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Abstract: Bone formed around implant was characterized and grouped into three categories by Nakada et al. 1, 2)

and Suwa et al. 3). In order to clarify these bone tissues, we have utilized radiography with a newly developed
wavelength tunable and highly parallel Parametric X-ray (PXR) in the Laboratory for Electron Beam Research
and Application (LEBRA) of Nihon University. Methods: Ti-alloy implants modified with coating or blasting
were used in this study. These materials were implanted in the tibia of rabbits. After 1, 2 and 4 weeks of
implantation, non-demineralized polished thin sections were cut. PXR was generated by a LINAC in the LEBRA
of Nihon University. X-ray wavelength was tuned from 7 KeV, 0.177 nm to 16 KeV, 0.0775 nm; irradiation:
900 sec; sample-detector distance: 7.5 mm and recording film: Fuji Film Imaging Plate. The obtained images
were processed by NIH image analyzer. Results: PXR radiography showed the clear difference between the
newly formed bone and the compact bone. Estimated percentage for the newly formed and pre-existing bone
were 8.27 % and 20.9 %, respectively. Conclusion: LEBRA-PXR could be a good tool for the quantitative
analysis of bone formation.
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Introduction
  Osseointegration of implants has been the subject of many
investigations. Nakada et al. 1) classified the newly formed bone
around and/or attached to Ti alloy implanted in rabbit tibia into
three categories: (a) closely attached to the compact bone, (b)
surrounding the implant and (c) occurring at the bone marrow
spaces or medullary cavities These authors carefully investigated
these bones using polarized light microscopy and Roentgen micro-
radiography. Moreover,  we have previously reported
crystallographic differences in the newly formed bones2, 3).
  The aim of this study was to determine structural and histological
differences of these bones using a newly developed wavelength
tunable Parametric X-ray, PXR.

Materials and Methods
  Animal experiment: thirteen-weeks-old New Zealand White
rabbits were used in this study according to the Experimental
Animal Ethics Committee (ECS-02-0019) of the Nihon University
School of Dentistry at Matsudo. Titanium alloy (Ti-6Al-4V) of
2.8 mm in diameter and 8.0 mm in length, and grid-blasted with
alumina powder abrasive were implanted in the tibia of rabbits

(Fig. 1). After 1, 2 and 4 weeks of implantation, the animals were
sacrificed under anesthesia. Non-demineralized polished sections
were cut at 160 µm in thickness.
  Parametric X-ray experiment: Parametric X-ray (PXR) is an
emergent X-ray, which can be generated by irradiating electrons
to a crystal. Laboratory for Electron Beam Research and
Application (LEBRA) of Nihon University succeeded in
generating PXR using a 100 MeV LINAC and applying it to
several kinds of X-ray experiments (Fig. 2)4-6). PXR has many
unique characteristics, the most important of which is tunable
highly coherent and highly monochromatized X-ray wavelength
(nm), or X-ray energy (KeV). X-ray attenuation of material varies
depending on the wavelength, causing changes in radio-opacity.
The interested area, for example bone tissues in this study, can be
distinguished by selecting the X-ray wavelength. Imaging Plate,
Fuji film Co., was used in this study for its wide dynamic range
and fine linearity.
The estimated apatite content was calculated using the
equation: VHA=8.4×10-4×n/t×100×20/17, where VHA=volume of
hydroxylapatite, n=number of aluminum foil and t=thickness of
section7)

.

Results
Fig. 3 showed the effects of PXR wavelength variation to the

recorded images. Ti-implant was clearer detected with the increase
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in X-ray energy from 15 KeV (0.0827 nm) to 17 KeV (0.0730
nm). In general, the higher X-ray energy means higher potential
of X-ray penetration through material. Therefore, more radio-
translucency was observed using the 17 KeV PXR than using the
15 KeV PXR.
  Fig. 4 shows a Roentgen image of the newly formed bone using
the PXR. In this figure the three categories of newly formed bone
are clearly distinguishable: closely attached to the compact bone,
surrounding the implant and occurring at the bone marrow spaces
or medullary cavities.

Fig. 1 (Left) Schematic representation of Ti-implant in the tibia of rabbit. (Right) Roentgen images of
the newly formed bone? 3).

Fig. 2 Schematic representation of generation of wavelength tuneable Parametric X-ray, PXR 5).

Fig. 3 Wavelength dependent radio-opacity. Note the Ti-implant was clearer
detected with the increase in X-ray energy. (From left to right: 15 KeV, 16
KeV, 17 KeV)

Fig. 4 PXR micro-radiogram of the Ti-implant in rabbit tibia bone
section. Difference in radio-opacity for the newly formed bone tissues
was clearly shown.

  Fig. 5 shows the result of a quantitative analysis of the recorded
image. In this study, we followed a quantitative calculation of the
degree of calcification from the X-ray micro-radiogram previously
reported by Suga and Sakae et al.8, 9), the degree of radio-opacity
was converted to estimated hydroxyapatite %? content with the
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help of the aluminum step-wedge. The estimated apatite content
in the newly formed bone was 8.27-20.9 %, and those for the pre-
existing compact bone was 34.1-43.0 %.

Discussion
  LEBRA-PXR allows controlled changes of the highly
monochromatized X-ray wavelength easily. As shown in Fig. 2,
radio-opacity of the material was dependent on the X-ray
wavelength used. In contrast, using a standard dental Roentgen
system, the fine structures shown in Fig. 3 could not be
distinguished 1). The clear images obtained by PXR were due not
only to the highly monochromatized but also highly-ordered
parallel X-ray beam which did not cause obscure images.
  The monochromatized X-ray has an advantage in quantitave
analysis of the degree of calcification of bone. In contrast, using
X-rays from usual generators which contain several characteristic
X-rays or white X-rays, some special instrument, such as graphite
monochrometer, is required to obtain monochromatized X-ray 9).
For that reason, the combination of the wavelength tuneablity and
monochromatized character of PXR could provide a quick and
precise quantitative radiographic analyzer.

Conclusion
  LEBRA-PXR demonstrated a good resolution for radiographic
analysis in the bone of rabbit. The high-power, highly
monochromatized and highly parallel oriented X-ray resulted in
an easy radiographic analysis including quantitative analysis.

           
Acknowledgements

  The authors thank to the members of LEBRA at Nihon University
for their help. This study was supported in part by the Grant-in-
Aid for Scientific Research (No.17591927) and Grant-in-Aid for
Young Scientists (B: 19791462) from the JSPS, Japan, and theFig. 5 Gray-scaled representation of Ti-implant in rabbit tibia bone.

Aluminium step-wedge was located beside as for X-ray attenuation
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           A         B     C          D
V(HA)       8.27      20.9     34.1     43.0

Table 1 The estimated apatite content.
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