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The Characteristics of Walking Movements
by EMG Pattern in the Elderly
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Summary

The purpose of this study was to clarify the characteristics of the walking move-
ments by EMG pattern for the elderly compared with young adults during similar walking
speeds. Nine healthy young men (aged 21 to 24 yrs) and nine healthy elderly men (aged
66 to 73 yrs) participated as the subjects in this study. The angle data of the right knee
joint and that of the ankle joint, and the surface electrode EMG data of tibialis anterior,
gastrocnemius, rectus femoris, vastus medialis, biceps femoris, and gluteus maximus in
the right leg were analyzed synchronously with the data of the force plate in the right
stance phase and the image data of bare foot movements during free, slow, and fast walk-
ing.

The following results were obtained:

1. The angles of the ankle at heel contact were significantly larger for the elderly
both during free walking and walking within similar range of speeds. The angle of the an-
kle at toe off, and the angular displacement of the ankle joint were not considered signifi-
cant during both walking speeds. On the other hand, the angles of the knee joint were
not considered significant during both walking speeds and all phases of ankle movements.

2. The duration of muscular activities in tibialis anterior, rectus femoris, and vastus
medialis were significantly longer for the elderly during both walking speeds.

3. The maximal amplitude in tibialis anterior (swing phase), rectus femoris, and bi-
ceps femoris were significantly larger for the elderly during both walking speeds in a gait
cycle. Furthermore, the iEMG in tibialis anterior, rectus femoris, vastus medialis, and bi-
ceps femoris were also significantly larger for the elderly during both walking speeds in a
gait cycle.
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4. The peak amplitude in tibialis anterior for the elderly during the swing phase ap-
peared significantly earlier in both walking speeds.

Overall, the EMG pattern in the muscles of lower extremities for the elderly during
walking showed the following characteristics: 1) the duration of muscular activities were
longer; 2) the maximal amplitude and iEMG were larger; and, 3) the appearance of a
peak in tibialis anterior during the swing phase was seen at an earlier period.
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Table 1 Frequency table of walking speed

Walking Speed Frequency Frequency Frequency

(m/min) (Young) (Elderly) (both groups)
slow, normal, fast slow, normal, fast

35 ~ 0 (0,0 0) 2 (2,0 0) 2
45 ~ 2 (2,0 0) 6 (5 1, 0) 8
55 ~ 6 (6,0 0) 9 (2,5 2) 15
65 ~ 6 (0,6 0) 4 (0,2 2) 10
75 ~ 7 (1,2 4) 6 (0,1, 5) 13
85 ~ 4 (0,1, 3) 0 (0,0 0 4
95 ~ 1 (0,0 1) 0 1
105 ~ 0 (0,0 0) 0 0
115 ~ 1 (0,0 1) 0 1
total 27 27 54
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Table 2 Speed and joint angle during walking

Variables Free walking Walking speeds of 55-85m/min
Young Elderly Significance Young Elderly Significance
(n=9) (n=9) (n=19) (n=19)
Walking Speed (m/min) 75.6 (£7.7) 62.6 (£9.1) p<0.01 713 (£94) 686 (%84) NS
Step Length (m) 0.68 (£0.05) 0.60 (£0.04) p<0.01 0.66 (£0.05) 0.62 (£0.05) p<0.05
Step Length/Lower Limb Length 0.79 (£0.05) 0.73 (£0.07) NS 0.77 (£0.07) 0.77 (£0.08) NS
Cadence (steps/min) 111.0 (£6.1) 1045 (£10.8) NS 1075 (£87) 1100 (£8.7) NS
Knee Joint
Angle at Heel Contact (deg) 175.7 (+22) 1758 (+£2.1) NS 1756 (£22) 1749 (+2.8) NS
Angle at Toe Off (deg) 1402 (£6.0) 1382 (£2.8) NS 1403 (£5.7) 1376 (£3.0) NS
Angular Displacement (deg) 594 (%6.8) 54.8 (+4.2) NS 586 (£6.7) 553 (=%4.6) NS
Ankle Joint
Angle at Heel Contact (deg) 949 (£1.2) 99.9 (+44) p<0.01 953 (*x15) 987 (3.7 p<0.01
Angle at Toe Off (deg) 109.6 (x5.5) 1109 (%3.7) NS 109.6 (+4.0) 1115 (*4.0) NS
Angular Displacement (deg) 26.2 (+6.4) 273 (+4.0) NS 26.3 (£5.0) 279 (£5.0) NS
mean (% SD)

Angle of Knee Jt. —9 Angle of Ankle Jt.

»

Table 3 The maximal amplitude and appearance time in EMG during walking

Muscle Free walking Walking speeds of 55-85 m/min
Young Elderly Significance Young Elderly Significance
(n=9) (n=9) (n=19) (n=19)
Tibialis Anterior appearance time (%stance) 34 (x22) 85 (+84) NS 41 (£22) 59 (£6.3) NS
(stance phase) maximal amplitude in EMG (mV)  0.11 (£0.04) 0.11 (£0.04) NS 0.10 (+0.03) 0.11 (£0.05) NS
Tibialis Anterior appearance time (%swing) 265 (£10.8) 161 (+85) p<005 276 (£94) 165 (£85) p<0.01
(swing phase) maximal amplitude in EMG (mV) 0.07 (£0.02) 0.11 (£0.03) p<0.05 0.07 (£0.02) 0.11 (£0.04) p<0.01
Gastrocnemius appearance time (%stance) 67.7 (£22) 704 (£26) p<005 677 (£1.7) 69.0 (£3.0) NS
maximal amplitude in EMG (mV) 0.12 (£0.06) 0.15 (£0.11) NS 0.11 (£0.06) 0.17 (£0.11) p<0.05
Rectus Femoris  appearance time (%stance) 9.0 (%3.1) 176 (£103) p<0.05 92 (+3.7) 151 (+89) p<0.05
maximal amplitude in EMG (mV) 0.02 (£0.01) 0.04 (£0.02) p<0.01 0.02 (£0.01) 0.04 (£0.02) p<0.01
Vastus Medialis  appearance time (%stance) 81 (+33) 80 (£35) NS 85 (x4.1) 78 (£3.7) NS
maximal amplitude in EMG (mV) 009 (£0.05) 0.15 (£0.07) NS 0.08 (£0.04) 0.15 (£0.07) p<0.01
Biceps Femoris  appearance time (%stance) 04 (x07) 04 (£1.1) NS 07 (+13) 03 (+1.0) NS
maximal amplitude in EMG (mV) 0.05 (£0.03) 0.09 (£0.04) p<0.05 0.05 (£0.02) 0.09 (+0.03) p<0.01
Gluteus Maximus appearance time (%stance) 52 (%3.1) 64 (£3.0) NS 52 (£3.1) 6.0 (£34) NS
maximal amplitude in EMG (mV) 005 (£0.02) 0.04 (+0.01) NS 0.05 (+£0.03) 0.05 (£0.01) NS
%estance : % time in overall stance phase, %swing : % time in overall swing phase mean (+ SD)
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Table 4 The relative duration of muscular activities during walking

Muscle phase Free walking Walking speeds of 55-85 m/min
Young Elderly Significance Young Elderly Significance
(n=9) (n=9) (n=19) (n=19)
(%) (%) (%) (%)

Tibialis Anterior stance phase 169 (£23) 448 (+16.4) p<0.01 186 (#£51) 420 (*14.5) p<0.01
swing phase 64.1 (£16.3) 62.2 (£19.2) NS 68.9 (+14.0) 69.6 (£16.0) NS
gait cycle 350 (+6.7) 51.2 (+12.6) p<0.01 377 (£6.9) 524 (£9.7) p<0.01

Gastrocnemius stance phase 483 (+16.5) 47.7 (£16.3) NS 449 (+£14.7) 476 (£17.8) NS
swing phase 14 (+4.3) 33 (+8.9) NS 0.7 (29 32 (£7.9) NS
gait cycle 30.3 (+11.3) 31.3 (£12.6) NS 28.1 (£9.8) 309 (+134) NS

Rectus Femoris stance phase 450 (£13.1) 645 (*£18.0) p<0.05 49.5 (+£21.8) 64.6 (£15.8) p<0.05
swing phase 409 (£17.5) 39.8 (+21.6) NS 407 (£19.6) 415 (%21.3) NS
gait cycle 434 (+12.6) 55.2 (+13.8) NS 46.2 (£19.1) 55.6 (+13.5) NS

Vastus Medialis stance phase 331 (£159) 553 (£19.0) p<0.05 344 (£20.1) 503 (£17.8) p<0.05
swing phase 20.7 (+88) 324 (+3.8) p<0.01 270 (£19.7) 304 (+4.9) NS
gait cycle 283 (£115) 468 (+12.7) p<0.01 31.6 (+£188) 427 (+12.1) p<0.05

Biceps Femoris stance phase 29.0 (£236) 281 (£14.5) NS 31.6 (£216) 292 (£18.2) NS
swing phase 36.0 (+£10.8) 33.7 (£16.8) NS 346 (+94) 375 (£16.8) NS
gait cycle 317 (+157) 300 (+11.8) NS 328 (+£142) 322 (+135) NS

Gluteus Maximus stance phase 282 (£16.6) 31.9 (£16.2) NS 28.0 (£16.6) 309 (£15.9) NS
swing phase 18.3 (+11.7) 18.1 (£16.7) NS 18.0 (£10.5) 204 (+13.2) NS
gait cycle 244 (£104) 26.8 (£13.6) NS 24.3 (£106) 269 (124) NS

mean (% SD)
— 40 —
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Table 5 The iEMG during walking

Muscle phase Free walking Walking speeds of 55-85 m/min
Young Elderly Significance Young Elderly Significance
(n=9) (n=9) (n=19) (n=19)
(pV-s) (uV-s) (uV-s) (uV-s)

Tibialis Anterior stance phase 16.8 (£5.5) 33.7 (£14.5) p<0.01 16.0 (%£4.6) 30.2 (+14.1) p<0.01
swing phase 194 (£56) 257 (*11.1) NS 187 (£4.9) 26.1 (x11.1) p<0.05
gait cycle 36.2 (+99) 59.4 (+24.6) p<0.05 34.7 (+84) 56.3 (£23.5) p<0.01

Gastrocnemius stance phase 28.8 (£145) 376 (+20.0) NS 286 (+174) 41.1 (+22.1) NS
swing phase 29 (+0.8) 39 (x1.7) NS 29 (x1.1) 40 (x1.7) p<0.05
gait cycle 31.7 (£15.0) 41.5 (£19.8) NS 314 (£18.1) 45.2 (£21.9) p<0.05

Rectus Femoris stance phase 55 (x0.7) 160 (£5.8) p<0.01 58 (£11) 149 (+6.0) p<0.01
swing phase 28 (+£07) 52 (+£1.5) p<0.01 28 (%09 53 (x17) p<0.01
gait cycle 83 (£1.2) 213 (&7.0) p<0.01 86 (x18) 202 (£7.3) p<0.01

Vastus Medialis stance phase 186 (+8.1) 43.0 (*+18.0) p<0.01 16,5 (*6.2) 406 (£16.2) p<0.01
swing phase 7.1 (£17) 146 (+5.3) p<0.01 70 (£22) 150 (£56) p<0.01
gait cycle 257 (£9.7) 576 (+226) p<0.01 235 (£8.1) 556 (+21.3) p<0.01

Biceps Femoris stance phase 9.1 (+45) 194 (x7.7) p<0.01 103 (£57) 172 (£6.3) p<0.01
swing phase 7.3 (£4.7) 111 (4.2) NS 72 (£3.0) 117 (*4.1) p<0.01
gait cycle 164 (£72) 306 (%9.1) p<0.01 176 (+£69) 289 (+7.3) p<0.01

Gluteus Maximus stance phase 9.0 (+23) 101 (%3.7) NS 9.1 (£29) 100 (%3.8) NS
swing phase 4.2 (£1.8) 38 (x2.1) NS 4.2 (£1.9) 4.1 (£2.0) NS
gait cycle 13.2 (£31) 139 (£5.5) NS 133 (+£39) 141 (£5.5) NS

mean (=% SD)
— 4] —
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WTHEBEOENAEIZKRE D o7 (Table 3,5).
X5, WTROFTIZBWTHHEBRSIZBIT 58]
BEHOE— 7 IITHEOANPAEICRVERICN
HL, KBREHOE -7 3EHEOHIPAEITEN
BRI CHI B L7 (Fig. 2,3, Table 3).

— %12 EMG O#ExHEIE, FUERAEHALCHE
BT 50 E, EEEESE ERLNT L
BOERTHBEZEIZL->TRRAE., LT,
B bHHE, HLVEE—HBRETH->TLER
% HORAITTH S 17z EMG OIRIER KECTESE%
B KBTI EIITERY, L2 LAY, #
R & (1982)" (ZBHATHICBIT 5 THRHEH D
EE Al L, HEEETIIRAFENHE (maximal
voluntary contraction: MVC) D#310%, &i#iE Tl
MVC D#920% UL EOFRIEEI S HRITICET A Z & 28
BELTWE, ZOZLEZBEETLE, AFEICBW
TEONHHRERKEEX % MVCOY — 7 {ET,
iEMG # % MVC £/RCORGETRLIZGEICLFE
BOBREIBONbDEEZLND,

DEZ DS, BREZICBITAETHOGHRE
¥ — OB E LT, OMMERMIRL, FFIZL
BB 2805, KBRER, RELHIZBW
THEETHAH L, OFREOIRIBR KM L IEMG
MHRE L, FICRIREE, KBRES, NELH, K
BTGBV TEHETH AL L, QFEHPICEIT
LHIEEHOE— 2 BRVI L, KBEHOE—
PRV EATRENT.

INFE T, SEEOHTPIIET S TRAHFG
BIORHE LT, BRLEBEEFAONEORER
FEE {) E\/‘ > k 7b§ﬁ%:ae.u.:n&m) ‘é ﬂ'( vy Z) . Ziiﬁ}f%’ﬁﬂ)
R, ChooBmELZ/HTLELIOTHo /.

—%, BEZZE (1993)%® 13, SEEIX—K&KRA
E AR IZ BV TIEDHISEBRE 2 HRED
Roh, HEHDBSNLHEM L LIFEICKEETIE
BOMEIFOONLZEERLE. T2, AYR
HATE AR, SIHPPICB L THRRIMELEEN L S
iz L @ < NENLR - KBRZHER - KB I
WEEERESR O, FLYRETEERBRITO
WEHFEFEDLOTEUL TWwAZ E2HE L.
LA L%eAs, RFFEOEERE TIXLHE K5
CHEf L KBHOBHMERMICEESE L OEITERD
bhehol., TOILhs, KFEDEBHE LK
ITHICERRIERSE 2 L LTIV TW A LRSI
5.

C. BWEIIBIT 2558 % EMG 2 £4723ER

AKFFEICBWTEONIERE BT A HTHD
B E Y — OB, ko”TollFtHoh
5. —DOORBIIMHESHOBEREHEHOFHRTDH
h, “OBOHBILERBIIBITAHIREHD -
yRHMERE KBREFOEY -7 BIETH-72. 22
T, ThOEDEHEICBT 2HHM% EMG ¥4
ABTERIZOVWTEET .

9, BEREOHIGEEHA L HEHFHROERIT
LTFToXHicEZ2Z 5%, Cavagna et al. (1963,
1966)%% (&, AHATEB)IIRTEBIELL 22FFED
BVWEEITH Y, HIGEEID T IV F — HSKIBIZETR
ENATLERBLL. RFETHLNL, HiHE
BT BEHEEIE K & HEESIFROERN—D2IZZ
DORLE T IV F— LEB) LAV F — B OEBRIED
BTFAEZOND., COEBFELIRFBELLT
BRL72ETF (1997) 1, F@##EE (#70m/min)
L TRERE L EFBEDRTDIEIREETH S
P, BTEENFEEEE,SOEESDLIIONTER
ZEOMENSEHBETTAIEERBE L. 512,
Cavagna et al. (1983)? 1%, HHFTIIIRTIIFEI K
K& 7% AE#EHEE (optimal speed) & —HT 5 &
BHELTWA, AWFEIZBIT 2 EEHD HHERITHE
EE1275.6m/min, ES#E O B H 44T #1362, 6m/min
Thh, F—FEEHITOHRIZ55~85m/min TH -
7o, BIROBMEN ST B E, KFEOHBHKITIZE
FEHB LUBEHE L D ICRFIEIRRKOSITTH
D, F—EESTIZBVTHIRTFIRITIZERE
DHEATThHoleE2LNS. WAL E (1995)%
2, SR EETEICBT S HAKTHFORT
A B LR, MEMICERZIZOORT
BRETCEIEZELVWEAZSRONALZ L2 HEL
7z F i, EFRE (1977 13, HEEM L BE
BHICBIT 5 BHBTHOIRFIIFRICIITEFRMICA
BEEFROOSNT, BHBEOBVETRIIRTFET NV
MOARTNEINL LA, HIEBHKRD /(T — DK
TIERTAZEERELL. TALDIZ EICK
D, AFFETHONTEEHE BT HMHEHDOHEK
EEBIORFEICOVWTIE, IBFHRTEHPATE
HWZ EARENT.

ZFITRIZ, BITEEFICBVWTEEBEEINS T
B/ ST — 2o THRET L. THRBSE—X
AR LTI T, BREZEOBYHLEICS
AR EBEBNNT—3BEEE L Y/NELED,
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EBEELFEORETEHEWVISEETD, NHBEHE
ORI E LTORMB/SNT7— LB B LEIZET
BRIERB/ST — 3/ SV ENRED shTwa.
LA Lids, KMEOEHREIBEEZLLELT
HRERBIEL, HREOIRIERAME L iIEMG H°
KEholz. BEHEICBVT, HEHIFKEWVITD
b o THE/ ST AR vold, B ELSE
HOFE T & BEBEAH 2 BT 5 co-contraction 7 &
CEBALDTIR WA LRSS, T/, il
OBEMENRT—FAEBIUBIE LBORIKE/ S
D—AREFMET S0, BETHHOEEEK
ERBEMHIESIFIEREIIN TV LTEED D
5. UEnXHiz, BREICBITAHEHOEKL
B2 B/ 87 —CHBET LI LIZEL WA, co-
contraction 2SI EIM A B L UHEEIFHRE D26
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DWTEEERAKT.
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ETMBICEARETRIAICEYDHTEIEL TS
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