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Purpose. The purpose of this study was to evaluate the performance efficiency
of two different drill combinations according to the heat generated and drill-
ing time. Materials and methods. In this study, cow ribs were used as research
materials. To test the specimen, cow bones were rid of fascia and muscles, and
a temperature sensor was mounted around the drilling area. The experimental
group was divided into a group using a guide drill and a group using a Lindmann
drill according to the drill used before the initial drilling. The drilling sequence
of the guide drilling group is as follows; guide drill (o 2.25), initial drill (o 2.25),
twist drill (g 2.80), and twist drill (¢ 3.20). The drilling sequence of the Lindmann
drilling group is as follows; Lindmann drill (¢ 2.10), initial drill (¢ 2.25), twist drill
(9 2.80), and twist drill (2 3.20). The temperature was measured after drilling. For
statistical analysis, the difference between the groups was analyzed using the
Mann-Whitney U test and the Friedman test was used (a = .05). Results. The av-
erage performance efficiency for each specimen of guide drilling group ranged
from 0.3861 to 1.1385 mm?/s and that of Lindmann drilling group ranged from
0.1700 to 0.4199 mm?/s. The two drill combinations contained a guide drill and
Lindmann drill as their first drills. The combination using the guide drill demon-
strated excellent performance efficiency when calculated using the drilling time
(P < .001). Conclusion. Since the guide drill group showed better performance
efficiency than the Lindmann drill group, the use of the guide drill was more suit-
able for the primary drilling process. (J Korean Acad Prosthodont 2022;60:143-51)
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Introduction

For more than 30 years, dental implants have been
commonly used to safely replace a part of or the entire
teeth of patients.' Several types of implants are available,
from partially replacing a tooth to replacing the entire
denture; treatment methods and tools have also im-
proved. Topics related to dental implants are important
issues in dentistry and veterinary science. Dental implan-
tation is performed through various methods and tools.”

Despite improvements in dental tools, implants may
cause complications, one of which is the excessive rise
in temperature during drilling, which damages the bone
and causes necrosis. The threshold for bone necrosis is
between 47°C and 55°C, and the procedure of drilling is
often at a risk of overheating.’

In dental clinics, various implant drill combinations
are used depending on the situation. For computer-guid-
ed implant surgery, initial drilling should be used as a
guide drill. If the bone is not flat, a Lindmann drill may
be used in the initial drilling process. However, studies
on these various drill combinations are still lacking.

This study aimed to evaluate two combinations of drill-
ing systems based on their efficiency in shortening the
drilling time and ensuring minimal temperature increase

under critical temperature levels that cause bone necrosis.
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Materials and methods

The experiment were conducted using Korean cow ribs
of similar sizes. The muscles and fascia of the ribs were
removed, the bones were cut into sizes of 4 cm, and the
bottom surface was selected and processed flat. Then,
the surface to be tested was polished using sandpaper of
#400, #800, #1000, and #1200.

The final diameter of the drilling site was @ 3.3. Four
holes with a diameter of @ 2.0 and a depth of 5 mm were
drilled at an angle of 90 degree, each 3 mm from the out-
er diameter of the drilling site. The experiment was per-
formed after the temperature sensor was inserted into
the processed holes.

Figure 1 show the shapes of the following drill combi-
nations used in the experiment: (1) Guide drilling group:
guide drill (¢ 2.25, CSM Implant, Daegu, Republic of Korea),
initial drill (@ 2.25), twist drill (o 2.80), and twist drill (2 3.20);
(2) Lindmann drilling group: Lindmann drill (¢ 2.10), initial
drill (@ 2.25), twist drill (o 2.80), and twist drill (@ 3.20).

In this study, Implant handpiece system (SIP20 and
CRB46LN; Saeshin, Daegu, Republic of Korea) was used,
and the temperature was measured using the midi LOG-
GER GL240 model (Graphtec Co., Ltd., Irvine, CA, USA).
An experimental custom-made device was used to hold

the implant handpiece (Fig. 2). For holding repeatability

A9 9295 | frCInNYe

Fig. 1. Drill combination used in the experiment. (A) Guide drilling group, (B) Lindmann drilling group.
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Fig. 2. Experiment preparation with custom-made device.

of the specimen and implant handpiece, holding was car-
ried out using a right-angle gauge so that the drill of the
implant handpiece and specimen were vertical, and the
end of the drill was positioned at the end of the specimen
(Fig. 2).

The materials were set on a stable workbench, and
drilling procedures were performed using optimal force
by an experienced researcher, who received repeated
training from skilled professors. During drilling, a rota-
tional speed of 1500 rpm was used and saline solution at
room temperature was injected. In guide drilling group,
a small groove was made with a guide drill; drilling was
performed in the following order: initial drill, twist drill
(9 2.8), and twist drill (o 3.2). The temperature after each
drilling was measured and recorded using a thermom-
eter. In Lindmann drilling group, a Lindmann drill was
used first, and subsequent drilling was conducted in the
same order as guide drilling group. The experiments
were conducted in the same enclosed space under the
same temperature and humidity conditions.

To calculate the performance efficiency during the
drilling process for each combination, the volume of the
last drill and Lindmann drill was modeled using the NX
UG program (Siemens PLM Software, Torrance, CA, USA)

to derive the volume at the time of 11-mm drilling, and

https://doi.org/10.4047/jkap.2022.60.2.143
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the performance efficiency was calculated by dividing
the result value by time (second). The calculated value
was the volume cut per second (mm?/s), and each value
was compared and analyzed.

All data were analyzed using a statistical software (SPSS
ver 25.0; IBM, Chicago, IL, USA) (a = .05). First, the nor-
mal distribution of the data was investigated through the
Shapiro-Wilk test, and the difference between the groups
was verified using the Mann-Whitney U test because the
normal distribution was not achieved. The Friedman test

was used to confirm the change.

Results

Table 1 shows the temperature change at each of the
four temperature measurement points by drilling 4 - 6
holes for each specimen during drilling using guide drill-
ing group and the time required for drilling (Fig. 3). With
the guide drill, the entire hole was not drilled, and only
the sharp blade was used to drill to a depth of 2 mm. For
other drills, drilling was performed to a depth of 11 mm.

The average temperature change for each drilling
showed a temperature increase from 2.6°C to 5.8°C, and
the drilling time for each drilling ranged from 56.84 to
245.99 s (P < .001). The average temperature change for
each specimen ranged from 2.62°C to 5.88°C, and the av-
erage drilling time for each specimen ranged from 71.21
t0 208.00 s.

Table 2 shows the temperature and drilling time mea-
sured at four points by drilling 4 - 6 holes for each spec-
imen using Lindmann drilling group (Fig. 4). In Lind-
mann drilling group, drilling was performed to a depth
of 11 mm using the Lindmann drill first, and subsequent
drilling was made to a depth of 11 mm using the other
three drills.

For each specimen, the temperature rises were ranged
from 1.61°C to 3.22°C, and the drilling time for each drill-
ing point was 105.87 - 480.91 seconds (P < 0.001). The av-
erage time of the Lindmann drill for each specimen was
122.53 - 299.03 seconds.
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Table 1. Average temperature and time of the first drill combination

Specimen no Drilling time Average temperature  Average temperature  Average drilling time
P : (second) change (°C) change (°C) (second)
1 94.44 5.50
1 2 73.07 2.42 262 1191
3 60.51 1.97 ’ ’
4 56.84 0.60
1 115,51 5.712
2 169.85 4.87
3 175.30 2.52
2 3.49 202.56
4 241.88 2.60
5 176.55 2.15
6 133.74 3.10
1 187.60 4.90
2 228.64 5.45
3 3 245.99 5.85 5.88 208.18
4 226.50 6.20
5 152.19 7.02
1 181.12 4.82
2 177.51 2.62
4 3 102.35 1.95 3.08 146.77
4 142.80 2.37
5 130.10 3.62
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Fig. 3. Comparison of temperature changes during drilling
for each drill combination while drilling a hole in the
specimen.

Fig. 4. Comparison of drilling time in the specimen for each
drill combination.

Table 3 shows the volume of cuts per second for each
combination along with the performance efficiency for
each drilling point and the average drilling time and

performance efficiency for each specimen (Fig. 5, Fig.
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6). The total drilled volume was 79.9882 mm? using the
NX UG program, and the cut volume was calculated by
dividing the total volume by each time. The average per-

formance efficiency for each specimen of guide drilling

The Journal of Korean Academy of Prosthodontics
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Table 2. Average temperature and time of the second drill combination

Drilling time

Average temperature
(s) change (°C)

228.54

301.65

248.62 161

173.46

105.87

477.69
480.91
475.86
403.20

Average time of Average drilling time

Specimen no. the Lindmann drill (s) (s)

138.24 211.62

2.99 299.03 459.41

406.27
424.52
238.58
339.57

253.74
299.61
170.45
226.59
187.68
237.99

3.22 273.72 352.23

1.95 122.53 229.34
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Fig. 5. Comparison of the Lindmann drill time and drilling
time, excluding the Lindmann drill and drilling time of the
first drill combination.

Fig. 6. Performance efficiency values for each drill combination
and Lindmann drill.

group ranged from 0.3861 to 1.1385 mm?/s and that of
Lindmann drilling group ranged from 0.1700 to 0.4199
mm?/s.

Table 4 shows the performance efficiency and the vol-

https://doi.org/10.4047/jkap.2022.60.2.143

ume cut per second of the Lindmann drill (Fig. 5, Fig. 6).
The calculated drilling volume of the Lindmann drill us-
ing a modeling program was 24.4461 mm?. The final per-

formance efficiency ranged from 0.0817 to 0.1768 mm?/s.
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Table 3. Performance efficiency of the first and second drill combinations

Performance efficiency

Wl 0|42 - &3tfct- 0|7

Average performance
efficiency by specimen

Compination of SoedannD, Yo Drilling time sl i Average drilling time
drills used (second) (second)
(mm?/s)
1 94.44 0.8257
2 73.07 1.0673
1 3 60.51 1.2888 .2l
4 56.84 1.3720
1 115.51 0.6751
2 169.85 0.4591
5 3 175.30 0.4448 202.56
4 241.88 0.2281
5 176.55 0.4417
Guide 6 133.74 0.5831
drill 1 187.60 0.4157
2 228.64 0.3410
3 3 245.99 0.3170 208.18
4 226.50 0.3443
5 152.19 0.5124
1 181.12 0.4305
2 177.51 0.4393
4 3 102.35 0.7619 146.77
4 142.80 0.5461
5 130.10 0.5994
1 228.54 0.3412
2 301.65 0.2585
1 3 248.62 0.3136 211.62
4 173.46 0.4496
5 105.87 0.7366
1 477.69 0.1632
2 480.91 0.1621
2 459.41
3 475.86 0.1638
4 403.20 0.1910
Lindmann
drill 1 406.27 0.1919
3 2 424.52 0.1837 35293
3 238.58 0.3268
4 339.57 0.2296
1 253.74 0.3073
2 299.61 0.2602
4 3 170.45 0.4575 22934
4 226.59 0.3441
5 187.68 0.4155
6 237.99 0.3276

(mm?3/s)

1.1385

0.4720

0.3861

0.5554

0.4199

0.1700

0.2330

0.3521
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Table 4. Performance efficiency of the Lindmann drill

Drilling time of

Performance efficiency

CHstx| ot HstS| x| 603 23, 20221 48

Average drilling time Average performance

Specimen no. No. the Lindmann drill of the Lindmann drill of the Lindmann drill efficiency by specimen
(second) (mm?3/s) (second) (mm?3/s)

1 120.00 0.2037
2 239.09 0.1022

1 3 167.82 0.1456 138.24 0.1768
4 111.68 0.2188
5 52.64 0.4644
1 314.70 0.0776
2 308.11 0.0793

2 299.03 0.0817
3 302.23 0.0808
4 271.08 0.0901
1 346.68 0.0705
2 326.99 0.0747

3 273.72 0.0893
3 155.81 0.1568
4 265.40 0.0921
1 163.20 0.1497
2 238.42 0.1025

4 3 71.28 0.3429 122.53 0.1497
4 99.76 0.2450
5 59.29 0.4123
6 103.25 0.2367

Discussion and this speed generated the most heat during the test.

This study aimed to evaluate the importance of the first
drill (guide drill and Lindmann drill) in two drill com-
binations. For computer-guided implant surgery, initial
drilling should be used as a guide drill. If the bone is not
flat, a Lindmann drill may be used in the initial drilling
process. However, studies on these various drill combi-
nations are still lacking.

Various factors affect heat generation during drilling,
including the thickness of the cortical plate, rotational
speed, drill diameter, and penetration depth.*” Moreover,
a study reported that exposure to high temperatures caus-
es bone necrosis and that temperatures above 47°C nega-
tively affect osseointegration.” In other implant systems,
the optimal rotation speed to prevent osseointegration
and bone overheating ranges from 1000 to 1500 rpm." In

the present study, a rotation speed of 1500 rpm was used,

https://doi.org/10.4047/jkap.2022.60.2.143

In this study, we evaluated the performance efficiency
of two drill combinations based on the heat generated
and drilling time. Excessive temperature rise during drill-
ing may adversely affect bone transplantation and tissues
at the drilling site.

The amount of energy emitted is influenced by various
factors, such as the bone type, drill type, and drilling
method; thus, the variables in this study were the drill
types. With a thermometer sensor attached to a depth of
5 mm in the drilling hole, the heat generated during drill-
ing was measured, and the change in heat generated and
drilling time was observed. The distance between the
measurement point and drilled surface was 1 mm.

Temperature is affected by various factors, such as in-
door temperature, humidity, ventilation conditions, and
external heat sources.'”'” Therefore, this study was per-

formed under the same environmental conditions.
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As shown in Figure 3, the temperature change in guide
drilling group was higher than that in Lindmann drilling
group. Figure 4 shows the increase in the drilling time of
guide drilling group compared with Lindmann drilling
group; the time taken by the Lindmann drill in Lind-
mann drilling group was also measured. Figure 5 shows
the time excluding the use of the first drill in the two
drill combinations. Guide drilling group took a shorter
drill time than Lindmann drilling group. With Lindmann
drilling group, the drilling time of the Lindmann drill ac-
counted for 53.40% - 77.70% of the total drilling time.

Upon comparison, the performance efficiency (Fig. 6)
of guide drilling group was observed to be higher than
that of Lindmann drilling group. In the drilling process
performed in the present study, it may be difficult to
standardize the bone quality of the bovine ribs, and it is
necessary to standardize the repeated drilling. Additional

studies to standardize drilling should be performed.

Conclusion

In the implant drilling process, the type of initial drill
affected the performance efficiency. Since the group using
the guide drill showed better performance efficiency than
the group using the Lindmann drill, the use of the guide

drill was more suitable for the primary drilling process.
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