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Objectives: The aims of this study were: (1) to assess the average inter-arch distances

characterizing Class II malocclusions, (2) to analyze the applied forces at those distances

by different elastics, and (3) to compare measured forces with those declared by

manufacturers, both in dry and wet environments.

Materials and Methods: Settings and sample population: Class II models of 167

adult subjects (96 women and 71 men, age: 28 ± 3 years) referred to the Orthodontic

Department of the University of Turin, Turin, Italy, between January 2018 and January

2020, were collected. Distances between facial axes (FA) points of upper canines and

lower first molars (A), upper first premolar and lower first molar (B), upper second premolar

and lower first molar (C), upper canine and lower first premolar (D), and upper canine

and lower second premolar (E), were measured using 3Shape Ortho® Viewer program.

Different elastics’ diameters and forces were tested at those distances. TheMTS Insight®

Electromechanical Testing Systemwas used tomeasure the tensile forces of elastics. The

applied forces were measured in dry (T0) and wet conditions, after 1 (T1), 6 (T2), and 12

h (T3).

Results: Average distances were calculated: A = 24.64mm (SD 2.10), B = 16.3mm

(SD 1.94), C = 9.78mm (SD 1.77), D = 9.8mm (SD 1.88), and E = 15.99mm (SD 2.06).

Significant differences (p < 0.05) were highlighted between the measured force and the

force declared by manufacturers, and all elastics had a significant force decay (p< 0.05).

Conclusion: The results showed that 3/16" 4.5 oz are the most reliable elastics in terms

of applied force with respect to the declared one and in terms of force degradation.

Keywords: class II, adult treatment, elastics, anchorage sites, forces

INTRODUCTION

Inter-arch elastics are considered one of the most important auxiliaries in orthodontics, supporting
the correction of molar relationship, spaces closure, and anchorage management.

Despite the widespread use of elastics in the orthodontic community, there are conflicting data
on their mechanical properties. Applied forces are dependent on materials, sizes, and application
sites. Anecdotally, the declared force is obtained when the elastic is stretched out three times its
original diameter, but evidence supporting this suggestion is still lacking (1–3).
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The sizes and declared forces of elastics may vary considerably
among manufacturing companies. Ormco R© (Sybron Dental
Specialties, Glendora, CA, USA), produces 24 different elastics,
while there are 19 different elastics produced by American
Orthodontics R© (Sheboyagan, WI, USA) and 21 by 3M Unitek R©

(Monrovia, CA, USA).
The weakness of elastics is represented by their rapid

deterioration and loss of elasticity into the oral environment
(4, 5). A review of the existing literature in the field showed
that most of the studies examined the applied force of inter-
arch elastics, at standard distances, and in a static environment
(6, 7). Only few authors used study models to determine the
real elongation distance (8, 9). However, average real inter-arch
distances at different anchorage sites obtained from Class II
malocclusion patients have not been reported in reducing the
validity of force measurements in previous studies.

According to the existing literature, the number of adults
seeking orthodontic treatment is rising. The American
Association of Orthodontists estimates that 27% of all the
United States and Canadian orthodontic patients are adults (10).
A similar percentage (26.52%) was obtained from a Brazilian
study for patients between 20 and 40 years of age (11). A
survey from the British Orthodontic Society indicated the
increasing number of adult patients treated by United Kingdom
orthodontists (12).

The aims of this study were to assess the average inter-arch
distances characterizing Class II malocclusions in adults and
to analyze the applied forces at those different distances by
Class II inter-arch elastics of different manufacturing companies.
Furthermore, the study aimed to compare measured forces with
those declared by manufacturers of orthodontic elastics used
for the correction of malocclusion class II, both in dry and
wet environments.

This study should help clinicians to know the effectively
applied forces by elastics, based on average inter-arch distances,
to improve the clinical efficiency of Class II treatments.

MATERIALS AND METHODS

Sample Group Selection and Inter-arch
Distances Measurements
Study models obtained from intraoral scans (iTero Element,
Align Tech., San José, CA, USA) of 167 adult orthodontic patients
(100 women 67 men, mean age 29± 12.5 years, median 27) were
used to determine the stretching distances elastics. The selected
patients had Class II malocclusion, according to the objective
grading system’s occlusal relationship evaluation (13). Other
inclusion criteria were: (1) presence of complete permanent
dentition, (2) absence of periodontal disease, (3) absence of
prosthodontic restorations, (4) no history of craniofacial trauma,
and (5) no syndromes. The study was approved by the local ethic
committee (Comitato Etico Interaziendale A.O.U. Città della
Salute e della Scienza di Torino #157/2020).

The distance between the facial axes (FA) (14) points of the
upper canine and the lower first molar was measured on both
left and right sides at centric occlusion jaw relationship, using

FIGURE 1 | Representation of a subject model, including the five distances

considered.

the “3Shape Ortho Viewer” software (3Shape A/S, Copenhagen,
Denmark). In addition, measurements were detected between
the FA points of upper first premolars and lower first molars,
between upper second premolars and lower first molars,
between upper canines and lower first premolars, and between
upper canines and lower second premolars, to test all the
possible clinical scenarios in which Class II elastics could be
used (Figure 1).

Class II Elastics Mechanical Evaluation
The sample of latex elastics analyzed in the present study was
represented by 24 Ormco R© (Ormco Corporation, Glendora,
CA, USA) elastics, 19 American Orthodontics R© (American
Orthodontics Corporate, Sheboygan, WI, USA) elastics, and
21 3M Unitek R© (3M Oral Care, St. Paul, MN, USA) elastics.
In other words, all the inter-arch elastics produced by those
three companies were tested. Elastics were provided by the
manufacturers in their original sealed plastic bags and were
stored accordingly to instructions of manufacturers.

The MTS Insight R© Electromechanical Testing System (MTS
Systems, Eden Prairie, MN, USA) was used to measure tensile
forces of elastics: two hooks were created with 1.5mm diameter
stainless steel wire and located over the support plates of the
machine (Figure 2). The distance between the two hooks was
adjusted to reproduce every considered FA points distance.
For each diameter/force combination, five elastics were tested
employing a 500 N-load cell to measure the applied force. So,
each elastic type was tested five times at every above-mentioned
FA points distance and forces data were obtained in Newton.

Artificial saliva was obtained by dissolving chemical
compounds in 1 dm3 of distilled water in the following
quantities: NaCl (0.4 g), KCl (0.4 g), NaOH (0.05 g), CaCl2·2H20
(0.22 g), NaH2PO4 (0.12 g), and urea (1 g), at a temperature of
37◦C. Prior to the tests, all samples were conditioned in 20ml of
artificial saliva.

The applied force of elastic was measured in four different
conditions: (1) baseline (T0) when measures were performed
on dry elastics (picked up from the sealed bag); (2) after 1-h
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FIGURE 2 | The MTS Insight® Electromechanical Testing System.

artificial saliva (temperature= 37◦C, pH= 6.7) immersion (T1),
(3) after 6-h artificial saliva immersion (T2), and (4) after 12-h
artificial saliva immersion (T3). All tests were performed at room
temperature (25◦) and dry air condition.

Statistical Analysis
The Shapiro–Wilk test was used to evaluate the normality
assumption; homoscedasticity and autocorrelation of the
variables were assessed using the Breusch–Pagan and the
Durbin–Watson tests. Linear regression analysis was performed
to estimate (1) differences between observed and declared force
values (declared force values used as reference) and (2) the
force variation during artificial saliva immersion follow-up (T0
measurements used as reference).

All the analyses were stratified by elastic type (diameter of the
elastic and declared force value). Values are shown as mean± SD
and 95% CI is used to test the outcome variability. The level of
statistical significance was set at p < 0.05.

Statistical analyses were conducted using the R statistical
package (version 3.5.3, R Core Team, Foundation for Statistical
Computing, Vienna, Austria).

Power Calculation
A priori power analysis was performed to test the difference
between groups using T statistic and non-centrality parameter
with the aim to detect an effect size ≥ 0.30 and an SD = 1.00
(reference in population). Results showed that a total sample of
167 participants was required to achieve a statistical power of
80% (15).

RESULT

Regarding Class II models, the average distances measured
between the considered FA points are as follows (mean± SD):

- 9.80mm ± 1.8 between the upper canine and the lower 1st
premolar (A).

- 15.99mm ± 2.0 between the upper canine and the lower 2nd
premolar (B).

- 24.64mm ± 2.1 between the upper canine and the lower 1st
molar (C).

- 16.30mm± 1.9 between the upper 1st premolar and the lower
1st molar (D).

- 9.78mm± 1.7 between the upper 2nd premolar and the lower
1st molar (E).

The force values declared by the manufacturer and the force
values measured at T0 (dry elastics), T1, T2, and T3 (respectively,
after 1, 6, and 12 h of artificial saliva immersion) for each elastic
type and for every FA points distance considered in the study are
shown in Supplementary Table 1.

Supplementary Table 2 shows the mean deviation (MD)
between the manufacturer declared force value and the T0
measured value, for every considered FA points distance. Most of
the elastics showed a significant difference between the declared
force value and the measured one (p < 0.05).

Results of the statistical analysis comparing the force values
measured at T0 with those measured after artificial saliva
immersion showed significant results. The force released by
most of the elastics at T1, T2, and T3 had a significant decay
with respect to T0 (p < 0.05). Supplementary Table 3 reports
the MD among the force values, for every considered FA
points distance.

DISCUSSION

Despite the widespread use of inter-arch elastics in orthodontics,
the real force released during their clinical applications is
still unknown. In this experimental study, clinical application
distances were obtained from 167 Class II patients. During the
treatment of this malocclusion, the typical inter-arch elastics
configuration is represented by anchoring them on the lower first
molar and the upper canine (8, 9).

In the analyzed sample, the average distance between those
two force application points was 24.6mm, which is larger
than three times the lumen of either 1/4” (18.7mm), or 3/16”
(14mm) elastics.

The mean distance from the lower 1st molar to the upper 1st
premolar was 16.3mm, which is slightly lower than the three
times the lumen of a 1/4” elastic, and slightly higher than that of a
3/16” elastic. Therefore, it may be advisable to use these reference
average measurements to select the proper elastic diameter and
force in adult patients requiring the use of Class II elastics.
To our knowledge, this is the first study in which similar data
are provided.

The existing literature related to Class II treatment with inter-
arch elastics highlighted optimal elastics forces ranging from 2
(56.69 g) to 6.5 oz (184.27 g) (3, 7, 16). In the present study, we
tested 8 oz (226.79 g) force elastics, considering their spreading
in the clinical setting (17).

The mechanical testing was initially performed on dry elastics
at room temperature (18). The force values obtained by most
of the dry elastics (T0) showed significant differences when
compared to the force values declared by the manufacturers.
These results are important since the differences were measured
for all the possible Class II elastics of the considered
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FIGURE 3 | (A) Graphs of forces applied by American Orthodontics elastics stretched over measured distances. (B) Graphs of forces applied by 3M elastics

stretched over measured distances. (C) Graphs of forces applied by Ormco elastics stretched over measured distances.

manufacturers and not only for those suggested by a pool of
clinical orthodontists (2, 3, 6, 8, 9, 19).

According to Kersey et al., differences between measured
and declared forces, varied from negative to positive values,
independent of the application points (18). In the present study,
for elastics applied at 24.6mm distance (upper canine-lower first
molar), the observed differences ranged from−169.5 cN (6.1 oz)
of the GLORIA 3M R© elastics to 36.4 cN (1.3 oz) of the PUMA
American Orthodontics R© elastics, while for elastics applied at
16.3mm (upper first premolar-lower first molar) distance, the
observed differences ranged from −117.9 cN (4.2 oz) of the
GLORIA 3M R© elastics to 128.6 cN (4.6 oz) of the PUMA
American Orthodontics R© elastics. The elastic diameter showing
the lowest discrepancy between the tested and declared force
is the 3/16”, at a distance of 16.3mm (upper first premolar-
lower first molar). However, for the 3/16” diameter, the lowest
discrepancy was observed for the 6.5 oz American Orthodontics
elastic band, for the 2 oz 3M R© elastic band and for 4.5 oz
ORMCO R© elastics. So regardless of the brands, it seems advisable
to carefully choose the size (inches) of elastics based on the
inter-arch distance rather than on the strength needed.

Mansour et al. analyzing 3/16” and 1/4” elastic diameters at a
distance of 14.6mm, revealed no significant differences between
tested and declared forces (9). In particular, the ORMCO R©

3/16” 4.5 oz showed the minimum discrepancy, as observed in
our study.

In contrast, Kanchana et al., comparing elastics with different
sizes, extended at a distance of 15mm, observed that 3/16”

Tomy R© (Tomy Inc., Tokyo, Japan) 4 oz elastics showed the
greatest discrepancy, confirming that manufacturing processes
have a huge impact on the applied force (19).

Analyzing the existing literature about inter-arch elastics,
many studies focused on testing inter-arch distances >20mm,
to simulate real clinical conditions (5, 9, 16, 18, 19). In previous
works, force-extension curves were provided with distances
arbitrarily set at 5- or 10-mm intervals from 0 to 60mm. In this
study, we have provided force-extension curves based on real
clinical distances, trying to providemore useful information from
a clinical perspective. Based on our measurements, the forces
exerted by 3/16” ORMCO R© elastics (Figure 3) showed the best
performance. Kanchana et al. obtained the best force-extension
curve for 1/4” elastics and their results in terms of measured
strength for 3/16” elastics were greater with respect to our
observations (18). However, according to Kanchana et al., tests
were conducted in 2000 and in the last 20 years, some changes
in the structure of the elastomer could explain the performance
improvement detected in our study.

As previously reported, salivary pH, oral hygiene conditions,
diet, and oral habits influence the elastics behavior in the
oral environment (4, 20–22). Force degradation is the greatest
disadvantage in using elastics, despite their application is
expected to generate constant and optimal force for a specified
time period.

In the present study, the wet test was conducted for a period
of 12 h simulating a real clinical condition. In agreement with
many previous studies, for almost all the elastics, a large force
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FIGURE 4 | Force decay (oz) over time of 3M 3/16” and 1/4” elastics. (A) distance between upper canine and lower first molar; (B) distance between upper first

premolar and lower first molar.

degradation was observed just after 1 h (3, 5, 23–25) of saliva
immersion: at the 24.6mm distance, the initial force loss of wet
elastics was 14.12% for American Orthodontics R©, of the 7.92%
for 3M R©, and of 14.61% for ORMCO R©. These data are slightly
lower than those reported by Fernandes et al. (15.26–20.72%) that
performed the test at a distance of 30mm (26). Therefore, from
a clinical point of view, the percentages reported above could
be used to calculate a force level close to the declared one to
compensate for the initial force loss of the elastics.

An increase of the force level was observed between the first
and the 6th h of artificial saliva immersion, while another force
loss was revealed between the 6th and the 12th h.

This trend is particularly evident for 3M R© 3/16” and 1/4”
elastics, stretched between the upper canine and the lower first
molar and between the upper first premolar and lower first molar
(Figure 4).

A possible cause of this mechanical behavior could be the
transitory hardening of the material in saliva immersion (26).

Therefore, as suggested by Lopes Nitrini et al. (25), Andreasen
and Bishara (27), and Wang et al. (4), elastics do not need to be
replaced frequently.

Furthermore, 3/16” elastics showed the lowest discrepancy
between the declared and the measured forces and the lowest
percentage of force degradation in a wet environment, especially
for higher force levels (4.5, 5.5, 6, and 8 oz), confirming the
results of previous studies (22). Therefore, in the clinical setting,
3/16” and at least 4.5 oz elastic bands should be used in Class
II mechanics.

To our knowledge, only Baty et al. reported a possible
clinically significant impact when the difference between the
measured and the declared force (1F) of elastomeric auxiliaries
is >10% (28).

In the present study, almost all the tested elastics had 1F
> 10%.

In conclusion, orthodontists should choose carefully the
size and force of the elastics, and this experimental setup
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provided some suggestions to possibly improve the clinical
performances in Class II treatments of adults, using 3/16” and
at least 4.5 oz elastics and asking the patients to change them
every 6 h.

Limitations of the Study
The most important limitation of this study is the in vitro
design, which does not make it possible to fully reproduce actual
clinical conditions. The simulation of the removal and insertion
of elastics after meals or oral hygiene maneuvers was in fact
not considered.

However, Liu et al. suggested that after a 1-day interval,
the decrease in force values stabilizes, assuming non-significant
variation characteristics. For these authors, the stretch variable,
due to mouth opening and closing, does not imply a cumulative
influence on the material (29).

A comprehensive evaluation of all the possible Class II elastics
represented the real aim of the study: however, analyzing only
those produced by three of the most important manufacturers in
the orthodontic field cannot be considered a shortcut.

As reported by Peck et al., the distance between the
maxillary canine and the mandibular first molar would
increase during wide opening (16). Therefore, another
limitation of the present study is represented by the centric
occlusion measurements: however, the present data could
be useful to create mathematical models simulating different
mandibular positions.

CONCLUSION

- Forces exerted by most of the tested dry and wet
elastics were significantly different with respect to the
manufacturer’s declaration.

- The 3/16” elastics showed the lowest discrepancy between
tested and declared forces, at the average distance measured
between upper first premolar and lower first molar. Increasing
elastic extension, 3/16” diameter elastics showed the lowest
increase in force magnitude.

- After 6 h of artificial saliva immersion, force degradation was
reduced with respect to the first hour.

- The elastics with high force values showed the lowest
percentage of force degradation over time.
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