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Abstract
Objective. To compare the diagnostic accuracy of panoramic imaging, stereo-scanography and cone beam computed
tomography (CBCT) for assessment of mandibular third molars. Material and methods. One hundred and twelve patients
(147 third molars) underwent radiographic examination by panoramic imaging, stereo-scanography and CBCT. Tooth
angulation, root morphology, number of roots and relation to the mandibular canal were assessed. The same variables were
assessed intra- and post-operatively and served as reference for the radiographic assessments. The diagnostic accuracy for
each variable was compared between the three modalities and accuracy was further expressed as sensitivity and specificity and
tested between the modalities for identifying the relation to the mandibular canal. Results. There were no significant
differences between the modalities regarding tooth angulation, root morphology and number of roots. However, CBCT was
more accurate than stereo-scanography for determining root bending in the bucco-lingual plane (p = 0.02). Moreover,
sensitivity for direct contact to the mandibular canal (panoramic imaging: 0.29, stereo-scanography: 0.57, CBCT: 0.67) was
higher for CBCT than for panoramic images (p = 0.05) and specificity for no direct contact to the mandibular canal (panoramic
imaging: 0.78, stereo-scanography: 0.53, CBCT: 0.68) was higher for panoramic images and CBCT than for scanograms
(p < 0.001). Conclusion. Panoramic imaging, stereo-scanography and CBCT seem equally valuable for examination of tooth
angulation, number and morphology of roots of mandibular third molars. However, CBCT was more accurate for assessment
of root bending in the bucco-lingual plane and more accurate than panoramic images to identify direct contact to the
mandibular canal.

Key Words: CT scanning, radiography, wisdom teeth

Introduction

Before surgical removal of mandibular third molars, a
radiographic examination is used to assess the posi-
tion of the tooth, number andmorphology of the roots
and the relationship between the tooth and the
mandibular canal. A panoramic image has been the
first choice method and several studies have been
conducted on accuracy of panorama radiography
for assessment of mandibular third molars [1–3].
Traditionally, seven signs in the panoramic image
have been used to indicate a direct contact between
the roots of the third molar and the neurovascular
bundle in the mandibular canal [4]. However, they

seem not equally reliable. In a recent review it was
concluded that three of the signs (interruption of the
white line of the canal, diversion of the canal and
darkening of the roots) were more valid to predict
direct contact than the remaining four (deflected
roots, narrowing of the root, dark and bifid root
and narrowing of the canal) [5,6]. It was concluded
that an absence of these signs could not ensure there
was no direct contact.
Another radiographic modality for assessment of

mandibular third molars is stereo-scanography, but
the diagnostic accuracy of this technique has only
been addressed in a few studies [7–9]. In one study,
the seven signs of direct contact in panoramic images
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were compared with the findings from stereoscopic
visualization of stereo-scanograms both validated
against the surgical findings. It was concluded that
the stereographic technique was a useful method with
a higher sensitivity than panoramic imaging [8].
Stereo-scanograms have also been compared with
panoramic images plus a series of three intra-oral
images (orthogonal and eccentric) [7]. It was con-
cluded that stereo-scanograms were more accurate
when validated against the surgical findings for the
position of the tooth and number of roots, while both
methods were equally accurate in determining the
relationship between the roots and the mandibular
canal [7].
Recently, cone beam computed tomography

(CBCT) has become available and it has been claimed
that the diagnostic accuracy of this method is superior
to panoramic images [10–14]. However, these studies
have used the CBCT findings as a ‘gold standard’ for
the panoramic findings and obviously CBCT will be
more accurate. In contrast, a review by Guerrero et al.
[15] concluded that CBCT should not be used as a
reference standard since, being a diagnostic method,
it in itself is apt to both false positive and false negative
recordings. Therefore, intra-operative findings or sen-
sory disturbances from the inferior alveolar nerve
(IAN) should still be the reference when determining
proximity between the third molar and the mandi-
bular canal by radiographic methods. Furthermore, in
this review only two studies were reported, which
fulfilled that criterion [16,17]. In a recent study the
accuracy of panoramic images, stereo-scanograms
and CBCTwas validated against the surgical findings.
The study included only 18 teeth [9] and further
studies are thus needed to assess the accuracy of
CBCT for third molar assessment. Therefore, the
aim of this study was to compare the diagnostic
accuracy of panoramic images, stereo-scanograms
and CBCT for assessment of tooth angulation, root
number and morphology of mandibular third molars
and the relationship to the mandibular canal before
surgery using intra-operative findings and sensory
disturbances as validation.

Material and methods

Patients

The study was approved by the local Committee of
Ethics, Denmark. A total of 294 patients (with
565 mandibular third molars) underwent a clinical
examination and were screened for participation in
this study. The patients were recruited from the
Section of Oral and Maxillofacial Surgery and
Oral Pathology, Department of Dentistry, Aarhus
University, Denmark, to have one or two mandibular
third molars surgically removed. A panoramic radio-
graph or intra-oral images were available for the

clinical examination. The panoramic radiograph
was either included in the referral records of the
patient from the general practitioner or a panoramic
examination was performed at the Section of
Oral Radiology, Department of Dentistry, Aarhus
University, Denmark, using either a Cranex Tome
unit (Soredex, Helsinki, Finland) with a phosphor
plate image receptor (Digora image plate and PCT
scanner, Soredex, Helsinki, Finland) or a ProMax
unit (Planmeca, Helsinki, Finland) with a CCD-
based image receptor.
After the clinical examination it was decided

whether surgical removal was indicated. Indications
for removal were: (1) recurring episodes of pericor-
onitis (‡2 episodes), (2) caries or resorption of the
second molar (distal surface), (3) unrestorable caries
of the third molar, (4) progressive marginal bone loss
of the second molar (distal surface) or (5) other
pathologic conditions related to the third molar.
Only third molars scheduled for removal, with
over-projection of the roots/parts of the tooth and
the mandibular canal in the initial image, were
included. The study eventually included 147 mandi-
bular third molars (68 left and 79 right side molars) in
112 patients (58 males and 54 females, mean
age = 25.1 years, range = 18.2–44.2). For 139 teeth
a panoramic image was available and eight teeth had
sufficient intra-oral images, thus no panoramic image
was recorded. The patients were all referred to the
Section of Oral Radiology for additional radiographic
examinations.

Radiographic examinations

The additional radiographic examinations consisted
of stereo-scanography and a CBCT examination.
A Scanora unit (Soredex, Helsinki, Finland) was
used for scanography and the image receptor was a
Digora phosphor plate. The stereo-scanograms
consisted of a series of four images (stereo-scopic
multiview), which displayed the third molar in one
orthogonal and one disto-eccentric projection and
two projections cranial to these [18]. In both direc-
tions the tube shift angle was 4�. This technique
allows for viewing with stereopsis [18] in addition
to the tube-shift technique for assessment of the
relation between the tooth and the mandibular canal.
Two CBCT units were used for the CBCT exami-

nations, either the NewTom 3G (QR SRL, Verona,
Italy) (65 third molars) or the Scanora 3D (Soredex,
Helsinki, Finland) (82 third molars). In the NewTom
scanner, the patients were examined with a 6-inch
FOV and in the Scanora 3D with a 6 � 6 cm FOV.
The FOV was centered at the mandibular third molar
region. Unfortunately, the NewTom 3G was not
available in the last part of the period for patient
inclusion, which is why more third molars were
examined with the Scanora 3D.
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The stereo-scanograms and panoramic images
were exported from their dedicated software and
viewed in general software (DigiView PACS) [19]
with possibilities to use zoom function and image
enhancement such as brightness, contrast and gamma
curve functions. The CBCT volumetric data sets were
reconstructed to display 2D images (NewTom:
0.2 mm sections; Scanora 3D: 0.13 mm sections)
in three planes: axial, sagittal and coronal, and viewed
in their dedicated software (NewTom 3G: NNT, QR
SRL, Verona, Italy; Scanora 3D: OnDemand�,
Cypermed Inc., Irvine, CA). All images were assessed
on flat-panel 19 or 20 inch quality monitors (Sync-
Master 203B (Samsung, Cheonan City, Korea),
Olorin VistaLine (Olorin AB, Kungsbacka, Sweden)
or Phillips 190S (Eindhoven, The Netherlands)).

Radiographic assessment

The assessment of the images was incorporated in the
daily clinical practice at the Section of Oral Radiology
and three specialist observers took part in the assess-
ment of the images (two oral radiologists and one
PhD student in oral radiology, who assessed the vast
majority of the images). The PhD student had 4 years
of experience in interpreting panoramic images,
stereo-scanograms and CBCT images of mandibular
third molars and was trained and calibrated by the two
specialists before the beginning of the study. The
following tooth-related variables for the third molar
in question were recorded: (1) angulation (horizontal/
disto-angulated/mesio-angulated/vertical), (2) num-
ber of roots (1/2/> 2), (3) root morphology of the
distal and mesial root (assessed separately) (straight/
buccal-/lingual-/distal-/mesial bending) and (4) rela-
tion to the mandibular canal (direct contact/no direct
contact) for each radiographic modality.
In the panoramic images the relation to the man-

dibular canal was interpreted as direct contact if one
of the following three signs was visible: (1) interrup-
tion of the white line of the border of the canal, (2)
diversion of the canal and/or (3) darkening of the
roots [6]. In the stereo-scanograms direct contact to
the canal was recorded, if the roots/parts of the tooth
were positioned in the same level in the bucco-
lingual plane viewed with stereopsis or the tube shift
technique. In the CBCT a direct contact to the canal
was recorded, if there was no bony separation between
the roots/parts of the tooth and the mandibular canal.
Whenever there was doubt about any variable, a
consensus between two observers was made and
recorded.

Surgical treatment

The patients were given ibuprofen (600 mg) and
performed mouth-rinsing for 1 min with a 0.12%
chlorhexidine solution pre-operatively. A standard

buccal flap approach was used for the surgical pro-
cedures. After raising a full-thickness mucoperiostal
flap, buccal/distal bone was removed with a burr
under sterile saline irrigation. The tooth was removed
in one piece or several pieces after sectioning with a
burr also under sterile saline irrigation. Inflammatory
tissue and sharp bone edges were removed before
meticulous irrigation of the extraction socket and
the operation field. Finally, the flap was repositioned
and sutured using 2–3 resorbable sutures (Vicryl 4-0,
Ethicon, Germany).
The patients were given standard post-operative

information and a prescription for 600 mg ibuprofen
to be taken up to 3-times daily as needed. In addition,
the patients were instructed to perform mouth-
rinsing with 0.12% chlorhexidine solution twice daily
until control examination and removal of the sutures
1 week post-operatively.

Intra- and post-operative assessment

During/after surgery the same tooth-related variables
as for the radiographic assessment were registered
and these served as validation for the radiographic
findings: (1) angulation (horizontal/disto-angulated/
mesio-angulated/vertical), (2) number of roots
(1/2/> 2), (3) root morphology of the distal and mesial
root (assessed separately) (straight/buccal-/lingual-/
distal-/mesial bending) and (4) relation to the man-
dibular canal (direct contact/no direct contact).
Direct contact between the roots of the tooth and
the mandibular canal was registered if one or more
of the following criteria were fulfilled: (1) the IAN
was visible in the extraction socket, (2) grooves/
impressions from the canal were seen in the root
complex or (3) the patient had sensory disturbance
in the innervation area of the IAN 1 week post-
operatively.

Data treatment

Root morphology was re-coded for the mesial and
distal root components separately in three ways: (1)
bending/no bending, (2) buccal or lingual bending/
no buccal or lingual bending and (3) mesial or distal
bending/no mesial or distal bending. These re-coded
categories were all tested separately. Since it is not
possible to examine buccal and lingual bending of the
roots in panoramic images, the second re-coding and
tests were only performed between recordings in
stereo-scanograms and CBCT images.
Accuracy was defined as agreement between the

radiographic and the intra-/post-operative findings.
McNemar’s chi-squared test was used to assess
differences in accuracy between the two CBCT units
for all parameters. A linear regression model was used
to assess the overall accuracy between the three
modalities and McNemar’s chi-squared test was
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used to assess differences in accuracy between the
modalities two-by-two for all variables.
Sensitivity of the radiographic modalities to display

if a direct contact between the tooth and the mandi-
bular canal was present (number with direct
contact observed in radiographs/number with opera-
tive findings of direct contact or sensory disturbances)
and specificity of the radiographic modalities to
exclude a direct contact between the tooth and the
canal (number with no direct contact observed in
radiographs/number with no operative findings of
direct contact or no sensory disturbances) were cal-
culated. A regression model was used to assess differ-
ences in sensitivity and specificity, respectively,
between the three modalities. The data were analyzed

using Stata 10.0 (StataCorp LP, College Station,
Texas) and a 5% level of significance was applied.

Results

In two cases the root tip of the distal root was
not removed due to fracture; consequently, morpho-
logical assessment of the distal root could not
be performed. Therefore, the final number of
recordings of the distal root was 137 for panoramic
images and 145 for stereo-scanograms and CBCT.
There was no significant difference between the two
CBCT units for any parameter (p > 0.05). Therefore,
CBCT was treated as one modality in the following
analyses.

Table I. Distribution of the radiographic vs the intra- and post-operative findings.

Panoramic image
(n = 139)

Stereo-scanogram
(n = 147)

CBCT
(n = 147)

Angulation

Horizontal 22/26 (84.6) 24/27 (88.9) 23/27 (85.2)

Disto-angulated 18/24 (75) 20/24 (83.3) 16/24 (66.7)

Mesio-angulated 40/44 (90.9) 47/49 (95.9) 43/49 (87.8)

Vertical 29/45 (64.4) 29/47 (61.7) 37/47 (78.7)

Number of roots

1 9/28 (32.1) 11/30 (36.7) 12/30 (40)

2 83/97 (85.6) 91/102 (89.2) 88/102 (86.3)

>2 4/14 (28.6) 3/15 (20) 11/15 (73.3)

Distal root, bending

Yes 41/70 (58.6) 48/73 (65.8) 45/73 (61.6)

No 53/67 (79.1) 56/72 (77.8) 59/72 (81.9)

Distal root, buccal or lingual bending

Yes — 2/11 (18.2) 4/11 (36.4)

No — 124/134 (92.5) 128/134 (95.5)

Distal root, mesial or distal bending

Yes 40/63 (63.5) 41/66 (62.1) 39/66 (59.1)

No 59/74 (79.7) 63/79 (79.8) 68/79 (86.1)

Mesial root, bending

Yes 79/98 (80.6) 86/103 (83.5) 93/103 (90.3)

No 23/41 (56.1) 24/44 (54.6) 25/44 (56.8)

Mesial root, buccal or lingual bending

Yes — 6/13 (46.2) 7/13 (53.9)

No — 114/134 (85.1)a 126/134 (94.0)a

Mesial root, mesial or distal bending

Yes 75/92 (81.5) 74/96 (77.1) 82/96 (85.4)

No 25/47 (53.2) 31/51 (60.8) 30/51 (60.8)

Direct contact with the canal

Yes 5/17 (29.4) 12/21 (57.1) 14/21 (66.7)

No 95/122 (77.9)b 67/126 (53.2)b,c 86/126 (68.3)c

Accuracy tested between modalities; ap = 0.02; bp = 0.002; cp = 0.004.
Percentage of agreement in brackets.
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In Table I, the distribution of the radiographic vs the
intra- andpost-operativefindings for all variables for the
three modalities is shown. The results from the linear
regressionanalyses and forMcNemar’s chi-squared test
for accuracy between the three modalities showed no
significant differences between any modality for the
following parameters: (1) angulation, (2) number of
roots and (3) rootmorphology in themesio-distal plane.
There was, however, a statistically significant difference
betweenCBCTand stereo-scanograms for detection of
buccal or lingual bending of the mesial root (p = 0.02),
which means that CBCT had a higher accuracy than
stereo-scanograms for assessing this parameter. A
significant difference was also seen between panoramic
images and stereo-scanograms (p = 0.002) and between
CBCT and stereo-scanograms (p = 0.004) for assess-
ment of the relationship to the mandibular canal. This
means that panoramic images and CBCT had a higher
accuracy than stereo-scanograms for assessing this
parameter.
When accuracy was additionally assessed as sensi-

tivity and specificity for the three modalities, sensi-
tivity for a direct contact between the roots of the third
molar and the mandibular canal was highest for
CBCT (0.67), thereafter stereo-scanograms (0.57)
and lowest for panoramic images (0.29). This differ-
ence was significant between the panoramic images
and CBCT (p = 0.05). The specificity for no direct
contact between the tooth and the mandibular canal
was highest for panoramic images (0.78), thereafter
CBCT (0.68) and lowest for stereo-scanograms
(0.53). This difference was significant between pan-
oramic images and stereo-scanograms and between
CBCT and stereo-scanograms (p < 0.001). Figure 1
shows a representative example of a third molar with
no signs of close contact in the panoramic image, but
direct contact was determined both in the stereo-
scanograms and in the CBCT images. The IAN
was visible in the extraction socket after removal of
this tooth, i.e. the assessments in stereo-scanograms
and CBCT were true positives.

Discussion

To assess the diagnostic accuracy of a radiographic
modality, a validation method or reference standard is
mandatory to compare the radiographic findings with

the true situation. For mandibular third molars the
convention has been to validate the radiographic
observations against the intra- and post-operative
findings. This validation method is considered to
be reliable for tooth-related parameters (angulation,
number and bending of roots) since it is possible to
inspect the tooth and roots after removal of the tooth.
Panoramic images have previously been found to be
useful in determining the impaction state and angu-
lation of the tooth, but the accuracy for number
and morphology of roots was poor [2,3]. Stereo-
scanograms have been found to be more accurate
than a panoramic image plus a series of eccentric
intra-oral images in determining angulation and num-
ber of roots [7]. Suomalainen et al. [9] found that
CBCT revealed the number of roots more reliably
than panoramic images. No statistically significant
difference was found in the present study between
the three modalities for assessing tooth angulation and
number of roots, but CBCT was more accurate
compared to stereo-scanograms to assess bending
in the bucco-lingual plane. As might be expected,
CBCT can therefore be useful for adding information
on root morphology.
It can be questioned whether the validation crite-

rion that the IAN must be visible intra-operatively is
reliable for assessment of whether or not a direct
contact to the IAN exists. The clinical inspection of
the empty alveolus may not be valid in determining
whether or not there is bony separation between the
roots of the third molar and the nerve. It can be
speculated that there may be false negative recordings,
namely cases where the nerve was not visible after
removal of the tooth, but still there could have been
no bony separation, equaling a direct contact,
between the root and the mandibular canal. To avoid
IAN injury the assessment involved exclusively visual
inspection, therefore, the existence of direct contact
may be under-estimated. This means that the strength
of the truly negative observation may be weak. On the
other hand, the strength of the truly positive obser-
vation (cases where the nerve was actually visible) is
thought to be high. After removal of the tooth it is
moreover possible to examine the root complex for
grooves related to the IAN and this sign may also be
interpreted as indicative for a direct contact between
the tooth and the nerve. Furthermore, a patient-
related outcome (sensory disturbance in the area of
innervation from the IAN) may indicate a direct
contact between the tooth and the nerve. The validity
of this criterion can also be discussed, since a change
in sensory feeling post-operatively may arise from
other factors than direct contact to the IAN, for
example during injection of anesthetics. If sensitivities
for a direct contact were tested using only operative
findings as signs for direct contact, this would result in
a probability value of 6% between panoramic images
(sensitivity 0.27) and CBCT (sensitivity 0.63). The

A B C

Figure 1. Left mandibular third molar: (A) panoramic image; (B)
Stereo-scanogram; (C) CBCT section coronal view. Arrow
indicates the mandibular canal.
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two patients with sensory disturbances had no oper-
ative signs of a direct contact. In a recent review based
on five studies assessing the seven signs for a close
contact between the roots of the molar and the
mandibular canal in a panoramic image, sensory
disturbance was used as the reference standard in
three of the studies, while IAN exposure observed
after removal of the tooth was used as the validation
for a close contact in two studies. Both validation
methods were stated in the review [5,6] as adequate
reference standards for a close relation to the man-
dibular canal and they have been used for decades in
evidence-based dentistry [20]; therefore, they were
also used in the present study. Two of the three
studies which used sensory disturbances as the sign
of close contact were retrospective case-control
studies [21,22] and the study by Rood and Shehab
[4] included both a retrospective and a prospective
survey, but for all of them no operative findings were
used to indicate direct/no direct contact to the IAN,
which conversely was used in the last two studies
[1,23] included in the review. Even with the draw-
backs of these validation criteria taken into account,
we believe that the validation methods can be used for
a relative comparison between the sensitivities of
radiographic modalities when assessed within the
same study and the same operators. The absolute
values of sensitivities may, however, be difficult to
compare between studies.
When using these validation criteria, CBCT had

the highest sensitivity and panoramic images the
lowest for assessment of a direct contact to the nerve
in our study. This means that the probability that
CBCT would assess a direct contact between the
tooth and the mandibular canal when a direct contact
to the nerve truly existed was on average 67%, which
was significantly higher than panoramic images
where the probability was 29%. With the number
of cases with direct contact (21 teeth) in this
study, there was no difference in sensitivity between
stereo-scanograms and CBCT and between stereo-
scanograms and panoramic images. On the other
hand, specificity, i.e. no direct contact between the
tooth and the mandibular canal was recorded when no
direct contact truly existed, was 68% in CBCT, 78%
in panoramic images and 53% in stereo-scanograms.
Thus, panoramic images and CBCT were not signi-
ficantly different, but had higher specificities than
stereo-scanograms. It is logical that, when the signs
in panoramic images determining a direct relation
were only present in a few cases, this will give rise
to a high specificity. In the present context a
diagnostic method with high sensitivity seems to be
preferable over one with high specificity, since the
consequences of a ‘false positive’ recording of
a close contact between the tooth and the mandibular
canal where this did not exist in reality, may often be
that the surgeon is more meticulous during the

surgical procedure. In contrast, it may be more critical
with a ‘false negative’ radiographic recording, namely
cases where an existing direct contact was not
assessed with the radiographic modality.
Bell [1] found a sensitivity and specificity of pan-

oramic images for determining the relation to the
mandibular canal of 66% and 74%, respectively,
using the seven signs for close relation between the
tooth and the mandibular canal and the visibility of
the IAN intra-operatively as the validation criterion.
Wenzel et al. [7] stated that stereo-scanography
(sensitivity: 0.44, specificity: 0.91) and a panoramic
image plus a series of eccentric intra-oral images
(sensitivity: 0.53, specificity: 0.88) had the same
accuracy for demonstrating the relation to the man-
dibular canal. In contrast, Tammisalo et al. [8] con-
cluded that stereo-scanograms had a higher sensitivity
in determining the relation to the mandibular canal
than panoramic images (0.91 vs 0.56). In another
study by Tantanapornkul et al. [16] on 142 teeth, it
was concluded that CBCT (sensitivity: 93%, speci-
ficity: 77%) was significantly superior to panoramic
images (sensitivity: 70%, specificity: 63%) in predic-
ting nerve exposure during removal of mandibular
third molars. The sensitivities and specificities found
in this study were higher than in the present study,
but, besides possible operator variation in the vali-
dation of direct contact, excessive bleeding caused
by the relation between the root and the IAN could
not be evaluated in several cases, which were then
omitted. Suomalainen and coworkers found that
CBCT was more reliable than scanograms in deter-
mining the relation to the mandibular canal. How-
ever, no data on sensitivity or specificity were given.
The relation to the mandibular canal may be one

of the most important parameters to assess before sur-
gical removal of mandibular third molars and a close
contact may be decisive for the choice of surgical treat-
ment [24] to minimize the risk of IAN injury. It has
recently been recommended to perform coronectomy,
where only the crown of the tooth is removed, in cases
where there is a close relation in the panoramic image
[25–30]. In a recent study itwas concluded that nobony
separation between the roots of the third molar and the
mandibular canal observed in CBCT images was a
highly significant factor for choosing coronectomy
instead of removal of the whole tooth [24].
In the present study only two patients (1.36%) had

a temporary sensory disturbance after removal of the
tooth (data not shown). One of the teeth was assessed
with no close contact in the panoramic images and
stereo-scanogram, but there was no bony separation
between the roots and the mandibular canal in the
CBCT images. The other tooth was assessed to be in
direct contact with the canal in all three radiographic
modalities. Although our findings encourage the use
of CBCT before removal of mandibular third molars,
large randomized controlled clinical trials are needed
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to address whether fewer IAN injuries will be the
result of CBCT examinations compared to merely
panoramic or scanographic examination. Such
studies may demand large patient samples and,
thus, be quite cumbersome to conduct [31].
In conclusion, when comparing the diagnostic accu-

racy of panoramic radiography, stereo-scanography
and CBCT for assessment of mandibular third molars,
CBCT was superior to determine the existence of a
direct contact between the roots of the mandibular
third molar and the mandibular canal and to assess
bending of roots in the bucco-lingual plane. There
were no differences between the three modalities for
assessing tooth angulation, number of roots and
bending of the roots in the mesio-distal plane.
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