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Abstract

Recently, because the market for compression wear now includes all consumers, not just professionals, various items
for recovery after exercising or for enhanced effects from exercise have been introduced. In this research, a systematic
and stepwise design process was proposed to develop compression garment that has both functional area and appropriate
pressure to protect the knee when exercising. The U-V format functional area that wraps underneath the knee was
selected by considering the shape and change in the skin length when bending the knee. After the selection of the
functional area, a total of seven knee design areas, including the existing product, were designed to determine the
appropriate pressure. After various movements, the compression garment was ranked in terms of support of the knee,
level of pressure, discomfort of seam line, and comfort of popliteal; the preferred design was selected using the quad
method. Four compression wear garments were produced using two selected preferred designs; the wear evaluation
was performed using a seven-point Likert scale. As a result, the optimal reduction rate of the pattern was calculated
based on Ziegert and Keil’s method. The applied percentage of the fabric stretch at the upper part of the crotch was
66% for the width and 50% for the length; for the lower part of the crotch, only 66% for the width was applied.
Moreover, it was determined that the design of the U-V knee protection part was preferred when a 7 mm square
was placed at a 1 mm distance because this not only supports the knee but also allows the fabric to accommodate

various skin deformations.
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Skin length deformation(%) = |Length of between the landmark during 60°knee flexion - Length of between the

landmark during standing| +

Length of between the landmark during standing x 100 <2] 1>

[Figure 1] 3D scan image (left: standing; right: 60° knee flexion) and skin deformation
analysis method of knee area
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(Table 1) Mechanical properties of fabric

% Fabric stretch

Fabric . ) Fiber contents Thickness
by Zigert & Keil(1988)
Wale 17.5 %
Nylon 77.2 %,
T Course 24.6 % 0.4 mm
) Polyurethane 22.8 %
Bias 22.0 %
Wale 10.0 %
Nylon 80.0 %,
P Course 11.0 % 0.6 mm
) Polyurethane 20.0 %
Bias 18.8 %
(Table 2) Design and pressure variables for functional design area of the knee
Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 Type 7 Sample

Design
variables

15cm

Pressure level| Level 1 Level 2 | Level 3 Level 2 Level 3 Level 2 Level 3
Two Type 4
. Two layers| Two layers | Two layers Two layers| Two layers
Fabric One layer layers
(T+7T) (T+P) (T+T) (T+P) (T+T) (T+P)
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(Table 3) Characteristics of subjects wearing test compression wear (units in cm)

Subjects Size Korea
S1 S2 53 S4 S5 S6 S7 Mean (S.D) Mean (S.D)
Stature 178.0 173.0 1760 1800 175.0 171.0 170.0 1747 (34 172.4 (5.6)
Weight 720 650 700 780 75.0 71.0 71.0 717 (3.8) 729  (10.5)
Waist C. 806 775 785 78.0 81.0 82.5 85.0 804 (2.5) 83.6 (83
Hip C. 100.5 95.0 96.7 102.0 97.5 98.0 97.2 98.1 2.2) 94.8 (5.5)
Thigh C. 580 590 580 600 60.5 55.5 59.0 585 (1.5) 525 (42
Knee C. 380 355 357 395 38.0 37.0 36.0 375 (1.4) 373 (2.))
Ankle C. 26.0 242 25.0 27.8 27.0 25.0 26.5 25.9 (1.5) 26.0 (1.3)
Waist H. 105.5 1050 1060 113.0 1045 1065 106.0 106.6 2.7 103.8 (4.2)
Knee H. 495 460 455 510 500 450 480 478  (22) 442  (2.6)
C: circumference, H: height
Rank
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CW3 -
[ cws CW6 5 CWE
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[Figure 2] Quad analysis method
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[Figure 3] Measurement of wearing pressure

same result for 4 subjects
same result for 5 subjects
same result for 6 subjects

[Figure 4] 3D body mapping of skin deformation
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(b)

[Figure 5] Functional design area by anatomy and skin deformation mapping(a: anatomy of knee joint (the Korean
orthopaedic association web site), b: functional design area)

(Table 4) Total length of the skin on the design line (units in cm)

Skin 1
Total skin length Skin length .n ength
@) ® ) @ ® -5 difk differences
(O~B) erences rate(%)
Standing posture 348 487 416 4.1 3.8 20.39
sl ) i 0.55 0.02
Knee flexion (60°) 3.33 4.63 422 44 43 20.94
Standing posture 3.06 443 469 4.09 347 19.7
s2 ) i 0.21 0.01
Knee flexion (60°) 3.1 439 48 428 338 20
Standing posture 3.01 47 42 3.68 325 19
s3 ) R 0.00 0.00
Knee flexion (60°) 2.74 459 44 386 339 19
Standing posture 3.07 425 414 382 3.14 184
s4 . ] 0.55 0.03
Knee flexion (60°) 349 41 424 404 3.1 19
Standing posture 3.57 449 474 416 34 20.4
s5 . i 0.21 0.01
Knee flexion (60°) 34 462 507 425 323 20.6
Standing posture 3.27 427 428 397 3.13 18.9
s6 ) Rk 1.16 0.06
Knee flexion (60°) 3.3 41 496 4.09 3.63 20.1
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(Table 5) Rank sum of test results for each design
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Type 1  Type 2 Type 3 Type 4 Type 5 Type 6 Type 7
Design variables ’ F F r F r r
Level of pressure Level 1 Level 2 Level 3 Level 2 Level 3 Level 2 Level 3
Ease of movement 17 45 55 35 45 27 55
Knee supports 63 27 24 42 32 52 40
Pressure suitability 40 41 51 34 38 39 37
Comfort of sewing line 16 55 63 37 32 28 39
Comfort of popliteal 28 40 55 29 39 36 42
Total rank sum 164 208 248 177 186 182 213
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[Figure 6] Design variables of 3D compression garments
(a: basic design line, b: SPCG_1, c: SPCG_2, d: DFCG_1, e: DFCG_2)
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[Figure 7] Patterns for each 3D compression garment design
(a: SPGC_1 & SPCG_2, b: DFCG_1 C, c: DFCG_2)
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T 1.65 kPa(SPCG 1) AER 558 & glor} o]
Elo]x StE ffeiMe= F o A= d7t 2est

o

o zeEa fgAlkde] AEA @b EdelMe
SPCG_1 2357} SPCG 2 APHo] &2 H/t A5-E
LITH(p<.05). AFE SPCG_1, SPCG 2= Hej& Zd
HHoE FHE Fofdl APRoE FAM0] glof o] &
oA To = e Ao g drtEn) HeE Hak
o] Yle5 AR Aol g Al Bt AkeHE E 5 9
ThaL AzpE e dekelel] ofw] ARSHAL Q= AR Zd
B2 Sl efEske ST Sl Aol v
o] Wg Aws A 2o weprhA] Xehd F4 A
EAAE F 7 ] wheel Ao vEshs Al Bot
o Mol dadke IRl & 5 AU o=

SPCG_1 A#Ee] FEAA] vzl ohe Fof Wiio]
287t @ TR Ao B AEshs Aos el
o #HAo] FEAA| 7lso] A= 32k Az oF
AAZE 3 Yol TaA|xe) A | o)Be] Fg B
= [Figure 8]oll YEPARIH. Tmm HARFE S 1mm
NAE dof wiAete] 75 AAGt Tl g9 7)s

wobekely] el F4 A BATES Ao,
oo $Agle] ool Y&T 5+ ULS AKEE

sefgt 2ol TRelolet & 4 itk w3 U-V 3o

AN o

WA 22 o) Qe AL I AR Fe R

£ =gk o, Wi, I 52 iAfske] Al
o

(Table 6) Wearing pressure of compression garment (units in kPa)
. SPCG 1 SPCG 2 DFCG 1 DFCG 2
Position p
Mean (S.D.) Mean (S.D.) Mean (S.D.) Mean (S.D.)
Knee 1.65 77 1.32 (.75) 97 (.70) .86 (.68) 1.490 248
Popliteal .96 (.30 .88 (.40) .88 (.45) 1.11 (.54) 383 766
Shin 1.68 (.51) 1.61 (42) 227 (.50) 1.92 (1.16)  1.044 395
Thigh-front 74 (.29) .70 (.24) .50 (.20) .59 (.26) 554 .652
Thigh-back 97 (.38) .76 (.16) .83 (.34) .85 (.18) 1.105 372
(Table 7) Results of wearing test
SPCG 1 SPCG 2 DFCG 1 DFCG 2 F
Mean (S.D) Mean (SD) Mean (SD) Mean (SD) p
Eas
Y 5.86 (.90) 5.57 (.53) 5.29 (0.76)  5.29 (:49) 1.100  .368
movement
Knee supports  6.14*  (90) 4.57° (1.13) 557"  (127) 457"  (98) 3.633 .27
Pressure
o 6.00 (.58) 5.00 (1.29) 5.29 (1.70)  4.57 (.53) 1.945 .149
suitability(knee)
Pressure
o 6.00 (.58) 543 (1.27) 5.14 (1.35) 4.57 (.53) 2447 .088
suitability(total)
Comfort of . . b b w
) ) 6.14 (.38)  6.00 (.58) 4.57 (1.13)  4.43 (1.13)  7.625 .001
sewing line
Comfort of
popliteal 514  (1.46) 514 (1.46) 543 (0.98)  5.29 (.49) .096 .962

a, b: Groups with the same letter have means that are not statistically different by Duncun test, * p<.05, **p<.1
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Functional Design Process

3D human skin deformation and
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wale 9 %. course 16 %

Pattern reduction rates:
wale Q %, course 16 %

7 mm square 1 mm spacing

[Figure 8] Process and characteristics of the development 3D compression garment
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0.74~0.97 kPa= vjeptth. 2843 A7 SPCG 1 A3
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7P (6.14%) EelM 7P e Jrke wedt
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