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Pigment effect on the long term elasticity of
elastomeric ligatures

Erika de Oliveira Dias de Macédo', Fabricio Mezzomo Collares?, Vicente Castelo Branco Leitune?,
Susana Maria Werner Samuel*, Carmen Beatriz Borges Fortes®

Objective: To evaluate the response of elastomeric ligatures in several colors for a 4 mm traction over time.

Methods: Morelli® elastomeric ligatures, were submitted to traction forces using two rods of circular cross sec-
tion, until a 4 mm distance was reached, matching the approximate diameter of an upper central incisor bracket
of the same manufacturer. The ligatures were kept in artificial saliva immersion at 37 °C. Forces levels were mea-
sured immediately (0 h), 2, 4, 6, 8,10, 12, 24,48, 72,96 hours, 1, 2, 3, 4 weeks and results were submitted to two-way
repeated-measures ANOVA statistical analysis.

Results: The gray samples showed the higher initial values of tensile strength. The lowest values were presented
by purple, light pink, green, black and red groups. The greater tensile strength instability was presented by red,
black, silver, green and gray groups. The greater tensile strength stability was presented by deep pink, dark blue,
blue, purple and light pink groups.

Conclusion: Elastomeric ligatures do not present stable behavior when suffering traction forces over time and
different colors display different behaviors. Deep pink, dark blue, blue, purple and light pink groups, displayed the

most stable forces, suggesting that they should be used during the treatment to obtain constant forces.
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INTRODUCTION

Elastomeric ligatures are used during dental
alignment and leveling stages, allowing the arch
wires of small diameters to be connected to the
teeth generating horizontal, both bucco-lingual and
mesial-distal, and vertical movement. The elasto-
meric ligatures are also used for rotation correction
and retractions. Furthermore, the possibility of
choosing the ligatures color facilitates the adhesion
of young people to treatment, as there is a vast op-
tion of colors available in the market nowadays.

Elastomeric ligatures are polyurethane poly-
mers produced by a step-reaction polymerization
process with cross-linking connection that allow
the elastic recovery to its initial spiral pattern.”
However, despite having elastic properties, liga-
tures are not considered perfect elastics, as they
suffer structural deformation of the polymer chain,
what leads to permanent deformation. This phe-
nomenon is called force relaxation and it consists in
the decay of the necessary force to distend the elas-
tomeric ligatures over time."”%!5

Pigments that are incorporated to ligatures’ elas-
tomeric matrix to give the material different colors
seem to affect its mechanical properties, however
few studies have addressed this issue."* The aim of
this study was to evaluate the behavior of elastomer-
ic ligatures of different colors when they are submit-
ted to traction after different storage periods.

MATERIAL AND METHODS

Elastomeric ligatures (Morelli®), in ten different
colors were used in this study: light green, red, light
pink, purple, deep pink, blue, dark blue, black, gray
and silver. Each color represents a group of 10 units
of elastomeric ligatures. As the main function of the
ligatures is to connect the archwire to the bracket,
keeping the wire under constant pressure to pro-
mote tooth movement, the diameter of a Morelli®
central incisor bracket was used as standard, which
is equivalent to the average distance of the ligature
tier used for this purpose, 4 mm.

Ligature traction was performed in auniversal test-
ing machine EMIC DL 2000 (EMIC Sio José dos Pin-
hais, PR - Brazil), with the aid of a device comprised of
two stainless steel “L” shaped rods with circular cross
section of 0.7 mm (Fig 1). The angled portions of the
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stems were positioned together and introduced into
the ligatures that were then submitted to traction at a
speed rate of 1 mm/s until the internal diameter of the
ligature (1.5 mm at rest) would reach 4mm. The force,
in Newtons, necessary to elongate the ligature of each
group was immediately registered (0 h) and then reg-
istered again after storage period of 2, 4, 6, 8,10,12, 24,
48,72,96 hours and 1, 2, 3, 4 weeks. Samples were kept
in artificial saliva at 37 °C.

Statistical Analysis was performed by two-way
(color and time) repeated-measures ANOVA. The
statistical significance level was of 95%.

RESULTS

The elastomeric ligatures’ behavior during the
traction test is shown in Figure 2 and Table 1. The
gray pigmented elastomeric ligatures presented
higher initial forces when submitted to traction in
comparison to the purple, light pink, green, black
and red groups. However there was no significant
difference among the force values for the deep pink,
dark blue, blue and silver groups.

At hour 2 the gray group still presented the high-
est force values showing statistically significant dif-
ference when compared to the deep pink, light pink

Figure 1- Device in stainless steel used to attach the ligatures during tests.
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and black groups. At week 1, the green, black, gray
and silver groups presented statistically significant
force decay when submitted to the traction test in
comparison to the other groups. At that moment,
the gray group was only different from the light
pink and red groups.

There was no significant force reduction over
time for the purple, light pink, dark blue, blue and
deep pink groups, displaying a more constant behav-
ior. The green group was the only one that present-
ed significant force decay when submitted to trac-
tion at week 4 in relation to its initial values. The
red, green and black groups displayed the greatest
force oscillations during the testing period, varying
between force increases and decreases.

DISCUSSION

Polyurethane elastics have been widely used in
orthodontics and they have replaced the latex ones
in cases of hyper-sensible patients. However, they
are not considered ideal elastics and behave in a
non-uniform way. Part of their force is lost over
the time, what can interfere in tooth movement
within the 28 days they are generally in intraoral
use. Moreover, different behaviors have been ob-
served among the various color the elastomeric
ligatures are made in, and some studies have sug-
gested that the manufacture process and the kinds
of pigments used may influence the material's
structure and, consequently, its capacity of trac-
tion resistance over time.">!12

Table 1- Mean and standard deviation for the force values (N) obtained by traction for the different colors and intervals.

Intervals Gray Deep pink Dark blue Blue Silver Purple Light pink Green
1h 3.70 (40.25) 3.53(40.16) 3.49(40.22) 3.46 (4017) 3.44(4017) 3.41(40.27) 3.39(40.24) 3.37(40.26) 3.35(40.19) 3.24(40.27)
B,a B,a B,Ca B,Ca B,Ca Ca Ca Ca Ca Ca
2h 3.25(40.26) 295(40.15) 3.06(40.19) 3.05(40.16) 3.02(40.16) 3.00(40.26) 2.95(40.22) 3.18(40.21) 2.95(40.17) 2.88(40.20)
B,b,c CDb B,C,D,b B,C,D,b B,C,D,b B,C,.D)b C,Db B,C,ab CD,b,c B,D,b,c
ah 3.28(40.22) 292(4012) 3.02(40.19) 3.03(40.16) 3.02(4013) 295(40.21) 292 (4019) 3.05(40.14) 2.95(40.17) 2.84(40.20)
B,Cb Cb BCb Cb BCb Cb Cb B,C, bc Cbec Cb,c
o 3.08 (40.21) 2.83(40.14) 295(40.14) 294 (4014) 2.84(40.14) 291(40.25) 290(40.20) 2.99(40.14) 291(4018) 2.75(40.16)
Bb,.c B,Cb BCb BCb B,C,bc B.Cb B,Cb B,C,bc B,C,bc Cb,c
8h 3.06 (40.23) 279 (4014) 290 (40.18) 2.87 (40.18) 2.82(4014) 2.83(40.25) 2.81(40.21) 292(4014) 2.88(4019) 2.71(40.19)
B,b,c BCb BCb BCb B,C,bc B.Cb B.Cb B,Cbc B,Cbc Cb,c
1oh 3.05(40.21) 2.83(40.14) 2.89(40.18) 292 (40.12) 2.82(40.15) 2.85(40.24) 2.81(40.22) 2.86(4012) 2.88(4015) 2.71(40.18)
Bb,c BCb B.Cb B.Cb B,C,bc B.Cb B,C,b B,C.c B,C,bc Cb,c
2h 3.05(4019) 277 (4013) 2.85(4016) 2.88(4015) 2.78(40.15) 279 (40.26) 2.78(4019) 290(4014) 279 (40.18) 2.68(40.19)
B,b,c B,.C,b B,.Cb B,.Cb B,C,b,c B,.C,b B,Cb B,C,b,c B,C.c Cb,.c
24h 3.02(40.21) 294 (4013) 292 (4015) 294 (40.13) 2.85(40.15) 297 (40.36) 2.87(4018) 2.97(4013) 312(4019) 2.73(4018)
B,b,c B,C,b B,C,b B,C,b B,C,b.c B,Cb B,Cb B,C,b,c B,a,b Cb,.c
48h 312(4018) 294 (4013) 293(40.17) 2.89(40.25) 2.82(4015) 2.87 (40.24) 2.83(40.20) 297(40.12) 290 (40.13) 2.75(40.6)
Bb,.c BCb B.Cb B.Cb Cbec B,C,b Cb B,Cb,c B,Cbc Cbec
o 3.05(4014) 292 (4011) 2.86(4017) 2.87(40.14) 278 (4015) 2.79(40.22) 2.79(40.21) 2.83(40.20) 2.82(40.11) 2.61(4018)
B,b.c B,b B,C,b B,C,b B,Cbc B,Cb B,Cb BCc B,Cc Cc
9% h 317 (4018) 3.01(40.12) 296 (40.18) 296 (40.14) 2.85(4014) 2.89(40.23) 2.88(40.20) 2.94 (40.10) 2.91(40.13) 2.94 (40.10)
B,b.c B,C,b B,C,b B,Cb Cb,c B,Cb Cb B,C,b,c B,C,b,c B,Cb
15t week 297 (40.19) 277 (4015) 278 (40.16) 277 (4014) 2.67 (40.14) 273 (40.24) 2.67 (40.19) 2.83(40.15) 2.75(40.14) 2.59(40.18)
W B,c B,C,b B,Cb B,Cb Cc B,Cb Cb B,Cc B,Cc Cc
2nd week 3.21(40.21) 3.02(4014) 297 (4017) 2.95(40.14) 2.87(40.13) 290 (40.26) 2.86(40.20) 2.91(4015) 2.90(4013) 2.77 (40.22)
B,b,c B,C.b B,C.b Cb Cb,c Cb Cb Cb,c Cb,c Cb,c
3rd week 319(40.23) 299 (40.13) 299 (40.17) 298 (40.14) 2.89 (40.14) 291(40.25) 290 (40.22) 294 (4016) 297 (40.15) 2.73(40.21)
e Bb.c BC,b BC,b BC,b Che BC,b Cb B,C.bc B,C.b.c Che
4th K 3.08(40.22) 290 (4011) 2.85(40.15) 2.83(4013) 277 (4014) 2.82(40.25) 2.82(40.22) 2.88(40.13) 2.82(40.14) 2.64(40.18)
wee Bbc BC,b BC,b BC,b Cbe BC,b BC,b B.C.c B.C.c Cc

Different capital letters show statistical difference in the columns. Different lowercase letters show statistical differences in the lines.
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Force (N)

Groups

Figure 2 - Force values (N) under 4 mm traction for the different groups of color, in the assessed periods.

According to the law of action-reaction the val-
ues obtained also indicate the remnant internal
tension of the elastic that corresponds to its poten-
tial capacity of exerting force over the archwire to
achieve the desired tooth movement.

The studies that evaluated the behavior of the
elastomeric ligatures over time showed that the
highest loss of traction resistance occurs within the
first 24 hours***'> and that an average of 30% of that
loss occurs within the first hour,*>!!* which corrob-
orates the findings in this study. These differences
may be due to: different manufacture techniques
involving the cutting or the injection-moulding of
the raw material; the additives incorporated to the
final product; the morphological differences (ellip-
soid or circular modulus) and, in the case of elastic
chains, to their dimensional characteristics (the
presence or absence of inter-modular connections).

© 2012 Dental Press Journal of Orthodontics

There is great variation of traction resistance be-
tween elastomeric ligatures kept in wet medium and
those kept in dry medium. For this reason the ligatures
used in this experiment were kept in artificial saliva.®
The in vitro aging process of the polyurethane involves,
initially, the degradation of the ether group, followed by
the loss of the free urethane not linked to the ester group
and theloss of the hydrogen linked to the urethane of the
ester group and urea group. Therefore, the water hydro-
lyzes the ester or the ether that are bonded to the main
chain, which promotes structural degradation of the
polymer’s chain and accelerates the aging and weaken-
ing process of the material. This process reduces the nec-
essary force to keep the ligatures distended and, conse-
quently, diminishes its internal tension under traction.”®

Differently from the wet medium, where the ag-
ing process occurs by the hydrogen removal from
beta-methylene group, leading to the loss of alcohol
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and alkenes, in the dry medium the removal of the
hydrogen is carried out from the alpha-methylene
group, which means a slower degradation process.”®

Taloumis et al** showed the influence of the stor-
age medium on the configuration of the ligatures,
proving that immersion of the elastics in wet me-
dium itself is capable of changing their dimensions,
corroborating Wong’s" findings that showed that
these ligatures absorb saliva, which changes their
structural configuration and their behavior when
submitted to traction.

Regarding the behavior of the tension over time,
some studies have reported that higher initial forces
determine higher decay rates over time.'®'*** This phe-
nomenon was observed in this study in the gray group
that obtained higher initial forces and lower stability
in the maintenance of these forces when compared to
the groups with intermediate initial values.

The results obtained by De Genova et al,® show-
ing that higher initial values had lesser force decay
under traction, agree with the results found in this
study for the deep pink, dark blue and blue groups,
as these colors presented high initial force, with no
statistical difference to the gray group, and good
stability over time. The groups with lower initial
values presented a more instable behavior, which is
also in agreement with the results obtained by De
Genova et al® that described a higher force decay for
the ligatures with lower initial force after 21 days.

The force increase from the second week on is justi-
fied by the findings of Wong,"”® who revealed a probable
loss of the elastic properties of the material related to
time and intensity of traction, which would lead to a
plastic deformation that makes the elastomeric ligatures
stiffer to strain. The subsequent reduction of the trac-
tion force resistance values found in this study may be
related, according to Taloums et al,** to the permanent
dimensional changes, to the enlargement of the internal
diameter of the ligature and to the width of the wall of the
external diameter that lead to force decay over time.

The variations found in this study regarding the
different colors suggest that the different kinds of pig-
ment used in the elastomeric ligatures may change the
ligatures’ behavior, corroborating the findings of Baty
et al? that showed differences between some brands of
ligatures and explained it as being the result not only of
the pigment employed, but also of the manufacturing
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technique employed. The results found by Lu et al" also
showed differences associated to pigment addition,
finding statistically superior results for transparent
elastomeric ligatures when compared to gray ones. The
differences in the behavior of different colors ligatures
may influence on the color choice, as the colors with
better stability over time are more recommended due
to their less jeopardizing biological effects.

The variation in the traction force values found
in each group shows the need of an individual con-
trol, since these differences promote various effects
depending on the clinical situation, the anatomical
conditions and bone support of each patient.

Force decay over time may have influence partic-
ularly in cases demanding continuous full engage-
ment of the arch wire with the bracket to achieve
the desired movement, such as tooth rotation, over
3 mm of dental crowding, as demonstrated by Fran-
chi and Baccetti,’ and during alignment and level-
ing, in which the force decay under traction gener-
ates intermittent and decreasing stimulus that may
influence tooth movement negatively, particularly
when using thermo-activated arch wires that act for
longer periods. Considering that after 28 days the
ligatures are unable to establish an ideal engage-
ment between the arch wire and the slot, there is
distortion of the arch wire's long term effects.

CONCLUSION

Elastomeric ligatures do not present stable behav-
ior when submitted to traction over time. The ligature’s
color is a determinant variable to its behavior, having
groups of different colors presented different behavior.
The choice of this material must be based on the desired
effects in order to obtain effective outcomes over treat-
ment and allow predictability of its effects on patients.

Within the limitations of this in vitro study, the
green, black and red groups were the ones that pre-
sented higher force oscillation when submitted to
traction. Among all groups, the green one presented a
statistically significant reduction between the initial
and final measurements of the experiment. The deep
pink, dark blue, blue, purple and light pink groups did
not present statistically significant differences be-
tween the initial and final measurements, what might
suggest to the orthodontist that these colors would
present more constant forces during treatment.
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