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Abstract

Introduction: Edentulism causes significant bone loss,
impaired function, and reduced quality of life, driving the
evolution of implant dentistry from subjective, error-
prone freehand techniques toward high-precision
Implant Surgery (CAIS). While

traditional static navigation relies on pre-fabricated, non-

Computer-Assisted

adjustable physical guides that can be difficult to use in
tight spaces, modern Dynamic Navigation Systems
(DNS) act as a "surgical GPS." By pairing preoperative
scans with real-time tracking technology, DNS allows
surgeons to visualize the drill path on a monitor and
adjust their plan instantly mid-procedure without a
physical guide. Although DNS eliminates laboratory
manufacturing steps and offers unmatched intraoperative
flexibility, it demands a steep learning curve, significant

financial investment, and precise calibration to achieve

the highly accurate outcomes that both static and
dynamic systems provide over freehand surgery.
Conclusion: Dynamic navigation

systems (DNS)

revolutionize implant dentistry by merging digital
planning with real-time surgical guidance to maximize
placement accuracy and safety. Despite challenges like
high costs, steep learning curves, and precise calibration
requirements, continuous technical upgrades are rapidly
improving system usability. Consequently, DNS remains
one of dentistry's most promising innovations, poised to
dominate the future of computer-assisted implant
surgery.

Keywords: Dynamic Navigation System, Components,
Principle, Working Mechanism, DNS.

Introduction

Edentulism continues to represent a major global oral

health challenge, particularly among aging populations
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and individuals with poor access to dental care. The loss

of teeth, whether partial or complete, results in

significant functional, aesthetic, and psychological

consequences. Patients with edentulism commonly

experience impaired mastication, altered speech,

decreased vertical dimension of occlusion, and
progressive resorption of the alveolar ridge. These
changes not only compromise oral function but also
contribute to facial aging, reduced self-esteem, and
diminished quality of lifet. The long-term absence of
teeth

leads to continuous bone re-modelling and

resorption, which further complicates prosthetic
rehabilitation and limits treatment options.

Traditional prosthetic approaches, including removable
complete and partial dentures, have been the mainstay of
treatment for edentulous patients. However, these
restorations often exhibit limitations such as poor
retention, instability, discomfort, and reduced chewing
efficiency, particularly in cases of severe ridge
resorption2. Fixed dental prostheses, although more
stable, require preparation of adjacent teeth and may not
always be feasible in extensively edentulous arches.
These limitations led to the emergence of implant-
supported prostheses as a superior alternative for oral
rehabilitation.

The introduction of osseointegrated dental implants by
Branemark in the year 1965 marked a paradigm shift in
prosthodontics, offering a predictable and long-term
solution for the replacement of missing teeth3. Implant
dentistry has since evolved into a prosthetically driven
discipline, wherein implant placement is guided by the
planned final restoration rather than merely the available
bone volume. This concept emphasizes the importance of
placing implants in an ideal three-dimensional position to
achieve optimal esthetics, function, and biomechanical

stability. Accurate implant positioning ensures proper

©2026 1IDSIR, All Rights Reserved

load distribution, facilitates prosthetic rehabilitation, and
minimizes biological complications such as peri-
implantitis and bone loss* .

Despite advancements in implant design and materials,
the success of implant therapy remains highly dependent
on the accuracy of implant placement. Even minor
deviations in angulation, depth, or position can result in
serious complications, including damage to Vvital
anatomical structures such as the inferior alveolar nerve,
maxillary sinus perforation, compromised aesthetics,
failures and increased

biomechanical prosthetic

complexity®. Therefore, achieving precise implant
placement is critical, particularly in challenging clinical
situations such as edentulous arches, reduced bone
volume, and anatomically complex regions.

Historically, dental implants were placed using the
conventional freehand technique, which relies heavily on
feedback, and
While

experienced surgeons can achieve acceptable outcomes,

the clinician’s experience, tactile

anatomical knowledge and is subjective.
this technique is inherently associated with variability
and limited predictability. The absence of real-time
guidance and three-dimensional visualization increases
the risk of positional inaccuracies and

These

surgical

complications®. limitations necessitated the

development of advanced technologies aimed at
improving precision and reproducibility in implant
placement.

The advent of computer-assisted implant surgery (CAIS)
marked a significant advancement in implant dentistry.
By integrating cone-beam computed tomography
(CBCT), digital planning software, and CAD/CAM
technology, clinicians can now visualize patient anatomy
in three dimensions and plan implant placement with

greater accuracy. One of the earliest applications of CAIS
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was the development of static navigation systems, also
known as guided implant surgery.

Static navigation systems involve the fabrication of
patient-specific surgical guides based on preoperative
CBCT data and virtual implant planning. These guides
physically direct the drill during surgery, ensuring that
implants are placed according to the predetermined plan’.
Static guides can be classified based on their support as
tooth-supported, mucosa-supported, or bone-supported,
and may be either partially or fully guided. These
systems have been shown to significantly improve the
accuracy and predictability of implant placement
compared to freehand techniques?®.

However, despite their advantages, static navigation
systems have inherent limitations. The surgical plan is
fixed once the guide is fabricated, leaving no scope for
intraoperative modifications. Any discrepancies between
the planned and actual clinical situation—such as
changes in bone quality, patient movement, or improper
guide seating—can lead to inaccuracies. Additionally,
static guides may be difficult to use in patients with
limited mouth opening, and their fabrication requires
additional time, cost, and clinical visits®. These
limitations have prompted the development of more
flexible and adaptive navigation systems.
(DNS)

significant advancement in computer-assisted implant

Dynamic navigation systems represent a
surgery by enabling real-time guidance during implant
placement. Often described as a “surgical GPS,” dynamic
navigation systems use CBCT data in conjunction with
optical or electromagnetic tracking technology to provide
continuous feedback on the position, angulation, and
depth of the surgical instrument relative to the patient’s
anatomy'® . This allows clinicians to visualize the drill
path on a monitor in real time and make intraoperative

adjustments as needed.

©2026 1IDSIR, All Rights Reserved

The principle of dynamic navigation is based on
establishing a spatial relationship between the patient, the
surgical instruments, and the preoperative imaging data
through a process known as registration. Once calibrated,
the system tracks the movement of the drill and displays
its position in multiple planes, enabling precise control
throughout the proceduret. This real-time feedback
significantly enhances surgical accuracy and reduces the
risk of damaging critical anatomical structures.

Dynamic  navigation  systems are  particularly
advantageous in complex clinical scenarios, including
edentulous patients, cases with limited bone availability,
and implant placement in aesthetically demanding
regions. The ability to modify the surgical plan
intraoperatively makes DNS highly adaptable and
suitable for managing unexpected anatomical variations.
Furthermore, these systems eliminate the need for
physical surgical guides, thereby reducing laboratory
steps and allowing for same-day implant placement in
certain cases'2.

In recent years, technological advancements have further
improved the capabilities of dynamic navigation systems.
Innovations such as marker-less registration, enhanced
optical tracking, integration with augmented reality, and
improved user interfaces have made these systems more
Additionally, the

incorporation of digital workflows, including intraoral

efficient and  user-friendly3.
scanning and prosthetically driven planning, has
strengthened the role of dynamic navigation in modern
implant dentistry.

Despite these advantages, dynamic navigation systems
are not without limitations. They require significant
financial investment, technical expertise, and a learning
curve for effective use. Factors such as calibration errors,

tracking inaccuracies, and operator inexperience may

influence clinical outcomes. Moreover, studies have o
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shown that in experienced hands, both static and dynamic
navigation systems can achieve comparable levels of
accuracy, highlighting the importance of clinician skill
and case selection’®.

The evolution from freehand implant placement to static
and dynamic navigation systems reflects a broader shift
toward precision-based, technology-driven dentistry.
While static navigation provides a structured and reliable
approach, dynamic navigation offers flexibility, real-time
control, and enhanced visualization. Understanding the
principles, advantages, limitations, and clinical
applications of dynamic navigation systems is essential
for optimizing implant outcomes and advancing patient
care.

This article is a review about Dynamic navigation system
and its components, working mechanism, advantages,
comparison with other systems and future of DNS.
Discussion

DNS will be discussed in three sections

SECTION ONE

- Components

- Principle

SECTION TWO

- Fiducial markers

- Image acquisition and software planning

- Accuracy consideration

SECTION THREE

- Comparison to static and conventional approaches

- Performing DNS

- Advantages and disadvantages

Section One

Components of DNS (Fig 1)

1) Imaging Unit

2) Planning software

3) Tracking system

4) Reference frame

©2026 1IDSIR, All Rights Reserved

5) Tracking array

6) Calibration system
7) Registration system
8) Display interface
9) Surgical handpiece

Components of Dynamic Navigation System

i Aommany bmes

Figure 1: Components of dynamic navigation system
1. The imaging unit (fig 2) is the foundation of dynamic
navigation; surgical accuracy depends entirely on

initial image quality. Cone-beam computed

tomography (CBCT) is the gold standard modality,
providing high-resolution, 3D volumetric data with
high spatial

accuracy. It delivers the precise

radiographic  datasets required for real-time

intraoperative guidance while exposing patients to
radiation than conventional

significantly lower

medical CT.

1. IMAGING UNIT (CBCT SCANNER)

A. Realistic Clinical Illustration 8. Schematic Diagram

v

CBCT captures three-dimensional maxillofacial anatomy with high spatial
resolution and low radiation exposure, generating DICOM data for planning
ond navigation

Figure 2: Imaging unit
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2. Planning software (fig 3) is the central intelligence of
dynamic navigation, transforming radiographic data
into an actionable surgical roadmap. It bridges the
gap between preoperative diagnosis, virtual treatment
planning, and intraoperative execution. The primary
function of planning
prosthetically driven implant planning an example of

such software is Navident (fig 4)

software is to enable

2. PLANNING SOFTWARE

Planning software integrates CBCT, intraoral scans and prosthetic data
10 virtually plan implant position, angulation, diameter and depth based
on anatomical and restorative requirements.

Figure 3: Planning Software

Functions and Features of Planning Software in Dynamic Navigation Systems (table 1) is explained below.

Table 1: Functions and features of planning software

Component/Feature

Function

Clinical Significance

DICOM Data Import

Imports CBCT imaging datasets into the

navigation platform.

Forms the basis for virtual surgical planning

and anatomical assessment.

3D Reconstruction

Converts CBCT data into a three-dimensional

virtual model of the patient's anatomy.

Allows comprehensive visualization of bone

and adjacent anatomical structures.

Virtual Implant Planning

Enables determination of implant position,

angulation, diameter, and depth.

Facilitates prosthetically driven implant

placement and  enhances  treatment

predictability.

. Identifies structures such as the inferior ) o
Anatomical Landmark ) ) Improves surgical safety by avoiding
L alveolar nerve, maxillary sinus, and mental - )
Identification damage to critical anatomical structures.
foramen.
Implant Library||Provides digital models of implant systems|Enables accurate implant selection and
Integration from different manufacturers. simulation before surgery.

CBCT-Intraoral
Merging

Scan

Combines CBCT data with intraoral surface

Scans.

Enhances prosthetic planning and improves

restorative accuracy.

Bone Analysis Tools

Measures ridge width, height, bone volume,

and available bone dimensions.

Assists in determining implant feasibility

and selection of appropriate implant size.

Cross-sectional Analysis

Generates multiplanar views (axial, sagittal,

coronal).

Facilitates detailed assessment of implant

recipient sites.

Collision Detection

Identifies proximity of implants to anatomical

Reduces risk of surgical complications and

©2026 1IDSIR, All Rights Reserved
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Component/Feature

Function

Clinical Significance

structures or adjacent teeth.

implant malpositioning.

Navigation Data Export

dynamic navigation system.

Transfers finalized treatment plans to the

implant placement.

Enables real-time surgical guidance during

Real-Time

Integration

navigation software.

Tracking||Communicates with tracking systems and

virtual planning and clinical execution.

Ensures accurate correspondence between

CAD/CAM Compatibility

and restorative software.

Integrates with digital prosthetic workflows

and prosthetically driven treatment.

Supports fully digital implant rehabilitation

Recent advancements in software technology include:

Acrtificial intelligence-assisted segmentation
Automated anatomical landmark recognition
Real-time collision warning systems
Improved graphical rendering

Cloud-based treatment planning

Enhanced interoperability with CAD/CAM systems

Figure 4: CBCT softwares for DNS (a) Navident

3. The tracking system (fig 5) provides the real-time

guidance  defining dynamic  navigation. It
continuously monitors the exact 3D position,
orientation, and trajectory of the drill relative to the
patient's anatomy, feeding this live spatial data

directly into the software.

©2026 1IDSIR, All Rights Reserved

3. TRACKING SYSTEM (OPTICAL TRACKING)

B Schematic Dlagram
Optcal Tracking Camers (nfrared)

Infrared cameras detect reflective markers on the patient and handpiece,
continuously calculating their 3D position and transmitting data to the
navigation software in real time.

Figure 5: Optical tracking System
Components of the Tracking System
o Infrared optical cameras
o Reflective marker arrays
o Signal processors
e Coordinate transformation software
o Real-time feedback interface
Working Mechanism
The optical tracking workflow involves:
1. Emission of infrared light by the tracking camera
2. Reflection of infrared signals from marker spheres
3. Detection of reflected signals by optical sensors
4. Coordinate triangulation
5. Transmission of spatial data to navigation software
6. Real-time visualization of drill position

Tracking systems monitor:
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Drill angulation

Vertical depth

Horizontal deviation

Lateral offset

Proximity to anatomical structures

Reference frames and tracking arrays (fig 6) are
essential positional reference components that enable
the navigation system to establish and maintain
spatial orientation between the patient, surgical
instrument, and digital treatment plan. The system
requires fixed reference points that remain stable
throughout the surgical procedure. These reference
points are provided by the reference frame.

4. REFERENCE FRAME / TRACKING ARRAYS

B Schematic Dlagram
Patient Reference Frame
(Attached to Demetion / Stent)

4 >

A. Realistic Clinical Bustration
B .
~

-l

) ey -f‘-

-

Reference frame provides a stable coordinate system on the patient
Tracking arrays on both patient and handpiece allow continuous
tracking of instrument position

Figure 6: Reference Frame

5.

Calibration (fig 7) is a fundamental and
indispensable component of dynamic navigation
systems, as it ensures the accurate translation of the
physical position and movement of surgical
instruments into the virtual navigation environment.
The success of dynamic navigation-guided implant
placement depends heavily on precise calibration,
since even minimal discrepancies between the actual
drill dimensions and the values recognized by the
software can result in significant deviations in

implant positioning.

5. CALIBRATION SYSTEM

——
Calibration determines the exact dimensions and working length of the
Instrument so the system can accurately calculate the real position of
the drill tip in 3D space

Figure 7: Calibration system

6. Registration (fig 8) is one of the most critical
components of a dynamic navigation system, as it
establishes the spatial correspondence between the
patient’s physical anatomy and the virtual three-
dimensional dataset generated from CBCT imaging.
The primary purpose of registration is to synchronize
the real surgical field with the virtual planning

environment.

6. REGISTRATION SYSTEM

Registration aligns the patient’s real anatomy with the virtual CBCT dataset
using fiducial markers or surface matching, establishing a common 3D
coordinate system for navigation

Figure 8: Registration system

7. The display interface (fig 9) is the clinician’s primary
point of interaction with the dynamic navigation
system during implant surgery. It functions as the
visual communication platform through which real-

time positional information is presented.
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Figure 9: Display Interface

8. The surgical handpiece (fig 10) used in dynamic
navigation systems is a specialized instrument

designed to function as an active component of the

navigation ecosystem rather than merely as a

conventional drilling device

8. SURGICAL HANDPIECE WITH NAVIGATION INTEGRATION
8. Schematic Diagram

The surgical handpiece carries a tracking array that allows the system to
track its movement and orientation, translating physical motion into
virtual representation.

Figure 10: Surgical handpiece with navigation system

One of the most transformative developments in modern
implant dentistry is the integration of dynamic navigation
systems into a comprehensive digital workflow. Digital
workflow integration (fig 11) begins with diagnostic data
acquisition, where cone-beam computed tomography
(CBCT)

information, while intraoral scanners capture high-

provides  three-dimensional  anatomical
resolution digital impressions of dentition, soft tissues,
and occlusal relationships. An emerging advancement in
digital integration is the incorporation of augmented

reality (AR) and enhanced visualization technologies.

OMUTAL WORKILOW
INTEGRATION

Figure 11: Digital Workflow integration
Thus,
coordinated digital ecosystem rather than isolated tools,

dynamic navigation systems function as a

with each component contributing to overall surgical

accuracy.

Common Conventional Implant Planning Software vs Dynamic Navigation Platforms (table 2)

Table 2: Common Conventional Implant Planning Software vs Dynamic Navigation Platforms

Category Examples Primary Function
] o ) ) ) Virtual implant planning, surgical guide
Conventional  Implant/|NobelClinician®, coDiagnostiX®, Simplant®,|| ) ]
] ) ] design, prosthetically driven treatment
Planning Software Blue Sky Plan®, Implant Studio®, Romexis® )
planning.
] ~ |INavident® (ClaroNav), X-Guide® (X-Nav|Real-time navigation, tracking,
Dynamic Navigation . . ) . . L
Technologies), DENACAM®, Inliant®, IGl|jintraoperative guidance, dynamic implant
Software Platforms o
Navigation® placement.

©2026 1IDSIR, All Rights Reserved
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Principle of Dynamic Navigation Clinical Importance of Fiducial Markers:

It is based on the integration of three-dimensional The accuracy of fiducial marker localization directly
imaging, real-time tracking, digital registration, and influences:

continuous visual feedback (fig 12) enabling precise, o Registration precision

adaptable, and minimally invasive implant placement. e Tracking reliability

e Implant positioning accuracy

Principle of Dynamic Navigation in Implant Placement

]

e Surgical safety

e Prosthetic outcomes

Errors in fiducial-based workflows may result from:
o Marker displacement

e Inaccurate stent repositioning

o Poor radiographic visibility

o Image artifacts

Oy aovagutonn mrts on o prveoyse of ayte sl o e protvons ared wtrments
e Smananrnsl woacs ed Puer e s e . veol Lrme by (um e g T st et mh e preplanred Desment pho

e Software identification errors

Figure: Principle of Oynamic Navigation in Implant Placement

Figure 12: Principle of DNS

Section Two

Fiducial Markers

They are critical reference elements used in dynamic
navigation systems to establish accurate spatial
correspondence between the patient’s physical anatomy
and the virtual three-dimensional radiographic dataset
seen in fig 13.

Common materials include:

e Gutta-percha markers

Figure 13: Fiducial Marker registration

*  Metallic spheres Image Acquisition and Software Planning:

*  Titanium markers They form the cornerstone of dynamic navigation-guided

*  Zirconia markers implant surgery and are among the most critical stages

*  Radiopaque composite markers determining the accuracy, predictability, and clinical

»  Ceramic beads success of the procedure (fig 14).
Based on clinical application, fiducial markers may be

categorized into several types:

1) Stent-Based Fiducial Markers

2) Tooth-supported fiducial markers

3) Bone-anchored fiducial markers

4) Surface-based fiducial markers

5) Marker-less registration systems

©2026 1IDSIR, All Rights Reserved
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Figure 14: Image acquisition workflow

Following acquisition, CBCT images are stored in the
Digital Imaging and Communications in Medicine
(DICOM) format.

The resulting files are typically stored in STL (Standard
Tessellation Language) format.

CBCT imaging provides detailed hard-tissue anatomy,
whereas intraoral scanning provides precise surface
morphology. Merging these datasets creates a
comprehensive digital model that combines anatomical
and restorative information.

This integration enables:

o Prosthetically driven implant planning

e Improved restorative outcomes

e Enhanced esthetic planning

o Better emergence profile design

e Improved communication between surgeon and

restorative dentist

60

©2026 1IDSIR, All Rights Reserved

Page



Dr Ravina A S, et al. International Journal of Dental Science and Innovative Research (IJDSIR)

Fig 15 a, b, c, d: Integration of CBCT (DICOM) and
intraoral scan (STL) datasets to create a comprehensive
virtual model for prosthetically driven implant planning.

Once image acquisition is complete, the DICOM and

STL datasets are imported into specialized dynamic

navigation planning software (fig 15). This software

serves as the computational platform where diagnosis,

treatment planning, registration preparation, and surgical

simulation are performed and one such example is

Table 3: Steps in Image Acquisition and Software Planning Workflow

Planmeca (figl6). Steps in

image acquisition and

planning workflow explained in table 3.

Figure 16: Planmeca Pro Max 3D Planning software

Stage

Procedure

Purpose

Patient Examination

Clinical and radiographic assessment

Determine implant requirements and anatomical

limitations

CBCT Acquisition

Capture volumetric DICOM dataset

Obtain

information

three-dimensional anatomical

Intraoral Scanning

Acquire STL surface data

Record dentition, soft tissues, and occlusion

Data Import

Upload DICOM and STL files into planning

software

Create digital treatment environment

Data Matching

Merge CBCT and intraoral scan datasets

Improve anatomical and prosthetic accuracy

Virtual Planning

Determine implant position, diameter, length, and

angulation

Establish prosthetically driven treatment plan

Anatomical

Evaluation

Identify vital structures and available bone

Improve surgical safety

Registration

Preparation

Define fiducial markers or trace registration

points

Enable navigation guidance

©2026 1IDSIR, All Rights Reserved
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Surgical Simulation ||Virtually simulate implant placement

Assess treatment feasibility

Navigation Export

Transfer finalized plan to navigation system

Enable real-time surgical guidance

CBCT =
Tomography; STL = Standard Tessellation Language;
DICOM =
Medicine.

Abbreviations: Cone-Beam  Computed

Digital Imaging and Communications in

Recent Advances in Image Acquisition and Software
Planning

Recent technological developments have significantly
enhanced software planning capabilities.

These advancements include:

o Artificial intelligence-assisted segmentation

e Automated anatomical landmark recognition

e Cloud-based treatment planning

o Digital smile design integration

e Augmented reality visualization

e Improved CAD/CAM compatibility

o Automated implant positioning algorithms

o Enhanced registration software

e Improved image reconstruction methods

These innovations have reduced planning time, improved
workflow efficiency, and increased overall treatment
predictability.

Accuracy Considerations

Accuracy is one of the most critical parameters
determining the clinical success and predictability of
dynamic navigation-guided implant surgery

In dynamic navigation systems, accuracy is generally
evaluated by comparing the planned implant position
with the actual postoperative implant position. Deviations
are commonly measured in terms of (fig 17):

e Coronal deviation

e Apical deviation

e Angular deviation

e Depth deviation

©2026 1IDSIR, All Rights Reserved

Axial deviation

Q &ronal deviation

lanned implant ~ Placed implant]

Apical deviation

Figure 17: Measurement of coronal deviation, apical
deviation, and angular deviation for assessment of
navigation accuracy.

Recent

Recent Advances Improving Accuracy -

technological developments have further enhanced
navigation precision through (fig 18):

o Atrtificial intelligence-assisted planning

e Improved optical tracking systems

e  Marker-less registration

e Enhanced calibration algorithms

e Augmented reality integration

e Advanced software processing

e Improved intraoral scanning technology

e Automated anatomical landmark recognition
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.
*

Calibration plate

R

Operating system
(robotic surgical navigation software)

e 1 -
Positioning Marker ﬁ Y J‘ N 1 Optical tracker

Robotic arm

-
; Foot pedal

Figure 18: Robotic-assisted implant surgery

Section Three

Comparison of Dynamic Navigation and Static Navigation (Table 4)

Table 4: Comparison of dynamic navigation and static navigation

Workflow Parameter Conventional Static Navigation Dynamic Navigation
CBCT Required Optional Yes Yes

Virtual Planning Limited Yes Yes

Surgical Guide Fabrication No Yes No
Registration No No Yes
Calibration No No Yes

Real-Time Guidance No No Yes
Intraoperative Modification Limited No Yes

Surgical Visibility Excellent Reduced Excellent
Irrigation Access Excellent Reduced Excellent
Workflow Complexity Low Moderate Moderate—High
Accuracy Moderate High High
Flexibility High Low High

Comparison of Conventional Implant Planning Software and Dynamic Navigation Software (Table 5)

Table 5: Comparison between software

Parameter

Conventional Implant Planning Software

Dynamic Navigation Software

Primary Purpose

assessment.

Virtual implant planning and diagnostic

guidance.

Virtual planning combined with real-time surgical

Surgical Guidance

transfer of the plan.

Indirect; requires static guides or freehand||Direct  real-time

placement.

navigation  during

implant

©2026 1IDSIR, All Rights Reserved
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Parameter

Conventional Implant Planning Software

Dynamic Navigation Software

Real-Time Feedback

Not available.

Continuous real-time tracking of drill position and

implant trajectory.

Intraoperative

Limited or impossible once the surgical

Allows modification of implant position, angulation,

Modification guide is fabricated. and depth during surgery.
) . . Optical or electromagnetic tracking systems
Tracking Capability No tracking system. )
integrated.
) ] o ) Includes patient-to-dataset ~ registration for
Registration Process  ||Generally limited to treatment planning. o
navigation.
Visualization  During ] ] S Displays drill position in axial, sagittal, coronal, and
No live surgical visualization. ) ) )
Surgery 3D views in real time.
Dependence on||Often requires CAD/CAM surgical guide

Surgical Guides

fabrication.

Surgical guides are generally not required.

Accuracy Monitoring

No intraoperative verification.

Continuous monitoring of surgical accuracy.

Learning Curve

Relatively simple.

Moderate to steep due to navigation workflow and

calibration requirements.

Digital Workflow|[Compatible with CBCT and CAD/CAM||Integrates CBCT, CAD/CAM, intraoral scanning,
Integration workflows. tracking systems, and navigation hardware.
Complex Case| = . . ) ) )

Limited adaptability. Highly suitable for anatomically complex cases.
Management
Equipment Software plus tracking cameras, calibration systems,

Requirement

Software only.

navigation hardware, and displays.

Cost

Lower.

Higher initial investment and maintenance cost.

Clinical Flexibility

Limited after planning stage.

High flexibility throughout surgery.

Accuracy in Implant

Placement

Dependent on guide fabrication and

operator skill.

Enhanced through continuous navigation and

tracking.

Table 6: Comparison between DNS and static system

Parameter Conventional Surgery Static Navigation Dynamic Navigation
Freedom of Movement High Low High

Real-Time Guidance No No Yes

Ability to Modify Implant Position High Very Limited High

©2026 1IDSIR, All Rights Reserved
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Parameter Conventional Surgery Static Navigation Dynamic Navigation
Adaptation to Intraoperative Findings Moderate Low Excellent
Prosthetically Driven Flexibility Limited Moderate Excellent

Surgical Control Operator Dependent Guide Dependent Navigation Assisted
DNS

—‘

Position Sensor

-

—_—

ngkm r

Smileplan

(Navigation Software) i ‘i‘ Patient Tracker

Figure 19: Optical tracking system showing infrared cameras and reflective marker arrays used for real-time instrument

localization

Table 7: Advantages and disadvantages of dynamic navigation system

Advantages Disadvantages

High implant placement accuracy High initial cost

Real-time surgical guidance Steep learning curve
Intraoperative flexibility Registration sensitivity
Prosthetically driven planning Calibration dependence
Improved safety Optical tracking limitations
Enhanced visualization Workflow complexity

No surgical guide fabrication Equipment dependency

Better access in posterior regions Requirement for high-quality imaging
Reduced operator dependency Additional training requirements
Educational benefits Limited availability
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Future Perspectives of Dynamic Navigation System

The field of dynamic navigation-guided implant surgery
continues to evolve rapidly, driven by advances in digital
dentistry, artificial intelligence (AI), augmented reality
(AR),

computer-assisted surgical planning. One of the most

robotics, optical tracking technologies, and
significant future directions involves the integration of
artificial intelligence (AI) into dynamic navigation
workflows. Another promising area is the advancement
of automated treatment planning systems. The
incorporation of augmented reality (AR) represents
another important future development. Closely related to
AR is the development of mixed reality (MR) and
extended reality (XR) environments. The integration of
robotics with dynamic navigation systems represents one
of the most exciting advancements in implant dentistry.

In addition, future navigation systems may incorporate
real-time bone density analysis, automated drill path
optimization, haptic feedback mechanisms, and
predictive complication detection algorithms.

Conclusion

Dynamic navigation systems have transformed implant
dentistry by combining digital treatment planning with
real-time surgical guidance. The technology offers

numerous advantages, including enhanced accuracy,

improved safety, prosthetically driven implant placement, -

and unparalleled intraoperative flexibility. However,
successful implementation requires significant financial
investment, comprehensive training, and careful
workflow management. Although challenges such as
registration sensitivity, calibration requirements, and
equipment dependency remain, ongoing technological
advancements continue to improve system usability and
clinical efficiency. Consequently, DNS is increasingly
recognized as one of the most promising innovations in

contemporary implant dentistry and is expected to play

©2026 1IDSIR, All Rights Reserved

an expanding role in the future of computer-assisted

implant surgery.
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