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ABSTRACT 

Statement of Problem: 

The method in which stresses are passed to the surrounding bone is an important component in the 

success or failure of a dental implant. This is determined by the kind of stress, bone-implant 

interaction, implant surface form and features, and the quality and quantity of surrounding bone. 

Objectives: 

The purpose of this study was to to analyze and compare the stresses generated in two different types 

of bone surrounding implants on an edentulous mandible using principles of all on four concept with 

the use of different biomaterials for immediate provisional prosthesis. 

Materials and Methodology: 

 3-D finite element models were prepared comprising of simulations for human edentulous mandible 

with cortical bone cover and homogenous D2 and D3 type of cancellous bone underlying it, mucosa 

and tapered thread internal hex bone level 4 implants with an immediate provisional prosthesis 

overlying the assembly. The models differed in the type of immediate provisional prosthesis used. 

Numerical equivalents for material properties of two different biomaterials were used as obtained from 

literature to simulate them. Solid models were made in a three-dimensional design software and then 

transferred to FEM software ANSYS. 

Results: 

The von Mises stress values were slightly higher in PMMA than in GO reinforced PMMA in the peri 

implant area of distal implants at the implant abutment junction. The von Mises stress values were also 

higher in the D3 bone compared to the D2 bone. 

Conclusion: 

Within the limitations of the study, there was no much significant difference to be found with the use 

of Graphene Oxide and additional research is required. 

Keywords:  Graphene oxide, PMMA, D2, D3, immediate prosthesis, All on Four, FEA. 
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INTRODUCTION 
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In earlier times when teeth were missing, sea shells were hammered into people's jawbones 

traced back to ancient Egypt. Today, dental implants are widely used to replace lost teeth.[1] 

Since the late 1960s with the introduction of dental implants for the rehabilitation of 

completely edentulous patients, this type of treatment has become more popular as a result of 

greater awareness and demand. [2] 

A key and important factor for the success or failure of any dental implant is the way in 

which stresses get transferred to the surrounding bone. This is dependent on the type of 

loading, bone–implant interface, the geometry and characteristics of the implant surface and 

the quality and quantity of the surrounding bone in which implants are placed. [3] 

The interrelationship between the bone quality, quantity, the design of the implant and the 

type and material of implant restoration play an extremely vital role for clinical success. A 

compromise in any of these above-mentioned factors often leads to implant failure. [4-6] The 

density of the available bone in an edentulous site is the determining factor in treatment 

planning, and will ascertain implant design, surgical approach, healing time and if initial 

progressive bone loading is a feasible option during prosthetic reconstruction.[2] 

The "All-on-Four" technique combines tilting and immediate-function procedures to restore 

completely edentulous jaw. In this approach 4 implants of which 2 are distally inclined and 2 

are medially straight. They are loaded with a complete fixed prosthesis. The use of tilted 

implants greater than 15 degrees with respect to the occlusal plane in a mesiodistal direction 

and/or in a bucco-palatal angulation enables placement of longer implants near the anterior 

wall of the maxillary sinus in case of completely edentulous maxilla. 

 For the purpose of social communication, patients want to be comfortable throughout the 

implant treatment procedure in terms of both appearance and functionality. In order to replace 

lost function and aesthetics, interim prostheses are employed.[7-8] Interim prostheses are 
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designed to provide stabilization, improve function and aesthetics, and serve as a template for 

the creation of the final prosthesis.[7-9] The choice between different interim prostheses is 

dependent on a few factors including provisional timing, interocclusal space, longevity, ease 

of fabrication and modification, ease of removal, esthetic demands, and economic 

implications.[10] Interim prostheses have various advantages, including serving as a diagnostic 

tool,  for helping with the evaluation of peri-implant soft tissue, for evaluation of adjacent 

teeth, and patient’s oral hygiene. They are helpful for patient management (esthetic, phonetic, 

psychological), communication between patient, prosthodontist, and technician, 

determination of implant site , healing of the soft tissue around the implants, potential loading 

of the implants, improving tissue contours in relation to emergence profile, and developing of 

an interdental or inter-implant papillae, and hence avoiding any third surgical procedure.[11-13] 

PMMA (polymethyl methacrylate) has been utilised as the preferred material for making 

temporary prostheses, however it has disadvantages including having lower mechanical 

strength.  

Researchers in dental and restorative dentistry are using graphene oxide because of its 

exceptional biomechanical qualities. However practically speaking, a material with only one 

component cannot possess all the qualities needed for dental applications designated by the 

American Dental Association (ADA) and FDI World Dental Federation specification. 

Therefore, to satisfy the diverse demands of artificial biomaterials, composite materials with 

numerous components are needed. Due to its high surface area and oxygen functional group 

content, graphene oxide can be combined with a number of metallic nanoparticles and bioactive 

molecules to provide it with unique functions.[14] Therefore the need for the study is to analyse 

and compare the stresses generated in two different types of bone surrounding implants at the 

implant abutment screw junction. 
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OBJECTIVES 
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1. To analyze the amount of stress distribution in D2 and D3 bone surrounding implants, using 

Polymethyl methacrylate as immediate provisional prosthesis. 

2. To analyze the amount of stress distribution in D2 and D3 bone surrounding implants, using 

Polymethyl methacrylate modified with graphene oxide as immediate provisional prosthesis.  

3. To compare the stress distribution in the two different densities of bone.  

4. To compare the stress distribution upon the use of two different biomaterials for immediate 

provisional prosthesis. 

5. To analyze the amount of stresses at implant abutment screw junction. 
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REVIEW OF LITERATURE 
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1. A finite element study was done by researchers to evaluate the influence of 2 commercially 

available dental implant systems on stress distribution in the prosthesis, abutment, implant and 

supporting alveolar bone under simulated occlusal forces employing a finite element analysis. The 

implants and abutments assessed consisted of stepped cylinder implant connected to a screw 

retained internal hexagonal abutment and a conical implant connected to a solid internal conical 

abutment. A porcelain covered silver palladium alloy was used as the crown material. In each case a 

simulation of 100N load was applied on the buccal cusp. The results obtained showed that the 

maximum von mises stresses were concentrated at the points of application in both systems and 

they were greater in system 1 than in system 2. Hence it was concluded that the stepped cylinder 

implant connected to a screw retained internal hexagonal abutment generates greater stresses on the 

alveolar bone and prosthesis. Lower stresses on the abutment complex were generated whereas the 

conical implant connected to a solid internal conical abutment furnished lower stresses on the 

alveolar bone and prosthesis and produced greater stresses on the abutment.[4] 

 

2. A study was done to evaluate the pattern of stress distribution with two different implant 

designs in four different densities of bone using 3D finite element analysis technique. Eight 3D 

models restored with implant supported all ceramic crowns were fabricated. Four of these models 

were fabricated to simulate a single threaded implant placed in four different densities of bone (D1, 

D2, D3 and D4). The other four models were created to simulate a single cylindrical implant placed 

in four different densities of bone (D1, D2, D3, and D4). The Poisson’s ratio and young’s modulus 

of elasticity of the material were incorporated into the 3D model. An average vertical load of 400 N 

was applied on the occlusal surface of the first molar between the buccal cusp, central fossa and the 

marginal ridge. Maximum Von Mises stresses in all the eight models were noted at the crestal 

region and neck of the implant. The results obtained showed the stresses observed were more for 
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the threaded implants in all the four densities of bone when compared to that of the cylindrical 

implants. Hence the study concluded that the cylindrical implant design was more favorable in 

softer bone than the threaded implant design.[1] 

 

3. Research was conducted to study the biomechanical behavior of an All-on-four implant-

supported prosthesis through a finite element analysis comparing 3 different tilt degrees of the distal 

implants. Three-dimensional finite element models of an edentulous maxilla restored with a 

prosthesis supported by 4 implants were reconstructed to perform the analysis. Three distinct 

configurations, corresponding to 3 tilt degrees of the distal implants 15, 30, and 45 degrees were 

subjected to 4 loading conditions. The von Mises stresses generated around the implants were 

localized and quantified for comparison and evaluation. Negligible differences in von Mises stress 

values were found in the comparison of the 15 degree and 30 degree models. Hence it was deduced 

that the 45 degree model was the most critical for peri implant bone. In all the loading conditions , 

the maximum stress values were always found at the neck of the distal implants. The stress in the 

distal implants elevated in the apical direction as the tilt degree increased. The stress location and 

distribution patterns were found to be very similar among the evaluated models. The increase in the 

tilt degree of the distal implants was seen to be proportional to the increase in stress concentration. 

The 45 degree-model induced higher stress at the bone-implant interface, especially in the distal 

aspect, than the other 2 models assessed.[5] 

  

4. A study was conducted to develop a simple, safe, and effective surgical and prosthetic protocol 

for immediate function of four Brånemark System implants supporting fixed prostheses in 

completely edentulous mandibles using the “All-on-Four” concept. This retrospective clinical study 

had included 44 patients with 176 immediately loaded implants, placed in the anterior region, 

supporting fixed complete-arch mandibular prostheses made in acrylic. In addition to the 
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immediately loaded implants, 24 of the 44 patients had 62 implants not incorporated in the 

provisional prostheses but incorporated in final prostheses later on. Five immediately loaded 

implants were eventually lost in five patients before the 6-month follow-up, giving cumulative 

survival rates of 96.7 and 98.2% for development and routine groups, respectively. It was concluded 

that the prostheses’ survival rate was 100%, and the average bone resorption was low. The high 

cumulative implant and prostheses survival rates denote that the “All-on-Four” immediate-function 

concept with Brånemark System implants used in completely edentulous mandibles is a viable 

concept.[6] 

 

 

5. A systematic review was carried out by researchers which summarizes the recent advances in 

the application of graphene oxide (GO) and functionalized GO in oral and dental research. GO 

possesses extraordinary physical, chemical, optical, electrical, and mechanical properties. The large 

surface area and oxygenated functional groups of GO make it extremely good at interacting with 

metals, ions, and organic molecules. The current study demonstrates that a range of functionalized 

nanocomposites, scaffolds, and sophisticated nanoparticle carriers have been created using GO. 

Accordingly, GO shows vast potential in a number of research fields, such as tissue engineering, 

biomaterials, and drug delivery, implying that the application of GO to biomedicine is promising. 

To be more specific, the recent application of GO in dentistry has provided outstanding results in 

antimicrobial action, bone tissue engineering, drug delivery, physicomechanical property 

enhancement of dental biomaterials, and oral cancer treatment. The biocompatibilities of GO and its 

nanocomposites make them potential units in osseointegration and cell proliferation. Furthermore, 

the antibiofilm and antiadhesion properties have pushed researchers to develop GO for biofilm and 

caries prevention, also for implant surface modification. This revised overview covers a lot of 
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ground and serves as a good resource for more details on GO and its composites in dental 

applications and research.[3] 

 

6. A study was conducted to compare stresses in the peri-implant bone produced by fixed partial 

prostheses with mesial and distal cantilevers, when cemented or screwed onto implants. The design 

consisted of four 3D models obtained by volumetric computerized tomography and analyzed using 

finite element analysis (FEA)technology. Stresses were simulated in two stages that is stage 1 

which consisted of application of the preload. A 288 N load was applied to pillar screws of the 

prosthesis, resulting in 389 MPa ,257 N was applied to the intermediate screw (multi-unit) resulting 

in 390 MPa peak and 111 N was applied to the prosthesis infrastructure screw in the screwed 

prostheses, resulting in 390 MPa peak. In stage 2, the axial and oblique loads were applied on the 

prosthesis. The axial load was 50 N for molar implants and 30 N for premolar implants. The oblique 

load on the buccal slope of the buccal cusp of each crown comprised 30 N for premolar implants 

and 50 N for molar implants, with a buccolingual vector at 45° angle with the occlusal plane. The 

response variables were the axial and oblique stresses on the peri-implant bone, according to these 

groups: group 1 had models of fixed partial prostheses cemented onto implants with mesial or distal 

cantilevers. Group 2 had models of fixed partial dentures screwed on implants with mesial or distal 

cantilevers. Data was recorded, evaluated, and analyzed. Results obtained, stated that oblique loads 

produced greater peak values than axial loads, and were located at the bone crest of the implant 

closest to the cantilever, regardless of the prosthesis Comparing the cemented prosthesis models to 

the screwed prosthesis models, oblique loads produced the largest peaks in the main implant site. It 

was hence concluded that the screwed fixed prostheses caused less stress on the peri implant bone 

regardless of whether the cantilever was located mesially or distally.[15] 

 

7. A study was conducted to perform an integrative systematic review on the stress distribution 
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assessed by finite element analysis on dental implants or abutments composed of carbon fiber-

reinforced PEEK composite material. An electronic search was performed on PUBMED and 

ScienceDirect using a combination of the following search terminology: PEEK, 

Polyetheretherketone, FEA, FEM, Finite element, Stress, Dental implant and Dental abutment. The 

results obtained, showed that the findings reported mechanical properties and the stress distribution 

through implant and abutment composed of PEEK and its fibre-reinforced composites. Unfilled 

PEEK revealed low values of elastic modulus and strength that negatively affected the stress 

distribution through the abutment and implant towards to the bone tissue. The incorporation of 30% 

carbon fibres increased the elastic modulus and strength of the PEEK composites although some 

studies reported no significant statistic differences in stress magnitude as compared to unfilled 

PEEK. Nevertheless an increase in short carbon fibers up to 60% revealed an enhanced stress 

distribution through the abutment and implants towards to the bone tissues. PEEK veneering on 

titanium core structures could also be a strategy to control the stress distribution at the implant bone 

interface. The researchers had concluded that the stiffness and strength of PEEK-matrix composites 

can be increased by the improvement of the carbon fibres’ network. Thus, the shape, dimensions, 

and chemical composition of fibers are key factors in improving the stress distribution through the 

abutment and implants composed of PEEK-matrix composites.[16] 

 

8. A three-dimensional (3D) finite element analysis (FEA) was performed to evaluate the stress 

distribution in straight and angled abutments around titanium and carbon fiber-reinforced 

polyetheretherketone (CFR-PEEK) implant with 2 different crowns under parafunctional loading. 

Twelve 3D models of bone block were made representing the maxillary right premolar area with 

osseointegrated implants. The models were divided into two groups, CFR-PEEK implant and group 

2 consisted titanium implant. Each group was subdivided into implants with three different 

abutments straight 15 and, 25degrees angled abutments) and having two different crowns which 
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were porcelain fused to metal (PFM) and polyetheretherketone (PEEK). A vertical load of 1000 N 

was applied to the central fossa and an oblique load of 500 N was applied on the buccal incline of 

the palatal cusp. ANSYS software was used to investigate the von Mises and main stresses. Results 

showed that under vertical and oblique loading, CFR-PEEK and titanium implants caused 

equivalent stress in bone. In every group, a straight abutment outperformed angled abutments at 15 

and 25 degrees. Under vertical and oblique loading, the PEEK crown produced less stress than the 

PFM crown.  According to the study, straight abutments combined with PEEK crowns might be 

offered to patients who grind their teeth to lessen the amount of stress on the bone and perhaps 

avoid implant failure. Titanium and CFR-PEEK implants with straight abutments when given to 

patients, then it should be accompanied with an occlusal splint.[17] 

 

9.   A study was conducted to investigate the relationship between degree of peri-implant bone 

resorption and stress distribution in implant body by using finite element analysis (FEA) technique.  

The magnitude and direction of loads on implants at the mandbular molar region were measured 

with three-dimensional piezoelectric force transducers in a patient during maximum voluntary 

clenching and tapping to obtain data for the FEA. Simplified finite element bone models were 

created to simulate the six patterns of peri-implant bone resorption progression and the bone levels 

from implant platform were set at 0, 1, 2, 3, 4, and 5 mm. Three types of implants with different 

diameters (3.5, 4.0, and 5.0 mm), corresponding to their abutments and screws were created. To 

determine how peri-implant bone loss impacts stress distribution in the implant body, FEA was 

done using the in vivo measured load. Results indicated that the implant body's stress distribution 

was impacted by the loading situation. Von Mises stress in the implant body rose as bone resorption 

increased, which was noticeable in smaller diameter implants. This shift was adequately proven 

when the bone resorption went from 0 to 2 mm. Thus, it was determined that the amount of stress in 

the implant increased as peri-implant bone loss increased, especially in small diameter implants.[18] 
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10. A study was conducted to investigate the effect of using carbon reinforced PEEK composite 

material for fixture/abutment on stress distribution in peri implant bone. Computed tomography 

scan is used to create a three-dimensional (3D) model of the dental implant placement in the first 

mandibular molar. Five distinct models using a combination of titanium, CRF-PEEK, lithium 

disilicate for implant/abutment materials were evaluated. 3D finite element analysis was used to 

evaluate the stress distribution at implant-bone interface under excessive oblique load. The physical 

interaction between several contacting bodies was numerically investigated. The effect of friction 

coefficients between the indenter and occlusal surface and between the implant and peri-implant 

bone was determined. The distribution pattern of stress at the implant-bone contact was shown to be 

insignificantly different across all material models. The cortical bone always had the highest 

maximum and lowest minimum main stresses, never the cancellous bone, which is consistent with 

the existing literature. Off-axis loading can result in unfavorable forces on the implant, jeopardizing 

the long-term success due to excessive lateral loads. Current results are in agreement with 

previously published research work. It was hence concluded that substitution of titanium implant by 

PEEK implant does not provide any advantages in regards to better stress distribution towards the 

peri-implant bone.[19] 

 

11.   A study was done to investigate the influence of implant geometrical characteristics: diameter, 

length and thread’s pitch, on stress distribution around dental prosthesis. Response surfaces were 

created after a series of numerical simulations using FEM. This multi-objective issue was resolved 

using the desirability function technique with the goal of maximizing the equivalent stresses 

responses. Results showed that implant diameter had most significant influence on generated 

stresses and higher concentration of stresses were identified in the lower part of the implant. This 

study was helpful in selecting the optimal dental implant for clinical application.[2 
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12.  A study was conducted to evaluate the mechanical behavior of two different maxillary 

prosthetic rehabilitations according to the framework design using the Finite Element Analysis. A 

modelling program was used to create an implant-supported full-arch fixed dental prosthesis. A 

regular casted framework and an experimental prosthesis with a customized milled framework were 

both modeled.. The geometries of bone, prostheses, implants and abutments were also modeled. The 

mechanical properties and friction coefficient for each isotropic and homogeneous material were 

simulated for analysis. A load of 100 N load was applied on the external surface of the prosthesis at 

30◦ angle and the results were assessed in terms of von Mises stress, microstrains as well as 

displacements. The results showed that in the experimental design, a decrease of prosthesis 

displacement, bone strain and stresses in the metallic structures was observed, except for the 

abutment screw that showed an  increase of 19.01%. Hence it was concluded that the conventional 

design exhibited the highest stress values on the prosthesis framework (29.65 MPa) between the 

anterior implants, in comparison with the experimental design (13.27 MPa in the same region). A 

stronger structure with reduced stress concentration was described as an alternate design. The 

current study was a significant step forward in the design and analysis of implant-supported full-

arch fixed dental prostheses with restricted occlusal vertical dimension.[21] 

 

13.  A study was done to evaluate the effect of abutment and crown materials on the stress 

distributions in short implant-prosthesis-complex (6 mm) and standard implant-prosthesis-complex 

(10 mm) using 3D finite element analysis (FEA). Two FEA models were created to mimic single 

implant restoration of mandibular first molars, one for the short implant (6 mm) and one for the 

regular implant (8 mm) (10 mm). Each group used Polyetheretherketone (PEEK) and Zirconia (Zr) 

abutment materials, as well as two types of crowns, PEEK and Polymer-infiltrated ceramic-network 

crowns (PICN). Each central fossa was subjected to a vertical force of 200 N. The von Mises stress 
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analysis was used to assess the stress distribution. The results showed that when employing the 

PEEK abutment, the stress was better distributed with PEEK crowns than with PICN crowns . The 

platforms of Ti-bases, as well as the head and middle portion of abutment screws, were subjected to 

significant stress. When PEEK crowns were used in zirconia abutments, the stress was focused on 

the axial angle areas, whereas PICN crowns diffused the load. The stress was concentrated on the 

connector regions of Titanium-bases and the middle part of abutment screws. The platforms of Ti-

bases, as well as the head and middle portion of abutment screws, were subjected to significant 

stress. When PEEK crowns were used in zirconia abutments, the stress was focused on the axial 

angle areas, whereas PICN crowns diffused the load. If the Zr abutment is used, the PICN crown 

could be better. Further, in-vivo clinical trials comparing these materials are required to strengthen 

evidence.[22] 

 

14. A study was conducted to characterize and analyse stress and strain distribution occurring in 

bone and implants and to compare stress and strain of three different implant designs. Three 

different mini dental implant designs were included in this study: 1. a mini dental implant with an 

internal implant-abutment connection (MDIi); 2. a mini dental implant with an external implant-

abutment connection (MDIe); 3. a single piece mini dental implant (MDIs). All implant designs 

were scanned with the use of micro-CT scans. An artificial bone volume of 9×9 mm in size was 

made and each implant was placed separately at the centre of each bone model. All bone-implant 

models were cumulatively loaded under an axial compressive force of 100 N and a 45-degree force 

of 100 N loading at the top of the implants to evaluate stress and strain distribution. The results 

showed that there was no difference in stress or strain among the three implant designs. Stress and 

strain were mostly focused at the cortical bone near the bone-implant contact in all three micro 

dental implant types. In all implant models, oblique 45° loading enhanced deformation, amplitude, 
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and distribution of stress and strain. Within the scope of this investigation, the average stress and 

strain in bone and implant models with MDIi were comparable to those in bone and implant models 

with MDIe and MDIs. The oblique 45° load was critical in significantly increasing average stress 

and strain in all bone-implant models.[23] 

 

15.  A study was done to investigate the biomechanical impact of 3 types of partial fixed dental 

prosthesis supported by cast post-and-cores on periodontally compromised teeth serving as terminal 

abutments.  Using computed tomography (CT) scans, a 3-dimensional (3D) model of a human 

mandible was created and parameterized in a computer-aided design (CAD) environment as 

follows: Geometries for right premolar preparation were created. The second premolar was built 

with cast post-and-core models measuring 7 or 10 mm. Both premolar models were created to 

accommodate single, splinted, or 1-unit cantilever splinted crowns. Their periodontium geometries 

were meant to be lowered by 10%, 50%, and 70% in each condition. All models were imported and 

put into a 3D finite element analysis (FEA) environment, and von Mises stress values and 

distribution patterns were calculated. The findings indicated that the insertion of the post had the 

greatest impact on the apical portions of both the root and the post; the kind of partial fixed dental 

prosthesis and periodontal support had the greatest impact on stress distribution. Splinting the teeth 

did not help patients with regular periodontiums relieve stress. A stressful area around the top of the 

post was created by lengthening the post length. Splinting reduced stress in the coronal portion of 

the 50% periodontally affected teeth by up to 98.9%; stress in the radical section of the 30% 

periodontally compromised teeth was reduced by up to 215.9%. The increase in post length resulted 

in minor stress-related variations in the apical portion of the 50% periodontally impaired teeth 

(0.2% to 2.6%). The use of the 7-mm post successfully alleviated the radical part of the 30% 

periodontally damaged teeth that were splinted. In the presence of a cantilever, the degree of stress 



[17] 
 

on the radical section of post-restored periodontally damaged teeth was significantly enhanced. As a 

result, the researchers concluded that splinted crowns supported by a 7-mm cast post-and-core are a 

promising biomechanical technique for the repair of periodontally impaired teeth with significant 

coronal structural loss. The use of a cantilever significantly worsens the biomechanical response, 

particularly in post-restored periodontally damaged teeth.[24] 

 

16. A study was formulated to evaluate and compare stresses around endosseous implants in 

various normal and fibula reconstructed mandibular models using finite element analysis method.  

CT scan data of a completely edentulous patient and a fibula reconstructed patient was made and 

the Dicom images were used to design 3-D mandibular models using software. Based on the 

information from the scan data, various types of reconstructed FEA models were made. Implants 

(fixtures) and superstructures were then embedded in each model and Von Mises stress around the 

neck of each implant under a vertical loading of 200 N and Horizontal load of 50 N was calculated 

using finite element structural analysis software. The results were compared between the 

reconstructed mandible and their respective normal mandible. Higher stress values were obtained 

for all the reconstructed types under horizontal loading and in reconstructed models involving larger 

area of reconstruction the stress were more. In the models involving smaller area of reconstruction 

like symphysis alone or body alone there is no significant change in the stress values on vertical 

loading. It was concluded that stresses were comparatively smaller in mandibles involving a smaller 

area of reconstruction. Hence, fixed prosthesis could be advised and a bar retained over denture for 

reconstruction for larger area of reconstruction.[25] 
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17. A study was conducted to present the clinical outcomes and patients’ satisfaction of full-mouth 

rehabilitation using computer-aided flapless implant placement and immediate loading of a 

prefabricated prosthesis. The research involved 30 totally edentulous individuals who got 312 

implants in a row. The mandible and maxilla were treated in the same surgical session utilising the 

Nobel Guide methodology and a computer-guided flapless approach. At the conclusion of the 

procedure, prefabricated screw-retained fixed prostheses were installed. At 6, 12, and 36 months, 

clinical and radiographic examinations were performed. Patients completed the Oral Health Impact 

Profile in Edentulous Adults questionnaire at baseline and 6 months after surgery to determine 

satisfaction. The implant survival rate was 97.9%, with an average marginal bone loss of 1.9 6 1.3 

mm after three years. When compared to ordinary dentures, patients reported much higher 

satisfaction with their fixed rehabilitation at 6 months. As a result, it was determined that 

rehabilitation with a prefabricated fixed prosthesis supported by implants implanted in accordance 

with the Nobel Guide protocol is a practical and predictable treatment that promotes patient 

satisfaction and improves oral health-related quality of life.[26] 

 

18.  The researchers evaluated two treatment concepts for the rehabilitation of moderate atrophic 

maxilla with dental implants (all-on-four and all-on-six) and the effect of framework material on the 

stress distribution of implant-support system. Based on a prototype, a three-dimensional finite 

element model was created to mimic a fully edentulous maxilla with significant sinus 

pneumatization that was rehabilitated with a full-arch fixed dental prosthesis. Four standard 

implants and two short implants were put using the all-on-four idea, and four standard implants and 

two short implants were inserted using the all-on-six approach. Three framework materials, totaling 

six groups, were evaluated: cobalt-chrome (CoCr), titanium (Ti), and zirconia (Zr). The posterior 

teeth were subjected to a unilateral oblique force of 150 N. Von Mises (VM), maximum (max), and 
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minimum (min) main stress and displacements were calculated. According to the findings, the all-

on-six had lower min, VM, and max values on the cortical bone, implants, and trabecular bone, 

respectively. The displacement levels were greater when all-on-four was used. The cortical bone, 

implants, abutments, prosthetic screws, and displacement levels all showed the greatest stress 

values. In conclusion, the all-on-six approach and framework stiffer materials showed the most 

favourable biomechanical behaviour. However, the stress values did not exceed the bone resistance 

limits for both treatment concepts.[27] 

 

19. A retrospective study was done which assessed the success of immediate and nonimmediate 

implants installed in patients undergoing planned extraction of all remaining teeth and rehabilitation 

with implant-supported full fixed prostheses. This research covered patients who required dental 

implants for complete fixed prostheses to replace teeth taken from the maxilla and mandible. Dental 

implants were placed at the same surgical process, either immediately after extraction or in healed 

bone. During the follow-up period, implant success, problems, and failures were reported. The 

research comprised 41 participants who had 512 implants. 501 implanted implants healed normally, 

however nine implants were lost in the non-immediate group and two in the immediate group over a 

mean follow-up of 44.9 months. The maxilla was the site of all failures in both groups. Both groups 

had the same success percentage of 97.8%. As a result of careful patient evaluation, the researchers 

determined that extraction of all remaining teeth and implant placement in a single surgical 

procedure is a safe and predictable therapeutic method for the effective rehabilitation of the 

edentulous patient with a fixed prosthesis.[28] 

 



[20] 
 

20. A study was done by researchers to compare the distribution pattern and magnitude of stress 

and strain around splinted and non-splinted teeth with compromised periodontium using three-

dimensional (3D) finite element analysis (FEA). Six mandibular anterior teeth were scanned and 

data were registered in CATIA and then SolidWorks software. The jawbone geometry was also 

designed. The teeth in the second model were splinted using fiber-reinforced composite (FRC). The 

models were then transmitted to the ANSYS software programme, where 100- and 200-N loads 

were applied at zero and 30° angles after meshing and fixing. The amplitude and distribution of 

stress and strain were evaluated in the periodontal ligament (PDL) and the adjacent cortical bone. 

After splinting, there was a considerable reduction in stress in cortical bone around the central and 

lateral incisors, but an increase in stress around the canine tooth. All of these alterations were more 

pronounced under 100-N loads compared to 200-N loads, and higher variances were seen in 

response to oblique loads vs vertical loads.  Splinting reduced the magnitude of stress and strain in 

teeth in the centre of the splint while increasing stress and strain in teeth further from the centre of 

the splint. Prior to selecting splinting as the treatment strategy for the front mandible, adequate bone 

support of canine teeth must be guaranteed since it enhances the lifetime of all teeth.[29] 
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METHODOLOGY 
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This study was conducted to compare the stresses generated in two different types of bone( D2 

and D3) surrounding implants on an edentulous mandible with the use of different biomaterials 

for immediate provisional prosthesis using three dimensional finite element analysis in the 

Department of Prosthodontics, SDM College of Dental Sciences and Hospital in association with 

Optimax Technologies, Indore. 

 

           ARMAMENTARIUM USED FOR THE STUDY: 

 Ansys -12.1 Workbench Software 

 Polymethyl methacrylate (PMMA) 

 Graphene oxide (GO) 

 Dental Implant (5 x 10 mm Dimension) 

 D2 and D3 type of Bone 

 

MATERIALS 

 

This study involved designing of an immediate interim prosthesis made of two different 

materials on a full mouth implant for mandibular arch using the All on Four technique in two 

different bone densities – D2 and D3. The stress around the four implants at the implant 

abutment junction was studied under dynamic loading protocol for all the four groups. 

 

Table 1:  

GROUPS 1 2 3 4 

BONE TYPE D2 D2 D3 D3 

MATERIALS PMMA PMMA +GO PMMA PMMA +GO 
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METHOD OF COLLECTION OF DATA 

 

Static forces were applied after the implant and bone models were constructed. Von Mises 

stress values were used to calculate the stresses induced in the bone distal to the implants. 

Young's Modulus and Poisson's ratio were the physical qualities of the materials considered. 

         FABRICATION OF FINITE ELEMENT MODELS 

To run simulations, a mesh of up to millions of tiny components that collectively define the 

geometry of the structure must be built. Calculations are performed for each and every 

constituent. The structure's ultimate outcome is obtained by combining the individual findings. 

Approximations are often polynomial, and interpolations over the element(s) are used . This 

indicates that we know values at some locations inside the element but not at all. These 'certain 

spots' are known as nodal points, and they are frequently found near the element's border. The 

precision with which the variable changes is expressed is approximated.             

MANDIBULAR BONE D2 AND D3 

Using the ANSYS 12.1 software, a thick to porous cortical bone layer on the crest and coarse 

trabecular bone in the internal structure were used to replicate D2 bone, while a thinner porous 

cortical bone layer on the crest and fine trabecular bone within the ridge were utilised to model 

D3 bone. After obtaining the digital model, the implant design needed to be included into the 

model. 

            IMPLANT MODEL 

 

A three dimensional dental implant model of 5 x 10 mm dimensions with internal hexagonal 

design and active threads was designed using ANSYS 12.1  software. After obtaining the 
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implant models , they were incorporated into the mandibular bone model in the A,B,D and E 

regions between the mental foramen .[30,31] 

 

INTERIM IMMEDIATE PROSTHESIS MODEL  

 

Two 3-D finite element working models of different prosthetic materials were simulated  

to reproduce an implant system in D2 and D3 types of mandibular bone using 3D computer 

aided design software.  

The two materials used for the prosthesis were 

Polymethyl methacrylate 

Polymethyl methacrylate reinforced with graphene oxide 0.5 % 

 

The implant system and the prosthetic materials used in the models were considered to be 

isotropic homogenous and linearly elastic. The elastic properties (young’s modulus and poisson 

ratio) were extracted from the literature. 

The Young's modulus (E or Y) of a solid is a measurement of its stiffness or resistance to elastic 

deformation under stress. It describes the relationship between stress (force per unit area) and 

strain (proportional deformation) along an axis or line. When a material is squeezed or stretched, 

it experiences elastic deformation and returns to its original shape when the load is released. A 

flexible material experiences more deformation than a rigid substance. In other words: 

 A low Young's modulus value means the solid is elastic. 

 A high Young's modulus value means the solid is inelastic or stiff. 
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The elastic moduli K (also known as B), the bulk modulus; G, the shear modulus; and E, 

Young's modulus, are linked to Poisson's ratio by the following equations: (for isotropic solids, 

those for which properties are independent of direction). 

Table 2: Material properties. 

 

LOADING CONDITIONS 

A total of 4 implant models were generated for each group out of which the two anterior 

implants were loaded with 100 N and the two posterior implants were loaded with 150 N .  

 

SOFTWARE DETAILS 

 

Hypermesh software was used to create Finite Element models. 

HyperMesh is a well-known multi-disciplinary pre- and post-processor that handles the 

production of huge and complicated models. It provides a highly dynamic visual environment for 

analysing product design. It also allows users to change the heritage of meshes without re-

meshing. 

MATERIALS  YOUNGS MODULUS(Gpa) POISSON RATIO 

D2 5.5 0.30 

D3 1.6 0.30 

PMMA 2.4 0.37 

PMMA+GO 2.9 0.38 

TITANIUM 10.2 0.35 



[26] 
 

  Ansys 12.1 software was used for the analysis. 

ANSYS is a general-purpose finite-element modelling tool used to solve a wide range of 

mechanical problems numerically. Static/dynamic, structural analysis, heat transport, and fluid 

difficulties, as well as acoustic and electromagnetic problems, are examples of these 

challenges. 

COLOUR CODING 

The von Mises stress is calculated from the results of uniaxial tensile testing to forecast the 

yielding of materials under complicated loads. The von Mises stress fulfils the characteristic of 

having an equal von Mises stress in two stress levels with equal distortion energy. 

For von Mises stress, blue represents minimal stress, red represents maximum stress, and the 

fluctuations of stresses from maximum to minimum are represented by the hues in between. 

The tension intensity scale is described by visualising the Von Mises criteria trend using a 

color-coded map. Blue represents the lowest tensions, while red represents the greatest. 

Interpolated colour values for intermediate intensities are derived from cyan, green, and yellow. 

 

DATA ANALYSIS 

 

The processed data obtained from the finite element software generated the stress values with a 

colour coded scale showing the stress distribution in the peri implant bone , the cortical and 

cancellous bone and the implant abutment junction . The von mises stress (in Mpa ) were used 

to present the stress values and the data was depicted using tables and graphs. 
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COLOUR PLATES 
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    COLOUR PLATE 1:  GEOMETRY OF THE MANDIBULAR BONE WITH THE 

IMPLANTS  

 

 

 

 

 

 

 

 

 

 

 

  

  COLOUR PLATE 2: GEOMETRY OF THE MANDIBULAR BONE WITH IMPLANTS 

LOADED WITH         IMMEDIATE INTERIM PROSTHESIS 
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COLOUR PLATE 3: D2 BONE TYPE WITH PMMA PROSTHESIS 

 

 

         

           COLOUR PLATE 4: D2 BONE TYPE WITH PMMA PROSTHESIS LOADING 

CONDITIONS 
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COLOUR PLATE 5: D2 BONE TYPE VON MISES STRESS MAP 

 

 

  

 

COLOUR PLATE 6: D2 BONE TYPE WITH PMMA PROSTHESIS VON MISES STRESS 

MAP IN SECTIONAL VIEW 
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COLOUR PLATE 7: D2 BONE TYPE WITH PMMA + GO PROSTHESIS 

 

 

 

COLOUR PLATE 8: D2 BONE TYPE WITH PMMA +GO PROSTHESIS VON MISES 

STRESS MAP 
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COLOUR PLATE 9: D2 BONE TYPE WITH PMMA +GO PROSTHESIS VON MISES 

STRESS MAP IN SECTIONAL VIEW 

 

 

 

 

 

COLOUR PLATE 10: D3 BONE TYPE WITH PMMA INTERIM PROSTHESIS 
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COLOUR PLATE 11: D3 BONE TYPE WITH PMMA INTERIM PROSTHESIS – STATIC 

FORCES APPLIED 

 

 

 

 

COLOUR PLATE 12: D3 BONE TYPE WITH PMMA INTERIM PROSTHESIS VON 

MISES STRESS MAP 
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COLOUR PLATE 13: D3 BONE TYPE WITH PMMA INTERIM PROSTHESIS VON 

MISES STRESS MAP 

 

 

 

COLOUR PLATE 14: D3 BONE TYPE WITH PMMA INTERIM PROSTHESIS VON 

MISES STRESS MAP IN SECTIONAL VIEW 
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COLOUR PLATE 15: D3 BONE TYPE WITH PMMA + GO PROSTHESIS 

 

 

 

 

COLOUR PLATE 16: D3 BONE TYPE WITH PMMA + GO PROSTHESIS WITH FORCE 

APPLICATION 
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COLOUR PLATE 17: D3 BONE TYPE WITH PMMA + GO PROSTHESIS VON MISES 

STRESS MAP  

 

 

 

COLOUR PLATE 18: D3 BONE TYPE WITH PMMA + GO PROSTHESIS VON MISES 

STRESS MAP IN SECTIONAL VIEW 
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RESULTS 
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The processed data obtained from finite element software can be depicted in stress maps with a 

colour scale, making it possible to compare the stress distribution in the different structures (titanium 

implant abutment system, cortical and cancellous bone) of all the models under the loading situation 

in both D2 and D3 bone. Here the values on the map scales were standardized for better qualitative 

(visual) comparison, and to facilitate quantitative comparison of stress concentrations among the 

model structures. 

Following is the data obtained from the colour maps of all the geometries depicted in tabular and 

graphical format, all the values are given in Gpa (gigapascals) : 

   TABLE  3: STRESS GENERATED IN D2 TYPE OF BONE  

 

PROSTHESIS 
MATERIAL 

Value 1 Value 2 Value 3 Value 4 

PMMA 14.7 20.9 15.4 22.9 

PMMA+GO 12.3 11.3 15.2 20.4 

 

Graph 1 : STRESS GENERATED IN D2 TYPE OF BONE 

 

 

 

TABLE 4: STRESS GENERATED IN D3 TYPE OF BONE  
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PROSTHESIS 
MATERIAL 

Value 1 Value 2 Value 3 Value 4 

PMMA 29.7 22.4 29.7 44.5 

PMMA+GO 15.7 14.9 27.4 44.5 

 

GRAPH 2: STRESS GENERATED IN D3 TYPE OF BONE 

 

 

 

 

 

TABLE 5: STRESS GENERATED USING PMMA IMMEDIATE INTERIM PROSTHESIS 

 

PROSTHESIS 
MATERIAL 

Value 1 Value 2 Value 3 Value 4 

D2 14.7 20.9 15.4 22.9 

D3 29.7 22.4 29.7 44.5 

 

 

GRAPH 3: STRESS GENERATED USING PMMA IMMEDIATE INTERIM PROSTHESIS 
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TABLE 6: STRESS GENERATED USING PMMA +GO IMMEDIATE INTERIM PROSTHESIS 

 

 

 

GRAPH 4: STRESS GENERATED USING PMMA + GO IMMEDIATE INTERIM PROSTHESIS 
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PROSTHESIS 
MATERIAL 

Value 1 Value 2 Value 3 Value 4 

D2 12.3 11.3 15.2 20.4 

D3 15.7 14.9 27.4 44.5 
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DISCUSSION 
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This study was conducted to analyze the amount of stress distribution in D2 and D3 bone surrounding 

implants, using two different materials (polymethyl methacrylate and graphene oxide reinforced 

polymethyl methacrylate) as immediate provisional prosthesis. 

INTERIM PROVISIONAL PROSTHESIS 

Although edentulism is a fading condition, tooth loss is still a significant problem, especially in 

developing nations, edentate individuals exhibit a significant deterioration of their psychological 

functioning and has severe nutritional abnormalities.[32] 

Given their durability and look that resembles real teeth, implant-supported restorations have proven the 

best outcomes.[33] 

The traditional method of implant therapy normally entails a two-step process, where following implant 

placement, a healing period of variable length is allocated to establish osseointegration, and only then are 

implants loaded. [34] 

Therefore, patients with failing dentition would need to graphene oxide through a transitional period with 

a temporary denture.  

Because of this, it's crucial to understand the significance of an interim or temporary denture, which 

must fulfil its function until the patient's permanent prosthesis is fixed in their mouth. 

BONE TYPE 

 The alveolar bone is a dynamic structure that keeps adapting itself consistently to its environment by 

remodelling. Remodelling is subjected to functional demands and the mechanical loading hence the 

masticatory forces produce stresses at the junction of bone and implant and if that is greater than the 

elastic limit of bone, it fractures.[35] 

Sevimay et al[36] studied the effect of different bone qualities on stress distribution in implant supported 

restoration and found low stress values for D2 type of bone than D3 type of bone owing to the reason 

that the trabecular bone is weaker and less resistant to deformation than D3 type of bone . This is 

consistent with the findings of the present study which may be attributed to the fact that D3 bone which 
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has lower density contains 30 % higher content of cancellous bone with fine trabeculae than D2   bone; 

D3 being the bone having less density and 47% to 68% lesser ultimate compressive strength than D2 

bone.[48] 

 

PROVISIONAL PROSTHESIS MATERIAL 

According to the Consensus Conference in Chester, UK (1991), a “biomaterial” is a material which 

can interface with biological systems to improve or replace any tissue, organ or function of the 

human body. Due to their chemical nature, biomaterials can be distinguished as metals, ceramics, 

polymers and composites. Specifically, composites are derived from the combination of the matrix 

which is polymeric and the charge as reinforcement or filler and this improves the mechanical, 

thermal and electrical characteristics of the polymeric material.[38] 

Polymethylmethacrylate is one of the most common denture base materials, which was first 

introduced by Walter Wright in 1937 and described by Peyton FA in 1975[38]. It comprises a 

stratified polymer characterized by an acceptable esthetic, chemical stability, lightweight, and 

reasonable cost. Furthermore, it is resistant to corrosion and water repellent. However, the 

mechanical properties of this material are questionable.[39] 

To enhance the resistance of denture base resins, various reinforcing agents such as fibres, fillers and 

rubber-like substances were tested in the past.[40] 

Vallittu PK et al [41] conducted a study in 1998 to study the strength of polymethylmethacrylate 

reinforced with glass fibres and he found that tensile strength elastic modulus was significantly 

higher in the reinforced polymethylmethacrylate as compared to polymethylmethacrylate. 

The lower tensile strength of dental polymethylmethacrylate is attributed to the fact that dental 

polymethylmethacrylate is polymerized from a mixture of prepolymerized polymethylmethacrylate 

pearls and methylmethacrylate liquid, which constitutes a multiphase polymer containing the 
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polymer matrix, the interpenetrating polymer network (IPN) and polymer pearls. Therefore, dental 

polymethylmethacrylate has a lower strength than homogeneous bulk polymerized 

polymethylmethacrylate.[41] 

The tensile strength of dry heat-cured denture polymethylmethacrylate was revealed to be 52 MPa, 

and the value for the auto-polymerized polymethylmethacrylate was lesser than that for heat-cured 

polymethylmethacrylate. [41] 

Many researches have been hence carried out to reinforce polymethylmethacrylate with other 

materials to improve its mechanical properties to be used as denture material.  

Moreno M et al [45] studied incorporation glass fibres into polymethylmethacrylate and they 

concluded that glass fibres can be used in various forms and provide outstanding reinforcement and 

aesthetics compared to other fibres.  A remarkable increase in the denture base toughness, Vickers 

hardness, impact strength, and flexural strength was observed. In another study conducted by Hamedi 

et al [46] incorporation of silver nanoparticles into polymethylmethacrylate was tested for its 

mechanical properties and it was concluded that due to their metallic nature, addition of silver 

nanoparticles enhanced the compressive strength and thermal conductivity of 

polymethylmethacrylate.  Due to its antimicrobial properties, silver particles restrict bacterial 

attachment. Dentures containing silver nanoparticles have been shown to depict antifungal properties.  

The addition of silver and graphene nanoparticles to polymethylmethacrylate significantly enhanced 

the mechanical properties (tensile, compressive, and flexural strengths) and lowered the water 

absorption but no significant changes in the flexural strength of polymethylmethacrylate was noted. 

An et al [42] and Song et al [43] investigated the mechanical properties of polymethylmethacrylate 

reinforced with graphene oxide which was incorporated within polymethylmethacrylate by ultrasonic 

dispersion method in liquid phase which was followed by mechanical milling. The results revealed 

that the presence of graphene oxide made polymethylmethacrylate harder and more resistant. 

Ramanathan et al [44] inferred that the addition of 0.5% graphene oxide to polymethylmethacrylate 
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leads to an increase of 80% Elastic Modulus and of 20% in the tensile strength. But in none of the 

studies polymethylmethacrylate reinforced with graphene oxide has been checked as an interim 

denture material for Full Mouth Implant procedures.  

STRESS DISTRIBUTION 

Finite element analyses (FEA) have shown contradictory results on stresses developed at the cervical 

bone and implant neck with tilted distal implants in “All on Four” cases. [47]  

 The validity of the findings is dependent on the precision with which the geometry, the material 

properties, interface condition, support and loading conditions within the range of physical reality. 

Thus, at first, the real model and the interactions between its different parts are studied, then the 

analysis of the discretization of the numerical model with real geometries and loading type of its 

typical working mode are carried out. 

The research conducted by Aydin et al [47] showed that the stresses on the distal implants were 

significantly higher than the others.  

However, this study was done for maxilla, unlike the present study which was done for the 

mandibular bone. The results are consistent with the present study as the stresses generated around 

distal implants were found to be significantly higher than the mesial implants irrespective of the 

material used and in both D2 and D3 type of bone. 

The higher stress values in the distal implants could be attributed to the fact that it is cantilevered, 

any cantilevers on the prosthesis are known to be stress magnifiers to the implant system and it has 

been reported to double the bite force. When cantilevers are used in the posterior molar regions up to 

five times greater bite force than anterior region gets further magnified by the cantilever and may 

increase the force on the implant system as well as the peri implant bone.[49] 

This finding is consistent with the FEA studies of Horita et al[50] and Baggi et al[51]  which both found 

that cantilever loading had a large effect on the bone stress and strain around dental implants in all-
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on-four treatment. Higher bone stress and strain might increase the risk of bone overloading loss. The 

results obtained in the present study also indicated that cantilever loading can affect the stress in the 

implant. 

Di Carlo et al [37] studied the flexural strength of polymethylmethacrylate and graphene oxide 

reinforced polymethylmethacrylate and had concluded that the values are higher for graphene oxide 

reinforced polymethylmethacrylate and this is consistent with the findings of the present study where 

less stress is generated in the bone surrounding implants with overlying prosthesis made of graphene 

oxide reinforced polymethylmethacrylate. 

Graphene oxide and reduced graphene oxide have proven to be effective fillers in polymer 

nanocomposite materials thanks to their ideal material properties and dispersibility in polymer 

matrices. The desirable mechanical properties of pristine monolayer graphene are well-reported; 

graphene is recorded as having a break strength of 42 N, a Young's modulus of 1.0 TPa, and an 

intrinsic tensile strength of 130.5 GPa. The fracture toughness of graphene has also been studied by 

Zhang et al., and was reported to be as low as 0.6 MPa, confirming the low fracture of graphene 

sheets. In one example, Cheng-an et al investigated the effects of GO in polyvinyl alcohol (PVA) 

films produced by solution casting. They found that a 20% GO filler content was able to increase the 

tensile strength of the nanocomposite to 59.6 MPa, more than five times the strength of the pure 

Polyvinyl alcohol film. The massive improvement in mechanical properties can be attributed not only 

to the strength of the GO filler but the strength of the matrix/filler interface; the –OH groups of 

Polyvinyl alcohol and the oxygen functionalities of the GO led to a high degree of hydrogen 

bonding.[14] This was the reason for selecting this material for the present study to help us understand 

its potential in fabricating dental prostheses.  
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LIMITATIONS OF THE STUDY 

1.  Finite element analysis is an in vitro study that can only predict the most probable  

     results, still many other clinical parameters are needed to be considered. 

2.  The bone has been assumed to be isotropic, homogeneous and linearly elastic when ideally it is  

     viscoelastic, anisotropic and heterogenous in nature. 

3.  The study has considered only static axial loads while the masticatory  

     forces are in reality dynamic and cyclic in nature. 

4.  The functional movements of the temporomandibular joint and the parameters associated with the    

muscles of mastication were not simulated in the present study. 

5.  The implants were considered to be fully osseointegrated within the bone which may  

     not be the case in clinical scenario always. 

6.  The occlusal surfaces of the teeth in the prosthesis were subjected to vertical loading and not to any 

      horizontal loading. 

 

 

Keeping all these limitations in view, it can be concluded that the present study was only graphene 

oxideod enough for comparative analysis of the various parameters of the study. Hence, further studies 

in the same domain along with long term clinical trials are suggested to correlate the findings of the 

study with what happens in clinical situation under similar parameters. 
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SCOPE FOR FURTHER STUDIES 

 

1. In future, similar in vivo studies can be conducted for better extrapolation of the FEA 

results and comparison with longitudinal studies to evaluate the clinical accuracy of the study. 

2. Use of same material that is graphene oxide but reinforced in a different concentration into 

polymethylmethacrylate can be done. 

3. Similar studies can be performed for the maxilla and also using different techniques such as “All on 

Six” for full mouth implant placement. 

 

 

 

 

 

 



[49] 
 

 

  

CONCLUSION 
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Within the limitations of the present study , following conclusions can be deduced: 

 

 

1. The type and choice of interim immediate prosthesis material for full mouth implant rehabilitation in 

mandible does influence the stresses generated in the bone distal to the implants. 

2. According to the results obtained from this study, stress generated around implants in D3 bone was found 

to be higher than D2 bone with the use of both materials for prosthesis. 

3. The stress generated distally to all the four implants was found to be slightly higher in prosthesis made of 

PMMA than with PMMA + GO. 

4. The distal implants were subjected to higher stress than the mesial implants in both D2 and D3 type of 

bones with the use of prosthesis made of PMMA as well as PMMA + GO. 

5. The stress levels on the ipsilateral and contralateral sides of the load application were observed to be fairly 

similar and showed no wide margin.  

6. There is scope for introduction of a greater number of implants in the assembly and then analyse the stress 

patterns in the bone of the residual ridge for all the bone types. 
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SUMMARY 



[52] 
 

 

 

 

The method in which stresses are passed to the surrounding bone is an important component in the 

success or failure of a dental implant. This is determined by the kind of stress, bone-implant 

interaction, implant surface form and features, and the quality and quantity of surrounding bone. 

The purpose of this study was to to analyze and compare the stresses generated in two different types 

of bone surrounding implants on an edentulous mandible using principles of all on four concept with 

the use of different biomaterials for immediate provisional prosthesis. 

3-D finite element models were prepared comprising of simulations for human edentulous mandible 

with cortical bone cover and homogenous D2 and D3 type of cancellous bone underlying it, mucosa 

and tapered thread internal hex bone level 4 implants with an immediate provisional prosthesis 

overlying the assembly. The models differed in the type of immediate provisional prosthesis used. 

Numerical equivalents for material properties of two different biomaterials were used as obtained from 

literature to simulate them. Solid models were made in a three-dimensional design software and then 

transferred to FEM software ANSYS. 

The von Mises stress values were slightly higher in PMMA than in GO reinforced PMMA in the peri 

implant area of distal implants at the implant abutment junction. The von Mises stress values were also 

higher in the D3 bone compared to the D2 bone. 

Within the limitations of the study, there was no much significant difference to be found with the use 

of Graphene Oxide and additional research is required. 

In future, similar in vivo studies can be conducted for better extrapolation of the FEA 

results and comparison with longitudinal studies to evaluate the clinical accuracy of the study. 
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