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Abstract: Raman spectroscopy technology has significant advantages in identifying the composition and structural
characteristics of biological tissues due to its high specificity, insensitivity to moisture, and non-destructive testing.
This study preliminarily explores the application of Raman spectroscopy analysis in identifying differences in cellular
states within brain tissues affected by severe traumatic brain injury. Raman spectroscopy was employed to obtain Ra-
man spectral information through point-by-point detection of pathological tissue specimens from normal, edematous,
and necrotic areas at the margins of damaged brain tissue resected intraoperatively from a patient with severe traumat-
ic brain injury treated in neurotrauma surgery. The Raman spectral data collected from different sampling points were
compared in terms of peak shape structure and peak intensity. This research provides valuable information for the po-
tential application of Raman spectroscopy in distinguishing boundaries between injured and normal brain tissue, and

demonstrates its promise as an intraoperative rapid diagnostic technique to guide surgical treatment.
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Fig.1 Pathological analysis photographs of brain tissue sec-

tions from the lesion specimen, illustrating normal ar-

chitecture (upper) , edematous changes (middle) ,

and necrotic regions (lower)
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Fig.2  Morphological micrograph of the edematous tissue re-
gion sample under a 20X microscope objective. The
red circles with numbers indicate different zones,
while the green line in the center is the indicator for

the spectral line scanning test
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Fig.3 Spectral signals detected in the edematous tissue texture area and the extracted Raman spectra. The original spectral sig-

nals (upper panel) comprise both Raman signals and fluorescence signals from brain tissue constituents. The lower panel

shows the Raman spectrum of brain tissue after fluorescence background subtraction. (a) Corresponds to the light-colored

ring region in the red-textured vascular area in Fig.2. (b)Corresponds to the dark-colored spots in the red-textured vascu-

lar area in Fig.2
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Fig.4 The measured spectra obtained at six equidistant posi-

tions along the longitudinal line(the green line in

Fig.2) on the sample
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Tab. 1 Raman peak positions and relative intensities at different measurement points within the same sample region
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Fig.5 Typical Raman spectra of the sample from different

damaged regions, the three spectra correspond as fol-

lows: the upper spectrum to the necrotic region, the

middle spectrum to the edematous region, and the

lower spectrum to the normal region. The vertical

dashed lines serve as reference peak positions for

comparison
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