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Abstract
In recent years, air abrasion technique has been more acceptable than conventional drills in
dental practices. For removal of stains and cavity preparation, air-abrasive jet shows
promising results. To understand the process of removal of enamel and dentin, and the
capability of the new process, an analytical model has been developed in the present work.
The developed model predicts the rate of enamel and dentin removal using alumina as the

abrasive material.
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INTRODUCTION

Conventional dentistry often results in the
removal of the healthy sound tooth
structure that lies adjacent to the defective
tooth portion or area. Due to the direct
mechanical contact between the tooth and
the drill, a lot of heat, noise and vibration
are generated.

This  makes the  patient  more
uncomfortable and causes lot of pains. To
overcome  these  difficulties, new
technology named  “Air  Abrasion
Technology” has been currently followed.

This technology combines the use of
kinetic energy of air and abrasive particles
entrained in a high velocity stream to
erode the surface of the tooth caries. The
main principle behind this technology is
the Kinetic energy given by

E =% mv?

E — Kinetic energy of the abrasives and the
air mass

m — Mass flow rate of the abrasives

v — Velocity of the abrasive particles

In this process alumina is chiefly used as
the abrasive suitable for removing dental
caries as it is easily available and less
costlier when compared to other abrasives.
Also, alumina has the hardness value
higher when compared to the tooth
structure and it is capable of removing the
caries by means of abrasion. One of the
other advantages with this technology is
capability to remove stains in the tooth
structure at micron levelt! 121,
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Fig. 1: Modelling of Abrasive Removal
Rate.
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Modelling of Enamel and Dentin Removal

Generally the tooth structure consists of
the layers such as enamel and dentin
which are hard and brittle in nature. The
following Table 1 depicts the hardness
values of enamel and dentin layers that
form the integral part of tooth &,

Table 1: Vickers Hardness Values for
Various Layers of Tooth.

S. Regions of Vickers
No. tooth hardness( GPa)
1. Enamel 3.531

2. Dentin 0.878

Dental removal rate is the primary
objective in Drill-Less Dentistry. Hence
the removal rate has been modelled
theoretically as shown in Figure 1 in the
present work.

ASSUMPTIONS

1. Throughout modelling it is assumed
that the enamel and dentin layers of
the tooth are brittle in nature.

2. The abrasives are assumed to be
spherical to avoid complexity.

3. For brittle materials, the volume of
material removed is equal to the
volume of the  hemispherical
indentation.

The Modelling of Tooth Removal Rate is
mainly based on brittle material removal
since both the enamel and dentin are
brittle and hard in nature®®!.

d — Diameter of Abrasive Particle

R — Radius of Abrasive Particle

r — Radius of indentation surface

d — Depth of indentation

p — Density of abrasives

M — Mass flow rate of abrasives

V — Volume of material removed

m — Mass of each abrasive particle

From the geometry of the figure,
ABZ = AC? + BC?
R2=(R—-0)*+1r?
R2=R2?+ %> — 2R3 + r?

Hynes et al.
r2=do
r = V(2RS) Eq. (1)

V (brittle) = %nri substituting the value of r,
we get

2 312
V orittie) =5 7(2R) Eqg. (2)

Formula for dental removal rate (DRR) is
given by,

DRR = Volume of material removed X
Number of impacts made per grit per cycle
by abrasives per second

Number of impacts made by abrasives per
second = (Mass flow rate of abrasives/
Mass of each particle)

DRR =V X (Mass flow rate of abrasives /
Mass of each particle)
DRR=V X (M/m)

Mass of particle(m) = (nd*/6)p Eq. (3)
DRR = (6VM/nd*p) Eqg. (4)
Now by wusing the energy balance
equation, it is assumed that kinetic energy
of abrasives is fully used for material
removal.

Therefore, Kinetic energy of particle =
Work done by the particle

Now, K.E. = %2 mU?2

K.E. = (n/12)d*pU? Eq. (5)

Here U represents Velocity of abrasives
Work done by particle, W.D. = % (Force
X Displacement (Depth of indentation))
W.D. = % (Area X Hardness (o) X
indentation)

Therefore,  W.D.=(nr*Hé/2) Eq. (6)
Here, H stands for Hardness of the work
material.

Now by equating Egs. (5) and (6), we get,
(n/12)d*pU? = (nrHo/2)

Indentation produced,

§=UdV(p/6H) Eq. (7)

IJPE (2015) 21-24 © JournalsPub 2015. All Rights Reserved Page 22



International Journal of Production Engineering
Vol. 1: Issue 1

www.journalspub.com

Now substituting the value of Egs. (2) and
(7) in EQ. (4), we get

DRR pritte) = 1.04((MU¥?) / (p*H¥*)) mm3
/min Eq. (8)

From the above equation it can be
concluded that the dental removal rate for
brittle enamel and dentin depends upon the
value of mass flow rate of abrasives,
velocity of abrasives, density of the
abrasives and the hardness of the
workpiece materialt®!.

RESULTS AND DISCUSSION

Table 2: Processing Conditions.

SI. No. Mass flow Velocity
rate ( Kg/s) (mls)

1 2 100

2 2.5 150

3 3 200

4 3.5 250

By varying the significant process

parameters as represented in Table 2 such
as mass flow rate and velocity, enamel and
dentin removal rate has been analysed
with the help of the developed model. In
all the calculations, alumina abrasive with

f';]l([Js(]J kg/m? density has been employed!®
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Fig. 2: Effect of Velocity on Enamel and
Dentin Removal Rate.
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Fig. 3: Effect of Mass Flow Rate On
Enamel And Dentin Removal Rate.

o]
(=
S

1
400 H Enamel Removal Rate

M Dentin Removal Rate

]
o
S

y " Dentin Removal Rate

A
/" Enamel Removal Rate

o
X

—

ERR DRR
Al,03

Material Removal Rate {mm?%min)

Fig. 4: Comparison of Enamel and
Dentin Removal Rate.

From the Figures 2, 3 and 4, it can be
realised that the rate of material removal
increases with the increase in the velocity
and mass flow rate of the abrasives. The
rate of material removal rate is higher for
dentin removal when compared to
enamel, since the hardness of enamel is
very high when compared to dentin as
given in Table 1.

CONCLUSION

Air Abrasion Dentistry is a new emerging
technology which is based on the kinetic
energy of abrasives. When the process
parameters of the air abrasion device are
carefully controlled in addition to the
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dental removal rate, there is no doubt that
this technology provides a minimally
invasive dentistry without affecting the
healthy sound tooth structure. The present
model can be used to predict proper
selection of process parameters and to
increase process efficiency in drillless
dentistry.
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