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ABSTRACT

OBJECTIVES Current regulations for Korean firefighters primarily emphasize exercise during working hours
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without specifying particular exercise methods. This study aims to evaluate the exercise intensity of the
stepwise Korean Firefighter Fitness Program (KFFP) using Kinect-based mixed reality device (Virtual mate,
VM), considering the demanding 24-hour shift work and high physical strength requirements. The objective
is to assess its potential as one of the exercise methods and provide valuable insights.

METHODS CResearchers recruited 30 participants to evaluate the exercise intensity based on the
cardiopulmonary responses induced by the Stepwise Korean Firefighter Fitness Program (KFFP) using
Virtual Mate (VM). Initially, the participants' resting heart rate, maximum heart rate (HR,,,,), and maximum
oxygen consumption (VO,,,,) were measured. Subsequently, researchers monitored the participants'
cardiopulmonary responses by employing portable gas analyzers and wireless heart rate monitors while
implementing the Stepwise KFFP with VM. Exercise intensity related to cardiopulmonary responses was
recorded using both absolute parameters (VO,, HR) and relative parameters (%VO,,..,, %HRR, %HR).
Researchers utilized repeated measures analysis of variance for statistical analysis.

RESULTS The analysis of the stepwise KFFP using VM showed significant increases all parameters as the
program advanced(p<.001). VO, increased from around 19.4 ml/kg/min in Step 1 to approximately 22.8 ml/
kg/min in Step 3. Similarly, %HRR rose from roughly 40.6% in Step 1 to about 53.9% in Step 3.
CONCLUSIONS Upon evaluating the stepwise KFFP based on the exercise intensity levels recommended
by ACSM, it is confirmed that the stepwise KFFP using VM comprises both moderate-intensity and high-
intensity exercises. This approach is deemed effective and can serve as a fitness management method for
firefighters working in 24-hour shift patterns that demand high fitness levels.
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AYFTFE B AFo) H|s| Eg AFE a9t ojRo] AT, dA=
o} 2 550 A o] 375 AFo|th 53], 3 ST 49A 83 & e @Al o2 EH10]. o
AR 2 9 g G52 FFok=tl Y, vpA, A 341 9= Nintendo] A|Y7] “Wii Sports™7F U=T,
A%, WO 5 F 20-30 kgo] H= MAESGHE 2 SN 52 soto] 7HES F Ay Bl W
e Aol L2 AEE S1 @] BYEHY] BEol] = H-&o] FHolth ERFAE ol-&otH 250l EUSHAH
< 29 Ago] aHTHIIL TR XY ST} AR s, F7]1F0] 121 RS o)A ToEN A
aAe &% =25 1Este] 3R 10 = 20 25 35S 35H vhEo] &8l
£ AAIsHL 9lo] A HElo] & kgo] 3+4Hth 514 APAo A HAgute] Fad, HEF T4, w11EH
g AbAof] AEaHE 93t Aldo] AFotA] g2 5o AL WY 88 $A k9l 5 EFEA v ZE I
o B ZAE A #Eof ofggo] U2l olof W FEIste] Hlw A B2 A|Y o] Yool A-sto] S
2t Aol A AAE FHEF2 datHols 25FYY 5 o] NAE A AIZE AEH11-15]. © Yolrt A7 A4
A e ol WAE] JATE Fstr| HA] Fr3]. 19 ARSHEZ S5 EFEA 769 Fof 5 A
3 20229 71 AEFYE 66,595%0]1L 115 o of A|AH] Jido] gt B34 A, StdAS S8
AT FYL 6,655 & OF 10%F AAIstaL glow A 3t ASAIE AlEEold, VRAEZZE 83 AREA IE
W 1097F o AT HlEZ oF 2.5H] STkellet YA AEAAE S A W 5 7] 2 AIAF JiEd] o
[4]. Ag o) OE gt B sZET30] g4 oF et A4-E0] AlZEH I ATH16-17]. &5 A&5H
= Qe o7 £s5t= bl 9lo] 583 34 F shihe 57]Fet

2o Ay wefo] Wt itk Aol ti  AFZolEt & 4 Sl=dl, ol 4= IEWS S5
A B B2 AT JAPEHL ek 529 AFE A Fre B G40 ddHH £EEA &5 AHle o
A EH, vt o g 5] (National Fire Protection 43t AlZh, 37t 5 BEE ATTLEH AF7182 +3
Association)o|Al &REFHo] FRNA £, 4, 3t H FFAAC] EFH R A= FiL 5 AXH AE 3
AR & YFE FYot7] HoliA= H4 42 ml/kg/min & 5 HEWZ Foff AFEANA 5718 FHT 4= ot
o9 At HFS HAStA Ut o] Yol AgdH  [18]. T FHE DEWE Fof AlAH AT d 53 FF
2O AP 1S DA, AgEdd 2O of & AASRlET B S 45 8457 RS YEr
St AR 9 ] 5= Aokl ATHSL vHdEo =W Hoha g o w[19], AlZH4] w=ulof of Rof wheh v
ATE ATEY, &% RSP o] JA A HAHAF  E 5 58 A 5 Hwsto], A7 mEElo] 9l
g, &g, &8E, fa4do] & 5 AT dRlo]  wf, @A M T HAskithal H A QITH20].
Q=AY g4k Buska Qlom[6], FH AR FHE, ol % TFEA 7Ht FH|E EEI 25 EEIHO]
<48, ZATY 5 A HHRARE AASFATHT7]. B3 & guwE 33 g3 1S A7 2534 542 ey
WA A 25 7HCandidate Physical Ability Test)g&  Qlo] &2 52 Alg€o] 815 += AT FU T 8%
GE5f = SR AR,y B AES Brkekl 9l &5 R 5 Sl AYAFolA AT &5
oH8. o] A = APAT= 2T A Aef of o] JFS WA= 8RICEN 5 A EALE &
ofofl 24= Tl om Ay Wetof tigt A= v T 3K H A AR YebTH2L. o3 #AIE A
H|3k Aot} Sh7] oAM= 24417 AR E RFEHE AYAY &

g AFRAY APSXS AT WUeto g Std S 1EE &5 BARE 2447 AFAITIE A, 2TA
Al 7|5ke] Al skl tigte] E 4= Utk EFEAE 9 IS SHG= A, 5 AlEE FUIE AR5k A
AFel ot F Al B £ 5 242 9l AAlsE  ole BAIA REo] 28 seHtol it T Blsh 22
< St AFES} AREE dFste] BY, A, A o AEE EEEA 25 Al 9F 3.3m e oA &
A 37HA] 845 EACE IXF U ARl IHH AW & & tigt g=uo] 7hss &5 BARE dAE & 3l
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T To] qio]-/\ﬂ oa /\‘]X‘]ol‘mq- A 71E22 At 4
=3t o]go] gle A, AL &3t o]0l gle A A
Hdgho] gle A AAZEEH] ’%—Erﬂ(Revision of the
physical activity readiness questionnaire) 5l %
et A= A5k TH23]. e A tAReIA A 2
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OF A oA AA A 54 (Table 1)¥ 2t

2.

re

T =X}
A= S84 718 AH|(VM, Virtual mate, My
benefit, Seoul, Rep. of Korea)ol] & At7#lo] 443t 1
oA, 224, 394 KFFPZ 4-&5to] B 245130t
WA AFLAIRFS] P Al AlEF(Resting heart rate,
RHR)E S45t1 &5 7otaARE AAlsto] tfj4ta
AFHFMaximum oxygen consumption, VO, )3 Z
e (Maximal heart rate, HR,,,)E S35t} o]
, 194, 224, 327 KFFPE 4S9 Fd8 7t
71(K5, COSMED, Rome, Italy)2} 24 Adk4 =
( R Band, COSMED, Rome, Italy)& o]&3}o] Ak
AFZFH(Oxygen uptake, VO,)T} A¥t<=(Heart rate,
HR)E &745t3itt. VO,,,, 2 ©AYE KFFP 54 Atol9]
o0

rfe

M2 dFY(wash out period)Z L34 AT AR
5 RIS Aot 2L shict. g A tiAdARlA A+
7|17F B2t 718 Q1 AA S-S XA A HALsHATH

.54 d Uy
1) Hd &5 Fst A4

A AdAS] VO, 2F HR,. 8 573571 Aol Algt
= 5471, FUHE 7L BA7IE eSS 5 RotaAt
Z=727|(Treadmill, Quinton, Chicago, USA)E &-&3}
o] Bruce protocol& AAISHATH24]. Fof& 7k~ B4
71= 308 &<t dlgst & 16% E37FA(High Cal. O,

16%, CO, 5%)2} A-E(3 1) o]&sto] A B oA

of A, A7 &4 2 HAE Aot A Fojo]l of  (calibration) st VO, B4 7] HRO| 54
¥ 88 A%l o B2 UL B FAGT UK AR 90% SOl AL TEALEe] 115 o)
ouf W] Ao 2AT Faol wet AT NS AL, B 25 Fol7t F7HIE V0,9 ¥s) gl 1
Table 1. Characteristics of participants.
Variables Total (n=30) Male (n=18) Female (n=12)

Age (yrs) 22.30+3.33 23.11+£3.69 21.08+2.35

Height (cm) 173.30+11.87 181.31+£7.47 161.30+4.81

Weight (kg) 73.45+£13.22 80.14+11.49 63.42+8.58

Skeletal muscle mass (kg) 32.24+7.46 37.38+4.51 24.54+2.73

Body fat (kg) 16.32+5.56 14.60£5.33 18.91£5.03

Body mass index (kg/m?) 23.66+4.85 24.35+2.82 22.62+6.92

Body fat percentage (%) 22.46+7.28 17.82+4.38 29.43+4.68

Data are expressed as meanztstandard deviation.
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ARl ekt 492 2RstAr24) SE o] A §3te] AASISYTh KFFPE 294 2%
T B FEIL BEY 14714 FHOE T ol
2) SAEA 7t &5 2O SR Y Ak ZF FAE 17 %t AAIs 52 7F FAZ 15%0]
AT s VME &850 4% 194, 284, 3 o | AMEshe 549 A%, 989 SE2 194l
oA KFFPE 749 WS S° 159 2402 AAsE A= 94 8 kg, 914 4 kegolal 29A]oI4= &4 10 ke,
Rom F 33 vHESHRIT. oldf, AEte 4719 FHE A 6 keolH, 3TAIME 4 12 ke, 94 8 kg= At
7hs BA471E BEIte] 5 F VO, HRE SHSIch.  §31= TASh o9 BAME $3E Z7A 1
ERE AT IR AAS] B Q14o] folste s &5 WA, 294, 39A|9] KFFPE T/ 5t3ItHTable 1, Table
& 2HEolelt) o= WA HEE B4 D 52 AAel 2, Table 3).
B2l A= =5 517] iAol wE|7eto] Ahdel
785, HE FE9 Q1A Eo] Wolx|7| fEo] HerieZ b SEEA 7|Ht 23 TH|
=84 HES 53 2 AFolA €85 VM2 2D ¥ 3D Y 7HE &
AFANA, QG &8, AFA 5= B8 FF 7
4. 25 O2H gk AAS] #ES FYsto], BEo| xS BRI &
AFHAAA = VMS &85t 194, 2234, 394 2R AA(Kinect V2, Microsoft, Washington, USA)+=
KFFPE AASIom, 717t 20|85, & 95 Heles A4 #E9) 2294e FAste 52 Basty Fabo] 4
= EFsto] °F 3029 sz 1o ofsiqitt. @A = BRI ol %611*1 Fg = AHEA] B
H EHE0 A5 YE2 sty FHle2 & ©] YEdtH(Figure 1). 94 EEolA= AMEALY] 2E
4 AEQHOR B, o, o) B, WS, £5, B W U £F 54 94, 05 A7, 48RS £5 53 )
EOIH7IE st on FEes A4 AEHAHoR A AR} 5 AEE AT AHEAY &5 & A A
Table 2. Step 1 Korean firefighter fitness program
Time Target
Order Type (seq) (reps]
Warm-up Dynamic stretching 300 =
Side step 60 60
Renegade low (right) 60 30
Renegade low (left) 60 30
Dumbbell floor press 60 30
Single leg sprint (right) 60 20
Single leg sprint (left) 60 20
Squat side kick 60 30
Leaning camel 60 12
Double heel tap 60 30
Main Exercise
Squat 60 30
Leaning lifting crunch (right) 60 30
leaning lifting crunch(left) 60 30
Overhead triceps extension 60 20
Bent over lateral raise 60 20
Lunge 60 20
High knee 60 50
Standing oblique twist 60 30
Static stretching 300 -
Cool Down Total 1,620(27 min) -
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Table 3. Step 2 Korean firefighter fitness program.

Order Type 2:‘5 1(-:'9):;

Warm-up Dynamic stretching 300 =
Side step 60 60

Push up 60 30

Arm walking 60 10

Running man kick (right) 60 20

Running man kick (left) 60 20

Squat side kick 60 30

Plank 60 1

Beginner side plank raise (right) 60 40

Beginner side plank raise (left) 60 40

Main Exercise Two arm dumbbells low 60 30
Shoulder press 60 20

Straight leg dead lift 60 20

Two hop Squat 60 20

Bird dog (right) 60 20

Bird dog (left) 60 20

Pendulum lunge (right) 60 15

Pendulum lunge (left) 60 15
High knee 60 100

Static stretching 300 -

Cool Down Total 1,680(28 min) -

Table 4. Step 3 Korean firefighter fitness program.
Order Type fse0 repe)

Warm-up Dynamic stretching 300 o
Side step 60 60

Full buffy 60 20

Pike push up 60 30

Clapping push up 60 20

Twist lunge (right) 60 20

Twist lunge (left) 60 20

Jump squat 60 40

Side plank oblique twist (right) 60 20

Side plank oblique twist (left) 60 20

Main Exercise Warrior balance (right) 60 15
Warrior balance (left) 60 15

Pop squat 60 40

Straight leg dead lift 60 30

Dumbbell floor press 60 25

Side plank (right) 60 1

Side plank (left) 60 1

Half buffy 60 40
High knee 60 100

Static stretching 300 -

Cool Down Total

1,680(28 min)
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e 2% 3 A8 wES 9N ARG SO AN
o A WA YA e NEHS AFFORA 3
AT FRE LY A 0ok ol wgoR Fao

6. Xtz X2

H A9 A=A F+= SPSS 25.0 (SPSS Inc.,
Chicago, IL, USA)Z ©]-&sto] EAst3itt. WA of f-4H)
“*(Heart rate reserve, HRR), VO,,... HR, ..ol t3t 7]
E5AE AASHA. ol & HI'E o2 194, 2174, 384
o] KFFP 28 % VO,, HR, %VO,.., %HR. .., %HRRO|

Figure 1. Virtual Mate.

i3t 71&BAE AAtL HESHEAEY(repeated-
measures ANOVA)Z &3l = 2o & B4} &4
A FopEE o= 052 AU

21t

tj43&+e] RHR, VO, HR,.. Y &% Z3= (Table
5)0ll vrebd Bket Aok g3k o449 RHRY Akol= < 5
bpm FE2 HA ddA7F =4 Uehd L, HR,,, o Aol
= % 2 bpmo =2 o4 A7t =A YEFGOH, VO,, ..
9] Zkoli= 9F 11 ml/kg/min O 2 ‘4 A7} =4 vt
wiet.

Exa I8 A VO, HRY &4 A3} (Table
6)ol Uerd viel Zck HRS 9HAE Ajol: 1949} 2
HA= F 8 bpmO&E YEHLL 29A9F 38 A= °F 6
bpmO 2 Yelton AR {5t XfolE Bt
(p<.001). VO,9] @A ztol= 1AL} 284 = <F 1
ml/kg/minC 2 UG 29412} 3dA1= 9F 2 ml/kg/
min2 & e on BAHO0R {95 XfolE Hrt
(p<.001).

25 T2 IO A %HRR, %HR 0, %VO0,0
% A3H= (Table 7)0l YepA vkel 2t $HRR+= THAE
Aol 194419} 28 A= <F 7%E UERE I 22419 3%
Ae o 6% Jetor BAZ R |93t 2folE K
tHp<.001). %HR,,, o] TAE Zpol= 1949} 24| &= oF

4% YeRST 29 A9} 38 Al oF 3%E YEgeH &
AR Fot AtolE B HTHp(.001). %VO,,,, 2 T
H Aol 19A 19 28 A= oF 2%2 YEREIL 28 A19F 3
TAIE oF 4%2 UEht o BAF 0 R {o5t Afolg B
FHp<.001).

Table 5. Descriptive statistics of resting heart rate, maximum heart rate, and maximum oxygen intake.

Resting heart rate

Maximal heart rate Maximal oxygen uptake

Variables (bpm) (bpm) (ml/kg/min)
Male (n=18) 90.94+8.08 196.89+3.69 57.63+8.72
Female (n=12) 85.67+8.82 198.92+2.35 46.77+4.40
Total (n=30) 88.83+8.65 197.70+3.33 53.28+9.01

Data are expressed as meanztstandard deviation.
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Table 6. Descriptive statistics on absolute heart rate and oxygen uptake by exercise program stage.

Variables 1" stage 2" stage 3" stage F Post-hoc (LSD)
(b':)':n) 133.2+15.1 141.4+15.1 147.6+16.6 AP 1< 2™ <3¢
VOZ st nd rd

(ml/kg/min) 19.4+2.9 20.5+2.1 22.8+3.4 15.32%%* 1"<2"<3

Data are expressed as meanzstandard deviation.
*%p< 001

Table 7. Descriptive statistics for relative %HRR, %HR,,,,

and %VO0,,,,, according to exercise program stage.

Variables 1 stage 2" stage 3" stage F Post-hoc (LSD)
%HRR (%) 40.6+14.0 47.9+14.6 53.9+15.2 21.35%** 1< 2™ <39
%HR .,y (%) 67.4+7.7 71.4+7.5 74.6+8.3 20.89%** 1< 2™ <3¢
%VO sy (%) 37.146.6 39.647.1 43.9+10.3 1237 1< 2™ <3¢

Data are expressed as meanztstandard deviation.

#p< 001
=9

B AT 2YFTAS I6) THY BAE eFuR
e EFAA S gulo] Fgste] v whso] mE
SF7w AolS BT WA AL ERALAE A
Agto] ATRARE] RHR, HR,p VO, & ST
Je)3 VMOl $AME FHE KFFPE 283te] 4 1
39] QB Aol 2 LA Ak, BA) &4 vt B
AR 02 IR Aolt 9 O ekttt

SEAES ekt AR F AUt 25 A Wtk
499 9 55 Uehi], AT 25 A &
HEls RS ROz ekt A3 BR8-S S, 4
U 5 A W B AT 5 99 whgol
BH 02 A8oH AL TaR25), o] 3 Ao e
£ sHolsh H /g HEH 02 ALk Zlo] HRI} VO,
o[t} 01 I HRR, HR,,,,, VO, & MEEE €5
AEE BEY 5 YTH26) AHA TS 2T R B
B} £ JTE HolFE AHol7] o] [27) 4]
7S FHHE AL 2YFRA0 WS F23 Lolch

= 2FEFAA &3] ol w2
FEI AHe ]‘d EH*JXMW VMol 35 @A KFFP
oH A3 L= S AU
x}fﬁ 8314 S5k

219 VO,, .= F 57.6 ml/kg/min°]3l o4
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HARES] VO, 9F 46.7 ml/kg/mine]t}. o] thA=}
o] d#e vHFL u, YA A= A9 20%, oA T
A= A9 20%2] $E0E HluE Ho *"«1 AE=
AU o] ATFAY A P A LR
H e A0 - AL B 4 AEH 24]. & A+
9] Aol A Yeht $HRRS ACSMoA A 16}—5— 5%

L9 7|&o 2 AWHS uf, 194 KFFPE 9F 40.6%%
Z7rzo] g5, 294 KFFP: QF 47.9%=2 A &
Brof digstg o, 314 KFFPE 9F 53.9%% S7d5%

ot 1% Atol9] g UEhgTh 3 %HR, S ACSM
oA Aok 24 El] 7|Eo 2 ATESS o, 194
KFFP&= 9F 67.4%2 730 sigotdon 224 KFFP
L ok 71.4%= 9A| 2750 et a, 394 KFFP
= % 74.6%% 7= gttt 183 %VO, .=
ACSMOJIA AAeH= 573 w0 7|&20 & Am RS uf,
19A KFFP= <F 37.1%% A7 Lo) sigstg o, 204
KFFP&= 9F 39.6%% A7 =0l sigstqlil, 334 KFFP+=
oF 43.9%= JA| A7FEo] siFstitt. AT VO, & &
3t A TS METs®2 X9 uf, 194 KFFPE: oF 19.4
ml/kg/min0 & 9F 5.5 METsZ £7kof sfgsty 2%
Al KFFPE= 9F 20.5 ml/kg/min. & °F 5.8 METsZ %
7ol si3ste, 394 KFFPE= °F 22.8 ml/kg/min®
2 oF 6.5 METs® 4% sigdattt. ol= & A9 of
AAZE U A w2 25 AH AES 230 QlojA &
A8 KFFPO] A Ar7t AR EolA 5459 +52=
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J9og & 4 9oy A Ar g HopE w+= 4=l
A IR E FELEIHOE 2 539 A Ho| 815
= AR 87EHE a2 Ags AL = AU
= FolEtl £ 4 ok 2 S AT RS tiAde
2 AR Al Aol BeF AtolA] oF 39 719 VO ,max
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FAE(two hop squat)@ AF|EO|A £07 o
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E(jump squa)® AFEO|A HILsH= FAHE STl
Shleh. ESF & AFolA AR 52 QAEE &89
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