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Abstract

Background: The aim of this case series was to evaluate the 5-years clinical and
radiographic outcomes of immediate full-arch fixed prosthesis supported by a novel
implant system characterized by a low-speed site preparation protocol.

Methods: Six medically compromised patients (3 females and 3 males) were
consecutively enrolled and treated. Each patient received a fixed full-arch rehabilitations
supported by two axial and two tilted implants. A total of 24 implants (N1 System, Nobel
Biocare AB, Goteborg, Sweden) were placed in three mandibles and three maxillae
using a low-speed drilling protocol with no irrigation. Prosthetic loading was applied
within 2 hours of surgery, while then definitive restorations were placed 4 months later.
Patients were scheduled for follow-up every 6 months up to 2 years and then annually.
Radiographic evaluation of marginal bone level change was performed on regular
intervals.

Results: Between February 2019 and July 2019, six patients received a full-arch
fixed prosthesis on four implants. All implants reached a minimum insertion torque of
30 Newton for immediate loading. After 5 years of observation (range 62-67 months),
no implants failed and all definitive prostheses were stable and functional, resulting in a
cumulative survival rate of 100%. After 5 years, the marginal bone loss was 1.46 + 0.16
mm for the mandible and 1.85 + 0.18 mm for the maxilla. Two implants (one axial and
1 tilted) in 1 patient treated in the maxillary arch reported more then 2 mm of marginal
bone loss after 5 years.

Conclusions: Within the limitations of this study, the successful medium-term results
seem to confirm that immediate fixed full-arch rehabilitation, supported by two anterior
axial and two posterior tilted implants, could be an effective and biologically beneficial
treatment for complete arch edentulism. The reduced bone remodeling evidenced after
5 years of function confirm the biologically friendly concept behind this novel implant

system.
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Introduction

Implant dentistry is based on the fundamental
principle of osseointegration, defined by Prof. P-I
Branemark as “a direct structural and functional
connection between ordered, living bone and
the surface of a load-carrying implant” [1]. Prof.
Branemark is considered the founding father
of modern implant dentistry thanks to his early
observations of bone integration conducted in animal
models (rats, rabbits and dogs) in 1960’s [2,3]. In
1977 he published the first clinical study in humans
with long-term follow-up, where he proved that
titanium screw-type dental implants inserted axially
into edentulous jaws were able to support the load of
full-arch fixed prostheses [1]. His original protocol
has been improved during the last decades thanks to
the development of surgical techniques, new implant
morphologies and restorative materials. Moreover,
the interval between the insertion of the implants and
the placement of the restoration has been decreased,
allowing patients to receive a fixed prosthesis
connected to the implants the same day (immediate
loading) [4].

A significant improvement for the treatment of
complete edentulism has been proposed by Paulo
Malo in 2003 with the introduction of the All-on-4
concept [5,6]. Thanks to this protocol it is possible
to treat full arches with an immediately loaded fixed
restoration supported only by four implants. Two
implants are placed axially at the level of the lateral
incisors and two additional implants are inserted in
the premolar area with a mesial inclination of 30 to 45
degrees [5,6]. The rational of implant inclination was
to avoid critical anatomical structures (the maxillary
sinus in the upper jaw and the mental foramen in
the mandible), reducing the distal cantilever of the
definitive prosthesis and avoiding bone grafting. The
advantages are the reduction of treatment times,
the discomfort for the patient and the biological
and economic costs of the entire treatment [7]. The
use of the residual bone of the patient, avoiding
bone regeneration procedures, and the reduction
of treatment times are key factors responsible for
the diffusion of this treatment modality, especially
for elderly patients, where poor bone quality and
quantity, systemic conditions (osteoporosis) and the
chronic use of certain medication (steroids) might
reduce implant success rates or even represent a
contraindication for bone grafting.

The success of immediately loaded dental
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implants is strictly related to the development and
maintenance of bone integration. The achievement
of osseointegration depends on different factors,
including implant geometry and micro-design, bone
characteristics, surgical drilling protocols and drilling
speed [8-10]. In support of this, the review by Pandey
[11] demonstrated that the use of low-speed surgical
drills, during the implant site preparation, reduces the
amount of generated heat and it contributes to avoid
bone necrosis at the periphery of the osteotomy. The
irrigation of the surgical site, even though reducing
the temperature of the bone, is responsible for
removing debris, bone chips, blood and connective
tissue components, which have been demonstrated
to have osteogenic potential [12]. The N1 Implant
System (Nobel Biocare AB, Goteborg, Sweden) has
been developed to preserve the osteogenic potential
of the surgical site by using a low-speed drilling
protocol with no irrigation and a new implant design.

The following case series illustrates the clinical
outcomes of full-arch immediate fixed prostheses in
six medically compromised patients using the N1™
Implant System and the All-on-4 concept after 5
years of observation. Implant and prosthetic survival
and success rates including marginal bone loss will be
reported.

Materials and Methods

This retrospective case series was conducted
following the principles indicated by the Helsinki
Declaration for biomedical research involving human
subjects, published in 1975 and revised in 2004 [13].
Thee Ethical Committee of the IRCCS San Raffaele
Hospital approved the clinical protocol (Reg. N. 190/
INT/2021). The day of enrollment subjects were
informed of the nature of the study and on possible
alternative treatment and they signed a consent form.

All patients received an immediately loaded
full-arch implant prosthesis based on the All-
on-4 concept [5,6] between February 2019 and
July 2019 and they were followed up for at least 5
years. Inclusion criteria were: age greater than 18
years; any race or gender; mentally and physically
able to undergo surgical procedures for implant
placement as well as restoration phases; motivated
to preserve optimal self-administered oral hygiene
throughout the follow-up, and to return for
periodical maintenance; full edentulism or presence
of teeth with compromised prognosis in the short-
term; sufficient bone volume for inserting implants
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of at least 10-mm length and 4-mm diameter in
the anterior maxilla or interforaminal region of the
mandible. Exclusions criteria were: irradiation to the
head or neck region within 12 months before surgery;
use of intravenous bisphosphonates; severe bruxism
or clenching habits; pregnancy or lactation.

Surgical protocol and immediate loading

The images of one patient treated in the mandible
are used to document the technique (Figures 1-12). Figure 4 Occlusal view of the residual teeth in the anterior mandible.
After local anesthesia (articaine chlorhydrate 4%
and adrenaline 1:100.000), the remaining teeth
were gently extracted and the sockets were carefully
cleaned. A midcrestal incision and two posterior

Figure 5 Minimally invasive extraction of residual mandibular teeth
and reflection of full thickness flaps.

Figure 2 Panoramic radiograph showing the residual mandibular
dentition.

Figure 6 Use of the OsseoDirector™ at high speed and irrigation to
define implant position, direction and depth.

vertical incisions were made to carefully divide the
available keratinized gingiva. Buccal and lingual
full thickness flaps were elevated to exposed the
underline bone and isolate the mental foramen. The
residual ridge was regularized with manual and rotary
instruments to create a regular and flat surface for
soft tissue adaptation. The osteotomies were created
using two sequential drills that were specifically
designed for this low-speed drilling implant system

Figure 3 Maxillary full arch fixed prosthesis delivered one year
before.
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(N1™ Implant System, Nobel Biocare). The first drill,
called OsseoDirector ™, has side-cutting ability and
it was used at < 2000 rpm with saline irrigation to
set implant position, angulation and depth of the
osteotomies. The second drill, called OsseoShaper ™,
was subsequently used at 50 rpm and no irrigation
to finalize the osteotomies. Without irrigating the
surgical sites, the N1 implants were placed with the
handpiece and manual wrench if needed. Each patient Figure 10 Placement of the acrylic temporary prosthesis two hours
after the surgery.
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Figure 11 Panoramic radiograph to verify implant distribution and
inclination.

Figure 7 The OsseoShaper™, is used at 50 rpm and no irrigation to
finalize the osteotomies.

Figure 12 Soft tissue maturation the day of delivering the definitive
prosthesis.

received four implants according to the All-on-4
protocol: two axial anterior implants at the level of the
lateral incisors and two posteriortilted implantswith a
medial inclination of 30-45 degrees to avoid the sinus
cavities or the mental nerve emergencies. Straight or
17 degrees multi-unit abutments were placed over
the anterior implants, while the posterior implants
received 30° abutments to correct their inclination.
Finally the flaps were closed with a 5-0 suture.
Titanium cylinders were screwed over the abutments
and an immediate denture was converted chairside
into a full acrylic fixed prostheses containing 10 teeth.
Distal cantilevers were avoided and light contacts
were established in maximum intercuspation. The
Figure 9 Occlusal view of the four implants and the multi-unit prosthetic access holes were sealed with PTFE tape
abutments. and flowable composite. Panoramic and peri-pica

Figure 8 Placement of the N1 Implant with a medial inclination of
30 degrees.
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radiographs were taken to check implant position and
verify the seating of the prosthetic components.

Delivery of the definitive prosthesis

After 4 months needed for implant integration
and tissue maturation, patients moved forward with
the fabrication of the definitive prosthesis. A CAD/
CAM (computer-aided designed/computer aided
manufactured) screw retained full-arch restoration
with 12 composite teeth (SR Phonares II, Ivoclar
Vivadent North America, Amherst, NY) was provided
(Procure Implant Bridge/Ti, Nobel Biocare). Patients
were included in an individual maintenance program
based on compliance and risk factors. At each follow up
visit, clinical examination was done and radiographs
were taken, if necessary, to monitor peri-implant soft
tissue and the integrity of the prosthesis.

Results

A total of 6 patients (3 males and 3 females; mean
age 70 years, range 49-81 years) were rehabilitated

Tables 1: Demography of the patient included in the study.

Age at Smoker (N°
) gea Gender Arch Treated Tno il
Subject surgery cigarettes/
(M/F) (Max/Mand)
(Years) Day)
1 72 M Mand N
2 49 M Max N
3 80 F Mand N
4 81 F Max Y
5 64 F Mand N
6 76 M Max N
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throughout an immediate fixed full prosthesis
supported by four implants. Table 1 presents the main
demographic of the patients included in this case
series.

A total of 24 N1 Implants were placed in three
maxillary arches and there mandibles. All implants
achieved a minimum insertion torque of 30 Ncm
to allow immediate function. Table 2 reports the
distribution of all implants according to length, bone
density and insertion torque.

At the 5-year visit, all implants and prostheses
were stable and no failures were recorded, leading to
a100% implant and prosthetic survival rate. Marginal
bone loss up to 60 months for the mandible and the
maxilla are reported in tables 3,4, respectively. After
5 years, the marginal bone loss was 1.46 + 0.16 mm
for the mandible and 1.85 + 0.18 mm for the maxilla.
Only one axial and one tilted implants in one patient
treated in the maxilla reported a marginal bone loss
higher than 2 mm up to 60 months.

History of
Medical Conditions Periodontal
Disease (Y/N)
Diabetes, Cardiovascular disease N
Autoimmune Disease, Long-term use of steroids Y
Cardiovadscular Disease, Long-term use of steroids N
Diabetes, osteoporosis being treated with oral y
biphosphonates

Autoimmune Disease, Long-term use of steroids Y
Autoimmune Disease, Diabetes, osteoporosis being y

treated with oral biphosphonates

Table 2: Distribution of N1 implants according to bone quality, fixture length and insertion torque. All implants have a diameter of 4 mm.

Subject Arch (Mand/Max) Implant Site Bone Quality Implant Length (mm) Insertion Torque (Ncm)
35 D2 11 30
32 D2 11 30
! Mand 42 D2 1 > 50
45 D2 11 > 50
35 D2 13 > 50
32 D2 13 > 50
2 M
ax 42 D2 13 > 50
45 D3 13 > 50
35 D3 13 50
32 D2 13 50
3 Mand 42 D2 13 > 50
45 D2 13 > 50
35 D3 13 50
32 D3 13 50
4 M
ax 42 D3 13 > 50
45 D3 13 > 50
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35 D3 13 >50
32 D2 13 >50
> Mand 42 D2 13 >50
45 D3 13 >50
35 D3 13 40
32 D3 13 40
6 Max 42 D3 13 >50
45 D3 13 >50
Table 3: Marginal bone loss for axial and tilted implants in the mandible. Data are expressed in mm.
Subjet  Arch (Mand/Max) Implant Site Follow up Bone loss Bone loss Bone loss Bone loss Bone loss
! P (months) (6 mo) (12 mo) (24 mo) (36 mo) (60 mo)
35 0.9 1 1.1 1.5 1.8
32 0.7 0.8 1.1 1.2 1.5
1 Mand 67
42 0.7 0.9 1 1.3 1.5
45 0.7 0.8 0.9 1.5 1.7
35 0.7 1 1.1 1.1 1.3
32 0.9 0.9 1 1.2 1.5
3 Mand 66
42 0.8 1 1.1 1.3 1.5
45 0.7 0.9 1 1.2 1.5
35 0.5 0.7 0.8 1 1.2
32 0.5 0.6 0.7 1.1 1.3
5 Mand 63
42 0.5 0.7 0.9 1 1.4
45 0.6 0.8 0.9 1 1.3
Mean 0.68 0.84 0.97 1.2 1.46
St. Dev 0.13 0.12 0.12 0.16 0.16
Table 4: Marginal bone loss for axial and tilted implants in the maxilla. Data are expressed in mm.
. . Follow up Bone loss Bone loss Bone loss Bone loss Bone loss
Subjet = Arch (Mand/Max) Implant Site
(months) (6 mo) (12 mo) (24 mo) (36 mo) (60 mo)
35 0.8 1 1.3 1.4 1.7
32 0.8 1 1.4 1.6 1.9
2 Max 66
42 0.9 1.1 1.4 1.7 1.9
45 0.9 1.1 1.3 1.5 1.8
35 0.9 1.2 1.4 1.8 1.9
32 1 1.1 1.5 2 2.1
4 Max 65
42 0.8 1.3 1.5 1.9 1.9
45 0.9 1.4 1.8 2.3 2.3
35 0.8 0.9 1.1 1.4 1.7
32 0.9 1 1.1 1.2 1.6
6 Max 62
42 0.6 0.6 0.9 1.3 1.7
45 0.9 1 1.2 1.3 1.8
Mean 0.85 1.06 1.32 1.61 1.85
St. Dev 0.09 0.19 0.22 0.31 0.18
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Discussion

The purpose of this paper was to report data of a
novel implant system for the immediate rehabilitation
of edentulous arches with a fixed prosthesis supported
by four tilted and two axial implants, after 5 years of
function. Implant and prosthetic survival rates and
the mean 5-year bone loss are in line with similar
reports on this technique.

The main aspect of this case series was the use
of this new implant design with its low-speed
drilling protocol aimed to preserve the biology of
the surgical site. In a series of studies Eriksson
and Albrektsson showed that the bone was able to
withstand temperatures between 44°C and 47°C
for 1 minute without impairing the regeneration
process [14,15]. Therefore, 47°C was considered the
maximum limit; temperatures above this can result
in mineral structure dislocations of hydroxyapatite
and microscopic compact bone deformations [14,15].
Among others (cortical thickness, drill sharpness,
drill depth, drill design and diameter), drill speed
playsasignificantrole in the production of heat during
drilling [16,17]. Traditional drill designs are generally
characterized by high rotational velocity (> 800 rpm),
in order to obtain an effective cut of the bone tissue
[18]. Moreover, the conventional irrigation procedure
during osteotomy derives from the need to reduce
the heat generated by the high-speed rotation [19].
The small rake angle typical of traditional bone drills
contribute to the dispersion of the particles generated
during the osteotomy from the implant site [20]. As
a consequence of the drill high rotational velocity,
thermal and mechanical trauma leads to osteocytes
death, triggering bone resorption and undermining
implant survival [21,22]. The irrigation, even though
reducing the temperature of the bone, is responsible
for removing debris (or osseous coagulum) from
the implant site, thus eliminating bone chips, blood
and connective tissue components, which have been
demonstrated to have osteogenic potential [23,24].
Aiming at overcome these limiting conditions
during implant site preparation, the new N1 Concept
System (Nobel Biocare AB, Godteborg, Sweden)
was introduced. In the N1 System protocol, the
OsseoShaper (Nobel Biocare AB, Goteborg, Sweden)
rotates at low-speed, enlarging the initial osteotomy
created by the pilot drill. The low-speed rotation is
able to prevent osteocytes necrosis and eliminates
the need for irrigation, thus preserving osseous
coagulum in the site and consequently contributing
to peri-implant bone formation [25,26]. The macro
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geometry of the N1 implant is also revolutionary.
The implant has a ti-oval tapered body, which allows
the formation of high strain areas and consequent
high primary stability, but at the same time there
are zones of low strain where osteogenic potential is
preserved, thus leading to secondary stability [27].
This novel concept implant system offers a simplified
and easy-to-use implant protocol, reducing the steps
needed for implant insertion. Moreover, the reduced
bone remodeling evidenced after 5 years of function
confirm the biologically friendly concept behind this
new system.

The main limitations of this study are the absence
of a control group, the retrospective design, the
reduced sample size and the medium-term follow up
that prevents a generalization of the results.

Conclusion

Within the limitations of this study, the successful
medium-termresults seemto confirm thatimmediate
fixed full-arch rehabilitation, supported by two
anterior axial and two posterior tilted implants, could
be an effective and biologically beneficial treatment
for complete arch edentulism. Further studies,
possibly comparative and prospective, with a larger
sample size and longer follow-up are needed to
confirm the promising clinical outcomes. Peri-
implant parameters (Plaque Index, Bleeding on
Probing), patient satisfaction and biological and
mechanical complications can also be recorded.
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