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ABSTRACT

The purpose of the present study was to improve the comfort of COVID-19 encapsulated
personal protective equipment (PPE) and develop a test protocol to evaluate the mobility
characteristics and performance of the PPE. We interviewed 16 healthcare workers (2
males and 14 females; 30.6 + 6.8 y in age) who had experience in COVID-19 screening
and testing stations or patient facilities in hospitals (Seoul and Daegu). A 43-question
questionnaire was used in all interviews. The interviews showed that healthcare workers
were concerned about the following: the seams around the coverall crotch were easily
torn; the hoods of the coveralls did not fit their heads: the sleeves were too long or
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short; the powered air-purifying respirator (PAPR) was heavy, bulky and noisy; the
N95 masks induced face pressure and skin irritation; the goggles (or face shields) often
fogged up; double or triple-layered rubber gloves caused tactile insensitivity; the strings
of disposable shoe covers were too long. We examined their postures and tasks as
well. Based on the interviews, we developed a new set of mobility and performance
test protocols, which consisted of a postural test (18 postures), a simulated performance
test (12 tasks), and visibility/language delivery/tactile sensitivity tests. The mobility test
protocols can be included in the national guidelines to reduce motion discomfort and
improve the performance of COVID-19 healthcare workers who have to wear
encapsulated personal protective equipment.

Key words: COVID-19, healthcare workers, mobility, test protocol, Personal

Protective Equipment (PPE)
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Table 1. Demographic characteristics of healthcare workers in the t study

. . Months of
D Occupation Age Region Place of work COVID-19 experience
A Nurse 25 Seoul Operating Room 17 months
12 months

B Nurse 29  Seoul, Daegu DICU (2 weeks of dispatch in Dacgu)
C Nurse 24 Seoul DICU 10 months
D Nurse 24 Seoul DICU 10 months
E Nurse 31 Seoul DICU 12 months
F Nurse 26 Seoul DICU 10 months
G Nurse 25 Seoul DICU 10 months
H Nurse 26 Seoul DICU 10 months
I Nurse 30 Seoul DICU 7 months
] Nurse 36 Seoul Emergency Room 17 months
K Nurse 42 Seoul Emergency Room 17 months
L Nurse 30  Gwangyang Public Health Center 14 months
M Nurse 33 Gwangyang Public Health Center 14 months
N Nurse 31 Busan DICU 17 months

Gwangju, DICU, General Ward, 12 months
O Nurse 29 . . . .

Daegu Residential Treatment Center (2 weeks of dispatch in Daegu)

p Doctor 49 Daegu Division of Pulmonology 17 months

Abbreviation: DICU = Disaster Intensive Care Unit for COVID-19 patients
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Table 2. Contents of the questionnaire used in the study

Section No. Question
Demographic 1 Age
information 2 Sex
Work experience 3 Years of healthcare experience
4 Years of COVID-19 experience
s What items of PPE do you wear and what level of protection do each of these items have?
Explain PPE ensembles you wear.
6 How many hours do you wear PPE per shift?
Wearing behavior 7 Do you wear differ‘ent PPE depending on exposure risk level? If you do, explain what you wear at
(General) each exposure risk leveI: A
8 Is there any guidance provided by government/hospital?
9 If there is guidance, do you follow them strictly or is there some variation?

— =
— O

Do doctors and nurses wear different PPE?
Do you wear different types and items of PPE depending on weather or season?

Wearing behavior
(Mask & PAPR)

—_ =
A~ WwWN

What type of masks do you wear?

What do you think about the impact of wearing [the name of each mask] on your comfort,
breathing and fatigue?

In what situations do you wear PAPR? How many hours do you wear it?

Donning & doffing

IO R S SN
O O 00 3O W

How many times do you donn and doff PPE per shift?

Under what circumstances do you use new PPE? Is there any guidance for this?
If your PPE gets damaged while working, how do you respond?

How long does it take to donn and doff all your PPE?

Do you donn and doff PPE by yourself or with the help of someone else?
Have you received sufficient education concerning donning and doffing PPE?

Work practice

NN
N —

Explain your work practice in detail.
What kinds of postures or motions do you make during your shift?

Size & supply

N
w

NN
v N~

How satisfied are you with the size and fit of your PPE? ? If you are not satisfied, explain why in
detail.

Have you adjusted or modified the size/ design of your PPE?

Are you provided with PPE of the proper size?

[N
(o)

Have you experienced any shortage of PPE at your hospital?

PPE for respiratory
infections

N
~J

Are there any special characteristics or precautions for PPE used to protect against respiratory tract
infections?

Discomfort
& side effect

[NSIN\S]
Nelyesl

(98]
o

31

32
33
34
35
36
37
38
39

Do you think PPE causes discomfort or disturbs your work practice?

If you do, explain how each item of PPE affects your work practice in detail.

Have you experienced any physical side effects of using PPE? If you have, explain the side effects
in detail.

If you have experienced skin irritation from using PPE such as masks, goggles or face shields,
explain how you respond.

What do you think about the difficulty of going to restroom while wearing PPE?

Have you experienced any physical or psychological impact from this?

What do you think about heat strain from wearing PPE?

How do you respond to the heat strain caused by PPE?

What do you think about physical exhaustion from wearing PPE?

How do you respond to the physical exhaustion caused by PPE?

Do you experience any emotional impact from wearing PPE?

How satisfied are you with the material of PPE? If you are not satisfied, explain why in detail.

Preference
& suggestion

40

Do you have any particular preferences concerning your PPE?

41
42
43

Can you offer any feedback for improvement of the material/design/comfort/safety of PPE?
Is there any PPE you would like to be developed in the future?
Can you offer any feedback concerning PPE test methods?
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Gown Gown Coverall (Level D) Coverall (Level D) Coverall (Level C) Coverall (Level C)
Surgical mask ~ KF94 mask KF94 mask Plastic gown N95 mask PAPR
Gloves Gloves Gloves N95 mask Gloves Gloves
Faceshield Faceshield Gloves Faceshield Shoe covers
Hair cap Shoe covers Faceshield Shoe covers

3

Shoe covers

Fig. 1. Types of personal protective equipment for respiratory infectious diseases (Scrub shirts and
pants are worn as basic clothing for all the combinations)
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Table 3. Postural test protocol

Bod Bod
oy Posture Remarks oy Posture Remarks
parts parts
® Extending arms up \
over your head and B G‘G, @ Squatting down and Repeating
bending them down getting up 3 times
(&)
toward your back n
@ Raising forearms to
your chest, extending %6 . Holding 5
them out, and - ® Squatting down
. seconds
bending toward the
bOdy Leg
® Stretching arms forth N
Arm at shoulder level, _ O ® Raising each leg to B ‘ -
bending toward the waist level 01
body 1
@ Stretching arms |
down alongside your B O Lunging forward one 2
body, bending leg at a time ﬂ e
toward the body
® Stretching arms forth >
at shoulder level, - ® Rolling the neck -
crossing them
N
® Twisting the waist  Holding 5 g 12 ® Bending the head Holding 5
from side to side seconds - down seconds
@ Bending the waist ~ Holding 5 % @ Stretch the neck Holding 5
A . (2
from side to side seconds ,l back seconds
Head
‘ &
Neck
. ® Bending the torso  Holding 5 Qf
Waist
forward seconds l
>
© Bending the torso  Holding 5 'O Turning the head left Holding 5
backward seconds ( and right seconds

Touching the ground
and standing up -
straight

=8
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Table 4. Simulated performance test protocol

No. Image Details No. Details
: Moving the 50 kg
. 7~ manikin from bed to a
. Donning PPE based on [j\ gumney with a negative
1 . . 7 pressure tent on and
the national guidelines .
| closing the tent
“ (2 participants working
together)
Walking 15 m while
) = 2 Walking 30 m while 8 moving the gurney
—— pushing a 30 kg cart (2 participants working
| together)
Hanging a fluid bag on Tﬁ/pilrng while sitting on a
a pole and inserting a C ar
3 . e 9 . Typing five given
needle in a manikin’s . .
sentences within the time
forearm .
limit
Carrying & Disposing
medical waste
Conducting #8-1 Walking 30 m
4 nasopharyngeal specimen 10 with a 5 kg bucket in
collection by inserting a /N each hand
swab through the nostril #8-2 Putting each
bucket on top of a stack
of 4 buckets
Conducting 30 chest
) compressions using a Walking on a treadmill
5 i\ Y / cardiopulmonary 11 at a speed of 4 km
\(r\, o resuscitation (CPR) -h—1 for 5 minutes
[ }\/\ manikin
> s
Patient positioning
: Changing a 50 kg
manikin’s position from
6 supine to right lateral 12 Doffing PPE based on

| on bed and
repositioning it into
supine(2 participants
working together)

the national guidelines
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Table 5. Protocol for testing the ability of language delivery and visibility while wearing face shield,
goggles and powered air-purifying respirator (PAPR)

Test No. Protocol Details
1 Speaking and listening to another person who does not wear a PPE 5 sentences
zjllilif;ge 2 Speaking and listening to another person who wears a PPE 5 sentences
3 Speaking and listening on the phone 5 sentences
1 Reading three letter/number combinations from the front Distance of 5 meters
Visibility Turning 90 degrees from the front to the right or left side, and

Distance of 5 meters

read three-letter/number combinations
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