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Abstract

Introduction: The incidence of lesions of sensory and motor nerves asso-

ciated with oral and maxillofacial surgery is often underestimated,
representing around 32.0% of all lesions, and orthognathic surgery contri-
butes 12.3% to these lesions. Thus, the use of piezosurgery (PiZCi) has been
indicated in several procedures within oral and maxillofacial surgery due to a
number of advantages over conventional drill and saw techniques. Objective:
to analyze the main literature on the use of the piezoelectric device in relation
to the use of drills and to orthognathic surgery in dentistry. Methods: A total
of 41 articles were found involving Orthognathic Surgery, Piezoelectric De-
vice, Drills Device, Saws Device, and Efficiency. Initially, it was held the ex-
clusion existing title and duplications following the interest described this
work. After this process, the summaries were evaluated, and a new exclusion
was held. 29 articles were included and discussed in this study. Initially, the
keywords were determined by searching the DeCS tool (Descriptors in Health
Sciences, BIREME base) and later verified and validated by MeSh system
(Medical Subject Headings, the US National Library of Medicine). Results
and conclusion: It was concluded that the piezoelectric device has excelled
with an effective surgical technique, being able to be indicated in the most
diverse areas of the oral surgery, providing accurate, clean and minimally
traumatic osteotomies for the soft tissues, intraoperative bleeding, when

compared to conventional surgery using drills and/or saws.
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1. Introduction

The incidence of lesions of sensory and motor nerves associated with oral and
maxillofacial surgery is often underestimated, accounting for about 32.0% of all
lesions [1] [2]. Nerve changes in the region of innervation of the inferior alveo-
lar, lingual and facial nerves cause significant disorders for patients with varying
degrees of dysfunction and aesthetic impairment, and orthognathic surgery con-
tributes 12.3% to these lesions [2].

In this scenario, orthognathic surgery is a successful alternative in the cor-
rection of severe dentofacial deformities, providing alterations in the region of
the oropharynx [3]. The main advantages of this procedure are to establish a
harmonious facial aesthetic, an optimal functional occlusion and the im-
provement of airway conditions, which are the most important goals of or-
thodontic-surgical treatment [3] [4]. However, sensorial deficiencies including
paresthesia, hypoesthesia and dysesthesia due to inferior alveolar nerve injury
are still frequently reported due to the use of saws and drills during osteotomy,
as well as indirect damage during the movement of the bone segments and the
formation of hematoma or near edema of the mandibular canal after surgery,
besides the type of fixation used to stabilize the osteotomized segments [4].

In this way, the piezoelectric technique (PiZ) with ultrasonic vibrations is also
used in hard tissues and is standing out as an efficient alternative with minimal
damage [2] [3] [4]. Thus, the use of piezo-surgery (PiZCi) has been indicated in
several procedures within oral and maxillofacial surgery due to a series of ad-
vantages proposed by the manufacturers [4].

The use of PiZCi has been associated with a characteristic called “selective cut-
ting”, in which the ultrasonic vibration of the tips would act specifically on minera-
lized tissues through the cavitation effect, performing precise cuts of bone, providing
a better visualization of the operative field, with absence of soft tissue injuries (dura
mater, mucous membranes and nervous tissue), as well as a reduction of transopera-
tive bleeding, with lower vibration, thus reducing the patient’s stress in procedures
under local anesthesia when compared to the instruments conventional [5].

Therefore, the present study analyzed the main literary findings on the use of
the piezoelectric device in relation to the use of drills and to orthognathic sur-

gery in dentistry.

2. Methods
2.1. Eligibility and Study Design

A total of 41 articles were found involving Orthognathic Surgery, Piezoelectric
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Device, Drills Device, Saws Device, and Efficiency. Initially, it was held the ex-
clusion existing title and duplications following the interest described this work.
After this process, the summaries were evaluated, and a new exclusion was held.
29 articles were included and discussed in this study.

Experimental and clinical studies were included (case reports, retrospective,
prospective, randomized trials and systematic review and meta-analysis) with
qualitative and/or quantitative analysis. Initially, the keywords were determined
by searching the DeCS tool (Descriptors in Health Sciences, BIREME base) and
later verified and validated by MeSh system (Medical Subject Headings, the US
National Library of Medicine) in order to achieve consistent search, following
the rules of systematic review-PRISMA (Transparent reporting of systematic re-
views and meta-analyses http://www.prisma-statement.org/).
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2.2. Literature Review and Discussion

Based on the proposal of the present paper through, through the major literary
findings on the advantages and disadvantages of orthognathic surgical tech-
niques for osteotomies, surgical techniques for osteotomies, several studies have
presented satisfactory results in favor of PiZ [1].

In this regard, a systematic review study was conducted to investigate the
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available evidence on maxillary complications related to piezoelectric and con-
ventional surgery [1]. A total of 996 maxillary osteotomies were analyzed, 864
performed with conventional tools and 132 with PiZ. One hundred and fifty-six
complication events were reported. Complications, in descending order of gen-
eral prevalence, were: Sensorineural disturbance (64.7%), hemorrhage (8.3%),
oroantral communication (7.7%), soft tissue injury (7.7%), infection (3.2%), os-
teonecrosis (1.9%) and permanent nerve damage (1.3%). Among the complica-
tions, the results showed the highest prevalence of the sensorineural disorder,
with hemorrhage being the most frequently reported complication and the
second most prevalent complication [1].

In relation to oral surgeries, the advantages apply to the protection of noble
structures, such as the inferior alveolar nerve, and reducing postoperative edema
due to less surgical trauma [2] [3]. In large surgeries, PiZ has shown good results
in simplifying the surgical technique, reducing the incidence of transoperative
complications [4] [5].

In implantology, it is often necessary to perform procedures to restore bone
volume sufficient for implant installation [4]. Several techniques of bone grafting
with the use of autogenous block or particulate bone for the reconstruction of
these defects can be performed with the use of PiZ [5].

Thus, it is noted that the use of PiZ is in the performance of procedures close
to noble structures, such as vessels and nerves, demonstrating excellent results,
minimizing and, in some cases, avoiding injuries, even when direct contact of
the device with these structures occurs [5]. Also, when used in maxillary sinus
elevation procedures, where the preservation of the Schneider’s membrane is
necessary, better results have been observed, mainly due to the reduction of the
risk of perforation of the sinus, besides providing a reduction of the postopera-
tive edema by the minor surgical trauma [5].

Another previous study compared the drill and piezoelectric (PiZ) techniques,
being groups A (drill) and B (piezoelectric), it was observed shortly after the os-
teotomy, in both groups, edges of the wound and blood clot. On the third day,
the presence of bone spicules was observed in group A (drill) differently from
group B, and both groups showed the onset of bone neoformation. On the day
after the osteotomy in both groups, the presence of pre-osteoblasts was observed.
On the seventh-day bone formation may already be observed in both groups [6].

Furthermore, in relation to the lifting sinus technique, it is important to keep
Schneider’s membrane intact to become the receptor site for the bone graft, sta-
bilizing the graft material during the repair period. The main complication in
the use of this technique is the possibility of accidental perforation of the mem-
brane. The drilling rate reported in the literature ranges from 12.0% to 58.0%
with the use of saw and drill instruments [7] [8].

Leclercq et al [9] studied some clinical applications of PiZCi in relation to the
use of saws, drills, and chisels, such as atraumatic removal of osseointegrated

implants, removal of grafts in retromolar and mentonian regions, and lateraliza-
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tion of inferior alveolar nerve. It showed greater safety for the surgeon, offering
greater comfort to the patient, reducing the trauma caused by drills, saws, and
chisels. The procedure facilitated actions near the inferior alveolar nerve. How-
ever, the device presented deficiencies in relation to the fragility of the tips and
the longer operative time spent.

Thus, several papers have presented these advantages of the use of PiZ in the
maxillary sinus survey. Vercellotti et al [10] presented a success rate of 95%. The
study proved that this technique simplifies maxillary sinus surgery and reduces
the possibility of postoperative complications.

In this sense, the application of PiZ in dentistry has been used routinely,
mainly in implant surgeries. Thus, Heiland ef al [11] described advantages in
relation to shear accuracy, the absence of trauma in adjacent tissues and clean
field for visualization. It demonstrated the treatment in patients with periodon-
tal surgeries and the possibility of using PiZ in the oral cavity. The operative
time reported as a disadvantage of the method [11].

Furthermore, Heiland ef al [11] treated patients with periodontal surgeries,
sinus membrane elevations, dental extractions, root recessions and splitting of
the bone crest. The work showed the possibility of using piezoelectric surgery
(PiZCi) in the oral cavity, presenting advantages in relation to cutting precision,
the absence of trauma in adjacent tissues and clean field for visualization. The
disadvantage of the method was due to the operative time.

In this context, according to the work of Ueki et al of comparison between
PiZ and drills, the bone instrumentation performed with PiZ offers three main
advantages compared to conventional drills, such as precise cutting, the safety of
work and less damage to the tissue [12]. By means of the photomicrographs of
the osteotomies performed, it was observed that in the group which the drill was
used as an instrument, all the preparations presented bone spikes differently
from the PiZ group that presented the best result. Thus, the use of the drill bit as
a working tool requires more biological work [12].

In this scenario, the use of PiZ for maxillary sinus elevation has been hig-
hlighted, due to the selective cut for hard tissues, preserving the soft tissues of
possible lesions caused by rotating instruments [13] [14]. Also, it reduces the
risk of perforation of the membrane during the procedures and increases the
trans-operative visibility due to the better control in the bleeding, besides pro-
viding greater operative comfort [14].

Another study by Chiriac ef al [14] investigated the influence of intraoral PiZ
osteotomy in relation to bone morphology, cell viability, and differentiation.
Samples of cortical bone slices were collected by PiZ and conventional drills. The
study concluded that PiZautogenous bone slices contained vital cells that dif-
fered in osteoblasts compared to conventional osteotomies.

The main oral applications of PiZCi have been demonstrated in the
non-traumatic removal of osseointegrated implants, removal of bone graft in the
retromolar and symphysis regions, and in the lateralization of the inferior alveo-
lar nerve [15] [16]. In addition, Berengo ef al [17] made a qualitative and quan-
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titative evaluation of autogenous bone harvested by different methods. The tis-
sue was analyzed by microphotography and histomorphometric analysis, mea-
suring the area of the fragments, the percentage of vital and necrotic bone and
the number of osteocytes with evident nucleus per unit area. Chisels, high and
low-speed drills, and PiZ were used. The best results were achieved with PiZ.

Also, other authors have described the use of PiZCi with less soft tissue tear,
easy control during osteotomy and reduction of trauma in the patient caused by
the inconvenience of conventional rotary cutters and disks [18] [19].

Barone et al. [20] performed a comparative study between conventional mil-
ling cutters and the PiZ in osteotomy and sinus membrane elevation, aiming at
the implant installation. All of the maxillary sinuses were grafted using particu-
late bone. On one side were used conventional diamond cutters and the other
PiZ ultrasound tips. The time required for osteotomy of the window with the
device was greater. Perforations in the sinus membrane were in smaller percen-
tage with the use of ultrasound (23% vs 30%) [21].

In addition, Kotrikowa et al [22] described applications of PiZCi in relation
to intraoral areas that can be used in implantology, dental extractions, removal
of bone grafts, sinus lift bone window preparation and inferior alveolar nerve la-
teralization. The results showed that it is possible to treat bone tissue without
injuring soft tissue.

Eggers et al. [23] stated that PiZCi offers three advantages compared to con-
ventional milling cutters, precise cutting, job safety, and reduced tissue damage.
The main clinical applications of the device are: in sinus lift surgeries, autogen-
ous bone collector, implant surgeries and maxillofacial surgeries.

Another study compared in vitro PiZ and conventional drills on lateralization
or transposition of the inferior alveolar nerve, evaluating the effects on soft and
hard tissues [24]. On one side the nerve was discovered with conventional drills
and another with the piezoelectric device [25]. The rotary drill produced a
smooth cut at the end of the bone. PiZ produced an uneven surface. Irrigation
fluid removed the bone particles during preparation and exposure of the alveolar
nerve in both techniques. Initial healing of the wound was faster and, conse-
quently, less chance of infection [26] [27].

In this sense, the author Vercellotti ef a/ [28] reviewed the principles of pie-
zoelectricity and its clinical applications in oral surgeries, such as atraumatic ex-
tractions, clinical crown increase, periapical cyst debridement, sinus lift, fracture
implant removal, bone removal from the retromolar and symphysis regions, and
bone crest. He pointed out the advantages of this tool in relation to normal cut-
ters, such as a clean and precise osteotomy, with little risk of traumatizing soft
tissues and good access in difficult regions. However, although not invasive, the

technique, because it is new, requires training for its effective use [29].

2.3. Future Perspectives

The prospects of using the piezoelectric device are intended to revolutionize the
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area of dental surgery, but the skill and training for its use by the professional
should be taken into account since the device demands a longer surgical time

compared to conventional drills and saws.

3. Conclusion

It was concluded that the piezoelectric device has excelled with an effective sur-
gical technique, being able to be indicated in the most diverse areas of the oral
surgery, providing accurate, clean and minimally traumatic osteotomies for the
soft tissues, as well as reducing intraoperative bleeding when compared to con-

ventional surgery using drills and/or saws.
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