S

‘_9 International Journal Dental and Medical Sciences Research
g Volume 8, Issue 3, May-June 2026 pp: 133-137 www.ijdmsrjournal.com

The Role of Digital Photogrammetry in Complex Oral
Rehabilitation

Dr. Ines A. Camejo

Date of Submission: 25-05-2026

Date of Acceptance: 05-06-2026

Abstract

Digital photogrammetry has emerged as a
transformative technology in implant dentistry,
particularly in the management of complex oral
rehabilitation involving full-arch implant-supported
restorations. Although conventional impression
techniques and intraoral scanning (IOS) remain
widely utilized, their limitations in long-span and
edentulous cases—such as material distortion and
cumulative stitching errors—have prompted the
development and adoption of alternative digital
approaches. Photogrammetry provides a highly
accurate method for capturing the three-dimensional
spatial position of implants by eliminating
sequential image acquisition errors and directly
recording implant coordinates.

This review aims to critically evaluate the current
evidence regarding the accuracy, clinical
performance, advantages, and limitations of digital
photogrammetry, as well as its role within
contemporary digital workflows. Available literature
indicates that photogrammetry systems demonstrate
superior trueness and precision compared to 10S in
complete-arch implant impressions, making them
particularly advantageous in full-arch and multi-
implant rehabilitations where passive fit is essential.
However, photogrammetry does not function as a
standalone solution, as it lacks the ability to capture
soft tissue morphology and occlusal relationships,
requiring integration with intraoral scanning and
other digital modalities. Furthermore, the accuracy
of the final prosthetic outcome is influenced not
only by data acquisition but also by subsequent
processes, including data merging, computer-aided
design, and manufacturing techniques.

In conclusion, digital photogrammetry represents a
valuable adjunct within a multimodal digital
workflow, offering significant improvements in
accuracy and predictability for complex oral
rehabilitation. Continued technological
advancements and long-term clinical studies are
needed to further define its role and optimize its
integration into routine clinical practice.

I. Introduction

Complex oral rehabilitation represents one of the
most demanding areas in prosthodontics and implant
dentistry, requiring the restoration of function,
esthetics, phonetics, and occlusal harmony. In
implant-supported rehabilitations—especially full-
arch cases—the accuracy of implant position
transfer is critical to achieving passive fit of the
prosthesis.
Passive fit is not merely a technical objective but a
biological and mechanical necessity. Misfit at the
implant—prosthesis interface can generate internal
stresses that lead to:

® screw loosening or fracture

® prosthetic framework distortion

® marginal bone loss due to biomechanical

overload

Traditional impression  techniques, although
historically reliable, are susceptible to material
distortion, human error, and inaccuracies in multi-
implant cases. Similarly, intraoral scanners, while
revolutionary, demonstrate reduced accuracy in
edentulous arches due to lack of anatomical
landmarks and cumulative stitching errors.
Within this context, digital photogrammetry has
emerged as a promising solution specifically
designed to overcome these limitations.
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Principles of Digital Photogrammetr

Photogrammetry is based on triangulation principles, where multiple images captured from different angles are
processed to determine the precise three-dimensional coordinates of an object. In implant dentistry, this
technology is used to capture the spatial position of scan bodies attached to implants.

Unlike intraoral scanners, which rely on sequential image stitching, photogrammetry systems:

Medical images

Upper computer

® capture implant positions simultaneously

® avoid cumulative error propagation

® generate highly precise coordinate datasets
This distinction is particularly relevant in full-arch
restorations, where even minor deviations can be
clinically significant.

Accuracy and Evidence-Based Performance
One of the strongest arguments supporting
photogrammetry is its superior accuracy in
complete-arch implant impressions.
Multiple PubMed-indexed studies demonstrate that:
® Photogrammetry systems achieve higher
trueness and precision compared to 10S
in edentulous arches
® Mean deviations are often reported below
100-150 pm, within clinically acceptable
thresholds
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® Accuracy remains stable regardless of arch
length, unlike IOS

A key advantage is the absence of stitching errors,
which are inherent in intraoral scanning when
capturing long spans. This makes photogrammetry
particularly reliable for:

® All-on-4/ All-on-X cases

® Full-arch implant frameworks

® Immediate loading protocols
However, it is important to critically note that
accuracy at the data acquisition stage does not
guarantee final prosthetic accuracy, as errors may
still be introduced during CAD design, milling, or
material processing.
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Biomechanical and Prosthetic Implications
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The concept of passive fit is central to implant
prosthodontics. Even minimal discrepancies
between the prosthetic framework and implant
positions can generate strain within the system.
Photogrammetry  contributes  to improved
biomechanical outcomes by:
® Enhancing the precision of implant position
transfer
® Reducing internal stress within prosthetic
frameworks
® Minimizing complications such as screw
loosening and component fracture
From a biomechanical perspective, improved fit
reduces micromovement at the implant interface,
which may contribute to better long-term peri-
implant stability.

Integration in Digital Workflow

The integration of digital photogrammetry
into modern implant dentistry represents a
significant advancement toward fully digital
workflows in complex oral rehabilitation.
Contemporary treatment protocols increasingly rely
on the combination of multiple digital technologies,

including  cone-beam computed tomography
(CBCT), intraoral scanning (IOS), photogrammetry,
and computer-aided design/computer-aided

manufacturing (CAD/CAM), to enhance precision,
efficiency, and predictability.

Photogrammetry plays a highly specialized
role within this workflow by providing extremely
accurate three-dimensional spatial data of implant
positions. However, it does not function as a
standalone diagnostic or impression tool. Instead, it
must be integrated with complementary digital
modalities to generate a complete virtual patient
dataset.

A typical digital workflow incorporating
photogrammetry involves several sequential steps.
Initially,

CBCT imaging is used to evaluate bone
volume, anatomical structures, and implant
planning. Following implant placement,
photogrammetry systems are employed to capture
the exact spatial coordinates of implant scan bodies
with high precision. This dataset is then merged
with intraoral scan data, which provides detailed
information on soft tissue contours, occlusion, and
adjacent dentition. The integration of these datasets
enables the creation of a comprehensive digital
model for prosthetic planning.

The combined dataset is subsequently
transferred to CAD software, where the prosthetic
framework is digitally designed. Parameters such as
emergence profile, occlusal scheme, and esthetic
contours are carefully defined at this stage. The
finalized design is then fabricated using CAM
technologies, including milling or additive
manufacturing, depending on the selected materials
and prosthetic requirements.

One of the primary advantages of
integrating photogrammetry into this workflow is
the reduction of cumulative errors. While intraoral
scanners are susceptible to stitching inaccuracies
over long spans, photogrammetry captures implant
positions  simultaneously, thereby minimizing
distortion in  full-arch rehabilitations.  This
contributes significantly to achieving passive fit in
implant-supported prostheses.

Despite these advantages, successful
integration depends on multiple factors, including
proper calibration of photogrammetry devices,
accurate  scan  body placement, software
compatibility, and laboratory expertise. Errors
introduced during data merging, CAD design, or
manufacturing processes may compromise the final
outcome, underscoring the importance of a well-
coordinated digital workflow.

Furthermore, the adoption of
photogrammetry within digital workflows requires a
shift in clinical protocols and training. Clinicians
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must develop proficiency in digital data acquisition
and interpretation, while dental laboratories must
adapt to increasingly complex digital datasets. As
digital dentistry continues to evolve, improvements
in software interoperability, automation, and
artificial intelligence are expected to further
streamline these workflows and enhance clinical
outcomes.
In summary, photogrammetry serves as a critical
component within a hybrid digital workflow,
complementing rather than replacing existing
technologies. Its integration allows for greater
accuracy in implant position recording, improved
prosthetic fit, and enhanced predictability in
complex oral rehabilitation cases.
Modern implant dentistry is increasingly based on
fully digital workflows, combining:

® CBCT imaging

® Intraoral scanning

® Photogrammetry

® CAD/CAM fabrication
Photogrammetry does not replace intraoral scanning
but rather complements it. A hybrid workflow is
typically required:

® Photogrammetry — implant position

® [0S — soft tissue and occlusion

® CAD software — prosthetic design

Future Perspectives
e

Emerging
photogrammetry will become more accessible and
integrated into routine practice:

® Portable and smartphone-based systems

® Al-assisted data processing

developments suggest that

® Improved software

CAD/CAM
® Reduced costs and simplified workflows
Future research should focus on:
® [ong-term clinical outcomes
® Comparative effectiveness studies
® Cost-benefit analysis in daily practice

integration  with

This integrated approach maximizes the strengths of
each technology while compensating for their
individual limitations.
Limitations and Critical Considerations
Despite its advantages, photogrammetry is not
without limitations:
1. Incomplete Data Capture
Photogrammetry does not record:

®  soft tissue morphology

® occlusion

® gingival contours
Thus, additional scanning is mandatory.
2. Cost and Accessibility

® High initial investment

® Limited availability in general practice

® Training requirements for proper use
3. Workflow Dependency
Accuracy depends on:

® scan body design and placement

® calibration protocols

® software integration

® laboratory fabrication quality
4. Lack of Long-Term Clinical Evidence
While in vitro and short-term clinical studies are
promising, long-term outcomes data are still
limited, particularly regarding prosthesis survival
and biological complications.

II.  Conclusion
Digital photogrammetry represents a

significant  advancement in complex oral
rehabilitation, particularly in full-arch implant-
supported prostheses where precision is critical. Its
ability to capture implant positions with high
accuracy, without the cumulative errors associated
with conventional impressions and intraoral
scanning, provides a clear advantage in long-span
and edentulous cases. This enhanced precision
contributes directly to improved passive fit of
prosthetic frameworks, which is essential for
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minimizing biomechanical complications and
promoting long-term peri-implant stability.

Beyond accuracy, the incorporation of
photogrammetry into digital workflows supports
greater  efficiency, improved communication
between clinician and laboratory, and increased
patient comfort by reducing the need for
conventional impression  materials. These
advantages align with the broader shift toward fully
digital dentistry, where predictability,
reproducibility, and streamlined processes are
increasingly prioritized.

However, despite its promising
performance, digital photogrammetry should not be
considered a standalone solution. Its limitations,
including the inability to capture soft tissue
morphology and occlusal relationships, necessitate
integration with other digital tools such as intraoral
scanning and CBCT imaging. Furthermore, the
overall success of the prosthetic outcome depends
not only on the accuracy of data acquisition but also
on subsequent steps, including data merging,
prosthetic design, and manufacturing processes.
Errors introduced at any stage of this workflow may
compromise the final result.
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