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Abstract 
In recent years, the All-on-Four concept has gained remarkable popularity as a 
predictable and efficient treatment modality for the rehabilitation of completely 
edentulous patients. By enabling fixed implant-supported restorations with 
only four implants, this protocol avoids invasive procedures such as bone 
grafting, while simultaneously fulfilling functional and esthetic requirements. 
Nevertheless, the long-term biomechanical stability and clinical performance 
of these restorations are highly dependent on the materials and design 
employed.
Titanium bar-supported monolithic zirconia prostheses have emerged as a 
reliable restorative solution due to their superior mechanical and esthetic 
properties. Zirconia provides high flexural strength, excellent wear resistance, 
and favorable optical characteristics mimicking natural teeth, whereas titanium 
bars contribute with rigidity, biocompatibility, and improved stress distribution. 
This synergy offers a durable and predictable outcome, particularly in patients 
with high functional demands.
The present review aims to evaluate the indications, advantages, and limitations 
of monolithic zirconia restorations supported by titanium bars within the All-
on-Four treatment concept. Furthermore, recent clinical and laboratory studies 
are analyzed to shed light on long-term success rates, common complications, 
and patient-reported outcomes. Current evidence indicates that titanium bar-
supported monolithic zirconia prostheses represent a promising long-term 
solution in the management of complete edentulism, enhancing both functional 
efficiency and patient satisfaction.

Introduction

The rehabilitation of edentulous patients has always been a significant 
challenge in prosthodontics and implant dentistry. Conventional removable 
dentures often fail to provide sufficient stability, masticatory efficiency, and 
patient satisfaction, especially in cases of advanced alveolar bone resorption. 
To overcome these limitations, implant-supported fixed prostheses have been 
introduced as a predictable alternative, significantly improving patients’ quality 
of life in terms of function, phonetics, and esthetics (1,2).

The All-on-Four treatment concept, introduced by Malo and colleagues 
in 1998, represents a breakthrough in the field of implant dentistry (3). This 
protocol involves the placement of two axial anterior implants and two posterior 
implants tilted distally, allowing the support of a full-arch fixed prosthesis with 
only four implants. One of the main advantages of this approach is that it 
reduces the need for bone grafting procedures by utilizing the available bone 
more efficiently, especially in the posterior maxilla and mandible. Consequently, 
the All-on-Four protocol provides a less invasive, more cost-effective, and faster 
treatment option compared to conventional implant rehabilitation (3,4).

Despite its advantages, the long-term success of the All-on-Four concept 
is highly dependent on the prosthetic design and the restorative materials 
employed. Traditionally, hybrid prostheses composed of titanium frameworks 
veneered with acrylic resin teeth were commonly used. However, these 
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restorations often demonstrated complications such as 
tooth wear, chipping, discoloration, and fractures over 
time, especially in patients with parafunctional habits like 
bruxism (5).

In recent years, monolithic zirconia restorations 
supported by titanium bars (Figure 1) have gained increasing 
attention as an alternative to conventional metal–acrylic 
prostheses. Zirconia exhibits favorable properties such as 
high flexural strength, fracture toughness, wear resistance, 
and excellent esthetics that closely mimic natural teeth 
(6). Titanium bars, on the other hand, offer rigidity, 
biocompatibility, and superior load distribution, reducing 
stress concentrations on implants and peri-implant bone 
(7). The combination of these two materials results in 
restorations with enhanced durability, improved patient 
satisfaction, and reduced maintenance needs.

shortcomings of traditional metal–acrylic prostheses.

Indications

Monolithic zirconia restorations on titanium bars are 
recommended in the following clinical scenarios:

• Completely edentulous patients requiring full-arch fixed 
prostheses and desiring long-term durability and esthetics 
(11).

• Patients with sufficient bone volume in anterior and 
posterior regions to support the All-on-Four protocol, 
avoiding extensive grafting procedures.

• Bruxism or parafunctional habit cases, where conventional 
acrylic prostheses are prone to wear and fractures, making 
zirconia a more resilient option (12).

• Patients with high esthetic demands, particularly in the 
anterior region, where natural translucency and color 
stability are essential.

Advantages

Several benefits have been documented in the literature 
for titanium bar-supported monolithic zirconia restorations:

• Superior mechanical strength: Zirconia demonstrates 
high flexural strength (>900 MPa) and resistance to fracture, 
which is further reinforced by the titanium framework (13).

• Improved load distribution: The titanium bar provides 
structural rigidity and ensures even stress transfer to the 
implants, reducing the risk of biomechanical overload (9).

• Enhanced longevity: Compared with acrylic resin 
prostheses, monolithic zirconia restorations show 
significantly lower rates of chipping, wear, and discoloration 
over long-term use (14).

• Esthetic excellence: The optical properties of zirconia 
enable natural-looking restorations, significant in the 
anterior zone. Digital layering and staining techniques 
further enhance esthetics (7).

• Hygiene and maintenance: Monolithic surfaces 
accumulate less plaque compared to resin materials, 
improving peri-implant tissue health and facilitating patient 
hygiene (15).

Disadvantages

Despite the clear benefits, certain limitations and 
complications should be considered:

• Antagonist wear: Zirconia, due to its hardness, may 
contribute to wear of opposing natural dentition, especially 
in bruxism cases (16).

Figure 1: Monolithic zirconia restorations supported by titanium 
bars

Furthermore, digital workflows and CAD/CAM 
technologies have facilitated the precise fabrication of 
titanium bar-supported zirconia restorations, ensuring a 
more predictable fit, better occlusal balance, and improved 
long-term outcomes (8). Clinical studies with long-term 
follow-up have demonstrated high survival rates of both 
implants and prostheses in All-on-Four cases restored with 
monolithic zirconia, with minimal technical or biological 
complications (9,10).

Therefore, the integration of monolithic zirconia 
restorations on titanium bars within the All-on-Four 
treatment concept represents a promising approach in the 
management of edentulous patients. The following sections 
will discuss the indications, advantages, limitations, and 
clinical outcomes of this restorative option based on the 
available literature.

Monolithic Zirconia Restorations on Titanium Bars

The application of monolithic zirconia restorations 
supported by titanium bars has become an increasingly 
utilized approach in full-arch implant prosthodontics, 
particularly within the All-on-Four treatment concept. 
This restorative design combines the mechanical stability 
of a titanium framework with the superior esthetic and 
structural properties of zirconia, aiming to overcome the 
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• High cost: Fabrication using CAD/CAM zirconia and 
customized titanium frameworks is more expensive 
compared to conventional prostheses.

• Repair challenges: Unlike acrylic restorations, fractured 
zirconia prostheses are difficult to repair and often require 
complete remanufacturing (17).

• Technical complications: The interface between titanium 
and zirconia may be prone to stress concentration, which 
can occasionally lead to veneer fractures, screw loosening, 
or framework complications  (18).

Clinical Outcomes and Success Rates

Numerous clinical studies have reported favorable 
long-term outcomes for titanium bar-supported monolithic 
zirconia prostheses:

• Malo et al. (10) reported a 10-year implant survival rate 
of 93% and a prosthesis survival rate of 98% in patients 
rehabilitated with the All-on-Four protocol.

• Chrcanovic et al. (9) demonstrated low fracture rates in 
monolithic zirconia prostheses with 3–7 years of follow-up, 
with the most common complications being minor chipping 
or wear rather than catastrophic failure.

• Shash et al. (13) confirmed through finite element analysis 
that titanium bar reinforcement significantly reduces stress 
concentration on both implants and zirconia structures, 
contributing to enhanced biomechanical stability.

• Recent systematic reviews have highlighted that patient-
reported outcome measures (PROMs), including comfort, 
chewing efficiency, and esthetics, are higher in zirconia 
restorations compared to acrylic-based prostheses (11).

Overall, current evidence supports the use of monolithic 
zirconia restorations on titanium bars as a highly durable, 
esthetic, and predictable restorative solution in All-on-Four 
cases, provided that careful case selection and prosthetic 
planning are implemented.

Clinical Findings and Success Rates

The clinical performance of monolithic zirconia 
restorations supported by titanium bars within the All-on-
Four concept has been investigated in multiple prospective 
and retrospective studies, with overall outcomes 
demonstrating high survival and patient satisfaction rates. 
Both implant- and prosthesis-level parameters have been 
extensively evaluated, and the majority of the evidence 
supports their long-term reliability.

Implant Survival and Prosthesis Longevity

Long-term studies on the All-on-Four protocol 
consistently report favorable outcomes in terms of implant 

survival. Malo et al. (3) documented a 10-year cumulative 
implant survival rate of 93% and a prosthesis survival rate 
of 98%, indicating the durability of this approach. Similarly, 
longitudinal data from Nobre et al. (4) confirmed the 
reliability of this treatment modality with high survival rates 
even in atrophic jaws, highlighting the clinical predictability 
of titanium bar-supported frameworks.

Mechanical Performance of Zirconia Restorations

Monolithic zirconia prostheses have demonstrated 
superior resistance to mechanical complications compared 
with conventional metal–acrylic hybrid prostheses. In a 
retrospective study, Chrcanovic et al. (19) reported very low 
fracture rates in monolithic zirconia restorations during a 
follow-up period of 3 to 7 years, with most complications 
being minor chipping or superficial wear rather than 
catastrophic failure. Finite element analysis by Shash et 
al. (13) further confirmed that titanium bar reinforcement 
significantly decreases stress concentrations on both 
implants and zirconia structures, thereby reducing the risk 
of biomechanical overload.

Technical and Biological Complications

Although zirconia-based prostheses are less prone to 
technical complications than veneered ceramics, minor 
issues may still occur. The most commonly reported 
technical events include screw loosening, minor wear 
facets, or chipping at occlusal surfaces, often managed 
without the need for complete prosthesis replacement (11). 
Biological complications such as peri-implant mucositis and 
peri-implantitis have been observed at rates comparable 
to other implant-supported restorations, suggesting that 
the use of zirconia does not increase biological risks when 
proper hygiene is maintained (5).

Patient-Reported Outcomes (PROMs)

Patient satisfaction is a critical outcome measure for 
full-arch rehabilitation. Several studies have reported high 
levels of satisfaction with monolithic zirconia prostheses in 
terms of comfort, function, esthetics, and phonetics (1) (20). 
Compared with conventional acrylic-based restorations, 
zirconia prostheses are associated with better chewing 
efficiency, improved speech outcomes, and superior 
esthetic perception due to their color stability and natural 
translucency. PROMs consistently support zirconia as a 
preferred material in long-term edentulous rehabilitation.

Long-Term Prognosis

Systematic reviews have highlighted that full-arch 
monolithic zirconia restorations on titanium frameworks 
exhibit 5- to 10-year success rates exceeding 90–95%, with 
significantly fewer mechanical complications than metal–
acrylic prostheses (21). These findings suggest that zirconia 
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not only enhances longevity but also reduces the frequency 
of maintenance interventions, improving cost-effectiveness 
in the long run despite higher initial expenses.

Conclusion
The All-on-Four treatment concept has revolutionized 

the rehabilitation of completely edentulous patients by 
offering a predictable, cost-effective, and minimally invasive 
solution with high implant and prosthesis survival rates. 
Within this framework, the integration of monolithic zirconia 
restorations supported by titanium bars represents a 
significant advancement in restorative dentistry, combining 
biomechanical reliability with superior esthetic outcomes.

Current evidence demonstrates that this restorative 
approach provides long-term stability, excellent resistance 
to mechanical complications, and enhanced patient 
satisfaction. The combination of zirconia’s outstanding 
flexural strength, wear resistance, and optical properties with 
the rigidity and biocompatibility of titanium bars ensures an 
effective load distribution, minimizes technical failures, and 
reduces the need for frequent maintenance. Additionally, 
patient-reported outcomes highlight improvements in 
comfort, chewing efficiency, phonetics, and esthetics when 
compared to traditional acrylic-based prostheses.

Despite these advantages, certain limitations must 
be considered. The high cost of fabrication, the technical 
sensitivity of the digital workflow, and the potential for 
antagonist wear remain challenges in clinical practice. 
Furthermore, repair of fractured zirconia frameworks 
is often complex, necessitating the replacement of the 
prosthesis. Therefore, proper case selection, careful 
prosthetic planning, and strict adherence to maintenance 
protocols are essential to maximize long-term success.

In conclusion, titanium bar-supported monolithic 
zirconia restorations in the All-on-Four concept constitute 
a highly predictable and durable treatment modality for 
edentulous patients. With continued advances in CAD/CAM 
technology, digital workflows, and material science, future 
directions may further improve the efficiency, precision, and 
accessibility of these restorations. Long-term multicenter 
clinical trials and prospective studies are still warranted to 
validate their outcomes across diverse patient populations, 
but the current body of evidence strongly supports their 
role as a gold standard restorative option in full-arch implant 
rehabilitations.
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