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CASE REPORT

Combined orthograde 3D navigation

microsurgical endodontic retreatment for the
management of persistent apical periodontitis

in a mandibular molar

ABSTRACT

Aim: This case report shows a combined, orthograde and 3D navigation, microsurgical
endodontic treatment of an element with persistent apical periodontitis (PAP), due to an
inadequate endodontic treatment and a separated instrument beyond apical foramen of
the mesio-buccal canal of the tooth 3.6. A targeted minimally invasive ostectomy with 3D
navigation system was performed to localize the apex and remove the broken instrument,
then completing the root end management and filling.
Summary: After previous renewal of the existing restoration and non-surgical retreatment,
microsurgery was carried out using the Navident. CBCT dicom data and stl files obtained
from intraoral scans were uploaded into the software and matched together. The preoper-
ative digital planning defined the direction and depth of the ostectomy with 5.2 mm cilin-
drical bone mill drill. On the day of surgery an optic support was placed adhesively at the
mandibular level, detected by the Navident camera.
After the calibration of handpiece and the drill, a mucoperiosteal flap was performed. The bone
mill drill was guided by the navigator, conducting a selective osteotomy. The removed bone block
was stored in a Hank’s buffered salt solution. The root end was resected and removed around the
broken instrument. After the removal of the separated instrument, the retrocavity was prepared
and filled with RRM fast set putty. A collagen sponge was placed to support the cortical block. The
suture was made with 6.0 Vycril. Radiological images demonstrated the healing process. 3D
navigation allowed to create a precise and targeted osteotomy. The 3D navigation seems to be
predictable in complex cases, requiring accurate execution technique.

Key learning points

e The use of 3D navigation is a valuable aid in complex cases, in which the proximity to ana-

tomical structures.
¢ This technology allows a selective and rapid ostectomy, even by operators with less clinical
experience
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Introduction

ersistent apical periodontitis
(PAP) is a chronic inflammation
of the periradicular tissues
caused by etiological agents of
endodontic origin. The main
causes of PAP may include complex anat-
omy, reduced opening of the pulp chamber,
forgotten or untreated canals, complica-
tions in instrumentation and extrusion of
material beyond the apex (1).
The persistence of endodontic lesions after
treatment may also be due to biological
factors not directly related to the treatment:
root infection due to the complexity of the
root canal system, extraradicular infection
due to actinomycosis, accumulation of
cholesterol crystals, cystic lesions and
wound healing with scar tissue (1).
Surgical micro-endodontics (EMS) is a
highly predictable treatment option for the
resolution of cases of endodontically treat-
ed teeth with persistent apical periodonti-
tis (2). Retrograde surgical treatment is
recommended when orthograde retreat-
ment is not successful or demonstrates an
increased risk than the microsurgical ap-
proach (3).
In recent years, thanks to the use of new
technologies and the development of in-
creasingly performing materials and equip-
ment, we have witnessed a significant in-
crease in the success rate of surgical mi-
cro-endodontics (4-6).
The Buffalo Study (5) showed a success rate
after surgical micro-endodontic treatment
of 94% with intraoral radiographs fol-
low-up and 91% with cone beam CT (5).
Errors during the osteotomy and apicoec-
tomy phases, that compromise the apical
seal or the integrity of the support struc-
tures, are considered the first cause of
failure of microsurgical treatment (5).
A study analyzed the causes of failure of
surgical endodontic interventions, corre-
lating the failures to a poor technique of
preparation and filling of the retrograde
cavity (7); on the contrary, the use of a
microsurgical technique and the use of
new biocompatible cements allows to ob-
tain 92.9% of success in cases of reopera-
tion (7).
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Surgical micro-endodontics involves sev-
eral phases including flap creation, ostec-
tomy, apical root resection (RER), retrograde
cavity preparation (RECP) and retrograde
obturation (REF) (2, 3).

Ostectomy and apical resection can some-
times be complicated procedures because
of the difficult access to the affected site
due to an intact and thick cortex or to the
high risk of damage the noble anatomical
structures near the operative site.

The anatomical structures to pay particular
attention to are the floor of the nasal cavity,
the maxillary sinus, the mental foramen
and the mandibular canal (2, 3).
Although CBCT allows the operator to
identify the precise position of the root apex
(8), freehand procedures (FH) are often
linked to the operator’s dexterity, experi-
ence, ability to interpret CBCT images (7).
The introduction of new guided technolo-
gies, through the use of digitally created
and then 3D printed static guides (7-9) and
3D dynamic navigation (10) have improved
the accuracy and efficiency of this thera-
peutic procedure.

Dynamic navigation systems (3D-DNS)
represent an emerging technology that
allows the implementation of minimally
invasive procedures, increasing accuracy,
safety and reducing the possibility of iat-
rogenic damage (11, 12).

The dynamic navigation system is a com-
puter-based system similar to a satellite
guidance system, which uses an optical
stereo video camera and optical sensors to
align the patient’s real anatomical struc-
tures to the cone beam CT data, allowing
to carry out an operation by navigating in
time real through the monitor vision of the
patient’s CT images during the operating
session.

The application protocol requires careful
planning by the operator, starting from the
CBCT images. This system makes use of
optical cameras that track movement and
CBCT images for immediate virtual feed-
back from the operator.

The match of these two technologies allows
immediate intraoperative feedback of the
surgical maneuvers.

The guided navigation system has found
greater use in the implant field for the past
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Figure 1

Orthograde retreatment: A)
initial periapical x-ray, B)
x-ray after the orthograde
retreatment, C) long term
restauration.

decade (12); this technology has allowed
the planning and finalization of implant
cases even in unfavorable anatomical con-
ditions, allowing to highlight and avoid
noble anatomical structures near the cho-
sen rehabilitation site.

In orthograde endodontics, this system has
been used for the localization of calcified
canals (8-10), for access cavity planning (15,
16), for the removal of root canal posts (15),
for orthograde retreatments (17) and for
intraosseous anesthesia (18).

Recently 3D-DNS has been used for surgi-
cal micro-endodontics with excellent re-
sults, but the literature on this subject is
still limited (10-18).

The advantages of this technology are
mainly linked to the possibility of carrying
out a correct apical resection and with a
favorable bevel angle; operating times are
shorter, reducing patient and operator
discomfort; the operator can also modify
his own operating strategy during the
operation (17, 18-26).

The objective of this case report is to
demonstrate how the use of dynamic nav-
igation technologies in surgical micro-en-
dodontics facilitates the operator in the
ostectomy and apicectomy phases even in
the vicinity of noble anatomical structures.

Case Report

A 32 years old female patient, with medical
history of chemotherapy for breast cancer,
was referred for consultation before antire-
sorptive therapy with oral bisphosphonates
in order to reduce the risk of secondary
osteoporosis. Chief complaint was pain in
chewing and tenderness to percussion on
tooth 3.6. Radiological periapical exam

evidenced apical periodontitis, secondary
caries and inadequate previous endodontic
treatment with a separated instrument
beyond the apical foramen in the mesial
root (Figure 1).

The patient performed a cone beam com-
puter tomography (CBCT) (Morita,Accui-
tomo) that highlighted the root anatomy,
the buccal plate and the relationships with
the inferior alveolar nerve.

First and foremost, the orthograde retreat-
ment of the element 3.6 was performed. We
carried out the removal of the gutta-percha
with solvent (OGNA, Muggio, Italy) and the
canal system was re-shaped with Protaper
Next System (Dentsply Maillefer, Bail-
lagues, Switzerland).

The canal system was obtured with warm
vertical condensation and the element was
filled with a fuji long-term temporary filling
(Figure 1).

Dicom data were uploaded on the Navident
software to plan the navigated microsur-
gical endodontic procedures.

Since there are not yet commercially avail-
able software dedicated to navigated sur-
gical micro-endodontics, we have planned
the ostectomy in correspondence with the
mesial root of the element 3.6. For the exe-
cution of this operation, we selected the
cilindrical bone mill drill with diameter
of 5.2 mm which in a single surgical act
would have allowed to perform the ostec-
tomy and the apicectomy (Figure 2).

We started with the planning of the surgi-
cal approach with the CBCT image data in
order to verify the movement of the burs
in the three levels of the space.

Trough the registration phase we matched
the patient’s CBCT images to the patient’s
anatomical structures.
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Figure 2
Digital planning
with Navident system.

At the mandibular level we blocked a par-
ticular recognition tool called “butterfly”
with silicone which allowed the stereovid-
eocamera of the Navident system to identi-
fy the chosen anatomical site.
Subsequently, thanks to the calibration
phase, we verified the exact correspondence
between the patient’s six dental landmarks,
chosen on the visualization software, and
the same points in the patient’s mouth.
The dental handpiece and the burs have
been calibrated, through the optical rec-
ognition system.

Through the tracing phase we checked
that the operator’s movements in the three
planes of space corresponded to what we
were viewing on the screen, checking the
degree of accuracy.

We checked that the previously fixed
support did not move in any way to avoid
losing the calibration.

Two percent mepivacaine with 1:100,000
epinephrine local anesthesia was admin-
istered for the inferior alveolar nerve
block; a triangular papilla-based muco-
periosteal flap was made from the element
3.7 to the element 3.4 with a medial re-
lease incision (Figure 3).
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The minimal invasive ostectomy (& 5.2
mm) was performed using a round bone-
mill (Nobel Biocare, Yorba Linda, CA,
USA) mounted on a high-speed handpiece
surgical motor Kavo (Biberach, Germany)
at 900 rpm. The removed bone block was
stored in Hank’s buffered salt solution.
Once the ostectomy phase was completed,
it was possible to immediately visualize
the mesiobuccal root with the fractured
instrument beyond the apical foramen.
Hemostasis was obtained with an innova-
tive hemostatic glue, utilized in general
surgery (Ifabond™, Peters Surgical®).

We carried out the root resection by con-
suming the dental tissue around the in-
strument with a fine grain with a size #4
carbide round bur and a surgical length
#702 carbide fissure bur (SS White Dental,
Lakewood, NJ, USA) on a high-speed hand-
piece at 40,000 rpm.

The instrument was removed, after mobi-
lization, with low-power angled ultrason-
ic tips (Acteon (Acteon Group, Olgiate
Alona, Va, Italy).

A conventional 3 mm retrograde prepara-
tion was performed and the isthmus were
prepared with low-power ultrasonic tips
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Figure 3
Ostectomy phase with
bone mill drill.

Figure 4

Dinamic microsurgical
procedures: A) end of the
ostectomy, B) bone after
ostectomy, C) retrograde
cavity preparation with
ultrasound low power tip, D)
suture with 6.0 Vycril.

(Acteon Group, Olgiate Alona, Va, Italy),
using the microscope (ProErgo, Zeiss,
Oberkochen, Germany).

The retrograde cavity was filled with En-
dosequence (Brasseler USA, Savannah, GA)

and subsequently finished with diamond
burs filled.

After positioning a fibrin sponge as a sup-
port, we repositioned the bone block; then
the surgical wound was sutured with re-
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Figure 5

Follow up: A) end of the
microsurgical endodontics,
B) 4 months follow up and C)
12 months follow up.

sorbable 6.0 Vicryl Plus (Ethicon, J&] Med-
ical, Somerville, NJ) (Figure 4).

The suture at the mesial release incision
was removed after 3 days, while the suture
at the papillae was removed one week
later.

The restorative build up was realized two
weeks after surgery. Radiographic assess-
ment was performed at the end of surgery, at
4 months and 12 months after surgery (Figure
5). It is possible to observe that there is a good
healing of soft tissue; the lesion is in regres-
sion phase (Figure 6). The patient no longer
has signs and symptoms.

Discussion

Surgical endodontics represents a valid
and decisive technique in cases of teeth
presenting persistent apical periodontitis,
where the orthograde endodontic retreat-
ment has not allowed to resolve the initial
problem (2).

In recent decades, the concept of surgical
endodontics has evolved further, through
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the use of increasingly performing operat-
ing techniques dedicated to a minimally
invasive approach that respects the initial
anatomical situation of the patient, to the
point of defining this type of treatment as
“microsurgical” (3, 12, 19).

The operating microscope, the micromirrors,
the dedicated instrumentation, the ultra-
sonic tips for root canal preparation and the
marketing of new cements for the filling of
the retrograde cavity represent the founda-
tions for the success of these interventions.
However, the indications for microsurgical
endodontic retreatment have not changed:
persistent apical periodontitis with or
without symptoms in elements with ade-
quate prosthetic restorations, correction of
problems due to extrusion of material or
fracture of root canal instruments and the
need for histological analysis of the peri-
radicular tissue (20).

However, in some clinical situations, sur-
gical micro-endodontic treatment is com-
plicated by proximity to noble anatomical
structures that represent an obstacle for the

Figure 6
Clinical situation 12
months after surgery
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clinician: the maxillary sinus, the inferior
alveolar nerve, the mental foramen or the
floor of the nose.

For this reason, in recent years the use of
surgical procedures has spread, similar to
those used in guided implantology for the
creation of templates dedicated to osteoto-
mic procedures. This procedure is called
guided surgical micro-endodontics and has
already been described in numerous sci-
entific publications (19-22).

Guided surgical micro-endodontics in-
volves several operating phases; through
an intraoral scan of the patient and the
execution of a level II radiographic inves-
tigation (CBCT), a template is created which
presents a dedicated invitation to perform
the osteotomy (22).

The operator, by positioning the surgical
template, carries out the operation guided
by the slot created during the digital plan-
ning of the operation (22). This technology,
which allows a selective ostectomy, makes
the operator’s maneuvers safer, preserving
the anatomical structures close to the site
to be treated (22).

In the last 5 years, however, dynamic nav-
igation systems have been presented and
marketed on the dental market.

There are several dynamic navigation
systems with decidedly different charac-
teristics and costs; dedicated software
often have different fields of application.
Dynamic navigation, through a system
of tracking stereo cameras, allows you to
perform surgical interventions by follow-
ing the operator’s movements in real time
on a dedicated video. The doctor, after an
accurate planning phase, can carry out
the treatment and eventually modify his
therapeutic strategy in progress (13).
These systems are already used in robot-
ic surgery in medicine and find the
greatest field of application in orthopedic
surgery, otorhinolaryngology, ophthal-
mology, vascular surgery, neurosurgery
and oncological surgery (13).

Their applications in odontostomatology
are many and under study. Guided nav-
igation systems are mainly used in im-
plantology, for planning and carrying out
operations in safety, in the vicinity of
noble anatomical structures.

In orthograde endodontics, guided nav-
igation systems have proved to be useful
for finalizing treatment cases of dental
elements with calcified canals (10) and
for planning and performing intraosseous
anesthesia (23). Our clinical experience
is in agreement with the literature; dy-
namic navigation in orthograde endodon-
tics has allowed us to finalize several
cases of highly calcified teeth.

The navigation system was recently used
for planning and fabricating the pulp
chamber opening in a group of extracted
maxillary and mandibular incisors pre-
viously scanned with a CBCT (REF nr
Jain).

In half of the elements the pulp chamber
was opened with the free hand method
and in half with the 3D-DNS method;
subsequently the teeth were subjected to
a control CBCT.

The results showed that there are no
differences between the two techniques
as regards the mandibular incisors, while
the openings made with dynamic navi-
gation in the upper incisal group were
decidedly more conservative than with
the freehand method (15).

The creation of virtual models for the
simulation of orthograde dental retreat-
ments with this method has been pro-
posed, defining it as optimal for the re-
treatments of elements restored with
glass fiber posts (12).

The applicability of this system for sur-
gical micro-endodontic operations has
recently been applied.

In a case of persistent apical periodonti-
tis in the frontal sector; the treatment
was performed by an undergraduate
student, under the supervision of an
expert operator (17). However, this case
was conducted in the frontal sector,
where the traditional microsurgical ap-
proach could have been used in complete
safety.

Some authors have used the dynamic
navigation system on anatomical prepa-
rations to compare the skills of expert
and non-expert operators in surgical
micro-endodontic operations, hypothe-
sizing that the method would allow the
results to be equalized between operators;
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the results obtained from this study refer
to a comparison between the operators,
highlighting in both groups a high accu-
racy in the execution of the osteotomy
and apicectomy maneuvers, a greater
speed of intervention, but highlights the
need for a steeper learning curve long,
especially for non-expert operators (24).
Ex vivo cadaver study design applied this
technology on anatomical preparations
reaching the conclusion that this meth-
od allows an accurate, rapid ostectomy
with a lower bone volume removed,
defining it as safe and very useful in the
posterior mandibular sector (11, 25).

To date, a dedicated software to perform
endodontic ostectomies with this navi-
gation system has not yet been patented.

Conclusion

Dynamic navigation technology can be
used in areas close to noble anatomical
structures, avoiding damage. A more
conservative osteotomy allows for fast-
er healing, fewer anesthesias, reduces
bleeding; this technology reduces op-
erator and patient fatigue.

Dynamic navigation systems still have
a high cost and require a period of
training to speed up the learning curve.
Further studies are needed to deepen
and validate this method.

Clinical Relevance

This new technology can be a valid re-
source to retreat persistent periapical
lesions, allowing the maintenance of
tooth in the oral cavity.
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