10 minutos e a forg¢a (gf) foi medida
novamente. Cinco medidas de forca foram feitas nos seguintes intervalos de tempo: inicial, 10 minutos,
1 dia, 28 dias e ap6s a escovacdo mecanica. Apos 28 dias, as placas de acrilico com as amostras foram
adaptadas na maquina de escovagdo (MSCT 3) e as cadeias elastoméricas foram submetidas a escovagdo
mecanica e a medida de for¢a (gf) novamente. Os dados da forga (gf) foram submetidos a ANOVA
modelo misto e teste post-hoc de Sidak (o = 0,05). Uma redugdo estatisticamente significativa na forca
foi encontrada para todos os tipos de cadeia elastomérica ortodéntica apds 1 dia, 28 dias e escovagdo
mecanica (p<0,05). As cadeias elastoméricas Morelli e 3M Unitek apresentaram forca
significativamente superior em relacdo a Abzil e GAC (p<0,05) ap6s 1 dia, 28 dias e escovacgdo
mecénica. Em concluso, a forga distribuida por todas as cadeias elastoméricas decaiu rapidamente com
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0 tempo. As cadeias elastoméricas Morelli e 3M Unitek consistentemente tiveram uma forca
significativamente maior ap0s a escovacdo mecanica, enquanto GAC a mais baixa.
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