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ABSTRACT

Background: This study aims to investigate the effect of prestretching on the force degradation of elastomeric chains.

Materials and methods: 500 samples from Ormco company both generation I and generation II elastics were divided into 
control and experimental groups for prestretching including 1 time 50% prestretching, 3 times 50% prestretching, 1 time 75% 
prestretching and 3 times 75% prestretching groups. Experimental groups are prestretched in one or three stretchings in quick 
sequential manner using dental clamp holder inside boxes made to give an increase of 50% or 75% of the elastics initial length. 
Samples were applied to pins fixed in acrylic plates made with a fixed distance so that all control samples deliver 200 grams 
of force initially. Samples were stored in artificial saliva at 37C in an incubator. Forces were measured at five-time intervals. 
Statistical analysis included one-way analysis of variance ANOVA test, Tukey HSD test, and independent t-test.

Results: Pattern of force degradation was similar in all durations being higher in control group followed by 1 time 50% prestretching, 
3 times 50% prestretching, 1 time 75% prestretching and 3 times 75% prestretching group. There was non-significant difference 
between 1 time 50% prestretching and 3 times 50% prestretching and between 1 time 75% prestretching and 3 times 75% 
prestretching in most of the testing periods.

Conclusion: Generation I elastics showed more force degradation than generation II in all groups and time intervals with more 
force decayed in the sixth week. 75% prestretching groups showed least force loss compared to 50% and control groups. Number 
of times of prestretching is of questionable clinical benefit.
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INTRODUCTION 

Orthodontic elastomeric chains have wide use 
in orthodontic practice due to its versatility and 
different modalities of mechanics. It consists 
of amorphous polymers of polyurethane [1,2]. 
Synthetic elastomeric chains are hygienic, 
inexpensive, easily manipulated, and need no 
patient cooperation. In clinical practice, it is used 
mainly for rotation correction, diastema closure 
and space closure [2]. 

However, it has disadvantages to use, including 
plastic deformation, color changing [3], retention 

of biofilms. In addition, it rapidly undergoes 
stress relaxation and force decay resulting in less 
than optimal force for tooth movement [2,4-6].

Therefore, some authors have reported 
prestretching of elastics before use [2,4-7]. This 
was as an attempt to minimize the abrupt force 
decay especially in the first hours of use [8]. 
Young et al.  [9] reported that prestretching in 
air had significantly increased the remaining 
force in day one by 17% to 25% compared with 
control group. Chang et al. [10] recommended 
100% prestretching instantaneously for clinical 
use. Brooks et al. [11] reported that heating the 
elastomeric modules decreased the force to 30% 
and 20% of the initial force at the first hour and 
one month, respectively. furthermore, when 
prestretching and then heating the elastomeric 
modules, the remaining force of elastics was 
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about 50% and 31% at the first hour and one 
month, respectively. Therefore, it was suggested 
that prestretching the elastomeric modules could 
at least partly decrease the force decay caused 
by heating. Brantley et al. [12] reported that 
prestretching the elastomeric chains in water 
is more effective in decreasing the force decay 
compared to prestretching in air. However, Baty 
et al. [8] reported that prestretching elastomeric 
chains has small benefits and is of no clinical 
significance.

The aim of study was to investigate the effect 
of prestretching on force decay of orthodontic 
elastomeric modules.

MATERIAL AND METHODS

A total of 500 samples were included from 
Ormco generation I and generation II elastomeric 
chains, 250 sample for each. Samples were 
transparent, short filament, and cut into five 
units. Samples for each generation were divided 
into experimental and control groups. The 
experimental groups were further divided into 
four groups: one time 50% prestreching group, 
three times 50% prestreching group, one time 
75% prestreching group, and three times 75% 
prestretching groups. Accordingly, four boxes 
were made precisely with a CNC (computer 
numerical control) machine particularly for the 
purpose of precise amount of prestretching with 
an inner distance to give an increase of 50% 
or 75% of the sample initial length. The inner 
side of each box was made with the measures 
illustrated in Table 1 (an extra 1 mm was added 
for each measure to compensate for the size of 
ball ends of the dental dam clamp holder).

The pre stretching for each sample was made in 
a quick and sequential manner [13] inside the 
CNC boxes using dental clamp holder as showm 
in Figure 1.

Acrylic boards were made for storage of the 
sample as shown in Figure 2. Each board contain 
a group of metal pins circular in cross section 
and 1 mm in diameter. These pins were arranged 

in two parallel lines. Each board include twenty 
pins, the distance between pins in the same line is 
(1 cm), while the distance between parallel pins 
is different for each type of elastomeric modules. 
Each type is stretched separately in a pilot study 
to give 200 gm of force in order to simulate the 
clinical situation of canine retraction [14] and 
the mechanical stress in the oral environment 
and then the fixed distance between the pins is 
decided accordingly for each type. The distances 
between the pins were 18.4 mm and 20.7 mm 
for Ormco generation I and II elastomeric chains, 
respectively.

The samples were held stretched into the boards, 
immersed in artificial saliva, and stored in an 
incubator at 37C during the time of the study. 

Type of elastomeric 
module

Initial length of a five-bond 
sample (mm)

Measure of inner side of CNC box for 50% pre 
stretching (mm)

Measure of inner side of CNC box for 75% pre 
stretching (mm)

Ormco power chain 
generation I

14.85 23.27 26.98

Ormco power chain 
generation II

15.57 24.35 28.24

Table 1: Measures of the inner side of CNC box for each type of elastomeric modules.

 

Figure 1: The pre stretching for each sample was made in a quick 
and sequential manner inside the CNC boxes using dental clamp 
holder.

Figure 2: Elastomeric chains held between the pins of acrylic 
boards and immersed in artificial saliva.
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higher in control group followed by 1 time 
50% prestretching, 3 times 50% prestretching, 
1 time 75% prestretching and lastly 3 times 
75% prestretching group. The differences 
among different groups were statistically highly 
significant as indicated by ANOVA test. 

Additionally, post hoc Tukey HSD test between 
groups of generation I elastics revealed some 
groups showed significant difference and the 
other not with no significant difference between 
1 time 50% prestretching and 3 times 50% 
prestretching in all durations and between 
1 time 75% prestretching and 3 times 75% 
prestretching groups in the first and sixth weeks 
as shown in table 4.

Moreover, post hoc Tukey HSD test between 
groups of generation II elastics revealed some 
groups showed significant difference and the 
other not, but the most important finding was the 
non-significant difference between 1 time 50% 
prestretching and 3 times 50% prestretching in 
the first and sixth weeks and between 1 time 75% 
prestretching and 3 times 75% prestretching in 
the first, third and sixth weeks as shown in 
table 5.
Effect of elastomeric chains' type on the force 
degradation

The mean values and standard deviation of 
the percent of force degradation with the 
comparison between the two types of Ormco 

Forces were measured at five-time intervals: 
initially (not stored in saliva), after 1 day, 1 week, 
3 weeks, and 6 weeks. At each testing period, 
new elastomeric samples were used to avoid 
fatigue of the samples by excessive handling 
[15]. All measurements were made with a 
digital force gauge.  Measurements of force were 
taken by securing one end of the sample to the 
pin and fixing the other end to the digital force. 
For standardization of measurement readings, 
all the samples were stretched to the same 
distance between the pins of the acrylic board 
as were maintained during the testing period. 
All samples were measured and handled with 
the same manner and at the same horizontal 
and vertical distance on the measuring boards. 
Statistical analysis was made using one-way 
analysis of variance ANOVA test, Tukey HSD test, 
and independent t-test.

RESULTS

Effect of prestretching on force decay of elastomeric 
modules

The descriptive statistics and groups' differences 
of the percent of force degradation for the Ormco 
generation I and generation II elastomeric chains 
in different time intervals were presented in 
Tables 2-5 respectively.

The pattern of force degradation for both types 
of elastics was similar in all durations being 

Duration Groups
Descriptive statistics Comparison

Mean S.D. Min. Max. F-test p-value

1 day

I 55.75 2.058 52.5 57.5

43.226 0
II 52.873 1.84 50 55.56
III 51.41 2.973 47.37 55.26
IV 48.133 2.857 44.12 54.05
V 42.315 2.444 39.39 47.22

1 week

I 61.75 2.058 57.5 65

31.308 0
II 58.805 3.055 55.26 64.1
III 56.325 3.821 51.35 61.54
IV 48.914 5.42 41.18 56.76
V 44.909 4.593 40.63 52.78

3 weeks

I 65 2.635 60 67.5

25.422

0

II 62.196 2.299 58.33 66.67

III 62.856 3.48 56.76 67.5

IV 59.131 5.057 55.56 68.42

V 51.594 1.953 48.48 55.56

6 weeks

I 73.75 1.768 70 75

6.692 0
II 71.051 3.391 65.79 74.36
III 70.183 4.079 64.86 75
IV 68.518 4.017 61.76 72.97
V 65.88 4.081 60.61 72.22

Table 2: Descriptive statistics and group difference of the percentage of force decay in Generation I Ormco elastics.
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elastomeric chains were presented in table 6. The 
mean percentages were presented in Figure 3. 
Generation I type showed significantly more force 

degradation than generation II in all groups and 
time intervals as indicated by independent sample 
t-test with more force decayed in the sixth week.

Groups
One day One week 3 weeks 6 weeks

Mean p-value Mean p-value Mean p-value Mean p-value
Difference Difference Difference Difference

I

II 2.877 0.087 2.945 0.468 2.804 0.326 2.699 0.453
III 4.34 0.003 5.425 0.029 2.144 0.592 3.567 0.188
IV 7.617 0 12.836 0 5.869 0.002 5.232 0.017
V 13.435 0 16.841 0 13.406 0 7.87 0

II
III 1.463 0.679 2.48 0.632 -0.66 0.991 0.868 0.982
IV 4.74 0.001 9.891 0 3.065 0.242 2.533 0.516
V 10.558 0 13.896 0 10.602 0 5.171 0.019

III
IV 3.277 0.037 7.411 0.001 3.725 0.1 1.665 0.835
V 9.095 0 11.416 0 11.262 0 4.303 0.072

IV V 5.818 0 4.005 0.178 7.537 0 2.638 0.476
I: Control, II: 1 time 50% prestretching, III: 3 times 50% prestretching, IV: 1 time 75% prestretching, III: 3 times 75% prestretchin

Table 3: Tukey HSD test after ANOVA.

Duration Groups
Descriptive statistics Comparison

Mean S.D. Min. Max. F-test p-value

1 day

I 34 2.687 30 37.5

127.05 0
II 27.521 5.468 17.14 33.33
III 22.892 2.222 18.18 25.71
IV 13.95 2.182 10 17.65
V 5.584 1.612 3.13 6.9

1 week

I 47 3.496 45 55

75.303 0
II 39.941 4.437 34.29 48.72
III 35.899 3.195 30.3 41.67
IV 23.145 4.818 13.33 29.41
V 20.581 4.271 13.33 25.81

3 weeks

I 54.5 1.972 50 57.5

35.651 0
II 49.407 3.551 43.24 55.56
III 43.294 5.042 34.29 48.65
IV 35.002 5.322 23.33 40.63
V 34.062 6.393 23.33 40

6 weeks

I 59.5 3.073 55 62.5

34.044 0
II 55.542 3.86 50 61.54
III 52.915 2.387 48.48 56.76
IV 43.483 5.012 36.67 50
V 42.886 5.018 34.48 50

Table 4: Descriptive statistics and group difference of the percentage of force decay in Generation II Ormco power chain.

Groups
One day One week 3 weeks 6 weeks

Mean
p-value

Mean
p-value

Mean
p-value

Mean
p-value

Difference Difference Difference Difference

I

II 6.479 0 7.059 0.003 5.093 0.13 3.958 0.195
III 11.108 0 11.101 0 11.206 0 6.585 0.005
IV 20.05 0 23.855 0 19.498 0 16.017 0
V 28.416 0 26.419 0 20.438 0 16.614 0

II
III 4.629 0.016 4.042 0.194 6.113 0.043 2.627 0.59
IV 13.571 0 16.796 0 14.405 0 12.059 0
V 21.937 0 19.36 0 15.345 0 12.656 0

III
IV 8.942 0 12.754 0 8.292 0.003 9.432 0
V 17.308 0 15.318 0 9.232 0.001 10.029 0

IV V 8.366 0 2.564 0.629 0.94 0.992 0.597 0.997
I: Control, II: 1 time 50% prestretching, III: 3 times 50% prestretching, IV: 1 time 75% prestretching, III: 3 times 75% prestretching

Table 5: Tukey HSD test after ANOVA.
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DISCUSSION

This study was carried out to find out the effect 
of prestretching of different elastomeric chains 
as an attempt to reduce the abrupt force decay in 
the first hours.

The overall behavior of the force decay for all 
groups showed that the force decay was increased 
over time. Examination of table 6 reveals that 
generation I type showed significantly more 
force degradation than the generation II in all 
the groups and time intervals with more force 
decayed in the sixth week. Concerning Ormco 
generation I elastics, most of the force loss was 
with in the first day with a range of 42.315% - 
55.750% followed by a steady decline. While 
for Ormco generation II elastics, force loss with 

in the first day ranges from 5.584% - 34% and 
the force decay curve shows a gradual force loss 
over the entire testing periods. This is related 
to the alterations in the viscosity of the elastic 
material of each type leading to different force/
relaxation ratios. This range of force loss come 
in agreement with the outcomes of Howard et 
al. [16]; Lu et al. [17]; Russel et al. [18]; Santos 
et al. [19]; Balhoff et al. [20], Mohammed et al. 
[21], Abdullah et al. [22] while it disagrees with 
Andreasen and Bishara [4] who found different 
range with 75% of force decay after the first day.

About the effect of prestretching, results 
revealed that there was significant difference 
in mean percent of force decay between control 
group and prestretching groups in most of the 
testing period for both types of elastomeric 

Groups Duration
Generation I Generation II Comparison

p-value
Mean S.D. Mean S.D. Mean difference t-test

I

One day 55.75 2.058 34 2.687 21.75 20.319 0
One week 61.75 2.058 47 3.496 14.75 11.497 0
3 weeks 65 2.635 54.5 1.972 10.5 10.088 0
6 weeks 73.75 1.768 59.5 3.073 14.25 12.71 0

II

One day 52.873 1.84 27.521 5.468 25.352 13.896 0
One week 58.805 3.055 39.941 4.437 18.864 11.073 0
3 weeks 62.196 2.299 49.407 3.551 12.789 9.56 0
6 weeks 71.051 3.391 55.542 3.86 15.509 9.546 0

III

One day 51.41 2.973 22.892 2.222 28.518 24.297 0
One week 56.325 3.821 35.899 3.195 20.426 12.969 0
3 weeks 62.856 3.48 43.294 5.042 19.562 10.097 0
6 weeks 70.183 4.079 52.915 2.387 17.268 11.554 0

IV

One day 48.133 2.857 13.95 2.182 34.183 30.074 0
One week 48.914 5.42 23.145 4.818 25.769 11.236 0
3 weeks 59.131 5.057 35.002 5.322 24.129 10.393 0
6 weeks 68.518 4.017 43.483 5.012 25.035 12.325 0

V

One day 42.315 2.444 5.584 1.612 36.731 39.675 0
One week 44.909 4.593 20.581 4.271 24.328 12.267 0
3 weeks 51.594 1.953 34.062 6.393 17.532 8.294 0
6 weeks 65.88 4.081 42.886 5.018 22.994 11.242 0

Table 6: Descriptive statistics and brand difference of the percentage of force decay in Ormco power chain.

Figure 3: Mean values of the percentage of force decay for all groups of Generation I and II Ormco elastomeric chains at different time intervals.
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chains. Pre-stretching of the elastomeric chains 
alleviated the large initial load relaxation, result 
in a more constant force delivered and improve 
a constancy of the percent of the force loss. 
This effect of pre-stretching could be explained 
based on abrupt plastic deformation, which was 
obtained before use that improved constancy 
of force delivery and lessen force degradation 
after placement but not cancel it. In addition, 
prestretching in air also enhances the chemical 
process of aging in the presence of oxygen and 
light because the stretched bonds react more 
readily to these factors than do the unstretched 
and this agrees with others.

Regarding the extent of prestretching, there was 
significant difference in mean percent of force 
decay between 50% and 75% prestretching 
groups for almost all testing periods and 
in all types of elastomeric chains with 75% 
prestretching groups showing least percent of 
force decay. This may be due to differences in the 
spatial rearrangement of molecules within the 
polymer structure with different extensions that 
lead to changes in the rate and pattern of load/
relaxation so that the greater the stretch, the 
more force decay initially but then it continues 
with a lower rate of load/relaxation ending in 
less force loss.

Regarding the times of prestretching, there was 
no significant difference in mean percent of 
force decay between 1 time 50% prestretching 
and 3 times 50% prestretching and between 
1 time 75% prestretching and 3 times 75% 
prestretching in most of the testing periods 
and for both types of elastomeric chains. This 
may be explained that the abrupt force decay 
occurred from the first time of prestretching and 
permanent deformation starts with the original 
stretch. Therefore, repeating the process would 
be of questionable clinical benefit.

CONCLUSION

Pre-stretching of elastomeric chains improved 
their initial rapid force decay behavior, resulting 
in less force loss at the end of the testing period, 
prestretching for 75% of the elastomeric chains' 
initial length showing the least percent of force 
decay compared to 50% prestretching. Regardig 
the company products, generation II Ormco 
power chains showed the least force loss over the 
entire testing periods compared to generation I 

Ormco power chains.     
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