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Characterization on Human Teeth (Bone) and the Effect of Matrix

Metalloproteinase-9 on the Growth of Mice Teeth by Low-field Nuclear Magnetic Resonance (NMR)

A technique of low-field pulsed proton NMR spin-spin (T 2) relaxation technique has been

applied to assess age-related MMP-9 knock out (KO) tooth quality in vitro by quantifying

changes in dentin and pulp simultaneously. Specifically, we tested that age-related MMP-9 KO

tooth changes result in an alteration of the NMR T 2 relaxation time signal due to the structural

changes in the tooth matrix. This signal can be further processed to produce a T 2 relaxation

distribution spectrum related to dentin and pulp, and their derived parameters can be used as

descriptors of age-related MMP-9 KO tooth changes. In this study, the proton liquid-like NMR

spin-spin (T2) relaxation decay signal was obtained from the Carr-Purceii-Meiboom-Gill (CPMG)

NMR spin echo method, then the relaxation decay signal was converted to T2 relaxation

distribution spectra describing the size domain of dentin and pulp. Therefore, we can calibrate

the intensities from NMR inversion T2 relaxation distribution spectra corresponding to the

amount of dentin and pulp related to the structural changes. We propose an NMR calibration

method - the ratio of the amount of fluid in pulp component to the amount of fluid in dentin

component obtained from NMR T2 distribution spectra that can be used to measure the agerelated MMP-9 KO structural changes in teeth. Our results show that MMP-9 null significantly affects the degrading on teeth with more on early age than on late age. The experiments also indicate that the X-ray image can provide the quality information related to the morphology changes from the wide-type and the MMP-null mice. However, NMR inversion spectra can provide the quantitative difference between these types of teeth.

