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PART B – TECHNICAL DETAILS 

1 Title of the dissertation A study to evaluate the fracture resistance 

of Conventional Heat cure PMMA crowns 

and CAD/CAM milled PMMA crowns 

subjected to accelerated aging for long 

term provisional restorations – An In 

Vitro Study. 

2 Introduction According to The Glossary of Prosthetic 

Terms (GPT), an interim restoration is a 

“fixed or removable dental prosthesis that 

is designed in order to improve aesthetics, 

stabilization and/or function for a 

specified period of time, after which it 

must be replaced by a permanent dental 

prosthesis” 1 Provisional restorations are 

important in assessing the treatment plan, 

so that they should be similar in shape and 

function to that of the final prosthesis, 

that’s why  prosthetic stage plays an 

important role in achieving expected 

outcome, with regards to aesthetic and 

function2.The use of provisional 

restorations aims to: protect pulp and 

periodontal tissue, promote guided tissue 

healing, properly manage emergency 

profiles, and evaluate hygiene procedures, 

among others. With this type of 

restoration in addition, an adequate 

occlusal scheme with the determined 

maxillomandibular relationships can be 

evaluated1. These restorations when 

employed for a long-term usage most 

often will require correction and 

adjustments2. Hence it is essential to have 

thorough knowledge and understanding 

about the material to fabricate long term 

provisional restoration.                              

Heat cure polymethyl methacrylate resin 

remains the material of choice and has 

been shown to possess greater flexural 

strength than the other resins. Heat cure 

PMMA resin can be successfully utilised 

for long term provisional prosthesis, as it 

has adequate flexural strength and wear 



resistance, however they are susceptible to 

fracture in situations with less inter-

occlusal space and also there colour 

stability is considered inferior as they tend 

to attract external stains2. CAD/CAM 

technology has evolved to a greater 

extent, by which dental biomaterials can 

be fabricated utilising both the additive 

and subtractive methods. CAD/CAM 

manufactured PMMA based polymers 

have chemical structure resembling 

conventional PMMA, in addition they are 

dense, highly Cross-linked, more 

homogenous, lack of subsurface voids and 

porosity attributes to the higher flexural 

strength associated with CAD/CAM 

milled PMMA2. 

A. Problem statement The recent development of polymer-based 

computer-aided design and computer-

aided manufactured (CAD/CAM) milling 

blocks and the limited availability of 

independent studies on these materials 

make it pertinent to evaluate their 

properties and identify potential strengths 

and limitations3.The provisional 

restoration should be able to withstand 

oral conditions, including sharp rises and 

drops in temperature, saturated humidity 

and repeated occlusal force, for a 

reasonable amount of time. It is preferable 

for provisional materials to have adequate 

strength to avoid breakage, since repairing 

inevitably requires an extra visit4.The type 

of material and the method of fabrication 

plays important role in the fracture 

strength outcome4. However, studies 

obtained on the comparison of the 

resistance to fracture of provisional 

restorations between of CAD/CAM milled 

crowns and Conventional heat cure 

PMMA crowns is are very few and 

understanding about that is limited, that is 

why this study aims to compare the 

fracture resistance of provisional 

restorations obtained through CAD/CAM 

milling of PMMA crowns and 

conventional heat cure PMMA crowns. 

B. Rationale Knowing the resistance to fracture and the 

materials for interim restorations is 

important, particularly when the patient 

must use the temporary restoration for a 

prolonged period, exhibits parafunctional 



habits or when larger extension 

prostheses, such as fixed bridges, are 

planned1. There is an abrupt increase in 

the use of design and manufacture of 

interim restorations using the CAD/CAM 

system due to its superiority to direct 

conventional  techniques. However, 

studies obtained on the comparison of the 

resistance to fracture of provisional 

restorations between conventional heat 

cure polymethylmethacrylate and 

CAD/CAM PMMA crowns very limited1. 

C. Novelty Artificial aging is the treatment of the 

material at elevated temperature so as to 

accelerate the changes in the properties of 

a material. Limited independent research 

had been published on the strengths and 

limitations of these materials, specifically 

how their properties change with aging. 

Manufacturers report measures of strength 

for their products under ideal conditions. 

While this information is valuable, how 

the properties of these materials change 

after exposure to various stresses is more 

practical for clinicians3. One commonly 

used procedure to simulate the 

physiologic aging encountered by 

biomaterials in clinical practice is 

thermocycling3. There are very few 

number of studies which have been done 

on the fracture resistance of PMMA 

crowns based on the method of 

fabrication, with artificial simulator to 

check the influence of the aging on the 

CAD/CAM milled PMMA crowns and 

the heat cure PMMA crowns to be used as 

provisional restorations in long term 

conditions. 

D. Expected outcome and application CAD CAM milled PMMA crowns has 

better fracture resistance than 

Conventional heat cured PMMA crowns, 

and the resistance is better without 

artificial aging. 

CAD-CAM milled PMMA crowns has 

better application than the heat cured 

PMMA crowns. 

3 Research question(s) Will the artificial aging have any effect       

on the fracture resistance on Conventional 

Heat cured PMMA Crowns and 

CAD/CAM Milled PMMA crowns?  



4 Research hypothesis (es), if any CAD CAM Milled PMMA crowns have 

better fracture resistance than 

conventional heat cure PMMA crowns, 

and resistance is better without artificial 

aging 

The null hypothesis will be that there is no 

difference between the fracture resistance 

of CAD/CAM milled and conventional 

heat cured PMMA crowns and are 

unaffected by artificial aging 

5 Objectives of the Study: 

A. Primary objective(s) 

B. Secondary objective(s) 

 Primary Objectives: 

1. To determine the fracture 

resistance of Conventional Heat 

cure PMMA crowns before 

artificial aging 

2. To determine the fracture 

resistance of CAD/CAM Milled 

PMMA crowns before artificial 

aging 

3. To determine the fracture 

resistance of Conventional heat 

cure PMMA crowns after artificial 

aging. 

4. To determine the fracture 

resistance of CAD/CAM Milled 

PMMA crowns after artificial 

aging  

 

  Secondary Objective: 

1. To compare the fracture resistance 

of the Conventional Heat cured 

PMMA crowns with CAD/CAM 

Milled PMMA crowns before 

artificial aging. 

2. To compare the fracture resistance 

of the Conventional Heat cured 

PMMA crowns with CAD/CAM 

Milled PMMA crowns after 

artificial aging. 

 

6 1. Review of literature                                                                                        

1. In the year 2021 December 16, 

Cristian Abad-Coronel, Elena 

Carrera , Nancy Mena Córdova , 



Jorge I. Fajardo and Paulina 

Aliaga, the study was conducted to 

evaluate and compare the 

resistance to fracture of interim 

restorations obtained through  

additive and subtractive 

techniques using CAD/CAM 

milling, in this 40 samples were 

used and are divided into 2 groups,                                      

a)Light curing micro hybrid resin 

for temporary crowns and bridges 

b)Polymethylmethacrylate 

CAD/CAM disc,                         

The resistance to fracture was 

determined with a universal testing 

machine. According to results, the 

strength and the standard deviation 

for CAD/CAM group were higher 

than the rapid prototyping group, 

and the CAD/CAM showed a 

greater resistance to fracture than 

the provisional restorations 

obtained from the rapid 

prototyping group. 

2. In the year 2022 march 22, Reji 

Kumar, Jayakrishnakumar S, 

Hariharan Ramakrishnan, Vallabh 

Mahadevan and Azhagarasan NS 

The study to evaluate and compare 

the flexural strength of CAD/CAM 

Milled poly methyl methacrylate 

resin and rapid prototype 3D 

printed resin for long term 

provisional restorations, 20 

rectangular shaped samples were 

prepared, all the samples were 

subjected to three-point bend test, 

and according to result CAD/CAM 

milled PMMA crowns exhibited 

more flexural strength than rapid 

prototype 3D printed resins. 

3. In the year 2015 march, by Caleb 

Blackburn, Hailee Rask, and 

Abdallah Awada, the study was 

conducted to measure the effect of 



thermocycling on the flexural 

properties of Ceramic, Resin and 

Resin-ceramic CAD/CAM 

materials, which includes LAVA 

Ultimate restorative Enamic, 

vitablocs mark II, and Paradigm 

MZ100, were subjected to water 

baths of thermocycling apparatus, 

the significant  difference was 

found among the materials in the 

mean change of flexural strength, 

and modulus of resilience after 

thermocycling and no significant 

difference  was found among the 

materials in the mean change of 

the flexural modulus after 

thermocycling. 

4. In the year 2019, December 23, by 

Tanapon Reeponmaha,Onauma 

Angwaravong,and Thidarat 

Angwarawong, the study was 

conducted to investigate the 

fracture resistance, flexural 

strength and Weibull modulus of 

an innovative CAD CAM polymer 

and its fracture resistance with that 

that of glass ceramics. Results 

shows that polymer-based material 

tested in the study had a lower 

fracture resistance than that of 

glass ceramic material. 

5. In the year,2020 Aug,by Anna 

winter,Axel Schurig, Engeleke 

Rasche, Lisa Kanus,Marc 

Schmitter, an in vitro study was 

conducted to evaluate the fracture 

strength and fracture patterns of 

provisional crowns fabricated 

from different materials and 

techniques after receiving stress 

from a simulated oral comdition, 

A monomethacrylate-based resin 

(Unifast Trad) and a bis-acryl-

based (Protemp 4) resin were used 

to fabricate provisional crowns 



using conventional direct 

technique. A milled mono 

methacrylate resin (Brylic Solid) 

and a 3D-printed bis-acrylate resin 

(Freeprint Temp) were chosen to 

fabricate provisional crowns using 

the CAD/CAM process. All 

cemented provisional crowns 

(n=10/group) were subjected to 

thermal cycling (5,000 cycles at 

5°–55℃) and cyclic occlusal load 

(100 N at 4 Hz for 100,000 

cycles). Maximum force at 

fracture was tested using a 

universal testing machine.  The 

study concludes that provisional 

crowns fabricated using the 

CAD/CAM process and the 

conventionally fabricated bis-acryl 

resins exhibited significant higher 

fracture strength compared to 

conventionally fabricated mono 

methacrylate resins after the aging 

regimen. Therefore, CAD/CAM 

milling and 3D printing of 

provisional restorations may be 

good alternatives for long term 

provisionalization. 

 

7 2. Methodology  

A. Study design An 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 

Not Applicable 



C. Sampling  

a. Sampling population 

b. Sample size calculation 

c. Sampling technique 

  
Standard deviation in group I = 24 

Standard deviation in group II= 80 

Mean difference = 71 

Effect size = 1.36538461538462 

Alpha Error (%) = 5 

Power (%) = 80 

Sided = 2 

Required sample size per group = 11 

D. Randomization details (for interventional 

studies)- Intervention details with 

standardization techniques (drugs / devices / 

invasive procedures / noninvasive procedures / 

others) 

Not Applicable 

E. Ethical Clearance from the Institution’s Ethics 

Committee Obtained? (Copy to be Attached) 

Attached 

F. Study procedure • A die of an artificial first 

mandibular molar will be 

prepared, scanned and duplicated.  

(Conicity: 6°; chamfer 

preparation; axial and occlusal 

reduction: 1.5 mm)5. 

• A study group consists of total 44 

samples, which will be divided 

into 2 groups, containing 22 

samples each, which is further 

divided into subgroups based on 

the treatment of the crowns to 

artificial aging, containing 11 

samples each5.                      

•  Group I is Conventional heat 

cured PMMA Crowns                   

Subgroup-Ia includes crowns 

without artificial aging    

Subgroup-Ib includes crowns with 

artificial aging.                           



Group II is CAD-CAM milled 

PMMA Crowns                    

Subgroup-IIa includes crowns 

without artificial aging   

Subgroup-IIb includes crowns 

with artificial aging. 

• Thirty-two samples of dimensions 

o 25(l)x2(b)x2(h)mm will be 

prepared according to ISO 

10477:2018 (Dentistry-polymer-

based crown and veneering 

materials)2 and crowns will be 

fabricated and cemented on to the 

dies with the luting agent5. 

• For mechanical testing, the metal 

dies will be embedded in resin at 

an angle of 35° to the direction of 

application of the load to the 

mesio-vestibular cusp in the 

universal testing machine5. 

• The fracture resistance of  

subgroups Ia and IIa (n=11) will 

be tested without subjecting the 

samples to artificial aging, to be 

considered  as initial fracture 

resistance5. 

• Subgroups Ib and IIb (n=11) will 

be subjected to artificial aging, 

consisting of Thermal (TC)5. 

• Thermal cycling will be performed 

by alternately dipping the units in 

water baths of 5 °C and 55 °C, 

5,000 cycles will be performed at 

a cycle time of 27 s, including a 

dwell time of 10 s and a transfer 

time of 7 s5.  

• The fracture resistance Subgroups 

Ib and IIb (n=11) will be tested 

after subjecting it to artificial 

aging. 

• A stainless-steel ball indenter 

(diameter: 6 mm) will be used to 

apply a load of 80 N to the mesio-

vestibular cusp of the samples for 

1.2 million cycles at a frequency 

of 1.3 Hz5.  

• After each step (manufacturing, 

cementation, TC,), the crowns will 

be inspected using a microscope to 

detect any cracks or flaws5.  

• After artificial aging, scanning 

electron microscopy (SEM) will 



be used to perform fractographic 

analysis of the fractured crown 

surface5. 

• The results will be compared 

between CAD-CAM milled 

PMMA crowns and Conventional 

heat cure PMMA crowns5. 

G. Data collection methods including settings and 

periodicity 

Data will be collected based on the results 

obtained by the SEM analysis. 

H. List of statistical tests to be used for data 

analysis 

Comparison among the same group before 

and after aging (i.e group Ia and Ib and IIa 

and IIb) will be done using Paired t test. 

 

Comparison between the two groups 

before aging and after aging (i.e Ia and IIa 

and Ib and IIb) will be done using 

Unpaired t test. 

 

P value of less than 0.05 will be 

considered as statistically significant. 

 

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. 

We can evaluate and compare the fracture 

resistance of CAD/CAM milled PMMA 

crowns and Conventional eat cure PMMA 

with or without aging. 

Evaluation of the flexural strength of Cad 

/Cam Milled Polymethylmethacrylate and 

Rapid Prototype 3D Printed Resin for 

Long Term Provisional Restorations 
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