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ABSTRACT

Pulp chamber and root canal obliteration (PCO/RCO) presents a challenge for clinicians when nonsurgical endodontic
treatment is indicated. Guided endodontics (GE) aims to precisely locate the root canal (RC) system while preserving as
much pericervical dentin as possible. GE involves integrating cone-beam computed tomography (CBCT) of the affected
tooth with a digital impression of the maxillary/mandibular arch, allowing for careful planning of the drilling path to the
RC system through a three-dimensional (3D) static guide. This article reports four cases of teeth with PCO/RCO, accom-
panied by additional diagnoses of internal and external root resorption and horizontal tooth fracture, all successfully
treated with GE. These cases highlight the clinical and radiographic success of GE treatments using CBCT, establishing
this technique as a predictable approach for managing mineralized teeth.
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INTRODUCTION

Pulp chamber/root canal obliteration (PCO/RCO) re-
sults from a defense response of the dental pulp to vari-
ous noxious stimuli, such as dental trauma, orthodontic
and periodontal treatment, dental caries, and restor-
ative procedures among others [1,2]. Angiogenesis pre-
cedes dental pulp mineralization through tertiary den-

tine production [3]. As the pulp’s perfusion declines as
a consequence of damaging stimuli, the tissue must be
provided with vital fluids to ensure that the healing pro-
cesses proceed optimally. Angiogenesis provides oxygen
and nutrition to the damaged tissue, allowing the tooth
pulp to remain viable despite tissue mineralization [3].
PCO/RCO is usually an asymptomatic process and often
an incidental finding during clinical and radiographic
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Case series of mineralized teeth with follow-up

examinations. Apical periodontitis (AP) associated with
pulp necrosis following PCO/RCO, requiring endodon-
tic treatment, has been reported in up to 30% of cases
[4,5].
Mineralization of the pulp canal space develops in
a coronoapical direction. Consequently, radiographi-
cally, the obliteration of the pulp space can be defined
as partial pulp canal obliteration or total pulp canal
obliteration [6]. The more advanced the PCO/RCO, the
greater the difficulty locating the root canal (RC) space,
especially when just a two-dimensional periapical radi-
ography (PR) is available for diagnosis and treatment.
Conventional endodontic therapy in the presence
of PCO/RCO is currently challenging, especially when
gaining access to the RC space. Endodontic complica-
tions such as RC blockage, instrument separation, ledge
formation, iatrogenic perforation, and untreated anato-
my have been associated with PCO/RCO [1,2,4].
Recently, guided endodontics (GE) has been intro-
duced as an alternate approach for addressing min-
eralized RCs [2,4,5,7]. The use of standard triangle
language/stereolithography (STL) files from digital im-
pression three-dimensional (3D) scanning, combined
with Digital Imaging and Communications in Medicine
(DICOM) files obtained from the cone-beam computed
tomography (CBCT) scans, enables virtual planning
of minimally invasive endodontic access, resulting in
the fabrication of a 3D template. The 3D template then
guides a drill into the mineralized RC space [2,4,5,7].
The current case series aims to document in detail
the clinical management of advanced PCO/RCO cases
employing GE in various scenarios such as radicular re-
sorptions and horizontal fractures, with 6- to 18-month
follow-up periods. The endodontic outcomes were doc-
umented with CBCT.

CASE REPORT

Case presentation

A total of four PCO/RCO clinical cases constitute this
case series. We followed the CARE guidelines for report-
ing case reports or case series. Four Colombian patients
(American Society of Anesthesiologists physical status
classification I), three females and one male, aged 24 to
68 years, with a diagnosis of pulp necrosis and AP were
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included. Informed consent was obtained from the four
patients. The common steps are detailed below.

Fabrication of the 3D endodontic template

The initial radiographic diagnosis was performed using
digital PR (Gendex VisualiX eHD; Gendex, Hatfield, PA,
USA). The entire arch (maxilla/mandible) was scanned
(Medit i700; Medit, Seoul, Korea). High-resolution
CBCT scans were acquired using the Planmeca ProMax
3D Classic (Planmeca Oy, Helsinki, Finland) with the
following parameters: operating voltage, 90 kV; field of
view, 50 x 40 mm; and voxel size, 75 pm. The DICOM
and STL files were then imported into Planmeca soft-
ware (Planmeca Romexis) and aligned. A virtual model
was created, and digital burs (21 or 23 mm in length
and 0.75 or 0.90 mm in diameter) were superimposed,
placing the bur tip apically at the most coronal location
where the calcification-free canal could be identified.
A virtual sleeve was designed to keep the bur in the
correct direction. When the optimal bur Course was
virtually checked, the 3D endodontic guide was printed
in biocompatible resin (Surgical Guide Resin; Form-
labs, Somerville, MA, USA). A metal sleeve (PNEUMAT,
external diameter of 3.5 mm, internal diameter of 0.75
or 0.90, height of 5 mm; FFDM Tivoly, Bourges, France)
was attached to the 3D template to guide Tivoly burs
0.75- or 0.90-mm predrill and 21- or 23-mm drill or a
DSP drilling system (0.80 mm in diameter and 25.5 mm
in length; DSP Biomedical Group, Campo Largo, Brazil)
according to each case. After printing the 3D templates,
the most coronal part of the metal sleeve should allow
the bur tip (once inserted) to put itself down to a depth
of 21 or 23 mm (depending on each case) and reach the
most coronal point of the patent RC.

Clinical procedures

Endodontic treatments were performed under infiltra-
tive local anesthesia (Newcaina, lidocaine 2% with epi-
nephrine 1:80,000; Newstetic, Guarne, Colombia). The
3D template was placed in the mouth and checked for
proper positioning. Initially, a 1-mm-deep ameloplasty
was performed with the predrill under an operating
microscope (OMZ 2350; Zumax Medical Co., Suzhou,
China). Subsequently, the RC was accessed using the
selected drill. Predrills and drills were coupled to an
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FX23 B2 handpiece (NSK/Nakanishi Inc., Tokyo, Japan),
operated at 10,000 revolutions/min with constant saline
irrigation.

Following rubber dam application, apical patency was
confirmed with a size 0.8 K-file (Dentsply Maillefer, Bal-
laigues, Switzerland). Working length was established
with an apex locator (Propex Pixi; Dentsply Sirona,
Charlotte, NC, USA) set to 0.5 mm and radiographically
confirmed. RCs were prepared using TruNatomy Rotary
Files (Dentsply Maillefer) or ProTaper Ultimate rotary
files (Dentsply Maillefer), according to each case, cou-
pled to the E-connect S Endo Motor (Eighteeth; Sifary
Medical Technology Co., Changzhou, China) following
the manufacturer’s recommendations. The irrigation
protocol included copious irrigation with 5.25% sodium
hypochlorite (NaOCI) (Vista Apex Dental, Racine, W1,
USA). Approximately 15 mL of NaOCL was used per RC.
The final irrigation included 2 mL of 17% ethylenedi-
aminetetraacetic acid (Vista Apex Dental) followed by
a final rinse with distilled water. Irrigant solutions were
administered with an IrriFlex 30-gauge irrigation needle
(Produits Dentaires SA, Vevey, Switzerland), located 3
mm short of the preestablished working length. Irrigant
solutions were activated using an ultrasonic tip (Irris-
afe; Acteon Group, Norwich, UK). For RC obturation,
a medium-sized gutta-percha master point (Dentsply
Maillefer) and AH Plus Bioceramic Sealer (Dentsply
Sirona) were used in a continuous wave down-pack ob-
turation technique (System B Endodontic Heat Source;
Kerr Dental, Brea, CA, USA), followed by backfill (Obtura
IT System; Young Specialties, Algonquin, IL, USA). End-
odontic treatment was accomplished in a single visit.

Case 1: pulp chamber and root canal obliteration and
apical periodontitis

A 24-year-old woman patient with a slight discoloration
in tooth #11 was referred for an endodontic appoint-
ment. Clinical examination revealed pain on vertical
and horizontal percussion. PR and CBCT scan showed
PCO/RCO extending to the apical third of the RC (partial
pulp canal obliteration), along with a periapical radio-
lucency/hypodense image. A diagnosis of pulp necrosis
and AP was given. The patient underwent a GE proce-
dure with a 3D endodontic guide with a metal sleeve of
3.5 mm (external diameter), 0.75 mm (internal diam-
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eter), and 5 mm (height) that guided a Tivoly drill 0.75
mm in diameter and 21 mm in length into tooth #11.
Endodontic cavity access was restored with composite
1 week after GE. An 18-month follow-up with CBCT
demonstrated favorable periapical healing (Figure 1).

Case 2: pulp chamber and root canal obliteration and
external inflammatory resorption

A 68-year-old woman with a history of orthodontic
treatment and orthognathic surgery 17 years ago, was
referred by a prosthodontist for endodontic manage-
ment of tooth #31. Clinical examination revealed tooth
discoloration and pain upon vertical percussion. PR and
CBCT scan showed partial pulp canal obliteration ex-
tending to the middle third of the RC and radiolucent/
hypodense finding consistent with external inflammato-
ry root resorption, and AP. A Vertucci type V (1-2) clas-
sification was observed in the CBCT scan; however, the
GE template was designed only for the buccal canal. To
get adequate access to the lingual canal, an extra exten-
sion toward the incisal side under magnification with
the operational microscope and utilizing the Start-X
tip #3 (Dentsply Maillefer) was required. A diagnosis of
pulp necrosis and AP was given. The GE procedure was
carried out with a 3D endodontic guide with a metal
sleeve (3.5 mm in external diameter, 0.75 mm in inter-
nal diameter, and 5 mm in height), guiding a Tivoly drill
(0.75 mm in diameter and 23 mm in length) into tooth
#31. Endodontic cavity access was restored with com-
posite one week after GE. A 6-month follow-up with
CBCT is documented (Figure 2).

Case 3: pulp chamber and root canal obliteration and
internal resorption

A 52-year-old woman patient with a history of ortho-
dontic treatment 10 years ago was referred for end-
odontic management of tooth #13. Clinical examination
revealed tooth discoloration and pain upon vertical per-
cussion. A high-resolution CBCT scan showed partial
pulp canal obliteration extending to the middle third
of the RC and a hypodense finding in the apical third
consistent with internal root resorption, and lateral AP.
A diagnosis of pulp necrosis and AP was given. The GE
procedure involved the use of a 3D endodontic guide
with a metal sleeve (3.5 mm external diameter, 0.90 mm
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Figure 1. The sequence of planning, execution, and follow-up of guided endodontics (GE) in a maxillary central incisor. (A, B) Initial periapical
radiography (PR) and cone-beam computed tomography (CBCT) of tooth #11 showing pulp chamber and root canal obliteration and apical
periodontitis. (C, D) Coronal and sagittal CBCT slices illustrate the planning sequence for GE to reach the patent area of the root canal. (E) Design
of three-dimensional (3D) template. (F) 3D template in the mouth. (G) Ameloplasty and verification of drill entry through the inspection win-
dows. (H, 1) Clinical sequence of GE showing a minimally invasive access cavity, verification of root canal patency, use of a 30-gauge TruNatomy
irrigation needle (Dentsply Maillefer, Ballaigues, Switzerland), and final PR of the endodontic obturation. (J, K) Coronal and sagittal CBCT planes
showing periapical healing 18 months after completion of the GE treatment.

internal diameter, and 5 mm height), guiding a Tivoly
drill (0.90 mm in diameter and 23 mm in length) into
tooth #13. Endodontic cavity access was restored with
composite 1 week after that GE. The sequence of plan-
ning, execution, initial results, and 18-month follow-up
were documented (Figure 3).

Case 4: pulp chamber and root canal obliteration and
horizontal root fracture

A 52-year-old male patient with a history of dentoal-
veolar trauma 20 years ago was referred by a general
dentist for endodontic treatment of tooth #11. Clinical
examination revealed tooth discoloration, pain upon
vertical percussion, periodontal probing depths <3 mm,
and physiological mobility. PR and CBCT scan showed
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total pulp canal obliteration. The CBCT also showed a
horizontal root fracture in the middle third of the root,
without displacement of the coronal and apical frag-
ments. Hypodense lesions consistent with AP and later-
al periodontitis were also observed. A diagnosis of pulp
necrosis and AP was given. The clinical management
protocols were the same as previously described, except
for the use of a DSP drilling system (0.80 mm in diam-
eter and 25.5 mm in length) and RC preparation with
the ProTaper Ultimate Shaper up to the F2 file (Dentsply
Sirona). Endodontic cavity access was restored with
composite 1 week after that GE. The sequence of plan-
ning, execution, and 6-month follow-up were docu-
mented (Figure 4).
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Figure 2. Guided endodontics (GE) in a mandibular central incisor with pulp chamber and root canal obliteration, external inflammatory resorp-
tion, and apical periodontitis: diagnostic, planning, and treatment sequence. (A) Diagnostic periapical radiography (PR). (B—D) Coronal, sagittal,
and axial cone-beam computed tomography (CBCT) slices illustrating the planning and drilling process using the Tivoly drilling system (PNEU-
MAT; FFDM Tivoly, Bourges, France). (E) Integration of standard triangle language/stereolithography and DICOM (Digital Imaging and Commu-
nications in Medicine) files to create the three-dimensional template for GE. (F, G) Endodontic access. (H, I) PR showing the initial GE results and
the 6-month follow-up CBCT.

DISCUSSION

PCO/RCO is caused by the increased deposition of min-
eralized tissue into the pulp chamber and the RC in the
aftermath of external noxious stimuli. Advanced PCO/
RCO presents significant challenges during nonsurgical
endodontic therapy, as improper approaches may result
in iatrogenic conditions and/or treatment failure [8]. GE
using static navigation guides for RC localization min-
imizes procedural risks, optimizes clinical execution
time, and ensures better treatment outcomes [9,10]. RC
localization in mineralized teeth has been reported to
be successful in 91.7% of patients handled by GE, com-
pared to 41.7% in conventional freehand endodontic
treatments [11,12]. These findings are consistent with
the four cases of advanced PCO/RCO with AP reported
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in this study. In all four situations described here, the
drill's anticipated position in the 3D template enabled
for exact dentine removal and the canal lumen to be
achieved as planned virtually. Following this phase, the
canals could be rapidly and thoroughly instrumented
and endodontic treatment accomplished in a single ap-
pointment. Additional findings of external resorption,
internal resorption, and horizontal root fracture were
observed in Cases 2, 3, and 4, respectively. Cases 2 and 4
required additional considerations in the planning and
execution of GE.

In Case 2, with a Vertucci type V (1-2) [13], the GE
pathway was designed only for the buccal canal; ap-
propriate access to the lingual canal required an incisal
extension of the access cavity. Surgical intervention
for sealing the external resorption was not considered
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Figure 3. Guided endodontics (GE) in a maxillary canine with pulp chamber and root canal obliteration, internal resorption, and apical peri-
odontitis: diagnostic, planning, and treatment sequence. (A) Sagittal slice of the diagnostic cone-beam computed tomography (CBCT). (B-D)
Coronal, sagittal, and axial CBCT slices showing access planning and drilling using the Tivoly drilling system (PNEUMAT, FFDM Tivoly, Bourges,
France). (E) Integration of standard triangle language/stereolithography and DICOM (Digital Imaging and Communications in Medicine) files to
create the three-dimensional template for GE. (F, G) Endodontic access. (H-J) Periapical radiography showing the initial GE results and 18-month
follow-up CBCT demonstrating periapical healing.

due to the reduced buccal cortical bone observed in
the CBCT analysis, which could have compromised
periodontal stability. Case 4 displayed a total pulp canal
obliteration, which required the static navigation path-
way to cross the horizontal root fracture line to ensure
disinfection and healing of endodontic lateral and api-
cal lesions. Endodontic treatment of the apical fragment
in horizontal root fracture scenarios is unusual, due to
the low incidence of pulpal involvement and restrict-
ed control during shaping and obturation through the
fracture line [14]. However, the apical fragment, in this
case, revealed AP. Notably, the horizontal root fracture
line was incomplete towards the buccal aspect, allowing
drilling through both fragments. In this scenario, eval-
uating the possibility of irrigating agent extrusion due
to the horizontal root fracture is critical. Although the
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CBCT findings indicated that both apical and coronal
fragments had not been displaced, increased irrigation
force or pressure should be avoided to prevent NaOCl
extrusion. Surgical removal of the apical fragment fol-
lowing a horizontal root fracture has also been reported
as a treatment option [14]. Nevertheless, we did not
consider a surgical approach due to the biological cost,
considering the integrity of the buccal and palatal cor-
tical bones. The 6-month follow-up CBCT obtained for
this case shows a successful periapical healing.

All of the clinical cases presented here involved
minimally invasive endodontic access and RC instru-
mentation with low-taper shaping systems aiming at
protecting the integrity of the pericervical dentin, which
is deemed critical for the biomechanical behavior of
endodontically treated teeth [1,15]. The obturation ap-
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Figure 4. Guided endodontics (GE) in a maxillary central incisor with complete pulp chamber and root canal obliteration, horizontal root frac-
ture, and apical and lateral periodontitis: diagnostic and treatment sequence. (A) Diagnostic periapical radiography. (B-D) Coronal, sagittal, and
axial slices of the diagnostic cone-beam computed tomography (CBCT). (E, F) Access planning and drilling with the DSP system (DSP Biomedical
Group, Campo Largo, Brazil). (G) Integration of standard triangle language/stereolithography and DICOM (Digital Imaging and Communications
in Medicine) files to create the three-dimensinal template for GE. (H) Minimally invasive endodontic access for GE. (I, J) Six-month follow-up
CBCT demonstrating periapical healing.

proach for this case series featured AH Plus Bioceramic
(Dentsply Sirona) as a sealing cement in conjunction
with a continuous wave down-pack obturation tech-
nique followed by backfill. AH Plus Bioceramic is a
hydraulic calcium silicate-based sealer that exhibits
high alkalinity, calcium ion release, apatite formation,
and mineralization. Warm obturation is more effective
than lateral compaction in filling complex RCs because
it increases gutta-percha density and creates occlusions
ideal for irregular RCs. However, it has been claimed
that high heat can affect the physiochemical qualities of
calcium silicate-based sealers [16]. A recent study using
Fourier-transform infrared spectroscopy proved that
the chemical composition of AH Plus Bioceramic didn’t
alter at elevated temperatures, leading to the conclusion
that AH Plus Bioceramic possesses favorable physico-
chemical properties, making it suitable for thermal ap-
plications [16].

In all of the cases described here, closed static end-
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odontic guides were employed. An alternative approach
known as the 2ingis (Brussels, Belgium) has also been
proposed. The 2ingis system employs an open static
endodontic guide that directs not the drill but the head
of the contra-angle. The 2ingis technique provides irri-
gation during drilling and allows the use of any form of
bur, including small-diameter, long-necked round burs,
and diamond burs, which can create direct access into
the enamel [17]. The closed static guide approach has
the drawback of preventing abundant irrigation during
the drilling phase, which increases the possibility of
collected dentin debris and, most likely, metal debris
caused by drilling through the sleeve. Poor irrigation
will also cause the drill and tooth to overheat. As a re-
sul, it is critical to progress carefully with the drill, paus-
ing and rinsing in between each stage.

Dynamic navigation is another alternative method
for performing GE. The dynamic navigation system is a
computer-aided guided technology initially designed
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for precise implant placement. The computer delivers
real-time feedback while the drill path is created. The
technology connects many cameras and motion-track-
ing devices to the dental handpiece and patient. It con-
tinuously compares the created path with the planned
drill path using software on CBCT pictures of teeth [18].
Several research have confirmed the validity of both
static and dynamic techniques [11]. Although it has
been reported that the employment of static guidance
results in a much larger mean angular deviation (10.04°)
compared to dynamic navigation (5.58°) [19], a recent
systematic review and meta-analysis found no statisti-
cally significant differences between the two approach-
es in terms of RC location rate, with static and dynamic
techniques demonstrating success rates of 98.5% and
94.5%, respectively [11,20].

Finally, it is crucial to note that the usage of GE with
static navigation guides may present various limitations.
It is important to keep in mind that the surgical tem-
plate’s design and manufacturing process play a signif-
icant role in the technique’s precision [11]. To provide
stability, numerous teeth must be isolated throughout
the process so that the guide can fit directly on them.
Therefore, to check the path during endodontic treat-
ment, the guide must be removed since it inhibits visual
access to the cavity. Static guiding, particularly in pos-
terior teeth, necessitates the production of many tem-
plates to provide direct access to individual RCs. Clini-
cal limitations include the need for a straight path to the
target, making static-guided approaches challenging
to use in small mouth openings or posterior teeth with
little interocclusal space. In clinical scenarios involving
mineralized canals after a root curve, endodontic sur-
gery is the most appropriate treatment approach. Larger
diameter slow-speed drills can cause fissures on the
tooth surface and generate excessive heat, potentially
harming the periodontal ligament. Additionally, the
lack of 3D real-time imaging hinders intraoperative ad-
justments to the established drill trajectory [11,21-24].

GE proved to be a precise and predictable technique
for treating teeth with advanced PCO/RCO, which may
also present with internal root resorption, external root
resorption, and horizontal root fracture, accompanied
by AP. All reported clinical cases were successfully treat-
ed with no complications during the procedure. The
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technique was executed based on 3D planning.

CONCLUSIONS

GE provided a highly precise and predictable treatment
alternative for advanced PCO/RCO cases. Each case was
managed using a minimally invasive approach, with
successful outcomes documented through CBCT.
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