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ABSTRACT
Aim: This study aimed to evaluate the effect of pseudocolor 
filter in micro-computed tomography (CT) images for the detec-
tion of proximal and occlusal caries lesions in primary molars. 

Materials and methods: For this in vitro analysis, 26 extracted 
human primary teeth were scanned using a compact micro-CT 
device (Skyscan 1172, Bruker micro-CT, Kontich, Belgium) and 
the projection images were reconstructed into cross-sectional 
slices (NRecon v.1.6.9, Bruker micro-CT, Kontich, Belgium). 
The original and pseudocolor images were evaluated twice by 
three calibrated radiologists. The tooth surfaces were scored 
according to Mejàre et al. criteria. The agreement was assessed 
by the Kappa coefficient, and the Chi-square test was used to 
evaluate the association between radiolucent lesion depth in 
enamel and dentin. 

Results: There was a good intra-observer agreement for 
detecting proximal caries lesions with or without using pseudo-
color filter (k >0.60). The inter-examiner agreement had similar 
results, and the agreement rates were good or moderate for the 
proximal surfaces. There were no statistically significant differ-
ences between the original and pseudocolor images (p >0.05). 
The pseudocolor filter showed high sensitivity and specificity 
when compared with the original image with the exception of 
the occlusal face in enamel.

Conclusion: The pseudocolor filter appears to be a promising 
enhancement tool for micro-CT images used for the detection of 
caries lesions in primary molars; even if it was not significantly 
different from the original images.

Clinical significance: The pseudocolor filter converts grey 
scale images into color images. It is present in micro-CT soft-
ware and must increase the diagnostic capacity of detecting 
caries lesion in occlusal and proximal surfaces.
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INTRODUCTION

X-ray micro-CT is a high-resolution, non-destructive 
imaging method, which has been increasingly used in 
dental researches exploring mineral density distribution 
patterns of dental tissues,1,2 for morphometric analysis,3,4 
and microstructure of dental materials.5-7 In addition, 
it has been used in the detection of mineral changes in 
artificial and natural caries lesions.8-10

 Micro-CT has been cited as the most nondestructive 
and appropriate instrument to validate caries diagnosis 
due to its high-resolution tool to assess mineralized tissues 
in (2) and 3-dimensional (3D) analysis.11,12 However, there 
are very few investigations on the validity of micro-CT 
for in vitro caries detection in permanent and in primary 
teeth. In addition, there are few studies evaluating the 
potential of micro-CT as a substitute for the histological 
exam as the gold standard.13-19 It has been shown that 
this method to be very sensitive for the detection of caries 
lesions in enamel and for differentiation of lesions in 
enamel and dentin in vitro,15,17,18,20 affirming that micro-CT 
and histological analysis function as the gold standard in 
a similar manner. Image noise is a particularly important 
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artifact in micro-CT imaging which reduces the contrast 
resolution and degrades the image quality.13

Use of the pseudocolor filter present in the majority 
of digital systems converts grey scale images into color 
images, increases the diagnostic capacity, bearing in 
mind that it is possible for the human eye to differentiate 
millions of colors, and its limitation to see grey. The 
digital image manipulation tools using filters in different 
imaging modalities have been considered by some 
authors21-24 as being responsible for increasing diagnostic 
capacity, representing promising instruments for the 
detection of caries lesions. 

To the best of our knowledge, no study has been 
conducted to assess the effect of pseudocolor filter in 
micro-CT images for detection of proximal and occlusal 
caries lesions. Therefore, the aim of this study was to 
evaluate the effect of pseudocolor filter in micro-CT 
images for detection of proximal and occlusal caries 
lesions in primary molars. 

MATERIALS AND METHODS

Sample Preparation and Selection

This research was approved by the local ethics committee 
(N° 2011/0025). For this in vitro analysis, 26 primary 
molars which were exfoliated or extracted for orthodontic 
purposes were evaluated. Samples were positioned in 
plastic containers and frozen at –20oC until their use. 
Before starting the experiment, the selected primary 
molars were cleaned with a rotating brush and pumice/
water slurry and stored in distilled water. Exclusion 
criteria for sample surfaces were the presence of 
restorations, the presence of large caries lesions on 
smooth or occlusal surfaces, the presence of sealants and 
presence of hypoplasic pits. 

Micro-CT Analysis

The samples were scanned using a compact micro-CT 
device (Skyscan 1172, Bruker micro-CT, Kontich, Belgium) 
at 100 kV, 100 µA, 7.96 µm pixel size, with Al 1.0 mm filter. 
Mean time of scanning was 45 minutes. The projection 
images were reconstructed into cross-sectional slices 
using NRecon software (NRecon v.1.6.9, Bruker micro-CT, 
Kontich, Belgium). 

 Three cal ibrated examiners conducted the 
examinations independently. Before the study, a rehearsal 
session was held in which observers became familiar 
with the scores. The digitized images were coded and 
displayed in random order in a high-resolution format–
tagged image file format (TIFF) for the analysis. As 
shown in Figure 1, two subsamples of micro-CT images 
were compared: the original images and those with 
the pseudocolor filter. Proximal and occlusal surfaces 

were visually scored using Mejàre et al.25 criteria: 0—no 
radiolucency; 1—radiolucency in the outer half of the 
enamel; 2—radiolucency in the inner half of the enamel; 
3—broken EDJ without radiolucency obvious spread 
in the dentine; 4—radiolucency in the outer half of the 
dentine; and 5—radiolucency in the inner half of the 
dentine. These criteria were also adopted in a previous 
study conducted by Soviero et al.13 The interval between 
duplicated examinations was from two to three weeks. 
To establish the definition of gold-standards for caries 
detection, each micro-CT scan was reviewed by the main 
investigator and coauthor experienced with caries ground 
truth assessment.

Statistical Analysis

Kappa coefficients were estimated to assess intra- and 
inter-observer agreement and statistic was interpreted 
as per Landis and Koch:26 > 0.81 (very good), 0.61–0.80 
(good), 0.41–0.60 (moderate), 0.21–040 (fair) and <0.20 
(poor) agreement, respectively. Sensitivity (true positive 
ratio), specificity (true negative ratio) and overall accuracy 
values were calculated. 

The data were grouped as sound, enamel caries, and 
dentine caries. In addition, the Chi-square test was used 
to evaluate the association between radiolucent lesion 
depth in enamel and dentin and the presence or absence 
of caries lesions was also evaluated. The statistical 
analyses were carried out using the statistical package 
for social sciences (SPSS) 21.0 (SPSS Inc., Chicago, IL) and 
Graph Pad Prism 6.0 (GraphPad Software, San Diego, 
California, USA, www.graphpad.com) software. The level 
of significance was 95% (α = 5%) for all tests.

RESULTS

Tables 1 and 2 present distribution of absolute and relative 
frequencies of diagnosis of the three observers. The 
Chi-square test showed there was a lower proportion of 
diagnosis in the scores for caries in enamel by observer 
3 than by the other observers, both with the original  
(p = 0.0419) and pseudocolor filter (p = 0.0303), and there 
were no statistically significant differences (p >0.05) 
between the other proportions.

There was good agreement (k >0.6) between observers 
1 and 2 (Kappa = 0.65 ± 0.05), 1 and 3 (Kappa = 0.68 ± 
0.05) and 2 and 3 (Kappa = 0.57 ± 0.05). The influence of 
tooth surfaces and filters together on the interobserver 
agreement is presented in Table 3.

Table 4 presents the distribution of classifications 
considering the presence or absence of caries lesions in dentin 
or enamel, without considering filters or tooth surfaces, 
revealing that the Kappa test showed excellent agreement 
among the observers, both for dentin and enamel.
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Figs 1A to D: (A and C) Paired micro-CT images illustrating a radiolucency in dentine in the original; (B and D) Pseudocolour images

A B

C D

Table 1: Distribution of absolute and relative frequencies of diagnosis of the three observers according to Soviero et al. criteria and filters

Score
Observer 1 Observer 2 Observer 3

Original Pseudocolour Original Pseudocolour Original Pseudocolour
0 43 (55.8%) 32 (41.6%) 41 (53.2%) 35 (45.5%) 47 (61%) 43 (55.8%)
1 9 (11.7%) 9 (11.7%) 13 (16.9%) 11 (14.3%) 3 (3.9%) 3 (3.9%)
2 5 (6.5%) 13 (16.9%) 4 (5.2%) 12 (15.6%) 5 (6.5%) 6 (7.8%)
3 7 (9.1%) 9 (11.7%) 5 (6.5%) 1 (1.3%) 3 (3.9%) 8 (10.4%)
4 8 (10.4%) 7 (9.1%) 8 (10.4%) 10 (13%) 11 (14.3%) 10 (13%)
5 5 (6.5%) 7 (9.1%) 6 (7.8%) 8 (10.4%) 8 (10.4%) 7 (9.1%)

Table 2: Distribution of absolute and relative frequencies of diagnosis of the three observers according three diagnostic thresholds 
(sound, enamel caries and dentin caries) and filters

Diagnosis Original Pseudocolour Original Pseudocolour Original Pseudocolour
0–sound 43 32 41 35 47 43

(55.8%) (41.6%) (53.2%) (45.5%) -61% (55.8%)
1, 2, 3–enamel caries 21 31 22 24 11 17

(27.3%) (40.3%) (28.6%) (31.2%) (14.3%) (22.1%)
4 e 5–dentin caries 13 14 14 18 19 17

(16.9%) (18.2%) (18.2%) (23.4%) (24.7%) (22.1%)

 Table 5 shows the values of sensitivity, specificity, 
accuracy, false-negative, false-positive, positive predictive 
values, and negative predictive value of the pseudocolor 
filter. As may be observed, the pseudocolor filter showed 

high sensitivity and specificity, and with the exception 
of the occlusal face in enamel. However, no statistical 
differences were observed between the original and 
pseudocolor micro-CT images (p >0.05). 
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Table 3: Interobserver Kappa coefficients [Kappa ± standard error (CI 95%)] considering filters and tooth surfaces

Surfaces
Original Pseudocolour

Observer 1 Observer 2 Observer 1 Observer 2

Mesial

Observer 2 0.74 (± 0.14) – 0.68 (± 0.15) – 
[0.47 a 1.01] [0.39 a 0.97]

Observer 3 0.73 (± 0.15) 0.55 (± 0.18) 0.75 (± 0.13) 0.74 (± 0.14)
[0.44 a 1.02] [0.2 a 0.9] [0.5 a 1] [0.47 a 1.01]

Distal

Observer 2 0.6 (± 0.12) – 0.6 (± 0.12) – 
[0.36 a 0.84] [0.36 a 0.84]

Observer 3 0.5 (± 0.12) 0.54 (± 0.12) 0.9 (± 0.07) 0.69 (± 0.11)
[0.26 a 0.74] [0.3 a 0.78] [0.76 a 1.04] [0.47 a 0.91]

Occlusal

Observer 2 0.68 (± 0.15) – 0.39 (± 0.14) – 
[0.39 a 0.97] [0.12 a 0.66]

Observer 3 0.51 (± 0.22) 0.31 (± 0.2) 0.39 (± 0.14) 0.23 (± 0.15)
[0.08 a 0.94] [0 a 0.7] [0.12 a 0.66] [0 a 0.52]

Table 4: Distribution of absolute and relative frequencies of caries diagnosis of the three observers according to presence or 
absence of caries lesions in dentin or enamel

Dentin (n = 154) Enamel (n = 154)
Absence Presence Absence Presence

1 vs 2 Absence 121 (78.6%) 1 (0.6%) 71 (46.1%) 5 (3.2%)
Presence 6 (3.9%) 26 (16.9%) 4 (2.6%) 74 (48.1%)
Agreement 0.853 ± 0.05 (0.76 a 0.95) 0.883 ± 0.04 (0.8 a 0.96)

1 vs 3 Absence 118 (76.6%) – 75 (48.7%) 15 (9.7%)
Presence 9 (5.8%) 27 (17.5%) – 64 (41.6%)
Agreement 0.821 ± 0.06 (0.7 a 0.94) 0.806 ± 0.05 (0.71 a 0.9)

2 vs 3 Absence 117 (76%) 1 (0.6%) 74 (48.1%) 16 (10.4%)
Presence 5 (3.2%) 31 (20.1%) 2 (1.3%) 62 (40.3%)
Agreement 0.887 ± 0.05 (0.79 a 0.98) 0.767 ± 0.05 (0.67 a 0.86)

Table 5: Predictive values (%) of the pseudocolor filter when compared with original image for the detection of caries lesions

Tooth surfaces
Dentin Enamel

Distal Mesial Occlusal Distal Mesial Occlusal
Sensitivity 95 100 100 97.5 100 100
Specificity 91.4 97.3 100 90 97.4 55.6
Accuracy 93.3 97.4 100 96 98.1 69.2
False-negative 5 0 0 2.5 0 0
False-positive 8.6 2.7 0 10 2.6 44.4
Positive predictive values 92.7 60 100 97.5 93.3 50
Negative predictive values 94.1 100 100 90 100 100

DISCUSSION

The use of micro-CT has been increased in dental research 
on the validity for in vitro caries detection in permanent 
and in primary teeth.15,27-30 Previous studies reported 
that a significantly higher agreement was obtained by 
observers with micro-CT images.13,14 It is important to 
emphasize that caries misdiagnoses in such cases can 
lead to unnecessary invasive treatments. To the best of 
our knowledge, this is the first study which assessed 
the effect of pseudocolor filter in micro-CT images for 
detection of proximal and occlusal caries lesions in 
primary molars. It was not possible to compare directly 
the results of the present study with previous studies. 
Moreover, comparisons between studies should be 

interpreted with caution due to the lack of uniformity in 
sample selection (permanent and primary teeth), number 
of surfaces, number of raters and scoring categories and 
data analysis. 

 In the present study, it was possible to verify from 
data in Tables 1 and 2 that there were discrepancies 
between the scores attributed by the observers, 
however, the three attributed the lowest percentage 
score 0 (zero), which may be explained by the fact that 
more caries lesions were seen in pseudocolor than in 
original images. Moreover, it was observed that the 
observers attributed more caries in enamel scores in 
pseudocolor, which may justify the reduction in the 
findings of score 0, also through this filter, bearing 
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in mind that an increase in the findings of caries 
in dentin was also observed through pseudocolor 
filter. According to Kositbowornnchai et al.,31 the 
pseudocolor mode assigns different colors to certain 
grey levels, which can enhance small local contrasts.  
In addition, Shahmoradi et al.,16 de-noising of the images 
with the total variation method enhanced the results of 
the colorization process which led to the recognition of 
structural details in caries lesions.

 There was the influence of filters and tooth surfaces, 
because although the agreements had remained good 
and moderate for the mesial and distal faces, the occlusal 
face showed a lower Kappa value, particularly through 
the pseudocolor filter; and the values were also lower 
than the others for the original image. This result may 
be attributed to the presence of sinuosities inherent to the 
occlusal surface, by virtue of the fissures, which can be 
exacerbated with the use of pseudocolor filter.

Table 4 presents the distribution of classifications 
considering the presence or absence of caries lesions in 
dentin or enamel, without considering filters or tooth 
surfaces, revealing that the Kappa test showed excellent 
agreement among the observers, both for dentin and 
enamel, which validates the micro-CT data as a diagnostic 
test for caries as the gold standard. The worst agreement 
values were also found for caries lesions in enamel on 
the occlusal surface. It is important to emphasize that 
the low agreement values were found for both original 
and pseudocolor images, which led us to ratify that the 
pseudocolor filter did not change the detection of caries 
lesions on this surface.

 As may be observed in Table 5, the pseudocolor filter 
showed high sensitivity and specificity, and with the 
exception of the occlusal face in enamel. As has previously 
been shown, the authors perceived that the pseudocolor 
filter did not change the traditional interpretation of 
the micro-CT original images, with the exception of the 
evaluation of occlusal caries lesions in enamel, a fact 
previously justified by the presence of fissures. 

The lower proportion of diagnosis in the scores for 
caries in the enamel can be seen as a limitation of this 
study. Dental caries lesions in primary teeth tend to 
progress rapidly due to enamel lower thickness. Soviero 
et al.13 reported that micro-CT is not reliable for the 
detection of caries lesions restricted to the enamel. This 
method was found to be sensitive in detecting enamel 
lesions and in differentiating enamel from dentine 
caries lesions, thus appearing to be an important tool 
for detection and assessment of the depth of proximal 
caries. Taylor et al.32 also reported that the correlation 
in enamel is poorer. It seems likely that this was caused 
by a difficulty distinguishing fissures from lesions, 
confounded by the thinness of the enamel, which means 

small numbers of voxels can have a disproportionate 
effect on the caries progression index. To solve this, the 
researchers affirmed that increasing the resolution of 
the scan would amplify the difference between step and 
gradual changes, and reducing noise would allow the 
resolution of smaller features including some fissures. 
On the other hand, Kamburoğlu et al.33 concluded that 
micro-CT was found to be the best imaging method for 
the ex vivo.

Considering the small number of publications on the 
subject; and the increasingly frequent use of micro-CT 
in dental research, further studies are required to assess 
and compare the accuracy of diagnosing caries lesions in 
original and pseudocolor micro-CT images.

CONCLUSION

There were good intra- and inter-examiner agreement 
about the detection of caries lesions in primary molars, 
in original and pseudocolor micro-CT images, and that 
the latter filter presented high sensitivity and specificity 
values when compared with the original images. 
However, no statistical differences were found between 
the original and pseudocolor images.
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