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Objective: To evaluate the impact of cone-beam computed tomography (CBCT) in endo-
dontic therapeutic decision-making of immature traumatized teeth with suspected pulp
necrosis.

Methods: Over two years, consecutive patients with a dental trauma in their front teeth (apex
>(0.5mm) and with suspected pulp necrosis based on clinical and radiographic findings were
referred to a specialist clinic in Sweden. Fifteen patients aged 613 (18 teeth) were included and
clinically examined by an endodontist. Intraoral radiographs and CBCT examinations were
obtained. Five practitioners, three endodontists and two residents in endodontics, used these
examinations to determine the most appropriate treatment for the 18 cases (all central incisors)
on two occasions scheduled 19 weeks apart. On the first occasion, the practitioners had access
to clinical information and the intraoral radiographs (‘before’ CBCT); on the second occasion,
the practitioners had also access to a radiologist report and the CBCT images (‘after’ CBCT).
Their treatment plans — no treatment, watchful waiting, endodontic orthograde treatment, or
extraction — were made anonymously and independently. Results were analysed using descrip-
tive statistics and Wilcoxon signed-rank test.

Results: ‘After’ CBCT, practitioners changed treatment plans in 30% of the 90 assessments,
74% of which were more aggressive (p = 0.028). In 49% of the assessments, practitioners who
chose the watchful and waiting treatment plan ‘before’ CBCT changed to a more aggressive
therapy such as endodontic orthograde treatment and extraction ‘after’ CBCT (p = 0.005).
Conclusion: This study provides evidence that CBCT influences endodontic therapeutic
decision-making regarding immature traumatised teeth with suspected pulp necrosis, chiefly
when expectant management (i.e., watchful and waiting) was selected before access to CBCT.
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Introduction

Oro-facial trauma can result in instant injury of teeth
and supporting dental structures, resulting in later
complications such as pulp inflammation or necrosis,
apical periodontitis, ankylosis, and root resorptions.
These complications can lead to complex treatments and
even tooth loss. Generally, accurate diagnoses require
good clinical histories, thorough clinical examinations,
and other diagnostic tests (e.g, sensibility tests and
radiographs). Examinations may need to be repeated
to detect and diagnose post-trauma complications.
Injuries to young permanent immature teeth signifi-
cantly increase the time spent in the dentist’s chair! as
they can pose more complex diagnostic and therapeutic
problems.

Dental management of necrotic teeth with incom-
plete root formation represents a challenging clinical
situation. If immature teeth lose their pulp vitality, the
root formation stops. These teeth have consequently
questionable long-term survival. The classical approach
for treating these teeth is apexification? and may involve
multiple appointments with a prolonged treatment
time.> A new method using a regenerative approach
aims to replace necrotic pulp tissues with regenerated
pulp-like tissues to revitalize teeth. It is in practice but
needs further assessment for general application.* Tooth
replacement with dental implants are contraindicated in
young individuals since the craniofacial skeleton has not
completed growing.

Diagnostic challenges are also present. Sensibility
pulp testing techniques have been considered less reli-
able for trauma, particularly in immature trauma-
tized permanent teeth.> Presently, it is not possible to
adequately evaluate the condition of the pulp in teeth
affected by trauma using electric or thermal pulp testing
or other methods that measure pulpal blood circula-
tion.® The failure of these evaluation techniques may
be the result of temporary damage to myelin sheaths,
inflammation, pressure, tension, or the late develop-
ment of the Raschkow plexus.”® Moreover, present
criteria for pulpal necrosis (i.e., sensibility test, tooth
discolouration, tenderness to percussion or palpation,
and radiographic changes) cannot discriminate between
pulp necrosis and traumatized pulp that will heal.® Pulp
necrosis, for example, is the most common complication
following luxation injuries to the teeth.'” However, the
general assessment of clinical and radiographic param-
eters after luxation injuries can be difficult to interpret
or even misleading, especially in immature teeth, where
there is a greater potential for pulp healing.

Radiographic examination is an important diagnostic
tool, and intraoral radiography is the most commonly
used technique. Radiography reveals not only the stage
of root formation but also injuries (e.g, root and bone
fractures) and complications (e.g, apical or root resorp-
tion processes). Some features might hinder a correct
radiographic diagnosis such as the presence of an apical
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papilla in children or anatomical foramina that can
overlap root apices. Unresponsive teeth to sensibility
pulp testing without apical radiolucencies might be
explained by aseptic necrosis and not only by damaged
pulp with a healing potential, further complicating the
clinical picture.!

Over the last several decades, dentistry has used cone-
beam computed tomography (CBCT), a technique that
overcomes some of the drawbacks of two-dimensional
radiography (e.g, overlapping of structures and distor-
tion) although at the expense of more radiation and
higher cost.!> Therefore, special attention should be
given to studies that evaluate the accuracy of CBCT
detecting apical periodontitis in primary infections,
root fractures, and internal and external root resorp-
tions. For example, in vitro studies have concluded that
CBCT is more accurate at diagnosing apical periodon-
titis'® and recent human cadaver studies have concluded
that CBCT is more accurate than conventional radio-
graphs at detecting primary endodontic infections.!'*!
In addition, CBCT has been found to be more sensitive
than intraoral radiographs for the detection of fractures
and root resorptions in non-root-filled teeth.!®!” CBCT
has also been advocated for as an imaging tool for
dental trauma'®! and is currently being used for such
purposes.?

However, few studies in endodontics have investi-
gated higher levels of efficacy of CBCT, as proposed by
Fryback and Thornbury,? such as the effect of using
CBCT information in decision-making or on patient
outcomes.’>** However, better test accuracy does not
necessarily mean better clinical and patient outcomes.”!
No studies have focused on the impact of CBCT in the
choice of treatment of traumatized teeth. To fill this gap
in knowledge, the present study investigates the effect
of using CBCT as a complementary diagnostic tool in
endodontic therapeutic decision-making of immature
traumatized teeth with suspected pulp necrosis.

Methods and patients

Patients

The clinical and radiological material used in the
current study was consecutively harvested from patients
recruited from an ongoing study investigating regenera-
tive treatments in immature traumatized necrotic teeth
assessed by CBCT (NCT03544528). These patients
were referred by general dental practitioners (GDPs)
practicing in the Public Dental Service in Vasterbotten
County, Sweden to the endodontic department (a
specialist clinic) at Ume& University Hospital (Ume4,
Sweden). Referrals were received between March 2017
and March 2019. The time between trauma and the
referral to the endodontic department varied between
28 days and 23 months.
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Table 1 Clinical and radiographic characteristics of the cases studied
Time lapse
Cases Tooth Sex Age at trauma GDPs’ trauma diagnosis (trauma to referral) Sensibility pulp test Sinus tract
#1 11 M 12y Sm Uncomplicated crown fracture Tm Uncertain No
#2 21 M 12y Sm Subluxation 7m Uncertain No
#3 11 F 8y Im Exarticulation 3m No reaction Yes
#H4 21 M 8y 8m Complicated crown fracture Sm No reaction No
#5 21 M 6y 11lm Subluxation 3m No reaction No
#6 21 M 10y 8m Lateral luxation and 6m No reaction No
uncomplicated crown fracture
#7 21 M 9y 6m Complicated crown fracture ly llm No reaction Yes
#8 11 M 9y 6m Complicated crown fracture ly llm No reaction No
#9 11 M 11y Im Complicated crown-root fracture Im Uncertain No
#10 11 M 8y 10m Unknown 1.5m No reaction No
#11 11 M 13y Im Unknown 4m Uncertain No
#12 21 M 12y 7m Unknown Im No reaction No
#13 11 F 9y Im Unknown Im Uncertain No
#14 21 M 10y 7m Concussion 2m Uncertain No
#15 11 M 10y 4m Subluxation and uncomplicated ly Uncertain Yes
crown fracture

#16 21 F Ty Tm Intrusion with root fracture ly 8m Uncertain No
#17 21 F 7y Im Lateral luxation 2.5m Uncertain No
#18 21 F 8y Im Exarticulation 3m No reaction No

F, female; M, male; Y, year; m, month.

Patients were consecutively included if they presented
untreated and traumatized immature front teeth with
suspicion of pulp necrosis and with no restoration or
an adequate coronal restoration without signs of caries.
Immature teeth were defined as having at least a 0.5mm
open apex based on intraoral radiographic examina-
tions.? The criteria for suspicion of pulp necrosis were
based on clinical assessment (i.e., uncertain or loss
of pulpal response on sensitivity tests) and/or on the
presence of intraoral radiographic abnormalities. One
patient could contribute with one or more teeth. None
of the patients had clinical swellings or severe pain.
The GDPs diagnosed the traumatized immature teeth
(including hard tissue and luxation injuries) (Table 1).
The initial study population consisted of 16 patients
(ten male and six female) aged 613 (mean 9.3). One of
the 16 patients (a nine-year-old female with two trau-
matized front teeth) was excluded because the CBCT
was performed in another region using different CBCT
equipment. In the final analysis, 15 patients contributed
with a total of 18 teeth (all central incisors).

All patients were examined at the specialist clinic by
the same experienced endodontist (NRV) one to 56 days
(mean 29 days) after the referral. The initial examination
gathered information using the following techniques:
anamnesis (including subjective pain); clinical exam-
inations (palpation, percussion, tooth and periodontal
probing, mobility, and sinus tract); periapical radiographs
of the young traumatized teeth; electric pulp test (Pulp
Tester; Analytic Technology, Redmond, WA); and other
pulp sensibility tests using a cold liquid (Endo Ice Roeko,

Langenau, Germany) applied in the buccal surface of the
tooth with a soaked cotton pellet for up to ten seconds if
a negative response. Table 1 shows the information about
the patients’ clinical status as determined by the specialist.

Radiographic examinations

New intraoral digital radiographs were taken at the
specialist clinic during the examination and were
acquired using the standardized paralleling technique,
as much as technically possible, with two identical dental
radiography machines (Focus, Instrumentarium Dental,
Tuusula, Finland; 70kV, 7mA for 0.125sec). Digital
periapical radiographs were examined and apices were
measured using a Schick CDR sensor (Schick Technol-
ogies/Sirona Dental Inc.).

CBCT examinations were performed at the depart-
ment of Oral and Maxillofacial Radiology at Umea
University (Umed, Sweden) using the same machine, a
Morita 3D Accuitomo (J. Morita MFG. Corp., Kyoto,
Japan) with the following parameters: 85kV, 7TmA, 360°,
volume of 4 X 4cm. The samples were reconstructed
for analysis with a slice thickness of 0.960mm, with
an interval of 0.48mm. Intraoral digital radiographs
and CBCT were performed from 0 to 42 days apart
(mean 22 days). A report was written by one of three
all highly experienced board-certified oral maxillofacial
radiologists.

Data collection — study stages
Data collection for the study was performed in two stages:
‘before’ and ‘after’ access to CBCT. For convenience’s
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Case #3

Stage \ Taoth 11
i & years old
" » I'rauma diagnosis:
before cx.:lrlu:ulatcgd
and stage
“after”

Time lapse smee trauma:

3-6 months

Asymplomatic

Clinical findings:

*  sinus tract, buceal

«  sensthility tests: no
cold reaction

Tooth 11

8 yTrauma years old

diagnosis: unknown

lime lapse since trauma: (-3

months

Asympiomatic

Clinical findings

= slightly inflammed
macosa

= sensibility tests: no cold
reaction

intra-oral rdsngraph

9

rJ

11 shows periapical, as well as latero-mesial diffusely
delineated lesion of about 6-7 mm. 1t breaks throwgh the
buccal bone plate buccally, both at the height of the apex of
the incisor and slightly longer mesially towards ive midline
at the marginal bone level. Image of peniapical mflammation.

No convincing evidence of external rool resorption at any of

&

CBCT fio

A fairly large open foramen is seen apically in tooth 11.
Adjacent 1o the apex area and laterobuceal to the root,
the periodontal contour gives the impression of being
wide, Suspicious image of inflammation in the arca
Signs of root resorption are seen in the apical third ares
as well as small local resorptions at varving locations on
the root.

Figure 1

the central incisors. No other pathology in imaged area.

Two cases with the information shown to decision-makers in both stages: “before” and “after” access to CBCT. In both stages, decision-

makers had access to clinical information and intraoral radiographs. As a complement, selected CBCT tomograms of three different planes and
the report of the oral maxillofacial radiologist were exclusively shown “after” CBCT.

sake, the decision-makers were three experienced clin-
ical endodontists (between 10 and 20 years of experi-
ence) and two first-year endodontic residents working
at the endodontic specialist clinic at Ume& University
Hospital. None of the decision-makers were researchers
involved in the project. Decisions-makers did not take
part in setting up the cases.

Before the decision-makers had access to CBCT
(‘before’), they were presented unidentified anamnesis,
referral, relevant clinical findings, and conventional
periapical radiographs of the 18 injured central incisors.
This presentation of information was done in the same
room in December 2019 using an interactive web-based
application (www.mentimeter.com). The presentations
were simultaneously shown on a wall-mounted digital
display screen and the decision-makers’ smartphones in
a dimmed room. The web-based application was chosen
to ensure anonymity and independence among decision-
makers. The decision-makers were asked for treatment
options for each case separately. Therapy plan options
were in increasing level of aggressiveness: A) no treat-
ment; B) watchful waiting; C) endodontic orthograde
treatment; and D) extraction.

After the same decision-makers had access to CBCT
(‘after’), 19 weeks later, they assessed the same cases in
the same setting. They had access to the same infor-
mation, but this time each case was accompanied by
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selected CBCT images and the CBCT report written by
the radiologist. Radiologists have aligned the volume
to the tooth axis when they believed it was appropriate
for diagnosis using Sectra IDS7 PACS viewer (Sectra
AB, Linkoping, Sweden). The whole volume was thor-
oughly assessed in all planes by radiologists and the
information was used as a base for decision-making.
The images were analysed in Sectra PACS viewer IDS
five version (Sectra, Linképing, Sweden) on an Eizo
Flex Scan GS320 (20 inch, colour, 1536 X 2048, 32
bit) monitor. The selected images were chosen by the
researchers (DH, GNA, NRV) and were considered
to be representative of the respective cases with axial,
sagittal, and frontal tomograms. The whole volume
was available if requested. Two cases are represented in
Figure 1.

Data analysis

As patient material was originally collected for a parent
study, a sample size calculation was not performed for
this part. The analysis was primarily descriptive as the
study was explorative. Changes between the ‘before’
and ‘after’ CBCT were analysed using Wilcoxon signed-
rank test in IBM SPSS Statistics version 26 (SPSS Inc.,
Chicago, IL, USA), which assumed decision-makers
found the minimal number of changes for each case.
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Table 2 Treatment plan options in both stags: “before” and “after”
CBCT

Before CBCT After CBCT
Cases A B C D A B C D
#1 4 5
#2 2 3 5
#3 5 S
#4 5 5
#5 1 3 1 1 4
#6 1 4 5
#7 5 5
#8 2 3 5
#9 5 5
#10 4 1 1 4
#11 3 2 2 3
#12 3 2 5
#13 4 5
#14 5 5
#15 5 3 2
#16 5 4 1
#17 4 1 1 4
#18 5 5

Total 4(4%) 43 42 1 8 24 56 2
48%) (47%) (1%) (9%) (27%) (62%) (2%)

A: No treatment; B: watchful waiting; C: endodontic treatment; D:
extraction.

Agreement among the decision-makers was calculated
using Fleiss’ x (http://justusrandolph.net/kappa/).

Results

The agreement among decision-makers ‘before’ and
‘after’ CBCT was 71.7 and 84.4%, respectively. ‘Before’
CBCT, the free-marginal Fleiss’ k¥ was 0.62 (95% confi-
dence interval 0.45-0.79) and after CBCT, it was 0.79
(95% confidence interval 0.65, 0.94).

The treatment choices for each case are presented in
Table 2. The most common therapy plan ‘before” CBCT
for all the assessments (n = 90) was watchful waiting
(48%), and the most common therapy plan ‘after’ CBCT
was endodontic treatment (62%).

Changes in treatment plans occurred in 30% of the
overall assessments (n = 90), 74% of which were more
aggressive therapy plans (p = 0.028). When decision-
makers chose watchful waiting as a therapy before
CBCT (n = 44), they changed 48% of those assessments
(» = 0.005), most often (81%) to an endodontic treat-
ment. It opposes to 10% of changes when they chose
endodontic treatment before access to CBCT (n = 42,
p = 0.705). When only considering the most prevalent
option among decision-makers for each case, there were
five changes in the 18 cases, four of which were more
aggressive plans (p = 0.18). In the eight cases where the
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decision-makers chose watchful waiting ‘before’ CBCT,
there were four changes in the therapy plan ‘after’ CBCT.

Discussion

This study investigated the effect of using CBCT as a
complementary diagnostic tool in endodontic thera-
peutic decision-making of immature traumatized teeth
with suspected pulp necrosis. The main finding is that
endodontists were more likely to change their therapy
plan after access to CBCT if they had chosen watchful
waiting as a treatment plan before access to CBCT.

The ‘before’ and ‘after’ study design has been used
by other researchers to investigate the effect of a diag-
nostic imaging test at the therapeutic efficacy level in
endodontics and in other fields.”*?” The judgment of
validity for the results and conclusions of this method
can be based on a quality assessment tool.?* Thus, the
population was chosen consecutively, clinical data were
harvested prospectively, and a specific clinical indication
was assessed. In addition, the patients were thoroughly
examined by the same specialist and that information
was used to make decisions. Meads and Davenport®®
conclude that ‘therapeutic plans based on the before test
results should not be known at the time of making ther-
apeutic plans based on a combination of the before and
after test results’. This conclusion justifies the choice
for the 19week lapse time between assessments as the
decision-makers would not remember their previous
answers. Studies that rely on decision-making based
solely on the use of intraoral radiographs (i.e., without
the addition of clinical examination) potentially exag-
gerate the frequency of changes in therapies after CBCT
and lack clinical interest as there are many other clinical
diagnostic tools that provide essential information that
can circumvent the inaccuracy associated with conven-
tional radiographs.

There are, however, some drawbacks to this method.
The use of several decision-makers to assess the same
cases presents a source of variation. It becomes diffi-
cult to distinguish from uncertainty in the assessment
and variation between patients, despite the fact that
the agreement in the present study can be interpreted
as substantial for the 90 assessments and the descriptive
analysis based on the majority of assessments for each
case revealed the same proportions as the overall assess-
ments.”? The choice of different decision-makers should
increase external validity; however, the present study
may or may not accurately represent endodontists, as no
systematic recruitment process of the decision-makers
was performed although our recruitment approach
seems to be common.”?*3* In addition, CBCT was
not performed on the same day as the intraoral radio-
graphs taken by the specialist, risking a maturation bias
in favour of CBCT. Accordingly, patients need to be
clinically and radiographically evaluated and referred
to a radiology department before the CBCT evaluation.

birpublications.org/dmfr
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However, the examinations were performed within an
acceptable timeframe.

For practical reasons, only selected images were
initially shown rather than the whole volume, and
this might have introduced a bias, as pictures could
potentially not be representative, or some important
radiological details might have been missed. However,
decision-makers were informed that the whole volume
was available in case they needed further information at
any time. None of the decision-makers asked for evalu-
ation of the whole volume. One of the researchers was
a specialist in endodontics with considerable experience
in using CBCT (NRV). Researchers scrutinized the
whole volume to select pictures considered representa-
tive for each case in a self-perceived objective fashion
trying to mitigate potential bias. Moreover, radiologists
evaluated the whole volume, and the relevant infor-
mation was translated in a report that was used by the
decision-makers, minimizing the risk of image selection
and missed information and making available written
data as it would be in the clinical practice in Sweden,
where CBCT cannot be independently used by non-
radiologists. .

Because the decision-makers’ choices were anony-
mous, the authors were unable to follow changes indi-
vidually. This arrangement could have resulted in the
understatement of the results as we assumed changes
were minimal. It was impossible to analyse the varia-
tion within the same individual over time and its effect
on the results. The study had only four therapy plan
choices, and the decision-makers desired more choices.
They did not have any responsibility for the patient and
their choices did not affect the actual chosen therapies
for those patients. These issues weaken, to some degree,
the validity.

The presented results seem to indicate that for imma-
ture central incisors with a suspicion of pulp necrosis in
which an endodontic treatment is preliminarily planned
after a thorough clinical examination, CBCT does not
contribute to many therapy plan changes and, therefore,
might not be routinely indicated in the first treatment
phase. This might reflect that the patients included in
the study were part of a parent study that asked for an
initial CBCT, so in some teeth the degree of suspicion
of necrosis was so high that CBCT did not contribute
with additional information to change therapy. In a pure
clinical situation, some of these children might not have
an indication for CBCT, an important consideration in
the present study. However, if watchful waiting is chosen
instead by a particular clinician, the use of CBCT has
a stronger potential to hasten treatment, avoiding, at
least theoretically, eventual complications of delayed
therapy. Therefore, the use of CBCT might be benefi-
cial when clinicians consider a watchful strategy based
on conventional examination. In the present study, the
latter situation required only two CBCT examinations
for a change in treatment plan to occur. Neverthe-
less, the use of CBCT should neither be a shortcut for
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sloppy examinations or lack of clinical discernment nor
a stubborn quest for diagnostic certainty or defensive
medicine.*

In general endodontics, CBCT has the potential to
change the course of actions, notably in highly selected
and complex cases.’>?*3¢ There is some evidence that
when cases are simpler, the impact is far less signifi-
cant.” This report also points in that direction: when
decision-makers were confident enough to choose more
definitive treatments other than watchful waiting (e.g.,
endodontic treatment), there were far fewer changes
‘after’ CBCT. Some studies have found that changes
in treatment plans were more often more aggressive, a
finding also evident in this present study.?”3!333¢ Changes
are probably beneficial for the patient in a significant
number of cases, but not all.’*® Unfortunately, there are
few well-designed controlled trials that randomize the
use of CBCT to assess patient outcome.

Two studies have investigated more closely the effect
of CBCT on therapy choices for teeth presenting external
resorptions.’”*® CBCT information results in changes in
therapies and assists in planning, but periapical radio-
graphs might suffice if teeth are deemed unsalvageable.’’

One explanation for our results could be that changes
in therapy plans occur because CBCT is more accu-
rate, especially for diagnosing apical periodontitis. The
changes in therapy plans reported in two studies on the
same material were strongly correlated with changes in
diagnoses.** Another aspect that should be highlighted
is a possible increase in decision-makers’ confidence in
CBCT as they see that it depicts the true nature of the
case.* CBCT seems to increase confidence in choosing
diagnoses and therapy plans in endodontics, although
Al-Salehi® found the opposite. However, differences in
inclusion criteria and who prescribes CBCT in relation
to who plans treatments might help explain the different
results.

Trauma complications can emerge early — days to
weeks later or years after the incident.*! There is a general
agreement that early diagnosis and treatment of trau-
matic injuries can prevent posttraumatic complications
giving a better chance for the preservation of the tooth
and its surrounding tissue.*! Nevertheless, the assess-
ment of pulp vitality is one of the major challenges in
dental traumatology due to the temporary loss of sensi-
bility after trauma and because of the limitations of
conventional pulp sensibility tests.>*>* In addition, pulp
testing is more difficult when assessing immature teeth
in young patients considering the technical and psycho-
logical challenges.’ The clinician must then be aware of
additional signs of pulp necrosis such as crown disco-
louration and radiographic changes before initiating
endodontic treatment. This can delay diagnosis and may
affect tooth prognosis.

The use of ionizing radiation in the target popula-
tion (i.e., young individuals) should be more judicious
as they are more sensitive to radiation exposure. In
addition to optimizing protocols, CBCT use should
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primarily be justified. The principle of ‘as low as diag-
nostically acceptable’ (ALADA) should be followed,
and the use of various other diagnostic tests should
have previously been considered.* The European
Commission'® has recommended the use of CBCT only
in complex cases and only after adequate anamnesis
and clinical and basic radiological examination if these
have not provided sufficient information to tackle the
case. Applying the European Commission guidelines,
the vast majority of endodontic problems, diagnoses,
and treatment plans can be established in specialist
practices without the need for more advanced diag-
nostic tests such as CBCT.* The cases presented here
were all referred from a selected population and posed a
somewhat more difficult clinical problem. However, the
authors ignored the proportion of non-referred cases.
In an earlier study conducted in Sweden and with very
robust data, a majority of the traumatic dental injuries
to permanent teeth in young people affected central
upper incisors, and trauma occurrences peaked before
the age of 11, when these teeth might still not have fully
matured apices.* Only 4% of young patients with trau-
matic dental injuries were treated by different specialists
(oral surgeons, pedodontists, and endodontists).*

Conclusion

CBCT use changed the assessments in 30% of the
patients with traumatized central incisors who were
referred to a specialist clinic for treatment with a clinical
suspicion of pulp necrosis and the changes in treatment
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