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| Abstract |

PURPOSE: This study compared the effects of indoor and
outdoor environmental changes on the activity of the major
lower limb muscles and walking factors in people 40-50 years
and those aged older than 70 years.

METHODS: Ten middle-aged people in their forties
(age:44.2+2.7, BMI:21.8+1.8) and 10 elderly aged more than
70 years (age:76.4+5.9, BMI:22.2+1.9) with a normal
walking ability were included. The participants walked 100
m both indoors and outdoors at their own speed. Using a 3D
motion analyzer and EMG, the walking speed, angle of the
ankle and activity changes of the lower limb muscles were

compared.
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RESULTS: Significant differences in walking speed and
peak-plantar flexion angle were observed between the two
groups (p<.05). The muscular activity of the gastrocnemius
muscle (GCM) was significantly different outdoors in the
swing phase between the two groups (p<.05). In the people
aged in their forties, the muscular activity of the rectus femoris
(RF) was significantly higher outdoors than indoors (p<.05).
In the elderly, however, the muscular activity of the RF was
lower outdoors than indoors (p<.05). When compared to those
in there forties, the muscular activity of the outdoor RF
significantly decreased in the elderly group (P<.05). The
muscular activity of the biceps femoris (BF) in the elderly
decreased significantly outdoors compared to indoors
(p<.05).

CONCLUSION: For the elderly, increasing the exposure
to the new environments or focusing on the performance of
repeated movements for gradual speed control and precise
movements is required to maintain normal gaits and

movements that are less affected by environmental changes.
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Table 1. General Characteristics of the Forties Group and Elderly Group (Mean1SD)
Age Height Mass Muscle power (Torque)
(o) (cm) (k) TA GCM RF BF
Forties
(N=10) 442427 166.8+10.6 60.90+9.44 60.10+19.60 62.62+8.20 45.95+10.40 35.46+5.70
Elderly
(N=10) 76.4+5.9 160.2+ 7.92 56.90+6.80 50.48+11.11 55.04+11.31 42.57+11.94 32.21+7.20

TA : Tibialis anterior, GCM : Gastrocnemius (medial), RF : Rectus femoris, BF : Biceps femoris muscle
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Fig. 1. EMG system

Fig. 2. 3D motion analyzer's sensor and interface
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Fig. 3. Attachment of electrodes
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Table 2. Comparison of the Walking Speed and Ankle Angle in Indoor and Outdoor Environment of the Two Groups

(MeantSD)
Division Indoor Outdoor P
Forties 1.59+.14 1.57+.15 .30
Walking speed (m/s) Elderly 1.21£22 1.10+£.26 .02%
P .00* .00*
Forties 8.18+1.35 6.46+1.64 01*
Peak-dorsiflexion Elderly 9.30+2.98 7.50+4.20 .19
P 29 47
Ankle joint angle
Forties 24.40+6.83 26.03+7.12 15
Peak-plantarflexion Elderly 18.83£5.98 18.99+5.59 37
P .05 02%
Ankle ROM(degree) Ankle ROM(degree)
10 10
.?: 5 ~ .é Sl ﬂ
NV L\ ‘
2 : e
.g 104 § -10 \
.; -15 ‘-_; -15
g =20 eeesees Indoor : Forties é -20 —Outdoor : Forties
Outdoor : Forties —»—Outdoor : Elderly
-25 -25
-30 . T T ) -30 T T T ,
20 40 60 80 100 20 40 60 80 100
% of Gait Cycle % of Gait Cycle

Fig. 4. Comparison of the ankle angle change in indoor
and outdoor walking in the forties group
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Fig. 5. Comparison of the ankle angle change in outdoor
walking between forties and elderly groups
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Table 3. Comparison of the Major Muscle Activity in the Indoor and Outdoor Environments of the Two Groups

(Mean+SD)
Division Indoor Outdoor P
Forties 65.72+22.94 79.10+26.32 .16
Stance phase Elderly 74.07£22.38 72.23+20.65 74
P 42 52
Tibialis anterior Forties 82.41£14.03 83.39+£27.35 91
Swing Phase Elderly 71.044+20.95 69.03+17.68 .70
P 17 18
Forties 91.08+6.96 113.82+36.50 .06
Stance phase Elderly 83.90+9.35 80.62+15.90 .60
Gastrocnemius P .06 01*
(medial) Forties 15.40+13.61 45.99+86.98 24
Muscle activity Swing phase Elderly 23.56+22.93 7.62£7.97 .08
/ P 34 34
% Forties 75.41+18.71 105.71£26.60 .01*
R Stance phase Elderly 68.10+30.42 56.94+£22.27 .04*
Z Rectus femoris P. 2 00"
Forties 79.50+10.20 109.31+42.20 .08
Swing phase Elderly 67.10£23.90 56.23+41.06 .03*
P .14 01*
Forties 55.05+23.82 63.01+31.69 15
Stance phase Elderly 68.36+21.21 66.40+26.03 .94
Biceps femoris P 20 .80
(lateral) Forties 80.14+16.27 80.84+29.00 93
Swing phase Elderly 81.90+12.41 64.80+18.83 O1*
P .80 20

Tibialis Anterior Muscle

700 R Indoor : Forties
====1Indoor : Elderly
Y w0 Outdoor : Forties
; —— Outdoor : Elderly

50

40 %

30

20

10

20 40 60 80
% of Gait Cycle

Fig. 6. Comparison of the ankle change in TA muscle
activity in the indoor and outdoor walking in the
forties and elderly
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Fig. 7. Comparison of the ankle change in GCM muscle
activity in the indoor and outdoor walking in the
forties and elderly groups

(p<03)Table 3)Fig. 7), §2171%= £-2J3F ol 7} A3ict



- 9 HUFO| HOpt 400HQt (LOI0] HAKTOF [i] Z&YTM DXl S | 145

Rectus Femoris Muscle

80 Indoor : Forties
====Indoor : Elderly

Outdoor : Forties

—w— Outdoor : Elderly

70

% RVC

1
20 40 60 80 100
% of Gait Cycle

Fig. 8. Comparison of the changes in RF muscle activity
in indoor and outdoor walking in the forties and
elderly groups
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Fig. 9. Comparison of the changes in BF muscle activity
in indoor and outdoor walking in the forties and
elderly groups
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