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Abstract

The principle of piezosurgery is “pressure electrification” When electrical voltage is applied to certain materials such as
quartz and Rochelle salts, it causes the materials to expand and contract, producing ultrasonic vibrations. This device uses
ultrasonic vibration at 60-210 um/s at 24-36 kHz to selectively remove bone with minimal damage to soft tissues such
as blood vessels and nerves. In addition, it provides excellent visibility due to its cavitation effect. Piezoelectric surgery
uses low-frequency ultrasonic vibration for osteotomy, which minimizes the risk of damage to soft tissue (nerves, ves-
sels and mucosa). Micrometric vibration ensures precise cutting action and allows operative control, with consequent
increased safety, in anatomical areas that are difficult to access. The aim of this study is to provide a device capable of
providing a smaller contact area, less effort, lower temperature generation, faster cutting, shorter surgery time, shorter
post-operative time and maxillofacial, orthopedic, neurosurgical and otorhinolaryngological procedures.

Article Highlights

The pilot study presented in this article is about the development of a new piezo tip design, which is not commercial-
ized on the Brazilian market, due to the studies and laboratory analyses being carried out. For this reason, there are
no preliminary studies published with results for comparison. Our aim is to publish this pilot study and more in-depth
studies are in the development stage for future publication. A technical note on the development of the new design
was published showing the difference between the cross sonic tip and conventional tips, showing its main property
which is the angled and multidirectional teeth, reducing the contact area and thus bringing the benefits presented in
this article with a pilot study.

Keywords Piezosurgery - Ultrasonic device - Osteotomy

1 Introduction

Piezosurgery was first used in oral and maxillofacial surgery by Vercellotti et al. [1], which sought to simplify maxillary
sinus surgery by avoiding perforation of Schneider’s membrane. Recently, ultrasonic bone cutting has been used in
orthognathic procedures [2-10], extraction of impacted third molars [11], orthodontics facilitated by corticotomy
[12], implant site preparation [13-15], treatment of temporomandibular disorders [15], cyst enucleation [16, 17] head
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and neck oncology and reconstructive surgery [18]. Piezoelectric surgery uses low-frequency ultrasonic vibration
for osteotomy, which minimizes the risk of damage to soft tissue (nerves, vessels and mucosa) [1, 5, 6]. Micrometric
vibration ensures precise cutting action and allows operative control, with consequent increased safety, in anatomi-
cal areas that are difficult to access [1].

The principle of piezosurgery is “pressure electrification”. When electrical voltage is applied to certain materials
such as quartz and Rochelle salts, it causes the materials to expand and contract, producing ultrasonic vibrations.
This device uses ultrasonic vibration at 60-210 um/s at 24-36 kHz to selectively remove bone with minimal damage
to soft tissues such as blood vessels and nerves. In addition, it provides excellent visibility due to its cavitation effect
[5,10, 19, 20].

The use of ultrasonic tips has brought great benefits to osteotomy procedures in oral and maxillofacial procedures
compared to conventional reciprocating saws. One of the main advantages is that they generate little heat, reduc-
ing the possibility of bone necrosis and increasing the safety and predictability of the surgical procedure. However,
ultrasonic tips with straight tooth geometry still present problems.

The aim of this study is to provide a device capable of providing a smaller contact area, less effort, lower tem-
perature generation, faster cutting, shorter surgery time, shorter post-operative time and maxillofacial, orthopedic,
neurosurgical and otorhinolaryngological procedures.

2 Geometry

BYPRO Medical of Brazil innovation proposes a new cutting geometry for ultrasonic tips, the development of the
Crossonic ultrassonic tip, which consists of an angled multidirectional tooth geometry, alternating right and left angu-
lation in the active part of the tip. The combined geometry described here has a circular shape at the tip combined
with a flat geometry, a flat straight segment, a curved cylindrical shank, a truncated segment, a cylindrical segment
with a flattening, and a cylindrical segment with an internal thread, as illustrated in Fig. 1A and B, which differs from
the conventional piezo tip that has a conventional straight dentition, as illustrated in Fig. 1C and D.

The making of a new tip is the angular multidirectional tooth geometry present in a part that has at its end, a
design consisting of a circular surface (Fig. 2) combined with a flat geometry (Fig. 3). The fact that the different
dentition is on a piece that has this combination (straight and flat surface) is the main object of this development.

With the growing demand for efficiency in osteotomy procedures, the choice of the type of ultrasonic tip used
is crucial to optimize productivity and reduce costs. This technical note aims to analyze the technical superiority of
the ultrasonic tip with angular multidirectional notching compared to the ultrasonic tip with conventional parallel
notching, based on a pilot test carried out.

The ultrasonic tip revealed here has a cutting geometry with multidirectional and angled teeth, where this con-
figuration reduces the contact area between the ultrasonic tip and the bone, reducing the cutting effort and, con-
sequently, the heat generated during osteotomies in Oral and Maxillofacial, Neurosurgical, Head and Neck and
Orthopedic procedures. This is crucial to avoid bone necrosis. The multidirectional geometry makes the osteotomy
more favorable, and thanks to the reduction in friction, it requires less mechanical force and time, which increases
the surgeon’s precision and dexterity.The advantages of the crosssonic® ultrasonic tip over conventional tips are:

1. smaller contact area: provides a reduced contact area with the bone during osteotomy, which results in less need
for friction and pressure during osteotomy procedures.

2. Less effort: the distribution of the force used in the procedure is multidirectional, resulting in less effort. This can
reduce surgeon fatigue and provide a more comfortable experience during surgery and less chance of blade break-
age.

3. Less temperature generation: the smaller contact area and more efficient cutting of the multi-directional dentition
result in less heat generation during the osteotomy.

4, Faster cutting: the multi-directional shape of the teeth allows for faster and more efficient cutting compared to
traditional teeth.

5. Shorter surgery time: because of the increased cutting speed and efficiency, the total surgery time can be reduced,
which is beneficial for both the patient and the surgical team, as it minimizes the time, they are exposed to the risks
associated with surgery.
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Fig. 1 A Angular multidirec-
tional dentition—innovation
B At higher magnification

the angular multidirectional
dentition—innovation. C
Conventional straight denti-
tion. D Higher magnification
of the conventional straight
dentition

A B
C D

6. Elimination of bone debris: the angled multidirectional tooth geometry favors the elimination of bone debris result-
ing from the osteotomy, favoring a smoother cut, preserving bone tissue.

7. Reduced motor and handpiece problems: all these added benefits contribute to reduced wear and tear on the surgi-
cal unit’s motor and handpiece, resulting in a longer service life for the equipment and less need for maintenance.
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Fig.2 Flat surface of the
piezoelectric tip

Fig.3 Circular surface of the
piezoelectric tip

3 Methodology

This study is a pilot test carried out at the Training Center of the Teaching and Research Institute of the Sirio Libanés
Hospital. In this study, the methodology employed involves the use of synthetic biomechanical test bone blocks
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“Proof Body 30 PCF with Bicortical 3 mm” (Empresa Nacional Ossos) to simulate precise bone conditions in a controlled
environment. A total of 06 bone blocks and 06 piezoelectric saw samples were used, divided equally between the
experimental (03 multidirectional cutting saws) and control (03 conventional saws) groups, with each sample being
meticulously prepared and subjected to cutting procedures to assess variables such as cutting time, bone and blade
temperature after cutting and loss of bone mass from the block.

The samples were cut using ultrasonic tips with the same shape and difference in dentition with multidirectional
cutting geometry in the experimental group and traditional tips in the control group. Thermocouples were strategi-
cally positioned 5 mm away from the saw cut to measure temperatures during cutting to assess the thermal impact
on the bone. In addition, cutting times were timed to the nearest second to analyze the efficiency of the blades. Bone
residue analysis was carried out by weighing the samples before and after cutting using a precision scale (Sartorius
BP 210 S) to quantify the loss of material. The methodology is detailed below.

3.1 Selection of bone blocks

The biomechanical test block called “Proof Body 30 PCF with Bicortical 3 mm", with the code 12214, offered by
Empresa Nacional Ossos. This block is ideal for simulations in controlled environments due to its bicortical com-
position, which includes a top and bottom layer of 3 mm with a density of 40 PCF (0.96 g/cm?), imitating cortical
bone, and a core with a density of 30 PCF (0.16 g/cm3), which simulates cancellous bone. With overall dimensions of
95/45/36 mm, this sample provides an efficient platform for testing the effectiveness of orthopedic devices, includ-
ing the new cutting geometry of ultrasonic tips. This block is specifically designed to evaluate the anchorage of joint
prostheses, implants, and other biomaterials, making it a choice for assessing precision and biomechanical impacts
in simulated clinical testing conditions. A total of 20 test synthetic bone samples of the same size (5x 5 x 2 cm) with
a3 mm hole were used to measure the temperature of the cut inside the bone with the thermocouple.

To ensure standardization in the direction and distance of the cut, a specific cutting guide was developed with
dimensions of 1 x5 cm on a 3D printer and attached to each bone block with two screws (Fig. 4). This ensures that
the cutting direction and time are the same, since it is operator dependent.

3.2 Experimental groups

The samples were divided into two groups, a control group with conventional saws (N=3) and a test group with
multi-angle saws (N =3).

Fig.4 lllustration of the study 72\
procedure: bone block with [N\
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3.3 Traditional ultrasonic tips (Control)

These tips have a traditional blade configuration, known as a micro saw, which has a geometry characterized by
linearly aligned teeth, which provides a consistent cut, but with a relatively large contact area between the tip and
the bone.

3.4 Ultrasonic tip with angled multidirectional cutting geometry

This tip employs an angled multidirectional tooth geometry, alternating and interspersing the angulation of the
teeth to the right and left along the active part of the tip. This design reduces the contact area between the tip and
the bone, reducing the cutting effort required, and minimizes heat generation. The motor used in the study is the
Mectron Piezosurgery Touch (Mectron) model operating in a frequency range of 24-29.5 kHz, in cortical bone cutting
mode. The blade cooling system was used with 0.9% saline solution in the study at setting number 1.

3.5 Cutting time (seconds)

The cutting time was meticulously timed from the start of the cut to the complete insertion of the blade into its
cutting area across the designated section of the sample. This measurement was made using digital stopwatches to
ensure the exact duration of the cut was captured. The times recorded for each cut in both groups were compiled and
statistically analyzed to determine whether the new tip geometry offers a significant advantage in terms of cutting
speed compared to traditional tips.

3.6 Bone temperature (Degrees Celsius)

During the cutting tests in the study, bone temperature was monitored using thermocouples, which were strategi-
cally positioned 5 mm from the cutting area inside the bone and connected to a digital thermometer. This specific
location allows a direct assessment of the heat transmitted to the bone tissue, which is crucial for understanding the
thermal impact of ultrasonic tips in simulated surgical conditions. The thermocouples, due to their high precision
and sensitivity, take exact temperature readings in real time, ensuring that any significant increase is immediately
identified and documented. The initial temperature and the temperature at the end of the cut were counted and
recorded in a table for each sample.

3.7 Blade temperature

A laser thermometer was used to measure and record the temperature generated in the cutting area immediately
before and after each cutting procedure carried out with the ultrasonic tips. This approach allows for precise, non-
contact evaluations, ensuring that measurements are made safely and non-intrusively, without altering the state of
the equipment or the material being tested. The temperature of the blade was collected before cutting and imme-
diately after the osteotomy was completed.

3.8 Osteotomy
3.8.1 Sample preparation

The synthetic bone block samples and their cutting guides were fixed in stable supports to ensure precision during
the cuts. Each sample was cut using the tips assigned to the experimental and control groups. The procedure for each
sample included initial preparation of the equipment and secure fixation of the sample at the cutting site and the use
of a guide attached to the piece to ensure precision and safety (Fig. 4). All the parameters were tested for normality
(Shapiro-Wilk test), the result of which showed no significant deviations from the normal distribution, so the other
parametric tests used (t-test and ANOVA) were indicated. Minitab statistical software (version 19.1) was used to cre-
ate the tables and graphs, as well as all the analyses used in this study, considering a significance level of p <0.05.
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4 Results

The data collected during the comparative tests showed significant differences between the two types of ultrasonic tips:
The conventional tips reached temperatures above 50 °C while the multi-angle cutting tips-maintained temperatures
between 35 and 40 °C during and after cutting with a reduction of approximately 30% in the temperature of the multi-
angle blade. The bone block also reached higher temperatures with the conventional tips compared to the multi-angle
cutting tips. All cuts were faster, with greater ease with the multi-directional cutting tip, with the 30-degree angulation
being preferred by surgeons.

4.1 Cutting time

The cutting time in the Test group was 46.0+ 3.4 s (mean + standard deviation), ranging from 42 to 51 s; in the Control
group it was 86.6+17.3 s (mean +standard deviation), ranging from 63 to 109 s. Note that the longest time observed
in the test group (51 s) was even shorter than the shortest time observed in the Control group (63 s). The difference
between the groups was statistically significant (p <0.001), indicating that the Test group had a shorter cutting time than
the Control group, an average of 46.0 and 86.6 s, respectively.

4.2 Bone temperature during cutting (maximum)

The maximum bone temperature during cutting in the Test group was 32.3 2.2 °C (mean + standard deviation), ranging
from 29.0 to 36.0 °C; in the Control group, it was 39.5+4.1 °C, ranging from 33.0 to 48.0 °C. It is worth noting that the high-
est value observed in the Test group (36.0 °C) was lower than the lowest value observed in the Control group (33.0 °C).
The difference between the groups was statistically significant (p <0.001), indicating that the Test group had a lower
maximum bone temperature during cutting than the Control group, with averages of 32.3 °C and 39.5 °C, respectively.

5 Discussion

The results indicate a clear advantage of the ultrasonic tip with multidirectional angled teeth in several performance
metrics. The superior cutting efficiency implies higher productivity, shorter surgical times, the possibility of cutting more
robust bones and its use in other specialties such as orthopedics. In addition, the multi-angle tip showed lower wear
resistance and better quality of the treated surface, which could result in faster, more effective and less invasive proce-
dures for patients. In addition, the lower operating temperature of the angled multidirectional tip indicates better heat
dissipation, which could also contribute to a longer service life for the ultrasonic equipment, generating less thermal
necrosis of the bone tissue and less chance of the saw breaking during osteotomy. Despite the promising results, this
was a pilot study carried out with only two bone blocks and one saw of each type. A new randomized laboratory study
with 20 different saw samples will be carried out based on this pilot to obtain more data and a statistically significant
result in the analysis of the parameters evaluated in the pilot trial.

The piezoelectric saw has been used in oral and maxillofacial surgery for more than 20 years and there are various
types and shapes of saws supplied by different manufacturers on the market.

To date, the literature describes different saw shapes, but we are unaware of a change in the direction of the saw
tooth. The multidirectional, angled geometry saw has already been tested by our group in the laboratory, comparing
its cutting efficiency with that of the straight geometry saw, and showed superior performance. The results of this study
are being prepared for publication.

One criticism many authors have leveled at the piezoelectric saw is that it can be technically difficult to learn how to
use and has a slow learning curve [1, 3, 21, 22]. One study revealed that surgical times were reduced by approximately
20% with the regular use of ultrasonic surgery after a period of 2 years [3]. The multidirectional geometry also makes
osteotomy technically easier, and thanks to reduced friction, requires less mechanical force and time, which increases
the surgeon’s precision and dexterity. This could consequently reduce surgeon fatigue, provide a faster learning curve
and less chance of blade breakage.

Piezoelectric surgery is already considered slower compared to other osteotomy methods, especially when the sur-
geon is learning the technique [23]. A study comparing the procedure time for craniotomies showed an average time of
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1 h and 10 min for the use of the piezoelectric saw compared to an average time of 43 min for the use of the craniotome
[3]. A clinical study for hallux valgus correction showed an osteotomy time of 3 min with the osilatory saw and 10 min
with the piezoelectric saw [23].

The blade of the piezoelectric saw is already irrigated with saline solution to control the temperature. Even so, cases
of overheating and bone necrosis can occur due to the length of the procedure [22]. It is believed that the multidirec-
tional shape of the dentition would allow for faster and more efficient cutting compared to the traditional dentition,
which would cause less heat generation during the osteotomy [24]. Osteotomy speed and costs are the main limita-
tions of piezoelectric surgery [23]. All the features and advantages of multidirectional and angled geometry can reduce
problems with the motor and handpiece, resulting in longer equipment life and less need for maintenance, indirectly
reducing costs.

Studies in the literature often compare oscillating saws and different osteotomy methods with piezoelectric saws [3,
10, 23, 25]. One study compared three piezoelectric saws from different manufacturers with each other, but with the
same characteristics and tooth shape, finding better performance in one of the saws and a minimal temperature differ-
ence between them [26].

Another article, different piezoelectric saws were compared while maintaining the straight shape of the teeth to per-
form osteotomies and osteoplasties on porcine mandibles heated to 36 °C. The methodology used temperature sensors
positioned 3 mm deep and 1 mm away from the work site, while the osteotomies were performed with the Piezosurgery
3 saw (Mectron) and cooled with ringer’s solution. The variation in intraosseous temperature was significant between
the different saws, with maximum peaks above 47 °C for short periods, not exceeding 29 s [27].

The results of preliminary tests comparing the new multi-angle geometry saw with straight-toothed saws indicate a
clear advantage for the angled multi-directional toothed ultrasonic tip in several performance metrics when compared
to the traditional piezoelectric saw. The superior cutting efficiency implies greater productivity, shorter surgical times,
the possibility of cutting through more robust bones, new larger blade formats and their use in other specialties such
as orthopedics. Despite the promising results, this is a technical note, and more elaborate studies need to be carried
out. A new randomized laboratory study with 20 different saw samples was carried out based on this pilot and is being
prepared for publication.

6 Conclusions
The use of ultrasonic tips with angled multidirectional dentition offers several advantages:

1. Reduced operating costs: greater cutting efficiency and lower resistance to wear result in faster and more effective
procedures, reducing operating room time and the risk of infection.

2. Improved quality of procedures: better quality of the treated surface and lower operating temperature contribute

to safer and less invasive procedures, resulting in faster recovery and fewer post-operative complications.

Patient satisfaction: faster and less invasive procedures increase patient satisfaction.

4. Efficient use of resources: greater cutting efficiency results in more efficient use of resources, in line with sustainable
and economically responsible practices, and saws may soon be reused in more than one procedure and even new
designs developed for use in orthopaedic procedures.
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