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An analysis on the Fit Preferences of Breeches using 3D Lower Body Scan data

Mi-Jung Kang and Young-Ah Kwon'
Div. of Fashion Industry, Silla University; Pusan, Korea

Abstract : Well-fitting riding breeches provide a comfortable ride. Horse-riding breeches should fit the lower body with
patches located on the inside of hip and knees to prevent tears and slips. This study provides information about the fit
of women's breeches using 3D human body scan data wearing commercially available two breeches according to posture.
To get information about breeches fit, we measured the angle of waist line, the length, and the area of the breeches fit
on four 20's women. This research showed the problem which was down for waist back line in the case of the horseback
riding pose. The back waistline of the riding breeches should be raised compared to the front waistline; subsequently, an
increased waistline angle results in less back waistline decrease. The breeches have plenty of length from back waist to
crotch so the breech fit can be improved. The thigh circumference increased when riding in the front; therefore, good elas-
ticity of the weft direction of the fabric is recommended. The length increase and the peripheral increase of the front knee
significantly increased the surface area of the knee; consequently, knee patch material should be a two-way elastic fabric
in all directions to enhance comfort according to riding motion.

Key words: 3D scan data(3D 2=71d] ©]E]), breeches(% "}1}A]), horse-riding posture(”7]%5AHA), fit(S-41)
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Table 1. Characteristics of the test garment and dimensions of breeches
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Parameters Brand C Brand P
Fiber content(%) cotton 64%/polyamid 29%/elastane 7% cotton 62%/polyamid 33%/elastane 5%
Material warp 30.6% 22.0%
Elongation(%
weft 37.3% 33.3%
Patch type Full seat Full seat
Hem type The flexible hem without velcro fastener The hem with velcro fastener
Waist circumference 78.6 782
Dimensions Front crotch 27 29
(cm) Back crotch 35 32
pants length 93.5 94
FoJHTHCho & Lee, 2002; Lee et al., 1997). Z2v} &4 A P A&l AE 10~204 oSl Frlato 2 HE
RS 2AAE FEbsle] 250 a5t A A S esie 2t BEAVE Fra e ZlemA el eE ol
2 AH, 37 2A7F Jdem Fejehd Fte] gk ¥ Al Rl slEA= 2] JAC, Pyl LA 71 sHhEAAl
=% 4L FUE S AuE s AR e 3 F 2%5 ARSI SH Table 19 FupER|e] AlFAGeF 240
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A o] AFgo] B QA7 A = glold DR Foll 78 cmo|™] FHolet F-EH-9lo HHE & full seat FEHE &
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Table 2. The size of subject

Parameters S1 S2 S3 S4 Mean 20's womens by Size Korea
Height(cm) 163 170 163 161 164.2 160.3
Weight(Kg) 52 54 58 53 54.20 53.12
Waist 71.81 7024 7835 71.93 73.08 74.25
Hip 98.32 9136  101.13  96.11 96.73 91.37
Circumference (cm) Thigh 56.98 5499  61.28 57.21 57.61 54.56
Knee 36.87 36.11 40.44 37.35 37.69 34.93
Calf 3339 3538 3842 47.61 38.70 34.63
Knee 56.20 59.06  57.36 55.78 57.10 52.83
Waist to Hip 16.72 16.64 18.75 15.83 16.98 18.98
Length (cm)
Crotch 65.28 66.79  77.83 63.85 68.43 69.35
Waist Height (Omphalion) 95.27 9520  95.68 94.21 95.09 94.21
BMI 19.57 18.69  21.83 20.45 20.13 20.62

Fig. 1. The baseline of size measurement.
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2 oS dEA 7159 HH(Waist plane)yS A3AIHT. <
o] FLjollA 7P Foluke H(pixel Zatel 7 A2 el
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T plane Ale]9] Zhzolnt. & AR = el date] Zte
£, SN = Hegidae] 4xE 7h7t S4s5T)

SRR o] FEZde] XeE58L AFE planes 7o R
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Fig. 3. The modeling of pants length.

Table 3. Measure point of length for pants

Part Length parameter

Front Center-line, Thigh-line, Knee-line, Calf-line
Side  Hip-line(waist line-hip line), Thigh-line, Knee-line, Calf-line
Back Waist-line
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Fig. 4. The modeling of area by posture.
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TE A, AR, FE-AHC] Ber 3K Tkers o

487 Wrke A2t 2% sHhkA el el 22 AR
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Fig. 5. An angle of pants waist line by posture.
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Table 4. Statistic for an angle of pants waist line by posture

unit: degree
Pose Breeches Angle(degree), mean(std.) paired t-value
c 13.42.1)
Standing 10.7(1.5)
8.1(0.9)
4.58*
o c 10.5(2.1)
Sitting 12.1(1.7)
p 13.8(1.4)
*p<.05

gk 32k 270 oJu|A|E o]gsle] FuhuEA] FElAe] 4%
=273 AE Fig. 5o YERIeH A & Xde] 7t
ol thall paired-t tests AAIEH FAEIE Table 40 LERY
AT} Table 49} Fig. 5914 HolRo] FxRpA A FrpulA]
C(13.4°7} PR.1%)HET}E &glde] Zher) o AL SupRpA|ofA]
£ P(13.8°7F c(10.5%xHc} 32l Zh=rt s A Jer
STHp<.05). BAAA FEXe] Zeatels 7 PR ok
Aol ¢ g H5Adele ¢ Auks 28 9ulsiy ole
Table 19] PR XA g1 4= vt BEgh SRR
ZGA] AR oA 2] olgfgt ZmAtol7t SRR A ulx] <]
L5l FFE F F U AT S, AAAA S
slgjae] Ztwrt S5 SN Fslgde] Ztwrt Fol
As & F e, e oot & srkRe] 284 H
&g xel Aolzt A7) wiiel srAlel HEgde] & st
A vpRle] FEe] F9le] uhgAlr} dtEths AL ofnlgitt

0o 2

3.2, XM Sofaix|el X5 xio|

FHER] ] Ao mE FEoo] 2}olE paired ttestdt
A3E Table 59 YERNSITE SHEMAIAIZL AR ol B}
o dF4lAol, ShjE o], Skgole]de], dgrdelZoe], Al
HiR o] dZolg)dols 7ad whd F27o]¢} Hslgjdo]
= A UK A oE e

E3], vR R0l Aol A (20.9 cm)el] B3
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(162 cm)ell A 20.9%2] #23 ZHo] ZA&S Ye ATt
(p<.001). LY dF-Z70](p<.001)°1M = FPERHA](24.6 cm)
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NEHon PRIY Hie AHE FHile 2ACE T4
TS FESHEA] IFAYPL 32~48% TR A
o] o]Fofxttar Hirgh v} ok, & AtellA 33 DA &
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Table 4. Statistic for an angle of pants waist line by posture

mean(std.)/unit: degree

View side Front Side Back
Body ) . . .
Pose Center Thigh Knee Calf Hip Thigh Knee Calf Waist
Standing 2092.9) 20425 193(1.6)  17.4(43) 19.6(2.8) 2153.7)  181(1.5) 17.02.8)  0.6(1.9)
Sitting 1722.1)  19.8(2.9) 246(1.1)  173Q2.1) 16.2(2.7) 20723)  20.5(1.5)  16.1(14)  4.0(1.6)
Rate of change(%) 215 3.0 274 05 2209 3.8 132 5.5 85.0
paired t-value 4558 1.568 20.04™ 0.101 38317 1.309 664277 1709 7246

*¥*p<01, ***p<.001
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Fig. 6. The change of length by posture.
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Table 6. The change of length by breeches type

AR A] Aol Barel Feldole] Al FaskA]
BeS BRI 5 glom kx| WY A FA] o] F9je] Z
o] 43} A Flelde] oA LA Fupupx| o] wEA]
7F e Aog Az

SRR e f3o wE o]l X}olE paired t-testSk
A3} Table 6] YERATE. Table 6914 FHE 2| dolE A9
3 BE R Fuhlx] fEo] wE o] Aol YehiA|
At W, Fejgdole JAAMIFETE sl HiRe]
61?4**77}114 AZA FuiA] C7F PRI folsiAl AA
Eltth(p<0l). wEhA 7t PR FslE|do] wifErE slejA
oA O W7k ol srhuix|e] HsEde] gl o £
o A 5 Sl ol skl et 45 HsEX
AL Eob BEAZE FE F Sdvhes oo At U3
i B 4 ok

lo

3.3. XM S0otdix|e] S Xfo|

Al SupEiz| o] Aol wWE SE|H3EE paired t-testdt 2
= Table 79 YERNRITE 2AE SdHslE AR, vEX|
QHE o] JrdolEd (p<.01), HEEH (p<01), FE=H (p<.001)
7} SRRAA e Sk AR v, dWelE
A= A Q212 cm)ETE SHERRA|(26.1 cm)7t 18.7%2] F7F
5 Jehlz SthEEdE GAA(12.8 cm)Eth SuERbAl
(15.1empr] 152%2] S7H-S Jepliglon dFEEH= &4
ZHA1(10.5 cm)Eth S (127 em)A 17.3%2] S71H8-5 o
BRI}, Park and Suh(1996) 31482t WE F-9E nlx|
AEAe #gk Ao, T SAAFE HRIASVR
A3 A3 Jol 5 (10%~21.6%)2 F-2=(6.2%~18. 5%)01
A T ARES Holn 53] sAEE F BV, Boloky
g FEEeA =2 AES vEepit Bag v Qlet 2

mean(std.)/ unit: cm

View side Front Side Back
Body . . . .
Breaches Center Thigh Knee Calf Hip Thigh Knee Calf Waist
C 18.83(3.5)  20.1(2.8) 22.3(2.9) 18.03.2) 17.4(3.0) 21.1(3.1) 19.0(1.9) 17.0(1.7)  1.1(2.8)
P 19.522)  20.1(2.7) 21.2(3.3) 16.0(3.3) 18.8(3.5) 21.0(3.3) 19.8(1.8)  1553.0)  2.8(2.9)
paired t-value 12 0.1 -17 14 15 0.1 0.9 0.9 43"

#xp< 0]



Table 7. The change of circumference by posture

3R SRR SAEOJEIE o] &8 S pRI] BReAY 4] 1005

mean(std.)/ unit: cm

View side Front Back
Body . . . . . .
Pose Waist Hip Thigh Knee Calf Waist Hip Thigh Knee Calf
Standing 209(1.7) 212(34) 128(13) 10.5(1.0) 9.0(1.0) 2240.6) 150(12) 129(1.9) 125(1.5) 12.2(1.7)
Sitting 20.8(0.7) 26.1(1.6) 15.1(1.6) 12.7(1.3) 8.7(0.5) 22.7(0.8) 152(1.1) 13.5(1.3) 12.9(2.4) 12.6(1.4)
Rate of change(%) -0.4 18.7 152 173 -3.4 1.3 1.3 4.4 3.1 3.1
paired t-value 0323 3455 3936 94307 0349 0.641 -0.554 -1.211 0489  -1.074
*Hp< 01, #¥p<00]
Table 8. The difference in circumference by breeches type mean(std.)/ unit: cm
View side Front Back
Body . ] . ] ] .
Breaches Waist Hip Thigh Knee Calf Waist Hip Thigh Knee Calf
C 212(14) 235(44) 143200 12.1(1.5) 10.1(1.0) 224(0.5) 15.6(0.8) 13.9(0.9) 13.2(1.9) 12.9(1.4)
P 21.1(0.5) 23.8(1.6) 13.0(1.1) 103(1.0) 8.8(0.7) 22.6(1.0) 13.9(0.7) 11.8(1.8) 11.6(1.7) 11.3(1.2)
paired t-value -1.94 0.19 2.10 54677 2.99% 0.64 565 2.80* -1.98 377"
£p<.05, **p<.01, ***p<001
AgellM SggE 33k /I BRE T3l SubpAlelA 2 ofgh ztel7h Yebsdth. SrhbA] G Pl via SF-E=dl, o

2 SRS 283 1) AxHe YIS 243 43
= Park and Suh(1996)%] F<]|AHES ARS-SH AFAFe} Y
Ashe Aoz Yepdt) byt Addpare oo gk 2}
Al, E7EAA, Foleke A, iAol e A E oA
QEE7} 3.5~6% T AFS veRATL BarE b glo
L B Aol FrixAe e EaAlE HSE A9ole o
52 dEE7E 15%75e] duHoR o 22 A4E
ojX|gt 512l NEEHUE 44% THO2 HS3 W
ol Aoz Yeptt. o3 Ad2NE Srlezte] A
I FopaRA] ZgA] 28RS FAT17] SEiAE SRHA
A F-23 Jrfo] F-oJWult ol tiER-9le] o, Fe] ¥
B0l &8-S FHEdE & e AR AEHRA
A7go] w9 F23 Zojat Az

Table 82 FvhEA] F&ol| w}2 upx|o] 7} F-9 Egale]
£ paired-t testst ZAHE ERA Aot HeX UFEEY
(p<.001), SFol2] =8 (p<.05), FFHlEd (p<.001), HANEE
2 (p<.05), FAFIEH <0l FumpAe] 3o we} &

2
ol

Table 9. The change of area by posture

Fole)ga, Hgnelzd, AnEEd 2
27 et ol FululA Ot pel Blastel o] sAR
sle] g8 271l w2} SkpeiAe) Ago] & Hi 2AE
A1) TizolR)a AT,

Hgo

3.4. XM S0tHIX|e] HE Rfo|
Al e Al FEhbER]e] WA Aole o T
(Table 9). SPFRFAIA] A=Al B]Ele] F1-& WZ o] F23l
7A3I9aL F2, F3, B2E WAo] fos S7iet A= o
ERdth Park and Suh(1996)2 S| EZPEE Folx|ggoz
HWHE 243 29 FAed JWITt P AU o
T2 Rt B A4ES Bon djEdA o)F 4d
olEHd YEESe H48E 2iuy e B A+ 4
o] Aol Suhalr|e] Hopd AAal AT o)

=8 Fs eIt & 5 o
F1& 2P mER|e] x| zfolollA] SFgpldoele] 74 wii
(e} ?_]_ -

off WAo] FJalA HAH N0 (p<.001), AHNEH-2

EER

mean(std.)/ unit: cm

Area part Fl F2 F3 F4 Bl B2 B3 B4
Pose

Standin 355.4 364.3 231.9 147.9 3727 304.0 230.8 190.8
¢ (41.8) (33.3) (232) (27.5) (14.0) (36.3) (29.1) (29.4)
Sitin 307.2 4015 306.2 1475 3533 3285 2248 197.7
¢ (20.9) (252) (24.0) (28.7) (23.5) (372) (31.8) (344)

Rate of change(%) -15.6 92 242 02 54 7.4 26 34
paired t-value 4957 32867 17979 134 2.089 51317 719 -1.031

wxp< 01, *+%p<.001
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Table 10. The change of area by breeches type

SF7o] FLI 8IR] A15H A6z, 2013

mean(std.)/ unit: cm

Area part ) ) F3 F4 Bl B2 B3 B4
Breeches
c 319.4 393.6 2823 154.8 362.3 3382 2389 2024
36.1) (23.4) (41.4) (30.1) (24.6) (21.4) (26.5) (32.0)
. 354.8 3613 2425 1333 363.9 2723 205.5 1777
(43.0) 45.2) (42.8) (17.5) (16.6) 2.7 (26.1) @7.1)
paired t-value 226" 2.03 496" -1.65 0.15 594" 3.03" 2.09

£p<.05, **p<01, **%p<001

qERL=E Y gt S7i= Qs W] TSt ZeE A
ZHETHp<.01). 53] AAE Ao] Zolo|A9)} miz A2 Fut
A A BR|e] F270l9) F2EY)7F A S8l F39 W
A F7HE0] 24%e)1d A e (p<.001) F-EF-219] A%
o] F23rE RIS vl SFSA B2e UEY
ez vXISIHA 02X FulRpAA] AR Aol H]El] A
oA A Jebtew (p<.001) ol hEE#H7F 713
wjolgtar & 4= 9l

SrhR|e] - FEHAL] X}olE paired-t testdt AE
Table 10°] YERHATE Fl(p<05), F3(p<01), B2(p<.001),
B3(p<05°4 FvhkA] 384 fofet WAEstE YepASc
SHERA] Ce PHUF SHFER-9), FUERe} FE ol -9
A WFo] o ZA Jelgen oEzRe] wae o 2A Gy
Epttt. olHst Ak e (Y o] zlo] Axet o
Aske Ao FrlrlR] fEE dojxjold] whg ke Ao
UehA] 2982 & & itk $ulEkA] o7 pRY -,
5 2 ZolgR e Byt o IA Ak ol the
sl WAo] IA Yehd Aoz Azbent i ok Re)e]
FlollA srpakx] p7t CEUE o ZA] vepd 212 pol 54
Zol7t co] eksAlZolnn o Zo] HA| WHo] AA YRt
Zle|tt,
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=
=
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L

|
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35. ozEyL o =gt At

SRR 2ge) digt vt Jeke] eAAr dake ot
ZtH(Table 11). 2t 32| < 58 IAE Hxz 293 45
o] HHFgo g A4t A24E = tist 9], ofE, T
7o) FAaL A7t 45 1A, A, FE/L8A0 o 3
Aol 7WHerE Bt A 22 AL ongit. 3E5d
A= GO, BT, FERLNA 2F0] v B
T WA rkEon o fRdA FolE el ALlslal 35
H o fEe A A 2 0= HriEQe) T SRR
Q)7L AJolE AT EH, RSN 7} PETE AP
127} Gar FHEld e o =24 FrkEdEd ol 3D
270d01E1] C(13.4°)7} P8.191ET} slgAde] ztwr) o Art
I 249 Azl dx3} 25 SR BE ujRY, o
Fo 59, tERS], FEHI] QA 7} PR} FE/F
Aoz Qg o] o Ywdt o= HriHY) o= Table
73 Table 9914 HI%0] 3D 27ht|o|E|e] wji-e], Jro|
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Table 11. Appearance sensory test according to breeches type
Brand C Brand P

Region Description -
Front Back Side Front Back Side
. Location 30 30 30 33 28 3.0
Waist
Ease 33 34 36 31 36 35
Ease 33 - - 32 - -
Abdominal
Wrinkle/Stretch 3.1 - - 2.8 - -
Location 28 28 29 29 27 27
Hip Ease 33 32 32 30 33 32
Wrinkle/Stretch 3.0 3.0 30 29 28 28
Location 2.7 - - 2.6 - -
Crotch Ease 3.5 - - 34 - -
Wrinkle/Stretch 2.8 - - 2.7 - -
Ease 3.0 - 30 28 - 3.0
Thigh
Wrinkle/Stretch 3.1 - 3.1 3.1 - 29
Location 28 28 28 27 27 27
Knee Ease 30 30 30 30 30 3.1
Wrinkle/Stretch 3.1 29 3.1 29 29 29
Ease 25 24 24 25 26 27
Calf
Wrinkle/Stretch 3.3 32 34 32 33 34
Center line Length 33 32 - 35 28 -

9], tiER-9], FE5-2le] dojo} E#9] AEES] Afol7t 9
= FIS v B F Utk Z1HER SuhiRe
S2o] ol 27EE HHdl FHoZ QlF FFEo] WA
A F=F AT R AlFo] - HE AAE ARSSloF
ga7t Ak

AAE Srpmlz|e] B9H7F A3E Table 129 VERNSITE
T SR BE 2o wE g rte] Hpatolw Al o
ElA] gkgkon} SupiAlAl C9F PY A5 ole AR
o oBF Al HrrER o SeAIAl ceF Pel HEAdol=
7kz7F 313 242 F7EEAE 53] P AS SVRAE F
& of vRFS o] cH o Beol Wt Hisadolrt &
Al B7FE AoF Hlth ¢ 3D AU olE]S] A 423
e HAACIA 7t PR Aol B HEdAe]
7} Ao sjg|zto] v AL suMAlA = P7E CRE HEE
Aol o Bol W7t dlglzte]l ¥ FA SA =T 22t 9

o b i

o=

1
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Table 12. Appearance sensory test according to posture Table 13. The sensory of comfort by breeches type
Standing Sitting Brand C Brand P
Posture Parameter - - -
C P C P Standing Sitting Standing  Sitting
Waist 3.0 3.1 32 33 Waist 3.8 3.8 38 33
Abdominal 33 3.1 3.1 29 Abdominal 3.5 33 35 3.0
Hip 3.0 3.0 3.0 29 Hip 38 33 35 33
Crotch 3.1 29 2.9 2.8 Crotch 3.8 33 3.0 33
Circumference
Thigh 3.0 3.0 3.0 29 Thigh 35 3.0 35 3.0
Knee 29 29 29 29 Knee 35 3.0 33 2.8
Calf 29 29 2.9 3.0 Calf 35 3.0 3.0 2.8
Front center line 3.0 33 3.5 3.8 Hem 3.5 33 3.0 2.8
Back center line 33 32 3.1 24 Back center line 4.0 35 38 3.0
Knee 33 3.0 3.0 3.0
- N Length
Ba7MlE BAAN dEiAolel HEAdele] Aol caf 33 28 30 30
Aol YehR] egrom iAol 3D A7hH|o]E] oA <] Pants 33 2.8 2.8 2.8
slezel 2340} rRHE (7 Pr 9F40lE
o FAsddols o 4A HriEo] SeAIAl BExle] HE A7 Sgriolxe A /33 ztel7k A< e}
g9 9ol ¥ F2 ZoR YELith A gokew sElEd7t 3.0-33 9& AgstA Bt
SHhRA o] Tl 2 ub ek Faejdolet FEdolelXe C7t PR B AA

2-8-7F H7FPAFE Table 1391 JERAATH
FollA A Ze7Se A nd SulpAAlel] GRpA E) o)
A= Edet doprt ¥ 2 e ZoE HJrEEdh ol
3 Azl= 2gidlolEe] A = 47ﬂr44>ﬂ*13‘r A= 78

AT SRR SriRe] S, o] W Aztel Fda

Ll oz HHER g WA F Feha w
7 mgrele] oasvt 202 Wekort 287 WrllE
PR Agoled oS Aoltie m Cunt ol A ol
Ao BRI ol P7h Ccur Adle] AN A58

I, %
A 2 S & F AUk FEE 28 % A B O%rﬂaﬂﬂ o] v—%s}@ %}—‘?—EJ"%ﬂ Aol AR mE FrpuiR| Aol
oA C= A 28719 Ao|7F YehA] koLt p= ZEoA k1Al shibte] ¥ IA WIS AeE AR
WERAIA] SlElEdolA O A = A= YRt %}*1 Ao} FolglF-gle= l e rtelA] ek 22 Ao=E Frt
Table 14. Appearance sensory test by evaluation group
Region Waist Abdominal Hip Crotch Thigh Knee Calf Back center line
Pose Mean F-value Mean F-value Mean F-value Mean F-value Mean F-value Mean F-value Mean F-value Mean F-value
Gl 32% 3.0° 320 320 3.1° 300 3.2° 3.2°
G2 30 . 310 29 . 3.0° 3.0° 29% 24° T
C . 282 , 083 , 334 . 106 . 0.14 , 182 13.7 0.74
G3 35 33 2.8 3.0 3.0 2.8 3.0° 3.0°
G4 29 3.5 29° 3.0° 3.0° 2.8% 2.9° 2.8
Stand a a a a b
Gl 3.1 29 2.8 3.0 2.8 2.9° 3.0° 300
G2 32° 3.0° 2.8° 2.8° 2.9 . 29° 2.8 . 31
P . 052 . L19 . L19 . 058 o 294 . 140 3.53 0.41
G3 32 3.1 2.8 2.9 3.0 2.8 3.0° 3.0°
G4 3.0° 33° 2.9° 3.0° 3.1° 2.8° 30° 2.8
Gl 3.2° 31° 3.1° 3.1° 2.9° 300 31° 3.2®
G2 32° 3.0° 2.9% . 3.0° . 29 29% e 27T° . 3a® .
C . 194 . LIS . Al 5 384 . 037 608 , 386 3.38
G3 36 2.8 3.0 2.9 3.0 2.6° 2.6 3.7°
g G4 32 33 2.8° 2.5° 3.0° 27" 2.8% 27
1t
Gl 3.2° 2.6° 2.9° 2.8° 2.7° 2.9% 29% 29
G2 32° 2.8 2.9° 2.7° 2.9° 3.0° .28 .28 .
P . 128 . 105 . 040 . 072 . 071 , 236 o 258 . 252
G3 32 33 2.8 3.0 3.0 2.7 3.0 3.7
G4 35° 2.9° 2.8° 2.7° 2.9° 2.7° 30° 27°

*p<.05, **p<.01, ***p<.001
Alphabet is the result of post-hoc test(Duncan test) a>b>c
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