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Facts about breasts:

Bra sizing incorporates independent measures of cup size and chest girth,
cup size is the measure of breast volume and is determined by the difference,
in inches, between the chest girth and the breast girth, with 1 inch difference
equating to an A cup, 2 inches of difference equating to a B cup, etc. Ten
years ago the average bra size in the UK was a 34B; now it is a 36C, with an
estimated 40% of women taking a D cup or above (Lantin, 2007). The D cup
breast weighs approximately 0.45 kg. The left breast is usually larger than the
right breast, but the cause of most breast asymmetry is unknown, current
theories include hormonal, iatrogenic (brought about by medical treatment)
and traumatic injury (Jansen et al., 2002) The largest and heaviest breasts in
the world are a V cup, which is 21 cup sizes larger than the average C cup,
with each breast weighing approximately 28 Ibs or 12.7kg (Guinness World
Records, 2007).

What is the breast?

There are 3 main structural components to the breast, the skin, the
subcutaneous tissue, and the corpus mammae (which the functional section,
composed of ducts, lobules and alreolar structures, connective tissue,
lymphatics, fat, blood vessels and nerves). There are no muscles in the
breast; the only supporting structures are the skin and the connective tissue
within the corpus mammae, commonly known as the Coopers Ligaments
(Page & Steele, 1999). These ligaments are thin sheets of fibrous tissue that
attach to the pectoralis major sack and disperse throughout the breast. Their
purpose is to separate the glandular elements of the breast (Starr et al., 2005)

and although their mechanical properties have yet been reported in the



literature, they are thought to provide some structural support to the breast
(Page & Steele, 1999).

The problem:

Because of the limited intrinsic support the breast moves during activity.
Breast motion has two negative implications; firstly, breast pain (Mason et al.,,
1999); exercise related breast pain has been reported in 56% (Lorentzen &
Lawson, 1987) to 72% (Gehlsen & Albohm, 1980) of females, and is thought
to be due to the excessive motion causing tension on both the skin and the
connective tissue (Mason et al., 1999). Secondly, breast sag (ptosis) (Page &
Steele, 1999), where repeated loading leads to ligament creep and permanent
stretching of the supporting structures of the breast.

General breast pain (mastalgia) can impact upon the performance, health and
well-being of women, with the prevalence of mastalgia in Britain ranging from
45% to 60% (Ader & Shriver, 1998). Breast pain can be defined as cyclical
mastalgia, with symptoms at certain time points in the menstrual cycle, non-
cyclical mastalgia, which results in consistent pain to all or part of the breast,
and exercise related mastalgia. The causes of mastalgia remain unclear (Ader
& Shriver, 1998). Breast pain and breast sag may create self-awareness
problems for women resulting in a potential loss of self-esteem, reluctance to

exercise and ultimately decreasing their quality of life.

The solution:

Appropriate breast support has been identified as the most effective form of
treatment for breast pain and prevention of breast sag (Hadi, 2000). There
are two major bra designs, the compression bra (Figure 1) which flattens the
breasts to the chest wall, thereby repositioning the centre of mass of the
breast and the encapsulation bra (Figure 2), which contains moulded cups
that encapsulate each breast separately and allow independent movement of
the left and right breast. Compression sports bras are thought to be more
effective for smaller cup size women and encapsulation are thought to be

more effective for larger cup size women (Page & Steele, 1999).



Figure 1. Example of a compression sports bra.

Figure 2. Example of an encapsulation sports bra.

Previous research in this area:

Literature on breast biomechanics is very limited. All previous breast
movement data has only referred to the vertical movement of the breast
(except Gehlsen & Albohm, 1980, who reported lateral movement, as well as
vertical). The largest vertical breast movement previously reported was 16.5
cm for a DD cup subject during treadmill running (Griffin, 2004). But during
physical activity, the breast is capable of moving in three dimensions (3D) and
reporting only the vertical component will lead to a misinterpretation of breast

movement.

Previous literature has focused on treadmill running up to a maximum speed
of 13 kph (Mason et al., 1999) and commonly data has only been collected

from 1 or 2 gait cycles.



The issue of eliminating the movement of the body from the movement of the
breasts has been achieved in previous studies by subtracting the vertical
movement of the sternum, acromium process or clavicle from the vertical
movement of the breast, however, no method has been presented in the

literature for the analysis of 3D breast movement.

Our aims:

This is an under-researched area that has the potential to improve quality of
life for women. Therefore our research aims are to present a valid and
reliable method for analysing 3D breast motion during a variety of activities.
We are building up a database on breast biomechanics, which we believe is
currently the largest in the world. This information could be used to inform bra
design (knowledge transfer), for clinical support, fundamental breast health

research and to broaden understanding in this novel area.

What we have done so far:

We have undertaken biomechanical testing on approximately 100 subjects,
ranging from A cups to JJ cups. Each subject has undertaken a battery of
tests including running, jumping and other physical activity, during which

movement, force and other biomechanical measurements have been taken.

Figure 3. Subject undertaking running test.



Our results have found an average of 10 cm of 3D breast movement during
running (averaged across cup sizes A to JJ), with 21 cm being the greatest
breast movement reported for one subject (4.5 cm greater than ever
previously reported, Griffin, 2004). During walking and running the majority of
subjects display a figure-of-eight pattern of breast motion (Figure 4) and this
pattern remains when the movement of the body is eliminated from the

movement of the breast.

Figure 4. Example of the pattern of breast and body movement during
treadmill running in both an encapsulation sports bra and without a bra. The
red markers show the movement of the left and right body markers and the
blue markers show movement of the left and right nipple. In the
encapsulation bra there is an increase in the movement of the breast
compared to the movement of the body, but it follows a controlled figure-of-
eight pattern, wear the breast support is removed the magnitude of breast
movement increases (significantly) and follows a less controlled pendulous
trajectory. There is also an increase in the lateral movement of the breasts
compared to that of the body and again this increases significantly when the
breast support is removed.

During walking the contribution of lateral, forwards and backwards, and
vertical movement of the breast is statistical similar (F = 2.66, P = 0.08), but
as speed increases to running the vertical movement of the breast becomes
significantly greater (P<0.05). Sports bras and normal bras are effective at



reducing breast movement, with up to 73% reduction in the encapsulation
sports bras compared to the no bra condition (X = 128.144, P<0.0001).

As expected there is a strong relationship between gait velocity and breast
movement. As walking speed increases there is a gradual increase in breast
movement, a more rapid increase in breast movement occurs during the
transition from walking to running, this is then followed by a more gradual
increase as running speed rises. In fact, some subjects demonstrated a
plateau in breast movement following the transition from walking to running,

with further increases in speed having no effect on breast movement.

Across cup sizes, A cup subjects demonstrated that appropriate breast
support was equally as effective at reducing breast movement (53% reduction
compared to no bra condition) as G cup subjects (55% reduction). Contrary
to previous research in this area, the compression sports bras did not prove
more effective at reducing breast movement for smaller cup size subjects,
instead, the encapsulation bra was significantly more successful. Between-
subject differences were found within cup sizes, however, scaling of certain

physical characteristics eliminates these differences in breast motion.

Despite greater values of 3D movement for the left breast compared to the
right breast, these differences were not statistically significant (z = -1.23,

P>0.22, with an average power of 0.75).

The methods that we have employed to monitor breast movement
demonstrated acceptable test/retest reliability of 6.6% coefficient of variance
of the typical error. Reliability is something that has not been reported
previously in this area.

Areas of difficulty:

There were many challenges to overcome when beginning research on breast
biomechanics, firstly, there are limited, scientifically valid procedures for
establishing breast size and fitting bras, and these procedures vary

considerably from country to country. Secondly, the measurement and



presentation of subjects’ physical characteristics are scarce. It is suggested
that future research on breast biomechanics during any type of physical
activity, should use trained bra fitters to establish breast size and the
measurement procedure should be reported, breast movement should be
measured in 3D, eliminating all the movements of the trunk (6 degrees of
freedom), and the subjects’ physical characteristics should be reported using
standardised procedures such as those specified by the International Society
for the Advancement of Kinathropometry (ISAK). Finally, caution should be
used when determining the population, considerations should include;
subject’s age, whether they have given birth and/or breast fed, and if they
have undergone any surgical procedures to the breast. All of these factors
may affect the supporting structures of the breast and, consequently, breast

biomechanics.

Achievements so far:

Our research in this area has led to a number of collaborations, with
commercial organisations, NHS, military personnel and other academic
institutions. We are involved in projects utilising bionanotechnology for the
development of intelligent breast support, we are investigating breast
biomechanics in special populations and our research has attracted Higher

Education Innovation Funding.

Figure 5. Appearance on ITV ‘This Morning’. Jan 2006.



Our research has received a large amount of media attention; including
national and international television, newspapers, magazines and radio. This

media interest has totalled over £1.2 million worth of publicity.

Developments;

We have established a Research Group in Breast Health at the University of
Portsmouth. This group consolidates the diverse range of research activities
in the area of Breast Health, structuring them under 3 categories, applied
research, fundamental research and clinical support. The Group promotes
research into breast health from a biomechanical, physiological and clinical
perspective, with the aim of improving knowledge in this area, educating
women and evaluating the development of better products to support the
health of the breast.

The BASES International Travel Grant enabled me to present and promote
this under-investigated area of research to an international audience, with the
aim of proving that the study of bouncing breasts is a credible area of

scientific research.
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