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ABSTRACT

Aims Infectious diseases have been always a major concern 
for world population; therefore, particular attention should 
be paid on any precautions for prevention of infectious 
disease transmission. The aim of this study was to compare 
the aerosol spread created by conventional rotating 
handpiece and piezosurgery during sinus lift procedure. 
Materials and Methods Twelve fresh human cadavers 
were used for this study. Bilateral osseous windows were 
created on the lateral wall of the maxillary sinus using either 
piezosurgery or conventional high-speed rotary device 
under copious irrigation with methylene blue mixed saline 
solution. Aerosol spread was scored by scoring the count of 
droplets on graph papers placed next to the operating table 
before each surgical procedure. 
Results Aerosol spread was significantly higher in 
piezosurgery group for the first 7 distances (70 cm from 
the head level), while no significant difference was found in 
further distances. 
Conclusions The findings of this study suggest that utilizing 
conventional rotary handpiece instead of piezosurgery for 
sinus lifting osteotomy may provide benefit in decreasing 
aerosol spread.
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INTRODUCTION

Infectious diseases have always been a major concern for 
world population causing significant impacts on health, 
economy, and social life. Although advances in antibiotics 
and vaccines, new pathogens are constantly emerging such 
as novel coronavirus disease (Covid-19) which is defined as 
global health crisis of our time. Therefore, particular atten-
tion should be paid on any precautions for prevention of 
infectious disease transmission.
Traditionally, three routes of infectious disease transmission 
have been defined including contact, droplet, and airborne 
transmission, with respect to the particle size and distance 
from the infectious source (1). Apart from these, aerosol 
transmission has gained attention in recent years as another 
possible route of infection transmission. Several researchers 
have reported that aerosols generated from many bodily 
processes and medical procedures may contain pathogens in 
conjunction with body fluids (2-5). 
Almost all dental and oral surgical procedures create bio-
aerosols because of highspeed rotating instruments with 
water coolant. It is therefore believed that there is an in-
creased risk of spread of infectious pathogens in a dental 
setting (6-8). Along with the following the principle of uni-
versal precaution, any attempt to reduce bioaerosols gener-
ated during oral and maxillofacial interventions would play 
a vital role in infection control. 
Nowadays, there is an ongoing fight against Covid-19 out-
break worldwide, but in the meantime, the need for reha-
bilitation of patients still exists within the specialty of oral 
and maxillofacial surgery. In this context, dental implant 
therapies have priority considering the association between 
edentulism and inadequate nutrient intake which may lead 
to weight loss, malnutrition, and ultimately increased mor-
bidity and mortality (9,10). 
Maxillary sinus augmentation is one of the most common 
procedures in implant rehabilitation of maxillary posterior 
region and most cases require a lateral antrostomy to el-
evate sinus membrane. Antrostomy could be performed by 
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using a conventional high-speed rotating handpiece, or an 
ultrasonic device (piezosurgery). Several publications have 
appeared in recent years documenting that, compared to 
conventional handpiece, use of piezosurgery in sinus lift 
procedures may decrease the risk for membrane perforation 
and enhance patient comfort while increasing the duration 
of the surgery (11). Given the disparate working principles 
of these devices, it is conceivable that there may be differ-
ence between the amount and spread of aerosols produced 
between them. To the authors´ best knowledge, no single 
study exists which evaluated the amount of aerosol created 
by conventional rotating handpiece and piezosurgery during 
sinus lift procedure. 
This study therefore set out to compare the amount of aero-
sol created by conventional rotating handpiece and piezo-
surgery during sinus lift procedure and thus to contribute in 
precautions to reduce bioaerosol transmission of infectious 
diseases.

MATERIALS AND METHODS

Twelve fresh adult cadavers, without any history of trauma, 
surgery, defect, or pathology involving the maxillofacial re-
gion, were examined on left and right sides at the laboratory 
of the Department of Anatomy, Akdeniz University School 
of Medicine. 
This study was granted permission from the local eth-
ics committee of the University with the approval number 
70904504/558.
The cadavers were randomly allocated into two groups (6 
cadavers per group): piezosurgery (P) and conventional sur-
gery (C). Prior to the surgical procedure, a board covered 
with 1/2” graph papers were placed next to the operating 
table (Figure 1). 
Following the incision and mucoperiosteal flap elevation, 
an osseous window was created on the lateral wall of the 
maxillary sinus bilaterally using a piezosurgery device (NSK® 
VarioSurg Ultrasonic Bone Surgery, USA) or a conventional 
bur with a high-speed rotary device (NSK® Surgic AP, USA) 
under copious irrigation with a mixture of saline and methy-
lene blue solution (Contranea, Zurich Veterinaire, Switzer-
land) (Figure 2). 
At the end of the osteotomy of each cadaver, graph papers 
were replaced with the new ones. The graph papers were 
divided into distances with reference to the points deter-
mined at 10 cm intervals starting from the head level (Figure 
3). To evaluate the quantity and intensity of aerosol spread, 
total count of droplets for each interval were recorded and 
scored. Total count of droplets was identified as 0 to 10, 11 
to 20, 21 to 50, 51 to 70 and above 70 and graded as 1, 2, 3, 
4, 5, respectively.
 
Statistical analysis
Descriptive statistics, including median and interquartile 
range were used to analyze the data. Considering the small 
sample size, the Kruskal-Wallis test was performed, followed 

FIG. 1 Before each procedure, graph papers were placed next to the 
operating table.

FIG. 3 The graph papers were divided into distances with reference to the 
points (black points) determined at 10 cm intervals (red arrow) starting 
from the head level (H).

A B

FIG. 2  Bone osteotomy was performed with piezosurgery (A) or 
conventional rotating handpiece (B) for lateral maxillary sinus lift 

by the Mann-Whitney U test and Wilcoxon signed rank test 
as post hoc tests (differences were considered significant at 
P < .05) using IBM SPSS Statistics for Windows, version 22.0 
(IBM Corp, Armonk, NY).

RESULTS

Table 1 summarizes the descriptive analysis of aerosol spread 
in piezosurgery and conventional high-speed handpiece 
groups at all distances measured. When comparing the aver-
age scores of two groups, it was observed that aerosol spread 
was significantly higher in piezosurgery group for the first 7 
distances (70 cm from the head level), while no significant 
difference was found in further distances (Table 2).

DISCUSSION

Oral and maxillofacial procedures have always been associ-
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ated with high risk of exposure to infectious diseases since 
aerosols or droplets induced during the oral interventions 
have comparable risk with those that occur during medical 
procedures (12). This paper is a modest contribution to the 
current knowledge on infection control measures for aero-
sol generating oral surgical procedures regarding the risk of 
transmission of acute respiratory infections.
Implant therapy in the posterior maxilla often poses a prob-
lem due to insufficient bone volume and lateral maxillary 
sinus floor elevation (LMSFE) is one of the most common 
procedures performed to overcome this limitation (13). Till 
date, various techniques and devices have been proposed for 
LMSFE using piezoelectric devices and conventional rotary 
instruments (14). 
A growing body of literature has compared the efficiency of 
piezosurgery and conventional rotary instruments in terms 
of membrane perforation, operating time, and implant out-
comes. In a study by Wallace et al., it was concluded that 
sinus elevation surgery using piezoelectric techniques had 
several advantages including improved intraoperative vis-
ibility and reduction in membrane perforation rate, intra-
operative bleeding, and surgical trauma (15). Similarly, Bar-
one et al. also reported that membrane perforation rate was 
lower with piezosurgery, however, the time required for win-
dow osteotomy was higher compared to the conventional 
method (16). There is a general agreement in the literature 
regarding the longer period required for operations with the 
piezosurgery device (17-19). In a systematic review, Atieh et 
al. reported that there was no significant difference between 
piezoelectric surgery and rotary instruments regarding the 
risk of sinus membrane perforation and implant failure 
while a statistically significant difference was found in the 
operating time between the two techniques with more time 
required for piezosurgery (14). In a more recent systematic 
review by Stacchi et al., it was reported that while not sig-

nificant, a lower incidence of membrane tearing occurred 
when using piezosurgery, and there was moderate evidence 
suggesting that piezosurgery prolongs the surgery duration 
compared with conventional rotary instruments (20). 
While debate continues about the above-mentioned limita-
tions and advantages of both techniques, no research has 
been found that investigated piezosurgery and rotary in-
struments from the point of view of aerosol production and 
spread which could be a risk factor for the transmission of 
the various infections including COVID-19. 
The generalizability of much published research on infec-
tion transmission from dental aerosols is problematic. Few 
researchers have investigated the aerosol transmission of 
infectious diseases in dental settings. In a study by Harrel 
et al., it was reported that high-powered electric tools may 
produce aerosols that would be a potential route for disease 
transmission for both bloodborne and airborne viruses (21). 
In 2017, Zemouri et al. reported that bio-aerosols in dental 
settings could be hazardous to both patients and healthcare 
workers (22). 
Although great effort has been paid on research on antiviral 
therapy, and vaccines, the COVID-19 pandemic is not quite 
over yet, and it has utmost importance to improve precau-
tions alternative to imposed lockdowns and social distancing 
for preventing the spread of the disease (23,24). 
It is common knowledge that coronavirus has a potential for 
nosocomial transmission during aerosol-generating proce-
dures performed on infected patients (25). In a recent pa-
per, Gandolfi et al. reported that the face-to-face contact 
(within 0.5 m) between patients and dental care workers in 
the dental clinic represents a high-risk condition and there 
is a need for novel protection measurements from droplets 
spray for dental staff and patient as well as new operative 
approaches (26). 
In the same vein, several studies also emphasized the po-

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10
Chi-Square 7,923 6,548 10,286 4,083 7,663 7,627 7,857 1,000 ,000 ,000

df 1 1 1 1 1 1 1 1 1 1
Asymp. Sig. ,005* ,011* ,001* ,043* ,006* ,006* ,005* ,317 1,000 1,000

D: distance, df: degree of freedom, Asymp. Sig: Asymptotic significance, ‘*’ indicates significant difference (p<.05).

TABLE 2 Kruskal-Wallis analysis for comparison of average scores of aerosol spread between conventional and piezosurgery groups for each distance.

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10
P C P C P C P C P C P C P C P C P C P C

N 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
Median 4.5 2.5 4 2.5 4 2 3.5 1.5 3.5 2 3 1.5 2.5 1 1 1 1 1 1 1

IQR 1 1 1 1 0 1 1 1 1 1 1 1 2 1 2 0 1 0 1 0

D: distance, P: piezosurgery, C: conventional surgery, N: sample size, IQR: Interquartile range.

TABLE 1 Average aerosol spread in conventional and piezosurgery groups at all distances
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tential risk for COVID-19 inhalation transmission of dental 
procedures since high-speed handpieces with irrigation may 
increase the diffusion of aerosol particles (27,28). 
In reviewing the literature, high-speed instruments have 
been reported to have a higher risk for bioaerosol trans-
mission of infectious diseases (28,29). Rautemaa et al. in-
vestigated the spread of airborne bacteria and the level of 
contamination during dental treatment and observed sig-
nificant contamination of the room at all distances sampled 
when high-speed instruments were used (8). However, no 
single study exists which compared different dental high-
speed instruments in terms of aerosol production and 
spread. The present study demonstrated, for the first time, 
that sinus lifting surgery using piezosurgery caused signifi-
cantly increased aerosol spread when compared with a con-
ventional rotating handpiece. This result could be attributed 
to working principle of piezosurgery based on vibration and 
increased operation time. 

CONCLUSION

The results of the present study suggest that utilizing con-
ventional rotary handpiece instead of piezosurgery for sinus 
lifting osteotomy may provide benefit in decreasing aerosol 
spread. However, further research is recommended to de-
termine the actual risk of infection transmission associated 
with dental aerosol generating procedures.

Acknowledgements
None declared.

Conflict of Interest and Funding
None declared. This research did not receive any specific 
grant from funding agencies in the public, commercial, or 
not-for-profit sectors.

Author contributions 
Conceptualization: Sindel A, Sindel M. Formal Analysis:  
Ozalp O, Altay MA. Investigation: Simsek Kaya G, Erkal M.  
Methodology: Ozalp O, Rasljanin E. Project Administration:  
Sindel A, Altay MA, Ozalp O. Writing – Original Draft: Erkal 
M, Rasljanin E, Ozalp O. Review & Editing: Sindel A, Simsek 
Kaya G, Sindel, Altay MA.

REFERENCES

1. Leung NH. Transmissibility and transmission of respiratory viruses. Nat Rev 
Microbiol  2021; 19:528-545.

2. Lindsley WG, Noti JD, Blachere FM, et al. Viable influenza A virus in airborne 
particles from human coughs. J Occup Environ Hyg 2015; 12(2):107-113. 

3. Makison Booth C. Vomiting Larry: a simulated vomiting system for assessing 
environmental contamination from projectile vomiting related to norovirus 
infection. J Infect Prev 2014; 15(5):176-180.

4. Thompson K-A, Pappachan JV, Bennett AM, et al. Influenza aerosols in UK hospitals 
during the H1N1 (2009) pandemic–the risk of aerosol generation during medical 
procedures. PLoS One  2013; 8(2):e56278. 

5. Tran K, Cimon K, Severn M, Pessoa-Silva CL, Conly J. Aerosol generating procedures 
and risk of transmission of acute respiratory infections to healthcare workers: a 
systematic review. PLoS One  2012; 7(4):e35797. 

6. Grenier D. Quantitative analysis of bacterial aerosols in two different dental clinic 
environments. Appl Environ Microbiol 1995; 61(8):3165-3168. 

7. Jones RM, Brosseau LM. Aerosol transmission of infectious disease. J Occup Environ 
Med 2015; 57(5):501-508.

8. Rautemaa R, Nordberg A, Wuolijoki-Saaristo K, Meurman JH. Bacterial aerosols 
in dental practice–a potential hospital infection problem? J Hosp Infect 2006; 
64(1):76-81. 

9. Bethene Ervin R, Dye BA. Number of natural and prosthetic teeth impact nutrient 
intakes of older adults in the United States. Gerodontology 2012; 29(2):e693-e702. 

10. Lundin H, Sääf M, Strender L, Mollasaraie H, Salminen H. Mini nutritional 
assessment and 10-year mortality in free-living elderly women: a prospective 
cohort study with 10-year follow-up. Eur J Clin Nutr 2012; 66(9):1050-1053. 

11. Rahimi A. Comparison of piezosurgery and conventional hand-pieces in open sinus 
lifting surgery. Am J Oral Maxillofac Surg 2018; 5(1):29-41.

12. Epstein JB, Chow K, Mathias R. Dental procedure aerosols and COVID-19. Lancet 
Infect Dis 2021; 21(4):e73. 

13. Raja SV. Management of the posterior maxilla with sinus lift: review of techniques. 
J Oral Maxillofac Surg 2009; 67(8):1730-1734. 

14. Atieh MA, Alsabeeha NH, Tawse-Smith A, Faggion Jr CM, Duncan WJ. Piezoelectric 
surgery vs rotary instruments for lateral maxillary sinus floor elevation: a 
systematic review and meta-analysis of intra-and postoperative complications. Int 
J Oral Maxillofac Implants 2015; 30(6):1262-1271.

15. Wallace SS, Mazor Z, Froum SJ, Cho S-C, 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):413-419.

16. 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):511-515. 

17. Heinemann F, Hasan I, Kunert-Keil C, et al. Experimental and histological 
investigations of the bone using two different oscillating osteotomy techniques 
compared with conventional rotary osteotomy. Ann Anat 2012; 194(2):165-170. 

18. Pavlíková G, Foltán R, Horká M, Hanzelka T, Borunská H, Šedý J. Piezosurgery in oral 
and maxillofacial surgery. Int J Oral Maxillofac Surg 2011; 40(5):451-457. 

19. Happe A. Use of a piezoelectric surgical device to harvest bone grafts from the 
mandibular ramus: report of 40 cases. Int J Periodontics Restorative Dent 2007; 
27(3):241-249.

20. Stacchi C, Troiano G, Berton F, et al. Piezoelectric bone surgery for lateral sinus floor 
elevation compared with conventional rotary instruments: A systematic review, 
meta-analysis and trial sequential analysis. Int J Oral Implantol 2020; 13(2):109-121.

21. Harrel SK, Molinari J. Aerosols and splatter in dentistry: a brief review of the 
literature and infection control implications. J Am Dent Assoc 2004; 135(4):429-437. 

22. Zemouri C, de Soet H, Crielaard W, Laheij A. A scoping review on bio-aerosols in 
healthcare and the dental environment. PLoS One 2017; 12(5):e0178007. 

23. Chakraborty R, Parvez S. COVID-19: an overview of the current pharmacological 
interventions, vaccines, and clinical trials. Biochem Pharmacol 2020; 180:114184. 

24. Tsai SC, Lu CC, Bau DT, et al. Approaches towards fighting the COVID-19 pandemic. 
Int J Mol Med 2021; 47:3-22. 

25. Chowell G, Abdirizak F, Lee S, et al. Transmission characteristics of MERS and SARS in 
the healthcare setting: a comparative study. BMC Med 2015; 13(1):210. 

26. Gandolfi MG, Zamparini F, Spinelli A, Sambri V, Prati C. Risks of Aerosol 
Contamination in Dental Procedures during the Second Wave of COVID-19—
Experience and Proposals of Innovative IPC in Dental Practice. Int J Environ Res 
Public Health 2020; 17(23):8954.

27. Meng L, Hua F, Bian Z. Coronavirus disease 2019 (COVID-19): emerging and future 
challenges for dental and oral medicine. J Dent Res 2020; 99(5):481-487. 

28. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized patients 
with 2019 novel coronavirus–infected pneumonia in Wuhan, China. JAMA 2020; 
323(11):1061-1069.

29. Cleveland JL, Gray SK, Harte JA, Robison VA, Moorman AC, Gooch BF. Transmission 
of blood-borne pathogens in US dental health care settings: 2016 update. J Am 
Dent Assoc 2016; 147(9):729-738.


