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Abstract: The purpose of this study was to investigate the effect of Forest-walking exercise on gait pattern in the elderly.
The subjects (n=37) were assigned to 2 groups: Forest-walking exercise (FWE) group (n=19, 66.34+4.31 years old) and
In-door treadmill-walking exercise (ITWE) group (n=18, 67.18+2.78 years old). The subjects participated in FWE program
or ITWE program (3 times/week, 80 min/day) for 12 weeks. The subjects were tested on functional fitness (strength,
endurance, agility/balance, BMI) and gait pattern (cadence, velocity, and stability) at the beginning and the end of the 12-
weeks program. For data analysis, mean and standard deviation scores were calculated, and independent t-test and repeated
two-way ANOVA were used. The results of this study were as follow: First, FWE group was significantly more improved
than ITWE group on functional fitness(lower-body muscular strength, lower-body flexibility, mobility, cardiorespiratory
endurance) after 12-weeks exercise program. But both groups showed equally improvements on functional fitness (upper-
body muscular strength, upper-body flexibility, BMI). Second, FWE group was significantly more improved than ITWE
group on cadence, gait velocity, and gait stability after 12-weeks exercise program. Therefore, this study may suggest that
Forest-walking exercise based on sensory-motor functional integration improves efficiently functional fitness and gait pattern
in the elderly, and further becomes an effective exercise method that makes more dynamic life, and prevents from falling,

Key words: forest-walking exercise, sensory-motor functional integration, gait pattern, cadence, gait velocity, gait stabil-
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o olsted g3 BA |AE 913 @ 7zbo] RA T
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Table 1. Physical characteristics of the subjects.

Age(years) Height(cm) Weight(kg)
Group N \iisp) (M£SD) (M£SD)
FWE 19 66.34+431  153.77+4.45  60.27+6.87
ITWE 18 67.18£2.78  15537+5.71  59.52+5.66
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Table 2. Functional characteristics of Forest-walking exercise and In-door treadmill-walking exercise.

Characteristics Forest-walking exercise

In-door treadmill-walking exercise

Systemic .
ystemt on slope and surface of mountain

Biomechanics

Multi-planar slope and surface of mountain

Core-stability spin, or turn left or right on mountain

Speed-variety (acceleration or deceleration) by slopes

Activity-specific mountain

Dynamic road

multi-planar movement(sagittal, frontal, transverse) on

core stability and balance: single leg squat, walk and

specific action: walking, climbing, balance on uneven

variety(open) movement: walking on various mountain

multi-joints and muscles movement: various movement simple-joint and isolated muscle movement: simple

movement on treadmill

proprioceptive and neuromuscular synergy: sensory- isolated neuromuscular action: simple-joint and isolated
motor integration on slope and surface of mountain

muscle resistance movement on treadmill

single-planar: walk or jog forward on treadmill

extremity stability and balance: leg press on treadmill

realistic speed control; variety of movement speed steady speed: steady walk, steady resistance movement on

treadmill

less specific action: muscles resistance actions on treadmill

static(closed) movement: walk on treadmill
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Table 3. Changes of functional fitness with different programs.

A|1034 A|3Z (2014)
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Group
Items Time FWE ITWE Source F
(M£SD) (M£SD)
Time 62.45%%*
5 pre 32.18+5.88 31.87+£7.33
Lower-body ot 39.49+7.12 33.7346.63 _ Group 138
Muscular Strength TimexGroup 12.94
times - seoksk
(tmes) Upperrbody P 21574411 20.73+4.47 Grow 6
post 26.20+5.77 25.494+6.18 TimexGroup 264
Time 71.63%%*
5 pre 13.90+2.21 14.26+5.61
Lowerbody i 20.27+5.43 16.33£7.35 _ Group 264
Flexibility TimexGroup 7.08
cm . *
(em) Upperbody P 347478 356471 GTr‘g:; e
post -1.7543.66 -1.8443.23 TimexGroup 269
Time 60.57***
. . 5.71+£0.33 5.63+0.43
Agility/dynamic balance(sec) pre Group 3.51
post 4.07+0.29 4.97+0.57 TimexGroup 1017+
Time 8.89*
. . 590.83+82.91 595.01+47.33
Cardiorespiratory endurance(m) pre Group 0.15
post 610.81+34.85 603.52+37.32 TimexGroup 708*
Time 5.39%
26.17+£2.24 25.91+2.13
Body Mass Index pre Group 0.27
post 24.29+1.67 24.14+1.77 TimexGroup 0.64

Note: pre=pre test, post=post test; *<.05, ¥**p<.01, ***p<.001; FWE=Forest-walking exercise, ITWE=In-door treadmill-walking exercise

Table 4. Changes of gait pattern with different programs.

Group
Item Time FWE ITWE Source F
(M£SD) (M£SD)
Time 1.99
. 2.11£1.32 2..09+0.88
Cadence(time) pre Group 5.67*
post 222+1.12 2.12+.39 el 3 aow
Time 12.35%**
. . 2.08+0.53 2.06+1.94
Gait velocity(m) pre Group 11.22%*
post 237+1.21 2.13+1.79 iy Py
Time 12.39%**
. e o pre 1.01+£0.93 1.01£0.66 "
Gait stability(%) post 0.93+0.67 0.99+1.96 Gég‘%p 3'22**

Note: pre=pre test, post=post test; *<.05, **p<.01, ***p<.001; FWE=Forest-walking exercise, ITWE=In-door treadmill-walking exercise



2H 7] 0] =819] 7154
=154 B e o] o et S MASAE LotE
7] Sl Bauial, Bas&e, Bk d s A skl
(Table 4).

wapukRel] glo} Hws 2441717ke] AEAHge] 1}
ke, 2447170 FEsE et gel 1257
o] AHg 7] &5 o] AW Eg=T 7] &F Jid
noh Aol Qojd fold WaE ngch

9 B EEe] Yolis Ae A7) 2ol HE
go] EAste AOE gt 2, 24 27] £F 3

A 125 Fol| #2138 Aol & Kol HFLrer}
AN A A7) s el ¥ 24 S Bt
2og B YA g A7) bl FaAtg
S z

2o 7t AU T
w159 28I ZAFH 2 604 o] %o
425 Holed], oy AoA X&A< -
A7 o] g FAloll EFpA]olgta B
et al, 1998; Lord et al., 1995). o]¢} 7+ K= B A
Aol A=A} 22 7 dAFolMe 250 o F

974 38 F 5 Ju YD) £F AR £F

Hoh o a3HQ Zlew ‘/}EP’L‘:]' 2H 8] Z3Atel] mE
LEWHLE A ZKe o & AFS Fo| Y] F
9} impulse?] ¥1% %—7}(W111more and Costill, 1994), <+

FhH A Z7KFrontera et al., 1988)2 F=3lo] 7153t
7 O]E]r "}EQ‘:}

JE A= B2 A A THBell and Hoshizaki, 1981;
Holland et al., 2002; Rider and Daly, 1991). ¥ <A--ol|A]
A7) gEel gl Szl FAAIN ATl
t}. 0|9} 7o A= E=dS A= ARtE AAR
2728 o= o nade] SEUN7} T Bol A

Ry

A E s} B Feel v X = FF 507

=, el 23t v Ezo] A S5t 0|9k 2HeHo]
EEEPEEEREE

w919] WP T HIHS 604 o) F TS 730l 4
stel=d o8 AF8(TY, HIA, Fdd)E0l d=
2k-8-517] wEQldl, G5 Aol =HEHY HIA
(Fiatatone et al., 1990)3} }.3J< % (Rubenstein et al.,
2000)7F #Ho] =oAL Sk, 2 FAG T

BEA D BA7F AthJames, 1993; Mills, 1994)3
Bt o|8 gt Ade & AFAAet dAE e, 5

3 A7) $FE WH =H=D Br\un) ek 4
Alst FEAGOR AT BAY £ Eat thiele] 9
A4 Sl Wsl e i B a7k
7154 ol o8 HIA 2 NP F4L 7HA A
E Z(Boyle, 2010; Gambetta, 2007)°]2} AL H T},

wsjol ) o) AUkl AuEae) g, oot #
W 25a7]9) da, QAR ERTY SESE 2%
o Yolo] 5B upE SHe] A, TelT AHhE
A 5 e S8l Al olste] AR 7o) 2
#]8}= =H| (Spirduso et al., 2005), B2 A-oA] 24
el AR /1 2 AH ATHL FAANG
(Blumenthal et al., 1991; McArdle et al., 2001; Shephard,
1987)aL HarskSiT), o]2fgh Adte Aot A=A
A A7) 5] Bk a3E ol ol ztol7t
Ark AH A7) 5 Ted] Efee] 2R A
o] AF S wet =W 7S vHEshEA
9, A4l A7E, BMIE 7HAA71= €]le] Hoj
A]_;]];q:rLE:l 2 SN S 7}—\10]1:]..

l

S TAAA]

%J)r quqy] %%oﬂ/q =h= %‘571; ] Hﬂﬂ»— i%‘%ﬂ],

4;
& Ak 2e £EUES AN W0 A0
2 ol5 Aol Exp} 2A e Aoz AlRHLG
(Spirduso et al., 2005).

B9, o] Qoja] 12708 £EAXF A 2
7] &% zvro] A EAED A7 £F Avnd o &
OJ% QL TP ol Agelne] g5o) el 2
T A FAT %l‘C % O]U%(Flatatone et al,
90

=5 A 74]-/] A &4 g5 28 (Cromwell et
, 2001; Splrduso et al.,, 2005)9 23+ Ao} ALREH T
oL T HE = 5é(Nashner 1990)2] perception-
action cycle ©] 23 = D3 AHAo] Q&= Zo=w 77}
Ak $EAL 50 BeEel BFAEA 25



508 mEE R 2110378 A 35 (2014)

gxo] FAS o] FAT ALE H th(MacPerson, 1988;
Shumway-Cook and Woollacott, 2007).
He&ro] glojx] b A7) 53 AU EdEdE 7
| &5 A 27 1277 2502 S HAARL 4
g A7) &5 Jdol ¥ A FFEAT HF =05
A A 0] 7138, A2, A AR )=
ok s} =] I (Bergin et al., 1995; Berthoz amd Pozzo, 1994),
Zrztel] W3k x| zbsE o] 7HAEH (Kollegger et al., 1992).
A A 7+ ofs), 24 L] kg A A, WAL E FE
Q
[e)

A £%F9] 7]%°] AstEAtia kA vHBrown et al.,

ix

N
£

¢

¢

1995; Lord and Castell, 1994; Rose, 2003), TFst
Ao 2h A7) 2L ARAAAA L] 2HF, F
BAYAG8719) B} gAY 2, 2274
5 715 B IS BEAL, vt
AL FEAFg-o] FAAZEE]

=
gl o
e THEl] aeHow

F

X
= E—\d' o,

o
N
os

W o
te

O%
b

il
I

F o

i)

SO
fLoox o
>
o Mo ko o

o o%

F

Ty 8
o

fr K

W34, R4
(Rubenstein et al., 2000), ©]2]3F 2|
cdoluy Bg HH3 Aurt 32X

AN o F FHF8L £ Ws) 5o 2
B A Al zE o] A Ao 3
oA Az ag-ste] UL g Aoz ALEECKBrll et al,,
1998; Chandler et al., 1998; Davids et al., 2008; Kerrigan
et al., 1998; Rose, 2002).

rot
)
o
o,
1L

O

e}
o
i S

oﬁr
o >

=

o
o, F—.>-'4

o

=

fm 7
@

ofth

)

o flo mX m
¢

o ol e HAA, A EY=
frolat Wk wolx akgtt) 2 A7) &5 3
upa}o} W o] f-o] 3 it 3

. rlo

I
o
d

o
o
Off
5
ﬂ
rir
0

O%
o N o
e Ho 2

T Hy
lo
i)
ox
o
f
8
AN
>,

o

o MY
N

A
off
ol
2
i w

o o
i
i)
rJ
r
oX
o
Hi
rlo
paU)
A
ol
N
)
it
i)

lo ) o
=)
'l
M
N
s
ui
rir
2
o
oX,
Mo
&
o
T
o

- o

M ox

o o -

f rlo

<]
olf X [o of
1o

Rl

iﬂ
38
i)
2
ot
oX,
r_l

o
:;I,

B koo rfoox o

oy
)
9
oo
N
i
R
4
ol
o,
T o
i3

oy

i

=2

2

o

=

=

gl

Ho

&

ol

ol I

o m oX
ol
N O
N
N
o2l rl

X

oft
o
)

A
ol
-
£
ol
==

2o
)
ofl
oX,

S A7l HE S HEFOEA
= A thJames, 1993; Mills, 1994; Meuleman et
al., 2000; Sullivan et al., 2001). $FH 2Hd 27] 5=
ohFet 34 27103 @A &5 EEeta, L2UEe] 4

oft K
rl
Ho

o
ot
o

3} FH %31 Aol s Aol AAzH 253 2,
#-e| 5747 78715 WEAIF5(Choi, 2011; Lord
et al,, 1995; Shumway-Cook and Woollacott, 2007), 2!
A7) A A3HA] HEFAE I A2 AR

N

TS XT3 25 AP S LA st 54
HYE S FAA HTHKelso and Tuller, 1984; Newell,
1986)

2}
g Aoz AdHATHKelso and Tuller, 1984; Riccio and
Stoffregen, 1988; Turvey, 1990). F=3F Aol A 2] T}k
A Algk 2713 A Algk 2710] A Akgste] =21
o] T2 WA, WAL 28, 2E|a A9 2519 7]
A TGS WIAA B3] M-S FA I
Ao 7 AlZ =k (Boyle, 2010; Gambetta, 2007; MacPerson,
1988; Shumway-Cook and Woollacott, 2007).

ool AE EAG nje} o], 125:7ke] A7
$Eo] AU EAERAY] eEuT o 2d, AdA T
2, o7 §24, MRAMEA, 22w wae] v, 1
3

o] &£, Hajo] g AA o] IA P BTh
J ]

o] =t 20129 FETIShL SedAl ARl o

] A e ofste] AFEAFUTE
References

Bergin, P.S., Bronstein, A.M., Sancovic, S., and Zeppenfeld,
D.K. 1995. Body sway and vibration perception thresh-
olds in normal aging and in patients with polyneuropathy.
Journal of Neurology, Journal of Neurology, Neurosurgery &
Psychiatry, March 58(3): 335-400.

Bernstein, N. 1967. The coordination and regulation of move-
ments. London Pergamon press.

Berthoz, A. and Pozzo, T. 1994. Head and body coordina-
tion during locomotion and complex movements. In S.P.
Swinnen, H. Heuer, J. Massion, and P. Casaer(Eds), Inter-
limb coordination: Neural, dynamical, and cognitive con-
straints. pp. 147-165. San Diego, Academic Press.

Boyle, M. 2010. Advances in functional training: Training
technique for coaches, personal trainers and athletes. On



A 7] g-5e] =119 71s

Target Publications.

Brill, P.A., Probst, J.C., Greenhouse, D.L., Schell, B., and
Macera, C.A. 1998. Clinical feasibility of a free-weight
strength-training program for older adults. Journal of Ameri-
can Board of Family Practice 11(6): 445-51.

Brown, M., Sinacore, D.R., and Host, H.H. 1995. The rela-
tionship of strength to function in the older adult. Jour-
nal of Gerontology 50: 55-59.

Chandler, J.M., Duncan, P.W., Kochersberger, G., and Studen-
ski, S. 1998. Is lower extremity strength gain associated
with improvement in physical performance and disability
in frail, community dwelling elders? Archives of Physi-
cal Medicine and Rehabilitation 79(1): 24-30.

Choi, J. 2011. Effects of Forest Exercise on the Daily Activity-
related Physical Function and Balance in the elderly. The
Korean Journal of Physical Education 50(6): 465-473.

Cromwell, R.L., Newton, R.A., and Forrest, G. 2001. Head
stability in older adults during walking with and without
visual input. Journal of Vestibular Research 11(2): 105-14.

Davids, K., Button, C., and Bennett, S. 2008. Dynamics of
skill acquisition: A constraints-led approach. Champaign
IL: Human Kinetics.

Erim, Z., Beg, M.F., Burke, D.T., and De Luca, C.J. 1999.
Effects of aging on motor-unit control properties. Journal
of Neurophysiology 82: 2081-2091.

Fiatatone, M.A., Marks, E.G,, Ryan, N.D., Meredith, C., Lip-
sitz, L.A., and Evans, W.J. 1990. High intensity strength
training in nonagenerians. Journal of the American Medi-
cal Association 263: 3029-3034.

Gambetta, V. 2007. Athletic development. Champaign IL.:
Human Kinetics.

James, O.J. 1993. Balance improvements in older women: Effects
of exercise training. Physical Therapy 73(4): 254-262.

Kelso, J.A.S. and Tuller, B.A. 1984. A dynamical basis for
action systems. In Gazanniga, M.S. (Eds.), Handbook of
cognitive neuroscience. NY, Plenum Press: 321-356.

Kerrigan, D.C., Todd, M.K., Croce, U.D., Lipsitz, L.A., and
Collins, J.J. 1998. Biomechanical gait alterations indepen-
dent of speed in the healthy elderly: Evidence for spe-
cific limiting impairments. Archives of Physical Medicine
and Rehabilitation 79: 317-322.

Kollegger, H., Baumgartner, C., Wober, C. Oder, W., and Deecke,
L. 1992. Spontaneous body sway as a function of sex, age,
and vision: posturographic study in 30 healthy adults.
European Neurology 32(5): 253-259.

Lord, S.R. and Castell, S. 1994. Physical activity program for
older persons: Effect on balance, strength, neuromuscular
control, and reaction time. Archives of Physical Medi-
cine and Rehabilitation 75: 648-652.

Lord, S.R., Ward, J.A., Williams, P., and Strudwick, M. 1995.
The effect of a 12 month exercise trial on balance, strength
and falls in older women: A randomized controlled trial.

A H 3} B Feol v x= J 509

Journal of The American Geriatrics Society 43: 1198-1206.

McArdle, W.D., Katch, FI.,, and Katch, VL. 2001. Exercise
physiology : energy, nutrition, and human performance. Phil-
adelphia : Lippincott Williams & Wilkins.

MacPerson, J. 1988. The neural organization of postural con-
trol: do muscle synergies exist? In: Amblard B., Berthoz
A., Clarac F.(Eds) Posture and gait: development, adapta-
tion and modulation. Amsterdam, Elsevier: 381-390.

Meuleman, J.R., Brechue, WM., Kubilis, P.S., and Lowenthal,
D.T. 2000. Exercise training in the debilitated aged: Strength
and functional outcomes. Archives of Physical Medicine
and Rehabilitation 81: 312-318.

Mills, EM. 1994. The effect of low-intensity aerobic exer-
cise on muscle strength. Flexibility. and balance among
sedentary elderly persons. Nursing Research 43(4): 207-211.

Nashner, I.M. 1990. Dynamic posturography in the diagnosis
and management of dizziness and balance disorders. Neu-
rologic Clinics 8(2): 331-349.

Newell, K.M. 1986. Constraints on the development of coor-
dination. pp. 341-360. In M. G. Wade & H, T. A. Whit-
ing (Eds.), Motor development in children: Aspects of
coordination and control. Boston, Martinus Nijhoff.

Patla, A.E. 1997. Understanding the roles of vision in the
control of human locomotion. Gait and Posture 5: 54-69.
Riccio, GE. and Stoffregen, T.A. 1988. Affordances as con-
straints on the control of stance. Human Movement Sci-

ence 7: 265-300.

Rose, D.J. 2003. Fall proof. A comprehensive balance and
mobility program. Champaign, IL: Human Kinetics.

Rubenstein, L.Z., Josephson, K.R., Trueblood, P.R., Loy, S.,
Harker, J.O., Pietruszka, F.M., and Robbins, A.S. 2000.
Effects of a group exercise program on strength, mobil-
ity, and falls among fall-prone elderly men. Journal of
Gerontology and Biolological Sciences and Medicine Sci-
ence 55(6): 17-21.

Schmidt, R.A. 1988. Motor and action perspectives on motor
behavior. pp. 3-44. In Meijer & Roth (Eds.), Complex
movement behavior: The motor-action Controversy. Elservier
Science Pub.

Shumway-Cook, A. and Woollacott, M.H. 2007. Motor con-
trol: Translating research into clinical practice(3rd). Balto-
more: Lippincott Williams & Wilkins.

Spirduso, W.W., Francis, K.L., and MacRae, P.G 2005. Physical
dimensions of aging(2nd). Champaign IL: Human Kinetics.
Sullivan, D.H., Wall, P.T., Bariola, J.R., Bopp, M.M., and Frost,
Y.M. 2001. Progressive resistance muscle strength training of
hospitalized frail elderly. American Journal of Physical

Medicine and Rehabilitation 80: 503-509.

Turvey, M.T. 1990. Coordination. American Psychologist 45:

938-953.

(201491 549 279 A 20144 64 179 A=)



