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ABSTRACT

While dental clinics still use the ultrasonic scaling/surgery tool for teeth scaling and cleaning the tool’s use is expanding
steadily to include treatment of damaged teeth and bone tissue. In this study, a handpiece moving system (HMS) was
developed to evaluate bone scaling and cutting in the field of dentistry. The HMS, through a scaling test of bone using a
scaler tip, it was able to identify surface damage. Additionally, a thermos-graphic camera was used to observe the
temperature distribution that occurred during the bone scaling and cutting process. Consequently, we found that increasing
the working load increased the amount of surface damage. Changes in temperature distribution occurred slowly and were
maintained within safety bounds for 10 minutes. Going forward, we will compare the HMS performance on scaling and

cutting with other devices.

Key Words : Handpiece Moving System(SHET|A 0|& A|AHE]) Bone Scaling(Z AHYE), Scaler Tip(AH

21 &), Ultrasonic Devices for Bone Surgery(ZSIt = F=7|)

1. Introduction microorganisms, or epithelial cells!. Daily tooth
brushing, along with general cleaning by a dentist

In dentistry, dental calculus (also called oral twice each year, are the most effective ways to

. . .. tal calcul t gingiviti
biofilm, salivate, gingival sulcus, and dental plaque) remove  dental - calculus - and so prevent  gingivitis,

. . h lveolaris, th i . Dental
refers to the minerals generally deposited on the pyorthea  alveolaris, —and —other  discases ena

. calculus also can be caused by stomatopathy because
surface of the teeth, such as fine food residue, Y patiy

the possibility of residue in the mouth can go quite

high. In this respect, early detection and treatment of
# Corresponding Author : jykim@anu.ac.kr

teeth using a scaler instrument may slow the disease’s
Tel: +82-54-820-5669, Fax: +82-54-820-6129

progression and reduce the risk of further problems™.
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Some orthodontic treatments require cutting the
maxilla and mandibula. For that purpose, a bone
cutter is used for operations. Moreover, doctors from
various  fields, including plastic surgery and
otorhinolaryngology, are also applying the bone cutter
in bone graft, cutting, and harvesting®. Previous
studies suggest that wusing surgical instruments
containing a piezoelectric oscillator can reduce a
patient’s complaints™®. Therefore, the use of the piezo
surgical instrument in dentistry, with its precision and
high efficiency, is one of the most important
requirements both for successful teeth scaling and
bone cutting as it can decrease the risk of damage to

blood vessels, nerves, or other tissues®™®

. This piezo
surgical instrument has been widely used in the
kHZ.  The

characterization of ultrasonic is to remove the cell

operating  frequency of  25~30
walls of the cells in the periodontal pockets caused
by shock waves produced with the collapse by
pressure from it due to the cavitation effect of the

generated bubbles™

. Be that as it may, during a
dental treatment, ultrasonic scaler tips can cause
permanent damage to the pulp and teeth-supporting

tissuet®",

There have been some reports on the
safety and efficiency of the scaler tips used in the
ultrasonic  scaler testing instrument. For instance,

Hong!"”

evaluated the efficiency of calculus removal
and the wear of scaler tips made of stainless steel,
copper, and silver. The researcher reported that the
efficiency of copper tip was higher than that of other
tips. Back et al!"' demonstrated the safety and
efficiency of novel ultrasonic scaler tips when he
tested them along with conventional stainless-steel and
plastic tips on titanium surfaces. He found that the
novel metallic copper tip caused minimal damage to
the titanium surface. Ultrasonic devices for bone
surgery (UDBS) have been evaluated for use in
cutting tests of teeth or bone, and the results reported
in previous literature. According to Harder et all'?,
there are data about cutting performance and
increased temperature observed during the cutting

action of the ultrasonic devices wusing UDBS.
However, the study yielded relatively poor results.
Insufficient data are reported with regard to the
environmental settings, devices output, working load,
and movement velocity.

The focus of this study was to develop a new
handpiece moving system (HMS) for precision testing,
and to evaluate the characterization of experimental
studies like temperature distribution during bone
scaling and cutting by HMS after fabricating bone

specimens.

2. Materials and Methods

2.1 Experimental set-up

2.1.1 Device

We used an Ultrasonic NX device developed by
Micro-NX Co. Ltd., Korea. Fig. 1 shows the control

box and handpiece parts of the Ultrasonic NX

[13]

device The power, boost, and water buttons are

for adjusting the bone scaling and cutting

performance are also shown in Fig. 1(a, b).

(b) Main control view
Fig. 1 Actual images of (a) Ultrasonic NX device and (b)

Main control view
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Table 1 Structural specification of the fabricated

specimens
Specimens
Shape Disk
Mounting diameter 30
Mounting height 20
Bolt hole diameter 9.5

Table 2 Process conditions for bone scaling

Scaler
Tip D1*
Working load[N] 0.8
Working velocity[mm/min] 200
Contact angle[°] 10
%gﬁt%ﬂfum] High(P100%/B100%)"/6
Distance[mm)] 3

*D1 (Dmetec, Korea): for scaling in wide thick proximal
surface
p = Power; B = Boost

Table 3 Process conditions for bone cutting

Tools
Tip BSO1*
Working load(N) 4
Working velocity(mm/min) 300
Contact angle(®) 90
Output(amplitude, pm) 6
Distance(mm) 5

*BSO01: useful for osteotomy high efficiency

2.1.2 Specimens

The bone for the cutting test was obtained from a
Korean native cattle’s leg bone. Bone was washed in
deionized water and 70% alcohol. The mixing
materials for fixation of the bone materials were put
together by mixing epoxy resin and hardener (Allied
High Tech Products, Inc., USA) with a mixing ratio

by weight of 100 for resin and 12 for hardener. A
mold cup for mixing materials (approximately 30 mm
in diameter and 10 mm in height) are prepared by
removing an aluminum container of a small tealight
candle. Table 1 shows the structured specifications of
the fabricated specimens. Mounting diameter, height
and bolting diameter of the fabricated specimens were
30, 20 and 9.5 mm, respectively.

2.1.3 Bone scaling test

The most widely used scaler tip in the dentistry
field is the “D1”. The tip-combined handpiece was
fixed by a jig with a wrench bolt, and the specimen
pinned on one side plate of a double balance. The
force exerted by the bone was transmitted by a
counterweight of a double balance with a working
load of 0.8 N. To evaluate the bone damage, the
operation of the X-Y axes was made using G-code.
Feed rate and distance were 200 mm/min and 3 mm,
respectively. The contact angle between the bone
surface and tip was selected as 10°. If contact
between the tip and specimen lost focus, the bone
damage test would fail and thus render the damage
observation inaccurate. The power level selections
were set to “medium” and “high”, with water
provided at the “medium” setting. Process conditions
for the bone damage (scaling) test are shown in
Table 2.

2.1.4 Bone cutting test

In the bone cutting test, a working load of 4 N
was applied by placing a counterweight of 400 g
near the center on the plate of a double balance.
Through the G-code data by PC, working velocity
was set at 400 mm/min, respectively. The surgery
unit was set at “low”, “medium” and ‘“high”
conditions. Boost was expressed in amplitude on the
tip by applied voltage, and the distance for bone
cutting was 5 mm. Table 3 presents the process
conditions for the bone cutting test.
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2.2 Experimental procedure

Bone scaling tests were prepared according to the
experimental
studies' >4

temperature  (19°C). The cooling irrigation solution

procedure  reported in  previous

, and the experiment performed at room

used was by distilled water stored at room
temperature (19°C). The bone specimens were placed
on the double balance and fixed by wrench bolt. The
test tip was positioned parallel to the specimen
surface. Operation of the HMS began immediately
after the ultrasonic device was started. To confirm the
temperature distribution on the bone specimens, a
thermal camera was set on the side of an optical
table. After testing, the specimens were dried in an
oven for one day before observation from a scanning
electron microscope (SEM).

2.3 thermal image analysis
The thermal imager (IRI 4010, IRISYS, Ltd., UK)

used in experiments is also useful for measuring
temperature distributions. The figures obtained were
analyzed using IRISYS 4000 Series Imager’ PC
software.

3. Results and Discussion

As temperature is involved in patient care, the
ultrasonic surgery unit tool should be designed for
the safety of the people who use it!"”. Heat
generation of specimen and handpiece parts were
studied by performing bone scaling and cutting tests
using the Ultrasonic NX device for 2, 4, 6, 8, and
10 minutes. The amount of heat generated while
operating the Ultrasonic NX device for 2, 4, 6, 8§,
and 10 minutes without moving test was compared
to changes in heat regeneration during bone scaling
and cutting at “high” setting conditions, as shown in
Fig. 2. Temperatures on the handpiece part averaged
25.7°C for 10 minutes. Despite the data obtained
under the “high” setting conditions, these results

suggest that the Ultrasonic NX device operates

within safety parameters. Fig. 3 shows the
temperature  distribution at the handpiece and
specimen for the bone scaling of Ultrasonic NX
device for 2, 4, 6, 8, and 10 minutes. As shown in
Fig. 3, the specimen during bone scaling exhibited
temperatures for 2, 4, 6, 8, 10 min of 34.5", 32.6’,
319, 319, and 29.3°C,
handpiece exhibited temperature in the order of 31.7
°, 31.2°, 31.1°, 31°, and 29.2°C, respectively.

The specimen during bone cutting exhibited

respectively,  while

temperatures for 2, 4, 6, 8, and 10 minutes of 28.6,
28.5, 27.4, 29, and 28.1°C, respectively, while the
handpiece exhibited temperatures in the order of
31.7, 31.2, 31.1, 31, and 29.2°C, respectively (Fig.
4). We confirmed whether temperature increased
more than the initial temperature (25°C) of the
specimen and handpiece parts when compared with
the measured temperature through the results shown
in Figs. 3 and 4. The results indicated that there
was no significant risk during dental bone scaling
and cutting experiments. The difference may be due
to the cooling effect provided by a regular water
supply,
specimen and handpiece.

influencing an overheated engine in

According to Harder et al.l'?

, the main problem
of the experimental set-up may cause thermal
damage to the bone tissue by the bone cutting.
They also said it needs to study how changes to a
high temperature when using the surgery unit to
perform the bone cutting. Eriksson et al.'® said that
it is likely that the bone resorption process cannot
be reversed if exposed for one minute at 47°C from
the bone amputation.

Increased temperatures of the specimen and
handpiece in this study were similar to the
intraosseous temperature changes observed during the
cutting action of the three different ultrasonic
devices of Harder’s research!’. Consequently, the
potential use of Ultrasonic NX’s device in dentistry
and orthopedics was suggested.
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Selected Cursor
-C1:18.7°C
-C2:19.0 °C

Image Information
-HT(High Temp.):
22.1°C

-LT(Low Temp.):
123°C

(a) Before operation

Selected Cursor
-C1:21.6 °C
-C2:19.8°C

Image Information
-HT(High Temp.):
25.1°C

-LT(Low Temp.):
13.0 °C

(b) After 2 min.

Selected Cursor
€1:222°C
-€2:205°C

Image Information
-HT(High Temp.):
255°C

-LT(Low Temp.):
135°C

(c) After 4 min.

Selected Cursor
-C1:21.8°C
-C2:204°C

Image Information
-HT(High Temp.):
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-LT(Low Temp.):
134 °C

(d) After 6 min.

280°C

150°C

80°C

150°C

[z80°C

150°C

[280°C

150°C

Selected Cursor
-C1:214°C
-C2:205°C

Image Information
-HT(High Temp.):
258°C

-LT(Low Temp.):
134°C

(e) After 8 min.

Selected Cursor
-C1:23.1°C
-C2:219°C

Image Information
-HT(High Temp.):
25.7°C

-LT(Low Temp.):
15.1°C

(f) After 10 min.

2, 4, 6, 8, and 10 min. without moving test
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Image Information
-HT(High Temp.):
31.3°C

-LT(Low Temp.):
17.8°C

(a) Before operation

Selected Cursor
-C1: 309 °C
-C2:31.7°C

Image Information
-HT(High Temp.):
345°C

-LT(Low Temp.):
18.0 °C

(b) After 2 min.

280°C
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Fig. 2 Temperature occurrence of Ultrasonic NX device for
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32,6 °C

-LT(Low Temp.):
17.0°C

(c) After 4 min.

Selected Cursor
-C1: 26.4 °C
-C2:31.1°C

Image Information
-HT(High Temp.):
31.9°C

-LT(Low Temp.):
16.4 °C
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(d) After 6 min.

Selected Cursor 350°C
-€1:31.0°C

-C2:26.9°C

Image Information
-HT(High Temp.):
31.9°C

-LT(Low Temp.):
18.9°C

19.0°C

(e) After 8 min.

Selected Cursor 350°C

-C1: 26.6 °C
-C2:29.2°C

Image Information
-HT(High Temp.):
29.3°C

-LT(Low Temp.):
17.4°C

190°C

(f) After 10 min.

Fig. 3 Temperature occurrence at handpiece and specimen
for bone scaling of Ultrasonic NX device for 2, 4,
6, 8, and 10 min.
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Selected Cursor
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-C2:26.8°C

Image Information
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28.6 °C
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-C1:26.5°C
-C2:26.8°C
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-LT(Low Temp.):
16.3°C

(a) Before operation

(b) After 2 min.

(c) After 4 min.

(d) After 6 min.
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350 %

i

Selected Cursor
-C1:26.0 °C
-C2:26.5°C

Image Information
-HT(High Temp.):
29.0 °C

-LT(Low Temp.):
15.7°C

19.0°C

(e) After § min.

Selected Cursor
-C1:27.0°C
-C2:26.2°C

Image Information
-HT(High Temp.):
28.1°C

-LT(Low Temp.):
16.4 °C

190°C

(1) After 10 min.

Fig. 4 Temperature occurrence at handpiece and specimen
for bone cutting of Ultrasonic NX device for 2, 4,
6, 8, and 10 min.

4. Conclusions

In this study, bone scaling and cutting testing was
successfully carried out using a dental ultrasonic
scaling/surgery system. With regard to the bone
scaling and cutting times of the tested HMS, we
found that increasing the working time and output
will damage the bone surfaces. However, the amount
of heat caused by specimen and handpiece parts
during the bone scaling and cutting when surgery
was comparatively safe. Going forward, we will
evaluate the mechanical performance on the bone
damage and cutting compared with other ultrasonic

scaling/surgery systems.
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