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Influence of phosphor plate—based radiographic image )
specifications on fractal analysis of alveolar bone RCE

Nicolly Oliveira-Santos, DDS, MS, Mariane Michels, DDS, MS, Deborah Queiroz Freitas, DDS, MS, PhD,
Francisco Haiter-Neto, DDS, MS, PhD, and Matheus Lima Oliveira, DDS, MS, PhD

Objective. The aim of this study was to evaluate the influence of spatial resolution, bit depth, and enhancement filters on the frac-
tal dimension (FD) of photostimulable phosphor (PSP) plate—based intraoral radiographic images of alveolar bone.

Study Design. Periapical radiographs were obtained using PSP plates, which were scanned at 2 spatial resolutions: 1270 dpi and
2000 dpi. All images were subjected to 3 enhancement filters—Perio, Endo, and Fine—and exported in 8 and 16 bits. A region-
of-interest was selected on alveolar bone and the FD value was calculated. The multiway analysis of variance test followed by the
post hoc Tukey test compared the FD values between the different groups (o = 0.05).

Results. No significant difference was observed in FD values between the 8- and 16-bit images. Except for the Perio filter,
FD values were significantly higher for images at 1270 dpi. FD values were significantly higher for the Perio filter,
followed by the Endo filter, and the Fine filter. The FD values of the Fine filter did not differ significantly from the original
image.

Conclusions. Fractal analysis of alveolar bone obtained from PSP plate—based intraoral radiographic images is influenced by
spatial resolution and some digital enhancement filters; therefore, for FD comparison purposes, images should have the same

specifications. (Oral Surg Oral Med Oral Pathol Oral Radiol 2019;128:418—423)

Fractal analysis (FA) is an objective and quantitative
method to express the complexity of structures, numer-
ically represented as the fractal dimension (FD); higher
FD values indicate greater complexity, and vice
versa.'” Numerous studies in different fields of sci-
ence, such as engineering,” physics,” and geophysics,
have used FA.° In dentistry, FA has been used in the
evaluation of the radiographic aspects of trabecular
bone architecture.””

FA of trabecular bone can reveal information that is
not often visible to the naked eye and may contribute
to greater diagnostic accuracy,”” for instance, struc-
tural patterns as an indicator of bone strength.'’ How-
ever, the correlation between FD values with different
clinical conditions, such as temporomandibular disor-
ders and osteoarthritic alterations,” hyperparathyroid-
ism, ' osteogenesis imperfecta,12 osteoporosis,l‘m‘14
suture maturation, and implant insertion torque,
remains controversial. It is not clear yet whether the
differences observed in FD values among similar
studies represent actual changes in bone structure or
limitations of the analysis as a result of lack of stan-
dardization of image specifications and calculation
methods.’

Because FD is obtained from a digital image, the
final value may be influenced by many factors that
have not yet been considered in previous scientific
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studies. Among the most important are spatial reso-
lution, bit depth, and image enhancement condition.
Spatial resolution, also referred to as sharpness or
blurriness, represents the capability of an image to
distinguish between 2 objects; thus, different spatial
resolutions could possibly alter the limits of the
medullary space and bone trabeculae, affecting the
apparent trabecular thickness and, consequently, the
calculation of FD.'® Bir depth indicates the capabil-
ity of a digital image to depict structures of very
similar physical properties with the most accurate
gray level; considering that image binarization is an
essential step during FA, it is important to assess
whether bit depth affects thresholding for that pur-
pose. Digital image enhancement is a postprocessing
collection of methods that operate on an image with
the aim of enhancing particular features, such as
edges and contrast, to increase diagnostic accuracy.

Considering the potential contribution of FA in
the diagnostic process, the aim of this study was to
evaluate the influence of spatial resolution, bit depth,
and enhancement filters of photostimulable phosphor
(PSP) plate—based intraoral radiographic images on
the FD of alveolar bone.

Statement of Clinical Relevance

Fractal dimension analysis can add information on
bone structure when evaluating diseases but
presents limitations not studied before. This study
shows that standardization of digital radiographic
image specifications is important in the fractal
dimension analysis of alveolar bone.
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MATERIALS AND METHODS

Radiographic acquisition

After approval of the project by the local insti-
tutional research ethics committee (protocol
#88145018100005418), 10 dry human mandibles
were selected. Five repeated periapical radiographs
were obtained using the paralleling technique from
20 posterior anatomic regions (2 from each mandi-
ble) with the aid of an acrylic device that allowed
for standardized positioning. A 24-mm-thick
acrylic plate was placed between the radiation
source and the mandible to simulate soft tissue
attenuation (Figure 1).

All radiographic images were obtained using the
same size 2 photostimulable phosphor (PSP) plate
from the VistaScan digital radiographic system (Dtrr
Dental, Beitigheim-Bissingen, Germany) and the
FOCUS dental X-ray unit (Instrumentarium, Tuusula,
Finland), adjusted to operate at 70 kVp, 7 mA, an expo-
sure time of 0.16 second, and a focus-receptor distance
of 30 cm.

Each radiographic image was obtained in dupli-
cate so that the PSP plates could be scanned at 2
spatial resolutions—1270 dpi (25 lp/mm) and 2000
dpi (40 lp/mm)—using the DBSWIN software
(Dirr  Dental, Beitigheim-Bissingen, Germany).
Each resulting image was subjected to 3 dig-
ital image enhancement filters—Perio, Endo, and
Fine—and exported in TIFF (tagged image file for-
mat) at 2 bit depths: 8 and 16. No other software-
related image manipulation, such as adjustment of
brightness, contrast, or gamma, was performed.
This methodologic design resulted in 16 evaluation
conditions (Figure 2)—2 spatial resolutions x 2 bit
depths x 4 enhancement conditions (original + 3
filters)—with a total of 1600 radiographic ima-
ges (16 evaluation conditions x 20 anatomic
regions X 5 repetitions).
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Fractal analysis

A square region of interest (ROI) of 240 x 240 pixels
was selected in the 1270 dpi images and of 377 x 377
pixels in the 2000 dpi images on alveolar trabecular
bone, avoiding anatomic structures such as the peri-
odontal ligament space, dental roots, and mandibular
canal. Figure 3 shows the histograms of the ROI in the
different groups. The ROIs of the same anatomic
region were positioned in the same place in all images
by using the Macro function of the Imagel] software
(Figure 4). Each ROI, after being binarized and out-
lined (Figure 5), had the FD value calculated with use
of the differential box-counting method implemented
by Sarkar and Chaudhuri,'” using the ImagelJ/Fiji soft-
ware (version 2.0.0), a public domain software devel-
oped by the National Institutes of Health, coupled with
the FracLac plug-in (https://imagej.nih.gov/ij/plugins/
fraclac/fraclac.html). The maximum box size was
adjusted at 45% of the ROI size, the minimum box size
was 2 pixels, and the box series was linear.'® Binariza-
tion is a process that converts an image to black and
white based on a specific threshold. In the present
study, the threshold (T) was automatically calculated
as follows: T = (average background + average objects)
=+ 2, having the medullary space as the background and
the bone trabeculae as the objects. Additionally, the
outline process contours the pixels of the structures of
a binary image (https://imagej.nih.gov/ij/docs/menus/
process.html).

Statistical analysis

Using SPSS software version 24.0 (SPSS Inc., Chi-
cago, IL), a multiway analysis of variance, followed by
the post hoc Tukey test, was performed to assess the
effects of the different conditions of spatial resolution,
bit depth, and digital image enhancement and their
interactions on FD values. The level of significance
was established at 5% (o =0.05).

Fig. 1. Photograph of the acrylic apparatus used to ensure reproducible radiographic exposure geometry with the image receptor,
mandible, and X-ray source positioned according to the paralleling technique.
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Fig. 2. Representative radiographic images under different conditions of spatial resolution, bit depth, and image enhancement.
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8 bit 16 bit 8 bit 16 bit

Perio

Endo

Fine

Original

Fig. 3. Histograms of the regions of interest (ROIs) of the radiographic images under different conditions of spatial resolution, bit
depth, and image enhancement.

Fig. 4. Radiographic images at different spatial resolutions with the region of interest (black-outlined square) positioned on the
same anatomic region. A, 1270 dpi. B, 2000 dpi.

RESULTS were significantly higher for images at 1270 dpi compared
Table I shows FD mean values of images under different with those at 2000 dpi (P < .05), except for the Perio filter.
conditions of spatial resolution, bit depth, and digital image No statistically significant differences were observed in

enhancement. With regard to spatial resolution, FD values FD values between the 8- and 16-bit images (P > .05).
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Fig. 5. Resulting cropped region of interest after digital processing for fractal analysis. A, Original. B, Binarized. C, Outlined.

Table I. Mean values (standard deviation) of fractal
dimension (FD) values according to spatial
resolution, bit depth, and image enhancement

condition

Bit depth  Enhancement condition Spatial resolution

1270 dpi 2000 dpi

8-bit Perio 1.75 (0.02)* 1.75 (0.03)
Endo 171(0.02)"  1.68(0.04)
Fine 1.65 (0.0S)T 1.57 (0.06)
Original image 1.64 (0.06)" 1.56 (0.07)

16-bit Perio 1.75 (0.02)* 1.76 (0.03)
Endo 1.72 (O.OZ)T'1 1.68 (0.04)
Fine 1.65 (0.0S)T 1.57 (0.06)
Original image 1.64 (0.06)" 1.57 (0.08)

*Significantly greater than other enhancement conditions.
Significantly greater than 2000 dpi for the same enhancement condi-
tion and bit depth.

iSignificantly lower than the Perio filter and greater than the Fine fil-
ter and original image. Bit depth did not produce significant differen-
ces (P > .05).

With regard to the digital enhancement conditions, FD
values were significantly higher for the Perio filter, fol-
lowed by the Endo filter, and the Fine filter (P < .05).
The FD values of the Fine filter did not differ significantly
from the original image (P > .05).

DISCUSSION

FD is an objective measurement to describe the archi-
tectural complexity of bone tissue, including shapes
and structural patterns. Previous studies have produced
controversial results of this analysis for different diag-
nostic tasks; however, most of them did not follow a
strictly standardized method. Geraets and van der
Stelt'” stated that all stages in the “analytic chain” of
FA have an impact in the assessment of bone, but they
were mainly referring to the wide range of methods
and their variations. Analog radiographic systems have
been extensively replaced by digital systems by various
manufacturers and present different features and vary-
ing specifications in the production of images. This

adds even more stages to the FA chain and poses extra
challenges for image standardization before FA.

Higher spatial resolution produces images of greater
sharpness at an increased file size. In the present study,
except for the Perio filter, lower spatial resolution
(1270 vs 2000 dpi) resulted in significantly higher FD
values. The authors believe that this can be explained
by the fact that larger pixels (lower spatial resolution)
at bordering areas, such as the interface of the trabecu-
lar bone with the medullary space, assume an interme-
diate gray level that may lead to increased trabecular
thickness after binarization. This hypothesis is sup-
ported by the fact that reduced trabecular thickness has
been associated with increased FD values.'® Future
studies should more closely investigate the effect of
different binarization methods on FD values. The influ-
ence of spatial resolution on FA was also observed by
Baksi and Fidler '®; however, in contrast to the present
study, higher spatial resolution led to increased FD val-
ues. This difference can possibly be explained by the
fact that in Baksi and Fidler’s study,'® much lower spa-
tial resolutions (397 and 651 dpi) were used compared
with those in the present study (1270 and 2000 dpi),
which may have resulted in loss of information regard-
ing trabecular bone. Considering the lack of a gold
standard for FA, further studies making use of a wide
range of spatial resolutions are recommended to detect
any potential correlation with FD values.

In the present study, the bit depths tested did not
significantly affect the FD values, which suggests
that 8-bit images are adequate to analyze the com-
plexity of alveolar trabecular bone; the gray scale of
a radiographic image does not rely only on bit depth
but also on the physical properties of the radio-
graphed tissue.'”?' To the best of our knowledge, no
other study has assessed the effects of bit depth in
FA. Studies comparing different bit depths of digital
radiographic systems for diverse diagnostic tasks
concluded that higher values led to better differentia-
tion of structureslg’zl; however, these studies made
use of subjective analyses, such as sensitivity and
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specificity, and evaluated different structures, such
as teeth and dental materials.

Radiographic systems currently on the market offer an
extensive number of digital enhancement filters.”>* This
is beneficial because it increases the possibility of image
enhancement but is fairly limiting because filters are soft-
ware specific—that is, they are not standardized. The
methodology of the current study included filters from
DBSWin software (Perio, Endo, and Fine), that we sub-
jectively considered appropriate for the assessment of
alveolar trabecular bone. Irrespective of spatial resolution
and bit depth, the Perio filter had the highest FD values,
followed by the Endo filter, and the Fine filter, which did
not differ from the original nonfiltered image. This
reveals that some enhancement filters adjust the radio-
graphic gray scale in a way that affects FD values. Inter-
estingly, all image enhancement filters used in this study
are categorized as high-pass filters, which increases the
sharpness of the radiographic image.””" In a recent
study, it was observed that the Perio filter increases the
participation of high frequencies while decreasing the
participation of low frequencies by 90%, the Endo filter
by 80%, and the Fine filter by 50%.>* Thus, it is possible
to observe that FD values increase linearly when sharp-
ness is increased and smoothing is decreased.

In a previous study, the Perio and Endo filters
increased image noise of bone, but the same did not
occur with the Fine filter.”* Because FD is sensitive to
image noise,”> we believe that the noise from the
images with the Perio and Endo filters might have
added different information to the image texture to sig-
nificantly increase the FD values. Furthermore,
increased sharpness from filters has been shown to
increase image noise and affect spatial resolution,
either by improving or degrading the ability to detect
detail in the radiographic image.”® Considering that the
Perio filter led to the highest sharpness, this exacer-
bated sharpness must have greatly increased the noise
to the point of reducing the ability to detect details in
the image with higher spatial resolution. This may
explain the fact that the Perio was the only filter that
did not differ significantly between the 2 spatial resolu-
tions used: 1270 and 2000 dpi (P > .05). Although we
found some differences between the enhancement fil-
ters, no conclusion could be drawn regarding their
effects on diagnostic accuracy.

The present methodology made use of a digital tool
(Macro function) from the ImageJ software to ensure
that the ROIs were exactly at the same location/posi-
tion on repeat radiographic images of the same ana-
tomic region. However, it should be mentioned that
even when making use of an apparatus to keep
the same geometric alignment, we detected an unavoid-
able minimal shift of the images because the PSP plate
became slightly loose in the cassette during scanning.

October 2019

Despite this limiting condition, the standard deviation
(SD) of the FD values of the repeat radiographic
images ranged from 0.02 to 0.08 (coefficient of varia-
tion between 1% and 5%), indicating no substantial
influence on our results. Furthermore, such limitation
represents the clinical scenario. All 20 ROIs were
intentionally selected in the posterior region, away
from sclerotic areas and lesions, which may have
resulted in a similar bone pattern and contributed to the
observed low overall SD values.

Our findings contribute to the scientific literature by
demonstrating the importance of maintaining the same
image specifications for FA. Any further study on this
topic should consider this in depth. As new technolo-
gies are developed and deployed, new studies are
needed to verify if the outcomes from obsolete systems
are still valid and if different radiographic systems
with different postprocessing algorithms provide the
same results.

CONCLUSIONS

FA is influenced by spatial resolution and by some dig-
ital enhancement filters of PSP plate—based intraoral
radiographic images of alveolar bone. Therefore, the
same image specifications and processing conditions
should be used for FD comparison purposes.
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