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PART B – TECHNICAL DETAILS 

1 Title of the dissertation Comparison of stresses generated in two 

different types of bone surrounding 

implants on an edentulous mandible 

with the use of different biomaterials for 

immediate provisional prosthesis - 

A FINITE ELEMENT ANALYSIS 

2 Introduction  

A. Problem statement The use of provisional resin implant-

supported complete dentures is a fast 

and safe procedure to restore 

mastication and esthetics of patients 

soon after surgery and during the 

adaptation phase to the new denture.[1] A 



key factor for the success or failure of a 

dental implant is the manner in which 

stresses are transferred to the 

surrounding bone. This depends on the 

type of loading, bone–implant interface, 

the shape and characteristics of the 

implant surface and the quality and 

quantity of the surrounding bone.[2] 

PMMA (polymethyl methacrylate) has 

been used as the material of choice for 

fabrication of provisional prosthesis but 

it has drawbacks such as less mechanical 

strength. 

B. Rationale The outstanding biomechanical 

properties of Graphene oxide have 

prompted scientists to use it in dental 

and restorative dentistry research. 

However, in general, a material 

composed of a single component cannot 

comply with all the properties required 

for dental applications designated by the 

American Dental Association (ADA) 

and FDI World Dental Federation 

specification. Therefore, composite 

materials with multiple components are 

required to fulfill the various 



requirements of artificial biomaterials. 

Because of its high surface area and 

oxygen functional group content, 

Graphene oxide can be combined with a 

variety of metallic nanoparticles and 

bioactive molecules to endow it with 

specific functions.[3] Therefore the need 

for the study is 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 

Polymethyl methacrylate and 

Polymethyl methacrylate modified with 

graphene oxide for immediate 

provisional prosthesis. 

 

C. Novelty This study has not yet been conducted 

before. 

D. Expected outcome and application The amount of stress generated in the 

bone around implants when immediate 

provisional prosthesis made using 

Polymethyl methacrylate modified with 

graphene oxide is expected to be less 

than that using Polymethyl methacrylate 

alone. 



 

 

3 Research question(s) How does the stress in bone varies by 

using immediate prosthesis made of 

different biomaterials? 

4 Research hypothesis (es), if any The stress concentration in bone is less 

on using immediate provisional 

prosthesis made of PMMA modified 

with graphene oxide. 

5 Objectives of the Study: 
A. Primary objective(s) 
B. Secondary objective(s) 

Primary Objectives: 

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. 

  

Secondary Objective: 

 

5. To analyze the amount of 

stresses at four different 

sites: implant abutment 

screw junction, framework 

abutment junction, neck of 

implant & apex of the 

implant. 

 

 

 

6 1. Review of literature 1. This finite element study was 

done 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 evaluated 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 a 

crown. In each case a simulated 

100N load was applied on the 

buccal cusp. 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.The stepped cylinder 

implant connected to a screw 

retained internal hexagonal 

abutment produces greater 

stresses on the alveolar bone  and 



prosthesis and lower stresses on  

the abutment complex whereas 

the conical implant connected to 

a solid internal conical abutment 

furnishes lower stresses on the 

alveolar bone and prosthesis and 

greater stresses on the 

abutment.[4] 

 

2. This 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. Eight 3D 

models of this section restored 

with implant supported all 

ceramic crowns were created. 

Four of these models were 

created 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 (l) and 

Young’s modulus (E) of 

elasticity of the material were 

incorporated into the 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. The 

stresses observed were more for 

the threaded implants in all the 

four densities of bone when 

compared to that of the 

cylindrical implants. The study 

concluded that the cylindrical 

implant design was more 

favorable in softer bone than the 

threaded implant design.[1] 

 

3. The aim of this work was to 

study the biomechanical 

behavior of an All-on-4 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 

carry out the analysis. Three 

distinct configurations, 

corresponding to 3 tilt degrees of 

the distal implants (158, 308, and 

458) were subjected to 4 loading 

simulations. The von Mises 

stresses generated around the 

implants were localized and 

quantified for comparison. 

Negligible differences in von 

Mises stress values were found 

in the comparison of the 158 and 

308 models. From a stress-level 

viewpoint, the 458 model was 

revealed to be the most critical 

for peri implant bone. In all the 

loading simulations, the 

maximum stress values were 

always found at the neck of the 

distal implants. The stress in the 



distal implants increased in the 

apical direction as the tilt degree 

increased. The stress location 

and distribution patterns were 

very similar among the evaluated 

models. The increase in the tilt 

degree of the distal implants was 

proportional to the increase in 

stress concentration. The 458-

model induced higher stress 

values at the bone-implant 

interface, especially in the distal 

aspect, than the other 2 models 

analyzed.[5] 

  

4. The purpose of this study was to 

develop and document a simple, 

safe, and effective surgical and 

prosthetic protocol for immediate 

function (within 2 hours) of four 

Brånemark System implants 

supporting fixed prostheses in 

completely edentulous mandibles: 

the “All-on-Four” concept. This 

retrospective clinical study 

included 44 patients with 176 



immediately loaded implants, 

placed in the anterior region, 

supporting fixed complete-arch 

mandibular prostheses in acrylic. In 

addition to the immediately loaded 

implants, 24 of the 44 patients had 

62 rescue implants not incorporated 

in the provisional prostheses but 

incorporated in final prostheses 

later on. Five immediately loaded 

implants were 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. 

The prostheses’ survival was 

100%, and the average bone 

resorption was low. The high 

cumulative implant and prostheses 

survival rates indicate that the “All-

on-Four” immediate-function 

concept with Brånemark System 

implants used in completely 

edentulous mandibles is a viable 

concept.[6] 



5. This inclusive review summarizes 

the recent advances in the 

application of graphene oxide (GO) 

and functionalized GO in oral and 

dental research. GO possesses 

several extraordinary physical, 

chemical, optical, electrical, and 

mechanical properties. Because of 

its high surface area and 

oxygenated functional groups, GO 

exhibits excellent interaction 

ability with metals and ions as well 

as organic species. The current 

review reveals that GO has been 

used to produce a variety of 

functionalized nanocomposites, 

scaffolds, and advanced 

nanoparticle carriers. Accordingly, 

GO shows potential in a variety of 

research fields, such as tissue 

engineering, materials engineering, 

biomaterials, and drug delivery, 

indicating that the application of 

GO to biomedicine is particularly 

promising. More specifically, the 

recent application of GO in 



dentistry has provided outstanding 

results in antimicrobial action, 

regenerative dentistry, 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 bone 

regeneration, osseointegration, and 

cell proliferation. Furthermore, its 

antibiofilm and antiadhesion 

properties have inspired 

researchers to develop GO for 

biofilm and caries prevention, as 

well as implant surface 

modification and as a quorum 

sensing inhibitor. This updated 

review  provides a useful source for 

additional information on GO and 

its composites in dental research 

and applications.[3] 

 

 

 



 

7 2. Methodology  

A. Study design In vitro study 

B. Study participants (human, animals or both)  

i. Inclusion criteria 
ii. Exclusion criteria 
iii. Withdrawal criteria, if any (trial-related 

therapy, follow-up and documentation are 
terminated prematurely as it is indicated to 
ensure safety of the participants)   

iv. Rescue criteria, if applicable (starting 
symptomatic therapy either to control 
symptoms of disease or to overcome lack of 
adequate efficacy of the study drug or 
placebo)                                                                    

v. Number of groups to be studied, identify 
groups with definition 

NA 

C. Sampling  
a. Sampling population 
b. Sample size calculation 
c. Sampling technique 

NA 

D. Randomization details (for interventional 
studies)- Intervention details with 
standardization techniques (drugs / devices / 
invasive procedures / noninvasive procedures / 
others) 

NA 

E. Ethical Clearance from the Institution’s Ethics 
Committee Obtained? (Copy to be Attached) 

Yes 

F. Study procedure Two 3D finite element models will be 

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 conical 

implants at the anterior region and at the 

posterior region bilaterally connected by 

a framework. The models will differ in 

the type of immediate provisional 

prosthesis used. Numerical equivalents 



for material properties of two different 

biomaterials will be used as obtained 

from literature to simulate them. Solid 

models will be made in a three-

dimensional design software 

SOLIDWORKS and then transferred to 

FEM software. The implant and bone 

models will be designed and static forces 

will be applied. The stresses generated 

in the bone distal to the implants will be 

calculated using Von Mises stress 

values. The physical properties of the 

materials taken into consideration will 

be Young’s modulus and Poisson’s 

ratio. 

G. Data collection methods including settings and 
periodicity 

Data will be collected based on the 

results obtained by the FEM software. 

H. List of statistical tests to be used for data 
analysis 

The processed data obtained from finite 

element software can be shown in stress 

maps with a colour scale, making it 

possible to compare the stress 

distribution in the different models. 

Von mises stresses (in MPa) will be used 

to present the stress values. 

For von mises stress, blue indicates 

minimum stress and red indicates 



maximum stress and in between shades 

are the variations of stress from 

minimum to maximum. 

I. If it’s a Clinical Trial: Clinical Trials Registry of 
India or equivalent registration number to be 
mentioned 

NA 

8 3. List risks and benefits of the study There are no risks associated with this 

study. 

Benefits: 

From the observations of this study 

inferences can be drawn regarding the 

material of choice for immediate 

prosthesis for management of patients 

undergoing ‘All on Four’ implant 

placement in mandible. 
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