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ABSTRACT

Occlusal surface is the most difficult for performing reliable caries detection on it. Traditional visual-
tactile diagnostic methods do not show high sensitivity and specificity, and there are efforts to overcome
this disadvantage by using conventional, digital radiography, as well as numerous non-invasive
techniques for quantification of demineralization. Despite a large number of studies comparing the
effectiveness of individual diagnostic methods in caries detection, there are still not enough studies
investigating effectiveness of various combinations of diagnostic methods.

The aim of this paper is to examine whether there is a difference between individual diagnostic
methods (visual examination, laser fluorescence and digital radiography) regarding their sensitivity and
specificity; and combination of these diagnostic methods in diagnosis of occlusal caries on permanent
molars.

Material and methods: The sample comprised 140 permanent molars. Teeth were inspected visually,
and the appearance of the lesion was classified according to UniViSS criteria, than by use of laser
fluorescence (DIAGNOdent 2095), and by using digital retro-coronary radiographs. Validation method
was cavity opening.

Results: Values of sensitivity and specificity of the methods were calculated. After that, the same
values from the combination of the specified diagnostic methods were calculated as well.

Conclusion: By using a combination of diagnostic methods, an increase in sensitivity and specificity
values is achieved with respect to the values of the same parameters from the individual diagnostic
methods.
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Introduction

Dental caries represents demineralization of
dental tissue caused by acidogenic bacteria in the
dental biofilm [1]. Caries affects individuals of all
ages, different cultural, ethnic and socio-economic
origin [2].

Over the past decades, a decrease in caries preva-
lence in the world population level has been noted. It
isbelieved thatthe increased use of fluoride is largely
responsible for changing the model and progression
of the dental caries. It is accepted that, despite the
undeniable contribution, the large capacity of
remineralisation of hard dental tissues by fluoride
can "mask” the dentin caries. It is believed that 50 to
60% of occlusal fissures are affected by caries. The
occlusal surface is the most difficult for performing
reliable caries detection due to complexed morpho-
logy of this surface. Hence, discussing over the
difficulties regarding initial caries detection is con-
stant thus reinforcing interest for the research of
theselesions|[3,4,5,6,7].

In the eighties of the twentieth century, a new type
of lesion - a hidden caries - began to be discussed.
Hidden caries is a subtype of the occlusal caries, and
is defined as the occlusal dentin caries visible on
radiographic images, while the visual inspection
shows enamel appearing intact or minimally perfo-
rated. The pathophysiological model of hidden caries
initiation is based on the strengthening and remi-
neralisation of the outer layers of enamel by topical
fluoridation method. Cariogenic bacteria penetrates
into the enamel through minimal cavitation of the
enamel surface. When they reach dentin that is softer
and contains more organic substances, their pro-
gression is easier. At the same time, the enamel
passes through the process of remineralisation thus
closes the path of bacterial entry. Apart from the mi-
nimal cavitation, the cariogenic bacteria penetrates
through the enamel strips (lamellae) [8, 9].

Therefore, the detection of hidden caries is diffi-
cult and it is necessary to use a combination of
diagnostic methods to set the diagnosis. An ideal
diagnostic method needs to be safe for patient and
therapistthus enabling early stage lesion detection. [t
needs to be objective, quantitative, non-invasive and
inexpensive.

The use of visual examination is not always
sufficient for diagnosing caries, and probing, which is
commonly used, can cause trauma. Hence, there is a
need to establish non-traumatic, non-invasive tech-
niques that can diagnose occlusal caries accurately
[10]. The criteria for ideal diagnostic method are to
have a high sensitivity value, and also to be highly
specific. Traditional visual-tactile diagnostic me-
thodsare notfully able to achieve such criteria[3,11].

In addition to visual and visual-tactile methods,
caries diagnostic methods include conventional
radiography, digital radiography, and non-invasive
demineralization quantification techniques, inclu-
ding methods based on laser or light fluorescence,
electrical impedance measurement, fibber optic and
digital fibber optic trans- illumination (FOTI and
DIFOTI), videoscope. Even though results are pro-
mising, clinical use of quantitative methods is still
limited [6,12].

Although there are numerous studies comparing
efficacy of single diagnostic method in occlusal caries
diagnosis, there are still relatively small number of
studies investigating the effectiveness of various
combinations of diagnostic methods. This type of
research should be focused on in vivo conditions [6,
13,14].

Visual systems for caries diagnosis

There is a large number of visual systems for
describing the carious process propagation on dental
surfaces (Ekstrand et al., Rickets et al., Nyvad et al,,
ICDAS, ICDAS 1I) [11, 14, 15, 16, 17, 18]. All these
systems, in addition to the undisputed advantages,
also show some deficiencies. Nelson et al. [17] point
outthatthere is still no standard system for detection
and evaluation of caries universally accepted among
researchers. There are several caries detection
systems in use trying to describe and diagnose the
caries process.

Wishing to overcome the deficiencies of visual
systems for the detection and description of caries, a
group of authors created Universal Visual Scoring
System (UniViSS) (Picture 1.) for occlusal and smooth
surfaces lesions. This system is designed to com-
pensate for the disadvantages of existing visual diag-
nostic systems, to meet the contemporary require-
ments set for caries detection / diagnosis and to be
flexible. The system can be used without limitation in
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patients of all age groups, under field, clinical and
laboratory research. UniViSS uses a three-step
diagnostic procedure for a detailed classification of
the complex clinical appearance of the caries lesion.
The first step is the assessment of lesion severity, the
second is the estimation of discoloration, and the
third step is an assessment of the activity. The system
is universally applicable and adaptable to the clinical
conditions[19,20].

Several authors [6, 14] suggest that, as far as the
visual inspection is followed using some of the
auxiliary methods, the precision of the diagnosis of
occlusal cariesis improved.

Laser fluorescence

Evaluation of fluorescence stimulated by laser or
infrared light gives us possibility to distinguish
between healthy and carious hard dental tissue. The
basis of fluorescence of healthy enamel consists of
inorganic components of the tissue, and to a lesser
extent, organic too. In carious dental tissue, por-
phyrins (products of bacterial metabolism) are
considered responsible for fluorescence. The method
oflaser fluorescence was developed primarily for the
purpose of detecting coronary caries, especially pits
and fissure caries. It showed that this method is
characterized by good precision and reproducibility,
even better than radiographic examinations [3, 6,
21].

DIAGNOdent, designed for performing laser light
fluorescence examination, produces laser light thatis
absorbed by both inorganic and organic substances
in hard dental tissues as well as oral bacterial meta-
bolites. The light of the higher wavelengths in the
caries presence is reemitted, and the changes are
registered with the digital numeric scale. It is consi-
dered that DIAGNOdent represents useful diagnostic
tool combined with visual inspection, primarily for
long-term caries evaluation and estimation of the
preventive interventions outcome, since the carious
process can be quantitatively measured this way [7].

The function of DIAGNOdent is based on the
concept of fluorescence stimulation, using laser light.
Device has a laser diode that producing a red light
wavelength of 655 nm, applied by the user to the
dental surface, and a long filter with transmission
higher than 680 nm as a detector. The light is
transmitted to the occlusal surface of the tooth by a

fibber optic beam. Upon reaching the occlusal
surface, the light goes through the enamel and dentin.
Red light has the ability to penetrate deeper into the
hard dental tissue, and therefore we can be able to
detect fluorescence even in the carious dentine
beneath the visually healthy enamel. Another fibber-
optic beam (filter) absorbs the beam of reflected
fluorescent light. In order to ignore the ambient light
of larger wavelengths that also pass through this
filter, the laser diode beam is modulated. That is why
the filter only registers light that has the same
modulation characteristics. Anumeric value (0 to 99)
is designated to changes caused by demineralisation,
and it is presented on device display. It is considered
that if numerical value is higher, the propagation of
the caries is deeper. When the laser illuminates hard
dental tissues, light is absorbed by the organic and
inorganic substances present in hard tissue pores, as
well as oral bacterial metabolites, most likely por-
phyrins, which show some fluorescence after red
light excitation. For this reason, dental tissues emits
fluorescence after red laser light application. Carious
tissue shows increased intensity of fluorescence
compared to healthy tissue, and therefore there is a
significant difference in fluorescence values between
carious and healthy tissue. The display of device
shows two values - the value of the current position of
the measuring probe ("moment") and the maximum
value for the whole surface ("peak") [3, 5, 22, 23, 24,
25,26, 27].

DIAGNOdent proved to be a useful additional
diagnostic tool for occlusal caries detection, espe-
cially combined with visual inspection [28].

Radiological caries diagnosis

Radiographic methods are useful in the detection
of approximal caries, but have little value in occlusal
caries detection. Therefore, a clinical evaluation of
caries should always precede radiological exami-
nation. Radiography shows some limitations: it
cannot distinguish between active and arrested
lesions, or small lesions with cavitation and non-
cavitated lesions. The depth of the lesion is difficult to
assess accurately using radiographic images. Retro-
coronary radiographic images cannot detect early
carieslesions [4].

Radiological diagnosis of the initial occlusal lesion
poses a problem, because of morphological and
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structural characteristics of the occlusal surface. Only
one third of initial carious lesions are diagnosed
radiologically. The lesions with minimal progression
in dentine are properly diagnosed in two thirds of
cases. The presence of caries on the occlusal surfaces
is often very difficult to determine radiologically due
to the presence of filling materials and because of the
morphological characteristics of the occlusal surface
- fissures and pits, and superposition of the enamel
[29,30].

Due to the lack of precision in early enamel
occlusal lesions detection, the use of retro-coronary
radiographic images for that purpose has been the
subject of debate for a long time. The value of this
diagnostic method is again being analysed due to its
value in the diagnosis of hidden caries. Computer-
assisted analysis of images for diagnosing caries with
digital radiographs has been investigated since the
1980s. Digital records can be manipulated later thus
changing certain image features. This process is
called "image processing” and has the appropriate
software support. The ability to process a picture is
perhaps the most important advantage of digital
radiography, as this way the information contained in
the digital image becomes more acceptable to the
humaneye[31,32,33].

Evidence suggests, but this is far from making the
ultimate conclusion, that some digital radiographic
methods may provide a slightly better sensitivity
compared to conventional x-ray at both approximal
and occlusal surfaces [13].

The aim of this paper is to examine whether there
is a difference in the sensitivity and specificity of the
individual diagnostic methods (visual examination,
laser fluorescence and digital radiography) and the
same values of the combination of these diagnostic
methods in the detection of occlusal caries on
permanent molars.

Material and methods

This study was approved by the Ethical
Committee of the Faculty of Dentistry, University of
Sarajevo.

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. The study sample consisted of 140
permanent molars. Inclusive and exclusive criteria
for teeth enrolled in this study are described in detail
in research of Bajsman et al [34]. Each tooth involved
in the study had to have occlusal surface that met one
ofthree criteria:

1. Occlusal fissure system where a discoloured
brown or black area without cavitation is
clinically observed.

2. Grey discoloration derived from -carious
dentine underneath non-cavitated enamel.

3. Obvious cavitation on the occlusal surface.

During visual examination, the examinee was
positioned in dental chair, and the examination was
performed using artificial light, on wet and com-
pressed air dried-up surfaces, using dental mirror
without enlargement. Occlusal surfaces designated
for the examination were cleaned by rotating brush
and water, and dried by compressed air. The appea-
rance of the fissure system on the occlusal surface is
classified according to the UniViSS scoring system
(Figure 1). If there were multiple demineralization
areas on the occlusal surface, the most demineralized
area was examined. Visual inspection was always
performed first, to reduce the possibility of bias by
other diagnostic methods.

For laser fluorescence examination, DIAGNOdent
2095 (KaVo, Biberach, Germany) was used. After
thorough cleaning with a rotating brush, without use
of prophylactic paste, occlusal surface was tho-
roughly washed and dried by compressed air. After
that, tooth was isolated by cotton rolls. Measuring
probe A was used, because it is designated for testing
on occlusal surface. Calibration of the device using
ceramic standard was performed prior to using the
appliance in each patient. After calibration, value of
healthy spot fluorescence on buccal surface of the
tooth is measured - individual calibration (ideally, the
middle third of the buccal surface) after light drying
by compressed air. If there were multiple demine-
ralization areas on occlusal surface, the most demi-
neralized area was examined. The top of the
measuring probe is set to the selected area, and a
slight rotation around the longitudinal axis is
performed until maximum value is registered. This
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Universal Visual Scoring System for pits and fissures (UniViSS occlusal)
First step: Lesion Detection & Severity Assessment
Second step: Microcavity andior
Discoloration Z‘“ vm‘:h' ‘;?“ E‘uu:::"d carles localised enamel Dentin exposure Large cavity Pulp exposure
Assessment achdies Jeston o breakdown
Score F Score E Score M Score D Score L Score P
sor;:o::g‘;“ No cavitabons or discokrations sre deteclable
Vihite
(Scoee 1)
White-brown
(Score 2)
(Dark) Brown
(Score 3)
Greyish translucency
(Score 4)

Picture 1. Universal Visual Scoring System for pits and fissures (UniViSS occlusal) [19]

tilting of instrument at the test site is necessary to
register the fluorescence of fissure wall inclination.
The highest value was recorded. Each test site was
measured three times by described procedure, and
the average of these three measurements was
considered as a definite value. A linear scale used in
the research of Lussi and associates [35] was used in
thisresearch.

For all teeth in which at least one of the two
previously applied diagnostic methods speaks for the
presence of carious lesion, a retro-coronary digital
radiography was performed, using De Gotzen
xgenus® digital device (De Gotzen S. r. . Via Roma,
45-21057 Olgate Olona (VA)-Italy, software version
1.30.113). Xgenus® digital system uses CCD sensor.
Although, according to the manufacturer's re-
commendations, sensor size 2 is used in trans canine
sector, and also for the retro-coronal technique, we
decided to use sensor size 1 in this study. The reason
for this decision was difficulty in positioning sensor
in patient's oral cavity due to stiffness, sharp edges
and angles as well as inability of the patient to lead

maxillary and mandibular arch to occlusal contact.
The analysis of retro-coronary radiovisiographic
images were performed on a computer monitor
(diameter 17 "). The radiographs were analysed as
processed, in terms of manipulation with contrast or
brightness of image. The choice of software tools was
arbitrary. The most commonly used tools were "con-
trast”, "border enhancement”, "zoom", "equaliza-
tion".

After the analysis of radiographic images, each
examined tooth was assigned a score, (Table 3.),
according toresearch of Pereiraetal. [14].

Validation of the collected data was performed by
cavity opening. For ethical reasons, operative treat-
ment was performed when the results of two
diagnostic methods were in favour of the presence of
lesion in the vicinity of the enamel-dentinal border,
or dentinal caries. The depth of the lesion propa-
gation was recorded using World Health Organiza-
tion's graduated probe, as the distance between the
deepest point of the cavity and enamel surface,
according to several researches [5, 36, 37, 38]. After
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diagnostic procedures and removal of carious tissue,
each tooth was assigned a score (Tables 1., 2., 3),
according to research of Heinrich-Weltzien et al. [38].

Cavity opening was followed by restorative
procedure. All diagnostic procedures, validation and
restorative treatment were carried out by one
researcher.

Results

The sample in this clinical study consisted of 140
permanent molars in 64 respondents who met the
inclusion criteria. For the purposes of statistical data
processing, UniViSS scores were transformed into
four ordinal values, namely:

0 -no caries

1 - opacity/discoloration visible after drying (F1, F2,
F3)

2 - opacity/discoloration visible without drying (E1,
E2,E3,E4)

3 -localised enamel defect/microcavity (M1, M2, M3,
M4)

4 - dentine exposure (D1, D2, D3, D4, L1, L2, L3, P1,
P2, P3).

It was considered that the values 1 and 2 repre-
sent enamel caries, and values 3 and 4 caries in den-
tine.

Data were analysed using SPSS 15.0. 0. for
Windows, and MedCalc9.5.0.0.

In 3 cases, although the appearance of the occlusal
lesion categorized according to UniViSS was in favour
of the lesion in the enamel, it was found that caries
were not present. In 18 cases, UniViSS agrees with
the validation method for caries in dentine under the
enamel-dentinal border (Table 1.).

In 110 cases, DIAGNOdent and validation method
agree for the presence of dentinal caries. In only 3
cases DIAGNOdent spoke against the presence of
caries, and the caries was present in enamel (1) and
dentine (2) (Table 2.).

Table 1. Cross-tabulation of UNIViSS and validation method

UniViSS
1 - opacity/ 2 — opacity/ .
discoloration discoloration 3 —localised 4 — dentine Total
visible after visible without | €namel defect/ exposure
drying drying microcavity
Validation | 0—no caries 3 0 0 0 3
method )
1—enamel caries 11 6 0 2 19
2 — caries in the outer
half of dentin 20 35 18 25 %8
3 — caries affects more than
half of dentinal depth 2 2 6 10 20
Total 36 43 24 37 140
Table 2. Cross-tabulation of DIAGNOdent and validation method
DIAGNOdent
0 —no caries 1 —enamel caries 2 —dentinal caries fatal
Validation | 0—no caries 3 0 0 3
method .
1-enamel caries 1 2 16 19
2 — caries in the outer
half of dentin 2 6 90 98
3 — caries affects more than
half of dentinal depth 0 0 20 20
Total 6 8 126 140
16 Stomatoloski vjesnik 2019; 8 (2)
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Table 3. Cross-tabulating of digital radiographs and validation method

RVG
2 —radiolucency | 3 —radiolucency| 4 — radiolucency
0 . in the inner in the outer in the inner Total
=) Gl half of enamel | half of dentinal | half of dentinal
depth depth depth
Validation | 0—no caries 3 0 0 0 3
method .
1 - enamel caries 14 0 5 0 19
2 — caries in the outer
half of dentin 22 1 75 0 98
3 — caries affects more than
half of dentinal depth 2 0 15 3 20
Total 41 1 95 3 140
Table 4. Spearman’s correlation coefficient
UniViss DiagnoDent RVG Validation
method
Spearman's Correlation Coefficient 1,000 ,242%% ,150 ,409**
rho UniViss Sig. (2-tailed) : ,004 ,077 ,000
N 140 140 140 140
Correlation Coefficient ,242%* 1,000 ,200* ,277**
DiagnoDent Sig. (2-tailed) ,004 ) ,018 ,001
N 140 140 140 140
Correlation Coefficient ,150 ,200* 1,000 ,A57**
RVG Sig. (2-tailed) ,077 ,018 . ,000
N 140 140 140 140
Correlation Coefficient ,409%* ,277** ,457** 1,000
Validation method  sjg. (2-tailed) ,000 ,001 ,000 )
N 140 140 140 140

Although digital radiographs excluded caries
lesions, enamel caries was present in 14 cases, caries
in the outer half of dentinal depth was present in 22
cases, and caries that affects more than half of
dentinal depth was present in 2 cases. In 75 cases,
digital radiographs and validation method was in
agreement (Table 3.).

Correlation of UniViSS values and validation
method values is positive and moderate, at a
confidence level of p <0.01. Correlations of validation
method values and DIAGNOdent results, as well as
correlation of validation method values and digital
radiograph score values are positive moderately at
the significance level of p <0.01. A weak positive

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

correlation exists between values of DIAGNOdent
and digital radiograph score values, at the
significance level of p <0.05 (Table 4.).

To calculate sensitivity and specificity of visual
inspection with UniViSS, UniViSS codes 1 and 2 are
interpreted as enamel caries (D2),and UniViSS codes
3and 4 as dentinal caries (D3).

Observing the obtained results in the light of the
abovementioned facts (Table 5), it can be seen that
the values of visual inspection sensitivity (UniViSS)
and digital retro coronal radiographs sensitivity are
somewhat lower at level of enamel caries. Specificity
values of these two procedures are relatively high, at
enamel caries level. Laser fluorescence showed the
highest sensitivity and specificity values at enamel

Stomatoloski vjesnik 2019; 8 (2)
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Table 5. Sensitivity values (SE), specificity values (SP), positive predictive values (PPV), negative predictive values (NPV)
and values under ROC curve (AUC) for UniViSS, laser fluorescence — DIAGNOdent (LF) and digital retro coronal
radiography (RVG) for enamel caries (D2) and dentinal caries (D3)

D2
SE sp PPV NPV AUC
(95% Cl) (95% CI) (95% Cl) (95% Cl) (95% CI)
- 0.42 1.00 1.00 0.21 0.711
UniViss (0.20-0.67) (0.31 - 1.00) (0.63 — 1.00) (0.05-0.51) (0.480 — 0.881)
0.95 1.00 1.00 0.75 0.974
LF (0.74- 0.99) (0.31- 1.00) (0.81 - 1.00) (0.20 - 0.96) (0.800 — 0.987)
fve 0.26 1.00 1.00 0.18 0.632
(0.09 - 0.51) (0.31—1.00) (0.48 — 1.00) (0.04 - 0.43) (0.402 — 0.824)
D3
SE sP PPV NPV AUC
(95% Cl) (95% CI) (95% Cl) (95% Cl) (95% CI)
N 0.80 0.64 0.91 0.41 0.751
UniViss (0.70 - 0.87) (0.41 - 0.83) (0.83 — 0.96) (0.25 — 0.59) (0.664 — 0.826)
0.92 0.27 0.85 0.43 0.600
LF (0.85 — 0.96) (0.11 - 0.50) (0.77 - 0.91) (0.18 —0.71) (0.507 — 0.688)
Ve 0.78 0.77 0.94 0.44 0.773
(0.68 — 0.85) (0.55—0.92) (0.86 - 0.98) (0.28 - 0.60) (0.688 — 0.844)

caries level. Considering AUC values, laser
fluorescence also showed the best values, and its
ability to discriminate between diseased and healthy
cases is very good. For other two diagnostic methods
the AUCvalues are in the range of weak and good.

At the level of dentinal caries, visual inspection
sensitivity and digital radiographs sensitivity values
are higher and are followed by the consequent and
logical discrete decrease in specificity values. The
sensitivity value of the laser fluorescence is
somewhat lower at this diagnostic level, compared to
the sensitivity value at the level of enamel caries. The
observed sample shows a decrease in the value of
laser fluorescence specificity. Possible cause is the
selected diagnostic threshold for dentinal caries
(DIAGNOdent reading >20), which could lead to
overestimation and higher number of false positive
results. Probably by choosing a higher diagnostic
threshold (DIAGNOdent reading = 30) the situation
would be different. However, the aforementioned
diagnostic threshold in this study was chosen
regarding caries incidence in our population, and the
discrete overestimation of the results does not
represent mistake. In populations with low caries
incidence it is quite appropriate and it is
recommended to selecta higher diagnostic threshold

[2]. The AUC values at dentine level for all three
diagnostic methods range from weak to good.

For the combination of diagnostic methods the
sensitivity and specificity values were calculated
according to the following formulas [39]:

Sensitivity of test combination = 1 - (1 - sensi-
tivity of test 1) x (1 - sensitivity of test 2)

Specificity of test combination =1 - (1 - specificity
oftest 1) x (1 - specificity of test 2).

Results are presented in Table 6.

Compared to the sensitivity and specificity of the
individual diagnostic methods, it is evident that
combinations of diagnostic methods provide higher
values of the above mentioned parameters on both
diagnostic thresholds. At the enamel caries, the
lowest sensitivity value belongs to combination of
UniViSS and digital radiography, but the value of
specificity for all three combinations at the enamel
caries level is very high. Digital radiography was not
able to register carious changes in enamel that did
not affect the enamel-dentinal border, and therefore
its performance in combination with UniViSS was not
satisfactory either. However, because of high sensi-
tivity of laser fluorescence, sensitivity of digital
radiography in combination with laser fluorescence
ismuch better.

18
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Table 6. Sensitivity (SE) and specificity (SP) for combinations of diagnostic methods: UniViSS and laser fluorescence
(UniViSS + LF), UniViSS and digital retro coronal radiography (UniViSS + RVG) and laser fluorescence and digital retro
coronal radiography (LF + RVG), for enamel caries (D2) and dentinal caries (D3)

D2

SE sP
UniViss + LF 0.97 1.00
UniViSS + RVGL 0.57 1.00
F + RVG 0.96 1.00

D3

SE SP
UniViss + LF 0.98 0.74
UniViSS + RVGL 0.96 0.92
F +RVG 0.98 0.83

At the dentinal caries level, sensitivity values of
combinations of diagnostic methods are high. But,
specificity values in combinations with laser fluo-
rescence are somewhatlower. Possible explanation is
again the diagnostic threshold for dentinal caries
detection by laser fluorescence, which could lead to
false positive results.

Discussion

Kiinisch et al. 19, 20 evaluated UniViSS per-
formance on extracted third molars with histological
validation. For enamel caries, recorded values of
sensitivity and specificity were 1.00 and 0.58. For
detection of caries in dentin, sensitivity value was
0.63, and specificity 0.98. Taking into account the
suggestion that the sum of sensitivity and specificity
values should be approximately 1.6 in order for the
diagnostic method to be accepted for practical use,
these values illustrate the potentials of UniViSS.
Considering the reproducibility UniViSS, the authors
believe that the UniViSS score for discoloration is
more difficult to reproduce in relation to the scores
ICDAS II. In our sample, at diagnostic threshold D2,
the sensitivity and specificity sum was 1.42 (SE =

0.42,SP =1.00) and at diagnostic threshold D3 - 1.44
(SE = 0.80, SP = 0.64). These differences could be
based on the fact that our research was in vivo, and
that detailed histological evaluation of recorded
scores was not possible for ethical reasons. The
recorded results, regardless of the above mentioned
differences, are comparable to the results of Kiinisch
and associates.

In clinical trials, it is important to choose the
diagnostic thresholds in connection with registered
laser fluorescence values, which should in fact reflect
the depth of propagation of caries lesion. Generally
speaking, the values recommended for in vivo testing
are somewhat higher than the values recommended
by the manufacturer as well as the values recorded in
the in vitro studies.

Sensitivity and specificity values for laser fluore-
scence depend heavily on diagnostic thresholds for
different stages of caries progression. The use of
different values of diagnostic thresholds could be the
reason for divergence between results of laser
fluorescence examination in various researches.
Depending on what is expected of the diagnostic
method, selecting the appropriate diagnostic
thresholds is of crucial importance. If the method is
associated with another method characterized by a
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high specificity value, such as a visual examination,
then a scale of diagnostic thresholds emphasizing the
sensitivity of the laser fluorescence should be
considered. When choosing a high-value diagnostic
threshold, device shows high specificity, at the
expense of sensitivity. At lower values of diagnostic
thresholds, sensitivity value is higher and specificity
value is lower [25, 40]. So, it is possible to conclude
that the selected numerical value of the DIAGNOdent
reading for dentinal caries was reason of lower laser
fluorescence specificity in our research.

Khalife et al. [39] investigated sensitivity and
specificity of DIAGNOdent in diagnosis of occlusal
caries at different values of diagnostic thresholds in
vivo. At diagnostic threshold 20 (dentinal caries)
corresponding to diagnostic threshold in this study,
the sensitivity value was 0.97 and the specificity 0.15.
These values are comparable to the results of our
research. On the sample of the aforementioned
research, the diagnostic threshold between 35 and
40 proved to be adequate as it provided the
appropriate specificity values for the population with
lower risk for caries in the area with good
fluoridation. Lower values of specificity in this range
of diagnostic thresholds would lead to false positives
if DIAGNOdent was used as the only diagnostic tool.
Regardless of the values shown by DIAGNOdent, the
authors explicitly recommend it as an auxiliary tool
in combination with visual and radiographic
examination.

Our results are not in accordance to Antonnen's
results [41]. Antonnen combined visual examination
and laser fluorescence on permanent molars at
diagnostic threshold> 30 for dentinal caries to
distinguish between healthy / inactive and active /
caries in the dentine, and recorded sensitivity value
of 0.75, and specificity value of 0.82. Explanation of
these differences is the selection of different
diagnostic thresholds of DIAGNOdent numerical
values for dentinal caries.

Costa and associates [5] evaluated DIAGNOdent
performance in dentinal caries detection on occlusal
surfaces without cavitation, in clinical conditions.
They compared the results obtained with the results
of a visual examination (scored as "without caries”,
"enamel caries" and "caries in dentine") and
conventional retro coronal radiographs. The visual
inspection showed sensitivity value 0.50, and
specificity value 0.95. For conventional retro-coronal

radiography, the sensitivity value was 0.26, and
specificity 0.94. For laser fluorescence the sensitivity
value was 0.93, specificity 0.75. These results are
partially in accordance with the results of our
research, in terms of sensitivity and specificity of
visual examination and digital radiography at the
level of enamel caries. In conclusion, the authors
suggest the use of laser fluorescence in combination
with visual inspection in order to reduce false
positives.

The idea of comparing native and processed
digital retro coronal radiographs was actually based
on Wenzel and Fejerskov [42], who compared the
diagnosis of suspected carious lesions on occlusal
surfaces of extracted third molars using visual
examination, conventional radiography, digital
radiography with border enhancement, and digital
radiography with contrast manipulation. In their
research, the best diagnostic performance was
demonstrated by digital radiography with contrast
manipulation (SE=0.71,SP =0.85,PPV=0.91, NPV =
0.59) being consistent with the results of our
research at the level of dentinal caries. Analysing
combinations of methods, the best performance was
shown by a combination of visual examination,
conventional radiography and digital radiography
with contrast manipulation, although this combi-
nation also resulted in arise of false positive results.

Findings of Pereira et al. [43] stated that mani-
pulation of dental radiographic images brings no
difference in diagnostic accuracy. Additionally,
dentists seem to use the possibilities of improving
digital radiographs very differently in clinical
practice. If this improvement is not used properly, it
canactually reduce diagnostic precision.

Kiinisch et al. [44] suggest the use of retro coronal
radiography and laser fluorescence as a second or
third choice method in all unclear cases additional to
clinical examination. Chu et al. [45] evaluated the
occlusal caries diagnosis on decidual and permanent
molars using conventional methods (visual examina-
tion - Ekstrand criteria and conventional retro
coronal radiography) and laser fluorescence. The
gold standard was cavity opening. At diagnostic
threshold D2, sensitivity of visual examination in
their research was 0.89, and specificity 0.44, not
being consistent with our results, while at D3
sensitivity was 0.66 and specificity 0.75, being
comparable to the results of our research. Sensitivity
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of retro coronal radiography on the D2 and D3
diagnostic thresholds was 0.13 and specificity was
1.00, being comparable to our results. At diagnostic
threshold D2, sensitivity of laser fluorescence was
0.95 and specificity was 0.11 (our study recorded a
significantly higher specificity of 1.00), and at the D2
and D3 thresholds, sensitivity ranged from 0.56 to
0.75 and the specificity ranged from 0.71 to 0.89, not
being consistent with our results. For the combi-
nation of visual inspection and laser fluorescence,
sensitivity values ranged from 0.55 to 0.72 and a
specificity values ranged from 0.86 to 0.94. In our
study, sensitivity value of the combination of visual
inspection and laser fluorescence is 0.98, and
specificity is 0.74. The possible explanation for such
differences is the composition of the sample, since
their sample is made up of both decidual and
permanent molars, and the degree of mineralization
of hard dental tissues of decidual molars is weaker
than the permanent ones, and the greater content of
the organic component can affect the values of
DIAGNOdent reading. The authors conclude that
caries detection based on a combination of those two
methods provides a satisfactory levels of specificity
and sensitivity. That combination can be acceptable
for diagnosing occlusal caries in the dentine.
Heinrich-Weltzien and associates [37] clinically
evaluated visual examination, conventional retro
coronal radiography and laser fluorescence methods
on permanent molars. Cavity opening was a gold
standard, and values of diagnostic thresholds for
caries in enamel and dentine by laser fluorescence
were identical to values in this study. Visual exami-
nation was preformed according to Ekstrand criteria.
Sensitivity for visual examination was 0.25, and
specificity was 1.00. Sensitivity of laser fluorescence
was 0.93, and specificity was 0.63. Sensitivity of
conventional retro coronal radiography was 0.70,
and specificity was 0.96. The authors did not
explicitly state the diagnostic threshold for analysing
the performance of used methods. If we compare
their results with our results at diagnostic threshold
D3, our research showed a higher sensitivity value of
visual examination, and lower value of specificity of
laser fluorescence. The results based on radiographic
method are comparable to our findings, taking into
account that digital retro coronal radiography with
image processing was used in our research. In con-
clusion, the authors pointed out that DIAGNOdent

reading above 20 as a diagnostic threshold for
dentine caries should be considered a sensitive
marker in everyday practice. The authors believe that
the basic advantage of a combined diagnostic
procedure is that it combines visual inspection as a
high specificity method and laser fluorescence as a
high sensitivity method.

Souza-Zaroni et al. [6] investigated various
combinations of occlusal caries detection methods
on a sample of permanent molars (in vitro study).
The research involved the use of visual examination,
laser fluorescence, and retro coronal radiography,
using histological validation as a gold standard.
Three groups of researchers (undergraduate
students, postgraduate students and professors)
participated in the research. Analysing the results of
all research groups, the authors conclude that indi-
vidual methods show lower performance compared
to the combination of methods, which is entirely in
accordance with the results of our research.

Conclusion

Using a combination of diagnostic methods, an
increase in sensitivity and specificity values is
achieved with respect to the values of the same
parameters of the individual diagnostic methods.
Consequently, it is advisable to use a combination of
diagnostic methods, especially in unclear cases, as
well asin cases of initial lesions and their monitoring.
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