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1. Introduction

6. Conclusions and Future Directions
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2. Methods

3. Somatotopic Mapping with fMRI

Neuroplasticity of the homuncular map in
somatosensory cortex (S1/S2) has been observed in
both animal (Toldi, 2008) and human studies (Flor et al., 2006). After
an amputation, S1/S2 reorganizes with cortically
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Stimulation Sequence

• Stimulate the 4 quadrants of each breast and each
index finger in overlapping blocks with randomized order
• Block length variable: 12, 15, or 18 sec
• Air puffs within each block are randomly jittered in time

Adapted from Flor et al. (2006)

Future Directions:
• Collect more data with mastectomy patients to
confirm preliminary results
• Examine representation of the breast in S1/S2
both before and after surgery. Correlate changes in
sensitivity and experience of phantom sensations
and pain with reorganization in S1/S2.

Preliminary Conclusions:
• The representation of the human female breast in
S1/S2 is organized somatotopically
• Representation of a mastectomized breast is reduced
compared to the healthy breast and control breasts
• Stimulation of the healthy breast coactivates the
region devoted to the mastectomized breast in S1/S2 in
this patient
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MR-compatible somatosensory stimulator: Delivers 
puffs of pressurized air to the breasts and fingers

LeftRight

adjacent territory 
expanding to fill 
deafferented regions.  
Here, we examine 
this process by 
imaging breast 
representations in a 
healthy control  and 
a breast cancer 
patient who 
underwent a
unilateral mastectomy and breast reconstruction.

Somatotopic maps using fMRI: Siemens Trio 3 T
scanner. High spatial resolution echo-planar imaging
sequence. (TR = 3 sec; TE = 40 ms; 34 slices; voxel
size = 2 x 2 x 2 mm; limited FoV)
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Air Puff Stimulation Rest

Puff duration: 100 ms
ISI: 750-1050 ms

…
…

Sensitivity maps: created pre-scan using two-point
discrimination over the whole surface of the breast.

4. Mastectomy Patient (n = 1)

363.25/CC51

Left  (healthy) breast somatotopy

*Data is not normalized, images displayed on mean EPI images.  **p<.000001, c>5, uncorrected

Reduced right (mastectomized) breast activity

• Clusters for all four quadrants overlap in S1 (common
region analysis)
• Right breast region coactivated during stimulation of
left (healthy) breast

• Stimulation of only outer and inner quadrants evokes
activity. Stimulation of top and bottom quadrants does
not evoke activity.
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• Stimulation of all four quadrants evokes activity
• We find no coactivation in contralateral hemisphere

Unilateral Mastectomy Patient Healthy Control

Numb Tissue Incision Scars

Subjects: 1 unilateral mastectomy patient (right
mastectomy and reconstruction with latissamus dorsi
myocutaneous flap 3/09, implants 8/09, imaged 10/09).
1 healthy control (age and breast-size matched, no
history of any surgical procedure on breasts.

Is the cortical representation of a mastectomized
breast different than that of a healthy breast?

5. Healthy Control (n = 1)

• Right breast region coactivated during stimulation of 
left (healthy) breast
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