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Mineralogical characteristics of calcification in cerebrovascular
atherosclerotic plaque
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Abstract: Cerebral artery calcification is closely associated with cerebrovascular diseases. In this study, miner-
alogical analytic techniques were applied to cerebral artery samples with atherosclerotic calcification, including
scanning electron microscope (SEM), transmission electron microscope (TEM), micro-Fourier transform in-
frared spectroscopy (micro-FTIR), micro-area synchrotron radiation X-ray powder diffraction (p-SRXRD) and
micro-area synchrotron radiation X-ray fluorescence (p-SRXRE). The results show that calcification mainly ex-
ists in two aggregated forms, i.e., spherical and massive. Spherical calcification has concentric layers or radiat-
ed-concentric structure, with a diameter of 0.35 pm. Spherical calcification could be observed in the massive cal-
cification, which is surrounded by randomly arranged prismatic crystals. The mineral phase of calcification is
type-B carbonate hydroxyapatite (B-CHA), which contains Na, Mg, Zn, Fe and Sr. The mineral phase in cal-
cification is similar to that of the minerals in cardiovascular artery calcification. Spherical calcification appears at

the initial stage of calcification, which is eventually filled with CHA nanocrystals and developed into massive ca-
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Fig. 1

HE stained sections, calcification was stained purple
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a—at initial stage, calcification dots were distributed in the intima Carrow); b—at advanced stage, schistose calcification appeared

in atherosclerotic plaque, and distorted intima was pressing the media
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Fig. 2 SEM-BSE image of calcification tissue section
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a—massive calcification and spherical calcification (big arrow) coexistent, spherical calcification distributed along the collagen fiber (finger)s

b—structural remains of spherical calcification (arrow) on the fracture surface of massive calcification
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Fig. 3 SEM-SE image of spherical calcification
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a—sphere with concentric layer structure; b—sphere with radiated-concentric structure without core
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Fig. 4

TEM and SAED image of cerebral artery calcification
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a—spherical aggregate surrounded by randomly arranged prismatic crystals; b—SAED image of the sphere (big circle), intermittent rings suggested

certain degree of preferred orientation (calibration of SAED image will be discussed in section 2.2): ¢—SAED image of the surrounding crystals

(small circle)s intermittent dots confirmed that it was randomly arranged
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Fig. 5 XRD patterns and FTIR spectra of calcification
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Fig. 6 HRTEM image of cerebral artery calcification
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a—aggregate composed of randomly arranged prismatic crystals; b—magnified selected square area in a: high-resolution TEM and SAED image
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