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Teeth and bones are highly mineralized tissues containing
inorganic minerals such as calcium phosphate, and a growing
number of evidences show that their mineral content is
associated with many diseases. Although the quantification of
mineral contents by micro-computed tomography(micro- CT)
has been used in diagnosis and evaluation for treating bone
diseases, its application for teeth diseases has not been well
established. In this study, we attempted to estimate a usefulness
of a high-resolution micro-CT in analysis of human teeth. The
teeth were scanned by using the Skyscan 1172 micro-CT. In
order to measure tooth mineral content, beam hardening effect
of the machine was cormrected with a radiopaque iodine-
containing substance, iodoacetamide. Under the maximum
resolution of 6.6 pm, X-ray densities in teeth and
hydroxyapatite standards were obtained with Hounsfield unit
(HU), and they were then converted to an absolute mineral
concentration by a CT Analyzer software. In enamel layer of
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cusp area, the mean mineral concentration was about 2.14
mg/mm’ and there was a constant mineral concentration
gradient from the enamel surface to the dentinoenamel
junction. In the dentin of middle 1/3 of tooth, the mean mineral
concentration was approximately 1.27 mg/mm’ and there was
a constant mineral concentration gradient from the outer of root
to the pulp side, ranging from 1.3 to 1.06 mg/mm’. In decay
region of dentin, the mineral content was gradually decreased
from the intact inner side to the decayed surface. These results
suggest that high-resolution micro-CT can be as a useful tool
for non-invasive measurement of mineral concentration in
teeth.
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Table. 1 Specification of the micro-CT apparatus for this study
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Specification

X-ray source

20-100 kV, 10 W, <5 mm spot size or 20-80 kV, 8 W, <8 mm spot size

X-ray detector

12-bit cooled X-ray camera, CCD fiber-optically coupled to scintillator

Maximum obect size

27 mm in diameter (single scan) or 50 mm in diameter (offset scan)

Reconstruction

Single PC or cluster volumetric reconstruction (Feldkamp algorithm)

Filter

0.5 mm Al, 0.5mm Al+Cu
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Fig. 1. Relation between mineral concentration and radiodensity.
(a) A gray image of standard specimen by microCT-scaning. (b)
The relation between the gray level and the hounsfield unit (HU)
of water and teflon. (c) The relation between HU obtained from
micro-CT scans and the mineral concentration.
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Fig. 2. Calibration of beam hardening effect. (a) Photographic
overview of specimen and the X-ray apparatus before scanning.
(b) Radiodensity profiles of the specimen before calibration (c)
and after calibration by cone-beam reconstruction software
program.
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Fig. 3. Spatial resolution of micro-CT for measuring mineral
concentration. (a) ROI image, (b) full width at half maximum
(FWHM) of specimen, indicating spatial resolution.
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Fig. 4. A micro-CT analysis for mineral concentration of the enamel in a human premolar. (a) Vertical view image. a’, well mineralized
region of enamel. b’, cusp region of enamel. ¢’, worn surface of enamel. (b, ¢) The mineral density was quantitatively measured in red-boxed
areas of a’, which is proportionally designated with the distance from enamel surface.
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Fig. 6. A micro-CT analysis for mineral concentration in a
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The mineral density was quantitatively measured from caries
lesion to center of tooth by using CT analyzer program.
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