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Abstract

Objective To evaluate the influence of the file format of digital periapical radiographs on the diagnosis of vertical root
fracture (VRF).

Study design Periapical radiographic images of 34 single-rooted teeth—19 with VRF, and 15 without VRF were acquired
using two digital systems—Digora Toto, and Digora Optime, and exported into four different file formats—TIFF, BMP,
PNG, and JPEG, totaling 272 radiographs. The radiographs were assessed by five examiners for the detection of VRF, using
a 5-point scale (1—definitely absent; 2—probably absent; 3—uncertain; 4—probably present; 5—definitely present). Diag-
nostic values of area under the ROC curve, specificity, and sensitivity for the diagnosis of VRF were calculated. The results
were compared by two-way Analysis of Variance with post hoc Tukey’s test. The intra- and inter-examiner agreements were
measured by the Kappa test. The significance level was set at 5% for all analyses.

Results The values of intra-examiner agreement varied from moderate (0.56) to almost perfect (0.81), while the values of
inter-examiner agreement varied from fair (0.29) to moderate (0.60). The image file format did not influence the diagnostic
values for VRF for any of the radiographic systems tested (p >0.05). Digora Toto had significantly greater values of area
under the ROC curve than Digora Optime for all file formats (p =0.001).

Conclusion The image file format of periapical radiographs does not influence the diagnosis of VRF, regardless of the digital
radiography system.

Keywords Dental digital radiography - Diagnostic imaging - Tooth fractures

Introduction whether clinical or radiographic, is essential for a better
prognosis of VRF [2].

Periapical radiographs are commonly used to establish the Vertical root fractures are often not visible on clinical

diagnosis and treatment planning for several dental condi-
tions (e.g., root fractures), as it allows a satisfactory assess-
ment of the crown, root, and surrounding bone [1]. Among
the diagnostic tasks, the diagnosis of vertical root fractures
(VRFs), based on clinical and radiographic assessments,
is considered challenging. However, an early diagnosis,
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examination, do not have a favorable prognosis, being one
of the most common reasons for the extraction of endodon-
tically treated teeth [3]. When radiographically assessed,
vertical fractures can present as an incomplete or complete
radiolucent line that extends along the longitudinal axis of
the tooth. It can even cause complete separation of the frag-
ments, but in most cases, factors, such as fracture width and
location, can complicate the diagnosis [4]. This radiographic
assessment differs from the horizontal type that often origi-
nates from great traumatic forces and is more visible than
most vertical fractures cases.

Since the late 1980s, radiographic films have been
replaced with digital radiographic systems. Manufacturers
offer two types of digital image receptors—photostimu-
lable phosphor plates, and sensors—which have different
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technical characteristics (e.g., physical constitution, and spa-
tial resolution) that can cause distinct image quality [5,6].
Both types of systems have numerous advantages over films,
such as reduced radiation dose delivered to the patient, the
possibility of image storage in digital media, and fast image
display, transmission, and communication between profes-
sionals and between professionals and patients [7].

Nevertheless, the quantity and size of the image files can
overload the digital storage media, hampering their trans-
mission. A way to overcome this limitation and improve
clinical workflow is to compress the radiographic images
after their acquisition and to export them from the native
software into different file formats [7,8]. Although several
storage media platforms have become available, a reduc-
tion in the file size may be advantageous to avoid waste of
virtual space, time, and money. It is possible to export the
radiographic images into various file formats, such as tagged
image file format (TIFF), bitmap—windows pattern (BMP),
and portable network graphics (PNG), which represent a
lossless (reversible) compression, in which all image data
is preserved. On the other hand, some image file formats,
such as joint photographic experts group (JPEG), involve
a lossy (irreversible) compression, with loss of image data
[7]. The major difference among these types of file formats
is the level of compression employed, with TIFF presenting
the lowest level of compression, and BMP, PNG, and JPEG
formats having higher compression levels [7-9].

Depending on the file format in which it is exported,
the same radiographic image can have different file sizes.
The compression ratio (CR) determines the reduction in
the image file between the original and compressed images,
and is expressed as absolute or percentage values [8]. CR
values between 1:2 and 1:4 represent no loss of graphic
information, while CR values up to 1:40 are related to loss
of graphic information on the compressed image [8,10].
Therefore, compression of image files should be seen as an
advantage in clinical practice only if the diagnostic accuracy
is not negatively affected.

Previous studies have reported the influence of the radio-
graph file format (i.e., the compression level) on the detec-
tion of caries lesions, periapical lesions, root resorptions,
and root fractures in different radiography modalities (peri-
apical, panoramic, and cephalometric radiography) [7-15].
However, the cited study on root fractures included both
horizontal and vertical root fractures in the assessed sample,
without specifying the influence of the file format on each
type of fracture individually. Also, the only type of image
compression evaluated was JPEG [11]. Therefore, due to
the challenge of identifying VRF and the variety of image
compression options, the aim in this study was to evaluate
the influence of the file format of digital periapical radio-
graphs on the diagnosis of VRFs acquired with different
digital systems.

Materials and methods
Study design

The present study had an in-vitro design and was con-
ducted after acceptance by the local Institutional Review
Board (IRB) (protocol number #4.231.578).

Sample selection and preparation

The sample was composed of 34 single-rooted human
teeth, including lower incisors, canines and premolars and
divided into the control group (without VRF; n=15 teeth)
and the experimental group (with VRF; n=19 teeth). All
teeth were collected from a private dental clinic after being
extracted mainly due to the presence of periodontal dis-
ease, extensive coronal caries lesions or orthodontic indi-
cation. All teeth were disinfected in 2% glutaraldehyde and
submitted to clinical and radiographic evaluation to ensure
the absence of dental anomalies, calcification, endodontic
treatment, open apex, resorptive lesions, and fractures. All
teeth were sectioned at the level of the cementoenamel
junction to avoid memorization of tooth morphology and
bias related to coronary fracture identification during the
evaluation. Then, vertical fractures were induced in each
of 19 roots (experimental group), using a universal testing
machine (INSTRON 4411, Instron Corporation, Canton,
MA) and following a previously established methodology
[3]. Transillumination using a LED light (Ultralume 5,
Ultradent Products Inc., South Jordan, UT, USA) was used
to verify the presence of the VRFs, which were located at
least at the cervical and middle third of the root.

Image acquisition and export

The roots were individually included in alveolar sockets
of a sectioned human mandible for periapical radiography
acquisition. Also, to simulate a clinical scenario, a tongue
made of wax was placed behind the image receptor [1].
With the aid of a custom-made acrylic apparatus, the
radiographic images were acquired following the parallel-
ism technique. This apparatus was composed of a locator
ring to standardize the position of the position-indicating
device of the X-ray unit (distance focus-receptor standard-
ized in 40 cm, horizontal angulation of 90°, and vertical
angulation of 0°). Further, the apparatus allowed to main-
tain the distance between the object and the receptor in
1.5 cm. To reproduce a clinical scenario and mimic the
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attenuation of the X-rays by the soft tissues, an acrylic
block of 2.5 cm in thickness was settled in front of the
buccal cortical plate of the mandible.

The periapical radiographic images were acquired using
two radiographic systems with distinct technologies:

1. Phosphor plate (PSP): Digora Optime (Soredex, Tuu-
sula, Finland), size 2, 8-bit contrast resolution, and theo-
retical spatial resolution of 14.3 Ip mm™".

2. CMOS sensor: Digora Toto—Scanora (Soredex, Tuu-
sula, Finland), size 2, 12-bit contrast resolution, and

theoretical spatial resolution of 26.3 Ip mm™"'.

All images were obtained using the same X-ray unit
(FocusTM—Instrumentarium Dental Inc., Milwaukee, WI,
USA), under the same acquisition protocol: 60 kVp, 7 mA,
exposure time as recommended by the receptors' manufac-
turers (0.3 s for Digora Optime, and 0.18 s for Digora Toto),
and standardized focus-receptor distance of 40 cm.

After radiographic acquisition, the images were individu-
ally exported from their native software into the four differ-
ent file formats—TIFF, BMP, PNG, and JPEG—, totaling
272 radiographs (34 radiographs x 2 digital systems x 4 file
formats). The Table 1 shows the average file size of each
radiographic image for both systems studied, according
to the experimental conditions of the present study. Also,
Figs. 1 and 2 show radiographs of a sound and of a frac-
tured root, respectively, obtained with the two digital sys-
tems tested and exported into the four different file formats.

Image assessment

Images were independently evaluated by five oral and
maxillofacial radiologists with five years of experience
in radiographic diagnosis, who were blinded concerning
the experimental design, in a medical display (MDRC-
2124, Barco N.V., Courtray, Belgium) with 1920 x 1200
pixels resolution. The evaluations were conducted using

Table 1 Mean and standard Digital systems

deviation values of the file

File formats

3 On Y ) TIFF BMP PNG JPEG

sizes (in kilobyte), compression

percentage, .and compression Digora Optime File size (standard deviation) 2156 2152 411 106

ratio accor@lng to the (5.19) (4.89) (25.90) 8.21)

radiographics 1mages and file Compression percentage® - 0 81 95

formats evaluated in the two ) .

tested digital systems Compression ratio - 1:1 1:5 1:20

Digora Toto File size 190 1900 320 74

Standard deviation 70.00 0.00 20.00 3.60
Compression percentage® - 0 83 96
Compression ratio® - 1:1 1:6 1:26

4Comparing with TIFF file format

Fig. 1 Radiographic images of
the control group (without verti-
cal root fracture) in different
image file formats, for the two
intraoral digital systems

Digora Optime

Digora Toto
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Fig.2 Radiographic images of
the experimental group (with
vertical root fracture) in differ-
ent image file formats, for the
two intraoral digital systems

Digora Optime

Digora Toto

the JPEGView image viewer. Before the evaluations, the
examiners were instructed about the assessment of VRFs,
using periapical radiographs that were not included in the
sample as examples. To simulating a clinical scenario,
they were also allowed to adjust image brightness, con-
trast, and zoom settings. Then, examiners should classify
each image according to the presence or absence of VRF,
using a 5-point scale: 1—definitely absent; 2—probably
absent; 3—uncertain; 4—probably present; S—definitely
present. To reduce the possibility of image memoriza-
tion and prevent visual weariness, the evaluators were
oriented to assess a maximum of 20 images per day.
Thirty days after the analysis was concluded, 30% of the
sample was re-evaluated to calculate the intra-examiner
agreement.

All evaluators were blind for the image file format,
as all images were codified and randomized to prevent
identification.

Statistical analysis

Data were analyzed in the Statistical Package for Social Sci-
ences software v. 24.0 (IBM Corp., Armonk, NY, USA).
Intra- and inter-examiner agreements regarding the diagnosis
of VRF were calculated by weighted Kappa test. Diagnos-
tic values [area under the receiver operating characteristic
(ROC) curve, specificity, and sensitivity] for the diagnosis
of VRF were calculated. The data obtained were individually
compared by two-way analysis of variance with Tukey’s test
as a post-hoc, considering the file formats and radiographic
systems as the studied factors. A significance level of 5%
was adopted for all analyses.

Image File Format

BMP

Table 2 Intra- and inter-examiner agreements for the diagnosis of
vertical root fractures

Observer 1 2 3 4 5

1 0.57 0.58 0.52 0.29 0.57
2 0.71 0.49 0.29 0.51
3 0.73 0.36 0.60
4 0.56 0.35
5 0.81
Results

As showed in Table 2, the values of intra-examiner agree-
ment varied from moderate (0.56) to almost perfect (0.81),
while the values of inter-examiner agreement varied from
fair (0.29) to moderate (0.60), according to the Landis and
Koch scale [16].

The diagnostic values (area under the ROC curve, sen-
sitivity, and specificity) of VRF according to the differ-
ent image file formats (TIFF, BMP, PNG and JPEG) and
digital radiographic systems (Digora Toto and Digora
Optime) are shown in Table 3. The image file format did
not influence the diagnostic values for any of the systems
tested (p > 0.05). Nonetheless, Nonetheless, the digital
radiographic systems type influenced the values of the
area under the ROC curve (p =0.001); the CMOS sensor
Digora Toto demonstrated greater values of area under
the ROC curve (values ranging from 0.90 to 0.93) than
those of the PSP receptor Digora Optime for the detec-
tion of VRF (values ranging from 0.77 to 0.82) for all
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Table 3 Average (SD) of the

e e File format AUC Sensitivity Specificity

AUC, sensitivity and specificity

values for the diagnosis of Digora Digora Digora Digora Digora Digora

vertical root fracture according Toto Optime Toto Optime Toto Optime

to the conditions assessed
BMP 0.91 (0.03) 0.82(0.10)  0.80(0.08)  0.82(0.11) 0.87 (0.12) 0.67 (0.36)
JPEG 0.90 (0.05) 0.82(0.10) 0.81(0.10)  0.78 (0.12) 0.80 (0.25) 0.75 (0.37)
PNG 0.90 (0.03) 0.77 (0.17)  0.81(0.06)  0.84 (0.12) 0.88 (0.17) 0.65 (0.33)
TIFF 0.93 (0.02) 0.79 (0.10)  0.83(0.09)  0.78 (0.16) 0.88 (0.14) 0.67 (0.32)
p system 0.001* 0.809 0.054
p format 0.929 0.924 1.000
p interactions  0.817 0.779 0.884

AUC area under the receiver operating curve, SD standard deviation

*Indicate significant difference (p <0.05) between the radiographic systems, for all file formats

1.00
Fig.3 ROC curves comparing
different image file formats
(TIFF, BMP, PNG, and JPEG) 0.90
within each digital radiographic
system (Digora Toto and Digora 0.80
Optime)
0.70
0.60
z
2
% 0.50
<
()
(%)
0.40
0.30
0.20
0.10
0.00
0.00 0.20

image file formats. The graph representing the ROC curves
illustrates their similarity when comparing different image
file formats within each digital radiographic system; it is
also possible to observe the difference between the digital
radiographic systems (Fig. 3). No significant difference
was observed between digital systems regarding the values
of sensitivity (p =0.81) and specificity (p =0.05).

Discussion
The initial hypothesis that file formats with a higher

degree of compression would negatively influence the
VREF diagnosis was refuted by our results. Our findings

@ Springer

Toto TIFF
——— Toto JPEG
Toto PNG

Toto BMP
— — Optime TIFF
—— Optime JPEG
Optime PNG
—— Optime BMP

0.40 0.60 0.80 1.00
1 - Specificity

demonstrated no differences in any of the diagnostic values
for the detection of VRF among TIFF, BMP, PNG, and
JPEG formats.

The findings of the present study are in accordance with
the results of previous investigations that compared the
diagnostic values obtained with different file formats and
compression levels for various diagnostic tasks in dentistry
[7,11,12,15,17,18]. No differences have been found between
TIFF and two different levels of compressed JPEG images
in the diagnosis of root fractures [10]. Gegler et al. [15] did
not find differences among TIFF, BMP, and JPEG file for-
mats in a digital subtraction technique for the diagnosis of
simulated external root resorptions. Likewise, in addition to
the above-mentioned formats, a recent study also evaluated
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the PNG format in the diagnosis of simulated internal and
external root resorptions on periapical radiographs and
found no significant differences among the different image
file formats assessed [8]. It is important to point out that a
significant difference between different levels of JPEG com-
pression was found in a subjective analysis for caries lesions
detection; however, the compression ratio used was 1:48,
which is an excessive and unusual level of compression,
which may significantly impair image quality [9]. Madlum
et al. [7] evaluated the diagnosis of proximal incipient car-
ies diagnoses in different image file formats, with the JPEG
format at a compression ratio of 1:27, and even then, no
significant difference was found between the formats. For
the diagnosis of vertical root fractures, to our knowledge,
only the TIFF and JPEG formats have been previously ana-
lyzed [11].

Although the diagnostic values of sensitivity and speci-
ficity did not differ between the radiographic systems tested
(Digora Optime, and Digora Toto) in our study, the accuracy
values of the CMOS sensor were significantly greater than
those of the PSP in the diagnosis of VREF, for all image file
formats. Greater accuracy of Digora Toto in comparison
with Digora Optime was also reported by previous studies
that assessed VRFs, and horizontal root fractures [1,5]. Such
findings may be related to the greater spatial resolution pro-
vided by Digora Toto (26.3 Ip mm™!), in comparison with
Digora Optime (14.3 Ip mm™"). This concept is associated
with the ability to display physical separation between two
images [5]. Another point to be taken into consideration is
the contrast resolution. In the present study, 8-bit and 12-bit
contrast resolutions were used as a consequence of the sen-
sor and phosphor plate-based systems used. Technically, a
greater bit depth allows a better representation of structures
with discrete differences in their composition and physical
aspects. Heo et al. [19] found that 12-bit images were supe-
rior to 8-bit images in the detection of subtle radiographic
contrast, corroborating our findings. On the other hand,
Wenzel et al. [20] showed that the detection of small caries
lesions was not different between 8-, 12-, and 16-bit images.
Despite this, the authors believe that the most important
evaluation of the present study, which was the comparison
among different file formats in the detection of vertical root
fractures, was not affected by the bit depth of the systems
employed.

According to the consulted literature, only one previous
research has assessed the effect of image compression on the
detection of root fractures. This previous study concluded
that the file format does not affect such diagnosis [10]. Nev-
ertheless, it is not possible to assure the absence of such
influence on the diagnosis of VREF, since the authors evalu-
ated both horizontal and vertical root fractures in the same
sample, not discriminating specific results for each type of
root fracture.

The methodology used in the current investigation,
based on the experience level of the observers and their
interpretations, strongly supports previous conclusions
that have indicated no differences among different image
compression levels and file formats in the detection of
root fractures. Furthermore, this study considered multi-
ple factors that could affect the results, such as different
radiographic systems and file formats, which prevents the
underestimation or overestimation of the accuracy values
[5,10].

Moreover, the findings of the present study may be con-
sidered especially important in this pandemic period, since
the digital transmission of radiographic files has become
even more important than in the short past [21]. The online
transmission of radiographs facilitates communication
between professionals, and between professionals and
patients, reduces paper waste, in addition to being an alter-
native to minimizing the risk of transmission of COVID-19
through printed radiographs [7,22]. Given that and based
on our results, it seems to be advisable for professionals
to export radiographic images acquired for VRF diagnosis
into JPEG file format, i.e., the highest degree of compres-
sion, which requires less space for storage and facilitates
the online transmission, but it is important to consider local
regulations before clinical application. However, our results
also support that professionals can use the format that best
fits their convenience without compromising the diagnosis.

Conclusion

The file format of periapical radiographs does not influ-
ence the diagnosis of VRF regardless of the digital radi-
ography system.
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