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ABSTRACT 

The All-on-4 concept is a well-established implant-supported rehabilitation protocol for completely 

tendentious jaws that uses four strategically positioned implants, including two posterior tilted implants, to 

support an immediately loaded full-arch prosthesis. This paper rewrites and synthesizes the findings of the 

two uploaded studies, integrating long-term mandibular outcomes with evidence comparing digital 
computer-aided surgery and conventional workflows. Across the reported cohorts, implant survival remained 

exceptionally high, with long-term survival approaching 98% and digital workflows achieving excellent 

short- to medium-term outcomes. Digital planning, guided surgery, CAD/CAM improvisational, and flap-

less procedures were associated with reduced marginal bone loss, lower patient-reported pain, and greater 

satisfaction, while traditional protocols also demonstrated predictable clinical success. The evidence 

supports the All-on-4 concept as a reliable treatment option for edentulous patients and suggests that 

contemporary digital workflows can further improve surgical precision, patient comfort, and peri-implant 

tissue preservation.... 
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Introduction: 

Complete edentulism remains a significant global oral health challenge and is associated with reduced 

masticatory efficiency, compromised speech, diminished facial support, and impaired quality of life. 

Conventional removable dentures may restore basic function, but they often fail to provide long-term 

stability, particularly in patients with advanced alveolar ridge resorption. Implant-supported full-arch 

prostheses have therefore become an important treatment modality for the rehabilitation of edentulous jaws. 

 

 

The All-on-4 concept was developed to maximize the use of available anterior bone while avoiding extensive 

grafting procedures. Two anterior implants are placed axially and two posterior implants are tilted 

approximately 30–45 degrees, allowing distal support, reduction of cantilever length, and immediate loading 

with a fixed provisional prosthesis. The uploaded studies evaluate two important aspects of this concept: 

long-term clinical performance in the edentulous mandible and the role of digital smile design and computer-

aided surgery in improving treatment outcomes. Because it can lessen the need for complex grafting 

procedures while enabling quick or early functional rehabilitation, the approach is especially helpful in 

patients with limited availability of posterior bone. Contemporary digital processes have the potential to 

significantly enhance treatment precision, peri-implant bone preservation, patient comfort, and satisfaction; 

the uploading literature shows that implant survival over long-term follow-up approaches 98%. 

A fresh idea emerged as we stepped into the new century: introducing implants with a distal tilt. This 

innovative concept was developed with the express purpose of taking advantage of the denser bone in the 

front of the jaw. By doing so, it improves bone attachment and makes it easier to replace back teeth without 

extending cantilevers or undergoing the painful bone grafting process. The revolutionary "all-on-four" 

treatment plan followed, developed to make the most of the little bone that remains in severely atrophic jaws.  

..
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This brilliantly designed system not only allows for instant function but also deftly avoids regenerative 

treatments. In most cases, the latter would increase treatment costs and patient morbidity, on top of the 

inherent complexity of these systems.   

2. LITERATURE REVIEW 

The retrospective cohort study by Grandi and Signorini investigated complete-arch mandibular rehabilitation 

using the All-on-4 concept with follow-up extending up to ten years. Ninety-six patients were treated with 

four implants supporting a screw-retained full-arch prosthesis and underwent regular clinical and 

radiographic follow-up. The study evaluated implant survival, prosthesis survival, marginal bone loss, 

biological complications, and mechanical complications. 

The randomized clinical trial by Cattoni and colleagues compared a traditional All-on-4 workflow with a 

digital protocol incorporating digital smile design, virtual implant planning, guided surgery, CAD/CAM 

fabrication, and immediate loading. Fifty patients were randomly assigned to either a traditional or digital 

treatment group and followed for four years. Outcomes included implant survival, peri-implant marginal 

bone loss, patient satisfaction, operative experience, and postoperative pain.  

With those with no teeth at all, it may be extremely difficult to place an implant-supported prosthesis without 

resorting to complex procedures such grafting in the upper and lower jaw's molar area and nerve relocation. 

A workable solution is provided by the All-on-4 approach in such cases. For patients who are missing all of 

their teeth, or who have very few teeth, delivering an implant-supported prosthesis may need complex 

procedures such grafting in the molar area of both the upper and lower jaws and nerve relocation. The All-

on-4 approach offers a realistic answer in these situations.  However, important anatomical elements like the 
maxillary sinus or mandibular canal might frequently make the implant-supported prosthesis impractical. 

The complicated challenges of repairing resorbed jaws while avoiding critical anatomical features have led 

to the introduction of a plethora of new techniques, procedures, and materials.  Nerve relocation, guided 

bone regeneration, shorter implants, autogenous bone transplants (both intraoral and extraoral), and alveolar 

distraction osteogenesis are all part of this category.  Nevertheless, these procedures are typically not used 

widely due to their high costs, lengthy time requirements, and possible difficulties.  

Using the denser bone in the front of the jaw, this innovative concept aims to simplify the process of replacing 

back teeth without extending the cantilever or undergoing the painful bone grafting procedure, all while 

strengthening the bond between the two sets of teeth. 

 

3. BIOLOGICAL RATIONALE OF THE ALL-ON-4 CONCEPT 

The All-on-4 protocol is based on biomechanical principles that optimize implant distribution while 

minimizing the need for bone augmentation. Tilting the posterior implants increases the anteroposterior 

spread of support, permits the use of longer implants anchored in denser anterior bone, and avoids critical 

anatomical structures such as the inferior alveolar nerve and maxillary sinus. This configuration allows 

immediate function and reduces treatment time and morbidity compared with traditional graft-dependent 

rehabilitation protocols.  

The two front implants are often placed at the front, where there is usually more bone, and the two back 

implants are angled to maximize the prosthetic support's anteroposterior spread. By angling the distal 

implants, the prosthesis's distal cantilever can be reduced and longer implants can be placed within the 

accessible bone. By avoiding important anatomical elements, this arrangement can lessen the necessity for 
treatments like nerve relocation, significant bone grafting, or sinus augmentation in certain cases. The goal 

of biomechanics is to find a combination of implants and prostheses that can withstand functional loads 

without shifting, rather than just increasing the number of implants. This biological and bio-mechanical 

justification is listed in the first publication as one of the main benefits of the method, especially in jaws that 

are moderately to severely atrophying. 

Both uploaded studies emphasize that the concept is particularly advantageous in moderately to severely 

atrophic jaws, where conventional implant placement may otherwise require sinus elevation, nerve 

repositioning, or extensive regenerative procedures. 

4. Comparative Analysis of the Uploaded Studies 

Parameter Grandi & Signorini (2022) Cattoni et al. (2021) 

Study design Retrospective cohort Randomized clinical trial 

Patients 96 50 
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Arch evaluated Mandible Edentulous arches 

Follow-up Up to 10 years 4 years 

Workflow Traditional All-on-4 Traditional vs Digital 

Implant survival 97.9% 98% traditional; 100% digital 

Marginal bone loss ~2.5 mm at 10 years 1.12 ± 0.26 mm traditional; 0.83 

± 0.11 mm digital at 4 years 

Patient-centered outcomes Complications and bone 

stability 

Pain, satisfaction, smile 

preview, guided surgery 

 

Appropriate patient selection and thorough diagnosis are the foundations of successful All -on-4 therapy. All 

of the following should be evaluated during a clinical examination: the state of the teeth, gums, residual 

alveolar ridge, occlusion, facial features, smile line, oral hygiene, and functional needs. After a proper 
clinical evaluation, individuals whose remaining teeth have a bad long-term prognosis may be considered 

for extraction and rapid implant rehabilitation. Bone availability and anatomical structures that potentially 

impact implant placement can be better assessed using radiographic assessment. The relationship between 

the suggested implant locations and features like the mandibular canal, mental foramen, or maxillary sinus 

can be better understood with the use of cone-beam computed tomography, which offers three-dimensional 

data on bone breadth, height, and anatomical boundaries. Prior to establishing a definitive treatment plan, 

the diagnostic process should integrate clinical results with digital and radiographic data. 

5. SURGICAL AND PROSTHETIC PROTOCOLS 

In the long-term mandibular cohort, patients received four tapered implants with two posterior tilted implants 

and two anterior axial implants. Primary stability was emphasized, and provisional screw-retained prostheses 

were delivered within 24–48 hours, followed by definitive metal-resin prostheses after approximately six 

months. The digital workflow described by Cattoni et al. expanded this protocol through virtual prosthetic 

planning, digital smile design, cone-beam computed tomography, stereolithographic surgical guides, flapless 

guided surgery, CAD/CAM fabrication of provisional restorations, and digitally coordinated immediate 

loading.  

The digital sequence allowed prosthetically driven implant positioning and improved communication among 

the surgeon, prosthodontist, technician, and patient. The diagnostic, surgical, implant-placement, and 

prosthetic tools must all work together during the clinical procedure. For digital surface capture, we employ 

an intraoral scanner, and for three-dimensional radiographic examination, we use CBCT equipment. Surgical 

guides are utilized during guided implant placement, while implant-planning software is utilized for virtual 

positioning. Common items found in surgical kits include instruments for controlling torque and depth, 

implant drivers, irrigation tools, and osteotomy drills. Inserting the implant with the right driver after 

osteotomy preparation allows for primary stability assessment in accordance with implant system and 

clinical protocol. In cases when the prosthetic pathway necessitates adjusting the implant's angulation, multi-
unit abutments can be utilized to establish an appropriate prosthetic link. Both temporary and permanent 

prosthetic parts are subsequently made using computer-aided design and manufacturing (CAD/CAM) 

technology. By combining these tools, the process of diagnosis, surgery, and prosthetic manufacture are no 

longer seen as separate steps but as part of a seamless workflow leading to definitive restoration.  
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Fig.1 Implant kit tools 

6. CLINICAL OUTCOMES 

6.1 Implant Survival 

The strongest common finding across both studies is the exceptionally high implant survival associated with 

the All-on-4 concept. The ten-year mandibular cohort demonstrated a survival rate of 97.9%, indicating that 

only a small number of implants failed during long-term function. In the randomized trial, implant survival 
reached 98% in the traditional group and 100% in the digital group over four years. These results support 

the reliability of immediate loading when adequate primary stability is achieved.  

6.2 Marginal Bone Loss 

Marginal bone preservation is a critical indicator of implant success. In the long-term mandibular study, 

average marginal bone loss increased progressively over time and reached approximately 2.5 mm after ten 

years, representing a moderate but clinically acceptable level of remodeling. 

The randomized trial demonstrated significantly lower marginal bone loss in the digital workflow group. At 

four years, mean bone loss was approximately 1.12 mm in the traditional protocol and 0.83 mm in the digital 

protocol, suggesting that computer-guided surgery and prosthetically driven planning may contribute to 

improved peri-implant tissue preservation. 

6.3 Biological and Mechanical Complications 

The ten-year study reported biological complications in approximately one-fifth of patients and mechanical 

complications in roughly one-quarter of patients. Bleeding on probing, mucositis, and peri-implant soft tissue 

complications were among the most frequently observed biological events, whereas prosthetic component 

loosening and fracture represented the principal mechanical complications. Importantly, smoking was 

associated with greater marginal bone loss and increased biological complications, while bruxism was 

associated with a higher incidence of mechanical complications. These findings highlight the importance of 

risk-factor assessment and long-term maintenance programs. 
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Fig.2 Pre-treatment edentulous/terminal dentition condition 

 

Fig.3 CBCT-based assessment 

 

Fig.4 All in 4 implant view  
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Fig.5 Digital x-ray image of CBCT  

7. DIGITAL WORKFLOW AND PATIENT-CENTERED OUTCOMES 

One of the most important contributions of the second uploaded paper is its evaluation of patient-centered 

outcomes. Digital smile design enabled visualization of the proposed prosthetic result before surgery, while 

guided surgery reduced surgical invasiveness through flapless implant placement. Patients treated with the 

digital protocol reported lower intraoperative and postoperative pain and expressed high levels of satisfaction 

with digital smile preview, mock-up testing, and guided surgery. These findings suggest that digital 

workflows improve not only technical precision but also patient communication, treatment acceptance, and 

overall clinical experience. 

An integrated digital workflow is being used more and more in modern All-on-4 treatments. With the use of 

CBCT and an intraoral scanner, the patient's anatomical details can be acquired. When it comes to evaluating 

the remaining bone and anatomical structures, CBCT produces three-dimensional volumetric data, while 

intraoral scanning gives digital surface data for the teeth, gingiva, and soft-tissue contours. Software for 

implant planning can integrate these datasets to create an accurate digital model of the patient's mouth. 

Before surgery, the dentist can use the virtual environment to assess potential implant sites and create a set 

of replacement teeth that meets both cosmetic and functional standards. Digital grin design, guided surgery, 

virtual implant planning, CAD/CAM manufacture, and instantaneous loading were all parts of the digital 

process detailed in the uploaded randomized clinical trial, which shows how digital technologies are 

becoming more integrated into full-arch rehabilitation. 
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Fig.5 Block diagram of digital diagnostic workflow 

An organized, digitally integrated procedure for preparing for All-on-4 implant rehabilitation is shown in the 

Digital Diagnostic Workflow diagram. Reviewing the patient's medical and dental history, conducting a 

clinical examination, analyzing their face, taking photographs, and documenting their treatment goals are 

the initial steps of the workflow. This preliminary data sets the stage for future digital planning by 

determining the patient's clinical needs. 

Acquiring CBCT images, which show the maxillofacial anatomy of the patient in three dimensions, is the 

second step. Important anatomical features, including bone thickness, width, density, and residual ridge 

shape, are assessed. The next step is intraoral scanning, which uses this data to create precise digital surface 

images of the oral cavity and its supporting tissues. An integrated three-dimensional virtual patient model is 

created by merging the CBCT data and intraoral scan, which combines volumetric anatomical information 

with surface morphology. 

Creating a virtual grin and setting up virtual teeth is the next step. Digital models are used to determine the 

ideal tooth arrangement based on esthetic, functional, and face criteria. This gives a prosthetic reference for 

implant placement and enables the anticipated treatment result to be seen prior to surgery. The following 

step in the process is implant planning, which involves determining the optimal placement of the four 

implants taking into account the patient's anatomy, the accessible bone, the dimensions of the implants, the 

angle of insertion, and the prosthetic needs. Implant placement is strategically planned in respect to the 

expected eventual restoration in this prosthetically driven approach.  

Digitally generated surgical guides are the next step after implant planning, allowing for the transfer of 

intended implant locations and trajectories to the clinical operative field. Prior to production, the guide design 

is digitally verified. Following this, digital analysis and reporting are carried out to confirm the location, 
length, and angulation of the implant, as well as the availability of bone and the necessary distances from 

critical anatomical structures to ensure safety. Afterward, the patient is told of the treatment plan and given 

the opportunity to visualize the desired outcome. This process helps with both informed consent and the final 

approval of the treatment. Finally, you can export the digital surgical-guide file for 3-D printing or 

manufacturing during the export and manufacturing stage. Next, everything is ready for the clinical 

operation, including the surgical components and the made guide. 

8. DISCUSSION 

When interpreted together, the uploaded studies demonstrate that the All-on-4 concept has evolved from a 
minimally invasive graft-avoidance strategy into a digitally enhanced implant rehabilitation protocol with 

strong long-term predictability. The ten-year mandibular evidence confirms that four strategically positioned 
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implants can successfully support a full-arch fixed prosthesis for extended periods with acceptable bone 

remodeling and manageable complication rates. 

The randomized comparison further indicates that digital planning and guided surgery may improve the 

precision of implant placement and reduce peri-implant bone loss while enhancing patient comfort and 

satisfaction. Although the follow-up duration of the digital trial was shorter than that of the retrospective 

cohort, its findings are clinically significant because they demonstrate measurable advantages during the 

early and medium-term healing and functional phases. 

From a prosthodontic perspective, both studies reinforce the importance of immediate loading protocols, 

rigid splinting of implants, careful occlusal adjustment, and maintenance therapy. The association between 

smoking and biological complications, as well as between bruxism and mechanical complications, suggests 

that individualized risk management remains essential even when implant survival is high.  

9. CLINICAL IMPLICATIONS 

Based on the combined evidence, the following clinical implications can be drawn:  

• The All-on-4 concept provides a predictable treatment option for completely edentulous patients.  

• Immediate loading is feasible when adequate primary stability is obtained.  

• Posterior tilted implants reduce the need for bone grafting and shorten treatment time.  

• Digital smile design and guided surgery improve prosthetically driven implant positioning.  

• CAD/CAM workflows facilitate accurate provisional restorations and interdisciplinary coordination.  

• Smoking cessation and bruxism management should be incorporated into treatment planning and 

maintenance protocols. 

Clinical follow-up: 

Surviving an implant isn't enough to ensure long-term success. Evaluating peri-implant tissues, prosthetic 

components, occlusion, cleanliness, and patient comfort requires ongoing maintenance. Clinical assessment 

of bleeding on probing, plaque accumulation, soft-tissue condition, prosthetic screw stability, occlusal 

contacts, and radiographic evaluation of marginal bone levels are all potential follow-up investigations. 

Because biological and mechanical problems can still arise even after implants are osseointegrated, it is 

crucial that patients be educated and that professionals perform regular care. Structured maintenance 

programs should be prioritized because about 25% of patients in the long-term cohort reported mechanical 

issues and about 20% reported biological complications. 

10. CONCLUSION 

The All-on-4 concept represents one of the most successful contemporary protocols for the rehabilitation of 

edentulous jaws. The long-term evidence synthesized from the uploaded studies demonstrates implant 

survival approaching 98% over ten years, moderate marginal bone remodeling, and acceptable rates of 

biological and mechanical complications. Digital workflows incorporating virtual planning, guided surgery, 

and CAD/CAM technology provide additional advantages, including reduced marginal bone loss, lower 

postoperative pain, greater patient satisfaction, and improved surgical precision. Overall, the integration of 

digital dentistry with the established All-on-4 concept offers a highly effective, minimally invasive, and 

patient-centered approach for full-arch implant rehabilitation.. 
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