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Report:

The aim of this project was to use a powerful and novel suite of techniques to study the temporal and spatial
progression during the biomineralisation process in dental enamel. Synchrotron x-ray diffraction
measurements of 2D crystallographic texture mapping combined with x-ray microtomography were
performed on three human tooth samples at different stages of enamel maturation. For dental and skeletal
tissue research, mapping the temporal and spatial progression of enamel maturation will provide unique
understanding into biomineralisation events and provide useful insights for developing successful reparative
or regenerative medical technologies.

Background, Experimental Procedure, and Highlighted Results

The process of amelogenesis begins in-utero (primary dentition) or between birth and 3 years (secondary dentition)
and for certain teeth takes up to 4 years to complete. During this process the biological formation of enamel has
resulted in a highly anisotropic and heterogeneous distribution of hydroxyapatite crystallites (HA). Currently there is
much contradiction in the literature regarding the precise mechanisms and timings of enamel maturation, for example,
Hilson states the each ameloblast spends ~300 days in the secretory stage before beginning the maturation stage
without drawing conclusions on the time maturation takes [1].

Archaeological skeletal samples obtained from children who died whilst their teeth were still developing provide a
resource for the study of the precise timings of the maturation of enamel. Performing synchrotron x-ray diffraction on
such samples has afforded the opportunity to compare variations in lattice parameter, texture distribution of HA
crystallites, and crystallite size in developing enamel at different points during maturation.

Our previous work showed for the first time how synchrotron x-ray diffraction can be used to determine the
basic crystallographic parameters of the HA phase across a whole intact tooth section [2-4]. For this project,
we present synchrotron x-ray diffraction measurements of enamel at three stages of development (unerupted
crown-half, unerupted crown complete, and erupted fully mature) which were performed on the XMaS
beamline at the European Radiation Synchrotron Facility (ESRF) with 150pum resolution. In-house x-ray
microtomography (XMT) at 15um resolution was performed on tooth halves retained after sectioning.



Fig. 1 XMT images of a) erupted fully mature 1* molar, b) unerupted crown complete 1"'molar, and c) unerupted
crown %2 I' molar

Figure 1 shows the XMT micrographs. There is an anisotropic distribution of mineral content and a variation
in the mineral density within and between each specimen when comparing enamel along the cervical edge,
within a fissure and across a cusp. The most homogenous distribution is noted in Figure 1a with the amount
of mineral content in the fully mature enamel being close to the accepted value for hydroxyapatite, 3.16 gcm
3 In contrast, mineral content from enamel in the partially formed enamel lower and much more varied across
the crown. Fig. 2 shows the contour maps showing the change in magnitude of the preferred orientation of the
HA crystallites generated from Rietveld refinements of synchrotron x-ray diffraction data. In all three samples
the lowest degree of texture is seen along the EDIJ. It is interesting to note the mineral density distribution
does not correlate with the texture distribution, in that where we see the most homogeneous density
distribution (mature enamel), we see the most variation in the crystallite organisation.
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Fig. 2 Contour maps displaying the degree of preferred orientation of HA crystallites in a) erupted fully mature 1"
molar, b) unerupted crown complete 1" molar, and c) unerupted crown %2 1 molar

Main Qutcomes

This study has revealed that the growth of hydroxyapatite crystallites during enamel formation is a highly
heterogeneous process with complex spatial and temporal variations. For mineral content, crystallite
orientation, lattice parameters, and crystallite size, the early and complete stages of maturation show the most
heterogeneity spatially across the tooth sections whilst it is interesting to note that the intermediate point in
maturation exhibits the most homogeneous relationship of all three samples. The mineral content of the
enamel appears to be correlated to the crystallite orientation, whereby as the enamel matures, the mineral
content increases and simultaneously the crystallite orientation increases.
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