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Abstract
Significance
Endodontic treatment of teeth with pulp canal cal-
cifications is very challenging and associated with
a high technical failure rate.Microguided endodon-
tics provides an accurate technique for the prepa-
ration of access cavities and is therefore of high
clinical relevance.
Introduction: The aim of this study was to assess the
accuracy of guided endodontics in mandibular anterior
teeth by using miniaturized instruments. This technique
is designed to treat teeth with pulp canal calcifications
and narrow roots by using a printed template that
guides a bur to the calcified root canal. Methods: Sixty
sound mandibular anterior teeth were used in 10
mandibular models. Preoperative surface and cone-
beam computed tomography scans were matched by
using the coDiagnostix software. Virtual planning was
performed for the access cavities, and templates were
used for guidance. The templates were produced by a
three-dimensional printer. Two operators performed
the access cavities. A postoperative cone-beam
computed tomography scan was superimposed on the
virtual plan, and the deviation was measured in 3 di-
mensions and angles. Descriptive statistical analyses
were performed, and 95% confidence intervals were
calculated for both operators and each measured
aspect. Results: The deviations between the planned-
and prepared-access cavities were low, with means
ranging from 0.12 to 0.13 mm for different aspects at
the base of the bur and 0.12 to 0.34 mm at the tip of
the bur. The mean of angle deviation was 1.59�. A
considerable overlap of the 95% confidence intervals
indicated no significant difference between the opera-
tors. The mean treatment time, including planning and
preparation, was approximately 10 minutes per tooth.
Conclusions: Microguided endodontics provides an ac-
curate, fast, and operator-independent technique for the
preparation of apically extended access cavities in teeth
with narrow roots such as mandibular incisors. (J Endod
2017;-:1–4)
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Pulp canal calcification
(PCC) is a common

sequela of dental trauma
and may occur in 15%–
40% of patients after luxa-
tion injuries (1, 2). In
elderly patients, PCC may
develop because of a
lifelong apposition of the

secondary and tertiary dentin (3). Furthermore, orthodontic treatment may initiate
the accelerated deposition of secondary dentin (4, 5).

PCC is considered a sign of pulp vitality, and unless there is clinical and radio-
graphic evidence of pulp necrosis, root canal treatment is not indicated (6).

However, up to one third of teeth with PCC may develop apical pathology in the
long term (7). Root canal treatment is very challenging in these cases and is associated
with a high failure rate, especially in mandibular incisors (8). Therefore, the American
Association of Endodontists rated the treatment of teeth with PCC as having a high dif-
ficulty level (9).

Even with the use of a dental microscope, the preparation of an adequate access
cavity may lead to excessive substance loss that impairs stability and thereby reduces the
long-term prognosis of the tooth (10).

Recently, a new treatment approach for teeth with PCC by using a printed template
with incorporated sleeves that guide the bur to the calcified root canal has been devel-
oped (11, 12). This technique provides an accurate access cavity and has already been
used in the clinic (13–15).

In these studies, mainly maxillary teeth had been treated. The sizes of the burs used
(diameter, 1.2–2.4 mm) are not suitable for the treatment of teeth with PCC and narrow
roots such as mandibular incisors.

Therefore, the aim of this study was to assess the accuracy of guided endodontics
in mandibular anterior teeth by using miniaturized instruments.
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Figure 1. Virtual planning: 3D view of planned access cavities including burs
and template.
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Materials and Methods
Ten mandibular models were fabricated by using 100 sound hu-

man teeth that were extracted for periodontal reasons. Ethical approval
was obtained from the local Research Ethics Committee (EKNZ UBE-15/
111).

All teeth were fixed according to their anatomic position in a cast to
mimic a partly dentate mandible with bilaterally missing molars.
Mandibular incisors and canines (n = 60, 6 teeth per model) were
used as test teeth, and premolars were included to improve the support
of the printed template.

For eachmodel, a preoperative cone-beam computed tomography
(CBCT) scan with a voxel size of 80 mm was performed (Morita Accui-
tomo 80; J. MoritaMfg Corp, Kyoto, Japan) and stored in Digital Imaging
and Communication (DICOM) format. In addition, surface tessellation
language (STL-) files were created via a three-dimensional (3D) intrao-
ral scanner (iTero; Align Technology Inc, San Jose, CA). Both types of
data were uploaded to software that was originally designed for guided
Figure 2. Clinical procedure for microguided endodontics: (A) preoperative situat
exposed, (D) template with incorporated sleeve, (E) guided preparation through

2 Connert et al.
implantology purposes (coDiagnostiX Version 9.2; Dental Wings Inc,
Montreal, Canada). Virtual images of the bur and the corresponding
sleeve for access cavity preparation were designed and implemented
in the software.

The specially designed bur had a total length of 28 mm with a
working length of 20 mm, and the diameter was 0.85 mm (Gebr. Brass-
eler GmbH & Co KG, Lemgo, Germany). The sleeve had an inner diam-
eter of 0.88 mm, an outer diameter of 4 mm, and a length of 6 mm
(steco-system-technik GmbH & Co KG, Hamburg, Germany). Access
to the root canal was planned by the superimposition of the virtual
bur (Fig. 1). The position was checked in every 3D aspect. Then the vir-
tual sleeve was placed. The STL data were uploaded to the same soft-
ware, and scans were matched by aligning the outlines of the teeth.
The template was designed via the application of an inbuilt tool and
fabricated with a 3D printer (Objet Eden 260 V, Material: MED610; Stra-
tasys Ltd, Minneapolis, MN). Subsequently, the sleeves were integrated
into the template.

The 10 models were randomly assigned to 2 operators with 5
models (n = 30 teeth) per operator.

The fit of each template was checked on its dental model, and
marks were set through the sleeves to indicate the exact coronal posi-
tion of the access cavity. First, the enamel was removed with a diamond
bur until the dentin was exposed. Next, the microguided bur was used at
10,000 RPM through the sleeve and the template with pumping move-
ments to gain access to the root canal (Fig. 2). The bur was cleaned
regularly during preparation by using a clean stand with foam rubber
(Dentsply Maillefer, Ballaigues, Switzerland). The access cavity accord-
ing to the virtual plan was finalized when the bur reached the sleeve. The
bur was checked after every access cavity for deformation. If no defor-
mation was visible, the bur was replaced regularly after 5 teeth.

The time required for each workflow step (surface scan of the
whole model, virtual planning of the access cavity of each tooth, design
of the template, removal of the enamel, and preparation of the access
cavity) was recorded for each of the operators.

After completion of the access cavity preparations, a postoperative
CBCT scan with the same parameters was performed, and DICOM data
were uploaded to the coDiagnostix software. The preoperative and
ion, (B) adaption of the template, (C) removal of the enamel until the dentin is
the sleeve, and (F) access cavity according to planning.
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TABLE 1. Times Required (Mean, Minimum, and Maximum) for Intraoral Scan, Virtual Planning of Access Cavity, Design of Template, Removal of Enamel,
Preparation of Access Cavity, and Total Treatment in Seconds

Surface scan Virtual planning Design template Removal of enamel Access cavity Total treatment

Mean 271 58 235 19 30 613
Minimum 206 28 186 11 9 447
Maximum 340 122 303 31 208 936
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postoperative CBCT scans were aligned, and the virtual planning was
superimposed. This process allowed the software to automatically
calculate the deviation between planned and performed access cavity
preparations. Deviations were calculated at the base (coronal end point
of bur’s working length) and the tip of the bur in mesiodistal, bucco-
oral, and apico-coronal directions.

A descriptive statistical analysis was followed by calculations
of the mean of the absolute difference, the standard deviation, and
the minimum and maximum of the deviation. The 95% confidence
interval (CI) was calculated for each parameter and operator. Sta-
tistically significant differences were expressed by non-
overlapping CIs. The analyses were conducted by using JMP 11
(SAS Institute Inc, Cary, NC).

One tooth had to be excluded because the alignment of preoper-
ative and postoperative CBCT scans was not possible because of the
loosening of the tooth in the model.
Results
The mean time required for a microguided endodontic treatment,

including the surface scan, virtual planning, and access cavity prepara-
tion, was 613 seconds, with a range from 447 to 936 seconds. The prep-
aration of the access cavity by using the guided endodontic technique
required 30 seconds (mean), with a range from 9 to 208 seconds.
The mean, minimum, and maximum for every procedural step are pre-
sented in Table 1.

The mean deviation of the angle was 1.59� (minimum, 0�;
maximum, 5.3�). The mean of the absolute difference at the base of
the bur in mesial/distal direction was 0.12 mm (range, 0–0.54 mm),
and these values were 0.13 mm (range, 0–0.4 mm) and 0.12 mm
(range, 0–0.41 mm) for the buccal-oral aspect and apical-coronal di-
rections, respectively.

At the tip of the bur, the mean of absolute difference was 0.14 mm
(range, 0–0.99 mm) for mesial/distal aspect, and these values were
0.34 mm (range, 0–1.26 mm) and 0.12 mm (range, 0–0.4 mm) for
the buccal/oral and apical/coronal aspects, respectively. Table 2 sum-
marizes the results of the accuracy measurements.

The 95% CIs of all measured parameters differentiated by oper-
ator are provided in Table 3. The considerable overlaps of all CIs indi-
cated a lack of statistically significant differences between the
operators.

None of the used burs fractured, and no perforations occurred.
TABLE 2. Deviations of Planned and Prepared Access Cavity at Base and Tip of th

Angle (�)

Base of the b

Mesial-distal
(mm)

Buccal-oral
(mm)

Mean (absolute difference) 1.59 0.12 0.13
Standard deviation 1.22 0.12 0.12
Minimum 0 0 0
Maximum 5.3 0.54 0.4

Mean of the absolute difference, standard deviation, and minimum and maximum in the mesial-distal, bu
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Discussion
The results of this ex vivo study demonstrated that the presented

microguided endodontics technique is an accurate, fast, and operator-
independent tool for accessing root canals.

Although guided endodontics has been described before (11–14),
this is the first study in which it was used on mandibular front teeth. This
was possible because of miniaturized instruments with diameters of only
0.85 mm. Treatment of these small and very narrow teeth can be very
challenging, and in cases of PCC, it is associated with a high technical
failure rate of 71% (8). Therefore, a successful treatment depends on
the technical accuracy of the access cavity.

With a mean angle deviation of 1.59� and a mean linear deviation
of 0.12–0.34 mm from the apical target point in the present study, the
method proved sufficiently accurate even for narrow roots such as
mandibular incisors. The precision obtained with this approach seems
to outperform that of navigation-guided procedures in oral implantol-
ogy. A meta-analysis from 2009 presented a mean error at the apex of
the implant of 0.85 mm (maximum, 4.5 mm) and a median angulation
error of 4� (maximum, 20.43�) (16). A more recent meta-analysis re-
ported even less accurate results, with mean errors of 1.12 mm at the
entry point, 1.39 mm at the apex of the implant, and a mean angle
deviation of 3.89� (17).

In contrast, better results with guided implants were obtained
in a recent study that used the same setup as in the present investi-
gation. This study adopted the coDiagnostix software and printed
templates, and a comparable angle deviation of 1.5� was obtained.
However, the mean apical deviation between the planned and in-
serted implant of 0.49 mm (0.13–1.19 mm) was higher than in
the present study.

The less favorable results in guided implantology may be attributable
to the fact that the template is occasionally only supported by mucosa,
which might lead to an uncertain fit, and mucosal resiliency is another
source of inaccuracy. Another reason could be that in contrast to guided
endodontics, more than 1 bur is needed for implant site preparation.

Compared with the promising results already published for guided
endodontics on maxillary teeth (11), which achieved a mean angle de-
viation of 1.81� and deviations of 0.17–0.47mm at the tip of the bur, the
accuracy was improved with the miniaturized approach of the present
study. This improvement was achieved by optimizing the fit between the
bur and the sleeve. A tight contact of the rotating bur to the sleeve inev-
itably leads to heat development, whereas a loose fit results in higher
inaccuracies in angle.
e Bur

ur Tip of the bur

Apical-coronal
(mm)

Mesial-distal
(mm)

Buccal-oral
(mm)

Apical-coronal
(mm)

0.12 0.14 0.34 0.12
0.12 0.18 0.28 0.11
0 0 0 0
0.41 0.99 1.26 0.4

ccal-oral, and apical-coronal directions (mm) as well as the deviation of the angle (�).
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TABLE 3. Ninety-five Percent CIs (Standard Deviation) of All the Determined
Parameters Differentiated by Operator

Parameter

95% CI

Operator
1 (M.Z.)

Operator
2 (T.C.)

Angle (�) 1.23–2.54 1.08–1.7
Mesial-distal (base) (mm) 0.07–0.17 0.08–0.16
Buccal-oral (base) (mm) 0.07–0.17 0.1–0.18
Apical-coronal (base)

(mm)
0.06–0.15 0.09–0.18

Mesial-distal (tip) (mm) 0.08–0.24 0.07–0.18
Buccal-oral (tip) (mm) 0.21–0.5 0.25–0.4
Apical-coronal (tip) (mm) 0.07–0.14 0.09–0.17
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Another study dealing with this topic used burs with diameters of
1.2 mm to prepare guided access cavities in 48 (unspecified) teeth
ex vivo and resulted in a mean deviation of 0.46 mm (95% CI,
0.31–0.49) from the apical target point (12). This was considered
acceptable; however, this deviation is slightly higher compared with
the present results. Deviations in the preparation depth and angle
were not measured. However, assessment of angle deviation is impor-
tant because increasing the angle will result in greater deviation from the
apical target point in long roots.

This study and the guided endodontics technique have limitations.
First, this is an ex vivo study on teeth without complete calcifications.
The influence of PCC on the accuracy remains unclear, and the time
required to treat a tooth with PCC might be slightly longer than the treat-
ments in this study. Clinical studies are desirable to add evidence
regarding this technique. In addition, this technique is only practicable
in straight roots or in the straight part of a curved root. Accessibility in
molars with this technique might not be possible because of limited
space for the template and the drill in the posterior region. The re-
corded time required for planning in this study seems reasonable,
but a less experienced operator might need more time for all of the pro-
cedural steps. Nevertheless, conventional treatment of teeth with calci-
fied root canals is likely to require much more operating chair time,
which in turn is directly related to the cost of root canal treatment.

Additional costs associated with CBCTmay arise anyway when treat-
ing cases with complex morphologies (eg, mandibular anterior teeth) or
severe calcification as recommended both by the American Association of
Endodontists (18) and the European Society of Endodontology (19).

Compared with an implant (when root canal treatment is not
feasible or not successful), the total cost of the (micro)guided end-
odontics approach seems considerably lower.

Another critical point is the increased radiation dose that is due to
CBCT. Although a limited field of view is sufficient for guided endodon-
tics and the radiation doses of newer devices are decreasing (20), the
dose remains higher than that of a conventional periapical radiograph.

Clinically, the presented treatment approach has already proven its
worth. Three published case reports have demonstrated successful
treatments of teeth with PCC in vivo by using templates to access calci-
fied root canals (11, 14, 15).

In general, information about the treatment of teeth with PCC is
rare. Conventional endodontic therapy has been demonstrated to be
associated with a high failure rate, especially for lower front teeth
(71%), which leads to a considerably decreased healing rate (8). Ak-
kerblom and Hasselgren highlighted that teeth with PCC and preexisting
periapical pathosis have a success rate of only 62.5%. A very recent
study demonstrated that calcified root canals of elderly people are
accessible if treated by an endodontic specialist under a dental micro-
scope (21). The time needed to locate a root canal varied considerably
and lasted up to 60 minutes in that study. However, no information
4 Connert et al.
about the loss of tooth substance associated with the access cavity prep-
aration was provided. This aspect requires further investigation for both
the conventional and the guided endodontics techniques.

Conclusions
Microguided endodontics provides an accurate, fast, and operator-

independent technique for the preparation of apically extended access
cavities in teeth with narrow roots such as mandibular incisors.
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