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ABSTRACT

Introduction

South Africa is burdened by a high prevalence of dental
pathology. It is common to encounter this dental pathology
on computed tomography (CT) brain scans.

Aims and objectives

To determine the presence of dental pathology on CT brain
scans performed in a tertiary hospital and to assess whether
radiologists reported on the encountered pathology. The
study aimed to raise awareness among radiologists on
reporting dental pathology and highlight the impact this has
on oral and general health.

Design
A retrospective observational study.

Methods

Reports of CT brain scans performed between September
2019 and October 2019 were reviewed for dental findings.
Two radiologists, Reader 1 and Reader 2, blinded to the
reports’ findings, reevaluated the corresponding CT images.
Their findings were compared with the findings of the reports.
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Results

None of the 160 reports reviewed had dental findings. Reader
1 and Reader 2, respectively, reported dental pathology in
92% and 79% of the CT scans. The most common dental
findings were dental caries (79% and 53%), followed by
missing teeth (66% and 53%), periodontal disease (59%
and 38%), periapical disease (54% and 29%), odontogenic
sinusitis (19% and 3%), restorations (11% and 9%) and
dental injuries (4% and 4%).

Conclusions

Radiologists do not report on dental pathology encountered
on CT brain scans. Recognition of dental findings may alter
patient management and reduce related morbidity and
mortality.

INTRODUCTION

South Africa (SA) is a developing country with a high burden
of oral health disease coupled with a severe shortage of
healthcare professionals.” The SA healthcare system has
two sectors: public and private.? Radiology services are
primarily found in urban areas, with most radiologists in the
private sector.® SA has 0.085 dentists per 1000 individuals.*
In addition, only 10% of dentists are employed by the
public sector, which treats 84% of the SA population.?® The
inequalities in oral healthcare access significantly burden
the public sector to provide cost-effective, equitable,
preventative and curative oral health services.®

Computed tomography (CT) of the brain scan is the most
frequently performed CT in the world. Most CT brain (CTB)
scans are performed to evaluate brain pathology, with far
fewer scans dedicated to facial bones, orbits and sinuses.”
The scan range of a CTB is from the top of the first cervical
vertebrae lamina to the vertex.® However, teeth (entirely or
partly) are usually inadvertently included in the field of view

(FOV).

Regardless of the high burden of dental pathology, disease
of the teeth and supporting anatomy frequently seen on
CTB scans are often overlooked and underreported by
radiologists. Reporting dental disease can alter patient
treatment plans and help to avoid further complications.”91°

Dental caries (DC) is the most common dental pathology in
SA."1112 Caries affect nearly 100% of adults between 35 and
44 years in most countries.’ Untreated caries is the most
common reason for patient consultations at oral healthcare
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centres in SA and indication for most dental extractions.’"?
The development of DC is strongly associated with sugar
consumption and a lack of oral healthcare services within
communities.’®14

Periodontal disease (PD) is the most common cause of tooth
loss among adults. There are two significant groups of PD:
periodontitis and gingivitis.® Recent studies have reported
on the systemic impact of PD and linked it to cardiovascular
disease, stroke and hypertension in certain patient
population groups.”'® A retrospective study performed in
Cameroon between 2013 and 2015 found PD in 93.8%
of patients with cardiovascular disease versus 70.5% of
the general population.”™ In 2014, a case-control study in
Senegal reported PD in 73.3% of stroke cases compared to
40.8% in controls.'®

Periapical disease (PAD) is a spectrum of diseases resulting
from an inflammatory reaction to bacteria within the root
canal system. A common complication of untreated PAD
is maxillary sinusitis. Other rare complications include
deep neck infection, which may be life-threatening, orbital
inflammation, intracranial complications from septic emboli
and osteomyelitis. "

Radiologists, dental professionals and clinicians frequently
miss odontogenic maxillary sinusitis (OMS)."® It is estimated
that PD and PAD cause 5%-38% of maxillary sinus disease.
Failure to identify OMS on CT leads to incorrect treatment
and disease recurrence even after completing antibiotics.®

SA has a high burden of injuries, with an injury-related
mortality rate seven times the global rate. Most emergency
CTB scans in SA are trauma related.?® Traumatic dental
injuries comprise of crown and root fractures, luxations,
intrusions or avulsions.’®?" Maxillary incisors are the most
commonly affected by dental trauma (DT).2" About 85.4% of
traumatic dental injuries in teeth are untreated.??

Dental implants and restorations have become popular
due to their ability to restore nearly normal tooth function.?!
Most dental restorative material is more radiopaque than
dentin and enamel, making it easier to see on imaging.
However, dental restorations (DR) may also source severe
streak artefacts that may obscure adjacent dental anatomy.
When assessing restored teeth, one should look out for
overhanging ledges, defective contact points, poor contours
and secondary caries.?® In addition, failed DR can migrate
and cause damage to adjacent structures and inflammation
of adjacent soft tissues.?!

This study aimed to assess the presence of dental pathology
on CTB scans within a selected SA population group and to
determine whether radiologists reported the encountered
dental pathology.

The study’s primary objectives were to record dental
pathology mentioned on original CTB reports, reevaluate
CTB images for dental pathology, compare the findings from
the original CTB reports to those from the revaluation and
determine the presence of different dental diseases from the
selected population group. The secondary objective was to
recommend solutions for improving the reporting of dental
findings.
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MATERIALS AND METHODS

This retrospective cross-sectional study was conducted
at a tertiary hospital in Johannesburg, SA, where all CT
examination reports compiled by registrars were reviewed
and approved by consultants. Registrars were defined
as doctors undergoing training to become radiology
specialists. Consultants were defined as qualified radiology
specialists. All CTB scans with at least one set of visible
teeth and approved radiology reports performed between
1 September 2019 and 31 October 2019 were compiled
from the picture archiving and communication system
(PACS). CT scans were obtained using a 128-slice Siemens,
Phillips or Aquilion CT scanner following the CTB protocol.
The exclusion criteria included CTB scans with incomplete
sets of teeth, scans with severe streak artefacts from DR
obscuring dental pathology, complete edentulism, scans
initially reported by any of the authors or acknowledged
persons and scans with incomplete reports. Incomplete
radiology reports were defined as reports compiled by
registrars and had not been approved by a consultant.

The principal researcher assessed the original radiology
reports and recorded dental findings reported by registrars
and consultants. Two consultants blinded to the findings
of the original reports reevaluated the corresponding CT
images for the presence of dental pathology. In this study,
these two consultants, referred to as Reader 1 and Reader
2, are general radiologists with three years and one year
of experience as qualified specialists, respectively. Their
findings were categorised into DC, PAD, PD, OMS, DT,
missing teeth and DR. Demographics in terms of sex and
age of the participants were collected.

Ethical consideration

The Medical Human Research Ethics Committee of the
University of the Witwatersrand granted ethics approval.
The ethics approval number is M2111111. The study did
not disclose the patients’ personal details or identifying
factors. All data retrieved from PACS and interpreted for this
study was anonymised.

STATISTICAL ANALYSIS

The original radiology reports’ dental findings were
compared to those from Readers 1 and 2. The paired
samples proportions test was used to compare the two
groups, with the dependent variable being the detection
of dental pathology by the radiologist who generated
the original radiology reports or the Readers. Inter-rater
agreement between Readers 1 and 2 was evaluated using
Cohen’s kappa statistics. Cohen’s kappa statistic measures
agreement between two assessors. It computes inter-
reader reliability by calculating the percentage of items the
readers agree on while accounting for the fact that they may
have agreed on some items purely by chance.?* Statistical
significance was evaluated at p<0.05.

RESULTS

One hundred and sixty CTB scans met the inclusion criteria.
Figure | illustrates the potential number of scans identified
on PACS, the number and reasons for excluding scans
based on the predetermined criteria.

The achieved sample size had a higher frequency of males
than females, with 117 males (73.1%) and 43 females
(26.9%). The participants’ ages ranged from 18 to 81 years,
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Figure I: Flow chart documenting the inclusion and exclusion criteria.

mean age of 39.6 years (standard deviation:14.5 years) and
a median age of 37.5 years (interquartile range: 22.0 years).

The principal researcher reviewed the original radiology
reports and found no dental findings reported by registrars
and consultants who approved the reports. Two consultants,
Reader 1 and Reader 2, who reinterpreted the CT images
reported dental pathology in 92% and 79% of the scans

Overview of dental findings
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Figure II: Bar chart demonstrating an overview of dental findings by
Reader 1 and Reader 2.
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respectively and this was a statistically significant difference
(p<0.001). The paired samples proportion test demonstrated
a statistically significant difference between the findings of
the original radiology reports a nd those of Readers 1 and 2,
p<0.001 for both readers.

The most common dental findings by Reader 1 and 2 were
DC, followed by missing teeth, PD, PAD, OMS, DR and DT
(see Figure Il below).

The inter-rater reliability was evaluated for the overall presence
of dental disease. The number of cases in which both
readers reported dental pathology was 125 (85%). Cohen’s
kappa coefficient was 0.45 (95% Cl 0.25 - 0.61, p<0.001)
and indicated a moderate agreement strength according
to Altman guidelines.?® The inter-rater reliability between
Reader 1 and 2 for the spectrum of dental diseases was
also calculated and indicated variable levels of agreements,
see Table | below.

Pathology Cohen’s 95%CI P-value
kappa Lower Upper

Dental caries 0.38 0.26 0.51 <0.001

Periapical disease  0.39 0.26 0.51 <0.001

Periodontal 0.35 0.22 0.48 <0.001

disease

Odontogenic 0.06 -0.05 0.20 0.24

maxillary sinusitis

Dental trauma 0.60 0.18 0.89 <0.001

Missing tooth 0.67 0.56 0.78 <0.001

Dental restoration  0.58 0.33 0.79 <0.001

Overall dental 0.45 0.25 0.61 <0.001

pathology

Table I: Inter-rater reliability for the spectrum of dental findings

DISCUSSION

Forty-two percent of reviewed CT scans had teeth either
partially or entirely included in the FOV. However, to avoid the
uncertainty of diagnosis, only CTB scans with the entire teeth
length visible were considered for this study. Most dental
findings can be reported even when the entire teeth are
not included in the FOV. For example, a retrospective study
by Bulbul et al. on detecting dental pathology on routine
paranasal CT scans included any visible parts of maxillary
teeth with mostly only roots of incisors seen. They reported
a statistically significant prevalence of DC, developmental
anomalies and PD within the selected population group.2®

We would like to declare that although there is a significantly
high number of CTB scans with teeth visible in the FOV, our
institution adheres to the CTB protocol. There are various
reasons beyond our study’s scope which may result in teeth
being accidentally included in the FOV.

This study identified complete nonreporting of dental
pathology by radiology registrars and consultants. The
original radiology reports did not mention dental pathology
by the registrar and consultants. Overall, the study
population had a high presence of clinically significant dental
pathology. Readers 1 and 2 reported dental pathology in
92% and 79% of the reinterpreted CT scans, respectively.
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Figure llla: Sagittal CTB bone reconstruction image of a 22-year-old man scanned to exclude a traumatic brain injury illustrates occlusal dental caries of the left
maxillary first molar (asterisk) and an approximal carious lesion of the second premolar (white arrow). Figure lllb illustrates the same pathology on a soft tissue
reconstruction bone window. Note how this reconstruction makes detecting dental pathology more difficult.

Our results conceded with those of a similar study done overseas
by Hammond et al. in 2018. Their study reported underreporting
of dental disease by radiologists on routine CTB scans, even after
attempting to increase reporting rates by implementing a dental
field in their CTB reporting template.”

DC was the most common dental pathology in our study population
group, with Reader 1 and Reader 2 reporting a prevalence of 79%
and 53%, respectively. In 2020 a cross-sectional analytic study
on patients utilising dental public health services in KwaZulu-Natal
districts by Mthethwa et al. also reported that carious disease
was the most prevalent pathology in adults at 85% and the most
common reason for patients’ consultation for oral health services.?
Another study in Cape Town in 2020 by Chikte et al. also reported
DC as the most prevalent dental disease affecting 93.7% of the
study population.?” The presence of DC in our study was lower than
that of Mthethwa et al. and Chikte et al. The significant difference
between our study and these two studies was that they included
oral examinations by dental experts. No comparable local study
has yet been published on the prevalence of DC on CT.

In 2018 a similar study conducted overseas investigated the
prevalence of DC in CTB scans performed in the emergency
department and reporting practices by neuroradiologists in their
department after noticing that the patients clinically presented with
more caries than what was often reported by the radiologist. The
findings of their study were similar to ours. They further discovered
that the presence of untreated DC was higher in their study
population than what has been documented in the general public
statistics.?®

On CT scan, DC will appear as a hypodense focal area of enamel
and dentin loss on CT imaging, extending from the tooth’s surface;
see Figures llla and llib. Caries located on the chewing surface
are called occlusal caries and are best visualised on sagittal and
coronal planes. In contrast, approximal caries located in between
teeth are easily identified in axial and coronal planes.®?® Early
diagnosis of DC may lead to early intervention and restorative
treatment, probably at a lesser cost. Our study’s objective was

merely to report on the presence or absence of dental carries;
however, in daily practice describing the depth of the carious
lesions may be crucial information to the referring clinical. This
characterises the carious lesion on whether there is involvement of
enamel, pulp or dentin and assists with prioritisation of patients on
dental consultations.?®

PD was the second most common dental disease found in our
study. Previous studies have also identified PD as the most
common dental disease after caries.’? On CT scan, periodontitis
is recognised by the expansion of the periodontal ligament
space because of the destruction of the periodontal ligaments
and inflammatory resorption of the lamina dura and cementum
(Figure V). In addition, furcation defects caused by bone loss at
the anatomical site where roots divide on multirooted teeth are
common.®® CT scans are limited in diagnosing gingivitis, as it
only affects the soft tissues and does not result in any measurable
tissue or bone loss.*

A commonly encountered dental condition that was not recorded
in our study is pericoronitis. Pericoronitis is inflammation of the
soft tissues surrounding the crown of a partially erupted tooth and
most commonly affects the mandibular third molar. The condition
initially manifests as localised gingivitis and can spread to the local
alveolar bone, even resulting in abscess formation in the deep
neck spaces.®?’ On imaging, pericoronitis typically appears as
thickening and enhancement of peri-coronal tissues.®!

In this study, PAD refers to odontogenic lesions that are evident
on CT as lucencies around the apex of the teeth (see Figure V).
These included periapical granulomas, abscesses and cysts.
Radiologists should recognise acute PAD, manifesting as a
periapical abscess from chronic PAD, for treatment prioritisation.
A periapical abscess may result in acute osteomyelitis, which
will appear as a permeative pattern of bone destruction.® This
study reported statistically significant PAD present in up to 54%
of the study population group. This is within the range of a 2021
systemic review and meta-analysis, which reported that 52% of
the global population had PAD in at least one tooth, and the
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Figure IV: Sagittal CT image of a 67-year-old man demonstrating
multiple dental caries (asterisk) and periodontal disease (white arrow),
causing widening of the periodontal ligament space, bone loss and
furcation defect uncovering the roots of the teeth.

number was even higher in individuals from developing
countries.®

Diseases of non-odontogenic origin may also cause
lucencies around the tooth apex. Radiologists should be
familiar with imaging findings of non benign lesions that
present as periapical lucencies and differentiate them from
PAD secondary to an infectious or inflammatory process.'
No lesions with features suspicious of a non benign origin
were reported in our study.

CT examination is essential in the diagnosis of odontogenic
sinusitis. According to Bomeli et al., the presence of PD in
adjacent teeth, periapical abscess, an oroantral fistula and a
projecting premolar or molar tooth root is highly suggestive
of odontogenic sinusitis.®® The relationship between the
maxillary sinus and teeth is best visualised on sagittal and
coronal CT images.®3* While our study managed to identify
clinically significant odontogenic sinusitis, Cohen’s kappa
value and Altman guidelines indicated disagreement between
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Figure V: Sagittal CT image of a 78-year-old woman illustrates right
maxillary molar peri apical disease (white arrow) with severe thinning
of the surrounding maxilla bone and dental caries (asterisk).

Reader 1 and Reader 2 on the frequency of odontogenic
sinusitis.

Our opinion is that the absence of an identifiable dental
source may make it difficult for radiologists to commit to
diagnosing odontogenic sinusitis. Nevertheless, radiologists
should always consider the possibility of OMS, especially in
severe radiologic findings, unilateral maxillary sinusitis and
interruption of the maxillary sinus floor, see Figures Vla and
VIb.3335 A study on patients with confirmed OMS found that
36% of the participants had no apparent dental infection
on CT."® When odontogenic sinusitis is diagnosed and
both dental pathology and sinusitis are treated, complete
resolution can occur in 90%-100% of cases.*®

DT contributed a small percentage of our dental findings,
with a moderate level of agreement between Reader 1 and
Reader 2. Although traumatic dental injuries are prevalent,
our study looked at the general population of patients and
not solely trauma patients. A recent retrospective study

Figure Vla: Axial CT image of a 32-year-old man with odontogenic maxillary sinusitis illustrates unilateral opacification of the right maxillary sinus.
Figure VIb is a sagittal image of the same patient illustrating apical periodontitis of the underlying right maxillary third molar (white arrow).
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by Meyer et al. on polytrauma patients who had whole-body
CTs (ie, CT trauma series) identified dental injuries in 124 out of
994, with only 15 findings reported in the radiology reports. The
correct diagnosis of DT in an acute setting is vital as injuries may
complicate acute treatment like intubation, and aspirated tooth
fragments may compromise the airways.'® Therefore, timeous
diagnosis and treatment of dental injuries can result in a more
favourable outcome.

Delayed treatment fortraumatic dentalinjuries may lead to devastating
complications such as pulp necrosis, crown discolouration and root
canal infection.®® While injuries like tooth avulsions and luxation may
be easily identifiable on CT, teeth fractures may be challenging to
detect, especially if the fracture line is non-displaced.® Thus, cone
beam CT has been proven to have higher diagnostic accuracy for
dental injuries than multidetector helical CT.*" Figure VI illustrates
a study participant who had multiple dental injuries; although the
mandibular fractures were reported, the dental injuries were not
mentioned in the original report.

The presence of DR is an indicator of previously existing dental
disease. Readers 1 and 2 identified restorations in 11% and
9% of the CT scans, respectively. Restorations with significant
metallic components may cause substantial streak artefacts
obscuring dental pathology in other teeth.® To avoid the potential
underreporting of dental disease, all CT scans with streak
artefacts from DR were excluded from this study. High levels
of dental pathology with low levels of restorations evident on
these scans could be related to a lack of access to dental care.
Radiologists should know about the potential complications of
DR which may lead to unfavourable outcomes if not addressed
such as dislodgement, poor osseointegration and foreign body
inflammatory reaction.?" No complications of restorations were
reported in this study.

Reporting missing teeth should be less challenging since the entire
tooth does not have to be included in the scan FOV to identify this
finding. In non-trauma-related cases, the absence of teeth should
prompt radiologists to check for preexisting dental disease.® Both
Readers reported a high presence of missing teeth among the study
participants. The high prevalence of untreated DC and PD, both of
which were reported in this study, is a major cause of tooth loss.%®
Many studies have associated tooth loss with a negative effect on
the quality of life and functional capacity. In addition, the location
and distribution of teeth loss affect the severity of impairment.'0%
Interestingly, in 2021 Kimmie-Dhansay et al. conducted a study in
Cape Town, where there is a high prevalence of tooth loss, and
found that almost half of their 1615 study participants had no natural
teeth. Their study concluded that loss of teeth did not impact the
study subjects’ oral health-related quality of life.“°

There was a moderate level of agreement between Reader 1
and Reader 2 on the overall prevalence of dental pathology in
reference to Altman guidelines. Agreement ranged from good to
poor for the specific categories of dental findings. A good level of
agreement was observed for missing teeth. The agreement was
moderate regarding quantifying DR and DT. A fair agreement was
observed for PD, PAD and DC. Lastly, there was disagreement on
quantifying OMS.

The poor agreement on quantifying odontogenic maxillary sinusitis
is most likely a result of the known difficulty in identifying OMS
on multidetector CT. Fair agreement on the most prevalent
dental diseases in the country and the world raises concerns
as underdiagnosis and delayed treatment lead to serious
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Figure VII: Sagittal image of a 22-year-old man who was assaulted illustrates
an oblique fracture (white arrow) of the mandible involving the root of the
mandibular third molar.

complications. In addition, most of the CT scans (67.5%) had no
bone window reconstruction, which could have resulted in inferior
resolution for identifying some of the dental pathologies. Figure lllb
demonstrates the difference in resolution when dental pathology
is viewed from soft tissue reconstruction bone widow. Overall,
the variance in interpretation between Readers 1 and 2 highlights
unfamiliarity with dental pathology, a lack of experience in reporting
dental findings by radiologists, and a need to raise the degree of
certainty among radiologists. Educating radiologists on detecting
dental pathology on CTB and implementing a dental field on the
departmental CTB template may improve the reporting rates.

We recommend future studies to determine if the recommended
solutions resulted in any changes in the radiologists’ reporting
rates of dental pathology.

LIMITATIONS

The study had a relatively small sample size. Further limitations
include that this is a single-centre study, which means the findings
on the radiologists’ reporting rates are specific to this tertiary
hospital and may not represent those of registrars and consultants
from other academic institutions. In addition, due to the cross-
sectional nature of the research, causal relationships may not be
reliably determined.

CONCLUSION

Our study demonstrated a high prevalence of dental pathologies
that were completely missed or ignored by the original interpreting
registrars and consultant radiologists. This is highly concerning
as underreporting dental pathologies can cause a delay in patient
treatment and lead to significant morbidity. Therefore, training
registrars and creating awareness among specialist radiologists
regarding the imaging findings of dental disease should be
prioritised.
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