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Abstract — Aim: To compare intraoral occlusal (OC) and periapical (PA)
radiographs vs. limited cone beam computed tomography (CBCT) in diagnosing
root-fractured permanent teeth. Material and methods: In 38 patients (mean
age 24 years, range 852 years) with 44 permanent teeth with horizontal root
fractures, intraoral radiographs (PA and OC) and limited CBCT were used to
evaluate the location (apical, middle, cervical third of the root) and angulation
of the fracture line. Furthermore, the conventional radiographs and CBCT
images were compared for concordance of fracture location. Results: In the PA
and OC radiographs, 28 fractures (63.6%) were located in the middle third of
the root, 11 (25.0%) in the apical third and 5 (11.4%) in the cervical third. The
PA/OC radiographs and the sagittal CBCT images (facial aspect) yielded the
same level of root fracture in 70.5% of cases (31 teeth; 95% CI: 54.1-82.7%).
The PA/OC radiographs and sagittal CBCT images (palatal aspect) showed the
same level of root fracture in 31.8% of cases. There was a statistically significant
association between the angle at which the root fracture line intersected the axis
of the tooth and the level of root fracture in the facial aspect of the sagittal
CBCT images. Conclusions: The diagnosis of the location and angulation of
root fractures based on limited CBCT imaging differs significantly from
diagnostic procedures based on intraoral radiographs (PA/OC) alone. The
clinical significance for treatment strategies and for the prognosis of root-
fractured teeth has to be addressed in future studies.

Root fractures of permanent teeth are caused by an
impact with great force. Compression zones are created
labially and/or lingually and the root is separated into a
coronal and an apical fragment (1). Most often, root
fractures occur in maxillary central (68%) and lateral
(27%) incisors. The mandibular incisors are rarely

affected (5%) (2).

The classification of root fractures is usually based on
the level of the fracture with regard to the length of the
root (apical third, middle third, cervical third), and on
the degree of dislocation of the coronal fragment. The
prognosis of the affected tooth is influenced by several
factors, such as age of the patient, stage of root
formation (apical closure), degree of dislocation of the
coronal fragment, mobility of the coronal fragment,

tomography (CBCT) has created new diagnostic possi-
bilities in dentistry. The conventional and two-dimen-
sional radiographic evaluation can now be completed
with a third dimension: the orofacial view. CBCT has
already been established as a valuable imaging technique
in many dentomaxillofacial applications, ranging from
oral surgery to orthodontics (7-14). However, the
benefits and limitations of CBCT in dental traumatolo-
gy, in particular for root-fractured teeth, have not yet
been clarified.

The objectives of the present study were to compare
traditional two-dimensional intraoral (periapical and
occlusal) radiographs to limited CBCT images with
regard to (i) fracture location and (ii) angulation of the
root fractures as measured on sagittal CBCT images.

and width of diastasis between the fragments (2). The

majority of root fractures affect the middle third of the

Materials and methods

root (3). Fractures located in the cervical part are

considered to have the poorest prognosis (4, 5).

The radiologic evaluation of root fractures is usually
performed with periapical and occlusal radiographs (6).
However, the introduction of cone beam computed
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Patients

All patients presenting as emergencies with single or
multiple horizontal root fractures of permanent teeth at
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the Department of Oral Surgery and Stomatology
between 08/2004 and 05/2008 were included in the
present study. The traumatized teeth were assessed with
periapical (PA) and occlusal (OC) radiographs as well as
with CBCT. Teeth with fractures that were only detected
in CBCT images but not in conventional intraoral
radiographs (PA, OC) were excluded. Therefore, 38
consecutive patients were enrolled in the present study.
The patients comprised 26 males and 12 females, with a
mean age of 24 years (range: 8-52 years). From these
patients, a total of 45 root-fractured permanent teeth
were used for further analysis. One root-fractured tooth
was excluded from further evaluation, since the root
fracture was only located in the facial part of the root.
Thus, the final material included 44 permanent teeth
(43 central maxillary incisors and one lateral maxillary
incisor) in 38 patients.

Radiographic techniques

The CBCT images were obtained with a 3 DX Accui-
tomo XYZ Tomograph (Morita, Tokyo, Japan) with a
voxel size of 0.125 mm. Operating parameters were set at
3.0 mA and 80 kV and exposure time was 17.5 s. For all
CBCT images a limited field of view of 4 x 4 cm was
selected. The data were reconstructed with slices at an
interval of 0.5 mm, which were positioned parallel to the
horizontal axis of the alveolar bone. The root-fractured
tooth was placed in the center of the volume. The slices
were reformatted to place the tooth in a vertical position
in the coronal view.

The periapical and occlusal radiographs were taken
with a dental X-ray machine (HDX; Dental Ez, Lancas-
ter, PA, USA) operating at 70 kV and with an exposure
time of 0.12's. For the occlusal radiographs (OC), a
6x8cm F Speed film (Kodak Insight dental film;
Eastman Kodak Company, Rochester, NY, USA) was
used. The central beam was positioned through the
median-sagittal plane, corresponding to an angle of 70°
in relation to the film. For the periapical radiographs,
F Speed films (3 x4 cm or 2x 3 cm Kodak Insight
films; Eastman Kodak Company, Rochester, NY, USA)
were used, and the central beam was placed perpendic-
ular to the long axis of the tooth (paralleling technique)
with a film holder (Rinn XCP; Dentsply Friadent
Schweiz AG, Nidau, Switzerland).

Evaluation of the images

The intraoral radiographs and the CBCT images were all
evaluated by one experienced graduate student not
directly involved in the treatment and follow-up of the
patients included (A. W.-H.). The OC and PA radio-
graphs were processed in an automatic processor (XR
24PRO; Dirr Dental, Bietigheim, Germany) and ana-
lyzed using a light box. CBCT images were analyzed
using a Dell 380 Precision workstation (Dell SA, Geneva,
Switzerland) and a 19-in. Eizo Flexscan monitor with a
resolution of 1280 x 1024 pixels (Eizo Nanao AG,
Widenswil, Switzerland). The sagittal CBCT images
were printed out with a magnification of 310% for
further analysis.

For the relative level of the fracture line, the same
classification was used for PA, OC and sagittal CBCT
images (apical, middle, cervical third of the root). For
the sagittal CBCT slices, the level of the root fracture was
examined for the facial and palatal aspects of the root.
The total length of the root was defined as the distance
from the apex to the cemento-enamel junction. The
length of the apical fragment was extrapolated from the
total length of the root: If the fracture line (facial or
palatal) was positioned at 0-33% of the total length, the
relative fracture level was defined as apical; at 34-66% it
was defined as middle, and at 67-100% it was defined as
cervical (Fig. 1).

Periapical/intraoral occlusal images were compared to
the sagittal view of CBCT concerning the level of root
fracture. If the root fracture was not visible on the PA,
the OC was used for comparison with the sagittal CBCT
image. First, we evaluated whether the fracture level of
PA/OC was on an equal level, i.e. ‘facial and palatal’,
‘only facial’, ‘only palatal’ or ‘neither facial nor palatal’
compared to the CBCT. Then, the correlation of fracture
levels in PA/OC with the facial aspect of CBCT or the
palatal aspect of CBCT was evaluated.

In non-straight fracture lines, the entry and exit points
of the fracture were connected for further evaluation.
The facial and palatal angles between the fracture line
and the long axis of the root were measured using a set
square on the printout of the sagittal CBCT image
(Fig. 2). The level of the root fracture line (apical,
middle, cervical third of the root) was further related to
the calculated angle of the fracture in order to evaluate a
possible correlation between location and angle of the
root fracture.

Statistics

The test of proportions involving a binomial distribution
with Yates’ continuity correction was used to assess
whether the proportion of identical classification (iden-
tical classification = 1, no identical classification = 0)
with respect to the level of the root fracture (i.e. apical,
middle, cervical third of the root) in PA/OC radiographs
and facial/palatal aspects of the CBCT images was
statistically significantly different from 50% [i.e. PA/OC
VS. CBCTfale (CBCTf), PA/OC VS. CBCTpalatal
(CBCT,); PA/OC vs. CBCTyygiaypatatat (CBCTyy,)]. The
null value of 50% was chosen to address the clinician’s
viewpoint that any agreement in film/CBCT greater than
50% was considered as clinically relevant. In addition,
the 95% confidence intervals for the respective propor-
tions were calculated.

The Kruskal-Wallis rank sum test was used to
estimate whether the angle between the root fracture
line and axis of the tooth was associated with the level of
palatal and facial root fracture location in the sagittal
CBCT images. The Wilcoxon rank sum test was there-
after used to identify between which groups the statistical
significance would lie.

For all tests a P value <0.05 was considered as
statistically significant. The statistical software package
S-Plus Professional (Version 6.2; Insightful Software,
Palo Alto, CA, USA) was used for all analyses.
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Fig. 1. Schematic illustration of the classification of the differ-
ent root fracture levels (apical, middle, cervical third of the
root).

Results

Of the 44 permanent teeth with root fractures included in
the present study, six were visible on PA but not on OC,
and one was detected on OC but not on PA (Fig. 3). In the
occlusal and periapical radiographs, 28 fractures (63.6%)
were located in the middle third of the root, 11 (25.0%) in
the apical third and 5 (11.4%) in the cervical third
(Table 1). In the sagittal CBCT images, the location of
the fracture line was further differentiated to include the
facial and the palatal aspects of the affected root. On the
facial aspect, 31 teeth had fractures in the middle third of
the root, 30 teeth had a fracture located in the cervical third
on the palatal aspect of the root.

The evaluation of concordance of fracture location in
PA/OC compared to CBCT (‘facial and palatal’, ‘only
facial’, ‘only palatal’ or ‘meither facial nor palatal’)
showed the following results (Table 2): in 32 out of 44
teeth (72.7%), the level of the fracture line assessed on
intraoral radiographs differed in one or more aspects
from the level of the fracture line based on CBCT images
alone. The highest correlation (5/5; 100%) was seen in
cervical fractures in PA/OC with a corresponding
cervical location in CBCT ‘facial and palatal’. A high
correlation (60.7%) was also found for fractures in the
middle third of the root in PA/OC and the ‘only facial’
aspect in CBCT. The lowest PA/OC-CBCT concordance
was found for a root fracture location in the apical third:
only one tooth out of 11 with an apical fracture location
in PA/OC had a corresponding ‘facial and palatal’
location in CBCT.

© 2009 John Wiley & Sons A/S

Fig. 2. Schematic illustration of the calculation of the angle
between the fracture line and the long axis of the root.

Comparing fracture location in facial CBCT versus
PA/OC and palatal CBCT versus PA/OC, the following
results were seen (Table 3): 8/11 teeth (72.7%) classified
as apical fractures in PA/OC were located in the middle
third on the facial aspect using CBCT. On the palatal
aspect 5/11 fractures (45.5%) were located in the middle
third and 5/11 fractures (45.5%) in the cervical third.
A high correlation (23/28; 82.1%) was found for middle
fracture location in PA/OC and middle location in the
CBCT on the facial aspect, whereas the correlation on
the palatal aspect was low (8/28; 28.6%). The highest
correlation (5/5; 100%) was found for cervical fracture
location in PA/OC, with an identical fracture location on
both the facial and palatal aspects of the CBCT.

The PA/OC radiographs and the facial CBCT images
yielded the same level of root fracture in 70.5% of cases
(31 teeth; 95% CI: 54.1-82.7%), which was statistically
significantly different from (i.e. higher than) 50%
(P = 0.0104). The PA/OC radiographs and palatal
CBCT images exhibited the same level of root fracture
in 31.8% of cases (14 teeth; 95% CI: 15.4-43.0%), which
was statistically significantly different from (i.e. smaller
than) 50% (P = 0.0237). All three imaging measure-
ments (i.e. PA/OC, CBCTyygiq and CBCT pyjatar) yielded
the same results in only 27.2% of cases (95% CI: 15.4—
43.0%), which was statistically significantly different
from 50% (P = 0.0042).

The calculated mean angle between the fracture line
and the long axis of the root on the facial aspect was
60.1° (range: 27-94°). The greatest mean angle (75.9°)
was found for fractures located in the cervical third
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Table 1. Location of the root fractures using PA/OC radio-
graphs and sagittal slices of limited CBCT imaging (n = 44)

Fracture location on sagittal

Fracture location CBCT images

with PA/OC Facial Palatal
Apical third 11 (25.0%) 4 (9.1%) 1 (2.27%)
Middle third 28 (63.64%) 31 (70.45%) 13 (29.55%)
Cervical third 5 (11.36%) 9 (20.45%) 30 (68.18%)

PA, periapical; OC, occlusal, CBCT; cone beam computed tomography.

(Table 4). With regard to the correlation between the
calculated angle of the fracture and its level, the
following observations were made: for PA/OC radio-

Table 2. Concordance of fracture location between PA/OC images

Fig. 3. (a) In a 36-year-old patient, a
root fracture can be seen in the middle
third of the left central maxillary incisor
on the occlusal radiograph. (b) On the
periapical radiograph of the same
patient, a root fracture is visible in the
cervical third of the right central maxil-
lary incisor. (c¢) The sagittal cone beam
computed tomography (CBCT) slice
shows the cervical location of the root
fracture in the right central maxillary
incisor (cervical third on facial and
palatal aspects). (d) Also the left central
maxillary incisor shows a root fracture
on the sagittal CBCT slice (middle third
on facial aspect, and cervical third on
palatal aspect).

graphs, a fracture with an angle <60° was never located
in the cervical third of the root. On the facial aspect of
CBCT images, all fractures <50° were found in the
middle third of the root (Table 5). On the palatal
aspect of CBCT views, the majority of fractures were
located in the cervical third of the root, irrespective of
the size of the fracture angle. There was a statistically
significant association between the angle at which the
root fracture line intersected the axis of the tooth and
the level of root fracture in the facial CBCT images
(P = 0.0045). Fractures located in the cervical third
exhibited a greater angle (mean: 76; median: 79) than
fractures in the middle third of the roots (mean: 55;
median: 53; P = 0.0015). For fractures on the palatal
images of the roots, the results were not statistically
significant.

and CBCT (n = 44)

Facial and palatal

Only facial concordance Only palatal No concordance

concordance with CBCT with CBCT concordance with CBCT with CBCT
Middle fracture location with PA/OC (n = 28) 6 (21.4%) 17 (60.7%) 2 (7.2%) 3 (10.7%)
Cervical fracture location with PA/OC (n = 5) 5 (100%) = = =
Subtotal - 19 (43.2%) 2 (4.5%) 11 (25.0%)
Total (n = 44) 12 (27.3%) 32 (72.7%)

PA, periapical; OC, occlusal; CBCT, cone beam computed tomography.

© 2009 John Wiley & Sons A/S



Intraoral radiography vs. CBCT for assessing root fractures 575

Table 3. Location of the root fracture level on the facial and
palatal aspects of the sagittal CBCT images in comparison to
PA/OC radiographs (n = 44)

PA/OC PA/OC PA/OC
apical third middle third cervical third Total teeth

CBCT
facial aspect
apical third 3! (27.3%) 1 (3.6%) 0 (0%) 4 (9.0%)
middle third 8 (72.7%) 23! (82.1%) 0 (0%) 31 (70.5%)
cervical third 0 (0%) 4 (14.3%) 5! (100%) 9 (20.5%)
CBCT
palatal aspect
apical third 1! (9.0%) 0 (0%) 0 (0%) 1 (2.3%)
middle third 5 (45.5%) 8! (28.6%) 0 (0%) 13 (29.5%)

cervical third 5 (45.5%) 20 (71.4%) 5' (100%) 30 (68.2%)

Total 11 28 5 44

PA, periapical; OC, occlusal; CBCT, cone beam computed tomography.
"n and percentages in bold indicate similar fracture levels with PA and CBCT.

Table 4. Calculated facial angles between the fracture line and
the long axis of the root as calculated on the sagittal CBCT
image (n = 44)

Mean (°) Minimum (°)  Maximum (°)
Apical’ third (n=4) 634 (¢155) 525 1)
Middle' third (7 = 31) 55 («14.6) 27 9
Cervical' third (n=9) 759 (x129) 57 9
All (n = 44) 60.1 (+16.6) 27 9%

"Fracture location determined on facial aspect in sagittal CBCT view.
CBCT, cone beam computed tomography.

Discussion

The present study evaluated and compared the findings
of root-fractured teeth using PA/OC radiographs and
limited CBCT images. The PA/OC radiographs and the
facial aspect of CBCT images yielded the same level of
root fracture in 70.5% of cases, whereas PA/OC radio-
graphs and palatal CBCT images yielded the same level
of root fracture in 31.8% of cases. All three imaging
measurements (PA/OC, CBCTyg, and CBCTpa0a1)
yielded the same results in only 27.2% of cases.

Root fractures are a rather uncommon finding,
accounting for 0.5-7% of dental injuries that occur in
the permanent dentition (15). Clinically, root fractures
may present as a slightly extruded tooth, frequently

displaced towards the palate, and affected teeth are often
mobile (16). Complete clinical and radiographic exam-
inations combined with a correct diagnosis of the dental
pulp status are fundamental to ensure proper treatment
and good prognosis of the root-fractured tooth (17, 18).
The International Association of Dental Traumatology
(IADT) recently published guidelines for the manage-
ment of traumatic dental injuries recommending at least
three intraoral radiographs as a routine radiographic
examination for fractures and luxations of permanent
teeth (19): (i) a radiograph at a 90° horizontal angle with
the central beam through the tooth in question, (ii) an
occlusal view, and (iii) a lateral view from a mesial or
distal aspect of the affected tooth.

Nevertheless, a radiographic examination based on
traditional two-dimensional plain-film projection has
several limitations, an important one being that the
radiation beam must pass through the fracture line to
visualize it (20). Often, root fractures are not even
diagnosed in routine daily practice, as reported by a
recent study, where expert examiners found an additional
21 occult fractures that were not detected by the treating
dentist at the time of injury (21). Also in the present
study, the difficulty of visualizing horizontal root frac-
tures with two-dimensional radiography and the need for
multiple intraoral images is demonstrated by the fact that
of the 44 root-fractured teeth included, six fractures were
visible on PA radiographs but not on OC images, and
one was detected with OC but not PA radiographs.

Numerous efforts have been made of three-dimen-
sional radiographic imaging in all fields of dentistry,
ranging from oral surgery to orthodontics. Although
computerized tomography (CT) has been available for
quite some time, its use in dentistry has always been
limited because of cost, access, and radiation (22). The
introduction of cone-beam computed tomography
(CBCT) represented an important new development in
dento-maxillofacial radiology, and precipitated a shift
from two- to three-dimensional data acquisition, image
reconstruction, and visualization.

Especially for the diagnosis of endodontic pathology,
CBCT has demonstrated important advantages over
conventional intraoral radiographs. Lofthag-Hansen
et al. (13) compared PA radiographs and limited CBCT
for detection of apical pathology in maxillary molars and
premolars and in mandibular molars. The study demon-
strated that 38% of the lesions were undetected by PA
radiography, despite the fact that an additional PA
radiograph was taken from a different angle. These
findings were confirmed in a recent study by Low et al.

Table 5. Correlation between calculated angle (facial and palatal) and root fracture level (n = 44)

PA/OC CBCT (facial aspect) CBCT (palatal aspect)
Angle A M C A M C A M C
<50° n =11 4 7 0 0 11 0 0 1 10
>50° and <60° n = 17 5 12 0 3 12 2 0 7 10
>60° n = 16 2 9 5 1 8 7 1 5 10
Total 11 28 5 4 31 9 1 18 30

PA, periapical; OC, occlusal; CBCT, cone beam computed tomography.

© 2009 John Wiley & Sons A/S
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(14), in which 34% of roots with periapical lesions were
only detected on CBCT images. Standard intraoral
imaging techniques have limitations in their sensitivity
and specificity when assessing pathologies of teeth, as has
been demonstrated by a recent study evaluating different
imaging methods (CBCT, panoramic and periapical
radiographs) concerning the predictive values and accu-
racy of the detection of apical periodontitis (23). Apical
periodontitis was correctly identified with panoramic and
periapical radiographs, but only when the lesion was in
an advanced stage. The prevalence of apical periodontitis
was significantly higher with CBCT, since apical peri-
odontitis was detected at an earlier stage.

The potential use of CBCT for the diagnosis of dental
trauma has been reported only in a limited number of
publications, i.e. a review paper (24), two in vitro studies
(25, 26), a case report (27), and one case series study (28).
In the recent case series study from Brazil, 20 patients
with endodontically treated teeth were analyzed for root
fractures using PA radiographs and CBCT (28). The
results demonstrated statistically significantly less precise
detection of root fractures for two-dimensional radio-
graphs compared to CBCT. For two cases, the fracture
was also not detected using three-dimensional imaging,
probably due to metallic artifacts from the root canal
filling material or posts. In the present study, a root
fracture could be clearly detected in all 44 included cases
using CBCT images, probably because the patients were
generally younger (mean age of 24 years), and the teeth
affected were not endodontically treated, thus averting
potential diagnostic problems due to artifacts.

The present study demonstrated that the use of CBCT
for the diagnosis of root fractures resulted in significantly
different findings than the use of conventional PA/OC
radiography alone. Similar findings were also reported
for comparative studies regarding CBCT imaging vs.
conventional radiography for the diagnosis of periapical
pathology (13, 14, 23), and confirm initial reports
addressing root fractures (24-28). With regard to the
location of the root fracture, the radiographic techniques
analyzed (i.e. PA/OC radiographs and CBCTyy,) showed
an identical fracture location in only 27.3% of cases. The
sagittal CBCT planes showed that the fracture level was
most often located in the middle third on the facial
aspect (31 teeth/70.5%) and in the cervical third on the
palatal aspect (30 teeth/68.2%). As a consequence, a
facial location of the fracture in the middle or apical
third was often associated with a cervical fracture
location on the palatal aspect of the root (oblique course
of the fracture in the oro-facial plane).

The results from the present study may be important
for the treatment of root-fractured teeth and thus for
establishing a prognosis. The fact that most fractures are
described in the literature as being located in the middle
third of the root should be reconsidered (4, 5), especially
given that this diagnosis was based primarily on two-
dimensional intraoral radiographs. Furthermore, in the
present study 30 teeth (68.2%) had a fracture located in
the cervical third on the palatal aspect of the root. It is
known from the literature that horizontal root fractures
in the cervical part of the root have the poorest prognosis
of intra-alveolar root fractures (4, 5, 29, 30). In a recent

study assessing the survival of 534 root-fractured teeth
(5), 77 teeth with horizontal fractures at the cervical part
of the root were extracted during the course of the study.
This accounted for about 70% of the teeth included in
that group. Future studies including CBCT imaging for
treatment planning are needed to verify the high
incidence of cervical root fractures found in the present
study, and also to correlate these three-dimensional
findings to the long-term prognosis of the affected teeth.

Regarding the findings in the present study, limited
CBCT seems to have the potential to replace conven-
tional radiographs for accurate diagnosis of teeth after
dento-alveolar trauma. Also in comparison to computed
tomography (CT), CBCT has clear advantages, the most
important being less radiation administered to the patient
(24). Imaging with the NewTom QR-DVT 9000 resulted
in an effective absorbed dose ranging from 19.9-77.9 uSv
(31), compared to a range of 6.2-22 uSv for panoramic
views, and 314 uSv for conventional CT scans. In a recent
study evaluating the effective dose for the CBCT device
used in the present study (32), 20.02 uSv were measured
for a limited field of view (FOV) of 4 x 4 cm, whereas
43.27 uSv were detected for a larger FOV (6 X 6 cm).
Therefore, a smaller FOV should always be used when
possible, thus adhering to the ALARA (as low as
reasonably achievable) principle (33).

In conclusion, limited CBCT imaging offers the clear
advantage over conventional imaging (PA and OC) that
traumatized teeth can be visualized in all three dimen-
sions — especially the oro-facial dimension. An interest-
ing finding is the high percentage (almost 70%) of root
fractures located in the cervical part in the facial aspect
of the tooth. The clinical significance for treatment
strategies and also for the prognosis of the traumatized
teeth has to be addressed in future studies.
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