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Effectiveness of digital subtraction radiography in detecting artificially created osteophytes
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ABSTRACT

Purpose: Erosions and osteophytes are radiographic characteristics that are found in different stages of
temporomandibular joint (TMJ) osteoarthritis. This study assessed the effectiveness of digital subtraction
radiography (DSR) in diagnosing simulated osteophytes and erosions in the TMJ.

Materials and Methods: Five intact, dry human skulls were used to assess the effectiveness of DSR in detecting
osteophytes. Four cortical bone chips of varying thicknesses (0.5 mm, 1.0 mm, 1.5 mm, and 2.0 mm) were placed
at the medial, central, and lateral aspects of the condyle anterior surface. Two defects of varying depth (1.0 mm
and 1.5 mm) were created on the lateral, central, and medial poles of the condyles of 2 skulls to simulate erosions.
Panoramic images of the condyles were acquired before and after artificially creating the changes. Digital subtraction
was performed with Emago dental image archiving software. Five observers familiar with the interpretation of
TMI radiographs evaluated the images. Receiver operating characteristic (ROC) analysis was used to evaluate the
diagnostic accuracy of the imaging methods.

Results: The area under the ROC curve (Az) value for the overall diagnostic accuracy of DSR in detecting
osteophytic changes was 0.931. The Az value for the overall diagnostic accuracy of panoramic imaging was
0.695. The accuracy of DSR in detecting erosive changes was 0.854 and 0.696 for panoramic imaging. DSR was
remarkably more accurate than panoramic imaging in detecting simulated osteophytic and erosive changes.
Conclusion: The accuracy of panoramic imaging in detecting degenerative changes was significantly lower than the
accuracy of DSR (P <.05). DSR improved the accuracy of detection using panoramic images. (Imaging Sci Dent
2017; 47: 99-107)
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Introduction

Radiographic evaluations play an important role in di-
agnosing temporomandibular joint (TMJ) conditions.' Tt
has been confirmed that a clinical examination alone is
not reliable for diagnosing TMJ disorders (TMD).” Ra-
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diographic evaluations are used to detect osseous abnor-
malities, to estimate the severity of abnormalities, and to
assess the condyle-fossa relationship.' Loss of articular
cortication, erosion, sclerosis, flattening of the articular
surface, and osteophyte formation are the most common
osseous features of degenerative arthritis of the TMJ.>*
Furthermore, articular surface erosion and osteophytes
are radiographic characteristics that are found in different
stages of TMJ osteoarthritis.”

Cortical erosion is seen in the early stages of degenera-
tion. This suggests that the TMJ is unstable and that the
modification of osseous joint surfaces may be taking place,
which may lead to occlusal changes. Erosions are seen
as areas of decreased density on the osseous surface with
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interruption and non-uniformity of the cortical outline.
In contrast, osteophytes present in later stages of degen-
eration to stabilize and broaden the surface of the joint in
order to better resist loading forces. This indicates that the
body is adapting to repair the TMJ. Osteophytes are seen
as areas of new cartilage and bone formation, and, radio-
graphically, they present as marginal bony outgrowths.’

A superimposition-free image of the TMJ and the sur-
rounding structures is necessary for accurate diagnosis
and proper treatment planning in TMD patients.6 Revesz
et al.” reported that the detectability of a radiographic fea-
ture depends on its own characteristics and the structures
surrounding it. The authors also stated that the visibility
of a lesion is directly proportional to its own contrast and
is inversely proportional to the background noise. There-
fore, lesion detection can be improved by reducing the
background noise.

Currently, the techniques used to evaluate bony chang-
es in the TMJ include panoramic imaging, panoramic
TMIJ radiography, conventional tomography, computed
tomography (CT), and cone-beam computed tomography
(CBCT). Panoramic images show the right and left man-
dibular condyles in open and closed positions in a single
image. These images contain superimposition of the skull
base and zygomatic arches over the TMJ, making it diffi-
cult to detect the extent of the disease. Moreover, the an-
atomic relations of the TMJ bony structures are not seen
properly on panoramic images. However, these images
are considered suitable for an initial diagnosis.6’8

In order for an alteration to become visible on a con-
ventional radiograph, approximately 30%-50% of bone
mineral content must be lost.” New techniques that may
increase the sensitivity of detecting small bone mineral
changes without reducing the specificity have been in-
vestigated. Digital subtraction radiography (DSR) is a
technique that decreases the structural noise by eliminat-
ing identical image features in serially acquired radio-
graphs.m DSR hides the background features, reduces the
background complexity, compresses the dynamic range,
and enhances small differences by superimposing images
obtained serially at different times.'*"!

Existing guidelines proposed by the Research Diagno-
stic Criteria for Temporomandibular Disorders have con-
ventionally suggested CT as the modality of choice for
the assessment of osseous changes of the TMJ 2 Since it
involves lower doses of radiation, however, CBCT is pre-
ferred over CT, and it is now the modality of choice for
evaluating osseous structures of the TMJ.""'? Yet, these
techniques expose patients to more radiation than pano-

ramic radioglraphy.8 On the contrary, DSR acquisition
requires only 2 panoramic radiography exposures, which
leads to considerably lower doses of radiation. This advan-
tage plays an important role in reducing exposure doses,
particularly in young patients.

Multiple imaging systems have been used to detect os-
teophytes and erosions, but with marginal results.” DSR
may provide the clinician with a more effective technique
to detect such changes with a considerably lower dose of
radiation.

The aim of this study was to assess the effectiveness of
DSR in diagnosing simulated osteophytes and erosions in
the TM1.

Material and Methods

Study design

Five intact, dry human skulls with no obvious evidence
of degenerative joint pathology were selected and used to
assess the effectiveness of DSR in detecting osteophytes.
Four different cortical bone chips of varying thicknesses
(0.5mm, 1.0 mm, 1.5 mm, and 2.0 mm) were created from
the cortical bone of a dry human mandible. All 4 bone
chips were pyramidal in shape and had a base of roughly
3 mm X 3 mm with specific heights of 0.5 mm, 1.0 mm,
1.5 mm, and 2.0 mm. Each of the chips was placed at the
medial, central, and lateral aspects of the condyle anterior
surface to mimic osteophytes (Fig. 1A).

Two skulls with no obvious evidence of degenerative
joint pathology were used for the evaluation of erosive
change. Two round defects measuring 1.0 mm and 1.5 mm
in diameter were created on the lateral, central, and me-
dial poles of the superior aspect of the condyle to mimic
erosions (Fig. 1B).

Imaging

Mandibular condyles were stabilized in a fixed position
relative to the glenoid fossa and the articular eminence
with a removable silicone-based impression material. The
skulls were fixed onto an adjustable tripod apparatus for
positioning in the panoramic radiography machine (Fig.
1C).

Panoramic images of every condyle were acquired be-
fore creating each of the artificial changes and were used
as reference images to eliminate the effect of previous
changes in the resulting image. After creating artificial
bone changes, second images were obtained. Bone chang-
es were not created simultaneously in the same condyle.
Only one change was made and imaged at a time. The im-
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Fig. 1. A. Bone chips were used to simulate osteophyte formation on the condylar heads. B. An artificial erosion was created on the medial
pole of the right condyle. C. The skull was positioned for panoramic image acquisition.

-

age subsequent to the first defect served as a base image
for the second defect, since the image of the first defect
would be eliminated by DSR, and so on. Thus, an even
number of images with and without bone changes were
used in the study. Panoramic images were acquired using
a digital panoramic machine (Morita Veraviewepocs, J.
Morita Mfg. Corp., Kyoto, Japan). The exposure param-
eters were 60 kVp, 2 mA, and 14 seconds, and these set-
tings were maintained throughout the study. Forty-eight
images per skull for the osteophytes were acquired, in-
cluding 24 images without bone chips and 24 images with
bone chips, for a total of 240 images from the 5 skulls.
Twenty-four images per skull were obtained for the ero-
sions: 12 images without erosions and 12 images with
erosions, for a total of 48 images from 2 skulls. The con-
trast of the images was adjusted and standardized using
histogram features within the proprietary software of the

Fig. 2. A. A panoramic image shows
the 2.0-mm bone chip placed on
the anterolateral aspect of the right
condylar head. B. A subtracted im-
age shows the same condyle with
the same bone chip.

panoramic machine. Panoramic images were then export-
ed and saved in the bitmap format.

DSR images were created from the panoramic images
using the Emago dental image archiving software (Oral
Diagnostic Systems, Amsterdam, The Netherlands). All
image manipulation procedures, including image acqui-
sition, storage, alignment, and gamma-corrected digital
subtraction, were made with this software. The program
allowed the operator to choose various reference points
on the radiographs in order to achieve an optimal match
between 2 panoramic images for the DSR image. DSR
was obtained by subtracting the reference image from the
subsequent image. Changes associated with bone gain ap-
peared brighter than the background (Fig. 2), and changes
associated with bone loss appeared darker than the back-
ground (Fig. 3).
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Image evaluation

Five observers (2 oral and maxillofacial radiologists,
2 medical radiologists, and 1 oral and maxillofacial sur-
geon) who were familiar with the interpretation of TMJ
radiographs evaluated the images independently. Before
each evaluation session, observers were given verbal and
written instructions. Sample images of each technique
were also shown to observers before each evaluation ses-
sion as a calibration session.

DSR images were randomized and displayed under dim
lighting using a 20.1-inch Digital Imaging in Communi-
cations and Medicine monitor (Dome GX2MP, NDS Sur-
gical Imaging, LLC, San Jose, USA), a 1600 X 1200 res-
olution, a 10-bit gray-scale, and a 24-bit color capability.
In order to standardize the image quality, observers were
not allowed to modify the contrast or brightness of imag-
es but were able to use the default magnification option in
the Windows 7 Home Basic operating system.

All 5 observers evaluated each of the 2 techniques
blindly in separate sessions and rated their level of con-
fidence with respect to the presence or absence of the
simulated bony pathosis. In a third viewing session, each
observer reevaluated images from 1 of the 2 techniques,
chosen randomly, to assess intraobserver reliability. No
time limit was set for image evaluation. Observers as-
sessed the images on a 5-point scale, with 1 representing
lesions definitely not being present and 5 representing le-
sions definitely being present.

Statistical analysis

All statistical analyses were performed using NCSS
2004 (NCSS LLC, Kaysville UT, USA). Receiver oper-
ating characteristic (ROC) analysis was used to evalu-
ate the diagnostic accuracy of both imaging techniques.
The relationship between techniques and bony changes

Fig. 3. A. A panoramic image shows
a 1.5-mm erosion created on the
medial pole of the right mandibular
condyle. B. A subtracted image
shows the same condyle with the
erosion.

was assessed using the chi-square test. Intraobserver and
interobserver agreement were determined by kappa (k)
tests. P<.05 was considered to indicate statistically sig-
nificance in all analyses.

Results

Detection of artificial osteophytes in panoramic

imaging and DSR

In the assessment of osteophytes, near-perfect intraob-
server agreement was found (k=0.89, P<.05). Perfect
interobserver reliability was also found for panoramic
imaging and DSR, with k values of 0.96 and 0.95, respec-
tively (P < .05). The area under the ROC curve (Az) for the
overall diagnostic accuracy of detecting osteophytes was
0.931 for DSR and 0.695 for panoramic imaging. DSR
was remarkably more accurate than panoramic imaging in
detecting simulated osteophytic changes (P < .05). Table 1
shows the pooled Az values for all observers across all lo-
cations and lesion sizes for panoramic imaging and DSR.
Figure 4A shows the ROC curves for the 2 modalities.

Table 2 shows chi-square test results by technique and
lesion size. For data analysis, the 0.5-mm and 1.0-mm
bone chips were classified as small osteophytes, and the
1.5-mm and 2.0-mm bone chips were classified as large
osteophytes. There was a significant difference between
panoramic imaging and DSR (P < .05). In the large osteo-
phyte group, 63.3% of osteophytes were detected by pan-
oramic imaging, and in the small osteophyte group, 11.6%
of osteophytes were detected by panoramic imaging. Fur-
thermore, 100% of osteophytes were detected by DSR in
the large osteophyte group, while 71% of osteophytes were
detected by DSR in the small osteophyte group. Osteo-
phytes greater than 1 mm could be easily seen via DSR.

Table 3 shows chi-square test results by technique and
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Table 1. Mean areas under the receiver operating characteristic curve for the 2 imaging techniques and all osteophyte sizes and locations

Asymptotic 95% CI

Areas under the receiver

Technique . . P
operating characteristic curve Lower bound Upper bound
Panoramic imaging 0.695+0.020 0.656 0.734 <.001
Digital subtraction radiography 0.931+0.009 0913 0.948 <.001
ROC curve ROC curve
A, B 1o
= DSR
i _ Panoramic
03 G5 // Reference line
> 0.6 z 0.6 -
2 2
& 044 &g 041
0.2 0.2 1
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Specificity Specificity

Fig. 4. A. Receiver operating characteristic (ROC) analysis of the detection of overall condylar osteophytes. Curves were plotted from the
data obtained for each modality when all osteophyte sizes and locations were considered. B. ROC analysis of the detection of overall con-
dylar erosions. Curves were plotted from the data obtained for each modality when all erosion sizes and locations were considered.

Table 2. Chi-square (%) test results for the 2 imaging techniques by osteophyte size

Technique 05 mm1 Commy (1 Smmaoomm o T %@ o
Panoramic imaging 11.6% (7 of 60) 63.3% (38 of 60) 37.5% (45 of 120) 194.00 <.001
Digital subtraction radiography 73.3% (44 of 60) 100% (60 of 60) 86.7% (104 of 120) 153.00 <.001
n =detected/total osteophytes
Table 3. Chi-square (x) test results for the 2 imaging techniques by osteophyte location

Technique Medial % (n) Central % (n) Lateral % (n) Total % (n) Xz P
Panoramic imaging 27.5% (11 of 40) 32.5% (13 of 40) 52.5% (21 of 40) 37.5% (45 of 120) 5973 05

Digital subtraction radiography 85.0% (34 of 40)  85.0% (34 of 40)  90.0% (36 of 40) 86.7% (104 of 120) 0.577 749

n =detected/total osteophytes

osteophyte location. In panoramic imaging, osteophytes evaluation of erosions (k =0.85, P<.05). Perfect interob-

in the lateral location were detected with significantly server reliability was also found for panoramic imaging
higher (P < .05) diagnostic accuracy than at the medial and DSR, with k values of 0.95 and 0.93, respectively
and central locations. There was no significant difference (P<.05). The Az for the overall diagnostic accuracy of
among locations in DSR (P> .05). detecting erosions was 0.854 for DSR and 0.696 for pan-
oramic imaging (Table 4). A significant difference was

Detection of artificial erosions in panoramic imaging seen between panoramic imaging and DSR in detecting
and DSR erosive changes (P < .05). Figure 4B shows the ROC

Near-perfect interobserver agreement was seen in the curves for the 2 modalities.
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Table 4. Mean areas under the receiver operating characteristic curve for the 2 imaging techniques and all erosion sizes and locations

. Areas under the receiver Asymptotic 95% CI
Technique . . P
operating characteristic curve Lower bound Upper bound
Panoramic imaging 0.696+0.038 0.621 0.770 <.001
Digital subtraction radiography 0.854+0.028 0.800 0.908 <.001
Table 5. Chi-square (x?) test results for the 2 imaging techniques by erosion size
Lesion size )
Technique Total % (n) X P
1.0 mm % (n) 1.5 mm % (n)
Panoramic imaging 41.7% (5 of 12) 33.3% (4 of 12) 37.5% (9 of 24) 0.315 Ry
Digital subtraction radiography 66.7% (8 of 12) 66.7% (8 of 12) 66.6% (16 of 24) 1.00 31
n = detected/total erosions
Table 6. Chi-square () test results for the 2 imaging techniques by erosion location
Technique Medial % (n) Central % (n) Lateral % (n) Total % (n) Xz P
Panoramic image 25% (2 of 8) 37.5% (3 of 8) 50% (4 of 8) 37.5% (9 of 24) 3428 18
Digital subtraction radiography 50% (4 of 8) 62.5% (5 of 8) 87.5% (7 of 8) 66.6% (16 of 24) 17.506 <.001

n = detected/total erosions

Table 5 shows chi-square test results by technique and
erosion size (1.0 mm and 1.5 mm). There was a significant
difference between panoramic imaging and DSR (P < .05).
DSR detected both 1.0-mm and 1.5-mm erosions with
greater accuracy (66.7% and 66.7%, respectively) than
panoramic imaging (41.7% and 33.3%, respectively)
(P<.05).

Table 6 shows chi-square test results by technique and
erosion location. There was no significant difference
among the locations of erosions with panoramic imaging
(P> .05). Erosions at the lateral surface were detected
with a significantly higher diagnostic accuracy (P < .05)
than at the medial and central locations.

Discussion

Many studies have been conducted to evaluate the im-
aging techniques used to diagnose TMD. However, few
studies have focused on TMJ erosion and osteophytes.’
DSR is a method used to detect subtle differences among
serially taken radiographs by the superimposition of radio-
graphs, which involves considerably lower doses of radi-
ation than other techniques.6’10

In this study, the diagnostic accuracy of DSR was sig-
nificantly higher than the diagnostic accuracy of pan-
oramic imaging in detecting both small and large osteo-
phytes (P <.05). This might be explained by the super-

imposition of surrounding structures on the TMJ and the
oblique projection of the joint that prevented the condylar
head and articular space from being seen clearly. In the
small osteophyte group, 11.6% of osteophytes were de-
tected by panoramic imaging, and in the large osteophyte
group, 63.3% of osteophytes were detected by panoram-
ic imaging. The reason for the low detection rate in the
small osteophyte group may be due to the poor level of
detail in panoramic imaging. DSR eliminated the super-
imposed structures and, thereby, the area of change was
more clearly observed. With DSR, 73.3% of osteophytes
in the small osteophyte group and all osteophytes (100%)
in the large osteophyte group were detected.

Masood et al.® evaluated the diagnostic efficacy of
panoramic TMJ radiography, DSR, and color-enhanced
DSR in the detection of osteophytes in dry human skulls
and reported that both of the DSR techniques were sig-
nificantly better at detecting small and large osteophytes
(Az=0.79 for both) than the panoramic technique
(Az=0.54). The authors stated that large osteophytes
were detected at a higher rate than small osteophytes for
all 3 imaging techniques, with Az values for large osteo-
phytes of 0.55, 0.86, and 0.86 for panoramic imaging,
DSR, and color-enhanced DSR, respectively, and Az val-
ues for small osteophytes of 0.55, 0.74, and 0.72 for pan-
oramic imaging, DSR, and color-enhanced DSR, respec-
tively.
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In this study, osteophytes at the lateral location were
detected with greater diagnostic accuracy through pan-
oramic imaging than osteophytes at the central and medial
locations (P < .05). This might be explained by the limited
overlap of anatomic structures at the lateral location com-
pared to the overlap at the medial and central locations.
On the contrary, a significant difference was not observed
among the locations with the DSR technique (P> .05).
This finding might be a result of the elimination of back-
ground noise in DSR by removing superimpositions
through complete subtraction of anatomic structures, such
as the glenoid fossa and temporal component.

Masood et al.° reported that osteophytes located at the
central and medial locations were detected with higher
diagnostic accuracy for all 3 imaging techniques (pan-
oramic TMJ imaging, DSR, and color-enhanced DSR)
than osteophytes at the lateral location. The authors stated
that the superimposition of the glenoid fossa and back-
ground noise stemmed from the incomplete subtraction of
the temporal component and might be the reason for their
findings. However, Ludlow et al."” found that lesion loca-
tion did not play a role in the diagnostic accuracy of pan-
oramic imaging. The results of our study differed from
the results of Masood et al..” as no significant difference
was observed among locations in detecting osteophytes
with DSR. This could be due to the better standardized
projection geometry and the different DSR program that
was used in this study.

Currently, CBCT is the modality of choice and is con-
sidered the gold standard for evaluating osseous structures
of the TMI. It provides crucial information for diagnosing
osteoarthritis.'* CBCT examinations of the TMJ were first
evaluated only a few years after CBCT had been intro-
duced to dentomaxillofacial radiology.">'® The diagnostic
capability of CBCT in comparison with conventional ra-
diographic techniques has been investigated for different
conditions, such as intra-articular fractures, fibro-osseous
ankylosis, hypoplasia, and osteoarthritis of the TMJ.'""'®
CBCT was found to have a sensitivity of 0.80 for detect-
ing erosions/osteophytes in autopsy material when macro-
scopic examination was used as the gold standard, and it
was found to be comparable to CT."” In a larger series of
dry human skulls where the detection of osteophytes was
evaluated by CBCT and spiral tomography, no significant
difference between the techniques was found.” The di-
agnostic efficacy of CBCT for detecting osseous changes
has been stated to be superior to panoramic radiography,
linear tomography, and magnetic resonance imaging
(MRI).122!
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In the current study, the diagnostic accuracy of DSR
was found to be higher than the accuracy of panoramic
imaging for the detection of erosions. This finding may
possibly be attributed to the elimination of superimposed
structures and background noise during DSR that contrib-
uted to clearer visibility of different areas. However, no
significant difference was found between panoramic im-
aging and DSR according to erosion size (1.0 mm vs. 1.5
mm) (P> .05). Erosion causes changes in bone density.
In order to observe these changes in conventional radi-
ography, roughly 30%-50% of the bone mineral content
must be lost.” The erosions created in our study were 1.0
mm and 1.5 mm in size, and the change in density gener-
ated by these defects was not distinguishable by the hu-
man eye. Therefore, no significant difference was found
between DSR and panoramic imaging in the detection of
1.0-mm and 1.5-mm erosions.

In our study, while there was no significant difference
(P> .05) among locations in panoramic imaging, erosions
at the lateral location were detected with greater diagnos-
tic accuracy in DSR than erosions at the central and medi-
al locations (P < .05). In panoramic imaging, the head of
the condyle and the inter-articular space could not be dis-
played clearly due to superimposition of the surrounding
structures and the oblique orientation of the beam with
respect to the long axis of the condyle. Thus, the location
of the erosion did not affect the diagnostic accuracy in
panoramic imaging. With DSR, it was predicted that the
detection of erosion would be roughly equivalent for all
3 locations because superimposed structures would be
removed. However, this was not the case. Erosions at the
medial and central location were not easily distinguished
from background noise due to the incomplete subtraction
of the temporal component.

The high accuracy of CBCT in detecting bone mor-
phology changes in the TMJ has been confirmed.”> CBCT
has been shown to have a superior reliability and higher
accuracy than linear tomography and panoramic radiog-
raphy in detecting erosions.'> However, Marques et al>
showed that the sensitivity of CBCT for detecting bone
defects depended on the size of the defects. This infor-
mation was also confirmed by Patel et al* in a study of
simulated condylar lesions. Very small defects (i.e., <2
mm) have been shown to be difficult to detect, despite
a generally high sensitivity (72.9%-87.5%). In the same
study, the authors also investigated the effect of different
voxel sizes (0.4 mm and 0.2 mm) in CBCT scans for eval-
uating simulated defects in pig condyles. They concluded
that the sensitivity of the scans increased significantly for
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small defects (2 mm) as scanning resolution increased, but
no difference in sensitivity was found for large defects.
When a 0.2-mm voxel size was used, defects were de-
tected with 80% sensitivity regardless of size. In a study
comparing conventional tomography, CT, and CBCT with
micro-CT and microscopic examinations, CBCT was
found to be the most accurate technique for detecting ero-
sive changes in the condyle.”

Our findings showed that DSR might also have the po-
tential for clinical application in diagnosing TMD, partic-
ularly with low doses of radiation. However, it requires
exact reproducibility of the projection geometry, which is
difficult to provide, particularly in busy clinics. Further
experimental and clinical studies should be conducted to
confirm the diagnostic capacity of DSR in a clinical set-
ting. To our knowledge, there have been no studies inves-
tigating the clinical application of DSR for TMD. Going
forward, studies comparing DSR and CT/CBCT may also
show that DSR can provide an alternative approach to
diagnosing TMD that is less invasive and less expensive
than arthrography, more readily available than MRI, and
requires less radiation exposure than CT/CBCT.

In conclusion, panoramic imaging was found to be sig-
nificantly less accurate in detecting osteophytes and ero-
sions on the TMJ than DSR. DSR improved the accuracy
of detection using panoramic images.
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