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Validity of a Simulated Practical Performance Test to Evaluate the Mobility and
Physiological Burden of COVID-19 Healthcare Workers Wearing
Personal Protective Equipment
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Abstract: This study evaluated the validity of a newly developed mobility protocol examining the comfort functions and
requirements of personal protective equipment (PPE) for COVID-19 healthcare workers. Eight males (age: 24.7 = 3.0
y, height: 173.4 + 2.3 cm, and body weight 69.9 + 3.7 kg) participated in the following three PPE conditions: (1) Plastic
gown ensemble, (2) Level D ensemble, and (3) Powered air purifying respirator (PAPR) ensemble. The mobility protocol
consisted of 10 different tasks in addition to donning and doffing. The 10 tasks were repeated twice at an air temperature
of 250C with 74% RH. The results showed significant differences among the three PPE conditions in mean skin tem-
perature, local skin temperatures (the forehead, thigh, calf, and foot), clothing microclimate (the chest and back), thermal
sensation, thermal comfort, and humidity sensation, while there were no significant differences in heart rate or total sweat
rate. At rest, the subjects felt less warm and more comfortable in the PAPR than in the Level D condition (P<0.05). How-
ever, subjective perceptions in the PAPR and Level D conditions became similar as the tasks progressed and mean skin
and leg temperature became greater for the PAPR than the Level D condition (P<0.05). An interview was conducted just
after completing the mobility test protocol, and suggestions for improving each PPE item were obtained. To sum up, the
mobility test protocol was valid for evaluating the comfort functions of PPE for healthcare workers and obtaining require-
ments for improving the mobility of each PPE item.

Key words: mobility (‘52+4J), personal protective equipment (PPE, 7l 9112 & ), comfort (2] 2 A), visibility (7FA14),
evaluation parameter (H7} H<)
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Table 1. Characteristics of personal protective items and ensembles in the present study
Condition 1 Condition 2 Condition 3
Named ‘Gown’ Named ‘Level D’ Named ‘PAPR’

Repetitic

Garment item

Basic clothing (shorts + socks + slippers + scrubs shirts and pants) O
Surgical gloves (nitrile) O O O
Surgical gown (open back design, disposable plastic gown) O
Coverall with a hood (Level D) DuPont Tyvek 400 O
Coverall with a hood (Level C) DuPont Tyvek 800J O
Shoe cover (DuPont Tyvek, disposable) O O
Surgical face mask (disposable) O
KF94 disposable face mask O
PAPR (Powered Air Purifying Respirator, 3M, TR300, 1.13 kg) O
Face shield O
Total PPE mass excluding slippers (g) 730 880 2,130
(& 9B
- o | et | patient P
Y4 S
,, 3 —50 kg
! \, ~carrier
) e . ®
Repetition
T ! o

— #1—
2-3-4-55-6—->7—-8—-9—->10-11)
—-(2-3-54-55-56-57-8-9-510—-> 1)
—12 o )

At /
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A~/ t e &)

A 5-min walking

Fig. 1. Mobility test protocol of 10 simulated COVID-19 healthcare worker tasks. Donning and doffing protective equipment procedures were included
with the 10 tasks (#1: Donning all PPE; #2: Moving a 30-kg cart (23 m distance); #3: Hanging an infusion bag on a stand; #4: Swabbing 3 times using
a swabbing kit; #5: Doing CPR (cardio-pulmonary resuscitation) using an adult CPR training manikin; #6: Moving a patient from a bed to another bed
(twice) with an assistant; #7: Moving a negative pressure carrier (50 kg) down from a hospital bed, and then putting the carrier on a bed again, with
an assistant; #8: Moving the adjustable hospital bed with a negative pressure carrier (23 m distance), with an assistant; #9: Typing 5 sentences in Korean
(77 words) on a chair; #10: Moving 5 baskets (5 kg for each) and stacking all the baskets in a row; #11: Walking 5 minutes; #12: Doffing all PPE).
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0.5°C, Level D 33.6+04°C, PAPR 34.6+04°C; Fig. 4B, P
<0.001).

M Rl GE FEE HERS AL 108 74 A

Ho

4

g\l

N Mo

@)

=

uld 7+ 27, Level D &7, PAPR 27 7F BAF §9x}
o] zFzb 76+ 13%RH, 82+ 10%RH 84 + 9%RHH L}, =
9 9B Hxe A Bed 24 7§93 Jo)E 1o,

2 AF A FAslE Behl= Bl 7k 270l HlE) Level
D9} PAPR 27X fJaiAl &2 o] ZHATEIE 7t
& 71+ 12%RH, Level D 83+ 12%RH, PAPR 88+ 5%RH;
Fig. 5A, P=0.002). 29| 2HdES TET AFANA Y 71 §
9 o) FEe ud 7he 2719 s Level DS PAPR
271604 felsHAl =2 kol #FEA O™ (P=0.006), 5 F
9 oY Frw v)d 7R 279 Bl Level D9} PAPR %
AollA FolsiA 2 o] FEEJTHHD 7F- 75+ 6%RH,
Level D 89+ 6%RH, PAPR 93 +3%RH; Fig. 5B, P<0.001).

L gk zpo] gle], FAA H+t
76~78 bpm, E2o| ¢} FAE FIste FS HF 90~
91 bpme]tt. Z4 F Hh4lEkre ¥ld 7k 27604 116
£9bpm, Level D X7l 116+ 6bpm, PAPR Z710|A
1159 bpmO 2 ARG f520] WALt Fabetde] 74,
g 718 ZAdXME 156+ 41 ghtrial, Level D A&
183 £ 48 g/trial, PAPR ZZAME 207+34 ghrial & &, ZA

7t FoAE Hed vld 7ke 27l vls] PAPR ZANA
3HA & Fre] TEEATHP <0.05).

w
N
>
i)
[0
Hu
#a
ﬂ
um
10
>
R

7 239+1.1 &, Level D %
7 248+20 ¥, PAPR 7 250+ 1.5 Eol3loy EAZF S
2 st Aol FEEA] Bk 2] AZR Level D &
AoA 55+1.0 Eolork, PAPR ZZAME 62+12 B
2 8d 7k 270lA - AZFG.1 1.1 )l HlE) o8}
A AP <0.001). FAS ZF £8 3 F golo] 1a9
A7 Zo) A7ke] oF 50% FEoR Fpow, Al 24 7b
2ol folate] thE F 7o) vlE] vld 7R 2AA &
oAl FUTHP =0.005)EE 7F 1.5+0.5 &, Level D 2.8
+09 &, PAPR 3.2+0.8 ).

35 FHN Z4zt

AR Bl 2hg AR AIFRE fog 2jolE He,
Level D 27004 FolsA =2 A@hyr Ao (P
=0.013), 11'd 7} 2743 PAPR A4 a4z Hee
FYYTH(Table 2). o] 2S 453t 4T Level D 2719
A 7P 2o sMZERE 228)0] dojRog Al BEE 2
A 7+ 2ol FrolehA] egit). LgdA A7) A Fa] A9}
Re] 2y ¢E AF BT A HeE 27 7 AJole
AFEY], 72 Alol= Level D 27004 71 &8, 2o
2 k8 AT vd 7k 279 B3l Level D2} PAPR
2714 o EFsiths SHo] AojHTth(Table 2, P<0.05).
Al 27 2%, A AR A #2108 2 veER Y
7 A7 B o 17 A At SedeiE
4 A Akt A AT (Table 2). 2o 219 &

Table 2. Subjective perceptions at rest and at the end of tasks for the three experimental conditions

Subjective responses Phase

Condition 1 Condition 2 Condition 3
Named “Gown” Named “Level D” Named “PAPR”

P-value

Thermal sensation Initial at rest (REST)) 0.1 (0.8) 1.6 (13) 0.1 (17 0013

. Score 0 (neutral), Last at rest (REST) 0.7 (1.1) 1.8 (1.4) 05 (13)  0.005

1 (slightly warm), Last at work (WORK) 13 (1.3) 2.2 (1.8) 1.7 (1.6) NS.

2 (warm), 3 (hot) Difference between REST, and WORK 13 (1.6) 0.6 (1.3) 13(23) NS

Thermal comfort Initial at rest (REST)) 0.3 (0.5) —-1.1 (0.9) 0.3 (1.1) 0.002

: Score 1 (a little comfortable), 0 Last at rest (REST,) ~0.3 (0.7) ~1.1 (0.8) ~02 (1.0)  0.001
(neither),

1 (a little uncomfortable), Last at work (WORK) -0.8 (0.9) -16 (12) -16 (0.7) 0031
-2 (uncomfortable) Difference between REST, and WORK -1.1 (1.2) -0.6 (1.1) -19 (09)  0.005
Humidity perception Initial at rest (REST,) 0.5 (0.4) 13 (0.8) 04 (0.5  0.003
: Score 0 (neither), Last at rest (REST,) 0.9 (0.8) 1.6 (0.6) 0.7 (0.5  0.002
I (@ litte humid), L k (WORK 15 (08 2.1 (0.8 18 (09)  0.025

2 (humid), ast at work ( ) .5 (0.8) .1 (0.8) .8 (0.9) .
3 (very humid) Difference between REST, and WORK 1.0 (0.6) 0.8 (0.6) 1.3 (0.8) N.S.
Rate of perceived exertion (RPE) 107 (3.2) 1.8 (3.3) 116 (2.8) NS.

: Score 9 (very easy), 10 (easy), 12~13 (a little difficult)
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8 A% AXF FE/(FAEYE Ht 11~ 128 A=
Al BEE 27 7F Fos 2ol AR 23k tH(Table 2).
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T s2HEEe] xdhow FAdE B e F3F TTEFS
B3, 2719 E83 Aoyt eAEe] rhiF) AFES S
de F gle A - Y EHE0] =EHNeH, A
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A, B Z2EF F8-S 53 PAPR 289 Arbyo] B3
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o B3lg 7 StEA] FHoR AdE 525 53 st
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olf W 4 A A E 2E Aol i = Tl
R ZHg-o] oFo|tt. 1 o|f= Yyt WAy d3]E nf
Zol| sl BRER] gof o= HE F7] F

Fu}, PAPRS 218 A = U2 Ashe 371
1=RA W ASE A7 SR =] AR ] &
LS gt ofyEl e
A& Hoal7] wiol] vy vlaIe] vjE)] § 52 He
o] Azt AA 9 U8 SES e E o A
ZAPAAME Qe o] SAES Aoshs A$- N95 vl
Z8-3h= A ETH PAPRE 283l Zlo] H HdsHl

AT SHSIATHLee et al., 2021).
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