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SUMMARY 
Breast cancer is a highly prevalent and life changing disease.  
Primary treatment for breast cancer is surgery, which may 
have a profound impact on motion of the breast and, in turn, 
the ability of an exercise bra to effectively control that motion.  
In fact, recent research has indicated bra discomfort may be a 
barrier to exercise for women diagnosed with breast cancer.  
However, before improvements in bra designs can be made, 
we need to better understand the implications of breast cancer 
surgery on breast motion.  Therefore, the breast motion of four 
lumpectomy patients under two bra conditions (sport specific 
and non-sport specific) was analysed to assess 1) qualitative 
motion patterns and 2) vertical breast displacement of both the 
affected and unaffected breasts.  All participants displayed 
differing motion patterns between their affected and 
unaffected breasts.  Compared to the non-sport specific bra, 
the sport bra was able to effectively reduce overall vertical 
breast displacement, as well as the significant ‘between breast’ 
vertical breast displacement difference observed.  Bra 
designers for this cohort should account for the differing 
motion patterns between breasts, and lumpectomy patients 
should be fitted into proper sport bras prior to undertaking an 
exercise regimen. 
 
INTRODUCTION 
Although breast cancer is the most prevalent cancer among 
women worldwide [1], advances in diagnosis and surgical 
treatment have reduced mortality rates associated with this 
disease.  Surgery is a primary treatment for breast cancer, with 
a lumpectomy (partial removal of breast tissue) being the most 
common surgical procedure.  With more women surviving the 
disease, greater efforts must be made to ensure optimal quality 
of life for women living with breast cancer, including those 
having undergone a lumpectomy.  As exercise has been shown 
to improve quality of life for these women [2-4], any potential 
barriers to exercise for women living with a breast cancer 
diagnosis must be identified and, if possible, minimised. 
 
Our recent research has indicated that bra discomfort is a 
primary barrier to exercise for lumpectomy patients [5].  It has 
been suggested that surgical treatment of a single breast may 
cause imbalances in breast motion and reduce the 
effectiveness of bras worn during exercise.  However, no 
study has investigated motion differences between the affected 
and unaffected breasts of lumpectomy patients, nor the 
effectiveness of an exercise bra to reduce potential 
discrepancies in this motion. Therefore, the aim of this study 
was to 1) map the three-dimensional nipple displacement of 
the affected and unaffected breasts of lumpectomy patients 

and, 2) assess whether a well-fitted sport bra reduced vertical 
breast displacement of both the affected and unaffected 
breasts. 
 
 
METHODS 
Four female lumpectomy patients who were large-breasted 
(C+ cup), currently exercising, not undergoing active breast 
cancer treatment, minimum 2 years post surgery and had 
reported experiencing bra discomfort during exercise were 
recruited for the study.  The participants were required to 
exercise at a self-selected pace on a treadmill under two 
randomly presented conditions: 1) the bra they typically wore 
when exercising (Own bra), and 2) a well-fitted sport bra 
(Sport bra).  In all four cases, the Own bra condition was a 
non-sport specific bra. 
 
During both experimental conditions, each participant’s three-
dimensional breast motion was captured (200 Hz) using an 
OPTOTRAK 3020 motion analysis system (Northern Digital 
Inc, Ontario, Canada).  Breast motion relative to the torso was 
tracked by placing infrared emitting diode markers directly on 
each participant’s right and left nipples, under the bra, and on 
the sternal notch [6-7].  Data were collected at 10 s intervals, 
six collections per condition, once the participant attained a 
steady stride rate.  Trunk motion, as mapped by the sternal 
notch, was subtracted from nipple motion to acquire relative 
nipple displacement.  Three-dimensional nipple displacement 
of both breasts was then mapped to enable qualitative 
observation of any potential motion differences between the 
affected and unaffected breasts. 
 
To quantify vertical breast displacement (VBD), maximum 
and minimum events for each breast bounce were identified 
(approximately 10 bounces occurred per trial).  The metric 
vectors between these events were then calculated, and 
averaged to give the mean VBD per trial.  All data were 
analysed using Visual3D.  Due to the large inter-subject 
variability, a within-subject repeated measures ANOVA was 
used to analyse the differences in VBD between each bra 
condition (VBD between conditions).  A paired t-test was then 
used to assess the difference in VBD between the affected and 
unaffected breast in each bra condition (VBD between 
breasts). 
 
 
RESULTS AND DISCUSSION 
Qualitative observations of the breast motion graphs indicated 
that all participants displayed different three-dimensional 
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nipple displacement patterns when their affected and 
unaffected breasts were compared (Example: Participant 1 in 
Own and Sport conditions; Figures 1 & 2).  This ‘within 
subject’ variance suggests that lumpectomy surgery may alter 
motion of the affected breast.  These differing motion patterns 
should be accounted for when attempting to design an exercise 
bra for this population cohort. 
 
 

  
 
Figure 1:  Movement of the affected (A) and unaffected (UA) 
breasts of Participant 1 in the Own bra condition. 
 

   
 
Figure 2:  Movement of the affected (A) and unaffected (UA) 
breasts of Participant 1 in the Sport bra condition. 
 
 
VBD Between Bra Conditions: Three out of the four 
participants had a significant reduction in VBD of both the 
affected and unaffected breast when wearing the Sport bra 
compared to their Own bra.  Participant 3 had a significant 
reduction in VBD of the unaffected breast in the Sport bra 
condition compared to the Own bra condition, but no change 
in VBD of the affected breast between these conditions (Table 
1). 
 

VBD Between Breasts: A paired t-test of all participants 
found a significant difference in VBD between the affected 
and unaffected breasts when the women exercised in the Own 
bra condition, but no significant difference between breasts 
when they exercised in the Sport bra condition (Table 1). 
 
 
CONCLUSIONS 
This is the first paper to identify that there are observable 
differences in the three-dimensional breast motion when 
comparing the affected and unaffected breasts of lumpectomy 
patients.  A well-fitted sport bra was able to effectively reduce 
the VBD of both the affected and unaffected breasts of a 
lumpectomy patient when compared to a non-sport specific 
bra.   The significant difference in vertical breast displacement 
observed between the affected and unaffected breast in the 
participant’s Own bra condition (non-sport specific) was no 
longer evident in the Sport bra condition.  This may indicate 
that a well-fitted sport bra is better able to control VBD of 
both the affected and unaffected breasts, providing more 
symmetrical breast motion for lumpectomy patients. Bra 
designers for this cohort need to be aware of the different 
motion patterns between breasts as a result of breast cancer 
surgery and treatment.  However, simply fitting these women 
into a sport specific bra is the first, imperative step towards 
improving bra comfort for lumpectomy patients during 
exercise. 
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Table 1: Vertical breast displacement and significance observed between conditions (within subject repeated measures ANOVA; α 
= 0.05), and between breasts (paired t-test; α = 0.05; A = affected; UA = unaffected; S = Sport bra; O = Own bra). 
 
 Vertical breast displacement (cm) Significance observed (p-value) 
Subject Own bra  Sport bra  Sport bra Own bra Affected Unaffected 
 Affected Unaffected Affected Unaffected A v UA A v UA S v O S v O 
1 1.33 1.45 0.96 0.75 No  (0.16) Yes  (0.04) Yes  (<0.00) Yes  (<0.00) 
2 3.26 3.94 2.48 3.35 No  (0.16) Yes  (0.04) Yes  (0.01) Yes  (0.03) 
3 0.84 1.42 0.84 1.23 No  (0.16) Yes  (0.04) No   (0.97) Yes  (0.03) 
4 4.59 5.50 3.82 4.53 No  (0.16) Yes  (0.04) Yes  (<0.00) Yes  (<0.00) 
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