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INTRODUCTION 

Elastics and Elastomers are routinely used as an active 
component of orthodontic therapy. Elastics have been a 
valuable adjunct of any orthodontic treatment for many 
years. There use, combined with good patient 
cooperation, provides the clinician with the ability to 
correct both Antero-posterior and vertical discrepancies. 
Elastomer is a general term that encompasses materials 
that, after substantial deformation, rapidly returns to 
their original dimensions.  

The orthodontist must be able to choose an elastic band 
with force-extension characteristics that are most suita-
ble for the particular tooth movement required. Force 
decay characteristics and force relaxation patterns of 
elastomeric materials are influenced by various factors 
such as manufacturing techniques, environmental condi-
tions and chemical composition as well as morphology 
and dimensions of the elastomers. 

From a clinicians point of view it would be mandatory 
not only to know the clinical aspect of these elastics but 
also their basic properties, in order to extract the most 
out of these polymers. Light continuous forces provides 
rapid tooth movement with least patient discomfort and 
minimal tooth mobility during orthodontic treatment 
[1]. Chain elastics are one of the active components of 
orthodontics which provides such type of forces and 
augments the arch-wire forces. Orthodontic elastics 
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used in mouth, along with the application of force have 
a disadvantage that they undergo force degradation as 
soon as first day of use [2].   

Numerous studies have been carried out to investigate 
the effects of pH and temperature on force degradation 
and showed a significant decrease in force of elastics. 
Stretching of elastics are thought to be the primary 
cause of force degradation of orthodontic elastics [3,4] 

but there is evidence of increased force degradation of 
elastics when exposed to various types of substances 
like artificial saliva [5],  phosphoric acid and citric acid 
[6]. Orthodontic elastics have received mixed reactions 
of practitioners as reported by the vendors of orthodon-
tic supplies. 

The present study is designed to compare the force dete-
rioration of different orthodontic elastomeric materials 
in artificial salivary medium. 

Aims & Objectives: To analyze and compare the force 
deterioration of different orthodontic elastomeric mate-
rials such as elastomeric chain, elastomeric thread and 
modules in artificial saliva.  

MATERIALS AND METHODS 

Place of research: This in-vitro study was carried out 
in the Department of Orthodontics and Dentofacial Or-
thopedics, YCMM & RDF’s Dental College, Ahmedna-
gar. 

Inclusion criteria: This study includes different ortho-
dontic elastomeric materials like elastomeric chains, 
elastomeric threads and modules. As the composition of 
the above mentioned materials was same, we opted for 
Ortho Organizers, USA.  
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Sample size: 150 pieces of elastomers from the compa-
ny (Ortho Organizers, USA) was studied.   

Table 1. Composition of artificial saliva* 

*pH of artificial saliva was adjusted to 6.75 with KOH. 

The testing of these materials was in various intervals of 
time i.e. 1st day, 7th day, 14th day, 21st day, 28th day. 12 
acrylic plates, each of size 25cm x 6cm were made. In 
which 4 plates were for elastomeric chains, 4 were for 
elastomeric thread, and 4 were for modules. Each acryl-
ic plate consisted of 10 pairs of nails which kept the 
elastomers stretched. The stretch of these elastomers 
was around double its length i.e. 100% extension [7], 
the holes were drilled accordingly in the acrylic plates. 
The initial length for elastomeric chains was 15 mm, the 
initial length for elastomeric thread was 20 mm, and the 
initial length of the modules was 2 mm. So, the holes 
were drilled around 30 mm distance for elastomeric 
chains, 40 mm distance for elastomeric thread, and 4 
mm distance for the modules. The elastomers to be test-
ed were stretched over the appropriate steps and left for 
different time intervals up to 4 weeks. All the elasto-
mers were kept stretched on the nails which were 
mounted on the acrylic plates at the appropriate dis-
tance. In order to simulate oral condition, the specimens 
were stored in an incubator at body temperature 
(37±10C) immersed in artificial saliva. The specimens 
were divided into five categories and were tested at 1st 
day, 7th day, 14th day, 21st day, 28th day. Mechanical 
tests were performed by means of force gauge which is 
a portable electronic scale. The force measured in this 
experiment was in grams. 

Principle of the force gauge: It consists of a locking 
system where in the elastomeric thread is kept at a dis-
tance of 40mm, elastomeric chain at 30mm and modules 
at 4mm. As there is a spring incorporated between the 
pulley and the acrylic plate it negates the undue pressure 
and undue frictional forces on the elastomers. 

Statistical analysis: Two way analysis of variance 
ANOVA was used to analyze the difference among 
mean force decay in the three materials and time inter-
val (days) and materials. One way analysis of variance 
(ANOVA) was used to compare the difference among 
mean force decay with the material. Statistically signifi-
cant value taken was (p<0.05).  

RESULTS   

Force measurements for each of the fifty samples of the 
three test materials i.e. chains, threads, and modules 
were obtained at specified intervals during the 28-day 
test period. These measurements were used to determine 
the force deterioration of each test material. The control 
group was taken as 1st day and the intervals of the force 

measurement i.e. 7th, 14th, 21st, 28th day were compared 
to the control group. For the standard group the force 
measurement were done at 0, 5mins, 10mins and then 
after the mean value was taken. The same procedure 
was done for each of the three materials and then the 
statistical analysis was done. 

In the first descriptive statistics the comparison of force 
deterioration was done with the days or the time inter-
val. It suggested that on 7th day there was 55.48% of the 
force decay, on the 14th day there was 56.92% of force 
decay, on 21st day there was force decay of 67.54% and 
on the 28th day there was force decay of 71.59%. This 
measurement showed that initially there was higher de-
cay of force which gradually slowed down but increased 
at 28th day.  

 

 

Fig 1. Percentage of force decay with respect to days 

In the second descriptive statistics the comparison of 
force deterioration was done with the materials. It sug-
gested that there was deterioration of the force in all the 
three materials. 

  

Fig 2. Percentage of force decay with respect to ma-
terials and days 

The analysis showed that there was higher decay of the 
force on the 7th day in all the three materials. In the elas-
tomeric chains the decay of force was 67.71%, 69.43%, 
72.57%, 73.71% on the 7, 14, 21, 28 days respectively. 
In the elastomeric threads the decay of force was 
51.76%, 53.99%, 58.79%, 70.93% on the 7, 14, 21, 28 
days respectively. In the modules the force decay was 
33.71%, 41.14%, 70.86%, 70.86% 0n the 7, 14, 21, 28 
days respectively.  

In the analysis of force decay with material it suggested 
that force decay in the chains was 56.69%, in the 
threads it was 47.09%, and in the modules it was 
43.31%. This suggested that the force decay in chains 
was more, then the decay of force was seen in threads 
and then in modules.  
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Component 
Quantity 
Grams/L 

Methyl-p-hydroxybenzoate 2 

Sodium carboxymethyl cellulose 10 

KCl 0.625 

MgCl2.6H2O 0.059 

CaCl2.2H2O 0.166 

K2HPO4 0.804 

KH2PO4 0.326 
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In one-way (ANOVA) comparison between the force 
deterioration with time interval, there was more decay 
of force at the 7th day, then there was less decay of force 
at the end of 14th day, and then there was less force de-
cay at end of 21st and 28th day which almost remained 
constant at the 21st and 28th day. Turkey’s pair wise 
comparison was also done which suggested that there 
was difference in the force deterioration for the different 
interval period of time which was significant.  

In all the three elastomeric materials initially there was 
higher force decay at the seventh day. Comparing all the 
three elastomeric materials, there was highest force de-
cay seen in the chains, after that the force decay was 
seen in threads, and then in the modules. But there was 
a slight difference between threads and modules regard-
ing the deterioration of the force. In which threads had 
slight more force deterioration compared to the mod-
ules. When the materials were evaluated individually 
comparing the factor time, the force was statistically 
higher in the initial period (day 0) than that of all the 
other experimental periods. 

In general, the greater degradation of force occurred 
during the seventh day. From that on, the level of force 
continued to decrease, but slowly and gradually until the 
21st day and 28th day. 

DISCUSSION 

The resiliency of elastic products has been exploited to 
form force delivery systems in orthodontics. However, 
as with all objects living and non-living, elastics do suc-
cumb to the laws of nature. Their force levels decrease 
with respect to the initial forces exerted. This property is 
known as the force decay [8]. The disadvantages of 
these materials are force decay or force relaxation due 
to permanent deformation of polymeric chains, water 
sorption, color changes and tooth surface decalcification 
due to bacterial accumulation [9,10]. 

There have been a number of studies concerning dental 
elastomers and the degradation of strength with time, 
varying results have been reported. This inconsistency is 
the result of many different kinds of materials and ex-
perimental methods, making it difficult to compare the 
different products. Commonly, orthodontic consulta-
tions occur every 3 or 4 weeks, when the replacement of 
the elastomers happens. Thus, most studies evaluated 
the behavior of these materials for a period of 28 days 
[11]. 

In this experiment, products of the same brand i.e. 
(Ortho Organizers, USA) were used and their physical 
properties were examined with standardized environ-
ments. The study consisted total of 150 elastics. 50 sam-
ples were of chains, 50 samples were of thread, 50 sam-
ples were of module. All the samples were kept 
stretched at doubled its length in the artificial saliva, at 
different intervals of time. The results demonstrated that 
the highest level of force degradation occurred during 
the seventh day of the experiment. 

Experiments carried out in dry and simulated oral envi-
ronments of 100% humid conditions reported no signifi-
cant differences for the different conditions. Greater 
force decay was observed in wet conditions than in dry 
conditions for the same temperature. So the present 
study was done in a simulated oral environment, using 
artificial saliva and incubated at 37±10 Celsius [8]. 

The results obtained in this study showed that maximum 
force required to stretch was for chains, then for threads, 
and then it was for modules. Two-way ANOVA test 
suggested that the values obtained in all the three elasto-
mers were highly significant. There was more deteriora-
tion of the force on the seventh day which gradually 
decreased on the 14th day and remained almost constant 
on the 21st and 28th day. One-way ANOVA suggested 
that there was less force deterioration in the modules as 
compared to chains and threads. Turkey’s pair wise 
comparison was also done which suggested that there 
was difference in the force deterioration for the different 
time interval which was significant. 

The clinical implication of this finding is that, for mod-
ules with little variability, the amount of force produced 
by stretching an individual module at known distance 
could be recorded and used in subsequent similar clini-
cal situations. For modules with high variability, how-
ever, every individual placement would require check-
ing with a force gauge in order to quantify the force 
produced [12]. 

It would be reasonable for the manufacturers to expect 
clinicians to use their judgment in prescribing the use of 
particular elastics for their patients according to force 
requirements to be applied at specific intraoral elastic 
stretch distances. Nevertheless, the clinician has to rely 
on reasonable constancy of working properties for any 
elastic type; this requires quality control in manufactur-
ing [3]. Clinical treatment procedures should be taken 
into consideration the rapid force decay of elastic mate-
rials that occur during the first day and the residual forc-
es remaining[13]. 

Clinical use of elastics would ideally start with a meas-
urement of the attachment points and selection of the 
elastic that would require stretching to three time’s in-
ternal diameter to extend over that distance. It would be 
advisable to assess a sample of the elastics purchased to 
determine a range of forces because a product may not 
perform precisely as specified by the manufacturer. 
Clinically, the decision will have to be made about 
whether to start with a higher force than deemed neces-
sary or end up with a lower force than desired after a 
very short time in the mouth [14]. 

Limitations: Although the findings from this study 
might be a useful guide to the anticipated clinical be-
havior of the elastomers tested, caution must always be 
exercised when extrapolating in vitro findings to the 
clinical environment. A logical extension of this study 
would be to test these elastomers in vivo. This would 
allow comparison of the force deterioration of these 
elastomers in an oral situation to determine whether the 
observed in vitro differences are clinically relevant. 

CONCLUSION 

Based on the results of this study, it can be concluded 
that: There was a force deterioration over time in all 
materials, being greatest on the seventh day of the ex-
periment, especially more in the chains; From the third 
to the fourth week there was no noticeable force degra-
dation in either group; By the end of the experiment, 
modules showed less deterioration of the force com-
pared to the chains and threads. 
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