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Abstract

Pigg M, List T, Petersson K, Lindh C, Petersson A.
Diagnostic yield of conventional radiographic and cone-beam
computed tomographic images in patients with atypical odon-
talgia. International Endodontic Journal, 44, 1092-1101, 2011.

Aim To investigate whether the additional diagnostic
yield of a cone-beam computed tomography (CBCT)
examination over conventional radiographs in patients
primarily suspected of having atypical odontalgia (AO)
improves differentiation between AO and symptomatic
apical periodontitis (SAP) in patients with severe
chronic intraoral pain.

Methodology In this clinical study, 25 patients
(mean age 54 + 11 years, range 34—72) participated;
20 were diagnosed with AO and 5 with SAP. All patients
were recruited from the clinics of the Faculty of
Odontology, Malmo University. AO inclusion criteria
were chronic pain (>6 months) in a region where a
tooth had been endodontically or surgically treated,
with no pathological cause detectable in clinical or
radiologic examinations. SAP inclusion criteria were
recurrent pain from a tooth diagnosed with apical

periodontitis in clinical and radiographic examinations.
Assessments comprised a self-report questionnaire on
pain characteristics, a comprehensive clinical examina-
tion and a radiographic examination including pano-
ramic and intraoral radiographs and CBCT images. The
main outcome measure was periapical bone destruction.
Results Sixty per cent of patients with AO had no
periapical bone destructions detectable with any radio-
graphic method. Overall, CBCT rendered 17% more
periapical bone destructions than conventional radiog-
raphy. Average pain intensity in patients with AO was
5.6 (£1.8) on a 0-10 numerical rating scale, and
average pain duration was 4.3 (£5.2) years.
Conclusion Cone-beam  computed tomography
improves identification of patients without periapical
bone destruction, which may facilitate differentiation
between AO and SAP.
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Introduction

Persistent intraoral pain is a challenge to the dental
practitioner, particularly when it occurs in the absence
of pathological findings explaining the pain. Atypical
odontalgia (AO) is a severe pain condition, also known
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as chronic continuous dentoalveolar pain disorder
(CCDAP; Ohrbach et al. 2010) and classified by the
International Headache Society (IHS) as ‘persistent
idiopathic facial pain of intraoral dentoalveolar subset’
(Headache Classification Subcommittee of the Interna-
tional Headache Society 2004). AO has been defined as
tooth-related pain or pain at a site where a tooth was
extracted, in absence of clinical and radiographic
evidence of tooth pathology or other relevant orofacial
hard or soft tissue pathology (Melis et al. 2003, Woda
et al. 2005).
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Clinically, patients often report pain onset to have
occurred after dental treatment (List et al. 2007),
usually endodontic or surgical treatment. Two recent
systematic reviews examined the prevalence of persis-
tent pain (=6 months) in patients after nonsurgical or
surgical endodontic treatment. Meta-analysis revealed
tooth pain prevalence to be 5.3% (Nixdorf et al
2010a); when cases judged as related to local inflam-
mation were excluded, the prevalence was 3.4%
(Nixdorf et al. 2010b). A previous study found that,
compared to healthy controls, patients with AO have
an affected psychosocial well-being, daily functioning
and quality of life (List et al. 2007).

The mechanisms responsible for the development of
this pain condition are largely unknown but hypoth-
esized to involve deafferentation of peripheral sensory
neurons in the trigeminal system occurring in predis-
posed patients. The origin of AO is suggested to be
neuropathic (Marbach 1993, Melis et al. 2003, Baad-
Hansen 2008). In the endodontic literature, the con-
dition is generally poorly described.

The diagnosis of AO is based on case history and a
comprehensive examination assessing clinical and
radiographic findings. As the current definition of AO
indicates, diagnosis rests heavily on the absence of
radiographic evidence of pathosis. The nociceptive pain
conditions symptomatic pulpitis and symptomatic apical
periodontitis (SAP) are probably the most difficult to
distinguish from AO. This study is focused on differential
diagnosis between AO and SAP, although further studies
are also needed to explore methods for differentiating
pain of pulpal origin from neuropathic pain. In apical
periodontitis, symptoms overlap to a great extent with
those of AO, including continuous or recurrent sponta-
neous pain and increased pain on stimulation (chewing,
thermal stimulation, palpation of gingival tissues/alve-
olar process, tooth percussion etc; Woda & Pionchon
1999, Melis et al. 2003, Orstavik & Pitt Ford 2008).
Patients with AO have often had not only multiple
endodontic treatments in the painful area but also other
invasive dental treatments such as explorative surgery,
apicectomies and extractions (Remick et al. 1983, Mock
et al. 1985), which potentially increase diagnostic
difficulty because consequences such as scar tissue
formation and permanent loss of labial cortical bone
plate may give rise to periapical radiolucency.

Clinical and laboratory studies report that the sensi-
tivity of conventional radiography is low for detecting
apical periodontitis — especially for small periapical bone
destructions — whereas reports on specificity vary
according to study design (Estrela et al. 2008, Patel et al.
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2009, Sogur et al. 2009). Few studies have investigated
cone-beam computed tomography (CBCT) in this respect,
but some laboratory studies indicate higher sensitivity
and specificity than in conventional radiography (Patel
et al. 2009, Sogur et al. 2009). A particular advantage of
3-dimensional (3D) over 2-dimensional (2D) radio-
graphic image assessment is the ability to differentiate
between a bone tissue defect located around the root tip
and a residual surgical defect located in the cortical bone
plate. Furthermore, the slice technique eliminates struc-
tural noise (Patel et al. 2007), and this is particularly
helpful in the maxillary molar region where roots and
surrounding radiolucent areas can be difficult to identify.
Three-dimensional imaging in high resolution also has
the potential to detect sources of remaining infection and
endodontic treatment failure such as untreated root
canals, additional roots, root perforations and root
fractures (Lofthag-Hansen et al. 2007), which may
indicate periapical inflammation as the cause of pain.
Several studies thus report that CBCT has great ability to
give detailed anatomical information of value for diag-
nosis and treatment planning (Cotton et al. 2007,
Lofthag-Hansen et al. 2007, Patel et al. 2007, Patel
2009, Bornstein et al. 2011, Yoshioka et al. 2011).

No studies have investigated the use of CBCT as an
adjunct in pain investigations. If neuropathic pain could
be differentiated from nociceptive pain with greater
accuracy, patient benefit would be considerable. Addi-
tional, inappropriate dental treatment could be avoided
in favour of targeted neuropathic pain treatment. As SAP
resembles AO in several aspects, unidentified cases of
apical periodontitis may occur amongst patients diag-
nosed with AO. It was hypothesized that the additional
information on anatomical structures in the pain area
provided by CBCT examination — compared with con-
ventional intraoral periapical and panoramic radio-
graphs — improves the possibilities to identify AO.

The focus of this clinical study was to improve the
diagnostic certainty in chronic intraoral pain assess-
ments; the aim was to determine whether the addi-
tional diagnostic yield of a CBCT examination over
conventional intraoral periapical and panoramic radio-
graphs in patients suspected of having AO improves the
identification of patients with AO.

Materials and methods

Participants and study design

Twenty consecutive patients (18 women and 2 men)
diagnosed with AO were recruited from the Department
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of Stomatognathic Physiology (Faculty of Odontology,
Malmo University, Malmo, Sweden) between Decem-
ber 2005 and June 2007. An experienced TMD/
orofacial pain specialist examined all patients prior to
study participation, ruling out other pain causes with
reasonable certainty. The inclusion criterion for the
AO group was continuous or recurrent pain persisting
for more than 6 months that (i) was located in a
region where a tooth had been endodontically or
surgically treated or extracted and (ii) had no
pathological cause detectable in clinical or intraoral
radiographic examinations. The diagnosis of AO is not
tooth-specific, and 11 patients had one tooth each,
eight patients had two teeth each and one patient had
three teeth (n = 30) indicated in the referral as being
painful.

As the differential diagnosis of apical periodontitis is
generally considered to be characterized by periapical
bone destruction, it was thought appropriate to exam-
ine some teeth with this diagnosis to ascertain that the
methods employed could indeed depict such destruc-
tions. Thus, five teeth with symptomatic apical peri-
odontitis (SAP), from five patients (3 women and 2
men) recruited from the Department of Endodontics
and the emergency clinic, were used as positive
controls for the radiographic assessments. The inclu-
sion criterion for this group was continuous or recur-
rent pain from a tooth that was diagnosed with apical
periodontitis after clinical and intraoral radiographic
examinations.

Exclusion criteria for both groups were trigeminal
neuralgia, herpes zoster, maxillary sinusitis, cluster
headache and paroxysmal hemicrania. Data were
collected through self-report measures in a question-
naire and clinical and radiographic examinations.

The study was performed according to the 1964
Declaration of Helsinki (2008 revision, http://www.
wma.net) and approved by the Regional Ethics Review
Board at Lund University (Lund, Sweden). The patients
were asked to sign an informed consent form and
received no monetary compensation for their partici-
pation.

Assessments

Questionnaire

All patients completed a questionnaire that comprised
self-report measures on pain characteristics including
average pain intensity (graded on a 0—10 numerical
rating scale), pain duration (years) and frequency of
pain (continuous, recurrent or occasional).
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Clinical examination

The clinical examination included assessment of pain
location and pain on percussion or apical palpation,
assessment of periodontal pocket depth, selective load-
ing with a FracFinder (Denbur Inc., Oak Brook, IL,
USA), transillumination of natural teeth with an optical
fibre (when possible), sensibility testing of non-root
filled teeth and a qualitative somatosensory examina-
tion assessing sensory function in the pain area. The
masticatory system was examined according to the
Research Diagnostic Criteria for Temporomandibular
Disorders (RDC/TMD; Dworkin & LeResche 1992). A
specialist in stomatognathic physiology with extensive
experience in orofacial pain investigations (TL) exam-
ined all patients clinically, carefully assessing all
findings to, as far as possible, exclude other pain
reasons such as periodontal disease, cracks, root
fractures and referred pain from the masticatory system
or head and neck.

Radiographic examination
The radiographic examination of the pain area com-
prised panoramic, intraoral periapical and CBCT
images. Panoramic and intraoral periapical radio-
graphs of the pain area were taken in conjunction
with the clinical examination. Radiographs taken by
the referring dentist were used if image quality was
adequate. Panoramic radiographs were taken of all
patients except two with AO, and all patients were
examined with CBCT. Hereafter, ‘conventional images
(or radiographs)’ will be used to refer to the panoramic
and intraoral periapical radiographs studied together.

All intraoral radiographs not taken by the referring
dentist were taken at the Department of Oral and
Maxillofacial Radiology (Faculty of Odontology, Malmo
University) or the Department of Radiology (Malmo
University Hospital, Malmo, Sweden). All panoramic
radiographs and all CBCT images were taken at the
latter department. Intraoral radiographs were analogue
(n = 14) or digital (n = 11). All panoramic radiographs
(Promax; Planmeca, Helsinki, Finland) were taken with
imaging plates using a computerized radiologic system
(Agfa CR; Agfa Gevaert, Mortsel, Belgium). The CBCT
machine was 3D Accuitomo (] Morita Corp, Kyoto,
Japan). The image area was 3 X 4 cm, and contiguous
tomographic slices of 1 mm were reformatted in three
perpendicular planes (axial, coronal and sagittal). The
sagittal slices were placed parallel to the alveolar
process in the area of interest.

Two specialists in oral radiology with extensive
experience of digital radiography and CBCT assessed
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all radiographs. Observer 1 (AP) first assessed conven-
tional images only and then conventional and CBCT
images together on the same occasion. For calculation
of intraobserver agreement, observer 1 repeated his
assessments 3 months later. For calculation of interob-
server agreement, observer 2 (CL) assessed only con-
ventional images on the first occasion, which were
compared with observer 1’s assessments on the first
occasion. Three months later, observer 2 assessed
conventional and CBCT images together, which were
then compared with observer 1’s assessments on
occasion 2 (Table 1). All image assessments were made
in a room with low ambient light. Digital images were
viewed on a 19-inch monochromatic monitor (Barco;
MFGD 1318, Kortrijk, Belgium). Film radiographs were
assessed on a viewbox with fixed light intensity and
with the aid of a magnifying viewer. The radiologists
were not calibrated prior to assessing the images of this
study, but the criteria for assessment were discussed
and agreed on beforehand. The observers had no
information on whether the diagnoses were AO or SAP,
but the pain region was known.

All radiographic images were assessed as follows:
The tooth was the studied unit. The pain location was
described as in the maxilla or mandible. The assessed
teeth were described as anterior (13-23 or 33-43) or
posterior (14-18, 24-28, 34-38 or 44-48). Periapical
bone destruction, defined as resorption of the periapical
bone tissue resulting in a radiolucent area, was rated
on a 3-point scale: O = not detectable, 1 = uncertain
and 2 = detectable.

Other findings in the pain area were noted as
detectable/not detectable on the image assessment
protocol. These findings were unfilled root canals
(present in root filled teeth), root fractures/perforations,
excess root filling material and mucosal swellings in the
maxillary sinus. Other findings of interest and artefacts
(findings not related to existing conditions in the area of
interest, such as metal artefacts) were also noted.

Observer disagreement on periapical bone destruc-
tion was resolved by reassessing and then discussing

the radiographs in a joint session until consensus was
reached. These findings were then used in all compar-
isons of radiographic method. Findings other than bone
destruction were rated as present if noted by at least
one observer.

Statistical analysis

Mean values and SDs were calculated for all continuous
variables. The independent samples t-test was used for
between-group comparisons of age, pain duration and
pain intensity as well as comparisons between pain
locations. Cohen’s kappa assessed inter- and intraob-
server agreement (Landis & Koch 1977). Kappa
values < 0.2 were considered poor agreement; 0.21—
0.40 fair; 0.41-0.60 moderate; 0.61-0.80 good and
0.81-1.00 very good (Altman 1991). The percentage
of total agreement was also calculated.

Statistical tests were performed two-tailed and at the
5% significance level. All calculations were made using
Predictive Analytics Software (PASW) Statistics 18
(Ver. 18.0 for Windows; SPSS Inc., Chicago, IL, USA).

Results

Self-report measures and clinical findings

Table 2 describes patient and pain characteristics in
each group. There was no significant difference in age
between men and women for the 25 patients
(P =0.964).

Table 3 describes the pain distribution in both
groups. There were no significant differences in average
pain intensity between maxilla and mandible
(P =0.413) or between anterior and posterior teeth
(P = 0.446).

Radiographic findings

A total of 35 teeth in 25 patients were assessed. In the
AO group, only the teeth or regions indicated as being

Table 1 Intra- and interobserver
analysis of conventional radiographic

Assessment | Assessment Il

(intraoral periapical and panoramic) Observer 1
assessment and of conventional +

cone-beam computed tomographic Observer 2

|ab Conventional®

Conventional and CBCT®¢
Conventional and CBCT¢

Conventiona
Conventional and CBCT®
Conventional®

(CBCT) image assessment

2Assessment used for intraobserver agreement analysis of conventional radiographs.

PAssessment used for interobserver agreement analysis of conventional radiographs.
®Assessment used for intraobserver agreement analysis of conventional and CBCT

images.

dAssessment used for interobserver agreement analysis of conventional and CBCT

images.
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Table 2 Patient and pain characteristics of atypical odontalgia
(AO) and symptomatic apical periodontitis (SAP)

SAP

AO (n = 25) (n =5)

Age (mean years [SD]) 52 (10) 62 (11)
Gender (n)

Women 18 (90%) 3 (60%)

Men 2 (10%) 2 (40%)

Pain duration (mean years [SD]) 4.3 (5.2) 4.5 (4.2)

Average pain intensity (mean 5.6 (1.8) 5.6 (2.5)
NRS [SD])

Pain frequency (n)
Continuous pain 19 (95%) 2 (40%)
Recurrent pain 1 (5%) 3 (60%)

Table 3 Pain distribution in atypical odontalgia (AO) and
symptomatic apical periodontitis (SAP)

SAP
AO group group
Patients, n 20 5
Teeth, n 30 5
Pain location (number
of patients/teeth)
Posterior region 13/167 4/4
Anterior region 8/12? 11
Maxilla 12/18 3/3
Mandible 8/12 2/2

2One patient had pain located in both the anterior and posterior
regions (2 teeth).

painful (1-3 teeth per subject) in the referral were
assessed radiographically; in the SAP group, only the
teeth diagnosed with SAP were assessed. Agreement
(kappa value) between assessment of conventional
images alone and assessment of conventional images
with CBCT was 0.63 for periapical destructions (80%
total agreement). No artefact was noted in any image.

In the SAP group, each patient (n = 5) had one tooth
diagnosed with SAP. Two of these teeth had been
endodontically treated. Periapical bone destruction was
observed in all five teeth with all methods. These
patients served as positive controls, to ascertain

whether conventional radiography and CBCT scanning
could depict periapical bone destruction. No other
findings in the SAP group were analysed.

Tables 4 and 5 present the radiographic findings in
patients with AO. In the 20 patients with AO, 30 teeth
were assessed radiographically. Twenty-one of these
teeth had been endodontically treated: 2 teeth were
undergoing primary endodontic treatment and 2
retreatment, 12 teeth were root filled, and 5 teeth
were root filled and had undergone apical surgery. Six
teeth in the pain regions had not undergone invasive
treatment but were assessed radiographically to deter-
mine whether they could be responsible for the pain.

Table 5 Other radiographic findings than periapical bone
destruction in patients with atypical odontalgia (AO): conven-
tional (intraoral periapical and panoramic) radiographs alone
and in combination with cone-beam computed tomography
(CBCT; n = 30 teeth)

Conventional
and CBCT

Conventional

Listed on protocol
Canal not root filled canal 0 0
(in root filled tooth)

Root fracture 0 0
Root perforation 0 0
Excess root filling material 1 3
Mucosal swelling in sinus 1 1
Artefacts 0 0
Not listed on protocol
Short root® 5 7
Retrograde filling 1 2
Short root filling 1 2
Buccal bone loss® 0 4
Marginal bone defect® 1 2
Other 2 1

2Described by observer as: apical resorption, apicectomied or
short root.

PDescribed by observer as thin buccal bone or buccal bone
defect.

°Described by observer as vertical bone defect, marginal bone
defect or furcation defect.

dInstrument fragment in canal, widened periodontal ligament.

Table 4 Radiographic findings of periapical bone destruction in the atypical odontalgia (AO, n = 30 teeth) and symptomatic
apical periodontitis (SAP, n = 5 teeth) groups on conventional (intraoral periapical and panoramic) radiographs alone and in

combination with cone-beam computed tomography (CBCT). Results are consensus assessments

Teeth with periapical bone destruction, n (%)

Conventional

Conventional + CBCT

Detectable Uncertain Detectable Uncertain
AO 4 (13) 3(10) 9 (30) 2 (6)
SAP 5 (100) - 5 (100) -

International Endodontic Journal, 44, 1092-1101, 2011

© 2011 International Endodontic Journal



Pigg et al. CBCT in atypical odontalgia

Three teeth had been extracted in the pain regions. All
patients with AO had at least 1 tooth (and often more)
in the pain region that had been endodontically treated
or extracted.

Twenty-one teeth (70%, n = 30) in 12 of the patients
with AO (60%, n =20) had no periapical bone
destruction detectable with any method. In the other
nine teeth (n = 8 patients), periapical bone destruction
was (i) not detected on conventional images but
detected with CBCT (n = 4 teeth), (ii) suspected on
conventional images but not seen in the CBCT image
(n=1 tooth) and (iii) detected with certainty in
conventional images and in the CBCT image (n = 4
teeth, Table 4). All teeth with detected or suspected
periapical bone destruction, regardless of radiographic
method, had been endodontically treated.

Table 5 lists findings besides periapical bone destruc-
tion. All findings in conventional radiographs without
the adjunct of CBCT were made around teeth that had
been endodontically treated.

Observer agreement

Table 6 presents inter- and intraobserver agreement.
Interobserver agreement was poor to fair and intraob-
server agreement moderate to good.

Discussion

The most important observation of this study was that
the majority of the patients diagnosed with AO had no
detectable periapical bone destruction when CBCT was
added, thus increasing the certainty that the patients
suffered from AO. Also, the use of CBCT as an adjunct
to conventional radiographic techniques increased the
number of observed periapical bone destructions
compared with the use of conventional radiography
alone. This finding emphasizes the difficulties in
identifying the condition AO, and it cannot be
excluded that in some patients diagnosed with AO

based on periapical or panoramic radiography, the
pain is caused by SAP.

Because the AO condition is relatively rare, the
patient group was small and a descriptive approach
was adopted in this study, so as not to draw conclu-
sions based on statistical analyses of a comparatively
small and heterogeneous material.

Patient characteristics

The age and gender distributions of the patients with
AO in this material agree well with previous reports.
List et al. (2007) described 46 patients with AO where
85% were women with a mean age of 56 years; others
have reported similar distributions (Graff-Radford &
Solberg 1992, Schnurr & Brooke 1992, Vickers et al.
1998, List et al. 2007). Average pain intensity in the
study by List et al. (2007) was similar to the present
findings, although mean pain duration was longer
(7.7 years). The patients with AO in the present study
frequently reported continuous pain; 87% of the
patients with AO in the List et al. (2007) study
experienced pain daily or several times a week. The
patients were therefore considered to be representative
of a clinical AO population.

The differences in pain characteristics between the
two patient groups were not analysed statistically,
because the SAP group was small and was included to
serve only as a positive control for radiographic
assessments. Nevertheless, similarities were observed
between SAP and AO in reports of pain frequency,
intensity and duration (Table 2). Further studies exam-
ining the pain characteristics of AO and SAP are needed
to elucidate whether these parameters are important for
differentiating between these pain entities.

Observer agreement

The interobserver (0.19-0.40) and intraobserver
(0.52-0.65) agreements for periapical bone destruction

Table 6 Inter- and intraobserver agree-
ment in image assessment of periapical

Kappa value (% of
total agreement)

bone destruction. Kappa values and
percentage of total agreement between
assessments

Interobserver
Conventional 0.19 (57)
Conventional and cone-beam computed tomography 0.40 (66)
Intraobserver
Conventional 0.65 (83)
Conventional and cone-beam computed tomography 0.52 (74)

Kappa values <0.2 were considered poor agreement; 0.21-0.40 fair; 0.41-0.60 moderate;
0.61-0.80 good and 0.81-1.00 very good agreement.

© 2011 International Endodontic Journal
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assessment ranged from poor to good; the addition of
CBCT improved the kappa value substantially only for
interobserver agreement. Another study reported sim-
ilar kappa values (Sogur et al. 2009), whilst others
have found greater agreement (Estrela et al. 2008,
Patel et al. 2009). There is disagreement on whether
kappa is an appropriate method for quantifying the
level of agreement between raters. Kappa is used to
correct for the possibility that raters agree by chance.
The problem is that sample size and trait prevalence
(distribution of ratings within categories) affect the
stability of kappa, and use of other measures to
supplement kappa is often recommended (Feinstein &
Cicchetti 1990, Byrt et al. 1993, Lantz & Nebenzahl
1996).

Percentage total agreement was calculated to further
analyse agreement. This analysis showed that the
proportions of total inter- and intraobserver agreement
were reasonable (57-83%) regardless of which radio-
graphic method was used, reflecting that for a majority
of the patients, no radiographic findings were reported
by any of the observers.

The relatively low interobserver agreement may
reflect the difficulties to identify the AO condition
amongst long-lasting tooth-related pain conditions.
This material was heterogeneous in both that different
tooth groups were included and that different inter-
ventions had been applied. Repeated invasive treatment
had sometimes been performed in the imaged region,
which apart from being difficult to blind, also made
assessment a challenge.

Radiographic issues and clinical implications

The radiographic methods used to set the AO diagnosis
were not standardized in this study. Some patients were
examined with analogue techniques and others with
digital; a few patients had no panoramic images taken.
This lack of standardization is partly explained by a
change in equipment during the data collection period
and partly by the good quality of the recent images that
accompanied several referrals, for whom no new
periapical images were judged necessary. Previous
studies have shown that digital and analogue radio-
graphic techniques have similar diagnostic reliability
(Kullendorff et al. 1996, Barbat & Messer 1998, Hol-
tzmann et al. 1998, Sogur et al. 2009), so this differ-
ence in methods was considered to have no
importance. Whilst considered less useful for periapical
assessment, panoramic images are often taken in
patients with persistent intraoral pain to exclude other
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pain causes, such as osteomyelitis and malignant
processes. When panoramic radiographs were avail-
able, they were assessed alongside the periapical images
and the findings were not separated in the analyses,
which is also how it is performed clinically. This clinical
perspective was considered to be a strength of the
study, as the aim was to examine the benefits to
diagnostic yield of CBCT as an adjunct in the clinic.

Overall, 17% more periapical bone destructions (14%
if the ‘uncertain’ findings made with both methods
were included) were observed in patients with AO
when CBCT and conventional images were assessed
together compared to when only conventional radio-
graphs were assessed. Thus, 21 of 30 teeth (70%) in 12
of 20 patients still had no definite signs of periapical
bone destruction, which increases the likelihood that
the pain in these patients was not caused by inflam-
mation.

Overall, agreement between assessments was mod-
erate, but all destructions found with conventional
imaging techniques were also found with CBCT. All
observed periapical destructions were located around
root filled teeth. Such radiolucencies were interpreted
as healing apical periodontitis (if previous images are
available and bone destruction has diminished) or as a
defect as a result of apical surgery (if recently
performed).

The diagnosis of AO requires that at least one tooth
in the pain area has undergone invasive treatment, and
in this study, 21 of the 30 teeth in the AO group were
endodontically treated. In the endodontically treated
tooth, a small radiolucent zone around the root tip, in
the absence of clinical symptoms and further signs of
disease, is not always a reason to diagnose disease and
recommend endodontic retreatment. Such radiolucent
zones are many times interpreted as ongoing healing or
scar tissue. In the patient with persistent pain, how-
ever, limited periapical bone destruction could indicate
an inflammatory feature in the pain condition and
instigate further dental treatment. This is indeed the
crucial point of differential diagnosis. In neuropathic
pain conditions, it is strongly recommended that
invasive treatment be avoided because it puts further
strain on the dysfunctional nervous system and has
been reported to increase the pain (Mock et al. 1985,
Schnurr & Brooke 1992, Marbach 1993). Thus,
distinguishing nociceptive pain from neuropathic pain
is essential, because treatment regimes differ radically;
the treatment for nociceptive pain will include mea-
sures to eliminate infection, whereas the treatment for
neuropathic pain is usually pharmacologic. The use of
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CBCT in this study revealed no signs of periapical bone
destruction in a majority of the teeth and patients, thus
increasing the likelihood that the pain condition in
these patients was neuropathic in character.

The greater number of radiolucent findings made
with CBCT does not necessarily imply that periapical
disease is present in all such cases; however, it cannot
be ruled out. The proper interpretation of small root-tip-
orientated radiolucencies is still unclear; some of them
could be associated with the healing process, which
may be slower than previously thought. Christiansen
and co-workers used intraoral radiography and CBCT
to assess periapical bone defects 12 months after
endodontic surgery and detected 28% more remaining
defects with CBCT (coronal sections) than with con-
ventional techniques (Christiansen et al. 2009). To
adequately interpret such findings, the time span
between treatment and imaging should be known,
even though the time required for complete bone
healing is unknown. Average observer agreement
between periapical and CBCT images was 67% in
Christiansen’s study, which compares favourably with
63% in the present study.

Other findings than periapical bone destructions
were relatively scarce in this material, but overall,
such findings were more numerous with the adjunct of
CBCT compared with conventional radiography alone.
No untreated root canals in root filled teeth or root
perforations were detected. Excess root filling material
was more often detectable with CBCT.

Cone-beam computed tomography artefacts can be
problematic, but the observers were experienced radi-
ologists and aware that root filling material and metal
in restorations could cause artefacts. Although the
assessment protocol included space for noting artefacts,
none were recorded.

Amongst the additional findings not listed on the
examination protocol were some that were possibly
related to previous invasive treatment (signs of apicec-
tomy, a root end filling and buccal bone loss). Others
were possibly indicative of endodontic treatment fail-
ure, periodontal pathology or root fracture as the cause
of pain (apical resorption, short root filling, marginal
defect and buccal bone loss). In particular, information
on buccal bone loss, marginal defects and excess root
filling material may be relevant for pinpointing the
cause of pain. Others have made similar observations
when comparing conventional techniques to CBCT; for
example, one study reported 10% more root canals and
31% more periapical bone destructions on CBCT
images than on periapical radiographs (Lofthag-Han-
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sen et al. 2007). In the present study, some findings in
conventional radiographs (other than periapical bone
destruction) were supported in the CBCT examination
and others were not.

When clinical findings and patient history strongly
suggest a diagnosis of AO, nociceptive pain conditions
need to be excluded with as great a certainty as possible.
If periapical bone destruction is not seen, even on CBCT
images, it may be reasonably sure that it is not present;
making it less probable that inflammation is the main
cause of the pain. But is CBCT evidence of periapical
bone destruction a clear sign of disease? In root filled
teeth, how does one interpret such evidence, which is
not detectable in periapical images? At present, it is not
known how well evidence of periapical bone radiolu-
cency on CBCT images corresponds with the histology
of the tissue in humans. In a recent experimental study
in dogs, periapical radiolucencies detected with CBCT in
infected and subsequently root filled teeth were found to
correspond with inflammatory changes in histological
examination of the periapical bone tissue (de Paula-
Silva et al. 2009). But are all small periapical bone
destructions, detected with CBCT and not explained by
clinical history, signs of inflammation? More studies are
needed to elucidate this issue.

Supplementing conventional radiographic examina-
tion with CBCT has disadvantages, mainly the rise in
cost and in total radiation dose to the patient, so to
justify inclusion of CBCT in the clinical examination,
the diagnostic gain must exhibit a clear patient benefit.
Such benefit that may be the indication of effective
treatment made possible if patients with AO and SAP
can be differentiated with higher certainty. No strong
recommendations to the patients concerning dental
treatment were made, so it is not possible to judge the
patient benefit of the supplemental examination.

Overall, CBCT does seem to provide additional
information in the investigation of patients with
persistent tooth-related pain, and it is recommended
to supplement conventional examinations with this
technique. However, until further studies have assessed
CBCT validity in detecting periapical disease, the
method cannot be recommended as the method of
choice in tooth-related pain investigations.

Conventional radiography and CBCT both record
structural changes in bone tissue. Periapical bone
destruction has been reported to have a high degree of
correlation with localized inflammation in endodontic
disease in human maxillary incisors (Brynolf 1967).
The majority of apical periodontitis, however, is
chronic in nature and does not cause pain (Orstavik

International Endodontic Journal, 44, 1092-1101, 2011



CBCT in atypical odontalgia Pigg et al.

& Pitt Ford 2008). Other methods, such as MRI, which
is able to detect oedema, may be superior in identifying
symptomatic inflammation in the jaws and should be
explored in future studies. Still, it is probable that
absence of periapical bone destruction may exclude a
major proportion of inflammatory reasons for pain and
thus facilitate differentiation of neuropathic pain con-
ditions from inflammatory pain because of apical
periodontitis.

Conclusions

In patients with persistent dentoalveolar pain, the
diagnostic yield was higher when conventional imag-
ing techniques (periapical and panoramic radiographs)
were supplemented with CBCT. The additional findings
in CBCT images over conventional radiographs are
such that CBCT evidence may be relevant in the
diagnosis of persistent intraoral pain conditions, above
all in the differentiation of AO from SAP by identifying
patients with no periapical bone destruction.
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