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ABSTRACT
Aim: Early clinical and radiological diagnosis of dental caries is one of the fundamental objectives of
clinical dentistry because of the high frequency of the disease and severe complications if caries
remains untreated, especially among the elderly and patients with immunodeficiency. Dental pano-
ramic tomography (DPT) is a common radiographic method for evaluating dentition when indicated,
especially in an adult population. The aim of this study was to assess the reproducibility of diagnosis
between specialists in oral radiology and general dentists with regards to caries lesions based on DPTs
of adults.
Material and methods: One-hundred DPTs taken from adult patients (average age 35) and then ana-
lyzed and reported on by 42 general dentists were then analyzed independently by two specialists in
oral radiology with respect to caries lesions in the premolar and molar areas using radiographic criteria
established for caries diagnosis. The general dentists versus oral radiologists were not calibrated before.
Level of agreement between specialists and general dentists was measured using Cohen’s kappa.
Results: Comparison between observations of general dentists and specialists in oral radiology showed
that 61% of the caries lesions on proximal surfaces of premolars and molars observed by specialists
went unobserved by general dentists. Cohen’s kappa value for specialists was 0.85 (p< .001) and for
each specialist and general dentists 0.48 (p< .001) and 0.44 (p< .001).
Conclusions: The reproducibility between specialists in oral radiology and general dentists for detect-
ing caries in DPTs was low.
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Introduction

Untreated dental caries requiring restorative treatment is a
common odontological disease with a prevalence of 31% in
dentate Finnish adults [1]. Undiagnosed and untreated dental
caries may ultimately cause bacterial pulp infection, dental
abscess and sometimes even life-threatening systematic con-
ditions [2]. The impact of impaired oral health on general
health, especially among older populations is a well-known
issue [3–6]. According to the report released by the FDI
World Dental Federation, ‘As part of the recent international
collaborative Global Burden of Disease Study (1990-2010),
untreated tooth decay was identified as the most common con-
dition among 291 diseases studied’ [4, p. 5].

The primary basic method for caries diagnosis is clinical
examination, whereas radiographic examination a supple-
mental diagnostic tool [7]. Detection of caries lesions devel-
oped on proximal or occlusal surfaces may sometimes fail if
it involves clinical examination only [8]. Among dental radio-
graphic techniques, intraoral bitewings (BWs) are more
informative than DPTs in revealing caries lesions located on
proximal surfaces of premolars and molars [9,10], while for
revealing caries located on occlusal surfaces, BWs and DPTs

turned out to be of equal diagnostic value [11]. A DPT gives
a wide view of the teeth, their supportive hard tissues and
some adjacent structures, with acceptable diagnostic reso-
lution [12]. When radiographic assessment of the whole den-
tition is clinically indicated, panoramic tomography is often
preferred as an initial imaging method owing to its lower
patient dose compared to a full-mouth periapical survey, and
when required, DPTs are supplemented by intraoral projec-
tions [12]. Radiologically detected caries lesions must also be
included in any DPT report that must be provided by a quali-
fied, competent and skilled dentist [13,14].

Use of public dental services (PDS) has increased during
recent decades in Finland, especially since 2002 as a result of
oral health care reform [1,15]. As a result of this reform, the
whole population at any age can benefit from PDS [15].
Thus, in Finland the public sector plays a very important role
in providing diagnostic procedures, preventive care and
restorative care [1].

In the Department of Social Services and Health Care of
the City of Helsinki, dentists who order DPTs (either general
dentists or other dental specialists), must ensure that these
are reported either by themselves or by oral radiologists.
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Presumably, DPTs are not always complemented with BWs.
Thus, in some situations, despite the relatively low reliability
of DPT with respect to caries lesions of proximal surfaces, it
remains the only radiographic examination during a patient’s
whole dental treatment period.

The purpose of this study was to assess the reproducibility
between specialists in oral radiology and general dentists with
regards to diagnosis of caries lesions based on DPTs of adults.

Materials and methods

Study permission

Study permission was issued by the Department of Social
Services and Health Care of the City of Helsinki (HEL 2014-
014932 T 130201).

Study sample

The study sample was randomly selected by automatic com-
puter randomization fulfilling the following criteria: (1) year
of birth before 1994 to insure inclusion of only adult patients
in the study, (2) patient’s files with a code for ordering a DPT
(EB1HA) and for a DPT report (WZA90d) used by general den-
tists on the same day between January 2012 and December
2013 or (3) patient’s files with a code for ordering a DPT and
a DPT report used by specialists (WZA90h) on the same day
between January 2012 and December 2013.

Data collection

Files of the 300 randomly selected patients reported were
retrieved from the patient data management system of the
Department of Social and Health care in Helsinki (EfficaVR ; Tieto,
Helsinki, Finland), and the educational background of each of
the dentists who provided the DPT report was registered.

Of the 300 DPTs, 175 (58%) that were reported by general
dentists were included in this study as the primary sample,
from which those DPTs meeting the following exclusion crite-
ria were excluded: (1) more than four missing/extracted teeth

in the premolar and molar areas, (2) largely restored denti-
tion (more than two surfaces of at least three teeth restored)
and (3) patient positioning error leading to low image qual-
ity. Based on these criteria, 75 DPTs were excluded from the
study. This resulted in having 100 reported DPTs that were
considered as the main sample of the study (Figure 1).

Those 100 DPT reports were viewed from EfficaVR and obser-
vations of general dentists with regards to primary and second-
ary caries lesions of the proximal and occlusal surfaces of the
premolars and molars (anterior teeth excluded) were recorded.
Patients’ DPTs were opened with DigoraVR for Windows 2.9 soft-
ware (Soredex Dental, Tuusula, Finland) and viewed using Eizo
MX210-FlexScanVR monitors (Eizo Nanao Co, Japan) by two spe-
cialists in oral radiology independently. Afterwards, both oral
radiologists interpreted and reported the same DPTs inde-
pendently and recorded their observations with regards to pri-
mary and secondary caries lesions of the same teeth and same
surfaces. Observations of oral radiologists were compared and
then to the observations of the general dentists.

Radiographic caries recording criteria

The following definitions for radiographic appearance of car-
ies were used as described by Wenzel [7] and Whaites [16]:

Proximal enamel caries: a triangular-shaped radiolucent
shadow in the enamel area or extending to the dentinoena-
mel conjunction (DEJ), with its broad base located at the
level of contact points (Figure 2(a)) [7,16].

Proximal dentinal caries: irregularly shaped radiolucent
shadow spreading along the DEJ or extending into dentine
at the level of contact points (Figure 2(b)) [7,16].

Occlusal dentinal caries: a wide-based irregular radiolucent
shadow spreading into the dentine underneath a fissure
(Figure 2(c)) [7,16].

Recurrent caries: irregularly shaped radiolucency below a
restoration or next to it (Figure 2(d)) [7,16].

In their reports, the general dentists distinguished corres-
pondingly between initial caries lesions restricted to the
enamel, dentinal caries lesions extending to the dentine and
recurrent caries occurring next to a restoration.

Figure 1. Chart demonstrating process of final data collection from 300 dental panoramic tomographs: 100 dental panoramic tomographs reported by
general dentists.
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Statistical analysis

Cohen’s Kappa was calculated using an R language package
irr [17] to evaluate the level of agreement (1) between two
oral radiologists for the total surface, (2) between each oral
radiologist versus 42 general dentists clustered in one group
as one observer for the total surfaces, (3) between two oral
radiologists for each surface of each tooth and (4) between
each oral radiologist versus 42 general dentists clustered in
one group as one observer for each surface of each tooth.

Results

The age of the patients ranged between 18 and 74 years
(average age of 35). In total, 42 general dentists provided the
100 DPT reports included in this study. Of the 4653 total sur-
faces of the premolars and molars, 179 surfaces (3.8%)
showed the radiological presence of caries based on the
opinion and complete agreement of both oral radiologists.
The two oral radiologists had a very good level of agreement
regarding the total surfaces (Table 1). The strength of agree-
ment for the total surfaces between each oral radiologist ver-
sus general dentists was moderate (Table 2). The strength of
agreement between oral radiologists, and between each oral
radiologist versus general dentists for each surface of each
tooth and index of inter-rate agreement [18,19] is in
Supplementary Appendix 1. There strongest level of agree-
ment (good and very good) between the oral radiologists,
and at the same time the lowest level of agreement (moder-
ate and fair) between each oral radiologist versus general
dentists was found for those teeth and surfaces shown in
Figure 3. Of those teeth and surfaces, the distal surfaces of
the maxillary right first molar and first premolar, maxillary left
first premolar, mandibular left second premolar and the
mesial surface of the mandibular right first molar had the
highest level of agreement between two oral radiologists

and the highest level of disagreement between each oral
radiologist versus general dentists.

Of the surfaces showing a radiographic presence of caries
according to the observations of both oral radiologists, 61%
(109 of 179) were not observed by general dentists. Table 3
shows more details on those unobserved 109 lesions. About
89% of them were located on proximal surfaces of molars
and premolars. Of these, 60% were dentinal caries and the
rest enamel caries.

Discussion

When we evaluated the reproducibility of radiographic diag-
nosis of caries in the premolar and molar regions in DPTs
between specialists in oral radiology and general dentists, we
found only a small difference in the total amount of the sur-
faces analyzed, including the intact ones. However, when we
compared only those surfaces showing radiographic presence
of caries based on the observations of specialists, more than
half were not observed by general dentists.

Our finding indicates that caries lesions on proximal surfa-
ces of premolars and molars were those that remained
mainly unobserved by general dentists. Considering that
most of the DPTs taken from adults in the Department of

Figure 2. Cropped dental panoramic tomographs displaying proximal enamel caries (a), proximal dentinal caries (b), occlusal dentinal caries (c) and proximal recur-
rent caries (d).

Table 1. Inter-rater agreement between two oral radiologists on all 4653 surfaces of premolars and
molars in 100 dental panoramic tomographs.

Oral radiologist 2 Oral radiologist 2
Observers Caries No caries Total Cohen’s kappa value

Oral radiologist 1 Caries 179 21 200
Oral radiologist 1 No caries 36 4417 4453

215 4438 4653 0.85 (p< .001)

Table 2. Inter-rater agreement between each oral radiologist versus 42 gen-
eral dentists clustered in one group on all 4653 surfaces of premolars and
molars in 100 dental panoramic tomographs.

General
dentists

General
dentists

Observers Caries No caries Cohen’s kappa value

Oral radiologist 1 Caries 76 124
Oral radiologist 1 No caries 30 4423

0.48 (p< .001)
Oral radiologist 2 Caries 74 141
Oral radiologist 2 No caries 32 4406

0.44 (p< .001)
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Social Services and Health Care of the City of Helsinki are
analyzed and reported by general dentists, they should prob-
ably be well advised to pay specific attention to the proximal
surfaces of teeth in clinical examination.

The lesions that were missed by general dentists but
observed by radiologists may belong to false-positive or
false-negative diagnosis. False-positive findings are reported
to be common and problematic phenomena during radio-
logical assessment of occlusal dentinal lesions among den-
tists [20]. Moreover, these lesions may be inactive and may
not need any intervention, or some of them may be non-
cavitated requiring only preventive care or follow-up.

There are variations in both clinical and radiological caries
diagnostic decisions among dental practitioners. They often
disagree on stage and even presence of caries regardless of
method used for diagnosis [21]. There is a high range of sensi-
tivity for all types of caries diagnostic methods, including radio-
logical ones [21].

There are studies showing different levels of variations
and diagnostic threshold between dentists in radiological
detection of caries, expressing the necessity of further train-
ing, calibration and adjustment of diagnostic criteria [20,22].
These studies show higher variations over occlusal caries
lesions among observers, while our study indicates lower
reproducibility over proximal surfaces. This may result from

overlapping proximal surfaces of premolars in DPTs which is
one of the disadvantages of this method in caries diagnosis
[12]. Specialists in oral radiology, however, are expected to
use more standardized criteria for this purpose.

There are, however, no studies comparing diagnostic skills
of general dentists to oral radiologists. Considering high level
of variations between dentists for caries diagnosis and high
level of disagreement with oral radiologists in this study,
standardizing their diagnostic skills is very important. Thus,
using universally approved criteria for caries detection may
contribute to proper diagnosis.

The ambient light conditions and the exact make and
model of the used by the general dentists interpreting the
images initially were unknown. However, the levels of light-
ing in a dental surgery tend to be generally high for normal
clinical work, and the lighting is only occasionally dimmed
for the duration of radiological diagnostics. The monitors
used by general dentists in the Department of Social and
Health Care in Helsinki are off-the-shelf models not specific-
ally designed for diagnostics nor gray-scale calibrated.

The ambient light conditions for the radiologists in the
study conformed to the Guidelines of the American
Association of Physicists in Medicine (AAPM) [23] and the
Institute of Physics and Engineering in Medicine (IPEM) [24].
They used DICOM-calibrated color liquid-crystal display (LCD)
clinical viewing stations (Eizo Flexscan MX210, Eizo Corp.,
Ishikawa, Japan).

Earlier research [25] suggests that, in caries diagnostics,
type of monitor has little bearing on the overall diagnostic
accuracy in caries diagnostics, but ambient light may have
more effect. The effect of monitors and ambient light are,
however, not considered separately in this study, but rather
as part of the overall difference in diagnostic accuracy
between dentists and specialists in oral radiology.

Figure 3. Chart demonstrating inter-rater agreement between oral radiologists and each oral radiologist versus the 42 general dentists clustered in one group over
13 teeth in 100 dental panoramic tomographs.

Table 3. Extent and location of unobserved and unreported caries lesions by
general dentists but observed by both oral radiologists on 109 surfaces of pre-
molars and molars in 100 dental panoramic tomographs.

Proximal surfaces
Occlusal surfaces

Teeth
Enamel caries

n¼ 39
Dentinal caries

n¼ 58
Dentinal caries

n¼ 12

Upper premolars 2 20 0
Upper molars 15 14 5
Lower premolars 0 3 1
Lower molars 22 21 6
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Too much reliance should not be placed upon DPTs as
the primary radiographic tool in cardiology [9,10], and a
negative result in a DPT should not count as truly negative.
The Finnish Current Care Guidelines [26] on caries manage-
ment recommend BWs for caries diagnostics in cases where
clinical examination has revealed a carious lesion extending
into the dentine, or multiple extending initial lesions or
known clinical risk factors in the patients’ history.

A limitation of this study is the lack of corroborating clin-
ical findings because of incomplete patients’ files or inter-
rupted treatment period of some patients. In addition, only
clinical examination may not reveal all caries lesions without
a proper radiographic examination [8]. We have no know-
ledge of whether these unobserved caries lesions were clinic-
ally diagnosed and treated. In the future, studies that assess
both the clinical and radiological diagnosis of caries simultan-
eously under optimal conditions should be recommended, in
order to overcome possible barriers to caries diagnosis.

Our conclusion is that compared to the expert opinion of
the oral radiologists assessing the images under ideal circum-
stances, most of the caries lesions radiographically observable
on proximal surfaces of the premolars and molars remained
unobserved by general dentists based on their DPT report. In
dental practice, diagnosis of caries should not rely only on DPT
findings, especially when images are analyzed under sub-opti-
mal light conditions. Rather, general dentists are encouraged
to double-check for caries clinically and to supplement the DPT
examination with BWs when necessary. Indeed, what could be
most beneficial to general dentists would be in-service training
with respect to image-interpretation skill. DPT should not be
the sole examination used for caries detection.
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