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Abstract : During the tooth movement, an optimal compressive force (orthodontic force) must be
applied to the periodontal ligament. In order to achieve an optimal force, it is important to
understand the changes of blood flow and the vascular networks on the pressure side of the
periodontal ligament. However, there are few published reports about the long-term daily changes
of the blood flow in the vascular networks of the periodontal ligament. We studied the daily
changes of the blood flow in the pressure side of the periodontal ligament of the dog mandibular
canine using a microcirculation analyzer, which enables to discriminate between blood flow of
arteries and veins based on a cross-correlation coefficient between laser speckle and pulse signals.
We measured the blood flow in the pressure side of its periodontal ligament through a thin cavity
wall. The following results were obtained ;

1. The microcirculation analyzer and the cross-correlation coefficient that we used in this study
could measure the changes of arterial and venous blood flow on the pressure side of the
periodontal ligament.

2. The overall blood flow after the force application decreased immediately.

3. The blood flow after the force application increased on day 1 especially in the arteries.

4. The arterial and venous blood flow recovered after 3, 7, and 14 days of the force application to the
same levels as under non-pressurized conditions.

Key words : tooth movement, blood flow, microcirculation analyzer, periodontal ligament
pressure
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canine

Fig. 1. Illustrations of experiments carried out in
this study.
a : Radiographic image of a cavity made
in the mandibular canine for filling of
resin cap. b : Photograph showing the
force application. ¢ : Schematic drawing
of the mandibular canine with a resin cap
and a probe for blood flow measurement.
open arrow : direction of movement
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Fig. 2. Histological image of a part of the blood
flow measurement at the non-pressurized
periodontal ligament.

The arteries near the root and the veins
near the alveolar bone in the periodontal
ligament can be distinguished.

open arrow : artery, closed arrow : vein,
R : root of canine, AB : alveolar bone

o

150°

Fig. 3. Rotating three-dimensional reconstruction images of blood vessels at the non-pressurized

periodontal ligament.

In the periodontal ligament, arteries (a) form a dense network at the root side, and the wider
veins (V) form a loose network at the alveolar bone side.

R : root of canine, AB : alveolar bone
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Fig. 4 Correlation coefficient graphs made by the microcirculation analyzer.

The pattern of a graph changes into a boundary at 732 Hz in non-pressurized periodontal
ligament. The frequency of division between the artery and the vein is 732Hz in this dog. This
means that the arteries are at a higher and the veins at a lower domain than 732Hz. The
correlation coefficients observed on days 1 and 3 are increased compared with the coefficient
from non-pressurized data. However the correlation coefficients observed on days 7 and 14 are

the same as that from non-pressurized data, especially when the correlation coefficient is high.

: non-pressurized periodontal ligament
: 1 day after the force application

: 3 days after the force application

: 7 days after the force application

: 14 days after the force application
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Fig. 5 The immediate changes in blood flow
after the force application.
The changes in arterial and venous blood
flow rates at 10, 20, 30, and 40 minutes
after the force application in one dog
compared to the blood flow in
non-pressurized periodontal ligament is
set at 100%.
The blood flow drops to 80% and 35% of
initial values in arteries and veins,
respectively, after the force application
for 40 minutes. The venous blood flow is
more sensitive than that of arteries.
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Fig. 6 The daily changes in blood flow after the
force application.
The changes in arterial and venous blood
flow at 1, 3, 7, and 14 days after the force
application in three dogs compared to the
blood flow in non-pressurized periodontal
ligament is set at 100%.
The overall blood flow increase on day 1
and return to non-pressurized levels on
day 3 after the force application.
Although the blood flow decreases by 3
days after, it becomes plateau at 7 and
14 days after the force application. The
arterial blood flow on day 1 after the
force application is more affected than
the venous blood flow.
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