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Dentistry has undergone significant advancement and has seen several changing concepts over 
a decade. One such novel innovation is piezosurgery. Piezoelectric bone surgery or otherwise 
known as piezosurgery is a novel technique invented by Professor Vercellotti in 1988 to 
overcome the limitations of traditional instrumentation in oral bone surgery by modifying and 
improving conventional ultrasound technology. It is a promising, meticulous, and soft tissue 
sparing system for bone cutting based on low frequency ultrasonic microvibrations. The absence 
of macrovibration makes the instrument more manageable and allows greater intraoperative 
control with a significant increase in cutting safety in the more difficult anatomical cutting 
zone. The present review compares piezosurgery with the traditional tools and emphasizes on 
its mechanism of action, instruments, biologic effects, advantages, and limitations, as well as its 
various applications in the field of dentistry.
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It contains a peristaltic pump for cooling with a jet of solution 
that discharge from the inserts and also helps in removing 
rubble from the cutting area. The device has a control 
panel with a digital display to set the power and frequency 
modulation. They also have several autoclavable tool‑tips 
called inserts, which are titanium or diamond coated in various 
grades and move by microvibrations created in piezoelectric 
hand piece.[5] This device is widely used in dentistry serving 
various applications such as root planing, removal of supra 
and subgingival deposits and stains from teeth, crown 
lengthening, atraumatic tooth extraction, ridge augmentation, 
sinus floor elevation, bone graft harvesting, lateralization of 
inferior alveolar nerve, implant surgery, and ridge expansion.[6]

History

The term “piezo” originates from the Greek word piezein, 
which means, “to press tight, squeeze.” Jacques and Pierre 
Curie first discovered piezoelectricity in the year 1880 who 
found that applying pressure on various crystals, ceramics, or 
bone created electricity. This piezo effect is based on physical 
interactions and phenomena of basic electric and mechanical 
dimensions such as electric field strength, polarization, 
tension, and extension in the crystalline field, which states 
that deformation in crystals on passing electric current 
results in oscillations of ultrasonic frequency. The vibrations 

Introduction

Over the last few decades, there has been rapid 
development in various dental surgical techniques, 

evolving a world of painless dentistry. Traditionally, osseous 
surgery was performed using hand instruments and various 
rotary instruments with different burs, which required external 
copious irrigation because of the production of heat using 
these instruments. In addition to heat, considerable pressure 
was also exerted in osseous surgeries, with a limitation in 
the case of fractured or brittle bones.[1] To overcome the 
above mentioned limitations, a novel surgical technique was 
introduced based on ultrasonic microvibration for precise and 
selective cut on the bone, without injuring the surrounding 
tissues.[2] This new alternative method, introduced in dentistry 
for bone related surgeries, was termed piezosurgery.

Piezosurgery, a relatively novel technique invented by 
Professor Vercelloti in 1988, offers advantages and overcomes 
the limitations of traditional instrumentation in oral bone 
surgery by modifying and improving conventional ultrasound 
technology. The basic principle of piezoelectricity discovered 
by Jacque and Pierre curie in late 19th century for bone cutting 
is based on ultrasonic microvibrations.[3] These microvibrations 
are created by the piezoelectric effect wherein certain ceramics 
and crystals deform on passing electric current through them, 
resulting in oscillations of ultrasonic frequency.[4]

The device consists of a cutting edge piezoelectric ultrasonic 
transducer mechanized by an ultrasonic generator competent 
of driving a range of resonant cutting inserts, a hand piece, 
and a foot switch connected to the main unit which supplies 
power and has holders for the hand piece and irrigation fluids. 
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obtained are amplified and transferred to a vibration tip which 
when applied with slight pressure on bone tissue results in 
cavitation phenomena, which is a cutting effect exclusively on 
mineralized tissue.[4]

Gabriel Lippmann in 1881 found the converse piezoelectric 
effect, which was further investigated by various scientists. 
Catuna in 1953 developed an ultrasonic drill for cavity 
preparation on human teeth and published an article on 
the effects of ultrasound on dental hard tissues.[7] In 1957, 
Richman was the first to report the surgical use of an ultrasonic 
chisel without slurry to remove bone and resect roots in 
apicoectomies.[8] Mazzarow in 1960 reported evidence of an 
ultrasonic scalpel‑like blade to directly cut osseous tissue.[9]

Mcfall et  al., in 1961, evaluated the distinction of healing 
by comparison of rotating instruments and oscillating scalpel 
blade and found slow healing with no severe complication by 
use of these scalpel blades.[10] In 1980, Horton et  al. stated 
that bone regeneration was better using ultrasonic device.[11] 
One year later, he evaluated the clinical utility of ultrasonic 
instrumentation in surgical removal of bone and observed 
mineralized tissue removal with ease and efficiency along with 
good acceptance by patients without any complications.[12]

In 1998, Torella reported the better use of ultrasonic generator 
compared to magnetostrictive device because of its greater 
efficiency of cutting with less bone destruction.[13] In 1999, 
Dr.  Thomas Vercelloti invented piezoelectric bone surgery 
in collaboration with Mectron Spa and published in the year 
2000.[14]

In 2001, piezosurgery® was introduced.

In 2002, the device was approved for commercial use in 
Germany.

In 2003, Vercelloli discovered the ideal frequency method for 
endodontic, orthopedic, neurologic, periodontal, and oral and 
maxillofacial surgeries.[15,16]

In 2005, the US Food and Drug Administration extended the 
use of ultrasonics in dentistry to include bone surgery.[17]

Mechanism of Action

Ultrasonics is a branch of acoustics dealing with sound 
vibrations in a frequency that ranges above the audible level 
i.e.,  >20 kHz where sonic is an ultrasound wave of high 
amplitude produced by three different methods.

•	 Mechanical Method – up to 100 kHz
•	 Magnetostatic Method – 18–25 kHz
•	 Piezoelectric effect – 25–50 kHz

In piezosurgery, piezoelectric effect is used where mechanical 
energy in the form of tension and compression is converted 
into electric energy.[18]

Piezoelectric ultrasonic frequency is created by compelling 
an electric current from a generator over piezo‑ceramic rings, 
which leads to their deformation. The ultrasonic frequency 
usually ranges 24–36 kHz, capable of cutting mineralized 
tissue in dental applications. Thus, the accruing movement 
from the deformation of ring sets up a vibration in the 

transducer, which creates the ultrasound output. These waves 
are transmitted to the hand piece tip, also called an insert, 
where longitudinal movement occurs resulting in the cutting 
of osseous tissue by microscopic shattering of bone.[19] The 
transducer is a very important part of the instrument system 
because it incorporates a piezoelectric element, which 
converts electric signals into mechanical vibrations and finally 
mechanical vibrations into electric signals.

Cavitation is the microboiling phenomenon occurring 
in liquids on any solid–liquid interface vibrating to an 
intermediate frequency, corresponding to a rupture of the 
molecular cohesion in liquids and the appearance of zones of 
depression that fill up with vapor until they form bubbles that 
are about to implode. In case of detartrating tools, cavitation 
occurs when the water spray contacts the insert vibrating to 
intermediate frequency.[20]

In ultrasonic osteotomy procedures, this phenomenon 
maintains good visibility in the field of operation by 
dispersing coolant as an aerosol and providing hemostasis.[21] 
The cavitation effect also shows an antibacterial property by 
fragmenting bacterial cell wall, which helps in obtaining high 
predictability and low morbidity in bone surgery.[6,22]

Indications
(1) Soft tissue debridement,  (2) smoothening of root 
surfaces,  (3) bone grafting,  (4) implant site preparation,  (5) 
removing an implant, (6) sinus lifting procedure, (7) retrograde 
root canal preparation,  (8) apicectomy,  (9) cystectomy,  (10) 
extraction of ankylozed teeth, and (11) orthodontic surgeries.[23]

Contraindications
No absolute contraindications

(1) Cardiopathy,  (2) patients with uncontrolled diabetes 
mellitus,  (3) patient receiving radiotherapy,  (4) patients with 
metal/ceramic crowns, (5) patients with pacemakers.

Piezoelectric device
The device consists of a hand piece and a foot switch that are 
connected to a main unit, which supplies power and has holder 
for hand piece and irrigation fluids. The main unit comprises 
a platform and a control panel along with a digital display and 
keypad. Frequency of 25–29  kHz is present with a series of 
inserts of different form along with a linear vibration ranging 
from 60–200  µm. The power of the device is approximately 
5 W.[24] The unit offers three different power levels from a 
clinical point of view. Low mode for orthodontic surgery 
and apico endocanal cleaning; high mode for cleaning and 
smoothing the radicular surface; and boosted mode in osseous 
surgery for performing osteotomy and osteoplasty.

Parts of the Instrument

Control panel
The piezosurgery unit is solely controlled by an interactive 
keyboard, which has two basic programs, the BONE and 
ROOT. In the BONE program, it is possible to adapt the power 
to any four levels depending upon the quality of the bone. In 
the ROOT program, the power can be set to either PERIO 
or ENDO. With this system, any interference present in the 
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unit, hand piece, or electronics are recognized and highlighted 
on the display. The surgical tray contains all the components 
necessary for surgery utilizing this unit [Figure 1].

Dynamometric wrench
Insert tips are tightened to the hand piece using a 
dynamometric wrench which applies a predefined force to 
obtain energy transmission.

Hand piece
Each piezosurgery unit comes with two hand pieces and is 
permanently connected to a hand piece cord, which can be 
sterilized together.

The peristaltic pump
Contains irrigating solution which discharges from the insert 
with an adjustable flow of 0–60  ml/min for cooling and 
removal of detritus from cutting area. For a cooling effect, the 
solution is refrigerated at 4°C and the quantity of liquid may 
be adjusted using  +  and  –  buttons. The liquid is drawn from 
the bottle, which hangs from the rod provided, passing in hand 
piece through a cord.

Insert tips
Insert available can be classified as:

Titanium nitrate coating
They are effective for osteoplasty technique or for harvesting 
bone chips because they have the maximum cutting efficiency, 
avoid corrosion, and increase working life.

Diamond coating
Used in case of thin bone osteotomy or for complete 
osteotomy close to anatomical structures offering clinically 
less efficacious cut, histologically are more traumatic than 
cutting inserts, but much safer. They may be classified as:

Sharp insert tips
For effective treatment in bony structures such as in the 
osteoplasty techniques or for harvesting bone chips.

Smooth insert tips
For precise and controlled work on the bone structure. These 
are used in osteotomy when it is necessary to prepare difficult 
and delicate structure such as those preparing for sinus 
window or access to nerve.

Blunt insert tips
Used for preparing soft tissues. For e.g.  elevating Schneider’s 
membrane or lateralizing nerve. In periodontics, these tips are 
used for root planning [Figure 2].

Based on insert tip color

Gold
All tips used to treat bone. This gold color is obtained by 
applying a coating of titanium nitride to improve the surface 
hardness for a longer working life [Figure 3].

Steel
Used for soft tissue or delicate structures such as the roots of 
teeth [Figure 4].[20,25]

Biological effects on bone cut by piezoelectric 
device
The effect on cortical and cancellous bone and the surface 
roughness produced by different osteotomy technique have a 
strong biological effect on the bone and healing of the bone.[8] 

Figure 1: Piezosurgery unit

Figure 2: Perio kit

Figure 3: Gold insert tips
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For piezoelectric osteotomy, the comparatively low amplitude 
of the cutting tool as opposed to that of an oscillating saw 
yield more precise cutting in clinical practice.[25] Blood free 
surgical site is another advantage because it provides a better 
intraoperative view. Local overheating, cavitation effects, and 
flow of cooling fluid by use of piezoelectric tools may serve 
as possible explanations for absence of blood at osteotomy 
site [Figures 5–7].[26]

The process is a prospect for extension in a spectrum of 
minimally invasive surgery using peizosurgery. Primary goal 
is to access the defective site without raising much of the 
mucoperiosteal flap. Bone swaging is done by peizo leading to 
minimal exposure. Though the advantage of peizosurgery is to 
avoid any soft tissue damage, precision drift of bone is done 
in few exceptional cases [Figure 8].

In a previous study, rate of postoperative wound healing in 
a dog model following ostectomy and osteoplasty was used 
to compare the efficacy of piezoelectric instrument with a 
commonly used carbide burs  (CB) or a diamond bur  (DB). 
The surgical site treated by CB or DB lost bone in comparison 
to baseline measurements, by 14th  day, while surgical sites 
treated by PS revealed a bone gain level. By the 28th  day, 
the surgical site treated by all three instruments demonstrated 
an increased bone level and regeneration of cementum and 

periodontal ligament. However, by day 56, the surgical site 
treated by CB or DB evidenced a loss of bone versus a bone 
gain in the PS‑treated sites. Thus, it appears that PS provided 
more favorable osseous repair and remodeling than CB or DB 
when surgical procedures were performed. Therefore, PS could 
be regarded as being efficacious for use in osseous surgery.[27]

GonzalezGarcia et al. conducted a study of 17 vertical alveolar 
distractions in the posterior region of the mandible, 7 on the 
right side, and 10 on the left side and compared the results 
between two approaches, i.e.  conventional and piezoelectric 
technique. After analyzing several criteria, they concluded that 
the use of piezoelectric osteotomy in osteogenic distraction 
to increase the alveolar ridge height prior to the installation 
of dental implants is easier and less prone to intraoperative 
complications compared to conventional osteotomy 
procedures.[28]

Esteves et  al. conducted a study and compared the 
differences of osteotomies performed with piezosurgery and 
a conventional drill with regard to “histomorphometrical, 
immunohistochemical and molecular analysis” and showed 
that, histologically and histomorphometrically, the bone 
healing showed no differences between the two groups, except 
for a slight higher amount of newly formed bone observed 
30 days after the use of the piezosurgery device.[29]

Figure 7: Postoperative piezosurgery

Figure 4: Steel insert tips
Figure 5: Preoperative piezosurgery for osteotomy

Figure 6: Operative site of osteotomy
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Applications of piezosurgery in medicine include cranial 
osteoplasty, ENT surgery, neurosurgery, pediatric surgery, 
orthopedics, rhinoplasty and otologic surgeries.

Applications in Dentistry

Orthodontic applications
Osteotomy, corticotomy, orthodontic traction of third molars, 
orthodontic closure of edentulous spaces, surgical cortical 
microincisions, and surgically assisted rapid maxillary 
expansion  (SARME). Le Fort I osteotomy and orthodontic 
microsurgery can be effectively performed with the help 
of piezosurgery.[22,30] Blood loss decreased from an average 
772  ml in conventional orthognathic surgery to an average 
537 ml during orthognathic surgery using piezosurgery.[31]

Oral and maxillofacial surgery
The most important indications are sinus lift, bone graft 
harvesting, osteogenic distraction, ridge expansion, endodontic 
surgery, periodontal surgery, inferior alveolar nerve 
decompression, cyst removal, dental extraction, unilateral 
condylar hyperplasia, and impacted tooth removal.[3] The risk 
of perforating Schneiderian membrane is reduced from 30% 
to 7% during the osteotomy procedure for bone window 
confection or during membrane lifting.[32]

Periodontology applications

Supragingival and subgingival scaling
Removal of supra and subgingival calculus, stains, and debris 
by placing the inserts vertically parallel to the long axis of the 
tooth and moving continuously.[33]

Curettage
By debriding epithelial lining of the pocket wall which results 
in microcauterization,[34] crown lengthening where bone 
is reduced effectively preserving root surface integrity,[35] 
regenerative surgeries for obtaining autogenous grafts in the 
form of bone chips or monocortical blocks.[18]

Implantology

Harvesting block graft
Piezosurgery provides high precision and operating sensitivity 
and easy differentiation between cortical and cancellous bone 

while removing blocks of monocortical cancellous bone.[36] 
Osteotomy procedure where piezosurgery decreases the risk 
of bone fracture, making bones more elastic after osteotomy 
with ultrasonic intermediate vibration, thereby minimizing 
complications. Distraction osteogenesis followed by implant 
placement, for retrieval of blade implants, in ridge expansion, 
maxillary sinus elevation, drilling holes in bone for implant 
placement, for insertion of implant.[37]

Endodontics
Osteotomy, root‑end resection, and root‑end preparation 
preventing damage to soft tissues.[38]

Advantages

•	 Has optimal vibration frequency for the mineralized 
tissue required during cutting and maintaining the bone 
constantly clean, avoiding excessive temperature.

•	 Using of a modulated ultrasonic frequency allows highly 
precise and safe cutting of hard tissue, whereas adjacent 
soft tissue and nerve remain unharmed making it superior 
compared to conventional rotating instruments.

•	 Strength required to make cuts is far less compared to that 
with drill or with oscillating saws making surgical control 
with piezosurgery maximum.

•	 Offers direct visibility during osteotomy procedure 
minimizing risk to adjacent oral soft tissues.[39]

•	 Piezosurgery units are three times more powerful than 
conventional ultrasonic units, which make it possible to 
cut highly mineralized tissue.

•	 Minimal intraoperative bleeding seen as it does not 
traumatize bone thermally, with rapid postoperative wound 
healing.

•	 Using piezosurgery tips, the harvested bone can be 
modified and shaped to fit accurately to the recipient.

•	 Cavitation effect created by interaction between the irrigant 
solution and the oscillating tips makes surgical site clear 
during osteotomy.

•	 Possibility to adapt the frequency of the vibrations of 
piezoelectric ceramics produces an efficacious and efficient 
cutting action on the bone of different quality.[40]

Limitations

•	 Adequate dexterity and gentle touch is required for this 
type of procedure with a different learning curve.

•	 Increase in working pressure above a certain limit impedes 
the vibrations of insert, transforming the energy into heat. 
Thus, the most effective way is to use piezosurgery hand 
piece with higher speed and a lower pressure.

•	 Increase in operative time compared to traditional cutting 
instrument.

•	 Difficulties encountered in deeper osteotomies sites 
because lack of insert of appropriate length and thickness 
to avoid the increasing pressure of the hand preventing 
microvibration of the insert.

•	 Inserts get worn away very rapidly, and hence, it is 
recommended not to go beyond ten uses in bone surgery 
because it may break or cause damage to tissues by 
uncontrolled heat.[19]

•	 Not cost effective.

Figure 8: Ridge split done using piezosugery
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Conclusion

Piezosurgery is relatively new surgical technique, which can 
be used in a variety of surgical procedure to complement 
traditional oral surgical procedures, and in some cases, 
replace traditional procedures. It also had been found to 
have additional effects regarding bone healing, minimal 
intraoperative bleeding, etc., and seems to be more efficient in 
first phases of bone healing.

In addition to its limitations, when used with their variable 
frequency and power, it serves as a platform for range of 
applications in periodontology, implantology, and various 
other oral surgical procedures, making it a highly effective 
tool in clinical practice.
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