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Abstract: Tooth loss is a public health issue in Brazil, impacting nutrition, speech, aesthetics, and
self-esteem. Implant-supported prostheses are considered the gold standard for replacing missing
teeth. Bone resorption, a consequence of tooth loss, can lead to an atrophic ridge, making implant
treatment more challenging. This paper reports a case of rehabilitation with a fixed full-arch pros-
thesis supported by five implants in an atrophic maxilla. The patient sought care at the RC Institute
of Postgraduate Dentistry to replace her removable maxillary prosthesis with a fixed, implant-sup-
ported one. Imaging exams revealed an atrophic maxilla with reduced bone width and limited
height in the posterior region due to maxillary sinus pneumatization. Surgery for the placement of
five implants was performed with proper distribution and angulation. Three months after surgery,
with the implants osseointegrated, the prosthetic phase began, and treatment was completed with
the installation of a porcelain fixed full-arch prosthesis. The use of angled implants proved to be an
excellent alternative, allowing the placement of long implants, reducing the distal cantilever, and
avoiding invasive procedures. This resulted in lower morbidity, shorter treatment time, and re-
duced costs.
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1. Introduction

Edentulism is a variable condition that reflects the availability of healthcare services,
cultural aspects, and the living and health conditions of the population in a given region.
In Brazil, tooth loss is considered a highly prevalent public health problem with negative
impacts on individuals’ lives, affecting nutrition, aesthetics, and self-esteem [1,2]. Oral re-
habilitation with implant-supported prostheses has been regarded as the best alternative
for replacing lost teeth, yielding excellent results in terms of function (speech and masti-
cation) and aesthetics, and providing high patient satisfaction, with a positive effect on
quality of life [3, 4].

Following the loss of a tooth, physiological resorption of the alveolar process occurs
immediately, characterized by a decrease in the number of trabeculae, density, and a loss
of bone width and height. This resorption is a variable and irreversible process that tends
to be more intense in the first year after extraction and continues throughout life. It may
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become so severe that it results in an atrophic alveolar ridge, complicating the placement
of implants in functionally and esthetically satisfactory positions [5, 6].

The resorption pattern of the maxillary arch is centripetal, while the mandible follows
a centrifugal pattern, potentially leading to discrepancies and inversion of the maxillo-
mandibular relationship. In the maxilla, the main limitation is due to maxillary sinus
pneumatization, while in the mandible the available bone height is determined by the
presence of the mandibular canal [7,8]. The ultimate goal of implant placement is to pro-
vide long-term anchorage in the best possible three-dimensional position for a functional
and esthetic prosthetic solution. Reverse planning is essential for successful rehabilitation,
establishing the prosthetic goals prior to maxillary reconstruction, as the final prosthesis
design determines the number and ideal position of implants [9, 10].

For the treatment of atrophic ridges, several strategies may be employed, generally
following two conceptual approaches: using the remaining bone without bone grafting
(such as short implants, tuberosity implants, zygomatic implants, tilted implants, or the
All-on-4 concept) or increasing bone volume through grafting procedures [11-13]. The
choice of treatment should be based on thorough clinical and radiographic evaluation,
especially of the quantity and quality of residual bone, which are critical for primary im-
plant stability and successful osseointegration, often requiring a combination of ap-
proaches [14-16].

All-on-4 is a general concept based on the placement of four implants to support a
fixed full-arch prosthesis. For maxillary rehabilitation, the technique is subdivided into
three types: All-on-4 Standard, All-on-4 Hybrid, and All-on-4 Zygoma [17,18]. All-on-4
Standard (conventional implant technique) involves two axial implants placed in the an-
terior maxilla and two tilted distal implants that engage the anterior wall of the maxillary
sinus. All-on-4 Hybrid combines conventional implants with zygomatic implants to pro-
vide adequate support in the posterior region. This is indicated when the patient lacks
sufficient bone dimensions for the Standard technique, primarily due to severe maxillary
sinus pneumatization. All-on-4 Zygoma involves the placement of four zygomatic fixa-
tions (two anterior and two posterior). This is the technique of choice for cases of severe
resorption, where there is insufficient bone height and width to place conventional im-
plants. In such cases, the zygomatic bone —dense, both cortical and trabecular —is used to
anchor long implants ranging from 30 to 52.5 mm [19].

Tilted implants are those placed at an angle of 30° or more relative to vertically posi-
tioned implants. They offer surgical and prosthetic advantages, such as the ability to place
longer implants, increasing bone-to-implant contact, enhancing bone anchorage and pri-
mary stability; the addition of posterior support, reducing distal cantilever length and the
risk of stress accumulation and resorption at the bone-implant interface, thus improving
load distribution. Furthermore, they avoid bone grafting and/or invasive surgical proce-
dures, reducing morbidity, treatment time, and costs, leading to better patient acceptance
[6, 17, 18]. Studies have reported high success rates for implant-supported fixed prosthe-
ses. However, occlusal load transfer through the distal cantilever may lead to prosthetic
complications such as screw loosening or fracture; fracture of the prosthetic tooth, porce-
lain, or metal substructure; or even implant failure. For the maxilla, a distal cantilever of
no more than 10 to 12 mm is recommended [12, 13, 19, 29].

This paper aims to report a clinical case of rehabilitation with a fixed prosthesis sup-
ported by five implants in an atrophic maxilla.

2. Case Report

A 61-year-old female patient sought care at the Postgraduate Institute of Dentistry
for a clinical evaluation, reporting a desire “to replace the upper removable denture with
a fixed implant-supported prosthesis” (sic). During anamnesis, the patient stated that she
had lost her teeth many years ago and had been using a removable partial denture (RPD)
ever since. She denied any relevant systemic conditions or the use of medications.
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In the intraoral clinical examination, all maxillary teeth were missing except for teeth
18, 17, and 28, and the maxillary residual ridge was narrow. In the mandibular arch, teeth
46 and 36 were absent, and a root remnant of tooth 37 was observed (Figure 1).

Figure 1. Initial Intraoral Appearance.

Complementary laboratory tests were requested, including a complete blood count,
coagulation profile, and fasting blood glucose, as well as imaging exams (panoramic ra-
diograph and Cone Beam computed tomography of the maxilla) (Figure 2).

Figure 2. Final Panoramic Radiograph.

After analyzing the imaging exams, the case was diagnosed as an atrophic maxillary
ridge, with insufficient bone width and limited height in the posterior region due to bilat-
eral pneumatization of the maxillary sinuses. The proposed treatment plan was the reha-
bilitation with a fixed prosthesis supported by four well-distributed implants in the max-
illa. It was decided to preserve teeth 18 and 28 to maintain vertical occlusal dimension,
and extraction of tooth 17 was planned, as it was extruded and its preservation was
deemed unfavorable for the prosthetic phase.
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Initially, implant placement surgery and extraction of tooth 17 were performed. Af-
ter antisepsis, local anesthesia, a crestal incision, and full-thickness flap elevation, an ex-
tremely thin residual bone ridge was observed (Figure 3).

Figure 3. Ridge aspect after flap elevation, showing horizontal bone deficiency.

Prior to implant placement, a bone expansion system (Bone Expander — Maximus®)
was used to expand the bone and increase its density. Five external hexagon-type implants
(E-fix — Titanium-fix®), with a diameter of 3.75 mm and lengths of 13 mm, 11.5 mm, and
8.5 mm, were placed. As an alternative to the vertical bone limitation in the posterior re-
gion and the pneumatization of the maxillary sinus, implant angulation was employed
(Figure 4). To fill and cover exposed threads, particulate lyophilized bovine bone matrix
was used in association with blood concentrates. The suture was then performed, and the
patient received postoperative care instructions. Fourteen days later, the patient returned
for suture removal and fabrication of a mucosa-supported provisional complete denture,
which was used during the osseointegration period.

Figure 4. Ridge with implants placed.

A three-month healing period was observed before reopening and exposing the im-
plant platforms to begin the prosthetic phase. After three months, osseointegration was
assessed using the ISQ, with average values of 65 + 5 for axial implants and 68 + 4 for tilted
implants, confirming sufficient stability for the prosthetic phase [28]. Straight and angled
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mini abutments were used as intermediate components to correct the angulation of the
tilted implants (Figures 5 and 6).

Figure 5. Transfer copings in position, highlighting the need for angled components.

Subsequently, an impression was taken for the fabrication of the record base and wax
rim. After marking the midline, smile line, and canine lines, as well as defining the vertical
dimension of occlusion, a trial of the teeth set in wax was performed (Figures 7A and 7B).
Upon evaluation, with satisfactory esthetics and function observed, the process proceeded
with the fabrication and trial of the metal framework (Figure 8A). Finally, porcelain was
applied, followed by the installation and delivery of the final fixed full-arch prosthesis
(Figures 8B, 9A, and 9B).

Six months after the installation of the fixed full-arch prosthesis, the patient returned
for a follow-up and maintenance appointment. She reported a significant improvement in
masticatory efficiency and comfort following the placement of the fixed prosthesis, as as-
sessed by a validated satisfaction questionnaire, with scores of 8/10 for comfort and 9/10
for masticatory function (Figures 10A, 10B, and 11). During the six-month follow-up pe-
riod, no complications such as peri-implant inflammation or the need for prosthetic ad-
justments were observed. However, the literature indicates that long-term complications,
such as peri-implant bone resorption or mechanical failures, may occur. Periodic mainte-
nance, including radiographic and clinical evaluations, is essential to ensure the longevity
of the rehabilitation.
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Figure 7. A. Teeth set in wax. B. Try-in of the teeth set in wax.

view).

Figure 9. A. Metal framework for ceramic protocol. B. Ceramic protocol prosthesis (buccal
view).

Figure 10. A. Initial appearance. B. Final appearance.

3. Discussion

The placement of implants in fully edentulous arches is considered the “gold stand-
ard” for the treatment of edentulous patients. The literature consistently reports that these
patients have a clear preference for fixed implant-supported prostheses, as they offer
greater masticatory efficiency and comfort, and require fewer repairs. Long-term follow-
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up studies of implant-supported fixed prostheses in the maxilla demonstrate implant sur-
vival rates ranging from 95.5% to 92%, confirming this treatment as a scientifically vali-
dated option. In contrast, implant failure rates in maxillary overdentures are significantly
higher [12,19-21].

Figure 11. Final Panoramic Radiograph.

Treating the severely atrophic maxilla with implants is challenging due to horizontal
and vertical bone resorption, along with compromised bone quality, especially in the pos-
terior region, as a result of maxillary sinus pneumatization. These factors directly influ-
ence treatment decisions, which typically follow one of two paths: using the residual bone
or increasing bone volume through grafting procedures [10,16,22].

Although bone grafting can yield excellent results, it is a technically demanding pro-
cedure that may result in complications such as graft failure, surgical site infection, poor
postoperative outcomes, increased morbidity, prolonged treatment time, and higher fi-
nancial costs for the patient. Additionally, a five-year retrospective analysis reported that
maxillary implants placed in native bone have higher survival rates and less bone resorp-
tion than those placed in grafted bone [5,17,23]. The use of tilted implants eliminated the
need for bone grafts or sinus lift procedures, reducing the treatment duration by an esti-
mated 3-6 months and lowering the costs associated with additional surgeries. The pa-
tient reported minimal postoperative discomfort and rapid adaptation to the fixed pros-
thesis, indicating both clinical and psychological benefits.

Although zygomatic implants are a viable alternative for severely atrophic maxillae,
the decision to use tilted implants in this case was based on the sufficient amount of re-
sidual bone and the possibility of applying less invasive techniques, such as bone expan-
sion. This approach avoided more complex procedures, reduced morbidity, and short-
ened treatment time. The use of five implants instead of four (as in the All-on-4 concept)
was also considered to improve load distribution, even though additional implants were
not strictly necessary due to the stability achieved. In this case, the residual bone was used
to place five well-distributed implants in the maxilla, employing the technique of tilting
the posterior implants, which allowed for the placement of longer implants (11.5 mm and
13 mm), increasing the bone-to-implant contact area and avoiding the need for maxillary
sinus floor elevation. A particulate lyophilized bovine bone matrix was used solely to
cover exposed threads.

There is variation in the literature regarding the number of implants required for full-
arch maxillary rehabilitation. Some studies recommend the placement of six to eight im-
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plants for a fixed maxillary prosthesis, arguing that this approach reduces load transmis-
sion to each implant and decreases distal cantilever length. The literature suggests that
short cantilevers (< 10 mm) are ideal for maximizing mechanical strength, and a cantile-
ver-to-anteroposterior (CL:AP) ratio of 1:3 is recommended for predictable outcomes, es-
pecially when using standard-diameter implants (3.75 mm, as used in this case) [29,20,3].
However, long-term follow-up studies have confirmed the high success rates of the All-
on-4 concept (ranging from 95.2% to 100%), which benefits from the use of tilted distal
implants [8,12,16,24]. In this case, the distal cantilever length was 9 mm, resulting in a
CL:AP ratio of 1:3—within the literature’s recommended parameters for minimizing me-
chanical complications. Some sources allow cantilevers up to 2.5 times the AP distance
under ideal conditions when using five implants, but no more than two distal pontics are
advised [29].

Studies have also investigated the influence of implant number and angulation on
cortical bone stress distribution using the All-on-4 technique. They concluded that tilted
implants combined with short cantilevers reduce stress on the peri-implant cortical bone.
Other findings indicate that support polygons formed by four or five implants offer better
stability and load distribution [24]. Agliardi et al. [7] rehabilitated twenty maxillae using
two axial and four tilted implants; after 31.3 months of follow-up, they reported survival
rates of 97.5% for axial implants and 99.2% for tilted implants [7]. In prospective and ret-
rospective studies reviewed, no significant difference in success rates was found between
tilted and axial implants when used in multiple-unit prostheses [23,25].

In the case presented, five implants were used, considering inter-implant distance.
This aligns with Asawa et al. [26], who state that increasing the distance between implants
improves load distribution. According to Tischler, Datch, and Bidra [27], the greater the
number of implants, the smaller the space between them, which may lead to prosthetic
complications, such as framework fractures, and hinder oral hygiene [27]. Although six
months results are promising, long-term studies are necessary to confirm the stability of
the rehabilitation and monitor for late complications.

4. Conclusion

The treatment of atrophic maxillae with implant-supported full-arch prostheses re-
mains a clinical challenge, primarily due to reduced bone height and width, compromised
maxillary bone quality, and the presence of critical anatomical structures that hinder ideal
three-dimensional implant placement. For this reason, several approaches have been pro-
posed to overcome these limitations in the rehabilitation of atrophic ridges.

Among the treatment modalities, the use of tilted implants has proven to be an ex-
cellent option. It offers biomechanical advantages by reducing distal cantilever length and
improving load distribution, while avoiding more invasive procedures. This reduces mor-
bidity, shortens treatment time, and lowers financial costs, resulting in high patient ac-
ceptance and extremely favorable outcomes.
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