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1,2Yifat Manor, 3Refael Abir, 4Alex Manor and 5Israel Kaffe

1Department of Oral and Maxillofacial Surgery, Maurice and Gabriela Goldschleger School of Dental Medicine, Tel-Aviv
University, Tel-Aviv, Israel; 2Dental Division, Assaf Harofe Medical Center, Beer Yaacov, Israel; 3Maurice and Gabriela
Goldschleger School of Dental Medicine, Tel-Aviv University, Tel-Aviv, Israel; 4Economical Unit, Edith Wolfson Medical Center,
Holon, Israel; 5Department of Oral Medicine and Diagnosis, Maurice and Gabriela Goldschleger School of Dental Medicine,
Tel-Aviv University, Tel-Aviv, Israel

Objectives: To find the differences between treatment decisions of lower impacted third
molars among experts of oral and maxillofacial surgery according to panoramic radiographic
and CBCT findings.
Methods: A retrospective analysis of 62 panoramic radiographs and CBCT of lower third
molars evaluated for treatment decisions by 9 independent experts of oral and maxillofacial
surgery.
Results: Differences in interpretation of the panoramic radiography were found between
surgeons. The absence of radiological signs suspected for risk to the inferior alveolar nerve
lead to the decision of extraction according to panoramic radiography without CBCT (p,
0.01). The presence of those signs lead to referral to CBCT by surgeons before treatment but
did not change their decision.
Conclusions: Treatment decision for surgical treatment of the lower third molar can be
accepted without CBCT findings. The use of CBCT is popular before extraction of lower
third molars. We found that it has a little effect on the treatment decision of the surgical
intervention in comparison to panoramic radiography.
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Introduction

Mandibular third molar extraction is a common pro-
cedure. Indications to perform the operation are mainly
due to the presence of tooth decay, tooth impaction-
related pathologies and preventing future problems such
as tooth-related pericoronitis, cysts, tumours and peri-
odontal problems.1

Risks and complications of surgical procedures in-
clude bleeding, infection, jaw fracture, nerve damage
of the lingual nerve and of the inferior alveolar
nerve (IAN).

The incidence of risks is associated with the following
factors: age, gender and health status according to the
American Society of Anesthesiologists, bone density,
tooth position, the degree of impaction and the degree
of surgeon experience.2

Sensory injury of the IAN is a complication that most
of the dentists and oral surgeons would like to prevent;
the incidence of IAN injury is 0.4–0.7%.1,2 The rate of
temporary damage to the IAN is between 4% and 8%1,2

when the procedure is performed by an expert surgeon;2

the damage is the result of direct trauma to the nerve
itself (tearing or damaging the nerve by drills or by
pushing the root to the canal) or of later complications
such as oedema or haemorrhage.1
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Imaging methods are used to provide information
regarding the number and location of the roots of teeth
and their proximity to the mandibular canal. The
common means used today are panoramic radiography
and CBCT.
Panoramic radiography gives a complete picture of

the jaw structures, vital structures, the temporoman-
dibular joints, adjacent important structures of the jaws
and possible pathologies. Panoramic radiographs give
information in the anteroposterior relation but not the
buccolingual relation between the tooth and vital
structures, and it has lower picture sharpness3 and dis-
tortion of the dimensions in 20–35% of the cases.4,5

Nowadays the use of CBCT as a routine imaging
technique before oral surgery procedures is very popu-
lar, whereas in the past, CT was used instead. CBCT
has the advantages of lower price and less radiation
dose without degradation of image quality.6

It is claimed that in cases where there is proximity
or overlap between the root canal, we need more
information.3–5

CBCT gives a three-dimensional image with high
quality and accuracy and a lesser amount of radiation
than medical CT. It is available and its use is easier and
cheaper.3 The distortion created by CBCT is negligible
and ranges from 0.05 to 0.04 mm. The percentage of
distortion is close to 0%,7,8 therefore theoretically, it is
more precise than panoramic radiography and may
change the treatment decision of the oral surgeon.
An alternative treatment modality for surgical ex-

traction of the lower third molar (in special occasions) is
partial odontectomy or coronectomy. The technique of
coronectomy, partial odontectomy or deliberate root
retention is used to protect the IAN.9 The technique of
coronectomy is worth considering in cases in which
panoramic radiography and CBCT scanning show an
intimate relationship between the roots of the mandib-
ular third molar and the IAN.
This study examined the additional value of CBCT

information to the therapeutic decision of impacted
lower third molar (full extraction/coronectomy/partial
odontectomy) among experts of oral and maxillofacial
surgery.

The purpose of the study
To check if the information obtained from CBCT of the
impacted third molar in comparison to data obtained
from panoramic radiography has an effect on treatment
decision of lower third molars among experts of oral
and maxillofacial surgery.

Methods and materials

65 panoramic radiographs and CBCTs of patients
treated in the Department of Oral and Maxillofacial
Surgery in 2 medical centres were evaluated retrospec-
tively by 9 independent experts of oral and maxillofacial
surgery.

Ethical approval and Helsinki approval were obtained
from the ethical committee and Helsinki committees of
the medical centres as required (No. 121/11).

Inclusion criteria

• Patients who had undergone extractions of lower
third molars.

• Patients who have had both panoramic radiography
and CBCT before the operation.

• Radiography and the CBCT were performed for
treatment itself as regular medical records before the
operation.

• The radiographic images were evaluated indepen-
dently and separately by experts of oral and
maxillofacial surgery in different sessions for pano-
ramic radiography and CBCT.

• The radiographic images of the same patient were
not evaluated during the same session by the same
surgeon.

Exclusion criteria

• Patients who did not have both panoramic radiog-
raphy and CBCT of lower third molars

• Poor resolution or poor quality images not enabling
identification of anatomical landmarks.

All the images were coded randomly and arranged
in two files. A total of three cases were excluded be-
cause of poor quality of panoramic radiography
(Figures 1 and 2). Consequently a total of 62 cases
were examined in this study.

The images were presented to the surgeons continu-
ously on a computer screen enabling changing the de-
gree of contrast and brightness. The images of the same
patients were evaluated separately by each individual
surgeon, first viewing the panoramic radiographs and
after 1 month, the CBCTs.

The surgeons were asked to consider the following
criteria: are there indicating risks of the tooth ex-
traction, whether to perform a full extraction or to
perform coronectomy (full extraction yes/no, coro-
nectomy yes/no). The same questions were asked both
for CT and for panoramic radiography.

Statistical analysis was performed on the results to
find out if there was a difference between the treat-
ment decisions according to panoramic radiography
and CBCT.

The statistical analysis included:

(1) Analysis of variance with repeated observations:
distribution test—to find out the differences between
the surgeons and the interpretation of the images
with different modalities; differences in treatment
decisions among different surgeons regarding the
same patient according to the different radiological
modalities and the distribution of decisions of the
same surgeon regarding the same patient.
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(2) Non-parametric correlation analysis: Spearman Rho
test regarding the radiological findings and treatment
decisions. Correlations were performed between the
radiological findings and treatment decisions.

(3) Kappa for interrater and intrarater agreement.

Results

The treatment decision of the surgeons according to
panoramic radiography and CBCT is demonstrated in
Table 1. In most of the cases, the treatment decision was
total extraction according to both imaging modalities.
In several cases (26), the treatment decision following
CBCT findings was changed to coronectomy (Table 2).

Table 1 demonstrates that the interrater agreement
was low and non-significant.

Table 3 demonstrates the included cases with the risk
for IDN injury according to panoramic radiography
and CBCT as interpreted by different surgeons. The
interpretation of panoramic radiography regarding the
signs of risk to IAN injury during extraction in provided
in Table 3.

A re-evaluation of the cases to establish kappa of
each evaluator, with their own opinion according to
panoramic radiography and CBCT is provided in
Table 1. CBCT provided additional information for
treatment decision of extraction in most of the cases and

for coronectomy in several cases. Panoramic radiogra-
phy did not enable treatment decision of coronectomy
in any of the cases.

The interpretation of the panoramic radiography was
different between surgeons—there was no consensus on
any of the radiological findings that could lead to po-
tential damage to the IAN according to Rood and
Shehab4 (Table 3).

Correlation tests found that the treatment suggested
according to panoramic radiography (referral to CBCT)
is inversely proportional to the findings: root darkening
(p, 0.01) and root split (p, 0.06) discontinuity of ca-
nal upper border (p, 0.15). Absence of this signs en-
abled the surgeons to get their treatment decision
according to panoramic radiographs. Presence of this
signs enabled the surgeons to get their treatment de-
cision only after CBCT findings.

There was no difference between the surgeons
according to their seniority and their treatment
decision following the findings in panoramic radio-
graphs (Table 1).

Discussion

The surgical approach of total extraction of impacted third
molar can be accepted according to panoramic radiogra-
phy if the tooth is far enough from the IDN canal.

Figure 1 Panoramic radiographs of poor quality.

Figure 2 Panoramic radiograph of good quality.

Table 1 Treatment decision of each surgeon according to panoramic
radiography and CBCT and kappa interrater and internal coherence

Doctor
Seniority
(years)

Treatment
decision
according to
panorex

Treatment
decision
according
to CBCT Kappa Significance

1 10 17 45 0.023 NS
2 5 20 42 0.000 NS
3 35 50 12 0.000 NS
4 15 31 31 0.033 NS
5 13 33 29 0.012 NS
6 40 50 12 0.000 NS
7 10 24 38 0.000 NS
8 10 33 29 0.000 NS
9 15 33 29 0.052 NS
All 291 267 0.038 0.045

NS, not significant.
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The radiological risk factors for IAN damage may be
revealed in panoramic radiography. If the relationship of
the tooth roots and the inferior alveolar canal is not
clear, the surgeon would recommend to decide after
CBCT imaging. However, Petersen et al10 found that
CBCT was not superior to panoramic imaging in
avoiding neurosensoric disturbances and concluded that
the use of CBCT before removal of the mandibular third
molar does not seem to reduce the number of neuro-
sensoric disturbances. Guerrero et al11,12 concluded that
CBCT was not better than panoramic radiography in
predicting post-operative complications for moderate-
risk cases of impacted lower third molars. Nonetheless,
a CBCT buccolingual view can accurately confirm the
number of roots and root morphology of the third molar
better than panoramic radiography (Figure 3).
The use of CBCT is widespread nowadays due to

availabilty and medicolegal environment but is does not
have actual contribution. The author agrees with
Roeder et al13 and considers that CBCT scans should
only be performed in high-risk wisdom tooth removals
or for determination of the surgical approach and/or for
coping with intraoperative complications. An effort to
reduce the use of CBCT should be carried out when not
necessary, in order to reduce radiation exposure and
damage to the patient (Figure 4).
According to the literature,6,8 61% of the surgeons

(among 72) needed CBCT to understand the relation-
ship between the roots and canal. In our study, there
was a difference between interpretation of panoramic
radiographs between the surgeons. Suspicious signs of
root proximity to the IAN lead to CBCT referral before
the treatment. The CBCT findings gave the surgeons the
confidence for total extraction in most of the cases and
for coronectomy in few of the cases.
Rood and Shehab5 tested the predictive ability of

IAN injury according to panoramic radiography with

seven radiological parameters. Four of them related
to the roots: (a) root darkening, (B) root diversion,
(C) root narrowing and (D) root splitting. Additional
parameters associated with the canal were (a) loss of
continuity of the upper border of the IAN canal,
(b) canal deflection and (c) narrowing of the canal.
Significant correlation was found between canal de-
flection, root darkening and loss of continuity of
canal borders and the possibility of nerve damage
following surgical treatment in lower third molars.
All other parameters were not significant. In our
study, it was found that the existence of the signs re-
garding the root in panoramic radiography lead to
CBCT referral before accepting the treatment decision.
Although the treatment decision did not change, most
of the physicians preferred to examine CBCT scans
before treatment in order to plan the way of tooth
removal and to handle intraoperative complications.

According to the literature,6 a recommendation of
CBCT examination for pre-operative radiographic
evaluation of complicated impacted lower third molars
is necessary because CBCT revealed the number of
roots of teeth more reliably than panoramic radio-
graphs. Also in our study, although the risks of IAN
damage were known to the surgeon according to pan-
oramic radiography, additional information from
CBCT was necessary to the surgeon for treatment of
suspicious patients having too many questions re-
garding the risks. This contributed to the CBCT referral
without a definite contribution to the treatment decision
due to medicolegal reasons.

CT and CBCT imaging are more accurate to de-
termine the ratio between the impacted tooth to the
IAN canal and the exact location and relationship be-
tween them.4,6,14 It was found that the lingual location
of the canal is associated with IAN damage.14 This
increases the predictability of preventing possible IAN
injury and helps the surgeon to plan the surgical pro-
cedure reducing the risks. However, the amount of ra-
diation and high cost limit their use.

The risk of lingual plate fracture during an ex-
traction and a displaced residual root into the sub-
mandibular space exists in an extraction of impacted
root and proximity of the roots to the thin lingual
plate, the information regarding this proximity and
the width of the lingual plate can be achieved only
from CBCT. The contribution of the CBCT in-
formation is important during an intraoperative
complication; for example, in case of root fracture
and residual root tip stacked in a thin lingual plate,
the surgeon should decide intraoperatively to extract
it or to leave it. Having the information provided by
CBCT can help the surgeon prevent other complica-
tions by trying to handle a stacked root tip in a thin
lingual plate.

On the other hand, the decision to leave a residual
root tip can be accepted according to panoramic radi-
ography. During the follow-up period, a CBCT should
be considered only when necessary.

Table 2 Panoramic radiography and CBCT cross-tabulation among
all doctors regarding treatment decisions

Treatment
Decision

Panoramic
extraction

Panoramic CBCT
referral Total

CT extraction 291 241 532
CT coronectomy 9 17 26
Total 300 258 558

The interrater agreement was low between the physicians (kappa5
0.038 p, 0.05).

Table 3 Descriptive data for included cases (number of patients)

Surgeon
Risk for IDN
injury/panorex

Multirooted
teeth/panorex

Multirooted
teeth/CBCT

Risk for IDN
injury/CBCT

1 38 11 13 17
2 31 10 0 4
3 33 5 0 30
4 33 5 0 4
5 33 1 6 12
6 35 7 2 7
7 31 17 0 22
8 49 10 8 36
9 23 3 0 3

IDN, inferior dental nerve.
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In our study, the main reason for CBCT referral was
suspicious radiological signs of root–canal direct re-
lationship, but it did not affect the treatment decision in
most of the cases. In most of the cases, CBCT helped
the surgeons to perform total extractions and plan it
according to the CBCT findings.

Whenever a treatment is needed, the physician should
consider the risks of treatment according to imaging.
The type of image selected is according to the principle
of radiation imaging, as low as reasonably achievable; it
is necessary to perform the most basic imaging that
will provide the necessary information.14 The image

Figure 3 Good-quality CBCT.

Figure 4 Poor-quality CBCT.
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provides the necessary information when it affects the
treatment decision and the surgical approach.
It was found in the present study that oral surgeons

do not need CBCT to decide the treatment for impacted
lower third molar. It was also stated that CBCT does
not give a precise risk for perforation of the inferior
alveolar nerve canal in comparison to panoramic radi-
ography.14 The present study agrees with Matzen et al15

who found that CT did not change treatment decision
accepted according to panoramic radiography in 88% of
the cases. All the surgeons decided, in most of the cases,
for extraction of the tooth without additional radio-
logical information (CBCT).
Among the patients included in the study there were

also CBCT and panoramic radiographs that were taken
as a result of medicolegal reasons and for accepting an
assistance for the surgical approach. The surgeons who
checked the findings agreed that in some cases, CBCT
gave additional information in comparison to the pan-
oramic radiography, but this information did not affect
the treatment decision.
One of the treatment modalities of lower third molars

is partial odontectomy or coronectomy. It can be per-
formed in particular cases and lowers the risk for IAN
damage. This procedure is known to all the surgeons
who participated in the study. We found that in most of

the cases, the additional information from CBCT did
not change the treatment decision from total extraction
to coronectomy. The decision for coronectomy was
accepted in ,30% of the cases. The decision for coro-
nectomy can be accepted according to panoramic ra-
diography. Since the side effects and quality of life of
the patients undergoing coronectomy is not different
from patients undergoing total extraction of impacted
lower third molar, it can also be recommended in cases
with increased risk for IAN injury.16

Conclusion

The CBCT provides negligible information regarding
the treatment decision but may help to plan the surgical
approach by the surgeon and may provide a backup to
inexperienced surgeons.

Treatment decision regarding third molar extraction
or coronectomy can be accepted according to in-
formation provided from panoramic radiography thus
saving unnecessary radiation to the patient.

Despite the contribution of CBCT imaging to the
understanding of the relationship between the tooth root
and the inferior dental canal, only in several cases there
was a change in treatment decisions according to it.
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