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PIEZOELECTRIC SURGERY AS A BOON TO DENTISTRY: A REVIEW
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INTRODUCTION:
In recent years piezoelectric surgery is gaining popularity in eld of 
dentistry. Nowadays piezosurgery plays a vital role because handling 
of delicate tissues can be performed with less risk for the patient and it 
offers a new possibility to do minimally invasive osteotomies. 
Ultrasound offers great potential in development of a non-invasive 
periodontal assessment tool that would offer great yield real time 
information, regarding clinical features such as pocket depth, 
attachment level, tissue thickness, histological change, calculus, bone 
morphology, as well as evaluation of tooth structure for fracture.[1] 

Piezosurgical equipment can be used for retrograde preparation of root 
canal; it performs bone cutting with great precision facilitating ridge 
augmentation and ridge expansion, tooth extraction, ankylotic tooth 
extraction and surgical orthodontic surgeries. [2,3,4] The piezoelectric 
device is characterized by having ultrasonic micro vibrations with an 
average frequency of 25–29 kHz, an oscillation (amplitude) of 60–210 
µm, and power up to 50 W, thereby allowing precise and tactile-
controlled cutting only in mineralized structures without damaging 
soft tissue. [5,6]

HISTORY:
The term “piezo” originates from the Greek word piezein, which 
means, “to press tight, squeeze”. The instruments used for ultrasonic 
cutting of bone create microvibrations which are the result of a 
piezoelectric effect, was rst described by French physicists Jean and 
Marie Curie, in 1880 [7]. 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. [8], Mazzarow in 1960 
reported evidence of an ultrasonic scalpel-like blade to directly cut 
osseous tissue. 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.[9] Volkov and Shepeleva in 1974 described 
cutting of hard tissue with ultrasonic vibrations as piezoelectric effect. 

[10] In 1981, its application was described by Aro et al., [11] in 
orthopaedic surgery, and Horton et al., [18] in oral and maxillofacial 
surgery stated that bone regeneration was better using ultrasonic 
device. He evaluated the clinical utility of ultrasonic instrumentation 
in surgical removal of bone and observed mineralized tissue removal 
with ease and efciency along with good acceptance by patients 
without any complications. Tomaso Vercellotti an Italian oral surgeon 
modied conventional ultrasonic technology. [12]

In 1997 Mectron and Tomaso Vercellotti developed the idea of 
piezoelectric bone surgery. In 1999, Dr. Tomaso Vercellotti invented 
piezoelectric bone surgery in collaboration with Mectron Spa and 
published in the year 2000.[13] In 2001, piezosurgery® was 
introduced. [Fig.1] In 2002, the device was approved for commercial 
use in Germany. In 2003, Vercellotti discovered the ideal frequency 
method for endodontic, orthopaedic, neurologic, periodontal, and oral 
and maxillofacial surgeries. [14,15] In 2005, the US Food and Drug 
Administration extended the use of ultrasonics in dentistry to include 
bone surgery.[16] 

[Fig.1] Mectron piezosurgery® 
(Courtesy: Mectron Dental India Pvt. Ltd.)

Parts Of Instrument:
The Piezosurgery® unit is composed of the main body, activated with a 
pedal, a handle, and a number of inserts with different shapes 
depending on the surgical need.

Mechanism Of Action: 
The piezoelectric effect is the creation of electrical tension between 
crystal and ceramics like quartz to which a mechanical pressure is 
subsequently applied. The material will expand and then contract 
leading to ultrasonic vibration When electricity is applied, it leads to 
compression and expansion which occurs on reversing the direction. 
When crystal is placed in alternating electrical eld, the crystal can 
alternate between compression and expansion producing a series of 
vibrations.

Piezoelectric effect:

Indications:
Ÿ In the eld of dentistry, 
Ÿ it is used for retrograde preparation of root canal, 
Ÿ apicectomy
Ÿ ankylotic tooth extraction and orthodontic surgeries 
Ÿ In periodontology 
Ÿ Gingival cutting without bleeding. 
Ÿ Root planing. 
Ÿ Crown lengthening procedures. 
Ÿ Removal of supragingival and subgingival calculus deposits. 

Smoothing of root surfaces by thorough removal of calculus and to 
regain positive bony margins
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ABSTRACT
Dentistry has undergone signicant 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 macro 
vibration makes the instrument more manageable and allows greater intraoperative control with a signicant increase in cutting safety in the more 
difcult 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 eld of dentistry.
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Ÿ Periodontal pocket lavage with simultaneous ultrasonic tip 
movement. 

Ÿ Soft tissue debridement during periodontal ap surgery.  
Ÿ Periodontal regenerative surgery. 
Ÿ Bone harvesting techniques for autogenous grafts (Chips and 

blocks) – collection of particulate bone with a bone trap is a quality 
method to collect autogenous bone for correcting localized 
defects.

Ÿ ridge augmentation and ridge expansion. 
Ÿ In the eld of implantology and oral surgery
Ÿ for implant site preparation
Ÿ implant removal and bone harvesting and grafting and sinus lifts 
Ÿ Alveolar ridge splitting and expansion before implant placement. 
Ÿ Recontouring of alveolar crest. 
Ÿ Nerve Transposition - Mental nerve repositioning. 
Ÿ Sinus lift procedures. 
Ÿ Lefort I osteotomy. 
Ÿ Relocation of malposed implants. 
Ÿ Peri-implantitis and calculus removal. 

Ÿ Endodontics- Endodontic surgeries requiring osteotomy and in 
root-end preparations.

Ÿ Orthodontic surgery – microsurgery, osteotomy, and corticotomy. 

It is also used for Minimally invasive caries therapy and ulcer 
debridement.

Contraindications:
Ÿ In certain diseases such as cardiopathy (heart disorders) 
Ÿ uncontrolled diabetes and patient receiving radiotherapies.
Ÿ Also, it should be avoided on patients as well as operator with 

pacemakers or other implantable electronic devices. An 
electrosurgical knife could interfere with correct functioning of 
the device. 

Ÿ should not be used where metal or ceramic prosthesis are given. 
The ultrasonic vibrations could lead to decementing of such 
prosthesis [28]

Biologic Effect On Bone:
There have been studies about the effect of piezoelectric surgery on 
bone and the viability of cells. Research has shown that the healing 
process after the surgical procedure is facilitated with the use of 
piezoelectric surgery and reduces inammatory reaction when the 
graft is healing, which helps in stabilizing the live bone tissue after it 
has been grafted [22,27] 

[Fig. 2] Osteotomy by piezosurgery: easy and precise cut, with reduced 
trauma and complications to the adjacent tissues (Courtesy: Mectron 
Dental- India Pvt Ltd)

Advantages:
Piezosurgery requires much less hand pressure, enhanced operator 
sensitivity and visibility (bloodless), acute tactile sense and control, 
does not cut soft tissue 

producing less collateral tissue damage, which results in better 
healing. 

It offers effortless surgical control, as it requires lesser force than 
rotational burs. The clinician has a better feel and precision in 
handling. 

Precise cutting - 
It vibrates within a width of 60-200mm at a modulated ultrasonic 
frequency without any increase in temperature, thus avoiding tissue 
damage. 

Selective cutting action - 
This vibration was optimal for cutting bone without harming adjacent 
tissues. The selective frequency minimizes the risk to adjacent soft 
tissues/nerves/vessels/ mucosa. This is similar to peeling the shell 
from a raw egg without damaging the thin membrane located just 
inside the shell. 

Maximum intra-operative visibility – cavitation effect and 
pressurized irrigation. 

Haemostasis due to cavitation effect- 
It creates virtually, a bloodless surgical site. This is due to the coolant 
saline solution, which, on contact with the insert vibrating at ultrasonic 
speed, produces the cavitation phenomenon. This phenomenon 
consists of the formation of vapor bubbles within the coolant liquid. 
These bubbles implode, generating a shock wave. From a clinical 
standpoint, cavitation results in stopping blood from owing out of the 
capillary during cutting. Bleeding starts again immediately after 
cutting ends. 

Disadvantages:
Ÿ The main disadvantage is its  slowness. Cutting very dense bone 

with ultrasound can take up to 4 times longer than with a rotary bur. 
Ÿ It has less control of cutting depth, reduced sensibility and 

precision due to the vibrations. 
Ÿ Tip breakage can be frequent which makes it necessary to maintain 

a stock of tips. The cost of ultrasonic osteotomy equipment is more 
than mechanical osteotomes.

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 efcient in 
rst 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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