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Vibration Characteristics of Breasts during Exercise
with and without a Brassiere

Kazuyo OkaBe and Takao Kurokawa *
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Brassieres are used to prevent excessive movements of the female breasts, which consist of mam-
mary glands and fat tissue. To obtain basic data for designing good-fitting brassieres, vibration charac-
teristics of the breasts were analyzed in 7 females. The movement of 14 measuring points on the breast
surface was monitored during walking and running with and without wearing a transparent bras-
siere. Frequency characteristics of the breast vibration were analyzed. The frequency of breast vibra-
tion had a strong correlation with the stepping frequency. The amplitude of breast vibration was
greater during running than during walking, and greater along the vertical axis than along the horizon-
tal axis. Without wearing a brassiere, a negative correlation was noted between the amplitude of
breast vibration and the stiffness of the breast. The amplitude was greater in soft breasts than in hard
breasts. When wearing a brassiere and in firm breasts, high-frequency components were observed in

the waveform of breast vibration.
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Table 1. Profile of subjects
Item
. Bust Underbust BMI Left breast Stiffness
Subject  Stature . . .
girth girth weight (kg) / volume  of breast

(mm) (mm) (mm) stature (m)* (cm?) (kPa)

S1 1,500 820 692 22.22 146.53 3.45

S2 1,664 786 688 18.60 136.44 4.33

S3 1,624 860 702 20.58 192.30 4.36

S4 1,758 858 706 19.35 178.75 4.74

S5 1,623 825 660 19.59 215.66 5.49

S6 1,620 804 711 18.82 176.61 5.68

S7 1,585 799 720 20.14 139.21 7.24

Average 1,625 822 697 19.90 169.36 5.04

S.D. 78.0 28.6 19.6 1.24 29.79 1.23
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(@) Schematic drawing of brassiere in the experiment and (b) clothing pressure

at measuring points on 3 concentric circles (outer, middle, inner)
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(a) Method of measuring stiffness of breast and (b) estimation of consistency index

Fig. 3.
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Fig. 4. Overlapping display of breast vibration at 14 points while running
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Fig. 5. Stiffness index at 24 points (A.V. & S.D))
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Overlapping display of vibration properties at 14 points of soft breast
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Table 2. Correlation between maximum amplitude of breast vibration and body characteristics.
Figures indicate correlation coefficients and asterisks indicate level of significance.
Without-running With-running

ftem BMI Test Volume Test Stiffness Test BMI  Test Volume Test Stiffness Test

BMI 1.0000 — —0.1320 —0.3694 1.00000 — —0.1320 —0.3694
Volume —0.1320 1.0000 — 0.0004 —0.1320 1.0000 — 0.0004
Stiffness —0.3694 0.0004 1.00000 —  —0.3694 0.0004 1.0000 —
amp 2y 0.5076 0.1416 —0.9363 ** —0.6410 —0.0788 —0.4410
amp 3y 0.4568 —0.3310 —0.7842 * —0.5137 —0.1032 —0.5009
amp 5y 0.2254 0.0482 —0.8014 * —0.0604 0.8870  *= 0.1008
amp 7y 0.3707 0.7980 +  —0.2994 —0.1047 0.8256 *=  —0.0771
amp 10y 0.3611 0.1475 —0.8222 =+« —0.2141 0.0117 —0.6668
amp 12y 0.2177 —0.0139 —0.7958 *+  —0.4152 0.4293 —0.1482
amp 14y 0.3604 0.2025 —0.7851  » 0.1599 0.5160 0.2677
amp 16y 0.5390 0.2977 —0.8217 = 0.1283 0.7448 —0.2009
amp 17y 0.3780 0.1083 —0.7572 * —0.2930 0.4868 —0.1417
amp 19y 0.3963 0.0593 —0.7689 *  —0.7893 = 0.1842 —0.1084
amp 21y 0.3547 0.0931 —=0.7712  ~« 0.2721 0.1122 —0.1130
amp 23y 0.4319 0.2649 —0.7466 —0.4815 0.7166 0.0888
amp 25y 0.4277 0.1278 —0.7621 * —0.1459 0.4270 —0.5214
amp 2x 0.7847 * 0.3918 —0.5851 0.2112 0.4509 0.0155
amp 3x 0.4331 0.1261 —0.0295 —0.2379 0.2480 —0.4380
amp 5x 0.5769 0.2925 —0.3503 0.1599 0.4262 —0.1633
amp 7x  —0.3477 —0.4177 0.3971 0.0972 0.8485 =  —0.0165
amp 10x 0.3166 0.7401 —0.4075 0.4921 0.0200 —0.3569
amp 12x 0.3027 0.6681 —0.5247 0.0434 0.3514 0.4814
amp 14x 0.3792 0.4205 —0.7017 —0.1786 0.4456 —0.2383
amp 16x 0.6430 —0.2396 —0.8158 *  —0.3792 0.7262 0.1646
amp 17x 0.3608 0.5648 —0.7526 0.0958 0.1913 —0.6535
amp 19x 0.4526 0.5018 —0.7000 0.4597 —0.0132 —0.1900
amp 21x 0.2524 0.6406 —0.5718 0.2037 0.4269 —0.5408
amp 23x 0.1830 0.6390 —0.6157 —(0.1388 0.1996 —0.4734
amp 25x 0.0663 0.7438 —0.4339 —0.4249 0.2603 —0.2653

Level of significance: *: 5% **: 1%.
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