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Objective This in-vitro study aimed to compare dynamic navigation guidance (DNG) to the freehand method
for exposure of palatally impacted canines.

Materials and Methods Eighteen models with bilaterally palatally impacted canines were fabricated from
resin. The models were scanned, and canine exposure was planned on CBCT by either traditional or DNG
approach by randomizing the method and side. The time to plan, prepare, and drill was recorded. The Initial
and final size of the osteotomy was measured. Time and osteotomy sizes were compared by jaw and method
using two-way ANOVA.

Results Thirty-six teeth were exposed evenly distributed between techniques. The total volume for initial
and final osteotomy was assessed. The preparation time was significantly longer for the DNG, on average
10:07 (min:sec) compared to 3:19 for freehand (p<.0001).

The time to locate the tooth was significantly different on the left side, with DNG taking approximately two
minutes longer than freehand (2:03; p=.0423) but did not differ significantly on the right side (16.78s longer
for freehand; p=.9809). The time to finish the procedure did not vary significantly based on the method
(p=0.8342) or side of the model (p=.3441). The total time was significantly longer for DNG (7:48; p<.0001).
The initial osteotomy was marginally significantly smaller for DNG on the right side by an average of 7.25mm?3
(p=.1520). The difference on the left side was insignificant (0.81, p=0.9933). The total volume removed did
not differ significantly between the two methods (p=0.88851) or on the side (p=0.7582).

Conclusion DNG can be used for canine exposure; however, the method requires longer preparation and
operation time.
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1.INTRODUCTION

Adult maxillary canines erupt into the dental arch
around the age of 11 to 12 [1]. A canine is possibly
impacted if it remains unerupted despite its root
being completely developed or the contralateral
tooth being erupted for at least six months with
complete root formation [2]. Second to mandibular
third molars, maxillary canines are the most
commonly displaced or impacted teeth [3]. One-
third of canine impactions are located labially or in

the alveolus, while two-thirds are located palatally
[4]. Palatally displaced canines (PDCs) cannot erupt
naturally. Depending on the population, less than
1-3% of patients present with canine impactions, [5]
of which 8% occur bilaterally [6].

Canine impactions often go unidentified beyond the
normal expected eruption timeline because they
typically erupt later in the sequence of maxillary
teeth. In addition, the deciduous canine may be
mistaken for the permanent canine due to the close
resemblance between these teeth. On the panoramic
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radiographs of patients in mixed dentition, 78% of
the impacted canines were identified when their
cusp tips overlapped or were located mesial to the
long axis of the erupted lateral incisor root [2]. Once
identified, management often involves surgical
exposure of the tooth, along with orthodontic
treatment.

The surgical approaches traditionally utilized to
facilitate exposure of the impacted canines include
open and closed techniques [9]. With developments
in Cone-Beam Computed Tomography (CBCT)
imagingtechnology, thelocation ofimpacted canines
and their proximity to other teeth can now be easily
determined. An accurate and better visualization of
impacted canines in three dimensions is the key to
the efficient and successful management of surgical
exposure procedures [10].

Recently, a computer-aided system called dynamic
navigation guidance (DNG) has been explored in
implant dentistry and endodontics [11-13]. This
technology enables the operator to pre-plan the
osteotomy for optimal access to the impacted tooth
with the aid of computer software on a preoperative
CBCT. This virtual access is then turned into guided
access with the help of computer software, fiducial
landmarks, and a stereolithic camera that guides the
drill directly to the desired location [14] Dynamic
navigation guidance systems allow the surgeon to
visualize the osteotomy and implant site entirely
during preparation. The monitor provides real-time
video feedback, which guides the osteotomy and
minimizes positional deviations.

Applications of DNG have been explored and
documented in endodontics and implantology,
however no evidence exists at present on the
feasibility of its application in orthodontics for
uncovering impacted canine teeth. The primary
objective for this study was therefore to explore the
potential use of DNG approach in guiding access to
palatally impacted canines. The second objective
was to assess the time to plan and perform the
canine exposure, the size of the initial access, and
the final size of the osteotomy needed to completely
uncover the impacted tooth achieved via DNG and
compare it to a free-hand approach.

2. METHODS AND MATERIALS

Three 3D-printed plastic maxillary models (Navident,
Claronav, Canada) representing various clinical
scenarios (clinic scenarios 1, 2, and 3) of impacted teeth
and edentulous space configurations were chosen. Six
replicas of each model type were fabricated, and each
model's left and right sides were considered as access
sites, resulting in 36 tests.

In this study, the epoxy models with lead powder were
used for radiopacity. First, the crowns of de-identified
extracted teeth were individually wrapped in molding
clay that served as follicle space. This configuration
was chosen to simulate impacted canines, which were
then randomly embedded within the epoxy bilaterally
on the right and left palatal aspect of the dental arch,
roughly in the canine location (Fig. 1A).
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A preoperative (first) cone beam computed
tomographic (CBCT 1) scan (CareStream Kodak 8100
3-D Cone Beam, Carestream Dental, Atlanta, GA) was
obtained for each model, and the image was loaded
into the dynamic navigation software (Navident,
Claronav, Canada), where virtual surgical access to
the impacted tooth was planned. (Fig. 1B)

.'f% N
Figure 1A-F. One of three maxillary models used in the study (A) with
initial CBCT 1 of impacted canines (B). Preparation of Initial Access (IA) on
themodel (C), and volumetric analysis of IA on second CBCT 2 (D). Enlarged
Final Access (FA) preparation for crown exposure (E), and volumetric
analysis of FA on the third CBCT 3 (F).

Once the models were prepared, they were mounted
in manikins on the dental chair, and tags were attached
to the jaw and handpiece (Fig. 2).

| Figure 2. Experimental set-up with typodont head and maxillary model
on a dental chair (A), tracking tags attached to jaw (A) and handpiece (B)
enable tracking during the navigated procedure.

The attached tags and a camera above the operating
field provided live video feedback to guide the
osteotomy along the pre-planned pathway to the
target location. During the procedure, the computer
screen displayed the CBCT plan and real-time feedback
on the drill or instrument tip deviation from the ideal
planned position (Fig. 3).

| Figure 3. Planned osteotomy access (yellow) with real-time positional
feedback on virtual display (green).
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The handpiece was recalibrated for each model by
placing the bur tip on three random points on the
model. A randomization schedule determined the
order of model type used (clinic scenarios 1, 2, and 3),
the side of the model (left or right), and the method of
access (freehand or dynamic guided). All procedures
were performed by a third-year graduate student in
periodontics with previous experience in surgical
tooth exposure and no previous experience using
computer-aided Dynamic Navigation Technology.
Following the initial osteotomy, a second CBCT (CBCT
2) was captured to measure the area of the initial
access (IA). (Fig. 1C,D) The DNG technique allows only
the planning of straight-line access, and therefore it
was used for the IA osteotomy only. All osteotomies for
both groups were then further enlarged by freehand
method for complete uncovery of the impacted tooth
to enable attachment of the orthodontic chain. The
final CBCT (CBCT 3) was taken to measure the size of
the final access (FA) osteotomies. (Fig. 1E,F) Each initial
access was performed to be ideal, minimally invasive
with the minimum material removed for the operator
to locate the tooth in order to eventually completely
uncover the impacted canine.

The CBCT scans were taken using Carestream Cone
Beam CT scanner (CS-8100D, Carestream Dental
LLC, Atlanta, GA, USA.) at 60kVp and 2mA with the
Voxel size of 150um. All scans were analyzed with
the ITK/SNAP DICOM viewer (http://www.itksnap.
org/download/snap), an open source medical
image computing platform for biomedical research.
A manual segmentation tool was used to segment
the osteotomy opening on the right and left side.
The images were evaluated in the axial, coronal
and sagittal planes. With a manual segmentation
paintbrush tool, a standard brush size of 5 was used
to mark the consistent thickness of the voxels of the
osteotomy opening. For each access on each model,
two end points of the walls of the osteotomy sites
were connected by the paintbrush marking and
were confirmed in the all three planes for accuracy.
The interpolation tool was then used to fill any gaps
between markings due to the non-orthogonal nature
of the anatomy. The software then automatically
calculated the volume in mm3 and provided the 3D
rendering of the osteotomy opening in the form of
a 3D-disc.

The time to plan and prepare for each procedure,
including the time to access and fully expose the
canine, was determined using a stopwatch (Apple
iPhone X, Apple Inc. Cupertino CA, USA). The
time required for procedures guided by dynamic
navigation included virtual planning of the access
for the osteotomy and calibration of the handpiece
recognition pattern tags. The time to plan and prepare
the site started at the opening of the CBCT image and
stopped once the operator was ready to begin the
procedure. Both exposure methods were timed from
the initial opening of the CBCT file until the operator
had familiarized himself with the surgical site and
prepared the appropriate access approach. The timer
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was stopped following the initial access when a new
CBCT (CBCT 2) was taken, but it was started again for
the operator to completely uncover the impacted
canine. The final uncovery was performed solely using
the freehanded method. All the steps in this study
were performed by one single operator.

Statistical Methods

Two-way ANOVA models were used to test for
differences in time and volume based on the side of
the jaw (left vs. right) and the method (freehand vs.
DNG). An interaction term allowed for differences in
the effect of the technique based on the side of the
jaw. Post hoc pairwise comparisons were performed
with Tukey's adjustment to account for multiple
comparisons. SAS EG v.8.2 (SAS Institute, Cary, NC)
was used for all analyses. The significance level was
set at 0.05.

3. RESULTS

The time to prepare for the procedure was significantly
longer for the DNG technique than for the freehand
method (p<.0001). The preparation time was, on
average, 10:07s for the DNG method and 3:19s for the
freehand approach. The time to locate the tooth was
significantly different on the left side of the models
with the DNG, taking approximately 2 minutes longer
than the freehand approach (2:03; p=.0423) but did
not differ significantly on the right (16.78s longer for
the freehand approach; p=.9809). The time to finish
the procedure did not vary significantly based on the
method (p=0.8342) or the side of the model (p=.3441).
The total time was significantly longer for the DNG
technique (7:48; p<.0001). (Fig. 4)
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lFigure 4. Average procedure time by side and method (seconds).
Based on a volumetric assessment, the size of the
initial osteotomy was significantly smaller for DNG on
the right side of the models by an average of 7.13mm3
(adjusted p=.0097). The difference on the models'
left side was not statisticaliy significant (1.86mms3,

p=.9933).
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| Figure 5. Average entry volume by side and method.
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Figure 5 displays the average entry volume by method
and side of the jaw. The total volume removed did not
differ significantly between the two methods (78.9 vs.
77.4mm3; p=.7793) or on the side of the model (79.1
vs. 77.2mm3, p=.7175). (Fig. 6)
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lFigure 6. Average total volume removed by side of the jaw and method.

4. DISCUSSION

This study aimed to investigate the application of
dynamic navigation guidance for use in the surgical
exposure of palatally impacted canines and compare
it to the traditional freehand approach.

The use of DNG has been applied in various dental
disciplines. A previous study reported that dynamically
guided implant placement was more accurate than
freehand implant placement in multiple planes of
orientation, including angular deviation, platform
positioning, and apical positioning [15]. Similarly, in
endodontics, the DNG technique showed benefits such
as conserving thr tooth structure and finding calcified
canals with better accuracy [11,12,16]. Using DNG, the
operator can access a pre-determined destination
with remarkable accuracy within a small access field.
Therefore, for surgical exposure of palatally impacted
canines, DNG can provide minimally invasive access
to the tooth with an overall smaller access osteotomy
and less volume loss than the conventional freehand
technique.

In this study, the volumetric analyses revealed that the
average initial access sizes on both sides were smaller
for the DNG technique, significantly on the right side
(7.13mm:s, adjusted p=.0097) and less on the left side
(1.86mm3, p=.9933). This difference favored DNG as
a more accurate, direct, and less invasive approach.
The difference between the left and right sides can
likely be attributed to direct visualization on the left-
hand side for a right-handed operator versus the
right side, which may be more difficult to visualize
with the freehand approach but is unaffected by a
computer-guided dynamically navigated procedure.
Our findings support that DNG could be used for the
sites with difficult visualization and demonstrates
quantitatively the differences in access osteotomy
size. (Fig. 4) To the best of the authors' knowledge, this
is the first application of this technology to uncover
palatally impacted canines. As such, no other studies
are available for direct comparison. In orthodontics,
it is crucial to utilize a method that does not harm
the surrounding area when accessing an impacted
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canine, especially if there is contact with the lateral
and central incisor.

The extrapolation of relevant findings could be
interpreted in several ways. First, with less than
adequate visualization for a right-handed operator,
the DNG allows more controlled, precise access in
more difficult operator conditions. The assistance
that the DNG provides is reflected in a significantly
smaller initial osteotomy and significant differences
in volume sizes. On the left side, the differences
were less significant due to direct vision and better
visualization of the surgical site. Similar side-specific
differences have been reported with less accurate
implant placement on maxillary left sites than on
contralateral right sites [13]. The differences may be
attributed to working across the arch, angulation, and
more challenging accessibility while maintaining the
orientation of the jaw and handpiece tags within the
tracking field of view for the left side.

While the size of the initial osteotomy was significantly
smaller for the DNG, the size of the final osteotomy
and total volume removed did not differ significantly
between the two methods or the side of the model
as the enlargement of IA to FA was achieved by
freehand technique for both groups. Since access with
DNG is essentially in a straight line, once the initial
access is completed, the operator must continue to
expose the impacted tooth using the freehanded
method to ensure all bone and follicular structure
that may impede the canine's traction is removed.
After finalizing the uncovery with freehand drilling,
although the initial size of the access was smaller
for DNG, we found that the final size of the structure
removed was similar between the two methods.

If the accuracy and precision of DNG is its strength,
the additional time needed in preparation for its use
is its weakness. The time to prepare for the procedure
was significantly longer for the DNG experiments
(p<.0001). The preparation time was, on average,
10:07s for DNG and 3:19s for the freehand approach.
The time to locate the tooth was significantly different
on the left side of the models, with DNG taking
approximately 2 minutes longer than freehand but
did not differ significantly on the right. This finding
supports our volumetric data, suggesting that the
left side is more difficult for a right-handed operator,
taking more time and resulting in larger, less precise
access. The time to prepare the final osteotomy was
similar based on the method (p=0.8342) or the side
of the model (p=.3441) since all osteotomies were
enlarged using the freehand technique. The total time
was significantly longer for the DNG approach (7:48s;
p<.0001).

The dynamic navigation guidance method could
be a valuable tool in impacted tooth uncovering in
clinical situations with proximity to vital structures,
adjacent roots, or deep impactions with rotated
teeth. The advantages of DNG drilling include
real-time visualization, minimal collateral morbidity,
pre-determined access, accuracy, and conservation of
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tooth structure [12,15]. Accuracy and precision of the
initial access to the location of the tooth appear to be
the main benefit associated with this application of
the DNG technology. The downside of its use is the
additional time, equipment cost, learning curve to use
the system, and difficult access in some areas due to
tracking tags.

Previous studies evaluating the operator learning
curve using this technology found only slight
improvements in time and accuracy of implant
placement between the second and third attempts.13
Computer-guided simulation is used in other surgical
fields such as laparoscopy and endoscopy, for training
and evaluation of the surgical capacity and has
demonstrated a learning curve and improvement
with more training [17-19].

There are limitations to this study. First, the jaw tag was
fixed to the typodont rather than individual models.
Second, no simulation of soft tissue for mucoperiosteal
flap elevation was provided on models, which
influenced the time necessary for each procedure.
Elevation of a mucoperiosteal flap would have added
time to the traditional freehand surgical approach.
Using the DNG approach with precisely planned
access to the tooth, a surgeon may feel confident in
the pre-planned procedure and pass directly through
the palatal tissues to uncover the tooth without raising
a flap. With the traditional approach lacking this
precise access to the tooth, the elevation of the flap is
inevitable. Precise access without a flap would reduce
the overall time of the DNG procedure and decrease
post-operative morbidity. An orthodontic chain can be
passed through a window or tunnel through ablated
palatal tissues if the tooth position can be accurately
and predictably accessed [20]. Conversely, if a flap
is raised to locate and expose the impacted tooth,
the procedure affects a much larger area, requires a
larger area of local anesthesia, takes a long time to
elevate the flap and suture it back, and leads to higher
intraoperative bleeding and post-operative morbidity.
The total time of the procedures studied here is
within the reported ranges in the literature. Access to
palatally impacted canines required 12:1 minutes for
freehand and 19.92 minutes for dynamic navigation
guidance. On average, the mean operating time
previously reported for a closed eruption technique
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1. Which of the following is true for canine impactions?

Oa. The majority of impactions are mid-alveolar;

Qb. The majority of impactions are labial;

Oc. The majority of impactions are palatal;

Qd. The location of impactions is equally distributed between the buccal and palatal aspects.

2. Canine impactions often go unidentified beyond the normal expected eruption
timeline because:

Oa. They typically erupt earlier in the sequence of maxillary teeth;

Qb. They typically erupt later in the sequence of maxillary teeth;

Oc. Deciduous canine may be mistaken for the permanent canine due to close resemblance;
Od.bandc.

3. Which of the following imaging techniques depict accurate spatial relationships of the
occult pathology in the jaws?

Qa. Intraoral periapical radiograph;

Qb. Panoramic radiographs;

QOc. Nuclear scan;

Qd. Cone beam computed.

4. Dynamic Navigation Guidance has been explored for use in dentistry for:

Qa. Implant placement;

Qb. Endodontic therapy;

Qc. Exposure of impacted teeth;
Qd. All of the above.
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