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ABSTRACT

Dental caries is still the most widespread oral disease. The occlusal surface is the most susceptible to
caries. This is the area where reliable caries detection is the most difficult to perform. Occlusal caries
is largely conditioned by the morphology of the fissure system, which can be described as extremely
susceptible to biofilm adhesion. Although some researchers believe that the morphology of fissures
and pits on the occlusal surface does not influence the development and progression of carious
lesions, their shape and depth could make caries diagnosis difficult.

The aim of this study is to examine the possible differences between different methods for occlusal
caries detection in premolars.

Material and methods: The study sample consisted of 116 premolars. All teeth were examined
visually, and the appearance of the lesion was classified according to UniViSS criteria, then by using
laser fluorescence (DIAGNOdent 2095) and digital retro-coronary radiographs. Validation method
was cavity opening.

Results: Sensitivity, specificity, positive and negative predictive values were calculated for each
diagnostic method, at diagnostic tresholds of enamel and dentin caries.

Conclusion: There is no difference in the values of sensitivity and specificity of visual inspection,
laser fluorescence and digital radiography in the detection of occlusal caries on premolars. But, a
comparison with similar research on molars, proved that there are differences among methods when
performed on a different types of tooth.

Keywords: occlusal caries, caries detection, occlusal morphology, UniViSS, laser fluorescence, digital
radiography.
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Introduction

Dental caries is still the most widespread oral
disease [1, 2]. In recent decades, a decline in the
prevalence of caries throughout world has been
observed. It is considered as a result of increase in
scientific knowledge regarding the etiology,
initiation, progression and prevention of this
disease. However, the share of occlusal caries
increased in parts of the population with reduced
caries prevalence. Between 50 - 60% of occlusal
surfaces are considered to be affected by caries.
This is the area where reliable caries detection is
the most difficult to perform. Therefore, there are
continuous discussions about the difficulties
associated with the detection of initial carious
lesions on occlusal surfaces strengthening the
interestinresearching theselesions|[3,4,5,6,7].

Early caries is closely related to occlusal
morphology. Thus, caries is more common in the
area of fissures and pits than on smooth surfaces.
Occlusal caries is largely conditioned by the
morphology of the fissure system, which can be
described as extremely susceptible to biofilm
adhesion. The dimensions of fissures and pits
differ not only between different groups of teeth
(premolars and molars) but also on the same area
of the occlusal surface of the tooth. Fissures may
plunge deep into the occlusal surface, may narrow
or may have different depths in different parts of
the occlusal surface. The depth of fissures ranges
between 40 - 120 um, the slope of fissure walls
ranges from 35 to 100° and the width of fissures
from 6 to 180 um. According to the anatomical
form, fissures can be classified into five types -V, U,
I, IK, and Y type. Depending on the appearance of
the groove bottom, fissures can be classified into
narrow, deep and intermediate [8,9, 10,11, 12].

Although some researchers believe that the
morphology of fissures and pits on the occlusal
surface does not influence the development and
progression of carious lesions, their shape and
depth may make caries diagnosis difficult. The
findings of some practitioners show that caries is
far more common on teeth with pronounced
occlusal morphology. This can be explained by

difficulty of cleaning and self-cleaning of occlusal
surfaces thus reducing diagnostic capabilities. The
carious lesion begins on the walls of the fissure
system and later joins at the bottom of the fissure,
which further complicates the diagnosis. On the
other hand, the shape of the fissure and the size of
an angle between slopes of cusps at the entrance of
the fissure allows or complicates the visual
detection of the fissure bottom. Also, narrow
fissures can sometimes cause the probe to become
stuck due to their depth and morphology rather
than the presence of caries [13].

This study aims to examine the possible
differences between several methods for occlusal
caries detection in premolars.

Material and methods

This study was approved by the Ethical
Committee of the Faculty of Dentistry, University of
Sarajevo (decision number: 09-545-4/11).

The study involved patients older than 16 years,
who had been admitted to the Department of
Dental Pathology and Endodontics at the Faculty of
Dentistry, University of Sarajevo. The study
included 64 examinees, and the study sample
comprised of 116 premolars. Inclusive and
exclusive criteria, examination procedures (visual
examination using Universal Visual Scoring System
- UniViSS (Picture 1.), laser fluorescence device -
DIAGNOdent 2095 (KaVo, Biberach, Germany) [15]
and digital radiography, using De Gotzen xgenus®
digital device (De Gotzen S.r.1. ViaRoma, 45-21057
Olgate Olona (VA)-Italy, software version 1.30.113)
[16] and validation method [17] were previously
described in studies of Basjman et al [18, 19].
Statistical analysis and data processing were
performed as described in Bajsman etal [18].

Results

In 22 cases, although the validation method
spoke in favor of the presence of caries in the
enamel, it turned out that there was no caries
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Universal Visual Scoring System for pits and fissures (UniViSS occlusal)
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lesion. In 37 cases, cavity opening confirmed
enamel cariesin concordance with UniViSS codes 1
and 2. In majority of cases (50) cavity opening
confirmed caries below the enamel-dentin border

Picture 1. Universal Visual Scoring System for pits and fissures (UniViSS occlusal) [14]

Both, DIAGNOdent and the validation method
confirm in 21 cases that there is no caries. In 5
cases, caries in the enamel were present, although
the values of the DIAGNOdent readings did not

(Table 1.). support this. Caries below the enamel-dentin
Table 1. Cross-tabulation of UniViSS and validation method
UniViSS
1 - opacity/ 2 - opacity/ 3 - localised 4 - dentin Total
discoloration visible discoloration visible  enamel defect/ exposure
after drying without drying microcavity
Validation 0 - no caries 22 0 0 0 22
method
1 —enamel caries 34 4 3 0 41
2 — caries in the
enamel half of 37 9 1 3 50
dentin
3 — caries affects
more than half of 3 0 0 0 3
dentin depth
Total 96 13 4 3 116
26 Stomatoloski vjesnik 2022; 11 (2)
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Table 2. Cross-tabulation of laser fluorescence and validation method

Laser fluorescence

0 - no caries 1 - enamel caries 2 — dentin caries Total

Validation 0—no caries 21 0 1 22
method

1 - enamel caries 5 15 21 41

2 —caries in the

enamel half of 3 11 36 50

dentin

3 — caries affects

more than half of 0 1 2 3

dentin depth
Total 29 27 60 116

border was confirmed in 3 cases, although the
value of DIAGNOdent readings indicated that there
was no caries. In 1 case, although the DIAGNOdent
reading spoke in favor of caries in dentin, the
validation method refuted this (Table 2).

The correlation between UniViSS and
DIAGNOdent values was positive and moderate at
the confidence level of p <0.01. The correlation
between UniViSS and digital radiography, as well
as the correlation between UniViSS and the
validation method, is significant at the level of
reliability of p <0.05. DIAGNOdent and digital
radiography show a significant correlation with

the validation method at the level of reliability p
<0.01 (Table 4.).

The specificity values of UniViSS and digital
radiography are slightly lower at the level of
enamel caries. The specificity values for these two
diagnostic methods are very high (1.00). Laser
fluorescence shows the highest values of
sensitivity and specificity at the level of caries in
enamel. In terms of AUC values, laser fluorescence
also shows the best values. UniViSS and digital
radiography show lower sensitivity values at the
diagnostic threshold of dentin caries. The
sensitivity value of laser fluorescence is slightly

Table 3. Cross-tabulation of digital radiography and validation method
Digital radiography

0 - no caries 3 - radiolucency 4 - radiolucency Total
in the enamel half in the pulpal half
of dentinal depth of dentinal depth
Validation 0-no caries 22 0 0 22
method
1 —enamel caries 36 4 1 41
2 —caries in the
enamel half of 23 27 0 50
dentin
3 — caries affects
more than half of 0 0 3 3
dentin depth
Total 81 31 4 116
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Table 4. Spearman's correlation coefficient

s oo D8 Vo
Spearman's UniViSS Correlation Coefficient 1,000 ,264(**) ,199(%) ,204(*)
rho Sig. (2-tailed) . ,004 032 1028
N 116 116 116 116
DiagnoDent Correlation Coefficient ,264(**) 1,000 ,268(**) ,569(**)
Sig. (2-tailed) ,004 . ,004 ,000
N 116 116 116 116
Digital radiography Correlation Coefficient ,199(*) ,268(**) 1,000 ,548(**)
Sig. (2-tailed) ,032 ,004 . ,000
N 116 116 116 116
Validation method Correlation Coefficient ,204(*) ,569(**) ,548(**) 1,000
Sig. (2-tailed) ,028 ,000 ,000
N 116 116 116 116

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

Table 5. Sensitivity values (SE), specificity values (SP), positive predictive values (PPV), negative predictive values (NPV),
and values under the ROC curve (AUC) for UniViSS, laser fluorescence — DIAGNOdent (LF),
and digital retrocoronal radiography (RVG) for enamel caries (D2) and dentin caries (D3)

D2
SE SP PPV NPV AUC
(95% Cl) (95% ClI) (95% ClI) (95% CI) (95% CI)
UniViss 0.17 1.00 1.00 0.39 0.585
(0.07 -0.32) (0.84 —1.00) (0.59 - 1.00) (0.27 - 0.53) (0.454 - 0.708)
LF 0.88 0.95 0.97 0.81 0.908
(0.74 -0.96) (0.77 -0.93) (0.86 —1.00) (0.61-0.93) (0.808 — 0.966)
RVG 0.12 1.00 1.00 0.38 0.561
(0.04 -0.26) (0.84 —1.00) (0.48 —1.00) (0.26 -0.52) (0.430-0.686)
D2
SE SP PPV NPV AUC
(95% CI) (95% ClI) (95% ClI) (95% Cl) (95% CI)
UniViss 0.26 0.89 0.65 0.60 0.574
(0.15-0.40) (0.78 —0.95) (0.41-0.85) (0.50-0.70) (0.478 - 0.667)
LF 0.72 0.65 0.62 0.75 0.724
(0.58 —0.84) (0.52-0.77) (0.48 -0.75) (0.61-0.85) (0.632-0.804)
RVG 0.54 0.92 0.84 0.72 0.726
(0.39-0.68) (0.82-0.97) (0.67 —0.95) (0.60-0.81) (0.634 —0.806)
28 Stomatoloski vjesnik 2022; 11 (2)
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better, but lower compared to a diagnostic
threshold of enamel caries. There is a noticeable
decrease in the value of the specificity of laser
fluorescence. A possible explanation could be
chosen diagnostic threshold for dentin caries
(DIAGNOdent reading value> 20), that could have
led to overestimation. Choosing a higher
diagnostic threshold (DIAGNOdent reading value
= 30) would probably lead to better results.
However, the stated diagnostic threshold was
chosen considering the incidence of caries in our
population, when even a discreet overestimation
of the results is not an error. In populations with
low caries incidence, a higher diagnostic threshold
is appropriate and recommended [2. AUC values at
the level of caries in dentin for all three diagnostic
methods range between weak and good (Table 5.)

Discussion

For the validation of diagnostic methods, the
values of sensitivity (SE), specificity (SP), positive
(PPV) and negative (NPV) predictive values were
observed.

Examining the values of sensitivity, specificity,
positive and negative predictive values of visual
inspection (UniViSS), laser fluorescence and
digital radiography on permanent molars with an
identical study design, Bajsman et al [18 recorded
higher values of sensitivity and specificity of these
diagnostic methods at the level of enamel caries.
Positive and negative predictive values at the same
diagnostic level are comparable. At the level of
dentin caries, the sensitivity values of all diagnostic
methods are lower. Laser fluorescence on
premolars shows a higher value of specificity
(0.65) compared to the value recorded on molars
(0.27), as well as digital radiography, where the
value of specificity on premolars is 0.92 and on
molars 0.77. Positive predictive values on
premolars are slightly lower for all methods, and
consequently, negative predictive values are
slightly higher, compared to the values recorded on
molars.

It is a known fact that the morphology of the
occlusal surface and the three-dimensional

pattern of the fissure system have impact on
occlusal caries initiation. Salman [9, in his study of
the influence of occlusal morphology on the
severity of occlusal caries, states that there is a
statistically significant correlation at the level of
p=< 0.001. Because there is a difference in the
complexity of occlusal fissures and pits on
premolars and molars, one of the objectives of this
study was to determine whether there is a
difference in the performance of methods for
diagnosing occlusal caries on premolars and
molars.

Analyzing the correspondence between radio-
logical and clinical depth of carious lesions on a
sample of premolars and molars using a similar
study design, Bajsman et al [19 concluded that the
depth of carious lesionsis higher on molars than on
premolars and that digital radiograms underesti-
mate the depth of carious lesions. This is explained
by the complexity of occlusal morphology and
numerous morphological details that can be super-
imposed on each other. The more morphological
details, the more complex the radiological analysis
are.

The results showed that there is a difference in
the diagnostic performance of the tested methods
on premolars and molars regarding both
diagnostic thresholds.

Valera et al [11] point out that there are no sta-
tistically significant differences between premo-
lars and molars regarding the presence or absence
of pits and fissures. In both premolars and molars,
the prevalence of caries is dependent on occlusal
morphometry. Prevalence is higher when fissures
and pits are more pronounced. Despite similar
morphometry, the prevalence of caries is
significantly higher in molars compared to
premolars. The prevalence of caries on molars is
higher due to their position in the dental arch
because this position makes physiological self-
cleaning and implementation of prophylactic, oral
hygiene measures by the patientdifficult.

Antonnen [20] points out that the values
recorded by the laser fluorescence method in
children on premolars are lower than the values
recorded on molars. This is explained by the

Stomatoloski vjesnik 2022; 11 (2)
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simpler anatomy of premolar fissures concerning
fissures and fossae on occlusal surfaces of molars.
The largest number of lesions observed on occlusal
surfaces of premolars in our research were
characterized as enamel caries by visual exami-
nation. This can be explained by simpler occlusal
morphology and easier maintenance of oral
hygiene and the implementation of prophylactic
measures due to the position of the premolars in
dental arches. Therefore, remineralization of
initial carious lesions on premolars could take
place to a greater extent than on molars.

According to the chronology of eruption, the
first permanent molars erupt before the second
permanent molars, but also before the first and
second premolars. They also have the most
complex occlusal morphology. Their presence
within the oral cavity is the longest of all teeth of
the trans canine sector, and therefore are most
susceptible to caries and lesions with cavitation
being very often restored. Torres et al [21] explain
the far higher number of premolars with
completely healthy occlusal surfaces, compared to
molars, in an in vivo study of the application of
visual inspection and retro-coronary radiography
in the diagnosis of occult occlusal caries, taking the
abovementioned facts into account.

Chong et al [22] compared visual-tactile
examination with conventional digital radiography
and DIAGNOdent in the diagnosis of occult occlusal
caries on extracted premolars. Spearman's corre-
lation coefficient was used to compare different
methods. The specificity of visual-tactile examina-
tion compared to digital radiography was 0.54. The
specificity of DIAGNOdent in the diagnosis of
occlusal caries compared to visual and tactile exa-
mination was 0.56. The specificity of DIAGNOdent
compared to digital radiography was 0.32. In this
study, Spearman's correlation coefficient between
laser fluorescence and digital radiography is rho =
0.268 (p <0.01). The authors conclude that
DIAGNOdent gave similar sensitivity values but
lower specificity values compared to visual-tactile
examination in the diagnosis of occult dentin caries
onthe examined sample.

Pourhaschemi et al [23] compared in vitro
visual examination, conventional retro-coronary
radiography and laser fluorescence in the
diagnosis of occlusal caries on a sample of 80
premolars. The validation method was the
histological section. Visual examination was
performed according to Extrand criteria. The
sensitivity value of visual inspection was 0.44,
specificity 0.78, positive predictive value 0.69 and
negative predictive value 0.53 being comparable to
the results of our study. For conventional retro-
coronary radiography, sensitivity value was 0.27,
specificity value 0.69, positive predictive values
0.44 and the negative predictive values 0.39. The
values recorded in this study are better due to the
application of digital techniques and image
processing. For laser fluorescence, Pouraschemi et
al point out that it showed a positive predictive
value of 0.94 and a negative predictive value of
0.95. The diagnostic threshold for dentin caries
was a DIAGNOdent value> 30. Laser fluorescence
results are slightly better than results in our study
due to the higher selected numerical threshold for
dentin caries. The authors conclude that although
the values of precision and reproducibility of the
laser fluorescence method were higher than the
values of the same parameters of visual
examination and conventional retro-coronary
radiography, it is still better to apply laser
fluorescence with another method to diagnose
occlusal caries and to reduce diagnostic errors.

Conclusion

There is no difference in the values of sensitivity
and specificity of visual inspection (UniViSS), laser
fluorescence and digital radiography in the
detection of occlusal caries on premolars. But, a
comparison with similar research on molars
proved that there are differences among methods
when performed on a different type of tooth, which
is another confirmation of the complexity of
occlusal morphology influencing the occurrence of
cariesand its detection.
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