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PART B – TECHNICAL DETAILS 

 

1 Title of the dissertation Changes in the cutting efficiency and 

durability of tungsten carbide burs and 

diamond burs using electric handpiece and 

airotor handpiece: an in vitro study 

2 Introduction  

A. Problem statement The selection of an appropriate handpiece and 

appropriate burs is the key for safe and 

effective removal of dental hard tissues. The 

cutting efficiency, service life and ability to 

sterilize a tungsten carbide and diamond 

rotary instrument without decreasing the 

cutting efficiency are essential factors in 

selecting a rotary instrument. However, 

dentists tend to select and use rotary 

instruments based on their own clinical 

experiences rather than on scientific evidence.  

B. Rationale The purpose of the study is to identify how the 

cutting efficiency and durability of dental 

tungsten carbide and diamond rotary 

instrument changes with repeated usage and 

sterilization. 

C. Novelty Electric handpiece has been used for the first 

time in such a study and it is not available in 

our institute. 

D. Expected outcome and application It is expected that the efficiency and durability 

of the tungsten carbide and diamond rotary 

instrument will decrease over time with 

repeated usage. 

 

3 Research question(s) Whether a tungsten carbide bur is more 

efficient in tooth preparation compared to a 

diamond bur over a period of time? Whether 

the use of an airotor or electric handpiece 

enhances the durability and efficiency of the 

burs? 

 

4 Research hypothesis (es), if any  

5 Objectives of the Study: 

A. Primary objective(s) 

B. Secondary objective(s) 

Primary Objectives: 

1. To observe the change in 

efficiency and durability of the 

burs using airotor and electric 

handpiece 

Secondary Objective: 

2. The sterilization of dental burs is 

highly noted and necessary. By 



repeated sterilization we are 

going to evaluate the effects of 

sterilization on the uniformity of 

diamond dental burs and 

changes in the cutting edge of 

tungsten carbide burs.  

3. Difference in time between the 

first and last tooth preparation 

4. The effect on the bur over 

repeated tooth preparation 

 

 

 

6 1. Review of literature 1. Tooth preparation requires safe, 

efficient and rapid cutting, and 

diamond burs routinely are used for 

extracoronal preparation and gross 

tooth reduction. Coarser-grit diamond 

burs often are used for gross tooth 

reduction, with tooth surface finishes 

being sacrificed for the presumed 

greater cutting rates, or CRs, of the 

coarser diamond burs. The authors 

compared the CRs of medium-, 

coarse- and super–coarse-grit 

diamond burs. In this study, a self-

contained dental treatment system 

with digitally controlled handpiece 

speed, torque and water flow rate to 

cut a machinable glass ceramic 

cutting substrate with medium-, 

coarse- and super–coarse-grit 

diamond burs from the same 

manufacturer under a load of 147.5 

grams (0.9 kilonewton at the bur tip) 

and a coolant flow rate of 22 

milliliters per minute. They made 

three cuts through 13-millimeter bars 

of the cutting substrate with six 

diamond burs of each grit size. They 

determined CRs as the transection 

time per millimeter and analyzed CR 

data by one-way analysis of variance 

and post hoc Scheffé tests. Results. 

The authors found no statistically 

significant difference in CR (P > .05) 

between the three diamond bur grit 

sizes for the first (13 mm) cuts. When 

they compared the three cuts (39 mm 

total cut length), they found no 

difference (P > .05) between CRs for 

coarse- and super–coarse-grit 



diamond burs, but they did find that 

the super–coarse grit diamond burs 

cut faster than the medium-grit 

diamond burs (P < .01). Conclusion is 

differences in CR for the three 

diamond bur grit sizes are due to the 

greater decrease in CR for the 

medium-grit diamond burs (50 

percent) compared with the CRs of 

the coarse- and super–coarse-grit 

diamond burs (35 percent and 25 

percent, respectively) over the total 

cutting period. Clinical Implications. 

Coarser-grit diamond burs may be 

useful for extensive gross tooth 

preparations, but dental professionals 

should be aware of the associated 

effects of the coarser grit on surface 

finish, heat generation and enamel 

damage 

 

2. The purpose of this study was to 

investigate the cutting efficiency of 

air-turbine burs on cast free-

machining titanium alloy (DT2F) and 

to compare the results with those for 

cast commercially pure (CP) Ti, Ti–

6Al–4V alloy, and dental casting 

alloys. The cast metal (DT2F, CP Ti, 

Ti–6Al–4V, Type IV gold alloy and 

Co–Cr alloy) specimens were cut 

with air-turbine burs (carbide burs 

and diamond points) at air pressures 

of 138 or 207 kPa and a cutting force 

of 0.784 N. The cutting efficiency of 

each bur was evaluated as volume 

loss calculated from the weight loss 

cut for 5 s and the density of each 

metal. The bulk microhardness was 

measured to correlate the 

machinability and the hardness of 

each metal. Results: The amounts of 

DT2F cut with the carbide burs were 

significantly p , 0:05 greater than for 

the other titanium specimens at either 

138 or 207 kPa. The diamond points 

exhibited similar machining 

efficiency among all metals except 

for Type IV gold alloy. The increase 

in the volume loss of Co–Cr alloy 

(Vitallium) cut with the diamond 



points showed a negative value 

(229%) with an increase in air 

pressure from 138 to 207 kPa. There 

was a negative correlation between 

the amounts of metal removed 

(volume loss) and the hardness r 2 

0:689 when the carbide burs were 

used. Significance: The results of this 

study indicated that a free-machining 

titanium alloy (DT2F) exhibited 

better machinability compared to CP 

Ti and Ti–6Al–4V alloy when using 

carbide fissure burs. When machining 

cast CP Ti and its alloys, carbide 

fissure burs possessed a greater 

machining efficiency than the 

diamond points and are recommended 

for titanium dental prostheses. 

 

3. This study compared the sectioning 

rates of commercially available high 

noble, noble, and base metal casting 

alloys using two new cross-cut 

tungsten carbides specifically 

manufactured for alloy sectioning and 

two medium grit diamond burs. 

Rectangular bars cast from a base 

metal alloy (Ni-Cr-Mo-Be), a noble 

alloy (Pd-Cu-Au), and a high noble 

alloy (Au-Ag-Cu-Pd) were sectioned 

under controlled conditions. Two 

types of cross-cut tungsten carbide 

and two types of medium grit 

diamond burs were tested using a 

high-speed handpiece under a coolant 

flow rate of 20 mLlmin and an 

applied load at the bur tip of 0.9 N 

(91.5 9). Three 4-mm cuts were made 

through the alloy specimens using six 

burs of each type. The time required 

for Cuts 1,2, and 3 was recorded, and 

sectioning rates in millimeters per 

minute were calculated as a relative 

measure of cutting efficiency. For 

each alloy, the total time required for 

the three cuts was analyzed using 

one-way analysis of variance (one-

way ANOVA) and Scheff e tests (a = 

0.05) to determine differences in 

sectioning rate among bur types. 

Results obtained were in general, 

mean sectioning rate for Cut 1 



through Cut 3 decreased with longer 

use of the bur. Regarding total 

sectioning times, the carbide burs 

sectioned the base metal alloy 

significantly faster (P < .001) than the 

diamond burs. However, diamond 

burs sectioned the high noble alloy 

significantly faster (f < .OM) than the 

carbide burs. Diamond burs also 

sectioned the noble alloy more 

quickly than the carbide burs, but the 

difference was not statistically 

significant. Conclusion was The 

cross-cuttungsten carbide burs should 

be used to section the base metal 

alloy but the medium grit diamond 

burs should be used to section the 

high noble alloy. 

 

4. In this study, a reproducible test 

regimen was developed to evaluate the 

cutting efficiency (CE) of diamond 

dental burs against a machinable glass 

ceramic, Macor, under three different 

loads. The test jig used an ultra-

highspeed dental handpiece in a 

frictionless bearing so that the pressure 

applied to the contact interface 

between the dental bur and the cutting 

substrate could be controlled. Loads 

ranging from 44 to 183 g were used. 

CE depends on both bur rugosity and 

the handpiece load. The load used by 

most dentists, about 100 g at the bur 

tip, appears to be optimal in that at 

lower loads CE is reduced, whereas a 

marked increase in load has no effect 

for medium-grit burs. With coarse-grit 

burs, however, increased handpiece 

pressure raises the CE; it is uncertain 

what effect this has on the dental pulp. 

CE also appears to be dependent upon 

debris accumulation between the 

diamond particles and wear of 

diamond. Conclusions were an 

accurate reproducible test regimen 

was developed to evaluate the CE of 

dental burs. It was shown that CE 

depended on both the rugosity of the 

bur and the pressure on the handpiece. 

There appears to be an optimum 



handpiece load of about 100 g at the 

bur tip, below which CE is reduced. 

An increase in handpiece load 

markedly above this level has no effect 

on CE for medium-grit burs. Although 

a higher load will increase CE for 

coarsegrit burs, the effect of this on 

temperature elevation within the 

fragile dental pulp during dental 

procedures is uncertain. Debris 

accumulation between the diamond 

chips is a major factor affecting bur 

cutting efficiency. 

5. The Purpose of the study was The 

cutting efficiency of diamond dental 

burs using different handpiece loads 

was evaluated against simulated 

enamel, a machinable glass ceramic 

(Wlacor). An ultra-high-speed dental 

handpiece was mounted in a 

frictionless bearing so that the 

pressure applied at the contact 

interface between the dental bur and 

the cutting substrate was controlled. 

One type of coarse- and two types of 

medium-grit diamond burs were 

studied. Handpiece loads of 44,91.5, 

and 183 g were applied at the 

burlMacor interface, and cutting 

efficiency was determined as the 

amount of Macor removed in ten 30-

second-duration cuts that were 4 mm 

in length. The data were analyzed by 

one-way ANOVA and a post-hoc 

Scheffe test at an a priori (Y = 0.05. 

Results were the Cutting efficiency 

depended on both the diamond grit of 

the bur and the load applied to the 

handpiece. Conclusions were The 

pressure used by most dentists, about 

100 g at the bur tip, appears to be 

optimal for medium-grit burs. If the 

pressure applied to the handpiece is 

markedly increased, there was no 

increase in cutting efficiency for 

medium-grit burs. In contrast, an 

increased handpiece pressure raises 

the cutting efficiency of coarse-grit 

burs but the effect of this enhanced 

rate of cutting on the pulpal tissues is 

uncertain. Cutting efficiency also 

appeared to be dependent on debris 



accumulation between the diamond 

chips. 

 

6. The purpose of this study was to 

examine the cutting behavior of a 

wide selection of rotary cutting 

instruments under carefully controlled 

and reproducible conditions with an 

air-turbine handpiece. Material and 

methods. Ten groups of rotary cutting 

instruments (n=30) designed for tooth 

preparation were selected: 9 diamond 

rotary cutting instruments (7 multi-

use, 2 disposable) and 1 carbide bur. 

One bur per group was imaged with a 

scanning electron microscope (SEM) 

at different magnifications. Macor 

blocks (n=75) were used as a 

substrate, and 4 cuts were made on 

each specimen, using a new rotary 

cutting instrument each time, for a 

total of 300 cuts. The cuts were 

performed with an air-turbine 

handpiece (Midwest Quiet Air). A 

computer-controlled, custom made 

testing apparatus was used to monitor 

all sensors and control the cutting 

action. The data were analyzed to 

compare the correlation of rotary 

cutting instrument type, grit, amount 

of pressure, cutting rate, revolutions 

per minute (rpm), temperature, and 

type of handpiece, using 1-way 

ANOVA and Tukey’s Studentized 

Range test (α=.05). Results were 

Compared to the baseline 

temperature, all rotary cutting 

instruments showed a reduction of 

temperature in the simulated pulp 

chamber. The Great White Ultra 

(carbide bur) showed a significantly 

higher rate of advancement (0.15 

mm/s) and lower applied load (106.46 

g) and rpm (304,375.97). Conclusions 

were Tooth preparation with an 

adequate water flow does not cause 

harmful temperature changes in the 

pulp chamber, regardless of rotary 

cutting instrument type. The tested 

carbide bur showed greater cutting 



efficiency than all diamond rotary 

cutting instruments. 

 

7 2. Methodology  

A. Study design Invitro Study 

B. Study participants (human, animals, or 

both) 

NA 

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 

NA 

NA 

 

 

 

 

 

 

 

NA 

 

 

 

 

 

 

 

NA 

C. Sampling  

a. Sampling population 

b. Sample size calculation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F tests - ANOVA: Fixed effects, omnibus, 

one-way 

 

Analysis: A priori: Compute required 

sample size  

 

Input: Effect size f =

 0.5 

 α err prob =

 0.05 

 Power (1-β err prob) =

 0.80 

 Number of groups = 4 

 

Output: Noncentrality parameter λ =

 12.0000000 

 Critical F =

 2.8164658 

 Numerator df = 3 

 Denominator df =

 44 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c. Sampling technique 

 

 Total sample size =

 48 

 Actual power =

 0.8029537 

 

 

 

 

A power analysis was established by 

G*power, version 3.0.1(Franz Faul 

universitat, Kiel, Germany). A sample size of 

48 (12 per group) would yield 80% power to 

detect significant differences, with assuming 

the effect size of 0.5 and significance level at 

0.05. 

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) 

NA 

F. Study procedure 1. Forty eight molars will be selected and 

divided into four groups of twelve 

teeth each. The teeth will be stored in 

an isotonic saline solution to prevent 

desiccation of the dental tissues 

2. The first two groups in which one will 

use a tungsten carbide bur and the 

other a diamond bur along with an 

electric handpiece and the second two 

groups which will use a tungsten 

carbide bur and a diamond bur with an 

airotor. 

3. SEM analysis will be done of the two 

tungsten carbide and two diamond 

burs before they are used for tooth 

preparation. 

4. The first tooth preparation will be 

done for all the four groups followed 

by a SEM analysis of the burs. 

5. This is followed by five more teeth 

preparations using the same burs in 

each group. At the end of this, another 

SEM analysis will be done. 



6. Another six teeth preparations are 

going to be done in each group. 

7. This is followed by SEM analysis of 

all the burs. The results will then be 

calculated to check how efficient and 

durable the burs have been with usage 

in different handpieces. 

G. Data collection methods including settings 

and periodicity 

Data will be collected based on the results 

given by Scanning Electron Microscope 

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 

normalcy test- Shapiro wilk test) for 

quantitative variables. 

 Inferential statistics like  

o ANOVA/ Kruskal-wallis test 

(based on data distribution) 

will be applied to compare the 

cutting efficiency among the 

groups with post hoc 

Bonferroni/Mann-whitney test 

(based on data distribution) for 

inter group comparison in each 

group. 

 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 

NA 

8 3. List risks and benefits of the study No risk associated with this study. 

Benefits:  

1. The study helps to identify and characterize 

the wear mechanism and life expectancies of 

dental burs. Hardness of the surface particles, 

sterilization and/or disinfection procedures, 

storage conditions, corrosion and multiple use 

can be determined after using the burs. 

2. Helps in the selection of an appropriate 

handpiece and appropriate bur for safe and 



effective removal of dental hard tissues 

and caries in an efficient manner. 
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I, Dr. Masoom Ahmed, the undersigned voluntarily and unreservedly agree 

that the research project titled Changes in the cutting efficiency and durability 

of tungsten carbide burs and diamond burs using electric handpiece and 

airotor handpiece: an in vitro study conducted in the Department of 

Prosthodontics and Crown and Bridge follow the below mentioned guidelines 

whenever the research is sent for publication or presentation. 

 

 The name of the Institute and University will always be mentioned/acknowledged 

as SDM College of Dental Sciences and Hospital, a constituent unit of Shri 

Dharmasthala Manjunatheswara University. 

 The name of the guide and any person having contributed for the study or 

manuscript preparation will be mentioned appropriately. 

 The author(s) for a publication arising out of the research project will be listed as 

per ICMJE guidelines (http://www.icmje.org/recommendations/browse/roles-

and-responsibilities/defining-the-role-of-authors-and-contributors.html). 

 A co-author/guide employed at the SDMCDS&H should preferably be the 

corresponding author for publication if and when I am not associated with the 

SDMCDS&H. 

 The above mentioned criteria will be applicable for the publication or presentation 

of not only the complete study but also for a part or section of the study. 

Place: Dharwad, Karnataka 
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