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Abstract

Background: Severe trismus and post-oncologic maxillary defects often prevent conven-
tional zygomatic implant placement. This study evaluates a novel implant specifically
designed for reverse insertion (from the zygoma toward the oral cavity) and assesses its
feasibility and accuracy in a cadaveric model. Materials and Methods: A Brown Class II
maxillectomy was simulated in a fresh-frozen cadaver. Four custom reverse zygomatic
implants were virtually planned and placed using CAD/CAM surgical guides. Superior
and inferior orbital approaches were compared. Postoperative CT was superimposed onto
the preoperative plan to measure linear and angular deviations, and a 3D-printed verifica-
tion bar assessed prosthetic alignment. Results: All implants were successfully inserted
with primary stability and without compromising critical structures. The superior orbital
approach yielded lower deviations and better guide stability, which was reflected in the
results: deviation at the zygomatic bone was 1.25 mm in the superior approach vs. 2.32 in
the inferior approach, intraorally 4.7 mm vs. 7.3 mm, and angular deviation 1.85° vs. 5.63°.
Despite minor distal deflection, intraoral emergence remained within clinically acceptable
limits, allowing partial seating of the verification bar. Conclusions: Reverse-insertion
zygomatic implants are technically feasible, anatomically safe, and compatible with fixed
prosthetic rehabilitation in cases where conventional placement is impossible. Penetrating
the orbit, injuring the skin or the infraorbital nerve could be possible but guided surgery
seems to prevent them. A forthcoming clinical series of eight additional cases will further
validate this protocol.

Keywords: zygoma; edentulous mouth; mouth rehabilitation; dental implantation; atrophic
maxilla; trismus

1. Introduction

The loss of teeth has profound functional, social, and psychological consequences.
Edentulism has been associated with reduced quality of life, depression, social withdrawal,
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and even diminished employment opportunities [1,2]. Dental implant rehabilitation re-
mains the gold standard for replacing missing teeth, restoring both oral function and facial
aesthetics. However, successful implant placement requires adequate bone volume to
achieve primary stability and long-term osseointegration [1,2].

Zygomatic implants, first described by Branemark in the 1990s, have revolutionized
oral rehabilitation in patients with severe maxillary atrophy [3]. Initially, two posterior
zygomatic implants were combined with two to four anterior conventional implants, but
subsequent studies demonstrated that full-arch fixed rehabilitation could be achieved using
four zygomatic implants alone in cases of advanced maxillary bone loss [4-6]. In less
extreme cases, hybrid configurations combining one to three zygomatic implants with
conventional implants have been successfully employed to restore dental function [1,7].

Beyond atrophic maxillae, zygomatic implants have also played a crucial role in the
reconstruction of patients who have undergone maxillectomy following oncologic resec-
tion or trauma, providing stable anchorage for prosthetic rehabilitation even in complex
anatomical situations [8]. However, these reconstructive applications are often associated
with significant challenges. Soft tissue flaps used to close oncologic defects may lack ade-
quate bone support and can distort normal anatomical landmarks, complicating implant
orientation and stability [1]. In addition, post-radiotherapy patients frequently present with
trismus, particularly when this is combined with chemotherapy, further limiting mouth
opening [1,9]. Given the considerable length of zygomatic implants, adequate mouth
opening is essential for conventional insertion. Consequently, these anatomical and func-
tional limitations can preclude the possibility of implant-supported rehabilitation, leaving
patients without effective prosthetic solutions for speech, mastication, and aesthetics.

To overcome these anatomical constraints, Dawood et al. [10] reported a pioneering
case using zygomatic implants inserted in reverse—that is, from the zygomatic bone
toward the oral cavity—achieving successful rehabilitation in a patient with restricted
mouth opening. Nevertheless, to the best of our knowledge, the scientific literature lacks
further studies exploring this approach or its potential clinical applications.

In this study, we introduce a novel zygomatic implant prototype specifically designed
for reverse insertion, together with a detailed description of the surgical protocol. This
innovative technique represents a significant advancement in maxillofacial rehabilitation,
offering a new treatment alternative for patients with severe trismus or maxillary defects
where conventional implant placement is not feasible. By enabling prosthetic restoration in
otherwise inoperable cases, this approach could expand the boundaries of implantology
and improve the quality of life in a particularly challenging patient population.

2. Materials and Methods
Study Design

A proof-of-concept cadaveric investigation was undertaken to evaluate the technical
feasibility, anatomical safety, and positional accuracy of a newly designed reverse-insertion
zygomatic implant. The study also aimed to define and validate a standardized surgical
protocol for its placement (Figure 1). The experiment was conducted on a fresh-frozen hu-
man cadaveric head under laboratory conditions reproducing clinical maxillofacial surgical
standards. Ethical approval was obtained from the Ethics Committee of the University
of Barcelona (IRB00003099), and all procedures conformed to the ethical principles of the
Declaration of Helsinki (2013 revision) and relevant institutional anatomical donation
regulations. The experimental setup was designed to simulate a post-maxillectomy sce-
nario with severe posterior maxillary bone loss, similar to those encountered in oncologic
reconstruction or advanced atrophic cases (Table 1). The prototype implant was developed

https://doi.org/10.3390/prosthesis8040039


https://doi.org/10.3390/prosthesis8040039

Prosthesis 2026, 8, 39

30f13

and manufactured by Avinent (Avinent Implant System, Santpedor, Spain) in collaboration

with the research team.
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Figure 1. Experimental design of the study.

Table 1. Technique procotol.

1. Initial CT scan and Virtual surgical planning (VSP).

2. Maxillectomy defect with patient-specific CAD/CAM cutting guides, leaving the
central incisors as positioning guides.

3. Zygomatic bone approach:

e  superior blepharoplasty incision with lateral extension
e orinferior blepharoplasty incision with lateral canthotomy and cantholysis.

4. Zygomatic bone surface exposure.

5. Polyamide drilling guide adapted to the osseous limits of zygomatic bone and
inferior orbital rim.

6. Drilling of the implant path.

7. Implant assembly.

8. Insertion of the implants at a low speed (2040 rpm).

9. Distal abutment removal, connecting a 30° angled 4.1 x 3 mm transepithelial
abutment to the implant body.

10. Final CT scan.

11. Removal of the central incisors.

12. Verification of final intraoral implant position concordance with a custom-shaped
polyamide Ackerman-bar over the abutments.

(a) Implant design
The proposed reverse zygomatic implant represents an evolution of the tradi-

tional zygomatic concept, specifically engineered to allow retrograde insertion—from
the zygomatic body toward the oral cavity—rather than the conventional intraoral-to-

zygomatic trajectory.

This orientation was conceived to overcome the anatomical and functional limita-

tions of patients with a restricted oral aperture (trismus), flap reconstructions, or distorted

anatomical landmarks, where traditional access routes are impractical or unsafe. Struc-
turally, the implant comprises two integrated but functionally distinct segments:

Distal non-threaded stem (passive segment)—cylindrical and polished to minimize
friction during transzygomatic passage, facilitating atraumatic insertion and reducing
heat generation during placement.

Proximal threaded portion (active segment)—characterized by deep double-threaded
spirals with self-tapping cutting edges to achieve bicortical anchorage within the dense
zygomatic cortical bone, ensuring primary mechanical stability. The implant diameter
ranges from 4.1 mm (passive stem) to 5.0 mm (active threaded portion), and the total
length varies from 40 mm to 60 mm, adaptable to the anatomical width and curvature
of the zygomatic arch. The threaded portion measures 20 mm and terminates in a
universal external hexagonal connection (4.1 mm), which is compatible with standard
prosthetic components (Figure 2a).
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Figure 2. (a) Implant design. The threaded end is the proximal end, which remains in the zygomatic
bone. The machined end is the distal end, that extends to the mouth. (b) Implant (left) with the distal
abutment (middle) and the implant screwdriver (right), before assembly. (c) Closing cap placed on
the zygomatic end of the implant.

The material composition is titanium alloy Grade 23 ELI (Ti6Al4V), chosen for its high
fatigue resistance, biocompatibility, and proven osseointegration capacity. A removable
external transport carrier is attached to the zygomatic end to enable precise control during
insertion and to facilitate orientation (Figure 2b). Once the implant is fully seated, the
carrier is removed and replaced by a 30° angled transepithelial abutment connected at
the intraoral emergence. The conical transition between the machined passive stem and
the threaded active section ensures progressive torque transmission, distributing forces
evenly along the zygomatic cortical interface. A sealing screw or cover cap is applied at the
zygomatic extremity to prevent soft-tissue ingrowth or contamination within the implant
channel (Figure 2c). This feature is essential when the zygomatic surface is covered by
reconstructive flaps or dense fibrotic tissue.

(b) Virtual surgical planning

A multiphase virtual planning workflow was implemented to optimize implant tra-
jectory and ensure reproducible placement accuracy. A high-resolution maxillofacial com-
puted tomography (CT) scan was performed with Siemens Somatom Go.Top, 64-slice,
VA40A software, 0.6 mm slice thickness(Siemens, Forchheim, Germany). The DICOM
datasets were processed using Materialise Mimics Medical 26.0 for segmentation and Mate-
rialise 3-Matic Medical 18.0 for three-dimensional planning and design. A Brown Class
II maxillectomy defect [11] was digitally simulated to reproduce the clinical scenario of
a hemimaxillectomy patient. The four zygomatic implant trajectories were planned to
achieve intraoral emergence at the maxillary canine (13, 23) and second premolar (15, 25)
regions, thus re-establishing the prosthetic arch and occlusal line.

Each implant was positioned to maximize zygomatic bone contact while avoiding
critical structures such as the orbit, infraorbital foramen, zygomaticofacial canal, and tem-
poral fossa. Implant paths were interactively adjusted across multiple planes (axial, sagittal,
and coronal) to ensure safe angulation, cortical engagement, and prosthetic emergence
alignment. To translate the virtual plan into the cadaveric environment, custom CAD/CAM
surgical guides were designed and 3D printed. Two guide systems were manufactured:

a maxillectomy cutting guide to create a reproducible bone defect, and

a zygomatic drilling guide to control implant insertion and angulation.

Both were produced from biocompatible polyamide PA 2200 using a Formiga P110
selective laser sintering printer (EOS GmbH, Krailling, Germany) (Figure 3).
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Figure 3. Virtual surgical planning: (a) Design of the maxillectomy and the polyamide cutting guides.
(b) Design of the drilling guides for implant placement and their positioning over the zygomatic
bone. (c) Planned position of the implants. (d) Left cutting guide for maxillectomy. (e) Left drilling
guide for implant placement.

(c) Surgical protocol

All procedures were conducted under continuous irrigation with saline (0.9% sodium
chloride) to prevent overheating of the cortical bone. The virtual plan and 3D guide
reference images were continuously displayed during surgery to ensure adherence to the
pre-planned trajectories.

e  Step 1. Maxillectomy and anatomical exposure
A Class Il maxillectomy was executed intraorally following the CAD/CAM cutting
guide (Figure 3a,e), stabilized with three titanium screws (Titamed, Kontich, Belgium).
The central incisors were retained as positional references for later prosthetic alignment.
Subsequently, bilateral orbital approaches were tested to evaluate surgical access and
visibility of the zygomatic bone:

@) On the right side, a superior blepharoplasty incision with lateral extension was
performed (Figure 4a).
O On the left side, an inferior blepharoplasty with lateral canthotomy and can-

tholysis was used (Figure 4b). Both approaches enabled full exposure of the
zygomatic body, lateral and inferior orbital rims, infraorbital nerve, zygomati-
cotemporal suture, and frontal process of the zygoma.

Figure 4. (a) Right superior blepharoplasty incision. (b) Left inferior blepharoplasty incision with
cantholysis. (c) Drilling guide in the inferior blepharoplasty approach. (d) Drilling procedure.
(e) Implant paths on the left zygomatic bone. (f) Implant placement. (g) Intraoral emergence of
the implants.
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Step 2. Drilling sequence

The polyamide drilling guide (Figures 3b,e and 4c) was adapted to the zygomatic
contour and secured with three titanium screws. A temporal support flange ensured
proper spatial orientation. Sequential drilling was performed, using removable inter-
nal metal sleeves and standard zygomatic implant burs: Southern Implants (Irene,
South Africa), Straumann (Basel, Switzerland), Avinent (Santpedor, Spain) with low-
speed, high-torque settings under copious saline irrigation (Figure 4d). Drilling was
performed progressively until full transzygomatic penetration was achieved, ensuring
that the exit point coincided with the previously planned intraoral emergence site.

Step 3. Implant insertion

Before placement, each implant was assembled with a distal protective carrier to safe-
guard the prosthetic interface during manipulation (Figure 2b). Implants were inserted
in a reverse orientation, progressing from the zygomatic surface toward the oral cavity,
at a rotational speed of 2040 rpm and a torque of 40 N-cm (Figure 4f). Final seating
was achieved manually, ensuring intimate cortical engagement without microfrac-
ture. Following full insertion, the carrier was detached, and a 30° angled 4.1 x 3 mm
transepithelial abutment (Avinent, Santpedor, Spain) was attached (Figure 2c). The
abutments were oriented to achieve parallelism and to simulate optimal prosthetic
alignment. All surgical steps were documented through intraoperative photography
and high-definition videography for procedural validation and reproducibility.

(d) Postoperative assessment and 3D analysis
Upon implant placement, linear anatomical measurements were performed directly

on the specimen to evaluate spatial relationships, including:

The distance between the most anterior implants and the vertical osteotomy line of

the premaxilla (Figure 5a).
Linear inter-implant distances within each hemiarch (Figure 5b).

Distance
between
implants

Distance between mesial implant
and remaining premaxilla

Figure 5. Intraoral measurements: (a) From the medial implant to the vertical premaxilla osteotomy.
(b) Between the anterior and posterior implants. (c) Frontal view of emergence concordance between
the multiunit abutments and the polyamide bar simulating an Ackerman-bar. (d) Occlusal view
of emergence concordance between the multiunit abutments and the polyamide bar simulating an
Ackerman-bar. (e) Linear and angular deviations were measured compared to the axis of the implants.
(f) Comparison between the planned surgery (red) and the final result (blue).
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A postoperative CT scan was acquired using the same scanner parameters to allow 3D
superimposition onto the preoperative plan. The central incisors were retained to facilitate
alignment between both DICOM datasets. A custom-designed polyamide verification
bar mimicking an Ackerman-type prosthetic bar was fabricated according to the planned
intraoral emergence points. The bar was fitted, after removing the incisors, onto the
abutments to verify prosthetic passivity and spatial correspondence between planned and
achieved positions (Figure 5¢,d).

Subsequent 3D reconstruction and comparison analyses were carried out using Materialise
Mimics Medical 26.0 and 3-Matic Medical 18.0 software. Quantitative assessments included:

e Linear deviation (mm) at the zygomatic and intraoral entry/exit points (Figure 5f).
e Angular deviation (°) between the planned and actual implant axes (Figure 5e,f).
e  Zygomatic bone volume (mm?).

These data allowed for precise validation of the surgical accuracy, biomechanical
stability potential, and reproducibility of the reverse insertion technique.

(e) Outcome parameters

Primary outcome measures were:

e  Feasibility of reverse implant placement through zygomatic bone without cortical
perforation or involvement of anatomical structures such as the orbit, temporal fossa,
infraorbital nerve or the skin.

e  Accuracy of placement compared with the virtual plan.

o Accessibility and visibility differences between the superior and inferior orbital approaches.

Secondary outcomes included the assessment of the prosthetic alignment feasibility
and absence of iatrogenic risk to adjacent structures such as the orbit, infraorbital nerve,
and temporal fossa.

3. Results

A proof-of-concept cadaveric experiment was successfully performed using static
guided surgery to evaluate the feasibility and accuracy of the reverse-insertion zygomatic
implant protocol. Four prototype implants were placed bilaterally in the maxilla of a
fresh-frozen cadaveric specimen according to the preoperative virtual plan. All implant
sites were prepared using patient-specific 3D-printed drilling guides designed from the
virtual surgical simulation.

3.1. Surgical Feasibility and Intraoperative Performance

Both orbital access approaches—the right superior blepharoplasty with lateral exten-
sion and the left inferior transconjunctival blepharoplasty with lateral canthotomy and
cantholysis—provided excellent exposure of the zygomatic body, lateral orbital rim, and
infraorbital region. This exposure allowed stable and reproducible positioning of the
polyamide drilling guides without mechanical interference or deformation.

Soft-tissue management was crucial to prevent tension or obstruction from the buccal
fat pad and malar soft tissues. When these were adequately retracted, implant insertion was
smooth and ergonomically feasible, with no conflict with adjacent anatomical structures
such as the orbital floor, zygomatic arch, or temporal fossa.

All four implants reached full seating without mechanical complications. Primary
stability was achieved in all cases, confirmed by manual torque control and absence of
micromovement. A slight elastic flexion was noted near the intraoral (occlusal) end during
placement, likely related to the long, narrow stem traversing the zygomatic canal, but it
did not compromise anchorage or abutment alignment.
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3.2. Zygomatic Bone Anatomy and Implant Distribution

The zygomatic bone volumes were measured at 4.08 cm? on the right side and 4.65 cm?
on the left side, providing sufficient cortical density for stable anchorage (Table 2).

Table 2. Deviations regarding planned and postoperative results.

Right Left
Implant Position 13 15 23 25
Zygomatic Bone Volume (cm?) 4.08 4.65
Implant Length (mm) 50 40 50 40
COMPARISON OF IMPLANT POSITION
Lineal deviation at zygomatic bone (mm) 0.9 1.6 3.77 5.64
Lineal intraoral deviation (mm) 1.23 3.41 6.46 8.14
Angular deviation (°) 0.65 3.04 4.29 6.96
Angle regarding vertical line (°) 43.41 44.59 33.96 37.61
% implant outside the bone 68.22% 79.96% 78.51% 79.62%
Matching with polyamide bar * +++ + +++ +

* Degree of concordance was assessed by visual inspection. +++ indicates full concordance, + indicates approxi-
mately one third.

Implant dimensions were adapted to the virtual plan:

e  Anterior implants (positions 13 and 23): 50 mm length.
e  Posterior implants (positions 15 and 25): 40 mm length (Table 2).

Linear intraoral measurements confirmed anatomical symmetry between both sides,
with 9 mm between implants 13 and 15, and 15 mm between implants 23 and 25. The
distance from the right anterior implant (13) to the premaxillary osteotomy was 3 mm, and
from the left anterior implant (23) to its corresponding osteotomy line was 11 mm (Table 3).

Table 3. Linear measurements.

Linear Measurements

Distance Between Implants at Distance from Mesial Implant Intraoral Distance Between
Zygomatic Bone (mm) to Premaxilla Osteotomy (mm)  Mesial and Distal Implants (mm)
Right Left Right Left Right Left
Intraoral - - 3 11 9 15
Preoperative 8.9 8.8 1.73 5.42 9.38 10.54
Postoperative 9.56 7.62 1.75 10.22 8.67 14.13
Differencgs in
preoperative— 0.02 1.12 0.02 48 0.71 3.59

postoperative
CT

3.3. Accuracy Analysis: Comparison Between Planned and Achieved Positions

A postoperative CT scan was acquired and digitally superimposed onto the virtual
plan to assess linear and angular deviations.
Deviations were measured at two reference points for each implant:

1.  The zygomatic entry point (proximal segment).
2. The intraoral emergence (distal segment).
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Additionally, the angular deviation between the planned and actual implant axes
was computed.

Results demonstrated that linear deviation was consistently greater at the intraoral
emergence, indicating minor deflection during the long transzygomatic path. The smallest
overall deviation occurred at position 13 (1.23 mm), while the greatest was observed at
position 25 (8.14 mm) (Table 2).

Mean deviations were significantly smaller on the right side (1.23 mm and 3.41 mm)
than on the left side (6.46 mm and 8.14 mm), correlating with better mechanical control in
the superior blepharoplasty approach. This difference suggests that the superior orbital
access provides enhanced drill stability and depth control compared with the inferior
approach, but it could also be attributed to suboptimal placement of the drilling guide.

Angular deviations followed a similar pattern, being minimal on the right side and
greater on the left, where implant trajectories showed less inclination relative to the ver-
tical axis (Table 3). The observed angular variance likely reflects minor intraoperative
guide movement during the inferior blepharoplasty procedure, where soft-tissue elasticity
and surgical ergonomics are more challenging, or potentially inaccurate positioning of
the guide.

3.4. Prosthetic Alignment and Intraoral Verification

After placement, the polyamide verification bar was placed over the multi-unit
transepithelial abutments to assess intraoral alignment accuracy and prosthetic feasibility
(Figure 5c).

The two anterior implants (positions 13 and 23) exhibited complete passivity and
perfect alignment with the predesigned bar, confirming accurate correspondence with the
virtual plan. In contrast, the two posterior implants (positions 15 and 25) achieved only
partial contact (approximately one-third of the bar width), reflecting minor distal deflection
consistent with the CT-measured deviations (Table 3).

Despite these discrepancies, the overall intraoral emergence pattern remained within
clinically acceptable limits for prosthetic restoration. The prosthetic space and angulation
of all four abutments were sufficient to allow the fabrication of a fixed dental prosthesis
without mechanical interference or excessive divergence.

3.5. Overall Findings and Procedural Validation

The experimental outcomes confirmed that the reverse-insertion zygomatic implant
concept is surgically feasible, anatomically safe, and mechanically stable.

No perforation of the orbital floor, maxillary sinus, or infratemporal fossa was detected.
The guided surgical system allowed accurate transzygomatic drilling and implant posi-
tioning, with deviations comparable to those reported in conventional zygomatic guided
implantology (<2 mm at the entry point, <8 mm at the exit point, and <5° angular variance).

The superior blepharoplasty approach appeared to offer superior control, reduced
angular deviation, and better visibility compared with the inferior orbital access. Both
approaches, however, provided adequate exposure and allowed safe manipulation of
the instruments.

Finally, prosthetic verification confirmed that intraoral emergence alignment was
sufficiently precise to support an immediate or delayed prosthesis, validating the potential
clinical translatability of this reverse-insertion protocol for patients with restricted oral
access or extensive maxillary defects.
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4. Discussion

This proof-of-concept cadaveric study demonstrates, for the first time, the feasibil-
ity, safety, and positional accuracy of a newly designed zygomatic implant conceived
specifically for reverse insertion. This approach directly addresses the clinical limitations
described in the introduction—namely, severe trismus, altered maxillary anatomy due to
oncologic resections, and restricted intraoral access—which often preclude placement of
conventional zygomatic implants [1,9]. The present findings expand upon the isolated case
described by Dawood et al. (2015) [10], offering the first structured design rationale and
standardized surgical protocol for reverse-trajectory zygomatic implant placement.

In their study, Dawood et al. only placed one reverse zygomatic implant on one side
affected by hemimaxillectomy, combining it with two conventional zygomatic implants
on the other side. This approach would not address the problem of the limited mouth
opening. Furthermore, no data was provided regarding differences in accuracy between
planification and final result.

The implant’s dual-segment configuration—passive polished transzygomatic stem
and active 20-mm threaded engagement portion—was validated as compatible with zygo-
matic bone anatomy. Previous analyses report intra-malar bone lengths rarely exceeding
20 mm [12], supporting the chosen active-thread length. The 5.0-mm thread diameter
was dimensioned to enhance cortical anchorage, consistent with mechanical principles
described for conventional zygomatic implants [13]. The reverse orientation does not rely
on crestal bone as a reference, which is advantageous in post-maxillectomy cases where
such landmarks are absent.

Both orbital approaches tested provided adequate access; however, the superior ble-
pharoplasty incision yielded smaller linear and angular deviations, correlating with im-
proved drill stability and guide adaptation. This aligns with previous anatomical de-
scriptions of supratarsal access, which emphasize predictable exposure of the zygomatic
body and temporal buttress [14-16]. In contrast, the inferior transconjunctival approach,
although effective, may be more vulnerable to soft-tissue elasticity and guide mobility,
partially explaining the deviations observed [17,18]. The polyamide guides could also be
applied to living patients, as used in other maxillofacial surgeries. Beyond the widespread
use of polyamide, other polymers suitable for surgical guides are PMMA, valued for its
translucency and low cost, and PEEK, characterized by its enhanced mechanical proper-
ties [19]. However, accuracy could be improved if surgery were assisted by navigation
(dynamic computer-aided surgery), to ensure perfect guide and implant placement.

The magnitude and pattern of deviations observed—minimal at the zygomatic en-
try and greater at the long transzygomatic trajectory—are consistent with inaccuracies
reported in guided zygomatic implantology (<2 mm entry, <8 mm exit, <5° angulation) [20].
Although deviations were higher on the left side, possibly due to guide mispositioning,
prosthetic verification demonstrated that intraoral emergence remained within clinically
acceptable limits.

The intraoral verification bar confirmed precise alignment for the anterior implants
and partial, yet acceptable, alignment for posterior implants. Literature suggests that
long-term stability in quadruple-zygoma frameworks depends largely on splinting and
anterior implant load distribution [8-13]. Given that reverse zygomatic implants transfer
occlusal forces directly to the zygoma in the absence of alveolar support, the posterior
pair is likely to experience the highest mechanical stresses [21]. While increasing implant
diameter could theoretically reduce fracture risk [22], anatomical constraints may limit
such modifications in certain patients.

Recent advances in subperiosteal implants and ZIP-flap reconstructions provide valid
alternatives for maxillary rehabilitation [23-26]. However, these methods often require
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immediate planning at the time of oncologic surgery or the presence of vascularized bone
flaps. For patients reconstructed solely with soft-tissue flaps—or those who underwent
maxillectomy years earlier—the reverse-insertion implant may offer a more straightforward
and less invasive route to fixed dental rehabilitation.

This study provides a reproducible surgical protocol supported by CT-based planning,
CAD/CAM drilling guides, and quantitative 3D accuracy assessments. However, several
inherent limitations exist. Cadaveric heads cannot model functional trismus, dynamic soft-
tissue behavior, or prosthodontic constraints related to reduced oral aperture. Additionally,
although intraoral emergence proved satisfactory for bar fitting, full prosthesis fabrication
was not performed.

As the sample is small, conclusions about clinical applicability remain preliminary.
Further validation in clinical series is required to determine the feasibility of the differ-
ent approaches and possible technical difficulties during surgery, as well as long-term
biomechanical behavior, prosthetic performance, and complication rates. In the long
term, deviations in intraoral emergence may lead to poorer hygiene and consequently
peri-implant leakage, bulky prostheses, material fatigue and possible difficulty in speech.

The research team is currently preparing a subsequent article that will include eight
additional clinical cases treated with this same protocol, which will provide essential clinical
and functional outcome data. It is expected that accuracy will tend toward deviations
around 1-3 mm and less than 5°.

If this further research confirmed satisfactory results, it could be introduced to clinical
practice and help patients without alternatives for oral rehabilitation.

5. Conclusions

In summary, this study introduces and validates a novel reverse-insertion zygomatic
implant system and surgical workflow. The proposed technique overcomes key anatomical
and functional limitations in patients with severe trismus or maxillary defects, offering
a promising alternative for fixed rehabilitation in cases where conventional zygomatic
implants are not feasible. Future clinical studies with larger cohorts will be essential to
assess long-term precision, stability, and clinical outcomes.
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