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Objective: The purpose of this laboratory study was to evaluate changes in the pigmentation of esthetic elastomeric 
ligatures after immersion in a staining solution. 

Methods: Sixty ligatures were selected and divided into 12 groups according to their brand and also considering 
their condition, i.e., unstretched or stretched. The groups were divided into: Morelli (clear), TP Orthodontics (clear), 
American Orthodontics (clear), 3M/Unitek (clear), American Orthodontics (pearl color) and 3M/Unitek (pearl color), 
separated into groups of 5 unstretched and five stretched ligatures. Assessment of their color changes was performed 
by means of digital photograph and computer analysis using Adobe Photoshop. Standardized digital photographs were 
taken at T0 (before the staining process, with unstretched ligatures) and at T1 (following the 5-days staining process). 
The staining solution was composed of artificial saliva and foods with staining potential. At T1 the ligatures were either 
stretched or unstretched. 

Results: The results of this study showed that esthetic elastomeric ligatures are prone to staining. Among the evaluated 
brands, TP Orthodontics and American Orthodontics clear ligatures were the most stable. Moreover, 3M/Unitek pearl 
ligatures demonstrated statistically significant changes in all variables. 

Conclusions: Esthetic elastomeric ligatures are susceptible to staining and no statistically significant difference was found 
between unstretched or stretched ligatures, with the sole exception of the TP Orthodontics brand. The 3M/Unitek’s 
pearl color ligatures displayed the greatest staining potential. 
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introduction
Over the years patients have developed an increas-

ingly critical approach to their own esthetics and, as a 
result, an attractive appearance during treatment with 
fixed orthodontic appliances is in widespread demand 
among patients, especially adults.8 All this concern with 
esthetics during orthodontic treatment has fueled the 
use of esthetic brackets, wires and elastomeric ligatures. 

Increased demand for an esthetically pleasing appear-
ance during treatment with fixed appliances requires es-
thetic accessories, such as ligatures that match the color 
of esthetic brackets. These elastomeric products, or liga-
tures, feature certain advantages such as elastic memory, 
are easily installed, biocompatible, motivate patients dur-
ing orthodontic treatment, and are comfortable,19,23 with 
decreased risk of damage to the oral mucosa.18,25 

However, they have some disadvantages, such as 
changes in physical properties when exposed to moist 
environments,13,14 degradation in the amount of force 
released over time, poor seating of the archwire during 
application of torque or rotation correction.5,23 Com-
pared with steel ligatures, elastomeric ligatures involve 
hygiene-related issues since there is greater plaque ac-
cumulation around the bracket.18,23,25 

Elastomeric ligatures can be manufactured with 
two types of materials: Latex or synthetic elastomers. 
Rubber or latex ligatures are obtained by vegetable 
extraction,18 whereas synthetic elastomers, also called 
plastics, are made from polyurethane materials derived 
from crude oil, coal and some vegetable alcohols.18,19,20 

Resilience is one of the most convenient character-
istics of latex rubbers, while their greatest limitation is 
the swelling and staining that occur as fluids and bacte-
ria seep into the vacuum of the rubber matrix,25 which 
shortens their lifespan. 

 The basic repeated structure of the polymers that 
comprise polyurethane rubber impart to plastics a wide 
variety of physical properties.25 However, the exact 
product composition is held in secret by manufactur-
ers19,25 and the quality of these materials is dependent on 
the manufacturing process.22,23 Thus, ligature compo-
sition results from a combination of technology, tech-
nique refinement and quality of the raw materials used 
during manufacture.22,23 

When exposed to the oral environment for a lengthy 
period of time these ligatures absorb water and saliva, 
which disrupts internal connections, thereby promoting 

permanent deformation.19 The physical properties and 
appearance of these materials may also be affected by 
exposure to mastication forces, and besides the absorp-
tion of fluids and saliva, the absorption of food pigments 
also occurs.2,18,25 According to Wong,25 elastomeric ma-
terials are prone to staining by some types of food.

Any efficient method for measuring color should 
be reliable, easy to use and allow outcome assessment. 
Given its usefulness, digital photography has established 
itself as a new method for measuring and analyzing col-
or through computer programs.15,16 With the aid of the 
Adobe Photoshop, a color analysis software, degrees of 
image brightness (R, G, B) can be evaluated using the 
Histogram tool.3,12,21 

In seeking to ensure a long-lasting esthetic effect and 
assuming that these elastomers undergo staining when 
exposed to certain foods, it is important to assess sus-
ceptibility to staining of these materials by those foods. 
The aim of this study therefore, was to assess, in vitro, the 
susceptibility to staining of esthetic orthodontic elasto-
meric ligatures of two different types, i.e., (a) colorless/
clear and (b) pearl/obscure color, offered by different 
manufacturers.	

MATERIAL AND METHODS
This is an experimental and longitudinal in vitro study. 

The total sample consisted of 40 colorless/ transparent 
(clear), and 20 pearl/obscure color elastomeric ligatures, 
all used in orthodontic procedures for ligating orth-
odontic archwires to brackets.

The clear elastomeric ligature brands used in the 
study were as follows: Morelli, TP Orthodontics, 
American Orthodontics and 3M/Unitek. The pearl 
color ligature brands were manufactured by American 
Orthodontics and 3M/Unitek. Ligatures were divided 
into twelve groups with five ligatures each, according to 
brand and unstretched or stretched condition. It should 
be noted that both clear and pearl color samples of the 
American Orthodontics brand, and clear and pearl of 
the 3M/Unitek brand were employed. 

Digital photographs were used to evaluate ligature 
color. Photographs were taken with a digital camera 
(Canon EOS Rebel XT model, with 6.8 megapixel res-
olution and 12-bit color depth). Images were recorded in 
manual mode with the following settings: Speed 5 (0.2 
seconds), diaphragm aperture 11-in, position (height) 
of the desktop camera stand at a distance  of  36  cm, 
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ISO 100, no flash, auto mode with timer set to shoot 
after 10 seconds, image storage in RAW format. A 60 
mm Canon EF-S, 1:2.8 macro, was used in an environ-
ment completely free from natural light, lighted only by 
an Portable Transparency Viewer 4050v (Visual Plus®) 
negatoscope. The negatoscope was placed on a desktop 
camera stand (Atek) (Fig 1), and above it, the ligature 
was placed under the camera focus. 

The camera was fixed to an arm on the camera stand 
and positioned perpendicular to the stand, and the fo-
cus-object distance was set at 9 cm. Each ligature was 
placed on the camera stand so that the circumference 
of the ligature was superimposed on top of a reference 
point at the center of the viewfinder. 

The images (Fig 2) were transferred to the computer 
using the File View Utility program, in RAW format, 
and thereafter converted and stored in 8-bit TIFF format. 
Subsequently, all the images were analyzed by the color 
management program built into Adobe Photoshop CS2, 
version 9.0. With the aid of this software, under a 100% 
zoom, an area of 0.3 cm wide by 0.3 cm in height was 
determined on the circumference of the elastomeric liga-
ture (Fig 3). The colors that were present in this area were 
evaluated with the Histogram function through levels of 
brightness (B), Red (R), Green (G), Blue (B) and RGB.

Color measurement using the RGB model is per-
formed with the aid of values on a scale ranging from 
0 to 255, which provides the precise blend of a given 
color. These values (0 up to 255) also serve as a guide to 
adjust the image color and the tone levels either jointly 
(RGB) or separately, i.e., R, G and B. As the value 
comes near to 0 (zero), the image being analyzed turns 
darker. Similarly, the closer it gets to 255, the lighter or 
whiter the image becomes. Thus, a given substance can 
be analyzed and perceived as being lighter or darker in 
relation to these values. 

Before proceeding with the experiment, a repeat-
ability test was performed on the photographs to de-
termine the degree of reliability afforded by the meth-
odology used in the experiment. To this end, four 
ligatures from different manufacturers were employed. 
Each ligature was photographed three times a day for 
eight days, totalizing 96 photographs. In the mean 
time, the ligatures were stored in the refrigerator to 
avoid compromising the final result of the test. This 
was accomplished based on the same initial assump-
tions of underpinning the experiment.

Figure 1 - Camera in position on the desktop camera stand. 

Figure 2 - Ligature prior to staining process.
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vice used to stretch them, all ligatures were then washed 
with distilled water for 1 minute, dried with compressed 
air and once again digitally photographed, totaling 60 
photographs at T1, i.e., after the staining process. Fol-
lowing, computerized assessment was performed with 
the aid of Adobe Photoshop CS2 version 9.0, under the 
same conditions described above.

Results
After obtaining mean values for B, R, G, B and RGB 

for each group, ANOVA was performed to investigate 
whether the difference between variables was statistically 
significant between the groups. After ANOVA yielded 
positive results (p = 0.000), Student’s t test was performed 
to determine the difference between the means for B, R, 
G, B and RGB in all groups. Both tests were performed at 
T0, before the staining process, and at T1, after the staining 
process with the unstretched and stretched ligatures.

The values found for each ligature brand at T0 and T1 
can be seen in Tables 1 to 3.

At T0 a statistically significant difference in all vari-
ables, i.e., red, green, blue, brightness and RGB, was 
found between the ligatures. At T1, in the absence of 
stretching, a significant statistical difference was also 
found between the ligatures under all conditions. At T1, 
in the presence of stretching, the result was similar to 
the unstretched group, with statistically significant dif-
ferences between the groups. 

Student’s t test was applied to all groups to evaluate 
color variation through absolute mean differences for 
RGB between T0 and T1, in unstretched and stretched 
ligatures (Figs 5 and 6). 

Data from the repeatability test were statistically 
verified using analysis of variance (ANOVA) to disclose 
whether variability between the different measures would 
be statistically significant. After obtaining and testing the 
values, the accuracy of the method was validated and 
confirmed, so the experiment could be initiated.

Each elastomeric ligature was separated into individ-
ual containers that determined the group to which they 
belonged. The groups of ligatures to be stained in the 
unstretched and stretched groups were also separated. 
All ligatures were handled following manufacturer rec-
ommendations and using a dressing forceps.

Thirty ligatures (5 of each brand) were photo-
graphed. One photograph was taken of each un-
stretched ligature, totalizing 30 photographs at T0, i.e., 
prior to the staining process.

To test ligature susceptibility to staining, a solution 
comprising 250 ml of coffee, 250 ml of black tea, 250 ml 
of red wine, 250 ml of flat (fizzless) Coca-Cola, 250 ml 
of a smoke roll infusion and 250 ml of artificial saliva 
was prepared.10 This solution was homogenized and 
stored in an oven (Biomatic brand) at 37°C for 48 hours. 

All 60 ligatures divided into their groups were then 
immersed in a staining solution and placed in an oven at 
37°C for 5 days. Thirty ligatures were immersed in their 
normal state (unstretched). The remaining 30 ligatures 
were stretched using a device that reproduced a degree 
of stretching that resembled that state of a ligature ligat-
ing a bracket (Fig 4) and then they were immediately 
immersed in the solution along with the device. 

The ligatures were removed from the staining solu-
tion, the stretched ligatures were removed from the de-

Figure 3 - Digital image rendered with Adobe Photoshop CS2 version 9.0. Figure 4 - Device used to stretch ligatures.
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Discussion
In order to analyze susceptibility to staining of es-

thetic ligatures — which enables a more pleasing cos-
metic effect during treatment — all brands used in 
the experiment were evaluated with respect to bright-
ness  (B), Red (R), Green (G) Blue (B) and RGB 
through digital photography and computer analysis us-
ing Adobe Photoshop CS2 version 9.0. In examining 
the levels of  B, R, G, B and RGB found at T0, TP 

The values found indicate that all brands of ligatures 
were susceptible to staining. The ligatures manufactured 
by Morelli, American Orthodontics, 3M/Unitek, TP 
Orthodontics and American Orthodontics pearl color 
showed similar behavior regardless of being unstretched 
or stretched. Performance of the pearl ligatures manufac-
tured by 3M/Unitek was notorious in the sense that they 
exhibited the largest amount of RGB variation, i.e., the 
most significant changes in color.

Table 1 - Means and standard deviations for red, green, blue, brightness and RGB values at T
0
 by elastomeric ligature type.

Table 2 - Means and standard deviations for red, green, blue, brightness and RGB values at T
1
 for unstretched ligatures by elastomeric ligature type.

Table 3 - Means and standard deviations for red, green, blue, brightness and RGB values at T
1
 for stretched ligatures by elastomeric ligature type.

Elastomeric ligature 
Red Green Blue Brightness RGB

Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Morelli 240.00 ± 1.66 242.18 ± 1.49 240.54 ± 1.72 241.34 ± 1.56 240.91 ± 1.62

American Orthodontics 239.66 ± 2.82 241.84 ± 2.53 240.16 ± 3.17 240.96 ± 2.65 240.54 ± 2.68

Unitek 222.34 ± 1.57 224.72 ± 1.50 220.34 ± 1.87 223.44 ± 1.54 222.45 ± 1.61

TP 241.05 ± 1.18 243.24 ± 1.00 241.78 ± 1.17 242.42 ± 1.07 242.02 ± 1.11

American Orthodontics pearl 160.93 ± 1.32 160.47 ± 1.53 136.15 ± 2.45 157.93 ± 1.52 152.56 ± 1.60

Unitek pearl 169.94 ± 1.32 172.33 ± 1.01 165.99 ± 1.00 170.92 ± 1.10 169.42 ± 1.10

Elastomeric ligature 
Red Green Blue Brightness RGB

Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Morelli 230.19 ± 1.25 233.47 ± 1.04 213.42 ± 1.57 230.29 ± 0.98 225.60 ± 0.72

American Orthodontics 233.04 ± 2.87 236.58 ± 2.74 226.81 ± 2.38 234.45 ± 2.74 232.26 ± 2.78

Unitek 211.29 ± 3.59 213.64 ± 3.66 193.78 ± 5.16 210.75 ± 3.78 206.24 ± 4.08

TP 232.20 ± 0.62 235.40 ± 0.59 224.86 ± 0.57 233.28 ± 0.59 230.82 ± 0.58

American Orthodontics pearl 151.12 ± 3.37 146.09 ± 3.44 103.48 ± 3.12 142.91 ± 3.91 133.42 ± 3.31

Unitek pearl 139.92 ± 1.83 136.89 ± 1.61 108.43 ± 1.34 134.67 ± 1.48 128.42 ± 1.35

Elastomeric ligature 
Red Green Blue Brightness RGB

Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Morelli 229.08 ± 1.80 231.63 ± 1.55 202.72 ± 1.39 227.69 ± 1.39 221.14 ± 1.40

American Orthodontics 229.92 ± 2.33 233.31 ± 2.26 218.12 ± 4.47 230.62 ± 2.38 227.11 ± 2.73

Unitek 210.21 ± 1.54 211.10 ± 1.04 186.95 ± 1.62 208.16 ± 1.16 202.75 ± 1.23

TP 228.63 ± 0.88 231.54 ± 0.71 214.21 ± 1.61 228.77 ± 0.81 224.80 ± 0.97

American Orthodontics pearl 150.55 ± 3.52 146.24 ± 4.05 103.83 ± 4.51 142.85 ± 3.91 133.43 ± 3.98

Unitek pearl 140.08 ± 2.53 136.56 ± 1.93 101.42 ± 3.55 133.75 ± 1.99 126.02 ± 2.18
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Orthodontics ligatures showed an increased risk for 
staining, followed by Morelli, American Orthodontics, 
3M/Unitek, 3M/Unitek pearl color and American Or-
thodontics pearl color. The difference in proneness to 
staining among these different ligatures may reflect the 
different compositions of these products. Several au-
thors confirm this assertion.19,22,23,25 It is possible to note 
that the lowest values were found for pearl/obscure color 
ligatures, indicating that the amount of pigment found 
in the color composition of these elastomers causes an 
increase in the final density of the material, thereby pro-
moting changes in the values of the variables analyzed.

At T1, with unstretched ligatures, mean values were 
lower compared to the values found at T0, demonstrat-
ing that staining occurred in these ligatures. American 
Orthodontics and TP Orthodontics ligatures exhibited 
the lowest susceptibility to staining on exposure to the 
staining solution. Morelli ranks next with values that are 
very close to the aforementioned American and TP Or-
thodontics ligatures, with the exception of the variable 
B (blue), in which Morelli’s assessment was substantially 
below average, showing a statistically different perfor-
mance (p = 0.002). In variables R (red) and G (green), 
American Orthodontics, Morelli and TP Orthodontics 
ligatures had a similar performance, with American 
Orthodontics pearl color and 3M/Unitek pearl color 
ligatures achieving lower values. Thus, according to the 
RGB color model, a decrease in the means analyzed in-
dicates the presence of pigments in these ligatures.

At T1, with stretched ligatures, results were simi-
lar to those found in the unstretched sample, ANOVA 
(p = 0.000), where the mean values for American Ortho-
dontics ligatures were the highest and closely matched 

Figure 5 - Absolute difference (ΔRGB) of RGB means for different brands of 
ligature at T

0
 and T

1
 in unstretched condition.

Figure 6 - Absolute difference (ΔRGB) of RGB means for different brands of 
ligature at T

0
 and T

1
 in stretched condition.

TP Orthodontics and Morelli values, with American 
Orthodontics pearl color and 3M/Unitek pearl color 
achieving the lowest values. These values demonstrate 
that no difference exists between ligatures in terms of 
being stretched or unstretched so that researchers in fur-
ther studies can rest assured that this variable will have 
no bearing on the final values. 

In assessing the variable brightness, a statistically sig-
nificant variation was found at T0 and T1 in all brands. 
The lower values achieved by the pearl/obscure color 
ligatures at both T0 and T1 are worthy of note. According 
to the principle of optical fluorescence, an object has the 
ability to emit light with a wave length that is different 
from the source of the light falling upon it.25 Thus, when 
exposed to the light of a negatoscope, ligatures emit light. 
However, due to the fact that pearl/obscure color liga-
tures have a different structural composition from that of 
clear ligatures, they emit a smaller amount of light than 
those which do not have color pigments. 

Regarding variable red (R), all ligatures changed 
their color during the experiment. The most stable 
brands displayed a similar performance at both T0 
and T1, namely: TP Orthodontics and American 
Orthodontics. However, the biggest difference be-
tween T0 and T1 was found in the 3M/Unitek pearl 
color ligatures. In view of the fact that the solution 
components tend toward the color red, one can infer 
that staining occurred in all groups during the study, 
yielding statistically significant values. This finding 
was also posited by Libório27, who used the same 
staining solution to study susceptibility of esthetic 
brackets to staining and found changes in color in all 
ligature brands evaluated.
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Regarding the change of color to green (G), there 
was no statistical difference between time T0 and T1 
in all brands. The values found in each brand analyzed 
varied at both T0 and T1. Notorious among these, were 
the 3M/Unitek pearl color and American Orthodon-
tics pearl color ligatures at T1 in both unstretched and 
stretched condition. The values attained by these two 
manufacturers may indicate similarity in the composi-
tion of their ligatures.

As regards the variable blue (B), all brands analyzed 
exhibited final numerical values that were lower than 
baseline, which was an expected behavior in line with the 
behavior of other variables. Ligatures manufactured by 
American Orthodontics and TP Orthodontics displayed 
a similar performance. The worst performance of the 
blue color was displayed by 3M/Unitek, followed by 3M/
Unitek pearl color, as in the other variables. The wide 
variation of blue, with a significant decrease in value, can 
be explained by the fact that red had shown only a slight 
decrease. According to Gomes,10 the components used 
in the staining solution tend toward red, and these two 
colors are at opposite ends of the light spectrum.

Since color perception and interpretation are subjec-
tive,11 one single numerical assessment of variables B, R, 
G and B may not be sufficient for adequate perception of 
the color changes undergone by each brand in this in-
vestigation. It is noteworthy that variation between times 
(T0  and T1) is more important than final mean values, 
since one cannot disregard the original characteristics in-
herent in the material, which play a relevant part in the 
outcome. However, even if the same values are reached, 
the changes in color disclosed in the results may be 
masked when these ligatures are in the oral environment 
and form part of the tooth-bracket-ligature complex, 
where each element used separately is likely to influence 
the perception of changes in ligature pigmentation. Fur-
ther studies are therefore suggested in order to determine 
the influence of ligature staining on smile esthetics. 

As regards changes in color (ΔRGB) between T0 
and T1, the results were similar in both unstretched 
and stretched ligatures. 3M/Unitek pearl color ligatures 
showed greater tendency to staining. The other brands 
also underwent staining, but all fell within a range of 
lower values, similar to the delta values under the two 
conditions tested. 

TP Orthodontics and American Orthodontics lig-
atures exhibited greater stability with similar perfor-

mance, although TP Orthodontics ligatures were the 
only ones that revealed statistical differences in their 
susceptibility to staining under both unstretched and 
stretched conditions. This difference may be disputed 
given the fact that no colorimeter or spectrophotom-
eter was used in the measurements, since these are 
standard instruments for measuring colors.7 Certain 
limitations were present in the material analyzed, such 
as the need to have a flat surface with minimum ex-
tent and thickness as to allow color measurement.4,24 
Although some ligatures were evaluated because they 
had a polished surface, this surface was not flat. More-
over, the extent and thickness were not sufficient to 
yield a correct evaluation with these instruments. 
However, the method used in this study does not in-
validate the results, since nowadays digital color as-
sessment is a widely accepted method.16

It is vital that professionals learn about how esthetic 
ligatures tend to behave before using them, since fac-
tors such as specific colors, diet and length of time that 
the ligature remains in the oral environment, will likely 
influence the final esthetic appearance, often at the ex-
pense of frustrating the patient's expectation. Fraunhofer 
et al,9 grounded in findings obtained from an in vitro ex-
periment argue that the in vivo behavior of elastomers 
may be different due to variables such as temperature 
changes in the oral environment, and masticatory forces.

The findings of this study pertain only to the sus-
ceptibility to staining of esthetic ligatures evaluated by a 
computer program. At what point these changes can be 
perceived on a daily basis and to what extent they can 
cause inconvenience to the patient could be the subject 
of further investigation. 

CONCLUSIONS
The results show that the esthetic ligatures as-

sessed are susceptible to staining, with no difference 
found between them as far as their condition during 
the pigmentation process, i.e., whether they were 
stretched or unstretched, except for the TP Ortho-
dontics clear (colorless) ligatures, which absorbed 
more pigments upon stretching.

Despite their proneness to staining, TP Orthodon-
tics and American Orthodontics colorless ligatures were 
more stable and less susceptible to color change. Con-
versely, there was marked susceptibility to staining in 
the 3M/Unitek pearl color ligatures.
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