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INTRODUCTION: 

Accurate three-dimensional positioning of dental 
implants is critical for avoiding anatomic 
complications, optimizing esthetics, and ensuring 
biomechanically favorable prosthetic rehabilitation 
[1,4]. Traditional freehand techniques rely on visual 
and tactile cues and are associated with higher rates 
of positional error, which may translate into nerve 
injury, sinus perforation, off-axis loading, and 
increased prosthetic complexity [1,4]. 
Common complications related to inaccurate implant 
positioning include: 
 Damage to the inferior alveolar nerve 
 Floor of mouth hematoma 
 Damage to adjacent roots 
 Sinus infections secondary to inadvertent sinus 

perforations 
 Fractured implants due to off-axis loading 
 Periimplantitis due to food impaction and off-

axis loading 

 Poor esthetics secondary to thin buccal, labial 
bone, and soft tissue 

 Interproximal bone loss secondary to placing 
implants too close to adjacent teeth and implants 

 Increased prosthetic complexity and cost 
Computer-assisted implant surgery (CAIS) was 
introduced to address these limitations and now 
includes static guides and dynamic navigation 
systems [1,4]. DN provides real-time feedback on 
drill position, angulation, and depth relative to a 
virtual treatment plan, and is increasingly adopted in 
office-based implant practice [1,2]. 
 
Classification of Implant Navigation 
Implant navigation can be broadly classified into 
static and dynamic systems [1,4]. 
Static Navigation (Guided Surgery) 
Static navigation, also referred to as computer-
guided implant surgery or guided surgery, uses 
computer-aided design and computer-aided 
manufacturing (CAD/CAM) surgical templates 

Abstract: 
Dynamic navigation (DN) for dental implant surgery integrates cone-beam computed tomography 
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based on digital planning of implant position [1]. 
These templates are fabricated prior to surgery and 
transfer a preoperative plan to the patient 
intraoperatively but do not allow real-time 
modification of implant position or size. 
Several types of static surgical guides exist: 
• Stone cast-based guides: Basic guides that aid in 

ensuring appropriate restorable position of the 
implant but do not take into consideration bone 
morphology. 

• Tooth-supported guides: Fabricated from digital 
models and seated on remaining dentition, 
offering good stability and accuracy. 

• Tissue-supported guides: Seated on soft tissue or 
mucosa, more easily displaced than tooth-
supported guides. 

• Bone-supported guides: Require flap elevation 
and may offer the highest stability but require 
additional surgical steps. 

Static full-guided, half-guided, and pilot-guided 
templates demonstrate higher accuracy than non-
guided freehand surgery, but their precision depends 
on CBCT quality, guide fit, sleeve tolerance, and 
support type [1,4]. DN attempts to retain the 
accuracy of CAIS while overcoming some of these 
constraints [1,4]. 
 
Dynamic Navigation 
DN uses optical tracking and software to display a 
virtual drill and implant in real time on a monitor, 
allowing intraoperative adjustments without 
physical guides. This real-time feedback permits 
modification of implant position, angulation, length, 
and diameter during surgery, providing greater 
flexibility than static systems [1,2]. 
 
Principles of Dynamic Navigation Technology 
Optical Tracking Systems 
Most contemporary DN systems used in dentistry 
employ passive optical tracking [1,2]. An infrared 
light source illuminates patterned or spherical 
reflective markers attached to the patient and to the 
surgical handpiece; a stereo camera system detects 
these markers and the software reconstructs the 
spatial position of the drill relative to the patient's 
CBCT data set in real time [1, 2]. 
 

 
Figure 1: Figure 1: Dynamic navigation system setup 
showing stereo camera, LED light source, patient 
tracker, and handpiece tracker positioned for real-
time surgical guidance. The overhead camera 
captures reflective markers to track both patient 
position and surgical instruments in relation to the 
planned CBCT coordinate system. 
 
Two types of optical motion tracking systems exist: 
1. Active tracking systems: Arrays emit infrared 

light that is tracked by stereo cameras. 
2. Passive tracking systems: Arrays use reflective 

spheres or patterned markers to reflect infrared 
light emitted from a light source back to a 
camera. 

The patient and drill must remain within the line of 
sight of the tracking camera. Light is projected from a 
light-emitting diode (LED) light source above the 
patient, reflects off tracking arrays attached to the 
patient and the surgical instrument, and is captured 
by stereo cameras. The DN system then calculates the 
position of the patient and instruments relative to the 
presurgical plan in real time [1]. 
 
Workflow Overview 
The core steps of DN are: 
1. Image Acquisition: Obtaining a 3D CBCT dataset 

including the surgical field and fiducial markers. 
2. Virtual Planning: Planning of implant position, 

angulation, and depth within dedicated 
navigation software. 

3. Calibration: Calibration of the handpiece, drills, 
and probe to the tracking system to determine the 
geometric relationship between tracking markers 
and the instrument tip. 
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4. Registration: Registration of the patient tracker to 
the fiducials, linking the physical patient to the 
virtual CBCT coordinate system. 

5. Guided Surgery: Performing osteotomy and 
implant placement while monitoring real-time 
position feedback on the navigation screen. 

The system displays a virtual drill superimposed on 
multiplanar views and 3D reconstructions, with 
numerical readouts of angular deviation and depth 
relative to the planned implant [1,2]. 
 
Clinical Workflow and Technique 
Fiducial Strategies 
Fiducial markers are essential for linking the patient's 
physical anatomy to the virtual CBCT coordinate 
system. Strategies differ for dentate and edentulous 
patients. 
4.1.1 Dentate Patient Fiducial 
In dentate patients, a thermoformed or thermoplastic 
fiducial clip is adapted over several teeth to create a 
rigid, reproducible support for the fiducial markers 
and patient tracker[1]. 
 

 
Figure 2: Figure 2: Fiducial clip positioned on 
maxillary anterior teeth demonstrating proper 
thermoplastic adaptation with buccal tracker arm. 
The clip must be firmly seated without rocking and 
positioned to minimize optical interference from 
surgeon's hands and instruments during the 
procedure. 

 

Preparation of the fiducial clip: 

The fiducial clip is placed in a hot water bath at a 
temperature of 60°C–71°C (140°F–160°F) for 
approximately 3–5 minutes until the thermoplastic 
becomes clear[1]. The clip is then cooled for 
approximately 1 minute to reach a surface 
temperature below 40°C (104°F) before insertion in 
the mouth[1]. 

Seating technique: 

The fiducial clip should be seated on three teeth, 
ensuring equal distance on the buccal and lingual 
sides, with the tracker arm positioned on the buccal 
side[1]. Vertical pressure is applied until the plastic 
surface cannot advance further. An adequate 
impression is confirmed, and the clip is removed 
without any rocking motion and placed in a cold 
water bath[1]. 

Clinical considerations: 

The fiducial clip must be: 

• Firmly supported by teeth without any mobility 
when seated 

• Placed on teeth that are not mobile, do not serve 
as pontics on a bridge, and are free of orthodontic 
wires 

• Positioned to minimize optical interference by the 
surgeon's or assistant's hands and instruments 

• Tried again in the mouth to confirm accuracy and 
ensure there is no impingement of soft tissue 

If clinical crowns are short or teeth lack undercuts, 
composite resin may be added to the buccal and 
occlusal surfaces of associated teeth to help create 
immobile fiducial clip insertion[1]. 
 
Edentulous Patient Fiducial 
An edentulous patient case requires edentulous 
fiducials (small self-tapping screws) to be placed in 
the patient's bone to facilitate registration in the CT 
scan[1]. 
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Figure 3: Figure 3: Distribution of edentulous fiducial 
screws in a partially edentulous arch. Minimum of 4 
screws (1.5 mm diameter, 4-5 mm length) positioned 
throughout the arch, avoiding planned implant sites, 
inferior alveolar nerve canal, and tracker plate 
location. This configuration ensures accurate 
registration of patient anatomy to CBCT coordinate 
system. 

Fiducial screw specifications: 

Edentulous fiducial screws should be: 

• Diameter: 1.5 mm 

• Length: 4–5 mm (4 mm recommended in 
posterior mandible or areas of dense cortical 
bone; 5 mm or greater in maxilla or regions of 
immature, soft, or grafted bone) 

• Self-drilling and self-tapping 

• Low profile and stable 

When placing fiducials in the mandible, short 4-mm 
screws should be used to avoid damage to the 
inferior alveolar nerve[1]. The inferior alveolar nerve 
and infraorbital nerve must be considered and 
avoided when placing fiducials[1]. 

Placement strategy: 

A minimum of 4 fiducials should be placed and 
spread throughout the arch, leaving room for an 
edentulous fiducial plate to be inserted at the time of 
surgery[1]. Edentulous fiducials must be placed in 

the arch where implants will be placed. If implants 
are to be placed in both the maxilla and mandible, 
fiducials must be placed in both arches. If vertical 
bone reduction is anticipated, fiducials must be 
placed apical to the area of proposed bone reduction 
[1]. 

Image Acquisition and Software Planning 
CBCT Acquisition 
Image acquisition includes obtaining 3D files, usually 
a CBCT in Digital Imaging and Communications in 
Medicine (DICOM) format (.dicom)[1]. The field of 
view of the CBCT should include the surgical site 
and all fiducials[1]. The scan is obtained with the 
plane of occlusion of the implant site parallel to the 
floor [1]. 
 
Soft tissue visualization: 
An important point related to CBCT acquisition that 
is often overlooked is the separation of soft tissues 
while taking the image[1]. For dental implant 
planning purposes, a cotton roll or radiolucent 
material placed between the dentition and the 
buccal/labial mucosa creates an air contrast zone, 
allowing visualization of the soft tissue in the region 
of the free gingival margin on the CBCT[1]. 
 
Dual Scan Technique 
Dual scan is the term used when a dental appliance, 
such as a set of dentures, is superimposed over a 
patient's CT scan[1]. If a dual scan technique is 
utilized, at least five 2-mm fiducials should be 
applied to the denture. A high-resolution CT scan is 
obtained of the denture on its own and then a 
separate CT scan is obtained with the denture in the 
patient's mouth, ensuring not to disturb the fiducials 
on the patient and denture[1]. 
 
Intraoral Scanner Integration 
An alternative to dual scan is the use of an intraoral 
scanner (IOS)[1]. An IOS provides a 3D surface image 
of the patient's dentition and occlusion. These are not 
volumetric images; IOS images are a surface. IOS 
images have a high degree of accuracy for single and 
quadrant impressions; when full arches are scanned, 
the accuracy decreases[1]. 
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The implant team may wish to obtain IOS of the 
patient before teeth are extracted. If the occlusion is 
not going to be changed, these images can be saved 
for later use for planning of ideal implant position 
and provisional fabrication [1]. 
 
Virtual Planning 
Once images are acquired and stored, they are 
loaded into treatment planning software. Several 
software packages are available, but key features 
should include the ability to: 
 

 
 
Figure 4: Figure 4: CBCT navigation planning 
interface showing multiplanar views (axial, sagittal, 
coronal) with superimposed 3D surface scan of teeth. 
Virtual implant crowns are positioned in proper 
occlusal relationship; with underlying virtual 
implant axes demonstrating prosthetically-driven 
planning that ensure ideal emergence profiles and 
biomechanical positioning. 
• Import and export generic file formats (.dicom 

and .stl) 
• Superimpose 3D files 
• Perform dual scan .dicom superimposition 
• Export images in a common coordinate system as 

individual or merged items 
When clean .stl images are superimposed on CBCT 
data, the combined images allow the implant team to 

plan with osseous, dental, and soft tissue structures 
clearly visible along with the patient's occlusion[1]. 
 
Restoratively-Driven Planning 
When starting to plan on the DN software, a 
panoramic curve for the arch requiring implants is 
developed on the axial plane of the patient's scan[1]. 
On the mandible, the inferior alveolar nerve also can 
be identified and marked[1]. 
Merger of the patient's scan and the IOS image or 
denture scan is performed, ensuring multiple areas of 
coordination between the images for accuracy of the 
merger[1]. 
Critical principle: The planning of implants should 
be restoratively driven. This starts with evaluating 
the occlusion and placing the restorative envelope of 
the virtual teeth in the proper occlusal position using 
virtual implant crowns available in the DN 
software[1]. Alternatively, a separate prosthetic 
software can be used to plan the restorations, which 
are then exported from the prosthetic software and 
imported as a .stl file into the DN software[1]. 
Once the implant crown is finalized, the virtual 
implants should be properly aligned below the 
virtual crowns for ideal emergence into the prosthetic 
space[1]. The DN software allows design of a generic 
implant or previously specified implant, with 
customization of implant platform diameter, apex 
diameter, length, and abutment height and angle[1]. 
Additional tools in the DN software allow mirroring 
to align implants across an arch and paralleling of 
adjacent implants[1]. 
 
Calibration 
The instruments to be tracked by the system during 
surgery must be calibrated[1]. The geometry of the 
tracking arrays relative to the instrument being used 
must be determined by the tracking system. The 
assembled parts must be placed in front of the stereo 
cameras so the software can "learn" their 
geometry[1]. 
The instruments to be calibrated include: 

1. Contra-angle handpiece 
2. Straight handpiece 
3. Probe tool 

The calibration of instrumentation occurs 
approximately 60–80 cm from the camera[1]. The 
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contra-angle handpiece along with the handpiece 
tracker is assembled and calibrated by rotating the 
handpiece such that the camera can locate and 
identify the patterns on the handpiece tracker[1]. 
After calibration of the handpiece, a contra-angle 
handpiece chuck calibration is performed[1]. The 
handpiece is attached to the chuck and the drill 
motor is run at 10–20 revolutions per minute over the 
camera to calibrate the chuck plate to the 
handpiece[1]. A Go Plate (X-Nav Technologies, LLC, 
Lansdale, Pennsylvania) and probe are calibrated by 
placing the probe in the pivot hole of the Go Plate[1]. 
An implant drill bit is placed on the handpiece and 
the drill bit is placed on the Go Plate perpendicular 
to the center target[1]. The drill length is then verified 
by the DN system[1]. 
 
Registration: 
The DN system must also be "taught" the geometry 
of the patient tracking array relative to the fiducials 
and thus the planned implants. This process is called 
registration[1]. 
 
Dentate Patient Registration: 
For the dentate patient, the fiducial clip attached to a 
patient tracker arm and patient tracker is registered 
automatically by the system at the time of 
calibration[1]. 
 
Edentulous Patient Registration: 
In the edentulous patient, an edentulous patient 
calibration probe is calibrated[1]. Then, the 
edentulous tracker plate is placed on the bone of the 
patient underneath a subperiosteal flap in an area of 
bone where there are no edentulous fiducial 
screws[1]. The tracker plate is attached to a patient 
tracker arm and patient tracker[1]. 
The patient tracker and the edentulous fiducial 
screws are then registered to the DN system by 
touching the screws (fiducials) with the probe as the 
system tracks them[1]. 
 
Verification of Calibration Accuracy: 
The calibration accuracy is verified between the 
fiducials and the drill[1]. The drill bit is placed on 
three fiducial spheres on the fiducial clip for the 
dentate patient or the edentulous fiducial screws[1]. 

The doctor looks at the two-dimensional (2D) views 
for accuracy data in green colors[1]. If all three 
fiducials have green indicators, the system 
calibration is within 200 micrometers[1]. This step is 
not performed with edentulous patients[1]. 
 
Preoperative System Check: 
Prior to the start of surgery and after every drill bit is 
changed, a "system check" is performed by the 
doctor[1]. This step ensures the instruments are 
calibrated and the system is properly registered to 
the patient[1]. 
 
Intraoperative Navigation Surgery:; 
It is important to always confirm the accuracy of the 
tracking system by performing frequent system 
checks[1]. Anatomical landmarks on the patient are 
touched with the instruments. The doctor then 
visually confirms that the radiographic landmarks on 
the screen are exactly correlating[1]. 
Optimal landmarks are adjacent teeth or bony 
landmarks close to the planned implant site or 
fiducial markers on edentulous patients[1]. The 
operator looks at the screen as the drill is positioned 
over the surgical site[1]. The navigation system 
screen allows viewing of a virtual drill with 
demonstration of: 
• Depth in tenths of a millimeter 
• Angular deviation of the drill bit axis from the 

planned implant axis to the tenths of a degree 
• The implant timing 
The tip of the drill, indicated by a blue dot, is 
positioned over the target to indicate ideal planned 
platform position[1]. The top of the drill, a small 
circle, is then centered over the blue dot to indicate 
ideal planned angle[1]. Depth is indicated by color: 
yellow, green, and red[1]. The planned depth is 
always at the 45 degree position on the target[1]. 
The surgical assistant is in charge of suctioning and 
looking into the surgical field to notify the surgeon of 
any irregularities such as lack of irrigation or grossly 
off-positioned drill placement[1]. 
As implant drilling occurs, the depth indicator 
changes in color from green to yellow when the drill 
is 0.5 mm from the targeted depth[1]. The yellow 
turns to red, indicating when to stop the depth of the 
osteotomy[1]. 
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Figure 5: Figure 6: Intraoperative navigation monitor 
display showing real-time surgical guidance during 
implant osteotomy. The screen displays multiplanar 
CBCT views with virtual drill overlay, 3D 
reconstruction of planned implant position, angular 
deviation readout (in tenths of degrees), and color
coded depth indicator (green-yellow-
proximity to target depth. This real-time feedback 
enables precise control and continuous accuracy 
verification throughout the procedure. 
 
Intraoperative flexibility: During the implant 
surgery, the implant size, width, type, and location 
can be adjusted based on intraoperative factors 
deemed necessary for a stable and appropriately 
restorable implant[1]. This flexibility represents a 
significant advantage over static guided surgery[1].
 
Accuracy and Clinical Outcomes: 
Multiple in vitro and clinical studies have evaluated 
the accuracy of DN compared with static guides and 
freehand placement[1,2,3]. 
 
Mean Deviation Measurements 
A systematic review and meta-analysis of dynamic 
systems reported: 
• Mean global platform deviation: approximately 

1.0 mm 
• Mean apical deviation: approximately 1.3 mm
• Mean angular deviation: 3.6–4.1 degrees
• No significant difference between model and 

clinical studies or between jaws 
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Prospective clinical data indicate that bo
static guides achieve significantly lower platform, 
apical, and angular deviations than freehand 
placement[1,2,3]. Freehand placement shows a mean 
angular deviation of 6.50–9.92 degrees, whereas DN
placed implants demonstrate a mean angular 
deviation of 2.97–3.6 degrees[1,2].
 
Comparative Accuracy 
Comparison of different implant placement methods:
 

Placement Method 
Mean Angular 

Deviation 
(degrees)

Freehand (mucosal-
borne guide) 

9.92 ± 6.01

Freehand (general) 6.50 ± 4.21

Dynamic Navigation 2.97 ± 2.08

Static Guided Surgery 2.71 ± 1.36

 
Table 1: Comparison of mean angular deviations for 
different implant placement methods

Figure 6: Figure 5: Bar chart comparing mean angular 
deviations (in degrees) across different implant 
placement methods. Freehand techniques 
demonstrate significantly higher deviations, with 
mucosal-borne guides showing 9.92±6.01° and 
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Prospective clinical data indicate that both DN and 
static guides achieve significantly lower platform, 
apical, and angular deviations than freehand 
placement[1,2,3]. Freehand placement shows a mean 

9.92 degrees, whereas DN-
placed implants demonstrate a mean angular 

3.6 degrees[1,2]. 

Comparison of different implant placement methods: 

Mean Angular 
Deviation 
(degrees) 

Accur
acy 

9.92 ± 6.01 Lowest 

6.50 ± 4.21 Low 

2.97 ± 2.08 High 

2.71 ± 1.36 High 

Table 1: Comparison of mean angular deviations for 
different implant placement methods 

Figure 6: Figure 5: Bar chart comparing mean angular 
deviations (in degrees) across different implant 
placement methods. Freehand techniques 
demonstrate significantly higher deviations, with 

borne guides showing 9.92±6.01° and 
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general freehand 6.50±4.21°, whereas both dynamic 
navigation (2.97±2.08°) and static guided surgery 
(2.71±1.36°) achieve substantially improved accuracy. 
Error bars represent standard deviation around each 
mean value. 
 
Similar linear accuracy is achieved between DN and 
static guides, with slightly higher angular accuracy in 
some static systems[1,2]. Nevertheless, deviations 
obtained with DN remain well within clinically 
acceptable ranges and comparable to high-quality 
static guided surgery[1,2]. 
  

Clinical Applications 

Implant survival rates with DN appear similar to 
those of conventional and static guided 
techniques[1,2,3]. DN has been successfully applied 
to complex situations including: 

• Atrophic jaws with limited bone volume 
• Immediate implant placement 
• Pterygoid implants for extended cantilevers 
• Full-arch rehabilitations and multiple implant 

cases 
• Narrow interdental spaces with limited guide 

placement 
• Patients with limited mouth opening 
 
Advantages of Dynamic Navigation 
Key advantages of DN over freehand and static 
guided surgery include: 
Improved Accuracy and Safety 
DN reduces angular and linear deviations relative to 
freehand placement, reducing the risk of: 
• Nerve injury (inferior alveolar nerve, infraorbital 

nerve) 
• Sinus perforation 
• Cortical plate perforation 
• Adjacent root damage 
• Prosthetic misalignment and esthetic 

complications 
Any form of computer-assisted surgery (CAS) is 
statistically more accurate and precise than freehand 
placement because it overcomes the inherent 
inaccuracy of human vision [1,2]. 

Real-Time Feedback and Verification 
Real-time verification of drill trajectory and depth 
during every step of osteotomy preparation and 
implant insertion allows the surgeon to monitor 
position accuracy continuously[1,2]. Unlike static 
guides, where a mis-seated splint may result in 
significant gross error of the entire implant surgery, 
DN allows continuous verification of accuracy 
throughout the procedure[1]. 
 
Intraoperative Flexibility: 
The ability to modify implant position, length, 
diameter, and even system during surgery without 
fabricating a new guide is a critical advantage over 
static templates[1]. This flexibility addresses the 
limitations of static guides, where changing implant 
position requires fabrication of a new guide or 
abandonment of the guided approach[1]. 
Minimally Invasive Approach: 
DN facilitates flapless or minimally invasive 
approaches, potentially reducing: 

• Intraoperative trauma 
• Postoperative pain 
• Healing time 
• Tissue morbidity 

DN allows surgeons the confidence to know implant 
placement is appropriately in bone without having to 
open a flap, thus minimizing trauma to the 
patient[1]. 
Ergonomic Benefits: 
Ergonomically, DN allows the surgeon to look at the 
screen more so than inside the mouth, decreasing the 
need to bend the back or neck for a prolonged 
period[1]. This improved posture reduces surgeon 
fatigue and strain[1]. 
DN also allows the surgeon to perform the 
osteotomy and place the implant with limited direct 
visualization in the mouth in patients with: 

• Limited mouth opening 
• Difficult visualization in posterior regions 
• Narrow interdental spaces that prohibit 

appropriate guidance tubes with static guides 
Same-Day Treatment Protocol: 
Implant surgeons are able to evaluate a patient, scan 
the patient, plan the implant position, and perform 
the implant surgery in the same day without the 
delay or cost of fabrication of a static surgical guide 
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stent[1]. This streamlined workflow improves 
efficiency and patient satisfaction[1]. 
Patient-Reported Outcomes: 
Patient-reported outcomes suggest that DN-assisted 
surgery may be perceived as more comfortable and 
less traumatic. Patients often appreciate being able to 
visualize the procedure on the screen and feel 
reassured by real-time monitoring[1]. 
 
Limitations and Disadvantages: 
Despite its benefits, DN presents several challenges 
and limitations that clinicians should consider before 
implementation. 
8.1 Financial Investment 
The implementation of DN requires significant 
investment for the dental implant surgeon: 
1. Capital costs: DN system hardware and software 

licenses 
2. Imaging infrastructure: CBCT and intraoral 

scanning equipment 
3. Per-case costs: Fiducial clips, markers, plates, and 

tracking components 
4. Ongoing expenses: Software maintenance and 

system support 
These costs may limit accessibility for smaller 
practices or those with limited capital budgets[1,2]. 
Learning Curve:  
Those surgeons with limited experience with 
technology and virtual image processing may find it 
difficult to transition to a different modality of 
practice[1]. There is a learning curve with the 
application of a new technology for all levels of 
technological comfort[1]. 
The learning curve for DN systems was evaluated, 
showing that surgeons become statistically 
equivalent and proficient after 10–20 implants placed 
with the system[1]. During the learning phase, 
efficiency may be reduced and case selection 
limited[1]. 
In addition, restorative dentists will require training 
to be comfortable with the workflow implemented by 
the implant surgeon[1]. Interdisciplinary 
communication and coordination are essential for 
optimal outcomes[1]. 
Additional Surgical Steps for Edentulous Patients: 
The current FDA-approved systems for edentulous 
patients require the additional surgery of the 

placement of fiducial screws and tracking plates[1]. 
This adds: 
• Increased surgical time and cost 
• Increased invasiveness for edentulous patients 
• Additional patient morbidity from screw 

placement 
• Need for coordinated scheduling of fiducial 

placement and implant placement 
However, this obstacle will soon be replaced with a 
fiducial-free method, where the patient's anatomy 
will take the place of the screws[1]. 
 
Line-of-Sight Requirement: 
Dependence on line-of-sight between the camera and 
tracking arrays represents a technical limitation[1,2]. 
Obstruction by hands, instruments, or soft tissues can 
temporarily interrupt tracking and require 
repositioning or re-registration[1]. In complex 
surgical cases or those with limited mouth opening, 
maintaining clear line-of-sight can be challenging[1]. 
 
Calibration and Registration Complexity: 
Requirement for meticulous calibration and frequent 
system checks is essential; errors in these stages can 
compromise accuracy as much as mis-seated static 
guides[1,2]. The multi-step calibration and 
registration process requires: 

• Careful attention to detail 
• Understanding of system mechanics 
• Systematic verification steps 
• Knowledge of troubleshooting and error 

correction 
Any deviation in calibration accuracy will propagate 
through the surgical procedure and compromise 
implant positioning[1]. 
 
Technological Dependence: 
DN systems are complex technological devices that 
may experience hardware or software 
malfunctions[1,2]. Dependence on technology 
introduces the potential for system failures that may 
not be immediately apparent and could compromise 
accuracy[1]. Surgeons must have contingency plans 
and be prepared to revert to freehand or static 
guided techniques if system failure occurs[1]. 
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Future Directions: 
 
Integration of DN with emerging technologies 
represents an active and promising area of research 
and development[1,2,3]. 
Fiducial-Free Registration 
Future developments include fiducial-free 
registration using anatomical landmarks [1]. Rather 
than requiring placement of fiducial screws in 
edentulous patients or thermoformed clips in dentate 
patients, the surgeon will select specific anatomical 
points on the CBCT during planning. After the 
patient tracker is placed, the patient will be 
registered by touching these points with the 
calibrated probe[1]. This approach will reduce 
invasiveness, operative time, and cost[1]. 
Robotic-Assisted Dynamic Navigation: 
Robotic CAIS systems offer the potential for even 
higher positional stability and accuracy, particularly 
for long-span and extra-maxillary implants[1,3]. 
Integration of DN with robotic technology may allow 
autonomous or semi-autonomous execution of the 
surgical plan while maintaining real-time monitoring 
and intraoperative flexibility[1]. 
Artificial Intelligence and Machine Learning: 
Integration of DN with artificial intelligence (AI) and 
machine learning offers several potential 
applications: 
• Automated implant position optimization based 

on bone quality, anatomy, and occlusal 
considerations 

• Predictive modeling of long-term outcomes based 
on implant position and angulation 

• Real-time image guidance and augmented reality 
visualization 

• Automated detection and correction of 
navigation system drift 

• Personalized surgical planning based on 
individual anatomic variation 

Augmented Reality Visualization 
Augmented reality (AR) overlays of the virtual 
implant and surgical plan directly into the surgeon's 
field of view (using AR glasses or headsets) may 
eliminate the need to focus on a separate monitor and 
further improve ergonomics and surgical 
efficiency[3]. 
 

Cost Reduction and Technology Maturation: 
As DN systems hardware and software mature, 
several disadvantages will diminish: 
• Reduction in equipment costs through 

competition and economies of scale 
• Simplified calibration and registration workflows 
• Improved reliability and reduced downtime 
• Wider accessibility across practice settings 
• Standardization of techniques and better training 

resources 
Clinical Research Needs 
Further clinical research is needed to: 
• Evaluate long-term survival rates, marginal bone 

behavior, and biological complications specific to 
DN workflows 

• Assess patient-centered outcomes such as pain, 
satisfaction, quality of life, and return to function 

• Perform cost-effectiveness analyses comparing 
DN with static guides and freehand protocols 
across different practice settings 

• Develop evidence-based guidelines for case 
selection and patient counseling 

• Establish standardized accuracy metrics and 
quality assurance protocols 

• Compare DN with emerging robotic and AI-
assisted systems 

 
CONCLUSION: 

The natural progression from analog 2D imaging and 
diagnostics to digital 3D imaging and diagnostics has 
led to increased understanding of the complex nature 
of implant surgery and prosthodontics[1]. The 
increased utilization of these digital 3D diagnostic 
and therapeutic modalities allows the surgical team 
to see the limitations of freehand surgery[1]. 
Computer-assisted surgery allows the implant team 
to overcome the limitations of human stereo vision 
and increase the accuracy and precision of implant 
placement [1]. DN allows the surgeon to implement 
digital implant treatment plans in an efficient 
fashion[1]. 
This efficiency and flexibility allow the team to 
utilize CAIS on every implant in every patient[1]. 
High-level statistical evidence clearly illustrates the 
improved accuracy and precision of computer-
assisted surgery over freehand surgery[1,2,3]. 
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Dynamic navigation represents a significant 
evolution in implant surgical technology, offering 
clinicians a powerful tool to enhance accuracy, 
minimize complications, and optimize patient 
outcomes. As technology matures, costs decrease, 
and evidence accumulates, DN is likely to become 
increasingly integrated into mainstream implant 
practice. Continued innovation and research will 
further refine these systems and expand their clinical 
applications. 
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