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Objective: Misinterpretation of bitewing radiographs may lead to the selection of surgical approach rather than medical approach in treating
proximal caries lesions. We aimed to determine the sensitivity, specificity, and diagnostic accuracy of bitewing radiography interpretation
by various groups of dentists for the detection of proximal caries and subsequent treatment decision-making. Materials and Methods: This
in vitro study was performed using 60 extracted molar and premolar teeth. The target proximal carious surfaces were categorized and coded
according to the International Caries Detection and Assessment System (ICDAS) as category 1: ICDAS = 0, category 2: ICDAS =1 or 2, and
category 3: ICDAS =3, 4, or 5. All the teeth were randomly divided and mounted onto 15 quadrants made of two premolars and two molars,
and a digital bitewing image was taken from each quadrant. A checklist was given to four groups of participants (dentistry students, dentists
with a DDS degree, restorative dentistry specialists, and oral radiology specialists) to indicate for which lesion depth they would intervene
restoratively. The data acquired through the checklists were compared with direct visual examination of target surfaces before mounting.
Results: Sensitivity and accuracy of bitewing radiography showed no significant difference among the groups. However, specificity was
significantly higher in Group D. Conclusions: According to our results, interpretation of bitewing radiographs was different among the groups.
Although not significant, the radiologists had the highest diagnostic accuracy than the other groups of participants, and the students showed
the weakest performance in the diagnosis of restorative treatment needed. Furthermore, the highest percentage of decision error occurred when
lesions had ICDAS 1 or 2, followed by ICDAS 3, 4, or 5, and finally 0 in all the four groups.
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INTRODUCTION

To provide the most beneficial treatment to accommodate to
a given level of current risk and probable future risk, dentists
must be able to reasonably assess the presence and severity of
all carious lesions, tooth surface cavitation status, caries risk,
and outcome probabilities for treatment regimens.!

In many recent studies, success in stopping active caries
through health education and recommendation of the regular
use of fluoride products such as toothpaste and mouthwash has
been noticeable.**! This shows the fundamental importance of
accurate diagnosis to choose the preventive measures leading
to avoid the need for surgical treatment.*

Among the different types of carious lesions, interproximal
caries is infamous for their rapid rate of progression and
difficulty in determining them.P! In addition to clinical
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examination, different paraclinical diagnostic methods have
been introduced to identify these lesions and determine the
need for surgical or nonsurgical prophylactic treatments.

Some methods such as laser fluorescence and light-induced
fluorescence are quantitative. It seems that quantitative methods
could improve reliability because they would provide a metric,
and the dentist would interpret this value using a predetermined
cutoff point independent from clinician opinion.[) The point
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is that even using these quantitative methods, a clinician is
faced with a range of therapeutic decisions (from medical to
surgical methods), which are dependent on enamel ability of
remineralization when still no cavitation is established.

Bitewing radiography is one of the most common paraclinic
methods used in detecting and diagnosing interproximal
lesions.[”) Unfortunately, radiography is not a quantitative
method and lacks digital limits.®! Some clinicians expect
radiographic methods to estimate the depth and monitor
the behavior of cavities.[” In fact, evaluating the extent and
depth of radiolucent area for surgical intervention is highly
dependent on the clinician’s interpretation. This judgment of
the clinician is hinged on multiple factors such as training,
skill, and even regional health culture and might increase
unnecessary therapeutic interventions; it also affects health
economics and dental health.[) It is shown that interproximal
overtreatment can damage the adjacent tooth and consequently
cause therapeutic problems.!”

Bitewing radiographs might mislead clinicians toward an
unnecessary surgical intervention. Some demineralized lesions
preserve their potential of remineralization while they are
misinterpreted as active lesions in radiographic images. The
evaluation of sensitivity and specificity of these paraclinical
methods is one of the ways of determining their confidence
limit.

Whereas interpretation of a radiographic image is highly
person dependent, it is difficult to assign a specific value
for the sensitivity, specificity, and diagnostic accuracy of
radiographic techniques. However, a diagnostic method can
be generalized and used by different groups of clinicians only
if the responsibility of judgment will not merely depend on the
clinician. Otherwise, objective criteria will be used to decide
between surgical and clinical approach. The null hypothesis
of this study was that there are no differences in sensitivity,
specificity, and accuracy of bitewing radiographs interpretation
among various groups of clinicians.

MaTteriALs AND METHODS

This in vitro study was performed using a number of molar
and premolar teeth extracted for periodontal or orthodontic
reasons. The teeth were completely cleaned of calculus and
debris and then disinfected in 2% sodium hypochlorite solution
for 20 min and stored in distilled water. Afterward, the teeth
were clinically examined using no. 23 explorer (shepherd’s
hook) by two independent examiners.

One of the proximal surfaces of each tooth was coded according
to the International Caries Detection and Assessment System
(ICDAS). The teeth with ICDAS score 6 were excluded.
Then, the teeth were divided into three categories of category
1: ICDAS = 0, category 2: ICDAS = 1 or 2, and category
3: ICDAS = 3, 4, or 5. The teeth were randomly selected
from each category. Finally, 30 molars and 30 premolars were
collected that included 22 surfaces with ICDAS score of 0,

19 surfaces with ICDAS score of 1 or 2, and 19 surfaces with
ICDAS score of 3, 4, or 5.

All the teeth were randomly divided into 15 quadrants
containing four teeth (two premolars and two molars). The
teeth of each quadrant were mounted onto a mixture of soil
and plaster (50% each) in water to imitate the alveolar bone
considering correct anatomy and angulation of the teeth. Oral
soft tissue was simulated by dental wax.

Then, digital bitewing radiographs were taken under
standardized conditions by an intraoral unit (Planmeca,
Finland) with long cone collimator (mA = 8, Kvp = 60,
t = 0.1s) and film holders (Kerr, US). Radiographs were
digitalized by PSP Durr Dental receptor (Vista Scan,
Germany). The angle of collimator was about 7-8° positive,
which is within the standard limit. The images were printed
using a printer (Konica Minolta837, Japan) with 640 DPI
resolution and two-fold magnification. Each radiographic
image showed only one quadrant (without the teeth of the
opposite arch). A checklist was given to four groups of
participants while they were asked to indicate for which
lesion depth they would intervene restoratively. The four
groups of participants, who consented to participate in the
study, were Group A: dentistry students attending the tenth
semester (n = 20), Group B: dentists with a DDS degree
and 5-10 years of work experience (n = 20), Group C:
restorative dentistry specialists (n = 20), and Group D: oral
radiology specialists (n = 7). The data acquired through
checklists were compared with direct visual examination of
target surfaces before mounting. In the third category, the
selection of restorative treatment and in the categories 1 and
2, no restorative intervention were considered as appropriate
answers according to the ICDAS restorative suggestions. To
analyze the data, descriptive statistics and Chi-square test
were used in SPSS, version 11.5 software (SPSS, Chicago,
IL, USA).

ResuLts

The number and percentage of “Yes” and “No” answers
are shown in Tables 1-4 separated based on the group.
Sensitivity, specificity, accuracy, as well as positive and
negative predictive values related to X-ray are compared
among the groups in Table 5. The percentage of false-positive
and false-negative cases is presented in Table 6. Furthermore,
Table 7 shows the percentage of decision error for restorative
intervention in each group. As obvious, the highest percentage
of error occurred in category 2, followed by 3 and 1 in all
the four groups.

Discussion

According to the results of this study, various groups of
participants interpreted a bitewing radiograph differently.
Our results showed that, although not significant,
radiologists had the highest diagnostic accuracy than
the other groups of participants, and students showed
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Table 1: Assessment of restorative treatment need by
Group A (dentistry students)

Restorative Interproximal assessment Total
treatment need Category1 Category2 Category 3

(%) (%) (%)
Yes 94 (21) 134 (35) 284 (75) 512
No 346 (79) 246 (65) 96 (25) 688
Total 440 (100) 380 (100) 380 (100) 1200

Category 1 — ICDAS=0, Category 2 — ICDAS=1 or 2, Category
3 —ICDAS=3, 4, or 5.(ICDAS: International Caries Detection and
Assessment System)

Table 2: Assessment of restorative treatment need by
Group B (dentists with a DDS degree)

Restorative
treatment need

Interproximal assessment Total

Category1 Category 2 Category 3

(%) (%) (%)
Yes 79 (18) 159 (42) 305(80) 543
No 361 (82) 221 (58) 75 (20) 657
Total 440 (100) 380 (100)  380(100) 1200

Category 1 — ICDAS=0, Category 2 — ICDAS=1 or 2, Category
3 —ICDAS=3, 4, or 5. (ICDAS: International Caries Detection and
Assessment System)

Table 3: Assessment of restorative treatment need by
Group C (restorative dentistry specialists)

Restorative Interproximal assessment Total
treatmentneed  coien0ry 1 Category2  Category 3

(%) (%) (%)
Yes 80 (18) 131 (34) 307 (81) 518
No 360 (82) 249 (66) 73 (19) 682
Total 440 (100) 380 (100) 380 (100) 1200

Category 1 — ICDAS=0, Category 2 — ICDAS=1 or 2, Category
3 —ICDAS=3, 4, or 5. (ICDAS: International Caries Detection and
Assessment System)

Table 4: Assessment of restorative treatment need by
Group D (oral radiology specialists)

Restorative Interproximal assessment Total
treatment need Category1 Category2 Category 3

(%) (%) (%)
Yes 9(6) 34 (26) 107 (80) 150
No 145 (82) 99 (74) 26 (20) 270
Total 154 (100) 133 (100) 133 (100) 420

Category 1 — ICDAS=0, Category 2 — ICDAS=1 or 2, Category
3 —ICDAS=3, 4, or 5. (ICDAS: International Caries Detection and
Assessment System)

the weakest performance in the diagnosis of restorative
treatment needed. Furthermore, the highest percentage
of error occurred when the lesions had ICDAS 1 and 2,
followed by ICDAS 3, 4, 5, and 0 in all the four groups. As
mentioned earlier, four groups of participants were included
in our study. Unfortunately, the number of dental radiology

specialists was less than others. It was because of the limited
number of radiologists who consented to participate in the
study, all of whom were included and provided us a sample
size of seven in this group.

It is believed that to interpret a radiographic image, clinicians
should have the two skills needed for visual diagnosis, namely,
the ability to recognize abnormal patterns, which is called
perception and ability to interpret these patterns to reach a
true diagnosis.!'!

Many factors may affect the interpretation of bitewing
radiographs. Radiographic artifacts, film density, and other
environmental and observer variables are some major
problems in the interpretation of a radiographic image.l'? Even
the diagnostic strategy, which might be analytic or nonanalytic
reasoning, can affect one’s interpretation. Other effective
factors might be education level and experimental viewpoint
of the clinician.”3! However, it is supposed that the main
problem might not be finding a lesion in a radiographic image
but rather the decision-making path regarding restoration of
the lesion.

In this study, the decisions of participants to restore a surface
were compared to the gold standard, which was restoring the
surfaces with ICDAS = 3-5 (surfaces with enamel breakdown
to cavitation) and not restoring the surfaces with ICDAS = 0-2
(healthy and discolored surfaces).

According to the results of our study, the greatest significant
difference among the groups exists in students regarding
the diagnosis and decision-making for noncavitated tooth
surfaces that do not require restorative treatment. The low
work experience of the final-year students might have probably
caused the present results. General dental practitioners were in
the next rank after students, which mean that the probability
of overtreatment is higher in general dental practitioners and
students. It might show the need for extensive training and
review sessions regarding treatment planning of interproximal
lesions in general practitioners.

Along with the results of our study, Neuhaus ef al. noted that
although radiography is very useful in improving the accuracy
and sensitivity of diagnosis, work experience is required in the
interpretation of the obtained results.'¥! On the other hand,
radiologists showed significantly better performance in the
diagnosis of noncavitated surfaces. They were mainly faculty
members of Mashhad School of Dentistry with up-to-date
expertise due to constant teaching. Therefore, they understand
artifacts and other problems better due to their knowledge of
the process of taking X-rays. For instance, there are some visual
effects that can mislead a clinician toward a lesion such as a
cervical burnout or the Mach band effect. Perhaps, it is better
to put more emphasis on artifacts and other similar problems
in the science of radiology for students. However, regarding
cavitated tooth surfaces, they were similar to other groups,
which might be because the radiographic method is more
efficient for the detection of more advanced caries lesions.”
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Table 5: Comparison of sensitivity, specificity, accuracy, and positive and negative predictive values related to bitewing

X-rays between groups

Sensitivity Specificity Accuracy Positive predictive value Negative predictive value
Group A 0.75 0.72¢ 0.73 0.55 0.86
Group B 0.80 0.71¢ 0.74 0.56 0.88
Group C 0.81 0.74 0.76 0.59 0.89
Group D 0.80 0.85 0.84 0.71 0.9
P 0.147 <0.001 0.572

Group A — Dentistry students, Group B — Dentists with a DDS degree, Group C — Restorative dentistry specialists, Group D — Oral radiology specialists.

(P<0.05)

Table 6: The percentage of false-positive and
false-negative cases in each group

Group A Group B Group C Group D
False positive 27.80 29.02 25.73 14.98
False negative 25.26 19.73 19.21 19.54

Group A — Dentistry students, Group B — Dentists with a DDS degree,
Group C — Restorative dentistry specialists, Group D — Oral radiology
specialists

Table 7: The percentage of decision error for restorative
intervention in each group

Group Category
Category 1 (%) Category 2 (%) Category 3 (%)
A 21 35 25
B 18 42 20
C 18 34 19
D 6 26 20

Group A — Dentistry students, Group B — Dentists with a DDS degree,
Group C — Restorative dentistry specialists, Group D — Oral radiology
specialists. Category 1 — ICDAS=0, Category 2 — ICDAS=1 or 2, Category
3 — ICDAS=3, 4, or 5. (ICDAS: International Caries Detection and
Assessment System)

Our results are almost consistent with the results of
Braga et al., who showed that using the cavitation threshold,
radiographic interpretation has similar sensitivity to visual
inspection using the ICDAS and DIAGNOdent pen. However,
its performance was significantly lower at the white spot
threshold in comparison with visual inspection.!'®!

Since high clinical work experience plays an important role
in making treatment decisions, more work and study during
university time can be helpful. Holding joint training seminars
between the two departments of radiology and restorative
dentistry and posing numerous clinical cases can be beneficial
as well.

However, according to our results, the highest rate of
false-negative diagnosis was related to the student’s group and
the lowest belonged to the restorative dentistry specialists. This
percentage indicates the missed carious teeth with the need of
restorative intervention. Furthermore, the highest percentage
of false-positive diagnosis was observed in the general dentists
group and the least in the radiologists group. This percentage

shows the amount of overtreatment performed by each group
of participants. This error results in irreversible damages to
tooth structure and increased costs of health care at the society
level. Thus, appropriate training should be provided for target
groups for the reduction of such diagnostic errors. It can be
concluded that restorative dentistry specialists are less prone
to missing carious cases while radiologists are less likely to
recommend overtreatment.

CoNCLUSIONS

According to the results of this study, interpretation of bitewing
radiographs was different among the participant groups.
Although not significant, the radiologists had the highest
diagnostic accuracy than the other groups of participants,
and the students showed the weakest performance in the
diagnosis of restorative treatment needed. Furthermore, the
highest percentage of decision error occurred when lesions
had ICDAS 1 or 2, followed by ICDAS 3, 4, or 5, and finally
0 in all the four groups.
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