Blood flow changes in
gingival tissues due to the
displacement of teeth
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tion is one of the important processes of bone

remodeling and rearrangement of connective
tissue in the periodontium. It has been studied from
both morphological'*and functional®’ aspects. lida®
reported increased capillary permeability in rats,
induced by orthodontic tooth movement.
Yamaguchi et al.” studied vascular leakage in pala-
tal soft tissue following lateral expansion of the
maxillary arch, and they showed that the first vas-
cular leakage was dependent on tension in the
palatal soft tissue.

A change in blood flow is one of the vascular
reactions caused by orthodontic stimuli.*" In the
periodontal ligament, capillary pressureisregarded
as an optimal force per square centimeter for orth-
odontic tooth movement."*"* Kondo’ studied blood

I n orthodontic tooth movement, vascular reac-

circulation in the periodontal ligament of cats using
electrical impedance plethysmography, and he in-
dicated that blood flow decreased according to the
tooth displacement relative to periodontal width.
Yamaguchi and Nanda' studied human gingival
blood flow using a laser doppler flowmeter. They
reported that decreased blood flow was correlated
(r = -0.625) to the degree of force applied, although
individual responses to the same degree of force
varied.

Based on these findings, it was suggested that
stretching or compression stress of the connective
tissue fibers, rather than the degree of force applied,
might have a close relationship with blood flow
changes in the gingival tissue, and could be the
determining factor for the vascular reaction. The
degree of stretching or compression stress in the
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Abstract

subjects than in adults.

Changes in human gingival blood flow were measured using a Laser doppler flowmeter. The change of blood flow was
correlated to the degree of force applied and there were variations in measurement of decreased blood flow among the
subjects. The variation was attributed to the degree of tooth displacement and the size of the interdental space. This study
examined the effect of tooth displacement on the gingival blood flow, as well as age and sex differences.

Blood flow in gingival tissue was measured using a laser doppler flowmeter, and displacement of the maxillary incisors
was measured using an eddy current sensor. The correlation coefficient of the decreased blood flow to the tooth displacement
was 0.809, and it was higher than that to the degree of applied force (r = -0.625). The regression coefficient of decreased
blood flow to the displacement of teeth was significantly correlated to the interdental space. The regression coefficient of
decreased blood flow to the percentage of tooth displacement was independent of the interdental space. However, the
regression coefficient of decreased blood flow to the percentage of tooth displacement was significantly higher in young

This manuscript was submitted July 1991. 1t was revised and accepted for publication March 1992.

Key words
Gingival blood flow e Laser flowmeter o Interdental space e Displacement of teeth e Eddy current

The Angle Orthodontist Vol. 62 No. 4 1992 257



Yamaguchi; Nanda

Figure 1

Fiberscoptic probe for
Laser flowmetry and
position of eddy cur-
rent sensor. A plate
covering the premo-
lars, the anterior teeth
and the vestibular re-
gion was made with
heavybodyimpression
material for each sub-
ject. The plate was
trimmed in area adja-
cent to the anterior
teeth and their ves-
tibular region. To hold
the fibroscopic probe
securely, a hole with a
diameter of 2.5 mm
was opened through
theplate,atarightangle
to the mucogingival
junction, to the center
of the interdental
space. The probe was
graduated in 0.5 mm
increments and the tip
of the probe was posi-
tioned 0.5 mm from the
mucosal surface. The
probe with a diameter
of 2.5 mm had two op-
tical fibers, one for
transmitting, the other
for receiving. The dis-
tance between the fi-
ber with a core diam-
eter of 62 um was
0.5mm.

Figure 2

Recording of the wave
patterns of the blood
flow in the papillary,
attached gingiva and
the alveolar mucosa.
Time constant was 0.1
second. The wave pat-
tern was well synchro-
nized with the heartbeat
in the papillary and at-
tached gingiva, how-
ever, alveolar mucosa
was not synchronized.
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Figure 1

gingival tissue may vary with the direction of the
applied force and tooth displacement. The purpose
of this study was to defermine the effect of tooth
displacement on blood flow in the gingival tissue.
Principle of Laser doppler flowmetry

A helium-neon laser has a constant, stable wave
of 632 nm. When the forused beam is scattered in
static tissue, it shows no changes in frequency.
However, it shows changes in frequency due to the
Doppler shift when scattered by moving red cells.
Changes in frequency reflect the velocity of the
moving red cells.’*" Blood flow is represented as
the blood flow velocity, multiplying the volume of
the red cells in a hemisphere of 1.0 mm radius by
their velocity.’"

Material and methods

Ten healthy adult (mean age 24.3 years) and nine
young subjects (mean age 10.5 years) with
interdental space between their maxillary central
incisors were selected. The sample consisted of 8
females and 11 males. Each patient's interdental
space (L) was measured as the distance between the
incisaledgesusingacalipers (1/100mm).Interdental
space ranged from 0.9 to 5.5 mm with a mean of
2.078 +1.407 mm in the young subjects, and from 0.4
to 4.5 mm with a mear of 1.900+1.262 mm in the
adult subjects (Table I). There was no significant
difference (p < 0.2803) in the interdental space
(variable 1) between the young and adult subjects
(Table II). All of the subjects were free of clinical
signs of gingival inflammation.
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Figure 2

Measurement of gingival blood flow

All blood flow measurements were made on a
laser doppler flowmeter (ALF 2100, Advance Co.,
Tokyo, Japan). The instrument and procedure are
described in Figure 1. Based on the wave patterns
(Figure 2), the muco-gingival junction was identi-
fied and the probe was located at 1.0 mm below the
junction over the attached gingiva. During the ex-
periment, each subject was placed in a supine posi-
tion, with the head and the heart on the same plane.

After monitoring for 10 minutes, measurements
were started in a quiet room held at 20° C to 25° C
room temperature. The flowmeter’s time constant
was set at 1.0 second, and the signals of blood flow
were continuously recorded by pen recorder
(302121, Yokogawa Co. of America, Ga.).
Measurements of the displacement of the
maxillary central incisors

Displacement of the maxillary central incisors
caused by the applied force was measured using an
eddy current sensor (AS-421A, Keyence Co., Osaka,
Japan)and Controller (AH-303, KeyenceCo., Osaka,
Japan). Eddy electric current flows in a metal body
moving close to a coil (in a sensor), and the current
conversely affects the inductance in the sensor.**?
Changes in inductance in the sensor were detected
as changes of voltage output. The sensor (3.8 mm in
diameter) was fixed with Concise orthodontic ad-
hesive on the labial surface of one central incisor
perpendicular to its long axis at the incisal one-third
of the crown (Figure 1). Two stainless steel plates
(5.0 mm x 5.0 mm x 0.5 mm and 5.0 mm x 5.0 mm x
1.0 mm) were fixed next to each other with Concise
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bonding system (the plate with a thickness of 0.5 Results

mm being mesial) on the labial surface of the other
central incisor so that output from the sensor indi-
cated zero volts. Finally, one stainless steel plate (5.0
mm x 5.0 mm x 0.5 mm) was pulled out, and a
detecting plate (5.0 mm x 5.0 mm x 1.0 mm) had 0.5
mim of space from the surface of the sensor (Figure
1). The controller had an effective range (linear
relationship between measured distance and out-
put voltage) from 0.2 mm to 0.6 mm of measure-
ment (Figure 4). The contractive force was applied
for 5 seconds to the maxillary central incisors in the
mesial direction to close the interdental space (L)
using orthodontic pliers (Figure 1). The degree of
force was not standardized in this study. The sig-
nals of blood flow and displacement of teeth (lo)
were recorded simultaneously by pen recorder
(Figure 3).

The following seven variables were examined: 1)
interdental space; 2) correlation coefficient (R) of
the decreased blood flow to the displacement of
teeth; 3) correlation coefficient of variable 2 to the
interdental space (variable 1); 4) regression coeffi-
cient (slope A) of decreased blood flow to the
displacement of teeth; 5) correlation of variable 4 to
the interdental space (variable 1); 6) regression
coefficient (Slope B) of the decreased blood flow to
the percentage of the displacement; and 7) correla-
tion coefficient of variable 6 to the interdental space
(variable 1). The variables of blood flow measure-
ments for each subject are given in Table I.

Variables 1, 2, 4, and 6 were compared with age
and sex using Mann-Whitney U.

Displacement of teeth and decreased blood flow
The mean correlation coefficients (variable 2) of
the decreased blood flow to displacement of teeth
and percentage of displacement were 0.858 + 0.092
in youngsubjects, 0.765 + 0.218 inadult subjects and
0.809 + 0.172 for the total sample (Table II). Figure 5
shows the relationship between displacement of
teeth (Io) and decreased blood flow (B/ A x 100) in
subjects with interdental space of 0.4 mm and 4.5
mm. One subject with a large interdental space had
a smaller correlation coefficient (Figure 5). The
correlation coefficient (variable 2) of the decreased
blood flow in all subjects had a negative correlation
(r =-0.543: p < 0.05) with interdental space (variable
3in Table II). The regression coefficient (variable 4)
of the decreased blood flow to the displacement of
teeth (Lo) was -0.416+0.237 and -0.331 + 0.220 re-
spectively in the young and adult subjects. Variable
4 also had a negative correlation (r =-0.560; p < 0.05)
with the interdental space (variable 5 in Table Il and
Figure 6). There were no significant differences (p <
0.3272 and 0.4624) in the correlation coefficient
(variable 2) and regression coefficient (variable 4)
between the young and adult subjects (Table 1II,
Figure 7).
Percentage of tooth displacement to interdental
space (Io/L x 100) and decreased blood flow (B/A
X 100).

The correlation coefficients of decreased blood
flow to the percentage of displacement were equal
to those obtained for the displacement of teeth. The
regression coefficient (variable 6) of the decreased
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Blood flow changes

Figure 3

Schematic showing of
the recordings for
blood flow in the gin-
giva and tooth dis-
placement (time con-
stant: 1.0 sec.).

A: blood flow during
the resting period;

B: decreased blood
flow caused by force
application;

lo: displacement of the
maxillary incisors.
Decreased blood flow
(B/A X 100) as the per-
centage over the rest-
ing period, and the per-
centage of displace-
ment (lo/L X 100) to
interdental space (L)
were evaluated.

Figure 4

Linear range of the
eddy current sensor.
d: Effective linear
range. Eddy current
sensor (AS-421A) with
detecting plate (5.0 mm
X 5.0 mm x 1.0 mm)
was calibrated with a
caliper (1/100 mm). Dis-
tance and output volt-
age had an effective
linear range from 0.2
mm to 0.6mm.
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Table 1
Variables of blood flow measurements and their means and standard deviations
YOUNG SUBJECTS ADULT SUBJECTS
space ( mm ) R SLOPE A SLOPEB space ( mm ) R SLOPE A SLOPEB
( variable 1 ) |( variable 2 ){ ( variaole 4 }{( variable 6 ) ( variable 1 ) ]( variable 2 )| ( variable 4 )| ( variable 6 )
No.1 1.5 0.907*** | .0.186*** | -3.791%** 20 0.877*** |-0.478*** | _g 55p%**
No.2 2.3 0.939%** | .0.775%** | -17.827*** 1.2 0.888*** |.0.155*** -1.863***
No.3 25 0.899**+ | -0.416%** | _10.402*** 0.8 0.868*** {.0.692*** | .5 537%*+
No.4 1.6 0.738%*~ | -0.182*** -3.910*** 4.5 0.204 -0.016 -0.711
No.5 2.2 0.883*** | -0.434*** -9.546*** 0.4 0.773** _0.554%* -2.213**
No.6 1.1 0.948**% | -0.632%** -6.324%** 1.5 0.640** -0.217** -3.257**
No.7 1.2 0.853*** \\-o.sau" -6.407*** 2.2 0.929%** |-0.335%*+ -7.372%4*
No.8 0.9 0.878*** | -0.541*** | .4.867*** 31 0.852*** [-0.087*~+ -2.708**+
No.9 5.5 0.676** -0.047** -3.592+%* 0.7 0.772** |.0.278** -1.946**
No.10 2.6 0.935%*% |-0.494%** | .5 844%e
Mean + S.D. |2.078 = 1.407 [0.858:0.092|-0.416:0.237]-7.40724.618] 1.900:1.262 [0.765:0.218]-0.331+0.22 |.3.801:2.316
" significance ** p < 0.001, *** p < 0.0001
Figure 5
Relationship of de-
creased blood flow to
tooth displacement in . 92
subjects with inter- —
dental space of 0.4mm ® g5 ] 90 0
and4.5mm. Regression =
coefficient (slope = 807
pe) was 88
steeper in the subject 8 75 0
with inter dental space = 86 1 0
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Figure 5

blood flow to the percentage of displacement was
-7.407 + 4.618 and -3.801 + 2.316, respectively in the
young and adult subjects (Table II), and there was
no significant correlation to interdental space (vari-
able 7 in Table II). The regression coefficient (vari-
able 6) for the percentage of displacement was
significantly (p < 0.0412) higher in the young sub-
jects than in the adults (Table Il and Figure 7). There
were no significant differences in any of the

Vol. 62 No. 4 1992

variables between the female and male groups
(Table I0).

Discussion
Blood flow in the gingival tissue and
periodontal ligament

Tooth displacement is induced by the appli-
cation of orthodontic force®®* as well as by biting
force during chewing and bruxism. The periodon-
tal ligament has a visco-elastic property to the



Table It
Comparison of variables with age and sex
YOUNG ADULT Mann - Whitney U
T,
SUBJECTS SUBJECTS age sex TOTAL
INT! T/ .
ERDENTAL SPACE ( mm ) 2.078'= 1.407 | 1.900 = 1.262 | p < 07133 | p < 0.7412. [1.984 = 1.298
( variable 1)
CORRELATION COEFFICIENT (R) OF
BLOOD FLOW TO TOOTH DISPLACEMENT 0.858 =+ 0.092 | 0.765 = 0.218 p < 0.3272 p < 04574 | 0.809 = 0.172
{ variable 2 )
CORRELATION COEFFICIENT OF
R TO INTERDENTAL SPACE -0.650 -0.591 -0.543*
( variable 3 )
REGRESSION COEFFICIENT { slope A) OF
BLOOD FLOW TO TOOTH DISPLACEMENT { -0.416 = 0.237 | -0.331 = 0.220 p < 0.4624 p < 06979 [.0.371 = 0.226
{ variable 4 )
CORRELATION OF slope A TO
INTERDENTAL SPACE -0.532 -0,594 -0.560*
{ variable 5 )
REGRESSION COEFFICIENT ( slope B) OF
BLOOD FLOW TO PERCENTAGE OF
TOOTH DISPLACEMENT -7.407 = 4618 | -3.801 » 2316 p < 00412 |p < 04574 |.5509 = 3.947
( variable 6 )
CORRELATION OF slope B8
TO INTERDENTAL SPACE -0.008 -0.079 -0.004
{ variable 7 )
significance : * p < 0.05

applied force,” and blood flow in the periodontal
ligament drops withina second of the application of
force. This is an indication of a semij-open system of
microcirculation in the periodontal ligament. On
the other hand, Yamaguchi and Nanda'? used laser
flowmetry to study gingival blood flow in humans
and reported that while blood flow does decrease in
a few seconds when a force is applied, it gradually
recovers during the application of force to at-rest
levels. The decreased blood flow caused by heavier
forces (150 gm and 250 gm) does not recover even
after 10 minutes. This may be attributed to capillary
loops and networks of vessels present in the
gingival tissue's semi-open microcirculatory sys-
tem.23,24
Methodology

Based on previous research,? the following points
were considered to eliminate variability and in-
crease reproducibility. First, the fiberscopic probe
was placed so as to avoid areas over large vessels,
because the number of red cells per cubic millimeter
varies with the type of tissue. Small vessels and pre-
and post-capillaries are widely distributed in the
attached gingiva.®®* In the present study, blood
flow was recorded in full-scale deflection, and its
change in the gingival tissue was represented rela-
tive to its value in the resting period. Second, care
was taken during blood flow measurements to hold
the tip of the probe away from the gingival tissue.
Holloway® and Gush et al.® reported that the Dop-
pler shift increased with probe separation distance,
however, probe separation of less than 2.0 mm did
notsignificantly affectblood flow parameters. There-

fore, the tip of the probe was positioned 0.5 mm
from the mucosal surface. All measurements were
carried out in a quiet room held at 20° C to 25° C
room temperature, after monitoring the subject for
10 minutes to prevent undesired blood flow
changes?® As a result, there was no significance
of inter-trial effect on the measurements of blood
flow changes and their duration. Gingival blood
flow decreased as the degree of force increased, and
was negatively correlated (r = -0.625) to the degree
of applied force."
Displacement of teeth and gingival blood flow

In a previous study,' the authors have shown
that the same degree of forces results in varying
changes in blood flow among subjects. Tooth dis-
placement creates stress in the periodontium, in-
cluding the periodontal ligament, gingival tissue
and palatal soft tissue. This stress is distributed in
the oral tissues and alters blood circulation.

Arteriovenous anastomoses regulate blood pres-
sure in the vascular bed.** In the periodontal
ligament, the degree of force per square unit is
considered orthodontic stress. Kondo’ indicated
that blood flow decreased when tooth displace-
ment was about one-third of the periodontal space.
Yamaguchi et al.’” stated that vascular leakage in the
palatal soft tissue was induced during lateral ex-
pansion of the maxillary arch. These findings indi-
cate that the change of blood flow may be subject to
deformation of the tissue but not to the degree of
force.

In this study of gingival tissue, decreased blood
flow had a high positive correlation (r = 0.809) to

The Angle Orthodontist
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Figure 6

Relationship of variables 2, 4, and 6 to interdental space. Slope A:
regression coefficient of decreased blood flow to displacement of teeth.
Slope B: regression coefficient of decreased blood flow to percentage of
displacement. Correlation coefficient (variable 2) and regression coeffi-
cient (variable 4) of decreased blood flow to tooth displacement decreased
when interdental space increased. However, there was no significant
correlation between interdental space and variable 6.

X axis: interdental space (mm), Y axis: correlation coefficient (variable 2)
and regression coefficients (variables 4 and 6).(*p<0.05)

Figure 7

Relationships of the decreased blood flow to displacement of teeth (lo) and
percentage of displacement (lo/L x 100} in young and adult subjects. Upper
figure shows the relationship between the decreased blood flow and tooth
displacement.

X axis: tooth displacement (Lm); Y axis: decreased blood flow (B/A x 100;%)
O adult subjects; ® young subjects

There was no significant difference in the regression coefficient (variable
4) between young and adult subjects. Lower figure shows the relationship
between decreased blood flow and percentage of displacement.

X axis: percentage of the tooth displacement to the interdental space (lo/
L x 100%) ; Y axis: decreased blood flow (%)

O adult subjects; B young subjects

Regression coefficient (variable 6) of the percentage of tooth displacement
to interdental space was significantly higher (p < 0.05) in young subjects
than in adults.
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tooth displacement and was much higher than that
of the degree of force.!? The correlation coefficient
(variable 2) and its regression coefficient (variable
4) of decreased blood flow to displacement of teeth
were correlated to the size of the interdental space
(variable 1). However, the regression coefficient of
the decreased blood flow (variable 6) had no signifi-
cant relationship to the percentage of displacement.

These findings mean that tooth displacement as
orthodontic stress has a closer relationship to de-

creased blood flow than to the degree of force. In"

additjon, stress in the gingjval tissue as determined
by the percentage of displacement, is more impor-
tant than the size of the interdental space.
Gingival blood flow in young and adult subjects

Biochemical methods**'** havebeenused toevalu-
ate activity in the periodontal ligament after the
application of orthodontic force. High activity in
the turnover rate of periodontal and supra-alveolar
fibers and in the cell proliferation rate of the
alveolar bone have been observed in young sub-
jects.®* In this study, when variables for blood flow
in young and adult subjects were compared, there
were no significant differences in the correlation
coefficient (variable 2) of decreased blood flow to
the displacement of teeth (Io) and its regression
coefficient (variable 4). However, the regression
coefficient (variable 6) of decreased blood flow to
the percentage of tooth displacement to interdental
space was significantly higher in young subjects
thaninadults. Thisindicates thatblood flow changes
in the gingiva of young patients are more respon-
sive to the application of orthodontic stimuli than
are blood flow changes in aduits.

Measurement of blood flow with laser flowmetry

Finally, the plethysmographic recording,' the
electrolytic hydrogen clearance method" and the
thermal diffusion method® have been introduced
to the oral tissue as instruments for blood flow
measurement. Technical and mechanical compli-
cations preclude using any of these systems for
continuous, non-invasive measurements in human
gingiva. Measurementsby thelaser flowmetry were
verified by other methods, such as plethysmogra-
phy,* microspheres estimation,”” and other meth-
ods¥ and high correlations were found.

Laser flowmetry is a useful method for measur-
ing gingival blood flow in humans. Further inves-
tigation of blood flow in orthodontic patientsbefore,
during, and after treatment, and in patients with
periodontitis should provide valuable clinical in-
formation about the biological activity of oral tissue
in response to orthodontic stimuli.
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