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ABSTRACT:   Objective: The aim of the study was to assess the use of the piezoelectric knife in laryngeal surgery and to prove that 
the piezoelectric instruments can be used to perform incisions of different shapes through laryngeal cartilages.

  Materials and methods:  34 patients hospitalized at the Department of Otolaryngology, Faculty of Medicine and 
Dentistry, Medical University of Warsaw, in the years 2014 and 2016 were enrolled in our study. 24 patients underwent  
partial vertical laryngectomy and 1 patient underwent partial horizontal laryngectomy due to laryngeal cancer. 5 pa-
tients underwent partial laryngectomy due to low stage cancer of the piriform sinus. 4 patients underwent widening 
of the laryngeal lumen due to laryngeal stenosis. The piezoelectric device was used to perform thyrotomy and for in-
cision or resection of the thyroid cartilage suspected of neoplastic infiltration in the case of widening of the laryngeal 
lumen.

  Results: The laryngeal cartilages, especially the thyroid cartilage, can be cut in different shapes and sizes using piezoelectric 
instruments. Moreover, the use of such equipment results in minimal loss and little destruction of local healthy tissue.

  Conclusions: Piezoelectric device is a useful instrument suited for surgery of laryngeal cartilages. Removable tips 
available in different shapes enable different types of resection of the cartilages. Using the piezoelectric device, it is 
possible to remove pathological tissues with minimal destruction of local tissues. Our observation shows that laryn-
geal surgery with the piezoelectric knife is safe and effective. Current English literature does not describe the use of 
piezoelectric tools in laryngeal surgery. It is essential to do more observation about these type of operations..
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INTRODUCTION

The piezoelectric effect was first described in 1880 by two 
French brothers and physicists, Pierre and Jacques Curie. They 
discovered that the electric charge accumulates on the surface 
of piezoelectrics such as quartz,  tourmaline or ceramic in re-
sponse to external mechanical stress. One year later, Gabriel 
Lippman described the converse piezoelectric effect, where 
the crystal deforms after application of electric current. Both 
effects are applied in medical devices. Electric energy is co-
nverted to an ultrasound wave (frequency ranging 25-29 kHz 
with amplitude 60-200 mcm), which generates power (about 
5 W) and allows for shaping, i.e. cutting [1]. Such devices were 
first used for medical purposes in 1988 by Tomaso Vercellot-
ti for dental implants. He showed that microvibrations make 
it possible to perform selective incisions in mineralized tissu-
es without damaging surrounding structures [2]. Apart from 
implants, piezoelectric surgery has been used for various pro-

cedures in dentistry, e.g. for ankylosis or malocclusion of mo-
lars [3]. Additionally, such techniques are used in maxillofa-
cial surgery e.g. for osteotomy of facial bones or orthognathic 
surgery [3-5].  Other specialties implementing such devices 
include: orthopedic surgery (e.g. microsurgery of the hand), 
neurosurgery (e.g. in craniotomy or laminectomy), nephro-
logy (e.g. for treating kidney stones) [6-11]. Such devices are 
also widely used in head and neck surgery, e.g. for rhinosepto-
plasty, accessing the paranasal sinuses, for middle ear surgery, 
reduction of the styloid process in Eagle syndrome, as well as 
in sialolithiasis [5,10,12-17].

Currently, the piezoelectric surgery is synonymous to piezo-
electric surgery of bones. The available literature in English 
language does not include articles on the use of piezoelectric 
instruments in surgery of laryngeal cartilages. In our article, 
we want to prove that piezoelectric instruments can be wi-
dely used. In addition to bone surgery, such devices can be 
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used for cartilages as well. The experience of our Department 
is based on procedures on laryngeal cartilages, mainly on the 
thyroid cartilage.

MATERIALS AND METHODS

Surgical procedures of the larynx using the piezoelectric in-
struments were performed on patients hospitalized at the De-
partment of Otolaryngology, Faculty of Medicine and Denti-
stry, Medical University of Warsaw, in years 2014 – 2016. The 
study group included 34 patients. The case of them, partial la-
ryngectomy was performed due to laryngeal cancer. The gro-
up consisted of 23 males and 2 females. The median age was 
63 years. The extent of glottic cancer was assessed to be T2-T3 
according to the TNM classification by AJCC. Other 5 patients 
underwent tumor resection and partial laryngectomy due to 
cancer of the piriform sinus infiltrating the larynx. This gro-
upe included 5 patients: 3 males and 2 females  (median age 
of 59). The extent of the cancer of the lower pharynx was clas-
sified as T1-T2 according to TNM classification by AJCC. In 
case of other laryngeal lumen was widened due to stenosis of 
the larynx. This group included 3 males and 1 female, with the 
mean age being 34 years [Table 1].

The basic piezoelectric set consists of piezoelectric transdu-
cer, cooling system and piezoelectric knife. There are variety 
of tips for the piezoelectric instrument in different shapes and 
sizes. The tips can be divided into cutting, smooth and grin-
ding. Moreover, the device can function in different modes: 
low, high or very high oscillation depending on  density of the 
tissue, on which the procedure is performed.

For all types of surgery performed at our Department, the 
piezoelectric equipment by Carlo di Giorgii was used. It was 
applied to different types of incisions and resections of the la-
ryngeal cartilages. 

RESULTS

Vertical partial laryngectomy was performed on 24 patients 
with glottis cancer, and horizontal on 1 patient. Piezoelectric 
tool was used for vertical or horizontal thyrotomy. In addition, 
in case of 7 above  mentioned patients the thyroid cartilage su-
spected of neoplastic infiltration was partially resected. In the 
case of other 5 patients with piriform sinus cancer the  part of 
the larynx suspected of cancer infiltration was removed during 
tumor resection surgery. In the case of 4 patients with laryngeal 
stenosis, various incisions of laryngeal cartilages were perfor-
med in order to widen the laryngeal lumen. The possible types 
of thyroid cartilage resection are shown in Figure 1. Laryngeal 
cartilage, particularly the thyroid cartilage, may be cut in every 
place and shape using piezoelectric instruments.  

While using the piezoelectric surgical instruments, we observed 
minimal damage to the surrounding healthy tissue. The cutting 
tip did not cause injury to vessels, nerves or muscles. The chan-
geable tips allowed for selective incisions and resection of even 
very small parts. No postoperative complications were noted the 
patients. Normal healing of surgical wounds was observed.

DISCUSSION

Piezoelectric surgery has been used in clinical practice since late 
1980’s. It was initially used in dental surgery, however, it it soon 
become to be used in maxillofacial surgery, neurosurgery, or-
thopedic surgery as well as ENT surgery as well [1,3,5-8,11-17].

Each element of the larynx is important for its respiratory, 
phonation, protective and reflexive function. Resection of 
even small parts can impair its function. Therefore, it is cru-
cial to remove as little tissue as possible, only when there are 
clear indications for the resection.

Tab. I. Patient characteristics. 

TYPE OF SURGERY
CHARACTERISTICS PARTIAL HORIZONTAL LARYNGECTOMY PARTIAL LARYNGECTOMY 

- OTHER
WIDENING OF LARYNGEAL LUMEN

Diagnosis Laryngeal cancer Cancer of piriform sinus Laryngomalacia or laryngeal stenosis

Number of patients 25 5 4

Sex

Males 23 3 3

Females 2 2 1

Age 

Range 43–83 lat 54–66 lat 25–50 lat

Mean 64,36 59,40 33,25
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So far, piezoelectric instruments have been reported to be used 
only for bone surgery. We observed that cartilage is a piezo-
electric material and can be shaped using piezoelectric instru-
ments as well. Soft tissues are not piezoelectric and thus are not 
subject to deformation and damage. Due to this phenomenon, 
the device cuts through selected tissues only, including cartila-
ges in this case, with minimal risk of injury to the surrounding 
nerves, vessels and mucous membrane. The main advantage 
of piezoelectric instruments used in laryngeal surgery is their 
minimally invasive character. While using classic tools such 
as drills and saws, all tissues are non-selectively damaged by 
mechanical forces [2,18].

There is a wide range of piezoelectric tips of various shapes and 
sizes, which allows for very precise, selective and safe incisions. 
Due to this, only necessary parts of the cartilage are removed.

Also, piezoelectric instruments generate lower temperature 
and macrovibrations at the operated site. Lower temperatu-
re decreases the risk of thermal damage to the surrounding 
tissues [2]. While using such devices, fewer macrovibrations 
are produced, resulting in smaller oscillations of the cutting 
tip and hence reduced damage to the surrounding tissue. Fe-
wer macrovibrations improve surgeon’s comfort. Due to redu-
ced conduction of vibrations from the handle to the surgeon’s 
hand, the device affects blood vessels of this upper extremity 
to a lesser extent and lowers the risk of developing Raynaud 
syndrome [1]. The presented data have been confirmed in our 
observations. Another advantage of this equipment is gene-
ration of microvibrations and induction of cavitation of the 
operated site, which leads to blood removal from the operati-
ve field. Both phenomena provide clear operative field, reduce 
duration of the procedure and loss of blood [2,18].

Animal research showed more rapid healing and formation 
of new bone when using piezoelectric instruments compared 
to traditional tools [2]. Ultrasound radiation produced by the 
piezoelectric device spreads in the fluids causing sterilization 
of the operated site, which in turn reduces the infection and 

inflammation rate postoperatively [18]. In patients treated at 
our facility, we observed normal, uncomplicated postoperati-
ve healing. No pathology of the healing process was observed 
within the cuts through cartilages.

Those features allow for precise resection of tissues suspec-
ted of neoplastic infiltration, adequate incisions changing the 
shape of the larynx, biopsy of small fragment of the cartilages 
and thyroplasty surgery. 

CONCLUSIONS

Piezoelectric instruments are, in our opinion, useful tools for 
plastic surgery of laryngeal cartilages. The available tips of va-
rious shapes and sizes enable resection of every possible shape 
and location. Initial observations suggest that surgical treatment 
with such devices is a safe and effective method of managing la-
ryngeal stenosis and can be used during partial laryngectomy 
procedures. It is necessary to conduct further observations of 
the efficacy of piezoelectric tool in the applied surgical methods.
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