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Influence of in vitro pigmenting of esthetic orthodontic ligatures 

on smile attractiveness

original article

Camila Ferraz1, Marcelo Castellucci2, Márcio Sobral3

Objective: To evaluate the perception of dental students and orthodontists on the degree of influence that pig-

mented esthetic elastic ligatures have on smile attractiveness, by judging clinical photographs. 

Methods: Sixteen clinical facial photographs of the smile and 16 close up images of the smile of a single patient 

wearing monocrystalline porcelain orthodontic brackets, Teflon coated NiTi wire brackets and esthetic elastic 

ligatures of five different commercial brands were distributed into eight groups, G1 to G8 (Morelli®, Ortho Tec-

nology™, TP Orthodontics™, Unitek/3M™clear, Unitek/3M™ obscure, American Orthodontics™ clear, American 

Orthodontics™ pearl and American Orthodontics™ metallic pearl). Twenty ligatures were used in each group, to-

taling 160 ligatures. Half of them were used in their natural state, and the other half after in vitro pigmentation. All 

the photographs were judged by 40 evaluators, 20 orthodontists and 20 dental students.

Results: For orthodontists, American™ pearl (G7) ligatures were those that least influenced the degree of attrac-

tiveness of the smile in the two types of photographs used. For the dental students, in the facial photographs of the 

smile, ligatures with the best performance were Morelli® (G1), American™ clear (G6) and American™ pearl (G7) 

and in the close up photographs of the smile, American™ pearl, metallic pearl and clear (G7, G8 and G6).

Conclusions: For both orthodontists and dental students, pigmentation of the elastic ligatures had a negative in-

fluence on the degree of attractiveness of smiles in the two types of clinical photographs evaluated.
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InTRODuCTIOn

Elastic ligatures are accessories commonly used in 

orthodontics and have wide application in holding the 

arch wires to the brackets.

Some laboratory studies have proved that these 

elastomeric materials are susceptible to pigmentation 

when in contact with some pigments, saliva and bac-

teria.1,2,3 This leads to a reduction in their useful life 

and compromises esthetics during the course of treat-

ment. These alterations have a direct relationship with 

the composition, raw material quality and degree of 

technology used in their manufacture, which in turn, 

varies greatly according to each manufacturer.4,5,6

With the purpose of masking these pigments, many 

manufacturers add colors to ligatures, however, this 

procedure makes them unsuitable for use in esthetic 

appliances. Moreover, acceptance of the use of colored 

ligatures varies a great deal according to the patients’ 

gender and age.7,8

Knowledge about the alterations in their physical 

and mechanical properties is of great interest for the 

clinical application of these materials, considering 

that they may remain in the oral cavity for an average 

of 30 days, and during this interval, it is very impor-

tant for the properties with regard to elasticity and es-

thetics to remain stable.1,4,5,6,9,10,11

When evaluating the susceptibility to pigmenta-

tion of elastic orthodontic ligatures, some authors have 

used digital photographs and computerized analysis 

by means of the Adobe Photoshop program, and have 

concluded that these ligatures underwent change in 

color after an in vitro process of pigmentation. How-

ever, there are still no studies that prove the clinical rel-

evance of these color alterations on the appearance of 

the orthodontic appliance set during the smile.

Evaluations made by means of photographs may 

be used to analyze color alterations of various types of 

dental materials, as well as in analyzing facial attrac-

tiveness and esthetics and of the smile, before, during 

and after orthodontic treatment by the most diverse 

group of examiners possible.8,12,13,14,15,16,17

Knowing that the phenomenon of color is a psy-

chophysical response to the light/object interaction, 

which depends on the individual subjective perception 

of the observer, and with the aim of obtaining greater 

knowledge about the esthetic influence of these pig-
mented elastomer materials on the appearance of the 

patient’s smile during orthodontic treatment, makes 
it necessary to conduct clinical studies on the men-
tioned subject.

With this intention, the perception of the degree of 
influence esthetic elastic ligatures submitted to a pro-
cess of pigmentation have on the attractiveness of the 
smile was evaluated between dental students and or-
thodontists by means of judging clinical photographs

MATERIAL AnD METHODS

The present study is characterized by an experi-
mental approach in which clinical facial photographs 
of the smile, and of the close up of a smile were used. 
The photographs had been taken of a single adult pa-
tient with a harmonious face and smile,14 who had 
adequate tooth alignment and leveling in the maxil-
lary arch, required fixed orthodontic treatment, and 
wished to use an esthetic appliance.

The sample consisted of 16 clinical facial photo-
graphs	of	the	smile	(12.8	cm	x	17.1	cm)	and	16	close	up	

images of the smile (19.2 cm x 9.07 cm) of a single patient.
The orthodontic appliance was composed of mono-

crystalline porcelain brackets (Ortho Technology™, 
Tampa, Florida, USA), NiTi wire 0.016-in Teflon coated 
(PTFE	 –	 polytetraluorethylene),	 shade	 A2	 (Beijing	

Smart Technology CO™, Beijing, China) and esthetic 
elastic ligatures of five different commercial brands, 
distributed	 into	 eight	 groups,	G1	 to	G8	 (Morelli®,	 So-
rocaba, São Paulo, Brazil, Ortho Technology™, Tampa, 
Florida, USA, TP Orthodontics™, La Porte, Indiana, 
USA, Unitek/3M™clear, Unitek/3M™obscure, St. 
Paul, Minnesota, USA, American Orthodontics™ clear, 
American Orthodontics™ pearl and American Ortho-
dontics™ metallic pearl, Sheboygan, Wisconsin, USA).

Twenty ligatures were used in each group, totaling 
160 ligatures. Half of them were used in their natural 
state, and the other half were submitted to an in vitro 
pigmentation process, as has previously been performed 
by other authors,2 by immersion in a solution composed 
of 250 ml of each of the following solutions: coffee, black 
tea, red wine, Coca-Cola soft drink without gas, infusion 
made with a roll of tobacco and artificial saliva.

The ligatures were placed in disposable plastic 
cups, previously identified and separated into groups. 
The homogenized pigmentation solution was depos-
ited into each of these cups covered with PVC film 
(polyvinyl chloride), and all the were stored in a plastic 
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receptacle with a lid on, and placed in an oven (Biom-

atic	–	VOLT:220/110,	AMP:	2/4,	WATTS:	400)	at	37°C	

for five days.18 Five days of immersion was defined after 
conducting a pilot study in which the ligatures from all 
the groups went through a pigmentation process for 
ten days. Only on the fifth day was there evident visual 
differentiation between the degree of pigmentation 
and the ligatures in each of the evaluated groups.

After removing the cups from the oven, each of the 
ligatures was removed with Mathieu plier (Starlet®, 
São Paulo, São Paulo, Brazil), rinsed in tap water for 
five seconds, dried with absorbent paper, stored in 
new, dry disposable plastic cups, also previously iden-
tified according to each group, and immediately used 
for taking the photographs.

The present study was approved by the Research Eth-
ics Committee of the UFBA School of Dentistry, Protocol 
Number 37/10 and registered with SISNEP FR 357694, 
CAAE	0023.0.368.000-10	on	November	12,	2010.

After the patient had signed the Free and Informed 
Consent Term, the research began with placement of 
the maxillary fixed appliance from the central inci-
sors to the second premolars. After the orthodontic 

brackets were bonded, the esthetic wire was intro-
duced and fixed to the brackets by means of the elastic 
ligatures distended using the Mathieu pliers (Starlet®, 
São Paulo, São Paulo, Brazil). Initially ligatures with-
out pigmentation were used, and eight facial photo-
graphs were taken (F) and eight close up photographs 
of the smile (SA) (Fig 1). Afterwards, the same proce-
dure was performed with pigmented ligatures, total-
ing 32 photographs. To distinguish the groups of pho-
tographs, those that were taken with pigmented liga-
tures had the letter “P” added (FP and SAP) (Fig 2).

To standardize the photographs, the patient’s head 
was positioned with the aid of the head positioners 
of a cephalostat fixed to the clinic wall, in which the 
patient sat, with the Frankfort plane and bipupilar 
line parallel to the ground. In addition, the patient 
was instructed to keep a posed smile14,19 at the time 
the photographs were taken. In order to obtain a real 
front view contour of the patient’s face, the two head 
positioners of the cephalostat were at the same dis-
tance from the camera, at 90º. This position was de-
termined by the coincidence between the two points 
previously demarcated on the cephalostat with the 

Figure 1 - Facial photographs of the smile: (A) without pigmentation and (B) with pigmentation. 
Close up photographs of the smile: (C) without pigmentation and (D) with pigmentation.
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Table 1 - Distribution of elastic ligatures in the sample of photographs. *G - Group; F – Facial Photograph; FP – Pigmented Facial Photograph; SA – Close 
up Photograph of the Smile; SAP – Pigmented Close up Photograph of the Smile.

Brand Shade Groups
Facial photographs Close up photographs of the smile

Without Pigmentation With pigmentation Without Pigmentation With pigmentation

Morelli Cristal G1 G1F G1FP G1SA G1SAP

Ortho Technology Pearl G2 G2F G2FP G2SA G2SAP

TP OrthodonticsTM Clear G3 G3F G3FP G3SA G3SAP

Unitek/3M Clear G4 G4F G4FP G4SA G4SAP

Unitek/3M Obscure G5 G5F G5FP G5SA G5SAP

American OrthodonticsTM Clear G6 G6F G6FP G6SA G6SAP

American OrthodonticsTM Pearl G7 G7F G7FP G7SA G7SAP

American OrthodonticsTM
Metalic 

Pearl 
G8 G8F G8FP G8SA G8SAP

TOTAL 8 8 8 8

aid of a protractor (Unitek/3M™, St. Paul, Minnesota, 

USA), one on the base and the other on the rotating 

support.20 This setting enabled one to record the pa-

tient’s real facial image and her approximate smile.

Digital photographic equipment EOS Rebel-EOS 

T1-i (Canon) was used, with a Macro EF 60 mm (Can-

on) lens and circular flash MR14EX (Canon), with ex-
posure compensation of +1. The distance between fo-
cus and object was 1.0 m for the facial photographs of 
the smile, and 44 cm for the smile close up. The speed 
used	was	1/125	s	with	a	diaphragm	aperture	of	8.0.

After having obtained the 32 photographs, an album 
was prepared, using eight pages of photographic paper 
Fujicolor Crystal Archive Paper® (Fujifilm do Brasil 
Ltda., Manaus, Amazonas), size A3 (29.5 cm x 40.5 cm) 
containing four photographs per page. All the images 
were named according to the group to which each com-
mercial brand belonged, and whether or not they were 
pigmented. The order of disposition of each photograph 
in the album, facial (F) or close up smile (SA), was de-
fined in increasing numerical order of the group of the 
commercial brand of ligatures. These numbers were ran-
domly defined, and only the researcher responsible for 
the project had information about the commercial brand 
to which each group belonged. The first 16 photographs 
were facial, and the following were the close up smile, 
both non pigmented and pigmented in this sequence.

For esthetic evaluation of the smile, all the photo-
graphs were judged by 40 evaluators, of whom 20 were 
orthodontists, members of the Bahia Orthodontic Asso-
ciation - ABOR-BA - (“Associação de Ortodontia da Ba-
hia”),	aged	between	28	and	58	years	(mean	of	37.8	years),	

with time since graduation ranging between one and 32 
years	(mean	of	10.8	years)	and	20	dental	students,	from	

the 1st semester of the undergraduate course in den-
tistry at the Federal University of Bahia (UFBA, “Uni-
versidade Federal da Bahia”). Although these students 
already had a certain degree of instruction, at this aca-
demic stage, they did not yet have the technical-scien-
tific knowledge of an orthodontist, and for the purpose 
of the present study, were considered lay persons. The 
number of evaluators was defined after sample calcula-
tion, in accordance with the mean obtained from the 
quantity of pigmentation, with a level of significance of 
5%	and	power	of	80%.

Together with the photograph albums, each exam-
iner received a form containing 32 rulers (visual ana-
log scale), one for each photograph. Afterwards, they 
were asked to mark with a vertical line, the degree of 
satisfaction with the esthetics of the set formed by the 
brackets, wire and esthetic ligatures for each of the pho-
tographs. The evaluators were instructed that it would 
be possible to mark the line in any region of the ruler. 
The visual analog scale15,16,17,21,22 is 40 mm long, and on 
its extreme left, the words “VERY BAD” and on the ex-
treme right “VERY GOOD” are written. The distance, 
in millimeters between the mark made by the evalua-
tor of the photograph and the point at the extreme left 
served as measurement of the degree of attractiveness 
of each smile evaluated.21 The forms were applied to the 
examiners belonging to the group of dental students at 
the end of a regular undergraduate lesson. To the ortho-
dontists, the forms were applied at the Orthodontic and 
Facial Orthopedic Center of Prof. José Édimo Soares 
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Table 2 - Mean, standard deviation F and FP and p value of the difference 
between the professional categories in each group.

*Statistically significant difference.

Group
Dentistry Students Orthodontists

p value
mean (SD) mean (SD)

G1F 22.78 (8.68) 32.02 (6.35) 0.00*

G1FP 16.99 (9.42) 15.85 (10.04) 0.70

G2F 27.17 (7.41) 34.61 (5.35) 0.00*

G2FP 16.10 (8.33) 15.80 (10.04) 0.29

G3F 25.89 (7.63) 32.79 (6.36) 0.01*

G3FP 17.13 (9.16) 14.35 (11.11) 0.39

G4F 27.59 (7.58) 33.90 (6.09) 0.01*

G4FP 19.28 (9.82) 14.34 (10.25) 0.13

G5F 29.07 (5.00) 34.00 (5.61) 0.01*

G5FP 15.52 (10.11) 12.57 (9.38) 0.35

G6F 28.73 (6.53) 33.68 (6.17) 0.02*

G6FP 22.32 (8.90) 17.35 (9.39) 0.09

G7F 26.03 (8.65) 33.18 (6.09) 0.01*

G7FP 23.99 (8.48) 19.36 (10.87) 0.14

G8F 24.45 (9.75) 31.89 (7.82) 0.01*

G8FP 24.28 (7.85) 17.17 (9.72) 0.02*

Martins, or at his consulting rooms, so that the degree 

of lighting in these rooms was adequate and did not 

compromise evaluation of the photographs.

The data from each questionnaire were compiled 

in a spreadsheet, and after this, they underwent sta-

tistical treatment. Initially, the central trend and 

dispersion measurements were calculated, and after 

confirmation of normality of the data, the Student’s 
t -test and ANOVA were performed, with a level of sig-
nificance of 5% to define the difference between them. 
The Kappa test was performed to evaluate agreement 
among the orthodontists themselves, among the den-
tal students themselves, and between the dental stu-
dents and orthodontists. For the orthodontists, Kappa 
0.91	and	among	the	dental	students	0.87	was	obtained,	

which means there was very good agreement among 
the evaluators of each group, but there was statistical 
difference between the two groups.

RESuLTS

Facial photographs of the smile

The evaluation of the orthodontists and dental stu-
dents varied with regard to the amount of loss of es-
thetics of the smile after pigmentation. According to 
the orthodontists, these alterations were very signifi-
cant, as the smiles in which the patient was using the 
American™	pearl	(G7),	American™	metallic	pearl	(G8)	

and Morelli® (G1) were those that underwent the least 
alterations as regards degree of attractiveness. For the 
dental students these differences were smaller and the 
ligatures that least influenced the esthetics of the smile 
were Morelli® (G1), American™ clear (G6) and Ameri-
can™ pearl (G7) (Fig 2). Whereas those with the most 
unfavorable behavior, both from the point of view of 
orthodontists and dental students were ligatures of the 
Ortho Technology™ (G2) and Unitek/3M™ obscure 
(G5) commercial brands, respectively (Fig 2).

In the analysis of the absolute values with refer-
ence to the degree of attractiveness attributed to this 
type of photograph, it was verified that the orthodon-
tists evaluated the smiles in which the ligatures were 
without pigmentation (F) as being more esthetic 
than the dental students did, whereas their scores for 
attractiveness of the smiles obtained higher means, 
and there were statistically significant differences in 
all the groups (Table 2). As regards the photographs 
with ligatures submitted to pigmentation (FP), the 

orthodontists were stricter and attributed lower 
scores to all groups, however, the majority without 
statistically significant difference, except for those in 
Group	G8FP	(p=0.02),	 in	which	 the	dental	 students	

did not identify the presence of important darken-
ing in this group, and attributed much higher scores 
than the orthodontists did (Table 2). For the ortho-
dontists, all the ligatures used were pigmented to a 
considerable extent.

Figure 2 - Mean and standard deviation of the difference FP – F between 
the commercial brands and categories evaluated.
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Close up photographs of the smile

In these photographs the orthodontists’ and den-

tal students’ evaluation was very close as regards the 

amount of loss of esthetics after pigmentation. Accord-

ing to the orthodontists the smiles that showed smaller 

variations were those in which the patient was using 

American™ pearl (G7) ligatures. Whereas for the den-

tal students, they were American™ pearl (G7), metallic 

pearl	(G8)	and	clear	(G6)	(Fig	3).	Those	with	the	most	

unfavorable behavior, according to the orthodontists, 

were Ortho Technology™(G2), Unitek/3M™ (G4) and 

TP Orthodontics™ (G3), respectively, and according to 

the dental students they were Ortho Technology™(G2) 

and Morelli® (G1) (Fig 3).

In the analysis of absolute values with reference 

to the degree of attractiveness attributed to this type 

of photograph, there was no clear difference between 

the evaluations made by dental students and ortho-

dontists. Both groups attributed high scores to all the 

photos in which the ligatures were not pigmented (SA) 

and low scores to the majority of those with pigment-

ed ligatures (SAP), except for those with Unitek/3M™ 

obscure (G5SAP) (p = 0.04) and American™ metallic 

pearl	(G8SAP)	ligatures	(p	=	0.02),	in	which	the	dental	

students did not observe important variations in the at-

tractiveness of the smile (Table 3).

DISCuSSIOn

Some laboratory studies have proved that esthetic 

elastic ligatures are susceptible to pigmentation when 

in contact with some types of pigments1,2,3. Neverthe-

less, these color changes were observed only by means 

of a computer program, thus did not evaluate as from 

which point these alterations could be noted in daily 

life, and become disturbing to the patient.

In 2009, Cavalcante2 observed that the brand that 

showed the worst performance; that is to say, that 

became most pigmented was Unitek/3M™ obscure, 

which is confirmed by the present study, in which the 
commercial brands of ligatures that most compromised 
the degree of attractiveness of the smile clinically after 
pigmentation, in the evaluation by both orthodontists 
and dental students of the facial photographs of the 
smile were Unitek/3M™ obscure (G5) and Ortho Tech-
nology™ (G2). This could not be observed in the close 
up of the same, in which the data of these two studies 
differ, as the orthodontists indicated the brands Ortho 
Technology™ (G2), Unitek/3M™ clear (G4) and TP Or-
thodontics™ (G3) and the dental students the commer-
cial brands Ortho Technology™ (G2) and Morelli® (G1) 
as those that had the greatest degree of variation.

In the present study, according to the orthodon-
tists, the degree of attractiveness of the smiles with 
the ligatures American™ pearl (G7) were those that 
underwent the smallest alterations in the two types 
of photographs used, which differs from the data 

Table 3 - Mean, standard deviation SA and SAP and p value of the differ-
ence between the professional categories in each group.

*Statistically significant difference.

Group
Dentistry students Orthodontists

p value
Mean (SD) Mean (SD)

G1SA 32.51 (5.19) 33.75 (6.82) 0.52

G1SAP 14.29 (7.43) 12.89 (8.59) 0.59

G2SA 31.79 (5.47) 33.49 (7.85) 0.43

G2SAP 11.84 (7.34) 10.46 (7.72) 0.57

G3SA 30.95 (5.23) 34.05 (6.38) 0.10

G3SAP 12.04 (6.77) 9.89 (7.93) 0.36

G4SA 30.85 (7.86) 34.65 (6.28) 0.10

G4SAP 11.77 (7.09) 9.51 (8.16) 0.36

G5SA 30.10 (4.99) 28.80 (9.54) 0.59

G5SAP 13.39 (8.11) 8.56 (6.25) 0.04*

G6SA 30.68 (5.23) 32.23 (8.39) 0.49

G6SAP 15.44 (7.04) 12.12 (8.05) 0.17

G7SA 29.26 (5.32) 25.40 (10.70) 0.16

G7SAP 19.73 (5.03) 16.81 (8.97) 0.21

G8SA 31.30 (4.78) 29.75 (9.43) 0.52

G8SAP 19.12 (9.68) 12.23 (7.67) 0.02*

Figure 3 - Mean and standard deviation of the difference SAP – SA be-
tween the commercial brands and categories evaluated.
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previously found,2 in which the ligatures that became 

least pigmented were those of the TP Orthodontics™ 

and American™ Clear brands.

According to the dental students, the smiles that 

underwent the smallest variations were those in which 

the patient was using Morelli® (G1), American™ clear 

(G6) and American™ pearl (G7) ligatures in the facial 

photographs of the smile, and American™ pearl, metal-

lic	pearl	and	clear	(G7,	G8	and	G6)	in	the	close	up	pho-

tographs of the smile, obtaining a result close to those 

found by other authors,2,1 in which the American™ clear 

ligatures were also considered among the most stable.

Nevertheless, Cavalcante2 evaluated color changes 

by means of computerized comparison, using the Ado-

be Photoshop program RGB indices, color histogram 

observation at the level of red, green and blue of digi-

tal photographs of pigmented and unpigmented liga-

tures, instead of clinical evaluation of photographs, 

as was done in the present study. A similar evaluation 

was performed in another study1, in which the varia-

tion in ligature pigmentation was evaluated only by 

means of a color measuring device.

Thus, it could be concluded that the perception and 

interpretation of color are subjective, and can vary ac-

cording to the type of evaluator.12,17 Moreover, an iso-

lated numerical evaluation alone is not sufficient for an 
adequate observation of the color changes each elastic 
ligature undergoes, as the factors such as the oral envi-
ronment itself and the set formed by the tooth, bracket 
and ligature may mask the results of color changes that 
have already been proved numerically. 

Knowing that the degree of stability as well as the 
other physical and mechanical properties of each of 
these ligatures is directly related to its components 
and the particular manufacturing process of each of the 
commercial brands, it is important to understand that 
the variation between the natural, non pigmented state 
and pigmented state (∆) is more important than the ini-
tial and final absolute color values of each of them, since 
we cannot ignore the initial characteristics inherent to 
the material1 which, undoubtedly, will have a repercus-
sion on the final aspect of the ligature evaluated. 

This fact associated with the interval between con-
sultations during orthodontic treatment will have a di-
rect influence on the indication and use of the esthetic 
elastic ligature, in the same way as it influenced the se-
lection of the type of esthetic bracket.18 Therefore, before 

treatment begins, some aspects of esthetic accessories 
with respect to pigmentation must be explained to pa-
tients, so that unpleasant surprises concerning color al-
teration do not arise during the course of treatment. 

In the present study, the pigmentation was per-
formed in vitro, because of the difficulty of standardiz-
ing variables such as the patient’s diet and oral habits 
during the entire period required for conducting the 
research. However, the number of days of immersion 
of the ligatures in the pigmentation solutions was de-
fined so that it would very closely simulate the clini-
cal pigmentation process so commonly observed in 
orthodontic practice. Thus, five days of immersion 
was defined after conducting a pilot study in which the 
ligatures from all the groups went through a pigmen-
tation process for ten days. It may be observed that it 
was only on the fifth day that there was evident visual 
differentiation between the degree of pigmentation 
among the ligatures used in the study, and that as from 
this day, not only was there little difference among the 
groups, but the degree of pigmentation obtained was 
higher, with the ligatures being much darker than is 
routinely observed in clinical practice after an inter-
val of 21 days between consultations. 

The posed smile14,19 was used to enable visualization 
of the set formed by the tooth, bracket and ligatures. For 
this evaluation, the presence of subtle variables in the 
standardized photographs was not relevant to the inves-
tigation. Moreover, this research did not relate the col-
or alterations with degradation of the effectiveness of 
elastic ligatures, and therefore, the brands with the best 
color stability may not necessarily correspond to the 
brands with the best clinical effectiveness. Thus, further 
studies must be conducted to elucidate this question.

It is therefore, of fundamental importance for the 
professional to know the behavior of esthetic ligatures 
before using them, because specific aspects of color, 
type of diet and time the ligature remains in the oral 
medium will influence the final esthetic appearance of 
the orthodontic appliance, and may frustrate the ex-
pectations of a patient who did not receive a previous 
explanation about the possibility of pigmentations.1,2 
It is therefore the professional’s responsibility to se-
lect the commercial brands for daily use, which pro-
vide the least loss in degree of attractiveness of the 
smile during the course of orthodontic treatments 
that require the use of esthetic devices.
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COnCLuSIOnS

1) According to the orthodontists, there were al-

terations in the degree of attractiveness of the 

smile to a very significant extent when pig-
mented ligatures were used, with those of the 
American™ pearl (G7) brand being the ones 
that underwent the smallest alterations in the 
two types of photographs used.

2) According to the dental students, these differ-
ences were smaller and the ligatures with the 
least influence on the attractiveness of the smile 
were Morelli® (G1), American™ clear (G6) and 
American™ pearl (G7) in the facial photographs 
of the smile, and American™ pearl, metallic 

pearl	and	clear	(G7,	G8	and	G6)	and	in	the	close	

up photographs of the smile.
3) The ligatures that most compromised the de-

gree of attractiveness of the smile, clinically, 
after pigmentation, both in the evaluation of 
orthodontists and dental students were Ortho 
Technology™ (G2) and Unitek/3M™ obscure 
(G5) in the facial photographs of the smile. In 
the close up photographs of the smile, the or-
thodontists pointed out the brands Ortho Tech-
nology™ (G2), Unitek/3M™ clear (G4) and TP 
Orthodontics™ (G3) and the dental students 
those of the brands Ortho Technology™ (G2) 
and Morelli® (G1).
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