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Esthetics of Orthodontic Appliances: Objective Evaluation by 
Spectrophotometry vs Subjective Evaluation Using the Visual 
Analog Scale Method
Naohiko Kawamura1 , Takashi Murakami2, Kazuki Sobue3, Shigemasa Kobayashi4, Atsue Yamazaki5, Yuya Nakao6,  
Masahiro Iijima7

Ab s t r ac t
Aim and objective: In this study, we quantified the color of brackets and archwire appliances for an objective evaluation and investigated its 
relationship with subjective esthetic evaluation.
Materials and methods: Five types of commercially available brackets (ceramic brackets C1, C2, and C3; plastic brackets P1 and P2) and three 
types of archwires (coated nickel-titanium archwires W1, W2, and W3) were used. The reflectance (%) and color (lightness: L*, hue: a*, b*) of each 
sample were quantified using a spectrophotometer (n = 5). Fifteen combinations of brackets and archwires were used. The esthetic evaluation 
was performed using the visual analog scale (VAS) method, and responses were obtained from 30 laypersons and 15 orthodontists. The mean 
VAS score was calculated, and the relationship between the reflectance and color of the bracket and archwire was discussed.
Results: The reflectance and L* of the brackets showed significantly higher values for C3 and C1 than for the others and lower values for P1 and 
P2. The reflectance and L* of the archwire showed significant differences among all samples. There was a high positive correlation between the 
reflectance and L*. There were statistically significant positive correlations between the layperson and orthodontist groups, between the VAS 
score and reflectivity, and between VAS score and L*.
Conclusion: Our results showed that as the lightness and reflectance of the brackets and archwires increased, the subjective evaluation 
concerning their esthetic value was higher.
Clinical significance: It is extremely difficult to evaluate esthetics despite the fact that patients’ demands for esthetics have been increasing in 
recent years. If a method for evaluating esthetics is established, it should help in the development and selection of esthetic devices. The results 
of this study will facilitate the development of future study designs.
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In t r o d u c t i o n
Many materials traditionally used for orthodontic appliances 
are manufactured from metals, which generally have superior 
mechanical properties to other materials. However, metal 
orthodontic materials are considered inferior in terms of esthetics.1 
An increase in the number of adult patients seeking orthodontic 
treatment has been reported in recent years.2 As a result, the 
demand for more esthetically pleasing orthodontic appliances 
has increased. This demand has led to the development of 
orthodontic appliances with esthetics acceptable to both patients 
and orthodontists.

Concerning bracket appliances, esthetic brackets have been 
commonly used since the 1980s.3 Esthetic brackets have since 
been produced from ceramics and plastics and have been widely 
used in orthodontic practice.4,5 The introduction of esthetic 
orthodontic brackets may have partially solved the esthetics issue 
facing multibracket devices worn on the labial surfaces of the teeth. 
During the 1990s, silicone-reinforced nylon-based archwires with 
silica cores became commercially available to improve esthetics 
and attracted attention. However, these appliances failed to 
demonstrate sufficient mechanical properties clinically, and metal 
archwires incorporating materials such as nickel-titanium and 
titanium-molybdenum alloys and stainless steel remain the most 
widespread products in use. Coated metal archwires and fiber-
reinforced archwires have recently been introduced to resolve 
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esthetic concerns associated with archwire appliances.6 The most 
common coatings are plastic resins, such as epoxy, and synthetic 
resins, or rhodium.7 Fiber-reinforced archwires are experimental 
and not a universal solution, but this technology holds promise 
for the future.8
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However, the assessment of esthetic value is based on 
human sensibilities. It is difficult to evaluate esthetics directly and 
quantitatively as this quality depends largely on the evaluator’s 
subjective preferences. The visual analog scale (VAS) is a tool 
used to measure subjective characteristics and attitudes that 
cannot be measured directly. Although it can be used to evaluate 
the esthetics of orthodontic appliances, it does not reveal 
which factors influence the esthetic perception of brackets and 
archwires. Therefore, this study focused on the color of bracket 
and archwire appliances; from an esthetic point of view, the color 
of the archwire should ideally match the color of the tooth and 
bracket. One of the three tools, a spectrophotometer, a colorimeter, 
digital photographic analysis, or a combination of these tools, is 
commonly used to examine the color.9 Color analysis in dentistry 
is generally defined by the CIELAB color space proposed by the 
Commission Internationale de l’Eclairage.10 This system is one of 
the most common and universally used systems in dentistry, and 
many authors have used it to assess the perceptibility of color 
differences.11,12 If a relationship is found between the evaluation 
of color using this color space and the subjective evaluation of 
esthetics using the VAS method, this relationship is likely to have 
value in informing the future development of esthetic orthodontic 
appliances.

No previous study has investigated the effect of a combination 
of esthetic bracket and archwire products on the esthetic value. 
The purpose of this study is to investigate the esthetic changes of 
various esthetic bracket and archwire combinations to examine 
the subjective assessments of esthetics using the VAS method 
and the relationship between the quantified bracket and archwire 
colors.

Mat e r ia  l s a n d Me t h o d s

Samples
Five types of commercially available esthetic brackets and three 
archwires were used as target appliances (Table 1). The brackets 
included three ceramic bracket products (C1: Inspire ICE, Ormco, 
Brea, California, USA; C2: Avex CX, Opal Orthodontics, South 
Jordan, Utah, USA; C3: Clarity ADVANCED, 3M Unitek, St. Paul, 
Minnesota, USA) and two plastic bracket products (P1: Elation 
MB, Dentsply Sirona, Charlotte, North Carolina, USA; P2: Spirit 
MB, Ormco, Brea, California, USA). The archwire products selected 
for evaluation included three commercially available esthetic 
archwires (W1: BioForce Sentalloy White, Dentsply Sirona,  
Charlotte, North Carolina, USA; W2: Reflex, TP Orthodontics Inc, La 
Porte, Indiana, USA; W3: VIA Wires Ni-Ti SE Pearl White, Ormco, Brea,  
California, USA).

Color Measurements (Objective Evaluation by 
Spectrophotometer)
The color of each sample product was measured using a UV–visible 
spectrophotometer (UV-2600, Shimadzu Corporation, Kyoto, Japan) 
and an integrating sphere (ISR-2600 Plus, Shimadzu Corporation, 
Kyoto, Japan). The powder sample holder of the integrating sphere 
was filled with barium sulfate, and the sample was placed in the 
center of the holder for measurement. Diffuse reflectance was 
measured in 1 nm steps over a wavelength range of 350–800 nm, 
and the average value in the visible light range (450–750 nm) was 
used in subsequent comparisons. Colors were measured according 
to the CIELAB color system13 with a lightness scale (L*) and two 
opposing color axes (a* and b*) (n = 5). Reddish and greenish tones 
are represented by a* values, whereas yellow and blue tones are 
represented by b* values.

Survey (Subjective Evaluation by VAS Method)
Each bracket was bonded to the anterior teeth (16th from the 
upper right canine to the upper left canine) of an epoxy jaw 
model (D16FE-500A; Nissin Dental Products Inc., Kyoto, Japan). 
Ortho Solo (Ormco, Brea, California, USA) and BeautiOrtho Bond 
II Flowable Paste (Shofu Inc., Kyoto, Japan) were used for bonding 
according to the clinical bonding process. Each archwire was 
ligated with a transparent elastomeric ligature (Elastic Ligature Tie 
Clear, Shofu Inc., Kyoto, Japan) and photographed (D7000 + AF-S 
Micro NIKKOR 85 mm 1:3.5G ED, Nikon Corporation, Tokyo, Japan). 
The imaging parameters, ambient light, and lighting remained 
constant. There were 15 bracket and archwire combinations (Fig. 1).  
The photographs were randomly presented to the evaluators that 
a total of 30 laypersons and 15 orthodontists, and the esthetic 
evaluation using the VAS method was performed using an iPad 
(Apple, Cupertino, California, USA) with the VasQ Clinical application 
for iPad (BottleCube, Tokyo, Japan). Each image was displayed for 
10 seconds, followed by a 5-second evaluation period, after which 
the system automatically proceeded to the following image. The 
scale for evaluation ranged from “not good at all” to “extremely 
good” on a scoring scale of 0–10.

Statistical Analysis
IBM SPSS Statistics 26 (IBM, Chicago, Illinois, USA) was used for all 
statistical analyses. A one-way analysis of variance and Tukey’s test 
(p <0.05) were used to compare the VAS scores within the layperson 
and orthodontist groups. The t-test (p <0.05) was used to compare 
the VAS scores between the layperson and orthodontist groups. 
Pearson’s product–moment correlation coefficient was used to 
examine potential correlations between all parameters used in this 
study. As the VAS score was assessed by the combination of the 

Table 1: Commercially available esthetic brackets and wires used in this study

Material Sample Composition
Ceramic bracket (0.022 inch slot) C1 Aluminum oxide (monocrystalline alumina), Zirconium oxide

C2 Aluminum oxide (polycrystalline alumina)
C3 Aluminum oxide (polycrystalline alumina)

Plastic bracket (0.022 inch slot) P1 Composite (polycarbonate, polyethylene terephthalate), Slot: Stainless steel
P2 Composite (polycarbonate), Slot: Stainless steel

Nickel-titanium wire (0.017 inch × 0.025 inch) W1 Wire: Nickel-titanium, Coating: Rhodium
W2 Wire: Nickel-titanium, Coating: Xylan
W3 Wire: Nickel-titanium, Coating: Epoxy
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all the samples in the reflectance parameters L*, a*, and b*. For 
both reflectance and L*, W2 showed the highest values, followed 
by W3 and W1. a* showed the highest values in the order of W1, 
W3, and W2, and b* showed the highest values in the order of W3, 
W2, and W1.

Table 3 displays the correlations (Pearson’s product rate 
correlations) between each parameter in this study. There was a 
strong positive correlation between the reflectance and L* (r = 0.994). 
There were weak negative correlations between a* and reflectance 
(r = −0.509) and L* (r = −0.564), and between b* and reflectance 
(r = −0.457) and L* (r = −0.402), which were not significant at the 
5% level. A positive correlation was observed between a* and b* but 
was not significant at the 5% level (r = 0.070).

Survey (Subjective Evaluation by the VAS Method)
Figure 2 show the VAS scores for esthetic evaluation by the layperson 
group and the orthodontist group. In the layperson group, the VAS 
scores for esthetic evaluation were higher for the combinations (8), 
(3), (2), (9), (6), (5), (12), (11), (1) and (7). Among the scores, the scores 

archwire and bracket appliance used, all questions pertaining to the 
applicable archwire and bracket appliances were included in the test.

Re s u lts

Color Measurements (Objective Evaluation by 
Spectrophotometer)
The average reflectance, L*, a*, and b* values of the bracket and 
archwire samples are shown in Table 2. The reflectance of bracket 
samples C3 and C1 was significantly higher than that of the other 
bracket samples; L* showed significantly higher values for C3 than 
did all the other bracket samples; P1 and P2 showed significantly 
lower values than did the other bracket samples. For a*, C2 showed 
significantly higher values than did all the other bracket samples, 
and C3 showed significantly lower values than did all the other 
bracket samples. b* showed significantly higher values for P2 than 
did all the other bracket samples, and C1 showed significantly 
lower values than did all the other bracket samples. For the 
archwire samples, significant differences were observed among 

Fig. 1: Fifteen pictures for the bracket/wire combination were prepared. Identifiable information such as letters of pictures was excluded from 
the actual survey

Table 2: Mean reflectance at 450–750 nm (Ref., %) and Commission Internationale de L’éclairage (CIE) lightness (L*) 
and color (a*, b*) values for each bracket samples

C1 C2 C3 P1 P2

p valueMean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Ref. 89.62a 1.91 84.75b 2.51 90.97a 2.03 62.65c 3.55 52.88 2.09 0.000*

L* 95.37a,b 0.88 93.25b 1.15 96.16a 0.79 83.10c 1.88 77.49 1.23 0.000*

a* −0.68a 0.18 0.26a 0.18 −1.57 0.23 −0.92b,c 0.20 −1.05c 0.07 0.000*

b* −0.13 0.26 1.78c 0.38 2.81b 0.44 2.03b,c 0.57 3.86a 0.55 0.000*

W1 W2 W3
p valueMean S.D. Mean S.D. Mean S.D.

Ref. 38.62c 1.25 62.69a 0.94 51.87b 0.93 0.000*

L* 67.48c 0.95 82.76a 0.66 77.60b 0.62 0.000*

a* 1.25a 0.06 −0.79c 0.14 −0.02b 0.03 0.000*

b* 3.56c 0.17 12.26b 0.28 13.62a 0.06 0.000*

Identical letters indicate that mean values were not significantly different
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Table 3: Pearson’s product–moment correlation coefficient between each parameter of this study

Reflectance L* a* b*

VAS score of 
layperson 

group

VAS score of 
orthodontist 

group
Reflectance   1.000
L*      0.994**   1.000
a* −0.509 −0.564   1.000
b* −0.457 −0.402   0.070 1.000
VAS score of
layperson group 0.644*     0.664* −0.241 0.169 1.000

VAS score of orthodontist 
group 0.640*     0.680* −0.436 0.382     0.853** 1.000

*Indicates that the correlation coefficient is significant at the 5% level; **Indicates that the  
correlation coefficient is significant at the 1% level

Figs 2A and B: VAS score results by a survey of: (A) Layperson group; (B) Orthodontist group. Identical letters indicate that mean values are not 
significantly different (p <0.05, Tukey’s test)
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reproducible data. In particular, most esthetic brackets are 
transmissive and may be strongly affected by ambient light and 
the color and material of the back of the bracket. In a previous 
study using a spectrophotometer similar to the device used in this 
study, the L*, a*, and b* values of ceramic brackets were reported 
to be 75.8 – 98.3, −0.5 to 0.3, and 2.6 – 4.8, respectively, whereas 
the L*, a*, and b* values of plastic brackets were reported to be  
77.6 – 82.0, −1.4 to −0.2, and 4.6 – 8.0, respectively.14 The L* of ceramic 
brackets examined in this study ranged from 93.25 to 96.16, the a* 
ranged from −1.57 to 0.26, and the b* ranged from −0.13 to 2.81, 
whereas the L* of plastic brackets ranged from 77.49 to 83.10, the 
a* ranged from −0.92 to −1.05, and the b* ranged from 2.03 to 3.86, 
indicating a similar trend to that reported above. Although the type 
and number of bracketed samples used, measurement instruments, 
and background preparation methods were different, the results 
of the spectrophotometric measurements were considered valid.

For the bracket samples, C3 and C1 showed significantly higher 
reflectance values than did the other bracket samples. For the L* 
value, C3 showed significantly higher values than did all other 
bracket samples, whereas P1 and P2 showed significantly lower 
values than did the other bracket samples. The ceramic brackets 
could be said to have shown high values for both reflectance and 
L*, whereas the plastic bracket showed low values. W2 showed the 
highest values for both reflectance and L* for the archwire samples, 
followed by W3 and W1. A correlation analysis also showed a 
strong positive correlation between reflectance and L* (r = 0.994), 
suggesting that the L* value increased along with the reflectance. 
Samples with smooth surfaces, such as ceramic brackets (C1, C2, 
and C3), showed significantly higher reflectance values and higher 
L* values, presumably because the surfaces acted as mirrors. In terms 
of color, there was no significant correlation between reflectance 
and L*, or between a* and b*, although significant differences in a* 
and b* were observed between samples.

Meanwhile, in the subjective evaluation by VAS score, 
the combination of “bracket: C3, archwire: W2” was rated the 
highest in both the layperson and orthodontist groups and was 

for combinations (3) and (8) were significantly higher than for (4), 
(10), and (13) to (15), including the P2 bracket. Meanwhile, in the 
orthodontist group, VAS scores for esthetic evaluation were high 
for the combinations (8), (9), (3), (2), (5), (6), (12), (11) and (15). Among 
the scores, the score of combination (8) was significantly higher 
than those of (1), (4), (7), (10), and (13), including the W1 archwire 
and significantly higher than that of (14). A comparison of the two 
groups showed that the combinations in which only the layperson 
group responded with high evaluations were (1) and (7), and the 
combination for which only the orthodontist group responded 
with a high evaluation was combination (15). Combination (8) was 
the most highly rated in both groups.

Figure 3 shows the comparison of esthetic evaluation VAS 
scores between the layperson and orthodontist groups for each 
combination of bracket and archwire appliance. In comparing the 
layperson and orthodontist groups, most of the combinations did 
not show any significant differences. However, for combination (14), 
the layperson group gave a significantly lower VAS score than did 
the orthodontist group.

A correlation analysis revealed a significantly high positive 
correlation at the 1% level between the VAS scores of the layperson 
and orthodontist groups (r  =  0.853). There was a significant 
positive correlation in the layperson group at the 5% level 
between the VAS score and reflectance (r = 0.644) and between 
the VAS score and L* (r = 0.664). Significant positive correlations 
were observed in the orthodontist group at the 5% level between 
the VAS score and reflectance (r = 0.640) and between the VAS 
score and L* (r = 0.680).

Di s c u s s i o n
Before discussing the color measurement results, we discuss 
the validity of the results of color measurement using a 
spectrophotometer. Because color measurement is strongly 
af fected by the surrounding environment at the time of 
measurement, it is necessary to devise a method to obtain 

Fig. 3: Comparison of VAS scores between the layperson and orthodontist groups. No significant differences were observed in the VAS scores 
between the layperson and orthodontist groups except (14) (P2 × W2). *Indicates significant difference at p <0.05 (t-test)
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characteristics, differences in materials and structures should result 
in different changes over the implantation period. Akyalcin et al. 
stated that when comparing plastic and ceramic brackets, plastic 
brackets were the most affected by color changes.16 Therefore, it 
can be readily inferred that the difference in esthetic evaluation 
results between ceramic and plastic brackets increases over time.

Up to now, no research has been done to quantitatively evaluate 
the esthetic properties of brackets and archwires in combination 
in the laboratory. As mentioned previously, a suitable study 
design for the comparative evaluation of the esthetic quality of 
orthodontic appliances is a subject for future research. In this 
study, the morphology and color tone of the teeth and surrounding 
tissues were standardized, and only the combination of archwire 
and brackets was changed in the photographs. This allowed for 
comparisons to be made under standardized conditions. These 
findings will provide useful information for the development of 
future orthodontic appliance study designs.

Co n c lu s i o n
The results of the esthetic evaluation of orthodontic appliances 
using photographs revealed that the higher the lightness and 
reflectance of the brackets and archwire, the higher the subjective 
evaluation.

Or c i d
Naohiko Kawamura  https://orcid.org/0000-0003-3176-5260
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