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A randomized clinical trial in
“All on four” rehabilitations
with 6-years follow-up:
digital versus traditional

workflow

Abstract

Aim

The present study compares and evaluates
the "All on Four” type rehabilitations
obtained through a traditional technique,
with “All on Four” rehabilitations made
using an entirely digital method, with a
6-years follow-up.

Materials and methods

The workflow displayed in this study
analyzes in detail each design and clinical
phase of both methods, which were
applied to a total of 50 patients recruited
by the Department of Dentistry of the
University Vita e Salute San Raffaele. The
selected patients were divided into two
randomized groups of 25 people: in total,
100 implants were placed in 25 patients
who received a full-arch rehabilitation
performed using the traditional All on Four
method and 100 implants in 25 patients
who received a full-arch rehabilitation
performed using a digital method.

After 6 years, different percentages of
success were obtained: 989% of success
for the group of patients treated with the
traditional "All on Four" protocol and 100%

DOI

of success for the group treated with the
digital protocol. At each time interval a
significant difference (P <0.0001) in peri-
implant crestal bone loss between the
two groups was detected, with an average
Marginal Bone Level (MBL) at 6 years of
1.12 £ 0.25 mm in patients treated with
traditional method and 0.88 + 0.10 mm
in patients treated with digital method.
Patients belonging to the digital group
have judged the immediate loading (929%),
digital smile preview (93%), the mock-up
test (98%) and guided surgery (94%) as
very effective. All patients treated with
a digital method reported a lower value
of during-surgery and post-surgery pain
compared to patients rehabilitated using
traditional method.

Conclusion

The totally digital protocol described
in the present study represents a valid
therapeutic alternative to the traditional
“"All on Four” protocol for implant-
supported rehabilitations of edentulous
dental arches.
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INTRODUCTION

Obtaining an effective implant supported prosthetic
device in edentulous patients is the main goal of an oral
rehabilitation. This type of rehabilitation is becoming
more and more used considering the increase of life
expectancy and the growth in the number of edentulous
patients with specific and aesthetic needs, especially
in cases where more traditional removable prosthetic
solutions are not well tolerated. To satisfy the need to
stabilize the prosthetic devices, solutions have been
developed that use multiple osseointegrated titanium
implants as support systems (1-3).

The therapeutic efficacy of rehabilitations based on the
use of a small number of implants, with a high aesthetic
and functional yield, is now universally recognized (4-8).
Among the most used implantology protocols for the
treatment of dental arches with moderate/severe bone
atrophy, the "All on Four" technique continues to achieve
great success within the scientific community (4-6).
This method involves the placement of 4 implants: two
axial ones positioned in the anterior sector and two
inclined at about 30 - 35 ° with respect to the occlusal
plane in the posterior sectors. This inclination allows
to distalize the implant emergency and to provide
support to a prosthetic arch up to the first molar, and
to avoid any damage the noble structures such as the
maxillary sinus (upper arch) and the inferior alveolar
vascular-nerve bundle (lower arch). This also avoids the
bone regeneration procedure in the presence of severe
atrophies (9). In recent years, digital technologies have
significantly changed the clinical dental practice with
regards to diagnosis, prosthetic planning, guided surgery
and implant-supported rehabilitations (4-6).

With the recent introduction of software specifically
programmed for clinicians and dental technicians, it is
possible to combine the aforementioned procedures (4).
It is therefore possible to elaborate an implant-prosthetic
rehabilitation, even in the more complex scenarios,
using a software, thus having the opportunity to pre-
visualize the final result and consequently improve the
communication between the clinician and the patient,
as well as between prosthodontist, surgeon and dental
technician, also obtaining a better quality of the project
and the final result (4,5). Starting from 2014, clinicians
from the Department of Dentistry of the Vita-Salute San
Raffaele University, have developed and applied a specific
digital protocol More than 4 years later, the results of this
work highlighted the main differences between a digital
and a traditional method.

The aim of the present study is to describe and apply the
two protocols on two homogeneous groups of patients,
evaluating Marginal Bone Level values (at 12, 24, 36, 48,
60, and 72 months) by radiographic evaluation, implant
and prosthetic complications and failures, appreciation
by the patient of the procedures used, and evaluation of
operative and post-operative pain.

December 2024; 16(4) © Tecniche Nuove

MATERIALS AND METHODS.

Patients Selection

All procedures executed in this study involving human
participants were in accordance with institutional and/
or national research committee ethical standards and
the 1964 Declaration of Helsinki and its subsequent
amendments or comparable ethical standards. The ethics
committee approval number is CE/INT/10/2015.

The study was conducted at the Dentistry Department of
the IRCCS San Raffaele, Milan, Italy.

Patients were enrolled from January 2017 to November
2017; the study data were collected from the date of
patient recruitment until January 2024.

The implant-prosthetic protocol included a population
of 50 patients, between 46 and 85 years, who underwent
rehabilitation of the edentulous maxilla with a reduced
number of implants.

Twenty-five patients were randomly selected and
subjected to the implant-prosthetic protocol with the
digital method. The remaining twenty-five underwent
the traditional "All On Four" protocol.

Inclusion criteria were: patients of any ethnicity over 18
years of age, male and female; patients with good general
health, without chronic disease (immunosuppression,
untreated coagulation problems, chemotherapy and
radiotherapy, assumption of bisphosphonate drugs,
cardiac conditions and uncompensated diabetes). The
selected patient must have had at least one totally
edentulous arch or with few hopeless elements, upper
mouth opening wider than 50 mm, sufficient bone
available for implant fixtures placement: for the
edentulous maxilla the anatomical inclusion criterion
was a residual ridge crest of a minimum of 4 mm wide
buccolingually and higher than 10 mm high from canine
to canine; for the lower maxilla a residual ridge crest at
least 4 mm wide buccolingually and higher than 8 mm
high in the intraforaminal area.

Exclusion criteria were: smoking and drug habits,
pregnancy, irregular or thin bone crest and high smile line
in the maxilla that would have needed bone reduction

Clinical Procedure

Patients from both groups underwent a preliminary oral

examination. During this, after a detailed compilation of

the medical and dental history, the clinicians would:

« confirm the presence of an edentulous maxilla and
treat the patients with few hopeless elements before
the procedure with remediation and delivery of a
temporary immediate total prosthesis;

e prescribe an initial orthopantomography to the
patient;

» take alginate impressions for the construction of
occlusal rim, in order to produce a total diagnostic
prosthesis correct from an aesthetic and functional
point of view.

Once it was clear that a patient could be included in
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Fig. 1 Open flap surgery (traditional protocol).

the clinical protocol, he/she signed a specific Informed
Consent document for implant surgery with immediate
loading. Before the next session, the patients were
divided into two groups through a randomization
process: 25 patients underwent the digital protocol, and
the remaining 25 underwent the traditional protocol.
Randomization processes occurred by lots in closed
envelopes and were performed by a blinded operator.

During the second appointment:

e the patient underwent a professional oral hygiene
session of the antagonist arch;

» the photos of the edentulous jaw were taken;

« the wax wall was "functionalized" using a traditional
method;

» aCone Beam CT was prescribed: in the case of a digital
method, it was performed with the functionalized wall
and a radiopaque reference marker for radiographic
evaluation (Scan Marker 3DIEMME, Milan, Italy).

As for the traditional protocol, the third visit:

e denture structure and functionality test;

e aesthetic and phonetic evaluation test;

« one-dimensional VRS scale for the assessment of the
patient's appreciation of the aesthetic test (1-very
effective, 2-effective, 3-ineffective).

As for the traditional protocol, in the fourth appointment,
we went to the surgical phase, with subsequent immediate
loading prosthesis. One hour before the procedure 2g of
amoxicillin + clavulanic acid were administered to the
patient, who continued to assume (1g twice a day) for
the week following the intervention as a post-surgical
prophylaxis.

After local anesthesia, an incision was made in the center
of the ridge alongside the entire length of the ridge,
from the area of the first molar to the area of the first
contralateral molar, with bilateral discharge incisions;
The oral surgeon then performed a subperiosteal
dissection and a bone remodeling, if necessary to obtain

2P

Fig. 2 Bidimensional digital project.

Fig. 3

Virtual positioning of the
implants, based on the
aesthetic prosthetic project.

a uniformly leveled bone crest. The two-implant fixtures
were inserted in the posterior sector, tilted by about
30 - 35 degrees relative to the occlusal plane. Then the
two axial fixtures were carried out in the anterior sector
(Figure 1). Only Winsix TTx implants (Biosafin S.R.L.,
Ancona - Italy), diameter 3.3 or 3.8 (Tab. 1) were used.

In the presence of bone with a well-represented
trabecular portion, an under-preparation has been
performed, to obtain a high primary stability, necessary
for the subsequent immediate loading. The insertion
torque range of all implants was 35-55 N / m. EATX
WinSix extreme abutments (Biosafin S.R.L., Ancona
- Italy) of 0 °, 17 ° or 30 ° were screwed in, in order to
compensate for the lack of parallelism between the
implants; the angle was chosen to obtain the position of
the screw access hole at the occlusal or lingual level of the
prosthesis. The access flap was adapted and sutured with
non-absorbable 4-0 sutures; At the end of the surgery,
the temporary prosthesis, previously made, was directly
adapted and relined directly into the patient's mouth and
polished in the on-site laboratory, to obtain immediate
loading of the implants.

As for the digital protocol, the third visit included:
o test of the occlusal rim, that was previously

December 2024; 16(4) © Tecniche Nuove
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Fig. 6 Surgical template in the oral cavity and implant positioning.

functionalized according to traditional phonetic and
aesthetic criteria.

» The execution of the specific photographic protocol
for digital planning, including intraoral and extraoral
photos of the patient (with a specific measurement
marker);

» the realization of a two-dimensional digital project

December 2024; 16(4) © Tecniche Nuove

Fig. 4

Virtual positioning of the
implants, based on the aesthetic
prosthetic project.

of the new smile (smile design) using the Smile Lynx
software (8853 S.P.A. - Milan, Italy) (Figure 2);

e V.R.S. one-dimensional scale for assessing the
patient's appreciation of the computerized pre-
visualization of the prosthetic project.

Between the third and fourth appointments of the digital

protocol, we proceeded with:

e producing the scans of the edentulous model and
the occlusal rim using a laboratory scanner (with and
without Scan Marker);

« matching of the 2D digital project and scans within
the Lynx CAD design software (8853 S.P.A. - Milan,
Italy), thus allowing the three-dimensional design of
the prosthesis;

« the provisional total prosthesis complete with the
palatal portion was milled in PMMA (Poly(methyl
methacrylate)) by a five-axis CAD/CAM milling
machine.

A fourth visit followed, which provided for the oral test
of the mock-up (temporary prosthesis in PMMA), with
a relative one-dimensional VRS scale for the patient's
assessment of the appreciation of the mock-up test.

A specific device with the radiographic landmark (Evo-
Bite with 3D-Marker, 3DIEMME, Como, Italy) was then
adapted to the prosthesis directly in the oral cavity with
radio transparent silicon and delivered to the patient at
the end of the appointment for the radiological exam.
Various scans were then acquired with the same spatial
coordinates: one of the stereolithographic model alone,
one of the temporary prothesis placed on the model
and one of the prothesis on the model with the Evo
bite positioned on it (3D-Marker, 3DIEMME, Como,
Italy). A CBCT (Cone Beam Computed Tomography)
was prescribed to the patient. This exam had to be taken
with the patient wearing the temporary prosthesis with
the Evo-Bite positioned on it, including an additional
radiopaque marker to be used as a reference for the
following radiologic evaluation (Scan Marker, 3DIEMME,
Como, Italy) (Figure 3, Figure 4).

Usingthe RealGuide Implant Design Software (3DIEMME,
Milan, Italy), the Digital Imaging and Communications
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Fig. 7 Adapted, relined and refined provisional prosthesis.

in Medicine (DICOM) data of the patient’s CBCT was
then matched within the STL data of the previously
mentioned scans, and the virtual position of the
implants was planned, based on the aesthetic prosthetic
project (Figure 5, Figure 6). The implant project was
then sent to the laboratory for the realization of the
stereolithographic model, which reported the exact sites
for the placement of the analogs, and the surgical guide
(3DIEMME, Milan, Italy).

During the fifth appointment (digital protocol), we
proceeded to the surgical phase and immediate loading
prosthesis:

An hour before the surgery, 2g of amoxicillin +
clavulanic acid were administered to the patient, which
he continued to assume for the week following the
intervention (1g twice a day). After local anesthesia,
the surgical template was positioned and fixed in the
patient's oral cavity (Figure 7). We continued with the
insertion of the implants through the surgical guide, with
the flapless technique, using a preordained sequence of
drills dedicated to guided surgery (Figure 8). The two-
implant fixtures were inserted in the posterior sector,
tilted by about 30 - 35 degrees relative to the occlusal
plane. Then the two axial fixtures were carried out in
the anterior sector. Only Winsix TTx implants (Biosafin
S.R.L., Ancona - Italy), diameter 3.3 or 3.8 (Tab. 1) were
used. All implants were inserted with 35-55 N/ m torque.
The EATx WinSix extreme abutments (Biosafin SRL,
Ancona - Ttaly) of 0 °, 17 ° or 30 ° were screwed on,
previously selected according to the prosthetic-implant
project within the specific software for guided surgery,
to compensate for the lack of parallelism between
implants; the angle was chosen to obtain the position
of the screw access hole at the occlusal or lingual level
of the prosthesis. Immediate loading was performed,
positioning the complete temporary denture of the
palatal portion, made with the CAD-CAM method,
adapted and relined directly into the patient's oral cavity
(Figure 9, Figure 10).

2A

Fig. 9/10 Monolithic zirconia final prosthesis.

After all the surgical-prosthetic procedures, a. VAS scale
was submitted to both groups to evaluate pain (pre-
during-post surgery). Four months after the surgery,
an impression was taken. For the traditional group,
impressions were taken using a conventional method,
while for the digital group an intraoral scanner was
used. The impression transfers were screwed over the
fixtures and the impression material used was Impregum
(Impregum Penta, 3M Italy, Pioltello, Italy). For the

Fig. 11 Final orthopantomography.

December 2024; 16(4) © Tecniche Nuove



JO

6-Year Follow-up of All on Four: Digital vs Traditional

scans the scanning bodies (for Ttx, Winsix, Biosafin
S.R.L., Ancona, Italy) were screwed over the equipment
and splinted together. The intraoral scanner used was a
Carestream CS 3500 (Version 2.5 Acquisition Software,
Care stream Dental LLC, Atlanta, GA, USA). Monolithic
zirconium final prostheses with vestibular ceramization
were delivered using CAD-CAM technology in both
groups . A final orthopantomography was prescribed to
the patient (Figure 11).

Follow-up

The clinicians visited the patients during follow-up
appointments at 12, 24, 36, 48, 60 and 72 months after
the placement of the implants. These appointments
provided for radiographic analysis for the evaluation
of marginal bone loss. The intraoral radiographs were
made with a parallel long cone technique, performing
the radiography perpendicular to the longitudinal axis of
the implant, using a custom occlusal model to measure
the level of the marginal bone. It was then possible to
measure the difference in bone level through specific
software (DIGORA 2.5, Soredex, Tuusula, Finland),
calibrated for each image using the implant diameter
calculated on the most coronal portion of the implant
neck. The linear distance between the most coronal point
of the B.I.C. (bone-implant contact) and the coronal
margin of the implant neck was measured on both mesial
and distal sides, at the value closest to 0.01 mm, and then
a mean value was calculated. Besides, professional oral
hygiene procedures were performed six months after
implant placement and every four months after that to
reduce risk of infection and inflammation of peri-implant
tissues (10-14).

Statistical Analysis

Dedicated software (Prism 8.1.2, GraphPad) was used
for statistical analysis, and peri-implant bone level
measurements were reported as mean * standard
deviation values at 12, 24, 36, 48, 60, and 72 months;
through the one-way ANOVA test (P <.05), peri-implant
bone loss was compared between the two groups at
each time interval (12, 24, 36, 48, 60, 72 months) and
within each group by analyzing each time stage with the
following ones.

RESULTS

Atotal of 200 Winsix TTx implants (Biosafin SRL, Ancona
- Italy) of diameter comprised between 3.3 or 3.8.mm. 100
of them were used in 25 cases of full-arch rehabilitations
performed with the traditional All on Four method. The
other 100 implants were used in 25 cases of full-arch
rehabilitations performed with the digital method (Table
1). All patients received a temporary denture and, after
6 months from the procedure, a definitive prosthetic
device. All implants were inserted at a torque of at least
35 Ncm and were subjected to immediate loading.

December 2024; 16(4) © Tecniche Nuove

Implant Failure and Complications

Among the patients rehabilitated according to the
traditional protocol, during the first 4 months after
implant insertion, 2 failures were recorded, one in
the upper maxilla and one in the lower maxilla, both
concerning tilted implants (Table 2). The implant fixtures
were replaced immediately without compromising the
prosthetic function. 100% implant survival was achieved
in patients rehabilitated according to the digital protocol.
A patient treated with the traditional protocol showed
discomfort, pain, swelling and the presence of pus
three months after surgery, while no episode of peri-
implantitis, pain, paresthesia or pus was observed
among the patients rehabilitated according to the digital
protocol. Two fractures of the provisional prosthetic
device were recorded for each group.

Occlusal screw loosening of provisional prosthesis
was observed in five cases: three were treated with the
traditional method and two with the digital method. In
the definitive prostheses, three unscrewing was reported
in rehabilitations performed with the traditional method
and four unscrewing in digitally treated patients.. At
12 months, a case of chipping of the definitive device
obtained using the traditional method was found; at
24 months a case of chipping of a definitive prosthesis
obtained by the digital method was observed . In both
cases, direct repair of the existing prosthesis was
performed. Implant failures and complications were in
the following table (Table 3).

Marginal bone loss

The marginal bone level was recorded during follow-up
at 12, 24, 36, 48, 60 and 72 months (Table 4) through
radiographic evaluation. As for patients treated with
the traditional protocol, the loss of peri-implant crestal
bone over time has remained constant. At 72 months the
mean value for bone loss for axial implants in the maxilla
was 1.12 = 0.32 mm (n = 30), 1.15 = 0.24 mm for tilted
implants in the maxilla (n = 30), 1.09 * 0.26 for axial
implants in the jaw (n = 20) and 1.14 + 0.24 for jaw tilted
implants (n = 20) (Tab. 4). Bone loss in patients treated
with the digital protocol at 72 months was 0.84 + 0.11
mm for axial jaw implants (n = 34),0.87 + 10 mm for tilted
jaw implants (n = 34), 0.85 = 0.13 mm for axial implants
in the mandible (n = 16) and 0.85 * 0.10 mm for tilted
implants in the mandible (n = 16) (Tab. 4). The difference
in the Marginal Bone Level between the two groups was
statistically significant (P <.0001) in each time interval.
The difference within each group in the different time
intervals was significant between the average MBL of
the digital group at 12 months compared to the same
group at 36 months (P =.0066), 48 months (P <.0001), 60
months (P <.0001) and 72 months (P <.0001).

Patients acceptance

Patients treated with the traditional protocol considered
immediate loading with a temporary prosthesis to be
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Implants’ diameters (D) and lengths (L)
L11mm L13 mm L15 mm
Maxilla D3.3 0] 16 0
Traditional protocol (n=60) D38 0 27 17
(n=100) Mandible D33 ) 12 0
(n=40) D38 0 19 9
Maxilla D33 6 14 0
Digital protocol (n=68) D38 12 32 6
(n=100) Mandible D33 6 0
(n=32) D38 4 22 0

Table 1. Dental implants features.

Implants survival rate

Implants placed Implants failed Implants survival rate (96)
Traditional protocol
Maxilla Axial 30 (o] 100 %
(n=60) Tilted 30 1 96.67 %
Mandible Axial 20 (0] 100 %
(n=40) Tilted 20 1 95.00 %
Digital protocol
Maxilla Axial 34 (6] 100 %
(n=68) Tilted 34 0 100 %
Mandible Axial 16 (o] 100 %
(n=32) Tilted 16 0 100 %

Table 2. Implant survival rate.

very effective (95%). As for the tooth test, 45% of the
patients considered it very effective, 37% effective, and
18% expressed a neutral opinion. Traditional surgery was
rated as very effective by 71% of patients and effective
for the remaining 29% (Tab. 5). Patients treated with the
digital protocol considered digital smile previsualization
(93%), mock-up test (98%), guided surgery (94%), and
immediate loading (92%) to be very effective (Table 5).
At the end of the surgical procedures and after seven
days, a visual analog scale (V.A.S.) was submitted to the
patients for the evaluation of postoperative pain, with
values from O (absent pain) to 10 (the maximum possible
pain). All patients belonging to the group treated with
the digital method, which provides flapless surgery,
reported a significantly lower value of pain compared to
patients treated with the traditional method.

DISCUSSION

The purpose of this study is to evaluate and compare
the success of prosthetic implant rehabilitation
performed using a digital protocol with the traditional
"All on Four" technique, which has been extensively
validated by numerous studies in the literature (9,
15, 16). Full-arch implant-prosthetic rehabilitations
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have been shown to be effective even in patients with
compensated systemic diseases, according to several
authors (23-26).

The initial phase of the digital design for an implant-
prosthetic rehabilitation begins with the use of Smile
Design software. This tool allows for the creation of a
two-dimensional projection of the patient’s future smile,
providing several significant advantages. Chief among
these is the improved interaction between specialists
and patients, which leads to a higher quality of
treatment (26). The current technological advancements
enable the transition from a two-dimensional smile pre-
visualization to a comprehensive three-dimensional
volumetric study. By leveraging CAD-CAM technology,
clinicians can fabricate definitive prostheses that have
shown to achieve excellent results, comparable to those
produced using traditional methods (27).

The Fifth Consensus Conference of the European
Association of Integration has recognized the
overlapping of photographs, models, and scans as a
valid methodology (27). This digital planning process,
which combines project data with information obtained
through Cone Beam Computed Tomography (CBCT),
facilitates the precise realization of prosthetic devices.
Studies conducted by Schneider et al. in 2009 and

December 2024; 16(4) © Tecniche Nuove
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Implant failures and complications
Traditional method Digital Method
Months 12 24 36 48 60 72 12 24 36 48 60 72
n | 9% niji% n|% |n % |n|%|[n|% |n|% n | % ni% n|% |n|% |n|%
Implant Failure (2 | 2% |0 |O |O|O |[O]|O |O|O |O|O |O|O 0|0 o|0 |[O]O |O|O |O|O
Perimplantitis |1 1% |0 |0 |[O |O |O|O |[O|O |O|O |O|O (ONNINO) 0|0 0|0 |O|0 |O]O
Fractures 0|0 ojo0o 0|0 |OlO |O|O |O]|O |O]O 0|0 0|0 |O|O0 |O|O0O |O]|O
of fixture
Unscrewing 3 1|1 0|0 |11 O/0 |11 2|2 171 171 1|1 171 171
Provisional 2 na [ [ |/ (L {2 na | ] LoAr e
prosthetic
fractures
Definitive l1|na |O]O O|O |O]O |O|O |O|O |2 |na |O]O 0|0 |[O]O0O |O|O |O]|O
prosthetic
fractures
Episodes of l1|na. |[O]O |O|lO |O]|]O |O]|]O |O|O |O]O l1|na. |O|O |O|O |O]O |O]|O
pus
Pain n.a. O |0 Ol0O |O|O0O |O|O |O]O 0|0 0|0 |O]O O 0|0
Paresthesia 0|0 0/0 |O0O|O0O |O]O |O]|O 0O |0 (0] (0] 0|0 |0 0|0
Table 3. Implants failure and complications.
Marginal Bone loss
‘ 12 months 24 months 36 months 48 months 60 months 72 months
Traditional method
mm mm mm mm mm mm
Maxdlla Axial (n=30) 1.02+0.33 1.08+0.34 110+0.32 111+0.32 111+0.31 112+0.32
Tilted (n=30) | 1.05+0.27 1.08 £ 0.26 111+0.25 1131024 114 +0.25 115+0.24
Mandible Axial (n=20) 1.04+0.28 1.05+0.26 1.06 +0.26 1.08 +0.25 1.08+0.25 1.09+0.26
Tilted (n=20) | 1.05+0.29 1.09+0.25 112+0.23 113+0.23 114+0.24 114 +0.24
Total n=100 1.04+0.29 1.08+0.28 1.10+0.27 112+0.26 111+0.26 112+0.25
Digital methocdl
Maxilla Axial (n=34) 0.65+0.10 0.72+0.13 076+0.11 0.80+0.10 0.83+0.10 084 +011
Tilted (n=34) | 0.69+0.11 0.78+0.11 0.81+0.11 0.85+0.10 0.86+0.10 0.87+0.10
S Axial (n=16) 0.69+0.19 0.73+0.16 079+0.14 0.82+0.15 0.83+0.15 0.85+0.13
Tilted (n=16) | 0.71+0.14 0.77+0.11 0.80+0.10 0.84 +£0.10 0.84+0.11 0.85+0.10
Total N=100 0.68+0.13 0.75+0.13 079+0.11 0.83 £0.11 084 +011 0.88+0.10

Table 4. Marginal bone level.

Vinci et al. in 2020, along with other researchers, have
demonstrated the efficacy and accuracy of computer-
assisted implant surgery (28-29). Moreover, the digital
procedure offers the advantage of planning interventions
that allow for the insertion of implants without flaps and
with immediate loading. This approach has been shown
to reduce post-operative pain compared to traditional
open flap procedures (30,31).

In this study, mucosal-supported surgical templates were
utilized. Gallardo et al. in 2016 and Vinci et al. in 2020
confirmed the predictability of this method for implant
placement (32,33). Despite its advantages, guided
surgery has several disadvantages as noted by Schneider
et al. in 2009, Vinci et al. in 2020, and D’Haese et al. in

December 2024; 16(4) © Tecniche Nuove

2009 (30-31-33). Potential issues include the risk of bone
damage due to insufficient irrigation, the inability to
visualize surgical anatomical landmarks, an increased
risk of errors in implant positioning with greater degrees
of maxillary bone atrophy, a discrepancy between the
virtual plan and the actual position of the implant in the
oral cavity post-surgery, and challenges in positioning
the surgical template during both the CBCT scan and the
surgical procedure.

However, the accuracy and predictability of intraoral
scanners for implant full-arch rehabilitations have been
demonstrated by numerous authors, making digital
impressions a viable alternative to traditional analog
techniques (34, 35). The findings of this study reveal
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Patient acceptance

Z;gc tive Effective | Neutral
Traditional methocl
Tooth test 45% 37% 18%
Traditional surgery 719% 29% 0%
Immediate loading 95% 59 0%
Digital methocl
Mock-up 98% 2% 0%
Guided surgery 94% 6% 0%
Immediate loading 92% 8% 0%

Table 5. Patients acceptance level.

that peri-implant bone loss levels are similar to those
reported in existing literature for both the experimental
and control groups (15, 36). This indicates that a
fully digital protocol can serve as a valid therapeutic
alternative to the traditional protocol. Nonetheless, it is
essential to consider the contraindications mentioned
earlier. Successful outcomes are contingent upon the
careful selection of clinical cases and the appropriate
assessment of which method—digital or traditional—is
most suitable for each individual patient.

Furthermore, the digital approach introduces a level
of customization and precision that can enhance the
overall patient experience. The ability to pre-plan and
simulate the final outcome allows patients to visualize
the expected results, thereby increasing their confidence
and satisfaction with the treatment process. This pre-
visualization can also facilitate better communication
between the clinician and the patient, ensuring that
expectations are aligned and that any concerns are
addressed prior to the actual procedure.

In addition to patient satisfaction, the efficiency of digital
workflows should not be overlooked. The integration
of digital tools can streamline the treatment process,
potentially reducing the time required for procedures and
minimizing the number of visits needed. This efficiency
not only benefits patients by reducing inconvenience
but also allows clinicians to optimize their practice and
manage more cases effectively.

Despite these benefits, it is critical to acknowledge that
the success of digital protocols heavily depends on the
clinician’s expertise and familiarity with the technology.
Continuous education and training are necessary to stay
abreast of technological advancements and to ensure that
the digital tools are used to their full potential. Moreover,
the initial investment in digital equipment and software
can be significant, and practices must weigh these costs
against the long-term benefits and improvements in
patient care.

The potential for complications and the necessity for
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precise execution highlight the importance of selecting
appropriate cases for digital protocols. Not all clinical
scenarios may be suitable for a fully digital approach,
and traditional methods may still be preferable in certain
situations. Thus, a hybrid approach that leverages the
strengths of both digital and traditional techniques may
offer the best outcomes for patients.

In this context, it becomes evident that digital implant-
prosthetic rehabilitation is not a one-size-fits-all
solution. The clinician must exercise judicious decision-
making in identifying cases that will benefit most from
digital techniques. For instance, patients with complex
anatomical challenges or significant bone loss might
benefit more from a traditional approach where tactile
feedback during surgery plays a crucial role. Conversely,
patients requiring high aesthetic outcomes with precise
implant positioning might be better suited for a digital
workflow.

Additionally, the role of interdisciplinary collaboration
cannot be understated. Prosthodontists, oral surgeons,
and dental technicians must work in tandem to harness
the full potential of digital technologies. This collaborative
approach ensures that each step of the rehabilitation
process, from initial planning to final prosthesis delivery,
is optimized for the best possible patient outcomes.
Future research should focus on long-term outcomes
of digital versus traditional implant-prosthetic
rehabilitations, examining not only clinical success rates
but also patient-reported outcomes such as comfort,
aesthetics, and overall satisfaction. Such studies will
further elucidate the advantages and limitations of
digital protocols, providing a clearer framework for their
application in clinical practice.

CONCLUSION

In conclusion, taking into account the limitations of this
study mainly due to the short follow-up, it would seem
that the use of digital technology for the planning and
realization of the rehabilitation of an entire arch can be
avalid alternative to the protocol "All On Four". However,
we must keep in mind that not all patients are suitable
for this technique and that the success of this procedure
also depends on the skill of the clinician, in fact, you must
have a wide knowledge and mastery of topographical
anatomy, radiographic imaging and surgical techniques.
In addition, studies with a longer follow-up are needed
to assess their real effectiveness and it is hoped that with
the passage of time and the evolution of technologies, a
digital workflow as described can be further simplified
and increasingly within the reach of each clinician.
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