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Effect of digital enhancement on the radiographic assessment
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Abstract
Objectives To evaluate the effect of enhancement tools of intraoral digital radiographs on the assessment of vertical root fracture
(VRF) and to quantify the resultant image noise.
Materials and methods Thirty single-rooted human teeth (15 control and 15 fractured) were each radiographed in four intracanal
conditions: no filling, gutta-percha, metal post, and fiberglass post, totaling 120 original images. Two filters were applied to the
original images—Sharpen filter (SF) and Edge Enhancement filter (EE), and brightness and contrast were adjusted in four
combinations (B&C1 to 4), resulting in 840 images. Five oral radiologists analyzed the images for VRF detection. Pixel intensity
was obtained in two regions from the radiographs. Diagnostic values were calculated and compared by two-way ANOVA, and
the SD values of pixel intensity values were compared by one-way ANOVA (α = 0.05).
Results There were no significant differences in accuracy for VRF detection between the experimental groups (p > 0.05). Teeth
with metal post presented the lowest sensitivity (p < 0.05) for all experimental conditions, except for SF and EE (p > 0.05).
B&C2, B&C3, and B&C4 had higher specificity than SF (p ≤ 0.05) for all intracanal conditions. Analysis of pixel intensity
showed that all enhanced images presented statistically significant higher noise compared to those of the original images (p ≤
0.05).
Conclusion Digital enhancement tools in digital radiography increase image noise; however, they can be used without
compromising VRF detection.
Clinical relevance The use of digital enhancement does not impair the detection of VRF and, therefore, can be applied for this
purpose according to the observer preference.
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Introduction

Vertical root fracture (VRF) is a challenging clinical condi-
tion, and its diagnosis involves both clinical and imaging

assessment. Clinically, the patient might present symptoms
such as pain, swelling, deep probing defects, and tooth mobil-
ity [1] that can be misdiagnosed as a periodontal disorder.
Radiographically, visualization of the fracture line is not al-
ways possible due to little or absent separation of the frag-
ments and/or image overlapping [2]. This difficulty on the
diagnostic task leads to a complex decision making situation
when VRF is suspected. If VRF is confirmed, tooth extraction
is indicated; otherwise, the investigation continues while pa-
tient keeps feeling discomfort and pain [3]. Many efforts have
been directed towards developing and/or improving diagnos-
tic tools for more accurate VRF diagnosis. Cone beam com-
puted tomography (CBCT) has been extensively studied to
improve VRF detection, but its accuracy remains low [3],
especially in endodontically treated cases [1, 4–6] due to the
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presence of artifacts. In addition, VRF investigation requires
higher resolution of CBCT scans, which results in an overall
relatively higher radiation dose compared to intraoral radiog-
raphy [2].

Intraoral digital radiography is widely used in dental prac-
tice. In addition to lower radiation cost, another advantage of
digital radiology is the possibility of image enhancement [7].
Digital enhancement is widely performed in image visualiza-
tion software programs in an attempt to improve image inter-
pretation, and mostly comprises image filters, and brightness
and contrast (B&C) adjustments.

Recent studies analyzed the influence of different levels of
B&C adjustment on the assessment of proximal caries [8] and
root resorptions [9] and did not find any significant impact on
diagnostic performance. Unlike caries and root resorptions
that are depicted on radiographs as gradients of shades of gray
related to their etiopathogenesis, VRFs are expected to present
high-contrast radiolucent fracture lines. The degree of separa-
tion of root fragments is variable, which affects the detection
of those fracture lines [10]. The application of image filters
and/or the variation of B&C could enhance the diagnosis of
VRF. Previous studies have evaluated the influence of digital
filters on the detection of VRF and recommended the use of
“Sharpen” filter for this diagnostic task [11]. The enhance-
ment of digital images has a direct impact on image pixels,
modifying its original values to provide the expected result,
whether it is a B&C adjustment or filter application [12]. The
change in pixel values can result in an increase of image noise
due to the high difference of surrounding pixels, which may
affect image diagnosis [13, 14].

Considering the advances in imaging technology, it is of
utmost importance to direct research into the use of the avail-
able enhancement tools that can act on the images to increase
detection and early VRF diagnosis, without further exposures
to the patient, following the ALADA (as low as diagnostically
acceptable) principle [15]. In clinical practice, these digital en-
hancement tools are used according to the observers’ prefer-
ences, and their influence on the assessment of VRF in teeth
with different intracanal materials has not been compared yet.
Therefore, the aim of this study was to assess the effect of the
post-processing enhancement tools of intraoral digital radio-
graphs on the assessment of VRF with different intracanal ma-
terials, as well as to quantify the resulting image noise. The null
hypothesis was that the use of digital enhancement does not
influence the diagnostic accuracy of VRF or the image noise.

Materials and methods

Sample preparation

After local institutional ethics committee approval (protocol
number #2.057.024), 30 single-rooted extracted human teeth

were collected, cleaned, and disinfected to compose the study
sample. Exclusion criteria consisted of teeth with endodontic
treatment, pulp calcifications, incomplete root formation, or
root resorptive lesions. Root canals were instrumented with
Mtwo NiTi (VDW, Munich, Germany) through their full
length with the sequence of instrumentation 30.05/35.04/
40.04/25.07. With a low-speed bur no. 2 (Exacto, Angelus,
Londrina, Brazil), two thirds of the root canal length was
prepared for intracanal post placement. Teeth were
decoronated at the cementoenamel junction using a diamond
saw (Isomet 1000, Lake Bluff, IL, USA) to avoid memoriza-
tion during radiographic evaluations. VRFwas induced in half
of the sample by introducing a conical metal tip of an Instron
machine (Instron, Canton, MA, USA), set at 500 N and 1 mm/
min, into the canal entrance. Teeth were placed in a 10-mm-
diameter hole of an acrylic resin block, and the metal tip
stopped automatically once the fracture occurred [6]. This
technique leads to root fractures without displacement of the
fragments.

Image acquisition

All teeth were individually placed in a socket of a dry human
mandible section, and a custom-made acrylic device was used
to maintain reproducible exposure geometry according to the
paralleling technique. Images were acquired in a direct digital
intraoral system with a size 2 CMOS sensor, DigoraToto
(Soredex, Tuusula, Finland), X-rayed with Focus
(Instrumentarium, Tuusula, Finland), at 70 kVp, 7 mA, and
exposure time of 0.063 s. The focus-receptor distance was
fixed at 40 cm, and an acrylic plate (25 mm thick) was placed
between the X-ray tube and the teeth to simulate soft tissue
scatter [16]. An aluminum step-wedge (eight steps with 2-
mm-thick increments) was positioned adjacent to the mandi-
ble to standardize the gray values of the initial images, follow-
ing the methodology proposed by Nascimento et al. (2018)
[8].

Each tooth was radiographed in four different experimental
intracanal conditions: no filling, gutta-percha, metal post (co-
balt-chromium alloy), and fiberglass post (Exacto, Angelus,
Londrina, Brazil). The intracanal materials were cautiously
placed inside the root canal to keep the same radiographic
geometry in all acquisitions. No root sealer was used in order
to allow the replacement of intracanal materials between im-
age acquisitions of the same tooth and to avoid filling the
fracture line. Metal and fiberglass posts had the same dimen-
sions. A total of 120 initial radiographs were acquired (30
teeth × 4 intracanal conditions).

Image preparation and assessment

Experimental groups were composed of the original images
and each of the post-processing enhancement tools applied.
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The acquired images were displayed in the radiographic sys-
tem software Digora for Windows 2.6 (Soredex, Tuusula,
Finland) and exported in TIFF format, 8-bit depth, and with
two image filters: Sharpen filter (SF) and Edge Enhancement
(EE). Both filters were applied only once. Additionally, den-
sity and contrast of the original images were verified with aid
of the aluminum step-wedge in ImageJ software (National
Health Institute, Bethesda, MD, USA), and four controlled
adjustments of B&C were performed (B&C1, − 30% bright-
ness and + 30% contrast; B&C2, − 15% brightness and + 15%
contrast; B&C3, + 15% brightness and − 15% contrast; and
B&C4, + 30% brightness and − 30% contrast), according to a
previous study [8] (Table 1). Thus, a total of 840 images were
generated and divided into seven experimental groups:
Original, SF, EE, B&C1, B&C2, B&C3, and B&C4 (Fig. 1).

Five oral and maxillofacial radiologists assessed the im-
ages. The observers were previously trained and calibrated
regarding the VRF diagnosis. Images were randomized and
assessed independently by the observers in JPEGView soft-
ware (www.jpegview.sourceforge.net), which were blinded to
the digital enhancements applied, on a 24.1-in. LCD display
(1920 × 1080 pixels, MDRC-2124, Barco N.V., Courtray,
Belgium) in a dimly lit room. For each image, observers had
to evaluate the presence of VRF and score it in a 5-point scale
as (1) absent, (2) probably absent, (3) uncertain, (4) probably
present, and (5) present.

To avoid visual fatigue, the observers were asked to assess
a maximum of 50 images per day and to maintain an interval
of 3 days between sessions. Thirty days after the end of the
evaluations, 30% of the sample was re-assessed to verify
reproducibility.

An objective image quality evaluation was also performed
to measure image noise after application of the digital en-
hancement tools. Standard deviation of pixel values (SD)
has been used to measure the difference caused by the digital
enhancement tools regarding image noise [13]. For that, im-
ages were imported into ImageJ software, and two 5 × 5 mm
regions of interest (ROI) were registered and reproduced in the
original and enhanced images. ROI 1 was placed in the fourth

step (8 mm thick) of the aluminum step-wedge as a reference
of a homogenous structure, and ROI 2 was placed in the al-
veolar bone (Fig. 2). The SD of the ROIs was measured and
recorded for the experimental groups.

Statistical analysis

Data were analyzed in GraphPad Prism version 7.05
(GraphPad Software, La Jolla, CA, USA). Intra- and inter-
observer agreement were calculated by the weighted Kappa
test. The area under the ROC curve was performed for diag-
nostic accuracy (Az), sensitivity, and specificity values, which
were compared by two-way ANOVA (enhancement tools ×
intracanal materials), with Tukey’s post hoc test. One-way
ANOVA (enhancement tools) with Tukey’s post hoc test
was used to compare the noise of the step-wedge and bone.
The significance level adopted was 5% (α = 0.05). The power
analysis was 0.75 based on the mean minimum differences
among the groups and the mean standard deviation (Biostat
software, v. 5.3, Instituto de Desenvolvimento Sustentável
Mamirauá, Tefé, Amazonas, Brazil).

Results

The mean values of accuracy, sensitivity, and specificity for
all intracanal conditions and experimental group variations are
presented in Table 2. Teeth with intracanal fiberglass posts
presented higher accuracy compared to teeth with no filling
(p ≤ 0.05) for Original (0.64 vs 0.58, respectively) and SF
(0.60 vs 0.47, respectively). No differences were found be-
tween the accuracy of the original (ranging from 0.58 to
0.64, depending on intracanal condition) and digitally en-
hanced images (ranging from 0.47 to 0.66) (p > 0.05); thus,
the first null hypothesis was accepted. In general, metal post
sensitivity was lower (ranging from 0.21 to 0.50) than that of
the other intracanal conditions (p ≤ 0.05) for all experimental
conditions, except for the image filters (SF = 0.47 and EE =
0.50, p > 0.05). The SF presented higher sensitivity (0.47–
0.61) for VRF detection compared to B&C4 (0.21–0.45) in
filled teeth (p ≤ 0.05). Specificity was higher for metal post in
comparison to that of teeth with no filling (p ≤ 0.05) in all
experimental groups. B&C2 (from 0.69 to 0.84), B&C3 (from
0.67 to 0.83), and B&C4 (from 0.71 to 0.88) had higher spec-
ificity than that of SF (ranging from 0.43 to 0.60) for all
intracanal conditions (p ≤ 0.05).

The analysis of image quality showed that all digitally en-
hanced images presented statistically significant higher noise
compared to the original images (p ≤ 0.05) for both ROIs;
thus, the second null hypothesis was rejected. For ROI 1,
placed at the aluminum step-wedge, EE presented the highest
noise value, statistically different from B&C3, B&C4, and SF
(p ≤ 0.05), while B&C3 presented the lowest value, different

Table 1 Characterization of the experimental groups according to the
image digital enhancement tool applied

Experimental groups Digital enhancement tool

Original None

SF Sharpen filter

EE Edge enhancement filter

B&C1 − 30% brightness and + 30% contrast

B&C2 − 15% brightness and + 15% contrast

B&C3 + 15% brightness and − 15% contrast

B&C4 + 30% brightness and − 30% contrast
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from all other groups, except for B&C4 (p > 0.05) (Fig. 3a).
For ROI 2, the noise in B&C1, B&C2, and B&C3 was lower
than in B&C4, SF, and EE (p ≤ 0.05) (Fig. 3b).

The mean intra-observer agreement values ranged from
poor (0.24) to moderate (0.51), and the inter-observer

agreement values ranged from poor (0.03) to reasonable
(0.31), according to Landis and Koch [17].

Discussion

Detecting a fracture line on radiographs is not a straightfor-
ward task, as shown in our results: overall low mean sensitiv-
ity (0.43) and accuracy (0.58), as well as low mean intra-
observer (0.35) and inter-observer agreements (0.2). Similar
results have been found in previous studies that used digital
periapical radiography for VRF detection, with sensitivity
ranging from 0.09 to 0.68 and accuracy from 0.53 to 0.80
[1, 2, 4, 18–21]. Intra- and inter-observer agreements are also
low, ranging from 0.20 to 0.38 and from 0.02 to 0.49, respec-
tively [1–3, 19, 21]. Overall specificity in our study was some-
what higher than other diagnostic values (0.71), which is also
similar to previous results (0.75 to 0.97) [1, 2, 4, 18–21].

Our first hypothesis was that the use of digital enhancement
could positively influence diagnosis of VRF. However, there
was no influence for either filters or B&C adjustments on the
accuracy. In other words, the digital enhancement tools

Fig. 1 Radiographic images of
the same tooth presenting vertical
root fracture with different
intracanal materials according to
the experimental groups of filter
and B&C adjustments studied.
Arrows indicate the fracture line
in the “no filling” condition

Fig. 2 Region of interest 1, placed at the aluminum step-wedge, and
region of interest 2, placed at the alveolar bone for pixel intensity SD
measurement
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applied were not capable to overcome the limitations of
periapical radiography in the detection of root fractures. Due
to superimposition of anatomical structures inherent to the
radiographic technique, the fracture line would only be detect-
ed if the X-ray beam was parallel to the fracture plane, espe-
cially in cases without separation of root fragments.
Furthermore, the presence of intracanal material can mask
the fracture line [1, 3, 19, 22, 23].

Some results may draw attention at first impression, such as
the accuracy of the intracanal fiberglass posts being higher than

that of the teeth with no filling for Original and SF groups.
Mostly, the higher accuracy was an effect of the higher speci-
ficity in those cases (as observed statistically in the SF group).
This can probably be associated with the fact that these posts do
not have enough radiopacity to cover the fracture image or, in
few cases, facilitate detection when the fracture line was located
at its limits. In contrast, the greater specificity shown by metal
post groups in comparison with groups with no filling can be
attributed to the overlapping of images between the post (totally
radiopaque) and the VRF, which possibly leads to the tendency

Table 2 Mean values and SD of the Az, sensitivity, and specificity related to the detection of vertical root fractures in the different experimental groups
according to intracanal condition

Diagnostic
values

Intracanal
condition

Experimental groups

Original SF EE B&C1 B&C2 B&C3 B&C4

Az
No filling 0.58 (0.11) Bab 0.47 (0.15) Bb 0.50 (0.11) Aab 0.53 (0.05) Aab 0.60 (0.06) Aa 0.60 (0.07) Aa 0.59 (0.10) Aab
Gutta-percha 0.59 (0.13) ABab 0.50 (0.08) ABb 0.61 (0.03) Aab 0.60 (0.09) Aab 0.62 (0.09) Aa 0.62 (0.12) Aa 0.53 (0.05) Aab
Metal post 0.60 (0.08) ABa 0.53 (0.09) ABb 0.61 (0.07) Aa 0.54 (0.06) Aab 0.59 (0.07) Aa 0.52 (0.10) Aab 0.56 (0.09) Aab
Fiberglass post 0.64 (0.13) Aab 0.60 (0.06) Ab 0.59 (0.03) Ab 0.58 (0.05) Ab 0.66 (0.05) Aa 0.62 (0.06) Aab 0.59 (0.08) Ab

Sensitivity
No filling 0.44 (0.16) Aa 0.52 (0.09) Aa 0.44 (0.06) Aa 0.40 (018) Aa 0.48 (0.16) Aa 0.47 (0.19) Aa 0.45 (0.21) Aa
Gutta-percha 0.40 (0.17) Aab 0.47 (0.12) Aa 0.45 (0.16) Aab 0.47 (0.18) Aab 0.47 (0.16) Aab 0.40 (0.12) Aab 0.36 (0.16) Ab
Metal post 0.36 (0.22) Bb 0.47 (0.12) Aa 0.50 (0.19) Aa 0.23 (0.15) Bb 0.32 (0.21) Bb 0.25 (0.20) Bb 0.21 (0.07) Bb
Fiberglass post 0.48 (0.13) Aab 0.61 (0.18) Aa 0.52 (0.14) Aab 0.44 (0.20) Aab 0.52 (0.14) Aab 0.48 (0.13) Aab 0.35 (0.06) Ab

Specificity
No filling 0.69 (0.16) Ba 0.43 (0.26) Bb 0.56 (0.26) Bab 0.65 (0.15) Bab 0.69 (0.09) Ba 0.67 (0.18) Ba 0.72 (0.13) Ba
Gutta-percha 0.69 (0.25) Bab 0.53 (0.21) Ab 0.77 (0.21) Aa 0.77 (0.19) Aa 0.75 (0.20) ABa 0.76 (0.25) ABa 0.71 (0.18) Ba
Metal post 0.84 (0.17) Aa 0.60 (0.26) Ab 0.73 (0.13) Aab 0.78 (0.17) Aa 0.84 (0.14) Aa 0.77 (0.21) ABa 0.88 (0.17) Aa
Fiberglass post 0.76 (0.23) ABa 0.59 (0.24) Ab 0.67 (0.18) Aab 0.69 (0.20) ABab 0.73 (0.26) ABa 0.83 (0.16) Aa 0.79 (0.12) ABa

Uppercase letters indicate statistically significant differences in the columns (within each experimental group for the intracanal conditions), and
lowercase letters indicate statistically significant difference in the rows (within each intracanal condition for the experimental groups tested) according
to two-way ANOVA with Tukey’s post hoc test and significance level of p < 0.05

SF Sharpen filter, EE Edge enhancement, B&C brightness and contrast adjustment, SD standard deviation, Az area under ROC curve

Fig. 3 Graphs of the pixel intensity SD values according to the region of
interest and experimental groups. a The SD values of pixel intensity on
the aluminum step-wedge. b The SD values of pixel intensity on the

alveolar bone. Different letters above the bars indicate a statistically
significant difference between the experimental groups.
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of the “absence of VRF” response. This increases both the
number of true negatives and false negatives, which reflects
high specificity and low sensitivity, respectively, as observed
in the metal post group.

Contrast reduction, as in B&C4, reduces differentiation
between structures, which leads to lower sensitivity when
compared to the SF in cases of filled teeth. In these cases,
higher sharpness as a result of the SF may have facilitated
the detection of the fracture line, even when a post or gutta-
percha was present.

Concerning the use of digital enhancement, no previous
study had assessed the EE filter for the VRF assessment.
Barayan et al. [24] analyzed the effect of image filters (e.g.,
inversion, histogram equalization, and polynomial) on the di-
agnosis of horizontal root fractures in digital periapical radio-
graphs and found that none of those influenced the diagnosis.
Other studies assessed different filters in the diagnosis of VRF
(e.g., reverse-contrast, colorization, sharpness, zoom-in-mag-
nification, and pseudo-3D) [25, 26] and found no significant
influence on the performance for VRF detection, corroborat-
ing with our results. Controversially, another study [11]
assessed filters for VRF detection and found an increase on
diagnostic accuracy for the Sharpen filter. This fact led us to
compare the application of SF to the other digital enhance-
ments; however, such improvement in VRF assessment was
not observed in the present study. Unlike the present study,
these authors [11] assessed only teeth without intracanal ma-
terial, which may have led to the higher accuracy. Studies that
have used digital subtraction radiography to evaluate the ac-
curacy in the diagnosis of VRF [21, 27] verified that such
image analysis technique offers an acceptable diagnostic ac-
curacy and, therefore, can be considered when VRF is
suspected. However, this technique was not able to improve
the diagnostic accuracy. Additionally, the radiographs used
for subtraction process must present the same features (bright-
ness, contrast, and acquisition geometry) and are acquired in
distinct moments. Therefore, limitations of periapical radiog-
raphy regarding acquisition standardization in clinical practice
affect the subtraction andmay not be feasible as a daily routine
[27].

Information on the effect of each filter on pixels is not
provided by the manufacturer. However, as observed in this
and previous studies, EE filter increases the contrast between
structures along the outlines of the image while SF increases
the contrast-to-noise ratio by grouping high-contrast pixels,
thus increasing the contrast between structures and smoothing
more homogeneous areas [11, 28]. All digital enhancements
presented higher noise on both aluminum step-wedge and
bone than original images. This means that the noise is in-
creased when images are post-processed. In part, this result
was expected since previous studies found an increase in noise
as the sharpness was increased [13, 29]; however, surprising-
ly, B&C adjustments also affected image noise. While

brightness influences the overall darkening (or brightening)
of the image, contrast alters the nuances of gray values.
Mostly, the contrast may have influenced the noise occurrence
in the images because of its more direct impact in between
adjacent structures; however, as these changes were applied
jointly, it was not possible to assess their isolated effect on
image noise. The changes in gray values were caused by con-
trast and brightness tools. Noise was higher in SF than in B&C
adjustments. As SF specificity was lower for all intracanal
conditions than that of B&C2, B&C3, and B&C4, it may be
speculated that noise appearance in the image leads to false
positive cases and, therefore, reduced specificity. Another fac-
tor observed was that the same filter or B&C adjustment re-
sulted in different means of pixel intensity SD when different
structures were evaluated. Thus, the effect of digital enhance-
ment and noise in different structures and diagnostic tasks
could be assessed in future studies.

When contrast is increased, all pixel values are shifted to
the extremes of the gray scale, i.e., dark pixels get darker and
bright pixels get brighter; thus, it changes the mean gray value
of a ROI [12]. An increase in contrast results in the increase of
the difference between the gray values of the fracture line and
adjacent root dentin [12]. Furthermore, reduced brightness
may also result in the enhancement of radiolucent areas, such
as the fracture line. However, these features were not suffi-
cient to have a positive impact on the diagnostic accuracy.

It is necessary to consider the individual visual perception
of the observers, which results in personal preferences for
different filters or levels of B&C of the images. Levels of
B&C in this study were adjusted within a pre-set range and
not freely chosen by the observers. Since no differences in
diagnostic performance were found between the different
post-processing enhancement tools, these tools can be applied
according to the observers’ preference in clinical practice,
without compromising diagnostic accuracy, for SF, EE, and
within the limits of the tested levels for B&C (+ 30 to − 30%).

In vitro radiographic studies focus on the detection of the
radiolucent fracture lines and do not reproduce the whole clin-
ical scenario. Diagnosis of VRF involves the assessment of
other clinical signs and symptoms (e.g., sinus tract, pain and/
or swelling, and deep, narrow, isolated periodontal pocket)
and indirect radiographic signs (e.g., radiolucent areas adja-
cent to the roots).

Conclusion

In conclusion, the diagnostic accuracy for VRF detection is
low, and the use of enhancement tools in digital radiography
increases image noise and does not aid or impair its detection.
Therefore, it may be used according to the observer’s
preference.
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