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ABSTRACT  

This study aims to classify and analyze the body shapes of Vietnamese women aged 18 to 50 using 3D 
anthropometric data. Research data was collected from 480 females across three regions: North, Central, 
and South. The five body types result from data analysis involving principal component analysis, K-means 
cluster analysis, numerical discriminant analysis, ANOVA test, and T-test comparison using SPSS software. 
Group 1, accounting for 15.23 %, represents the “short, thin, small-shouldered” body type with medium hip 
height and a bust-waist ratio higher than the hip-waist ratio. Group 2, accounting for 18.36 %, can be 
described as the “tall, slightly fat and large-shoulders” body type, characterized by high stature and hip 
height, with a bust-waist ratio smaller than the hip-waist ratio. Group 3, accounting for 35.94 %, falls under 
the category of the "Medium body type", with an average height stature and a fit body, and a bust-waist ratio 
equal to the waist-to-hip ratio. Group 4, representing 21.88 %, has a low hip height, a bust-waist ratio higher 
than the hip-waist ratio, and can be called the “short, fat, medium-shoulder” body type. Finally, group 5, 
which comprises 8.59 %, embodies the “too fat, average height, big shoulders” body type, featuring low hip 
height, and a bust - waist ratio higher than the hip-waist ratio. The method of body classification in this study 
is scientifically sound and reliable. The new research results can serve as a reference for the garment 
industry while contributing to the goal of building a virtual model library within 3D design software. 
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INTRODUCTION 

In today’s rapidly evolving society, market 
competition has intensified, and new technologies 
continue to emerge, influencing various aspects of 
our social life. In the face of opportunities presented 
by the fourth Industrial Revolution and the challenges 
posted by the COVID-19 pandemic to the fashion 
industry, 3D technology has not only adapted but has 
also become stronger than ever before [1, 2]. As of 
today, 3D technology has covered all areas of 
society, offering growth opportunities for creativity, 
particularly in the fashion industry [3-5]. Additionally, 
3D anthropometric data play a significant role in this 
ongoing development [6-8]. 

Furthermore, research into anthropometry serves as 
an important foundation for determining the precise 
details of costume design and body characteristics, 
which, in turn, profoundly influence the creation of 

basic blocks [9,10]. It is essential to recognize that the 
human body's proportions do not follow a completely 
regular pattern as they evolve [11]. In fact, each 
geographical area has a different body shape, making 
body classification a significant consideration when 
tailoring garments to suit the specific needs and 
preferences of each locale, ultimately leading to cost 
savings, and ensuring a perfect fit during garment 
production [12]. According to the general laws of 
biology, every 10-15 years, changes in living 
conditions lead to alterations in size and physical 
strength of residents [13]. Therefore, research into 
shape characteristics and body classification should 
be regularly updated to accommodate these 
variations of anthropometry over time [14]. Thus, the 
study of 3D-supported body shape analysis remains 
extremely necessary in the present context, 
especially for women of working age [15].
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In Vietnam, there have been many researches 
focused on classifying female body shape, typically 
[16,17]. In the study [16], author categorized 
Vietnamese female students into 2 distinct body 
shape groups: Shape 1 characterized by a small 
waist, wide hips, a protruding belly, warped buttocks, 
straight legs, and short, small thighs; and Shape 2, 
characterized by a larger waist, small hips, a flat 
stomach, low hips, slightly curved long legs, and 
larger thighs. Meanwhile, the study titled "Study on 
Terms of Adjusting the Design of Vietnamese 
Women's Juniors According to Body Diversity using 
V-Stitcher 3-Dimensional Clothing Design Software" 
[9] identified seven body shapes: Triangle 1, Spoon 
shape, Hourglass Bottom 1, Rectangle 1, Rectangle 
2, Hourglass Bottom 2, Triangle 2. Moreover, another 
study [11] conducted in 2012 on the same topic, 
classified Vietnamese women's physique into three 
groups: Group 1 includes short and slender women 
with small body lengths, thin bodies, narrow 
shoulders, a narrow chest circumference, and a large 
waist; Group 2 comprised taller, obese women with 
prominent bellies, broad shoulders, wide hips, and 
smaller busts; and Group 3 includes shorter women 
with thick, curvier bodies, large bust, medium 
shoulders, and narrow hips. The proportions of the 
human body were also analyzed specifically in the 
study [18] of Bunka University - Japan. In this study, 
the authors mentioned the ratio of head-to-body 
height with a standard ratio of 7.1, hip height ratio and 
the relationship between width, thickness, and height 
of the body. However, the proportions of the 
Vietnamese female human body have not been 
published. 

The research in this article focuses on classifying the 
body shape of Vietnamese women between the age 
of from 18 and 55 who are of working age. This 
analysis aims to discern the distinct characteristics of 
body shapes and proportions, contributing to the 
development of a virtual model library in 3D design 
software within the context of the Fourth Industrial 
Revolution. 

RESEARCH CONTENT, SUBJECTS AND 
METHODOLOGY 

Subjects 

The subjects of this study consist of women between 
the age of 18 and 55, classified as workers, students, 
civil servants, residing in the two major cities of Hanoi 
and Ho Chi Minh City. These participants are of Kinh 
ethnicity, exhibit normal body shapes and overall 
good health, and do not have any bodily deformities.  
The subjects working in these two metropolitan areas 
represent diverse regions across Vietnam, thus 
ensuring that the study’s measurements encompass 

the entire Northern, Central, and Southern regions of 
the country. 

The sample size was determined by the formula: 

𝑛 ൌ
ሺ𝑡 𝑆𝐷ሻଶ

𝑚ଶ ൌ
ሺ1.96 5.5ሻଶ

0.5ଶ ൎ 464.83 (1) 

where: n is the minimum sample size; probability p = 
0.95 corresponding to standard error t = 1.96; m is the 
required accuracy of the dimensions (m = 0.5 cm); SD 
is the standard deviation of the height size of 
Vietnamese women (SD = 5.5 cm) [16, 19]. Thus, the 
minimum sample size is 465 (sample). However, in 
fact, the study measured 480 (sample) for 
measurement errors precautions in the study. 

Body measurements: The selected body 
measurements are the circumference, length, width, 
height, and body depth dimensions which are used to 
set avatar parameters in CLO3D software and 
establish typical sizes for classifying female body 
types. These dimensions in CLO3D correspond to the 
definition of anthropometric measurements from 
International Standard ISO 8559-1 [20, 21]. To 
investigate the classification of female body shapes 
among individuals aged 18 to 55 in the workforce, the 
author employed a 3D body scanner to collect a total 
of 36 anthropometric measurements. These 
measurements include 10 circumferences, 3 lengths, 
9 widths, 11 heights and 3 thickness measurements, 
as detailed in Table 1. 

Research Methodology 

480 Vietnamese women were 3D measured by F6 
Smart device. The body shape analysis method 
employed SPSS 26.0 software in this study involved 
the following steps:  

- Determine the statistical characteristics of the 
measurement. 

- Determining the main components in a total of 36 
measurements, we conducted factor analysis using 
Varimax orthogonal rotation applied to rotate the 
components. We assessed the suitability of variables 
for PCA using the Kaiser-Meyer-Olkin (KMO) and 
Bartlett's tests to determine the dominant size [22, 
23]. 

- Analysis of clustering by K-means cluster analysis 
and discriminant analysis. In case the final number of 
clusters is determined, one-way analysis of variance 
(ANOVA) and Scheffe - test will be performed to 
observe the difference in human body size for each 
body type because of the results. of the analytical 
cluster [11, 15, 22, 23, 24]. 

- Enter avatar size parameters in CLO3D software to 
display analyzed body shapes [1, 25]. 

- Analysis of body proportions of Vietnamese 
women's body groups through ANOVA results.
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Table 1. Measurement used in the study. 

Category Measurement items Number 

Circumference 
Neck-, Upper bust-,  Bust-,  Under bust-,  Waist-,  Abdomen-,  Hip-,  Thigh-,  Bicep - 
circumference, Total rise 

10 

Length HPS to apex, Center back neck to wrist, Shoulder length 3 

Width 
Head width, Neck width, Shoulder width, BP to BP, Across back, Across chest, Waist 
width, Hip width, Thigh width 

9 

Height 
Total height, Head module, HPS to waist, Shoulder point to waist, Center back neck to 
waist, Center front neck to waist, Center front neck to bust, Bust to waist, Waist to hip, 
Hip height, Crotch height 

11 

Depth Bust depth, Waist depth, Hip depth 3 
Total 36 

RESULTS AND DISCUSSION 

Statistical analysis results 

The results of the statistical analysis, including 
histograms with normal curve and the standard 
probability histogram (Normal Q-Q Plots), show that 
all 36 anthropometric sizes used in the study exhibit 
mean value that closely located near the median (Me) 
and dominant (Mo). At the same time, the reliability of 
these dimensions falls within the acceptable limits, 
with a Cronbach's Alpha reliability coefficient of 0.948 
as shown in Table 2. 

Results of the main factor analysis 

After applying orthogonal rotation Varimax, the 
analysis showed the presence of three main 
components among the measurements, each with 
eigenvalues greater than 1 and cumulative value of 
96.92%. The results in Table 3 also show that the 
waist circumference has the largest weight among the 
size factor groups at 0.990. The remaining variables 
after rotation have lower weight but are greater than 
0.6. At the same time, the KMO and Bartlett's test 
results in Table 4 are 0.669, ranging from 0.5 to 1 (0.5 
< 0.669 < 1), which assesses the appropriateness of 
the variables in the principal component analysis [22-
24]. 

Factor 1 includes 22 measurements related to body 
volume, which including circumferences, widths and 
depths such as  waist circumference, waist width, 
abdomen circumference, bust circumference, bicep 
circumference, neck circumference, over bust 
circumference, under bust circumference, waist 
depth, hip depth, bust depth, apex to apex, hip 
circumference, neck width, hip width, head width, 
HPS to apex, total rise, thigh circumference, across 
back, thigh width, chest width. The eigenvalue of the 
principal component 1 is 20.175, which explains 
56.042% of the total variance and is the most 
explanatory factor among the 3 factors with 
Cronbach'α reliability of 0.964. 

Table 2. Cronbach's Alpha reliability of anthropometric dimensions. 

Reliability Statistics 

Cronbach's Alpha N of Items 

0.948 36 

 

Factor 2 includes 12 measurements related to body 
height and length, which representing: center front 
neck to waist, center front neck to bust, shoulder point 
to waist, total height, HPS to waist, center back neck 
to waist, hip height, center back neck to wrist, crotch 
height, bust to waist, head module, waist to hip can 
be considered as representative for the length and 
height dimensions of the body. Specifically, the total 
height is 0.986, hip height is 0.964, center neck back 
to wrist is 0.954, crotch height is 0.947 and head 
module is 0.839, there is no systematic 
measurements factor load is less than 0.7. Principal 
component 2 has an eigenvalue of 13.392 which 
explains 37.199% of the total cumulative variance, is 
the second explaining factor with a Cronbach'α 
reliability of 0.914. 

Factor 3 has the lowest eigenvalue 1.323, accounting 
for 3.675% of the total cumulative variance with a 
confidence level of 0.754, including 2 measurements: 
shoulder width (0.724), shoulder length (0.674). This 
is the main factor representing the measurement of 
the shoulder area of the body. 

Results of cluster analysis by K-means 
cluster analysis 

K-means cluster analysis is used in the case of 
expected clustering of 2-10 clusters [24]. The results 
of subgroup analysis using K-means cluster analysis 
of 10 groups can be clearly displayed as table 5. 
However, with the further support of Discriminant 
analysis could narrow the results of subgroup 
analysis by K-means cluster analysis and scatter plot 
as shown in Figure 1. It finally shows that the 
classification is correct with 97.3% in the case of 
samples classified into 5 groups, while the 
classifications are classified into 5 groups. 2 groups, 
3 groups, 4 groups, 6 groups, 7 groups, 8 groups, 9 
groups, 10 groups are 97.0%, 94.9%, 93.4%, 94.5%, 
95.7%, respectively, 95.3%, 96.1% and 94.1%. Thus, 
classifying the samples into 5 groups appears to be 
the most appropriate method for achieving clear 
classification. These five groups will continue to be 
analyzed and compared by ANOVA and find out the 
body characteristics of each group [22 - 24].
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Table 3. Main factor analysis results. 

Main factor Measurements 
Factor 
loading 

Eigen values Cumulative %  Cronbach’ α

Body volume  

Waist circumference 0.990 

20.175 56.042% 0.964 

Waist width 0.989 
Abdomen circumference 0.988 
Bust circumference 0.985 
Bicep circumference 0.982 
Neck circumference 0.979 
Over bust circumference 0.977 
Waist depth 0.976 
Under bust circumference 0.976 
Hip depth 0.973 
Bust depth 0.946 
Apex to apex 0.940 
Hip circumference 0.924 
Neck width 0.915 
Hip width 0.901 
Head width 0.898 
HPS to apex 0.870 
Total rise 0.841 
Thigh circumference 0.817 
Across back 0.806 
Thigh width 0.798 
Across chest 0.784 

Body height and 
length  

 

Center front neck to waist 0.990 

13.392 37.199% 0.914 

Center front neck to bust 0.988 
Shoulder point to waist 0.988 
Total height 0.986 
HPS to waist 0.972 
Center back neck to waist 0.968 
Hip height 0.964 
Center back neck to wrist 0.954 
Crotch height 0.947 
Bust to waist 0.927 
Head module 0.839 
Waist to hip 0.757 

Shoulder area  
Shoulder width 0.724 

1.323 3.675% 0.754 
Shoulder length 0.674 

Note: Rotation method: Varimax 
          Extraction method: PCA (principal component analysis) 

Table 4. KMO and Bartlett's test results. 

 

   

 

 

 

Results of ANOVA test 

The mean and standard deviation of the 
measurements are shown in the results of F-test in 
ANOVA analysis and Scheffe-test for 36 body 
measurements are presented in Table 6. 

In ANOVA analysis the results show that the 
significance level of 0.00< Sig<0.001 shows that the 
cluster analysis results are more significant, and the 
clusters are different from each other [22, 23]. The 
results of testing the difference in mean values for 
each body type of body sizes showed interesting 
insights. Human Type 1, accounting for 15.23% of the 
sample, represents the thinnest individuals with the 
smallest circumference measurements, including 
waist circumference (64.11cm), bust circumference 
(80.95 cm) and hip circumference (84.33 cm). This 

group also features the shortest height (151.24 cm) 
and a small shoulder area with shoulder width (35.34 
cm) and shoulder length (10.95). Meanwhile, Human 
Type 5, accounting for only 8.59% of the sample, 
consists of fat individuals with the largest 
circumference measurements, bust circumference 
(103.36 cm), waist circumference (87.33 cm), hip 
circumference (105.10 cm). However, there is a large 
average head modulus (21.51 cm), the largest 
distance from waist to hip (20.95 cm) and crotch 
height belongs to the low group (71.74 cm); Large 
shoulder size with shoulder width (37.98 cm) and 
shoulder length (11.88 cm). Human Type 3 has the 
highest proportion with 35.94% of the sample, 
representing the symmetrical humanoid with sizes 
close to the size of the sample mean. Human Type 4, 
accounting for 21.88% of the sample, is as slightly fat

KMO and Bartlett's Test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.669 
Bartlett's Test of Sphericity Approx, Chi-Square 33119.171 

df 231 
Sig. 0.000 
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Figure 1. Scatter plot in case of analysis of 5 subgroups. 

Table 5. Results of quantity and percentage of each sample. 

Number 
of groups 

Quantity and percentage of each sample 

2 group 
195 

40.63% 
285 

59.38% 

3 group 
178 

37.11% 
139 

28.91% 
163 

33.98% 

4 group 
182 

37.89% 
71 

14.84% 
114 

23.83% 
113 

23.44% 

5 group 
73 

15.23% 
88 

18.36% 
173 

35.94% 
105 

21.88% 
41 

8.59% 

6 group 
26 

5.47% 
69 

14.45% 
152 

32.64% 
68 

14.06% 
86 

17.97% 
79 

16.41% 

7 group 
107 

22.27% 
62 

12.89% 
26 

5.47% 
58 

12.11% 
71 

14.84% 
86 

17.97% 
69 

14.45% 

8 group 
26 

5.47% 
94 

19.53% 
77 

16.02% 
77 

16.02% 
62 

12.89% 
69 

14.45% 
41 

8.59% 
34 

7.03% 

9 group 
39 

8.20% 
60 

12.50% 
60 

12.50% 
41 

8.59% 
66 

13.67% 
26 

5.47% 
34 

7.03% 
47 

9.77% 
107 

22.27% 

10 group 
56 

11.72% 
39 

8.20% 
84 

17.58% 
96 

19.92% 
15 

3.13% 
19 

3.91% 
45 

9.38% 
43 

8.98% 
56 

11.72% 
26 

5.47% 

person with waist circumference (79.04 cm), bust 
circumference (91.19 cm), hip circumference (96.73 
cm). Yet, this group tends to have shorter heights with 
the average body height measurement (152.58 cm) 
and average shoulder size. Human Type 2, 
accounting for 18.36% of the sample, is the tall and 
large human body type, with the longest length 
measurements and larger circumferential 
measurements compare to the average group sizes. 

Results of body proportion analysis of 
five body types 

The simulation of body shapes is based on the 
measurements from each body group in Table 6. The 
shape of each human form is simulated in Figure 2 
through CLO3D design software. Figure 3 shows a 

distinct difference among the physique groups, 
partially in terms of body contour. When comparing 
height sizes, Group 5 and Group 3 show minimal 
difference, as do Group 4 and Group 1. However, 
Group 2, Group 5 and Group 4 show notable 
differences. In addition, clear differences can be seen 
among all body types when comparing body width 
and thickness. The results show that Group 1 
represents individuals who are short, thin, and have 
small shoulders; Group 2 consists of taller individuals 
who are slightly overweight and have larger 
shoulders; Group 3 showcase well-proportioned 
figure; Group 4 includes shorter individuals who are 
heavier with medium-sized shoulders; Group 5 
comprises individuals who are notably overweight, of 
average height, and possess large shoulders.  
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Table 6. Results of ANOVA analysis and Scheffe-test. 

Unit: cm 

Main factor Measurements 

Mean 
(SD) 

F Group 1 
(n=73) 
15.23% 
<SD> 

Group 2 
(n=88) 
18.36% 
<SD> 

Group 3 
(n=173) 
35.94% 
<SD> 

Group 4 
(n=105) 
21.88% 
<SD> 

Group 5 
(n=41) 
8.59% 
<SD> 

Total 
(n=480) 
100% 
<SD> 

Body volume: 
circumference, 
width and depth 
measurements  

Waist 
circumference 

64.11 A 
<2.90> 

75.03 C 
<3.33> 

69.39 B 
<2.64> 

79.04 D 
<2.67> 

87.33 E 
<3.82> 

73.27 
<7.19> 

319.454*** 

Waist width 
22.86 A 
<0.91> 

26.65 C 
<0.97> 

24.62 B 
<0.68> 

27.30 D 
<0.80> 

29.92 E 
<0.99> 

25.77 
<2.14> 

364.716*** 

Abdomen 
circumference 

79.12 A 
<2.79> 

92.49 C 
<3.39> 

85.77 B 
<2.48> 

94.73 D 
<2.97> 

104.2 1E 
<3.88> 

89.54 
<7.51> 

350.164*** 

Bust 
circumference 

80.95 A 
<2.77> 

91.35 C 
<3.47> 

85.89 B 
<2.74> 

95.19 D 
<2.67> 

103.36 E 
<3.91> 

89.67 
<7.00> 

286.725*** 

Bicep 
circumference 

23.67 A 
<1.03> 

27.85 C 
<1.28> 

25.78 B 
<1.00> 

28.99 D 
<1.13> 

32.15 E 
<1.51> 

27.09 
<2.61> 

272.294*** 

Neck 
circumference 

30.58 A 
<0.59> 

33.42 C 
<0.66> 

31.86 B 
<0.48> 

33.63 C 
<0.62> 

35.69 D 
<0.81> 

32.67 
<1.53> 

361.142*** 

Over bust 
circumference 

80.03 A 
<2.08> 

90.69 C 
<2.27> 

85.29 B 
<1.43> 

94.19 C 
<1.96> 

101.94 D 
<2.49> 

89.01 
<5.08> 

381.575*** 

Waist depth 
16.60 A 
<0.88> 

19.65 C 
<1.04> 

18.13 B 
<0.93> 

21.09 D 
<0.89> 

23.55 E 
<1.32> 

19.29 
<2.20> 

261.032*** 

Under bust 
circumference 

68.54 A 
<2.85> 

77.92 C 
<3.39> 

73.12 B 
<2.77> 

83.38 D 
<3.10> 

91.76 E 
<4.85> 

77.15 
<7.37> 

276.616*** 

Hip depth 
20.48 A 
<0.87> 

24.37 C 
<1.05> 

22.43 B 
<0.83> 

24.97 C 
<0.97> 

27.74 D 
<1.22> 

23.50 
<2.20> 

280.268*** 

Bust depth 
21.13 A 
<0.95> 

23.81 C 
<1.18> 

22.53 B 
<1.11> 

25.62 D 
<1.03> 

27.99 E 
<1.57> 

23.70 
<2.27> 

195.128*** 

Apex to apex 
15.42 A 
<0.50> 

17.54 C 
<0.54> 

16.35 B 
<0.36> 

17.52 C 
<0.49> 

18.92 D 
<0.54> 

16.90 
<1.08> 

283.884*** 

Hip circumference 
84.33 A 
<2.53> 

97.20 C 
<3.27> 

90.68 B 
<2.49> 

96.73 C 
<3.06> 

105.10 D 
<3.89> 

93.47 
<6.37> 

241.518*** 

Neck width 
9.92 A 
<0.21> 

10.87 D 
<0.19> 

10.32 B 
<0.13> 

10.71 C 
<0.20> 

11.32 E 
<0.20> 

10.53 
<0.43> 

313.553*** 

Hip width 
30.51 A 
<0.84> 

34.83 C 
<1.06> 

32.63 B 
<0.82> 

34.44 C 
<0.99> 

37.06 D 
<1.30> 

3.49 
<2.04> 

226.376*** 

Head width 
14.17 A 
<0.13> 

14.86 D 
<0.14> 

14.47 B 
<0.10> 

14.72 C 
<0.15> 

15.17 E 
<0.15> 

14.61 
<0.30> 

316.647*** 

HPS to apex 
22.79 A 
<0.50> 

25.44 D 
<0.58> 

24.02 B 
<0.48> 

24.92 C 
<0.60> 

26.59 E 
<0.55> 

24.51 
<1.18> 

244.884*** 

Total rise 
70.46 A 
<1.60> 

78.43 D 
<1.88> 

74.16 B 
<1.65> 

76.49 C 
<2.01> 

81.75 E 
<2.12> 

75.54 
<3.59> 

188.262*** 

Thigh 
circumference 

49.85 A 
<1.24> 

56.57 C 
<1.65> 

53.18 B 
<1.38> 

55.40 C 
<1.59> 

59.41 D 
<2.05> 

54.32 
<2.68> 

133.829*** 

Across back 
29.61 A 
<0.72> 

32.26 D 
<0.54> 

30.67 B 
<0.50> 

31.48 C 
<0.67> 

33.03 E 
<0.55> 

31.18 
<1.16> 

183.730*** 

Thigh width 
15.96 A 
<0.50> 

18.14 C 
<0.67> 

17.04 B 
<0.57> 

17.74 C 
<0.65> 

19.03 D 
<0.86> 

17.40 
<1.05> 

117.473*** 

Across chest 
29.40 A 
<0.86> 

32.33 D 
<0.65> 

30.56 B 
<0.62> 

31.44 C 
<0.80> 

33.13 E 
<0.65> 

31.12 
<1.30> 

152.401*** 

Body height and 
length  

measurements 

Center front neck 
to waist 

30.49 A 
<0.76> 

32.68 C 
<0.82> 

31.36 B 
<0.88> 

30.47 A 
<0.80> 

31.39 B 
<0.75> 

31.28 
<1.13> 

56.817*** 

Center front neck 
to bust 

17.94 A 
<0.53> 

19.55 C 
<0.56> 

18.60 B 
<0.60> 

18.06 A 
<0.54> 

18.71 B 
<0.48> 

18.56 
<0.78> 

60.115*** 

Shoulder point to 
waist 

23.99 A 
<0.64> 

25.97 C 
<0.67> 

24.78 B 
<0.73> 

24.12 A 
<0.67> 

24.99 B 
<0.64> 

24.75 
<0.96> 

61.776*** 

Total height 
151.24 A 
<4.29> 

164.68 C 
<4.39> 

156.73 B 
<4.97> 

152.58 A 
<4.19> 

157.95 B 
<3.88> 

156.55 
<6.34> 

63.065*** 

HPS to waist 
31.80 A 
<0.74> 

34.28 C 
<0.79> 

32.81 B 
<0.84> 

32.17 A 
<0.80> 

33.31 B 
<0.70> 

32.83 
<1.14> 

66.540*** 

Center back neck 
to waist 

32.36 A 
<0.75> 

34.75 C 
<0.81> 

33.35 B 
<0.86> 

32.66 A 
<0.79> 

33.75 B 
<0.71> 

33.34 
<1.13> 

61.147*** 

Hip height 
76.71 A 
<3.05> 

84.75 C 
<3.05> 

79.93 B 
<3.57> 

76.58 A 
<2.87> 

79.24 B 
<2.78> 

79.53 
<4.27> 

51.477*** 

Center back neck 
to wrist 

67.81 A 
<2.20> 

74.87 D 
<2.17> 

70.63 B 
<2.37> 

69.26 B 
<2.01> 

72.25 C 
<1.72> 

70.82 
<3.13> 

68.552*** 

Crotch height 
70.64 A 
<2.96> 

77.59 C 
<2.97> 

73.34 B 
<3.48> 

69.74 A 
<2.77> 

71.74 A 
<2.77> 

72.79 
<4.09> 

47.539*** 

Bust to waist 
12.55 A 
<0.26> 

13.13 D 
<0.28> 

12.76 C 
<0.30> 

12.41 A 
<0.30> 

12.68 B 
<0.29> 

12.71 
<0.37> 

43.134*** 
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Head module 
20.64 A 
<0.23> 

21.58 C 
<0.25> 

21.04 B 
<0.24> 

21.01 B 
<0.25> 

21.51 C 
<0.22> 

21.11 
<0.39> 

100.083*** 

Waist to hip 
19.21 A 
<0.45> 

20.92 C 
<0.46> 

19.94 B 
<0.47> 

19.94 B 
<0.52> 

20.95 C 
<0.49> 

20.10 
<0.74> 

89.013*** 

Shoulder area 
measurements  

Shoulder width 
35.34 A 
<0.78> 

37.98 C 
<0.57> 

36.36 B 
<0.62> 

36.61 B 
<0.76> 

37.98 C 
<0.59> 

36.70 
<1.10> 

109.388*** 

Shoulder length 
10.95 A 
<0.27> 

11.83 C 
<0.21> 

11.30 B 
<0.22> 

11.42 B 
<0.26> 

11.88 C 
<0.19> 

11.42 
<0.38> 

104.842*** 

*** p < 0.001 
The alphabet is the result of a Post - hoc test (Scheffe test) (with A< B< C<D<E). 

: Size with the highest mean 

: Size with the lowest mean 

 

 
Figure 2. Simulation of 5 types of women through CLO3D software. 
 

 
Figure 3. Compare the differences between body shapes. 

 

 
Figure 4. Body thickness ratio of 5 body shapes. 
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Figure 5. Body width ratio of 5 body types. 
 

 
Figure 6. Hip height ratio of 5 body types.

In addition, the proportions of each body type are 
shown in Figures 4, 5, 6, 7, 8, 9, 10, 11, 12. 

The body thickness ratio among the 5 body shape 
groups is shown in Figure 4. The results show that 
Group 3 is the body group with the bust - waist ratio 
equal to the hip waist ratio, indicating a symmetrical 
body shape. Conversely, Groups 1, 4 and 5 all display 
a larger bust - waist ratio than hip - waist ratio, while 
Group 2 showed a smaller bust waist ratio than the 
hip waist ratio. 

Figure 5 shows the body width ratio among five body 
types. When compares to Group 3, which is the 
average group for width-to-waist sizes ratios, Group 
2, 4 and 5 all have a smaller width-to-waist ratio. This 
explains more clearly that body groups 2, 4, 5 
represent slightly fat, fat and over-fat bodies, 
respectively. The other group, Group 1, has a larger 
of width-to-waist ratio than Group 3, especially, the 
hip size has the same ratio as Group 3. This is the 
body group representing the thin group. 

The ratio of hip height to the height from the top of the 
head to the hip of the five body shapes is shown in 

Figure 6. Looking at the figure and the results of the 
ratio calculation, Group 2 has the highest hip height 
ratio at 1.06, representing a body type with higher hip 
position. In contrast, Group 4 and Group 5 have the 
lowest hip height ratios of 1.01, representing body 
types with sagging hips. The remaining groups, 
Group 1 and Group 3 have an average hip height ratio 
of 1.04 compared to the height from the top of the 
head to the hip. 

Figures 7, 8, 9, 10, 11 analyze the height ratio 
measurement to the size of the body height for five 
body groups. From the analysis results, Groups 2 and 
3 have the same ratio of height to standing height 
dimensions, while Groups 1, 4 and 5 have 
differences. Specifically:  

- Group 1 matches Groups 2 and 3 in proportions for 
bust height, hip height, and crotch height but has a 
larger head modulus size ratio. Other measurements 
show smaller proportions than Groups 2 and 3. 

- Group 4 has smaller proportions than groups 2 and 
3, except for the head modulus, which matches 
Groups 1 and 5. 
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Figure 7. Ratio of height dimensions of 
group 1 

Figure 8. Ratio of height dimensions of 
group 2 

Figure 9. Ratio of height dimensions of 
group 3 

  
Figure 10. Ratio of height dimensions of group 4 Figure 11. Ratio of height dimensions of group 5 

- Group 5 has a first modulus ratio greater than 
Groups 2 and 3, similar to Groups 1 and 4, with neck 
height proportions matching Groups 2 and 3. Other 
measurements show smaller proportions than 
Groups 2 and 3.  

- In addition, Groups 1, 4 and 5 share equal 
proportions for chin height, shoulder height, waist 
height and head modulus. 

CONCLUSION 

This study collected 36 anthropometric 
measurements form a sample of 480 Vietnamese 
women residing in major cities, representing three 
regions of North, Central, and South. The analysis 
results, including statistical characteristics, principal 
component analysis, K-means cluster analysis, 
discriminant analysis, ANOVA analysis and Scheffe-
test showed the existence of five female body types: 
“short and thin with small shoulder” accounting for 
15.23 %; “tall with slightly fat and large shoulders” 
accounting for 18.36 %; "Medium body type", with an 
average accounting for height stature and a fit body, 
and a bust-waist ratio equal to the waist-to-hip ratio, 
accounting for 35.94 %;  “short with fat and medium-
large shoulder” accounting for 21.88 % ; and “too fat 
with average height, big shoulders” accounting for 
8.59 %. The analysis of body thickness ratio of five 
body shapes showed results that: Group 3 had a 

bust-waist ratio equal to the hip-waist ratio; Groups 1, 
4 and 5 had a bust-waist larger than the hip-waist 
ratio; Group 2 exhibited a bust-waist ratio smaller 
than the hip-waist ratio. The analysis of body width 
ratio showed that: Group 2, 4 and 5 had a smaller 
width to waist ratio than Group 3. Group 1 had a width 
to waist ratio larger than Group 3, especially the hip 
size has the same ratio as Group 3. The results of 
analyzing the ratio of hip height to the height from the 
top of the head to the hips of the five body shapes 
showed that: Group 2 had the highest  hip height ratio 
(1.06), representing a body types with a high hip 
position; Group 4, 5 had the lowest hip height ratio 
(1.01), representing the body type with sagging hip; 
Group 1 and 3 had an average hip height ratio of 1.04 
compared to the body. The results of analysis of 
height dimensions ratio to body height for five body 
groups show that Groups 2 and 3 have the same 
height dimensions ratio to body height, the remaining 
Groups 1, 4 and 5 have significant differences in 
these ratios.  

The research results can serve as a reference for the 
garment industry while contributing to the goal of 
building a virtual model library within 3D design 
software and mass-customization. 

Acknowledgement: This research was supported by the 
Hanoi University of Science and Technology (HUST) under 
project number T2018-PC-048.

  



 
Fibres and Textiles 31(1), 2024, 3-12  

 
REFERENCES 
1.  White J., Scurr J.: Evaluation of professional bra fitting 

criteria for bra selection and fitting in the UK. Ergonomics, 
55(6), 2012, pp. 704-711. 
https://doi.org/10.1080/00140139.2011.647096 

2. Smith R.L., Sandhya P., Lorraine A.F.: Evaluation and 
management of breast pain. Mayo Clinic Proceedings, 79(3), 
2004, pp. 353-372. 

 https://doi.org/10.4065/79.3.353 
3. Wood K., Cameron M., Fitzgerald K..: Breast size, bra fit and 

thoracic pain in young women: a correlational study. 
Chiropractic & osteopathy, 16(1), 2008, pp. 1-7. 

  https://doi.org/10.1186/1746-1340-16-1 
4. Hardaker C.H.M., Fozzard G.J.W.: The bra design process‐

a study of professional practice. International Journal of 
Clothing Science and Technology, 9(4), 1997. 

 https://doi.org/10.1108/09556229710175795 
5. Wang J. P., Wei Y. Z.: An approach to predicting bra cup dart 

quantity in the 3D virtual environment. International Journal 
of Clothing Science and Technology, 19(5), 2007. 
https://doi.org/10.1108/09556220710819546 

6. Benefits of bras for women - 2014. Available online: 
https://vnexpress.net/4-loi-ich-cua-ao-nguc-doi-voi-phu-nu-
2952486.html 2022/07/05  

7. Page K.A., Julie R.S.: Breast motion and sports brassiere 
design. Sports Medicine, 27(4), 2012, pp. 205-211. 

 https://doi.org/10.2165/00007256-199927040-00001 
8. McGhee D.E., Julie R.S.: Optimising breast support in female 

patients through correct bra fit. A cross-sectional study. 
Journal of Science and Medicine in Sport, 13(6), 2010, pp. 
568-572. 
https://doi.org/10.1016/j.jsams.2010.03.003 

9. Triumph bra size charts- 2022. Available online: 
https://www.triumph.com/pages/size-charts/ 2022/07/10 

10. Calvin Klein bra size chart – 2022. Available online: 
https://www.calvinklein.co.uk/bra-sizes-explained 
2022/07/08 

11. Victoriassecret bra size – 2022. Available online: 
https://www.victoriassecret.com/vn/vs/bras/how-to-
measure-bras/ 2022/07/05 

12. Vera bra size charts – 2022. Available online: 
https://vera.com.vn/pages/huong-dan-chon-size/ 
2022/07/02 

13. Relax bra size charts – 2022. Available online: 
https://relaxunderwear.com/pages/huong-dan-chon-size/ 
2022/07/04 

14. Oh S., Chun J.: New breast measurement technique and bra 
sizing system based on 3D body scan data. Journal of the 
Ergonomics Society of Korea, 33(4), 2014. 

15. Yu W., et al.: Innovation and technology of women's intimate 
apparel. Sawston: Woodhead Publishing, 2006, pp. 20. 

16. Bra Size Charts and Conversions. Available online: 
https://www.evasintimates.com/blog/ 2022/07/03 

17. Edward A. P.: Method for determining bra size and predicting 
post augmentation breast size. Chapter 11: Breast 
Augmentation. Berlin: Springer, 2009, pp. 77-83. 

18.  McGhee D.E., Julie R.S.: Breast volume and bra size. 
International Journal of Clothing Science and Technology, 
23(5), 2011, pp. 351-360.  
https://doi.org/10.1108/09556221111166284 

19. Pechter E.A.: A new method for determining bra size & 
predicting post augmentation breast size. Plastic and 
Reconstructive Surgery, 102(4), 1998, pp. 1259-1265.  

20. Bengtson B.P., Caroline A.G.: The standardization of bra cup 
measurements: redefining bra sizing language. Clinics in 
plastic surgery, 42(4), 2015, pp. 405-411. 
https://doi.org/10.1016/j.cps.2015.06.002 

21. Rong Z., Yu W., Fan J.: Development of a new Chinese bra 
sizing system based on breast anthropometric 
measurements. International Journal of Industrial 
Ergonomics, 37(8), 2007, pp. 697-705. 

https://doi.org/10.1016/j.ergon.2007.05.008 
22. Liu Y., Wang J., Cynthia L. I.: Study of optimum parameters 

for Chinese female underwire bra size system by 3D virtual 
anthropometric measurement. The Journal of The Textile 
Institute, 108(6), 2017, pp. 877-882.  
https://doi.org/10.1080/00405000.2016.1195954 

23.     Shin K.: Patternmaking for underwear design. The Journal of 
the Textile Institute, 98(4), 2010.  
https://doi.org/10.1080/00405000701503006 

24. Avşar D. K., et al.: Anthropometric breast measurement: a 
study of 385 Turkish female students. Aesthetic Surgery 
Journal, 30(1), 2010, pp. 44-50. 

  https://doi.org/10.1177/1090820X09358078 
25. Hoang T., Chu N. M. N.: Analysis of research data with 

SPSS, published in Hong Duc, 2008. 
26. Hair J.F., et al.: Multivariate Data Analysis: A Global 

Perspective. 7th ed. Upper Saddle River: Prentice Hall, 2009.  
27. Quatest 3, Directorate for standards, metrology and quality, 

2017. Available online: 
http://quatest3.com.vn/Content/UserImages/Files/TNTT/2.1.
%20Gi%E1%BB%9Bi%20thi%E1%BB%87u%20v%E1%BB
%81%20TNTT.pdf 

28. Nikita E.: Osteoarchaeology: A guide to the macroscopic 
study of human skeletal remains. Cambridge: Academic 
Press, 2016. 

29. International Standard (ISO 4416): Size designation of 
clothes – women’s and girl’s underwear, nightwear, 
foundation garments, and shirts. The International 
Organization for Standardization, 1981. 

30. Amoena bra size charts. Available online:  
https://www.amoena.com/global/about-us/lingerie-and-
swimwear-measuring-guide/, 2022/07/01 

31. Eva’s Intimates bra size charts. Available online: 
https://www.evasintimates.com/bras/ 2022/07/01 

32. Tran M.K., Park, S.J.: Somatotype Analysis and 
development size charts for Vietnamese women using 3D 
body scanner data. Proceedings for 2011 Asian Textiles 
Conference ATC11. 1PS-107, pp. 141. 

33. Tran M.K.: Somatotype analysis and torso pattern 
development for Vietnamese women in their 30s using 3D 
body scan data. Ph.D. Dissertation, Yeungnam University 
Korea, 2012. 

34. TCVN 5782: 2009. Standard sizing systems for clothers. 
35. Nga B. T.: Research on building a hierarchy of size tables for 

some women's garment products. Scientific research, 
Ministry of Industry and Trade, 2010.  

36. Nguyen T. T. T.: Building a sizing system for the lower body 
of women in Ho Chi Minh City aged 25 to 35. Master thesis, 
Hanoi University of Science and Technology, 2015. 

37. Pham T. H.: Building a body size system for female students 
at Hanoi University of Industry, applying clothing desig. 
Scientific research of Hanoi University of Industry, 2019. 

38. Tiwari M., Noopur A.: Development of Bottom-Wear Size 
Chart for Indian Male Youth. Ergonomics for Improved 
Productivity. Singapore: Springer, 2021, pp. 43-56.  
https://doi.org/10.1007/978-981-15-9054-2_5 

39. Yadav S., Chanana B.: Developing standard size chart for 
teenage girls of 17-19 years using anthropometry. 
International Research Journal on Advanced Science Hub 2, 
2020, pp. 15-20.  
https://doi.org/10.47392/IRJASH.2020.254 

40. Petrova A.: Creating sizing systems. Sizing in Clothing: 
Developing effective sizing systems for ready-to-wear 
clothing. 2007, pp. 57-87. 

41. Gupta D., Gangadhar B. R.: A statistical model for 
developing body size charts for garments. International 
Journal of Clothing Science and Technology, 2004.  
https://doi.org/10.1108/09556220410555641 

42. Park S.J.: Upper garment sizing system for obese school 
boys based on somatotype analysis. Journal of the Korean 
Home Economics Association, 46(9), 2008, pp. 99-112. 

 
 

 


