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Selection and Design of Functional Area of Compression
Gamment for Improvement in Knee Protection
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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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2AA F F e 3E-S FErhal Barskal Qlal(Ali
et al., 2007; MacRea et al., 2011; Troynikov et al., 2010)
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vk K (Mac Rae, et al, 2011). ohgt AZ A o] =
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T2 34k gk FEREY o B e A
Al FPEAels Aol ANk 28 A ASHAIA
oAty et e Zlo 2 HolH ojejd &
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WS 2439t Sl whe AERe] Lo] vt
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I APE Bk 6510] v|PAte] AAE 3k <A
WFste] olE 2R F5 AA| 7IeH tAkl Ele s
=E3 I
2. % NXE 2 JI18H cixiel ¥ M
23 Fo| Wz *%Jgﬂ

w2 39 AXE 9la Az o= g Mol WA
WEONRE TE 9 1Sem7bA] AEE V2 B8 &

Al Gefoll 75 AR YRR o Fo] =g wiles
ARE-S ARtk 55 79 vzl oFg Fof Ao

EAE AeEo] 7|2 4% gHL JungZ Hong(2006)2]
TE e 7t AtollA] 28 FHRte] et

3L B AAE ghedate] 4 A= Attt 7
A2 o2 JungZ} Hong(2006)L- Zigert & Keil(1988)E =
At Ak AgE ‘]Oﬂ AAPEERS 50%, AL e R
TE7} 28 HH3to] it

ke
oL
=
o

SEEERIR H } ozt ANE SAE Ag
3 Zasleln A Pgome AP d@Eelsl]
ol S el o1 W ALgE Al St 4l

247} Belgjo e @A) 7 =

oA o] AF&E I 9= A& FE(Tricot; T)FL
Qo] S4e <Table 1>°ﬂ BN CRERRL B
AR Y 245 AF & F ofld] B2 39 A
= ?:5_ ‘:]X]'OM' 2AE o83 o T HQoR TF
2o AZetedti<Table 2>, A}l Wele HE

= X—’r Al S5 o] Wy Wl AR2F), V1= Al
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SRR CReLE A, A o83 9 FEe
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273 g} Jull(Power net; P)S o]-&3}3iti<Table 1> &
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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)

AZE 7% EAIE SIZE KOREA 20109] 200 3%
Aol Th3 A 491(S1~S4)<Table 3> thdoz
FE thElol ohe TARRIES ZEAR T skt doja7]
58P, ohe] We] 208 ¢7) 53, A7) 3%, FE0%
2 Boge7] & 53 ARk F&o] golst,
5 F ARETF=IY, GHol AAGY, BAM o
ALeA| b, ‘eao] HUNsIF o gl 3] &4
WHe A 9 Wk B2 wle s wdapt
ME3h= AlF A9 Al @F 7FsAdol s o 829
Afniyel A= B Miller, 2000; Kim, 2004) 1] o
2 o]RojHh. 7Fe] EA A¥Ee 2L (1,2, 3,5),
(1,2, 4,7),(1,4,5,6), (1,3,6,7), (3, 45 7), 23,

4, 6), (2, 5, 6, 7) ©]aL [Figure 2]9} Zo] Aele n=
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FE oiEy g Qs =M o9 J|sH Clxjel Y MEDt MAM 5
olgt FH ALHS FHaskelr] fEl AAAF(Choi & A3 719t W AalS 95 duke] 247 AeElE =¥y
Hong, 2015; Kim & Hong, 2012)cllA] A5H o5 7 WHS §ilo 2 ARGSeltt el Zid WhHL Tmm
P vhedete] A o= ARSIt 712 HRiel 2 AAES 75 9ol dAg 1t E ks 7ol
Q1 30tH A Bt A|5re] 3xF QA wloE] ffell Al A[8l3ith = Tmm ALY A2l "ol Ql= i
}3l(geomagic Desine X, 3D systems) 22} HHA/N = & A7 A=Y Al Fo] 71 7152 3= 5}
23791 2C-ANZRIH(ES  FEWS  10-2009- AL T AAEE A Ateldl] Imm = 3mm F
0115130y o]&3f s} gk 5 Yuka CAD Z2I%] A& Fo] 17Fe] F2|Qlol| oj&o] thgd + J=s A7
(Youth hitch, Japan)© 2 9 sidl-s Altetedct. =z ity AAH o R Vs F& vl el Tmm 73

A B Abgd Yeke EA] Azt olg¥ EfHE
(Tricot; T)E L3} HH F4&2 & S= 7€ A
Toll 2At] At AlgE(Zigert & Keil WH)ollx A}
WeEo 7 50 %, YA WO R 66 %E, 4t ol AA
Wako g A4t 2 Al dete] gl g ddol
sl 5= glo] 9Ja} Wigko 2ut 66 %E 2831k ¥

L 71t ARl A FA Ze|HrtE Sl
g tARIE ARSIt 2E|al thA] 75 F9le] A

Imm7tAo 2 wjxsl=  AHEE ZHY
(SPCG_1), 7mm A& 3mmibA o2 v
2]& 2 (SPCG_2), 7I54 & tAkl <ol dd
274(DFCG_1), ¥ o} A <k 28(DFCG_2)°= 4
o] Az oEZ A=t

Az A5 o8 B 25758 2897
2} 791(S1~S7)<Table 2> t)io 2 AAIEFITt.
4 =7 371U oE5S AA AMI 3037-2(AMI

ol
r
il

ﬂF
K

2.

(Table 3) Characteristics of subjects wearing test compression wear (units in cm)

Subjects Size Korea
S1 $2 53 S4 85 86 87 Mean (S.D.) Mean (S.D.)
Stature 178.0 173.0 176.0 180.0 175.0 171.0 170.0 174.7 (34 172.4 (5.6)
Weight 720 650 70.0 780 75.0 71.0 71.0 717 (3.8 72.9 (10.5)
Waist C. 80.6 775 785 780 81.0 82.5 850 804 (2.5) 83.6 (8.3)
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) 52.5 4.2)
Knee C. 380 355 357 395 38.0 37.0 36.0 375 (1.4) 37.3 2.1
Ankle C. 26.0 24.2 25.0 27.8 27.0 25.0 26.5 259 (1.5) 26.0 (1.3)
Waist H. 1055 105.0 106.0 113.0 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
| cw2 | fcws !
CW3 -
[ cws CW6 5 CWE
CW4
Lcws | cwd |/ {cwe 3 [cws k——fcws]

CW4

[ cwe |——[cws |

CwW2

[Figure 2] Quad analysis method
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Techno, Korea)Z ARg3} o, &4 9x]+= [Figure 3]
I o] F5 FHP1), 25(P2), F4o|(P3), &HA-F
(P4), SIHA-F(PS)llX S 3.

ARE 5715 AEH/IE T At 79
(S1~87)& tZo= “ghgitt dojal7] 53], ‘the] Wy
zae g7) 53, A7) 38, ‘7] 38, ‘40cm 2jvhg
=FUY 53, ‘22 90k Eoleg])r] 7 532 A
st “Fzho] golsbrp, ‘B2t Al FEE AXEFEIH
5 FHe] F40] Ao, el dge AAp, A
A=A FEe AP, wAXel ALEA g=IF,
Qo] Hekerl o] ol sl BAE 74 H=(1-313]
A gk, 2- ozt 2% A vk, 3-a%A] i, 4-KF
ot}, 5-1t}, 6-oFF 2}, 7-uig- 2FthE et
Al ko, AFge] #2412 SPSS 20.0(IBM)S o]-&3}e]
A A FEAHES(ANOVA)E AA]3F 3L Duncan test®

A5 A

m |+23
1, 22 22 Sxjof| 2 22 29| I8 WY 24
21}

3
FYe] G134 S%olsh 7% WES veRhs 7t
A, 455, 13S% A< 69% 41 olge] AAlsh= 4
2 WYstglon, 1 Av [Figure 419 2.
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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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FE oty als I8t A=alM 959 7|sH ClXigl dY MAED MAIY 7
<Table 4>¢} o], T|FA} BF 9| W &o] A2 %= 3. B2 x|X|= 95 CxI0l oo HS o ot =
vEldth meb w8 ALdE HAag & 5 JusE A 0f HHH MX
¥ Ve 2ol 22 w7y A Tkl gelos B85

o - F5 AAE 9fek 2] txiela o Rof Wiy A

FolA] glom, A 7N wio] Z} Eoll= ME Ho skl wot
o npEg gt sl B dZo] EA8HrHThe
Korean Orthopaedic Association). ©]2]3F F-22]¢]
o 2R HEsly] 9 UEE S ddsiM &
Hol BAHEE 55 79| of& M= UdeR
2 2Rl Attt HFo= 75 AAE Qg
Yapele g2 [Figure S(b)]ok 2ot

(<2 S

=
£

.~ ligament

% patella

Tibia

(a)

Quadriceps
\  femoris muscle

Patella
tendon

Meniscus

AL 913 759 EAY P8l tiste] ohA) Aejsd
ot 2ot gAele FAl |l(Type 1), 71E AlAIE2
EARI(Type 2, 3), A8 WP} s)rets g
28 U-VE tizkel(Type 4, 5), UB TIzk)(Type 6, 7)o
AFEEIQI) QukH o= Amed slo) A7) Al 2 g
Bl el 2489 ZMFIAY 24 WA, TeE,
HloZ 52 Qi e ARgEkT ok 2 ATl
e - W Al WA 2AE 28ske] 19T
o 1)), 28T 27), 3TA(TLS + PUsh= 23

==
[€)

il

(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 3.48 4.87 4.16 4.1 38 20.39
sl ) B 0.55 0.02
Knee flexion (607) 3.33 463 422 44 43 20.94
Standing posture 3.06 443 4.69 4.09 347 19.7
s2 . . 0.21 0.01
Knee flexion (607) 3.1 439 48 428 338 20
Standing posture 3.01 4.7 42 368 325 19
s3 ) . 0.00 0.00
Knee flexion (607) 2.74 459 44 386 3.39 19
Standing posture 3.07 425 4.14 382 3.14 18.4
s4 . ] 0.55 0.03
Knee flexion (607) 349 4.1 424 404 3.1 19
Standing posture 3.57 449 474 416 34 204
s5 ) 3 0.21 0.01
Knee flexion (60°) 34 4.62 507 425 323 20.6
Standing posture 327 427 428 397 3.3 18.9
s6 ) ) 1.16 0.06
Knee flexion (60°) 3.3 41 496 4.09 3.63 20.1
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skoit. o P
2VdEE whdste] Fa4slA] &l
7|2 ARg3EITh

7E2] EAlel thate] 93t A= EAAAE Tigh
T (rank sum) AFEZEIE <Table 5>of A sk3ict
Zt H7} gl tiake] DA} 4919 SoAS BT et
A3}7} Total rank sumO 2 ¢jglo] Y42 A=)
7t v Ao A 5 gtk Type 1S FE B9

off F7HHQI 71%ke] gl BAl Wiloz x| HlFe] ¥
Al veht 7P 2 ke Witk 7P 22 ke v

& Ao B4 goldu wANel ALHol gleold BE

A} B Ajsfopel7] ol PLIgt
TEIgre] SRz} e

w7} o} veht Atz 4zhEn] w2 A Gere 7}
F ke %9)2 olo] thek Eak= givkw & & itk o
g e A7 2712 A4 V1R R Eago] FjRA
o WA ge] F2L ThAl & W Beke S ik
52 Aol EHAQ] Pl §FE 558 Aha) 9

3 Type 1 wijAlstaL A5 2R Type 4, Type 6,
Type 2 502 £2 /e wIgkth o] YAl 9% W

3 g et S st ZoR 2 ATelA F
& AAE

Slet 715 TRl el 4
oa SAEe o=
]

rl

-—

¢

o A el A
745611 L & 5 9l 2

2D}7:HT§_— *d_ %}212111, =9
HXE Ao et
Type 2, 3¢] 35 ‘—‘?—%% AABR=7F
< wigkont Ttel] oM &

>
IF
5
Ay
£
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(Table 5) Rank sum of test results for each design

okt Wole mEsle] ofy] o] FHog ZjtEw
AR Aol Fo8S & & %l‘iiﬁ} OI% A=

4 ZEaM ol kil HE A U 2Solsy
a2 @l

SIZE KOREAIA AJFsH= 300 34 Hit #4572
3D <1 ulo|E] Aol 218§ ¢37H(Choi, 2011; Kim & Hong,
2012)¢] FF FHFHNS whodste] taRlES =AISH &
[Figure 6(a)] ©]= H™H3H2C-AN, Yuka CAD)3l 2D ¢
3 dEg eHgEtditt. 718 AZA ool B5 BAS
Qs A= 28371 Aol A Type 42F Type 6

2}ele 488 SPCG_1, SPCG 2, DFCG 1, DFCG 25}
o] [Figure 6(b)~(e)] 218 A=A & 2-g txjel 519
o,

APE Ak BEAY Frtelx] ARt E9d T2 A}
L3193, F408L8 71EATF Jeongd Hong(2010)°ﬂ =A
Halo] Al=sledh Ak 9] HEo 734 HEko. Zigert &
Keil(1988)2 Z43k 4] 217-82] 50 %E 283t o
3 EolA 9 % S F4, A RS A AEE
o] 66 %E #-83te] AF A 16 % S S}

a1, A olEll= Al Wko 2k ) AAL0] 66 %S

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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22 oY SAME st A=YM ol=9| 7S ClXlel e MABE MAlY 9
Hg3te] 93 HeolA] 16 % HEL 224390tk 24 Ggout Wyt 53 Hol gl F23 F7Fo]e] o]Hgto]
e 9o 75 BAH2 T*xﬁe} A B2 AFA] AL 2 5ol v =A veldth FE9o oJiEgte
ST = s z=dy B35 o] Whals 0.86~1.65 kPa, A7Fol= 1.61~2.27 kPa %02 R

Ad7gstr] sl WelE uﬂr %ol sttt Imm 3HA

o2 Tmm A A ZURE 75 799 U-Vy
© 2 wjx|(SPCG_1), 3mmA o2 Tmm HAzHE g
Z ZYUHS ¥5 FHd U-vie=m HH%I(SPCG_Z),
Type 4EA] A2 Fdgh w210l U-VE a7 24
(DFCG 1), Type 6EA] A2} FUgk w29l Udoz

2ol HAE 1A 27(DFCG 2)02 & 499] A

B2 AR}l 7 AB=e) Hele [Figure 7j5} 2o
Selol E-band Woln e Ade ecgns 2

skt Wete £ Hol ubr]z ixﬂé}i’iv}.
Azt Az ool ofEgt =4 Hyl= <Table

6>oll LFERRSICE A% 7 B felaks YepA

Fabric tun
layers

om 92 (.88~0.11 kPa, 3|H A= 0.76~0.97 kPa
o2 yepyltt 2¥ =8 Az stolF HH o8y F
F5 F= 73 52 vl AuE Kimd} Hong(2012)2]
ATl SAg A3 FHAE 0.73~1.32 kPa, FE5-9
0.54~2.61 kPa ¥4 9|7} #2 F el sfggietar &k 3ict.
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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)

74

l

Fabric two
layers
7 -

[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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(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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[Figure 8] Process and characteristics of the development 3D compression garment
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