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Preliminary Calculations to Estimate the Area of the Components of Dentin
Preliminary estimations of the percentage breakdown of the cross sectional area of dentin with
respect to tubules, intertubular dentin, and peritubular dentin were based on the numbers and
statistics presented by Orban [1]. A base of value of 70,000 tubules (based on the range of
50,000 to 90,000 tubules [1]) per mm2 was used for the tubule density and a base value of 2 μm
(based on the range of 1-4 μm [1]) was used for the diameter of the tubules. We conservatively
assumed a thickness for PTD to be 0.75 μm.

Sample Preparation for Area Determination by Image Analysis
Sections were taken from equally randomly selected bovine molar fragments from teeth that had
been crushed, of 18 mo. old Black Angus cows (Aurora Packing Co., West Aurora, IL) and were
collected fresh in 1979, cleaned and lyophilized and kept frozen until use. The dry samples were
then encased in Epon with no added dehydration or infiltration. An Epon mixture was made with
13 mL Embed 812, 8 mL DDSA (Dodecenyl succinic anhydride), 7 mL NMA (NADIC methyl
anhydride) and 0.45 mL DMAE (dimethylaminoethanol) (all from Electron Microscopy Sciences,
Hatfield PA). The tooth sections were laid in the bottom of a shallow silicone mold and covered
with the Epon mixture. The Epon encased tooth sections were then set in the oven at 60ºC
overnight. Once cured, the Epon blocks were then trimmed, turned over in the mold, re-encased
in a fresh Epon mixture set in the oven at 60ºC overnight. The result of this repeated
encasement produced tooth sections embedded in the center of the Epon block.

Each tooth section encased in the Epon was shaped using a glass knife and 1 μm slices were
cut from the blocks perpendicular to the long axis of the tubules using a diamond knife
(DiATOME diamond knives, Hatfield PA) yielding cross sections that contain 1-2 μm diameter
tubules. Each block was sectioned from the predentin-dentin junction to the DEJ, and the
location of each section relative to the predentin-dentin junction was recorded. Sections were
made with the intent of having the majority of the axes of tubules perpendicular to the section
plane, such that the cross section of each tubular appeared as circular as possible. Microtomed
sections were then transferred to a poly-Lysine slide.

Image Analysis of Dentin Cross-sectional Area
Image analysis to determine the percentage breakdown of the cross-sectional area with respect
to tubules, intertubular dentin, and peritubular dentin was based on randomly selected light
microscope images (Olympus BX53 Microscope), of 1 μm thick cross-sectional slices of the
midsection coronal bovine dentin. The total area occupied by the tubules was determined, by
manually selecting the interior of each individual tubule of each section examined, using the
magic wand tool in Photoshop® (Adobe Systems Incorporated) the pixels inside each tubule
were then given a value of 0. The modified image was then analyzed in ImageJ (National
Institute of Health) using a line scan (profile plot) across the tubule. The inflection point in the
profile histogram which signified the first deviation from this absolute value of 0 (the edge of the
tubule) was then used as a threshold value. Every pixel value in the image below this value was
then colored in with the ImageJ threshold color feature and subsequently analyzed for percent
area coverage using the Analyze Particle feature in ImageJ (Size (pixel^2)= 0-Infinity, Circularity
= 0.00-1.00, including holes).

The total percentage area of peritubular dentin was calculated using the original (unmodified)
light microscope image analyzed in ImageJ (National Institute of Health) using a line scan
(profile plot) across the tubule starting from a central region in the ITD on one side of the tubule
and ending in a central region in the ITD on the other side of the tubule. The inflection point in
the profile histogram which signified the first deviation from the plateaued value of the histogram
(the edge of ITD/PTD) was then used as a threshold value. Every pixel value in the image below
this value was then colored in with the ImageJ threshold color feature and subsequently
analyzed for percent area coverage using the Analyze Particle feature in ImageJ (Size
(pixel^2)= 0-Infinity, Circularity = 0.00-1.00, including holes). The calculated value of the percent
area of tubules was then subtracted from this calculated value to yield the total percentage area
of PTD in each section.

The percentage area value of ITD was then calculated by subtracting the values for the tubules
and PTD from 100%. As a separate method of independent verification, the pixel value
determined in the analysis of the PTD was used, but the threshold bias was reversed, and
everything not PTD was colored in with the ImageJ threshold color feature and subsequently
analyzed for percent area coverage using the Analyze Particle feature in ImageJ (Size
(pixel^2)= 0-Infinity, Circularity = 0.00-1.00).

Sample Preparation for SEM Analysis and Laser Microdissection
To apply the laser micro dissection technique, an area of the dentin to be targeted must contain
PTD, and the dentin must be made thin enough to cut with the microscope laser.
The crown of an unerupted bovine molar from an 18 mo. old Black Angus cow (Aurora Packing
Co., West Aurora, IL, collected in 2011 immediately following death) was sectioned in to 2.5
mm cross-sections, one with the bottom edge at the cervical line of the tooth (J11M3R1A) and
one with the bottom edge 3 mm above the cervical line (J11M3R2). Sections were cleaned with
DI H2O and frozen until use. From these cross-sections discrete ~6x3x2.5 mm blocks were
excised, each containing two regions of dentin and enamel separated by a central pulp cavity.
Each block was then divided along the central pulp cavity to provide two samples a & b. All cuts
were made with a 1000 Precision Isomet Saw (Buehler, An ITW Company) and 0.5 mm thick
diamond blade lubricated with water.

Further Sample Preparation for SEM Analysis
The enamel layer of blocks J11M3R1Aa and J11M3R1Ab were removed by polishing by hand
with P500 and P1000 grit silicon carbide paper. The samples were polished from the DEJ side
with a 0.3 μm alumina slurry and rinsed with DI H2O. To remove the smear layer, samples were
sonicated in soapy water (liquid-nox, alconox Ltd.), for 1 min 3 times, with the solution replaced
between cleanings, then sonicated in DI H2O for 1 min 3 times, with the solution replaced
between cleanings, the samples were then sonnicated in a 0.01 M citric acid solution for 1 min,
the samples were immediately washed in DI water for 5 min (replacing the solution after 2.5
min) and finally sonicated in DI H2O for 1 min. Both J11M3R1a and J11M3R1b were mounted
on aluminum SEM stubs with carbon tape, sputter coated with a 10 nm Au-Pd coating to the
limit of charging and imaged with Hitachi S-4800-II at 20kV with a secondary electron detector.
These samples were used to confirm the presence of PTD in this particular molar.

Sample Preparation for Laser Microdissection
Blocks J11M3R2a & J11M3R2b where rinsed with DI H2O, frozen and lyophilized for 6 hours to
completely dry the samples. The dry samples were then encased in Epon with no added
dehydration or infiltration. An Epon mixture was made with 13 mL Embed 812, 8 mL DDSA
(Dodecenyl succinic anhydride), 7 mL NMA (NADIC methyl anhydride) and 0.45 mL DMAE
(dimethylaminoethanol) (all from Electron Microscopy Sciences, Hatfield PA). The tooth sections
were laid in the bottom of a shallow silicone mold and covered with the Epon mixture. The Epon
encased tooth sections were then set in the oven at 60ºC overnight. Once cured, the Epon
blocks were then trimmed, turned over in the mold, re-encased in a fresh Epon mixture set in
the oven at 60ºC overnight. The result of this repeated encasement produced tooth sections
embedded in the center of the Epon block.

Each tooth section encased in the Epon was shaped using a glass knife and 1 μm slices were
cut from the blocks perpendicular to the long axis of the tubules using a diamond knife
(DiATOME diamond knives, Hatfield PA) yielding cross sections that contain 1-2 μm diameter
tubules. Each block was sectioned from the predentin-dentin junction to the DEJ, and the
location of each section relative to the predentin-dentin junction was recorded. Sections were
made with the intent of having the majority of the axes of tubules perpendicular to the section
plane, such that the cross section of each tubule appeared as circular as possible. Microtomed
sections were then transferred to a Zeiss PALM PEN-MembraneSlide 0.17 mm (Carl Zeiss
MicroImaging GmbH). Using the 100x objective, a Laser Catapulting Microdissection System
(Zeiss PALM, Carl Zeiss MicroImaging GmbH) was utilized to cut groups of tubules from the
surrounding ITD. Dentin sections were directly captured on to TEM grids.

Isolated sections of tubules were examined with both light microscopy (Olympus BX53
Microscope), and electron microscopy (FEI Tecnai Spirit G2 120 kV TEM & Hitachi HD-2300
100 kV STEM ).
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