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DENTAL TRAUMATOLOGY

High resolution charge-coupled device sensor
vs. nfiediunfi resolution photostimulable
phosphor plate digital receptors for detection
of root fractures in vitro
Wenzel A, Kirkevang L-L. High resolution charge-coupled device
sensor vs. medium resoltition photostimulable phosphor plate
digital receptors Ibr detection of root fractures in lyitro. Dent
Traumatol 2005; 21: 32-36. © Blackwell Munksgaard, 2005.

Abstract - The aim of this study was to compare the diagnostic
accuracy ofa high resolution charge-coupled device (CCD) sensor
and a medium resolution photostimulable phosphor fPSP) plate for
detecting experimcntall} induced root fractures and further, to
e\^aluate differences between images taken with various horizontal
and vertical angles. Forty-seven extracted single-rooted liuman
teeth mounted in a diy human skull were used in the experiment.
The teeth were radiogiaplicd, before and after root fractures were
induced, with two digital receptors; the Digora® PSP system

- 1 I'Mapprox. 8 lp mm ) and the R\'G-tii , a CCD sensor with a
high-resolution mode (15-20 lp mm""'). Four images were taken
with each ol the receptors of each tooth: one orthogonal exposure
(O-images)j one exposure with a vertical angle of 15° by which ihe
root was imaged elongated (L-images), and two eccentric expo-
sures witli a horizontal angle of 15° mesially and distally. Fhrec
observers nnarked a fracture line if detected, in each image. ITiree
sessions were held, one assessing the O-itnages, one the T.-images.
and one in which all four images of the same tooth were displayed
simultaneously (X-images). The RVG-ui^^' images obtiiined
higher sensitivities than the Digora PSP images (P < 0.05).
Sensitivity wius siatisiically significantly higher for the X-images
than for both the O-images and the L-images {P < 0.05). Based on
die observed means, specificities were significantly different neither
bet̂ '̂een the angles, nor between the images from the two digital
systems taken witli tlie same angle (P > 0.05). It may be .speculated
that the difference in spatial resolution between the two digital
systems accounts for the differences in their sensitixity.
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The validity of recent digital radiogi-aphy systems
has been reported fbr various diagnostic tasks, such
as caries detection, periodontal disease, periapical
pathology, endodontics, implant research, root
resolution and cephalometry [for re\iew: 1). In the
vast majority of these diagnostic studies, the digital
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systems have been found to be as accurate as
current dental films for the detection of dental
pathology. The digital rcceptoi's in their first
versions (6-8 lp mm"') did not match the sĵ atial
resolution provided by the dental film, but
more recent developments, particularly of some
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charge-coupled device (CCD)-based sensors, are
characterized by providing a spatial resolution
reaching that of film (2, 3).

For some diagnostic tasks, e.g. detection of the
position of small root files in endodontic treatment,
some digital receptors have been found to be
inferior to film (4-6). In a reeent study (7) the error
when detecting file length was .significantly smaller
for a high-resolution digital receptor {RVG-4,
Trophy) than for a storage phosphor plate system
with lower resolution (Digora, Soredex) while in
studies on accuracy of caries diagnosis, differences
between these two systems could not be extracted
(8, 9).

It may be speculated that for \'eiy elaborate
diagnostic tasks, e.g. localization of the tip of the
smallest root files, a higher spatial resolution may be
demanded than has hitherto been available with
most digital systems. Another example may be root
fractures, which may be difficult to visualize in a
radiograph, particularly immediately after the
irauma if the two root fragments are not displaeed.
This diagnostie task may also demand a high spatial
resolution of the receptor.

The aim of this study was to compare the
diagnostic accuracy of a high-resolution CCD
,sensor and a photostimulable phosphor (PSP) plate
for detecting experimentally induced root fractures
and further, to evaluate differences between images
taken with various horizontal and vertical angles.
The hypothesis to be tested was that no significant
difference exists between the radiographic receptors
and projection angles for detection of horizontal
root fractures.

Material and methods

I'brty-eigln extracted single-rooted human teeth
were used in the experiment. The reason for
extraction and age and sex of the individuals were
unknown. The teeth were mounted in empty dental
alveoli in a dry human skull, and a 20 mtn acrylic
bloc was used to simulate soft tissue scatter. The
leeth were radiographed in the facio-lingual view
with two di,gital receptors: the Digora PSP system
approx. 8 lp mm"', Soredex/Orion Corp., Hel-

sinki, Finland) and the RVG-ui^^', a CCD sensor,
which provides a high spatial resolution when used
in the 'high-resolution mode' (15-20 lp mm" ,
Trophy Radiologie Inc., Paris, France). Four expo-
sures were taken with each of the receptors of each
tooth: one orthogonal exposure (O-images), one
exposure with a vertical angle of 15°, by which the
root was imaged elongated (L-images), and two
eecentric exposures with a horizontal angle of 15°
mesiixlly and distally to the O-projection (Fig. 1).
The phosphor plates were scanned in the system

scanner (fmx scanner, Soredex/Orion, Corp., Hel-
sinki, Finland).

Root fractures were induced in the horizontal
plane by a mechanical force to the root (the use ofa
hammer with the tooth placed on a soft foundation).
Ten teeth not included in the study were used to
learn the force that was needed to break the root in
two fragments. Nevertheless, eight teeth broke in
more than two fragments, and these teeth were
excluded from tlie study. In the remaining teeth, the
two fragments were thoroughly held together and
gltied. To be able to clearly identify the fracture site,
the fracture line was delineated on the root with a
red pen after gluing. The radiographic examinations
were thereafter repeated. All digital images were
exported and displayed in a specially designed
software program with the ability to adjust density,
eontrast, gamma eur\'e, and magnification. The
images with and without root fractures were coded
and exposed to the observers in a random order.

Three obsen-ers assessed the images without
knowhig in how many of the images a root fraeture
was present. They could use the image enhance-
ment facilities as they pleased. In the first session,
the orthogonal (O-) images were assessed, in a
second session, the elongated-root (L-) images and
in a third session, all four images obtained with
different angles of the same tooth (X-images) were
displayed simultaneously. 17" monitors were used
for the assessments. For each tooth the observers
determined whether or not a root fracture was
present. If they detected a root fraeture, they
indicated the fracture site by marking with the
mouse where the fracture line crossed the root
surface mesially and distally.

Fig. 1. Four exposures with each receptor, (a) Digora PSP, (b)
RVG-ui CCD sensor. From left to right: mesial eccentric,
orthogonal, distal eccentric, and elongated root exposures, A
fracture is present, but not equally well detected in all images.
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The person (L-LK), who had fractured the roots,
also marked the true position of the fracture line on
the images. Consulting ihe teeth with the Iracture
line drawn in red, she marked the correct fracture
site in all radiographs separately. Moreover, she
marked tlie cemento-enamel Junction proximally
and the most apical point of the root, which later
served as reference points fbr calculating the site of
the fracture (Fig. 2). This person did not serve as an
observer for detecting the fractures. By calculating
the .Vjjî coordinates in each image, it could be
established whether a 'line' perceived and marked
b>' tlie obsen-ers was in fact die fractiu-e line.

Data treatment

Fracturc/non-fracture assessments were categorized
as follows: correct identification of a non-fractured
root (true negative); correct identification of" fracture
site in a fractured root (true positive, a limit of 10%
ofthe root length around the true fracture line was
idlowed for, to take manual dexterity into account):
identification of a fracture in a non-fractured root

RV6
Fig. 2. TTie true fracture line marked in the
exposure of the RVG-ui image.

(false positive); no identification of a fracture in a
fractured root (false negative); and incorrect identi-
fication of the fracture site in a fractured root
(counted as false negative). For the X-images, a
correct line marked on any image represented a
(orrect decision for the case (the theoretical situ-
ation uith a mixture of correct and incorrect line
markings on two or more ofthe X-images was never
obscned). Sensitivity and specificity rates were
calctilated for the O-, L- and X-images separately,
with both digital systems. Overall differences in
sensitivity and specificity between the digital mod-
alities, the differently angled itiiages and the
observers were anal^'zed by 3-way analysis of
variance with receptor type (two modalities), pro-
jection view (three angles) and obser\'er (three
observers) as the factors. Pair-wise comparison
l:)etween receptors, projection views and observers
were made by post hoc /-tests.

Results

Table 1 shows the sensitivities and specificities for
the dirterently angled images vvdth the two digital
systems assessed by the three observ^ers. Based on
the observed means, the RVG-ui images
obtained higher sensiti\nties tlian the Digora PSP
images iP < 0.05). Sensitivity was statistically sig-
nificantly higher ibr the X-images than lor both the
O-imagt's and the L-images (/* < 0.05). Specificities
were significantly different neither between the
angles, nor between the images from the two digital
systems taken with tlie same angle [P > 0.05).
Ol)sei-vers 1 and 2 obtained significantly different
accuracy rates [P < 0.05), while no significant
differences were seen between the observers 1 and
3, or 2 and 3.

Discussion

Root fractures in the horizontal plane occur most
[requently after acute trauma to the teeth. A single
transverse fracture in the middle or apical third of
the root is the ustial finding 110). Radiogiaphy is the
most t ommonly used method to aid in the diagnosis
of such fractures. When interpreting the radiograph,
one should look for a radiolucent line between the
fragments and discontinuity of the peiiodontal
ligament shadow (11). In this in vitro study, the
fragments were tightly glued together in their
original position and no attempt was made to
displace the fragments. The situation may therefore
resemble the immediate post-trauma clinical situ-
ation where no edema or granulation tissue has yet
displaced the fragments.

A minimum of two radiograpliic views with
dilferent vertical angulations ofthe X-ray tube have
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Table 1.
by three

Observer
Observer
Observer
Mean

Sensitivities and specificities for the sets of images (0-, L-, X-) containing different projection views obtained with two digital systems ancf assessed
observers

RVG™ sensitivity

0

1 0.45
2 0.58
3 0.43

0.49

L

0.45
0.60
0.63
0.56

X

0.63
0.63
0.70
0.65

Digora"" sensitivity

0

0.30
0.58
0,45
0.44

L

0.35
0.48
0.45
0.43

X

0,60
0.60
0.60
0.60

RVG™ specificity

0

0.88
0,50
0.88
0.75

L

0.98
0.71
0.94
0.88

X

0.96
0.96
0.77
0.90

Digora* specificity

0

0.81
0.50
0.79
0.70

L

0.88
0.75
0.81
0.81

X

0.90
0.85
0.85
0.87

been recommended to increase the possibility that
the X-ray beam is in alignment with the plane of the
fracture line (10-12). Not many studies have looked
into the additional effect of having access to various
radiographic projections, although (13). In the
present study, the 4-image view (X-imagcs) included
radiographs obtained with two vertical and three
horizontal angles. The 4-image \'iew was signifi-
cantly more accurate than both the two vertical
views separately while no differences existed
between these. It may therefore be recommended
that more than two views with various vertical and
horizontal angles may be used in the diagnosis of
root fractures. There were several weeks between
the ob.ser\'ers" assessment of the sets of differently
angled images, and many of the teeth had ver>'
similar appearances. Memoiy bias because of the
order of reading the images is therefore quite
unlikely.

In the present study, a significant difference was
observed between the two digital systems, i.e. the
RVG-ui • CCD sensor was more accurate than
the Uigora storage phosphor plate for the 15°
vertically angled images displaying the root elonga-
ted. /Mthough not significantly different, the
R\'(j-ui ' did in fact obtain higher .sensiti\ities
and specificities than the Digora system for the
other image angles as well by the majority of the
obsen.'ers. It may be speculated that the difference
in spatial resolution between these systems accounts
for the differences found.

A few previous in vitro studies have evaluated root
fractures induced by a mechanical force to either
endodontically treated or non-treated teeth by
digital radiogi'aphic techniques. One study assessed
(he accuracy of the Sidexis CCD sensor compared
with film for detection of such fractures (14) and
found the sensitivity to be 86% and the specificity
84% for the digital system. This was not significantly
different from film. Only one orthogonal image was
available for each tooth. In that study, the teeth were
radiographed without any bone simulation. This
may explain the rather high sensitivities and specifi-
cities that were obtained. Other studies have eval-
uated the concept of Tuned Aperture Computed

Tomography (3D viewing, TACT) compared with
images obtained by the Schick CMOS (complemen-
tary- metal oxide semiconductor) sensor (15, 16). In
one study (15) detecting vertical fractures, nine
images with different angles were available of each
tooth. The sensitivity and specificity in the conven-
tional 2D images taken by the sensor were low, on
average 28% of the truly fractured roots were
detected while only 33"/o of the non-fractured roots
were clas.sified as such. The 3D TACT images
obtained higher sensitivity (55%) and specificity
(82%). In another study (16), horizontal fracture lines
in non-restored teeth were similarly detected more
accurately with TACT than in the nine two-
dimensional radiographs. In that study, the sensitiv-
ities were in line with tho.se obtained in the present
study while specificities were much lower. None of
the above mentioned studies tried to reveal whether
tlie line detected as a fracture line was in fact the true
fracture line as the observers were not asked lo mark
the line they detected, and therefore the fraction of
'true positive' obsen-ations may be higher in these
studies. These studies also did not evaluate whether
some views were more accurate than others as all
nine views were available at the same time for
assessment. In the present study between 5 and 17%
of the lines detected, depending on the observer and
angle, were not the fracture line, and as such they
were counted as false negative observations as the
true fracture line was not detected. Our sensitivities
had therefore been higher, had we counted the
falsely a.ssessed lines as a true positive outcome.

In conclusion, while significant differences
between ob.servers indicated that results would not
be the same for all clinicians. The RVC-ui^'^*
images provided significantly higher sensitivities for
detection of a root fracture than did the Digora
PSP images. In addition, multiple projection views
of the root, available simultaneously, pro\dded
significantly higher sensitivities than orthogonal or
vertically angled views alone.
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