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Abstract

Cone beam computed tomography (CBCT) has become a popular diagnostic method in endodontics. However,
recently published data provides a glance into possible missing links regarding the efficacy of CBCT and its use
to support the endodontic clinical decision-making process.

Editorial

The integration of cone beam computed tomography
(CBCT) imaging in the daily endodontic practice has
become popular. Many studies (Ustun et al. 2016;
Gambarini et al. 2018; Perez-Heredia et al. 2017;
Wanderley et al. 2018; Dinsbach 2018), including sev-
eral position statements (AAE and AAOMR Joint
Position Statement 2015; AAE, AAOMR 2010), have
been published in recent years, advocating for the
daily use of CBCT for many endodontic purposes such
as for the diagnosis of periapical pathologies (Leonardi
Dutra et al. 2016). In most of these publications, it is
generally stated that, due to its excessive radiation
dose compared to intraoral periapical radiography
(PR) (Patel et al. 2015), the use of CBCT should be
precautious and should be justified for each individual
patient. However, usually, these precautionary mea-
sures are only vaguely defined, and structured case se-
lection criteria are only rarely provided (Rosen et al.
2017). Furthermore, in most of these studies, the
required “better safe than sorry” modern preventive
approach is not implemented. This approach advo-
cates measures to prevent the potential harmful effect
of CBCT even when it is not certain to occur (Rosen
et al. 2017; Rosen et al. 2015; Science for Environment
Policy 2017). This approach is not well applied in end-
odontic CBCT, maybe due to the (mis-) assumption
that the immediate benefit from the use of CBCT is
significant (AAE, AAOMR 2010; Rosen et al. 2015;
Berman and Hartwell 2006), and to the fact that the
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harmful effects of the CBCT radiation exposure may
not be evident until years after the actual exposure
(Rosen et al. 2017; Science for Environment Policy
2017; EUROPEAN-COMMISSION 2012; Ludlow et al.
2015; Pauwels et al. 2014; Pearce et al. 2012; Wu et al.
2015; Yeh and Chen 2018; Kamburoglu et al. 2017).

Another issue is the power of the sheer number of pub-
lications on CBCT in endodontics, which potentially af-
fects the general perception of the extent and value of
CBCT use in endodontics. A current electronic search by
PubMed search engine for articles assessing the use of
CBCT in endodontics, identical to the search done by
Rosen et al. in 2015 (Rosen et al. 2015), found a staggering
number of 1140 articles (PubMed search engine n.d.),
many of which advocate the use of CBCT in endodontics.
This overwhelming number of published articles, together
with a lack of agreement on a rational case selection
protocol for the use of CBCT in endodontics, may give
the (wrong) impression that the use of CBCT in endodon-
tics is scientifically well established, safe, and justified for
the benefit of the common endodontic patient.

However, several systematic reviews published in re-
cent years assessed the ultimate benefit of endodontic
CBCT by using a diagnostic efficacy hierarchical
model (Rosen et al. 2015; EUROPEAN-COMMISSION
2012; Kruse et al. 2015). They all concluded that the
expected ultimate benefit of CBCT to the endodontic
patient is yet unclear, and that the currently available
literature is mainly limited to the assessment of the
CBCT’s technical and accuracy efficacies, rather than
the assessment of its ultimate benefit to clinical deci-
sion making and to treatment outcomes (Rosen et al.
2015; EUROPEAN-COMMISSION 2012; Kruse et al.
2015). These conclusions are in accordance with other
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recently published articles in other disciplines of den-
tistry (EUROPEAN-COMMISSION 2012; Kim et al.
2011; Matzen and Wenzel 2015; Nikolic-Jakoba et al.
2016; Pittayapat et al. 2014). The fact that the ex-
pected ultimate benefit of CBCT to the endodontic
patient is yet unclear does not necessarily mean that
CBCT is not effective. It just means that there are sub-
stantial missing links regarding its true efficacy and
benefits to the endodontic patient.

Recently, two publications provided a glance into some
of these missing links. In the first publication, Kruse et
al. (2018) assessed how additional information acquired
from CBCT affects the periapical diagnosis and treat-
ment planning that was originally based on clinical
examination and PR. Three observers initially assessed
the PR of patients who were followed up after surgical
endodontic retreatment and provided an initial diagnosis
and treatment plan. Later, the CBCTs were assessed and
a second “corrected” diagnosis and treatment plan was
provided. Eventually, out of 74 teeth (in 66 patients), the
radiographic diagnosis was changed as a result of the
CBCT evaluation in 38 cases (51.4%). The treatment
plan was changed for 18 teeth (24.3%), and for 14 teeth
(18.9%), the change was from no treatment/further ob-
servation to a more invasive treatment plan (reoperation
or extraction). The authors concluded that the use of
CBCT for follow-up after surgical endodontic treatment
led to more cases diagnosed with apical periodontitis
and consequently to the recommendation of a more in-
vasive treatment plan (Kruse et al. 2018).

A superficial look on these results may lead to the
(wrong) conclusion that CBCT is more effective in the
diagnosis of periapical pathologies following surgical
endodontic treatment and that its use will lead to a
more suitable treatment plan. This common mistake
in the interpretation of the results of clinical articles
comparing the diagnostic efficacy of CBCT to PR is
due to a lack of an appropriate reference standard, de-
fined as “the best available method for establishing the
presence or absence of the target condition” (Bossuyt
and Leeflang 2008). In endodontics, the required refer-
ence standard in such clinical studies is an histological
evaluation (Leonardi Dutra et al. 2016; Petersson et al.
2012). Unfortunately, in many other comparable clin-
ical publications in endodontics (Leonardi Dutra et al.
2016; Patel et al. 2012; Uraba et al. 2016), such refer-
ence standards were not used, which jeopardizes the
validity of their results. In fact, a comprehensive
systematic review of the literature (Leonardi Dutra et
al. 2016) that assessed the diagnostic accuracy of PR
and CBCT in the discrimination of apical periodontitis
from no lesion initially identified 665 potentially rele-
vant articles. However eventually, only 9 articles
fulfilled the inclusion criteria including a reference
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standard defined as a histologic examination for actual (in
vivo) or induced artificial (in vitro) apical periodontitis.
Additional 13 articles were excluded since the required ref-
erence standard was not used (Leonardi Dutra et al. 2016).

Although in the current article (Kruse et al. 2018), a
reference standard was not used, the authors did not
overlook this limitation and stated that “evidence is still
missing on the true histological nature of periapical ra-
diolucencies found using CBCT for follow-up after sur-
gical endodontic treatment”, and that “future studies
should be designed to investigate this and hence serve as
a basis of periapical healing assessment criteria for
CBCT evaluation after surgical endodontic treatment”
(Kruse et al. 2018).

Furthermore, the same authors recently published an-
other article (Kruse et al. 2017) providing the other side
of the coin to this missing link: the aim of this study was
to assess the diagnostic validity of PR and CBCT in sur-
gical endodontic treatment cases that were re-operated.
The uniqueness of this article is the histology of the
periapical tissues that was taken during the re-surgery as
(an appropriate) reference standard for the radiographic
examinations. Records of patients after surgical end-
odontic treatment were screened, of which 108 patients
(119 teeth) were recalled for clinical and radiographic
examination (PR and CBCT). Seventy-four patients (83
teeth) were examined. Three observers assessed the peri-
apical and CBCT radiographs, and re-surgery was of-
fered to non-healed teeth. All 19 re-operated teeth that
were included in the histological evaluation were
assessed as non-healed in CBCT, while 11 of these were
assessed as successfully healed in the PR. During
re-surgery, biopsy was performed and histopathology
verified whether or not periapical inflammation was
present. Importantly, out of 19 biopsies, 42% (8 teeth)
were without periapical inflammation histologically, 16%
(3 teeth) had mild inflammation, and 42% (8 teeth) had
moderate to intense inflammation. A correct diagnosis
was obtained in 58% with CBCT (true positives) and
63% with PR (true positives+true negatives). Based on
these results, the authors (correctly) concluded that of
the re-operated teeth, 42% had no periapical inflamma-
tory lesion, and therefore no benefit from re-surgery,
and that not all lesions observed in CBCT represented
true periapical inflammatory lesions (Kruse et al. 2017).
Although limited in its extent, the results of this unique
article provide an important insight into a significant
missing link in the use of CBCT in endodontics.

Furthermore, these two articles (Kruse et al. 2018;
Kruse et al. 2017) are actually the two sides of the same
coin: on one side of the coin, the use of CBCT for
follow-up after surgical endodontic treatment may lead
to more cases diagnosed with apical periodontitis and to
an ensuing recommendation of an invasive treatment
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plan (Kruse et al. 2018). On the other side of the coin
(Kruse et al. 2017), many of the “lesions” observed in
CBCT do not represent true periapical inflammatory le-
sions. Thus, the overall results of these two studies
(Kruse et al. 2018; Kruse et al. 2017) indicate a signifi-
cant missing link and concerns regarding the use of
CBCT for the diagnosis of periapical lesions and for
clinical decision making: CBCT use may lead to over-
diagnosis and over-treatment (Moynihan et al. 2014).
Thus, there is great need for further studies of
high-quality and appropriate study design to assess the
true efficacies and risks of CBCT, and for the time being,
the use of CBCT for endodontic decision making should
be more carefully considered.
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