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Objectives: To assess and compare five diagnostic imaging methods used in the identification

of  periapical diseases, of different diameters, mechanically simulated.

Methods: The sample of the present study consisted of 12 dried human mandibles. Digi-

tal  panoramic radiography, conventional and digital periapical radiography (charged couple

device and photo-stimulable phosphor plate), and high-resolution cone beam computed

tomography (CBCT) were previously performed to exclude regions presenting periapical

lesions or similar conditions, which then formed the control and experimental groups. Then,

periapical diseases were progressively produced with drills of different diameters, thus cre-

ating lesions of different sizes. The different image diagnosis methods were applied after

each lesion produced. The data were assessed using the Kappa test, ROC curve graphs and

Cochran’s Q test. The significance level was set at 0.05.

Results: The images obtained with conventional film and digital panoramic radiography

showed the worse results (0.65 and 0.55, respectively), and statistically significant differ-

ences compared to the controls (p < 0.05) for lesions artificially produced with #6 drill. With

regard to high-resolution CBCT, the area values were found to be high for all lesion sizes.

Conclusion: Conventional periapical radiography and digital panoramic radiography did not

provide satisfactory images for the identification of incipient periapical diseases. The high-

resolution CBCT showed high accuracy in the diagnosis of periapical diseases in both regions

evaluated, and proved to be the most reliable method for the identification of initial peri-

apical diseases (1.8 mm).
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Identificação de  lesões  periapicais,  simuladas  mecanicamente,
por  meio  de  5  diferentes  métodos  de  diagnóstico  por  imagem

Palavras-chave:

Tomografia computadorizada

de feixe cónico

Radiografia digital

Lesão periapical

r  e  s  u  m  o

Objetivos: Avaliar e comparar 5 métodos de diagnóstico por imagem utilizados na

identificação de lesões periapicais, de diferentes diâmetros, simuladas mecanicamente.

Métodos: A amostra do presente estudo consistiu de 12 mandíbulas humanas secas. Radio-

grafias panorâmicas digitais, radiografias periapicais convencionais e digitais (dispositivo

de  carga acoplada e placa de fósforo fotoestimulável), e tomografia computadorizada de

feixe  cónico de alta resolução (TCFC) foram realizadas previamente para excluir regiões

com lesões periapicais ou condições semelhantes. Em seguida, lesões periapicais foram

produzidas progressivamente por meio de brocas de diferentes diâmetros, criando lesões

periapicais de diferentes tamanhos. Os diferentes métodos de diagnóstico por imagem

foram executados após a produção de cada lesão. Os dados foram avaliados por meio dos

testes Kappa, curva ROC e Q de Cochran, com nível de significância de 0,05.

Resultados: As imagens de radiografias panorâmica digital eperiapical convencional

apresentaram os piores resultados (0,65 e 0,55, respectivamente) e com diferença esta-

tisticamente significante quando comparados ao grupo controle (p < 0,05), em lesões

artificialmente produzidas com a broca 6. Com relação à TCFC de alta resolução, os valores

de  área obtidos foram elevados em todas as lesões.

Conclusão: Radiografias panorâmicas digitais e periapicais convencionais não propor-

cionaram imagens satisfatórias para a identificação de lesões periapicais incipientes. A

TCFC de alta resolução demonstrou elevada acurácia no diagnóstico de lesões periapicais

em  todas as regiões avaliadas, e provou ser o método mais confiável para a identificação de

lesões  periapicais iniciais (1,8 mm).

© 2016 Sociedade Portuguesa de Estomatologia e Medicina Dentária. Publicado por

Elsevier España, S.L.U. Este é um artigo Open Access sob uma licença CC BY-NC-ND (http://
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he interpretation of radiographic images continues to be the
rimary tool for the diagnosis of bone lesions in the maxilla-
andibular complex. Diagnosis of periapical pathology has

lways been an issue of interest to doctors. Identification of
vidence of periapical pathology in nonvital teeth is central
o treatment planning, and the disease is diagnosed when
eriapical radiolucency is present.1,2 Panoramic radiography

PR) is the image  diagnosis method used for tracking oral
nd maxillofacial diseases such as dental caries, periodontitis,
umorous lesions, degenerative bone changes in temporo-

andibular joints and inflammatory diseases (e.g., periapical
iseases).3 Conventional periapical radiographs (CPR) are the
ost commonly used method for the evaluation of the peri-

pical region, but superposition of bone structures can impair
isualization of periapical radiolucent images, primarily with
nitial lesions. Anatomical features adjacent to the area of
nterest may result in poor contrast and therefore increased
ifficulty in assessing periapical tissues.4

Conventional radiographs have been replaced by digi-
al systems. The digital radiography have the advantages
f immediately generating images, eliminating chemical

rocessing, and allowing images to be manipulated, stored
nd sent to other practitioners, thus increasing the ability
o visualize the images and determine a diagnosis.5 How-
ver, the main advantage for the patient is the radiation dose
creativecommons.org/licenses/by-nc-nd/4.0/).

reduction in digital systems. About radiation exposure and
based on ALARA principle (the desired amount of informa-
tion must be obtained with the smallest possible amount of
radiation), digital systems showed a dose reduction from 30%
to 70% compared to E-Film speed.6

Tachibana and Matsumoto, in 1990, were pioneers in
research on the use of computed tomography in endodontics.7

However, this method also has disadvantages, such as high
radiation doses and high examination costs.2,8,9 Due to these
limitations, cone beam computed tomography (CBCT) was
developed for the dentistry market to provide visualization
of bone and alveolar structures in three dimensions using
lower radiation dose.10 In general, CBCT can be categorized
into large, medium, and limited volume units based on
the size of their field of view (FOV). The size of the FOV
describes the scan volume of the CBCT machine and is
dependent on the detector size and shape, beam projection
geometry and the ability to collimate the beam. Beam colli-
mation limits the radiation exposure to the region of interest
and ensures that an optimal FOV can be selected based on dis-
ease presentation. The radiation dose applied in CBCT is lower,
mainly when the exam is performed with a reduced field of
view.10 However, CBCT still has exposure radiation larger than
periapical radiography. Two recommendations are given10:

(1) Intraoral radiographs should be considered the imaging
modality of choice in the evaluation of the endodontic of the
patient, and (2) limited FOV in CBCT should be considered
the imaging modality of choice for diagnosis in patients who
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present with contradictory or nonspecific clinical signs and
symptoms associated with untreated or previously endodon-
tically treated teeth. Radiation exposure to patients should be
kept as low as reasonably practicable (ALARA principle).10 Nev-
ertheless, the use of CBCT imaging is indicated only in cases
which complex anatomy and/or morphology is suspected. It
is worth remembering that CBCT imaging still uses ionizing
radiation.11,12 To improve the visualization of endodontic dis-
eases, such as periapical diseases, the use of a limited FOV and
a small isotropic voxel (high-resolution) is recommended.10

The aims of the present study was to assess and com-
pare digital panoramic radiography, conventional periapical
radiography, digital periapical radiography (charged couple
device – CCD, and photo-stimulable phosphor plate – PSP)
and high-resolution cone beam computed tomography for the
identification of periapical diseases, which were simulated in
several stages and/or sizes.

Materials  and  methods

Before commencement of the study, appropriate ethics
approval was obtained from the Pontificial Catholic University
of Minas Gerais (PUC-Minas) Human Research Ethics Commit-
tee (Ethics Approval Number: CAAE 07790512.9.0000.5137).
The sample of the present study consisted of 12 dried
human mandibles belonging to the Dentomaxillofacial
Radiology laboratory from School of Dentistry of the Pon-
tifical Catholic University of Minas Gerais. Digital PR,

Figure 1 – Dried human mandibles (gold standard). Healthy alveo
following the production of a periapical diseases with #6 drill (B)
 m a x i l o f a c . 2 0 1 6;5  7(3):138–145

conventional and digital periapical radiography (CCD and
PSP), and high-resolution CBCT were previously performed
to exclude regions presenting periapical diseases or simi-
lar conditions (exclusion criteria), which then formed the
control group (10 anterior teeth and 20 posterior teeth).
The alveoli of dried human mandibles used in this study
were considered the golden standard. Following this stage,
the experimental group was formed by 30 roots/alveoli
(10 anterior teeth and 20 posterior teeth) selected from
dried human mandibles. The mandibles were immersed in a
recipient solution containing water and liquid detergent for
90 min  to facilitate the extraction of teeth.8 The teeth were
then removed, and the integrity of the alveolar bone was
assessed.

Periapical diseases of different sizes were artificially
produced in each alveolus by means of non-water low-
speed handpiece INTRAmatic 10 ABN (Kavo do Brasil, Santa
Catarina, Brazil) and spherical carbide drills (Dentsply-
Maillefer, Inc., Ballaigues, Switzerland) numbers 6 (1.8 mm
diameter) and 10 (2.7 mm diameters). The penetration limit
was determined by the diameter of the drill head and the
size in millimeters was confirmed by CBCT. Lastly, was pro-
duced disruption of the buccal cortical bone, resulting in
four different phases (Figure 1). After each preparation, the

mandibles were submitted to radiographic and tomographic
examinations.

To obtain the periapical radiographs, an intraoral X-ray sys-
tem (Kodak 2200, Carestream Health, Inc., New York, USA)

lus without preparation (A); arrows indicating an alveolus
, #10 drill (C), and rupture of the buccal cortical bone (D).
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as used at 60 kV and 7 mA.  According to the conventional
ethod, size #2 radiographic E/F-speed film (Kodak Insight,

arestream Health, Inc.) were used with exposure times of
.3 and 0.36 s in the anterior and posterior teeth, respectively.
ith regard to the digital method, a CCD sensor (Kodak RVG

100, Carestream Health, Inc.) and a PSP digital system (ScanX-
uo, Air Techniques, Inc., New York, USA) were used to allow

 spatial resolution of 14 lp/mm and 22 lp/mm, respectively.
he exposure times were set at 0.15 and 0.18 s for anterior
nd posterior teeth, respectively. The parallelism technique
as performed. The samples were mounted to align with

 Rinn plastic ring paralleling device (Rinn Manufacturing
ompany, Inc., Illinois, USA) affixed to the acrylic block with
yanoacrylate adhesive.5 This acrylic block of 20 mm in thick-
ess was used to simulate the soft tissues.13,14 The mandibles
ere stabilized with the aid of a plastic box supported by a

amera tripod, thus allowing a standard distance to be main-
ained between X-ray source and sample surface.

Regarding the panoramic images, was used a digital appa-
atus (Kodak 9000C 3D, Carestream Health, Inc.) operating at
0 kV, 2 mA and an exposure time of 14.1 s. A plastic box with
ods was used for the positioning of the mandibles and image
cquisition, which allowed stability of the materials, standard-
zation and the proper positioning within the focal trough.
ext, the plastic box was filled with water (750 ml)  to promote
ttenuation of X-ray beams and to simulate the presence of
oft tissue.15

The high-resolution CBCT (Kodak 9000C 3D, Carestream
ealth, Inc.) was performed with 60 kV, 10 mA and an expo-
ure time of 10.8. Scanning was carried out with a FOV volume
f 3.75 cm × 5.0 cm and isotropic voxel size of 76 �m.  The
andibles were positioned using the same plastic box used

or the acquisition of panoramic images.
Blinded analyses were performed. Two surgeon dentists,

ho  were specialists in Oral Radiology, analyzed all the images
eparately and independently. The examiners evaluated each
ype of image  on alternate days so that no comparison could
e made between the techniques used. To assess the intra-
nd inter-rater reliability of the 2 evaluators, all cases were
xamined for a second time 50 days later.

For the interpretation of the CPR, a cold light negatoscope
ith a black cardboard mask in the same size of the images

as used. The use of a magnifying glass was also allowed. The
igital and tomographic images were visualized by means of
pecific software (Kodak Dental Imaging Software, Carestream
ealth, Inc.).

Table 1 – Average area under receiver operating characteristic (R
according to the different image diagnosis method used.

Image method 6 drill (a) 10 drill (a) Ruptur

PR 0.55* 0.85 1 

CPR 0.65* 0.80 0.95
CCD 0.85 0.95 0.95
PSP 0.75 0.95 0.95
CBCT 0.90 0.95 0.95

Anterior teeth (a); posterior teeth (p). Areas followed by (*) show statistic
significance level of 5%).
 a x i l o f a c . 2 0 1 6;5  7(3):138–145 141

The presence of radiolucent images associated with the
root apex, with discontinuity of the lamina dura, was diag-
nosed as periapical diseases (Figure 2).

Intra- and inter-rater reliabilities were assessed by using
the Cohen Kappa test and the results interpreted using fol-
lowing definitions: 0.01, poor; 0.01–0.20, slight; 0.21–0.40, fair;
0.41–0.60, moderate; 0.61–0.80, substantial; 0.81–1.00, almost
perfect.16 The area under the ROC curve was calculated by
means of appropriate software (BioEstat 5.0; Belém, PA, Brazil).
The values for true negative, true positive, false negative, false
positive and accuracy were calculated. Cochran’s Q test was
performed at a significance level of 5% (  ̨ = 0.05). A p value of
less than 0.05 was considered to indicate statistical signifi-
cance.

Results

Using the ROC analysis, it was observed that the images of
anterior teeth obtained from digital PR and CPR presented
greater area values (1.0 and 0.95, respectively), for rupture of
the buccal cortical bone, and smaller area values (0.55 and 0.65,
respectively), for lesions artificially produced with #6 drill. Dig-
ital PR yielded 100% true-positive results for rupture lesions,
but a small area value of 0.55 was observed for lesions arti-
ficially produced with #6 drill, with low sensitivity and high
specificity (high false negatives). On digital periapical radio-
graphy (CCD and PSP), the area values for lesions artificially
produced with #10 drill and rupture of the buccal cortical bone
were found to be equal (0.95), that is, with a high rate of true
positives. With regard to high-resolution CBCT, the area values
were found to be high for all lesion sizes (Table 1), demonstrat-
ing high accuracy.

In the posterior teeth, small area values were observed
on digital PR and CPR (0.70 and 0.65, respectively) in those
cases of lesions artificially produced with #6 drill. However,
it was observed that the value of the area became greater as
the size of the lesion increased. High-resolution CBCT had the
same value (0.85) for all lesion sizes (Table 1).

With regard to the dental regions studied, the images
obtained with CPR and digital PR showed statistically signifi-
cant differences compared to the controls (p < 0.05) for lesions

artificially produced with the #6 drill.

Because the ROC curve graphs regarding the different
lesion sizes showed the worst and significant results for
lesions artificially produced with #6 drill, the different image

OC) curve for lesion sizes in anterior and posterior teeth

e (a) 6 drill (p) 10 drill (p) Rupture (p)

0.70* 0.85 0.95
 0.65* 0.80 0.90
 0.75 0.75 0.80
 0.8 0.80 0.85
 0.85 0.85 0.85

ally significant differences compared to controls (Cochran’s Q at a
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Figure 2 – Arrows indicating radiolucent images simulated with different drill sizes. Lesion associated with the root apex
of the lower left first molar, using a CCD sensor (A), and of the lower incisors, using a PSP system (B) and CPR (C). Arrows
indicating radiolucent images associated with the root apex and rupture of the buccal cortical bone, in the axial (D), and

sagittal view of high-resolution CBCT (E).

diagnosis methods were compared to each other only for these
cases (Figure 3). ROC analysis of high-resolution CBCT showed
a greater number of true-positive results in both anterior and
posterior teeth. By comparing the images from CPR and digital
(CCD and PSP) intra-oral radiographs, it was found that digi-
tal systems presented greater areas during evaluation. It was
also observed that evaluation of digital PR yielded a curve that
skewed excessively toward the left, but with low values (high
false negatives); the curve was similar to that for CPR.

The Cohen Kappa was used to assess intra- and inter-rate
reliabilities for lesions artificially produced with a #6 drill. The
intra-rater reliability was found to be substantial (0.61–0.80)
with the majority of image  methods. The almost perfect reli-
ability (0.81–1.00) was also found with digital PR, PSP, and
high-resolution CBCT for anterior teeth, as well as with CPR,
CCD, and high-resolution CBCT for posterior teeth. Inter-rater

reliability was found to be substantial (0.61–0.80) with the
majority of the imaging methods, except for the CPR of poste-
rior teeth, which presented almost perfect reliability (Table 2).
Discussion

In the present study, CBCT always produced high values for
accuracy. The greatest difference compared to the other meth-
ods was with regard to the lesions artificially produced with
#6 drill (1.8 mm), a finding similar to that reported by other
authors.13,17,18

There are some studies on the diagnosis of periapical dis-
eases using different diagnostic imaging methods, but few
authors emphasize the accuracy of limited-volume and high-
resolution CBCT in the identification of incipient periapical
diseases when compared to other methods.19

The use of a device with a reduced FOV and small voxel
size (high-resolution) provides better image  resolution for the
visualization of changes in the periodontal ligament space,

which measures approximately 200 �m,  compared to other
systems with larger voxel sizes and FOVs.10 A reduction in
image matrix size is desirable to increase spatial resolution
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BCT (C) CCD (D) and PSP (E) for lesions artificially produced

nd therefore provide greater image  detail. It has been claimed
hat large-volume CBCT produces grainier images compared
ith small-volume CBCT.20 In fact, an isotropic voxel size of

6 �m provides spatial resolution of 6.5 lp/mm,  which is infe-
ior to that of conventional film (approximately 20 lp/mm)  and
igital systems (8–20 lp/mm). However, the ability of this tech-
ology to demonstrate geometrically precise 3D images and to
liminate the superposition of anatomical structures enables
ccurate evaluation of important characteristics in endodontic
iagnosis.10,21,22 One should also consider the lowest radia-
ion dose produced when the FOV is reduced, because beam
ollimation limits the radiation to the region of interest.10,23,24

maller FOVs resulted in lower effective doses, suggesting that
imited-volume CBCT should be used for dental images and
hat a larger field of view should be restricted to cases in
hich a wider view is required.25 Endodontic cases should be

udged individually, and patients should always be exposed to
he least amount of radiation possible to gain the most useful
nformation for a proper diagnosis.11

Some authors compared changes in the sizes of periapical
iseases after root canal treatment as revealed by peria-
ical radiography and CBCT. Such authors concluded that the
bsence of a lesion or reduction in the size of a lesion after
oot canal treatment determined with CBCT and periapical

adiography data were different. Assessment of the outcome
f root canal treatments determined with periapical radio-
raphy could be inaccurate.26 As in our study, this finding
emonstrates the importance of the ability of high-resolution

Table 2 – Intra- (1–1) and (2–2) and inter-rater (1–2) reliabilities (
method for lesions artificially produced with #6 drill in anterior

Image method 1–1a 2–2a

PR 0.75 0.85 

CPR 0.75 0.70 

CCD 0.78 0.79 

PSP 0.84 0.70 

CBCT 0.93 0.87 

a Anterior teeth.
b Posterior teeth.
 #6 drill in anterior and posterior teeth.

CBCT to eliminate the superposition of anatomical struc-
tures, especially for visualization of small lesions. Bender
and Seltzer4 demonstrated that periapical diseases could be
radiographically viewed only when the lesions reached the
buccal cortical bone, the lingual cortical bone or both. In
the present study, the lower sensitivity (0.2) was verified
on conventional periapical images of lesions produced with
#6 drill in the posterior teeth, the same region studied by
Bender and Seltzer. This finding can be explained by the
buccal cortical bone in this region being thicker. However,
the conventional periapical images of the lesions produced
with #10 drill (2.7 mm)  do not show statistically significant
differences compared to the controls and are capable of being
diagnosed, contradicting the report of Bender and Seltzer.
Though, in the present study the radiographic images were
obtained with lower kV and mA,  thereby providing higher
contrast and lower density of the radiographic image,  allowing
great detail in periapical image.  However, Bender and Seltzer
do not describe details of the radiographic films (e.g., spatial
resolution) that were used in their study in 1961. So, after the
evolution of radiographic films in these 45 years, probably
the films that were used in the present study have higher
spatial resolution. Regardless of the region, the conventional
intra-oral techniques were found to be more  accurate for the

diagnosis of greater lesion sizes compared to smaller sizes,
primarily when cortical bone was involved.5,21,27,28

A previous study found substantial disagreement between
CPR and CBCT assessments of the number of canals and

weighted Kappa coefficient) of each image diagnosis
 and posterior teeth.

1–2a 1–1b 2–2b 1–2b

0.80 0.76 0.74 0.72
0.75 0.90 0.71 0.85
0.75 0.70 0.84 0.61
0.77 0.75 0.72 0.71
0.80 0.91 0.72 0.80
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the number and size of lesions amongst molar teeth. For all
molars evaluated, the mean number of lesions found with
periapical films was 0.95 versus 1.55 with CBCT. The value rep-
resents a 63% increase in the amount of periapical diseases
detected using CBCT. Those authors demonstrated that CBCT
is more  sensitive at detecting periapical diseases than intra-
oral radiographs.29 The results of the current study indicated
similar sensitivity. CBCT allows to clinician several views,
reconstructed slices of data without the overlying cortical
plate, which may otherwise hide what is actually occurring
within the cancellous bone. With CBCT, the examiner usually
specifies the orientation of the reconstructed slices result-
ing in views that are parallel and perpendicular to the long
axis of the root under investigation showing high accuracy in
the diagnosis of periapical diseases compared bidimensional
images.

In the present study, only lesions produced with #6 drill
resulted in images significantly different from the controls
(p < 0.05). Such lesions were not detected by means CPR and
digital PR in anterior and posterior regions. Other authors
followed up the evolution of periapical diseases, induced by
pulp exposure in dog teeth, using CPR and histological analy-
sis, and they concluded that radiographic examinations were
not capable of diagnosing initial-stage lesions.27 Unlike the
present study and according to some authors, the PSP system
produced images with significantly greater quality compared
to those from CCD sensors.30 However, their study involved
patients, and there was difficulty in proper positioning of
the CCD sensors, which might have contributed to the worse
results.

The digital systems used were of high resolution, with
the CCD sensor having 14 lp/mm and the PSP system having
22 lp/mm,  thus enabling them to distinguish details accurately
but without eliminating the superposition of bone structures.
Some authors have found better results with the CPR relative
to the PSP system regarding the diagnosis of small periapical
diseases, although the digital systems had spatial resolution
of 6 lp/mm.  This resolution provides less detailed images than
the digital system used in the present study, and in addi-
tion, their examiners had no previous experience with digital
radiographs,1,31 thus differing from our work, in which the
examiners had knowledge of several digital image  manipu-
lation tools. One should also consider the shorter exposure
time with the digital systems than conventional periapical
technique, that is, less radiation is emitted to the patient.

In the present study, digital PR had the smallest area
(0.55) and consequently yielded the least accurate diagnosis
of lesions produced with #6 drill in anterior teeth, even with
the availability of manipulation image  tools. Another study
also found the same negative result for incisors, but this
study involved patients instead of dried mandibles.32 There-
fore, in the present research, the poor sharpness of the images
of anterior teeth might have occurred due to inclination of the
osseous tables within the focal trough, rather than to superpo-
sition with the cervical spine. In contrast, lesions produced in
posterior teeth using #6 drill showed a greater area value (0.7)

compared to anterior teeth, likely due to the better framing
of the posterior region within the focal trough.33 Neverthe-
less, digital PR also showed statistically significant differences
in the region of the posterior teeth compared to the controls.
 m a x i l o f a c . 2 0 1 6;5  7(3):138–145

Panoramic radiographs of lesions produced with #10 drill and
with rupture of the buccal cortical bone were shown to be
reliable in the diagnosis of periapical diseases.

The majority of the results obtained from Cohen Kappa
demonstrated substantial intra- and inter-rater reliabilities,
thus demonstrating that all the image  diagnosis methods are
reproducible.

Conclusions

Based on the data obtained, the present study concluded
that high-resolution CBCT showed high accuracy in the diag-
nosis of periapical diseases in both regions evaluated, and
proved to be the most reliable method for the identification
of initial periapical diseases (1.8 mm).  Digital periapical radio-
graphy systems (CCD and PSP) demonstrated lower accuracy
for smaller lesions (1.8 mm)  compared with high-resolution
CBCT. However, both periapical digital methods were capable
to diagnose periapical diseases. The CPR and digital PR did not
provide satisfactory images for the identification of incipient
periapical diseases (1.8 mm).

Ethical  disclosures

Protection of human and animal subjects. The authors
declare that no experiments were performed on humans or
animals for this study.

Confidentiality of data. The authors declare that no patient
data appear in this article.

Right to privacy and informed consent. The authors declare
that no patient data appear in this article.

Conflicts  of  interest

The authors have no conflicts of interest to declare.

Acknowledgements

The authors thank Kyria Spyrides, Alexandre Marques,
German Villoria and Julia Travassos for fruitful discussions in
the preparation of this study.

 e  f  e  r  e  n  c  e  s

1. Friedlander LT, Love RM, Chandler NP. A comparison of
phosphor-plate digital images with conventional radiographs
for the perceived clarity of fine endodontic files and
periapical lesions. Oral Surg Oral Med Oral Pathol Oral Radiol
and Endod. 2002;93:321–7.

2. Lofthag-Hansen S, Huumonen S, Gröndahl K, Gröndahl HG.
Limited cone-beam CT and intraoral radiography for the
diagnosis of periapical pathology. Oral Surg Oral Med  Oral

Pathol Oral Radiol and Endod. 2007;103:114–9.

3. Matsumoto K, Vongsa S, Nakajima I, Ejima KI, Kohinata K,
Suzuki T, et al. Assessment of quality and interpretation of
panoramic radiographs obtained in the Lao People’s

http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0170
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0175
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180
http://refhub.elsevier.com/S1646-2890(16)30023-1/sbref0180


 i r m

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

r e v p o r t e s t o m a t o l m e d d e n t c

Democratic Republic as part of a teleradiology collaboration
with Japan. J Oral Sci. 2015;57:235–9.

4. Bender IB, Seltzer S. Roentenographic and direct observation
of experimental lesions in bone: I. J Endod. 2003;29:702–6.

5. Paurazas SB, Geist JR, Pink FE, Hoen MM, Steiman HR.
Comparison of diagnostic accuracy of digital imaging by
using CCD and CMOS-APS sensors with E-speed film in the
detection of periapical bony lesions. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2000;89:356–62.

6. Berkhout WE,  Beuger DA, Sanderink GC, van der Stelt PF. The
dynamic range of digital radiographic systems: dose
reduction or risk of overexposure? Dentomaxillof Radiol.
2004;33:1–5.

7. Tachibana H, Matsumoto K. Applicability of computerized
tomography X-ray in endodontics. Dent Traumatol.
1990;6:16–20.

8. Patel S, Dawood A, Mannocci F, Wilson R, Pitt Ford T.
Detection of periapical bone defects in human jaws using
cone beam computed tomography and intraoral radiography.
Int Endod J. 2009;42:507–15.

9. Jorge EG, Tanomaru-Filho M, Gonçalves M, Tanomaru JM.
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