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ABSTRACT

Endoscopic sinus and skull base surgery has evolved significantly with advances in visualization and powered
instrumentation, aiming to improve surgical precision while minimizing complications. Among these innovations,
piezoelectric devices represent a valuable addition to modern rhinologic and skull base surgery. This review highlights
the principles, mechanisms, and clinical applications of piezoelectric technology in endoscopic sinus and skull base
procedures. Piezoelectric devices operate through ultrasonic microvibrations that selectively cut mineralized tissue while
preserving adjacent soft tissues such as dura, nerves, blood vessels, and the Schneiderian membrane. This selective action
enhances surgical safety, particularly when operating near critical structures including the orbit, optic nerve, internal
carotid artery, and anterior skull base. Compared with conventional drills and curettes, piezosurgery provides improved
surgical control, reduced bleeding, enhanced visibility, and lower risk of thermal and mechanical injury. Clinical
applications include removal of thick bony partitions, skull base osteotomies, optic nerve decompression, management of
fibro-osseous lesions, and assistance in endoscopic tumor surgery. Histological and experimental studies suggest
improved bone healing and preservation of osteocyte viability following piezoelectric osteotomy. Despite its advantages,
piezosurgery is associated with higher cost, longer operative time, and a learning curve that may limit widespread
adoption. In conclusion, piezoelectric technology offers a safe and precise alternative to conventional bone-cutting
instruments in endoscopic sinus and skull base surgery, particularly in anatomically high-risk areas. Further clinical
studies are warranted to better define its cost-effectiveness and long-term outcomes.
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INTRODUCTION practice (2). However, unlike the developments in

Functional endoscopic sinus surgery (FESS) is a stable
procedure for the rhinologist, although ESS is a stable
procedure, the basic principles have remained the same,
technological advancements enhance our ability to deliver
safer, faster surgery with improved outcomes for the
patient. With the advent of the Hopkins rigid endoscopes,
dawned the era of endoscopic surgery. And, technology
was focused on improving image quality using higher
quality prisms and angulation by introducing wide angled
0, 30, 45 and 70 scopes (1).

Next to the introduction of the Hopkins rod,
developments in good-quality traditional cold-steel
instruments supported the establishment of ESS. The
traditional Blakesley grasping and Grunwald through-
cutting instruments formed the backbone of the sinus
surgery tray and remain strongly embedded in the modern

visualization (Hopkins rods and camera systems) and
powered instruments, developments in hand instruments
have taken a back seat (3).

Then, the motorized handpieces appeared and became
available to the modern ESS surgeon and improved
dramatically in recent years. Modern handpieces will
accept not only microdebrider blades, but also drill burs.
This allows the irrigation and suction systems to remain
attached to the same hand piece, reducing operative time
as well as the number of instruments required (4). The
transnasal endoscopic approach is increasingly being used
for skull base surgery, and one of the most serious
complications during skull base surgery is injury to

related blood vesseles as internal carotid artery (ICA),
which is potentially fatal complication, and also injury of
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the optic nerve may occure that may cause blindness, and
dural injury causing cerebrospinal fluid leak (5).

Piezoelectric Devices

Endoscopic surgery in the paranasal sinuses can present
special challenges for otolaryngologists. One challenge is
the need to remove thick bone from or in close proximity
to the orbit or skull base (6). Current instrumentation has
shortcomings in accomplishing this task. Curettes can
remove small amounts of soft trabecular bone, but are less
effective in removing thick lamellar bone. Undesirable
torsional forces from curetting can back-fracture into the
orbit or skull base, or injury of internal carotid artery or
optic nerve, causing complications. Drills generate
sufficient mechanical energy to reduce thickened bone, but
have drawbacks (7). Most mechanical drills work along a
straight axis, so their usefulness in accessing all areas of
the paranasal sinuses is limited.

Advances in microdebrider technology have led to a
variety of curved burs that now allow the surgeon to reach
more areas within the sinuses (8). Importantly, when a drill
or microdebrider device is used to remove thick bone on
the lamina orbitalis or the lateral lamella of the cribriform
plate, it is challenging to remove the last layer of bone
without encountering the underlying soft tissue. Despite a
better assortment of diamond burs, periorbital or dural
breach can occur, risking orbital complications or
cerebrospinal fluid leak (9). Drilling bone within the
sinuses can also be associated with synechia formation,
leaving further problem. And all surgeons dealing with
craniotomies are aware that soft-tissue and nerve damage
is still possible during osteotomy such in cases of fibro
osseous lesions (10).

Fibro osseous lesions can develop in relation to the orbit,
the optic nerve, ethmoid and sphenoid bone. During the
development of the lesion at the level of the sphenoid
sinus the compression and the proximity to the optic nerve
may cause blindness. In these cases it is recommended to
perform optic nerve decompression in order to prevent it

(11).

This clinical problem has been addressed by new
ultrasonic technology. By the same principles that have
been used for many years to dissolve kidney stones
without damaging the ureter, ultrasound vibrations have
been used in maxillofacial surgery to remove the anterior
maxillary bone without traumatizing the underlying sinus
mucosa and to allow a sinus lift. To generate ultrasonic
vibrations for surgery, electrical energy is applied to a
transducer; this phenomenon is known as the
“piezoelectric effect”, as the word piezo is Greek for
“push” (12).

The piezoelectric effect was first described by Jacques
and Pierre Curie in 1880 implying that under a mechanical
force certain crystalline minerals become electrically
polarized. High frequency oscillations of the piezoelectric
crystals are used to “cut” bone that way like microsaws

(13).

Historically, piezoelectric devices have been employed in
various surgical fields, including oral surgery and
neurosurgery, demonstrating their versatility and
effectiveness. Recent literature highlights their application
in endoscopic sinus surgery, where they have shown
potential for improving outcomes by reducing blood loss
and enhancing visibility during procedures (14).

The advantage of this technique is that the cutting effect is
reserved to hard, crystalline mineral that is structured like
bone, soft tissue like dura would not be affected because
of its elasticity, as long as no additional pressure is applied

(15).

In fact, histological studies in animal models revealed that

the osteotomy performed with piezosurgery allowed a
better healing of the bone, the protection of the
surrounding soft tissue, and also an antiseptic action, with
reduction in the level of bacteria (16).

Piezoelectric technology has been used in a host of
surgical procedures for many years, including craniofacial,
otologic, orbital, hand, and facial reconstructive surgery.
This technology has greatly improved the success of sinus
lift surgery, sinus bone grafting, and placement of dental
implants. Given the close proximity of the orbit and brain
to the paranasal sinuses and the need to avoid damage to
these structures, it is easily apparent that piezoelectric
ultrasound technology could be beneficial in other areas of
sinus surgery (17).

Endoscopic Sinus Surgery
History of endoscopic procedures:

The first attempt at nasal endoscopy is largely credited to
Hirschman in 1901. In this early work, a modified
cystoscope was used to examine the sinonasal cavity.
Subsequently, Reichert performed what would be regarded
as the first endoscopic procedure; rudimentary maxillary
sinus manipulations with a 7 mm endoscope through an
oroantral fistula. In 1925, Maltz promoted use of nasal
endoscopes for diagnostic evaluation of the sinonasal
cavity and coined the term ‘sinuscopy’. The creation of the
Hopkins rod system in the 1960s was perhaps the major
turning point in the field of sinonasal endoscopy (18).

Using this new innovation, Messerklinger subsequently
composed a landmark book in 1978 on diagnostic
endoscopy of the nose from his work studying mucociliary
clearance in fresh cadavers. The frequent failures of
Caldwell-Luc surgery, the morbidity of frontal sinus
osteoplasty and difficulties of performing headlight
intranasal ethmoidectomy, there was a strong rationale for
trying to improve surgical techniques for chronic rhino
sinusitis (CRS) (19).

The relevance of the ostiomeatal complex (OMC) had
been proposed by Naumann Proctor and Drettner, but it
had previously not been adequately visualized, either on
rhinoscopy or by plane film imaging. Messerklinger
detailed the endoscopic anatomy and pathology of this
region and also started to utilize polytomography to
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improve visualization of the anatomy and pathology. With
improvements in imaging and endoscopic assessment,
increasing emphasis was placed on anatomical aspects of
the ostiomeatal complex and their potential impact on the
pathogenesis of chronic rhinosinusitis. As scientific
support for the importance of this region increased, several
surgeons began performing select endoscopic procedures
(19).

Therapeutic evolution:

As our knowledge of chronic rhino sinusitis pathogenesis
has continued to evolve, it has further confirmed that
chronic rhino sinusitis is rarely a simple disorder that
responds completely to restoration of mucociliary
clearance and ventilation. The importance of controlling
environmental and inflammatory components cannot be
overemphasized, and one important goal of surgical
intervention is to increase access of the inflamed mucosa
to anti-inflammatory topical therapies (20).

Given the increased emphasis on addressing host
inflammation, surgical principles have generally evolved
away from more focused procedures within the
ostiomeatal complex to more complete
frontoethmoidectomies with maxillary antrostomies and,
when indicated, sphenoidotomy (21).

Advances in instrumentation:

Early surgical intervention was primarily performed with
grasping instruments with little regard to mucosal
preservation. Endoscopic follow up often revealed
denuded bone that healed poorly. These regions of stripped
mucosa often resulted in scarring, chronic inflammation,
neo-osteogenesis and occasionally mucocele formation.
For this reason, intranasal, fine, through-cutting
instruments were developed. Such instrumentation
allowed fine cutting of bone and mucosa without mucosal
stripping (22).

Early in the endoscopic era, sphenoidotomy was
performed by infracturing the anterior wall of the sphenoid
sinus, a procedure with the potential for carotid artery or
intracranial injury. The development of through cutting
instruments, such as the straight mushroom punch,
allowed widening of the natural os of the sphenoid after
removal of the inferior third of the superior turbinate.
Typically, it is our preference to perform a wide
sphenoidotomy, extending to the skull base and medial
orbital wall. As with the removal of other bony partitions,
this can be achieved safely by first feeling behind the bony
partitions prior to bone removal (23).

Originally, the telescopes most frequently utilized during
endoscopic sinus surgery were the 0, 30 and 70°, 4 mm
scopes, with the 2.7 mm endoscopes reserved for pediatric
cases (24).

More recently, the addition of a wide-angle 45-degree
scope with improved illumination in comparison to the 70-
degree scope has, in the practice of the senior author,

largely replaced the 30 and 70-degree endoscopes for
many procedures (25).

The 2.7 mm telescope, although fragile, has been
increasingly utilized for in office procedures because of its
improved patient comfort. Image quality and light
sensitivity has dramatically improved from single chip
cameras to high definition cameras, and most recently 4k
cameras, providing excellent imaging quality (26).

The newest high definition technology utilizes image
enhancement  algorithms  automatically  enhancing
brightness, minimizing reflection and overexposure, and
enhancing tissue contrast. Although multiple companies
have introduced 3D endoscopes, but non of them have
been widely adopted. This is due to the tendency for the
technology to induce dizziness and headaches with
prolonged use, as well as the issue of cost. The
introduction of endoscope lens washing sheaths, initially
utilized to wash the lens in conjunction with pulsed
holmium laser use, has made a major difference in terms
of maintaining visualization during routine endoscopic
sinus and skull base procedures (27).

As endoscopic instrumentation and proficiency advanced,
the indications for endoscopic approaches have expanded
to include sinonasal tumors, skull base and orbital
pathology. Beginning in the 1980s, surgeons had begun to
perform  endoscopic  tumor  resections,  orbital
decompressions, malignant tumor resections and pituitary
procedures. The ability to perform skull base surgery was
markedly advanced when the success of endoscopic CSF
leak and skull base defect closure was demonstrated (28).

In the early 1990s, the first series of endoscopic pituitary
surgery was published by Jankowski. From then on,
interest grew and the procedure was further popularized by
Jho and Carrau in 1996.48 With the subsequent adaptation
of the Haddad flap for skull base reconstruction, the
majority of  pituitary  surgeries are performed
endoscopically today with reduced patient morbidity.
Additionally, indications now extend to more extensive
pathology such as meningiomas, craniopharyngioms and
chordomas (29).

The first reported series of endoscopic orbital surgery was
published in 1990. Initial applications were employed
primarily for orbital decompression in Graves' orbitopathy.
Indications have subsequently been extended to optic
nerve decompression and removal of orbital tumors. A
recent multi-institutional series demonstrated the success
of endoscopic removal of orbital cavernous hemangiomas
through a fully endoscopic approach. Maintenance of the
correct direction of the eyes when focusing or at rest and
symmetric orbital appearance was achieved in the majority
of patients (30).

Endoscopic surgery for sinonasal tumors was initiated in
the late 1980s. As initial opposition was encountered as a
result of the piecemeal resection of tumors, many series
today support endoscopic resection with comparable
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survival and recurrence rates to more classic open
approaches (3).

The general principle of endoscopic tumor resection
involves tumor debulking with meticulous care to identify
the point of tumor attachment. An oncologic resection of
the tumor attachment is then performed with wide

R

negative margin. A dural margin is taken if disease abuts
the skull base. It is essential that the oncologic margin is
not compromised for the sake of an endoscopic resection.
As instrumentation and expertise improves, endoscopic
approaches can now be used successfully for tumors with
intracranial extension (Fig. 3) (31).

Figure (3) Preoperative MRI shows a sinonasal undifferentiated malignancy. Intraoperatively, the orbit and brain were
not grossly invaded and a gross total resection was achieved purely via endoscopic approach (19).

Figure (4) : Intraoperative view using high definition, real-time infrared fluorescence imaging. A novel radiolabeled
compound was injected preoperatively in a patient with a planum meningioma. Intraoperative view after skull base
osteotomy shows uptake from the tumor with surrounding brain and sinonasal tissue excluded (19)

Electrically powered instruments:

Microdebrider :

Defined as an electrically powered, cylindrical shaver that
uses continuous suction for tissue removal, the
microdebrider was first described in the medical literature
by the House group as an instrument to morselize acoustic
neuromas. It also became a popular tool among orthopedic
surgeons as it was used in arthroscopic surgery. Setliff et
al. In 1996 published articles describing the use of the
microdebrider in ESS for the first time (32).

There have been many articles published on the use of
microdebrider in ESS. The ability of the microdebrider to
continuously suction blood away from the surgical field

while removing tissue and thin bone have made it the most
popular powered instrument used by modern rhinologists.
For this reason, many herald microdebrider as one of the
most significant technological advances in the field of
rhinology (33).

All microdebriders consist of a hollow shaft with a
rotating, or oscillating, blade within the inner cannula.
Continuous suction applied to the inner cannula draws soft
tissue and bone chips into the blade. The tissue is cleaved
by the oscillation of the blade and suctioned away from
the operative field toward the suction canister, where it
may be captured in a filter (34).
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Importantly, studies have shown that the tissue within the
filter is histologically preserved for pathological
examination. Some models have a serrated edge on the
blade, which allows for better gripping of soft tissue and
more aggressive tissue take down. In contrast, straight
edges are considered less traumatic and more sparing of
adjacent mucosal tissues. Blades can be set to
continuously rotate (forward or backward) or oscillate
(back and forth across the aperture) (34).

For soft tissue removal, the oscillation mode is used at
slower speeds of 3000 to 5000 revolutions per minute
(RPM) allowing the blade to stay open longer, and more
soft tissue to be drawn into the aperture before it is cut.
There are also specialized solid burr-like tips available for
the microdebrider that allow a drilling action. These tips
are beneficial when the surgeon encounters bone that is
thicker than the conventional microdebrider blade is able
to handle (Siam et al., 2018).

When used as a drill, however, the rotation settings are
much slower for microdebriders than a conventional high-
speed drill (15,000 RPM maximum vs. 80,000 to 100,000
RPM, respectively) and thus microdebriders are not as
effective at removing thick bone expeditiously (35).

Microdebrider blades come in a variety of angles and offer
rotating ports. This allows improved access to some hard-
to-reach areas of the sinonasal tract. One example is the
lateral recesses of the maxillary and sphenoid sinuses,
another is the frontal recess. One drawback of using a
curved blade is that there are increased rates of obstruction
of the inner cannula with debris compared to that with
straight cannulas (36).

Some models have a beveled guard on the tip of the blade,
which can be used to penetrate into the substance of the
turbinate and raise the soft tissue away from the turbinate
bone, eliminating the need for another instrument change
during the procedure. By sparing the surface respiratory
epithelium, less crusting and synechiae formation occur
following operation than that when cautery or surface-
damaging techniques are employed for turbinate reduction.
The incidence of osteitis of the concha, an uncommon
complication of turbinate surgery, is also lower when this
technology is used (36).

The ability to simultaneously suction blood away from the
surgical field is especially advantageous during ESS for
nasal polyps that can bleed considerably during removal.
Significant bleeding intraoperatively can increase the risk
of complications. Despite the progress of microdebriders
and their effectiveness at continuously clearing blood from
the field, one significant drawback to current platforms is
that they do not actually decrease bleeding in any way.
The most recent innovation in microdebrider technology
now permits the added ability to control bleeding while
retaining the shaving and suctioning capabilities of this
class of instrument (37).

Like any other instrument, microdebriders have certain
limitations that must be recognized if these tools are to be

used effectively and safely. Microdebriders are heavier
than conventional instruments and are electrically
powered. This means that the tactile feedback during
surgery is markedly diminished with microdebriders. This,
in addition to the powered nature of these instruments and
their use in close proximity to critical structures, has raised
concerns about the safety of microdebriders in ESS (19).

Bhatti et al (2006) described two cases of ocular injury,
one resulting in restrictive ophthalmoplegia and the other
in transection of the medial rectus (38).

In both cases, it was argued that the strong suction of the
microdebrider allowed orbital fat, or even extraocular
muscles, to be pulled through a relatively small defect in
the lamina papyracea and into the blade (38)

Berenholz et al (1998) described a case of subarachnoid
hemorrhage after functional ESS using the microdebrider
that was thought to be caused by the strength of suction.
Although major complications from ESS are rare,
complications that do occur related to microdebrider use
may progress more quickly because of the powered nature
and suction of this device. Finally, microdebriders carry
the cost of the system and ongoing costs of disposable
components (39).

Drills and burrs:

Endoscopic drills are used much less frequently than
microdebriders due to the fact that the microdebrider is
able to handle both the soft tissue and the thin bony
partitions encountered with most routine endoscopic sinus
surgeries. Procedures requiring the removal of thick bone
beyond the capacity of the microdebrider led to the
development of a variety of drills and burrs (40).

One major advantage of drills over traditional techniques
for bone removal is that the drill requires relatively small
amount of force to be applied by the operator, permitting
expeditious, yet controlled bone removal. This is
especially important in rhinologic surgery due to the
proximity of crucial structures that must be preserved (40).

Endoscopic drills have a few key differences that
specialize them for use in rhinologic surgery, and separate
them from their otologic counterparts (41).

The drills themselves have been designed with a slimmer
profile to permit simultaneous use with an endoscope in a
narrow surgical field, and to facilitate movement through
the nostrils. There is a protective sheath along the shaft of
the drill burr to protect against collateral friction damage
to adjacent tissues (including soft tissues of the nostril)
(41).

Some also have a sheath to protect the posterior aspect of
the burr offering further protection to adjacent structures.
Continuous suction/irrigation has also been designed into
handpieces to decrease the number of instruments the
endoscopic surgeon must manipulate at one time (41).

Suction and irrigation features aim to not only improve
visibility, but also function to cool the drill burr and drill-
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tissue interface in an attempt to limit heat transmission
(42).

There is still opportunity to make great steps in the arena
of endoscopic drills. One fact common to all drills is that
the number of flutes on the burr determines how
aggressively the drill will take down bone. A burr with few
deep flutes will cut very aggressively, resulting in the rapid
take down of bone (43).

However, this does come at the expense of fine control.
Speed of rotation will also affect how fast bone is drilled
away.Faster rotational speeds actually improve control,
beginners might find it surprising, as there is less chance
for chatter or tear out (44).

Radiofrequency Ablation

Radiofrequency ablation (coblation) is a technology
patented by ArthroCare (Austin, Texas , United States) in
1997, initially intended for use in cartilage ablation during
arthroscopy. It was approved in 2000 by the U.S. Food and
Drug Administration for use in otorhinolaryngology (45).

Coblation uses radiofrequency waves to energize
electrolytes within a conductive medium (typically saline).
This theoretically creates a plasma field, which disrupts
molecular bonds within the surrounding tissues at
relatively low temperatures (40 to 70°C as compared to
over 400°C with monopolar electrocautery). As some
studies suggest that a plasma field is unlikely to be created
outside a vacuum, the decreased thermal damage during
coblation has more to do with vaporization of the saline
solution than creation of a plasma field. Regardless of the
mechanism of action, there is significantly less penetration
of thermal energy into the surrounding tissue with the use
of this technology, which is advantageous when thermal
spread to important structures is not wanted (46).

Coblation has also been described for use in transnasal
tumor resection, where its hemostatic ability could provide
ongoing bleeding control during removal of potentially
well-vascularized soft tissue (47).

paucity of literature documenting clear advantages is due
to associated expense, as well as a limited surgeon
experience in the use of this technology for transnasal
endoscopic procedures. It should be noted that
radiofrequency ablation technology has only recently been
introduced to the field of rhinologic surgery, which
explains the paucity of data regarding this technology in
the literature (48).

Ultrasonic Aspirators

The sinonasal cavity is bordered by relatively thick bone,
with thin bony partitions dividing it into compartments.
All surgeries on the sinuses or extending beyond the
confines of the sinonasal tract therefore require the
controlled take down of varying amounts of bone. Due to
the close proximity of important soft tissue structures, it is
crucial to take down bone with as little impact on the
surrounding soft tissue as possible. A promising recent

technological advancement in powered instrumentation
impacting ESS has been the bone cutting ultrasonic
aspirator (49).

Ultrasonic aspirators operate on the converse piezoelectric
effect, whereby application of an electric charge to certain
crystals creates a reversible mechanical deformation
(direct piezoelectric effect refers to electricity being
generated by mechanical stress on the crystals) (50).

7

s Piezoelectric Device

The piezoelectric potential was first described by the Curie
brothers in 1880, when it was noticed that certain ceramics
and crystals, when passed by an electric current, generated
a self-oscillation frequency of the ultrasonic. It has been
documented that these oscillations, if transferred to a
vibrating peak applied to the bone tissue, can cause
cavitation, a mechanical cutting that occurs only on
mineralized tissues (51).

The piezosurgery works on the principle of piezoelectric
effect which is based on cavitation effect and
microvibration phenomenon. The crystals in the
piezoelectric substances get deformed when it is placed in
an electric field. The periodic changes in the polarity of
field produces ultrasonic oscillations, which are amplified
and transferred to a vibration tip to diverse solid, liquid or
gaseous materials. The tip on the bone tissue with slight
pressure generates a mechanical cutting effect called
cavitation phenomenon. Usually, it produces a functional
frequency of 20 kHz as in ultrasonic scalers. The addition
of a 50kHz pulse every 10ns to this basal frequency
increases the power of the receiver device allowing the
bone cutting without damaging soft tissues (52).

Mechanism :
A piezosurgery unit consists of the following:

Piezoelectric headpiece.

Control unit to control the frequency of vibrations, power
of cutting and the amount of irrigation.

Holders for the headpiece and irrigation fluids.
Foot switch which activates the handpiece tips.

Various types of headpiece tips including scalpel, saw,
cone compressor, bone harvester drill are available. They
are available in different sizes and shapes with titanium or
carbide coating. Piezosurgery requires light handpiece
pressure and an integrated saline coolant spray to avoid
overheating of the bone and increase the visibility of the
surgical site. The frequency is usually set between 25 and
30kHz producing micro vibrations of 60-210mm
amplitude with power exceeding 5 W (53).

Addition of a 50kHz pulse every 10ns to this basal
frequency increases the device power allowing the bone
cutting more effectively. While cutting the deep layers of
bone cooling efficiency can be increased by interrupted
cutting or cooling the solution to 4°C. The pressure
applied, the speed of the tip in contact with bone and
translation speed have an effect on the cutting power.
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Piezosurgery devices require slight pressure to have
precise cutting. The increased pressure limits the tip
motion producing overheat and thereby bone necrosis
(53).

Biological effects

The effects of piezoelectric devices on the bone structure
and viability have a great importance in the success of
regenerative surgery. Even though there have been various
studies regarding the effects of piezoelectric surgery on
bone structure and cellular viability, most of them showed
that the gouge-shaped bone chisel, back action, enblock
harvesting, rongeur pliers, and piezoelectric surgery offers
the most efficient methods for harvesting the vital bone
(54).

High pressure applied and high temperatures even for a
short time may cause the necrosis of bony tissue. Recently,
Stubinger et al (2010) also showed that autologous bone
harvested with a piezoelectric device offers stable and
aesthetic placements of oral implants after a 5-month's
healing (55).

Applications:

Sinus Lift

The Piezoelectric Internal Sinus Elevation (PISE)
technique is a surgical sinus augmentation technique in
which an ultrasonic piezoelectric device with a specialized
carbide tip is used instead of the surgical hammer and the
hydraulic pressure from internally or externally irrigated
saline to the sinus membrane makes its detachment from
the sinus floor more easier. This carbide tip has an
indicating line of bone depth while performing the
osteotomy, thereby minimizing the membrane perforation
risk (56).

After the sinus cortex perforation, bone grafts or
substitutes mixed with platelet rich plasma or fibrin
adhesives can be grafted into the prepared socket with
amalgam carrier or small spoon shaped curette. Reduced
incidence of Benign Positional Paroxysmal Vertigo
(BPPV) and membrane perforation makes this technique
more attractive alternative for direct or indirect sinus lift
procedures (56).

In (2007) Wallace et al. reported only 7 of 100 cases of
schneiderian membrane perforation in their study of sinus
lift procedures using piezosurgery, whereas in (2005)
Vercellotti et al. observed the membrane perforation in
only 5% of patients. The additional bone grafts can be
placed to elevate the sinus floor for the required height.
0.5-1 cm?® of bone graft is usually recommended to elevate
the sinus floor upto 5 mm for placement of a single dental
implant. It offers a better choice for sinus floor elevation
in the condition where at least 3-mm residual bone is
available under the maxillary sinus floor (57).

Bone harvesting

Bone can be harvested in the form of bone chips or blocks
which act as a guide for bone regeneration via
osteoconduction and a space maintainer for the growth

factors to promote the bone healing. Conventional
methods of bone harvesting includes bone scrapers,
rongeurs, gouge shaped chisels, trophies or enbloc
harvesting. Recently piezosugical bone harvesting gains a
paramount importance due to its wide range of benefits
compared to conventional methods (58).

The piezoelectric device with osteoplasty No. 1 to
osteoplasty No. 3 tips can be used with gentle scratching
movements along the surface of the bone to obtain
sufficient bone chip volume which is very difficult with
conventional bone mills (53).

The bone chips obtained via conventional bone mills have
lower particle size which get easily resorbed without
fulfilling its role as a space maker or guide for bone
regeneration whereas piezosurgery provides significant
amount of bone with particle size of 500 um at lower
complication rate and minimal resorption rate (59).

The structure of piezosurgically obtained bone margins are
less impaired compared to conventional methods. In
(2006) Berengo et al. reported that piezosurgery retains a
significant amount of viable osteocytes and osteoblasts.
Even though it is a time consuming technique,
piezosurgery still remain as one of the most easier and
safer method for bone harvesting (60).

Distraction osteogenesis

Mandibular distraction osteogenesis considered to be a
surgical option for Pierre Robin syndrome during the
neonatal life. It offers a safe and effective option to relieve
the airway obstruction and swallowing difficulty due to
micrognathia and avoids the need of tracheotomy. As the
piezoelectric osteotomy during the distraction procedure
permits a clear micrometric selective bone cut and thereby
preserving the osteocytes and periosteal tissues, this
technique promotes the new bone formation with early
release of morphogenetic proteins (61).

Clinical Applications of Piezosurgery in Maxillofacial,

Craniofacial, and Reconstructive Surgery (With
References)
Piezosurgery has become increasingly valuable in

craniofacial and maxillofacial surgery due to its selective
cutting of mineralized tissues while preserving soft
structures. This precision enhances surgical safety,
visibility, and control across multiple procedures.

Orthognathic Surgery

Piezosurgery is widely used in BSSO, Le Fort I/II
osteotomy, and SARME. Numerous studies highlight
improved safety, reduced thermal injury, and decreased
postoperative swelling/hematoma (62).

In vitro evaluation showed only minimal intratrabecular
debris in piezo cuts, confirming precise bone removal
(63). Although conventional saws are faster, piezo devices
offer superior control and soft tissue protection. Straight
and thin piezo tips improve osteotomy speed (63). During
Le Fort I, piezo scalpels allow accurate cuts between teeth
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while preserving bone and tooth vitality,
posterior access may be challenging (64).

although

Craniofacial Surgery (Craniosynostosis)
Piezosurgery provides high safety when working near the
dura, brain, orbital contents, and neurovascular structures,
offering a safer alternative to oscillating saws. Though the
learning curve is longer, it provides bloodless fields and
precise osteotomies in critical regions (53).

Reconstructive Surgery

It preserves the bony component and vascular supply of
reconstructive flaps, improving flap viability during major
reconstructive procedures (65).

Removal of Osteosynthetic Materials

Callus covering titanium plates often complicates
hardware removal. Piezosurgery safely eliminates callus
without damaging screw heads, improving removal
efficiency (66).

Osteonecrosis Management

Piezoelectric devices are effective for removing necrotic
bone in ARONIJ. (67) showed piezosurgery limits further
necrosis after debridement. Bilimoria/McGuire et al. (68)
demonstrated that combining piezo debridement with L-
PRF enhances healing in osteoradionecrosis. Minimally
invasive flapless piezo surgery offers promising outcomes
in Stage 1-2 MRONJ, enabling safe bone removal near the
inferior alveolar nerve (69).

Rhinoplasty

Traditional chisel osteotomies can cause soft tissue and
vascular damage. Piezosurgery offers precise osteotomies
with reduced trauma, bleeding, and ecchymosis (70).
New piezo inserts designed specifically for rhinoplasty
further enhance bone stability and soft tissue preservation

(71).

TMJ Osteotomies

The piezo scalpel allows safe osteotomy of the medial
condyle and articular eminence, reducing the risk of
internal maxillary artery and meningeal vessel injury—
critical during condylectomy and TMJ ankylosis surgery
(72).

Advantages:

Piezosurgery provides superior precision and safety during
osteotomy due to its selective cutting of mineralized
tissues while sparing soft tissues such as nerves, blood
vessels, the Schneiderian membrane, and the dura (62).
The cavitation and microvibration effects of the ultrasonic
device create a blood-free surgical field, improving
visibility and surgical accuracy (65).

It produces micrometric, highly controlled bone cuts with
minimal pressure, reducing thermal and mechanical
trauma, thereby preserving tooth vitality and minimizing
postoperative swelling, bleeding, and hematoma formation
(63). Reduced vibration and noise also increase patient
comfort, especially during procedures performed without
general anesthesia. Piezosurgery eliminates the need for
chisels in many osteotomy procedures and decreases the

likelihood of coagulation necrosis in bone fragments due
to its minimal heat production and controlled cutting
action (64).

Disadvantages:

Despite these advantages, piezosurgery remains an
expensive technology and requires significant surgical
expertise. The device 1is technique-sensitive, and
inexperienced operators may still cause soft-tissue injury,
especially around neurovascular structures. Its use may
prolong operative time due to slower cutting speed
compared to conventional rotary or oscillating
instruments, particularly when surgeons are early in the
learning curve. Mastery of piezoelectric tools demands a
high level of surgical control and familiarity, which may
limit its adoption in some clinical environments (73).
Complications of Endoscopic Sinus Surgery (ESS)
Endoscopic sinus surgery (ESS) is widely used for chronic
rhinosinusitis, nasal polyps, and other sinonasal diseases.
Although generally safe, its proximity to vital structures
makes complications possible. These complications range
from minor postoperative issues to major orbital,
intracranial, or vascular injuries.

Orbital Complications

Orbital hematoma (retrobulbar hemorrhage): Occurs
when the lamina papyracea or orbital vessels are injured.
Proper identification of the uncinate process and maxillary
ostium and careful review of CT scans help reduce risk.
Management involves ophthalmology consultation,
intraocular pressure control, and canthotomy if pressure
exceeds 40 mmHg.

Optic nerve injury: Rare but severe; results from trauma
during sphenoid/posterior ethmoid surgery or compression
from orbital hematoma. Pre-operative CT evaluation for
optic nerve or carotid dehiscence is essential.

Extraocular muscle injury: Typically involves the
medial rectus. Avoiding aggressive maneuvers near the
lamina papyracea reduces risk.

Skull Base & Intracranial Complications

Skull base injuries may cause cerebrospinal fluid (CSF)
leaks, influenced by anatomic variation such as Keros
classification. Small CSF leaks may be repaired with
mucosal grafts, while larger defects require multilayer
reconstruction. Postoperative evaluation includes CT
imaging and testing for CSF leak.

Vascular Complications (Epistaxis)

Most bleeding is minor, but severe cases may require nasal
packing, cauterization, arterial ligation, or embolization.
Understanding sphenopalatine artery anatomy is critical.

Nasal & Sinonasal Complications

Synechiae: Preventable with middle meatal spacers,
irrigation, and debridement.

Empty nose syndrome: Caused by excessive turbinate
resection; preservation of >50% of the inferior turbinate is
recommended.

IJIDDT, Volume 16 Issue 5s, 2026

Page: 78 6



Recurrence of disease:
antrostomy, middle turbinate lateralization, synechiae, or

Applications of Piezoelectric Device in Endoscopic Sinus and Skull Base Surgery

Results from

incomplete removal of bony partitions.

1.

10.

11.

12.

Kennedy DW. Functional endoscopic sinus
surgery: technique. Arch Otolaryngol.
1985;111(10):643-9.

Abdelmaksoud AA, Gahlan AA, Aref Z, Tayee
UK. Endoscopicaly assisted microdebrider
adenoidectomy versus conventional curettage

adenoidectomy. SVU-International J Med Sci.
2021;4(2):212-8.

Tajudeen BA, Adappa ND. Instrumentation in
frontal sinus surgery. Otolaryngol Clin N Am.
2016;49(4):945-9.

Ahmed MAS, Abdelmaged HAA, Asida SM,
Thabet NM. The Nutritional Outcome in
Traumatic Brain Injuries Patients Recieving
Standard Diet versus High Protein Diet. Vasc
Endovasc Rev. 2025;8(2s):225-32.

Radulesco T, Penicaud M, Dessi P, Michel J.
Endoscopic surgery for sinonasal tumors: the
transcribriform  approach. J Stomatol Oral
Maxillofac Surg. 2017;118(4):248-50.

Mahmoud RN, Hamdan A, Farrag MAM, Tayel A,
Hammad OY. Role of Spine Endoscopy in the
Treatment of Lumbosacral Radiculopathy. SVU-
International J Med Sci. 2025;8(1):1309—18.

Abd-elrazek GM, Abd-elrahman NH, Mohamed
SS, Abd-el Wahab SM. Role of Ultrasonography
in the Diagnosis of Vocal Cord Lesions in
Comparison to Laryngoscope. SVU-International J
Med Sci. 2025;8(1):651-9.

Mustafa MWM, Abdelmaksoud AAM, Mostafa
MY, Aref Z. Prevalence of Audiovestibular

Complaints among South Valley University
Students.  SVU-International J Med Sci.
2024;7(1):515-20.

AbdelAziz  AM, Ibrahim AA, Aref ZF,

Abdelmaksoud AA. Evaluation of Endoscopic
Repair of Cerebrospinal Fluid (CSF) Rhinorrhea
with Single Layer Graft versus Multilayers Graft.
SVU-International J Med Sci. 2025;8(2):631-44.

Vercellotti T, Crovace A, Palermo A, Molfetta L.
The piezoelectric osteotomy in orthopedics:
clinical and histological evaluations (pilot study in
animals). Mediterr J Surg Med. 2001;9:89-95.

Jha D, Bahadur S, Thakar A, Chava A. Fibro-
osseous lesions of the maxillo-ethmoid complex
with orbital involvement. Indian J Otolaryngol
Head Neck Surg. 2001;53(3):225-8.

Vercellotti T, Pollack AS. A new bone surgery
device: sinus grafting and periodontal surgery.

inadequate

Prevention

centers on detailed CT/MRI review,

meticulous technique, navigation assistance in complex
cases, and diligent postoperative care.

REFERENCES

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Compend Contin Educ Dent (Jamesburg, NJ
1995). 2006;27(5):319-25.

Jung SH, Ferrer AD, Vela JS, Granados FA.
Spheno-orbital  meningioma  resection and
reconstruction: the role of piezosurgery and
premolded titanium mesh. Craniomaxillofac
Trauma Reconstr. 2011;4(4):193-200.

Moffatt DC, McQuitty RA, Wright AE,
Kamucheka TS, Haider AL, Chaaban MR.
Evaluating the role of anesthesia on intraoperative
blood loss and visibility during endoscopic sinus
surgery: a meta-analysis. Am J Rhinol Allergy.
2021;35(5):674-84.

Kotrikova B, Wirtz R, Krempien R, Blank J,
Eggers G, Samiotis A, et al. Piezosurgery—a new
safe technique in cranial osteoplasty? Int J Oral
Maxillofac Surg. 2006;35(5):461-5.

Pavlikova G, Foltan R, Burian M, Horka E,
Adamek S, Hejcl A, et al. Piezosurgery prevents
brain tissue damage: an experimental study on a

new rat model. Int J Oral Maxillofac Surg.
2011;40(8):8404.

Barone A, Santini S, Marconcini S, Giacomelli L,
Gherlone E, Covani U. Osteotomy and membrane
elevation during the maxillary sinus augmentation
procedure: a comparative study: piezoelectric
device vs. conventional rotative instruments. Clin
Oral Implants Res. 2008;19(5):511-5.

Cingi C, Onerci M, Leopold D. History of
rhinology. In: All around the nose: basic science,
diseases and surgical management. Springer; 2019.
p. 23-32.

Tajudeen BA, Kennedy DW. Thirty years of
endoscopic sinus surgery: What have we learned?

World J  Otorhinolaryngol  neck  Surg.
2017;3(02):115-21.
Kern RC, Decker JR. Functional defense

mechanisms of the nasal respiratory epithelium.
In: Nasal Physiology and Pathophysiology of
Nasal Disorders. Springer; 2023. p. 41-59.

Grall P, Ferri J, Nicot R. Surgical training 2.0: a
systematic approach reviewing the literature
focusing on oral maxillofacial surgery—part I. J
Stomatol oral Maxillofac Surg. 2021;122(4):411—
22.

Imanishi Y, Ozawa H, Sakamoto K, Fujii R,
Shigetomi S, Habu N, et al. Clinical outcomes of
transoral  videolaryngoscopic ~ surgery  for

IJIDDT, Volume 16 Issue 5s, 2026

Page: 787



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Applications of Piezoelectric Device in Endoscopic Sinus and Skull Base Surgery

hypopharyngeal and supraglottic cancer. BMC
Cancer. 2017;17(1):445.

Siam SA, Elawady MK, Elemery OM. Assessment
of endoscopic sinus surgery in management of
sinonasal diseases. Egypt J Hosp Med.
2018;73(10):7794-805.

Legrand J, Ourak M, Van Gerven L, Vander
Poorten V, Vander Poorten E. A miniature robotic
steerable endoscope for maxillary sinus surgery
called PHENT. Sci Rep. 2022;12(1):2299.

Ahmad JG, Shetty KR, Alava III I. Advancements
and Innovations in Otologic Surgery: Endoscopic
and Exoscopic Ear Surgery. In: Advancements and
Innovations in OMFS, ENT, and Facial Plastic
Surgery. Springer; 2023. p. 63-77.

Chun FK, Tippets RD, Strong DM, Della-Rose DJ,
Polsgrove DE, Gresham KC, et al. A new global
array of optical telescopes: The falcon telescope

network. Publ Astron Soc Pacific.
2018;130(991):95003.

Scotland KB, Lim JRZ, Chew BH. Flexible
ureteroscope technology. In: Ureteroscopy: a
comprehensive contemporary guide. Springer;
2019. p. 35-50.

Martinez-Perez R, Requena LC, Carrau RL,
Prevedello DM. Modern endoscopic skull base
neurosurgery. J Neurooncol. 2021;151(3):461-75.

Moller MW, Andersen MS, Glintborg D, Pedersen
CB, Halle B, Kristensen BW, et al. Endoscopic vs.
microscopic transsphenoidal pituitary surgery: a
single centre study. Sci Rep. 2020;10(1):21942.

Baeg J, Choi HS, Kim C, Kim H, Jang SY. Update
on the surgical management of Graves’
orbitopathy. Front Endocrinol (Lausanne).
2023;13:1080204.

Eide JG, Welch KC, Adappa ND, Palmer JN, Tong
CCL. Sinonasal inverted papilloma and squamous
cell carcinoma: contemporary management and

patient outcomes. Cancers (Basel).
2022;14(9):2195.
Moutrey S. The fundamentals of surgical

instruments: a practical guide to their recognition,
use and care. tfm Publishing Limited; 2017.

Tang D, Lobo BC, D’Anza B, Woodard TD,
Sindwani R. Advances in Microdebrider
Technology:  Improving  Functionality and
Expanding Utility. Otolaryngol Clin North Am.
2017;50(3):589-98.

Saifulla M. A  Comparative Study of
Adenoidectomy by Microdebrider Vs
Conventional Method. Rajiv Gandhi University of
Health Sciences (India); 2018.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Halderman AA. Powered Instrumentation and
Bipolar Technology in Endoscopic Endonasal
Skull Base Surgery. Cerebrospinal Fluid
Rhinorrhea-e-b  Compr Guid to Eval Manag.
2023;3009.

Khanna A, Sama A. New instrumentations in the
operating room for sinus surgery. Curr Opin
Otolaryngol Head Neck Surg. 2018;26(1):13-20.

Korkmaz H, Korkmaz M. Endoscopic Sinus
Surgery-Surgical Steps with Implications in
Intraoperative Complications. Middle Black Sea J
Heal Sci. 2022;8(2):320-31.

Kim JS, Bae GH, Kim JD, Noh WIJ. Delayed
Ocular Motility Restriction After Endoscopic
Sinus Surgery in a Patient With Chronic
Rhinosinusitis and an Old Medial Orbital Wall
Fracture. J Craniofac Surg. 2020;31(8):e769-71.

Marfatia HK, Goyal P, Madhavi A, Ashwathy KP.
An Observational (Analytical) Retrospective cum
Prospective Study of Cases of Endoscopic Sinus
Surgery in Paediatric Population. Otolaryngol
(Sunnyvale). 2020;10(406):2.

Kaipuzha RR, Venkataramanujam NC,
Karthikeyan P, Pulimoottil DT. Comparison of
microdebrider-assisted endoscopic sinus surgery
and conventional endoscopic sinus surgery for
chronic rhinosinusitis with nasal polyps. Rom J
Rhinol. 2019;9(34):91.

Lal D, Hwang PH. Endoscopic techniques in
frontal sinus surgery. In: Frontal Sinus Surgery: A
Systematic Approach. Springer; 2019. p. 83—125.

Modi P. Comparative Evaluation of Irrrigation
System on  Bone  Temperature = Using
Thermocouple in Osteotomy Procedures. Rajiv
Gandhi University of Health Sciences (India);
2019.

Meldau JE, LeDuc RC, Havey RM, Barnard ER,
Muriuki MG, Kaczmarz N, et al. Bone cutting
efficiency and heat generation using a traditional
fluted Burr and a novel fluteless resurfacing tool.
Clin Biomech. 2023;102:105898.

Sarparast M, Ghoreishi M, Jahangirpoor T,
Tahmasbi V. Experimental and finite element
investigation of high-speed bone drilling:
evaluation of force and temperature. J Brazilian
Soc Mech Sci Eng. 2020;42(6):349.

Sy A, Sall AC, Barry MO, Ba PY, Ndiaye M.
Assessment of Radiofrequency in
Otorhinolaryngology at the Military Hospital of
Ouakam (MHO). Int J Otolaryngol Head Neck
Surg. 2021;10(5):433—-40.

Erdur O, Celik T, Giil O, Koca CF, Yasar S.
Coblation cryptolysis method in treatment of tonsil

IJIDDT, Volume 16 Issue 5s, 2026

Page: 78 8



47,

48.

49.

50.

51,

52.

53.

54.

55.

56.

57.

58.

Applications of Piezoelectric Device in Endoscopic Sinus and Skull Base Surgery

caseum-induced halitosis. Am J Otolaryngol.
2021;42(6):103075.

Zhang L, Shi H, Li D, Ye H, Zhang W, Yin S.
Radiofrequency coblation-assisted resection of
skull base neoplasms using an endoscopic
endonasal approach. ORL. 2020;82(1):25-33.

Mirza AA, Alandejani TA, Shawli HY, Alsamel
MS, Albakrei MO, Abdulazeem HM. Outcomes of
microdebrider-assisted  versus radiofrequency-
assisted inferior turbinate reduction surgery: a
systematic review and meta-analysis of
interventional randomised studies. Rhinology.
2020;58(6):530-7.

Chatelet F, Simon F, Bedarida V, Le Clerc N,
Adle-Biassette H, Manivet P, et al. Surgical
management  of  sinonasal  cancers: a
comprehensive  review.  Cancers  (Basel).
2021;13(16):3995.

Renjith KR, Eamani NK, Raja DC, Shetty AP.
Ultrasonic bone scalpel in spine surgery. J Orthop.
2023;41:1-7.

Shahinpoor M. Fundamentals of smart materials.
Royal Society of Chemistry; 2020.

Bhagat M, Tapashetti R, Fatima G, Bhutani N.
Piezosurgery in periodontics. Galore Int J Heal Sci
Res. 2020;5(1):121-9.

Nandagopal N, John B. An overview on the art of
piezosurgery in the maxillofacial practice. J Oral
Med Oral Surg. 2022;28(1):2.

Carter A, Popowski K, Cheng K, Greenbaum A,
Ligler FS, Moatti A. Enhancement of bone
regeneration through the converse piezoelectric
effect, a novel approach for applying mechanical
stimulation. Bioelectricity. 2021;3(4):255-71.

Mediouni M, Kucklick T, Poncet S, Madiouni R,
Abouaomar A, Madry H, et al. An overview of
thermal necrosis: present and future. Curr Med
Res Opin. 2019;

Kim JM, Sohn DS, Heo JU, Park JS, Jung HS,
Moon JW, et al. Minimally invasive sinus
augmentation using ultrasonic  piezoelectric
vibration and hydraulic pressure: a multicenter

retrospective study. Implant Dent.
2012;21(6):536-42.

Wallace SS, Mazor Z, Froum SJ, Tarnow DP.
Schneiderian membrane perforation rate during
sinus elevation using piezosurgery: clinical results
of 100 consecutive cases. Int J Periodontics
Restorative Dent. 2007;27(5).

Le BQ, Nurcombe V, Cool SM, Van Blitterswijk
CA, De Boer J, LaPointe VLS. The components of
bone and what they can teach wus about
regeneration. Materials (Basel). 2017;11(1):14.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Babczyk P, Winter M, Kleinfeld C, Pansky A,
Oligschleger C, Tobiasch E. Examination of the
quality of particulate and filtered mandibular bone
chips for oral implants: an in vitro study. Appl Sci.
2022;12(4):2031.

Doliveux R. MicroSaw and piezosurgery in
harvesting mandibular bone blocks from the
retromolar region: a randomized split-mouth
prospective clinical trial. Int J Oral Maxillofac
Implants. 2018;

Diep GK, Eisemann BS, Flores RL. Neonatal
mandibular distraction osteogenesis in infants with
Pierre Robin sequence. J Craniofac Surg.
2020;31(4):1137-41.

AlAsseri N, Swennen G. Minimally invasive
orthognathic surgery: a systematic review. Int J
Oral Maxillofac Surg. 2018;47(10):1299-310.

Noetzel N, Fienitz T, Kreppel M, Zirk M, Safi AF,
Rothamel D. Osteotomy speed, heat development,
and bone structure influence by various
piezoelectric systems—an in vitro study. Clin Oral
Investig. 2019;23(11):4029-41.

Nissy TS, Saralaya S, Jayanth BS, Sunil SM. Role
of piezoelectric device in oral & maxillofacial
surgery. Oral Surg. 2021;14(1):71-8.

Gerbault O, Daniel RK, Kosins AM. The role of
piezoelectric  instrumentation in  rhinoplasty
surgery. Aesthetic Surg J. 2016;36(1):21-34.

Mahalakshmi R. Efficiency and Treatment
Outcome of Piezocision Assisted Orthodontics.
Ragas Dental College and Hospital, Chennai;
2016.

Crosetti E, Battiston B, Succo G. Piezosurgery in
head and neck oncological and reconstructive
surgery: personal experience on 127 cases. Acta
Otorhinolaryngol Ital. 2009;29(1):1.

McGuire C, Boudreau C, Prabhu N, Hong P,
Bezuhly M. Piezosurgery versus conventional
cutting techniques in craniofacial surgery: a
systematic review and meta-analysis. Plast
Reconstr Surg. 2022;149(1):183-95.

De Vicente JC, Peiia I, Brafia P, Hernandez-Vallejo
G. The use of piezoelectric surgery to lateralize the
inferior alveolar nerve with simultaneous implant
placement and immediate buccal cortical bone
repositioning: a prospective clinical study. Int J
Oral Maxillofac Surg. 2016;45(7):851-7.

Aly LAA. Piezoelectric surgery: Applications in
oral & maxillofacial surgery. Futur Dent J.
2018;4(2):105-11.

Gonzalez-Lagunas J. Is the piezoelectric device
the new standard for facial osteotomies? J

IJIDDT, Volume 16 Issue 5s, 2026

Page: 789



72.

Applications of Piezoelectric Device in Endoscopic Sinus and Skull Base Surgery

Stomatol oral Maxillofac Surg. 2017;118(4):255—
8.

Pauwels-Tumifan A, Lozano-Morales C, Lopez
JP, Orjuela MP. Piezoelectric cutting devices for
osteotomy in Temporomandibular  joint

73.

condylectomy. J Craniofac Surg.

2020;31(8):e800-2.

Pavlikova G, Foltan R, Horkda M, Hanzelka T,
Borunska H, Sedy J. Piezosurgery in oral and
maxillofacial surgery. Int J Oral Maxillofac Surg.
2011;40(5):451-7.

IJIDDT, Volume 16 Issue 5s, 2026

Page: 790



