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Abstract: The purpose of this study is to verify the impact protection performance and to evaluate the activity, design,
fit, and pad characteristics of the fall impact protection clothing for elderly women. The protective clothing was designed
as pants type and underwear type, and an impact protection pad in the form of a tightly connected regular hexagon piece
was inserted in the hip and hip joints. The pad was made of two kinds of foam single pad and foam and gel combination
pad so that they could be inserted into pants type and underwear type, respectively. The results of the shock absorption
performance of the fall impact protective clothing showed that when the impact force of 4601N was applied to the pants
type protective clothing, the impact force was reduced by 29% in the foam pad type and 26% in the gel and foam pad type.
When the force of 5113N was applied to the underwear type, it decreased by 40% in the foam pad type and by 34% in
the gel and foam pad type. As a result of wearing evaluation of subject group, it was found that fit and activity of underwear
type was better than that of pants type. Foam pad type was evaluated to be lighter than gel and foam pad type in both
the subject and the expert group and the gel and foam pad was evaluated to be more flexible in the expert group.
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Fig. 1. Schematic diagram of drop weight impact test equipment.
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Table 1. Body size of subjects
Subject o2 3" 4 s 6 7 8 9 10 11 12 13 14 (é\zl)) Aj((;zs))
69.1
Age(years) 65 65 66 65 65 66 67 68 69 70 71 75 77 78 58) -
L 81 85.6
Waist circumference(cm) 785 79 79 78 81 84 8 79 8 8 8 79 8 79 042 (821)
- 93.6 92.6
Hip circumference(cm) 92 913 92 93 93 93 92 97 92 9% 97 93 97 92 @15)  (534)
Height(cm) 157 155 156 153 1575 155 150 157 155 154 155 150 148 150 (]35(3)78) (]55?23)
Weight(kg) 54 52 52 52 56 54 56 52 56 56 60 53 56 52 (242111) (2762)

b Duplicate participation in subject experiment and expert group’s appearance evaluation
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Table 2. Design preference for pants & reason

Design
[
Total
Reason
Design 1 Design 2 Design 3
Freq.(%) Freq.(%) Freq.(%) Freq.(%)
Comfortable in an activity 20(35.1) 13(68.4) 14(58.3) 47(47.0)
Sophisticated 31(54.4) 4(21.1) 6(25.0) 41(41.0)
Combination in my body type 2( 3.5) 2(10.5) 4(16.7) 8( 8.0)
Coordination is easy with other clothing 4( 7.0) 0( 0.0) 0( 0.0) 4( 4.0)
Total 57(100.0) 19(100.0) 24(100.0) 100(100.0)
r 18.306°
*p<.05
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Table 3. Design preference for underwear & reason

oy wolg $J8 YEE HEHE Y E G ST3

Design
¢ Total
Reason
Design 1 Design 2 Design 3
Freq.(%) Freq.(%) Freq.(%) Freq.(%)
Comfortable in an activity 32(68.1) 15(37.5) 7(53.8) 54(54.0)
Protection will be work better 9(19.1) 23(57.5) 4( 4.7 36(36.0)
Protective pads do not stand out in appearance 6(12.8) 2( 5.0 2(15.4) 10(10.0)
Total 47(100.0) 40(100.0) 13(100.0) 100(100.0)
r 14.422"
Tp<01
ﬂ (v
-Before-
Pants Underwear

Fig. 2. Design prototypes of the impact protective clothing.
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Fig. 3. Pants pattern.
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Fig. 4. Underwear pattern.
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Table 4. Physical properties of the test pants material

oy wole Hlot HyEH HEHE Y 2 B} 5T5

Pants

Underwear

Mesh (Pad)

Fiber contents(%)

Nylon 50%(Tactel®),

Polyester 40%(Thermolite®),
Polyurethane 10%(Lycra®)

Acrylic 47.7%,
Rayon 30.5%,
Polyester 19.5%,
Polyurethane 2.3%

Polyester 97% (Lycra®),
Spandex 3% (Coolmax®)

Weight (g/mz) 310 196.5 148.9
Thickness (mm) 1.12 0.57 0.53
Wi 23.1 63.8 13.0
Stretch (%) T
Wett 79 1304 73.6
Table 5. Protection pad and protective clothing
Pants

Underwear

Pad

Pad pouch of the
inner parts

Foam pad

Gel+ foam pad
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Table 6. Drop impact test result (Unit: Newton)
Clothing Pad N M SD Post analysis F
without pad 13 460126 744.72 a
Pants Foam pad 29 3243.95 665.98 b 28230
Gel+foam pad 28 3407.69 262.47 b
without pad 10 5112.78 590.85 a
Underwear Foam pad 30 3051.39 384.10 86.056
Gel+foam pad 30 3376.86 424.53
***p<.001, a>b: Duncan’s multiple range test
ojx Mo Y3 YTE Ed) REW=Z s A7 o gk 513N, & T H=g 4FYeh S20A
& 5 =S etk = 305INSE HSHER Qlel S0l 40% e As g
AT F Jdom, A+F PP FA=E AYs SRAAME
34. SAEHESES| SAETME Tt Hat 337TNOE 34%iHE FA o] Zol& 2102 YeRslt)
Table 62 Wil o] N2 £2F BIES YsiA 3t AR AFoA] W2 27 BT =9 Algiolie
AlAE Ae Aol H=rt gle WS oY vpIAS 9 wet FAYA fFogh 2folrt e ALR FRIFACH, 7
SRS W 7RIR Fe] Az 460INCIRY, F Hd¥ =7 AYE ARl SAES EFE Z20E YEkT 3
H=Z 4915 WMo e 3244NCE F=7) Q1L wfol] vls) 9 =] FRe wEHE fo3 Zfolrt glox E ©dE
FAC] 29% 7AaE S Y F o, A+E 2FTY Heo} A+F 2HE A= Afololle BEge a7t gle A
=2 A3 Ao E 3408NSE 26%3HE 40| Zo] < I F U
EAS & F Uit
=T fle S22 49 IS YsrlEE W 7RIzl &
Table 7. The activity evaluation of subject group(Friedman result)
Pants Underwear )
Foam (n=14) Gel+foam (n=14) Foam (n=14) Gel+foam (n=14) r
Chair-sitting 4.57(514) 4.36(.745) 4.50(.760) 4.71(.611) 3422
Crouching-down 4.43(.756) 3.86(.864) 4.64(.633) 4.79(.426) 11.400"
Bending forward to the maximum 4.36(.745) 436(.745) 4.79(.426) 4.79(.426) 9375"
Bending knee to the maximum 3.79(.893) 436(.842) 4.71(.469) 4.93(.267) 24.037"
Walking 4.00(.555) 429(.914) 4.50(.650) 4.50(.650) 8.000"
Climbing stairs 4.07(.730) 4.14(.949) 4.50(.760) 4.57(.756) 12.000”
Overall activity 3.93(475) 4.07(.829) 4.50(.650) 4.64(.497) 19.640°"
'p<05, “p<01, " p<.001
Table 8. The activity evaluation of subject group (Wilcoxon signed-rank test)
Total(Foam & Gel+foam) Total(Pants & Underwear)
M(SD) Signed rank p M(SD) Signed rank p
Pants Underwear - + = Foam Gel+foam - + =
Chair-sitting 446(637) 461(685) 4° 8 16°  -924 454(637) 454(693) 57 4 19" 000
Crouching-down 4.14(848) 4.71(535) 3* 13° 12° 2757 454(693) 432(819) 7° 4° 17 -139
Bending forward to the maximum  4.36(.731) 4.79(418) 2° 12° 14° 2676  457(.634) 457(634) 3% 3* 22 000
Bending knee to the maximum 4.07(900) 4.82(390) 0° 16° 12° -3.666  4.25(844) 4.64(678) 19 11° 167 -2.840"
Walking 4.14(.756) 4.50(.638) 2° 10° 16° -2352° 4.25(.645) 439(786) 4% & 16 -924
Climbing stairs 4.11(.832) 4.54(744)  0° 10° 18° 29727 429(763) 436(870) 2 4° 22 _s41
Overall activity 4.00(573) 4.57(573)  0° 15" 13° 377177 421(630) 436(.731) 20 6 200 -1.414

*p<,05, **p<,0 1 ; ok

p<.001, a: Underwear<Pants, b: Underwear>Pants, c: Underwear=Pants, d: Gel+foam<Foam, e: Gel+foam>Foam, f: Gel+foam=Foam



Table 9. The design evaluation of subject group(M and SD)

Pants(n=14) Underwear(n=14)
M SD M SD
Color 4.64 633 4.71 611
Fabric 4.57 514 4.57 .646
Silhouette(semi-straight) 4.57 .646 - -
Detail(belt, pocket, pin 407 229 ) )
tuck etc.)
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Table 10. The fit evaluation of subject group(Friedman result)
Pants Underwear 2
Foam (n=14) Gel+foam (n=14) Foam (n=14) Gel+foam (n=14) x
Location of waist circumference 3.86(.663) 4.00(.784) 4.57(.646) 4.64(.842) 16.870"
Waist circumference 3.86(.770) 3.86(.949) 4.64(.497) 4.79(.426) 23.188"
Hip circumference 4.50(.519) 4.36(.745) 4.50(.760) 4.57(.938) 1.793
Fit of crotch 4.14(.770) 429(.825) 4.64(497) 471(611) 9.263"
Leg width of pants 4.36(.745) 4.29(.825) 4.71(469) 4.71(.611) 11.182"
Pants length 4.57(.646) 4.57(.646) 4.64(.497) 4.64(497) 545
Overall fit 421(.579) 429(.726) 4.43(.756) 443(852) 3348
p<.05, p<0l,  p<.001
Table 11. The fit evaluation of subject group(Wilcoxon signed-rank test)
M(SD) Signed rank p
Pants Underwear - + =
Location of waist circumference 3.93(.716) 4.61(.737) 1 15° 12 33437
Waist circumference 3.86(.848) 4.71(.460) 0 17° 1° 3.739™
Hip circumference 4.43(.634) 4.54(.838) 5 9 14 -.566
Fit of crotch 421(.787) 4.68(.548) I 12° 15 2476
Leg width of pants 432(.772) 4.71(.535) 1 12° 15 3.051"
Pants length 4.57(.634) 4.64(.488) a I 18° -632
Overall fit 4.25(.645) 4.43(.790) a 10° 14¢ 1213

*p<.05, **p<.01, o

p<.001, a: Underwear<Pants, b: Underwear>Pants, c¢: Underwear=Pants
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Table 12. The pad characteristic evaluation of subject group(Friedman result)
Pants Underwear )
Foam (n=14) Gel+foam (n=14) Foam (n=14) Gel+foam (n=14) *
Position 4.50(.760) 4.14(.770) -
Shape 4.36(.745) 4.14(.535) -
Area 4.21(.802) 4.07(.829) -
Thickness 4.14(.770) 3.86(.949) 3.93(.829) 421(.699) 2813
Volume 3.93(.829) 3.86(.949) 3.93(.917) 3.93(.730) 429
Weight 4.21(.893) 3.93(.829) 4.21(.802) 3.79(.699) 7.364
Flexibility 4.00(.784) 4.07(.616) 4.50(.650) 4.57(.646) 13.025"
Ease of insertion and removal 436(497) 436(.745) 4.50(.650) 429(.611) 1.609
The fixed and finished condition 4.43(.756) 4.36(.745) 4.29(.825) 4.57(.646) 3.436
"p<.01
Table 13. The pad characteristic evaluation of subject group(Wilcoxon signed-rank test)
Total(Foam & Gel+foam) Total(Pants & Underwear)
M(SD) Signed rank 7 M(SD) Signed rank
Pants Underwear - + = Foam Gel+foam - + =
Position ™ 450(.760) 4.14(770) 5* 1° &  -1.667 - - - - - -
Shape ™ 436(.745) 4.14(535) 4 1° o 1342 - - - - -
Area”™ 421(802) 4.07(829) 5° 4 5 -491 - - - - -
Thickness 400(861) 4.07(766) 6 8 14° -440  404(793) 4.04(838) 7* & 13" -059
Volume 3.89(875) 3.93(813) 6 6 16° -258  3.93(858) 3.89(832) &' 6 147 -243
Weight 407(858) 4.00(770) 6 4% 18 .48  421(833) 3.86(756) 12¢ 3° 137 -1.995"
Flexibility 4.04(.693) 454(637) 17 14> 13° 33000 425(752) 432(670) 4% 6 18" -632
Ease of insertion and removal 4.36(.621) 4.39(.629) 7 7 =243 443(.573) 4.32(.670) 7o 17 -.905
The fixed and finished condition 4.39(.737) 4.43(742) 3* 5" 20°  -302  436(.780) 446(693) 4% 7° 177 -905

*p<.05, **p<.01, *‘**p<.001, a: Underwear<Pants, b: Underwear>Pants, c¢: Underwear=Pants, d: Gel+foam<Foam, e:

Gel+foam=Foam, *n=14

Table 14. The wearing evaluation of subject group (Friedman result)

Gel+foam>Foam, f:

Pants Underwear N

Foam (n=14) Gel+foam (n=14) Foam (n=14) Gel+foam (n=14) *
Tactile sensation 4.36(.633) 4.43(.756) 4.57(.646) 4.86(.363) 8.908"
Flexibility 4.29(.611) 4.21(.699) 4.86(.363) 4.79(.426) 17.458"
Wearing sensation 4.36(.633) 4.29(.726) 4.50(.760) 4.71(.469) 5.704
Ease of wearing and taking off 4.43(.514) 4.36(.497) 4.71(.611) 4.71(.469) 7.545"

p<05, "p<.01
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Table 15. The wearing evaluation of subject group (Wilcoxon signed-rank test)

M(SD) Signed rank 7
Pants Underwear - + =
Tactile sensation 4.39(.685) 4.71(.535) 2° 10 16° -2.324
Flexibility 4.25(.645) 4.82(:390) 0° 16" 12° -4.000""
Wearing sensation 4.32(.670) 4.61(.629) 2° 9 17° -2.138
Ease of wearing and taking off 4.39(.497) 4.71(.535) 3 12° 13 2324

*p<.05, **p<.01, - p<.001, a: Underwear<Pants, b: Underwear>Pants, c¢: Underwear=Pants

Table 16. Preference of clothing type and pad type

Clothing type(n=14)

Pad type(rn=14)

Pants Underwear Foam Gel+foam
Frequency 7 7 9 5
Percentage(%) 50.0 50.0 64.3 35.7

Table 17. The design evaluation of expert group (M and SD)

Pants(n=10)  Underwear(n=10)
M SD M SD
Color 4.97 181 4.90 354
Fabric 497 181 4.92 279
Silhouette(semi-straight) 4.92 279 - -
Detail(belt, pocket, pin tuck etc.) 4.82 390 - -
ghck. M= A7) A Wold w) Aol wet ¥R} A%
o] X7} ol 2 o] FHER o]F Alfsle] o] JE)
oF WS AN, S22 A PAE L 2150] AA
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Table 18. The fit evaluation of expert group(Friedman result)
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Pants Underwear N
Foam (»=30) Gelt+foam (»=30) Foam (»=30) Gel+foam (n=30) *
Location of waist circumference 4.80(.407) 4.73(.521) 4.63(.556) 4.60(.621) 3.881
Front Waist circumference 4.93(.254) 4.87(.346) 4.73(.450) 4.70(.535) 9.140"
Hip circumference 4.83(.379) 4.57(.626) 4.73(.450) 4.83(.379) 6.000
Appearance of crotch 4.37(.615) 4.47(.571) 4.57(.504) 4.70(.535) 6.938
Side Location of side seam 4.80(.407) 4.80(.407) - - - .
Slope of waistline 4.83(.379) 4.83(.379) 4.67(.547) 4.37(.669) 13.435
Location of waist circumference 4.97(.183) 4.87(.346) 4.67(.479) 4.53(.571) 17.133"
Back Waist circumference 4.93(.254) 4.90(.305) 4.80(.484) 4.80(.407) 2.852*
Hip circumference 4.87(.346) 4.67(.479) 4.50(.509) 4.50(.509) 11.442
Appearance of crotch 4.60(.498) 4.33(.479) 4.33(.547) 4.27(.521) 7175
Leg width of pants 4.67(.479) 4.60(.498) 4.83(.379) 4.77(.504) 5.579
Total Pants length 4.50(.630) 4.50(.572) 4.87(.346) 4.77(.504) 13.085"
Overall fit 4.80(.407) 4.80(.407) 4.77(.430) 4.73(.450) 647

p<05, “p<.01
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Table 19. The fit evaluation of expert group(Wilcoxon signed-rank test)

M(SD) Signed rank 7
Pants Underwear - + =
Location of waist circumference 4.77(.465) 4.62(.585) 15° 7° 38° -1.603
Front Waist circumference 4.90(.303) 4.72(.490) 4¢3 43¢ 2.668"
Hip circumference 4.70(.530) 4.78(.415) 100 14°  36° -.962
Apperance of crotch 4.42(.591) 4.63(.520) AT T L V 2414
. Location of side seam 4.80(.403) - - - - -
Side Slope of waistline 4.83(.376) 4.52(.624) 24* g% g 2.969"
Location of waist circumference 4.92(279) 4.60(.527) 23" 4 33 3657
Back Waist circumference 4.92(.279) 4.80(.443) 10° 4° 46° -1.698
Hip circumference 4.77(.427) 4.50(.504) 21 5% 34 3.138"
Apperance of crotch 4.47(.503) 4.30(.530) 18 o 33° -1.826
Leg width of pants 4.63(.486) 4.80(.443) 71T 36 2.041"
Total Pants length 4.50(.597) 4.82(.431) 54 220 33 -3.004"
Overall fit 4.80(.403) 4.75(.437) 12 9 39 -655
*p<.05, **p<.01, ***p<.001, a: Underwear<Pants, b: Underwear>Pants, ¢: Underwear=Pants
Aot Aol AgetA olFol Aog B F Uk 459 B g =7} 64.3%= EA 2Tl Hj3) =A Uit} o= Eu
SEO thgh xje|E AuE Ax ZAES Als vUwA] = =7t o 7PEA A7) Wil Aoz o AXTKTable. 16).
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Table 20. The pad characteristic evaluation of expert group (Friedman result)
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Pants Underwear )
Foam (#=10) Gel+foam (#=10) Foam (n=10) Gel+foam (#=10) *
Position 4.40(.516) 4.40(.516) -
Shape 4.40(.516) 4.30(.483) -
Area 4.30(.483) 4.00(.471) -
Thickness 4.40(.516) 4.50(.527) 4.30(.483) 4.30(.483) 1.435
Weight 4.90(.316) 3.90(.876) 4.60(.516) 3.90(.876) 168117
Flexibility 4.10(.738) 4.50(.527) 4.10(.738) 4.60(.516) 7.286
Ease of insertion and removal 4.20(.632) 4.10(.568) 3.90(.738) 3.90(.738) 3.600
Design and configuration 4.30(.483) 4.20(.422) -
Fixing and finishing 4.50(.527) 4.40(.516) -

T p<01
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Table 21. The pad characteristic evaluation of expert group (Wilcoxon signed-rank test)

M(SD) Signed rank
Foam(»=10) Gel+foam(n=10) - + = Z
Thickness 4.35(.489) 4.40(.503) 3 40 13 -378
Weight 4.75(444) 3.90(.852) 12° 0 8 -3.153"
Flexibility 4.10(.718) 4.55(.510) 1 8" 1 2310
Ease of insertion and removal 4.05(.686) 4.00(.649) 3" 1° 16° -378

*p<.05, **p<.01, a: Gel+foam<Foam, b: Gel+foam>Foam, c¢: Gel+foam=Foam
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