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N THE preparation of cavities through the use of rotating instruments utiliz-

ing burs and stones, the ideal condition of design and operation has been
described as the one which will remove the most material with the least patient
discomfort due to heat, vibration, and pressure, and which also produces the
longest life of the operating instrument. Some have recommended new and
ingenious methods of material removal. The Air-Dent method is one example,*
while Walsh and Symmons? in New Zealand have advocated the use of a dental
bur at a speed of 60,000 rp.m. Others advocate the use of diamond pointed
instruments at high speed. The use of diamond instruments, however, is not '
recommended for soft materials. According to one investigator, they should
not be used against amalgams and metals. This material should be removed
by burs.*

Studies on some causes of heat and vibration have been conducted and
reported.> ¢ A third study, namely, the amount of material removed or efficiency
of the instrument, is in order and a portion of that study is reported at this time.

The amount of material removed is a function of several variables, such as
the instrument design, material to be cut, speed, and pressure. The composi-
tion of the bur is also a variable, particularly when the active life of the bur
is considered. It is therefore necessary at the outset to establish the limits that
will be eonsidered in this portion of the study.

The first is the material tc be cut. This report will be limited to results
obtained through the use of Ivoryene, a synthetic ivory, having a hardness some-
what eomparable to dentin. It has the advantage over actual tooth material of
being more uniform and homogeneous. A second condition is the active life of
the bur. To overcome this variable, each test (except for carbide burs, stones,
and diamond points) was conducted with a new bur. Therefore, no considera-
tion of dulling or bur life is taken into account. These conditions approach
the ideal in the case of burs, but perhaps are too ideal for everyday use. This
practice was necessary, however, in order to form some measure of standardiza-
tion from which to obtain information on hur design.

EQUIPMENT AND PROCEDURE

A Meisinger dental motor, capable of rotating at a speed of approximately
12,000 r.p.m. when a voltage of 135 volts is applied, was calibrated by the ae-
cepted Prony brake method. Using a constant voltage, the speed, obtained by
the use of a stroboscope, and the amperage were recorded for each load applied.
A calibration graph was plotted, representing the speed against amperage and
torque against amperage, for the different inerements of 5 volts between 60
volts to 110 volts. A typieal graph is shown in Fig. 1. .
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The cutting equipment consisted of a four-wheel carriage mounted on
tracks, and counterbalanced to overcome frictional forces. A clamp for hold-
ing the specimen (Ivoryene block) was fixed in the center of the carriage. To
maintain the desired constant feed or pressure, a pan was attached with a fine
wire, on which the different weights could be placed.
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Fig. 1.

The handpiece was firmly held beneath the tracks and eould be raised or
lowered to insure that the same length of bur was being used for each test. The
bur was always placed in the handpiece collet to the same depth and securely
held in position to standardize conditions further. As previously noted, a new
bur was used for each cutting operation, except in the cases mentioned.

The energy necessary to operate the handpiece alone was determined at
various speeds by varying the input voltage of the motor through the full range
of calibration. This was followed by the test program (Table I) in which
each bur was tested throughout the full speed range for each pressure.

The results of these tests are shown in graphieal form in Figures 2 through
14.
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TABLE I
BUR TYPE | BURNO. | PRESSURE (GRAMS) | MFGR.* | REMARKS
Fissure 557 100, 200, 500, 1 Steel, straight flutes.
750, 1000
557 100, 500 3 Tungsten earbide.
557 200, 500, 750, 2 Steel, straight flutes.
557 200, 500, 750, 2 Steel, spiral flutes.
558 100, 200, 500, 1 Steel, straight flutes.
<750
Inverted Cones 37 100, 200, 500, 1 Steel.
750
37 100, 200, 500, 3 Tungsten carbide.
750
39 100, 200, 500, 1 Steel.
750

*Products of only 3 bur manufacturers, designated Nos. 1, 2, and 3, were used.

DISCUSSION OF RESULTS

In Fig. 2 is shown a relationship between the material removed in grams
per minute and the energy expended for the No. 557 fissure bur. This energy
is given as power (energy per unit time) by the ordinate NT where N repre-
sents speed in revolutions per minute and T represents the torque in inch-ounces.

The curves are plotted on log-log paper so that they approach and are
drawn as straight lines. These curves were drawn visually. For a high degree
of accuracy, they should be calculated by the method of least squares. However,
because of the expenditure of time involved in comparison with the information
obtained, this was not done.

There are two points of importance te be considered on this type of graph-
ical ploto. The first is the relative position of one particular curve with respect
to the other curves, and the second is the slope of each curve. A curve for one
bur which is to the right of the curve for another bur would mean that more
material is removed for the same expenditure of energy by the bur on the right
‘hand side. The slope of the curve denotes the rate of inerease of material
removal with respect to an increase of energy expended.

For a light load (100 Gm.-0.22 pounds), the tungsten carbide bur is shown
to be superior to the ordinary steel bur (No. 557 fissure type bur). This is
shown by the curve for the carbide bur in Fig. 2 which is considerably to the
right of that of the steel hur.

With a two-hundred gram load applied, the same bur (No. 557) was com-
pared® with a similar bur made by another produeer, and with? another type
No. 557 bur on which the axial cuts are spiral instead of straight.

At a load of 500 grams (1.1 pounds), the bur with spiral axial grooves is
shown to be slightly superior tc the bur with straight grooves, as indicated by
the horizontal spacing between curves. The same tendency is shown by the
curves obtained at a load of 750 grams. Tt is interesting to observe that, on an
energy basis, a rather large increase ir material removal (grams per minute)
is achieved when the pressure is raised from 200 grams to 500 grams; whereas,
when the pressure is inereased from 500 grams to 750 grams, the amount of
material removed is increased, but the relative increase is considerably less than
that between the 200 and 500 gram load change. This, however, is on an energy
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basis, which is purely physical and should not be construed to mean that from
a standpoint of dental operating efficiency the same conclusion would hold.
The amount of material removed per unit time with changes in speed and pres-
sure will be presented later in this report.

ENERGY REQUIRED vs. MATERIAL REMOVED
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Fig. 2.

In Figs. 3-6 are shown the amounts of material removed as a function of the
speed of the motor, for pressures of 100 grams (0.22 pounds), 200 grams (0.44
pounds), 500 grams (1.1 pounds), and 750 grams (1.65 pounds), respectively.
On each curve is shown a vertical line at 4000 r.p.m. This is considered to be
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close to the average maximum limit of the present day operating range, since
most dental engines have a maximum speed of 3600 r.p.m., while others approach
4500 r.p.m. These curves are all of the same general shape and show a large
increase in the material removed as the speed is increased beyond 4000 r.p.m.

The curves in Fig. 5 show that the fissure bur (No. 557), made of tungsten
carbide, and the two different No. 557 steel burs by different manufacturers,
all with straight cut axial grooves, produce essentially the same performance.
The steel bur with spiral eut axial grooves was superior to those with straight
grooves, except possibly at high speeds (in the order of 10,000 r.p.m.). Observa-
tions when the tests were carried out would indicate that the No. 557 spiral
burs reach a maximum cutting ability at about 9000 r.p.m., and beyond that
speed the amount of material removed per unit time decreases. This condition
could be due to a filling of the flutes of the bur with Ivoryene, which is relatively
soft, and also being a plastic may further soften with elevated temperature.
This tendeney of the amount of material removed to decrease at high speeds is
less pronounced as the load is increased, as shown in Fig. 6.

The data on steel burs from these curves (Figs. 3-6) are condensed in Table

1L
TABLE IT
PRESSURE | WEIGHT (GRAMS PER MINUTE) REMOVED AT SPEEDS OF
BUR MTFGR. (6rAMS) | 2000 reM. | 4000 rpM. | 6000 rPM. | 8000 RPM.
No. 557 1 100 .0011 .0022 .0047 .0097
200 .003 .007 .019 044
500 015 067 17 .32
750 .08 .19 .32 .495
No. 557 2 200 .003 005 .0085 015
Straight 500 .03 085 18 31
Flutes. 750
No. 557 2 200 .007 .028 034 .053
Spiral 500 .07 .225 40 487
Flutes. 750 .

One general ‘rule that may be concluded from the data is that for the
straight grooved No. 557 bur, the amount of material removed in grams per
minute is approximately doubled for each speed increase of 2000 r.p.m. up to
8000 r.p.m. while the applied pressure remains constant.

An indieation of the amount of material removed as a function of the
speed and pressure applied is shown in the three dimensional Fig. 7. This is
shown as a surface whose vertical ordinate is the material removed. The line
of intersection of a horizontal plane (an imaginary plane parallel to the base
plane) with the surface would show the different combinations of speed and
pressure that would remove a given amount of material per minute. The amount
of material removed is represented by the vertical height at which the plane is
drawn.

CHARACTERISTICS OF NO. 558 FISSURE BUR

In Fig. 8 is shown the relationship between the amount of material removed
per minute and the energy input for a No. 558 bur at different pressures. This
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TapLe I1L
PRESSURE | AMOUNT (GRAMS/MINUTE) REMOVED AT SPEEDS OF
(GRAMS) . MFGR. | 2000 RPM. | 4000 rPM. | 6000 RPM. | 8000 RPM.:
100 1 .0014 .0033 0059 L0117
200 .003 .01 .02 .034
500 .03 062 105 17
750 .06 155 .292 .61

is similar to Fig. 2 for the No. 557 fissure bur. As was true for the No. 557
bur, eonsiderably more material is removed by the No. 558 bur when the pressure
is raised from 200 grams to 500 grams, than from 500 grams to 750 grams. For
a No. 558 bur the amount of material removed as a function of speed and pres-
sure is shown in Table 1II.

MATERIAL REMOVED BY #557 BUR
AT VARIOUS SPEEDS AND PRESSURES

Vertical Ordinate (Material
Removed) grams per mimite

Fig. 7.

These data show that the amount of material removed per minute by a No.
558 fissure bur is not greatly different from that removed by the No. 557 bur.
In some cases, the No. 558 bur removes more material, as one would feel it
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should, since it is a larger bur. This is particularly true at a lighter load of
100 grams. It is also true at a load of 750 grams and 8000 r.p.m. However, the
differences in any situation are not large.

ENERGY REQUIRED vs, MATERIAL REMOVED
POR #558 BUR
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In Fig. 9, which is comparable to Fig. 7, is shown the material removed as a
function of both speed and pressure. It was observed in using the No. 557
and No. 558 burs that the material which had been cut away was packed rather
hard in the cut. If this is characteristic of this material or type of cut only,
it would be of no practical consequence, but if this should happen in aetual
cavity preparation, it might have an influence on the problem of heat genera-
tion. This effect did not oceur with the inverted eone type bur, which is de-
seribed presently.
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umber

CHARACTERISTICS OF THE NO. 37 INVERTED CONE BUR

The No. 37 inverted cone bur has an average diameter of approximately
'0.045 inch and a length of 0.050 inch, while the No. 557 fissure bur has an
average diameter of 0.038 inch and a length of 0.185 inch. A notable difference
between the No. 37 and No. 39, and the No. 557 and No. 558 is that although
the inverted cone type bur possesses about one-third the active cutting area of
the fissure type bur, it is eapable of removing approximately five times as much
material per unit time. This is demonstrated by comparing the abscissa coor-
dinated (material removed-grams per minute) which for the No. 37 inverted
cone burs (Fig. 10) is ten times as great as those for the No. 557 fissure bur
previously shown in Fig. 2. This observation should be somewhat tempered

MATERIAL REMOVED BY #558 BUR
AT VARIOUS SPEEDS AND PRESSURES

Vertical Ordinate (Material
Removed) grams per mimte

Fig. 9.

though by noticing that the curves are not similarly placed. As an example,
with an input energy (NT) of 30,000 (.03HP) and a pressure of 750 grams,
an inverted cone No. 37 bur removed 0.62 grams per minute while a No. 557
fissure bur removed 0.08 grams per minute, and a No, 558 fissure bur, 0.12
grams per minute.
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TasLe IV
PRESSURE | MATERIAL (GRAM/MINUTE) REMOVED AT SPEEDS OF
(GRAMS) MFGR. | 2000 rpM. | 4000 RPM. | 6000 rPM. | 8000 RPM.
100 1 001 007 .026 075
200 .02 074 15 .24
500 21 44 72 1.02

The amount of material removed as a function of both speed and pressure
is given in Fig. 11. The data in Table IV were used to construct Fig. 12.

ENERGY REQUIRED vs. MATERIAL REMOVED
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CHARACTERISTICS OF THE X0. 39 INVERTED CONE BUR

The relationship between the material removed per minute and the energy
input for pressures of 100 grams, 200 grams, 500 grams, and 750 grams is given
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in Fig. 13. There is a considerable difference in the amount of material removed
when the applied pressure is varied. For example, with an energy input (NT)
of 30,000 the following Table V is taken from this graph.

TABLE V
PRESSURE (GRAMS) MATERIAT. REMOVED (GRAMS PER MINUTE)
100 005
200 .092
500 400
750 720

With an increase from 100 to 200 grams, the amount of material increased
0.087 grams per minute. With an inerease from 200 to 500 grams pressure, or an
increase of 300 grams, there was an increase of 0.31 grams per minute, which
is an average of 0.10 grams per minute increase per 100 grams increase of load.
From 500 to 750 grams pressure, the inerease in material removal was (.31 grams
per minute, which would be an increase of 0.13 grams per minute per 100 grams
inerease in pressure. This indicates that as the pressure was raised more material
was removed on a constant input energy basis, but takes into account only the
kinetic energy of the motor, and leaves out any consideration of the potential
energy due to the pressure exerted by the operator.

The amount of material removed as a function of speed and pressure is
shown by Table V1.

1.0

FIG, 11 8000 rpm.

MATERIAL REMOVED BY #37 BUR
AT DIFFERENT PRESSURES APPLIED
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Fig. 11,

This table is plotted as a surface in Fig. 14 and it should be realized
that the surface extends beyond the limits of this study.
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TABLE VI
PRESSURE | MATERIAL (GRAMS PER MINUTE) REMOVED AT SPEEDS OF
(GRAMS) | 2000 mpM. | 4000 ReM. | 6000 RPM. | 8000 RrPM,
100 .007 .016 .0295 .054
200 027 .098 17 .242
500 .28 .56 .84 112
750 34 .84 1.51 34

MATERIAL REMOVED BY #37 BUR
AT VARIOUS SPEEDS AND PRESSURES

Vertical Ordinate (Material Removed)

grans/minute
8000,
4000 .
Speed (rpm.) Pressure Applied {grams)
200
100
O
Fig. 12.
SUMMARY

This study has been limited to a comparison of the efficiency of the fissure
and inverted eone type of dental burs when cutting a material with a hard-
ness similar to dentin. This permitted a comparison of bur types on a basis
of design only and did not consider the endurance of the bur, or the tendeney
to become dull which would result if hard materials like glass or enamel were
cut. The effect of bur size and compositicn as related to cutting efficiency were
also studied to a limited extent. The physical factors of speed of rotation be-
tween the limits of 1000 and 8000 r.p.m., and force applied to theé cutting in-
strument from 200 grams (0.44 pounds) to 750 grams (1.65 pounds) were
studied. An effort was made to integrate these variables as far as practicable.
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It was observed that the tungsten carbide burs examined cut at essentially
the same rate as the steel burs when operated under comparable conditions, but
the carbide burs retain their cutting edge longer. The earbide burs were more
brittle and susceptible to breakage than steel burs when subjected to side pres-
sure and torque due to being embedded in the material cut.

ENERGY REQUIRED vs, MATERIAL REMOVED
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Fig. 13.

The No. 557 fissure type steel bur with spiral axial grooves removed more
material per unit time than burs with straight grooves when operated under
the same conditions. It was ohserved that the spiral type bur showed a little
greater tendency to become clogged with cut material than did the straight bur.
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A pronounced difference in the amount of material removed per unit time
by the inverted cone type bur as compared with the fissure type bur was ob-
served. Although the No. 37 bur has only about one-third as much active area
as the No. 557 fissure bur, it is capable of removing approximately five times
the amount of material per unit time as the fissure bur. On a basis of unit ac-
tive area this would indicate a ratio of approximately 15 to 1 in favor of the
inverted cone type.

MATERIAL REMOVED BY #39 BUR
AT VARIOUS SPEEDS AND PRESSURES
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Fig. 14,

‘When using the No. 557 steel bur it was found that for each speed increase
of 2000 r.p.m., between the limits of 2000 and 8000 r.p.m., the amount of material
removed . per unit time was approximately doubled, while the applied pressure
remained constant. Accordingly, the rate of removal increases rapidly at speeds
greater than 4000 r.p.m., which is near the upper limit of most present day
engines.

When using a No. 557 bur with a constant energy input, a comparatively
large increase in material removed is achieved when the pressure is raised from
200 to 500 grams. With an inecrease in pressure from 500 to 750 grams, the
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amount of material removed is increased, but the relative inecrease is less pro-
nounced. With an inverted cone bur, however, this trend is reversed so that
with increased pressure there is an increased rate of removal of material.

The results reported indicate that an increase in size of bur for a given

type will result in greater amounts of material removed when other factors re-
main constant.
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