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TECHNOLOGY

Dynamic Navigation and HUD
for Endodontic Access

INTRODUCTION

Directed dentin conservation (DDC) refers to the
preservation of dentin structures and may play an
importantroleinincreasing the survival rate of endo-
dontically treated teeth. Dynamic navigation uses
data from a CBCT scan to provide real-time visual
feedback during access cavity preparation. Head-up
display (HUD) technology for the surgical operating
microscope has been used in different fields of medi-
cine since the 1990s and is reported to enhance the
ergonomics during surgical procedures. This case
report describes the use of dynamic navigation and a
surgical operating microscope HUD for contemporary access cav-
ity preparation and optimal DDC during nonsurgical endodontic
treatment. The importance of DDC and the potential advantages
and limitations of dynamic navigation and HUD technology for
the surgical operating microscope are also described.

DDC refers to the preservation of selective dentin structures.
Clark and Khademi® suggested that the maintenance of selective
dentin structure of high value promotes optimal strength in end-
odontically treated teeth (ETT). Valuable dentin regions include

Dynamic navigation (DN) uses data from
a CBCT scan to guide the clinician during
dental procedures.

the pericervical dentin (PCD), “soffits,” and “trusses.” The PCD
includes dentin located 4 mm above and below the crest of bone. It
has been proposed that the PCD plays a crucial role in transferring
occlusal forces along the root and that maintaining intact PCD is
arguably the single most important factor in achieving long-term
retention of ETT.* A “soffit” is a lip of undercut dentin tissue left
after access cavity preparation at the level of the pulp chamber
roof. A “truss”is aband of pulp chamber roof dentin that braces the
buccal and lingual structures of the tooth and promotes resistance
to tensile and compressive forces. Both soffits and trusses may con-
tribute to the overall strength of ETT.? The use of a preoperative
CBCT scan to determine canal convergence profiles for the plan-
ning of the orifice-directed access approach in order to maintain
maximal PCD, soffits, and trusses was previously described.?

Bobby Nadeau, DDS, MSc

Dynamic navigation (DN) uses data from a CBCT
scan to guide the clinician during dental procedures.
Overhead stereoscopic cameras track the position of
markers attached to the dental handpiece and the
patient’s jaw. The position of the instrument tip is
shown overlaid over the patient’s virtual dentition
on the system’s screen interface. As the clinician
moves the instrument clinically, the virtual repre-
sentation of the instrument moves on the screen,
which provides real-time guidance. Further details
about the workflow of DN were described by Gam-
barini et al.* Over the last few years, DN has been uti-
lized mainly for the purpose of increasing the accuracy of dental
implant placement. More recently, the potential benefits of DN in
increasing the accuracy and efficiency of nonsurgical and surgical
endodontic procedures were investigated.

For decades, the high magnification and illumination of the
surgical operating microscope (SOM) has been an invaluable tool
in different fields of medicine as well as in endodontics. Carr and
Murgel®> discussed the benefits of the SOM in dentistry, which
include improved ergonomics and photo documentation. Over
the years, the SOM used in different fields of medicine has evolved
to incorporate HUD technology. In the 1990s, the first microscope
with HUD capabilities was introduced to facilitate image-guided
neurosurgery.’ HUD in the SOM involves the injection of a virtual
image within the clinical field of view as seen through the binocu-
lars. Injected overlaid images include patient data such as pre-op
imaging of interest or data from navigation systems. Incorporat-
ing a HUD is thought to improve ergonomics during medical sur-
geries as the clinician can visualize valuable information through
the overlaid virtual image and directly visualize the surgical field
itself.” To the author’s knowledge, the clinical use of a HUD in an
SOM in the field of dentistry has never been reported to date.

CASE REPORT
A 62-year-old female with a noncontributory medical history pre-
sented to the author’s practice with a chief complaint of pain to
chewing in the upper right posterior area that began one month
prior. Clinically, tooth No. 3 had an occlusal composite resin res-
toration demonstrating leakage and crack lines at the mesial and
distal marginal ridges (Figure 1a). Two-dimensional radiographic
interpretation revealed no compelling apical findings and no deep
restoration, suggesting a coronal crack as the potential etiology
(Figure 1b). The patient was referred for a small field-of-view CBCT
scan. Interpretation of the CBCT volume revealed a periapical find-
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ing located apical to the palatal root of tooth No. 3 (Figures 1c and
1d). Tooth No. 3 was diagnosed with pulp necrosis and symptom-
atic apical periodontitis. Treatment options were discussed, and
the patient consented to nonsurgical endodontic treatment with
DN guidance using the Navident system (ClaroNav). In order to
maintain as much PCD and pulpal roof dentin as possible, 3 sep-
arate access cavities were planned using the Navident software
based on the canal convergence profiles: one to the distobuccal
(DB) canal orifice, one to the palatal (P) canal orifice, and one to
the mesiobuccal (MBr1) canal orifice (Figures 1e to 1g). After local
anesthesia, DN registration and calibration procedures were com-
pleted: After placement of the rubber

still a subject of controversy. Conclusions from in vitro studies are
often referenced to argue against minimally invasive endodon-
tics.® Unfortunately, the inherent limitations of these in vitro
studies using mechanical-failure experiments lead to significant
unreliability when translating results from benchtop experiments
to clinical situations.’ Long-held concerns about the necessity of
surgical invasiveness within the medical community decades
ago have led to the eventual acceptance of minimally invasive
therapy.*® Indeed, removal or manipulation of additional human
tissue during various surgical procedures should be justified with
demonstrable and compelling high-level evidence. In endodon-

tics, the responsibility of demonstrating

dam isolation, the Navident fiducial
marker was placed onto the maxilla, and
the dentition was registered in order to
merge the CBCT data to the actual clini-
cal field. The handpiece and bur were
then calibrated as per Navident proto-
col. Access cavity preparation using DN
was completed under the SOM with the
simultaneous use of an experimental HUD prototype (Zumax
Medical Co, Ltd) (Figures 2a and 2b) using a #859.31.010 needle
tapered diamond bur (Brasseler USA). The access cavity prepara-
tion to the DB canal with simultaneous DN as viewed through the
SOM binoculars is shown in Figure 2c. Following completion of
straight-line access preparations to the MB1, DB, and P canals, the
preplanned digital access path to the MB1 canal was re-angulated
toward the MB2 canal (Figure 3). The MB2 canal was then accessed
in the same manner using DN and the SOM HUD. Glide paths and
working lengths using the Ryder S3 electronic apex locator (Med-
icNRG) were obtained. Instrumentation to a size #20.06 in the buc-
cal canals and #25.06 in the palatal canal was performed using the
DCTaper rotary file system (SS White Dental). Disinfection was
accomplished using full-strength (8%) sodium hypochlorite and
the EndoActivator (Dentsply Sirona). The canals were dried with
paper points and medicated with calcium hydroxide. The access
cavities were temporarily restored with Cavit Temporary Filling
Material (3M) and a bonded composite resin restoration coronally.
The patient returned 4 weeks later with a totally asymptomatic
and functional tooth. The canals were re-accessed and obturated
using warm vertical compaction of gutta-percha with AH Plus
sealer (Dentsply Sirona). Figures 4a to 4c show the 3 separate ori-
fice-directed access cavities with the maintenance of pulpal roof
dentin. After the application of 37% acid etch, Futurabond DC
(VOCO) and LuxaCore Z Dual (DMG America) were used to perma-
nently restore the tooth. A recommendation for an onlay indirect
restoration was made. Figure 4d shows the postoperative radio-
graph, demonstrating the conservative access cavities, the preser-
vation of the PCD, and the truss (black arrow).

DISCUSSION
Despite gaining interest from clinicians worldwide, minimally
invasive approaches to endodontic access cavity preparation are

DN allows for instantaneous
changes to the treatment plan
during the procedure.

benefits should be on those who advo-
cate for more dentin removal during
access cavity preparation rather than
those who advocate for less. Random-
ized control trials are the source of the
strongest evidence to guide clinicians
in decision-making for different clinical
interventions.” Unfortunately, there are
currently no such clinical studies available that suggest that mini-
mally invasive approaches to access cavity preparation may offer
an advantage over conventional ones or vice versa.

On the other hand, appraisal of the next best available evi-
dence, which includes observational clinical studies with
medium to long-term follow-up times, suggests otherwise.">*!
These studies consistently report that the main causes for extrac-
tion of ETT most often include recurrent caries or restorative,
structural, or periodontal failures, with failures of true endodon-
tic origin reported least frequently. These findings suggest that
DDC should be one of the main goals of endodontic treatment
to achieve tooth longevity. As newer technologies have emerged,
such as heat-treated rotary files, CBCT, DN, and improved irriga-
tion and obturation methods, overcoming past limitations that
have constrained the requirements for traditional access cavity
designs is now possible.

The experimental HUD prototype used in this case report con-
sisted of a display device projecting a mirror image of the Navident
computer screen (Figure 4e) that was overlaid in real time directly
into the clinical field of view as seen through the SOM using a cus-
tom-made optical module. Future applications of the HUD in the
SOM involve the injection of apex locator reading data or pre-op
imaging of interest and the overlay of virtual 3D models of dental
structures using artificial intelligence and image processing.

The use of DN to obtain optimal DDC was also demonstrated in
this case report. DN allowed for the planning and execution of ide-
ally designed access cavities to maintain as much PCD and pulpal
roof as possible while still achieving the biological objectives of end-
odontictreatment. Based on the canal convergence profiles, straight-
line accesses were achieved individually to each canal orifice, which
allowed for safe instrumentation using heat-treated NiTirotary files.
Although the same procedural outcome can routinely be achieved
by experienced clinicians using free-hand access cavity preparation,
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Figure 2. (a and b) Experimental head-up display module (Zumax Medical Co, Ltd). (¢) View of the surgical field during access cavity
preparation to the DB canal, as seen through the microscope binoculars with the head-up display and overlaid virtual image of the
Navident navigation feedback.

DN has the potential to streamline
the process and significantly decrease
treatment time and frustration.
Another approach to guided
endodontics involves the use of 3D
printed static guides. Potential limi-
tations of static guides in endodon-
tics include a lack of interocclusal
distance to accommodate for longer
drills, the inability to use high-speed
drills or burs, and the wait time
involved with the fabrication of the
static guide(s), which complicates
same-day endodontic treatment. The
need for the fabrication of multiple
guides in order to access all canals
in multi-rooted teeth and the inabil-
ity to easily change the treatment
plan during the guided procedure
in light of new clinical information

Figure 3. Intra-treatment changes with dynamic navigation: Following its cavity
preparation, the preplanned virtual access to MB1 can be re-angulated instantaneously
to access the MB2 orifice.

Figure 1. (a and b) Preoperative clinical image
and periapical radiograph of tooth No. 3. (¢ and
d) CBCT showing an apical finding (white arrows)
associated with the palatal root of tooth No. 3.
(e) MB1 canal convergence profile. (f) The access
cavity to the MB1 orifice is planned virtually on
the Navident software (ClaroNav) based on the
canal convergence profile. (g) Three individual,
orifice-directed straight-line access cavities were
planned in the Navident software: MB1 (purple),
DB (turquoise), and P (orange).

or challenges are also limiting fac-
tors.”” These limitations are usually
not present with DN. Indeed, an
access cavity can be planned within
a few minutes, making DN ideal for
emergency treatment. The Navident
system can be used with many differ-
ent instrument tips, including high-
speed and low-speed burs, ultrasonic
tips, or piezo surgical tips. Further-
more, DN allows for instantaneous
changes to the treatment plan during
the procedure (Figure 3).

The accuracy of DN for endodon-
tic procedures has never been evalu-
ated in vivo. Compiled results from
invitrostudiesin the fields of implan-
tology and endodontics, as well as
resultsfrominvivostudiesinimplan-
tology, suggest that DN currently has
an error range of approximately o.5
to 1 mm.?**° Although DN offers a
tremendous benefit in increasing the
accuracy of different clinical proce-
dures, its current error range remains
high for endodontic applications.
Furthermore, the current workflow
for DN, as recommended by manu-
facturing companies, involves the
total commitment of the clinician’s
attention to the system’s computer
screen interface, which is positioned
away from the surgical field. As the

Figure 4. The straight-line access cavity to the (a) DB canal, (b) P canal, and (¢) MB1/MB2 canals. (d) Postoperative periapical radiograph showing the preservation of the “truss”
(black arrow). (e) Navident screen interface during dynamically guided access cavity preparation.
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clinician commits full attention to
DN during access cavity preparation,
other valuable information, such as
direct visual feedback from the den-
tin map, cannot be accessed. With
a HUD, the clinician can use DN as
an adjunct without having to look
away from the surgical field. This
freedom allows the clinician to selec-
tively focus on different valuable
pieces of information without any
compromise and may help increase
the accuracy of access cavity prepara-
tions with optimal DDC as opposed
to using DN alone. Furthermore,
having to look up at a computer
screen during DN procedures may
feel unnatural to the clinician who
isused to looking at the surgical field
through the SOM. Combining the
benefits of both DN and SOM simul-
taneously also allows for minimizing
wasted movements and time as well
as maximizing optimal ergonomics.

CONCLUSION

This case report demonstrated the
potential of DN to prepare endo-
dontic access cavities efficiently
and safely with maximal DDC. The
SOM HUD further demonstrated
enhanced ergonomics. Future clini-
cal studies are required to determine
the accuracy of DN for endodontic
access cavity preparations.4
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