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Abstract
BACKGROUND 
Transmission of severe acute respiratory syndrome coronavirus 2 can occur 
during aerosol generating procedures. Several steps in spinal fusion may 
aerosolize blood but little data exists to quantify the risk this may confer upon 
surgeons. Aerosolized particles containing infectious coronavirus are typically 
0.5-8.0 μm.

AIM 
To measure the generation of aerosols during spinal fusion using a handheld 
optical particle sizer (OPS).

METHODS 
We quantified airborne particle counts during five posterior spinal instru-
mentation and fusions (9/22/2020-10/15/2020) using an OPS near the surgical 
field. Data were analyzed by 3 particle size groups: 0.3-0.5 μm/m3, 1.0-5.0 
μm/m3, and 10.0 μm/m3. We used hierarchical logistic regression to model the 
odds of a spike in aerosolized particle counts based on the step in progress. A 
spike was defined as a > 3 standard deviation increase from average baseline 
levels.

RESULTS 
Upon univariate analysis, bovie (P < 0.0001), high speed pneumatic burring (P = 
0.009), and ultrasonic bone scalpel (P = 0.002) were associated with increased 0.3-
0.5 μm/m3 particle counts relative to baseline. Bovie (P < 0.0001) and burring (P < 
0.0001) were also associated with increased 1-5 μm/m3 and 10 μm/m3 particle 
counts. Pedicle drilling was not associated with increased particle counts in any of 
the size ranges measured. Our logistic regression model demonstrated that bovie 

https://www.f6publishing.com
https://dx.doi.org/10.5312/wjo.v14.i5.340
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(OR = 10.2, P < 0.001), burring (OR = 10.9, P < 0.001), and bone scalpel (OR = 5.9, P < 0.001) had 
higher odds of a spike in 0.3-0.5 μm/m3 particle counts. Bovie (OR = 2.6, P < 0.001), burring (OR = 
5.8, P < 0.001), and bone scalpel (OR = 4.3, P = 0.005) had higher odds of a spike in 1-5 μm/m3 
particle counts. Bovie (OR = 0.3, P < 0.001) and drilling (OR = 0.2, P = 0.011) had significantly 
lower odds of a spike in 10 μm/m3 particle counts relative to baseline.

CONCLUSION 
Several steps in spinal fusion are associated with increased airborne particle counts in the aerosol 
size range. Further research is warranted to determine if such particles have the potential to 
contain infectious viruses. Previous research has shown that electrocautery smoke may be an 
inhalation hazard for surgeons but here we show that usage of the bone scalpel and high-speed 
burr also have the potential to aerosolize blood.

Key Words: Optical particle sizers; Aerosol; COVID-19; Orthopaedic procedures; Spinal fusion; SARS-CoV-
2

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study we use a handheld optical particle sizer to measure the generation of aerosols during 
surgical steps in spinal fusion because of the risk this may confer upon surgeons in regards to the airborne 
transmission of severe acute respiratory syndrome coronavirus 2. Several steps in spinal fusion, 
specifically the bone scalpel and high-speed burr, were found to be associated with increased airborne 
particle counts in the aerosol size range.

Citation: Langner JL, Pham NS, Richey A, Oquendo Y, Mehta S, Vorhies JS. Spinal fusion is an aerosol generating 
procedure. World J Orthop 2023; 14(5): 340-347
URL: https://www.wjgnet.com/2218-5836/full/v14/i5/340.htm
DOI: https://dx.doi.org/10.5312/wjo.v14.i5.340

INTRODUCTION
The World Health Organization has warned that airborne transmission of severe acute respiratory 
syndrome coronavirus 2 (coronavirus disease 2019, COVID-19) can occur during medical procedures 
that generate aerosols, especially those involving the airway[1]. Instrumentation of the upper and lower 
airways is often considered high risk and some research has indicated that these procedures are aerosol-
generating procedures (AGPs)[2]. Certain tools used in orthopaedic surgery have previously been 
shown to generate blood containing aerosols less than 5 μm in diameter[3]. Despite this potential 
hazard, there are no previous reports describing the risk of aerosolization of body fluids during spinal 
fusion.

The naked COVID-19 virus is 0.06-0.14 μm in diameter but aerosolized particles containing infectious 
virus are typically 0.5-8.0 μm. Particles greater than 5 μm are generally considered droplets whereas 
those less than 5 μm represent aerosols that remain suspended for periods of time and travel significant 
distances, though there is some controversy over these definitions[4]. In a 2010 study researchers found 
that electrocautery, bone saws, reamers and drills appear to produce aerosols[5]. Other authors have 
raised the theoretical concern that aerosolized blood during spine surgery could put members of the 
surgical team at risk for exposure to infectious viral particles, but there is little in vivo data to help 
quantify this risk[6].

The current guidelines for personal protective equipment during orthopedic surgery vary by 
institution but generally providers are advised to wear N95 masks during intubation and other 
procedures considered to be aerosol generating[7-9]. However, controversy remains over which 
procedures or components of procedures should be considered AGPs, leaving policy makers with a lack 
of evidence to guide decisions related to infection control. Here we present a pilot study using handheld 
optical particle sizers (OPSs) to evaluate the potential for various surgical steps during spinal fusion to 
aerosolize blood and other body fluids. We hypothesize that surgical steps of interest, mainly bovie 
electrocautery, burring, drilling, and harmonic bone scalpel, will significantly increase airborne aerosol 
particle counts during spinal fusion.

https://www.wjgnet.com/2218-5836/full/v14/i5/340.htm
https://dx.doi.org/10.5312/wjo.v14.i5.340
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Figure 1 Aerotrak handheld airborne particle counter. A: In a sterile bag; B: Suspended in a hanger.

MATERIALS AND METHODS
Study design
We quantified airborne particle counts throughout the course of five posterior spinal instrumentation 
and fusions (9/22/2020-10/15/2020). The University Institutional Review Board (IRB No. 58206) 
granted an IRB waiver with a determination that no human subjects were involved in this study. This 
pilot study was designed as a quality improvement assessment for our institution.

Device/sampling
An Aerotrak Handheld Airborne Particle Counter (Model 9306-V2) from TSI Incorporated (Shoreview, 
Minnesota) was used as the OPS. Before each procedure, a Zero Check was performed in the operating 
room on the OPS by attaching the high efficiency particulate air (HEPA) zero filter assembly to the inlet 
nozzle and running a two-minute purge. This step was repeated until one or less particles of any size 
were counted. The zero filter was then removed and the Stainless-Steel Isokinetic inlet was attached for 
sampling. The OPS was secured to a hanger to ensure consistent sampling height and distance to the 
patient and stabilized with a sandbag (Figure 1A).

A sterile bag was placed over the OPS and hanger. The vented aspects of the OPS used for sampling 
remained uncovered (Figure 1B).

Because this study is primarily evaluating the risk to the surgical team, the OPS was positioned next 
to the surgical staff hanging over the central operating area at a comparable height and distance to the 
wound as the surgeon’s face.

Throughout the procedure, the OPS took continuous 30-s samples and reported the sum of particles 
sizes 0.3 μm/m3, 0.5 μm/m3, 1.0 μm/m3, 3.0 μm/m3, 5.0 μm/m3, and 10.0 μm/m3 in each 1.4 L sample. 
Based on the usage of high-speed power tools and shear forces, the following surgical steps were 
identified for study: Bovie, burring, drilling, and bone scalpel. As the OPS sampled, researchers 
recorded the start and end times of each surgical step of interest, the approximate distance from the 
wound/central operating area to the particle sensor, and the maximum number of people in the 
operating room at any point during the sampling period (excluding the patient). The operating rooms 
used for sampling in this study have an airflow of 25 air exchanges per hour with laminar flow ceilings 
that create an air curtain about four feet on each side of the patient. There were two low wall returns in 
each room that used a recirculated system with HEPA filtration.

Statistical analysis
The data was downloaded using the TSI TrakPro Lite Secure 3.1 software in an XML format and 
analyzed in RStudio version 1.1.456 using a two-sided level of significance of 0.05. Each 30 s sample was 
labeled with the surgical step of interest that was occurring. If there was more than one step occurring 
during a 30 s sample, this was labeled as multiple steps. Each 30 s sample labeled with a surgical step of 
interest was compared to baseline samples when there were no steps of interest occurring. In addition, 
the 30 s samples before and after a sample with a step of interest occurring were removed from the 
analysis to reduce the potential of biasing the data with leftover aerosols.

Multivariable hierarchical logistic regression models were used to model the odds of a spike in 
particle counts, accounting for within-surgery variability and autocorrelated errors. Surgical steps, the 
sensor distance, and the maximum number of people in the operating room were included in these 
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Table 1 Logistic regression analysis of surgical steps of interest for 0.3-0.5 μm/m3 particle counts

Variable OR Lower 95% Upper 95% Z score P value

Bovie 10.20 7.80 13.30 16.80 < 0.001

Burring 10.90 6.60 18.00 9.40 < 0.001

Drilling 0.50 0.20 1.10 -1.70 0.099

Bone scalpel 5.90 3.20 10.90 5.70 < 0.001

Max in room 1.40 0.90 2.00 1.60 0.116

Sensor distance 0.03 0.01 0.10 -4.70 < 0.001

OR: Odds ratios.

Table 2 Logistic regression analysis of surgical steps of interest for 1-5 μm/m3 particle counts

Variable OR Lower 95% Upper 95% Z score P value

Bovie 2.60 2.00 3.5 6.5 < 0.001

Burring 5.80 3.40 10.2 6.2 < 0.001

Bone scalpel 4.30 2.00 9.3 3.7 0.005

Max in room 1.40 0.90 2.4 1.3 0.179

Sensor distance 0.05 0.01 0.4 -2.9 0.004

OR: Odds ratios.

models. A spike in particle counts was defined as a greater than 3 standard deviations increase in 
particles from baseline levels. Data were analyzed by grouping the particle sizes into 0.3-0.5 μm/m3, 1.0-
5.0 μm/m3, and 10.0 μm/m3. This division in particle sizes was not alterable and based on the internal 
settings of the OPS. To adjust for potential confounding, we used a regression model to control for the 
variables of sensor distance to the surgical field and the maximum number of people in the room during 
sampling.

RESULTS
The logistic regression analysis revealed that bovie (OR = 10.2; 95%CI: 7.8, 13.3; P < 0.001), burring (OR 
= 10.9; 95%CI: 6.6, 18.0; P < 0.001), and bone scalpel (OR = 5.9; 95%CI: 3.2, 10.9; P < 0.001) had 
significantly higher odds of a spike in 0.3-0.5 μm/m3 particle counts (“spike” being defined as a greater 
than 3 standard deviation increase from average baseline levels) (Table 1). Drilling was not significantly 
associated with a spike in 0.3-0.5 μm/m3 particle counts (OR = 0.5; 95%CI: 0.2, 1.1; P = 0.099).

Bovie (OR = 2.6; 95%CI: 2.0, 3.5; P < 0.001), burring (OR = 5.8; 95%CI: 3.4, 10.2; P < 0.001), and bone 
scalpel (OR = 4.3; 95%CI: 2.0, 9.3; P = 0.005) had significantly higher odds of a spike in 1-5 μm/m3 
particle counts (Table 2). Drilling was excluded in this analysis because no spikes in the 1-5 μm/m3 
particle size range were recorded during drilling.

Bovie (OR = 0.3; 95%CI: 0.2, 0.4; P < 0.001) and drilling (OR = 0.2; 95%CI: 0.1, 0.7; P = 0.011) had 
significantly lower odds of a spike in 10 μm/m3 particle counts (Table 3). Burring (OR = 1.0; 95%CI: 0.4, 
2.2; P = 0.962) and the bone scalpel (OR = 1.3; 95%CI: 0.3, 5.7; P = 0.724) were not significantly associated 
with a spike in 10 μm/m3 particle counts. All logistic regression results are visually presented as forest 
plots (Figure 2).

In addition, using generalized least squares (GLS) regression models, we compared average particle 
counts found within a certain step to the baseline defined before and after the steps. The results from 
this analysis are highly consistent with those of the logistic regression. The bovie (P < 0.001), burring (P 
= 0.009), and bone scalpel (P = 0.002) were associated with an increase in the average 0.3-0.5 μm/m3 
particle counts relative to baseline, while drilling was not (P = 0.323). Bovie (P < 0.001) and burring (P < 
0.001) were associated with an increase in the average 1-5 μm/m3 particle counts, while drilling (P = 
0.748) and bone scalpel (P = 0.110) were not. Bovie (P = 0.032) was associated with a decrease in the 
average 10 μm/m3 particle counts, while burring (P < 0.001) was associated with an increase in the 
average 10 μm/m3 particle counts. Drilling (P = 0.403) and the bone scalpel (P = 0.638) were not 
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Figure 2 Forest plot. A: Odds ratios (ORs) for each surgical steps of interest for 0.3-0.5 μm/m3 particle counts; B: ORs for each surgical steps of interest for 1-5 
μm/m3 particle counts; C: ORs for each surgical steps of interest for 10 μm/m3 particle counts.

associated with changes in the average 10 μm/m3 particle counts.

DISCUSSION
Handheld OPSs are common tools used to quantify particles present in an air sample. OPSs have 
previously been employed in the healthcare setting to quantify aerosol generation during medical and 
surgical procedures[10-14]. In this study we use an OPS to demonstrate that several steps in spinal 
fusion are associated with increased airborne particle counts in the aerosol size range. Specifically, 
bovie, burring, and the bone scalpel showed consistently higher odds of spikes, while drilling did not. 
Although bovie and drilling had lower odds of a spike in 10 μm/m3 particle counts, this was likely due 
to the large number of 10 μm/m3 particle counts at baseline, which may have influenced our ability to 
recognize a spike in this range.
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Table 3 Logistic regression analysis of surgical steps of interest for 10 μm/m3 particle counts

Variable OR Lower 95% Upper 95% Z score P value

Bovie 0.3 0.2 0.4 -6.0 < 0.001

Burring 1.0 0.4 2.2 0.0 0.962

Drilling 0.2 0.1 0.7 -2.5 0.011

Bone scalpel 1.3 0.3 5.7 0.4 0.724

Max in room 1.7 0.9 3.5 1.6 0.111

Sensor distance 0.02 0.001 0.2 -3.0 0.003

OR: Odds ratios.

CONCLUSION
It is well established that the bovie produces large clouds of aerosolized particles[9]. This study has 
confirmed this finding and given validity to our methodology of identifying aerosol producing surgical 
steps. Previous research has shown that electrocautery smoke may be an inhalation hazard for surgeons 
but here we show that usage of the high speed burr and bone scalpel have the potential to aerosolize 
blood and other body substances[11,15]. Of note, burring confers less heat than bovie and bone scalpel, 
potentially making the aerosol particles it produces a larger risk if they are carrying infectious agents. 
These steps generate an abundance of particles in a size range that has been established to carry 
infectious particles. Multiple lines of evidence have confirmed that viral particles are detectable in the 
blood, but further research is warranted to determine if such particles have the potential to contain 
infectious viruses. Furthermore, if aerosolized blood has the potential to transmit the COVID-19 virus 
further research would be needed to determine if and whether the blood aerosolized through the 
surgical techniques described here is an infectious hazard or if particles are heated up to the point that 
they are no longer infectious[12,16-18].

ARTICLE HIGHLIGHTS
Research background
The coronavirus disease 2019 (COVID-19) pandemic has raised awareness of aerosol generation during 
medical procedures as an occupational hazard. Several authors have speculated that certain steps 
during spinal fusion have the potential to generate aerosols, however there is a dearth of data to 
quantify this risk. Publishing the type of data, we present here is critical to help hospitals create 
evidence-based workplace safety policies. As such, we believe that the findings presented here will be of 
interest to the readership of your journal and will hopefully inform future research and clinical care.

Research motivation
Several steps in spinal fusion are associated with increased airborne particle counts in the aerosol size 
range. Further research is warranted to determine if such particles have the potential to contain 
infectious viruses.

Research objectives
Upon univariate analysis, bovie (P < 0.0001), high speed pneumatic burring (P = 0.009), and ultrasonic 
bone scalpel (P = 0.002) were associated with increased 0.3-0.5 μm/m3 particle counts relative to 
baseline. Bovie (P < 0.0001) and burring (P < 0.0001) were also associated with increased 1-5 μm/m3 and 
10 μm/m3 particle counts. Our logistic regression model demonstrated that bovie (OR = 10.2, P < 0.001), 
burring (OR = 10.9, P < 0.001), and bone scalpel (OR = 5.9, P < 0.001) had higher odds of a spike in 0.3-
0.5 μm/m3 particle counts. Bovie (OR = 2.6, P < 0.001), burring (OR = 5.8, P < 0.001), and bone scalpel 
(OR = 4.3, P = 0.005) had higher odds of a spike in 1-5 μm/m3 particle counts.

Research methods
We quantified airborne particle counts during five posterior spinal instrumentation and fusions (9/22/
2020-10/15/2020) using an optical particle sizer (OPS) near the surgical field. Data were analyzed by 3 
particle size groups: 0.3-0.5 μm/m3, 1.0-5.0 μm/m3, and 10.0 μm/m3. We used hierarchical logistic 
regression to model the odds of a spike in aerosolized particle counts based on the step in progress.
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Research results
In this study we use a handheld OPS to measure the generation of aerosols during surgical steps in 
spinal fusion because of the risk this may confer upon surgeons in regards to the airborne transmission 
of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

Research conclusions
Several steps in spinal fusion may aerosolize blood but little data exists to quantify the risk this may 
confer upon surgeons.

Research perspectives
Transmission of SARS-CoV-2 can occur during aerosol generating procedures. Several steps in spinal 
fusion may aerosolize blood but little data exists to quantify the risk this may confer upon surgeons.
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