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Abstract 

 

The pandemic COVID-19 has caused a rupture and disturbance in many ecosystems, especially in 

healthcare.  Although previously patients were treated and given first-hand treatment especially 

during life threatening event, currently, the safety of healthcare workers have also become the 

utmost priority.  Due to the nature of COVID-19 virus that is able to spread easily via respiratory 

droplets and aerosols, using mouth and eyes as the route of entry, healthcare workers need to protect 

themselves while saving the patients at the same time. Therefore, the most common lifesaving 

procedure at accident and emergency department was chosen, i.e. the intubation procedure. The 

aerosol box is introduced and used widely during the intubation procedure, especially in accident 

and emergency department.  The study has three objectives. First, to determine whether the aerosol 
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box can provide protection to its users, secondly to suggest an improvement based on the current 

design of the aerosol box and thirdly to determine the risk of musculoskeletal injuries among 

healthcare workers using Rapid Entire Body Assessment (REBA). In this study, direct observation 

was made during the assessment before suggesting the required recommendation on how to improve 

the existing aerosol box. The first objective was achieved by conducting a direct observation when 

participants were conducting the intubation procedure. Any possibility of participants getting 

exposed to the risk of COVID-19 due to the failure of the box in guarding, was noted by the observer. 

Recommendation for improvement was made based on these findings, and served the second 

objective of the study. To achieve the third objective, ergonomics assessment using Rapid Entire 

Body Assessment (REBA) was conducted. REBA scores represent the severity of musculoskeletal 

risk imposed to healthcare workers during intubation procedure. Two participants took part in the 

study voluntarily. Results showed that the aerosol box used in this study does not protect healthcare 

workers from COVID-19. The current design of aerosol box used must be improvised in order to 

increase its effectiveness.  As for body postures, REBA scores were between medium and high, thus 

it required immediate corrective actions. With modification, the aerosol box may better protect 

healthcare workers from being exposed to the COVID-19 virus.  
 
Keywords: aerosol box, intubation, COVID-19 

1. Introduction 

SARS-CoV-2 that has brought about this COVID-19 pandemic, is a highly contagious virus that 

spreads through respiratory droplets and aerosols. The issue arises when COVID-19 patients arrive 

at the accident and emergency department, requiring lifesaving procedures such as intubation. The 

nature of working in accidents and emergency department is unique and different from other 

departments in hospitals (Dorevitch & Forst, 2000). In this department, the major challenge is to 

save the patients first.  More often than not, healthcare workers need to treat the patients first, 

without knowing their medical history or health status. 

 

Pre COVID-19, patients that required airway assistance were intubated directly where healthcare 

workers only wore personal protective equipment such as surgical gloves and apron.  However, due 

to the characteristic of the virus that can spread easily through droplets and aerosols via route of 

entry such as the mouth, different ways of protecting healthcare workers need to be considered. 

Some studies were conducted in regards to the uses of personal protective equipment (PPE) among 

healthcare workers in hospitals which concluded similar findings that the healthcare workers were 

not fully protected (Beam, Gibbs, Boulter, & Beckerdite, 2011; Mitchell et al., 2013).  These studies 

were conducted before the existence of COVID-19. 

 

During this challenging time, patients who arrived at the accidents and emergency department and 

presented with sore throat, coughing and difficulty in breathing are considered COVID-19 positive 

until proven otherwise. This is due to the nature of work in the emergency department where patients 

arrived twenty-four hours a day and no prior appointment is needed.  This differentiates emergency 

department from other departments in the hospital such as paediatric, orthopaedic and obstetrics and 

gynaecology departments. During lifesaving events, patients need to be intubated in order to assist 

them in breathing and giving medication. The intubation procedure was chosen as it is a lifesaving 

procedure and the risk of infection is high due to the release of vapour during the procedure (Tseng 

& Lai, 2020). This is where the patient might infect the healthcare workers and their safety might 

be compromised. A guideline on performing emergency tracheal intubation has been developed by 
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a group of researchers (Society, 2020). As for this hospital, a simply-assembled see-through box, 

named aerosol box has been introduced.  

   

The objective of this study was to determine whether the aerosol box can provide adequate guarding 

and protection to its users and secondly, to improve the design of the aerosol box. Thirdly, to 

determine the risk of musculoskeletal disorder by assessing body posture of healthcare workers 

using Rapid Entire Body Assessment (REBA). This is due to the findings that healthcare workers 

are at risk of musculoskeletal disorder due to poor body posture and excessive load they have to lift 

while working (Smith, Wei, Zhang, & Wang, 2006)(Ribeiro, Serranheira, & Loureiro, 2017).  No 

real patients were involved in the study. Airway mannequin was used as a substitution of a real 

patient. 

 

2. Materials and Methods 

To achieve the first objective, a direct observation was made during the assessment on how the 

participants conducted the procedure. At this point of time, the observer would note if there were 

any instances the box failed to provide adequate guarding.  These can be seen whether the box was 

properly fitted to the bed, or the equipment used during the procedure caused the box to be lifted.  

Then, suggestions and recommendation were made on how to improve existing aerosol box to fulfil 

the second objective of the study. During the assessment, mannequin was used, similar with the 

study done in Hong Kong (Kong, 2020). Figure 1 shows the aerosol box used in some hospitals 

when intubating patients with positive COVID-19 or severe acute respiratory infection (SARI) 

patient. Two participants were involved in the study, who were medical officers who conducted 

intubation procedures during their work shifts. 

 

Participants were required to perform the intubation procedure on the standard training airway 

mannequin.  The aerosol box was placed over the patient’s head and participants conducted the 

intubation procedure. All steps required during real intubation procedure were performed on the 

mannequin.  

 

As for the third objective, ergonomics assessment using Rapid Entire Body Assessment (REBA) 

was conducted to assess the healthcare workers’ body postures. The severity of the postures were 

measured using Rapid Entire Body Assessment (REBA) score sheet (Hignett & McAtamney, 2000). 

REBA has been widely used in studies involving sensitive industries such as healthcare (Janowitz 

et al., 2006; Bartnicka, 2015). It evaluates whole body postures involving all 4 limbs. However, only 

the worst body posture was evaluated. It was a paper and pencil method that was suitable to use in 

a sensitive industry such as healthcare, where no recording is allowed due to the patient’s modesty 

and ethical reasons. REBA score sheet has two sections which is neck, trunk and leg and another 

section is arm and wrist analysis. REBA score was obtained by adding each value measured for each 

section.  

 

At the same time, the body posture of the participants was charted on REBA sheet.  Later, the score 

was concluded to determine the risk level of musculoskeletal disorder (MSD) due to this procedure. 

REBA score 1, is negligible, 2- 3, is considered low risk, 4-7 is medium risk and 8-10 is high risk. 

Score 11 and above falls under very high risk (Hignett & McAtamney, 2000).  The REBA score 

indicates the risk of healthcare workers to get MSD due to the activity, in this case performing the 

intubation with the presence of the aerosol box. 
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3. Results and Discussion 

In Figure 1, arrows show that when the box is put at the end of the bed, there will be exposed space 

at both ends of the box corners due to the patient trolley design, thus this will defeat the objective 

of using the box.  In order to avoid this, healthcare workers need to place the box at a suitable 

distance on the bed. As a result, the box had to be placed approximately 30 cm from the edge.  

 

  

   

 

 

 

 

 

 

Figure 1: Aerosol Box 

During the observation, the intubation stylet was used to assist the intubation process; that kept 

hitting the upper part of the box, resulting the box to move slightly upward. As a result, the box is 

accidently lifted, thus exposing the healthcare worker to the risk of infection of COVID-19 because 

vapour could be released to the breathing zone of the healthcare worker. 

 

  

 

 

 

 

 

 

 

 

Figure 2: Expose area during intubation 
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Another interesting finding was the holes where the healthcare workers inserted their hands. It is 

clearly seen in Figure 2 that the holes are bigger than the arms of the healthcare worker. This again 

will expose the worker to contagious aerosols and droplets when this procedure is conducted. The 

findings were aligned with findings from previous researchers that measured the releases of vapour 

using dye during intubation procedure (Connor, 2020). A modification is needed such as to attach 

rubber gloves that can be changed after each use.  This will seal the hole and lessen the risk of 

vapour escaping from the box and inhaled by the healthcare worker.  Although during the procedure 

the healthcare worker might wear full PPE, one must remember that PPE is the last defend. It is the 

last resort. Thus, any innovation to control the spread of COVID-19 is justifiable to be considered. 

The findings of this study were quite parallel with the finding from Azhar et al. (2020) that stated 

the risk of infections is reduced significantly but increases procedure time and limits movement 

during the intubation procedure. Furthermore, the aerosol box used in that study is different from 

the one used in the present study as few parts such as rubber gloves which have been attached at the 

hole. 

 

The lower part of the box must be redesigned according to the shape of the bed so that it can be 

placed at the near end of the bed.  This will ensure enclosure when placing the box on the bed.  

Immediate action is to close the exposed bottom with thick paper or plastic.  However, these thick 

paper or plastic must be changed when the box is used for a new patient to minimize risk of infection 

 

As for body posture of the healthcare worker, he needs to bend his body with neck and head slightly 

held up, as shown in Figure 3. The shoulder was raised and legs were wide opened to support the 

body. Analysis using REBA indicated the scores were medium to high.  However, during the 

intubation procedure, the tools used were light weight. The REBA score ranges from medium to 

high, which indicated further investigation and improvement needs to be done.   

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Body posture during Intubation 
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When the box is placed nearer to the end of the bed, healthcare workers would not have to bend 

their body too much, thus it will improve the standing posture, resulting in a lower REBA score.  

The height of the box must be increased to accommodate the tools used in intubation, such as the 

intubation stylet.  This will ensure the box will not be lifted during the intubation procedure. The 

aerosol box itself must be cleaned and sanitized after each single use to avoid contamination and 

spreading the virus to other patients or users. Thus, even though the use of aerosol box during 

intubation is possible to reduce the risk of infection of SARS-CoV-2, healthcare workers should still 

wear PPE as stated by Incollingo & Gallo (2020) in a study conducted at accident and emergency 

department in Italy. 

 

4. Conclusion 

The use of aerosol box can increase the level of safety and protect healthcare workers from being 

exposed to the pathogens. However, modification is still necessary. With modification, aerosol box 

can be useful not just during the present COVID-19 pandemic, but in assisting any procedures that 

involve patients with a high risk of being affected with other potential respiratory viruses such as 

influenza and other coronaviruses.  
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