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Accuracy of radiographic examination in determining the depth of
approximal carious lesions in primary molars

Desempenho do exame radiogrdfico na determinacao da profundidade de lesoes de cdrie proximais em
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ABSTRACT

Objective
The purpose of this study was to evaluate the accuracy of the depth of carious lesions on bitewing radiographs.

Methods
Recently extracted primary molars had their proximal surfaces evaluated visually (EC) and classified as healthy surface (0), signs that suggest the
presence of carious lesions in enamel (1), signs of a superficial lesion in dentin (2) and carious lesions in deep dentin (3).

Results

The results were obtained by consensus between the investigators. The gold standard was determined by histological analysis. The values
of sensitivity, specificity, accuracy and area under the ROC (Receiver Operating Characteristic) curve were evaluated. There was equilibrium
between sensitivity (76.92% EC and 88.46% ER) and specificity (95.83% EC and 95.83% ER). Accuracy was 86.01% (EC) and 88.46% (ER).
The Spearman correlation test was used to prove the correlation between clinical and radiographic examinations (0.886), for clinical and
histological (0.736) and for radiographic and histological analysis (0.843).

Conclusion
The radiographic examination showed better performance in detection of proximal caries in primary teeth.

Indexing terms: Dental caries. Radiography bitewing. Tooth deciduous.

RESUMO

Objetivo
Avaliar a exatidao da profundidade da lesdo de cdrie em radiografias interproximais.

Métodos

Molares deciduos recentemente extraidos tiveram suas superficies proximais avaliadas visualmente (exame clinico) e classificados como
superficie higida (0), sinais que sugerem presenca de lesdo de carie em esmalte (1), sinais de lesao superficial em dentina (2) e cavidades
sugerindo lesdes profundas em dentina (3). As superficies dentdrias foram também examinadas em radiografias interproximais (exame
radiografico) e classificadas como auséncia de radiolucidez (0), lesao de carie em esmalte (1), lesao de carie superficial em dentina (2) e lesdo
de carie em dentina profunda (3).

Resultados

Os resultados foram obtidos por meio de consenso entre os examinadores. O padrdo ouro foi determinado pela analise histologica. Foram
avaliados os valores de sensibilidade, especificidade, acuracia e area sob a curva Receiver Operating Characteristic. Observou-se um equilibrio
entre os valores de sensibilidade (76,9% exame clinico e 88,4% exame radiogréfico) e especificidade (95,8% exame clinico e 95,8% exame
radiografico). A acurécia foi de 86,0% (exame clinico) e 88,4% (exame radiografico). O teste de correlacdo de Spearman foi utilizado para
a comprovacao da correlacdo entre os exames clinico e radiogréfico (0,89), para clinico e histolégico (0,7) e para os exames radiogréafico e
histoldgico (0,8).

Conclusao
O exame radiografico apresentou melhor desempenho na deteccao da lesdo de cérie proximal em dentes deciduos.

Termos de indexagao: Cérie dentdria. Radiografia interproximal. Dente deciduo.
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INTRODUCTION

Caries is a disease caused by the ecological
imbalance of native microbiota, going through
different stages of development, ranging from invisible
demineralization to cavitation. The diagnosis of the lesion
located on the approximal surfaces is still regarded as a
challenge for dental surgeons by virtue of the difficulty in
gaining access and the absence of a method that is capable
of accurately identifying its presence, as well as the absence
of the disease, making it difficult to plan treatment'-2.

The radiographic examination (x-ray) is considered
to be an excellent aid to diagnosis. However, this method
underestimates the extent of the lesion and is not able
to determine the initial process of demineralization
occurring in the enamel due to the dental anatomy and the
overlapping of the tooth’s mineralized tissues®>. As a result
of this limitation, it is only possible to observe the lesion
when the demineralization has already affected at least
30% - 40% of the enamel, causing irreversible mineral
loss®. Another difficulty inherent to this type of examination
lies in the possibility of the occurrence of distortions caused
by structures attached to the dental tissue, as well as the
masking of the lesions by restorations close to the region
being examined'. Moreover, the radiographic exam does
not enable the detection of caries activity’.

Studies conducted by Palma-Dibb et al?®
demonstrate that, in proximal lesions in permanent teeth,
the conventional clinical exam presents low sensitivity
and high specificity and the caries lesions diagnosed on
the enamel have, in the majority of instances, already
enveloped the dentin. On the other hand, a strong
correlation was observed between the increase in depth
found in the radiographic exams and the clinical stage of
the lesions in deciduous molars?.

Anatomical accidents inherent to the approximal
surfaces of the deciduous molars determine ample contact
and in an inverted half-moon format in the middle third of
the surface, leveling off in the cervical direction®. This type
of contact favors the appearance of caries lesions® and
makes it impossible to get a direct view of the surfaces''".
Only when they attain greater proportions is the clinical
detection of the lesions facilitated by the visual observation
of signs such as transparency of the marginal crest, in
occlusal view> 12,

The difficulty in diagnosing proximal caries lesions,
mainly in the deciduous teeth, is a proven fact'>>'3. As
the clinical signs are only observed at advanced stages

462

of the lesion, the image observed by means of an x-ray
is an important finding in determining its presence. Given
the above, the objective of this study was to evaluate the
accuracy of the bitewing radiograph in the determination
of the depth of the caries lesion in the approximal surfaces
of deciduous molars, as well as the effectiveness of its
association with the clinical exam and consensus amongst
professionals.

METHODS

This research study was approved by the Ethics in
Research Committee of the Araraquara Faculty of Dentistry
at the Julio de Mesquita Filho State University (File 04/07).

This study included patients with deciduous
molars with recommended extraction due to the advanced
root resorption process, with more than %/, of the length of
the root and which did not present large-scale destruction
of the crown or restorations enveloping the approximal
surfaces. The sample comprised the clinical examination
of all the children frequenting the children’s clinic at the
Araraquara Faculty of Dentistry in 2009, and those who
met with the inclusion criteria were selected.

One trained operator performed the bitewing
radiography of the teeth using the Gnatus XR x-ray
machine (Gnatus, Ribeirdo Preto, SP, Brazil) operating at
60 kvp, 7ma and an exposure time of 0.35 seconds. To
validate treatment, the x-rays were processed via the time/
temperature system and stored in tagged cartouches.

Immediately after the extraction, the teeth
were placed in flasks containing water with the addition
of thymol crystals to prevent bacterial growth'?. Two
examiners were calibrated by examining 15 extracted teeth
and the respective x-rays. The results were analyzed by
means of an intra-class correlation test and the examiners
judged it appropriate to begin the study when intra-
examiner and inter-examiner agreement was over 80%.
The examinations were conducted over the course of just
one day, under artificial lighting and after drying the dental
surface being examined. Through the consensus of both
examiners, scores were assigned classifying the surface as
healthy or as having signs that suggest the presence and
extent of caries lesions, according to Chart 1.

Two weeks after the latest clinical evaluation of
the teeth, the x-rays were placed in a negatoscope in a
darkened room and the approximal surfaces of the teeth
were examined by the two examiners, at which time the
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scores were assigned based on the presence or absence
of radiolucency (Chart 1), based on a consensus. This
evaluation was repeated one week later.

Once the examinations were over, the teeth were
sectioned in the region corresponding to the center of the
approximal surface or in the middle of the site of the caries
lesion, using an ISOMET 1000® precision saw (Buehler Ltd.,
Lake Bluff, Illlinois, USA) and a low-speed diamond disc,
with copious cooling. The sectioned surfaces were sanded
lengthwise in a rotating electric polisher using wet carbide
sandpaper with decreasing grits of 320, 400, 600, 1200 and
2000. The dental surfaces were subjected to a histological
analysis in an optical microscope (10x magnification) for the
evaluation of the presence and depth of the lesion, both
in the enamel and the dentin. The sites were categorized,
according to the extent of the caries lesion, as healthy (D),
caries lesion in the outer half of the enamel (D), caries
lesion in the inner half of the enamel (D), caries lesion in
dentin (D,) and deep caries lesion in dentin (D,), forming
the sample’s gold standard. The Spearman correlation test
was used to prove the correlation between the scores and
the gold standard. Sensitivity and specificity were also
calculated to check the effectiveness of both methods.

RESULTS

A total of 16 healthy teeth were found, 8 teeth with
caries lesion in the enamel and 26 with lesion in the dentin.
The comparison of data obtained, using lesion detection
methods, with the histological data is shown in Table 1.

Agreement between the methods and the Gold
Standard showed the following values: true positive 20/23,
true negative 23/23, false positive 1/1 and false negative
6/3, for the clinical and radiographic exams, respectively.

Table 2 shows the following values: sensitivity,
specificity, positive predictive, negative predictive,
area under the ROC curve and accuracy of clinical and
radiographic methods.

High values were found both for Sensitivity
and Specificity, indicating agreement between the
methods, both for the presence of caries lesion and also
for its absence. However, the radiographic examination
demonstrated greater equilibrium between the sensitivity
and specificity values.

Using Spearman’s correlation test, we obtained
correlation between the scores of the clinical, radiographic
and histological examinations. The results appear in Table 3.
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DETERMINACAO DA PROFUNDIDADE DA LESAO DE CARIE PROXIMAL

Chart 1. Diagnosis criteria of the clinical and radiographic examination. UNESP

(2010).
Scores Clinical Radiographic
0 Healthy surface Noradiolucency present
1 Signs that suggest the presence of

lesions in the enamel, such as Caries lesion on enamel
active, white stains, pigments or
microcavities
2 Signs of superficial lesion in the
dentin, such as the association
between the signs described above
or cavities
3 Cavities suggesting deep lesion in
dentin

Superficial caries lesion in dentin

Deep caries lesion in dentin

Table 1. Distribution of results related to the determination of the presence/absence
of interproximal caries lesions via the clinical and radiographic methods.

UNESP (2010).
Histological examination
Total
+ -
+ 20 1 21
Clinical exam
_ 6 23 29
+ 23 ] 24
Radiographic exam
3 23 26

Table 2. Values for sensitivity, specificity, positive predictive, negative predictive, area
under the ROC curve and accuracy of clinical and radiographic methods.

UNESP (2010).

c s s PPV NPV Az Acc
Clinical Exam  769%  958%  952%  793% 086  860%
Radiographic  ga4e,  o58%  958% 8846 092  884%

NB Sensitivity (S); Specificity (Spc); Positive predictive value (PPV); Negative predictive
value (NPV); Area of ROC curve (Az); Accuracy (Acc).

Table 3. Spearman’s correlation test between the clinical, radiographic and
histological methods. UNESP (2010).

Histological Radiographic Clinical
Exam Exam Exam
Correlation 0.73 0.88 1.0
Clinical Exam Significance P <0.001 <0.001
n 50 50
Correlation 0.84 1.0
Radiographic Exam  Significance P <0.001
n 50

DISCUSSION

The determination of the presence/absence, as
well as the depth of the caries lesion, has been frequently
investigated due to its importance in clinical practice and
due to the fact that there is no single precise diagnosis
method'>'4. The methods analyzed in the present study are
the ones most frequently used in the daily routine of dental
surgeons, thereby justifying the need for an understanding
of its advantages and also its limitations.
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The diagnosis of proximal caries lesion is extremely
difficult, mainly with primary teeth'2'3, however its early
detection enables the use of a more conservative therapy,
with the adoption of preventive measures, instead of
invasive measures such as restoration. The association of
the clinical aspect of the approximal surfaces with the
image observed radiographically is a hugely important
finding, enabling the identification of the initial carious
lesion.

Due to the difficulty of access and direct
examination of the approximal surface, as a consequence
of its anatomic contact, bitewing radiography becomes
an effective, auxiliary method in the detection of
caries lesions. According to Baelum et al.’, this
technique allows for the observation of proximal lesions
undetectable via clinical examination. In the present
study, the values for accuracy in both methods were high
(86.01% for the clinical examination and 88.46% for
the radiographic examination). Authors such as Chaves
et al.’® state that the association between the clinical
and radiographic methods is essential for the greater
accuracy of the diagnosis'. Our results agree with the
abovementioned author (Spearman’s correlation (0.88;
p<0.001)

The comparison between the histological exam
and the clinical and radiographic exams were in agreement
for both the presence and the absence of caries lesion, a
fact which resulted in high sensitivity and specificity values
for both methods, confirming not only the ability of these
methods to detect the presence of disease (sensitivity)
but also the ability to identify its absence (specificity). The
values for Az (0.86 and 1) confirm these results.

High values were found for the results of True
Positive and True Negative and low values for False Positive
and False Negative, for both methods, demonstrating that
it would be unlikely for healthy surfaces to be restored
or for diseased surfaces to be overlooked. It is believed
that not only the experience of the examiners but also
their consensus in the assignment of scores has led to
these results. The dental surgeon’s clinical experience,
with radiographic interpretation and in determining
clinical signs'®, contributes positively to the diagnosis of
caries lesions'?, mainly in incipient lesions. In this way, the
methods employed in this study were executed in detailed
fashion, with the clinical and radiographic analyses being
performed by two experienced examiners who, previously
trained and in consensus, classified each of the evaluated
surfaces according to the presence/absence and extent of
caries lesions.
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Despite the high values, the clinical examination
showed lower sensitivity than the radiographic exam and
also lower NPV values (79%). The findings that the clinical
examination may have demonstrated lower sensitivity
than other methods evaluated was also reported by
Huysmans et al." when they compared bitewing x-rays
via visual inspection and the electrical conduction system.
On the other hand, Nytun et al.”® and Silva Neto et al.™
reported greater sensitivity in the clinical exam than in the
radiographic exam, while the latter has greater specificity
than the clinical exam. Primo et al.?° concluded, in their
review of the topic, that the association of diagnostic
methods enables an increase in sensitivity, maintaining high
specificity, making the diagnosis more effective, and also
stated that the visual inspection and the radiographic exam
are more efficient in detecting interproximal caries lesion in
situations of low prevalence of the disease. Chaves et al.®
stated that the bitewing radiographic exam has greater
Sensitivity for the detection of cavitated lesions than
that in examinations conducted on non-cavitated lesions
or teeth with no visible cavities. The radiographic image
underestimates the size of the lesion in such a way that
the observed radiolucency never corresponds to its depth.
Moreover, bitewing radiography has greater Sensitivity in
the detection of lesions in dentin™2".

Many studies are developed with the aim of
ascertaining the reliability of the radiographic image.
Feldens et al.’®, in a study on the correlation between
clinical and radiographic examinations, in proximal caries
lesions in primary molars, concluded that there is a close
correlation between the presence of radiolucency and
the presence of cavitation on the approximal surface.
Nevertheless, they observed that bitewing radiography
demonstrates a lower ability to differentiate non-
cavitated lesions. Ratledge et al.?? confirmed that 85%
of the lesions that presented radiographically in the outer
third of the dentin, were clinically cavitated. In addition,
they concluded that lesions whose x-ray images presented
more than 0.5 mm from the dentino-enamel junction,
had a greater probability of being cavitated. Wenzel et
al.% stated that, radiographically, the carious lesion is
observed when the demineralization has already reached
at least 30-40% of the enamel, there being an irreversible
loss of mineral. Silva Neto et al.”®, in their studies, found
that the radiographic exam did not detect carious lesions
that, histologically, were to be found on the enamel or
on the outermost third of the dentin, and that only the
surfaces clinically diagnosed as cavitated were detected
in the radiographic exam, confirming that this method is
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not recommended for the detection of incipient lesions,
being more effective in lesions that have already passed
the dentino-enamel junction.

In this study, more than one half of the teeth
examined (52%) had carious lesions in dentin. It is
probable that this fact has contributed to the Sensitivity
results found and to the agreement between the results of
the clinical and radiographic exams.

Hopcraft & Morgan?' studied the association
of the clinical and radiographic exams. When analyzed
separately, just 30% of lesions were detected via the
clinical examination while 95% were detected through
the association of the two methods. Delean et al.23, when
evaluating the clinical exam and the bitewing radiographic
exam, as means for diagnosing hidden caries, noted that
the number of surfaces clinically diagnosed as being carious
was greater than caries lesions observed radiographically
and that 50% of the surfaces that had presented clinically
as translucent, were radiographically carious, indicating a
relative association between the presence of translucency
and the presence of caries lesion.

Amongst the difficulties encountered in the
present study, we would highlight the criteria for inclusion
of teeth and the acquisition of quality x-rays. The limitations
of a study carried out in vitro should also be taken into
consideration, although all possible care was taken, both
in the detailed performance of the taking of standardized
x-rays and in the interpretation of the images.
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IN the knowledge that early detection of caries is a
challenge for dental surgeons, as Dentistry today focuses on
adopting preventive measures rather than curative measures,
the association between the visual and radiographic methods,
as well as the abilities and technique of the professional, are
of extreme importance to the success of the diagnosis and
the consequent treatment plan.

CONCLUSION

The radiographic exam was seen to be more
accurate in determining lesions of greater depth and
the clinical exam more effective in lesions limited to the
enamel. The association of the two methods was of
extreme importance to correct diagnosis.
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