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Abstract: Rehabilitation of atrophic maxilla still remains a challenge. Fixed implant-supported
restorations have become more predictable in the last years; nevertheless, technical and biological
complications still occur. Removable overdenture fully supported by a CAD/CAM titanium bar
seems to be a viable treatment option for the rehabilitation of completely edentulous patients with a
high degree of bone resorption. In these clinical cases, the soft tissues of the lower third of the face
need to be respected, and a fixed-removable solution is the only option to have good hygiene control.
Nevertheless, there is no consensus about the optimal number and position of the implants. A total
of six adult patients were recruited and treated with an overdenture fully supported by a CAD/CAM
titanium bar and low-profile attachment, screwed on four or six implants. A detailed step-by-step
description of the procedures was presented. Overall, all the patients were successful treated with no
relevant complications. With the limitations of this case series, maxillary implant overdenture fully
supported by four or six implants seems to be a safer treatment option for the minimally invasive
rehabilitation of atrophic maxillae, regardless of the number of implants.
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1. Introduction

Rehabilitation of complete edentulous maxilla could be performed with several types of prosthesis.
Among these, implant-supported restorations have become the most popular in the last two decades.
However, alveolar bone resorption may require bone augmentation procedures before or at implant
placement. According to Avrampou et al. [1], an implant-supported prosthesis can be classified
according to the retention system (fixed or removable) and according to the prosthetic space that we
need to fill. A fixed prosthesis can be delivered with a crown or hybrid design, while a removable
denture, or overdenture, can be designed only with a hybrid design. Surprisingly, both prosthesis
designs were associated with significant improvements in function, esthetics, and patient’s satisfaction,
irrespective of whether the restoration was fixed or removable [2]. The rehabilitation of the completely
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edentulous maxilla with four implants and a fixed prosthesis is a valuable treatment option for avoiding
technique-sensitive augmentation surgeries; nevertheless, biologic and technical complications may
occur [3]. Biologic complications are related to plaque accumulation in susceptible patients while
technical problems are mostly related to fracture of the provisional prosthesis [3]. Moreover, to increase
the predictability of esthetic treatment outcomes, it was demonstrated that the space between the
prosthetic crown and the implant platform should be filled with pink prosthetic material in order
to fill more prosthetic space. To overcame these drawbacks, in patients with an altered skeletal
maxillomandibular relationship and horizontal/vertical bone resorption (Cawood and Howell class IV, V,
and VI), a minimally invasive overdenture fully supported by a computer-aided design/computer-aided
manufacturing (CAD/CAM) titanium bar seems to be the gold standard [4,5]. This type of prosthesis
can be successful delivered on only four implants, placed in the anterior area, which can be placed
flapless (using a guided approach) or with a small flap. Nevertheless, there is no evidence if a different
number of implants and their positions is better than another to fully support an implant overdenture
in the maxilla.

The aim of this case series was to report the two-year implant/prosthetic success and survival
rates with four or six splinted implants placed in the maxilla to delivery an implant overdenture fully
supported by a CAD/CAM titanium bar.

2. Materials and Methods

This paper describes a series of 6 clinical cases, treated with 4 (group 1, n = 3) or 6 (group 2, n = 3)
implants of maxillary implant-supported overdentures. Six completely edentulous adult patients were
recruited and treated between January and October 2017 by the same surgeon (MT). The investigation
was conducted according to the principles embodied in the Helsinki Declaration of 2008, as amended
in 2013. After being duly informed about the nature of the treatment, patients were asked to provide
written consent. None of the patients presented with uncontrolled diabetes, a history of radiation to
the head and neck, pregnancy or nursing, intravenous bisphosphonate therapy, or smoking habits of
more than 10 cigarettes a day.

All the patients presented with a pre-existing complete removable denture that was rebased or
redone if judged not accurate in its fit and function/esthetics. After, all the patients underwent a cone
beam computed tomography (CBCT) scans according to a modified double-scan protocol [6], together
with a complete scan of the pre-existing complete removable denture, in order to virtually plan four or
six implants in the healed bone, according to the prosthetic volume to be rehabilitated. All the implants
were planned as parallel as possible with a dedicated software (RealGuide, 3DEmme, Cantù, Italy).
The anterior implants were placed in the lateral position while posterior implants were planned as
distal as possible. When six implants were planned, adjunctive implants were placed in the middle,
between the anterior and posterior implants. After approval of the virtual plan, a stereolithographic
surgical template was ordered (New Ancorvis, Bologna, Italy).

All the patients received professional oral hygiene in the antagonist arch (if needed) and
prophylactic antiseptic and antibiotic therapy prior to the implant placement. After local anesthesia,
the surgical templates were placed intraorally using the opposing arch as a reference point and
stabilized with three to five preplanned anchor pins. Patients received four (Figures 1–7) or six
(Figures 8–14) implants (Osstem TSIII, Osstem Implant, Korea) using a flapless or a miniflap approach,
following the drilling protocol recommended by the manufacturer (OneGuide surgical kit, Osstem
Implant). Immediately after implant placement, straight Multi Abutments TS (Osstem Implant) were
screwed onto the implants. No immediate loading was performed, but the pre-existing prosthesis were
adapted using a tissue-conditioning resin to reduce possible symptoms/problems due to an ill-fitting
denture (Hydro-cast, SultanHealthcare, USA). After a two-month osseointegration period, a digital
impression (Carestream CS 3600) using a specially designed customized prosthetic template was
taken, and the digitalized file was super-imposed to the original plan [7]. This is the cross-mounting
technique, which helps to transfer the planning information in every prosthetic step. Specifically,
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it helps us to transfer the position of the implants in the project and to be able to correctly superimpose
the data digitally (Figure 15). A one-piece titanium bar with an OT Equator attachment (Rhein’83,
Bologna, Italy) was planned in both groups. A secondary framework was designed at the same time
using dedicated software (exocad DentalCAD, Exocad GmbH, Germany). Obviously, each step was
developed within the prosthetic volume identified during the treatment diagnosis phase. After the
finalization, the prostheses were delivered and the patients were followed for hygiene maintenance,
with clinical examination every 4 months, and yearly radiographic evaluation, up to two years
after loading.
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Figure 11. CAD design of the titanium bar made on six implants according to the prosthetic set-up,
and with four low-profile retention systems.

Implant and prosthetic survival rates as well as biologic and technical complications were recorded
during the entire follow-up. An implant was considered a failure if it presented with any mobility,
progressive marginal bone loss, infection, and/or any mechanical complications, such as implant
fracture, which renders the implant unusable although still stable in the bone. A prosthesis was
considered a failure if it needed to be replaced. Any biological (pain, swelling, suppuration, etc.)
and/or mechanical (screw loosening, fracture of the framework and/or the veneering material, etc.)
complications were recorded during the entire follow-up period.

The Fisher exact test was used to compare dichotomous outcomes (survival and complications)
between patients rehabilitated with four or six implants. The level of significance was set at 0.05.
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Figure 13. The definitive prosthesis with pink material to give support to the upper lip and cheeks.
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Figure 15. The digital cross mounting. The digital transfer of information.

3. Results and Discussion

Overall, six patients were treated and followed for two years (three in each group). The patients’
mean age was 68.5 ± 7.2 years. Two women and one man were treated in group 1 (mean age
72.4 ± 5.6 years), while one woman and two men were treated in group 2 (mean age 65.0 ± 7.9 years).
All the patients in both groups were not smokers. One patient in group 1 presented controlled type
II diabetes. Two patients (one in each group) were under therapy for slightly high blood pressure.
During the entire follow-up period, no implants and no prosthetic failed regardless of the number
of implants (Fisher exact test: 0/0; 0/0: p = 1.0). At the two-year follow-up examination, two minor
complications were experienced in two patients who received four implants. One of the anterior metal
matrix bonded on the secondary framework with resin cement de-bonded from the metal part. In both
cases, the matrixes were cemented again chairside in about 15 min (Fisher exact test: 0/3; 2/1: p = 0.4).
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When comparing these results with technical complications in the mandible, in another paper
published by the same authors, no implants and prostheses failed and no major complications were
experienced one year after loading. In the present clinical cases, all patients were treated with
fixed/removable solution. Several factors should be considered when determining whether a fixed
or removable implant-supported complete denture or overdentures is the best option for complete
edentulous patients. According to previous studies, bone atrophy represents one of the most important
decisional criteria [1,2]. This is due to the need to support facial soft tissue, as well as to provide proper
hygiene maintenance. Furthermore, fixed/removable solution represents a resilient system against
occlusal force, reducing the overall number of complications.

In the present paper, two minor complications were experienced. This could be explained by the
different occlusal force and the kind of residual bone in the atrophic mandible compared to the atrophic
maxilla as well as by the longer follow-up in the present paper [5]. Both complications occurred in the
patients who received four implants; nevertheless, a statistically significant difference was not reached.
This could be explained with the low number of treated patients, as well as the short follow-up.

According to a systematic review by Roccuzzo et al. [8], at the time of writing this manuscript,
there were no studies that had addressed the question of how many implants should support an
overdenture in the maxilla. In general, posterior implants should be placed as distal as possible,
increasing the distance between the anterior and posterior implants (A-P spread) to provide a better
distribution of the masticatory force. Improving the implant distribution also allows a reduction of
the distal cantilever. The choice to place four or six implants should be made according to the bone
atrophy and the residual arch form of the maxillae. In fact, in atrophic patients with no available bone
in the posterior area due to bone atrophy and pneumatization of the maxillary sinus, the anterior shape
of the maxillary arch influences the implant position, and to increase the A-P spread, sometimes tilted
implants are the best choice. A square arch form limits the anterior–posterior distance between implants.
In these cases, middle implants could be placed in the pre-maxilla area. Otherwise, in tapering and/or
ovoid arches, six implants could be placed, and this represents the gold standard.

Tilting the posterior implants, according to a classic all-on-four protocol, or Marius Bridge by
Dr Yvan Fortin, which in 1991 was the first protocol of four tilted implants with a fixed-removable
prosthetic, could be another option to reduce the overall number of implants, even in this anatomical
scenario, also reducing the distal cantilever, and improving the A-P spread [4]. Pozzi et al. reported
no complications one year after loading in a preliminary report on implant-supported overdenture
delivered on four implants placed according to the all-on-four protocol [5]. In this study, according to
the all-on-four protocol, 17◦ or 30◦ Multi-Unit Abutments were used. Different form the presented
cases, in the study of Pozzi et al. [5], the metal counterpart was realized in a cobalt-chromium alloy
metal framework according to the metal casting technique. In the present paper, the metal counterpart
was printed with laser melting technology and then milled. Titanium represents the gold standard due
to the lower specific weight that makes titanium lighter. Moreover, titanium is also the gold standard
when a composite veneering material is chosen.

In the present case series, low-profile attachments were used to connect and retain the overdenture
to the CAD/CAM titanium bar. The low-profile attachments contributed to reducing the technical
complications, such as detachment of the teeth or fracture, thus improving the prosthetic materials
between the prosthetic crown and bar volume [9–19]. Even if a statistically significant difference was
not reached, two minor complications were experienced when four implants were used. A further
study should be designed to evaluate the effect of the occlusal forces when few number of implants
are used.

Since this study was designed as a comparative case series, the main limitation of this research is
the small sample size. Nevertheless, it is possible to assume that a maxillary implant overdenture fully
supported by four or six implants is a safer treatment option for the minimally invasive rehabilitation of
atrophic maxillae. The take-home message is that when possible, up to six parallel implants (minimum
four) should be placed.
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