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Reproducibility and
comparison between
methods for gingival color
evaluation: a validation study

Matheus Volz Cardoso @, Giovanna Vicenzoti', Adriana
Campos Passanezi Sant’/Ana’ ©®, Mariana Schutzer
Ragghianti Zangrando® ®, Carla Andreotti Damante’

Aim: This study aims to evaluate and validate the sensibility
and the level of agreement between different gingival color
measures obtained by a spectrophotometer (SPECTRO)
and a photography (PHOTO) method. Methods: Among
40 patients, the color was measured 2 mm apical to the
gingival margin by CIE L*, a*, b* system using a reflectance
spectrophotometer and the photography's plus software.
The level of agreement between three different measures
(M1, m2, m3) in parameters L*, a*, b*, and AE (color variation)
was evaluated by random and systematic errors, as well
as the limits and coefficient of concordance. A comparison
between the methods was performed by the Bland-Altman
test and the sensibility level was evaluated accordingly to the
AE: 3.7 thresholds with p<0.05 as the level of significance for
these comparisons. Results: The SPECTRO method has not
presented the systematic error (p>0.05) and had reproducibly
and agreement level in three variable measures L* (r: 0.6), a*
(r:0.3), and b* (r: 0.5) as to the PHOTO method L* (r: 0.6), a*
(r: 0.5), and b+ (r: 0.5), which presented systematic error in L*
values (p<0.05). The means of AE between measurements
were: 6.5 SPECTRO and 5.9 PHOTO. There was no good level
of sensitivity AE> 3.7 and agreement between the methods,
mainly for the a* values. On the other hand, for the L* and in
for the most comparisons of b+ values, the level of agreement
was higher. Conclusion: Both methods could quantify the
gingival color from the coordinates L *, a *, and b *, which
has shown greater reliability between the measurements
acquired by the SPECTRO method.
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Introduction

Color is a complex phenomenon and an interesting field of study in several areas of
science. Complexity is derived from the physical, physiological, geometric, and sen-
sorial color presentation characteristics, and this conditions bring complications for
the evaluation and categorization of this phenomenon'. Color has a wide utility in
dentistry. Color perception and selection are a daily maneuver in dental office atten-
dance. Several factors can modify the dental? and gingival color perception, such
as visual organ fatigue, changing backgrounds, or differences in light incidence. For
the understanding of the subjectivity of color perception in science, the Commis-
sion Internationale de I'Eclairage (CIE) has established different tridimensional color
spaces. These measurement systems aim to upgrade global communication and
to exclude the major subjective factor of color analyses. The L* a* b* color space
had three fundamental components, illumination: L*, variations between red/green:
ax, and yellow/ blue: b*. The ClElab color space had values with major correlation
compared to human perception®. Through tridimensional color spaces, it is pos-
sible to calculate and compare objects, specimens, and periods?* using the color
variation (AE).

Due to scientific advances, the color of dental enamel can be evaluated®® with a
higher level of evidence compared to gingiva color analysis*. The primary meth-
ods of color acquisition were derived from colorimeters and spectrophotometers
devices. Under specific adjustments, digital cameras showed potential as an alter-
native method to color evaluation’. When dental enamel is evaluated, digital cam-
eras associated with software were accurate tools to evaluate L* and b*, but not
for the analysis of the a* axis®®. Studies to the gingival color evaluation have tried
to establish gingival color shade guides®'%'?, as exhibited by dental enamel®. How-
ever, in order to classify the gingival color, the main variations are race/ethnicity
and gender'®'4, Besides that, other not-yet evaluated factor, are the possible inter-
ference of different gingival phenotypes'® and had an importance in the validation
of gingival color methods. Despite that, the gingival color was studied with these
tools after the gingival graft procedures'®, tissue changes derived by different col-
ors and materials of dental implant abutments'’, differences between natural and
artificial gingival colors'®, also reduction in gingival inflammation (redness) after
periodontal treatment against gingivitis'®. Photographs were used to compare the
AE threshold color values among different evaluators. This study has reported that
professionals and patients had a distinct sense of color perception and different
AE thresholds?.

Comparisons between color analysis methods for dental enamel have shown that
photography and colorimeters have obtained AE values below of recognized by the
human eye?'?2. They have also presented reliable sensitivity, due to the error of the
analysis of the measurement for both methods, which were below of 2 units in
the central incisors?'. In clinical conditions, the accurate gingival color evaluation
is achievable to compare results in randomized clinical trials (RCTs) before and
after periodontal plastic surgery procedures (gingival grafts and aesthetic crown
lengthening), in implant dentistry, as described before'®'” to compare different
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implant abutment materials, the gingiva luminescence, and to explain for a patient
the acquired soft tissue color match. In the future, it will be possible the patient
conducts a self-evaluation of the gingival inflammation levels by photographs.
These methods can reduce the subjective analyses currently executed in RCTs,
highly dependent on patients and on professional individual criteria examination.
In addition, objective color parameters could be used as a complementary result,
not a substitute, in gingival aesthetic evaluation executed by the patient. This would
facilitate the gingival color comparison between different populations, ethnicities,
and cultural realities of the participants of the study.

Despite that, the comparison amongst methods for gingival color evaluation and the
measurements errors were poorly evaluated and validated in literature. When one
method is established, the level of reproducibility is important to the validation of the
color acquisition protocols tested. This study has aimed to evaluate the sensibility
(agreement, reproducibility, and assertive grades) for three different measurements
(m1, m2, and m3) for each method of gingival color evaluation by spectrophotome-
ter (SPECTRO) and photography (PHOTO), and to compare both methods. The null
hypothesis (1) is that the level of agreement between each measure (m1, m2, m3)/
intra-method shows equivalent results, and the second hypothesis (2) is that both
methods present similar values in the L*, ax, b*, and AE outcomes.

Material and methods

Forty patients were invited to participate in this observational study that evaluated the
gingival color in the same period by two the SPECTRO and PHOTO methods. The local
human ethics committee from Bauru School of Dentistry approved the study protocol
(n® 2.505.538 /CAAE: 79080117.4.0000.5417). The inclusion criteria were: 1) patients
with teeth without signals of disease activity (periodontitis or gingivitis), 2) full month
bleeding and plaque index = 20%; 3) probing depth < 3 mm on teeth; 4) no restored
and/or endodontically treated teeth; 5) aligned teeth with arch and adjacent teeth; 6)
health and intact alveolar mucosa (without irritation signals, burn injuries or other
lesions); 7) nonsmoker patients; 8) at least twice a day brush frequency.

The exclusion criteria were: 1) smokers; 2) systemic diseases that affect the cicatri-
cial course or blood dyscrasias; 3) using medications such as anticonvulsant, anti-
hypertensive, also cyclosporine; 4) Pregnant woman; 5) patients with notable cuta-
neous alteration due to excessive tanning and/or manifestations of skin diseases; 6)
patients already submitted to a periodontal surgical procedure on the included site;
7) teeth (crown or root) with color alteration due to endodontic lesions; 8) remarkable
alterations in alveolar or keratinized mucosa (pigmentations; trauma; amalgam tat-
too, and melanic pigmentation).

The reflectance spectrophotometer' 12! (direct color acquisition method) and the
photography plus software (indirect color acquisition method)'®'92° were used meth-
ods for the gingival color evaluation. The measurements were performed in triplicate
by the same evaluator (GV). The reproducibility of methods was evaluated in each
patient by three different measurements (m1, m2, m3) at the same site both for the
SPECTRO and the PHOTO methods.
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The measures in the SPECTRO group were performed by a reflectance spectropho-
tometer for dental color analysis Easy shade (VITA). The selected area was in the cen-
ter of a buccal site, 2 mm apical to the gingival margin. The equipment was protected
by a plastic film and was calibrated as determined by the manufacturer. The range of
the spectrum was set between 400 to 700 nm, and it was programmed to generate
values of L*, a*, and b* axes.

In the PHOTO group, a photograph was taken in the same area evaluated by the
spectrophotometer. A standardized photography protocol was established based
on previous studies®'®?. The digital camera (T6 model, Canon do Brasil IndUstria
e Comeércio) with a magnification ratio of 1:1 was selected in the 100 mm macro
lens (Canon do Brasil Industria e Comércio). It was also used a macro ring flash
(Canon do Brasil Industria e Comércio). The camera focus was adjusted manually.
The equipment configuration was standardized at 1ISO 100 and diaphragm aper-
ture of 32, using 4500 Kelvin as color temperature. The same operator (MVC) was
responsible for obtaining all the images, ensuring the acquisition process. The color
was measured in the center of a buccal site 2 mm apical to gingival margin in each
tooth, and the size of program cursor was adjusted to dropper>color sorter tool in
the software (Adobe Photoshop CS6®)'. All the measures were performed by the
same operator (GV) on the same screen computer (Sony VAIO®) with standard-
ized screen settings?. The software was configured to generate values of L*, ax,
and b~ axes.

In the tested methods, the patient was positioned in a comfortable chair, with the
head positioned in the headrest of a dental chair. It was used lip retractors on both
sides of the mouth (Maquira, Maringa, Parana- Brazil) to promote access of to the
anterior upper teeth, which was included in study. The external conditions of color
measures were set under natural clinical room light always during the day in a period
of 10:00 a.m. to 4:00 p.m. For each method, the AE was calculated by the equation T,
which was based on previous methodologies'?025,

Equation 1:

AE = (AL + (ha)? + (Ab)?

Sample size

It was used a previous study?®, which evaluated the measurement error, in order to
calculate the sample size of this study. It was determined that the minimum number
of pairs of comparisons that needed to be executed was of 25-30 pairs? to evaluate
the random error. 20 pairs of comparisons were the minimum number to evaluate the
Dahlberg error method?. The sample size was estimated in forty patients and sites,
and the null hypotheses assumed a comparison power >80% (B3: 0.83) determined by
software GPower 3.1.

Statistical analyses

The data distribution was tested by the Shapiro-Wilk test (n<50). For the reproduc-
ibility analyses, L*, a*, and b* values were compared using the three different mea-
surements of mean and median to each method separately, using the Wilcoxon or the
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T-tests and the Pearson or Spearman correlation tests?®, In order to calculate the
Dahlberg coefficient (measurement error)®', the concordance limits, and the standard
error of the method sensitivity, it was evaluated the dental enamel studies, consider-
ing the value of AE <3.72'%2, which is under the threshold of the human eye, consid-
ered as adequate sensitivity.

To evaluate the second null hypothesis, for the comparison between the SPECTRO
versus the PHOTO method, on which the values of L*, a*, b, and AE (direct-indirect)
were equal to zero®, were considered to be the perfect concordance. The Bland-Altman
analysis was performed for the comparison between methods in each measurement,
besides the 2D graphic comparisons presentation with the confidence interval®>33, All
analyses adopted the significance level of p<0.05 and the data was analyzed in the
statistical software (IBM SPSS Statistics)** and RProject®.

Results

From the patients (n: 40) enrolled in this study (n: 10 men and n: 30 women), the
average age of the group was of 39.4 years (maximum 57 and minimum 20 years).
All the participants evaluated themselves as of the white race-ethnicity. The gin-
gival sites evaluated were located on the upper right central incisor (n: 18/45%)
and on the upper left central incisor (n: 22/55%). The values obtained in the three
different measures for any method were presented in Table 1. These values were
calculated using the AE equation for each measure and method (Table 1). Overall,
the AE values were similar for each method, with AE: 6.5 for the SPECTRO and 5.9
for the PHOTO. Comparing these three measurements, all of them have surpassed
the reference value (AE: 3.7), which is already considered perceptible by the human
eye. The level of reproduction between the measures was evaluated in three com-
parison levels (m1 versus m2, m1 versus m3, and m2 versus m3) (Table 2). Mainly,
in the PHOTO method, the values of the L* axis in two comparisons surpassed the
significance value (p<0.05).

Table 1. Values of L*a*b*and AE between measures (m1, m2, and m3) for SPECTRO and PHOTO methods
and (n: 40).

AE AE AE
SPECTRO M1_L a b M2 _L a b M3 _L a b Mlvs Mlvs M2vs
M2 M3 M3

mean + sd 5?73;3_'6 18.2¢10.3 15.2¢11.0 5?'7?;'7 17.8+5.8 14.316.2 5?'74;2_'2 17.3#6.6 150893 6.7+45 7.2+52 56+43
(max;min) 20 '3)’ (58,6.2) (61;4.5) 37 5) (38;11.3) (39;9.6) 5 ' (37.310.2) (58.8;,9.1) (23;0) (19.8;0) (15.9;0)
57.1 17 127 57.1 16.7 127 60.6 16.4 12.8 5.5 5.8; 53
Median, . X .
25%75% 51.8 13.8 1.4 534 14.2 111 57.2 129 11.6 4 53 2;
63.5 20.1 13.8 63.8 19.3 142 65.8 19.0 14.8 8.6 104 8
PHOTO

meantsd 59.346.1 33.1#55 182433 59.8+462 33.6+53 18.8433 574455 35450 196436 39438 67445 7.1+40
(maxmin)  (77,47) (47;21) (2811) (7546) (46,20) (26;11) (70;47) (44,26)  (31;11) (1540) (22,0) (17.2,0)

59.5 33 19 59.0 34 18 57 35 20 3 5.9; 6.3;
Median, . . .
25%75% 56 30 17 56.3 31 16 53.7 31 17 0; 3.5 4.6;
62.5 36.5 20 63.8 377 20 61 38 21 6.2 84 89

max.: maximum; min.: minimum
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Table 2. Reproducibility between measures.

(n: 40) ConI(_:or.dance Concort!ance D:l:;l:l:rlg _Mean of star_!dz':lrd Standard paired iiirf?':::?e(gtﬁt e
imits coefficient* arror differences deviation error  ttest . correlation
'C";p‘fc M2 ass a15-919 377 A5 528 131 019 080 079
a -0.86 -10.4-8.75 3.47 -0.86 491 1.05 0.29 0.31 0.30
b -0.20 -6.99 - 6.58 242 -0.20 3.46 0.36 0.89# 0. 5# 0.34
L photo -0.13 -6.99 - 6.71 244 -0.13 3.49 0.23 0.81 0.83 0.83
a -0.25 -6.22 - 5.72 213 -0.25 3.04 0.49 0.62 0.83 0.83
b 0.02 -5.68 - 5.73 2.03 0.02 291 0.05 0.98# 0.5# 0.64
lﬁ/gpfclxg -1.25 -14.2-11.7 4.70 -1.25 6.62 1.13 0.26 0.69 0.67
a -0.42 -8.83 -7.98 3.0 -0.42 4.28 0.59 0.59 0.55 0.47
b 0.32 -7.48 -8.14 2.79 0.32 3.98 0.49 0.59# 0.5# 0.03
L Photo 1.72 -7.05-10.4 3.35 1.72 4.47 2.30 <0.05 0.72 0.69
a -0.91 -11.3-94 3.75 -0.91 5.30 1.03 0.30 0.56 0.56
b 0.38 -7.05-7.83 2.66 0.38 3.79 0.61 0.69# 0.5# 0.49
,Iiﬂgpfc,;fg -0.09 -11.7-11.5 413 -0.09 592 0.09 0.92 0.71 0.71
a -0.44 -5.23-6.12 2.04 0.44 2.89 0.91 0.36 0.68 0.67
b 0.53 -4.72-5.79 1.91 0.53 2.68 1.19 0.33# 0.5# 0.44
L Photo 1.72 -7.05-10.4 3.35 1.72 4.47 2.30 <0.05 0.72 0.69
a -0.91 -11.3-94 3.75 -0.91 5.30 1.03 0.30 0.56 0.56
b 0.38 -7.05-7.83 2.66 0.38 3.79 0.61 0.69# 0.5# 0.49

* 95% confidence interval; Lp values; # b axis values show nonparametric distribution (Shapiro-Wilk test.
p<0.05): Wilcoxon test and Spearman correlation was executed; ICC: intraclass correlation coefficient.

The obtained concordance limits for the SPECTRO were L*: =1, a*: 0.4-0.8, and bx:
0.2-0.5. As for the concordance coefficients (closest values for maximum agree-
ment), they have exhibited intervals of L*: 25, a*: 15, and b*: 12 units. For the PHOTO
method, obtained the concordance limits were L*: 0.1-1.8, a*: 0.2-0.9, and b*: 0.3, and
the concordance coefficients were L*; 15.3, a*: 16 e b*: 13 units. Predominantly in
both methods, the values have shown reduced concordance limits and standard error
(next to 1 and <1, respectively). The random error was 3-4 units to L* and a* axes,
and 2 to b axis, with 3 units (1.8 to -1.2) of variations between means. The similarity
between measures is satisfactory (ICC: intra-class correlation coefficient: 0.44 SPEC-
TRO/0.57 PHOTO) in both comparisons.
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The results for the comparisons between the measurements to each method were
presented in Figures 1 and 2 (Fig. 1 spectrophotometer, Fig. 2 photography). The val-
ues of the SPECTRO method showed major proximity to zero (value of maximal con-
cordance between measures) and had shortest confidence intervals (ellipses), except
for the L* axis. In the PHOTO method, a major level of differences was observed with
values that move away from zero.

L m1vsm2 amlvsm2 bmlvsm2
80 80 80
60 60 60
— 40 © 40 < 40
20 20 20
0 0 0
-30 -20 -10 0 10 20 30 -30 -20 <10 0 10 20 30 -30 -20 <10 0 10 20 30
deltal:-1.15+5.28 delta a:-0.86 + 4.95 delta b:-0.20 + 3.46
L m1vsm3 amlvsm3 bm1vsm3
80 80 80
60 60 60
— 40 @ 40 2 40
20 20 20
0 0 0
-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30 -30 -20 -10 O 10 20 30
delta L:-1.25 +6.62 deltaa:-0.42 +4.28 delta b: 0.32 +3.98
L m2vs m3 am2vsm3 bm2vsm3
80 80 80
60 60 60
— 40 © 40 < 40
20 20 20
0 0 0
-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30
delta L: -0.09 + 5.92 delta a: 0.44 +2.89 delta b: 0.563 +2.68

Figure 1. Comparison between measurements (to each measure blue or red) in the SPECTRO method
(ellipses represent the 95% confidence interval) (R Project).
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L m1vsm2 amlvsm?2 bm1vsm2
80 80 80
60 60 60
— 40 @ 40 < 40
20 20 20
0 0 0
-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30
delta L:-0.13 + 3.49 deltaa:-0.25+3.04 delta b: 0.02 +2.91
L m1vsm3 amlvsm3 bm1vsm3
80 80 80
60 60 60
- 40 © 40 2 40
20 20 20
0 0 0
-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30
delta L:-1.72 + 4.47 delta a:-0.91 £ 5.30 delta b: 0.38 +3.79
L m2vs m3 am2vsm3 b m2vs m3
80 80 80
60 60 60
- 40 © 40 <40
20 20 20
0 0 0
-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30 -30 -20 -10 0O 10 20 30

deltal:-1.86+4.75

delta a: -0.66 + 5.00 delta b: 0.36 + 4.00

Figure 2. Comparison between measurements (to each measure blue or red) in the PHOTO method (ellipses
represent the 95% confidence interval) (R Project).
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Comparison between methods

The secondary hypothesis of the study is the comparison between methods.
In Table 3 it was shown the As values for each method. The general mean was A:
20.5, higher than the expected value for the concordant methods. In the space color
axes, the concordance between methods has presented that a* values do not acquire
similarity in all measures (Table 4). The L* values had good concordance and only
in one comparison, the b value did not have a concordance (Table 4). Moreover, a*
and b* values presented central and adequate distribution in most comparisons. One
measure (M3) has shown a proportion bias (allocation trend outside the reference
values), as was shown in Table 4. The comparison between methods can be viewed
in the scatter diagram (Figure 3). It was evaluated the concordance coefficient, the
value of the outlier, and the point intersections, as the greater the intersection of blue
and red points, the greater the similarity between methods. The major intersection
was presented by L* values, followed by b=,

Table 3. AE values for the comparison between methods PHOTO and SPECTRO.

AE between methods

(n: 40) M1 M2 M3
Mean + sd (max.; min.) 20.4+7.4(33.2,6.0) 19.8 £5.8 (34.1; 8.3) 21.38+7.3(35.1;9.2)
Median, 25%,75% 21.7,14.7;26.5 19.7;15.8; 24.1 20.8;15.9;27.9

max.: maximum; min.: minimum

Table 4. Bland-Altman concordance analysis between methods.

Bland-Altman Proportion bias
Spectro vs p-value Mean of N .
Pearson (r) : . concordance (linear simple
Photo - (paired t test/  differences ICC e :
. correlation (inferior; regression) p-value
n: 40 one sample) (sd) L
superior limits) for means
ml
L 0.12 0.21 -2.13(10.0) 0.11 -21.9-17.6 0.31
a 0.11 <0. 05* -16.3 (6.72) 0.02 -29.5--3.19 0.39
b >0.050# 1.00# -6.11 (4.54) 0.02 -15.0 - 2.78 0.85
m2
L -0.04 0.50 -1.19(9.92) -0.04 -20.5-18.3 0.14
a 0.17 <0. 05* -15.7 (5.75) 0.02 -27.0 - -4.47 0.38
b > 0.050# <0. 05#* -5.88 (3.95) 0.08 -13.6 - 1.86 0.12
m3
L -0.31 0.65 0.83(11.0) -0.29 -20.8 - 22.5 0.94
a 0.11 <0. 05* -16.8 (6.5) 0.01 -29.7 --3.95 <0. 05§
b 0. 05# >0.050# -6.05 (5.2) -0.25 -16.4 - 4.28 <0. 05§

*Methods are not concordant; # b* axis values show nonparametric distribution (Shapiro-Wilk test. p<0. 05):
executed Wilcoxon test and Spearman correlation; ICC: intraclass correlation coefficient. ICC < 0.4 poor;

0.4 <= ICC < 0.75 satisfactory; ICC >= 0.75 excellent (Fleiss, J.L. The Design and analysis of clinical
experiments. New York: Wiley, 1986). Linear regression significance of mean: if value was smaller than

0.05 there is a proportion bias§; (the reference levels had the tendency to concentrate above or below the
averages / central reference), it means that the method tends to error only for high or low values.
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-10 0
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L spectro vs photo

-10 0 10 20 30
delta L
m3:0.8+11.05

a spectro vs photo

30 -40 -30 -20 -10 0 10 20 30

10 -30

-20

delta a
m3:-16.86 + 6.58

b spectro vs photo

-10 0 10

deltab
m3:-6.06 + 5.27

Figure 3. Scatter diagram, the SPECTRO method are represented by blue color and PHOTO method are
represented by red color, (ellipses represent the 95% confidence interval) (R Project).

Focusing on the shape of the ellipses, the greater deformation of the ellipse, the
greater the correlation between the X and Y coordinate values. Perfect circles indi-
cated perfect independence and normality between measurement errors. It was
possible to observe that the agreement index between methods was poor (Figure 3).
However, in the intra method comparison, the measure distribution, confidence
intervals, and the number of values of the outliers can be suitable for the not yet
validated methods for gingival color evaluation. Also, when comparing AL*, Aax,
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and Ab* between methods (figure 3), it was observed that the biggest variation was
in the a* values, approximately 16 units of difference compared to L* that had 2 and
b* 5 units of difference.

Discussion

The level of agreement between the three measures of gingival color was evaluated
and has exhibited better reproducibility and agreement grades in L*, a*, and b* axis,
with adequate proportion and within the confidence intervals. For the AE values of
6.5 (SPECTRO) and 5.9 (PHOTO), the results assumed values above the threshold
of the human eye (3.7) and those are already known for dental enamel, approxi-
mately AE: 3.3 (spectrophotometer) and AE: 2.9 (photography)?'?2. Despite that, the
quantification of gingival color by the tested methods has obtained an agreement
level between the measures, and represents the main result of the study, mainly
for L, a*, and b*, when evaluated separately. It is emphasized that the methods
were developed using conventional devices in the dental office (reflectance spec-
trophotometer to select enamel color and digital camera with software). The clinical
relevance of this study was the research with common tools used in dentistry, the
spectrophotometer (easyshade), and intra-oral photography to measure gingival
color. One of the most used features recently in dentistry, photography can contrib-
ute to the auto evaluation of the state of health/disease of the patient, and as the
gingival color can be measured through them and daily monitored by dentists after
a periodontal plastic procedure to evaluate the cicatricial tissue course, inflamma-
tion levels, and aesthetic.

The devices used on the tested methods are alternatives®®, when compared to stud-
ies that use colorimeters' or spectrophotometers'?®’ , specific for gingival scan-
ning and entail additional costs. This explains how the AE values and the sensibility
of both methods have exceeded the threshold of the human eye. On the other hand,
the quantification of gingival color was possible, having a great potential for future
use in research. In addition, usual and common tools in the dental office were also
used and have presented with an acceptable agreement level between the mea-
sures. Spectrophotometers has already been used in dental rehabilitation and den-
tal bleaching to evaluate dental color. The present study has shown a possible use
of this tool in periodontology and implant dentistry, for the evaluation of gingival
color, having acceptable agreement and concordance rates. In the PHOTO method,
a digital camera or cell phone camera is able to acquire the images, but in order
to reproduce the results observed in the study, it is necessary to have access to a
payable software, in order to execute the examinations of L* a* b* values. Despite
that, mobile apps with color scanning functions are free and available on different
digital platforms. Even though these tools have not been yet validated for gingival
color measurement, they may be tested and therefore, expand the universalization
of the method.

In the first hypothesis (intra method comparison), in the systematic error (evaluate
the method accuracy measured by presence or absence of bias) and in the random
error (accuracy between measurements)®, the bias or systematic error was evalu-
ated by continuous values. In the Wilcoxon or on the T- tests, it was revealed that in
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the PHOTO group there was bias between the L* axis values (p<0,05), differently to
the SPECTRO group, which the axis needs to be adjusted to maintain similarly in the
photo acquisition protocol, which interferes in the reading the other outcomes a * and
b *. The difficulty of controlling the luminosity can explain the observed difference
in the L* axis, beyond the level of sensibility of software to capture minimal different
values of L*.

A random error is not predictable and it uses the estimate through the agreement
coefficients (Bland-Altman). Measures differences were not observed in this concept,
since all the limits of agreement were <1.7, and the agreement coefficients (value
close to the maximum agreement) presented similar intervals between the measures
(maximum of 25 and minimum of 12 units). The b* axis represented the minor interval
of agreement coefficients and the lowest limit of agreement, thus obtaining the major
approximation to the perfect concordance among measures. The a* axis presented
intermediate agreements intervals and the L * axis presented the largest agreement
intervals between the measures and the highest agreement limits, values that deviate
from the perfect agreement (perfect agreement order: bx>a*>[*),

Regarding what was observed in the systematic error, the SPECTRO method had
major reliability in different measures. For a method to be reliable, the systematic
and random errors must be known and contained in the statistical limit of difference.
Using the concordance limits has the benefit of not requiring data with parametric
distribution and fewer comparisons?’. To measure the “strength” of reliability, Pear-
son or Spearman's correlation coefficient was used and the similarity was consid-
ered satisfactory between measurements (ICC mean: 0.44 SPECTRO/0.57 PHQOTO).
However, this analysis had limitations, since only the values were used to measure
the agreement between methods®?. The real interpretation of this concept is that the
differences between the measurements were not large enough to be detected in the
sample size. Thus, the model that best express all the information about the compar-
isons is based on two-dimensional scatter plots with confidence intervals®.

The second study hypothesis analyzes the sensibility between the SPECTRO and
the PHOTO methods. For the a* values, the results have not shown a good agree-
ment among methods. However, for the L* and in most of b* values, a reasonable
agreement was observed. For the dental enamel evaluation, the a* values have varied
beyond expectations when compared in the same methods and the values of L* and
b* have shown an excellent level of agreement®. The results favor the photography
method (plus software) as an alternative, compared to the spectrophotometer, for the
reliable acquisition of the variables L* and b*.

The agreement level of any measurement method needs information. In peri-
odontology, the probing depth exam helps in the clinical identification of periodon-
tal parameters (sulcus or pocket probing depth, clinical attachment level, beyond
bleeding upon probing, and inflammation signals). Thus, agreement and sensitivity
of the method of measurement combined with the instruments help the operator in
identifying the disease/health outcomes. In comparison, the level of error obtained
between probing exams is above T mm for systematic error and between 0.3 to
0.7 mm as a random error for establishing the attachment clinical level. Among
evaluators with both manual and electronic probes, the intra-class correlation coef-
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ficient is from 0.41 to 0.90 (reasonable to excellent)®. Even a conventional instru-
ment shows changes in its measurements depending on the operators. Determin-
ing all types of instruments variation is essential to establish fair regimes and the
most adequate research protocols.

The use of photographs is not recent in dentistry*’, not even in the study of tooth
enamel color®. New tools were included to facilitate the outcomes from the collec-
tion of disorders and diseases”'. Intraoral scanners are the most current technology
for dental impressions and on acquiring oral characteristics. Depending on the file
format generated, colors are also present in this analysis. Nevertheless, it is not yet
possible to use the polychromatic scanned files for color evaluation with quality in
analysis**#*, Despite that, with advances and improvements in technology, it is not
difficult to imagine that color will be another factor better incorporated into these
tools. When this alternative is available in a quality, the validation for color analysis
will also be necessary, even for the comparison between methods and their sensitiv-
ity. Thus, the next steps for understanding and validating methods used in this study
(and their execution format) are the comparison between different operators of the
software and the photographs. Mainly due to the PHOTO method that had more vari-
ables and still needs to be continually tested for its effective potential and for being
the cheapest gingival color analysis tool?'. Even though the used spectrophotometer
had a lower number of variables also needs calibrations focused on colors of the nat-
ural gingiva, with comparison to directories related to the race, age, and sex/gender
of patients'3'*. With these elements, the accuracy of the methods would be effectively
tested, and the quality of the results better debated.

This study had limitations, such as the photograph protocol and adjustments beyond
the patient head position’, that could interfere in the measurement?'??, The SPEC-
TRO method needed a better calibration system, aiming to measure gingival color.
Another limitation was in the point of both analyses of the methods, which was exe-
cuted 2 mm the gingival margin. This point was defined without guides and the peri-
odontal phenotype was not evaluated as a possible interference. Also, comparison
with specific colorimeters'® or spectrophotometers'?®’, able to evaluate the gingival
color, was not executed. Nevertheless, this study protocol could compare three differ-
ent measures, using for each method a feasible comparison pair and an adjusted and
complementary statistical analysis system described by previous studies?2729-33.3839,

In conclusion, both methods could quantify the gingival color from the coordinates
L+ a* andb * The evaluation of the intra method has shown slight variations between
the measurements and greater reliability for the SPECTRO method. The comparison
between methods showed little agreement between them, mainly for a* values.
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