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Studies by several investigators sug-
gest that intrusive orthodontic forces
can adversely affect the pulpal micro-
circulation. In this regard, Stuteville,?
Oppenheim,? and Marshall® believed
that intrusive and other types of or-
thodontic forces can impede pulpal
circulation resulting in damage to the
pulp. Oppenheim? recommended the
use of light forces with frequent rest
periods to decrease the iatrogenic ef-
fects on the pulp. Schwartzt con-
curred with this concept, having
stated that orthodontic forces should
not exceed the capillary pressure of
20mm /Hg since strangulation of the
vessels could ensue with subsequent
necrosis. Butcher and Taylor®® deter-
mined that excessive intrusive and ex-
trusive forces caused necrosis of the
pulp with no regeneration of the
odontoblastic layer. They stated that
teeth with open apices were more
susceptible to trauma from intrusive
forces. However, Stenvik and Mjor’
felt that the effects on the pulp were
dependent on the stage of root devel-
opment and that teeth with open
apices had a better prognosis. Oppen-
heim,? Strang and Thompson,® Sten-
vik and Mjor,” and Stuteville! found
similar pulpal changes due to ortho-
dontic forces. They described the fol-
lowing histologic observations in the
pulp: hyperemia, diapedesis and mar-
gination of white blood cells, stasis,
vacuole formation in the odontoblas-
tic layer, cyst formation and hemor-
rhage. Graber®®® thought that hyper-
emia could occur even with light in-
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trusive forces and that excessive forces
could cause irreversible damage to
the pulp. In this regard, Spector'* re-
ferred to two cases in which devitali-
zation of teeth resulted from ortho-
dontic therapy. Butcher and Taylor®®
reported that vacuole formation, dila-
tion of vessels, thrombosis, etc. could
occur as a result of intrusive forces;
however, they questioned their re-
sults because the controls also ex-
hibited vacuole formation and con-
gestion of blood vessels. Pohto and
Scheinin,'?*? Scheinin'* and Kozam!'
questioned the validity of using vac-
uole formation and dilation of vessels
as an index of trauma stating that
fixation techniques could produce
such artifacts.

From these previous studies it is
apparent that many investigators
share the opinion that intrusive or-
thodontic forces could iatrogenically
affect the pulpal circulation. But, due
to the questionable histologic meth-
ods used in some of these studies and
because of the lack of any in vivo
studies, convincing data demonstrat-
ing the actual changes upon the
microvasculature of the pulp after
application of orthodontic forces are
lacking. Therefore, in an attempt to
further elucidate this subject, an in

-vivo technique has been developed

which permits sequential microscopic
observations of the pulpal microvas-
cular system after application of in-
trusive orthodontic forces.

" MATERIALS AND METHODS
Twenty-one female Sprague-Daw-
ley rats (250-300 gms) were used for
the study. There were sixteen experi-
mental and five control animals. The
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Fig. I Rat incisor overlying quartz rod (R)
with rubber dam and matrix band in place
around incisor and first and second molars.

rats were randomly assigned to either
of the following two groups: Group I
served as the control group which un-
derwent the same surgical procedure
and two-hour microscopic observa-
tion period as Group II, but no in-
trusive orthodoniic force was applied
to the lower incisors. Group II had
an intrusive orthodontic force of 80
gms applied to their lower incisors
for a two-hour period. The surgical
technique used to observe the pulp
was modified after Pohto and Schei-
nin,*3% Kozam,* Taylor'¢ and Mc-
Clugage et al.'” A triangular flap of
skin was removed in an area bounded
by the lateral aspects of the two clav-
icles, the corners of the mouth, and
the lower lip at the junction between
the alveolar mucosa and the attached
gingiva. The subcutaneous tissues
were reflected to expose the strap
muscles of the neck. A midline in-
cision was made in the sternohyoid
muscle to permit cannulation of the
underlying trachea (Fig. 1).

To prepare the tooth for removal
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of hard structure, all muscle attach-
ments and alveolar mucosa were sep-
arated from the labial surfaces of the
mandible to the level of the left third
molar. The anterior belly of the di-
gastric muscle was cut at its insertion,
and the mandible was separated by
cutting the ligament of the mandibu-
lar symphysis. A tofflemire matrix
band was placed over the first and
second molars to facilitate manipula-
tion of the incisor.

Once all the gingival tissue was re-
flected to the level of the first molar,
the medial half of the mandible was
positioned under a binocular dissect-
ing microscope. At this time a wing
of a siamese bracket was directly
bonded to the labial surface of the
incisor, just coronal to the alveolar
process (Fig. 2). Tooth and bone re-
duction of the incisor was accom-
plished with a high speed air-driven
handpiece using a No. 57 carbide
bur. To reduce any heat generated by
the procedure the tooth was bathed
with physiologic Ringer’s solution
kept at room temperature. Both the
medial and the lateral surfaces of the
tooth were reduced in an area im-
mediately incisal to the crest of the
alveolar bone unti] the pulpal vessels
could be seen through a thin layer of
dentin. At this point the animal was
transferred to an optical bench where
further reduction of the dentin was
conducted under higher magnifica-
tion using a stereobinocular micro-
scope. To transilluminate the prep-
aration the tip of the incisor was po-
sitioned over the end of a fused
quartz rod which acted as a conduit
to pipe light from a distant light
source to the undersurface of the
preparation (Figs. 1, 2). A scalpel
blade was used to further reduce the
dentin to a thickness of approximately
25 microns. At this thickness the
underlying pulpal microvasculature
could be observed microscopically.
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Fig. 2 Rat incisor after application of intrusive force. Note direct bonded attachment (A)
and tofflemire matrix band holder (T).

During the final reduction the prep-
aration was bathed with physiologic
Ringer’s solution warmed to the body
temperature of the animal.

Observations were made by direct
microscopy at magnifications of x25
to X 160 using a Leitz stereobinocular
microscope with appropriate oculars
and objectives or alternatively the
optical images were projected into a
Bolex 16mm motion picture camera
and cinemicrophotographed on Ko-
dak Ektachrome film.

APPLICATION OF ORTHODONTIC FORCE

Before application of a force the
internal diameters and flow rates of
the blood vessels in the microscopic
field were determined. Measurements
of the internal diameters of the
microvasculature were made by
means of an eyepiece micrometer in-
stalled in one of the oculars of the
microscope. The linear velocity of
blood flowing through these vessels
was recorded on a scale of 0 to 4, 0
representing complete stasis within a
vessel and 4 representing very rapid
flow permitting no definition of indi-

vidual blood cells. Since observations
were made before and after applica-
tion of a force, each animal served as
its own control; however, as men-
tioned earlier, some animals (Group
1) were observed for a two-hour pe-
riod without any application of an
orthodontic force. After measure-
ments of the vessels in the micro-
scopic field were recorded, a cali-
brated 80 gram intrusive force was at-
tached from the tofflemire matrix
band holder to the direct bonded at-
tachment (Fig. 2). A Haldex gram
gauge that was calibrated with gram
weights was used to measure the elas-
tic force. The force vector was paral-
lel to the inferior surface of the in-
cisor. The microvascular system of
the dental pulp was then observed for
two hours recording any changes ver-
sus time in the following parameters:
1) linear velocity of blood flow; 2) in-
ternal diameters of the blood vessels;
8) behavior of the white blood cells,
1.e., increased margination, increased
stickiness of white cells to the endo-
thelial lining; and 4) any evidence of
localized hemorrhage or thrombosis.
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Fig. 3 A line drawing (drawn to scale) of a subodontoblastic plexus of capillaries on labial
surface of the incisor representing a typical microscopic field from which in vivo observations
were conducted. Note arterioles (A), venules (V), and a dilated “sinusoidal-like” capillary (8).
Arrows indicate direction of blood flow. Size marker is 40 microns.

RESULTS

In vivo microscopy of the pulp in
control animals or before application
of a force in experimental animals re-
vealed four to five small veins (80 to
180 microns in internal diameter)
and one to two arterioles (30 to 40
microns in internal diameter) cours-
ing parallel to the dentinal surfaces.
The linear velocity of blood flowing
ihrough ihese arterioles was scored at
a flow rate of 4, while that of the
small veins was somewhat slower. Oc-
casional arteriovenous anastamoses
were observed interconnecting the
small veins and" larger arterioles of
the pulp. Smaller arterioles (8 to 15
microns) which branched obliquely
from the centrally located arterioles
coursed to the subodontoblastic
plexus of capillaries (Fig. 8). These
smaller arterioles had the same linear
velocities of blood flow as the parent
vessels from which they branched.

After application of the 80 gram
intrusive force to the incisor, no
changes were observed in the internal
diameter of the microvasculature or
in the linear velocity flowing through
it in eight of the experimental ani-

mals. In four of the experimental ani-
mals the linear velocity of the blood
flow of the larger vessels was reduced
to a flow rate of 2 or less. Four other
experimental animals exhibited com-
plete stasis (0 flow rate) during ap-
plication of the force. The circulatory
arrest occurred about five minutes
after application of the force. In
those animals that had decreased flow

ratac

rates or even comnlete

ven complete stasis after a

force was applied, complete recovery
of flow occurred within five minutes

after removal of the force.

Discussion

The results of this study suggest
that the normal integrity of the
pulpal microvascular system of rats
may be vulnerable to various ortho-
dontic forces during tooth movement.
The variable reactions of the pulpal
microvascular system exhibited by the
experimental animals may be due to
several reasons. Some of the variabil-
ity could be due simply to anatomical
variation of the pulp with some ani-
mals having more accessory circula-
tion from the periodontal ligament
and alveolus. It may also be possiblg
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that in those animals where complete
statis occurred, the periodontal sup-
port was not as strong as others, or
that the distance from the apex of the
lower incisor to the alveolus was
smaller than in those animals which
were unaffected. Furthermore, a vari-
ation in the anatomy of the lower in-
cisor could have been a determinant
for the differences observed. Rat
lower incisors are curved, and the dif-
ferences in the amount of curvature
of the teeth could have altered the
vector of the elastic force applied.
Finally, small variations in the place-
ment of the direct bonded attach-
ment and matrix band holder could
have also altered the vector of the
force, even though steps were taken
to avoid this possibility.

Spector!! reported on a few cases
where teeth were devitalized during
orthodontic therapy; however, this
small number of cases may be due
simply to a lack of a comprehensive
clinical analysis. There also have
been several reports citing oblitera-
tion of pulp chambers after ortho-
dontic therapy.’® This could possibly
be due to a compromised pulpal cir-
culation during therapy leading to
localized necrosis with subsequent
mineralization of the pulp. Seltzer
and Bender'® felt that orthodontic
forces may induce more rapid aging
processes within the pulp due to cir-
culatory interferences thereby reduc-
ing the ability of the pulps to with-
stand future insults. They also re-
ported that orthodontically treated
teeth show histologic findings similar
to periodontally involved teeth.®

Based upon reports by other in-
vestigators and the results discussed
in the present study, it is evident that
the microvascular system of dental
pulp may be compromised during the
orthodontic movement of teeth. Most
studies conducted by other investiga-
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tors have been histologic studies;
however, the in vivo study reported
here supports some of their findings.

SUMMARY

This in vivo study has demon-
strated in rats that the nutritional
blood flow of the pulp may be com-
promised after application of an in-
trusive orthodontic force. The results
of this study and the findings of other
investigators suggest that an in depth
study analyzing the relationship be-
tween pulpal viability and orthodon-
tic tooth movement may be indicated.
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