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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
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,, 3 —50 kg
! \, ~carrier
) e . ®
Repetition
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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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9 gEy exE= vd 7k 270 ¥8] Level D2} PAPR
oA fFolstAl w2 3ol #FHASH(P=0.001), 5 F
9 JE exx ud 7k ZAe) Hl8] Level D2} PAPR
2700 FelshAl =2 grol TAEATGEIE 7he 325+
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}, =
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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
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>
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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Al BEE 27 7F Fos 2ol AR 23k tH(Table 2).

4301 g1l A
Aolzu opt 4 e %%EOEI Heg
71} sle] o} EM 32 @ WIS Sow =3 Sols
Ay 235 ge] 5 o] F W% H9lol BerEE 4]
2 ugith o g AR 27 98 F B A= &
2 Bl 2mBe] o] Anf Pio] g4 BHAHO
v, 24 AHelolg A el Y ) 2=Y u R
o M%) glof WATke g2 AAHoE A8HA 23
Aot wetel el $& ) 23y wie] Jo] ¥
FE RRo| FA o147t glo] BRATT AL,
Yuol WAtk o] gel o8l e 45 Aelo]

Lo 3y W ukEe] 9 FEo] T AE Sof Lt

=

1:1

&

offt JJ)T i }ﬁ
lﬂ

Ao o 2 BH%e shsd

Aslg NI F% ke 2N, VL The g A U3t
HE o BEal o] gk B Fvl v A7) 2
#rh =S 2 ) 0 ke ok BEe] A3l Agon,
o 7hg 7] 98] e 22 A Wl Fhee] dw)

Bo] Sof Axldje] A27)E Stk CPR A 8ol H]d
7hge] 7o) Aol $1gle] Aglom, H2E FF CPR A

U} FelolE Selx ele A U1l shee) stel it
FEE o7t glo] BHo] BuHIT) 53, £ Aele]

o 5 S04 D alslol she 4RI £ 2ol 2

7] $3AZ ol A uld she Qv-Rol vl get

T sieleh, B2 519 34§49 9 v sheo] WSl

e vl 227k 47 2otk SEst,

Level D 2713 PAPR 7ol F-g2oz 2835 7WE
o) 7%, Ae Al ANE Bl AnE ST Uel] ofnke
kst 3, A7k R 27 Qlel E1F M QAL B

A e SRS Sl RN ol SLE AN
Zo]2 o] /V;l-e]_ 22 o AWEe & FEo| YAXE =72
= ko, T2 9= Ay E‘rOII‘ A Al ANES] &
o o] B R wAUSOER HYASE AuE
o amf Aolrh grpal =A). 53], Hell 22 Ae 2S5 f=
Wi B4 U WA A0 5} AeiolE el gl

£ oA Aulge] T8 PR of7l DEgom S5 T2

K

Lo

el gol A gl A9 v BT ANES] B F=
A% A= B WA 2o} FFoIE AR WS ) Frv
A

-

IAROH, 7]'71 =7t EEUE w8 7RIVIE S, A4S
o] $= g FiRe] yRZo] GAXA EHIAT EL, Level

D 73} PAPR XM FE5H 0= 283 77 7AW 739,
FIEE 9 wi¢} 48 o T 7 A 4 ol 2 dd &
WAyl 8k BEglon 4 Al fql—“rﬂl HES Y
A 7] FETE oo Bt Aulaes A8 FES #
= MM 7 AW W&l veElE 2Ask] eI, 3
o olE Al 9 AWZE o Bl 7 AY vl 2R 2R
U= APlE FLg A9rF HASAY 7 AHE 01:611 =]
& 3 2 2Aehs Zlo] oEflon, ol ¢
= R e 71347} ozl AAY L7l MR 8E|7=
stk 29 fol 77 AME A3 A= Zl dis| ERs)
gow, 53] wo] Uk wfjEe] 2 ¢tElo] i Rejofx Faltk
I sk @, Al 27 F Level D 270)AqE 2H8-8k
ol dEo] A9 UlRe 3 F7IZ s A BE FAM
Aot Wl =EIQiTh, sjo]2 A ol 2Hg-gt el PFd
F717F Fow, nkaz okl 57)71 Bo] Fit), Fd s}
3S 7w, PCR H% AL Al, CPR 52} Al, Elold 24,
FeolE Eo] Hol el T3 SollA Heolz dER
Aot 32 2ol W= ATt

PAPR ZZAolA 243l PAPRS 7% Z‘j-g— 2 93
INE S E7] EHFon, oniE _’;%“5’]’*— Fo g 24
o] ol = g9} e o] A V= S, Fro
3] Aloprt FolA TS A7 oY@ 7tES U o
ZFE A8 A, &7 £ FE A= <l e AR
o] SJataFo] ofFfithe oJdEe] A 53], +H
7S A7) 93 2L 91E WS o PAPR 2] WE &
Tof AdE a2 uFd NS S92 I 57] NS,
WNE FolaAt T wix g Fio] d#A AL, CPR &
Zg 3 B¢ FEE FiEe 5] EHdidy $Hsls
o} Efolg X7] 9l oA} ¢k Zlo] PAPR dE] WE

3 el ERdvke SHEE dojHith

El—ﬂ_{

O

o

4. = 9

B A= Lim et al.2021)04 Ak 7298 t)& ¢
531§ RO 57 ZIZEFo| A JiRIESE] F Ao
T2, BUANY 55 sk BRE HrisTelA] A
ek /RIS 28 Al T2 B A Ak &4
oA FgApe] A FIFE HA F A A v
ol tigt FAA WHE 58 54 TS FYske v A
A - HgH o Hrkshs A ot & AdA A= o
BS 555 7 Al 79 MRS E 2 ®o 52
TREZS A8 43 238Ate] QA *M ot 334

W3O BAFHOR o3t AjolEo] &
g}, Bo] Hx, EEZH o}o]r:‘gtﬂ B2 /\]. e g;r,].zj'g_g
Z Z

T

e
o
o=

M 4

|

<

SR, 2, S B9 18 RG] F2 AE 12



COVID-19 2 - o228 7ol eke] F3py % Yej3 Fg Fops e 7jde 2] X9 Z2E=Ze] Bgs 663

T s2HEEe] xdhow FAdE B e F3F TTEFS
B3, 2719 E83 Aoyt eAEe] rhiF) AFES S
de F gle A - Y EHE0] =EHNeH, A
ol =oHe oo} 7ot

A, B Z2EF F8-S 53 PAPR 289 Arbyo] B3
3] T2} A3)E v 7Feol} Level D 52 #HE
S Z83 279 HlF) Level C HAHE ¢]o] PAPRS 83t
Z70M, 29 2 53 T HauRery oE 5%t

fn)
’

EU0, FHHoRE o Yi o Bkl o FoAl =A
om], PAPRE Q1§ EWAIRIER 7} Bo| SR v £&
=tk PAPRS &i2] ME & FlEX|oX] 7 375 o}
o B3lg 7 StEA] FHoR AdE 525 53 st
H e FE URE &8 BEdle 722 Hol itk durd
Q1 ol A] U] 9 FEREL N95 wAE 2Hgsh, Q1w
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).

20199 ©]F- COVID-19°1 g8l & A AlA s82 9
FE0] N95 Wk FAIZE 207 Qg 758 T4}
32, o]e] kAl §3}ZA] PAPR #g-o] ] P3=SIc}. Bharatendu
et al.(2020y N95 w23 Zgo] ¥o] Jol 555 W3)ste
37] 7k29] o dEeaE S| TS A A
= W, PAPR ARE- Aloll= ol8gh F2hg-E0] ¢s)]7] wi
o AAIZE 29E Flehs 7F PAPR AM-S A B
gk, PAPR 28 Al $= f A IF 37 £8e] 2R
o d= FHE B A grte AT Martyny et al,
2002)-} PAPR 28 A] N95 vi2== 2hgof vls| &go] 1t}
FL3the AF-(Powell et al., 2017), T2 N95 npA=1e] 73
4 282} Aol B7S 543 BbH PAPR 84159 oF
30%7te] BA7HS =tk A7 (Chughtai et al., 2018) 5=
HIEC 2 AGDHCD(2019)= &]EZ1E0] Adlo|A] 3 AJ7E o]
ook sk 7Ae- 2EAke] A fRIek 7Y GRE
3l PAPRS ARg-slEtal AsIGAT). oleet S B3t
3 PAPR #H& A] F2HA(mobility) (Schumacher et al., 2009),
7] ¥4 (dexterity) (Schumacher et al., 2020), *d ZHd (audibility)
(Schumacher et al., 2013), 2JA}4%(ease of communication)
(Radonovich and Bender, 2010)2] Z®ol|x] YA H7k=| o)

e} o)delA] AFe HAATE R A 2 QL
HAEE 58 oM AvK(Schumacher et al., 2020; Schumacher

K e
i %

2 o
L e

N ok
Loy e
Ny
ﬁjgk
2 g
o ol
o
_<'>|£
X
& o
A
o
% L

yo2oro

N

]

E

O
o
tlo

e

et al., 2013; Schumacher et al., 2009), EH=T QoA A=
B2 53 Al Aol AFPowell et al, 2017)E, 28X
o] T T2 EFS A&l Hrig A= flvh £ AT
A3} g2 F 27 vls] PAPR AN ZHE FF-2o]
7P ESA, FREoEw P g, 7R Bsi, 7P 5
stk g0l Ao o, ©]E Powell et al.(2017)9] A+
Aol AH v FE ¢tk Powell et al.(2017)= 28X
£ MRS Ho] ofd UFES 2get ZAAM EF7] B
TE OE FFE AL @ & 2 WS vwdly] wiE
A MJAESH ) T/ IS W8 ede=tt. 1
U 2 AteMs 5871 RETRe] opd, PFEREA KF4
ufA= Z7(Level D AME 2H8)7} PAPR ZZ(Level C 7
HE S vwgly] wZoll, KFo4 viasvh PAPRE] T
Bl obd, HIE PFEY B a2 o) it
A4, 2o #AYe vzl A5 7} 28 EUAE JIERE
Bl MRIESE-S FAske ofolgl zlolHo] FAPH R E
FASEU TR Ho] & meo] 5 ZreFe] AR F et
38 4 9lth Lim et al021)0lA ©J8x1E difoz o
eI Axe) 2 QIER A3 fARE JE] v HaEAe
i, 2 APXE @ BB Alo|=zo| try AFRE(CY
9] Size Ly& EH3I97] o] HEE Alo]=e] tgt BV}
2 ALl YATE 2TYE i) 7t vl AR AR

'z o

¢

o
(o3

il

o
>~

of Ee Tl ole) B4 % Yol A BuYow, 55 @
o] U= 749 ol 3ol Behte] B BHsiths oo,

=~

AN A PE ohfo] REae] SMhele} B2 Hrhel
et Vel Aol BBk o7, ANE FEo) At
o7} Uzl & oF =tk o7, ol A W 3 &1
= QI3 el @A Wolrlcke )7, A2 W 4 Auzk
MAA 7Y o] Wl stk o7 ol & me] Y =
2EZ NF /1290 APAES AVHOE B Set
B4 Sle) ¥ PEe TRIE Ao uaSy 24 2
Fie) pEo2 Q) Bugel Urky k. oleist A
2 o WEH el 2 FRAEC Al AjAle]
2L ARV 5 9E RoITEl: 2TYE B Auige] Fgo]
U ol & ol oIl FEE ). 4 Aule] vhe ¥
& Belaka Fobe) P9l vy

g e = A8t

ot

N
o
i)
#
N
=2,
)
o
4>
;O
ki
du
;

il

129

A, B Aol AAsE Hek A)Ale wke =4 3
& FZ IS0 9886(2004)9} 1SO 10551(2019)0114 A A|
1=}
n

g W gREL NFoR, dF B9 AL,

n oot

1l

HHFu RS PAPR Z79A] F4 Ao= Level D 273 &
ARste] 33.7°CHAIRE ®o] Tl AAArS HY F7s]
Level D Z7AXTF PAPR X704 714 @o] A53te]
343°Cel gkl F9E mH29 Xolm Foste, 53



664 SO FIY BIX] A24H A5E, 2022

Level D 273} PAPR ZAdAME o] 2 85 Al
WatEle 727t 33.5°C 2 342°C30 %, FolE] H9le F x
A BT 348°CE &% 07}7} UH fﬂ AstAct. webA, WA
tielel Folg] F-
740]1:].
< ﬂﬂokﬂ ik «13141 HTEE —Jé%%o %7}‘8}2312 ,
B FEAME 3F HIEC] jo|rt AU 2HE-e
BEEOZ 93] we] Futo] galF oz Yojupx] gko} <]
U F57t 2942 Aot} Al MRS E 2Rgo) ot
AEAA s Hrisl] g B2 889 4 Utk Al =
7 BRoA Al et 90~ 91 bpmO 2 At RSk
= 7()}_1,:_% HaHog ‘uH o 7}&1 o> 2 Eogj_ F3) 28 /\]

5 3 A A
FHE BN VAL T Bl $5S ST A7

WAEA) ¢ e e
o Whg WHESS HFoR 2 4ee BHe W vl
23YBEe Y ER T4 TPt

e
It
t

[

oot 2 = 2

T $Euet COVID-19 t$- elgxlEe] a3}
AR E2 W7 Z2EFC] BEEE Bkl
s°] dEA o Agshe TRIEeE e 3T
¥, 7 Hesg A8kl o ZRESS 76
g2k QA A2 wke B Tl HeE T
Aot AFEEAE T & 4 ZRESS
aoll ZNAHESE 3 F1F felgh Apolr} w52, b iQE,
ek, AR, 2 AR, S8t Sl wEEeH,
J &2 Al 7 Baks ofold]
ST}, 531, PAPRS 83 20lM, 271 F4] Al Ui
7l oo 2 Qlsl A= 91e] Sevh RO, BE 4]
gk @A B2 Level D 2210 vigl € @i @ Bsitke
RE Ao, RS A ol e AL
Level D ZZloMETE £& Ho9 it o5y 25k,
Level D 2713t fARE Fbito] Aiso] A2 79 37] =
3 9 Al W7 avke wEEA dvdth = o
AP QIgh Aok Wallv Ago = QIR oAk W,
Mt 2& B Adelre] a2 delo 2 SR 7

rOi' o
)

rlm rﬁz &8 o 4 e
-

2 o o %o ff

J

U ARE adHes 4

e
OH EN JI

g
B

r

AR oz =S PAPR Wt ofle} Aul g 2z e
HIAEA AR SHOZ QF ol R BHghE TAHO

2 Asn me] 2 2o 4 T2EES 5
TR 2 US 98xE BEE) AE)F g #ylk oy
FHAQ BIRIEL ) =2E F glon, ol2d 4
=

I e R HERe TRl Aol g ow sE

S gtk B Aol ASE A, Fa FES Bl
ofel ¥ W7t B e Nze ARSS Ik, A
B et ualg BERse) BA4e JYHow Bt
S5 7} clold TRl AMskeY Eddo Bed &

& Aol
Uhtel 2
2 dyE 20224 &ﬁo@oﬁkdl‘i— F7PleRsed SV

71EHIIANE (#20017330)2] A 9S Dol S AFUTE
Aol WA NPe T éh_r@ LAYH I S
33+ Andrew GorskiolAl 7ZAE &3}

MN

ﬂ&l T

References

Alarfaj, M. A., Foula, M. S., Alshammary, S., Nwesar, F. A., Eldamati,
A. M., Alomar, A., Abdulmomen, A. A., Alarfaj, L., Almulhim,
A., Alarfaj, O., & Zakaria, H. M. (2021). Impact of wearing
personal protective equipment on the performance and decision
making of surgeons during the COVID-19 pandemic - An
observational cross-sectional study. Medicine, 100(37), €27240.
doi:10.1097/MD.0000000000027240

Australian Government Department of Health. Coronavirus Disease
[AGDHCD] 2019 (COVID-19) - CDNA national guidelines for
public health units. Canberra: Australian Government Department
of Health; 11 January 2021. [Retrieved January 18, 2021, from]
https://www 1 .health.gov.au/internet/main/publishing.nsf/Content/
7A8654A8CB144F5FCA2584F8001F91E2/$File/COVID-19-
SoNG-v4.1.pdf

Bharatendu, C., Ong, J. J., Goh, Y., Tan, B. Y., Chan, A. C., Tang, J.
Z., ... & Sharma, V. K.. (2020). Powered air purifying respirator
(PAPR) restores the N95 face mask induced cerebral hemodynamic
alterations among healthcare workers during COVID-19 outbreak.
Journal of the Neurological Sciences, 417, 117078. doi:10.1016/
jjns.2020.117078

BS EN 13274-1. (2001). Respiratory protective devices-Methods of
test-Part 1: Determination of inward leakage and total inward
leakage (BS EN 13274-1). London, UK: BSI British Standards.
2001

Chughtai, A. A., Chen, X., & Macintyre, C. R. (2018). Risk of self-
contamination during doffing of personal protective equipment.
American Journal of Infection Control, 46(12), 1329-1334.
doi:10.1016/j.ajic.2018.06.003

Hardy, J. D. & DuBuois, E. F. (1938). The technic of measuring radiation
and convection. Journal of Nutrition, 15, 461-475. doi:10.1093/jn/
15.5.461

ISO 9886. (2004). Ergonomics-evaluation of thermal strain by
physiological measurements. International Standard Organization.

ISO 10551. (2019). Ergonomics of the physical environment -
Subjective judgement scales for assessing physical environments.
International Standard Organization.

Korea Disease Control and Prevention Agency. (2022). COVID-19
prevention and management of infection in medical institutions.



COVID-19 25 1§ SlE:§ el 55e] F21y W Y] e Fopg e LE 2o] Y ZREZe] BE 665

Korean Disease Control and Prevention Agency Retrieved July 21,
2022, from https://kdca.go.kr/board/board.es?mid=a20507020000
&bid=0019&act=view&list no=718936

Kim, D. H,, Jung, J. Y., Kim, D. H., & Lee. J. Y. (2019). Effects of
wearing Nomex body cooling garment inside firefighting protective
equipment on the efficiency of performance during simulated
firefighters’ tasks. The Korean Society of Living Environmental
System, 26(1), 9-24.

Kim, D. M., Lee, L. S., & Lee, J. Y. (2016). Mobility evaluation of
popular firefighting protective gloves in domestic and foreign
countries-Don-doff test, dexterity test, and torque test. Journal of
the Korean Society of Clothing and Textiles, 40(5), 921-935.

Kim, S. Y, & Lee, J. Y. (2016). Development of firefighting
performance test drills while wearing personal protective equipment.
Fire Science and Engineering, 30(1), 138-148. doi:10.7731/
KIFSE.2016.30.1.138

Larsson, J., Olsson, M. C., Bremander, A., & Dencker, M. (2022).
Physiological demands and characteristics of movement during
simulated combat. Military Medicine (in press). doi:10.1093/
milmed/usac163

Lee, E., Shabeeb, R. Q. A., Shatanofy, M. E., Mulcahy, C. F., Benjenk,
1., Yamane, D., Sherman, M., & Heinz, E. (2021). A comparison
study of powered air purifying respirator (PAPR) and N95 among
healthcare providers during incubations on COVID-19 patients.
The George Washington University.

Lee, H. H., Shin, S. R., Kim, Y. B., Park, S. J., & Lee, J. Y. (2016).
Evaluation of mobility and physiological performance while
wearing the present Korean navy summer uniform and prototype.
Journal of Korean Society of Living and Environmental System, 23,
853-867. doi: 10.21086/ksles.2016.12.23.6.853

Lim, G Y, Lee, H. R, Chun, Y. M., & Lee, J. Y. (2021). Personal
protective equipment for healthcare workers during the COVID-
19 pandemic: improvement of thermal comfort and development
of a mobility test protocol. The Journal of the Korean Society of
Community Living Science, 32(3), 363-379. doi.org/10.7856/kjcls.2021.
32.3.363

Luze, H., Nischwitz, S. P., Kotzbeck, P., Fink, J., Holzer, J. C., Popp,
D., & Kamolz, L. P. (2021). Personal protective equipment in the
COVID-19 pandemic and the use of cooling-wear as alleviator of
thermal stress. Wiener Klinische Wochenschrift, 133(7), 312-320.
doi: 10.1007/300508-020-01775-x

Martyny, J., Glazer, C. S., & Newman, L. S. (2002). Respiratory
protection. New England Journal of Medicine, 347(11), 824-830.

doi:10.1056/NEJMra012670

Ministry of Health and Welfare. (2020). COVID-19 infection prevention
and management -Method of selecting and detaching protective
equipment. Retrieved July 21, 2022 from http:/ncov.mohw.go.kr/
upload/ncov/file/202005/158872 9811310 20200506105011.pdf

Ministry of Health and Welfare. (2022). Guidelines for operation of
residential treatment centers for COVID-19 response. Retrieved
July 21, 2022, from http://ncov.mohw.go.kr/shBoardView.do?brdld=
2&brdGubun=28&ncvContSeq=4627

Powell, J. B., Kim, J. H., & Roberge, R. J. (2017). Powered air-
purifying respirator use in healthcare - Effects on thermal sensations
and comfort. Journal of Occupational and Environmental
Hygiene, 14(12), 947-954. doi:10.1080/15459624.2017.1358817

Radonovich, L. J., & Bender, B. S. (2010). Surgical masks were
noninferior to N95 respirators for preventing influenza in health
care providers. Annals of Internal Medicine, 152(12), JC3-2.
doi:10.7326/0003-4819-152-6-201003160-02002

Schumacher, J., Arlidge, J., Dudley, D., Sicinski, M., & Ahmad, 1.
(2020). The impact of respiratory protective equipment on difficult
airway management - A randomised, crossover, simulation study.
Anaesthesia, 75(10), 1301-1306. doi:10.1111/anae.15102

Schumacher, J., Gray, S. A., Michel, S., Alcock, R., & Brinker, A.
(2013). Respiratory protection during simulated emergency pediatric
life support - A randomized, controlled, crossover study. Prehospital
and Disaster Medicine, 28(1), 33-38. doi:10.1017/S1049023X
12001525

Schumacher, J., Gray, S. A., Weidelt, L., Brinker, A., Prior, K., &
Stratling, W. M. (2009). Comparison of powered and conventional
air-purifying respirators during simulated resuscitation of casualties
contaminated with hazardous substances. Emergency Medicine
Journal, 26(7), 501-505. doi:10.1136/em;j.2008.061531

Schram, B., Hinton, B., Orr, R., Pope, R., & Norris, G. (2018). The
perceived effects and comfort of various body armour systems on
police officers while performing occupational tasks. Annals of
Occupational and Environmental Medicine, 30(1), 110. doi:10.1186/
s40557-018-0228-x

Vidua, R. K., Chouksey, V. K., Bhargava, D. C., & Kumar, J. (2020).
Problems arising from PPE when worn for long periods. Medico-
Legal Journal, 88(1_suppl), 47-49. doi:10.1177/0025817220935880

Received August 16, 2022; 1st Revised September 1, 2022;
2nd Revised September 20, 2022; 3rd Revised October 27, 2022;
Accepted October 31, 2022)



	COVID-19 감염병 대응 의료진용 개인보호복의 동작성 및 생리적 부담 평가를 위해 개발된 모의 작업 프로토콜의 타당도

