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Effect of mask types and fatigue on kinematic variables during aerobic exercise
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Abstract

The aim of this study was to compare the kinematic differences of the lower extremities according to the type of protective mask worn
and fatigue during aerobic exercise (running). Total of 11 adult males (age: 30.4+2.8 yrs., height: 174.3+4.7 cm, weight: 74.7+10.2kg)
with no history of heart disease or orthopedic disease participated in this study. All subjects were divided into three classes: not wearing
a mask [WM], wearing a KF94 mask [KF94], and wearing a surgical mask [SM]. John’ s protocol was applied to induce fatigue state in
subject, and kinematic analysis was performed at three fatigue levels (beginning [pre] / RPE14 [mid] / RPE17 [final]) in each condition.
For 3D motion analysis, 8 infrared cameras (Oqus 300, Qualisys, Sweden) were used to measure the stride length, frequency, contact time,
flight time, and hip/knee/ankle joint angle changes. The results of the gait variable showed significant main effects of fatigue in stride
length, contact time, flight time, and frequency (zK.05); however, the main effect of the mask did not show (2>.05). Analysis of the max-
imum angle of X-axis of hip, knee, and ankle angles showed significant fatigue effect not mask. As a result of this study, the two masks
did not have an additional effect on fatigue both at the time when fatigue started and at the time when fatigue intensified, and these
results are thought to help the general public to choose a mask to use when exercising.
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A k= Zgo) of 7Rl Agte] AYFTE wiadE O Al
uel FH7F gBAN H gulEe] /M Bol AR vl
29%E BAE 587] nk2=91 N95 (Not resistant to oil 9, 71E
Aol tigt AGHL AT %B%e] WA ozgspel KFU
(Korea Filter 94, 94%2] WA oztasp, 18)a v zjdo] b
& FEd rkaaEA 138 vRa)olnt o]F N9} KFU= 1
ASS U3 7 g B 2L o3 gE VRt &
2174 ATHKIm et al, 2020). pkx3 282 B2 752 F3H9
MBS WElehA] ¢ha HAHE-S AMSlY a9ow I=
U Hlolgizo] AT 4= Qe HIGESAINPD 5 shielr B
H1 Q7] WL, Liu, Li, Qan, & Dai, 2020; Lyu & Wehby,
2020), YRRRISL AR Al Ao we} vpaa §Ee
Aefsto] ARSI Qe ARl AT GdAEolA o721
nfa9] 280 ARl SEol YIS Fol AASES A
Z ot ople}, B3] AASAE A% AgAS &5 FoA =
2 ket 29 A9 AdE Uity HuEi 9]
(Motoyama, Joel, Pereira, Esteves, & Azevedo, 2016).
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39 fgoll wE nloly 2 ool tig ATE s, 2
A4 387) uka32 NoHe} KFY ka7t 448 uig xpokg
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SME Zgsla 7hH e RS AA ¢ A3} F /A npag B
T 3E2E MY T EAAN OE miieAE Aolg
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2] Al E oty flste] FHoigk wlsfofd Q4o
PATEL &5 7 A9 f2= 287 Y, FAES &%
AZIH, AAZ715E HSAA 255 4 9 AA
AZHE A sk, WA EHe| s FUAZE v
B3ty JhCollins & Whittle, 1989; Boyer, Silvernail, & Hamill,
2017, Mizrahi, Verbitsky, Isakov, & Daily, 2000). mehy] £52 4
Fole Bl A A2AHE ddske e ZEAA 2
ket 0 8-S diE 4 Sle g
wJo}zItkMorishita et al., 2019).

AR NEYEHE EEske s AR Ak 2ol o
7] wie] B2 A7AES R el ZEIHY +A
ZF=(RPE: rate of perceived exertion)] AZAAE Eslo] ¥2
HE W71 gtom(a4d3], AeE, A, 2016, 1T 7P
Ao A go] AME-E= Borg's RPE= 6-20 =2 TAIEl L
o g FgsHA A28 FAE ok LA ATk Williams,
2017). Dierks, Davis, & Hamill (2010)& ©8]7]1% ¥ 29} A}
A wHRle] FAE Lol 259 dAFelA ZE7] Al HAES
AAES] HojAlukre] 85%ellA Zst wRol e Aeed 9=
7 Az e oln LEAAEE HHFHOZ Borg's RPEY
13~159) 55 Uit Basbglth. =3k Brown, Zifchock,
& Hillstrom (2014)& €2)7] A 32l #s+ A7ollA Borg's RPE
17& F=27} Alskd Adelgtal Bl 7| % siyith
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Akt Adnitt 1 kmh¥ S7HA7 HHOEA, AEoli
7¥ o] ARREE Bruce protocoldd HIWEHAl ARRER %A
T B A olvAg EE5ARe] £8FE EAlRe] HekESl]
wizol] duRloA] ARsE7|o] Agsitta deA JtHads 3,
2016).
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U1E0] Hamill & Bates (1988)2 ©e)7] Al H2& 358500 9
e Folda Ao, Dierrks et al. (010 €8)7]9] ¥z
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o AL etel SFE FASHE Aukele] Yol et A
Aol QHie Epsir e5o] &&AQl vlaaE Ad @ Bert
Sk 2SRt BA7HA oleid vhaze] GFE W AT
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1, A

B 7o) Fold ATt AgBe dgelt Y5
Afo] gl A 4 A4 UFeldltage 304=28 s,
height: 174.3+4.7 cm, weight: 7474102 kg). £ A+= A4 K
Uk A799s)e] SARI0N-15S ol AN A
A BE AT HEes A e 4Ye e
Aysigon, ApRa Aol SNE Wl Ed AP Al
A COVID-199 thilsh 37k Wi de F43) olastgion,
4Y 3 AP A ARIANE ehg 55 B4 48E F
Ash ATN HAsck

2, AR

B AP 58S Fsir] st d@dAEe A oE vt
239 215 FAQR Addsto(riz=a vEH(WM), F<8 1t
23 Z&OM, KF94 mask 28 KFM)EHSH De)7|2 AA)s
Aok & AFME 22 QS F2o] FES wiAlslky] flsk
of 7} 240 Atolel] 24M7te] FA Ao A= ATHEDstein et al,
2020 =3 WA= HEREHE FEA7I7] S8k John's
protocolo] AREEIl oM, & 33]9] @e)7|7} 3¢ Bk JHA

AEgY  FPgAEe] LEE AATE EF="e NLT
(non-linear transformation)®§-41-S ARg3l] AYHEKSE: /S, y

= A%, 2% AshE AR 287] Al A S 1
atal BAe| AHxFA HAE st F 2070] whabA 9 &
2 2E7F 93] AAel] R TR FHles & 74 1
7= 26d AgEyoldo] SAHNeH T2 ] H]X|
© G FJaslel| Qste FEI HEe A npAE AA)
Aot dhdAke gEly] FE 8ule A7z 0qus 300+,
Qualisys, Sweden; Sampling rate: 100H2)Z H3}=oH, Mg+
o AA%e wE HESA Al we g2 A(ZEr] A A
3, pre), A= AIRHRPEL4, mid), #|Z 48} (RPE17, fina) A& el A
5248 102 B¢t =3)8tiDierks et al, 2010; Brown et al,
2014).

g

g

=]
B

3, AI=x2]

=3l 2e)7] 3R] 33 $AFE= QIM (Qualisys Track
Manager, Sweden)Z2 13- AR5t HEESIOH, 7hHete] A
7] Az 2RE HAEE random errorE £0)7] $J5ke] Butterworth
2nd order low-pass filter7} AREE{Hcut-up frequency: 10 Ho).
B AFollM AR 58 WIS VisualdD (C-motion Inc,
USAE ARgste] ALtEfler, BEdol(step length; m), R3E
(cadence; steps/min), AA%ZA7Kcontact time; ), A3-A17Hflight
time; ), YHPTA(hip joint), FE=HE(knee joint), TETA(ankle
joint)2] ZF=7} AlakE A

B A7 245 S et 27| 2 FEEe] A

Hol B 2R FYT ol AR P A 1 By
< BARte s ARSI oH, 2 AlR(pre, mid, fina)olA 10 &
e Pste] HEe AT AHesdc

4, SR

B AFdie niaae] FRe 92 e A9 584
Aolg dotry] fJ3ted, o) WHESA MR (two-way ANOVA
with repeated measure)o] 4=Y=|9)om, F &3] folgk 2folz}
Uehd 7 Bonferroni AR-75(post-hoc)S AAEI T BAA
o] 28 0=052 AAsIGTt

. g1z}

B A7E vk TR vERd e 2 2dsl W
e Gotraa gk A7 HAS 43 FY3] flste] vt
23 ")28(without mask [WMD), <& vi~3 2R&{SM], KFH
nk2= Z-8{KFlel whe} 9j2 AJZHPRE 14), 912 ASHRPE 17)
of vehd ARt 9l Hadsel a4 #d =g #Asiit vt
23 F50 e HEEGARE <E Dol AAE0] Utk KFHU
nk2FE M mkee] Hlgte] mideh final ARelA BAIHOE
frojatl whe F2=gARES JelolE 1, X05), F AIF
o] ApoloME ol 2fol7} bR GUTHE 1, p.05).
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. I|Z(micHfinal) =2 AIZF (unit @ min)

mid final aliff
WM 5.36+123 10.36+2 46 5.00+1.95
SM 6.55+327 10.456+3.50 391114~
KF94 5.64+291+ 936350+ 373156 *

L \Wzle] SOkl +: SMale] Solskxio|

1, 28 v

YA FEdel BEAo|, HIYE, AWHIARL, A
npas FReh vz ukel ofdM R e AT Avk=

<E D3} 2

ATFZT tiF-Ee] WA w27} Fis wet FAHeR
F3 xpolS JERHQOWKE 2, X.05) npAe] EFHo) we 2}
ol o HRlAE YERA] FSITHE 2, p.05).

X 2R

2

B AfdMe AT R, FEE, wEREY
APgEA S Ao FHAT S ARSI d7 A JEHd
o] Z3Fexion)#} A AExtension)?] ¢ vZ5o] WE EAHC
2 3 Apo|7} UERFOLKE 3, X05), nkAe 70 e
Aol UeRIA] UQtHE 3, p.05). =3 F=3E Ay 2%

ol

2 254 B Aol LRk USIHE 3, .05

2019¢ 3¢ COVID-19 9] &Hpandemic, M| i)
o= Qlsle] A AAH R wpaa Fgo] FRHAL, 202149 &
A izl e heAlollA rhaze] Zgo] WHoR o
EAT ATA Tl & e rkaEe FH= K, SM,
A rkad 5 geksAl flem, 7 rprage SASE dEY O
< 7P Bol AL e vhade KP94eH MYd, dxbe
Z M Zgo] KR4 28l mlste] Hsjriar AsiA|gt, wiole
o tig oA HE THOE ks AES KFUE 2Eshe
7497F Boa €A QItkKim et al, 2020). E3F LA R
ofizt Auf - o] & A= /jUEL Al AdEos P
FE Al Hed R0l F o Hsltal AZE= SMeks=
< Hiolg 2ol tiF o] S5 KFUEY Azt Sle +
Aloltt. ey of#f@k npae] e 25 a8l U 7Ee
BRIsHA] dar ARgAe] Hejol webx ARgE I glow T FH
olfre ite % T nkaIEo] #4Yd MAle ¥ &1
SHA Jetoi7] wiEelstal Aot mebd # v Ot
Ae0] &5 F TF FHHES 7KL Ao ek SMt

SWAWN

Zheol MERA Ay NEFLATE B25e| 2l ui & KF94up2=7}h fikas 22 9dell plAe @S dlsthaa +35
AR ol 2748 A0S JeIONE 3, X 05), vl ST
X 2 U= 0AIER| ME HH
Fatigue
F-value p-value
pre mid final
WM 97 4+48 1081469+ 1213+122+ +
Step Length (o) SM 976+48 1108+96+ 1186+124+ % 57 862 000
KFo4 96.8+4.9 1057474+ 1724144+ +
WM 1665495 16724106 160,0+12 1
(Sctaegg/”rﬁﬁ]) Sy, 16659 1 1708+130 1708494 + 4943 018
KF94 1677490 1686+9.0 1700103
WM 021840018 0212+0,021 + 0199+0019+ #
Sta”(geecﬁme S 02160016 02040015+ 01960015+ * 30488 000
KFo4 0,220+0,017 02100016+ 01980015+ *
WM 0,148+0,021 015140022 0,158+0,022+
Flight Time (sec) SM 014740016 0,159:0,020 + 015940019+ 9,246 001
KFo4 0,139:0,021 0,150+0,022 + 01590023+ *

+ 1 pre@} ROJet Xjo|, * : mide} Folet Ajo|
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T 3, T|=0} oA T M2 2S5 B0l (unit : deg)

Fatigue
Peak value : F-value p-value
pre final
W 3320+5.16 3438625 3629+525+ +
Hip Flexion M 31.00+4,07 32864298 34824331+ + 13899 000
KFQ4 32.36+431 32.96+4.02 35044885+ +
Wi 333+593 4664581+ 6506281 +
Hip Bxtension M 4914401 6014409+ 760447+ 26,625 000
KFQ4 455+449 580+535+ 7704558+ +
W] 36.00+274 3667415 38024371+
Knee Flexion M 3563236 3674+277 37.80:2831 + 1286 000
KFQ4 3570261 36,4442 97 3766+331 1 +
WM 910397 801433 842390
Knee Extension M 891308 853345 8214356 2110 147
KFo4 947+373 840+381 773374
Wi 2080215 20854213 0149:220+
Akl Boegﬂe”o” M 20,81268 20504329 21331258+ ¢ 3683 043
KFO4 20304200 2060215 20,68+0,3
W] 13714433 11.98+4.94 13,08+470
AL M 14604366 14.00+4 24 1494+406 2043 156
KFo4 136345383 12744380 13,65+5,08

+ o pre2t Rofet o], + 1 midet Fefst 10|

B A7 ds gEVE s MRSk 3271 HAsks
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AROE Fogt Aol YERA] LUTHGE 1, p.05).
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& AZ1L 2016, Scherr et al, 2013). webA B AFo)x JeRd
np2=o) ok Asl= COVID-19 Agke] A SALEdA F23
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nfAgE ARSI Qe B Ads #HeAd e M
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o7 o 4 9tk wElM B A7FATe A SRRt
SlAl =5 Al ¥ Aol gFo] npaas Melsie 283
T AE Y 21 AN T 5 3lE Aol Az oI
B dFdME itk &5 F 329 rkamrh Sl vlA|
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A7 5o BAHSE ARG A7AT giREe] A -9-ollA
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2o w2 FAHCE foJ3t RSS9 o7} YeRFou
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kS Yel=dl Sler & Martin (199D, =iA3#1(2006), 1]t
Hanley, Bissas, & Merlino (2020) 5-& d27} 71845 2e)7]
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Zeolzitt. B AYATES 92l T ESIF Tk
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om o] TREFS BE Algo] EF=EAA 10 kmhe] T
EE8 Al wiel 92E L Al7let S50 Al HAY
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TR SR FAdel e P UEREA] GUTHE 3,
p.05). o|E3dt A= BahH4eo] Ak}l AR John's protocol
o o3 M2& WA FEEAoY 7 2ZAHEA rpaA
o] TR Y& Aol dF FA ¥ U= Yrlst ok
AZE oA &, B A7AnE n|FRoll u 55 SMufAIy
KF4m22=19] ARgol] w2 Al Ay 139 Aol YehtA] &<
Z02 FHE

o, rH 1o o

AZhE|o} AT,
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