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Influence of initial strain on the force decay of currently available elastic

chains over time

Nora Buchmanna; Christiane Sennb; Judith Ballc; Lorenz Brauchlid

ABSTRACT
Objective: To investigate the dependence of force decay on the initial strain applied to currently
available elastic chains.
Materials and Methods: Eight different elastic chains from eight major companies were tested for
force decay over a period of 3 weeks at 50% and 100% strain. They were stored in water and
thermocycled between 5uC and 55uC. An Instron 3344 was used for the force measurements.
Results: Absolute force values at 50% strain varied between 2.3 N and 4.1 N initially, and between
0.9 N and 1.6 N after 21 days. Thus, the force decay of the elastic chains varied from 37% to 75%.
At 100% strain, the force values varied between 2.9 N and 4.7 N initially, and between 1.3 N and
2.1 N after 21 days of continuous strain. The force decay varied between 39% and 67%. Most force
decays between 24 hours and 21 days were not significant. This information should be taken into
consideration when the appropriate elastic chain is selected for clinical use.
Conclusion: A wide array of elastic chains with various force levels is available. However,
differences between products of greater than 100% were measured for force decay over time.
(Angle Orthod. 2012;82:529–535.)
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INTRODUCTION

Elastic chains are widely used in combination with
fixed orthodontic appliances to close or to prevent the
opening of spaces. Their main advantages include the
following: ease of use, low price, reduced potential
for intraoral trauma, minimal need for patient compli-
ance, and wide array of colors or transparency. Their
disadvantages can be seen in inconsistency of force
levels over time, absorption of fluids leading to
discoloration, and impairment of oral hygiene. Syn-
thetic elastic chains are made from polyurethane, a

linear polymer produced through a chemical reaction
between diisocyanate and a polyol.1,2 The mechanical
properties can vary widely from soft to hard and from
elastic to brittle. Since their introduction in the 1960s,
manufacturers have tried to overcome their deficien-
cies by modifying the material composition (Power
Chain, Rocky Mountain Orthodontics [RMO], RMO
Europe, Strasbourg, France) or the design (Elast-O-
Chain, TP Orthodontics Inc, La Porte, Ind). The main
focus of developing research has been to deliver light
continuous and constant forces over the clinically
meaningful time period of 4 to 8 weeks.

Many investigations of the mechanical behavior of
elastic chains have looked at different parameters,
including force decay over time,3–10 force decay at
different levels of activation,3,9,11 simulated space
closure,6,12 prestretching of the elastic chains,3,10,13–15

environmental factors and storage media,4,7,14,15 and
chain designs.3,12 These studies however are difficult
to compare because the experimental designs vary
widely. Force decay has been reported to be rapid
within the first 24 hours with loss of 50% to 70% of the
initial value. Thereafter, a more stable phase has been
reported with only minor changes of 10% to 20% up to
4 weeks.2–4,6,12,16–18 This decay in initial force levels was
dependent on the storage media; stronger decay was
noted in a humid environment compared with dry air.4
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Thermocycling during storage slightly increases the
residual force levels.6 Acid storage media were found to
be more favorable than bases8 and phosphate fluorides
have been found to influence force levels.19 Precondi-
tioning of the elastic chains with heat20 led to reduced
residual force levels, and preconditioning by prestretch-
ing showed an inconclusive behavior, most often
leading to marginally (5%) less force decay.14,15,20–22

However, over the past decade, only three evaluations
of force decay of elastomeric chains, including altogether
four companies, were published in the leading orthodon-
tic journals.8,23,24 Because material development plays a
significant role in orthodontic progress, an overview of
currently available elastic chains from most major
companies was undertaken, especially looking at force
decay after different initial loading.

MATERIALS AND METHODS

Eight elastic chains from different companies were
included in the study (Table 1). All specimens had a
length of 10 ringlets. On each side, half of an additional
ringlet was left in place. The sample size for each
product was 20. Each product was split into two groups
of 10 samples. In one group, the chains were stretched
by 50%, and in the other by 100%, of the initial length
(Table 1). All chains were tested at the following time
intervals: 0, 2, 8, and 24 hours and 7 and 21 days,
yielding a total of 960 measurements.

Metal holders were soldered individually for each
product, according to the length needed for the
appropriate strain. All 10 chains of one group were
attached to the metal holders (Figure 1a) and stored in

Table 1. Manufacturers, Product Identification, Length of the Samples, and Reference and Lot Numbers of All Elastic Chains Testeda

Distributor Product Name

Length of 10

Ringlets, mm Reference No. Lot No.

1 3M Unitek/ESPE, St Paul, Minn MiKro-StiK Clear Chain 26.7 406-832 AD3KG

2 American Orthodontics, Sheboygan, Wis Memory Chain 26.7 854-255 0147

3 Dentaurum, Pforzheim, Deutschland SUPER Elasto-Force 27.8 774-216-00 57843

4 Forestadent, Pforzheim, Deutschland FOR-Elastics Small 27.3 655-0002 397

5 GAC, Bohemia, NY ACCUCHAIN Clear 31.8 34-072-78 122312

6 Ormco, Orange, Calif Clear Generation II Power Chain 26.6 639-0002 000-0345

7 Ortho Organizers Inc, Carlsbad, Calif Clear Chain Elastic 159 Short 30.1 400-317 418249B08

8 Rocky Mountain Orthodontics, Denver, Colo F.M. Ringlet LX2849 Clear 27.1 101-0063 08090

a NS indicates not significant.

Figure 1. Experimental setup with individually soldered metal holders placed in plastic bags and filled with tap water for storage of chains at the

determined strain (a). Care was taken to slide the chains on and off the measurement pins of the Instron frame without losing their strain (b).
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small plastic bags, filled with tap water. During storage,
they were exposed to continuous thermocycles be-
tween 5uC and 55uC twice an hour in a fully automated
CTS Clima chamber (CTS Clima, T-40/25, Lauda Dr R
Wobser GmbH & Co KG, Lauda-Köngishofen, Ger-
many). Additionally, temperature cycles were con-
trolled with a thermometer inside one plastic bag.

Measurements were recorded with an Instron 3344
(Instron Corp, Wilmington, Del). The distance between
the pins in the Instron measurement frame was altered
to the appropriate length, which corresponded to the
distance of the metal holder, and care was taken to
slide the chains on and off the measurement pins
without varying their strain (Figure 1b). After measure-
ments were taken, the chains were again placed in the
CTS Clima chamber.

All groups were tested for normality (Shapiro Wilk)
and were evaluated by means of Kruskal-Wallis with
Dunn’s posttest at a significance level of P # .05 using
Prism (GraphPad, San Diego, Calif), because normal
distribution was not achieved for all groups. In addition,
a mean curve consisting of all measurements was
calculated for both strains. It served as a baseline for
comparison of the relative characteristics of both
strains.

RESULTS

The results are summarized in Table 2. Figure 2
shows the mean curves for each group individually at
50% and 100% strain, respectively, and Figure 3
shows the mean curves calculated from all groups
combined, comparing the relative behaviors of the
chains under different strains. Standard deviations for

all measurements were very low, with only 16
measurements out of 96 showing a standard deviation
greater than 5% of the mean value.

At 50% strain, initial force values were found
between 2.3 N (American Orthodontics, Sheboygan,
Wis) and 4.1 N (Dentaurum GmbH & Co KG,
Ispringen, Germany), and final force levels after
21 days of continued strain between 0.9 N (Ortho
Organizers Inc, Melville, NY) and 1.6 N (Forestadent,
Pforzheim, Germany). The percentage of force decay
varied from 28% to 70% within the first 24 hours, and
from 37% to 75% after 21 days. When significant
differences in force decay of the elastic chains of
American Orthodontics were examined, Ormco
(Orange, Calif) and Rocky Mountain Orthodontics
(Denver, Colo) showed the least force reduction.
When the groups were combined, the force decay
between different time intervals was significant for
most measurements on the first day, but was not
significant for the measurements between 24 hours
and 21 days.

At 100% strain, all force levels were higher
compared with respective levels at 50% strain. Initial
force values were found between 2.9 N (American
Orthodontics) and 4.7 N (Dentaurum), and final force
levels after 21 days of continued strain were between
1.3 N (Ortho Organizers) and 2.1 N (Forestadent). The
percentage of force decay varied from 31% to 66%
within the first 24 hours, and from 39% to 67% after
21 days. Again, the best elastics with regard to force
decay were those from American Orthodontics,
Ormco, and Rocky Mountain Orthodontics. For all
chains combined, force decay between the different
time intervals was significant for all measurements on

Table 2. Mean, Standard Deviation (in parentheses) and Percentage Force Decay (bottom line) of All Chains at Both Strain Levels for All

Time Intervalsa,b

Strain 50% All Chains

1 2 3 4

3M/Unitek AO Dentaurum Forestadent

Initial (A) 2.89 (0.61) 2.69 (0.16) 2.30 (0.32) 4.07 (0.08) 3.52 (0.37)

2 h (B) 2.07 (0.39) 27.59% 1.92 (0.09) 28.73% 1.76 (0.07) 18.76% 2.68 (0.1) 34.07% 2.63 (0.31) 25.23%

8 h (C) 1.57 (0.3) 44.63% 1.54 (0.03) 42.85% 1.47 (0.04) 32.17% 1.38 (0.04) 66.02% 1.90 (0.1) 46.07%

24 h (D) 1.48 (0.29) 48.01% 1.47 (0.03) 45.25% 1.56 (0.04) 28.00% 1.24 (0.05) 69.45% 1.83 (0.18) 47.98%

7 d (E) 1.35 (0.29) 51.64% 1.28 (0.02) 52.40% 1.33 (0.03) 38.95% 1.02 (0.04) 74.90% 1.67 (0.13) 52.48%

21 d (F) 1.31 (0.28) 54.68% 1.07 (0.02) 60.39% 1.36 (0.04) 37.17% 1.01 (0.03) 75.21% 1.63 (0.17) 53.66%

NS C:D, D:E-F E:F E:F C:D-E, E:F

Strain 100% All Chains 3M/Unitek AO Dentaurum Forestadent

Initial (A) 3.46 (0.65) 3.25 (0.2) 2.85 (0.13) 4.72 (0.08) 4.15 (0.18)

2 h (B) 2.64 (0.38) 23.19% 2.51 (0.1) 22.53% 2.36 (0.08) 17.20% 3.33 (0.18) 29.42% 3.09 (0.11) 25.41%

8 h (C) 2.17 (0.26) 36.26% 1.98 (0.05) 38.85% 2.08 (0.06) 26.96% 2.19 (0.03) 53.52% 2.58 (0.07) 37.86%

24 h (D) 1.9 (0.37) 43.89% 1.47 (0.03) 54.60% 1.86 (0.07) 34.79% 1.63 (0.08) 65.56% 2.51 (0.08) 39.57%

7 d (E) 1.88 (0.26) 44.52% 1.62 (0.03) 50.20% 1.87 (0.07) 34.22% 1.76 (0.05) 62.72% 2.19 (0.07) 47.27%

21 d (F) 1.7 (0.24) 49.8% 1.50 (0.02) 53.93% 1.75 (0.07) 38.74% 1.55 (0.04) 67.26% 2.09 (0.06) 49.51%

NS D:E, E:F E:F E:F D:F E:F

a Nonsignificant (NS) differences are indicated below each strain table for time intervals (A through F) and to the right for products (1 through

8). The last row of the table describes the significance (sig) of the difference in force decay of all chains combined at both strain levels.
b All chains 50% vs 100%: 2 h 5 NS, 8 h 5 significant, 24 h 5 NS, 7 d 5 significant, 21 d 5 NS.
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the first day, but was not significant for measurements
between 24 hours and 21 days.

When all chains combined at 50% vs all chains
combined at 100% strain were compared, significant
differences in force decay were noted for the time
intervals between 2 hours and 8 hours, and between
24 hours and 7 days. All other time intervals did not
show significant differences.

DISCUSSION

Despite ongoing debate on the use of in vitro or in
vivo designs, the in vitro design has several advan-
tages when it comes to the characterization of
materials. The oral cavity presents an environment
that is very difficult to standardize. Variations in
microbial flora and enzyme levels, as well as exposure
to dietary factors and different functional forces, result
in poor validity in terms of the evaluation of specific
material properties. This problem was also observed in
an earlier study comparing canine retraction vs elastic
chain or thread.25 Standard deviations in tooth move-
ment were approximately 40% of mean values,
resulting in insignificant differences between the
products tested. In comparison, standard deviations
of the current study were mostly below 5% of the mean
value. For baseline comparisons, it seems therefore
more appropriate to compare different products in a
constant environment, keeping in mind that the
behavior of materials tested in the oral environment
may differ from laboratory results.

Methodologically comparative studies of in vitro and
in vivo investigations of elastic chains have revealed
strong differences between dry and in vivo storage, but
only small differences between storage in water or in
vivo.4,26 The use of thermocycles, although significant,

led to only small differences.6 The effect of prestretch-
ing on the force decay response of elastic chains
is controversial; most studies have found a slight
reduction in force decay.14,15,20–22 To guarantee better
standardization in the current investigation, water was
chosen as the storage medium, and no prestretching
was performed. The use of thermocycles may be
considered disadvantageous for standardization. How-
ever, because thermocycling was performed in a fully
automated oven, and all chains were measured during
the same time period, the differences in stress
induction were regarded as insignificant.

Results showed a huge variation in initial force
levels as well as in force decay over the time intervals.
This is consistent with earlier literature on elastic
chains.3,4,6,10–12,14,18,22,26–29 When a strain of 50% of the
initial length of the chains was applied, initial force
values ranged from 2.3 N to 4.1 N, and at 100% from
3 N to 4.7 N. These differences might be considered
clinically important and, in the case of forces
exceeding 3 N, clinically excessive for movement of
a single tooth.30–33 However, at 1 hour of strain, the
force levels of all chains were in an acceptable clinical
range of 1.6 N to 2.7 N at 50% strain, and 2.3 N to
3.3 N at 100% strain. Of greater importance than
initial force levels was the force decay of the chains.
Force decay has been shown to exhibit large
variations between different products,1–4,10,28 and this
was confirmed in the current investigation with similar
behavior for the two strains. The lowest force decay
after the 3-week period following a 50% and a 100%
strain was found for the American Orthodontics
chains at 37% and 39%, respectively. When com-
pared with the largest force decay, which was
reported with the Dentaurum chain at 75% and 67%,
these differences were highly significant and of clinical

Strain 50%

5 6 7 8

NSGAC Ormco Ortho RMO

Initial (A) 3.14 (0.13) 2.43 (0.09) 2.48 (0.06) 2.52 (0.15)

2 h (B) 2.11 (0.1) 32.60% 1.95 (0.11) 19.64% 1.59 (0.03) 35.65% 1.86 (0.07) 26.03% 2.6–4.8.1–5.7.3

8 h (C) 2.05 (0.09) 34.69% 1.55 (0.07) 36.19% 1.03 (0.03) 58.29% 1.66 (0.05) 34.14% 2.8.5–6–1–4–7–3

24 h (D) 1.75 (0.1) 44.31% 1.57 (0.04) 35.34% 0.89 (0.01) 64.14% 1.54 (0.05) 38.67% 2–6.8–5.1.4–7–3

7 d (E) 1.69 (0.1) 46.11% 1.44 (0.04) 40.67% 0.84 (0.04) 65.96% 1.51 (0.04) 39.97% 2.8.6–5–1.4–7–3

21 d (F) 1.60 (0.09) 48.84% 1.46 (0.04) 39.82% 0.86 (0.02) 65.29% 1.49 (0.04) 40.78% 2.6–8–5–4–1–7–3

NS A:B, D:E, E:F C:D, E:F D:F, E:F D: E-F

Strain 100% GAC Ormco Ortho RMO NS

Initial (A) 3.76 (0.21) 3.01 (0.06) 3.02 (0.08) 2.96 (0.07)

2 h (B) 2.79 (0.12) 25.78% 2.40 (0.1) 20.14% 2.27 (0.07) 24.89% 2.36 (0.06) 20.17% 2.6.8–1.4.5.7–3

8 h (C) 2.45 (0.1) 34.75% 2.06 (0.04) 31.48% 1.72 (0.04) 43.12% 2.27 (0.06) 23.49% 8–2–6–5–4.1–7–3

24 h (D) 2.25 (0.06) 40.12% 2.08 (0.05) 30.88% 1.40 (0.03) 53.61% 2.01 (0.06) 32.00% 6.8–2–4.5–7.1–3

7 d (E) 2.15 (0.07) 42.85% 1.94 (0.04) 35.35% 1.42 (0.02) 52.93% 2.05 (0.04) 30.63% 8–2.6–5–4–1–7–3

21 d (F) 1.87 (0.05) 50.19% 1.78 (0.03) 40.92% 1.27 (0.04) 58.10% 1.79 (0.03) 39.66% 2.8–6–4.5–1–7–3

NS D:E C:D D:E D:E

Table 2. Extended
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interest. When force decay was examined over
different time intervals, it was found that most
changes were insignificant during the time periods of
1 day to 3 weeks. When the groups for one strain
were combined, the difference in force decay between
1 day and 3 weeks was not significant for the 50%
strain or the 100% strain. The large amount of force
decay within the first 24 hours was followed by mostly
consistent force levels up to 3 weeks, as is confirmed
in the literature.1,3,6,10,28 Longer test periods have
revealed only slight reductions in force levels after
this time period,9,12,16,17 with the longest test period

extending to 100 days.22 Force levels at the clinical
control at chairside at 4 to 5 weeks therefore will
probably be similar to those at 3 weeks. In the current
study, three chains showed markedly less reduction in
force; these were the chains from American Ortho-
dontics, Ormco, and Rocky Mountain Orthodontics.
For these chains, the reduction in force after 3 weeks
was approximately 40% of the initial value. The
graphs indicate that regardless of whether the strain
was 50% or 100%, the rate of force decay was similar
and was not dependent on initial strain. Results
showed that within the idealized in vitro environment,

Figure 2. Force decay curves of all chains at 50% (a) and 100% (b) strain. The chains of American Orthodontics, Ormco, and Rocky Mountain

Orthodontics showed the lowest percentage force decay from their initial force levels.
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highly significant differences in force decay were
found for different products. These differences in
force decay might be due to linear or cross-linked
polymer composition, as well as to thermoplastic or
thermoset materials. However, this was not verified in
the present study. To clinically apply the most
controlled force levels, appropriate products should
be selected and initial forces measured to estimate
the remaining force levels between 24 hours and
subsequent chairside control.

CONCLUSIONS

N The force levels of chains from different manufac-
turers vary widely, with some chains showing
excessive initial forces at 50% and 100% strain.

N Loss of force over 3 weeks was pronounced during
the first 24 hours, with only minor loss noted in the
remaining time period up to 3 weeks.

N Loss of force, depicted as a percentage of the initial
force levels, was dependent only on the type of chain
being tested, not on the initial activation.

N Three chains were identified as having superior
characteristics with respect to loss of force. These
had only 40% loss of force after 3 weeks.
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