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Abstract

Therehabilitation of severely atrophic maxillae remains one of the most demanding challenges in implant prosthodontics. Quad zygoma protocols
have become a predictable graftless alternative for advanced maxillary atrophy, while photogrammetry has emerged as a highly accurate method for
transferring implant positions in full-arch rehabilitations. To describe a fully digital workflow utilizing photogrammetry, intraoral scanning, CAD/
CAM design, and titanium-zirconia hybrid prostheses for the rehabilitation of a patient treated with Quad Zygoma implants in the maxilla and an
All-on-4 protocol in the mandible. A completely edentulous patient presenting with severe maxillary atrophy underwent rehabilitation in a hospital
environment under general anesthesia. The maxilla was restored using four zygomatic implants according to the exteriorized technique described
by Miglioranca, while the mandible was rehabilitated using four conventional implants following the All-on-4 concept. Implant positions were
recorded using the X-Gram photogrammetry system and merged with intraoral scanning data within Exocad. CAD/CAM-manufactured titanium-
zirconia hybrid restorations were fabricated following immediate loading protocols. The digital workflow enabled precise implant position transfer,
efficient prosthetic planning, and clinically passive prosthetic adaptation despite significant implant divergence. Immediate loading was achieved
successfully and the final restorations demonstrated favorable esthetic and functional outcomes. Photogrammetry combined with intraoral
scanning represents a promising strategy for highly complex full-arch rehabilitations involving zygomatic implants. The workflow may enhance
implant position accuracy, reduce laboratory remakes, and improve prosthetic predictability.

Keywords: Photogrammetry; quad zygoma; zygomatic implants; all-on-4; digital dentistry; CAD/CAM; immediate loading; titanium-zirconia
hybrid prosthesis
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Introduction

Rehabilitation of the severely atrophic maxilla remains a major
challenge in contemporary prosthodontics and implant dentistry
and historically, extensive bone grafting procedures were considered
necessary to allow implant-supported restorations in patients
presenting with advanced maxillary resorption [1]. However, these
procedures are associated with increased morbidity, treatment
time, cost, and patient discomfort [2]. The introduction of zygomatic
implants by Branemark in 1998 represented a paradigm shift in
the treatment of severe maxillary atrophy, utilizing the zygomatic
bone as anchorage and making implant-supported rehabilitation
possible without extensive grafting procedures. Long-term
clinical evidence has since demonstrated high survival rates and
predictable outcomes for zygomatic implant-supported prostheses
[3]. Computer-aided design and manufacturing (CAD/CAM),
virtual treatment planning, and guided surgery have significantly
improved treatment efficiency, and subsequent developments led
to modifications of the original intrusions technique and the extra
sinus and exteriorized approaches improved prosthetic emergence
profiles and reduced sinus-related complications [4].

Among these developments, the exteriorized technique
proposed by Miglioranc¢a has gained international recognition due
to its prosthetic advantages and simplified anatomical management
[5]. Simultaneously, digital dentistry has transformed implant
rehabilitation workflows by the intraoral scanners, CAD/CAM
manufacturing, virtual treatment planning, and guided surgery
have significantly improved treatment efficiency and the integration
of digital workflows has further refined surgical and prosthetic
protocols, enabling more precise and reproducible outcomes [6].
Nevertheless, the accurate transfer of implant positions in full-
arch rehabilitations remains challenging, particularly in cases
involving highly divergent implants such as zygomatic fixtures [7].
The passive fit of implant-supported full-arch prostheses remains
one of the most critical factors influencing long-term biological and
mechanical success and errors during implant position transfer may
result in framework misfit, generating stresses that can contribute
to screw loosening, component fracture, prosthetic complications,
and peri-implant bone remodelling [8].

Although conventional splinted impression techniques have
historically been considered the reference standard for full-arch
implant impressions, digital workflows have gained widespread
acceptance due to their efficiency and patient comfort [9].
Nevertheless, the challenge of accurately transferring implant
positions becomes increasingly significant as the number of
implants and the distance between them increase and the digital
workflows have gained widespread acceptance due to their
efficiency and patient comfort; however, the challenge of accurately
capturing implant positions across extended arches remains a
significant clinical consideration [10,11]. Recent investigations
have demonstrated that stereophotogrammetry may provide
superior trueness and when compared with both conventional
impressions and intraoral scanning in complete-arch implant
rehabilitations [12]. Unlike sequential image acquisition systems,
photogrammetry records the spatial relationships among implant
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scan bodies simultaneously, minimizing the cumulative stitching
errors that may occur during complete-arch scans [13].

This characteristic becomes particularly relevant in highly
complex rehabilitations involving zygomatic implants, where
the divergence of implant trajectories may amplify the clinical
consequences of small positional inaccuracies [14]. The increasing
adoption of immediate loading protocols has further emphasized
the importance of obtaining highly accurate implant position
records [15]. Unlike delayed loading approaches, immediate
full-arch rehabilitations require the fabrication of provisional
restorations within a very limited timeframe while maintaining
optimal prosthetic adaptation [16]. Any discrepancy between the
clinical implant position and the digital or laboratory model may
compromise passive fit and negatively affect the biomechanical
behavior of the restoration during the critical healing phase [17].
Consequently, the precision of implant position transfer has become
a fundamental component of contemporary digital workflows [18].

In a Quad Zygoma approach, in which two zygomatic implants
are placed bilaterally, the complexity of implant distribution
introduces additional restorative challenges in the complex
zygoma rehabilitations, also the complexity of implant distribution
introduces additional restorative challenges and the zygomatic
implants often exhibit substantial differences in angulation and
spatial orientation when compared with conventional implants,
creating a unique prosthetic scenario that demands exceptional
accuracy during impression procedures [11]. Small deviations
in implant position registration may be amplified over the length
of a complete-arch framework, potentially affecting prosthetic
adaptation, screw access channel positioning, occlusion, and long-
term mechanical stability [19]. Therefore, technologies capable of
reducing distortion and improving implant position capture have
become increasingly relevant in the treatment of severely atrophic
patients [12].

Beyond the surgical advantages associated with graftless
rehabilitation, the exteriorized zygomatic implant technique offers
important prosthetic benefits that align closely with modern
digital workflows [20]. By allowing more favorable implant
emergence profiles and positioning restorative components closer
to the ideal prosthetic envelope, the technique facilitates CAD/
CAM framework design and contributes to improved prosthetic
access for maintenance and hygiene procedures [19]. These
characteristics are particularly important in full-arch restorations,
where the relationship between surgical implant placement and
prosthetic design directly influences the predictability, longevity,
and overall success of the rehabilitation [21]. Photogrammetry
has recently emerged as a highly accurate method for recording
implant positions and unlike conventional intraoral scanning,
photogrammetry captures implant relationships simultaneously,
minimizing cumulative stitching errors frequently associated with
complete-arch scans [22]. The purpose of this report is to describe
a fully digital rehabilitation involving a Quad Zygoma maxilla and
mandibular All-on-4 restoration using X-Gram photogrammetry,
intraoral scanning, Exocad planning, CAD/CAM manufacturing, and
titanium-zirconia hybrid prostheses.
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Literature review

To contextualize the present case, afocused literature search was
conducted in the PubMed database. The search strategy included
the keywords and combinations “photogrammetry”, “Quad Zygoma”,
“zygomatic implants”, “All-on-4", and “full-arch rehabilitation”, using
the Boolean operators AND and OR. Particular attention was given
to publications containing the terms “photogrammetry AND Quad
Zygoma” and “photogrammetry AND All-on-4". The search revealed
an increasing number of studies evaluating photogrammetry for
complete-arch implant rehabilitations; however, no publications
specifically addressed workflows combining photogrammetry
and Quad Zygoma rehabilitation. Likewise, although only four
reports described the use of photogrammetry in All-on-4 and All-
on-X treatments [23,24,16, 25]. The available evidence remains
relatively limited and is primarily composed of technical reports,
in vitro investigations, case reports, and a small number of clinical
studies.

Although the literature suggests

may improve the accuracy of implant position transfer and

that photogrammetry

facilitate the fabrication of passively fitting frameworks, and a
review of the available literature revealed a growing interest in
photogrammetry for complete-arch implant rehabilitations [19].
However, publications specifically combining photogrammetry and
Quad Zygoma are remarkably scarce and robust clinical evidence
on complex rehabilitations combining photogrammetry and
Quad Zygoma particularly in cases involving immediate loading
and severe maxillary atrophy is still lacking.Although several
studies have reported the accuracy and clinical applicability
of photogrammetric systems for full-arch implant-supported
prostheses and All-on-4 rehabilitations, no reports have
investigated their use in conjunction with Quad Zygoma protocols
and consequently, evidence regarding the clinical performance of
workflows combining photogrammetry and Quad Zygoma remains
rare. Similarly, while photogrammetry has gained increasing
acceptance in All-on-4 and All-on-X rehabilitations, most available
studies consist of technical reports, in vitro investigations, and a
relatively small number of clinical studies. The literature suggests
that photogrammetry may improve the accuracy of implant
position transfer and facilitate the fabrication of passively fitting
frameworks [19]. Nevertheless, there is still a lack of robust
clinical evidence evaluating complex rehabilitations combining
photogrammetry and Quad Zygoma, particularly in cases involving
immediate loading and severe maxillary atrophy.

Considering the severity of the maxillary atrophy and the
extensive implant divergence anticipated in the zygomatic

rehabilitation, a digital workflow based on photogrammetry was
selected to maximize the accuracy of implant position transfer [26].
The use of the X-Gram system (X-Gram, Runyes Medical Instruments
Co., Ltd.) was intended to reduce potential distortions associated
with conventional impressions and full-arch digital stitching
processes. Particular attention was directed toward obtaining an
accurate representation of the implant coordinates to facilitate the
fabrication of a passively fitting prosthetic framework capable of
supporting immediate loading. The treatment was planned through
a multidisciplinary approach involving surgeons, prosthodontists,
and digital dental technicians. This collaboration enabled the
integration of surgical planning with prosthetic objectives from the
earliest stages of treatment.

Therefore, the present clinical report contributes to the
emerging body of evidence on digital workflows combining
photogrammetry and Quad Zygoma, demonstrating its application
in the rehabilitation of a severely atrophic maxilla restored
with four zygomatic implants and an opposing mandibular All-
on-4 prosthesis. This report highlights the clinical feasibility
of this approach and underscores the need for further clinical
investigations to validate the long-term outcomes of treatments
combining photogrammetry and Quad Zygoma in advanced implant
rehabilitation. The purpose of this report is therefore to describe
a full-mouth rehabilitation involving a Quad Zygoma maxilla and
a mandibular All-on-4 restoration, with implant position transfer
performed using a novel extraoral photogrammetry system, and to
contribute to the emerging body of evidence on digital workflows
combining photogrammetry and Quad Zygoma in advanced implant
rehabilitation.

Case Report
Diagnosis and Treatment Planning

A completely edentulous patient presented seeking fixed
implant-supported rehabilitation. Clinical examination and cone-
beam computed tomography (CTBCT) revealed severe maxillary
atrophy characterized by advanced posteriorbonelossand extensive
sinus pneumatization (fig01). The mandibular arch exhibited
sufficient residual bone volume to support rehabilitation according
to the All-on-4 treatment concept. Following interdisciplinary
planning, the following treatment strategy was selected: A
Quad Zygoma rehabilitation of the maxilla and a mandibular
rehabilitation using the All-on-4 protocol in immediate loading and
fully digital prosthetic workflow with a titanium-zirconia hybrid
definitive prosthesis. All procedures were performed in a hospital
environment under general anesthesia.

Figure 1a
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Figure 1b

Figure 1c

Figure 1A, B, C: Preoperative CBCT demonstrating severe maxillary atrophy and sinus pneumatization and virtual plan of QuadZygoma in
immediate loading.

A complete digital impression of both arches was first obtained  dentures, capturing the soft tissue morphology of the edentulous
with an intraoral scanner (I0S) (Neoscanner, 1000 Neodent-to be  ridges. The dentures were then removed and scanned extraorally,
specified) to enable the design of prototype restorations in CAD/ including the intaglio surfaces, to facilitate the subsequent digital
CAM software. An indexing material was used to reline the intaglio  alignments.
surfaces of the patient’s existing maxillary and mandibular complete

T e

Figure 2a

Figure 2b
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Figure 2: Relined maxillary and mandibular complete dentures (A, B) and extraoral scan of the intaglio surface (C).

Figure 2c

The dentures were repositioned in the patient’'s mouth, and relation. The maxillary and mandibular arches were then scanned,
a digital bite registration was recorded with the dentures in situ  including the neighboring oral mucosa (vestibule, tuberosity, hard
at the planned occlusal vertical dimension and midline, in centric  palate, and retromolar trigone) (Figure 3).

Figure 3a

o
“F

Figure 3: Intraoral scans of the maxillary (A) and mandibular (B) edentulous arches, including the neighbouring oral mucosa.

Figure 3b

Before surgery, fixation screws (Arch Tracers, Digital Arches edentulous arches were rescanned including the fixation screws,
LLC) were inserted under local anesthesia: one in the center of which served as stable reference landmarks for the alignment of
the hard palate and one on each mandibular retromolar pad. The subsequent datasets (Figure 4).
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Figure 4a

Figure 4b

Figure 4: Intraoral scans of the maxillary (A) and mandibular (B) arches including the fixation screws used as landmarks.

Surgical Phase Miglioranga [5]. Implant trajectories were planned to maximize
zygomatic anchorage while optimizing prosthetic emergence
through the alveolar crest. The exteriorized approach allowed
improved prosthetic positioning and reduced dependence on
extensive cantilever extensions (Figure 05).

All surgical procedures were performed in a hospital
environment under general anesthesia. The maxilla was
rehabilitated with four zygomatic implants (JDZygoma, ] Dental
Care) placed according to the exteriorized technique described by

Figure 5: Intraoperative view of Quad Zygoma implant placement using the exteriorized Miglioranca technique.
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The mandible was rehabilitated with four conventional
implants (] Evolution, | Dental Care) placed according to the All-
on-4 concept: two anterior implants were positioned axially, and
two posterior implants were tilted to maximize the anteroposterior

spread. Primary stability compatible with immediate loading was
achieved for all implants, and multi-unit abutments (Conical, ]
Dental Care) were connected according to the restorative plan
(Figure 6).

Figure 6: Mandibular All-on-4 implant placement and and multi-unit abutment installation.

Photogrammetry and Intraoral Scanning

Following connection of the multi-unit abutments, optical
markers (X-Gram, Runyes Medical Instrument Co., Ltd.) were fitted
onto the abutments with the flaps retracted, and an extraoral
photogrammetry scan was acquired (X-Gram, Runyes Medical

Instrument Co., Ltd.). The photogrammetry system recorded
the three-dimensional position and orientation of all implants
simultaneously in less than 10 seconds, enabling accurate capture of
the implant relationships despite the severe divergence associated
with zygomatic implant placement (Figure 7).

Figure 7a

Figure 7b

Figure 7: X-Gram photogrammetry acquisition with optical markers connected to the multi-unit abutments in the maxilla (A) and mandible (B).
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Intraoral scan bodies (X-Gram, Runyes Medical Instrument
Co., Ltd.) were then fitted on the multi-unit abutments, the
flaps were sutured, and a soft tissue scan was obtained with the

intraoral scanner, including the fixation screws (Figure 8). The scan
captured the soft tissue morphology, vestibular anatomy, occlusal
relationships, and opposing arch information.

Figure 8a

Figure 8b

Figure 8: Intraoral scan bodies fitted on the multi-unit abutments (A) and soft tissue scan including the fixation screws (B).

Data Integration and CAD/CAM Design

The standard tessellation language (STL) data from the intraoral
scans and the implant positions recorded by the photogrammetry
system were imported into a CAD software (Exocad, Exocad GmbH,
Darmstadt, Germany) and aligned using the fixation screws and

common geometric landmarks to generate a complete virtual
patient model (Figure 9). This approach combined the implant
positional accuracy of photogrammetry with the soft tissue
anatomy and functional occlusal information of the intraoral scans,
providing the foundation for all subsequent prosthetic design steps.

Figure 9: Alignment of the intraoral scan (STL) data with the implant positions recorded by the photogrammetry system.
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Photogrammetry Acquisition after following installation of the
abutments, and the photogrammetry scan bodies were connected
to all implants, in less than 10 seconds the X-Gram photogrammetry
system was utilized to record the three-dimensional spatial
relationships among all implants and this technology enabled
simultaneous capture of implant positions despite the severe
divergence associated with zygomatic implant placement, needing
after these step, the acquisition of the intraoral images by intraoral
Scanning and a complete intraoral scan was subsequently obtained
using a digital scanner with the objective to the scan captured
the soft tissue morphology, the vestibular anatomy, the occlusal
relationships and the opposing arch information.

These data integration of photogrammetry and intraoral
scanning datasets were imported into Exocad. Using common
geometrical landmarks, both datasets were merged to generate a

complete virtual patient model, and this approach combined all
implant positional accuracy from photogrammetry, the soft tissue
anatomy from intraoral scanning and the functional occlusal
information, delivering in an CAD/CAM Design to perform a
digital prosthetic planning including, the verification prostheses,
the immediate provisional restorations, the definitive titanium
framework design and finally the zirconia prosthetic superstructure
design all the frameworks were manufactured using CAD/CAM
technology.

Substructure bars were designed in the CAD software, and
maxillary and mandibular prototype full-arch fixed prostheses
were designed and milled with a 5-axis milling machine (S2,
vhf camfacture AG, Ammerbuch, Germany) from prefabricated
polymethyl methacrylate (PMMA) discs (Multilayer PMMA Block
A2, Huge Dental Material Co., Rizhao City, China) (Figure 10).

Figure 10a

Figure 10b

Figure 10: CAD design of the substructure bars (A) and milled PMMA prototype full-arch prostheses (B).

Prototype Try-in and Definitive Prostheses

Five days after surgery, the maxillary and mandibular prototype
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full-arch fixed prostheses designed in CAD (Figure 11) were
secured in the patient’s mouth to assess occlusion, aesthetics, and
phonetics, and minor occlusal adjustments were made.
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Figure 11: CAD Try-in for verification of occlusion, aesthetics.to immediate loading.

The adjusted prototypes were then rescanned with the intraoral ~ laboratory, and the definitive restorations were designed virtually
scanner, including the neighbouring oral mucosa, and a new digital  in the CAD software.
bite registration was recorded. The STL files were sent to the dental

Figure 12a

Figure 12b

Figure 12 A and B: Try-in 05 days after surgery for verification of occlusion, aesthetics, and phonetics, and intra-oral aspect with 30 days in
immediate loading.
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The definitive prostheses were milled with the 5-axis milling
machine from prefabricated zirconia discs [zirconia disc brand,
manufacturer, city, country-to be specified] and reinforced with
milled titanium bars. The definitive prostheses were fitted at the

manufacturer-recommended torque of 20 Ncm (Figure 13a), and a
postoperative panoramic radiograph confirmed adequate fit of the
prostheses and fully seated prosthetic screws (Figure 13b).

Figure 13 A and 13 B: Definitive titanium-zirconia hybrid prostheses and post-treatment panoramic radiograph demonstrating the final

rehabilitation with fully seated prosthetic screws.

Post-treatment panoramic radiograph demonstrating
the final rehabilitation with fully seated prosthetic
screws

Passive adaptation of the prostheses was clinically verified, and
immediate loading was successfully achieved. The final titanium-
zirconia hybrid prostheses demonstrated stable occlusion,
favorable aesthetics, and functional rehabilitation, with high
patient satisfaction. No biological or prosthetic complications were
observed [follow-up period-to be specified]. Special consideration
was given to the emergence profile of the zygomatic implants,
prosthetic screw access trajectory, framework design, and future
maintenance requirements. The objective was not only to achieve
implant survival but also to optimize long-term prosthetic function,
hygiene accessibility, and patient satisfaction. One of the major
advantages of the photogrammetry-based workflow was the
ability to accurately record implant positions despite the extreme
divergence between the anterior and posterior zygomatic implants.
In complete-arch rehabilitations, particularly those involving Quad
Zygoma configurations, the cumulative effect of small registration
errors may become clinically significant due to the long-span
nature of the prosthetic framework.

Discussion

The use of photogrammetry reduced dependence on sequential
image stitching and provided a highly reliable digital representation
of the implant platform positions. The subsequent integration
of intraoral scanning and photogrammetry data created a hybrid
digital workflow capable of combining the strengths of both
technologies. While photogrammetry provided highly accurate
implant coordinates, intraoral scanning contributed soft tissue
morphology, occlusal information, and prosthetically relevant
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anatomical details. The resulting virtual patient model served as
the foundation for CAD/CAM framework design and facilitated
communication between the surgical and laboratory teams
throughout the restorative process. The photogrammetry workflow
enabled accurate recording of implant positions in both arches.
The digital merge process facilitated reliable integration between
implant coordinates and soft tissue anatomy. Passive adaptation
of the provisional prostheses was clinically verified. Immediate
loading was successfully achieved. The final titanium-zirconia
hybrid prostheses demonstrated stable occlusion, favorable
esthetics, functional rehabilitation, passive adaptation and patient
satisfaction. No immediate biological or prosthetic complications
were observed. The accurate transfer of implant positions remains
one of the most critical determinants of success in full-arch
implant-supported prosthodontics and the challenge becomes
considerably greater in Quad Zygoma rehabilitations due to long
implant lengths, extreme implant divergence, extended prosthetic
spans and complex emergence profiles [27]. While contemporary
intraoral scanners have demonstrated excellent performance in
short-span rehabilitations, concerns remain regarding cumulative
stitching errors in complete-arch implant scans, in which the
increased distance between scan bodies and the complexity of
the scanning path may lead to clinically relevant discrepancies in
framework adaptation [28]. This distinction becomes particularly
relevant when treating zygomatic implant cases [19]. The
integration of photogrammetry and intraoral scanning creates a
hybrid workflow that combines implant accuracy with detailed soft
tissue representation [29].

Photogrammetry offers a fundamentally different approach
by recording implant relationships simultaneously rather than
sequentially, thereby reducing the risk of distortion associated
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with complete-arch image stitching [22]. In the present case, one
of the major advantages of the photogrammetry-based workflow
was the ability to accurately record implant positions despite
the extreme divergence between the anterior and posterior
zygomatic implants, and the exteriorized zygomatic technique
contributed to favourable prosthetic emergence and framework
design, reinforcing the restorative advantages previously described
in the literature [30]. Although limited by the nature of a single-
case report, the findings support the growing body of evidence
suggesting that photogrammetry may become an important
component of advanced digital workflows for full-arch implant
rehabilitation [7]. This illustrates how surgical design and
prosthetic planning become increasingly interconnected within a
fully digital workflow, where implant positioning directly influences
restorative predictability [16]. The advantages of the exteriorized
zygomatic technique extend beyond surgical execution and have
direct implications for prosthetic rehabilitation by improving the
prosthetic emergence profile and positioning implant platforms
closer to the ideal restorative envelope, the technique facilitates
CAD/CAM framework design and may reduce cantilever length
[20,19]. Furthermore, improved implant emergence often results in
more favourable prosthetic contours, enhanced oral hygiene access,
and simplified long-term maintenance [9].

This illustrates how surgical design and prosthetic planning
become increasingly interconnected within a fully digital
workflow, where implant positioning directly
restorative predictability [8], while the addition of a zirconia
superstructure provides enhanced esthetics, wear resistance, and
biocompatibility without compromising the structural stability of
the metallic framework (26). Within a digital workflow, CAD/CAM
manufacturing allows precise control of framework dimensions
and restorative contours, supporting the objective of achieving
passive fit and biomechanical stability across the entire prosthetic

influences

arch [19]. The present case illustrates how surgical design and
prosthetic planning become increasingly interconnected within a
fully digital workflow, where implant positioning directly influences
restorative predictability [16]. An additional consideration involves
the relationship between implant divergence and digital impression
accuracy, while modern intraoral scanners have demonstrated
excellent performance in short-span applications, complete-arch
rehabilitations involving zygomatic implants present unique
challenges due to the increased distance between scan bodies and
the complexity of the scanning path [13]. Another relevant aspect
of the present case is the role of digital technologies in improving
communication among the multidisciplinary team involved in
treatment planning and execution [7]. Small cumulative registration
errors may lead to clinically relevant discrepancies in framework
adaptation and photogrammetry addresses this limitation by
capturing implant relationships independently of scanning
sequence, thereby reducing the risk of distortion associated with
complete-arch image stitching [22].

The findings of the present report are consistent with the
growing trend toward hybrid digital workflows in implant dentistry
[31]. The integration of photogrammetry, intraoral scanning, and
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CAD/CAM design enabled surgeons, prosthodontists, and dental
technicians to work from a common digital dataset throughout
all treatment phases (7), reducing the need for multiple analog
verification steps and facilitating a predictable transition from
surgical implant placement to definitive prosthetic rehabilitation
[15]. Rather than replacing intraoral scanning, photogrammetry
complements it by providing highly accurate implant position
information while allowing the scanner to focus on soft tissue
anatomy and occlusal relationships [7]. This combination appears
particularly advantageous in cases involving Quad Zygoma
rehabilitation, where passive fit and prosthetic precision are
essential determinants of long-term clinical success [32]. In
complex cases involving zygomatic implants, where prosthetic
limitations may directly influence surgical planning, the availability
of accurate digital information becomes particularly valuable, and
this report describes a single clinical case and therefore does not
permit statistical analysis and long-term clinical follow-up and
controlled prospective investigations remain necessary to establish
the precise impact of photogrammetry on prosthetic accuracy,
complication rates, and patient-centered outcomes [19].

The concept of passive fit has long been considered a
fundamental requirement for the longevity of implant-supported
restorations [28]. In full-arch rehabilitations, inaccuracies during
implant position transfer may be amplified by the length of the
prosthetic framework, increasing the risk of biomechanical
complications [22]. Recent systematic reviews have suggested
that stereophotogrammetry may achieve superior trueness
and precision compared with conventional and intraoral digital
impression techniques in complete-arch implant cases [31,27,33].
These findings support the growing adoption of photogrammetry
as a valuable adjunct in advanced implant prosthodontics,
particularly when multiple implants and complex angulations
are present [34]. Another relevant aspect of the present case
is the role of digital technologies in improving communication
among the multidisciplinary team involved in treatment planning
and execution [9]. The integration of photogrammetry, intraoral
scanning, and CAD/CAM design enabled surgeons, prosthodontists,
and dental technicians to work from a common digital dataset
throughout all treatment phases [7].

This approach reduced the need for multiple analog verification
steps and facilitated a more predictable transition from surgical
implant placement to definitive prosthetic rehabilitation [15]. In
complex cases involving zygomatic implants, where prosthetic
limitations may directly influence surgical planning, the availability
of accurate digital information becomes particularly valuable [19].
The use of a titanium-zirconia hybrid restoration may also have
contributed to the favourable clinical outcome observed in this
case because the titanium frameworks continue to be considered
the benchmark for full-arch implant-supported prostheses due to
their excellent mechanical properties, passive adaptation potential,
and long-term clinical performance [8]. The addition of a zirconia
superstructure provides enhanced esthetics, wear resistance, and
biocompatibility while maintaining the structural stability of the
metallic framework [26]. Within a digital workflow, CAD/CAM
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manufacturing allows precise control of framework dimensions
and restorative contours, supporting the objective of achieving
passive fit and biomechanical stability across the entire prosthetic
arch [8,19]. The findings of this report are consistent with the
growing trend toward hybrid digital workflows in implant dentistry
[26]. Rather than replacing intraoral scanning, photogrammetry
complements it by providing highly accurate implant position
information while allowing the scanner to focus on soft tissue
anatomy and occlusal relationships [7]. This combination appears
particularly advantageous in Quad Zygoma rehabilitations, where
passive fit and prosthetic precision are essential determinants of
long-term clinical success [32].

From a clinical perspective, the combination of Quad Zygoma
rehabilitation and mandibular All-on-4 treatment represents
one of the most demanding scenarios in implant prosthodontics
[35]. The simultaneous management of long-span restorations,
implant divergence, immediate loading requirements, and esthetic
demands requires a highly coordinated workflow [32]. The present
case suggests that photogrammetry may serve as an important
tool for reducing uncertainty during implant position transfer and
framework fabrication [7]. Although additional prospective clinical
studies are necessary to validate these findings, the integration
of photogrammetry into full-arch digital protocols appears to
align with the ongoing evolution of implant dentistry toward
increasingly accurate, efficient, and patient-centred treatment
solutions. Nevertheless, this report describes a single clinical
case and therefore does not permit statistical analysis. Long-term
clinical follow-up and controlled prospective investigations remain
necessary to establish the precise impact of photogrammetry
on prosthetic accuracy, complication rates, and patient-centred
outcomes.

Conclusion

The combination of extraoral photogrammetry, intraoral
scanning, CAD planning, and CAD/CAM manufacturing enabled a
fully digital rehabilitation of a patient treated with Quad Zygoma
implants in the maxilla and an All-on-4 protocol in the mandible.
Photogrammetry facilitated accurate implant position transfer
despite significant implant divergence and contributed to the
fabrication of passively fitting titanium-zirconia hybrid restorations.
This digital workflow appears to represent a promising strategy
for highly complex implant-supported full-arch rehabilitations,
although prospective clinical studies with long-term follow-up are
required to validate these findings.
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