
Citation: Ortensi, L.; Vitali, T.; Mirra,

R.; Ortensi, M.; Borromeo, C.

Ageing-Oriented Prosthetic

Treatment Plan: A Case Report.

Prosthesis 2023, 5, 496–508.

https://doi.org/10.3390/

prosthesis5020034

Academic Editors: Marco Cicciu and

Andrea Scribante

Received: 18 March 2023

Revised: 11 May 2023

Accepted: 15 May 2023

Published: 22 May 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Case Report

Ageing-Oriented Prosthetic Treatment Plan: A Case Report
Luca Ortensi 1 , Tommaso Vitali 2, Raffaele Mirra 2,* , Marco Ortensi 3 and Carlo Borromeo 4

1 Department of Prosthodontics, University of Ferrara, 44100 Ferrara, Italy
2 Apollonia s.r.l., Specialist Private Practice, 06061 Castiglione del Lago (PG), Italy
3 Centro Odontotecnico di Ortensi Gianni, 40126 Bologna, Italy
4 Laboratorio Odontotecnico Borromeo Carlo, 20831 Seregno (MB), Italy
* Correspondence: raffaele.mirra@gmail.com

Abstract: Today, older adults are routinely classified into different categories based on their degrees of
independence. However, due to the extreme heterogeneity of this group, and the fact that ageing is a
progressive process, older adults may require customized prosthetic treatment. Older people, during
ageing, may quickly pass into a frail condition, with loss of independence and of the manual skills
necessary for proper hygiene maintenance. With this in mind, complete arch rehabilitations can make
an important contribution to a patient’s quality of life. New treatment strategies are needed which
take into account the priorities of ageing. The aim of this case report is to show an adaptable prosthetic
treatment protocol that is useful for older adults. This protocol provides individual satisfaction and
also aids forecasting of the patient’s future functional and maintenance needs.
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1. Introduction

Life expectancy is progressively rising worldwide, especially in developed countries [1].
This phenomenon highlights the social and medical advances of the last century, but
also raises new challenges in relation to the diseases and disabilities which affect older
people [2]. Among older adults (>60 years old) the prevalence of severe edentulism (less
than nine teeth) quickly increases during the seventh decade, with a peak rate of increase at
65 years [3]. This condition may impair the health, social status, and psychological status
of individuals; thus, it requires improvements in preventive and treatment modalities. In
some studies, edentulism has been associated with higher rates of mortality (RR = 1.66,
95%CI 1.46–1.88), especially due to cardiovascular and pulmonary diseases [4].

In addition, the older adult population can be understood as including a wide range
of ages, involving different challenges to health at different ages. From this perspective,
Ettinger and Beck proposed a classification based on the degree of independence enjoyed
by people older than 65 years. In this classification, older adults were divided into three
groups, namely, functionally independent, frail, and functionally dependent [5].

With regard to patient perception, implant-supported rehabilitations can significantly
improve patient-centered outcomes (PCOs) when compared with conventional complete
dentures [6,7]. Furthermore, a systematic review assessing PCOs found insufficient evi-
dence to claim the superiority of fixed implant-supported restorations over overdentures [8].
These results can be easily expressed in terms of the Ettinger and Beck classification; over-
dentures are perceived as easier to clean and therefore more suitable for frail older adults,
whose dexterity can be partially impaired [9]. The absence of adequate oral hygiene proce-
dures can also promote plaque accumulation and thus the onset of peri-implant diseases,
jeopardizing implant survival and rehabilitation management [10]. Consequently, both
primary and secondary prevention of peri-implant disease are necessary to avoid func-
tional and biological failure in frail patients [11]. In addition, oral inflammation can have
an impact on systemic disease control (e.g., diabetes and cardiovascular disease). This
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highlights the need for new oral health restoration strategies that take into account the
different priorities associated with ageing [12]. Because ageing is a progressive process,
individuals may quickly pass into a frail condition, losing independence and the ability to
hygienically maintain a long-term rehabilitation [13].

In this regard, any treatment plan for older patients willing to restore a fixed dentition
should take into account the ageing process and allow for easier adjustment if and when
such patients subsequently experience an ageing-related impairment. In simple terms, the
clinician should accurately plan the number and the location of dental implants to allow
for the future rehabilitation of both fixed and removable prosthetics in a feasible manner by
forecasting the patient’s likely reduction in independence and allowing for short treatment
times in the re-intervention stage.

The aim of the current case report is to show an adaptable treatment protocol for older
adults that provides individual satisfaction and also helps to pinpoint the future functional
and maintenance needs of the patient. The presented method highlights the value of the
prototype, which can help clinicians to validate the digital project. Moreover, photographs,
Intra Oral Scanner (IOS), and a virtual articulator can facilitate and speed up this procedure.
To this end, a single clinical case is described in detail, so that the main conceptual elements
of the protocol can be understood.

2. Materials and Methods

A 70-year-old man came to the dental office complaining about mobility issues with
his upper jaw prosthetic rehabilitation. The patient did not suffer from any systemic
disease or infection and he reported good general health; he was, therefore, classified as
ASA1 according to the American Society of Anesthesiologists Classification [14]. Oral
anamnesis revealed previous dental treatments intended to recover and replace elements
mainly affected by dental caries. The lower jaw presented a complete removable implant-
supported restoration in good state with neither tissue discrepancy nor peri-implant disease.
In the upper jaw, a Class I Kennedy edentulism [15] treated with a combined prosthetic
solution was found (Figure 1). Clinical examination together with radiographic images
revealed a hopeless dental condition, which required a complete remake of the upper jaw
prosthesis. The patient requested a fixed prosthesis, so the treatment plan could rely only
on implant-supported rehabilitation due to the absence of reliable dental support.
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2.1. First Step: Complete Fixed Rehabilitation

Intra-oral and extra-oral pictures together with analogic impressions and radiographic
images were obtained in order to develop a treatment plan. Extra-oral examination did
not reveal any asymmetry; however, oral inspection highlighted an oblique occlusal plane
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with centripetal atrophy of the alveolar crest on posterior maxillary sites. Radiographic
exams (orthopantomography and cone beam computed tomography) revealed severely
pneumatized maxillary sinuses, which ruled out conventional implant placement in the
posterior sites (Figure 2). After the extractions were performed, the residual bone volume
was suitable for implant-supported rehabilitation, either fixed (fixed dental prosthesis—
FDP) or removable (overdenture).
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Figure 2. Radiographic image of the upper jaw at baseline.

In light of the above, two straight and two tilted implants (4 × 12.5 mm) (Spi Contact
Inicell, Thommen Medical; Grechen, Switzerland) were inserted in order to comply with
the All-on-4 rehabilitation protocol. Multi-unit abutments (MUAs) were screwed onto the
implants as intermediate components to provide passivation for the metal superstructure
(Figure 3) [16].
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The one-model technique described by Biscaro et al. was used to transfer the implant
position onto the previously articulated models [17]. An experienced technician (MO)
manufactured the metal superstructure and modeled the teeth anatomy with acrylic resin
according to aesthetic and occlusal requests (Figure 4). Immediate loading was performed
within 48 h.
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After the completion of the prosthetic rehabilitation, recalls were scheduled twice a
year to perform clinical assessment and professional mechanical plaque removal [18].

2.2. Second Step: From FDP to Implant-Supported Overdenture

Ten years later, the patient came back to the dental practice experiencing severe wear
of the resin components of the former prosthesis due to attrition. The patient reported a
decrease in masticatory efficiency and expressed concern about aesthetic worsening caused
by the resin abrasion, resulting in a reduction in vertical dimension. Besides the prosthesis
wear, the only complication reported during the follow-up period was a resin fracture at
the upper left lateral incisor, which was subsequently repaired. In discussions with the
patient, a shift from a fixed prosthesis to an overdenture was considered, because of the
ageing process and dexterity reduction.

Again, diagnostic records were assessed in order to investigate the patient’s functional
and anatomical conditions. A digital workflow was applied, and the following records
were obtained:

• Intra-oral impressions: an intra-oral scanner (IOS) (Trios3 v1.4.7.5, 3Shape; Copen-
hagen, Denmark) was used to produce a full-arch digital model of the patient’s upper
and lower arches [19];

• Extra-oral photographs were taken according to the technique required by the DSS
(Digital Smile System, Just-Digital; Bologna, Italy) software protocol (Figure 5) [20–22];

• Virtual articulation of the model was performed through a digital facebow (Jaw
registration JMA, Zebris Medical GmbH; Isny, Germany) [23].

The task of the clinician was to restore the patient’s masticatory function and achieve
an aesthetic improvement, taking into account the ageing process and the new gnathological
conditions. Clinical and radiographic examination confirmed healthy implant conditions
without any bleeding site, probing depth ≥5 mm or radiographic bone loss (assessed by
means of intraoral radiographs).

Following the DSS workflow, we superimposed and imported the extraoral pho-
tographs, with and without lip retractors, into the software to conduct a 2D smile analysis
and design the proposed rehabilitation digitally. This process involved planning the shape
and position of the teeth virtually, based on commercial teeth from the software’s databases
(Figure 6). We then overlaid this digital design onto the patient’s smile picture to assess
teeth exposure and communicate the final result clearly. After the patient approved the
aesthetics and the treatment plan, we proceeded to produce a prototype [22].

The final plan was sent to the digital dental technician (MO) who matched the 2D
image to the articulated virtual model using dedicated CAD software (Exocad DentalCAD,
Exocad Gmbh; Darmstadt, Germany) (Figure 7). This procedure allowed the technician
to transfer the information derived from the digital smile software into a functional envi-
ronment, where teeth shape and prosthetic space could be checked in static and dynamic
occlusion [24].
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The prototype was produced with a 3D printer featuring SLA 3D printing technology
(Asiga MAX, Asiga; Sydney, NSW, Australia) employing PMMA resin. At this stage,
the patient was recalled in order to clinically check the aesthetic and occlusion with the
prototype and also to determine the implant position by means of an IOS. Firstly, four scan
bodies, mounted on the MUAs, were linked together with light-cured resin: the aim was to
improve global accuracy of the impression on the edentulous jaw [25,26]. Next, the resin
was removed and the prototype, properly adapted over the scan bodies, was placed in the
patient’s mouth for a second intra-oral scan (Figure 8) [27]; these two impressions allowed
the technician to merge the information derived from the implant position in the edentulous
jaw together with the prototype, resulting in a proper analysis of the spaces needed for the
bar and the superstructure in a procedure called “digital cross-mounting” [28].
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The last step before delivery consisted in the passivation test conducted by means of
an aluminum test drive produced with CAD-CAM technology; this structure was created
to verify the implant position and the accuracy of the digital impressions (Figure 9).
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Figure 9. Radiographic assessment of the impression’s accuracy with the aluminum test drive
in place.

The bar was produced by a milling center (New Anchorvis SRL; Calderara di Reno
(BO), Italy) from a chromium–cobalt disk and was therefore equipped with screwed ball
attachments (Rhein 83 srl; Bologna, Italy) (Figure 10).
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Next, the superstructure’s castable pattern was digitally designed and printed via
SLA technology (Figure 11); a chromium–cobalt alloy was injected into a mold obtained
from the pattern. Five retentive caps with their related metal housing were cemented to the
superstructure to provide a retentive component on the removable prosthesis.

Passive fit of the metal bar was verified with clinical and radiographic tests (Figure 12).
Once the bar and the superstructure were completed, the technician finalized the

overdenture by replicating the prototype’s teeth positions (Figure 13). In order to transfer
teeth position on the prosthesis, resin models were 3D printed based on the recorded maxil-
lomandibular relationship and were then placed on an analogue articulator to perform the
mounting. An acrylic resin flange was subsequently cast over the removable superstructure.
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Finally, before prosthesis delivery, the aesthetic and function were clinically checked.
Individually tailored oral hygiene instructions were then given to the patient (Figure 14).

Clinical and laboratory steps were summarized in Figure 15.
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3. Discussion

According to the World Health Organization, the global population of individuals
aged 60 years and older will double from 1 billion in 2019 to 2.1 billion in 2050 [29]. Ageing
is a major issue for modern societies, and the provision of age-friendly environments and
improved social and healthcare facilities is recommended to promote healthier—as well as
longer—human lives. Primary and secondary prevention of diseases must be implemented
to allow the easier management of this population cohort; however, epidemiological data
suggest that such an outcome is far from being achieved [30]. Caries and periodontitis
are two of the most prevalent pathologies worldwide, and tooth loss is their ultimate
sequela. This condition creates several imbalances such as loss of vertical dimension,
increase in masticatory muscle tone, and decreases in both biting force and masticatory
efficiency, leading to nutritional, anatomical, and aesthetical impairments [13]. A recent
cross-sectional study investigated the nutritional status of 1325 community-living older
adults (>75 years old); the authors showed that the complexity of patients’ care needs was
correlated with the risk of suffering malnutrition, and that these patients were more likely
to report chewing difficulties [31]. However, patients with dependency and functional
limitation lack the ability to self-report prosthetic quality (related to stability, cleanability,
and occlusion) [32], which means that trained nurses, together with regular check-ups,
could be necessary in order to maintain a healthy condition. In this regard, the case report
presented here suggests that prosthetic features should be adapted to the patient’s age
and general health condition. The All-on-4 protocol has been validated both on maxillary
and mandibular arches, allowing for a predictable treatment plan for FDP [33]. The
management of such rehabilitation requires the strict control of a patient’s oral health
as well as the use of reliable techniques and materials [11]. The primary prevention of
biological complications around implants plays a pivotal role in achieving the long-term
success of implant-supported prostheses, especially when prosthetic frameworks rely
on only a small number of dental implants, as in the All-on-4 procedure. Long-term
implant survival rates have been widely demonstrated [34] and satisfying results have
been achieved with full-arch rehabilitations [35]. Older adults could benefit from the
conversion from a fixed solution to a removable one, resulting in improved access to oral
hygiene procedures with minimal decrease in quality of life [36]. In fact, despite being
comparable for PCOs, there is a tendency to perceive the overdentures as more cleansable
compared to FDPs [8]. Zitzmann et al. compared patients’ perspectives when fixed or
removable implant-supported restorations were used in the edentulous maxilla, finding
no statistically significant difference in the patient’s denture assessments between the
two groups [37]. With regard to masticatory performance, this was significantly reduced
when implant-supported FDPs were compared with natural dentition [38]. However,
when the color-mixing analysis test was used to compare the masticatory performance
of conventional complete dentures and implant-supported rehabilitations, the implant-
supported rehabilitations performed better; nevertheless, there are no data supporting
the greater efficacy of the fixed over removable implant-supported prostheses [39]. In a
cross-over study, Feine et al. examined the masticatory function of 15 participants using
standard-sized test foods. Both types of implant-supported rehabilitations (FDP and
overdenture) were assessed, and no statistical differences were found between the two
groups [40]. These findings support the choice taken in the present case report to switch
from a fixed rehabilitation to a bar-supported overdenture, which is unlikely to affect the
quality of an older patient’s food comminution.

The current article demonstrates how the Interaction between different devices to-
gether with accurate planning can achieve a digital workflow allowing treatment time
reduction and accurate management of functional and aesthetic features. During the first
visit, extraoral pictures were taken and used to create an aesthetic plan. This plan was
discussed with the patient and modified according to his preferences. Then, the relevant
information was sent to the laboratory to make a personalized prototype. This step reduces
the risk of subsequent modifications and clearly guides the technician in the project. Us-
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ing the aesthetic outlines designed by the clinician, together with a dynamic assessment
of mandibular movements, made it possible to design a digital wax up with properly
adapted occlusal contacts, cusp inclinations, and anterior determinants. This planning
phase resulted in a printed prototype resembling the digital wax up that aimed to clinically
verify the acquired records. Once the prototype was printed, its appearance, phonetics
and function could be quickly checked at the same visit. This means fewer appointments
were needed.

Monaco et al. had already described a prototype to verify aesthetic, functional move-
ments and implant position in order to make an FDP [41]. However, in the current case
report, the treatment target was to switch from an FDP to a bar-supported overdenture, and
it was therefore necessary to schedule another appointment in order to check the accuracy
of the implant position before construction of the final restoration.

Finally, the digital workflow employed in the present case report may improve com-
munication with the patient and reduce procedure discomfort. A recent systematic review
showed that the use of intra-oral scanners (IOSs) leads to lower levels of nausea, pain,
and discomfort compared with the conventional impression technique [42]. This intrinsic
characteristic of the IOS, together with pre-visualization tools, can positively affect the
patient’s acceptance. Indeed, digital smile software, in addition to its diagnostic benefits,
can also be employed to approximate the aesthetic final result, and thus provide an effective
way to communicate with the patient.

4. Conclusions

Due to the increasing older and frail population, prosthodontic strategies must follow
global trends by adapting their protocols to demographic and socioeconomic conditions.
The present case report takes advantage of new technologies, while taking future mainte-
nance intervention into account, and finds them suitable for use in addressing the needs of
frail older adults.
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