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NIR-Raman

Clarification of collagen degeneration mechanisms by NIR-Raman spectroscopy and
development of a novel optical biopsy system

TAKAHASHI, Yasuhito
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Near-infrared (NIR) Raman microprobe spectroscopy was applied to
non-invasive characterization of biochemical structure of extracellular matrix (ECM) in human
articular cartilage, a step forward along the path of in-vivo diagnostic application of
osteoarthritis (OA). OA severity was microscopically classified into five grades (Grade 0-VI) on
cartilage surfaces, according to the Collins scale. NIR-Raman spectra were collected from the
selected surface regions with different OA severity. A systematic increase in relative intensity
ratio between the Raman bands located at 1241 and 1269 cm-1 (amide 111 ratio) was observed with
increasing degradation grades, which could be associated with disordered collagen orientation
(increased formation of random coil). In addition, we developed 3-mm diameter fiber Raman probe
which can perform the in-situ characterization of local OA severity as optical biopsy system.
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X 1 : Average near-infrared (NIR) Raman spectra
from the fresh cartilage specimens (a), and from the
reference specimens of type Il collagen (b) and
GAG:s (c).
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X 2: Average NIR Raman spectra from sa-

line-soaked specimens after formalin fixing (a), and

freeze-thawed specimens (b). Raman intensities

were normalized to the peak at 1450 cm™. In (c),

difference between spectra from fresh and



saline-soaked cartilage specimens after formalin
fixing and freeze-thawing. Asterisks represent for-
malin-induced Raman biases.
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X 3: Typical Raman spectral variations in knee
cartilage with different OA severity as defined ac-
cording to Collins scale.
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[X 4: Dependence of the amide Il ratio and full
width at half maximum of Raman band (A) as de-
fined according to the Collins scale.
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X 5: Photograph of optical fiber probe tip for bio-
medical Raman spectroscopy
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X 6: Raman spectrum of knee cartilage collected
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the fiber Raman probe
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