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Abstract The objective of this study is to examine ob-
server agreement on the rank of the color tones after
toluidine blue staining of a mucosal lesion. Cohort study
with repeated measures is the design of the study. Twenty
observers ranked and scored 8 specified areas on the color
images of a lesion before and after toluidine blue applica-
tion in two sessions. Inter and intra-observer variations
were analyzed with Cohen’s kappa. The L* (the black-
white axis), a* (red-green axis), and b* (yellow-blue axis)
values were measured and set as the gold standards. Intra
and inter-observer agreements were k=0.86 and k=0.854.
All color parameters were effective on the color ranking
order (pL*=0.00, pa*=0.007, pb*=0.00), although L* and
b* were more effective on the ranking of the samples than
a*. Areas that appeared pale blue visually had a significant
blue component, but the observers were confused with the
effect of whiteness of the area in clinical decision making.
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Introduction

Visual identification of any oral lesion is necessary in order
that subsequent steps for diagnosis may occur [1]. Clinical
experience is needed to detect minimal oral mucosal color
and texture changes that are necessary for identification of
oral mucosal lesions [2, 3]. Color is a critical characteristic
of the assessment and identification of oral mucosal lesions
[4]. Oral premalignant lesions (OPLs) and squamous cell
carcinoma (SCC) may be preceded by red lesions, mixed
red and white lesions, or white plaques [5-8]. In some cases,
co-existing white and/or red changes may be observed
adjacent to SCC which implies origin in an OPL [3]. Diag-
nostic pitfalls may be due to cognitive errors and variation in
perception that may affect the decisions of the clinicians [1,
9, 10]. Human color perception is considered “subjective”
[11] because alterations in perception of color can occur as a
result of numerous uncontrolled factors including aging [12,
13], fatigue, length of exposure of the specimen to eye, and
previous exposure of the eye [13]. Moreover, systemic
diseases such as diabetes, leukemia, Addison’s disease,
Parkinson disease, anemia, multiple sclerosis, psychiatric
disorders, alcoholism, and medications including analgesics,
antibiotics, antihypertensives, and oral contraceptives may
affect color perception and discrimination [14—19].

It is possible to quantify and to achieve objective mea-
surements of color by using instrumental measurements
expressed in the coordinates of a color order system [11].
CIELAB is a color space defined by the International
Commission on Illumination (Commission Internationale
d’Eclairage) and is accepted as the most complete color
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space that describes all colors visible to the human eye.
Since 1931, CIELAB units have been used for color
quantification [20]. In this system, the color space consists
of three coordinates L*, a*, and b*. The L* refers to the
lightness coordinate, and its value ranges from O for perfect
black to 100 for perfect white. The a* and b* are
chromaticity coordinates in the red-green axis and yellow-
blue axis, respectively. Positive a* values reflect the red
color range and negative values indicate green color range.
Similarly, positive b* values indicate yellow color range
while negative values indicate the blue color range [21].
Whilst the red/green and yellow/blue opponent channels are
computed as differences of lightness transformations of
human eye’s cone responses, CIELAB is defined as a
chromatic value color space.

Digital color analysis has been established using L*, a*,
and b* values of the test materials on digital images [22,
23]. This method was advocated by the American Dental
Association to measure the color variations [24], and it has
been used not only to measure lightness and color changes
of the tooth [25-27], but also to identify the pathology [28—
31], to establish the clinical parameters [28, 29, 32, 33], and
to quantitatively evaluate the course of the lesion progres-
sion and response to treatment [28-30].

Toluidine blue is a cationic metachromatic dye that may
selectively bind to free anionic groups such as sulfate,
phosphate, and carboxylate radicals of large molecules [5,
34]. When evaluated as a part of the clinical examination,
toluidine blue staining may provide additional information.
In vivo, toluidine blue stains deoxyribonucleic acid and/or
may be retained in intracellular spaces of dysplastic
epithelium and clinically appear as royal blue areas [8, 35—
38]. Toluidine blue may bind to dysplastic and malignant
tissues at sites of loss of tumor suppressor genes that predict
progression of OPLs to oral SCC (OSCC) or may represent
OSCC at diagnosis [39-43]. Zhang et al. [43] suggested that
staining intensity may provide important data due to binding
of toluidine blue at sites of molecular changes that predict
malignant risk, and it is reported that even weakly stained
areas had significantly increased molecular alterations com-
pared to toluidine blue negative samples [40, 43].

The correlation between the intensity of blue staining
and the severity of dysplasia has been discussed in
reporting of toluidine blue staining patterns in different
studies. Some reported only “a royal blue” intense stain as
positive, while others reported any staining as positive [38].
Gandolfo et al. [44] reported that all OSCC stained
toluidine blue positive and that none of the OSCC lesions
stained pale blue. However, Gray et al. [5] and Missmann et
al. [37] showed that when equivocal staining was included
with positive stain, the sensitivity of toluidine blue staining
was as low as 40% and as high as 100%. If equivocal
stained lesions were considered negative, the sensitivity
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varied from 100% to 81% [5]. In another study, when
equivocal staining was accepted as positive, the specificity
of toluidine blue in OPLs was reported from 31-<50% [5,
39, 45, 46] and as high as 93% [5, 37, 39]. On the other
hand, accepting pale blue staining as negative increased the
specificity significantly in some studies [5, 39]. These
reports suggest the importance of classification of toluidine
blue staining intensity as negative or positive (with
malignant potential) prior to determination of the need to
biopsy and to guide biopsy site selection [47].

The purpose of this study was to investigate observer
agreement on the rank of the color tones reported in
different areas of a toluidine blue-stained lesion and normal
mucosa and to determine if their ranking orders may cause
inter- and intra-observer variations in decision making.

Materials and methods

A patient referred for evaluation of a mass in the left buccal
mucosa extending onto the retromolar alveolar region was
assessed (Fig. 1). Informed consent was obtained prior to
photographing the lesion.

After thorough interview and clinical examination, the
lesion was evaluated following toluidine blue application.
Toluidine blue solution was prepared by compounding
laboratory grade powder (1 g tolonium chloride powder,
10 ml acetic acid, 4.19 ml absolute alcohol, and 86 ml
distilled water) and was applied after 1% acetic acid oral
rinse, as suggested in the literature [48, 49]. Before and
after staining, a color image of the lesion was obtained by a
professional photographer using a high resolution digital
camera (6.31 mega pixel resolution, 23.7x15.5 mm sensor
size, automatic focus function; Olympus Camedia C-2500-L;
Melville, NY, USA). A 5-mm diameter disk was placed

Fig. 1 Clinical photograph of buccal mucosal lesion
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Fig. 2 Clinical photograph of lesion following toluidine blue
application

adjacent to the lesion during photographing in order to
balance the lightness between the images. The image was
transferred to a personal computer (2.6 GHz Pentium IV CPU,
12 megabyte RAM, 40 gigabyte hard disk) and saved as
Tagged Image File Format.

Adobe Photoshop CS2 version 9.0.2 (Adobe Systems
Inc., San Jose, CA, USA) was used to work with the image.
On the image, eight circular areas, each in 50x50 pixel
size, were selected within the image using elliptical
marquee tool. Two sample areas from the normal appearing
oral mucosa were selected as well. One of these was from
the pale colored area (A), the other was from the dark area
(B). One of the investigators, experienced in toluidine blue
staining (P.G.) determined the areas to be selected accord-
ing to the blue color variations within the lesion (Fig. 2).

In order to determine the total color change or relative
perceptual differences between colors in the L*, a* b*
system (AE*,,), the differences in the lightness and
chromaticity coordinates (AL*, Aa*, Ab*) as a result of
UV light exposure are determined first, and then, the total
color change can be calculated using the relationship:
AE*, = (AL# + Aa*2 + Ab*?)"? [11, 50]. In this for-
mula, each color is treated as a point in a three dimensional
space with three components (L*, a*, b*) and the Euclidean

Fig. 3 The effect of lightness -a +a
on the color. (http://www.optics. s —
arizona.edu/opti588/reading/ +b I
CIE_Lab_color_space.pdf; Jan
28, 2009)

Lightness 25%

distance between these points is calculated [19]. The L*, a*
and b* values of each circular areas, unstained adjacent oral
mucosa samples (A and B) and the white calibration
material were measured using the histogram function of
the software (Fig. 3).

Three measurements were performed for each parameter
and the mean values were calculated (Fig. 4). These values
obtained with computer image analysis were accepted as
the gold standards.

In order to investigate the correspondence of clinical
color interpretation with gold standards, 20 clinicians who
had experience in evaluation of oral mucosal lesions,
examined the image and were asked to rate the eight
identified areas on the image according to the intensity of
blue stain. Each observer had a separate blinded session, all
evaluated the image on the same computer screen. The
observers rated these areas and scored the most pale area as
1 and darkest blue as 8. To assess intra-observer variability,
each observer re-evaluated the image 2 weeks after their
initial readings.

Statistical analyses were performed using Statistical
Package for the Social Sciences 2000 (SPSS) 10.0 (SPSS
Inc., Chicago, IL, USA) and Minitab 13 software (Minitab
Statistical Software 2000; Minitab Inc., State College, PA,
USA). In order to investigate the effects of L*, a*, and b*
on the ranking order, each rank was granted a score: the
darkest sample received 8, the next was provided with 7,
and the palest sample received a score of 1. The effects of
L* a* and b* on scores were then analyzed using
regression analysis. Cohen’s kappa was used to establish
the inter- and intra-observer agreement, and independent
sample ¢ test was utilized to examine the effect of clinical
experience on the ranking of the observers. Chi-square test
was used to to examine differences with categorical
variables. In the evaluation of the analysis “x&” was taken
into account as 0.05.

Results

The observers ratings obtained in two separate readings are
presented in Table 1, and the L*, a*, and b* values of eight

-a +a

+bl|

Lightness 50% Lightness 75%
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Fig. 4 Measurement of the L*, a*, and b* values of each selected area using histogram function of the software

sites, two mucosal areas, and the white calibration material
are shown in Table 2.

No other areas of mucosal change were seen within
the oral cavity with visual examination and after staining
with toluidine blue. Following the study photographs, the
lesion was surgically excised. In the histological speci-
men, a papillomatous proliferation of the squamous
epithelium with acanthosis, hyperpara- and orthokerato-
sis, and blunt epithelial ridges which were infiltrated
with polymorphonuclear leukocytes, especially eosino-
philic granulocytes were observed. The histological
diagnosis was verrucuous carcinoma with benign mucosa
at the surgical margins.

The age of the observers ranged between 26 and 58
(mean: 38.4 years+9.93) years and their experience in oral
mucosal lesion diagnosis varied between 2 and 34 years
(mean: 15.2 years+10.04). The intra-observer agreement
was k=0.86, and likewise, the inter-observer agreement
was k=0.854 (»p<0.01).

The general agreement between the observers’ first
and second “site ranking according to the blueness of
each circular area” was 87.5%, indicating that in 140 out
of 160 observations, clinicians ranked the same sites
with the same order in both sessions. They tended to
rank the specimen sites which were coded as 1, 3, and 2
as the darkest blue areas, in decreasing order. The intra-
observer agreement was 100% for the samples which
were coded as 1, 3, and 2. On the other hand, specimen
sites 5 and 8 were ranked as the palest blue areas, in
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decreasing order. The intra-observer agreement was
100% for the sample 8 and 95% for the sample 5.

The ranking order of all other specimen sites varied
between first and second sessions: During the first
observation, 19 out of 20 observers (95%) recorded the
site 7 as the fourth darkest blue area, 14 out of 20 observers
(70%) declared sample 4 as the fifth darkest blue area
whereas 15 observers (75%) asserted specimen site 6 as the
sixth darkest blue area.

In the second session, 17 clinicians (85%) stated the
specimen site 7 as the fourth darkest blue sample, 15
observers (75%) stated the site 4 for the fifth darkest area,
whereas, 3 clinicians (15%) preferred site 7 as the fifth
darkest blue area.

In first and second sessions, eight observers (40%)
ranked sites 4 and 6 interchangeably. The site 4 was also
confused with the site 7. Most of the observers (73%) had
preferred to rank the sites as 7-4-6, whereas 18% of the
observers’ ranking order was 7-6-4. The least preferred
(0.8%) ranking order was 4-7-6. These values revealed that
the most preferred rank order was 7-4-6, and the probability
of the observers’ preference to rank the sites as 7-4-6 was
statistically significant, (p=0.06<0.01).

The experience of the clinicians ranged between 2
and 34 years of practice, and half of the observers had
less than 17 years of experience. Statistical analysis of
the results did not reveal a significant difference
between the decisions of the clinicians who have less
or more than 17 years of experience (p>0.05). The more
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Table 1 Ranking of color intensity of clinical case

Observer Age Exp* First ranking Second ranking Kappa
() 44 22 1 3 2 7 4 6 5 8 1 3 2 7 4 6 5 8 1.000
02 40 17 1 3 2 7 6 4 5 8 1 3 2 7 4 6 5 8 0.714
03 28 5 1 3 2 7 6 4 5 8 1 3 2 7 4 6 5 8 0.714
04 55 33 1 3 2 4 7 6 5 8 1 3 2 4 7 6 5 8 1.000
05 31 9 1 3 2 7 4 6 5 8 1 3 2 7 6 4 5 8 0.714
06 58 34 1 3 2 7 4 6 5 8 1 3 2 7 4 6 5 8 1.000
o7 47 25 1 3 2 7 6 4 5 8 1 3 2 7 4 6 5 8 0.714
o8 48 25 1 3 2 7 4 6 5 8 1 3 2 4 7 5 6 8 0.429
09 49 26 1 3 2 7 4 6 5 8 1 3 2 7 4 6 5 8 1.000
o10 26 3 1 3 2 7 6 4 5 8 1 3 2 7 4 6 5 8 0.714
Ool11 26 2 1 3 2 7 4 6 5 8 1 3 2 7 4 6 5 8 1.000
012 31 7 1 3 2 7 4 6 5 8 1 3 2 7 6 4 5 8 0.714
0o13 27 3 1 3 2 7 4 6 5 8 1 3 2 7 4 6 5 8 1.000
ol14 41 18 1 3 2 7 4 6 5 8 1 3 2 7 4 6 5 8 1.000
0ol15 43 18 1 3 2 7 4 6 5 8 1 3 2 7 4 6 5 8 1.000
016 40 17 1 3 2 7 4 6 5 8 1 3 2 7 4 6 5 8 1.000
017 27 4 1 3 2 7 4 6 5 8 1 3 2 7 4 6 5 8 1.000
0O18 34 12 1 3 2 7 4 6 5 8 1 3 2 4 7 6 5 8 0.714
o19 42 16 1 3 2 7 6 4 5 8 1 3 2 7 4 6 5 8 0.714
020 31 8 1 3 2 7 4 6 5 8 1 3 2 7 4 6 5 8 1.000

Exp* dental experience in years

experienced group had 90% general agreement, whereas
the less experienced clinicans’ agreement was 85% (p=
0.532).

As stated earlier, in CIELAB color space, the higher the
L* value, the brighter the image. The color parameters of
pure white reference are L:255, a:128, and b:128. The
calibration material we have used in our image had almost
the same values, showing that the incandescent examination
light had not affected the colors of the image.

The sites which received the lowest scores and were
ranked as the lightest areas were 5 and 8; both had high L*
values (mean L*=176.807 and 213.213, respectively). Even
though site 6 had higher L* value (212.083) than site 5, its
a* and b* values (120.100 and 126.700) were lower than
those of site 5 (a*=133.237, b*=138.467; Table 2).

L*, a* and b* values of the the darkest 3 areas (sites 1, 3,
and 2) were L:17.843, a,:126.903, b,:123.110; 1.5:75.470,
a3:118.153, b3:116.417; 1,:121.930, a,:111.080,
b,:113.280, respectively. These results showed that even
though the L* value increased among these samples, the
decrease of the b* value darkened the sample image area.

The examination of the mean L*, a*, and b* values re-
vealed that a* and b* values of eight sites were close to each
other, but mean L* values differed significantly (Table 2,
Fig. 5). Site number 6 had almost the same blueness (mean
b*=126.7) as number 7 (mean b*=123.64), but the observ-
ers scored it as “more pale blue” than the latter. The L*

values differences were important in these two areas (mean
L*,=181.633; mean L*4=212.083). Thus, it may be specu-
lated that the variations in color perception of these areas
would be affected by the whiteness component rather than
the blueness or redness of the area. Supporting this
speculation, the major difference between the pale and dark
samples of normal appearing mucosa originated from the L*

Table 2 Ranking of CIELAB color values of toluidine blue stained
image

Areas L* a* b*
1 17.843 126.903 123.110
3 75.470 118.153 116.417
2 121.930 111.080 113.280
7 181.633 111.140 123.640
4 131.260 124.337 136.540
6 212.083 120.100 126.700
5 176.807 133.237 138.467
8 213.213 132.300 135.003
White 253.933 127.853 128.317
A* 202.273 136.557 137.820
B* 128.267 157.287 150.247

A* normal-appearing mucosa (pale); B* normal-appearing mucosa

(dark)
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Fig. 5 Mean L*, a*, and b* 300

values of all samples
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values rather than the a* and b* values of the areas (Table 2,
Fig. 5).

The effects of L*, a*, and b* on scores were investigated
with regression analysis. The determination coefficient of
L* was R°=0.74, a* was R*=0.29, and b* was R*=0.65.
All color parameters were effective on the color ranking
order provided by the observers (pL*=0.00, pa*=0.007,
and pb*=0.00, respectively). However, L* and b* appeared
to be more effective on the ranking of the samples than a*.

Discussion

Color is a complex concept that involves optical, physio-
logical, and psychological constituents. Color perception
requires illumination of the object with light of varying
wavelengths and intensities; the object absorbs and reflects
the light waves in different ways depending on the fre-
quency of the waves; light is reflected to the eye of the
observer, processed and finally, perceived as color [11]. The
eye is more sensitive to green and least sensitive to blue;
and when the dominant wavelength of the light is in the
upper end of the visible spectrum, it is perceived as red and
if in the lower end, it is defined as blue. However, the wave-
length of light is not the sole determinant of the color: the eye-
brain interaction determines the color, but also “creates” one,
as well: for example, magenta is not a component of the rain-
bow/prism, rather is a fabrication of the eye-brain system [51].

Even though the human visual system is capable of
distinguishing almost 35,000 colors [51], color perception
may be altered by factors such as the size of the object [51],
the type of the illuminant [19, 52], and the color of the
background [11]. Furthermore, different sections of the
reflective spectrum may have higher values under disparate
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forms of light [11]. When the reflective spectra are not
identical, different tristimulus values and ultimately, differ-
ent shades of color may be apparent [11]. This phenomenon
may result with differentiation between the color perception
and definition among the clinicians in different examination
settings. In order to overcome this problem, assessing a
control material to calibrate the differences in photograph-
ing and processing has become a standard procedure in
digital data analysis [24], and a white photographic paper
was applied in the present study to meet this requirement.

We assessed color analysis following toluidine blue
application because of the utility of toluidine blue in
clinical examination of OPLs and OSCC [7, 42-44, 53—
55], and because of the variable inclusion or exclusion of
ambiguous toluidine blue retention as either positive,
negative, or equivocal in prior studies [7, 42, 44, 4649,
55-57]. The findings of the present study have a number of
clinical implications: the observers successfully ranked the
darkest and the palest samples visually; however, they had
more difficulty in the areas of transition. This finding is
important in toluidine blue staining procedures of suspi-
cious lesions, because the malignant potential of an oral
mucosal lesion is based on the color of the stained lesion,
even though clinical appraisal is coupled with the non-
stained appearance of the texture of the lesion and its
location. It is known that differences in adjacent tissue in
lightness or color intensity and relative differences in
appearance impact the perception of color difference, and
that difference may be of assistance in detection and in
margin delineation in clinical examination and following
toluidine blue application.

In long-term clinical observations, even though all
clinical examination settings were kept standard, differ-
ences due to personal evaluation variations may lead to
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very important consequences [11]. OPLs have a wide range
of potential to progress into malignant lesions [5, 45, 55]
and the staining of these lesions with toluidine blue predicts
progression of even benign lesions or lesions with mild
dysplasia to cancer in a longitudinal study [40, 43].
Determination of lesion color via the assistance of an
objective method may provide additional ability to detect
and to predict OPLs at risk of progression to cancer.

The association between the visual color perception and
spectrophotometric analysis has been documented [58, 59].
Spectrophotometric color match of dental crowns with
natural teeth was better than the color match provided by
the observers [58]. In addition, spectrophotometric analyses
revealed highly significant color differences between the
dental ceramics which were not identified by the observers
[59].

Quantitative color analysis was used to describe the
chromo-endoscopic findings more objectively and repro-
ducibly for early diagnosis of esophageal SCC [29]. In the
study of Ishihara et al. [29], quantitative assessment of the
pink color sign, which was an indicator of malignancy,
resulted in a high sensitivity (88%) and high specificity
(95%) for diagnosing high grade intra-epithelial neoplasias
and cancers. Jonsson et al. [32] investigated the value of
computerized image analysis to measure the extravasated
plasma albumin marked with Evans blue in a tissue
exposed to a standardized burn injury. They showed that
the values from image analysis correlated with invasive
measurements from spectrophotometric analysis and sub-
jective decisions made by the naked eye. An increase in
blue values and a corresponding decrease in redness were
observed, while green values remained virtually the same
[32].

It is already known that the hyperkeratotic areas of a
lesion do not stain with toluidine blue and this was
observed in our case as well. In the present study, the
computer analysis revealed that the areas that appeared pale
blue visually had a blue component like the rest of the test
specimens, but this difference was not reported by the
observers. This finding suggests that these areas’ white
appearance influenced the clinical impression of the
intensity of blue color. Some authors recorded pale blue
stained areas as “negative”[36, 48, 60], however, our
findings suggest that blue color is affected by whiteness
of the area and recommended that any site of retention
should be assessed cautiously. Toluidine blue has been
shown to assist in detection of mucosa with molecular
changes that are associated with OPLs or OSCC, in
assessment of margins of OPLs/OSCC and biopsy sites
selection [36, 38, 4043, 46, 57, 61] and in screening for
second primary oral cancers or recurrences [34, 54, 62].
Furthermore, Guo et al. [40] and Zhang et al. [43] have
reported that the stained oral mucosal areas with benign

histology and mild dysplasia and normal margins harbor
clonal changes with risk of progression to malignant
lesions. Therefore, our findings support Patton et al. [38]
who suggested that any staining with toluidine blue should
elevate the index of suspicion, and as Zhang et al. [43] have
stated that any lesion with toluidine blue staining should be
considered a candidate for further evaluation.

In the present study, the observers’ judgement of the
darkest and palest areas of toluidine blue stain correlated
with the computer analysis, but these areas either had low
whiteness, or high blueness parameters, rather than a
significantly different blue component. On condition that
toluidine blue staining would result with blueness of the
area, the effect of whiteness was not anticipated. Moreover,
considering the intermediary areas of light blue, the
observers were confused with the effect of whiteness of
the area. Joiner et al. [63] have reported that the tint of a
material’s color is as important as the illuminant. The
shades that deviate far from the white point are deemed to
be less white than those of the same luminance. Human
visual perception has a preference for “bluish” white and
when the bluish tint of a sample is increased, it will cease to
be described as “white” [63]. Therefore, we suggest that
this may have an influence on the observers rank orders in
this study.

In our case, pale area adjacent to the lesion was located
near to the labial commisure and dark area was closer to the
pharynx. The dark and pale oral mucosal areas had different
L* values when compared to their a* and b* values; the
dark area had lower L* (more black), but higher a* (more
red) and b* (more blue) values. Considering that investi-
gation of the color parameters of human gingiva was not
the aim of this study and we utilized the color photograph
of only one patient, we cannot present a findings of the
color components of healthy appearing oral mucosa.
However, the intraoral location of the lesion may affect
color interpretation; for example, the pharyngeal area has
more prominent vascularity and may influence the darkness
or redness of the lesion as opposed to the commissural site
that may appear paler in color [64, 65]. The results of this
study should be interpreted with caution as the analysis is
based upon a single lesion, and a lesion that had color and
surface verrucous-like changes, making the lesion easily
detectable in the oral cavity. Further validation of applica-
tion of digital color analysis to toluidine blue staining is
suggested.

A systematic literature review recommended use of
toluidine blue in high-risk patients by experienced pro-
viders [38]. We observed that toluidine blue stained areas’
color perception was a multifaceted phenomenon, and the
redness-greenness did not affect the decisions of the
observers. Even though blueness-yellowness influenced
the clinical judgement, its impact was limited when

@ Springer



Clin Oral Invest

compared to that of whiteness-blackness. Patel et al. [66]
have stated that in order to assist the clinical decision
process, computer-assisted decision support technologies
may be applied to conventinal decision making means.
However, we suggest that any staining with toluidine blue
should elevate the index of suspicion and these stained
lesions shall require further clinical/histological evaluation.
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