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| Abstract |

Purpose: This study aimed to investigate the fully immersive virtual reality (FIVR) program changes in the autonomic nervous
system (ANS) by age according to heart rate variability (HRV).

Methods: A total of 44 subjects were classified into group 1(aged 20-30), group 2(aged 40-60), and group 3(aged 70 and above).
The study analyzed the HRV using a pulse wave analyzer and compared the ANS changes before and after applying the FIVR
of the group. The LF, HF, RMSSD, and SDNN were measured. Fifteen minutes of virtual reality applications were applied to
all subjects, and 1 min of rest was given in the middle of the session. A was used for anteroposterior comparisons of the ANS.
Results: The HF, LF, RMSSD, and SDNN values were not statistically significant in all groups, but they all increased. The
RMSSD value was statistically significant because it increased in group 3 (p<0.05). Those of the other two groups were not
statistically significant (p<0.05).

Conclusion: An FIVR program does not have a negative effect on the ANS response.
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7WE “(vinual reality) 714 2] &
A AsE AL AlEdold, & &, AY &
AREEL glow, o] ffoe F
thokst Holol e o] 851 QIth(Kim et al., 2013).
7hAF A virtual reality) - 919120l LED W UJE} S of
&3t HIAAE GAAelARE = AR s o]
(head mounted display)o]] ©|27]7}A] theFet AJZFR|=+
Q) th(Adamovich et al., 2009; Emiliano
et al, 2013). T3 OJ8h, A2}, A= 5 ofP] ofo]
/\15 AFZAel 3 o] EJLHO—] o]-;qg].jl qokﬁ} 3}
Aol A AFEALe] ETHA O] K0S 9 wdl
(Cho, 2015; Kim, 2014; Riva et al., 1997).
oA FHIEALE B4 olaslr] ofele 3t
WA T BB ol WA 4 ﬂﬂ%
3t 7N
=

= Ase =+

g

gt 547} 9 o:q 011_ 145,4 11]7]hE Q9
CHOujamaa et al, 2009). T3+ QFLT] 21} Atou] W
7F A & 45 Qs 3% QJthH(Crosbie et al.,

F|Zoll= HEFEn e T weh 7HEA
52 Z A EYFH(fully immersive virtual reality)o]
o] ARGE=H|, HEARFE 19013 Ao g me
o] 2z19le| whe} 7}AatEkA o] WEE thEmiliano &
Heiko, 2013). w}etA] SAEAE 7MAFAALS 360
W Alofztg o] &8l A4S S B St Al
4 Qlth= Aol ltk(Pack et al., 2003).

SFA|TE Lee 5(2010)2 S =7t w2 FEl=7} ¢
S AAHZE dor|H, Ho At FEAP Z2A|

S BRI AA A4l A Y sl dFE rE
4 okl SFATH(Lee et al., 2010). Pack 5(2011)%=
3D TV Aoz QlsfA] e AlZtu] 27} Ae4l7

>l>r

Al w3 Gl sl Bz} Stk 3D TV A1
F WAL SR ARAAA L] o) 7k
she AnkE Urehfglon, olefst 2t & 417
Ao] HA AT Gt AdUANE G v A 4
Sl 7H5A4 e el

° | glo] S F8
3 Qolth AEAIAAL JTE AH Aol B
Bg 25te] AR A S $4 & 4
Q=S SHe QS FTH(Yun et al, 2013)

AR AlZA ) ek o] Wsk AEdAE B

Yy sk Wil T AldbolE(heart rate
variability, HRV)7} @o| ARG-= 1L Qltt 4Ald¥o]k=
H|-go] AgstaL, Ao F5-2 7I6kA| ko, #F
S} A of) T3t TholEetelo] MR EHA] A4l
74 HUE RS 8 FHLIsH o] &= AL Loh(Tsuji
et al., 1996).
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o] A ohakArs Ratel A%t 20, 30
TLE 15, 4060 15 14, T04] o4 71 159]
2HET A oA BE AAECA £ A
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2) EYH
3) F3417, w0 Hilo] gl
4) A7 Fofo] T3 olsfstn] ApH B
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i
O o

AE717)= FAEUT THIEA Z2Of0A
Galaxy7(SM-G930S, Samsung Inc., Korea)2 Z-2}3H A
782} 3D & =7]0}(VR MAX, TENKYO, China)5 2+
Sl 2 Ao AREE ol &8 A0l App Teeka
7} 70st Rope Crossing Adventure VR (UAE, 2016)-2
Hgahqt.

AEAAA L SAo AMRE 77l WA
(uBioClipV70, Biosense creative, Korea)o]t}.

1) LF (low frequency) : #55} S50 2 il el
o ot Az g

2) HF (high frequency) : 14217 7 o] Z-g-of| of
o AE2 A

3) RMSSD (root mean square successive difference)
L RRPARAY 2E FagagAe
5o Wrks 2L ojnj3tt

4) SDNN (standrad deviation of N-N inteval) : %1 ]|
RR7}Z ] FZHAFR SDNNE] Zho] 2 7

Kol
242 @7 & gt AL ol
6. X2 X2l S X2

= AolA PofRl B HlojE = =& SPSS
20 FAZ=IHE ANt FAA Y SH3TE 7 A
Y 52 SHEE MR A At & elus
25} Wilcoxon signed rank testS A A|3FITE ZF s
of ek Ajo]HE Qoknr] 918 Kruskabwali test
AA8te] ARS-E4]2 Mann-whitney & AA|SFATH
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Table 1. The general characteristics of the subject

Group 1 Group 2 Group 3

(n=15) (n=14) (n=15)
Age (years) 29.33+437  56.86+£9.08  81.00£6.17
Height (cm) 167.20£7.45 164.36£6.20 161.73+9.24
Weight (kg) 66.07£11.29  66.21£8.69  58.27+12.51

Group 1: age 20s-39s
Group 2: age 41s-69s
Group 3: age 70s above

1) LF
nE dYIFER SUeIAANL FATH R
Gol5kA] ¢kokth(p<0.05)(Table 2). Al 18 Ak 7t

atolof M= A 3ol A Group 13} Group 2, Groupl
I Group 304 Rk 7o {23t 2lolE H Atk

Table 2. LF comparison pre and post intervention and
comparison between groups

Group 1 Group 2 Group 3
(n=15) (n=14) (n=15) P
Pre  6.95+0.68 5.53+1.16 5.58+1.63  0.00*
Post  7.24+0.80 5.84+1.49 5.69+1.57  0.00*
z -1.03 -1.40 -0.28
p 0.31 0.16 0.78
*: significant difference (p<0.05)
Table 3. LF comparison between groups
Group 1 Group 2
pre 0.00* -
Group 2
post 0.00%* -
pre 0.01%* 0.51
Group 3
post 0.00%* 0.75

*: significant difference (p<0.05)

(p<0.05)(Table 3).
2) HF

HE AgaEds ZUpslglon, EAgHo R
89817 QI THP<0.05)(Table 4). A 18 Aet 7F
Zpolol| A= 24 A Group 13} Group 2, Group 13}
Group 3914 A <o) folet Aol Wl 54
% Group 13} Group 2]4] Sk 7ko]l §-0J3t Zfo| S
H Y tH(p<0.05)(Table 5).

Table 4. HF comparison pre and post intervention and
comparison between groups

Group 1 Group 2 Group 3
(n=15) (n=14) (n=15) P
Pre  5.97+0.78 4.65+0.94 4.67+1.57  0.00*
Post  5.99+0.67 4.66+1.12 5.08+1.59  0.02*
z -0.06 -0.21 -1.85
P 0.96 0.83 0.07
*: significant difference (p<0.05)
Table 5. HF comparison between groups
Group 1 Group 2
pre 0.00* -
Group 2
post 0.00* -
pre 0.01%* 0.51
Group 3
post 0.13 0.65

*: significant difference (p<0.05)

3) RMSSD

1o}

o
;:O

Group 1, Group 20]|4] FAITH S & {9512
o, Group 304 SATH o= {5t AutE H 4l
THp<0.05)(Table 6). Al L& At 7k 2polof A= )
7 Group 13} Group 30| A] Fct 7hof| F-2Jgt o] &
2 9 THp<0.05)(Table 7).
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Table 6. RMSSD comparison pre and post intervention
and comparison between groups

Table 8. SDNN comparison pre and post intervention
and comparison between groups

Group 1 Group 2 Group 3

(n=15) (n=14) (n=15) P

Group 1 Group 2 Group 3

(0=15) (n=14) (n=15) P

Pre 40.53+18.94 30.57+17.76 24.23+12.31 0.03*
Post 36.92+17.68 30.18+17.00 30.87+18.67 0.46
z -1.76 -0.41 -2.16
p 0.08 0.69 0.03*

Pre  4823+14.28 39.99+41.41 31.26+£19.85 0.04*
Post 51.41+16.72 40.06+16.70 36.19+22.51 0.04*
z -1.05 -0.60 -1.59

p 0.29 0.55 0.11

*: significant difference (p<0.05)

Table 7. RMSSD comparison between groups

*: significant difference (p<0.05)

Table 9. SDNN comparison between groups

Group 1 Group 2
pre 0.15 -
Group 2
post 0.27 -
pre 0.01%* 0.31
Group 3
post 0.33 0.88

*: significant difference (p<0.05)

HE dAgagdER FTeklen, sAH R

oJ5}A] AFFTHp<0.05)(Table 8). Al 18 Mot 7+

A 50| 4] Group 132} Group 3of| 4 3
I 2}o] S 1 9 thp<0.05)(Table 9).

e

V. 1

Pack 5(2011)-2 3D TVA| o] ZH-&-A17 A o] 1] 3]
Feo] AZT =R QIS AEH AT} AREAIH A 9]
P HaAZIT skt weks 2 Ates A
E

7} e,
A}-8-41 74 Z) (autonomic nervous system, ANS)= &7}
A7 -olut 9, ofel A7ty A AS A A -

(synapses)& L0751 o714 A Zteli AA A A

Group 1 Group 2
pre 0.15 -
Group 2
post 0.06 -
pre 0.02* 0.20
Group 3
post 0.02* 0.40

*: significant difference (p<0.05)

S 237, g, 1§, Wl 2254 "o
(Kim, 1992). #<=(spinal cord)L} | = 7|(brainstem), A]
AFS) ¥ hypothalamus)ol] 7414 0.2 A=l 474 b
7F W7 1EEe] WSS XA AeA oz 7]
-9 24351 EtHArthur et al,, 2000). webs] 2H&AL
A ol gt WAkl Eatol] EazEo] di o] A3
A9) Qg WAl o B Vg BeolHem 2
Asto], A ALt /ol wofstAl Erh(Pack
et al, 2010). o3t A&4lA A= A wHH4lF
(sympathetic nerve)i} 51 7FA1 7 (parasympathetic nerve)
o rol2leh, AL AR} ofuiat Ao
it Aol AHstS wl ool thAshs 71s= 3

Jo

ol
o)

=l WG o] FESHA HH Zgo] WEpAH, 2t
7)ol A7} 2Hgste] 92| 5 BEAeR s
o] = WhH FugAlAS 2 2w A1 wjet
2 AR AH Y o Zgo] Hedl, HEeEol

TES ARATIAL 23 & HEE EolErilo
et al., 2011)

KA O] Fa FEd olHdt A&4lAA 9 7
9] AslE stth(Bouchard & Rankinen, 2001).
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Pratley “5(1994)7} Raasead 5(2001)9] A& A+of wh
EW 28eE Al @49 waouvZd s=E 4
SAA GABA S BASHE AlXIthaL Hial 59
1, Heffernan 52006, 2008)0] W= ALo] o]5)A1 %
2EeE B AU volws} FaEta s,
HFH o], Bloomfield $-(2000)7} Davy 5(1998)2 #+7]
1

bl fabd: £50] WYARY BHES A7)

&
A EE sholaly] 95t AR Bo] ASHTKKim
et al., 2010; McCraty et al., 2009; Pagani et al., 1986;
Tran et al., 2009). o1& 7]& AFoA & B4 &
5, A7, 3D TVAA O] o3t Al A= 59 95

Ql Ap=oll ofsf) w47 o BAEHE vEh = A
39l LF7} &71E ikl R 313} ch(Kang, 2009,
Kim, 2015; Park, 2011). & #1704 %= WA S L
Efl= LFgto] B JEolA B8 o= F71et A

2 2 5 gl ol iAel Ao s Fulsp]

]
S|

Sl 414 3 A A
FA3 AR H RS oh AT, A% WA
79 AL A, AP Q3] kg, BEAY
of Z7hE el i HakE F7A Ea, %
o N o] BAFASY AEAAE Qoyom

HHS dEATIY RS deAA
2011). o] tish &AM = AAAE S U=
LFgL S7tel gef Fugdild< Yehll= HFg: 3
TR 71 A & 4 3ok o= A7) onet
ol ’isf o2} 7HA] 2 A= A S wghal
B Fagalde] i Ee EdYE 71E e

o Th2 ZkE ek Zlo]chKim, 2001). b

A
dol AaEH A4 AgkY] AFgES oA
@} JH| 2 Cerati®} Schwatz (1991)= Fu7t 417 9]
SEhe BT A% WEE WANAS 4 3
ChT SRt AnbA 0 2 Aubo]wof 4 o] RMSSD
are] Wsks Ao $03 ojuE Erkim o
al., 2007). ©]&gF RMSSD7F2] A= vo] 7 whruy,
A 7HAAL AW, AAEAAEA 9] 7]501 ] 8l
= ARl Al A @A 74t Uerioh el 9
thHEur Heart J, 1996). Park5(2011)9] Lol A1 3D
TV A% A% AZap3o] RMSSDE] Zko] 24l
A7 A 715 FAER daFs 7o AgaA vt
S7HA) e v ATk Soiek. SHAEE B Aol
= 92 R 2203 48 T RMSSDO)
kel Wskr} 20,30t “1E3} 40~ 60t LEoA =
AsHE 0.2 ojsta) SktHnh, 704 olare] AR
Z1Eo 4 RMSSDgo] F7Fske] Kuzt 417349 vt
gol Z7hstocta & 4 glow, FAA o gl

g AE Bl ol SHEYY MEdERT

Wolehis A2 o)A, AFATo] Ao A=
g o] A1 4 Qi olo] HhalA Eaztil
A7t o B0l Bo| PAAS S5 %t ut
S0 Z7bE WS Btk 2 5 Utk Lee 5

SRR

(2005)9] AT FAAL A2

RMSSDE] gro] S7Fshs uhe-g Bz, & oo

A= SARAE ZMEA 2RI Be AT

o] 04] ol4ke] wglelA glo] FHHA AAZS

199102 RMSSDO] glo] $7hel Whg-S

o2 £3) T04] ol4e] wQlolA] ghaiE
3}

o]
=]
A w23 Hgo] Hagh 47472 24
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O

3l R-RAFO|O] 714 9] EHARS WERHTHTak et al,
2009). ol= WA R Fugbal A o) vk Fotst
of AFTA ] M-S b X Fo|ThCevese et
al., 2001; Cohen et al., 2001; Eur Heart, 1996). w}2}A]
SDNN Zhe] ki 4lute] Wi} B ajsichs A8
el 48] 7)ol A2AN O Qg 9
HAS e Aol o, it SDNNe] ghe 2
52 7o) @ YT RS ek ul(Im et al.
2007), 2450 2 SDNNgro] =31 B7ksHA| Ureht
L e obgE e Lhehuitiee, 1999) ¥ 1o
A SDNNE| glo] HE elejZolH SAsig o= o
S oke e BAAN, RE TFlH Batglol
Z7hek ghe 2 ul, 2740] el 2 it A2
Uep e

Loimaala $(2000)-& G-AA

[e)
-
A7ro] faka S5 7

o=
o = e Lol ARt &
EA A Hg MeE HYla, A= 5 E0l
A ou] e et IRl ole SAE 3 A
7|13ko] AEAlA Aol T8t A= AAskaL
U= Aoltk. webA 5 Qo MRl 22
TR o8 B W2 AR FA, ARt

SAIA ol vl A= Gkl s A-tslf & Ze7t S8l
< Aojgtal Al ETh E3F 7 Atof| A= AubHol
ERkS o] &sto] A&AFAE HARSHTE 71 A
FATEol= AANGAE AAlete WHes gt
] Fukg

1|57 H(valsalva maneuver), 7| HA] A €A WH3- HAL
(cardiovascular respnse to standing) S AME-3}1=H|, o]
23t ZH7IAE Foll AEAEA Y WSl sl
AgAolal =23} giohd A e R o on] 9=
A= el Zo|tHClaus et al., 1999; George et al.,
1991; Epatein et al., 1986).

H

© ol disf dotR A stk HE IElA
wghl7de Brdst Alzler, Rl s 2oty
o] A=Al A|S] B S oI F 3T 53], 704 o]

%
IF FRGAHY WS ST fofat 2
3 wol YRATORNE ARAFA YRS

FRH AZSS Lol ol

SABY R 2 o) ke ARFolA
o A g glo] AHEAAA] $AH G FA)
U9ke-S tehhgleh whebd A2 s 1Y
19l SABYY AN TR o3t A)
FA R FAl 9lo] 2 oJolF Ertn Ak
TejU JHREA 2 90) o=, A7 A
ohak A2 AAA Y WgE Pebal 4 glrka A
oh B3 BAE o 9By ARy K
e A gsto] AHRAHAL ekl ofs) ot

2 IEAS ol i SRS A sof
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