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4. ABSTRACT
The current study investigated the expression Runx2 and VEGF in the pulp, periodontal ligament

and alveolar bone following hypothermal insult.

Methods and Materials:

Materials from a previous study performed by Tan (2011) were used for this research. The upper
right first molars of fifteen eight-week-old male Sprague-Dawley rats were subjected to a single ten
minute application of dry ice. The contralateral molar acted as an internal control. The animals
were randomly divided into five groups of three and killed 0, 4, 7, 14 and 28 days post hypothermal
insult. A further three Sprague-Dawley rats acted as an external control and were humanely killed
on day 0 with no hypothermal insult. The maxilla was dissected out, fixed and embedded in paraffin.
Coronal sections were cut to include the control and experimental teeth at 5-micron intervals through
the furcation region. Sections were then stained with haematoxylin and eosin (H and E) and Runx2

and VEGF immunostains.

Sections were scanned via a Nanozoomer Slide Scanner 2.0 series and viewed on a personal
computer (MacBook Pro with 13 inch screen) using the Nanozoomer Digital Pathology (NDP)
software. Semiquantitative counting was performed at a magnification of x20 via the ImageJ
software. Data was analysed using SAS 9.3 (SAS Institute Inc., Cary, NC, USA). The level of

significance was set at p<0.05.
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Results:

H and E stained sections indicated that ankylosis had developed on the experimental side at days 7
and 14 and one of the three rats at day 28 post hypothermal insult. No ankylosis was present on
any control teeth or experimental teeth at days 0 and 4. Disturbance to the pulpal tissues was also

noted.

A number of cells stained positively to the Runx2 and VEGF immunostains. Vascular endothelial
cells, bone cells (osteoblasts / osteocytes / bone lining cells), osteoclast-like cells, periodontal
ligament cells (fibroblasts, epithelial cell rests of Malassez (ERM)) and bone marrow cells in both
experimental and control animals were positive for VEGF. Increased staining intensity for VEGF
was noted particularly associated with blood vessels and adjacent to regions of ankylosis.
Fibroblast-like cells in the pulp and PDL, osteoclasts in resorption lacunae along the PDL, bone
lining cells, osteoblasts/osteocyte like cells, cemental cells, odontoblasts, epithelial cell rests of
Malassez (ERM), megakaryocytes and vascular endothelial cells were all found to be positive for

Runx2 in both the treated and untreated groups.

Statistically significant differences in the percentage of Runx2 positive cells between treated and
untreated molar teeth were found in the pulp and alveolar bone but no statistically significant
difference was found in the PDL. Although not statistically significant, trends of changing Runx2
expression with time were noted in the pulp and alveolar bone. Runx2 expression increased at days
4,7 and decreased at days 14 and 28 in the pulp whilst in the alveolar bone expression increased at

day 4, decreased at days 7 and 14 and slightly increased at day 28.
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In the pulp, a statistically significant difference was found between VEGF positive cells on the
experimental side compared to the internal control side, with more VEGF positive cells on the
experimental side at day 7 than at days 14 and 28. In the alveolar bone and PDL, although a
statistically significant difference was found between the experimental and control sides, there was
no significant interaction with time. However, VEGF positive cells appeared to be fewer in the PDL
atdays 4, 7 and 14 and greater at day 28. In the alveolar bone, more VEGF positive cells were seen

at day 4 than at days 7, 14 and 28.

Conclusions:

1) Runx2 and VEGF was expressed by a number of cells within the rat dentoalveolus.

2) When compared to the control groups, changes in Runx2 expression were found in the
experimental pulp and alveolar bone, but not in the PDL. Changes in VEGF expression were found
in the experimental pulp, PDL and alveolar bone.

3) Changes in Runx2 and VEGF expression also occurred between the internal and external control
groups, suggesting that a localised insult may lead to a systemic impact.

4) Post-hypothermal insult, Runx2 and VEGF may play an important role in the development of bony

ankylosis.

The null hypothesis, that the expression of Runx2 and VEGF in the rat dentoalveolus does not differ

post-hypothermal insult, is rejected.
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