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Dentin tubules pass from the pulp chamber to the outside of the dentin. When theses tubules become 
exposed, teeth can experience dentin hypersensitivity. Statistics about how common dentin 
hypersensitivity is vary greatly. In fact, a study by Zeola et al (2019) reviewed 65 published papers and 
found the prevalence of dentin hypersensitivity reported in journal papers can vary from 1.3% to 92.1% 
[1]. The variations in the results found could be related to how the experiments where set up and where 
experiment was undertaken.  
 
Dentin tubule diameters range in size from as large as 3-4𝜇m near the pulp chamber to around 1.7𝜇m at 
the dentin enamel junction [2]. Features within this size range can easily be captured using a Scanning 
Electron Microscope (SEM), but this technique provides only 2D information about tubules exposed in 
cross section. The present study sought to supplement SEM analysis by obtaining 3D data about dentin 
tubules using a HeliScan microCT scanner at the Ohio State University (OSU) Center for Electron 
Microscopy and Analysis (CEMAS), with the ultimate goal of tracking individual tubules as they wind 
through the dentin volume.  
 
Data were collected for this projected by operating the Heliscan in two different modes, first with the 
standard tungsten filament source that operates at a maximum 800nm voxel resolution, and second with 
the recently released Heliscan high-resolution kit that enables voxel sizes down to 400nm. All micro-CT 
scans used a space filling trajectory and the iterative space filling reconstruction [3]. 
 
The sample featured in this study is a human upper molar obtained from the Ohio State University College 
of Dentistry. The tooth was stored in sodium hypochlorite (NaOCl) prior to imaging. 
 
The first step in this study was to obtain a low-resolution scan of the entire tooth at a voxel size of 6.07𝜇m. 
This tomogram provided an overview of the general structure and was used to ensure that there was no 
significant cracking in the tooth. No dentin tubules could be resolved at this voxel size.  
 
The tooth was then cut into five parallel pieces with a low speed rotary saw. One interior piece was selected 
to be polished and dehydrated using a series of graded ethanol baths. SEM imaging of the sample was 
performed on this piece using a ThermoFisher Apreo LoVac SEM at CEMAS. A mosaic of the whole 
surface was acquired along with several higher resolution images in which dentin tubules could be clearly 
resolved with diameters within the expected 1-5𝜇m range (shown in Figure 1). 
 
The piece of tooth used for SEM analysis was then cut again just above the dentin-enamel junction to 
isolate one of the roots and enable higher resolution CT scans. This much smaller diameter piece was run 
through the Heliscan at 1.67𝜇m voxel resolution, which was sufficient to observe tubule-like features 
close to the pulp chamber, though ultimately insufficient for image segmentation. 
 



To achieve even higher resolution without further reducing the sample size, we performed a region of 
interest (ROI) scan at a voxel size of 0.57𝜇m. This level of voxel resolution finally enabled the tubules 
within the dentin to be successful resolved (shown in Figure 2).   
 
Now that we have been able to resolve the tubules there are 3 major steps moving forward: 1) to segment 
the tubules and see if we can track the tubules at this resolution from the pulp chamber to the outer tooth; 
2) to reduce the size of the root sample to enable imaging at the minimum achievable voxel size on the 
HeliScan; 3) to register the ROI micro-CT data to the SEM data and to the micro-CT tomogram of the 
whole tooth sample to generate a single correlated dataset [4]. 
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Figure 1: SEM image showing the dentin tubules. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Z slice taken from the center of the region of interest tomogram (voxel size 0.57𝜇m). A) The 
whole slice (the outer area of the slice has been masked), B) Zoomed in subset of the area shown in the 
blue box of A, showing some of the dentin tubules that have been resolved. 
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