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Table 1. Drills used in the experiment
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Fig. 1. Precision Handpiece Stand: A precision hand-
piece restraining system, designed by the author and
fabricated by Eungyong Machinery, Inchon, Korea,
that keeps the drill parallel to the drilling path and
allows horizontal adjustment of the drill with as lit~
tle as 1pm increment.

Fig. 2. For a typical experiment, 3bmm square
samples of bovine scapular bone were utilized. The sam-
ples were approximately 20mm thick with the corti-
cal thickness on the drilling side ranging from 1 to 2mm.
A sample was placed in a container of saline solution
so that its lower half is submerged into the solution and
the upper half exposed to the room air, which averaged
24.97C. The temperature of the saline solution was main-
tained at 36.5°C using an electric heater (J. O Tech Co.,
Korea). As the sample was drilled, the generated heat
was removed by saline coolant of 24°C.

thermocouple
at bone surface

10mm at 4mm depth

at 8mm depth

J 0.2mm

L. thermocouple

# thermocouple .

r tap

twist drill

pilot drill
twist drili{(drill kit)

o 4 L thermocouple
at bone surface

counter sink

hole for thermocouple

Fig. 8. The thermocouple insertion hole, that is 0.9mm in diameter and 8mm in depth, was prepared 0.2mm away
from the tapping bur, the last drilling step. The temperatures due to countersink, pilot drill, and other drills were
measured at the surface of the bone, at the depths of 4mm and 8mm respectively. Countersink drilling temper-
ature was measured by attaching the tip of a thermocouple at the rim of the countersink. To assure temperature
measurement at the desired depths, “bent-thermocouples” with their tips of 4 and 8mm bent at 120" were used.



8mm 4mm
120°
120°

Fig. 4. The details of “bent thermocouples.” 4
and 8mm long thermostat tips were bent at 120°.
Insertion of these assured the temperature mea-
surement at 4 and 8mm depths respectively.
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Fig. 5. The profiles of temperature variation were
recorded continuously at one second interval using
a thermometer with memory function (Fluke Co.,
U.S.A) and 0.7mm thermocouples (Omega Co.,
U.S.A).
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2mm twist drill/1250¢g

Temperature(T)

[T T
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Fig. 6. Increased drilling pressure was necessary for
a dense bone. Fig. 6 shows a large amount of
heat generation under the drilling pressure of
1,250g (500g over the reference weight). This sug-
gests the likelihood of accidents during clinical
practice due to the tendency for application of an exces—
sive pressure without realizing it when faced with
a dense bone.
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2mm twist drill/1750g

Temperature{T)

Time(sec.)

Fig. 7. The effects of increased drilling pressure of
1,750g(1,000g beyond the reference, 750g). Increased
drilling pressure shortened the drilling time and
increased the temperature. However, time shortening
was more prevalent than the temperature rise.
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Table 1. Low correlations, or even negative correlations, were observed between drilling time and drilling
temperature in case of tap, pilot and countersink. This suggests that these drills are biologically
acceptable under the practice conditions that are similar to the experiment. In contrast, significant cor-
relations are observed between the time and the temperature in case of 2mm twist drill. This suggests
the need for a great deal of care in using such drills. This concern is further amplified because of the large
SEM value

Drilling Time(sec) corelation Max Temperature(T)

Mean S.D. SEM  MeanzSEM coefficient Mean S.D. SEM. Mean+SEM

2mm twist drill
50 trials 2428 2371 335 24284335 0372 3738 995 141 37.38+141
4Qtrials 2353 2522 398  2353+399  0.590 33.68 403 064 33.68+0.64
NP  oplusweight 2730 1709 540 27.30£540  0.709 5218 1284 406 52.18+4.06

Pilot 3.00 1.20 017 3.00£0.17  0.165 3264 2835 041 32641041
Twist 2.82 077 111 282+111  0.173 3257 2587 037 32.57x0.37
Countersink 3.34 115 016 3.34+£0.16  0.143 30.58 1627 023 30.58+0.23
Screw Tap 73.03 2157 305 73.03x3.05  0.257 3034 1243 018 30.34+0.18
2mm twist dril 1766 1151 163  17.66+x1.63  0.464 3540 5047 091 354040091
Pilot 3.62 197 028 362028  0.144 3490 2434 034 34.90+0.34
RP Twist 3.24 120 017 3.24£0.17 0461 3539 3384 048 35391048
Countersink 4.38 126 018 4.3840.18  0.126 3314 282 040 33.14+040
Screw Tap 8010 1271 1.80  80.10+£1.80 -0.326 3117 1.5675 022 31.17+0.22
2mm twist drill 3236 2966 419 32.36%4.19  0.59%4 3482 443 063  34.82+0.63
Pilot 3.40 111 016 3.40+0.16  -0.005 3473 220 031 34.73x031
Twist 3.24 0.62 0.09 3.2440.09  0.150 3381 230 033 33812033
WP Pilot 3/4.3 3.40 162 0.23 3.40+023  0.132 3449 167 024 34.49+0.24
Twist 4.3 324 . 059 008 3.2410.08  0.169 3454 235 033 34.54%0.33
Countersink 3.42 0.88 0.12 342012 -0.202 30.45 143 020 30.45%0.20
Screw Tap 5756 1601 226 57561226 -0.049 30.72 108 015 30.7210.15

Table II. Increased drilling pressure becomes necessary in a dense bone. Comparing 2 excessive drilling
pressure groups, by means of small sample test, time t statistic="10.80 temperature t statistic=2.08. Time
is more influenced than temperature

Drilling Time(sec) corelation Max Temperature()
Mean S.D. SEM  Mean*SEM  coefficient  Mean SD. SEM. MeantSEM
750g 24.28 23.71 3.35 24284335 0.372 37.38 995 141 37.38%141
1,250g 99.10 61.70 1951 99.10£19.51 0.522 5106 1319 417 51.06x4.17
1,750g 25.00 9.45 299  25.00+£2.99 0.022 60.60 13.86 438 60.60+£4.38
tdAd-E BAth. Tap, pilot, countersink®] 4% Table & 7oz <1t @ HA ®igtE B
= w2 A7ke] o AuUASE iolﬂ A% F7HAFAA 1,250g 2 1,750g 72 W2
0ol 7H7hE BAE Ho HFo| A Hojx o3 Wl M2 Ha F3 43 Azt Hske @
3 AN go] "WolAe Bgd BTt Vq% 22 U9y 2 LS FA S Aol
e A do 2 Yt g Axetn @ 238l A @A @ Aol #EE A o9
T U o 5 qteEle] atelzt 7k o HA 2o} A7t
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Table V. The effects of the age of 2mm twist drills on drilling time and temperature. Between the first
10 drillings of a new drill and 10 drillings of an old one after 40 drillings. remarkable change in drilling
time was observed using the same specimen. Time change t-test statistic for was 3.49. No significant
difference in drilling temperatures were observed between the new and old drill

Drilling Time(sec) Max Temperature()
mean SDh SEM  mean+SEM  mean SD SEM mean+SEM
1-10 trials 8.30 1.42 0.45 8.30+0.45 35.79 1.74 0.55 35.79£0.55
41-50 trials  37.60 26.50 8.38  37.60x8.38 33.88 2.19 0.69 33.88+0.69
- 50 times used/unused temperature change ]00[/ SOIims usediunused drilling ine
90 . ﬁ:] unused
80" B 50 time used

]—r unused
-4~ 50 times used

ne
=4

temperature (°C)

1 2 3 4 5 6 7 8 9 10 trials

Fig. 8. Under the drilling pressure of 750g, it
was revealed that there was no significant difference
in drilling temperature between a new drill and an
old twist drill that has already drilled 40 times.

Time(sec)

Trials

Fig. 9. Under the drilling pressure of 750g, it
was revealed that the drilling time for an old twist
drill that has already drilled 40 times was 4.5
times longer than a new drill. The measurement was
taken for the first ten drilings of a new drill and the
10 drillings of an old drill that has already used for
40 drilling. "Test Statistics” of small samples t-test
was 3.49, confirming that the used twist drills
require longer drilling time than new ones.
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EXPLANATIONS OF FIGURES

Of the forty cases of normal bone drilling with NP 2mm twist drill under the pressure
of 750g. 6nly one case showed 47.1%C, which is higher than the threshold temperature
but by merely 0.17T. '

Ten cases of drilling a dense bone with NP 2mm twist drill with the cutting pressure
of 1,250 or 1,750g. This shows a temperature rise far higher than 47°C. the threshold
temperature that a bone tissue can endure.

Additional 10 cases of drilling a normal bone with a NP 2mm twist drill under the pres-
sure of 750g. Successive drilling within 11 seconds under the pressure of 750g did not
show any rise of temperature.

Of the 50 cases of drilling by RP 2mm twist drill under the drilling pressure of 750g,
one case (28th drilling-trial) showed the temperature of 63.6C, substantially higher than
the threshold temperature. However, a review of the record of the experiment revealed
that an extra finger pressure was added inadvertently during 28th drilling. This is much
like a practitioner increasing his finger pressure without realizing it when the drilling
is not as easily done as desired.

All the 50 cases of drilling by WP 2mm twist drill were done under the drilling pressure
of 750g. Only 1 case (1st trial) showed the temperature above the threshold at 59C.

14-16, 18-20, 23-27. All the drills that follows a 2mm twist drill, i.e. pilot, twist, coun-

13,

tersink of NP, RP, WP, show that they are easy on bone tissues: drilling temperatures
are near the body temperature and drilling time is short within 10 seconds. This is be-
cause all of such drills drill along the insert way that is already prepared by a 2mm twist
drill.

21, 28. It can be noticed that, for all screw taps of NP, RP, WP, the drilling time in-

creases as the “age” of the drill increases, and that the temperature decreases as the
drilling progresses, probably owing to cooling by water.

12
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ABSTRACT

A STUDY ON THE TEMPERATURE CHANGES OF BONE TISSUES
DURING IMPLANT SITE PREPARATION

Pyung-li Kim, D.D.S., M.S.D.,Yung-Sco Kih, D.D.S., M.S.D.,Ph.D., M.S¢.<O0.8.U>
Kyung-Soo Jang, D.D.S., M.S.D., Ph.D., Chang-Whe Kim, D.D.S., M.S.D., Ph.D.

Department of Prosthodontics, Gradiiate Schodl, Seoul Natiorial University

The purpose of this study is to examine the possibility of thermal injury to bone tissues
during an implant site preparation under the same condition as a typical clinical practice
of Branemark implant system. All the burs for Branemark implant system were studied ex-
cept the round bur. The experiments involved 880 drilling cases: 50 cases for each of the
5 steps of NP, 5 steps of RP, and 7 steps of WP, all including srew tap, and 30 cases of 2mm
twist drill.

For precision drilling; a precision handpiece restraining system was developed (Eungyong
Machinery Co., Korea). The system kept the drill parallel to the drilling path and allowed
horizontal adjustment of the drill with as little as 1um increment. The thermocouple insertion
hole. that is 0.9mm in diameter and 8mm in depth, was prepared 0.2mm away from the
tapping bur, the last drilling step. The temperatures due to countersink, pilot drill, and oth~
er drills were measured at the surface of the bone, at the depths of 4mm and 8mm respectively.
Countersink drilling temperature was measured by attaching the tip of a thermocouple at
the rim of the countersink. To assure temperature measurement at the desired depths, “bent-
thermocouples’ with their tips of 4 and 8mm bent at 120° were used. The profiles of tem-
perature variation were recorded continuously at one second interval using a thermometer
with memory function (Fluke Co., U.S.A.) and 0.7mm thermocouples (Omega Co.,
U.S.A).

To simulate typical clinical conditions, 35mm square samples of bovine scapular bone were
utilized. The samples were approximately 20mm thick with the cortical thickness on the drilling
side ranging from 1 to 2mm. A sample was placed in a container of saline solution so that
its lower half is submerged into the solution and the upper half exposed to the room air, which
averaged 24.9C. The temperature of the saline solution was maintained at 36.5C using an
electric heater (J. O Tech Co., Korea). This experimental condition was similar to that of
a patient’ s opened mouth.

The study revealed that a 2mm twist drill required greatest attention. As a guide drill,
a twist drill is required to bore through a “virgin bone,” rather than merely enlarging an
already drilled hole as is the case with other drills. This typically generates greater amount
of heat. . Furthermore, one tends to apply a greater pressure to overcome drilling difficulty,
thus producing even greater amount heat. . ’

150 experiments were conducted for 2mm twist drill. For 140 cases, drill pressure of 750g
was sufficient, and 10 cases required additional 500 or 100g of drilling pressure. In case of
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the former, 3 of the 140 cases produced the temperature greater than 47, the threshold

temperature of degeneration of bone tissue (1983. Eriksson et al.”) which is also the ref-

erence temperature in this study. In each of the 10 cases requiring extra pressure, the tem-
perature exceeded the reference temperature. More significantly, a surge of heat was ob-
served in each of these cases.

This observations led to addtional 20 drilling experiments on dense bones. For 10 of these
cases, the pressure of 1,250g was applied. For the other 10, 1,750g were applied. In each
of these cases, it was also observed that the temperature rose abruptly far above the thresh-
old temperature of 47C, sometimes even to 70 or 80C. It was also observed that the in-
creased drilling pressure influenced the shortening of drilling time more than the rise of drilling
temperature. This suggests the desirability of clinically reconsidering application of extra
pressures to prevent possible injury to bone tissues.

An analysis of these two extra pressure groups of 1,250g and 1,750g revealed that the
t-statistics for reduced amount of drilling time due to extra pressure and increased peak
temperature due to the same were 10.80 and 2.08 respectively suggesting that drilling time
was more influenced than temperature.

All the subsequent drillings after the drilling with a 2mm twist drill did not produce ex-
cessive heat, i.e. the heat generation is at the same or below the body temperature level.
Some of screw tap, pilot, and countersink showed negative correlation coefficients between
the generated heat and the drilling time, indicating the more the drilling time, the lower
the temperature.

The study also revealed that the drilling time was increased as a function of frequency
of the use of the drill. Under the drilling pressure of 750g, it was revealed that the drilling
time for an old twist drill that has already drilled 40 times was 4.5 times longer than a new
drill. The measurement was taken for the first 10 drilings of a new drill and 10 drillings of
an old drill that has already been used for 40 drillings. “Test Statistics” of small samples
t-test was 3.49, confirming that the used twist drills require longer drilling time than new
ones. On the other hand, it was revealed that there was no significant difference in drilling
temperature between the new drill and the old twist drill.

Finally, the following conclusions were reached from this study:

1. Used drilling bur causes almost no change in drilling temperature but increase in drilling
time through 50 drillings under the manufacturer-recommended cooling conditions
and the drilling pressure of 750g.

2. The heat that is generated through drilling mattered only in the case of 2mm twist drills, the
first drill to be used in bone drilling process: for all the other drills there is no significant prob-
lem.

3. If the drilling pressure is increased when a 2mm twist drill reaches a dense bone, the tem-
perature rises abruptly even under the manufacturer-recommended cooling conditions.

4. Drilling heat was the highest at the final moment of the drilling process.

Key words : Drilling heat generation, Thermocouple, Drilling pressure, Drilling time, Reusing drills,
2mm twist drill.
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