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Abstract

Aim: The aim of this investigation was to assess the efficacy and force decay of elastomeric chains based on their
morphology and elongation extent.

Methods: Two-hundred-and-seventy elastics from three companies [Ortho Technology (OT), American Orthodontics
(AO), G&H, 10 specimens x27 subgroups] were elongated to 40%, 60%, and 100% and the initial forces were measured.
Then after four weeks of incubation in artificial saliva, the residual forces were measured. Forces and force decays were
compared across brands, morphologies, and elongation extents (a=0.001).

Results: Forces degraded significantly over time (repeated-measures ANOVA, P<0.001). Significant differences existed
among the levels of all parameters, in terms of the initial forces, residual forces, and force degradation (3-way ANOVA,
P<0.001). Results of most of the Tukey post hoc tests were significant (P<0.001). The longer the elongation extent, the
higher the force waste (partial correlation coefficient, r=0.885, P< 0.001).

Conclusion: Initial force was improved when using the OT brand and closed elastics, and by stretching the elastic to 100%.
Force loss was minimized when using the G&H brand and open elastics, and by stretching to 40%. Using the OT brand and
closed elastics, and 100% stretching caused the highest residual forces after a month. However, the initial forces provided
by the 100% elongations were not sound. Force loss was increased by using the OT brand and closed elastics, and with
100% elongations. The lowest residual forces were seen in the AO brand, long elastics, and those elongated to 40%.

Keywords: Chain morphology, Elastomeric chains, Force decay, Stretching, Space closure.

1. Background

Elastomeric chains are one of the most
common, inexpensive, and convenient methods to
apply light continuous orthodontic forces, which
are preferable to produce dentoskeletal alterations
(1-8). They are usually fabricated from
polyurethanes and have three morphologies: long
(a greater distance between loops), short (a shorter
distance between loops), and closed (continuous, in
which loops are attached to each other) (1-3,9,10).

Force is time-based and decreases gradually
because of chain slippage of adjacent molecules or
because their arrangement undergoes permanent
deformation  facilitated by the mouth
environment, temperature, enzymes, or moisture,
mastication fatigue, or various beverages and
cleansers (1-5,7,9,11-17). As a result, elastomeric

chains will lose about half (or even three-fourths)
of their initial force in their first day of use,
gradually losing the remaining force (5,9,18-21).
Therefore, chains that have force losses at a
gentler slope, are more desirable because they
can exert lighter and more continuous forces and
can be better controlled (10).

Despite the clinical importance of elastomeric
chains, some major aspects of their force behavior
have not been assessed adequately. Two important
factors determining the force behavior of
elastomeric chains are their morphology and size
(5,22,23). Nevertheless, the literature on these
factors is scarce and limited to a couple of studies:
a small pilot study comparing 10 closed and 10 open
chains (24) and a second study in this regard (18).
Even more rare is the literature on comparing the
different forms of elastics (long, short, and closed)

Copyright © 2022, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited.



Mousavi SM et al.

(10,18) of all three chain morphologies (10).

The second unaddressed issue is: “For a given
space, which length of elastomeric chain should be
selected?” Of course, a shorter chain can stretch
more, exerting a greater force. The extent of initial
stretching of chains can be a determinant of (1)
their initial force as well as (2) the dynamics of their
force degradation (5). Research in this regard has
been recently done in which the effects of
stretching and chain morphologies and brands on
force decay were assessed (10).

Other than that, the only guideline on this is a
personal speculation of Andreasen and Bishara (25)
who suggested to use chains at a length of one-
fourth of the space to obtain an initial elongation of
400%. On the other hand, Rock et al. (26) stated
that elongations above 50% might be too much. It
is important to note that the terminology
“stretching” totally differs from the term “pre-
stretching technique”, which is a method used to
temporarily pre-stretch the elastic chain before use
to reduce the tensions in the elastic chain after
installation (10).

In light of the broad use and efficacy of elastic
chains, and given the scarcity of research on the
abovementioned parameters, we aimed to
investigate the effects of various factors (stretching
extents, morphologies, and brands) on force
behavior of elastic chains by reproducing the only
similar study in the literature (10), with updated
and improved methodology, and by adopting more
comprehensive analyses.

2. Methods

This in vitro study was performed on 540
observations of 270 elastomeric chains. A total of
90 chain specimens (30 closed chains, 30 short
chains, and 30 long chains) were placed into three
groups based on brand: Ortho Technology (OT),
Lutz, Florida, USA, American Orthodontics (AO),
Sheboygan, Wisc, USA, and G&H (GH), Franklin,
Indiana, USA. Each of the groups were divided into
subgroups: closed, short, and long and then they
were divided into lower subgroups of ‘elongation
extents’ (n=10). This was to simulate the extent of

stretching of the chain when a shorter or longer
chain was selected to close the same space. The
stretching extents were 40% (meaning that the
chain would be stretched until reaching 140% of its
original length), 60%, and 100%.

Group classification

There were three groups of elastic chain brands:
AO, OT, and GH (n of each group=90). Each brand
was randomly divided into three subgroups of chain
shapes: closed, short, and long (n of each
subgroup=30). Then each subgroup of chain shapes
was randomly divided into three primary subgroups
of elongation extents: 40%, 60%, and 100% (n of
each primary subgroup=10). We selected these
percentages because the stretching extent 100% is
suggested by manufacturers for clinical use (5,27)
and the stretching extents 40% and 60% were
around the 50% extent mentioned by Rock et al.
(26). Initial lengths of chains and their length after
stretching are presented in Table 1.

Each chain specimen included six middle loops
and two marginal loops was used to fix the chain on
holder pins.

Original force

The elastic chains were positioned on 30 acrylic
plates (10 plates for each brand) and held in place
by nine pairs of stainless steel pins (1 mm x 1.5 cm).
The chains were kept in this position for four weeks
at three different elongation states with each
groups securing nine elastic chains at 40%, 60%,
and 100% and three chains per elongation (Fig. 1).
A digital caliper with a 0.02 mm accuracy (Erste
Qualitat, Berlin, Germany) was used to measure the
distance between two pins as well as initial lengths
of elastic chains. A Mathieu plier was used to fix the
chains (10).

A digital force gauge with a measuring accuracy
of 0.05% (Lutron FG-20KG, Taipei, Taiwan) was used
to measure the force exerted by each chain in
Newton. For this purpose, the chain was removed
from one end and attached into the gauge hook at
the same distance it was originally placed on pins.

Table 1. Lengths of elastic chains at different elongation extents (mm)

Ortho Technology American Orthodontics G&H
Stretch Closed Short Long Closed Short Long Closed Short Long
Initial 20.11 23.32 28.98 21.34 28.21 31.17 20.87 26.12 30.23
40% 28.15 32.65 40.57 29.88 39.49 43.64 29.22 36.57 42.32
60% 32.18 37.31 46.37 34.14 45.14 49.87 33.39 41.79 48.37
100% 40.22 46.64 57.96 42.68 56.42 62.34 41.74 52.24 60.46
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Figure 1. One of the plates with elastic chains and pins

Incubation

The same chains with their plates were
submersed in stainless steel containers with
artificial saliva (RGS, Tehran, Iran). Afterward, the
sealed boxes were incubated for four weeks (Sina,
Tehran, Iran) in an incubator furnished with a
shaker. The incubator contained water at 37 + 1°C
below the box leads.

Residual force and force decay
Incubated elastic chains were assessed again

with the force gauge to measure the residual (post-
incubation) force. The difference between original

and residual forces were regarded as force decay.
Statistical analyses

Descriptive statistics were computed. Data
normality was examined using histograms and the
Shapiro-Wilk test. The repeated-measures 3-way
analysis of variance (ANOVA) and Tukey post hoc
tests assessed changes of force over time. The
independent-samples 3-way ANOVA and Tukey
were used to compare forces of different chain
brands and types under different elongations,
initial forces, force decays, and residual (post-
incubation) forces. The one-way ANOVA was used
to compare initial forces and percentages of force
loss among the levels of the different parameters.
The correlation between the extent of stretching
with all forces were assessed using a partial
correlation coefficient from the software SPSS
version 25 (IBM, Armonk, NY, USA). The level of
significance was predetermined as 0.001.

3. Results

The average of all chain forces decreased from
an initial mean force of 407.44135.5 g to 109.3+28.8
g. The force decay was therefore 298.2+114.9 g.
Descriptive statistics of groups and subgroups are
presented in Tables 2 to 6 and Fig. 2 to 4.

Table 2. Descriptive statistics pertaining to primary subgroups (n=10) in terms of the original forces, post-incubation forces, and force decays (g)

m Ortho Technology American Orthodontics G&H
=3 E] g g < = s
= "§ & § s § § § s § § § & § %
Initial 268.0 14.8 250.0 3000 3380 230 3000 3700 3500 279 3000 380.0
40% Residual 120.0 6.2 1100 130.0 59.5 8.3 50.0 70.0 105.5 9.8 90.0 115.0
Decay 148.0 9.5 1400 170.0 2785 163 250.0 300.0 2445 210 210.0 2700
Initial 484.0 9.7 470.0 5000 429.0 247 390.0 460.0 439.0 49.8 370.0 500.0
Close 60% Residual 130.0 4.1 1250 135.0 101.0 7.4 90.0 1100 1245 5.5 1150 130.0
Decay 354.0 7.4 340.0 365.0 3280 18.7 300.0 350.0 3145 482 2500 370.0
Initial 672.0 19.3 650.0 700.0 5960 151 560.0 6100 6120 215 5900 650.0
100% Residual 143.5 5.8 1350 150.0 124.0 7.0 1200 1400 150.5 6.9 1400 160.0
Decay 528.5 14.2 510.0 550.0 4720 13.2 440.0 480.0 4615 183 440.0 495.0
Initial 284.0 15.1 270.0 3100 2270 295 180.0 280.0 2260 306 2000 270.0
40% Residual 90.0 8.2 80.0 100.0 67.0 7.1 60.0 80.0 103.5 10.0 90.0 120.0
Decay 194.0 8.4 180.0 2100 1600 232 1200 2000 1225 23,5 1000 160.0
Initial 420.0 22.1 380.0 450.0 3210 233 280.0 3600 3970 170 3700 420.0
Short  60% Residual 104.0 28.0 30.0 130.0 96.0 6.6 80.0 1000 107.0 9.5 100.0 120.0
Decay 316.0 38.1 280.0 4200 2250 186 200.0 260.0 2900 105 2700 300.0
Initial 603.0 28.7 570.0 650.0 479.0 228 440.0 5000 5000 221 4700 550.0
100% Residual 164.0 5.2 1600 170.0 119.0 5.2 1100 1250 1275 5.9 1200 135.0
Decay 439.0 24.7 410.0 4800 360.0 20.1 3200 380.0 3725 174 350.0 415.0
Initial 260.0 27.1 200.0 300.0 257.0 323 210.0 300.0 2100 189 180.0 240.0
40% Residual 102.0 9.2 90.0 110.0 72.0 7.5 60.0 80.0 50.0 7.1 40.0 60.0
Decay 158.0 20.4 1100 1900 185.0 254 1500 2200 160.0 13.1 140.0 180.0
Initial 393.0 12.5 380.0 420.0 394.0 7.0 380.0 4000 3240 263 2700 350.0
Long 60% Residual 1235 8.8 1100 135.0 84.0 5.7 75.0 90.0 1130 10.6 100.0 130.0
Decay 269.5 6.9 260.0 285.0 3100 24 305.0 3150 2110 19.7 1700 230.0
Initial 662.0 319 600.0 700.0 4410 321 400.0 490.0 4150 118 4000 430.0
100% Residual 150.5 6.4 1400 160.0 91.5 7.5 80.0 1000 1275 5.9 1200 135.0
Decay 511.5 25.9 460.0 5450 3495 252 3200 390.0 2875 8.9 270.0 300.0
SD=standard deviation; Min=minimum; Max=maximum.
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Figure 4. Marginal means and 95% confidence intervals for all chain forces for the different morphologies and brands, but

irrespective of the elongation factor (1 Newton=100 g)

Force decay

The 3-way repeated-measures ANOVA showed
a highly significant decline in the force (P<0.001).
Effects of stretching extent (P<0.001), brands
(P<0.001), and chain types (P<0.001) were also
significant as well as all interactions (all 11 P
values<0.001). All Tukey pairwise comparisons
were also significant (all 9 P values<0.001).

Factors affecting the forces and force decay
Initial forces

According to the 3-way independent-samples
ANOVA (n=270), differences existed among chain
types (P<0.001), among brands (P<0.001), and
among the elongated lengths (P< 0.001) in terms of
initial force. Interactions were as well significant (all
P values<0.001). The Tukey post hoc test results
were mostly significant: OT had higher initial forces
than both AO and GH, while AO and GH had almost
similar initial forces. Closed chains had higher initial
forces compared to both short and long chains; the
smallest initial force belonged to long chains. The
stretching extents 100% and 40% caused the highest
and lowest initial forces, respectively (Table 7).

Force decay

The result of the 3-way ANOVA test pertaining
to force decays were also all significant: among
chain types (P<0.001), brands (P<0.001), and the
three elongated lengths (P<0.001) with significant
interactions (all P values<0.001). Most of the Tukey
post hoc comparisons were significant: OT and GH
had the highest and lowest extents of force decay,
respectively. Closed chains had greater force
decays compared to the short and long chains, but
force decay extents of the long and short chains
were almost similar. Elongations for 100% and 40%
resulted in the highest and lowest force decays,

Iran J Orthod. 2022 December; 17(2): e1067.

respectively (Table 7).
Residual forces

Similarly, post-incubation (residual) forces were
as well significantly different among brands, types,
and elongations (all 3-way ANOVA’s P values <
0.001). Their interactions were also significant (all P
values<0.001). All Tukey test results were
significant: OT and AO had the highest and lowest
residual (post-incubation) forces, respectively.
Closed and long chains had the highest and lowest
residual forces, respectively. The highest and
lowest remaining forces belonged to the elongated
extents 100% and 40%, respectively (Table 7).

Subgroup analyses
In each morphology

According to the one-way ANOVA test, initial
forces induced by the three brands were not
significant in the case of close and short chains, but
the difference was significant for the long chains
(Table 3) with OT having the highest initial force.

Moreover, percentages of force loss were
different between the three brands in the closed
chains and in the long chains (Table 3). In the closed
chains, OT had the smallest percent of force decay
and similarly, in the long chains, OT had the
smallest force decay percentage.

Under each stretching extent

When stretched for 40%, the initial force was
not significantly different among the different
brands, but it differed among brands when the
chain was stretched for 60% and 100% (Table 4).
In both cases, OT had the highest initial force.
Significant differences existed among brands
regarding force decay irrespective of elongation
length (Table 4). In the 40% elongation, OT had
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the minimum force decay; however, in the other
two elongations, G&H had the minimum force

decay.

In each brand, across the morphologies

The initial forces differed between the three

morphologies in the AO and G&H brands (Table 5).
In the case of the OT brand, the force decay was not
significantly  different among the three
morphologies. However, there were differences
among chain morphologies in the case of the other
two brands (Table 5). In both cases, short chains
caused the least extent of force decay.

Table 3. Initial forces (g) and extents of force decay (% of initial force) in different levels of subgroups (n=30) and groups (n=90).
The P value was calculated using the one-way ANOVA test among brands

Parameters N Mean SD Minimum  Maximum P
Ortho Technology 30 474.7 168.5 250.0 700.0 0.839
. American Orthodontics 30 454.3 110.6 300.0 610.0
Original (g)
G&H 30 467.0 115.7 300.0 650.0
Close Total 90 465.3 132.9 250.0 700.0
Ortho Technology 30 69.0 10.2 53.7 79.2 <0.001
Force Loss American Orthodontics 30 79.4 2.7 75.6 84.8
(%) G&H 30 72.2 31 67.1 76.7
Total 90 73.5 7.7 53.7 84.8
Ortho Technology 30 435.7 134.7 270.0 650.0 0.012
- American Orthodontics 30 342.3 108.6 180.0 500.0
Original (g)
G&H 30 374.3 117.2 200.0 550.0
Short Total 90 384.1 125.5 180.0 650.0
Ortho Technology 30 72.1 4.7 66.7 93.3 0.006
Force Loss American Orthodontics 30 71.9 2.7 66.7 76.6
(%) G&H 30 67.2 9.8 50.0 75.5
Total 90 70.4 6.8 50.0 93.3
Ortho Technology 30 438.3 171.8 200.0 700.0 0.001
el ] American Orthodontics 30 364.0 83.4 210.0 490.0
G&H 30 316.3 87.4 180.0 430.0
e Total 90 372.9 130.1 180.0 700.0
Ortho Technology 30 68.8 7.1 55.0 77.9 <0.001
Force Loss American Orthodontics 30 76.6 3.5 69.6 80.3
(%) G&H 30 70.2 5.0 61.8 80.0
Total 90 71.9 6.4 55.0 80.3

Table 4. Initial forces (g) and extents of force decay (% of initial force) in different subgroups and groups. The P value is calculated
using the one-way ANOVA test among brands

Parameters N Mean SD Minimum  Maximum P

Ortho Technology 30 270.7 21.6 200.0 310.0 0.657

el ] American Orthodontics 30 274.0 55.1 180.0 370.0

G&H 30 262.0 68.5 180.0 380.0

20% Total 90 268.9 51.9 180.0 380.0
Ortho Technology 30 61.4 5.8 53.7 70.4 <0.001

Force Loss American Orthodontics 30 74.9 5.7 66.7 84.8

(%) G&H 30 66.7 9.9 50.0 80.0

Total 90 67.7 9.2 50.0 84.8
Ortho Technology 30 432.3 41.7 380.0 500.0 <0.001

Original (g) American Orthodontics 30 381.3 49.7 280.0 460.0

G&H 30 386.7 58.4 270.0 500.0

60% Total 90 400.1 54.9 270.0 500.0
Ortho Technology 30 72.3 4.7 66.7 93.3 <0.001

Force Loss American Orthodontics 30 75.1 3.9 67.7 80.3

(%) G&H 30 69.8 4.2 61.8 75.5

Total 90 72.4 4.7 61.8 93.3
Ortho Technology 30 645.7 40.6 570.0 700.0 <0.001

Gl (] American Orthodontics 30 505.3 71.1 400.0 610.0

G&H 30 509.0 84.1 400.0 650.0

100% Total 90 553.3 93.8 400.0 700.0
Ortho Technology 30 76.2 2.6 71.7 79.2 <0.001

Force Loss American Orthodontics 30 77.9 2.2 72.7 80.0

(%) G&H 30 73.1 2.9 67.5 76.7

Total 90 75.7 3.2 67.5 80.0

Iran J Orthod. 2022 December; 17(2): e1067.
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In each brand, across the stretching extents

There were significant differences between
initial forces caused by stretching the chains for
40%, 60%, or 100% regardless of the brand (Table

6) and 100% elongation caused the highest initial
force regardless of the brand.

The difference between force decays of the
different stretching extents was as well significant
regardless of the brand (Table 6) and the lowest
force decay belonged to 40% elongation.

Table 5. Initial forces (g) and extents of force decay (% of initial force) in different subgroups and groups. The P value is calculated

using one-way ANOVA test among different morphologies

Parameters N Mean SD Minimum Maximum P
Close 30 474.7 168.5 250.0 700.0 0.572
GiEEl (] Short 30 435.7 134.7 270.0 650.0
Long 30 438.3 171.8 200.0 700.0
Gitlio Tl Total 90 449.6 158.4 200.0 700.0
Close 30 69.0 10.2 53.7 79.2 0.187
Force Loss Short 30 72.1 4.7 66.7 93.3
(%) Long 30 68.8 7.1 55.0 77.9
Total 90 70.0 7.7 53.7 93.3
Close 30 454.3 110.6 300.0 610.0 <0.001
Original (g) Short 30 342.3 108.6 180.0 500.0
Long 30 364.0 83.4 210.0 490.0
American Total 90 386.9 111.7 180.0 610.0
Orthodontics Close 30 79.4 2.7 75.6 84.8 <0.001
Force Loss Short 30 71.9 2.7 66.7 76.6
(%) Long 30 76.6 35 69.6 80.3
Total 90 75.9 43 66.7 84.8
Close 30 467.0 115.7 300.0 650.0 <0.001
GEine Short 30 374.3 117.2 200.0 550.0
Long 30 316.3 87.4 180.0 430.0
G&H Total 90 385.9 123.4 180.0 650.0
Close 30 72.2 3.1 67.1 76.7 0.015
Force Loss Short 30 67.2 9.8 50.0 75.5
(%) Long 30 70.2 5.0 61.8 80.0
Total 90 69.9 6.9 50.0 80.0

Table 6. Initial forces (g) and extents of force decay (% of initial force) in different subgroups and groups. The P value is calculated

using the one-way ANOVA test among different extents of elongation

Parameters N Mean SD Minimum Maximum P
40% 30 270.7 21.6 200.0 310.0 <0.001
el () 60% 30 432.3 41.7 380.0 500.0
100% 30 645.7 40.6 570.0 700.0
Ol el Total 90 449.6 158.4 200.0 700.0
40% 30 61.4 5.8 53.7 70.4 <0.001
ot Leee (64 60% 30 72.3 4.7 66.7 93.3
100% 30 76.2 2.6 71.7 79.2
Total 90 70.0 7.7 53.7 93.3
40% 30 274.0 55.1 180.0 370.0 <0.001
Original (g) 60% 30 381.3 49.7 280.0 460.0
100% 30 505.3 71.1 400.0 610.0
American Total 90 386.9 111.7 180.0 610.0
Orthodontics 40% 30 74.9 5.7 66.7 84.8 0.011
Force Loss (%) 60% 30 75.1 3.9 67.7 80.3
100% 30 77.9 2.2 72.7 80.0
Total 90 75.9 4.3 66.7 84.8
40% 30 262.0 68.5 180.0 380.0 <0.001
el () 60% 30 386.7 58.4 270.0 500.0
100% 30 509.0 84.1 400.0 650.0
G&H Total 90 385.9 123.4 180.0 650.0
40% 30 66.7 9.9 50.0 80.0 0.001
egiem Lo () 60% 30 69.8 4.2 61.8 75.5
100% 30 73.1 2.9 67.5 76.7
Total 90 69.9 6.9 50.0 80.0
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Table 7. Tukey test results, comparing forces (g) between pairs within different parameters

Variable Compared pairs Initial Force Force Decay Residual Force
Diff P Diff P Diff P

oT AO 62.7 <0.001 27.8 <0.001 34.8 <0.001
Brand G&H 63.7 <0.001 50.5 <0.001 13.2 <0.001
AO G&H 1.0 0.959 22.7 <0.001 -21.7 <0.001
Closed Short 81.2 <0.001 72.3 <0.001 8.9 <0.001
Chain Type Long 92.4 <0.001 76.4 <0.001 16.1 <0.001
Short Long 11.2 0.007 4.1 0.382 7.1 <0.001
20% 60% -131.2 <0.001 -107.5 <0.001 -23.7 <0.001
Elongation 100% -284.4 <0.001 -236.8 <0.001 -47.6 <0.001
60% 100% -153.2 <0.001 -129.3 <0.001 -23.9 <0.001

OT=0rtho Technology; AO=American Orthodontics; Diff=difference in forces of the compared pair

Correlations

A strong positive correlation existed between
force decay and elongation extents (r=0.885,
P<0.001, partial correlation coefficient) for elastic
types and brands.

4. Discussion

Our findings successfully reproduced a
considerable part of the previous study (10)
although we also assessed and analyzed aspects
that were not covered by it. We used the same
brands as in the previous study because
generalization of brands to each other is not
recommended and because the GH brand was not
assessed in the literature except only in that study,
making the investigation of that brand desirable. In
the current study, the initial force benefited from
using the OT brand and closed chains, and by
elongating the elastics for 100%. On the other hand,
the least desirable results in terms of the initial
force were obtained by the AO and GH brands and
long elastics, and stretching the elastic for 40%. In
this study, based on the three specific elastic bands
tested, usage of OT elastics, closed chains, and
elongating the elastic for 100% improved the initial
force. On the other hand, using AO and GH brands
and long elastics, and stretching the elastics for 40%
yielded the lowest initial forces. Using GH elastics
and open elastics (long and short chains), and
stretching the chain for 40% minimized the force
decay, while utilizing OT chains and closed elastics,
and stretching the chain for 100% maximized the
force loss. The force decay was highly correlated
with the stretching extents and this was in line with
the only other study examining this issue (10).
Therefore, it seems that stretching to a higher
degree would increase the force at the expense of
a severer force degradation.

The most favorable force loss (the lowest decay)
was seen in the case of GH elastics, open elastics
(long and short), and stretching the chain for 40%.

On the other hand, the worst and highest force
degradations were seen in the case of the OT brand,
closed elastics, and stretching for 100%. In terms of
residual forces, OT had the best results (the highest
residual forces), closed chains again showed the
best residual forces, and 100% elongation again
showed the best residual force. Against these, the
AO brand as well as long elastics and 40%
elongations showed the lowest residual forces.
Moreover, it was demonstrated that longer
stretching extents wasted a lot more force over the
one-month period of the study. Only two other
studies were found in the case of effects of open
and closed chains on force: one had discovered that
open elastics wasted more force compared to
closed ones (18) which was in contrast to our
finding. This can be attributed to numerous
differing parameters in their study (such as brands).
The other one reported no difference between
original forces measured in open and closed elastics
or between force degradations caused by them (24)
and this could mostly be due to their small sample.
Our results were in line with the results of the
previous study (10).

As detailed above, studied brands and
morphologies under various degrees of elongation
acted quite differently in terms of the initial and
residual forces or their force decay. This can be
attributable to dissimilar designs and manufacturing
methods and materials (5,9,10,22,23,28,29). The
results of the present study showed that 100%
elongation exerted excessively severe forces, while
higher elongation amounts caused higher force
decays and thus, wasted originally desired force.
This seems to contradict the speculation of
Andreasen and Bishara (25) who had
recommended some initial stretching of about
400%, while it was closer to the suggestion of Rock
et al (26) who found stretching extents below 50%
desirable. It should be noted that since the behavior
of different brands vary considerably, one cannot
generalize the results of a certain brand to others
(as shown in our subgroup analyses). While 40%
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stretching could suffice to provide proper forces in
a particular brand, the very same elongation extent
could fail to keep adequate forces in another brand
for a month.

Our findings suggest that all brands and chain
morphologies elongation for different extents can
provide sufficient initial forces and most of them
can retain sufficient residual forces (after a month)
to induce bodily dental movements. Still, it seems
that elastics stretched for 100% can exert
excessively heavy forces in the beginning. Although
different clinicians might prefer different extents of
force (5, 30), bodily movement of a tooth may need
between less than 1 and 3.5 N (between less than
100 and 350 grams) (14, 31-33) and this can be
increased to a minimum of 150 g when accounting
for friction (5, 6, 10, 34). Therefore, elastic chains
that induce lighter forces can be considered
clinically acceptable as long as providing the
minimum necessary forces.

Our in vitro study had some limitations. In vitro
experiments cannot simulate the highly changing
environment of the mouth (e.g., food and drinks
that are consumed, intermittent masticatory
forces, and bacterial plagues). However, at the
same time, only in vitro studies can provide
controlled conditions to examine the situation and
elucidate precise findings about the force kinetics
of elastic chains, especially when the design
becomes more complicated and involving
numerous parameters. We attempted to provide a
better partial oral cavity simulation by using
artificial saliva. Still, future clinical trials are
necessary to examine the forces and properties of
such brands of elastic chains in the mouth. Another
limitation was the heterogenous results observed
for the different groups; it was seen that force
behavior of elastic chains heavily depended on
brands and morphologies. This observation
confirmed the results of previous studies showing a
range of various behaviors for different materials
(10,35). Therefore, it is not advisable to generalize
the results of a certain brand or morphology to
others. In other words, it seems that the results of
each brand may be generalizable mostly, if not only,
to that brand. This calls for examining different
morphologies from different brands under various
elongation extents in the future. Of course, all these
heterogeneous results may become even more
complicated in the oral environment, under the
influence of various known and unknown factors
(such as intermittent masticatory forces of different
degrees and directions, bacterial plagque and
chemicals released by it, the chemical compounds
of foods and drinks, and other parameters); these
again warrant more clinical research in this regard.

Iran J Orthod. 2022 December; 17(2): e1067.

Conclusion

As the most clinically important factor, it was
shown that using OT elastics and closed chains, and
elongating the chain for 100% retained the highest
residual force extents after a month. Whereas,
using AO elastics and long chains, and stretching for
40% resulted in the lowest residual forces after a
month. It should be noted that the magnitude of
force is not the only important factor: The
treatment should be physiologic and healthy. In this
regard, it appears that elongations as much as
about 60% can still provide quite high initial and
residual forces without delivering excessively heavy
and unhealthy forces in the beginning or after a
month; such elongations would as well reduce the
extent of force loss to a considerable amount.
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