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Abstract

In this study, we aimed to propose enhancements to the dimensions and design of walking aids tailored for
elderly women. Specifically, we focused on wheeled walking assistance devices and aligned each structural
component with the appropriate human body dimensions to suggest appropriate product dimensions organized
by size clusters, aiming to maximize the practicality of the results. We extracted essential factors required for
product design, including human body size elements. The dimension extraction method was clustered to estab-
lish connections between key human body parameters-such as height, weight, and age groups-and product
dimensions. We conducted a comparative analysis of walking aid product dimensions according to the design
elements and sizes of models currently available in the market. The outcomes of this study offer objective, da-
ta-driven insights into areas where existing models on the market could benefit from improvement and we an-
ticipate that the findings of this study will provide a solid, quantitative foundation for individuals when select-
ing the most suitable model for their needs.
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a. ‘Rollator’ according to ISO 11199 standards

b. Domestic ‘Silver Cart’ product

Fig. 1. The types of walking assistance devices.
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Table 1. Design criteria for walking aids in prior researches

Components Design elements Human body size factors Size setting criteria References
Hand grip-hand brake . .. N Jung et al.,
distance (A) Palm length perpendicular Below minimum value (5%) 2009
. . Jung et al.,
Left-right hand grip gap (B) ~ Elbow to elbow breadth Below average value (50%) 2009
Handle o . . Choi et al.,
Height ncases ot o btaneey | 20135 Lee &
o Yang, 2020
Hand grip height (C) oiehl B
Crotch height, Waist height, Comp are'd to height, Bent "
Hip height elbow height, and Femur
trochanter height
. . Above maximum value Jung et al.,
Maximum load Weight (95%) 2009
Frame Ab - | I |
. L ove maximum value ung et al.,
Frame width (D) Hip width (95%) 2009
Fixed: Average value (50%) +
30mm Jung et al.,
Seat height (E) Popliteal height Adjustable: Minimum value 2009; Kang
(5%) + 30mm to maximum et al., 2008
value (95%) + 30mm
Seat . . L From minimum value (5%)to  Jungetal.,
Seat width (F) Hip breadth, sitting Maximum value (95%) 2009
Seat depth (G) Buttock-popliteal length Below minimum value (5%) ;L(l)r(l)% etal,
. Above maximum value Jung et al.,
Armrest spacing (H) Elbow to elbow breadth (95%) + 15mm 2009

Tllustration
of design
elements

* Additional items in this study
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Table 2. Characteristics of the selected comparative model for dimensional improvement in this study

Model
name

Model image

Specifications

SP300

o Straight type handgrip and brake

o Adjustable handgrip height (3 levels) - Adjust the height using the height adjustment screw
o Hand brake for stopping by holding the tires

o For portability - Manual folding lever

o Convenient for picking up frequently used items with a backrest bag

CM003

o Straight-type handgrip and brake

o Adjustable handgrip height (4 levels) - Adjust the height by removing the yellow pin on the
height adjustment screw

o Hand brake for stopping by holding the inside of the wheels

o Foldable for portability. Semi-automatic folding lever

o Comes with an auxiliary bag

M300

o Straight-type handgrip and brake

o Adjustable handgrip height (3 levels) - Adjust the height by lifting the cover of the height
adjustment screw, removing the pin, and covering the screw with the cap for height
adjustment

o Hand brake for stopping by holding the tires

o Foldable for portability - Manual folding lever

o Comes with an auxiliary bag

Adapted from Lifepacking (2023). https://smartstore.naver.com/lifepacking/
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Table 3. Comparison analysis of mean difference of measurement according to age group

Group 1:70-74

Group 2:75-79

Group 1: 80-85

Measurements (n=158) (n=152) (n=159) E
M SD M SD M SD
Height 1510.47 49.06 1491.05 49.11 1465.67 55.81 30,300 44+
(mm) c b a
Weight 57.39 8.16 55.58 7.67 53.61 8.50 8562 ¥+
(kg) b b a '
25.11 3.15 24.97 3.33 2491 333
BMI .168
a a a
Waist height 916.31 36.70 905.95 37.13 895.01 41.13 12,243 F5
(mm) b b a '
Crotch height 679.13 30.15 672.22 31.44 663.85 32.44 0460 +5+
(mm) b b a
Hip height 750.49 34.65 746.07 38.47 738.51 39.24 1985 %
(mm) b b a '
Hip width 339.41 16.51 333.92 1619 332.04 17.34 5305 e
(mm) b a a
Popliteal height 332.55 14.99 329.45 15.67 327.99 16.05 3500 %
(mm) b a a '
Buttock-popliteal length 471.28 21.87 468.46 23.55 467.22 22.75 1308
(mm) a a a
Elbow to elbow breadth 459.23 34.85 458.07 38.06 451.44 42.51 1871
(mm) a a a '
Hip breadth, sitting 339.44 21.54 334.54 22.50 329.06 24.94 8058 +++
(mm) b b a
Palm length perpendicular 91.29 11.39 91.44 12.12 92,61 8.60 -
(mm) a a a '
*p<.05, ***p<.001, Scheffe test results a<b<c
p<.001), G ol0l(r=.757, p<.001) &} 2> o Aol dul Afo] =5 AAE o= kil AR E YTk
AE Rl on, ol ul(=447, p<001), L0 F  BMIQ] AL, 7L B o] ulalo] e} 9l 4] FEE 3}
E0|(=.694, p<001), oF2FFolegHLol O A 7} wrol Z-g-5hA] oF kTt
(=581, p<.001)&} W] 2] & AFA S H ek =
A= ol L] (1=710, p<.001), TE 2] Ao] L] 3) 719t 220l w2 7.;' 2y
(r=.803, p<.001), 2t->F™ o] H|(=.773, p<.001)3} HAPA O] A A Q] HE T 2 ol of ek
2 A, B EliEe] (=409, p<.001), 2F2 YT o] 1 Fol & o7 EWJHE A 240 975 ot 5
o] o F4BUO|(—A90, p00Sk B A £ g AL Slstol, 7|9k ghe o Folo K- B 24
#AE Bt $42 A A5l Th(Table 4). 2474 9] 274 2 W3}
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ol Bl A5 AR, B AR et AR
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Table 4. Cluster analysis results for height and seated backrest height

Group 1 Group 2 Group 3
Measurements (n=138) (n=247) (n=84) F
M SD  Min Max M SD  Min Max M SD Min Max
Height 1552 27 1513 1664 1481 21 1441 1516 1408 30 1246 1444
883.975 ***
(mm) c a
: . 343 12 309 376 328 11 295 368 313 15 294 350
Popliteal height 165.513 %%
(mm) c a
***p<.001, Scheffe test results a<b<c
Table 5. Cluster analysis results for weight and width items
Group 1 Group 2 Group 3
Meaiurelilents (n=236) (n=119) (n=110) F
mm
M SD Min Max M SD Min Max M SD Min Max
557 46 41.1 686 466 48 335 586 647 68 475 853
Weight 340.144 ***
b c
336 13 304 375 319 12 284 352 349 14 317 402
Hip width 147.309 ***
b c
i 335 16 293 379 310 16 264 340 356 17 312 402
Hip .br.eadth, 293,053 ##%
sitting b ¢
458 16 412 500 407 23 319 445 502 19 462 560
Elbow to elbow 690.95 ***
breadth b c

***%p<.001, Scheffe test results a<b<c
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Table 6. Dimensional proposals for design elements of walking aids

. Human body . . o . . .
Components Design elements size factors Size setting criteria Design dimensions
Hand gflp-hand Palm ler}gth Below minimum value (5%) Below 80mm
brake distance  perpendicular
Left-right hand  Elbow to elbow o 1) Straight type: Below 502mm
grip gap breadth Below average value (50%) 2) Split type: Below 456mm
Handle Crit.eria: Han.dgrip
Step height height
48% of height (Height + Scm in (mm) (mm)
Hand grip height Height cases of low balance) 1 Below 1440 755
2 1440 ~ 1510 790
3 Above 1510 824
Maximum load ~ Weight Above maximum value (95%)  Above 69.4kg
F
rame Frame width Hip width Above maximum value (95%)  Above 349.5mm
1) Fixed: 360 mm
2)Adjustable:333~385mm
3) Stepwise
1) Fixed: Average value (50%) + Cfieiee Seat
, o 30mm . Step height height
Seat height Popliteal height 2) Adjustable: Minimum value (mm) (mm)
(5%) + 30mm to Maximum value
(95%) + 30mm Below 1440 343
2 1440 ~ 1510 358
Seat 3 Abovel5l0 373
. . ... From minimum value (5%) to
Seat width Hip breadth, sitting Maximum value (95%) 296~347mm
Seat depth Buttock-popliteal Below minimum value (5%) Below 433mm

length

Armrest spacing Elbow to elbow
breadth

Above maximum value (95%) +
15mm

Above 534mm

* Due to measurement inaccuracies in the height system, it may be impossible to clearly classify measurements (1) between 1430
and 1450mm into either the 1st or 2nd category, (2) between 1500 and 1520mm into either the 2nd or 3rd category

o] Hjof ajFslct. Z+ 15 o FAzgko] 1246~
1444/ 1441~1516/ 1513~16648} Zro] B3l &
Holl wbet, 7] 7 71l el 2o Hagke] HAE
AHg-8taL A} SF Tk, Tk, Al A of] wheh A Sl @
210] 79 o}/do] 3.8~7.Imm7}gFo] WA, o] |
71 A2 EZA W=7t ek H o 10mm7ER] 2217 A
4= Uth= A A9 (Ko etal., 2018)E HFF &
219 27 gk Agksto] 7| & Lo R A8kt
ule}A] 7] 152 1440mmo] 8}/ 1440~1510mm/ 1510
mmo| 2] A 1E 0 &2 HEske] s 1E ol sl g5t
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Table 7. Comparison of proposed design dimensions for walking aids and commercial product dimensions

Compo- Model 1 Model 2 Model 3
nenlss Design elements Design dimensions of market of market of market
(SP300) (CMO003) (M300)
Hand grip-hand brake Below 80m 85 75 80
distance (mm)
Left-right hand grip 1) Straight type: Below 502 Straight type Straight type Straight type
gap (mm) 2) Split type: Below 456 401 401 401
Crit.eria: Han.dgr ip Handgrip Handgrip Handgrip
Handle Step  height height Step  height Step  height Step  height
(mm) (mm) (mm) (mm) (mm)
o Below s 1 890 1 890 1 840
Hand grip height 1440
5 litgli)ow 790 2 920 2 920 2 870
b 3 950 3 950 3 900
ove
3 1510 824 4 990
Maximum load (kg) Above 69.4 80 80 80
Frame
Frame width (mm) Above 349.5 410 410 410
1) Fixed: 360 mm
2) Adjustable: 333~385mm
3) Stepwise
Criteria: Seat
Seat height smp sl el 450mm 460mm 430mm
(mm) (mm)
1 Below 1440 343
Seat
2 1440~ 1510 358
3 Above 1510 373
Seat width (mm) 296 ~ 347 330 330 360
Seat depth (mm) Below 433 370 360 300
Armrest spacing (mm) Above 534 410 410 410
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