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Abstract

Korea is expected to enter ‘Super Aged Society’ in 2026. However, as walking is the very basic
human right of mobility, securing safe and convenient moving of elderly people comprising the majority
of transportation vulnerable is thought to be the most basic welfare, which can be easily neglected. From
this perspectives, this study provides the walking characteristics of elderly people to be used in design of
pedestrian facilities. The analysis of the measurements using Motion Analysis Systems shows that all
walking factors of elderly people is 75% level of the younger group. Elderly group shows slower
movement, reduced shoulder movement and increased ankle movement compared to the others. Also,
foots are risen less and ground repulsive force is increased. Cluster analysis shows that the group of the
elderly shows high variability inside the group, and 2 or 3 clusters can be formed with factors of
Walking, Balance and Muscles. These walking characteristics can be used in designing pedestrian road,
slope and step height of roadway facilities.

Keywords: cluster analysis, elderly, walking characteristic, walking factor, walking variable
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Table 1. Variables related to walking

variable
Physical age(d%) height (417)
WAES =) gender(318) weight(&-57))
body mass index(H|AZFA]4) body composition(H4E)
National Physical muscular function (upper body) (A=) cardiorespiratory endurance( =2 3)
1(:;352] %01% AP ﬂexibi'lity('%ﬂ:é) balance(# %)
coordination(8-34)
Cybex lower body—extensor @ peak torque lower body—extensor: total work done
(T&52F HA ) G AZED 9 FHd 28) G AZED F 25D
lower body—extensor: average power per repetition lower body—flexor: average power per repetition
G AZCED] B+ & 270 (B FZ(EID B & 27D
lower body—flexor: total work done lower body—flexor: peak torque
G F2EHAD F 25D B F2FEADQ FHd 28)
Gate Analysis & Walking Speed(HP%1) Walk Ratio(X3gH]-&)
?ﬁl%mgiic%%ﬂ@ Caéence(iﬁg% Step Leflgth(@% Zo])
) Stride Length(ZH27%) Step Width(B2%)
Foot Clearance(HFEf—2 Ato] =o]) Center of Mass(FAIZEA £24)
Pelvic Frontal Move(Z4te] 229 H<)) Tilt(Pelvic) (ZHF 71&7])
Ground Reaction Force(*]H#]#]5HaH) Joint torque at ankle(&% THd EI(ZH))
Peak torque at knee—flexior Peak torque at knee—extensior
75 22EEDY A 2= 55 AZEDY A 25
Angle of Shoulder(17] 2 Zt&) Angle of Ankle(&E 2249 Z)

SPPB(ZFHAIA W7 SPPB(Short Physical Performance battery) score (ZFHAIAH7} M4
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o
A7184(o]st, Walking Factor), w3 84 (0]s}, Balance Factor), -_%_9_5\_(016}-, Muscles Factor), 7]Et8.4:
J2} HYEA] §lg= Table 2¢] A Aottt

Table 2. Elderly walking variables of each factor

Factor Variable Definition
Walking Walking Speed (cm/sec) the person's rate of travel by 1 second required 1 centimeter
Walk Ratio(cm/(steps/min)) step length per cadence
Cadence(steps/min) number of steps in a given times(l minutes)
Step Length(cm) distance between corresponding successive points of heel contact of the
opposite feet
Stride Length(cm) sum of left and right step lengths
Step Width(cm) distance between right and left heel
Foot Clearance(” ) foot’s height during the swing phase
Balance Center of Mass (m) unique point at the center of a distribution of mass in body
Pelvic Frontal Move (m) distance of the pelvic moves during walking
Tilt(Pelvic) (" ) angle of the pelvic moves during walking
Ground Reaction Force (N) the force exerted by the ground on a body in contact
Muscles Joint torque at ankle(Nm) Joint torque at ankle

Peak torque at knee—flexion(Nm)  the maximum strength of the leg when the knee bends
Peak torque at knee—extension (Nm)  the maximum strength of the leg when the knee stretched out

Etc. Angle of Shoulder(" ) Angle of Shoulder
Angle of Ankle(" ) Angle of Ankle
SPPB(score) Score of Short Physical Performance Battery Test
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Table 3. Outline of test participants

Classification Man Woman Etc.
Normal persons 20 - -
Elders 37 45 =
Ave. ages 74.6 75.5 -
Ave. height 165.1cm 153.6cm M 163.5¢cm
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Table 4. The comparison results of walking variables (elders versus normal persons)

Average
Classification Normal % of S.D. Var,
Elders
person Normal

SPPB 8.97 12.00 75% 1.41 2.00
General  Angle of Right 4.06 8.97 45% 2.40 5.75
Shoulder(" ) Left 4.81 8.39 51% 241 5.79

Angle of Ankle(" ) Right 10.71 8.52 126% 4.61 21.28

Left 9.51 6.07 157% 3.15 9.92

Walking Walking Speed (cm/sec) 98.70 137.30 72% 16.47 271.14
Walk Ratio(cm/(steps/min)) 0.47 0.65 72% 0.09 0.01
Cadence(steps/min) 112.20 109.50 102% 10.45 109.30

Step Length(cm) 52.50 57.10 92% 9.96 99.25

Stride Length(cm) 105.70 129.80 81% 13.13 172.48

Step Width(cm) 11.00 12.00 92% 2.93 8.60

Foot Clearance(" )  Right 17.09 - - 7.59 5.12

Left 14.75 57.61 26.21

Balance  Center of Mass (m) 0.19 0.16 119% 0.04 0.00
Pelvic Frontal Move (m) 0.31 0.28 111% 0.05 0.00

Ground Reaction Force (N) 349.05 421.03 83% 61.35 3764.26
TiltPelvic) () 3.66 8.24 44% 2.46 6.08

Muscles  Joint torque at Right 150.33 145.6 103% 27.66 764.95
ankle(Nm) Left 149.22 145.1 103% 23.34 544.84

Peak torque at knee—flexion(Nm) 137.22 166.30 84% 37.52 1,407.54

Peak torque at knee—extension(Nm) 51.47 61.30 84% 13.16 173.20
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3o et S ARoh= T H|EEA HYS ofal QIS oJn|dtth ¥idef 72] 7]-&7](Til) = C5l sk
ATIEo] oF 26 A& At} o] ARl O] Zo] A (Balance)oll 717 AT1E-L XA 43S §A5H7] 9I5tke] 2}
AAHA B5 2R AAE F-oH E51 HastR=s 79| 7|77t & 8, CI59 18a= 5& Aol &
57 9P BApdsele ALS AT AL ojnjg)
Table 5. Cluster analysis results (walking factor)
Variable Ave, S.D. Max. Min.
A Walking Speed 107.7 1.3 120.0 70.0
(n:28) Walk Ratio 0.5 0.0 0.6 0.4
Cadence 115.6 8.1 113.0 99.8
Step Length 55.7 3.8 62.9 48.5
Stride Length 112.4 7.6 125.9 97.2
Step Width 10.6 2.2 15.1 6.4
Foot Clearance 16.3 5.3 30.6 5.5
B Walking Speed 80.0 8.6 90.1 59.0
(n:54) Walk Ratio 0.4 0.1 0.5 0.0
Cadence 107.2 11.1 128.8 93.3
Step Length 445 4.4 50.4 36.8
Stride Length 90.1 9.1 101.1 74.2
Step Width 12.1 3.9 19.2 5.2
Foot Clearance 13.0 3.9 22.9 8.2
Table 6. Cluster analysis results (balance factor)
Variable Ave, S.D. Max. Min.
A Center of Mass 0.2 0.0 03 0.1
(n:35) Pelvic Frontal Move 0.3 0.1 0.4 0.2
Ground Reaction Force 256.2 14.8 280.2 228.7
Tilt(Pelvic) 4.6 4.2 14.7 1.7
B Center of Mass 0.2 0.0 0.3 0.1
(n:32) Pelvic Frontal Move 0.3 0.1 0.4 0.2
Ground Reaction Force 351.7 20.0 384.2 317.7
Tilt(Pelvic) 4.2 2.1 7.5 0.3
C Center of Mass 0.2 0.3 0.1 0.0
(n:15) Pelvic Frontal Move 0.3 0.0 0.4 0.2
Ground Reaction Force 417.5 23.3 468.5 387.5
Tilt(Pelvic) 2.6 1.4 5.0 0.0
Table 7. Cluster analysis results (muscle factor)
Variable Ave, S.D. Max. Min.
A Joint torque at ankle 16.7 5.7 30.6 5.5
(n:50) Peak torque at knee—flexion 175.3 21.1 215.3 145.0
Peak torque at knee—extension 62.6 14.2 85.4 38.7
B Joint torque at ankle 14.2 4.5 22.9 7.4
(n:32) Peak torque at knee—flexion 113.1 23.6 147.0 61.6
Peak torque at knee—extension 44.6 6.8 56.3 30.5
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Table 8. Cluster analysis results (etc.)

Variable Ave. S.D. Max. Min.
A Angle of Shoulder 5.8 2.8 10.7 2.3
(n:48) Angle of Ankle 10.5 3.4 15.0 5.1
B Angle of Shoulder 3.5 1.5 10.7 1.8
(n:19) Angle of Ankle 8.5 2.7 14.0 2.7
C Angle of Shoulder 3.2 1.2 5.0 1.1
(n:15) Angle of Ankle 4.2 1.0 5.3 2.5
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