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Abstract

Objectives To update the findings of a systematic review from the year 2016 on the evidence for the accuracy and potential
benefits of cone beam computed tomography (CBCT) in periodontal diagnostics.

Material and methods A systematic literature search was performed and the criteria for PICO, PRISMA and risk of bias
assessment were applied. Only clinical trials (> 10 patients) conducted in humans on periodontal bone loss, i.e. vertical and/or
horizontal or furcation involvement, in CBCT compared with clinical and/or conventional radiographic measures were included.
Results From 1152 articles identified, 11 case series on furcations and eight on vertical and/or horizontal bone loss were included.
The studies showed moderate risk of bias and heterogeneous study designs. The agreement between non-surgical clinical or two-
dimensional radiographic assessments of horizontal, vertical or interfurcal bone loss and CBCT measurements was analysed in
11 studies and was low in six studies with comparable study designs. A high accuracy (80-84%) of CBCT measurements
compared with intra-surgical findings of furcation involvement was observed in four studies. Comparing CBCT with intra-
surgical measurements of vertical or horizontal bone loss, an accuracy between 58 and 93% was found in four out of six studies.
Three studies were analysed and indicated benefits of CBCT in decision making and/or a reduction of treatment costs and time in
teeth of interest.

Conclusions The findings provide additional evidence for the accuracy of CBCT in assessing periodontal bone loss.

Clinical relevance CBCT is an accurate diagnostic tool in periodontology, which needs to be carefully considered in certain
situations.

Keywords Cone beam computed tomography - Three-dimensional imaging - Diagnosis - Furcation involvement - Vertical bone
defects - Decision making

Introduction

In 2016, we published a systematic review on the evidence of
the applicability of cone beam computed tomography (CBCT)
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increased, i.e. PubMed hits in the year 2015, 3201; in the year
2020, 7429, and an update therefore may be indicated [4].

Thus, the aim of the present systematic review was to up-
date the best available external evidence for the diagnostic
accuracy and potential benefits of dental CBCT in periodontal
diagnosis and treatment planning.

Material and methods
Registration

The review protocol was registered in the PROSPERO inter-
national prospective register of systematic reviews hosted by
the National Institute for Health Research (NIHR), University
of York, Center for Reviews and Dissemination (applied for
on July 11, 2019).

Protocol

The present systematic review was conducted according to the
PRISMA (Preferred Reporting Items for Systematic Review
and Meta-Analyses) criteria [5, 6] and to current guidelines of
systematic review updates [7, 8] (Online Resource 1).

The PI(E)CO (Population, Intervention/Exposure,
Comparison, Outcomes) method was applied to define the
research questions [9]. For the purpose of this review, two
terms need to be defined: “agreement” was used for the com-
parison between dental CBCT and non-surgical clinical and/
or two-dimensional radiographic findings, and “accuracy”
was used for the comparison between dental CBCT and
intra-surgical clinical findings. The specific questions for this
update were slightly modified and addressed as follows:

In patients suffering from periodontitis (P), which agree-
ment, accuracy and/or benefit (O) of dental CBCT compared
with findings obtained from clinical and/or conventional ra-
diographic measurements (C) can be expected in assessing
teeth with:

(a) Furcation involvement (FI) (I)?
(b) Vertical and/or horizontal bone loss (I)?

Outcome measures
The primary outcome measures were:

i. Agreement of dental CBCT compared with non-surgical
clinical and/or two-dimensional radiographic findings of
FI, vertical and/or horizontal bone loss, and

ii. Accuracy of dental CBCT compared with intra-surgical
clinical findings (so-called gold standard of measurement
accuracy) of FI, vertical and/or horizontal bone loss.
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Any potential benefit of a dental CBCT use in terms of
PROMS, e.g. cost benefit, reduction of treatment time and/
or favourable decision making, was considered as secondary
outcome parameter.

Eligibility criteria

Publications were considered eligible for inclusion in this sys-
tematic review if they presented the following parameters:

1. In vivo original study, i.e. randomized controlled clinical

trials, controlled clinical trials, prospective or retrospec-

tive case series,

Study performed on humans,

Study including at least 10 patients at follow-up,

Use of dental CBCT,

Comparative clinical (i.e. non-surgical or intra-surgical)

and/or radiographic (i.e. two-dimensional X-ray images)

measurements,

6. Data on periodontal bone loss, i.c. furcation defects or
vertical and/or horizontal bone loss, and

7. Publication in English or German language.

wh N

Information sources and search

The electronic databases Cochrane Central Register of
Controlled Trials (CENTRAL), MEDLINE via PubMed,
Scopus and the grey literature (www.opengrey.eu) were
searched for studies published by June 6, 2019. The search
protocols within the different databases were applied and
validated as identically as possible (Online Resource 2). The
following search terms were applied: “periodontal diseases”
OR “periodontitis” OR “periodont*” AND “furcation” OR
“defect” OR “bone loss” AND “computed tomography” OR
“digital volume tomography”.

Additionally, potentially relevant citations were harvested
from the bibliographies of included studies and relevant re-
views on the topic, and examined for inclusion eligibility. The
references resulting from the searches were entered in
EndNote (Version X9, Clarivate Analytics, Philadelphia,
PA, USA), and duplicates were removed.

Study selection

Screening of records was performed independently by three of
the authors (S. M., C. A.R. andJ. C. S.). A Cohen kappa score
was calculated to assess interexaminer agreement [10].
Eligibility assessment was performed through title and ab-
stract analysis and secondly through full-text analysis
(Fig. 1, Online Resource 3). If necessary, authors were
contacted for clarifications or unreported data. From all stud-
ies of potential relevance, full text was obtained for
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independent assessment by the reviewers. Any disagreement
was resolved by discussion among the authors. The software
system for recording decisions was Microsoft Excel (Version
16.16.14, Microsoft Corporation, Redmond, WA, USA).

Data collection process

The following data of included studies were collected in du-
plicate by two independent reviewers in data extraction files
(Microsoft Word, Version 16.16.14, Microsoft Corporation,
Redmond, WA, USA): study design and methodology, num-
ber and characteristics of participants, assessed parameters
(FI, vertical and/or horizontal bone loss), methods of assess-
ment (CBCT device and comparison, i.e. clinical and/or ra-
diographic measures), results, i.e. agreement, accuracy and/or
potential benefit of CBCT in comparison with conventional
diagnostics (Tables 1, 2, 3, 4).

Summary measures and synthesis of results

The studies were grouped according to the pattern of peri-
odontal bone loss (i.e. interfurcal (FI) or vertical and/or hori-
zontal bone loss) and with regard to the comparison method

applied (i.e. non-surgical, two-dimensional radiographic and/
or intra-surgical measurements).

With respect to the primary outcomes, the percentages of
concordance (CBCT = comparison method), overestimation
(CBCT > comparison method) and underestimation (CBCT
< comparison method) were presented for categorical param-
eters (e.g. furcation grade). In case of continuous variables
(e.g. defect depth or width), the predominant result (concor-
dance, overestimation or underestimation) was presented.
Owing to the great heterogeneity of included studies, a
pooling of data or statistical meta-analyses was not appropri-
ate and therefore not conducted. Thus, a narrative synthesis of
the primary and secondary outcomes was performed.

Quality assessment

The risk of bias of included case series was evaluated by the
checklist from Moga et al. [11], including 18 items of the
following topics: (a) study objective; (b) study population;
(¢) intervention and co-intervention; (d) outcome measure;
(e) statistical analysis; and (f) results and conclusion
(Online Resource 4). Considering the adequacy in the respec-
tive case series, the items were graded and the percentage of
positively graded items was calculated (Online Resource 5).
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Results
Study selection

A total of 1152 studies was identified by electronic and hand
search (Fig. 1). After title and abstract screening (inter-exam-
iner Cohen’s kappa score = 0.810), the full texts of 17 studies
were assessed for possible inclusion (Online Resource 3).
Finally, 19 case series published between 2009 and 2019 ful-
filled the inclusion criteria and thus remained for analysis.

Summary of study characteristics

According to the two specific questions, the data were pre-
sented separately for either topic.

(a) Furcation involvement

A total of 11 studies was included and summarized in Tables 1
and 2 [2, 3, 12-20].

Study design

All included case series were conducted in a single university
centre. None of the studies reported funding by an industrial
partner. Examiner calibration was reported in seven studies [2,
3,12, 15-17, 19].

Population

The sample sizes varied from 11 to 83 patients. Three studies,
analysing 12 or 14 patient records, referred in part to the same
overlapping study population [2, 3, 12]. The total number of
patients in the remaining studies was 224. The mean age of
patients ranged from 38 to 59 years, and the age range was
between 18 and 86 years. One study did not report the age of
included patients [18]. Eight out of 11 studies stated the pro-
portion of males and females, i.e. out of 198 patients, 99 were
females and 99 were males.

The number of teeth was reported in nine out of 11 studies,
and varied from 20 to 85 teeth. The studies investigated max-
illary and/or mandibular molars. The tooth type was further
specified in seven studies, comprising 70 first and 56 second
maxillary molars as well as 27 first, 26 second and two third
mandibular molars. All studies reported the number of furca-
tion sites, ranging from 25 to 423 sites. Thus, a total of 1006
furcation entrances were examined. All but one study [16]
stated the severity of FI: In eight studies, furcation grades 11
or Il were predominant. In two studies, furcation grades 0 and
I constituted the majority [13, 20].

Intervention

All examinations were performed using a CBCT device.
Different CBCT systems and settings with various technical
parameters were used in the included studies.

Comparison

For comparison, non-surgical periodontal probing was per-
formed in seven out of 11 studies [2, 3, 13, 14, 16, 18, 20].
In one study, periapical radiographs were additionally used for
comparison [14]. Three out of 11 studies conducted intra-
surgical measurements using an endodontic file [19] or
Nabers and periodontal probes [12, 15]. One study performed
both non-surgical and intra-surgical examinations in addition
to CBCT analysis [17].

Primary outcome: Agreement of CBCT compared with
non-surgical and/or radiographic measurements

In five studies, FI was classified in furcation grades [2, 13, 14,
18, 20]. In maxillary molars, 18 to 27% of the clinical findings
were confirmed in the CBCT, while 29 to 58% were
overestimated (FI in CBCT < FI non-surgical) and 19 to
46% revealed an underestimation (FI in CBCT > FI non-
surgical) [2, 13, 18]. The clinically based furcation grade III
was confirmed in 100%, while the confirmation of furcation
grades I or II was between 0 and 29%. In mandibular molars,
23 to 84% of the clinical findings were confirmed in the
CBCT, while 0 to 58% were overestimated (FI in CBCT <
FI non-surgical) and 16 to 20% underestimated (FI in CBCT >
FI non-surgical) [13, 14]. One study pooled data from maxil-
lary and mandibular first molars and found concordance of
CBCT to clinical findings in 60% [20]. Pajnigara et al. [17]
measured the furcation depth as a continuous parameter and
showed an underestimation of clinical findings compared with
CBCT data (FI in CBCT > FI non-surgical).

Primary outcome: Accuracy of CBCT compared with
intra-surgical measurements

In two studies, FI was classified in furcation grades [12, 15].
Herein, maxillary teeth were investigated, and 82 to 84% of
CBCT data were confirmed by intra-surgical findings.
Concordance was high in teeth with furcation grades I to III
(98 to 100%) and rather low in teeth with furcation grade 0
(31%) [12]. Three studies measured the furcation depth as a
continuous variable, showing concordance between CBCT
and clinical findings in two studies [17, 19] and an underesti-
mation by CBCT in one study [15]. In two studies, the furca-
tion width and height were additionally determined [15, 19].

@ Springer
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Secondary outcome: Potential benefits of CBCT

For the analysis of any potential benefit of CBCT in decision
making, treatment recommendations based on non-surgical
clinical measurements and periapical radiographs with and
without supplemental CBCT imaging were compared in one
study [1, 2]. The analysis indicated more than one treatment
option in most maxillary molars without CBCT, while an
additional CBCT analysis facilitated a clear decision for fur-
ther periodontal treatment in all teeth investigated.
Discrepancies between the CBCT-based and the clinical ther-
apeutic approaches amounted between 59 and 82% [2]. In one
study, a cost—benefit analysis was performed [3]. This analysis
indicated the potential for relevant cost and/or time reductions
when a CBCT is performed for treatment planning of a max-
illary molar.

(b) Vertical and/or horizontal bone loss

A total of eight studies related to this research question was
included and summarized in Tables 3 and 4 [21-28].

Study design

All included case series were conducted in a single university
or specialist centre. None of the studies reported funding by an
industrial partner. Examiner calibration was performed in
three studies [21, 22, 27].

Population

Sample sizes ranged from 11 to 44 patients, while the total
number of patients was 179. The average age of the patients
was between 33 and 49 years, and the age range was between
22 and 66 years. Three studies provided neither a mean age
nor an age range of included patients [23-25]. In five out of
eight studies, the proportion of males and females was de-
clared. Overall, 71 females and 70 males were investigated
in these studies.

All but two studies [21, 24] reported the number of teeth
examined, ranging from 30 to 116 teeth. A total of 317 teeth
were included in these studies. The tooth type was specified in
six out of eight studies, comprising 52 anterior teeth and 198
posterior teeth [23, 25, 26, 28] and further 18 single-rooted
and 12 multi-rooted teeth [27]. Grimard et al. [21] included
two defects in incisors, 17 defects in canines or premolars, and
16 defects in molars. The number of sites was provided in all
studies and ranged from 35 to 180 sites. Thus, a total of 735
sites were analysed. Of these, 254 presented vertical defects
and 149 horizontal bone loss. In 332 sites, the bone loss pat-
tern was not further specified [25, 27].

@ Springer

Intervention

All measurements were performed using a CBCT device. The
CBCT systems and settings, i.e. technical parameters, varied
considerably between studies.

Comparison

For comparison, non-surgical periodontal probing using a
periodontal probe was performed in one out of eight studies
[27]. In two studies, CBCT images were compared with con-
ventional periapical radiographs [22, 26]. None of the eight
studies compared CBCT with a combination of non-surgical
and two-dimensional radiographic measurements. Six out of
eight studies performed intra-surgical measurements using an
endodontic reamer [24] or a periodontal probe [21, 23, 27, 28].
One study did not report the instrument for intra-surgical mea-
surements [25].

Primary outcome: Agreement of CBCT compared with
non-surgical or radiographic measurements

CBCT compared with non-surgical measurements: The height
of the alveolar crest, i.e. cemento-enamel junction (CEJ) to
alveolar crest (AC), was measured as a continuous parameter
and an overestimation of clinical findings compared with
CBCT was shown [27].

CBCT compared with conventional periapical radiographs:
While the height of the alveolar crest (CEJ to AC) was
underestimated in the periapical images, the defect depth
(CEJ to BD), the defect width (AC to AC) and the defect type
(vertical versus horizontal defects) corresponded between
both methods [22]. The number of identified defect walls
was identical in 45%, while more defect walls were detected
by CBCT in 37% of defects [26].

Primary outcome: Accuracy of CBCT compared with
intra-surgical measurements

Various parameters were evaluated:

* The height of the alveolar crest (CEJ to AC), classified in
categories, was evaluated in one study [25]. Herein, 93%
of CBCT data corresponded to clinical findings. Four
studies compared the height of the alveolar crest as a con-
tinuous variable, showing concordance [21, 23, 24] or
underestimation of CBCT [27].

* The defect depth, i.e. CEJ to bottom of the defect (BD) or
AC to BD, was evaluated in four studies. Of these, two
studies showed concordance [23, 24] and two studies
demonstrated an underestimation of CBCT [21, 28].

» The defect fill (CEJ to BD before versus after regenerative
surgery) and the defect resolution (AC to BD before
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versus after regenerative surgery) were calculated in one
study [21]. The results showed concordance for both
parameters.

e The defect width, i.e. AC to AC, was calculated in one
study, showing concordance between both methods [28].

* The defect type (vertical versus horizontal defects) was
determined in one study [24]. Herein, 100% accuracy by
CBCT was shown.

Secondary outcome: Potential benefits of CBCT

In one study, treatment recommendations for teeth with verti-
cal bone defects based on periapical radiographs compared
with CBCT images were determined [26]. The analysis
showed overall concordance between CBCT-based and con-
ventional periapical radiographs in 64% of teeth, while con-
cordance decreased to 43% when periodontal regeneration
was selected. There were no studies investigating potential
benefits of CBCT in terms of PROMS, e.g. cost or treatment
time benefits, in assessing vertical and/or horizontal bone loss.

Quality assessment

The assessment of risk of bias of the included case series is
illustrated in Online Resource 5 and was based on the check-
list from Moga et al. [11]. Percentage of positively graded
items relevant for quality assessment ranged from 53 to 87%
in the included studies. No study fulfilled all items for control
of bias, i.e. the risk of bias could not be completely minimized
in the included case series.

Discussion

The present systematic review has attempted to identify the
best available external evidence for the accuracy and the ad-
ditional benefit of CBCT images in periodontology. A total of
12 new case series were identified with the updated search,
leading to 19 papers finally included. The studies were
grouped according to the pattern of periodontal bone loss,
i.e. interfurcal (FI) or vertical and/or horizontal bone loss.
Eleven studies evaluated CBCT images in furcation-
involved teeth, and eight studies examined vertical and/or
horizontal bone defects.

A high agreement (84%) between non-surgical clinical and
CBCT measurements of advanced FI was found in mandibu-
lar molars [14], whereas confirmation of non-surgical mea-
surements by CBCT was comparatively low in maxillary mo-
lars (up to 27%) [2, 13, 18] (Table 1).

When assessing horizontal bone loss (CEJ to AC) and/or
the number of defect walls in vertical bony defects, discrep-
ancies between non-surgical and/or conventional X-ray

images and CBCT data were reported [22, 26, 27] (Table 3).
There was a high level of accordance between periapical ra-
diographs and CBCT in detecting defect type, defect width in
the mesio-distal direction and defect depth [22].

The comparison between CBCT and intra-surgical mea-
surements demonstrated a high diagnostic accuracy of
CBCT in assessing FI [12, 15, 17, 19], as well as vertical
and/or horizontal bone defects [21, 23-25] (Tables 2, 3, 4).
However, an under- or overestimation of bone loss was seen
in the studies included; in order to decrease such risks, the
diagnostic measures available should be reasonably combined
in order to state the most accurate diagnosis and to perform a
reasonable treatment planning. In addition, data from five
studies showed that CBCT images provided information on
the residual attachment, root proximities and fusions,
periapical lesions, combined periodontal-endodontic lesions,
fenestrations, length of root trunk and/or the assessment of the
second mesiobuccal root canal [2, 13—15, 18]. These parame-
ters may influence tooth prognosis and treatment planning [2].

CBCT applies a higher radiation dose than conventional X-
ray images, including periapical and panoramic radiographs [29].
Therefore, each time CBCT is used, the potential harm must be
carefully weighed against the potential benefit according to the
ALARA principles (as low as reasonably achievable) in each
case [30, 31]. Three case series evaluated potential benefits of
CBCT in terms of PROMS and/or treatment recommendations
(Tables 1, 2, 3). Walter et al. [2] showed that treatment decisions
for maxillary molars based on clinical and conventional radio-
graphic examinations differed from those obtained from addi-
tional CBCT analyses. In addition, discrepancies in treatment
decisions based on conventional radiographs instead of CBCT
images were observed for teeth with vertical bone defects, in
particular when periodontal regeneration was considered [26].
A reduction of costs and treatment time was reported by Walter
et al. [3] when using CBCT for treatment planning of furcation-
involved maxillary molars. However, no evidence is currently
available with regard to data on PROMS, e.g. cost and treatment
time benefits, and CBCT application in assessing vertical and/or
horizontal bone defects.

Thus, the data from this systematic review have shown an
increased evidence for the accuracy of detecting periodontal
bone loss and potential benefits of CBCT imaging in terms of
clinically relevant, tooth-specific information. Thus, the re-
sults update, confirm and complement the results of our pre-
vious systematic review [1]. However, some aspects of the
included studies need to be discussed:

1. The study populations differed with respect to the severity
of periodontal bone loss. For example, two studies includ-
ed primarily (i.e. 79% and 84%, respectively) furcation
lesions classified as grade 0 or I [13, 20]. The clinical
relevance of additional three-dimensional imaging is lim-
ited compared with more severe FI.
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Similarly, the severity of vertical and horizontal bone de-
fects varied, with mean values ranging from 3.14 to
8.90 mm for the defect depth and from 2.6 to 7.62 mm
for the alveolar crest height. In the studies included, dis-
crepancies between intra-surgical measurements and
CBCT findings seemed to be more common in more ad-
vanced defects [27, 28].

Different tooth types, e.g. maxillary and/or mandibular
molars, and different tooth sites were investigated in the
studies included. For example, Marinescu et al. [14] in-
vestigated exclusively buccal furcation sites in mandibu-
lar molars, while six studies examined buccal and oral
furcations sites in maxillary molars [2, 12, 15, 16, 18, 20].
The value of additional information obtained from CBCT
depends on the examined tooth type. In mandibular mo-
lars, information of the FI may already be obtained by
two-dimensional imaging methods. In addition, the accu-
racy of intra-surgical measurements may depend on tooth-
and site-specific parameters, such as root morphology,
diameter of furcation entrance and root proximities. As
oral sites may have reduced clinical accessibility, differ-
ences may exist between CBCT and periodontal probing.
In this way, differences in agreement between different
furcation sites, e.g. buccal versus mesiopalatal sites in
maxillary molars, may be explained [12]. In addition,
measuring buccal sites in mandibular molars may show
stronger agreement between clinical and CBCT measure-
ments compared with mesiopalatal and distopalatal sites
in maxillary molars.

The studies used different systems to describe the severity
of interfurcal bone loss, i.e. classification systems [2,
12-15, 18, 20], measurements [15, 17, 19] or dichoto-
mous assessment models [16]. Thus, a direct comparison
between the studies is limited. This marked heterogeneity
of the studies with regard to the measurement methods for
periodontal bone loss and the outcome parameters makes
a statistical meta-analysis impossible. The percentages of
concordance, overestimation and underestimation were
presented for each study. However, recently, a meta-
analysis on CBCT and periodontal diagnostics was pub-
lished [32]. Currently, there is no scientific consensus on
the feasibility of a meta-analysis. Some authors and jour-
nal editors accept great heterogeneity among the studies
and provide or just ask for a statistical analysis for hetero-
geneity (/%) [33]. In contrast, other authors do not accept a
great heterogeneity and argue with respect to differences
between biology/medicine and statistics/mathematics [34,
35]. In addition, there is no agreement regarding the num-
ber of studies necessary for a useful meta-analysis.
Recently, a systematic review with a meta-analysis was
published. The analysis included two studies [36].
However, in some cases, a synopsis of studies might be

@ Springer

useful. A simple approach was recently suggested [37],
i.e. vote counting or recently the more advanced weighted
vote counting [37-39]. The latter one provides a proxy of
the impact for each study within the analysis.

In contrast, studies assessing vertical bone defects pre-
ferred continuous variables measuring exact values.
Herein, linear measurements between reference points
such as the CEJ and the alveolar bone crest were common.
However, the periodontal probe is limited as a measure-
ment tool as values as small as 0.5 mm are measured
whereas CBCT is capable of measuring values to the
nearest 0.01 mm. In three studies, clinical recording was
performed with a digital Vernier calliper with an accuracy
ofup to 0.2 mm which may be comparable the accuracy of
CBCT measurement [19, 23, 24]. The different accuracy
of CBCT and clinical measurements by a periodontal
probe may explain discrepancies between both methods.
For example, furcation height and depth, measured as con-
tinuous parameters, were underestimated by CBCT rela-
tive to the respective intra-surgical findings in one study
[15]. However, the discrepancy was lower than the 0.5-
mm minimum accuracy of periodontal probing and seems
to be acceptable with regard to the clinical relevance.
Different levels of expertise among the examiners could
have influenced the outcomes. Some studies did not report
whether the examiners were radiologists and/or examiners
who performed clinical measurements were periodontists.
However, precise detection of FI is a challenge even for
experienced clinicians. In addition, examiners should be
calibrated to measurements. In ten studies, calibration of
examiners was reported [2, 3, 12, 15-17, 19, 21, 22, 27].
Several studies excluded teeth with metal and amalgam
restorations or metal crowns, and/or teeth with endodontic
fillings [15, 1719, 22, 25, 27, 28]. Metallic artefacts re-
duce image quality by beam-hardening ar