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Abstract: To find out the distribution of pressure on brassiere’s under wires，two tests of under wires were 
done using AMI-3037 Air-pack type contact surface pressure measuring system. The brassieres used were 
commercial brassieres. In test 1 (T1), three different styles of brassieres were all 75A in size and each piece 
is tested by the same subject (S1). In test 2 (T2), a brassiere of 75A size was tested by three different 
subjects (S1, S2, S3). Three subjects were healthy unmarried women of age group 22 to 26 years. Seven 
points were measured in T1. Four points were measured when the subject made four different poses in T2. 
The results indicate: 1) There are three different pressure distributions in T1; 2) The pressure values are 
affected significantly at different points, brassieres, the interaction of points and brassiere, the interaction of 
points and subjects; 3) Most pressures of center front are larger and most pressures of the lowest point are 
small at the under wires; 4) The pressure values change while breathing. The range of most pressure values 
is between 0 and 0.5kPa except few ranging from 0.5 kPa to 1.5 kPa. 5) The shape of under wires is an 
important factor in healthcare of women. 
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1. Introduction 
 
As one among the skin-tight clothing, brassieres are 
studied by more and more countries recently [1]. The 
main effects of brassiere are shaping curves of female’s 
breasts, protecting and supporting breast. There are 
varied brassieres in the markets now, such as common 
brassieres, sports brassieres, sleeping brassieres, 
seamless brassieres, nursing brassieres, and so on. The 
structure of brassiere is mainly composed of gore, 
under wires, cups, shoulder straps, torso straps and 
decorations [2,3]. Most of daily brassieres include 
under wires because they can support the lower part of 
breasts and shape better breasts’ curve. The main 
materials of the under wires are steel, rigid plastic and 
other materials that are not easily deformed. 

The comfort degree of brassiere wearing is affected 
by the shape of under wires directly when choosing and 
purchasing brassieres. The shape of the under wires 
should be conformed to the lower curve of the breast 
base line, otherwise it will be felt like under wires 
move up or press breasts. If women wear the in 
appropriate brassiere, the under wires will press their 
galactophores, blood vessels, nerves, lymphatic and 
other organs. The long-term pressure of the under wires 
will lead to pathological changes of breasts, such as 
hyperplasia of mammary glands, mastitis, nipple 

discharge, etc. 
More and more studies have been reported on the 

pressure made by  brassiere and the measurement of 
breasts [4-8]. However, there is a little information 
available on the analysis of pressure distribution and 
comfort of brassiere under wires.  
 
2. Experiment 
 
2.1 Brassieres and Subjects 
 
In the test 1 (abbreviated as T1), the main purpose is to 
test the effects of different brassieres’ under wires on 
the same subject. So, three different brands of 
commercial brassieres were used. They were all 3/4 
cups and 75A size. And their styles are similar. The 
subject was a healthy woman of 24 years of age. Seven 
test points along the curve of under wire at right breast 
were tested. The style of brassieres and test points are 
shown in Figure 1. 

It was found that the under wires of three brassieres 
were different when compared according to their 
shapes where the lowest points of three under wires 
were superposition [9]. The shapes of three under wires 
are shown in Figure 2. 
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Figure 1 The style of brassieres and test points in T1. 
 

 
 

Figure 2 The shapes of three under wires. 
 

In the test 2 (abbreviated as T2), the main purpose 
is to test the influence of different subjects and motions 
on the pressure values of under wires. Two commercial 
brassieres were used. They are all 3/4 cups and 75A 
sizes. Three subjects were healthy women in age group 
22 to 26 years . Four test points along the right side of 
the under wire were tested when the subjects made four 
different poses including standing, sitting down and  
relaxing, stretching arms forward and raising up the 
arms. The style of brassiere and the test points are 
shown in Fig. 3.  
 

 
 

Figure 3 The style of brassiere and the test points in T2. 
 
The differences between two tests were more 

clearly compared by their test items. The details of T1 
and T2 are shown in Table 1.  

 

Table 1 The details of T1 and T2 

Item 
test 

T1 T2 
Brassiere B1; B2; B3 B4; B5 

Subject S1 S1; S2; S3 

motion None M1; M2; M3; M4 
 
 
2.2 Measurements 
 
The pressure values were measured using AMI-3037-
5S Air-pack type contact surface pressure measuring 
system [10-11]. The principles of the measuring system 
are shown in Figure. 4. The temperature and humidity 
were at 25± 2℃  and 65± 2% in the laboratory, 
respectively. 

 

 
 

Figure 4 Measuring system of clothing pressure. 
 
3. Results and Discussion 
 
3.1 The Details of Subjects 
 
Table 2 shows the basic information of subjects in T1 
and T2. The subject “S1” was tested in both T1 and T2. 

 
3.2 Pressure Values in T1 
 
Figure 5 shows the pressure values of seven points 
when the subject was standing naturally in T1.  

Univariate analysis was performed using the scores 
in Figure 5 in order to find out the significant 
differences of different points and brassieres in T1. The 
significant values of points and brassieres (significance 
level, 0.05) are shown in Table 3. 
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Table 2 The details of the subjects 

Measurement 
Subject 

S1 S2 S3 
subject’s BMI* [kg/m2] 20.45 20.83 22.03 

height [cm] 164 161 158 
weight [kg] 55 54 55 
bust [cm] 84 83 83 

under bust [cm] 75 74 76 
*BMI is the abbreviation of body mass index, BMI = 
weight(kg)/height2(m2), BMI 18.6 ~ 22.9 kg/m2 for normal body 
weight, BMI 23.0 ~ 24.9 kg/m2 for overweight, BMI 25.0 ~ 29.9 
kg/m2 for I severe obesity (moderate), BMI≥30 kg/m2 for II 
severe obesity (severe). 
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Figure 5 The pressure values of test points in T1 
 

Table 3 Significance values in T1 

item 
Sig.(Levene’s test 

of Equality of Error 
Variances) 

Sig.( the Test of 
Between-
Subjects 
Effects) 

Point 0.281 0.464 
Brassiere 0.050 0.080 

 
The results from between-subjects effects 

significance show that there are no significant 
differences in group points and brassieres. But the 
significance of Levene’s test of Equality of Error 
Variances is just equal 0.05. So, Duncan's multiple 
range test had been done to the brassiere and it 
indicated that there existed difference between the 
brassieres B1 and B2. That means the pressure values 
differed when the subject wore different brassieres. 
 
 

3.3 Pressure Values in T2 
 
Table 4 shows the pressure values when three subjects 
wore two brassieres in turns and made four different 
motions in T2.  

 
Table 4 The pressure values in T2 

Bra Subject Point 
Motion 

M1 M2 M3 M4 

B1 

S1 

P1 2.36 2.09 2.16 2.76 

P2 0.65 0.84 0.47 0.52 

P3 1.62 1.42 1.72 2.12 

P4 2.09 1.96 2.17 2.25 

S2 

P1 2.58 1.91 1.89 2.75 

P2 1.18 1.27 1.23 1.29 

P3 0.91 0.98 0.84 1.03 

P4 2.77 0.60 2.26 3.24 

S3 

P1 1.03 1.22 0.92 1.56 

P2 4.08 3.93 3.22 3.81 

P3 2.60 2.10 2.33 2.68 

P4 1.67 1.65 1.63 1.59 

B2 

S1 

P1 3.79 3.12 3.51 5.61 

P2 1.77 1.70 1.90 1.97 

P3 6.27 6.75 3.39 4.27 

P4 3.02 3.12 2.85 3.15 

S2 

P1 4.10 2.86 3.15 4.59 

P2 0.89 1.13 0.92 0.91 

P3 2.05 1.86 1.93 2.04 

P4 3.32 3.12 2.25 3.00 

S3 

P1 5.71 5.86 4.37 5.57 

P2 2.45 2.33 2.20 3.06 

P3 2.24 2.02 1.71 2.05 

P4 2.03 2.04 1.72 1.65 

 
Table 5 shows the significant values with the 

Levene’s test of Equality of Error Variances and the 
Test of Between-Subjects Effects. It indicates that there 
are significant differences about point, brassiere, point* 
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brassiere and point* subject. Next, Duncan's multiple 
range test was done to these items. The statistical 
results are as follows: P1differs from P2, P3, P4; B4 
differs from B5; there were marked interaction to 
point* brassiere and point* subject.  
 

Table 5 Significance values in T2 

item 
Sig.(Levene’s test 
of Equality of Error 

Variances) 

Sig.( the Test of 
Between-

Subjects Effects) 
Point 0.040 0.005 

Motion 0.409 0.513 
Brassiere 0.007 0.000 
Subject 0.452 0.132 
Point* 
Motion 0.385 0.994 

Point* 
Brassiere 0.000 0.001 

Point* 
Subject 0.000 0.000 

Motion* 
Brassiere 0.133 0.869 

Motion* 
Subject 0.843 0.998 

Brassiere* 
Subject 0.055 0.096 

* interaction 
 
Figure 6 shows the pressure values at standing 

posture in T2. Most pressure values of center front are 
more than others in one test as shown in Figure 6. The 
breasts are squeezed toward center front by the under 
wires and cups of brassiere which add pressure to 
center front. And most of the pressure values of 
brassiere B4 are less than the corresponding values of 
brassiere B5.which indicates the pressure values are 
affected by different brassieres. Its mainly caused by 
the shapes of under wires and cups of a brassiere. 
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Figure 6 The pressure values at standing posture. 
 

Figure 7 shows 95% confidence interval error 
pressure values and means of each point. T-test was 
performed on the pressure values and the results shows 
that 95% Confidence Interval of the pressure was not 
less than 2.14kPa and not more than 2.68kPa. The 
pressure values are small and the subjects don’t feel too 
much pressure obviously as the breast tissue is soft and 
flexible. The reason that few pressure values are too 
large or too small is subjects wear brassiere improperly 
or the shapes of under wires are not anastomosis with 
the bottom shapes of breasts. At present, women don’t 
consider the shapes of under wires when they select the 
brassieres. This results  to the shape of under wires 
being unfit to most brassieres’ wearers. These women 
would have a variety of breast disease for wearing 
inappropriate under wires for long time.  
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Figure 7 Means and errors of each point. 

 
3.3 The Frequency of Pressure Differences 
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Figure 8 The frequency of pressure differences. 
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Figure 8 shows the frequency of pressure differences in 
T1 and T2. Most of pressure values are changed 
between 0 and 0.5 kPa except for few values between 
0.5 and 1.5 kPa. Therefore, the influence of respiration 
on pressure values of brassiere bottom is mainly less 
than 0.5kPa. This shows that the pressure is less 
affected by normal respiration. 
 
4. Conclusion 
 
In this study, the pressure distribution on under wires of 
brassiere was analyzed by two tests. In T1, the pressure 
values were measured by one subject wearing three 
brassieres. The pressure distribution in three brassieres 
is different. In T2, the pressure values were measured 
by three subjects wearing one brassiere. The pressure 
values were affected significantly by points, brassieres, 
the interaction of points and brassiere, the interaction of 
points and subjects. The breasts are squeezed toward 
center front by the cups and under wires of brassiere, 
which makes the pressure of center front larger. The 
entire pressure values are not too large as the breast 
tissue is soft and flexible. 95% Confidence Interval of 
the pressure was not less than 2.14 kPa and not more 
than 2.68kPa. The influence of respiration on pressure 
difference is small. The range of most pressure 
differences is between 0 and 0.5 kPa except for few 
values between0.5 and 1.5 kPa. 

Whether a piece of brassiere is suitable for a 
woman depends not only on the bust and under bust, 
but also on the shape of under wires.  
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