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ABSTRACT

Aim: The aim of the study was to investigate the influence of
complexity of occlusive morphology on radiographic detection of
occlusive caries lesions, and to analyze the reliability of radiography
in dentistry.

Material and methods: A sample of this study consisted of 40
teeth (20 molars and premolars 20), shown in 33 digital retroco-
ronal radio-graphs. Carious lesion depth was known for each tooth,
measured clinically, using graduated probe, and after cavity opening
and removal of carious masses. Lesion depth measurements on digi-
tal radio-graphs were performed using Image] software. Obtained
values (clinical and software) were correlated and analyzed by
Microsoft Office Excell 2007 and IBM SPSS Statistics 20.0.0.

Results: Analysis of obtained results shows that clinical depth
value is higher compared to measurements of radiolucent zone on
digital radiographs, in most cases. There are very few matched re-
sults of clinical and software measurements. Measurements on mo-
lars of total sample show concordance in 15% of cases. Measure-
ments on premolars of total sample show concordance in 25% of
cases. Discrepancies of measurements results are not large, but are
presentin 80% ofthe sample.

Conclusion: The complexity of the occlusive morphology is one
of the main reasons for difficult radiological diagnosis of occlusive
caries lesions. Different occlusive relief, rich and various fissure
systems, the presence of filling materials, the superposition of lip
and lingual enamel representreasons why radiography is notable to
clearly demonstrate the existence and exact boundaries of
propagation of carious lesions.

Key words: occlusal morphology, caries diagnosis, digital
radiography.
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Introduction

Epidemiological studies recorded a decline preva-
lence of smooth surfaces dental caries since the early
1970's. The main contribution to the decrease
smooth surface caries has been given by the increa-
sed use of fluoride in the last 40 years. Occlusive
cavitations currently create the majority of new
lesionsin dental younger "post - fluoride” generation.
Today, clinicians believe that the use of fluoride
slowed up the progress of occlusive carious lesions,
and at the same time "strengthened" the enamel so
thatthe sound of probing of the occlusive surface may
obscure relatively large carious lesions in dentin.
There are many terms used in literature to describe
this phenomenon, such as "occult”, "hidden", "secret"
caries or even "fluoride syndrome" [1].

With the reduction of smooth surface dental ca-
ries there has been increase in the number of primary
carious lesions in pits and fissures. The prevalence of
caries in premolars and molars depend on the occlu-
sal morphology. Due to the existence of prominent
and depressed parts forming such a complex occlu-
sive relief, there are numerous micro-spaces that
represent an ideal "hidden" habitat for pathogens
where they are protected from mechanical removal
and possibility of being washed offby saliva [2, 3].

The diagnosis of early caries lesion is of great im-
portance because it enables timely action towards
stopping the progression of existing lesions and en-
courages the process of remineralization. Today, in
daily practice, caries diagnosis is most commonly
performed using visual - tactile method and radio-
graphy. This is why it is important to evaluate the
reliability of this diagnosis method.

There are wide areas of indication for dental x-ray,
for purpose of getting new diagnostic or therapeutic
information. Despite the existence of many benefits
ofradiological methods in dentistry, there are certain
disadvantages. Radiography is unable to conclusively
distinguish occlusive lesions with and without cavi-
tations. In practice, only one-third of the initial occlu-
sive caries lesions are correctly diagnosed radiologi-
caly, until the lesions that progressed in dentin mini-
mally are properly recognized in two thirds of cases.
The reasons for difficult radiographic diagnosis of
occlusive caries lesions could be found in the complex
occlusive morphology and frequent presence of
filling materials. Also, due to the superposition of the

lips and lingual enamel, caries lesions of occlusive
enamel are not clearly visible and the beginning of
dentinal decay is difficult to determine [4, 5, 6, 7].

Radiography underestimates lesion depth. In vi-
tro experiments have shown that when the occlusive
lesion is clearly visible on the radiograph, deminera-
lization reached up to or beyond the middle third of
dentin. The effectiveness of radiological diagnosis of
caries lesions depends on good quality of image.
Radio-graphs are not always able to show caries in its
earliest stages, and besides that they have additional
restrictions, with the risk of false positive and false
negative diagnosis. Variations among observers in
theinterpretation ofimages are also alimitation [6].

In recent times, due to widespread use of digital
radiography, every effort is made in order to improve
this diagnostic method. There are numerous advan-
tages of digital systems over conventional radiogra-
phy, and among the most important are: reduced
dose of ionizing radiation; the shorter time between
exposure and display of the image on a PC monitor;
presumed smaller number of repeated recordings
and mistakes (errors on conventional radiographs
are considered to be due to wet film processing);
wider dynamic range; facilitating the provision of
information to the patient, because the patientis able
to see the image on the monitor - that helps the un-
derstanding of the treatment plan; and save images in
computer files which saves space and allows you to
transfer recordings electronically. Also, the possibi-
lity of image post-processing, offered by digital sys-
tems, is of great importance. Pixel value can be
changed by applying mathematical operations thus
changing certain characteristics of the image with
possibility to displaying it clearer and allowing the
practitioner to easier identification of details. Soft-
ware is available to enable the practitioner such
processing [8].

Evidence suggests, although this is far from ma-
king a final conclusion, that some digital radiographic
methods allow better sensitivity, compared to con-
ventional radiography, both on proximal and occlu-
sive surfaces [9].

Pereira et al [10] consider that there is no diffe-
rence in the accuracy of post processed digital radio-
graphic images with manipulated contrast and
brightness, and those on which post-processing was
not done. In addition, dentists are able to use post-
processing of digital images very differently. If post-
processing is not used properly, it can reduce
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diagnostic accuracy, and additional research is
needed in this regard. Results of Pereira et al indicate
that digital radiographic techniques are accurate in
detecting occlusive caries lesions as much as conven-
tional techniques.

Rapid technological progress is in favor of deve-
loping and improving diagnostic systems in denti-
stry, with the ultimate goal of achieving possibilities
of computer diagnosis to be correctand accurate.

Materials and methods

This study was approved by the Ethical Commit-
tee of Faculty of Dentistry, University of Sarajevo,
decision number 09-545-4/11.

The study involved patients who applied to the
Department of Dental Pathology and Endodontics,
Faculty of Dentistry, University of Sarajevo. The
inclusive criteria were the presence of at least one
fully erupted molar and / or premolar in the dental
arch, with occlusive surfaces with different degrees
of primary caries lesion, without the presence of
restorations and materials for fissure sealing. Teeth
with lesions in the oral, vestibular and proximal
surfaces were excluded, as well as teeth with set
orthodontic rings, developmental anomalies, teeth
with pathological abrasion and other structural de-
fects, teeth with any intrinsic or extrinsic discolora-
tion. Research procedure is described in detail to
every examine, and each respondent gave written
informed consent.

For all teeth that fulfilled the inclusion criteria,
clinical examination has been performed, as well as
laser fluorescence examination, and digital retro-
coronal radiographs were made. If two of the three
diagnostic methods confirmed the presence of caries
lesion, the cavity was opened and the carious masses
were removed. After that, clinical depth of caries le-
sion was measured by graduated probe, and obtained
datawererecorded inresearch chart.

The study sample consisted of 40 teeth, 20 molars
and premolars 20, shown at 33 digital radio-graphs.
Clinical depth of caries propagation was known for
each tooth, expressed in millimeters.

Digital radiography

For exposure, analysis and processing of images X-
ray machine De Gotzen xgenus® digital (De Gotzen S.
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Picture 1. Measurement in Image) software

r. 1. Via Roma, 45 - 21057 Olgate Olona (VA) - Italy,
software version 1.30.113) was used. Xgenus®
digital system uses CCD sensor. For radiovisiographic
recording in this study sensor size 1 was used, and
the recording was performed in low resolution (LR)
mode.

All digital radio-graphs were analyzed as native
and post-processed. Different software tools were
used optionally, and most frequently the ones enable
the improvement of the contrast and brightness of
the image. Post-processing procedure facilitates the
identification and measurement of small depth
cariouslesionsto alarge extent.

Image] software

Measurements of the depth of caries lesions on
the occlusive surfaces of the teeth, or measurement
radiolucentzone in the radio-graphs were performed
using Image] software (NIH, Maryland, USA), after
calibration, and expressed in millimeters (Picture
1.)

Results

Considering the entire sample of 40 teeth, con-
cordance inresults in both variables existed in 20%of
cases, whilst discrepancies existed in 80% of cases.
Two cases of 0 value in radiographic measurement
were included in discrepancies - lesions were not
noticable on radiographs. The existence of these
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M Radiographic measurement| 2,3|2,1| 2,7 1,6| 2 3113(2,1(1,7|118(2,7|21|1,7(22]|18|18|21| 2 2 |21

M Clinical measurement 2,5 3| 3 2 2] 3] 2

Figure 1 The values of clinical depth of caries lesion measured by graduated probe, and the values obtained by measuring the
area of radiolucent zone corresponding to the carious lesion on radiographs using ImageJ, in molars of total sample

lesions was clinically observed, and their depth, in
both cases, was 1 mm. Possible reasons for the inabi-
lity to observe these lesions could be the existence of
errors in the exposition, which resulted in imprecise
recording, small depth oflesions, which are still in the
enamel, or subjectivity of interpreter of radiograph.

Figure 1. clearly illustrates noticeably higher va-
lues of clinical measurements compared to radio-
graphic measurement in molars of total sample.
Concordance of results is present in only 15% of ca-
ses. Also, higher valuse of radiographic measure-

ments, compared to clinical measurements were
recorded in 15% of cases. The remaining 70% of ca-
sesrecorded higher values of clinical measurements.

Figure 2. presents evidently higer values of
clinical measurements, compared to radiographic
measurements in premolars of total sample. How-
ever, the difference between variables in premolars is
lower than in molars. In 25% of cases there is a
concordance of results of clinical and radiographic
measurements, i.e. 10% higher than in molars.
Higher values of clinical measurements were ob-
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Figure 2. The values of clinical depth of caries lesion measured by graduated probe, and the values obtained by measuring t
he area of radiolucent zone corresponding to the carious lesion on radiographs using ImageJ, in premolars of total sample
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4
2
0
Caries lesion depht Caries lesion depht
in premolars in molars
Figure 3. The depth of carious lesions in
premolars and in molars of total sample
Clinical
measurement
Correlation 1.000
coefficient '
Clinical Sig. (2-tailed)
measurement
N 40
Spearman's
rho .
Corrgla?tlon 492%*
coefficient
Radiographic Sig. (2-tailed) 001
measurement
N 40

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

Table 1. Spearman's correlation coefficient

served in 55% of cases. Higher values of radiographic
measurements were recorded in 10% of cases, while
in 10% of cases false negative result occurred, i.e.
lesions were not seen on radiographs and measured
result was 0, but the existence of lesions was proven
clinically,and measured depths are equal (1mm).

Figure 3. clearly shows that the lesion depth is
higher in molars compared to premolars. Deeper
carious lesions facilitated the assessment of the same
on the radio-graphs. When evaluating the results, it
was noted thatin all radio-graphs, molarlesions were
visible and it was possible to perform measurement,
contrary to specific cases of lesions in premolars that
are clinically recorded (atthe level of the enamel) and
that could not be seen on the radio-graphs even after
post-processing. The cases of non recording enamel
lesions are mostly influenced by the complexity of
occlusal morphology, and due to the superposition of
enamel, smaller depth lesions failed to be seen clearly
inradio-graphs.

Table 1. shows the Spearman correlation coef-
ficient at the confidence level of p <0.01 for the tested
variables. This value shows a weak correlation bet-
ween clinical and radiographic value of caries lesion
depthin tested sample.

T - Test (Table 2.) showed that there is no sta-
tistically significant correlation between clinical and
radiographic value of caries lesion depth in tested
sample, atthe level of significance p<0.05

Levene's Test
for Equality of T-test for Equality of Means
Variances
Independent 95% Confidence
. 0
Samples Test : S Mean Std. Interval of the
F Sig. t df ('2- Difference| __ Error Difference
tailed) Difference
Lower
Equal
variances 6.356 .023 -3.158 16 .006 -.8667 2744 | -1.4484
assumed
RVG
Values
Equal
variances -2.437 5.880 .052 -.8667 .3557 | -1.7412
not assumed
Table 2. T - test of total sample
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Discussion

The morphology of the occlusive surfaces or
three-dimensional appearance of the fissure system
affects the formation of occlusive caries. Salman [11]
in his research of the impact of occlusive morphology
on the severity of occlusive caries points out that
there is a statistically significant correlation at the
level p<0.001.

Valera et al [2] state that there is no statistically
significant difference between the premolars and
molars related to the presence or absence of pits and
fissures. Both in premolars and molars caries pre-
valence depends on the occlusive morphometry, with
a higher prevalence when the pits and fissures are
present. Analyzing the results of the study we can
conclude that the occlusive surfaces of molars are
largely destroyed with caries lesions than it is the
case with premolars. A complex occlusive surface of
molars enables retaining debris. Due to the presence
cusps and fissures, food remains are harder removal
mechanically, which favors the metabolic processes
in the biofilm. However, premolars are in a slightly
better position in the dental arch in relation to the
molars. Their position allows easier implementation
of oral hygiene, preventive measures and self-clea-
ning tooth surfaces compared to molars, which pre-
vents longer retention of biofilm and development of
carieslesion.

According to several studies (Carvalho et al 1989,
Ekstrand et al 1995) caries lesion usually begins in
the central fissure. On the other hand, following a
series of studies, carious lesions were mainly
detected in the pits and fissures (Gustafson, Nagano i
Konig) [2].

However, both groups of researchers agree that
the beginning and progression of carious lesion is in
connection with macro morphology of occlusive
surface.

There is no doubt that the complexity of the occlu-
sive surface favors the development of carious le-
sions and also constitutes an aggravating circum-
stance for adequate and timely diagnosis. Reviewing
the literature and analyzing the results of various
studies [12], we found statements that are proven in
this study. It is concluded that the efficacy of clinical
method is similar to radiographic methods, with
clinical methods having a lower number of false - ne-
gative results compared to the radiographic method.

DaSilva etal [13] compared the accuracy of direct
digital radiography with conventional radiography in
the analysis of occlusive caries in primary molars.
Taking into account the sensitivity and specificity, the
study showed that direct digital radiography has a
similarlevel of accuracy as conventional radiography.
Visual inspection showed greater accuracy of both
radiographic methods when it comes to occlusive ca-
ries lesions in the enamel, and digital radiography
had a similar effect as conventional radiography and
visual inspection for dentinal lesions. These results
correlate with the results of this study. We had several
clinically diagnosed and measured lesions (enamel
lesions) which were not visible, or were hardly visi-
ble on radio-graphs, after post-processing. When it
comes to lesions in dentin, they are clearly observed
on radio-graphs, and there is less discrepancy in va-
lues of clinical and radiographic depth.

The results of this study show that radiovisio-
graphs underestimate the depth of carious lesions. It
is evident that in most cases the values of clinical
measurements of carious lesions are higher compa-
red to the measurements of radiolucent zone in ra-
diographs. There are very few matching values obtai-
ned by clinical measurement and measurement on
digital radiographs. Discrepancies in measurements
could be explained by subjective observation during
measurement. There is also the possibility of error
due to post-processing of digital radiographs. Discre-
pancies of the measurement results are not large, but
theyare presentin 80% ofthe sample.

There are cases in this study where it was not
possible to observe lesions on digital radiographs.
The existence of these lesions was clinically proven
and they were measured using graduated probe, and
recorded depth in both cases was 1 mm. The reason
for the inability to observe these lesions may be the
possible existence of errors in the exposition, which
resulted in imprecise recording, small depth of
lesions, which are still in the enamel, or subjectivity
ininterpreting digital radiographs.

In a study that compares two digital radiography
systems and conventional radiography in the diag-
nosis of occlusive and proximal caries, Da Rocha et al
[14] point out that there is no significant difference
between the digital systems (Digora® i DenOptix®)
and conventional films in diagnosis of occlusive
caries. It is also concluded that there are significant
variations between examiners. In this study, a group
of examiners was made up of students, and slight
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variations have been reported within this group, with
levels of 0.43 to 0.55. However, comparing the values
obtained by the students with another group of exa-
miners made up of radiologists, significant variations
were observed, with levels of 0.28 to 0.54. This out-
come supports the statement that, in the interpreta-
tion of images, significant factor is the subjectivity of
each examiner.

Conclusions

The depth of occlusive caries lesion is noticeably
higher in molars comparing to premolars. Larger
depth of caries lesion facilitates its coping and
assessment in digital radio-graphs. Digital radio-
graphs underestimate the depth of carious lesions.
There are very few matches of clinical measurements
of caries lesion depth using graduated probe, and
measurements on digital radio-graphs, using Image]
software. Discrepancies of results are not large, but
are present in 80% of cases. Difficult radiological
diagnosis of occlusive caries lesions is justified by
rich relief of occlusive surface, with various elements
superimposed on radio-graphs, as well as possible
presence of filling materials. Radiography is a
valuable diagnostic tool. Although there is still no
perfect way to diagnose using radiography, it is
believed that, due to the rapid and unstoppable
progress of technology in medicine, we are on the
right track towards finding the ideal radiographic
diagnostic system.
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