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Parametric radiation-based X-ray (PXR), one of the pioneering modalities using an
accelerator, is being studied as a new kind of X-ray source in the Laboratory for Electron
Beam Research and Application Institute of Quantum Science (LEBRA). The purpose of
this study was to evaluate the potential of LEBRA-PXR as a new X-ray source for
diagnostic imaging.

Dog mandibular tissue with malignant melanoma was examined. Simple X-ray images
were taken with LEBRA-PXR at several wavelengths (12 keV, 15 keV, 18 keV, 21 keV, 24
keV, 27 keV, 30 keV). An energy subtracted image was generated with the image with the
longest wavelength PXR and the image with the shortest wavelength PXR. As a control, an
image was taken with conventional X-ray (40 kV, 125 mA, 40 msec; effective energy 21
keV). Simple X-ray images were taken with LEBRA-PXR, and the energy subtracted and
conventional X-ray images were compared with the histopathological stained images.
Compared to conventional X-ray images, LEBRA-PXR images showed contrast related to
different wavelengths, reflecting histological differences between tissues. Compared with
the histological findings, malignant tumor images with LEBRA-PXR were clearer than
conventional X-ray images.

Using LEBRA-PXR, a type of nearly perfectly monochromatic X-ray source imaging, the
images of the malignant tumor displayed different contrasts from conventional X-ray
images. LEBRA-PXR is a useful diagnostic imaging tool using a new X-ray source.

Introduction

the giant electron accelerator laboratories throughout the

Since Wilhelm Conrad Rontgen discovered X-rays in 1895,
the application of X-rays has been expanding and is one of
the most important applications is in medical imaging and
radiation therapy. Currently, while X-rays are applied to the
more delicate medical and life sciences, more brilliant,
powerful, and coherent X-ray sources are needed for not
only the basic sciences, but also for applications to the
biological sciences.

Pioneering studies for these are being performed among
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world, such as the European XFEL at Hamburg, the LELS
at Stanford, the KEK-PF at Tsukuba, and the Spring 8 at
Harima (1-10). Parametric radiation-based X-ray (PXR), one
of the pioneering modalities using an accelerator, is being
studied as a potential new X-ray source in the Laboratory
for Electron Beam Research and Application Institute of
Quantum Science (LEBRA) (11).

PXR is generated using a relatively small linear accelera-
tor (LINAC; 125 MeV) and a silicon crystal, with unique
features that differ from conventional X-ray. PXR is a kind of
electromagnetic radiation phenomenon that is produced by
interaction between a relativistic charged particle and a
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Parametric X-ray radiation is generated by the motion of electrons inside a crystal; the emitted photons are diffracted by the crystal,
and the radiation intensity is critically dependent on the parameters of the crystal structure. The generated PXR radiation angle and the
incident electron beam angle are the same, consistent with Bragg’s law. Because the wavelength, or X-ray energy, of the generated PXR
is defined by the incident angle of the electrons, the PXR wavelength is arbitrarily determined by selecting the incident electron beam
angle. The tunability of the X-ray wavelength has previously been possible only at giant accelerator laboratories.

(d: crystal lattice spacing, 6: incident and reflection angle, n: constant number, ¢: incident angle of charged particles.)

periodic structure found in a crystalline material (12).

PXR has several unique characteristics, such as wave-
length tunability, a nearly perfectly parallel beam, a nearly
perfect monochromatic beam, and high coherency (13, 14)
However, only a few experiments have been reported on the
practical applications of PXR.

The purpose of this study was to evaluate the potential of
LEBRA-PXR as a new X-ray source for diagnostic imaging.

Materials and Methods

Dog mandibular tissue with malignant melanoma was
examined. Simple X-ray images were taken with LEBRA-
PXR at several wavelengths (12keV, 15keV, 18 keV, 21
keV, 24 keV, 27 keV, 30 keV). An energy-subtracted image
was generated with the image with the longest wavelength
PXR and the image with the shortest wavelength PXR. As a
control, an image was taken with conventional X-ray (40 kV,
125 mA, 40 msec; effective energy 21 keV).

The subject tissue was cut, H&E stained, and viewed with
amicroscope after X-ray examinations. Simple X-ray images
were taken with LEBRA-PXR, and the energy subtracted
and conventional X-ray images were compared with the
histopathological findings.

Parametric X-ray
PXR radiation is generated by the motion of electrons
inside a crystal, whereby the emitted photons are diffracted

by the crystal, and the radiation intensity is critically
dependent on the parameters of the crystal structure 23
(Fig.1). The relationship between the generated PXR
radiation angle and the incident electron beam angle is the
same, similar to the condition of Bragg's law. Because the
wavelength, or X-ray energy, of the generated PXR is
defined by the incident angle of the electrons, the PXR
wavelength can be determined arbitrarily by selecting the
incident electron beam angles. The tunability of X-ray
wavelength has previously only been possible at giant
accelerator laboratories.

Results

Compared to conventional X-ray images, LEBRA-PXR
images showed contrast related to different wavelengths,
reflecting histological differences between tissues (Fig. 2).
Energy subtraction imaging with LEBRA-PXR offered more
soft tissue and osteolytic bony image information related to
morphology and structure (Fig. 3). Comparing the histologi-
cal findings, malignant tumor images with LEBRA-PXR
were clearer than conventional X-ray images.

Discussion

In our preliminary experimental study, compared to
conventional X-ray images, LEBRA-PXR images showed
contrast related to different wavelengths, reflecting histo-
logical differences between tissues, such as malignant
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Parametric X-ray radiation is generated by the motion of electrons inside a crystal; the emitted photons are diffracted by the crystal,
and the radiation intensity is critically dependent on the parameters of the crystal structure. The generated PXR radiation angle and the
incident electron beam angle are the same, consistent with Bragg’s law. Because the wavelength, or X-ray energy, of the generated PXR
is defined by the incident angle of the electrons, the PXR wavelength is arbitrarily determined by selecting the incident electron beam
angle. The tunability of the X-ray wavelength has previously been possible only at giant accelerator laboratories.

(d: crystal lattice spacing, 6 : incident and reflection angle, n; constant number, ¢: incident angle of charged particles.)

lesions of soft tissue and osteolytic bony image information
related to morphology and structure.

LEBRA-PXR is generated by the interaction of a silicon
crystal and electrons accelerated by the LINAC, and then
the radiation has a pulse structure, a macro pulse structure
and a micro pulse structure, due to the LINAC system. This
short net exposure time of PXR generated by a LINAC is an
excellent advantage for future medical application to
decrease radiation effects on the human body.

The LEBRA-PXR generator has a unique double-crystal
system that allows the PXR radiation direction to always fit
in the same direction, which facilitates the experimental
setting of LEBRA-PXR studies (14-17). The total length of

the LEBRA-PXR generator is only 2 m in comparison with
the length needed at the giant accelerator laboratories,
being several hundred meters to several kilometers in size.
A smaller size is needed for PXR applications in diagnostic
medical imaging and treatment in hospital.

As X-ray absorption of material relates to the absorption
coefficients of the component elements, and the coefficients
are related to the X-ray wavelength, then changing the X-
ray wavelength causes variation in the contrast of the
image, especially when the object is composed of different
elements. The merit of monochromatic X-rays for biological
and medical studies was pointed out as early as 1947(18).
The wide X-ray wavelength tunability of LEBRA-PXR can



Int J Oral-Med Sci 14(1):8-12, 2015 1!

(H.E.x10)

12keV 18keV

15keV

Simple X-ray images with monochromatic X-ray source (PXR) of the dog mandibular tissue with melanoma

1AANENE

21keV

24keV 27keV 30keV

v

Dual-Energy PXR image

Color mapped Dual-Energy PXR image

Simple X-ray image
with
conventional X-ray
source (42kV)

Fig.4 Conventional X-ray, LEBRA-PXR images, and histological findings of a dog melanoma specimen
Energy subtraction imaging with LEBRA-PXR offers more soft tissue and osteolytic bony image information related to morphology
and structure. Comparing histological findings, the malignant tumor images with LEBRA-PXR are clearer than those of the

conventional X-ray images.

be put into practice by tilting the target silicon crystal,
ranging from 0.248 nm (5.00 keV)to 0.0344 nm (36.0 keV).
The emitted radiation is an almost perfect monochromatic
X-ray. Calculation of the estimated bone absorption for the
monochromatic X-ray was carried out, and the calculated
values were compared with those read from the images of
the plastic-standard equivalent to bone. Images with
different X-ray wavelengths were also taken for malignant
tumors, as in the present study.

Use of monochromatic X-rays has potential for application
in biological and medical fields(18-22). For quantitative
bone analysis, monochromatic X-rays would be useful not
only for local bone mineral content (BMC)and bone mineral

density (BMD)measurements, but also for determination of
bone body mineral content (TBBMC) (23, 24). LEBRA-PXR
has been increasingly found to be superior because of its
ease of use and simple settings(14).

Compared to the other facilities, the advantages of
LEBRA-PXR as a source of X-ray are: produced by a small
LINAC, small and short X-ray generator, easy wavelength
tunability, fixed X-ray radiation direction, highly mono-
chromatized, slight divergence of wavelength in the
horizontal direction, and a wide imaging or detecting area.
At present, the detector system is not yet suitable for more
sensitive and precise investigations, but it is enough to
evaluate the characteristics of PXR. It is hoped that a
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compact, coherent, wavelength-tunable, and brilliant X-ray
source can be produced for biological and medical applica-
tions, as well as for basic and applied sciences. The results of
the present study show that the required X-ray source can
be built in the same manner as the LEBRA-PXR system.

Conclusion

Using the images of LEBRA-PXR, which uses a nearly
perfect monochromatic X-ray source, displays malignant
tumors as differently contrasted from those of conventional
X-ray 1mages; as such, LEBRA-PXR is a useful new
diagnostic imaging tool using a new X-ray source.
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