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INTRODUCTION

Breast cancer is the most widespread
cancer in women. The incidence rates are

continuously increasing in many parts of the
world. In the industrial world the rate is
about one in 12 women. It is a major cause of
death in middle-aged women of 33-55 years(1).
The need for early and more accurate
diagnosis methods for breast cancer has been
identified as a major factor that could help in
saving many women's lives. The ability of
small angle X-ray scattering to provide
molecular information on live tissue has led
to investigate the possibility of exploiting
coherent scattered X-rays as a diagnostic tool
in breast cancer detection. 

X-ray Scattering at small angles is
dominated by coherent (elastic) scattering
process. The coherent scattered radiation
from all atoms in a material undergoes
reinforcement in certain directions
(constructive interference) and cancellation
in others (destructive interference). If two
waves of equal amplitude are completely in
phase and are superimposed on one another,
the resultant wave will have amplitude of
twice it's original. In such a case constructive
interference occurs. If the two waves are
completely out of phase, the resultant
amplitude will be zero and complete
destructive interference will occur. If the
waves are in between the two extreme cases,
then the resultant amplitude will have a
whole range of possible values between the
maximum and zero. As a result, a diffraction
beam is produced. Diffraction effect gives rise
to a unique scattering signature
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characteristic of the tissue which has been
irradiated. This signature is dependant upon
the molecular composition of the target and
hence could be used to characterize the
tissue(2). Therefore, by studying scattering
patterns of various materials, we can
characterize them and recognize them when
encountered again. 

Small Angle X-Ray Scattering (SAXS) is a
X-ray diffraction based technique where a
narrow collimated beam of X-rays are focused
on to a sample and the scattered X-rays
recorded by a detector. The pattern of the
scattered X-rays carries information on the
molecular structure of the material. The
technique is particularly successful when
combined with a synchrotron which produces
monochromatic X-ray beams of sufficient
intensity to allow scatter patterns to be
recorded in a lower exposure time(3). There
have been several papers describing possible
applications of SAXS.

Using SAXS, systematic differences in the
intensities and d-spacing have been clearly
demonstrated among the collagen of normal,
malignant and benign breast tissues by
Lewis et al.(4). Fernandez et al.(5) showed that
the average intensity of scattering from
cancerous regions is an order of magnitude
higher than the intensity from healthy
regions. Poletti et al.(6) measured the angular
distribution of photons scattered by five
tissue equivalent materials used in
mammography. However, they demonstrated
that tissue equivalence for X-ray
transmission does not lead to tissue
equivalence in scattering properties.
Applications outside of the biomedical field
have also been reported. Malden et al.(7) used
CdZnTe detectors to collect energy dispersive
diffraction spectra at a range of scattering
angles, obtained from sheets of explosive
materials hidden in baggage. 

In order to evaluate the possible
application of the small angle X-ray
scattering with synchrotron facility in
diagnostic setting, the results of coherent 
X-ray scattering measurements obtained
from normal and tumoral breast tissues were
compared. 

MATERIALS AND METHODS

Eighty four human breast tissue biopsies
including 50 cancerous and 34 normal tissues
were used. Diffraction data were collected at
station 2.1 of the Synchrotron Radiation
Source (SRS) at Daresbury Laboratory (UK)
using a beam size of 0.25 mm2 at the sample
and a wavelength of 1.54 Å. In that station an
angular dispersive set up (figure 1) was used.
The applied devices were: Dipole / bending
magnet of SRS (X-ray source), apertures,
slits, mirror, 3 pairs of slits, front ion
chamber, sample area, (back ion chamber),
vacuum tube, lead beam stop, photodiode and
gas filled detector (Ar - CO2 - Xe detector).

The sample distance to detector was 2 m.
Collagen type I from rat tail tendon was used 

Figure  1.  Diagram of angular dispersive X-ray small angle
scattering in SRS, Station 2.1.
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as a calibrant. Data were recorded using the
Daresbury 2-D multiwire proportional
counter operated at 512 |¤| 512 pixels (Ar-CO2-
Xe detector). The region between the
specimen and detector was evacuated to
minimize air scatter. Exposure times were
set to 200 seconds (at this level a good
diffraction pattern could be seen). Prior to
exposure the samples were mounted in a 0.25
cm2 cell with mica windows placed in the cell
behind and in front of the sample. The mica
has a high transparency to X-rays and does
not generate background in the small angle
regime.

With exposure to the each sample, at first
a two dimensional image was produced
(figure 2). Diffraction data normalization,
correction for detector response reduction
and analysis were mainly performed using
the Daresbury in-house software PCDetpack.
Detpack is a programme for data reduction,
calibration and analysis. Normalization was
done related to primary X-ray. Also remote
wire structure which caused by detector was
removed by using Detpack. 

The reduced two dimensional images were
radially integrated over 360 degrees to
reduce the data set to be analyzed to 1-D.
Finally by using PCDetpack the corrected
intensity versus momentum transfer (Q) was
plotted. Momentum transfer is obtained by
equation 1. 

Where Q is momentum transfer, |λ | is
wavelength and |θ| is scattering angle.

For data analysis student's t-test was used. 

RESULTS AND DISCUSSION

Figure 3 shows the intensity changes
versus momentum transfer (Q) for normal
and cancerous tissues. Also, table 1 shows the
statistical results in comparing between the
cancerous and normal breast tissue groups,
obtained by t-test.

All diseases begin with molecular changes
in the tissue. Therefore by measuring
structural information on these scales using
the SAXS pattern, diagnosis could potentially

Cancer

Normal

Figure  2.  Two dimensional images obtained from
monochromatic X-ray exposure to the normal and cancerous

breast sample tissues with synchrotron source.

Figure  3.  Intensity versus momentum transfer for tumor and
normal breast tissues.
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be more rapid and with higher sensitivity. 
Figure 3 and table 1 illustrate that the

coherent X-ray scattering intensity in the
cancerous breast tissue is significantly
higher (P < 0.0001, CI= 95%) than in the
normal breast tissue in the 0.4-0.7 nm-1

range. Our findings have been similar to
those which were shown by Fernandez et
al.(5). Consequently, an increase of the
coherent scattering intensity, especially
between 0.4-0.7 nm-1, can be considered as
sign of cancer presence.

Fernandez et al.(5) and Lewis et al.(4)

reported that cancer invades tissue along
collagen strands. According to their reports,
it can be concluded that the collagen damage
cause an increase of the coherent X-ray
scattering, in the breast tumor. Fernandez et
al.(5) also used SAXS to investigate the
structural organization of the tissue samples,
and then compared the results with electron
microscopy. The results of this research
showed large differences between cancerous
and normal tissues on a molecular and supra-
molecular level. 

In this project, by using 2 m distance to
camera, collagen diffraction peaks were seen
at 0.3 and 0.45 nm-1. It is suggested that
cytological examinations should be
performed to confirm the collagen findings.

The cause of structural changes in the
collagen of breast cancer can be explained by
both the action of matrix metalloproteinase
(MMP) and a defense mechanism of the
immune system to surround the tumor in an
attempt to prevent its spreading. Although
MMP has been shown to be present at
increased levels in cancerous breast tissues
and that the MMP are involved in cancer
initiation, progression and metastasis(8). The

biochemical processes
that cause the changes
to the collagen
surrounding tumors
are still unknown. 

CONCLUSION

In angular dispersive
method, at two meter
distance to camera, it

was found that coherent intensity integral
increases in tumoral breast tissues especially
between 0.4-0.7 nm-1. This increase can be a
sign of cancer presence. T-test examination
could differentiate normal and cancerous
breast tissues as separated groups (P <
0.0001, CI = 95%). As a matter of fact this
value shows differentiation between normal
and tumor breast tissue exists in noticeable
condition. It was also possible to see collagen
diffraction peaks for breast tissues.
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Mean  of  
integrated
intensity

Std.
Deviation P-vvalue

95%  Confidence
interval  of  the  

difference
Lower Upper  
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P<0.0001 13427 18085

Normal 34 23752 4421.4

Table  1.  The results for 84 breast tissue samples classified as normal and cancerous tissues
including information related to statistical values in student's t-test, obtained for Q range of

0.4-0.7 nm-1.
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