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Objective. To compare intraoral periapical radiography with 3D images for the diagnosis of periapical pathology.
Study design. Maxillary molars and premolars and mandibular molars with endodontic problems and examined with
periapical radiographs and a 3D technique (3D Accuitomo) were retrospectively selected and evaluated by 3 oral
radiologists. Numbers of roots and root canals, presence and location of periapical lesions, and their relation to

neighboring structures were studied.

Results. Among 46 teeth, both techniques demonstrated lesions in 32 teeth, and an additional 10 teeth were found in
the Accuitomo images. As regards individual roots, 53 lesions were found in both techniques, and 33 more roots were
found to have lesions in Accuitomo images. Artefacts were sometimes a problem in Accuitomo images. In 32 of the
46 cases, all observers agreed that additional clinically relevant information was obtained with Accuitomo images.
Conclusions. A high-resolution 3D technique can be of value for diagnosis of periapical problems. (Oral Surg Oral

Med Oral Pathol Oral Radiol Endod 2007;103:114-9)

Intraoral radiography is the technique commonly used
to establish whether periapical disease is present. For
treatment-planning purposes, however, considerably
more information is required. The extent of the lesion
must also be known, as well as how many roots and
root canals there are in an affected tooth, which root or
roots are affected, and whether a lesion at one root is
connected to that at another. When periapical surgery is
contemplated, knowledge about the relation between
root apices and between a lesion and neighboring ana-
tomic features is essential. The relation to the maxillary
sinus and the mandibular canal is particularly impor-
tant.

In intraoral radiography the 3-dimensional object is
compressed into a 2-dimensional image from which the
observer has to mentally recreate the 3 dimensions.
This can be difficult even when more than a single
radiograph is used. Of particular concern is the back-
ground pattern that features on either side of the struc-
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tures of interest give rise to and the contrast between a
lesion and its surroundings. When the background pat-
tern is complex, structures of interest become less easy
to perceive than when it is less complex.' Thus, the
findings of, e.g., Bender and Selzer,”® Schwarz and
Foster,* Lee and Messer,” and Wallace et al.® that
lesions confined to the cancellous bone can be difficult
to detect, as well as those of Shoha et al.,” Scarfe et al.,}
and Marmary et al.” that the size of periapical lesions is
often underestimated in periapical radiographs, are not
surprising. The latter demonstrated that periapical le-
sions do not have to erode the lingual or buccal cortical
bone plate to become detectable but did not discuss
whether this had to do with loss of bone trabeculae
close to the cortical bone responsible for much of the
background pattern. In periapical radiography the use
of 2 or more radiographs, obtained with different irra-
diation geometry, can improve the accuracy with which
periapical lesions can be detected.'® The use of more
than 1 radiograph is of course inestimable when there is
a need to display the roots of a tooth with as little
superimposition onto each other as possible and when
root fractures are suspected. Best possible periapical
radiographs are obtained when the paralleling tech-
nique is used.'' This is, however, not always possible,
e.g., in the upper molar regions where, owing to ana-
tomic conditions, there is the greatest need for 3-di-
mensional information. Therefore, periapical intraoral
radiographs may be quite sufficient in many areas and
less so in others, depending on the diagnostic problems
and the anatomic conditions.

Three-dimensional (3D) information of teeth and
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jaws can be gleaned from computerized tomography
(CT). Tachibana and Matsumoto'? investigated the use-
fulness of CT in endodontics, and later it was shown to
provide diagnostic information not evident from peria-
pical intraoral radiographs.”'* However, the technique
is expensive, can yield high radiation doses, and is not
readily available in the dentist’s office. Lately, so-
called cone-beam CT, also called digital volume to-
mography, has been developed for the dental market.
Several machines are now commercially available of
which 1 (3D Accuitomo, J Morita Mfg. Corp., Kyoto,
Japan) is specifically made to display small parts of the
jawbone with an image field size similar to that of
ordinary dental films.'* A single 360-degree scan col-
lects projection data for image reconstruction from a
cylinder with a height of 30 mm and a diameter of 40
mm. From this volume, tomographic slices of widths
from 0.125 to 2.0 mm can be displayed in 3 perpen-
dicular planes. New slices can be made in any desired
direction, making it possible to see, e.g., a particular
root in all its 3 dimensions. Digital volume tomography
generally yields considerably lower effective doses
than CT," particularly when just a small volume is
examined.

Given the conceivable limitations of intraoral peria-
pical radiography for the diagnosis of apical periodon-
tal disease, we considered it of interest to assess
whether and how the information obtained by means of
limited cone-beam CT, in our case the 3D Accuitomo,
differs from that obtained by intraoral periapical radi-

ography.

MATERIAL AND METHODS

Patients

Among all patients referred to the Clinic of Oral and
Maxillofacial Radiology at the Public Dental Health
Service, Goteborg, Sweden, between April 2003 and
July 2004, we identified 36 patients in whom the refer-
ring dentist specifically had asked for detailed informa-
tion about anatomy and pathology and who fulfilled the
following criteria:

Clinical and/or radiographic findings (in periapical
radiographs) of a periapical lesion.

Maxillary premolar or maxillary/mandibular first or
second molar.

Examined with 2 intraoral periapical radiographs and
3D Accuitomo.

Among the patients, 23 were women and 12 men,
with a mean age of 50 yrs (range 16-80 yrs). In 9
patients, 2 teeth were analyzed and in 1 patient 3 teeth,
yielding a total of 46 teeth. The distribution of tooth
types is shown in Table 1.
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Table I. Distribution of tooth types (n) evaluated and
number of teeth with periapical lesions diagnosed per
technique

Jaw Tooth type (n) Periapical radiographs 3D Accuitomo

Maxilla  Premolar (9) 8 8
1st molar (18) 14 17
2nd molar (7) 4 7
Mandible 1st molar (7) 5 5
2nd molar (5) 1 5
Total (46) 32 42

Radiographic techniques

Two intraoral periapical radiographs were obtained
with a parallelling technique and a horizontal angle
difference of about 10 degrees using an Oralix DC
(Gendex Corporation, Milwaukee, WI) dental x-ray
machine operating at 65 kV and 7.5 mA. Focus-film
distance was 22 cm and exposure time between 0.32
and 0.5 s, depending on tooth type. F-speed films
(Kodak Insight; Eastman Kodak, Rochester, NY) were
used and processed in an automatic processor (AP 200
Processor; PLH Medical, Watford, England). The ra-
diographs were evaluated against a light box of con-
stant luminosity with the aid of an x-ray viewer pro-
viding 2X magnification.

The Accuitomo examinations were made with the
tooth to be examined in the center of the volume.
Operating parameters were 2.0-4.0 mA, 80 kV, and
exposure time 17.5 s. From the reconstructed volume
the “sagittal” slices (1 mm thick) were placed parallel
to the horizontal axis of the alveolar process. This
means that new slices for each specific root were not
performed. The images were analyzed on a Dell Work-
station PWS 350 and a Dell monitor (size 18 inches)
with Trinitron tube, 1024 X 768 pixels.

Evaluation of the radiographs

Three specialists in oral and maxillofacial radiology
analyzed all radiographs together. First, the intraoral
ones were evaluated and, after at least 2 wks, all Ac-
cuitomo images. In case of disagreement the observers
had to reach consensus. At a later occasion the observ-
ers did a direct comparison between intraoral radio-
graphs and Accuitomo images. For each case it was
noted whether additional information was obtained
with the Accuitomo images relative to the intraoral
ones and what type of information it was.

A periapical lesion was defined as a periapical radi-
olucency in connection with the apical part of a root
exceeding at least twice the width of the periodontal
ligament space. In the Accuitomo images the lesion had
to be visible in more than 1 of the image planes.

Parameters analyzed are shown in Table II. In both
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Table Il. Parameters scored in periapical radiographs
and 3D Accuitomo

Technique
Periapical
radiographs
and 3D Only 3D
Parameter Accuitomo Accuitomo
Number of:
roots X
root canals (unfilled and filled) X
roots involved in lesion X

Presence of:

root canal post X
periapical lesion X
Size of lesion X buccal-palatal
dimension
Effect on or perforation of cortical X
bone plate
Distance between:
lesion and mandibular canal/ X
maxillary sinus
apex and mandibular canal X
Expansion of lesion into maxillary X
sinus
Apical-marginal communication X
Marginal bone level X

types of images the presence and location of a lesion in
relation to the root(s), cortical bone, maxillary sinus,
and mandibular canal were studied and number of roots
and root canals with and without filling or post as-
sessed. In the upper jaw the distance between the root
apices/lesions and the inferior border of the maxillary
sinus and in the lower jaw that between the apex/lesion
and the upper border of the mandibular canal were
evaluated. In the periapical radiographs, measurements
were made with a ruler and in the Accuitomo images
with the inbuilt measurement tool. In Accuitomo im-
ages the lesion size was measured in all 3 dimensions
and in periapical radiographs in 2. An apical-marginal
communication was considered present when the peri-
odontal ligament space, from the marginal bone crest to
the apex or the periapical lesion, was twice its normal
width or more.

RESULTS

Of all 46 teeth analyzed, 41 (89%) had been end-
odontically treated, of which 23 (56%) had a post in
one or more root canals. In the periapical radiographs,
2 premolars were assessed to have 2 roots whereas only
1 was seen in the Accuitomo images, 3 maxillary
molars were assessed as having 2 roots and 3 also found
in the Accuitomo images. With respect to root canals,
124 were found in the periapical radiographs and 12
(10%) more in the Accuitomo images (7 in maxillary
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and 5 in mandibular molars). The maxillary sinus was
assessed as being situated between the buccal and pal-
atal roots in 7 teeth in periapical radiographs and in an
additional 4 in the Accuitomo images.

In the same 32 teeth, periapical lesions were diag-
nosed in both periapical radiographs and Accuitomo
images. For distribution of tooth type and number of
teeth with periapical lesion diagnosed per technique,
see Table I. In the Accuitomo images, however, 10
more teeth with periapical lesions were found. The
sizes of lesions, as measured in Accuitomo images, that
were not detected in periapical radiographs are shown
in Table III. When the presence of periapical lesions
was related to individual roots rather than teeth, lesions
were found at the same roots, in both techniques, in 53
cases. At an additional 33 roots, lesions that were not
visible in the periapical radiographs were found in the
Accuitomo images. Erosions, or perforations, of the
buccal and/or the palatal/lingual bone plate at the level
of the apices were noticed 9 times more often in Ac-
cuitomo images than in periapical radiographs. In the
latter images, lesions at 13 teeth were seen to expand
into the maxillary sinus, whereas the same finding was
made at 18 teeth in Accuitomo images. In 11 cases this
observation was made at the same teeth with both
techniques. Thickening of the mucous membrane in the
maxillary sinus was seen more than 4 times as often in
Accuitomo images (30 cases) than in periapical images
(7 cases).

The mean distance, as measured in periapical radio-
graphs, between the apex of mandibular molars and the
upper border of the mandibular canal was 2.5 mm
(range 0-6.0 mm; n = 8). In 4 cases the canal was
outside of the imaged area. In corresponding Accui-
tomo images the mean distance was 2.8 mm (range
0-5.0 mm; n = 8). The mean distance between peria-
pical lesions and the mandibular canal was 2.0 mm
(range 0-4.0 mm; n = 6) in periapical radiographs and
2.1 mm (range 0-5.0 mm, n = 6) in corresponding
Accuitomo images.

Apical-marginal communication was seen at the
same 4 teeth in both types of images and at an addi-
tional 5 teeth in Accuitomo images. In both techniques
the distance between the marginal bone level and the
used reference point ranged between 1.0 and 2.0 mm.
The distance could not be assessed at 2 teeth in peria-
pical radiographs, owing to overlapping, and at 11 teeth
in Accuitomo images. In those images the most com-
mon reason was artefacts from metallic root canal
posts, crowns, or fillings.

When both techniques were analyzed together, all
observers agreed that the Accuitomo images in 32
(70%) cases provided clinically relevant additional in-
formation not found in the periapical radiographs. In 3
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Table IIl. Tooth type and size (in mm, as measured in 3D Accuitomo) of periapical lesions undetected in periapical

radiographs
Jaw Tooth type Root involved Height Mesiodistal Buccolingual
Maxilla 1st molari pS 9.6 13.3 11.3
mb 33 2.3 4.0
db 0.9 5.2 34
1st molar db 4.4 4.0 3.0
mb 1.0 1.8 2.0
1st molar mb* 0.8 2.0 2.5
2nd molari (mb, db, p§)T 9.6 13.3 14.3
2nd molar (mb, db, p)t 4.5 6.0 13.0
2nd molar p* 1.7 1.9 3.1
Mandible 2nd molar d* 2.9 2.8 2.9
2nd molar m* 1.0 1.0 1.0
2nd molar m* 1.0 2.0 2.0
2nd molar m* 0.5 2.0 2.0
Mean value 1.0 2.8 4.4

p, palatal root; mb, mesiobuccal root; db, distobuccal root; d, distal root; m, mesial root.

*Other roots without lesion.

TOne lesion.

#Shown in Fig. 1.

§Fusion of lesions at adjacent teeth.

more cases this was the opinion among 1 or 2 of the
observers. The additional information consisted of bet-
ter visualization of the anatomy of roots and root ca-
nals, improved understanding of the location of lesions
and of the relation between lesions and the maxillary
sinus, and a more accurate appreciation of lesion size.

DISCUSSION

The results suggest that 3D imaging of teeth and sur-
rounding bone may be of value in cases of endodontic
problems, not least when related to multirooted teeth.
There are several reasons for this. When using tomo-
graphic slices, rather than images in which an entire vol-
ume is compressed into a 2D image, the problem of
superimposition of unrelated structures onto the features
of interest decreases. In periapical radiography, especially
in the maxillary molar region, the irradiation geometry
often cannot become optimal, e.g., owing to a low palatal
vault. An irradiation geometry with the x-ray beam com-
ing too much from above results in a superimposition of
the maxillary zygomatic process and the zygomatic bone
onto the roots as well as a distorted image of them. When
roots diverge they become displayed with different de-
grees of distortions in periapical radiographs, and when
they are close together they cannot always be separated
from each other even if several radiographs are taken.
When using appropriate tomographic techniques it is pos-
sible to look at each root separately. Slice angles can be
chosen so that the frontal and sagittal slices, respectively,
become parallel with the longitudinal axis of the root and,
therefore, the axial slices perpendicular to it. These factors

make the superiority of high-quality tomographic tech-
niques over conventional radiography obvious.

The decrease of the negative influence on the detect-
ability of lesions caused by a complex background
pattern,l’]6 or too much unaffected mass on either side
of them,®!718 may be the main reason why 10 teeth
with periapical lesions that were undetected in periapi-
cal radiographs were found in the Accuitomo images.
Most were small (Table III), which gives further cre-
dence to this explanation. Surprisingly, however, 3
large lesions were undetected in periapical radiographs.
They involved the entire alveolar process in the bucco-
palatal direction, had perforated the cortical bone, and
expanded into the maxillary sinus (Fig. 1). In 2 of these
cases there was also a thickening of the mucous mem-
brane along the sinus floor. Lack of a well defined
border of the lesions might have led to the false nega-
tive diagnoses made from the periapical radiographs.

In the planning of apical surgery, knowledge of the
location of the maxillary sinus or the mandibular canal can
be essential. The divergence and location of roots in the
alveolar process and the relation between the sinus cavity,
roots, and lesions may influence the surgical approach. It
has previously been shown that cone-beam CT examina-
tion helped in the treatment planning and conduction of
endodontic surgery of first maxillary molars.'® We found
more affected roots with the Accuitomo technique than
with intraoral radiography and more lesions that expanded
into the maxillary sinus. This lends support to the conclu-
sions drawn by Rigolone et al.'®

The mandibular canal was seen more often in 3D
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Fig. 1. The lesions of the first and second maxillary molar were not detected in the periapical radiographs (A), but were clearly
visible in the Accuitomo images (B, C). C, The lesion at the second molar is seen in 3 perpendicular planes. The 4 white markers
in each image indicate the relation between reconstructed planes. Axial and frontal views show the perforated palatal bone plate.
The expansion of the lesion into the maxillary sinus at the palatal roots of first and second molar is shown in the sagittal view.
B, Thickening of the mucous membrane along the sinus floor above the buccal roots is seen in the sagittal view.

Accuitomo than in periapical radiographs. In the latter
the perceived relation between the mandibular canal,
root apices, and periapical lesions can vary owing to the
inclination of the roots within the jaw and the irradia-
tion geometry. Velvart et al.'* noted that CT was more
accurate in determining the distance between roots and
the mandibular canal than periapical radiography,
which could be misleading. They also remarked that 3D
imaging was of great help in apical surgery, because it
could be better planned.

When metallic objects are present in either the tooth
of interest or an adjacent one, artefacts can make eval-
uations difficult in Accuitomo images. In some cases
they made it impossible to measure the marginal bone
level. Periapical radiographs were then of great help.

The artefacts arise owing to problems in the reconstruc-
tion algorithm when handling the transition between
metal and tissue. A similar problem is well known in
conventional CT.

The effective dose of 2 periapical radiographs in the
molar regions has been reported to be 0.01-0.02 mSv,*°
and, according to Iwai et al.,' it is 0.006-0.012 mSv
when using the Accuitomo technique.

In this study, films were used for the intraoral tech-
nique. Unlike film images, digital images can be manip-
ulated to make them better suited for different diagnostic
tasks. In vitro, it has been shown that observers were
somewhat better in detecting lesions confined to the lam-
ina dura and the cancellous bone when digital images
were used as opposed to film images.?! As regards lesions
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involving the cortical bone, no difference was found be-
tween film and digital images.>?> However, contradictory
results®'® have been reported. It should be noted that
digital intraoral techniques do not differ from nondigital
methods with respect to superimposition of anatomic
structures onto features of diagnostic interest.

Other tomographic methods have been used in end-
odontic diagnosis. Tammisalo et al.>> used conventional
spiral tomography (Scanora) and found it better than peri-
apical radiography in detecting periapical lesions in the
premolar and molar regions. Tuned-aperture CT is a
method yielding 3D information based on a series of
intraoral radiographs taken from different directions.?* It
has been shown to be an effective tool to visualize osseous
healing in rabbits? and root fractures.’® So far, however,
the technique is not commercially available.

We conclude that in selected cases, e.g., when there
is no detectable pathology in periapical radiographs
although clinical tests indicate so, or when endodontic
surgery is planned for multirooted teeth, additional
radiographic examination using a 3D technique, such as
the 3D Accuitomo, should be considered.
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