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Abstract 19 

The main changes in women's body shape due to aging include the descent of the breasts, 20 

tension in the abdomen, descent of the hips, increase in fat from the waist to the pelvis, 21 

and loss of waist definition. We adopted a system in which skilled body fitters correctly 22 

fitted subjects with underwear of different functions made based on the corrective 23 

underwear step system. This study was designed to use a three-dimensional (3D) body 24 

scanner to examine (1) the effects of aging and other factors on body shape changes, and 25 

(2) the status of the effect of moving and fixing fat flowing to the axillae and back to 26 

improve body shape. The results of the 8-month study have suggested that the system 27 

affected changes in the body shape, especially in the breasts. By using this method, not 28 

only the body line can be expected to improve. 29 

 30 
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Introduction 34 

A woman's body shape changes with age. The main changes in body shape due to aging 35 

include the descent of the breasts, tension in the abdomen, descent of the hips, increase 36 

in fat from the waist to the pelvis, and loss of waist definition. 37 

The breasts are mainly composed of mammary gland tissue and adipose tissue, and the 38 

Cooper’s ligament wraps around the tissue, supporting and rounding the breasts. With we 39 

age, the skin loses its elasticity and flexibility, weakening the ability to support the breasts, 40 

and when the Cooper’s ligament is stretched by gravity, it is no longer able to support the 41 

breasts, causing the entire breasts to drop. In addition, the fatty tissue in the breasts flows 42 

from the armpits to the back. Once the Cooper’s ligament is stretched, it cannot return to 43 

its original position, since it is not a muscle, it cannot be strengthened exercise. 44 

For woman, underwear is something she wears every day, and in order to maintain her 45 

figure, it is important to choose the right underwear for her. Since underwear is in direct 46 

contact with the skin, it can help prevent changes in body shape due to aging and other 47 

factors by supporting breasts and hips that have dropped due to physical factors. Currently, 48 

underwear designed to help women maintain their shape and correct their body lines are 49 

available from various manufacturers. There are various types of supplementary 50 

(corrective) underwear depending on the time of day when they are worn and the desired 51 



effect. 52 

However, there are no standards for the supplementary (corrective) effects of individual 53 

products, and many aspects of their effects on body shape changes when not worn have 54 

not been verified. Adopting the right underwear for the wearer and wearing it in the right 55 

way are also considered to be factors that affect the body shape after wearing. 56 

In this study, we defined the "prosthetic underwear step system" as a system in which 57 

a body fitter correctly fits products according to the wearer's physical condition and the 58 

conditions of time and place, and changes the underwear step by step over a long period 59 

of time. Prosthetic underwear with different functions made based on the prosthetic 60 

underwear step system was worn in the manner described above. 61 

This study was designed to use a three-dimensional (3D) body scanner to examine (1) 62 

the effects of aging and other factors on body shape changes, and (2) the status of the 63 

effect of moving and fixing fat flowing to the axillae and back to improve body shape. 64 

In addition to dividing the participants into age groups and investigating the effects of 65 

supplementary underwear according to age, we also divided them into groups according 66 

to whether or not they had ever breastfed, a factor that influences changes in women's 67 

body shape, and examined the effects of supplementary underwear according to the 68 

wearer's situation.  69 



Materials and Methods 70 

Ethical review 71 

This study was conducted in the spirit of the Declaration of Helsinki (Fortaleza 72 

Amendment, October 2013) and in compliance with the “Ethical Guidelines for Medical 73 

and Health Research Involving Human Subjects (December 22, 2014, partially amended 74 

on February 28, 2017, Ministry of Education, Culture, Sports, Science and Technology 75 

and Ministry of Health, Labour and Welfare)” and the Protocol. Furthermore, this study 76 

was approved by the Clinical Trial Review Committee of Medical Corporation 77 

Association Ouryokukai Nihonbashi Sakura Clinic and registered at the University 78 

Hospital Medical Information Network Clinical Trials Registry before its implementation. 79 

 80 

Study participants 81 

The subjects of this study were Japanese women who met the inclusion criteria and did 82 

not meet the exclusion criteria. The inclusion criteria were as follows: (1) women between 83 

20 and 49 years of age during consent, (2) subjects with a body mass index (BMI) of 84 

≥18.5 kg/m2, (3) subjects with a body fat percentage between 20% and 35%, (4) subjects 85 

with a weight change of ≤10% between the weight during enrollment and that on the day 86 

of observation 1 month later, and (5) subjects have consented in writing to participate in 87 



this study The exclusion criteria were as follows: (1) subjects who were wearing 88 

supplementary (corrective) underwear, (2) subjects who had undergone breast 89 

reconstruction surgery, (3) subjects who have undergone breast augmentation surgery, (4) 90 

subjects who were taking contraceptive pills (regardless of dose), (5) subjects who were 91 

taking supplements for slimming or breast enhancement, (6) subjects who had undergone 92 

liposuction surgery, and (7) subjects with a history of surgery that would affect the 93 

evaluation of this study. 94 

Adequate written and oral explanations were given to the subjects beforehand, and 95 

voluntary written informed consent was obtained from each subject. 96 

 97 

Study design 98 

This was a prospective observational study conducted at a single institution. Subjects 99 

were recruited via the Internet, and written informed consent was obtained. One month 100 

after consent was obtained, the subjects wore normal underwear without using any 101 

prosthetic underwear as the introduction period. The weight and other measurements of 102 

the subjects were measured on the observation day after the end of the introduction period, 103 

and those whose weight were within ±10% of their weight at the time of enrollment and 104 

on the observation day one month later began wearing corrective underwear. Those whose 105 



weight change exceeded ±10% were dropped out of the study. The values measured on 106 

the observation day were used as the baseline, and the period from the observation day 107 

one month later to the observation day eight months later was defined as the period of 108 

wearing the underwear, and the weight and other data were measured on the observation 109 

day eight month later. 110 

In this study, a body fitter selected and provided prosthetic underwear according to the 111 

subject’s body shape. During the wearing period, the body fitter conducted fittings every 112 

two weeks to a month, checked the condition of the subjects’ breasts, and changed the 113 

underwear according to the subject’s conditions if necessary. 114 

The prosthetic underwear used was the “Bradelis” series from Gold Flag Co. It was 115 

manufactured based on the “prosthetic underwear step system,” and the features of the 116 

prosthetic underwear at each step were as follows: 117 

(1) Breasts 118 

Stage 1: Use a bra with a wide wire contour to gather the underarm, back, and breast 119 

flesh into the correct position and create a border under the bust. 120 

Stage 2: Use a bra with a narrower wire contour and more space in the bust to gather the 121 

flesh to the center and create cleavage from the border under the bust. Use a night bra at 122 

bedtime. 123 



(2) Hips 124 

Stage 1: Use a pair of shorts that are three-dimensionally cut with stretchy and breathable 125 

material to wrap around the hips from the waist to restore the roundness of the buttocks. 126 

Stage 2: Use a soft long girdle that can support and pull up from the thighs to the 127 

buttocks without constricting the groin area due to the material and three-dimensional 128 

cutting. 129 

 130 

In addition, the same body fitter was available for all study subjects throughout the study. 131 

This person was familiar with the product and system, and was skilled in teaching them 132 

how to wear the product correctly, choose the correct size of underwear, and determine 133 

when to change from stage 1 to 2. 134 

During the observation period, all study subjects were instructed not to diet or do 135 

muscle training, but to maintain the same frequency of diet and exercise as before the 136 

study began. 137 

 138 

Evaluation items 139 

The background of the study subjects was ascertained at the time of enrollment. Body 140 

weight and BMI were measured at the time of enrollment, on the observation day after 1 141 



month, and on the observation day after 8 months. Body fat percentage was measured 142 

using the bioimpedance method at the aforementioned measurement periods. Body sizes, 143 

including the top breast, under breast, waist, and hips, and the distance between the 144 

nipples and the center of the clavicle, were measured at enrollment, on the observation 145 

day after 1 month, and on the observation day after 8 months. 146 

The subjects were photographed using a 3D body scanner (Bodyline Scanner 3D 147 

Ligament Measurement System C9036, Hamamatsu Photonics KK, Shizuoka, Japan) on 148 

the observation days of 1 months and 8 months, respectively. The upper body was 149 

photographed without any clothes, and the lower body was photographed wearing only 150 

non-Bradelis panties. Each measurement point is shown in Figure 1. 151 

The following items were obtained from the quality of life (QOL) questionnaire: 152 

On the observation day after one month 153 

Shoulder stiffness, dissatisfaction with underwear, expectations for corrective 154 

underwear, etc. 155 

On the observation day after 1 and after 8 months, respectively 156 

Comfort of bra, comfort of panties, degree of improvement in stiff shoulders, 157 

degree of improvement in dissatisfaction with underwear, and feeling of using 158 

corrective underwear 159 



In addition, the wearing status of the corrective underwear was obtained. 160 

 161 

Endpoints 162 

The primary endpoint of this study is the changes in the area ratio of the back flesh as 163 

it moves to the chest, as measured by cross-sectional views using a 3D body scanner. The 164 

method for calculating the area of the cross-sectional view of the chest is shown in Figure 165 

3. For each subject, the value on the observation day after 8 months was compared with 166 

the baseline values on the observation day after 1 month. In the chest cross-sectional view, 167 

the ratio of the front to the back was divided into 2:8, and the area ratio was measured 168 

using the chest side as the chest circumference (2/10) and the back side as the chest girth 169 

(8/10). 170 

The secondary endpoints were breast size, underbust size, distance from nipple and 171 

clavicle center, waist size, hip size, and QOL assessment, and the values at the 8-month 172 

observation day were compared to the baseline values at the 1-month observation date. 173 

 174 

Statistical analysis 175 

In the statistical analysis of this study, subjects whose percentage of change between 176 

the 1-month and 8-month observation dates of the breasts, using the 3D body scanner 177 



exceeded ±10% were excluded because of possible measurement inadequacies at the time 178 

of measurement. 179 

For each endpoint, paired t-test was used to compare the values at the 1-month 180 

observation day with those at the 8-month observation day. For the primary endpoint, 181 

stratified analysis was performed by age and breastfeeding experience. For age, each 182 

groups was compared using analysis of variance, and Bonferroni’s multiple comparisons 183 

were performed when significant differences occurred. For breastfeeding experience, 184 

Student’s t-test was used to compare the groups. The significance level was two-sided and 185 

was set at 5%. R version 3.6.2 (R Core Team, Vienna, Austria) was used for statistical 186 

analysis. 187 

  188 



Results 189 

Figure 2 shows the flowchart of this study. Of the 91 subjects who agreed to participate 190 

in this study, 90 underwent measurements on the observation day one month later. The 191 

number of subjects included in the final analysis was 67 and 48 on the observation days 192 

after 1 and 8 months, respectively. Nineteen people did not visit after 8 months. Subject 193 

demographics are shown in Table 1.  194 

The changes in the primary endpoint are shown in Table 2. The overall change in chest 195 

circumference measured using the 3D body scanner was −0.105 ± 0.213 [m2], and the 196 

rate of change was −1.9% ± 3.9%, indicating a significant change (p < 0.05). In the chest 197 

circumference (2/10), the change was −0.017 ± 0.081 [m2] with a change rate of −1.0% 198 

± 6.1%, whereas in the posterior chest girth (8/10), the amount of change was −0.088 ± 199 

0.152 [m2] and the rate of change was −2.2% ± 3.7%. In terms of area ratio, the anterior 200 

change was 0.2 ± 0.9 [m2] with a rate of change of 0.9% ± 3.7%, while the posterior 201 

change was −0.2 ± 0.9 [m2] with a rate of change of −0.2% ± 1.2%. 202 

On the observation day 8 months later, both body weight and abdominal girth decreased 203 

compared to the baseline values, with a significant difference in the abdominal girth (p < 204 

0.001). 205 

 206 



The changes in the secondary endpoints are shown in Table 3. The breast circumference, 207 

nipple distance, nipple–clavicle distance, and upper-hip circumference showed a 208 

decreasing trend compared with the baseline values. On the other hand, hip and top-hip 209 

circumferences was observed. 210 

 211 

The results of the QOL survey questionnaire are shown in Table 4. In this study, the 212 

results were obtained from 42 of 48 subjects (response rate = 87.5%). For the rate of 213 

wearing underwear, 35 respondents reported wearing underwear almost every day. The 214 

remaining seven respondents also indicated wearing underwear ≥3/4 of the time during 215 

the period. The percentage of respondents who answered “very good” or “good” for 216 

comfort of wearing corrective underwear throughout the period of use was 90.5% and 217 

76.2% for the bra and panties, respectively. 218 

 219 

Stratified analysis by age showed a significant decreases in chest circumference and 220 

girth (8/10) compared to baseline in women in their 20s and 30s, but not in women in 221 

their 40s. A significant decrease in the abdominal girth compared to the baseline value 222 

was seen only in subjects in their 30s (Table 5). According to the breastfeeding experience, 223 

significant decreases in chest circumference and girth (8/10) compared with the baseline 224 



values were found in the group that had never breastfed. (Table 6). 225 

 226 

Wearing corrective underwear was terminated on the day of observation 8 months 227 

later, and body sizes were measured again after 11 months (Table 7). Four participants 228 

were measured on the observation day 11 months later. Comparing the rate of change in 229 

the area ratio of chest circumference (2/10) and chest girth (8/10) with that measured on 230 

the observation day eight months later, the rate of change in chest circumference (2/10) 231 

tended to decrease and the rate of change in chest girth (8/10) tended to increase, 232 

indicating that the body shape that had changed by wearing corrective underwear and 233 

completing the adaptation of the system had changed in the direction of returning to the 234 

original shape. 235 

 236 

 237 

Discussion 238 

In this study, we examined the effect of a system in which a skilled body fitter correctly 239 

fits underwear with different functions made based on the corrective underwear step 240 

system according to the time, place, and situation and changes the underwear in stages 241 

according to long-term wear, on changes in the body shape using a 3D body scanner. 242 



On the observation day 8 months later, there was a decrease in the chest circumference 243 

compared to the baseline value. This is thought to be due to the decrease in  chest 244 

circumference that accompanied the decrease in body weight. Although the subjects in 245 

this study were instructed not to change their diet or exercise during the wearing period, 246 

this may be because the subjects became aware of their body shape through periodic 247 

measurements. 248 

The change in the area ratio of each part of the 2:8 divisions of the chest circumference 249 

cross-section showed a decrease in the posterior side and an increase in the anterior side. 250 

The corrective underwear used in this study was intended to collect fat that had flowed to 251 

the chest, and the results showed that the fat flowing to the armpits and back was returned 252 

to its original position (chest side). Furthermore, the distance between the nipple and 253 

clavicle decreased, indicating that the breasts were lifted to the clavicle side by corrective 254 

underwear. These results suggest that wearing corrective underwear that fits the body type 255 

continuously in stages can affect the shape of the breasts. 256 

Although the upper hip circumference significantly decreased, no significant differences 257 

in the top-hip and hip circumferences were observed with an increasing trend. These 258 

findings indicate that the increase in capacity was due to the moving of fat from the upper 259 

hips to the top-hips area, suggesting that wearing corrective underwear can affect the 260 



shape of the hips. 261 

After the termination of wearing corrective underwear, these changes were not lasting 262 

forever and changed toward returning to the original shape in a few months, suggesting 263 

that it is desirable to continue wearing the corrective underwear. 264 

 265 

According to the results of the QOL questionnaire, only a few subjects felt changes in 266 

their overall body shape, such as clothing size, and more than half of the subjects felt 267 

changes in their breasts and hips. This suggests that some subjects were able to confirm 268 

the changes indicated by the measurements. 269 

 270 

Stratified analysis by age and breastfeeding experience showed a significant decreases 271 

in the number of corrective effects in the age groups of 20s and 30s and in the group who 272 

had never breastfed. Age and breastfeeding experience affected the magnitude of the 273 

effects of corrective underwear, but there was no significant difference was found among 274 

the groups in their 40s or those who had breastfed. These may be due to the influence of 275 

the skin texture of each age group. There was no significant difference in the chest 276 

circumference (2/10), and there was an increasing trend in those in their 20s and 30s, but 277 

no change in those in their 40s, suggesting that the magnitude of the effects of wearing 278 



corrective underwear is influenced by skin type. However, the trend of change was similar 279 

to that of the other groups, suggesting that the fitting system used in this study can change 280 

body shape through the continuous wearing of corrective underwear, regardless of age or 281 

breastfeeding experience. 282 

 283 

One of the limitation of this study is that although we provided guidance on diet and 284 

exercise, we did not conduct in-depth interviews with the study subjects about the content 285 

of their diet and exercise. 286 

 287 

We adopted a system in which skilled body fitters correctly fitted subjects with 288 

underwear of different functions made based on the corrective underwear step system, 289 

according to the time, place, and occasion, and then changed the underwear according to 290 

the stage of change as the subjects wore the underwear over a long period of time. The 291 

results of the 8-month study have suggested that the system affected changes in the body 292 

shape, especially in the breasts. During the measurements, the subject wore nothing on 293 

her upper body and only panties, not corrective one, on her lower body. Therefore, the 294 

changes in the wearer’s body shape was maintained even after the support of the 295 

corrective underwear was removed. By using this method while wearing the corrective 296 



underwear that fits the body shape over time, not only the body line but also the awareness 297 

of the wearer can be expected to improve. 298 
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Figure Legends 310 

Figure 1. Measurement sites for secondary endpoints. 311 

The image shows a 3D scanner slice image of the chest area. The right side of the image 312 

is the breast section and the left side is the back section. 313 

 314 

Figure 2. Flow diagram for participant selection. 315 

 316 

Figure 3. Chest cross-section for the primary endpoint. 317 

The image shows a 3D scanner slice image of the chest area. The right side of the image 318 

is the anterior side and the left side is the posterior side. The cross-sectional view of the 319 

chest circumference (at the top breast) is divided into 2 (chest side):8 (back side), with 320 

the chest side being the chest circumference (2/10) and the back side being the chest girth 321 

(8/10). 322 

 323 



Figures

Figure 1

Figure 1. Measurement sites for secondary endpoints.

The image shows a 3D scanner slice image of the chest area. The right side of the image is the breast
section and the left side is the back section.

Figure 2

Figure 2. Flow diagram for participant selection.



Figure 3

Figure 3. Chest cross-section for the primary endpoint.

The image shows a 3D scanner slice image of the chest area. The right side of the image is the anterior
side and the left side is the posterior side. The cross-sectional view of the chest circumference (at the top
breast) is divided into 2 (chest side):8 (back side), with the chest side being the chest circumference
(2/10) and the back side being the chest girth (8/10).


