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Crystallographic study of human tooth enamel crystal defects
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Human tooth enamel (HTE) is composed of 96 wt% of an inorganic phase [1] consisting of crystalline carbonated
hydroxyapatite crystals with an elongated prismatic shape (Figure 1). Hydroxyapatite (HAP) is the inorganic mineral, with
composition Ca(I)4Ca(II)6(PO4)6(0OH)2 and with space group P63. The OH- ions are located on the 63 axis parallel to the c
axis and surrounded by two equilateral Ca(II) atom triangles directed in opposite directions, all enclosed by six Ca(I) atoms.
HAP in HTE forms elongated-plate-like crystals of 30 nm to 60 nm wide and 100 nm to 300 nm long, approximately [2].
These crystals are organized in microns-in-size structures named “prism”, that run from the enamel-dentin junction to the
tooth enamel surface.

During the carious dissolution process, HTE crystals are first attacked on their basal planes leading to the formation of initial
hexagonal holes aligned at equal distance along the [11-20] direction [3]. After, the holes join to form a single hexagonal
hole elongated along the [11-20] direction while the hole develops anisotropically along the [0001] direction [3]. Up to this
stage, the demineralisation process is reversible and the holes can be refilled through a remineralisation mechanism. Beyond
this stage, the demineralisation process is irreversible: the central hole opens and the crystals break open.

The structural defect of nanometric width mentioned above is registered in the central region of the HTE crystallites when
they are observed by HRTEM and, then, it is named “central dark line” (CDL). The CDL is presented as a contrast line always
parallel to the (1 0 -1 0) planes. Because these planes are observed both along the [0001] and [1 1 -2 0] directions, the
CDL is in fact a plane. The authors are convinced that the knowledge of the CDL structure, properties and chemical
composition is crucial for understanding of the carious process.

Crystallographic study at angstrom resolution is done on images of the human-tooth-enamel (HTE) crystallites obtained
using aberration-corrected high resolution transmission electron microscopy (HRTEM) and atomic resolution scanning
transmission electron microscopy (AR-STEM) in the modes of bright field (BF), annular dark field (ADF) and high angle
annular dark field (HAADF). The images indicate that the central dark line (CDL) defect observed at around the center of the
HTE crystals has a thickness of 0.2 nm, approximately, and goes through one of the OH hydroxyapatite ions.
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Figure 1: Dimensions and shape of the HTE crystals. A) TEM image of human tooth enamel crystals inside the
micron-sized “prism”. B) Magnification of the human tooth enamel in the inset. Note the presence of the CDL.
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