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Development of Torso Slopers by Body Type for Women Aged 35-54 Using 8th Size
Korea Scan Data and 3D Virtual Garment Production Software

Rui Yul), Eun Joo Ryu, and Hwa Kyung Songm
Dept. of Fashion Industry, Ewha Womans University; Seoul, Korea
I)Dept. of Clothing and Textiles, Kyung Hee University, Seoul, Korea

Abstract: The body shape of women typically changes after the age of 35, influenced by factors such as pregnancy, child-
birth, and hormonal fluctuations. A previous study classified torso shapes into three types using measurements extracted
from scans of 200 women aged 35 to 54, sourced from the 8th Size Korea dataset. Type 1 features the longest upper body
and the flattest back and hips. Type 2 is characterized by a pronounced curve in the back and a forward-leaning upper body.
It also has the flattest abdomen and the most steepest shoulders. Type 3 is distinguished by the most protruding hips and
the largest overall body size. This follow-up study aimed to develop torso slopers for these three torso types. To achieve
this, three widely-used pattern drafting methods from university textbooks and research were selected. A 3D rep-
resentative scan of each body type was virtually fitted using CLO 3D software, with six experts conducting fit evaluations.
The results indicated that Uh’s(2000) torso sloper method was the most suitable and was subsequently utilized to develop
slopers for the three body types. For the Type 1 pattern, the verticality of the side seam required adjustment. For Types
2 and 3, modifications were made to patterns in cases where the average fit evaluation score for specific areas was 2.5
or lower. To validate the developed pattern method, fit evaluation results before and after the pattern modifications were
analyzed. The findings demonstrated improved fit across nearly all evaluated areas.
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Table 1. Means of three torso shape groups on 44 body measurements

. Total Group 1 Group 2 Group 3
Component & variable (n=200) (n=75, 3p7.5%) (n=62, l21%) (n=63, 3p 1.5%) F

PC 1: Overall body size -0.2 A 0.1 A 0.3 B 5.340**

Girth: waist 78.8 71.7 A 79.0 A 79.9 A 0.926

Girth: bust 89.9 88.0 A 89.8 AB 922 B 4.212%
Girth: abdomen 88.6 872 A 87.6 A 91.2 B 4.829%*
Width: between shoulder points 329 31.6 A 332 B 343 C 13.229%**
Length: front neck-shoulder 17.4 16.6 A 17.8 B 18.0 B 13.520%*
Length: back neck-shoulder 18.2 17.6 A 18.0 A 19.1 B 13.301**
Length: across shoulder 36.4 352 A 358 A 382 B 13.229**
BMI 22 214 A 223 AB 232 B 5.117%*
Girth: hip 95.6 93.5 A 95.6 B 98.1 C 10.725%*

Waist girth / Hip girth 0.8 0.8 0.8 0.8 0.959

Hip girth / Waist girth 1.2 1.2 1.2 1.2 0.929
Length: side neck-bust point 26.7 26.6 AB 26.2 A 27.1 B 3.201*
Width: between back protrusion 19.2 18.6 A 20.0 B 19.3 B 7.531%*

Abdomen girth / Hip girth 0.9 0.9 0.9 0.9 2.199
PC 2: Upper body length 0.5 C —0.1 B 0.5 A 17.850**
Height: side neck-waist 375 38.6 C 37.6 B 36.1 A 19.443**
Height: back neck-waist 39.2 40.2 C 39.3 B 379 A 16.481**
Height: front neck-waist 333 34.8 C 34.0 B 328 A 14.931**
Height: shoulder-waist 33.9 34.8 C 33.1 B 31.8 A 29.112%%*
Height: scapular-waist 27.9 29.3 C 27.7 B 26.5 A 25.376**
Length: back neck-back waist 41.0 41.8 B 41.1 B 39.7 A 11.275%*
Length: side neck-bust point-waist 42.1 43.0 B 41.6 A 414 A 10.264**
Height: bust point-waist 15.0 16.1 A 15.0 B 13.8 A 17.282%**
PC 3: Back protrusion 0.4 B -1.0 A 0.5 B 76.014**
Angle: side neck-shoulder -0.3 1.9 B —6.2 A 2.8 B 63.104**
Angle: front neck-shoulder-side neck 15.8 16.9 B 13.5 A 16.7 b 38.443**
Angle: back neck-back protrusion 16.8 16.0 A 19.5 B 15.2 A 38.831**
Angle: back neck-scapular 20.9 20.3 B 23.7 C 18.9 A 26.316%*
PC 4: Upper body slope —-0.0 AB -0.3 A 0.3 B 6.116%*

Angle: side waist-shoulder 5.1 4.7 54 52 0.899
Angle: side waist-side neck 44 4.8 B 3.0 A 5.5 B 16.738**
Angle: side waist-back neck 11.0 11.0 B 9.7 A 12.3 C 17.376%*
Angle: side waist-front neck -3.0 22 B 4.7 A =23 B 15.003**
Angle: back waist-back protrusion 11.6 10.1 A 11.7 B 133 C 21.508**
PC 5: Neck position 0.2 C 0.0 AB -0.3 A 3.814*
Angle: shoulder-back protrusion 54.9 56.5 B 54.3 A 53.4 A 13.149**
Angle: side neck-shoulder-back protrusion 71.0 71.6 B 74.0 C 67.3 A 33.689**
Angle: side neck-shoulder-back neck 31.8 322 B 32.1 B 31.1 A 3.424%
PC 6: Neck inclination 0.1 AB -0.3 A 0.2 B 3.194*
Angle: back neck-front neck 29.3 30.5 B 29.0 AB 282 A 2.413%*

Height: back neck-front neck 53 54 53 52 0.880

PC 7: Hip length —0.14 A 0.08 A 0.09 A 1.234
Height: waist-hip 20.1 19.4 A 20.0 A 21.0 B 8.011**

Length: waist-hip 20.1 19.8 20.5 20.1 0.600

PC 8: Bust prominence —-0.06 A —-0.08 A 0.14 A 0.970
Bust girth / Underbust girth 12 12 A 12 AB 12 b 4.391*

Bust girth / Waist girth 1.2 1.1 1.1 1.2 1.961

Angle: front waist-bust point 9.1 =1.7 -10.1 -9.7 2.700
PC 9: Abdomen prominence 0.2 B -0.4 A 0.2 B 6.943**
Abdomen girth / Underbust girth 1.2 1.1 A 1.1 A 12 B 4.324%*
PC 10: Shoulder slope -0.2 A 0.4 B —-0.1 A 8.011**
Angle: shoulder 21.2 20.5 A 22.8 B 212 A 4.137*
PC 11: Buttocks prominence 0.7 A 0.1 B 0.7 C 47.474**
Angel: back waist-hip 16.6 14.7 A 16.7 B 18.8 C 38.962**

¥p<0.05 **p<0.01, A<B<C
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Table 2. Characteristics and representative 3D scan images of torso types(Yu, et al., 2023)

Torso type Characteristics(n, %) Frontal view Sagittal view

Type 1 has the longest upper body, the flattest back and hips.
(n=75, 37.5%)

Type 2 has the most curved back and the most forward upper body. Its . /
2 abdomen was the least protruding and its shoulder was the most sloped.
(n=61, 30.5%)

o
Type 3 featured the shortest upper body, the most protruding hips, and the /
3 largest overall body size.
(n=64, 32.0%)
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Table 3. Scale for fit evaluation by body part

Reézr:]r:ce Patternmaking method Teem T point ~ 5 point
Width Narrow ~ Wide
Length Short ~ Long
Girth Tight ~ Loose
Position Low ~ High
Shoulder position Forward ~ Backward
Lim o f]?lelzpz?(;le“s:s;ilt{ine Tilted ~ Perpendicular
(2017) Horizontal alignment Hiking toward the front
of the hemline ~ Hiking toward the back
LTl e el
Sideseam location Shifted toward the front
~ Shifted toward the back
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Patternmaking method

(b)

Front view

Back view

Side view

) % %

Fig. 2. Fit status and patterns for torso type 1 by three patternmaking method
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Items for fit evaluation F p
a b c

Neck width 2.50(0.23) ab  2.33(0.21) b 3.00(0.00) a 3.824* 0.058
Front neck point position 2.50(0.54) 2.60(0.51) 2.60(0.51) 0.172 0.844
Chest ease 2.67(0.51) 2.50(0.54) 2.83(0.4) 0.556 0.590
Bust ease 2.60(0.51) 2.67(0.51) 3.00(0.00) 1.000 0.402
Waist ease 2.33(0.52) 2.33(0.81) 3.00(3.00) 2.105 0.204
Abdomen ease 1.17(0.48) b 2.67(0.52) a 2.67(0.52) a 19.286*** 0.000
Front Hem ease 2.33(0.51) b 2.83(0.40) ab  3.00(0.00) a 5.909** 0.020
Bust point position 2.17(0.75) b 2.83(041) a 2.83(0.40) a 10.000%** 0.004
Waist dart length 2.33(0.51) 2.50(0.55) 2.83(0.41) 1.207 0.339
Waist dart position 2.33(0.52) 2.83(0.40) 2.83(0.41) 2.143 0.168
Perpendicularity of the center front line 2.83(0.41) 2.50(0.55) 2.83(0.41) 1.000 0.402
Torso sloper length 3.00(0.00) 2.83(0.41) 3.00(0.00) 1.000 0.402
Armhole length 2.33(0.82) 2.50(0.54) 2.67(0.52) 0.455 0.547
Back neck point position 2.16(0.41) b 2.00(0.89) a 3.00(0.00) a 6.739** 0.014
Shoulder length 2.83(0.41) 3.00(0.00) 2.67(0.51) 1.667 0.237
Across back ease 2.66(0.16) 2.16(0.75) 3.00(0.00) 2.021 0.183
Waist ease 2.50(0.55) 2.17(0.75) 2.83(0.41) 2.500 0.132
Back Hem ease 2.83(0.41) 3.00(0.00) 2.67(0.52) 1.000 0.402
Armbhole length 3.00(0.00) a 2.00(0.63) b 3.00(0.00) a 15.000%** 0.001
Shoulder dart length 2.67(0.82) a 1.67(0.82) b 3.00(0.00) a 8.125%** 0.008
Waist dart length 2.67(0.52) 2.50(0.84) 3.00(0.00) 1.000 0.402
Waist dart position 2.83(0.41) 2.33(0.52) 2.83(0.41) 2.143 0.168
Perpendicularity of the center back line 3.00(0.00) 2.83(0.40) 3.00(0.00) 1.000 0.402
Side neck point position 2.83(0.41) ab  2.00(0.00) b 3.00(0.00) a 31.000%** 0.000
Shoulder point position 2.33(0.82) b 2.00(0.00) ¢ 3.00(0.00) a 7.000%* 0.013
Underarm point position 2.33(0.82) ab 1.83(0.75) b 3.00(0.00) a 6.379%* 0.016
Side Horizontal alignment of the waistline 2.50(0.84) a 1.83(041) b 3.00(0.00) a 10.882%** 0.003
Horizontal alignment of the hemline 2.50(0.84) a 1.83(0.41) b 2.67(0.52) a 7.000%* 0.013
Perpendicularity of the sideseam line 1.83(0.75) 2.67(0.52) 2.33(0.51) 2.714 0.114
Sideseam location 2.33(0.82) 2.67(0.52) 2.67(0.52) 2.500 0.132
Front fit 2.83(0.98) b 3.00(0.63) b 4.67(0.52) a 12.333%*%* 0.002
Overall Back fit 3.00(1.26) b 2.67(0.82) b 4.50(0.55) a 7.354%* 0.011
Overall fit 3.00(1.26) b 2.83(0.75) b 4.67(0.52) a 8.810%*** 0.006

*#kp<0.01, **#p<0.05, *p<0.1, a>b>c
Shaded: Items with significant differences, marked with '

a' for the best fit

Fit scale for front, back, and side view: 1(very poor fit) to 3(very good fit)

Fit scale for overall fit: 1(very poor fit) to 5(very good fit)
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Table 5. Fit evaluation results of torso slopers by torso type
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Torso type
Items for fit evaluation F p
Type 1 Type 2 Type 3

Neck width 2.67(0.52) a 2.83(0.40) a 1.66(0.52) b 9.348*#* 0.005
Front neck point position 3.00(0.00) 2.80(0.41) 2.60(0.52) 1.000 0.402
Chest ease 3.00(0.00) a 2.00(0.63) b 2.33(0.52) b 7.000%* 0.013
Bust ease 3.00(0.00) a 2.16(0.75) b 3.00(0.00) a 7.353%* 0.011
Waist ease 3.00(0.00) 2.67(0.81) 2.67(0.51) 1.000 0.402
Abdomen ease 2.67(0.52) 2.33(0.82) 2.33(0.51) 0.625 0.555
Front Hem ease 3.00(0.00) 3.00(0.00) 2.83(0.41) 1.000 0.402
Bust point position 3.00(0.00) 3.00(0.00) 2.83(0.41) 1.000 0.402
Waist dart length 3.00(0.00) 3.00(0.00) 2.5(0.54) 5.00%* 0.031
Waist dart position 3.00(0.00) 2.83(0.41) 3.00(0.00) 1.000 0.402
Perpendicularity of the center front line 2.83(0.41) 3.00(0.00) 3.00(0.00) 1.000 0.402
Torso sloper length 3.00(0.00) 2.16(0.75) 2.00(0.89) 1.000 0.402
Armbhole length 3.00(0.00) a 2.50(0.54) b 2.67(0.52) b 6.739** 0.014
Back neck point position 2.67(0.52) 2.50(0.84) 2.67(0.52) 0217 0.808
Shoulder length 3.00(0.00) a 2.00(0.63) ¢ 1.33(0.52) b 27.143%** 0.000
Across back ease 3.00(0.00) a 1.83(0.41) b 1.83(0.75) b 14.412%** 0.001
Waist ease 3.00(0.00) a 2.33(0.81) a 2.33(0.81) a 3.077* 0.091
Back Hem ease 3.00(0.00) 2.83(0.41) 3.00(0.00) 1.000 0.402
Armhole length 3.00(0.00) a 1.50(0.83) b 1.83(0.75) b 11.552%** 0.003
Shoulder dart length 2.83(0.41) 2.67(0.52) 3.00(0.00) 1.000 0.402
Waist dart length 2.83(0.41) 2.67(0.52) 2.50(0.83) 1.667 0.237
Waist dart position 2.83(0.41) 2.83(0.41) 2.83(0.41) 0.000 1.000

Perpendicularity of the center back line 3.00(0.00) 3.00(0.00) 3.00(0.00) - -
Side neck point position 2.67(0.52) a 1.67(0.82) b 3.00(0.00) a  10.000%** 0.004
Shoulder point position 3.00(0.00) a 2.00(0.63) b 2.83(0.41) a 9.118%** 0.006
Underarm point position 3.00(0.00) a 2.33(0.52) b 2.00(0.63) b 5.385%* 0.026
Side Horizontal alignment of the waistline 2.50(0.55) 2.50(0.55) 2.16(0.75) 0.625 0.555
Horizontal alignment of the hemline 2.50(0.55) 2.33(0.52) 2.67(0.52) 0.455 0.647
Perpendicularity of the sideseam line 2.16(0.75) 2.66(0.52) 2.33(0.82) 2.059 0.178
Sideseam location 2.67(0.52) 3.00(0.00) 2.50(0.84) 1.207 0.339
Front fit 4.67(0.82) a 3.17(0.41) b 3.33(0.82) ab  7.766*** 0.009

Overall Back fit 4.50(0.83) a 2.33(0.82) b 3.00(0.89) b 7A4T72%** 0.01
Overall fit 4.83(0.41) 3.00(0.63) 3.17(0.75) 20.5556%** 0.000

**xp<0.01, **p<0.05, *p<0.1, a>b>c
Shaded: items with fit evaluation scores of 2.5 or below

Fit scale for front, back, and side view: l(very poor fit) to 3(very good fit)

Fit scale for overall fit: 1(very poor fit) to S(very good fit)
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Table 6. Torso pattern adjustments for Type 2 and Type 3
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(Unit: cm)

Pattern overlap between pre- and post-adjustment

Back pattern Front pattern

Fit problem

Pattern adjustment

1.5
et

The shoulder seam of the pattern is
shifted towards the back due to a rounded
posture.

Due to the protruding back, there is an
excess of ease around the back armhole.

The scapula area is pulled, causing
excess ease in the lower back area.

Due to the sloped shoulders, the shoulder
seam of the pattern is positioned further
outward.

Since the front center line does not
account for the length extension needed
for chest protrusion, the front length
becomes shorter.

The shoulder seam is moved 1.5cm
towards the front.

An excess of 2.6 cm in the back armhole
is pivoted into the shoulder dart.

The back waist dart intake is increased by
0.5cm on each side.

The shoulder point is moved 0.7 cm
towards the center, reducing the shoulder
width.

The hem point of the front center line is
lowered by 0.5 cm.

Torso
type 2
v 0.5
_______ Pre-adjustment
— Post-adjustment
Torso
type 3

Pre-adjustment
Post-adjustment

Due to a protruding hip shape, the back
panel lacks sufficient area, causing the
hem to rise.

The protruding hips create excess ease in
the lower back area.

Due to a protruding abdomen, the front
panel lacks sufficient area.

Since the front center line does not
account for the length extension needed
for bust protrusion and the abdomen is
also protruding, both the front and back

center lengths are insufficient.

The neck width in the pattern method is
calculated using a formula based on the
chest circumference, resulting in a larger
size than actual.

The shoulder width in the pattern method
is calculated using a formula based on the
chest circumference, resulting in a larger
size than actual.

Although the shoulder angle was drafted
according to the pattern method's
formula, it is not suitable for this body
shape.

Due to the protruding chest, there is an
excess of ease in the front armhole.

The side seam of the back panel is
extended 10mm outward from the waist
to the hem, and the hem point of the back
center line is lowered by 1 cm.

The back waist dart intake is increased by
Smm on each side.

The hem point on the side seam of the
front panel is moved 10 mm outward.

The hem point of the front center line is
lowered by 1 cm.

The neck side point is moved 0.5 cm
towards the center, reducing the neck
width.

The shoulder point is moved 1.6cm
towards the center, reducing the shoulder
width.

The shoulder point is moved 1.5cm
downward, reducing the shoulder slope.

An excess of 6mm in the armhole is
pivoted into the bust dart.
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Table 7. Type 2: paired sample #-test results before and after pattern adjustments

. Before pattern adjustment After pattern adjustment Difference
Items for fit evaluation

M SD M SD  (After-Before)
Neck width 2.833 0.408 2.833 0.408 0.000 0.000
Front neck point position 2.833 0.408 3.000 0.000 0.167 1.000
Chest ease 2.000 0.000 3.000 0.000 1.000 3.873%*
Bust ease 2.166 0.752 3.000 0.000 0.833 2.712%*
Waist ease 2.667 0.816 3.000 0.000 0.333 1.000
Abdomen ease 2.333 0.816 3.000 0.000 0.333 1.000
Front Hem ease 3.000 0.000 3.000 0.000 - -
Bust point position 3.000 0.000 3.000 0.000 - -
Waist dart length 3.000 0.000 2.833 0.408 —-0.016 1.000
Waist dart position 2.833 0.408 3.000 0.000 0.016 1.000
Perpendicularity of the center front line 3.000 0.000 3.000 0.000 - -
Torso sloper length 2.833 0.408 3.000 0.000 0.016 1.000
Armhole length 2.166 0.752 3.000 0.000 0.083 2.712%*
Back neck point position 2.500 0.836 3.000 0.000 0.500 1.464
Shoulder length 2.000 0.632 2.833 0.408 0.833 2.712%*
Across back ease 1.833 0.408 3.000 0.000 1.167 7.000%**
Waist ease 2.333 0.816 3.000 0.000 0.667 2.000
Hem ease 2.833 0.408 3.000 0.000 - 1.000
Back Armhole length 1.500 0.836 2.833 0.408 1.333 4.000
Shoulder dart length 2.667 0.516 3.000 0.000 0.333 1.581
Waist dart length 3.000 0.000 2.833 0.408 0.333 1.000
Waist dart position 2.833 0.408 3.000 0.000 0.167 1.000
Perpendicularity of the center back line 3.000 0.000 2.833 0.408 -0.167 1.000
Side neck point position 1.667 0.815 2.666 0.516 1.000 2.739%*
Shoulder point position 2.000 0.632 3.000 0.000 1.000 3.873**
Underarm point position 2.333 0.516 3.000 0.000 0.667 3.162%*
Side Horizontal alignment of the waistline 2.500 0.547 3.000 0.000 0.500 2.236*
Horizontal alignment of the hemline 2333 0.516 2.833 0.408 0.500 2.236*
Perpendicularity of the sideseam line 2.667 0.516 3.000 0.000 0.333 1.581
Sideseam location 3.000 0.000 3.000 0.000 - -
Front fit 3.166 0.408 4.666 0.516 1.500 6.708***
Overall Back fit 2.333 0.816 4.666 0.516 2.333 5.534%k%
Overall fit 3.000 0.632 4.833 0.408 1.833 11.000%**

**%p<0.01, **p<0.05, *p<0.1

- Fit scale for front, back, and side view: 1(very poor fit) to 3(very good fit)

- Fit scale for overall fit: 1(very poor fit) to S(very good fit)

- Shaded: Items with a fit evaluation score of 2.5 or below in the pre-adjusted pattern that showed a statistically significant improvement in fit
- Bold: Items with a fit evaluation score of 2.5 or below in the pre-adjusted pattern that showed improvement in fit but were not statistically significant
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Table 8. Type 3: paired sample #-test results before and after pattern adjustments

Before pattern adjustment After pattern adjustment Difference
Items for fit evaluation v SD Vi SD (Afier-Before)
Neck width 1.677 0.516 2.833 0.408 1.167 3.796**
Front neck point position 2.666 0.516 3.000 0.000 0.333 1.581
Chest ease 2.333 0.516 3.000 0.000 0.667 3.162%*
Bust ease 3.000 0.000 3.000 0.000 - -
Waist ease 2.666 0.516 3.000 0.000 0.333 1.581
Abdomen ease 2.333 0.516 2.666 0.516 0.333 1.581
Front Hem ease 2.833 0.408 2.833 0.408 - -
Bust point position 2.833 0.408 3.000 0.000 0.167 1.000
Waist dart length 2.500 0.547 2.833 0.408 0.333 1.000
Waist dart position 3.000 0.000 3.000 0.000 - -
Perpendicularity of the center front line 3.000 0.000 3.000 0.000 - -
Torso sloper length 2.666 0.516 3.000 0.000 0.333 1.581
Armbhole length 2.000 0.894 3.000 0.000 1.000 2.739%*
Back neck point position 2.666 0.516 3.000 0.000 0.333 1.581
Shoulder length 1.333 0.516 3.000 0.000 1.667 7.906%**
Across back ease 1.833 0.752 2.500 0.547 0.667 2.000
Waist ease 2.333 0.816 3.000 0.000 0.667 2.000
Hem ease 3.000 0.000 3.000 0.000 -
Back Armhole length 1.833 0.752 3.000 0.000 1.167 3.796**
Shoulder dart length 3.000 0.000 3.000 0.000 -
Waist dart length 2.500 0.836 3.000 0.000 0.500 1.464
Waist dart position 2.833 0.408 3.000 0.000 0.167 1.000
Perpendicularity of the center back line 3.000 0.000 3.000 0.000 - -
Side neck point position 3.000 0.000 3.000 0.000 - -
Shoulder point position 2.833 0.408 3.000 0.000 0.167 1.000
Underarm point position 2.000 0.632 3.000 0.000 1.000 3.873%*
Side Horizontal alignment of the waistline 2.166 0.752 2.666 0.516 0.500 2.236*
Horizontal alignment of the hemline 2.666 0.516 3.000 0.000 0.333 1.581
Perpendicularity of the sideseam line 2.333 0.816 2.500 0.547 0.167 1.000
Sideseam location 2.500 0.836 2.500 0.547 0.000 0.000
Front fit 3.333 0.816 4.500 0.547 1.167 2.907**
Overall alignment Back fit 3.000 0.000 4.666 0.516 1.167 3.953%*
Overall fit 3.166 0.752 4.666 0.516 1.500 4.392%*%*

wxkp<(.01, *%p<0.05, *p<0.1

- Fit scale for front, back, and side view: 1(very poor fit) to 3(very good fit)

- Fit scale for overall fit: 1(very poor fit) to S(very good fit)

- Shaded: Items with a fit evaluation score of 2.5 or below in the pre-adjusted pattern that showed a statistically significant improvement in fit
- Bold: Items with a fit evaluation score of 2.5 or below in the pre-adjusted pattern that showed improvement in fit but were not statistically significant
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