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We have examined ten human subjects with a previously developed instrument for near-infrared
diffuse spectral imaging of the female breast. The instrument is based on a tandem, planar scan
of two collinear optical fibers (one for illumination and one for collection) to image a gently com-
pressed breast in a transmission geometry. The optical data collection features a spatial sampling
of 25 points/cm2 over the whole breast, and a spectral sampling of 2 points/nm in the 650–
900nm wavelength range. Of the ten human subjects examined, eight are healthy subjects and
two are cancer patients with unilateral invasive ductal carcinoma and ductal carcinoma in situ,
respectively. For each subject, we generate second-derivative images that identify a network of
highly absorbing structures in the breast that we assign to blood vessels. A previously developed
paired-wavelength spectral method assigns oxygenation values to the absorbing structures dis-
played in the second-derivative images. The resulting oxygenation images feature average values
over the whole breast that are significantly lower in cancerous breasts (69± 14%, n = 2) than
in healthy breasts (85± 7%, n = 18) (p < 0.01). Furthermore, in the two patients with breast
cancer, the average oxygenation values in the cancerous regions are also significantly lower than
in the remainder of the breast (invasive ductal carcinoma: 49±11% vs 61±16%, p < 0.01;
ductal carcinoma in situ: 58±8% vs 77±11%, p < 0.001).

Keywords : Diffuse spectral imaging; near-infrared spectroscopy; optical mammography;
oximetry; hemoglobin saturation.

1. Introduction

Diffuse optical imaging methods1 for breast can-
cer detection and monitoring have developed into
a mature technology that is ready for pilot clini-
cal trials and studies on populations of healthy and
diseased breasts.2 While most breast lesions feature

a significant intrinsic optical contrast that allows
for their detection with optical mammography, the
major challenge faced by this technology is the dis-
crimination of normal lesions, benign tumors, and
cancer. One option to address this challenge is to
go beyond a self-contained, intrinsic-contrast-based
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optical mammography method. For example, a
number of studies have explored the introduction
of extrinsic fluorescent contract agents,3,4 or the
synergistic combination of optical mammography
with established medical imaging techniques such
as X-ray imaging,5 magnetic resonance imaging,6

or ultrasound imaging.7 While introducing extrinsic
contrast agents and performing complementary
examinations with adjunct imaging modalities can
significantly enrich the information content of the
data collected, these approaches also compromise
appealing features of optical mammography such
as non-invasiveness, repeatability of application,
and relatively compact instrumentation. A sec-
ond option to tackle the problem of discrimina-
tion of benign and cancerous breast lesions is to
apply optical mammography as a stand-alone tech-
nique where the information content of its data
is enriched either by collecting a more complete
dataset or by introducing data processing meth-
ods capable of extracting additional information
from a given dataset. A number of studies have
explored this option, for example by extending
the spectral range of optical mammography to
1,000 nm for sensitivity to lipids and water8–10

and to 1,060 nm for sensitivity to collagen,11

by developing quantitative three-dimensional opti-
cal tomography approaches,12 by introducing
computer-aided detection methods based on dif-
fuse optical tomography images,13 or by collecting
dynamic optical images of the breast in response
to a physiological challenge14 or mechanical
compression.15

In this work, we explore the potential of optical
mammography to develop into a stand-alone clini-
cal modality by considering two key facts, namely
(1) the extremely high intrinsic optical contrast
provided by blood (which is two orders of mag-
nitudes more absorbing than breast tissue in the
near infrared), and (2) the strong spectral depen-
dence of blood absorption on the oxygen saturation
of hemoglobin. These two facts account for the high
sensitivity of optical mammography to blood vessels
(or tissue regions of elevated vascular density) and
to their oxygenation level. Even though reports of
breast cancer oxygenation as measured with near-
infrared spectroscopy have not consistently found
it to be a robust parameter for discrimination of
benign and malignant lesions, it is nevertheless rea-
sonable to expect oxygen saturation of hemoglobin
to be reduced at cancerous sites as a result of
the increased metabolic demand of cancer and the

impaired blood flow in the tortuous and abnormal
angiogenic vasculature. This is why, in this work, we
place emphasis on the application of a new paired-
wavelength spectral approach to tumor oximetry,16

based on a second-derivative enhancement of the
spatial distribution of a network of highly absorb-
ing regions within breast tissue.17 We report and
discuss the results obtained from ten human sub-
jects, of which two are affected by breast cancer,
where we typically observe lower oxygenation values
associated with cancerous breasts (versus healthy
breasts) and with cancerous tissue regions (versus
the remainder of the same breast).

2. Methods

2.1. Instrument for spectral
imaging of the breast

The block diagram of the instrument for spec-
tral imaging of the breast, previously reported in
Ref. 18, is shown in Fig. 1. The light source is an arc
lamp (Model No. 6258, Oriel Instrument, Stratford,
CT) whose emission is first spectrally filtered (400–
1,000 nm) to reject ultraviolet and infrared light,
and then focused onto a 3-mm-diameter illumina-
tion optical glass fiber bundle (NA: 0.56), which
delivers light to the breast with an average illu-
mination power of 325 mW, which translates into
a power density of 4.6 W/cm2. A 5-mm-diameter
collection optical glass fiber bundle (NA: 0.66) is
located on the opposite side of the breast, and
always kept collinear with the illumination optical
fiber. The breast is gently compressed to stabilize
the position of the breast while the scan is being
performed, without causing any discomfort to the
subject, between two parallel glass plates whose dis-
tance is recorded for every examination. The collec-
tion optical fiber delivers light to a spectrograph
(Model No. SP-150, Acton Research Corp., Acton,
MA), which disperses the light onto the detector
array of a charge coupled device (CCD) camera
(Model No. DU420A-BR-DD, Andor Technology,
South Windsor, CT). The CCD camera exposure
time of 45 ms and the readout time of 12 ms result
in a sampling rate of 1/(57ms) = 17.5 Hz for
the collection of full spectral data. The spectro-
graph features a grating blazed at 700 nm with
350 g/mm, resulting in a dispersion of 20 nm/mm
at the exit port. The size of the CCD camera pixels
of 26µm×26µm results in a spectral sampling rate
of two data points per nanometer, even though the
spectral resolution is not as high because of the size
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Fig. 1. Block diagram of the instrument for spectral imaging of the human breast. CCD: charge coupled device. Breast tissue,
gently compressed between two glass plates, is being probed by a single source–detector pair in a transmission geometry.
Spectral information is acquired through a combination of spectrograph/CCD system, whose photon count is used as the
real-time feedback signal to trigger the scanner to the next scanning line when the detected photon number is above the
threshold. A raw breast image and the most recent spectrum are being displayed on the computer screen concurrently while
the scan is being performed, allowing a rough estimate of the region of interest and associated signal-to-noise ratio.

of the entrance slit (2 mm) used to accommodate
the large collection optical fiber bundle. However,
spectral resolution is not critical in this applica-
tion, where all chromophores of interest in breast
tissue (oxy-hemoglobin, deoxy-hemoglobin, water,
lipids) feature broad absorption spectral bands. Of
the full measured spectral range, we only retain the
wavelength band 650–900 nm over which the signal-
to-noise ratio is adequate. The illumination and col-
lection optical fibers are scanned in tandem, line by
line, over the x−y plane defined by the glass plates
used to keep the breast in a stable position. Scan-
ning is limited to the region occupied by the breast
by a feedback system that switches to the next scan-
ning line once the optical transmission through the
breast exceeds a given threshold, which indicates
that the breast edge has been reached. The scanning
speed along the scanning direction (x) is 3.5 cm/s.
In combination with the spectral acquisition rate
of 17.5 Hz, it results in the collection of one opti-
cal data point every 2 mm along x. Each line (x) is
scanned twice, first along +x and then along −x.
The purpose of this double scan is a more accurate
spatial assignment of the acquired spectra, by cor-
recting for the slight offset between rightward and

leftward scanning lines introduced by the finite time
needed by the stepper motors to come to a stop
at the end of each line. By scanning the same line
twice in opposite directions and taking the aver-
age of the data collected in each position during
the two scans, we minimize the effect of the slight
directional offset. Successive scanning lines are sep-
arated by 2mm in the y-direction so that opti-
cal data are collected every 2mm along y as well,
and the instrument therefore collects 25 full opti-
cal spectra per square centimeter of the examined
breast.

A handheld optical probe featuring multiple
source-detector separations and connected to a sep-
arate, frequency-domain tissue spectrometer (Oxi-
plexTS, ISS Inc., Champaign, IL) is used to measure
the reduced scattering coefficients of bulk breast
tissue at two wavelengths (690 and 830 nm). Mea-
surements are conducted at two to three differ-
ent locations of each breast from which we obtain
an average value for µ′

s at two wavelengths that
are then extrapolated to a full scattering spec-
trum as required by the application of the paired-
wavelength spectral oximetry approach employed
by us.16
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2.2. Data processing

The original data set from the CCD camera con-
sists of a string of N spectra (each consisting of
∼500 spectral data points), one spectrum per image
pixel (the total number N of acquired pixels per
image ranges from a minimum of ∼1,000 to a max-
imum of ∼2,700 in the cases reported in this work).
This string of N spectra is rearranged into a 2D
spatial distribution corresponding to the x−y scan-
ning plane by proper synchronization of the CCD
data collection with the mechanical scanning of the
optical fibers. In this way, we obtain spectral opti-
cal maps representing a 2D projection image of the
breast. On these spectral optical maps, we perform
a 2D cubic spline interpolation in the x–y plane to
generate smoother images that are the starting point
for the image processing steps described below.

Two-dimensional projection images generated
by a planar scan of the breast suffer from so-called
edge effects, resulting from the tissue thickness vari-
ability over the imaged area and particularly in the
vicinity of the breast edge. In the past, we have used
frequency-domain data to correct for edge effects.19

In this work, we have performed a correction for
edge effects using solely continuous wave data, by
noting that the spatial frequencies associated with
edge effects are typically lower than those associ-
ated with breast inhomogeneities, blood vessels, and
breast lesions. Therefore, we have applied a low-
pass spatial filter (cutoff frequency: 1.8 cm−1) to
the data and then taken a ratio between the origi-
nal data and the low-pass filtered data to suppress
edge effects while retaining higher spatial frequency
components.

On the edge corrected images, we have applied
a second low-pass spatial frequency filter (a bino-
mial filter using data over an area of 1 cm2 around
each pixel, thus featuring a cutoff frequency of
0.64 cm−1) to suppress high-frequency noise in the
images. Finally, a spatial second-derivative algo-
rithm, which assigns to each pixel the minimum
value of the second derivative along four directions
(x,y,x+y,x−y), is applied to enhance the detec-
tion of regions of locally increased absorption in
the breast.17 Second-derivative images display, on
a gray scale, only negative second-derivative values,
so that these images identify regions of localized
higher absorption in the breast.

We have applied a paired-wavelength spec-
tral method16 to assign an oxygenation value to
the image pixels that feature a local maximum in

absorption as identified by the second-derivative
images. Such oxygenation value refers to the oxygen
saturation of hemoglobin in breast tissue, and it is
therefore indicated as StO2. We have generated oxy-
genation images displaying the oxygenation values
on a color scale, and built histograms of oxygenation
values for all pixels to which the paired-wavelength
spectral oximetry approach was applied.

2.3. Human subjects and imaging
protocol

We have investigated ten human subjects. Eight
of them are healthy volunteers, age range 19–
35 years, while two of them (subject Nos. 16 and
17, ages 68 and 56 years, respectively) are breast
cancer patients recruited at the Tufts Medical Cen-
ter, Boston, MA. X-ray mammography, performed
before the optical mammograms, and fine nee-
dle biopsy, performed after the optical mammo-
grams, found an invasive ductal carcinoma in the
right breast of subject No. 16, and a ductal carci-
noma in situ in the right breast of subject No. 17.
All subjects were examined in a dedicated room,
first with a handheld optical probe for frequency-
domain measurements of the average reduced scat-
tering coefficient of breast tissue, and then with
the spectral imaging system for optical mammog-
raphy. The breasts were imaged in craniocaudal
(cc) view. The time required to image each breast
ranged from three to six minutes, depending on
breast size, and the total measurement procedure
(preliminary frequency-domain scattering measure-
ments + imaging of both breasts) typically took
about 15 to 20 minutes.

3. Results

In all ten subjects investigated, we have consistently
observed second-derivative breast images that fea-
ture a network of highly absorbing structures that
we assign to blood vessels or to tissue regions
with higher vascular density. The oxygenation val-
ues associated with these highly absorbing struc-
tures make up the oxygenation images and are also
displayed in histograms to better visualize their
statistical distribution. These are the results that
we report in this section, namely second-derivative
images, oxygenation images, and histograms of the
distribution of oxygenation values.

Table 1 lists the age, ethnicity/race, the sep-
aration between the glass plates in each breast
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Table 1. Summary of the results of breast oxygenation mapping on the ten subjects. Ethnicity (Ethn) is either
Hispanic (H) or not Hispanic (NH). Race is African American (AA), or White (Wh). The glass plate separation
corresponds to the maximum thickness of the imaged breast tissue. L: left breast; R: right breast. The stars next to
subject Nos. 16 and 17 indicate that these are the two breast cancer patients, both with cancer in their right breast.
The StO2 column reports the average and standard deviation of the distribution of oxygenation values in the image,
as illustrated in the oxygenation histograms.

Subject No. Age (y) Ethn/race Side Plate separ. (cm) StO2 (%) ave +/− std Oxygenation histogram

9 25 NH/Wh L 6.0 88± 9

R 5.5 91± 5

10 24 NH/Wh L 7.2 83± 7

R 7.2 87± 7

11 22 NH/AA L 5.0 87± 11

R 5.0 86± 10

12 20 NH/Wh L 5.0 87± 7

R 5.0 83± 5

13 35 NH/Wh L 6.0 87± 6

R 6.0 86± 7

14 19 NH/Wh L 6.0 83± 8

R 6.0 88± 5

15 25 NH/Wh L 5.5 92± 2

R 5.5 90± 2

16* 68 H/Wh L 4.5 60± 14

R* 4.5 61± 17

17* 56 NH/Wh L 6.5 83± 5

R* 6.4 77± 12

18 20 NH/Wh L 5.5 83± 4

R 5.5 82± 4

StO2 (%) 
0 50 100
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examination, the average ± standard deviation of
the distribution of oxygenation values (StO2) over
the imaged breast, and the histogram of the StO2

distribution for all subjects. The two breast cancer
patients (subject Nos. 16 and 17) and their diseased
breasts (right) are identified by a star (*) in Table 1.

3.1. Healthy subjects

Figure 2 shows the optical mammograms of both
breasts of subject No. 11, a healthy 22-year-
old African American. The high melanin content
in the skin does not hinder optical mammog-
raphy because it is confined to a thin superfi-
cial layer and is not dramatically reducing light

Subject #11

Left breast Right breast

 Second-derivative image (b) Second-derivative image

(c) Oxygen saturation image Oxygen saturation  image 

(e) (f)

(a)

(d)

Fig. 2. Optical mammograms in a craniocaudal (cc) projection and oxygenation histograms for subject No. 11, a healthy
22-year-old African American volunteer. Panels (a) and (b) are second-derivative images, panels (c) and (d) are oxygenation
images, and panels (e) and (f) are oxygenation histograms reporting the normalized pixel counts (NPC) corresponding to
oxygenation values over the entire 0–100% range. Left panels [(a), (c) and (e)] refer to the left breast. Right panels [(b),
(d) and (f)] refer to the right breast. The average oxygenation values in (c) and (d), as computed from the corresponding
histograms in (e) and (f), are 87% for the left breast and 86% for the right breast.

transmission into and out of the breast. The
average reduced scattering coefficients measured
at two wavelengths with frequency-domain spec-
troscopy were µ′

s (690 nm) = 9.4 cm−1 and µ′
s

(830 nm) = 8.4 cm−1 for her right breast, and µ′
s

(690 nm) = 7.2 cm−1 and µ′
s (830 nm) = 6.3 cm−1

for her left breast. The second-derivative images
[Fig. 2, panels (a) and (b)] identify regions of
higher absorption to which oxygenation values are
assigned to generate oxygenation images [Fig. 2,
panels (c) and (d)]. The histograms of the dis-
tribution of oxygenation values [Fig. 2, panels (e)
and (f)] show averages (± standard deviations) of
87± 11% (left breast) and 86± 10% (right breast).
These are relatively narrow distributions around
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Left breast Right breast

Second-derivative image Second-derivative image 

Oxygen saturation image Oxygen saturation image 

Subject #12

Fig. 3. Optical mammograms in a craniocaudal (cc) projection and oxygenation histograms for subject No. 12, a healthy
20-year-old Caucasian volunteer. Panels (a) and (b) are second-derivative images, panels (c) and (d) are oxygenation images,
and panels (e) and (f) are oxygenation histograms reporting the normalized pixel counts (NPC) corresponding to oxygenation
values over the entire 0–100% range. Left panels [(a), (c) and (e)] refer to the left breast. Right panels [(b), (d) and (f)] refer
to the right breast. The average oxygenation values in (c) and (d), as computed from the corresponding histograms in (e) and
(f), are 87% for the left breast and 83% for the right breast.

high oxygen saturation values throughout breast
tissue.

Figure 3 shows the results for subject No. 12, a
healthy 20-year-old Caucasian female. The average
reduced scattering coefficients were µ′

s (690 nm) =
8.2 cm−1 and µ′

s (830 nm) = 7.6 cm−1 for her
right breast, and µ′

s (690 nm) = 7.6 cm−1 and
µ′

s (830 nm) = 6.5 cm−1 for her left breast. The
histograms of the distribution of oxygenation val-
ues [Fig. 3, panels (e) and (f)] show averages (±
standard deviations) of 87± 7% (left breast) and
83± 5% (right breast). Similarly to the case of sub-
ject No. 11, these values indicate relatively narrow
distributions around high oxygen saturation values
throughout breast tissue.

3.2. Cancer patients

Figure 4 shows the results for subject No. 16, a
68-year-old Hispanic female with an invasive ductal
carcinoma (IDC) in her right breast. The average
reduced scattering coefficients were µ′

s (690 nm) =

7.0 cm−1 and µ′
s (830 nm) = 6.6 cm−1 for her

right breast, and µ′
s (690 nm) = 4.7 cm−1 and

µ′
s (830 nm) = 4.5 cm−1 for her left breast. The

oxygenation values measured with spectral opti-
cal imaging at the cancerous area (as identified
by X-ray mammography), highlighted in Fig. 4(d),
indicate a hypoxic state. In fact, the distribu-
tion of oxygenation values at the cancerous site
[blue histogram in Fig. 4(f)], indicates a signifi-
cantly lower average oxygenation around cancer-
ous tissue (49± 11%) than in the remainder of the
breast (61± 16%) (p < 0.01). However, a more
strongly hypoxic area at around x∼ 9 cm, y∼ 1 cm
was observed at a distance of about 2 cm from the
cancer location. Furthermore, the average oxygena-
tion values in both breasts (left: 60± 14%; right:
61± 17%) was significantly lower than those in the
healthy subjects.

Figure 5 shows the results for subject No. 17,
a 56-year-old Caucasian female with ductal car-
cinoma in situ (DCIS) in her right breast. The
average reduced scattering coefficients were µ′

s
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Second-derivative image Second-derivative image 

(c) Oxygen saturation image (d) Oxygen saturation image 

Subject #16 

Left breast Right breast

Fig. 4. Optical mammograms in a craniocaudal (cc) projection and oxygenation histograms for subject No. 16, a 68-year-old
Hispanic patient with an invasive ductal carcinoma (IDC) in her right breast. Panels (a) and (b) are second-derivative images,
panels (c) and (d) are oxygenation images, and panels (e) and (f) are oxygenation histograms reporting the normalized pixel
counts (NPC) corresponding to oxygenation values over the entire 0–100% range. Left panels [(a), (c) and (e)] refer to the left
breast. Right panels [(b), (d) and (f)] refer to the right breast. The average oxygenation values in (c) and (d), as computed
from the corresponding histograms in (e) and (f), are 60% for the left breast and 61% for the right breast. The histogram of
the distribution of oxygenation values within the cancer region highlighted in panel (d) is shown by the blue bars in panel (f),
which feature an average oxygenation of 49%.

(690 nm) = 5.2 cm−1 and µ′
s (830 nm) = 4.8 cm−1

for her right breast, and µ′
s (690 nm) = 5.7 cm−1

and µ′
s (830 nm) = 5.3 cm−1 for her left breast.

Similarly to the case of subject No. 16, the oxygena-
tion values measured with spectral optical imag-
ing at the cancerous area (as identified by X-ray
mammography), highlighted in Fig. 5(d), indicate a
hypoxic state. In fact, the distribution of oxygena-
tion values at the cancerous site [blue histogram
in Fig. 5(f)], indicates a significantly lower aver-
age oxygenation around cancerous tissue (58± 8%)
than in the remainder of the breast (77± 11%)
(p < 0.001). The average oxygenation values in
the cancerous breasts (right: 77± 12%) were signif-
icantly lower than those in healthy subjects, while
those in the healthy breast (left: 83± 5%) were com-
parable to those in healthy subjects.

4. Discussion

The second-derivative optical mammograms [pan-
els (a) and (b) of Figs. 2–5] display a network
of highly absorbing structures that we assign, for
the most part, to blood vessels. In principle, some
of these structures may be originated by changes
in optical transmission resulting from variations
in breast tissue thickness. Potential candidates are
structures parallel to the breast edge that are
particularly visible in the left breast of subject
No. 17 [Fig. 5(a)], and are also present in other
second-derivative images [Figs. 2(a), 3(b) and 4(b)].
However, these are only a minority of the visi-
ble structures, and even if their origin is indeed
determined by a change in tissue thickness, the
oxygenation values associated with them, being
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Subject #17

Right breast 

(a) Second-derivative image (b) Second-derivative image 

Oxygen saturation image (d) Oxygen saturation image 

(e) (f)

(c)

Left breast

Fig. 5. Optical mammograms in a craniocaudal (cc) projection and oxygenation histograms for subject No. 17, a 56-year-old
Caucasian patient with an ductal carcinoma in situ (DCIS) in her right breast. Panels (a) and (b) are second-derivative images,
panels (c) and (d) are oxygenation images, and panels (e) and (f) are oxygenation histograms reporting the normalized pixel
counts (NPC) corresponding to oxygenation values over the entire 0–100% range. Left panels [(a), (c) and (e)] refer to the left
breast. Right panels [(b), (d) and (f)] refer to the right breast. The average oxygenation values in (c) and (d), as computed
from the corresponding histograms in (e) and (f), are 83% for the left breast and 77% for the right breast. The histogram of
the distribution of oxygenation values within the cancer region highlighted in panel (d) is shown by the blue bars in panel (f),
which feature an average oxygenation of 58%.

representative of breast tissue, are still meaning-
ful. Regarding the tissue chromophores that are at
the origin of the absorbing structures displayed in
the second-derivative images, they are most likely
oxy-hemoglobin and deoxy-hemoglobin since they
account for a blood absorption coefficient in the
order of several cm−1, which is much greater than
the absorption coefficient of water (∼10−2 cm−1)20

or lipids (∼10−3 cm−1)21 at the wavelengths consid-
ered here.

The eight healthy subjects investigated in this
work have shown comparable breast tissue oxy-
genation values around 85%. For the two diseased
breasts of subject No. 16 and No. 17, we found
statistically significant lower average oxygenation
values of 61% and 77%, respectively. The local

oxygenation at the cancer location was lower in
the invasive ductal carcinoma (IDC) case of subject
No. 16 (49%) than in the ductal carcinoma in situ
(DCIS) case of subject No. 17 (58%). Furthermore,
an area of even lower oxygenation was observed
compared to the IDC site in subject No. 16. While
these results were obtained from a small number
of subjects (with healthy and cancer groups that
were not age matched) thus awaiting validation on
a larger subject pool, they nevertheless point to
the potential of oxygen saturation of hemoglobin in
breast tissue for the detection and discrimination of
different kinds of breast cancers.

The results reported here further demon-
strate the applicability of optical mammogra-
phy to younger women (the average age of the
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healthy subjects was 24 years) which present
radiographically dense breasts, and to subjects of
various ethnic groups and races (African American:
subject No. 11, Caucasian: subject Nos. 12 and 17,
Hispanic: subject No. 16) which feature different
skin pigmentation that may in principle interfere
with optical measurements.

5. Conclusion

This work represents our efforts toward develop-
ing optical mammography as a stand-alone breast
imaging modality. The appeal of the method lies
on the ability of optical mammography to collect
breast images non-invasively and without using ion-
izing radiation or extrinsic contrast agents, while
yielding relevant information about the spatial dis-
tribution and oxygen saturation of hemoglobin in
breast tissue. Even though this work has focused
on hemoglobin as the source of contrast in the
optical mammograms presented, further informa-
tion related to water and lipids distributions, as
well as optical scattering parameters and a variety
of derived optical indices are all measurable with
optical mammography.12,22,23 Our results, based on
a novel spectral approach to breast tissue oxime-
try, point to the potential of oxygenation images
in detecting breast cancer and in characterizing
the metabolic state of the breast. Additional infor-
mation may be provided by assessing the depth
within breast tissue of the absorbing structures
detected by the second-derivative images reported
here. We are currently working toward this goal,
to further enhance the power of optical mammog-
raphy as a stand-alone diagnostic and monitoring
tool.
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