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2. 

 

Introduction 

A. Problem statement In order to maintain hygiene of removable 

prostheses, various chemical and mechanical 

methods are used, mechanical methods being more 

popular than chemical for minimizing biofilm 

formation1. Mechanical brushing can cause changes 

on the surface of denture base over long periods of 

time. The porous nature of conventional heat cured 

acrylic resin can result in bacterial colonization on 

the denture base leading to denture stomatitis, 

angular cheilitis, candidiasis in 

immunocompromised patients and other associated 

problems2. CAD CAM milled acrylic resin blocks 

are pre-polymerized, have less surface porosity and 

better surface finish.  

B. Rationale The application of computer-aided design computer-

aided manufacturing (CAD CAM) technology in the 

fabrication of complete dentures, offers numerous 

advantages as it provides optimum fit and lack of 

shrinkage during milling as the blocks are pre-

polymerized. Additionally, the porosity and surface 

roughness of CAD CAM resins is less compared to 

conventionally processed resins.  

Mechanical cleaning of dentures is an effective and 

easy means of plaque control but it can cause wear 

of denture base materials3. This study will be done to 

check if surface of CAD CAM milled acrylic resin 

blocks will show any change in terms of surface 

hardness, surface roughness and color stability over 

long term usage. 

C. Novelty Physical properties that is surface hardness, surface 

roughness and color stability of CAD CAM milled 

acrylic resin blocks will be determined and 

compared with conventional heat cured acrylic resin 

blocks. 

 

D. Expected outcome and application No change in surface roughness, surface hardness 

and color stability will be seen in CAD CAM milled 

acrylic resin blocks after soaking and simulation of 

mechanical brushing. 

CAD CAM milled pre polymerized resin blocks can 

be used to fabricate denture bases as they are 

expected to have better physical properties. 

 

3. Research question Will soaking and simulated mechanical brushing 

have any effect on surface hardness, surface 

roughness and color stability on CAD CAM pre 

polymerized resin blocks? 



4. Research hypothesis, if any No change will occur in the surface roughness, 

surface hardness and color stability of CAD CAM 

milled acrylic resin blocks after soaking and 

simulation of mechanical brushing. 

5. Objectives of the study: 

A. Primary Objective 

B. Secondary Objective 

A) Primary objectives 

1. To determine surface roughness of 

conventional heat cure denture base before 

soaking and mechanical brushing 

2. To determine surface hardness of 

conventional heat cure denture base before 

soaking and mechanical brushing 

3. To determine color stability of conventional 

heat cure denture base before soaking and 

mechanical brushing 

4. To determine surface roughness of 

conventional heat cure denture base after 

soaking and mechanical brushing 

5. To determine surface hardness of 

conventional heat cure denture base after 

soaking and mechanical brushing 

6. To determine color stability of conventional 

heat cure denture base after soaking and 

mechanical brushing 

7. To determine surface hardness of CAD CAM 

pre polymerized resin blocks before soaking 

and mechanical brushing 

8. To determine surface roughness of CAD 

CAM pre polymerized resin blocks before 

soaking and mechanical brushing 

9. To determine color stability of CAD CAM 

pre polymerized resin blocks before soaking 

and mechanical brushing 

10. To determine surface hardness of CAD CAM 

pre polymerized resin blocks after soaking 

and mechanical brushing 

11. To determine surface roughness of CAD 

CAM pre polymerized resin blocks after 

soaking and mechanical brushing 

12. To determine color stability of CAD CAM 

pre polymerized resin blocks after soaking 

and mechanical brushing 

B) Secondary objectives 

1. Comparing the properties that is 

surface hardness, surface roughness 

and color stability of conventional 

heat cured denture base resin and 

CAD CAM pre polymerized resins 

6. Review of literature 1. An in vitro study conducted in the year 2017 

evaluated the influence of tooth brushing 

with dentifrices on CAD CAM resin blocks 

in terms of abrasion resistance and surface 

roughness using scanning electron 

photography. The experiment was conducted 



using 40 rectangular shaped pre-polymerized 

CAD CAM resin samples. These were 

subjected to 40000 and 60000 brushing 

strokes under a 200-gram vertical load using 

commonly available dentifrices. The study 

concluded that CAD CAM resin samples 

displayed a homogenous surface initially 

with low surface roughness that was 

significantly affected following manual 

brushing. 

 

2. A study was conducted in 2021 to evaluate 

and compare the color stability of 

conventional heat and light cured and pre-

polymerized CAD/CAM acrylic resins after 

being subjected to mechanical brushing, 

immersed in chemical denture cleansers, and 

thermocycled. Thirty round discs were 

prepared from PMMA acrylic resin, 

Urethane dimethacrylate based light-cured 

resin and pre-polymerized CAD/CAM 

PMMA acrylic resin. Samples were 

subjected to mechanical brushing, immersed 

in denture cleanser solution and artificial 

ageing by thermal-cycling. The specimens 

were subjected to final color measurements 

and it was concluded that the color stability 

of pre-polymerized CAD/CAM acrylic discs 

is comparatively better than the conventional 

acrylic resin material. 

 

 

3. In the year 2016 a in vitro study was 

conducted to evaluate the effect of different 

denture cleansers on color stability, surface 

hardness, and roughness of different denture 

base resins. Three denture base material was 

immersed for 180 days in two commercially 

available denture cleansers. Color, surface 

roughness and hardness were measured for 

each sample before and after immersion 

procedure. The study concluded that color 

changes were within clinically accepted 

range, surface roughness change of 

conventional heat cure resin was not within 

the accepted range.  

 

4. A study was conducted in the year 2019 to 



check the effect of denture cleansers on the 

roughness and hardness of 

polyetherketoneketone, thermoinjection-

molded polyamide, and 

polymethylmethacrylate. A total of 150-disc 

shaped specimens of the three denture base 

resins were fabricated and divided into five 

subgroups. The samples were subjected to 

daily cleansing with four denture cleansers 

for 8hours a day for 140 days. The study 

concluded that denture cleansers can 

considerably alter the surface roughness and 

hardness of denture base resins 

 

5. In the year 2021 a study evaluated the effect 

of denture cleansing agents on color stability 

of denture bases fabricated using CAD/CAM 

milling, 3D printing and conventional 

techniques. Forty-five-disc shaped 

specimens were fabricated using each 

technique and were immersed in solutions 

simulating 180 days of use. The color 

differences were calculated. The study 

concluded that significant color changes 

were observed after immersion in denture 

cleanser solutions. 

7. Methodology  

A. Study design In vitro study 

B. Study participants (human, animals, or 

both) 

Not applicable 

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 ensure 

safely of the participants) 

 

iv. Rescue criteria, if applicable (starting 

symptomatic therapy either to control 

Not applicable 

 

 

 

 

 

 

 

 

 



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 

C. Sampling 

a. Sampling population 

 

b. Sample size calculation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Not applicable 

 

F tests - ANOVA: Repeated measures, within-

between interaction 

 

Analysis: A priori: Compute required sample size  

 

Input: Effect size f = 0.2 

 α err prob = 0.05 

 Power (1-β err prob) = 0.9 

 Number of groups = 2 

 

Output: Noncentrality parameter λ

 =10.880000 

 Critical F

 =3.9862695 

 Numerator df =1.000000 

 Denominator df

 =66.000000 

 Total sample size = 68 

 Actual power

 =0.9015019 

 

A power analysis was established by G*power, 

version 3.0.1(Franz Faul universitat, Kiel, 

Germany). A sample size of 68 (34 per group) would 

yield 90% power to detect significant differences, 

with assuming the effect size of 0.2 and significance 

level at 0.05. 

 

 

 

 



 

 

 

 

 

 

 

 

 

c. Sampling technique 

 

D. Randomization details (for interventional 

studies) – Intervention details with 

standardization techniques 

(drugs/devices/invasive 

procedures/noninvasive 

procedures/others) 

None 

E. Ethical Clearance from the Institution’s 

Ethics Committee Obtained? (Copy to be 

Attached) 

 

F. Study procedure  Rectangular wax blocks will be made of the 

dimension 63mm in length, 10mm in width 

and 33mm in thickness. 

 The wax patterns will be invested in stone 

and dewaxed. 

 Separating media will be applied, heat cure 

powder and monomer will be mixed and 

packed in dough stage as per manufacturers 

instruction, followed by acrylization using 

long curing cycle.  

 The cured sample will be retrieved and will 

be finished and polished without changing 

dimensions. 34 such samples will be 

prepared. 

 A wax block of same dimensions will be 

scanned and 34 CAD CAM milled acrylic 

resin blocks will be fabricated, followed by 

polishing of the same. 

 Baseline values of all the samples will be 

calculated for surface hardness, surface 

roughness and color stability. 

 The samples will be stored in a mixture of 

artificial saliva and tap water for 30 days and 

will be subjected to simulated mechanical 

cleaning for upto 40000 strokes. 

 The samples will be tested for surface 

roughness, surface hardness and color 

stability. 



 The results will be compared between CAD 

CAM pre polymerized resins and 

conventional heat cure denture base material. 

 

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 

SPSS (Statistical Package for Social Sciences) 

version 20. (IBM SPASS statistics [IBM corp. 

released 2011] will be used to perform the statistical 

analysis 

 Data will be entered in the excel spread sheet.  

 Descriptive statistics of the explanatory and 

outcome variables will be calculated by 

mean, standard deviation, median and IQR 

(based on data distribution-Shapiro wilk test) 

for quantitative variables, frequency and 

proportions for qualitative variables. 

 Inferential statistics like  

o Independent sample test/ Mann 

whitney test (based on data 

distribution) will be applied to 

compare the surface hardness, colour 

stability and surface roughness 

between the groups 

o Paired t test/Wilcoxon sign test 

(based on data distribution) will be 

applied to compare the statistical 

difference between time intervals (pre 

and post). 

 The level of significance is set at 5% 

 Any other necessary tests found appropriate 

will be dealt at the time of analysis based on 

data distribution. 

 

 

I. If it’s a Clinical Trial: Clinical Trials 

Registry of India or equivalent 

registration number to be mentioned 
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8. List risks and benefits of the study There are no risks associated with this study. 
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