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Distal tipping forces were applied to
the maxillary cuspid teeth of fe
domestic cats. Surgical elimination of
the gingival attachment of one tooth
in each cat resulted in greater distal
crown movement and a shift of the
center of rotation toward the rool
apex.

The relationship between gingival
connective tissue forces and relapse of
orthodontic tooth movement has been
well documented.’-13 However, the
relationship between these gingival
forces and orthodontic tooth move-
ment has not been studied.

If gingival forces are present after
orthodontic tooth movement, it is rea-
sonable to expect that they accumulate
during the tooth movement. The pos-
sibility that these accumulated forces
might affect the orthodontic move-
ment is the subject of this investiga-
tion.

When the crown of a single-rooted
tooth is subjected to a lateral force,
the tooth tips or rotates. The crown
moves in the direction of the applied
force and the apex of the root moves
in the opposite direction. The motion-
less neutral axis located somewhere
between is referred to as the axis or
center of rotation.

The Angle Orthodontist.



Gingival Fiberotomy

321

CENTER OF
ROTATION

ALVEOLAR
CREST

GINGIVA

Fig. 1

Theoretical effect of gingival forces on the center of rotation
Left—Orthodontic force only

Right—Orthodontic and gingival forces combined, shifting
center of rotation toward the crown.

Any gingival forces accumulating
during orthodontic tooth movement
would act at the level of the gingival
attachment in a direction opposite to
the direction of tooth displacement.

Such forces acting on the tooth
through the gingivae would add a
countertipping moment that would
cause a coronal shift of the center of
rotation. Conversely, reduction or
elimination of such gingival forces
would cause a shift in the center of
rotation toward the root apex (Fig. 1).

The purpose of this study is to de-
termine whether elimination of the
gingival force created during ortho-
dontic tooth movement affects crown
movement, root movement or the cen-
ter of rotation.

GiINGIVAL FIBERS AND RELAPSE OF
ORTHODONTIC T0OOTH MOVEMENT

In 1962, Burstone!* stated that the
theoretical center of resistance of a
single-rooted tooth with a parabolic
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root shape is located at a point 0.4
times the distance from the alveolar
crest to the apex. In addition, he
stated that a tipping force applied to
the crown would result in a center of
rotation somewhere between the cen-
ter of resistance and the apex.

According to Burstone, connective
tissue forces operating through the
gingivae can affect the exact location
of the center of rotation by altering
the force system acting on the tooth.
He claimed that there was a wide in-
dividual variation in the degree to
which the gingivae can affect the cen-
ter of rotation.

In 1968, Utley'* experimented with
the maxillary cuspid teeth in cats. In
all cases, he found the center of rota-
tion within the middle fifth of the
alveolus.

MATERIALS AND METHODS

Five domestic cats, Felix catus, were
chosen as the research animals in this
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study. Ages were 18 to 24 months,
with maxillary cuspid root apices fully
formed.

The cat is well suited for such a
study for several reasons. It has two
sets of teeth which are similar in de-
velopment and eruption to those of
the human.’* The large cuspids are
easily accessible and suitably shaped
for adaptation and cementation of
orthodontic bands. The large diastema
distal to the cuspid provides ample
space for cuspid retraction without
removal of teeth. The entire maxil-
lary dentition overlaps the mandibu-
lar dentition, so occlusal interference
with the maxillary appliances or with
tooth movement is no problem.

Under general anesthesia, orthodon-
tic retracting appliances were placed
on both maxillary cuspid teeth in
each of five domestic cats. One of each
pair was designated as the experi-
mental tooth and subjected to gingi-
val fiberotomy, while the cuspid on
the other side served as the control.

General anesthesia for all proce-
dures was produced by a combination
of intramuscular and intravenous in-
jections of pentobarbital sodium.

Prefabricated band-eyelet combina-
tions were cemented to the maxillary
cuspids with the eyelets 3 to 3.5mm
incisal to the marginal gingivae.

Latex rubber elastics (3/16 inch)
providing approximately two ounces
of force were used throughout the ex-
periment. The distal ends of the elas-
tics were ligated to the third premolar
teeth, which were prepared with disto-
gingival grooves and accentuation of
the developmental groove between
the mesial buccal and distal buccal
cusps (Fig. 2).

Orthodontic forces were maintained
continuously active on all ten teeth
for six weeks. During this time the fol-
lowing procedures were accomplished
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Fig. 2 Cuspid retraction appliance.

under general anesthesia at weekly
intervals: 1) alginate impressions of
the maxillary arch for dental stone
casts, 2) fiberotomy on the experi-
mental cuspids, and 3) placement of
fresh elastics.

The animals were then sacrificed
and lateral jaw sections prepared from
the maxillary arch of each animal.
These were radiographed and tooth
movement and bone changes com-
pared.

Histologic slides were also prepared
from seven cuspids with their invest-
ing periodontium.

Tooth movement was measured by
a photographic method, using tracings
showing both incisal tip and root
apex to determine the center of rota-
tion. These data were analyzed sta-
tistically with a three-way cross-classi-
fication analysis of variance.

Weekly Procedures

The degree of gingival inflamma-
tion associated with both the experi-
mental and control cuspids was sub-
jectively rated as mild, moderate or
severe. Elastics were changed, and
both the initial and decayed force of
each elastic were measured.

Alginate impressions were made of
the maxillary arch and poured im-
mediately in dense stone.

Gingival surgical procedures on the
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Fig. 3 Visualization of root apex.

experimental cuspids consisted pri-
marily of circumferential supracrestal
fiberotomy. A #12B Bard-Parker sur-
gical blade was inserted into the gingi-
val sulcus to a level at or slightly
apical to the crestal bone, and an in-
cision extended around the circum-
ference of the tooth. All supracrestal
fibers attached to root cementum were
severed.

A small wedge of gingival tissue was
excised from the distal aspect of the
tooth to reduce resistance from gingi-
val tissue “pile-up” at the advancing
tooth surface.

Evaluation

The animals were sacrificed at the
end of the 6-week period. Each max-
illa was placed in 109, unbuffered
formalin solution for radiography and
later sectioning.

Radiographs were made with the
cuspid long axis parallel to the film
surface, and the x-ray tube positioned
directly above and perpendicular.

Histologic slides were made from
decalcified sections.

Right and left views of each of the
seven serial stone models of each ani-
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Fig. 4 Typical weekly change in
tooth position.

mal were photographed with a stan-
dardized technique with a millimeter
rule in each photograph. The third
incisor and first premolar were used
as reference points for later superim-
position of tracings.

In order to visualize the cuspid root
as well as the crown, ‘the tissue speci-
men radiographs were enlarged to the
same magnification as the photo-
graphs. Tracings of the individual
cuspids, made from the enlarged ra-
diographs, were then superimposed on
their respective clinical crowns in the
serial photographs (Fig. 3). This made
it possible to visualize the positions of
the root apices as well as the crowns
on the photographs.

Distal movement of the incisal tip
and mesial movement of the root apex
could thus be measured relative to the
tracing of the stable reference line
(Fig. 4). All measurements were made
with a Boley gauge calibrated in 0.1
mm increments.

The center of rotation (CR), ex-
pressed as the fraction of total tooth
length from the apex, was computed
from the distal movement of the in-
cisal tip (I) and mesial movement of
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the root apex (A) using the following
formula:

RESULTS

Each of the five animals appeared
healthy, maintained a good appetite,
showed no apparent sign of appliance
interference with eating, and remained
friendly despite the repeated injec-
tions of pentobarbital sodium.

Examination of the serial record
models in all cases revealed distal
movement of the crowns of the max-
illary cuspids accompanied by mesial
movement of the root apex, with the
center of rotation located within the
root.

Comparisons of the experimental
tooth movement versus control tooth
movement in each animal are seen in
Table 1.

On average, gingival surgery re-
sulted in 1089, more distal crown
movement, 119, more mesial root
movement, and a center of rotation
2.9mm closer to the root apex.

Statistical analysis with a three-way
cross-classification analysis of variance
showed the response among the indi-
vidual animals to be significantly dif-
ferent with regard to crown move-
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ment, root movement and center of
rotation, all with P < .001.

The week-to-week values of both
crown movement and root movement
were found to.change significantly in
linear fashion (P < .001), but there
were no significant changes in the
center of rotation.

The response to gingival surgery
was not found to be the same for all
animals with regard to either crown
movement (P < .005), root movement
(P < .025) or the center of rotation
(P < .001). A good example of this is
the great difference in gingival and
apical response seen in animal num-
ber four compared with the marked
similarity in animals three and five.

After the first two weeks, the rate of
mesial root movement decreased. The
animals were found to respond differ-
ently from week to week with regard
to root movement (P < .025), but not
in crown movement or center of rota-
tion.

Gingival surgery resulted in signifi-
cantly more crown movement and
centers of rotation positioned more
apically (P < .001), but differences in
mesial movement of ihe apex’ were
not statistically significant.

The difference in crown movement
of the experimental teeth wversus

TABLE 1

Difference in Experimental Tooth Movement Compared to
Control Tooth Movement in Each Animal

Additional Additional Center of Rotation
Distal Crown Mesial Root Nearer to
Animal Movement Movement Root Apex
1 569 299, 2.3mm
2 3289 —339, 6.3mm
3 449, 389, 1.7mm
4 2009, 8%, 3.7mm
5 —ll9, —99, —0.2mm
Mean 1089, 119, 2.9mm
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crown movement of the control teeth
was found to progressively increase
each week (P < .005). However, there
was no such change in either root
movement or center of rotation,

Histologic Examination of the
Control Cuspid

Histologically, the specimen re-
vealed collagen fibers attached directly
into cementum below the epithelial
attachment.

On the mesial aspect, a few of the
smaller fibers extended coronally par-
allel to the inner marginal epithelium,
but most extended horizontally and
appeared taut. Below these superficial
fibers, very coarse collagen fibers ex-
tended horizontally over the crestal
bone. These fibers also appeared taut
and presumably belonged to the trans-
septal group of fibers.

On the distal aspect, a larger num-
ber of the more superficial fibers ran
vertically, parallel to the inner mar-
ginal epithelium. The vertical orienta-
tion of these fibers gave the marginal
gingivae a compressed appearance.
The transseptal fibers, however, ap-
peared taut, much like the transseptal
fibers on the mesial aspect of the
tooth.

Areas of periodontal ligament com-
pression and bone resorption were ob-
served adjacent to the distal root
surface near the alveolar crest, and
adjacent to the mesial root surface
near the apex. Conversely, areas of
periodontal ligament tension and
bone apposition were found adjacent
to the distal root surface near the apex
and adjacent to the mesial root sur-
face near the alveolar crest.

Bone apposition adjacent to the-

distal root surface near the apex was
osteophytic in nature. Shallow root
resorption was observed on the mesial
surface near the root apex.
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Immediately Following Surgery

Mesially and distally, the surgical
incision extended from the gingival
sulcus past the alveolar crest and into
the periodontal ligament space. On
the mesial aspect, a line of scar tissue
was seen adjacent to the fresh in-
cision.

In contrast to the taut appearance
of the transseptal fibers seen in the
control tooth specimen, the trans-
septal fibers did not appear to be un-
der tension.

There was more gingival vascular-
ity on the distal aspect.

Root resorption was also observed
on the distal aspect. The area of re-
sorption was shallow and extended to
the depth of the incision. Crestal bone
height, periodontal ligament areas of
tension and compression, and apical
root resorption were similar to those
in the control tooth specimen.

One Week Post-Surgery

Free gingival and transseptal fibers
were completely reattached on the
mesial aspect, and partially on the
distal.

However, physiologic reorientation
of these fibers was interrupted by scar
tissue formation. The mesial gingival
fibers lacked definite orientation. On
the distal aspect, proportionately more
fibers were vertically oriented, giving
an impression of greater tissue com-
pression.

A high degree of vascularity was
found in both the mesial and distal
marginal gingivae.

Crestal bone height, especially on
the mesial, appeared lower than in
either of the other two specimens.

Root resorption was observed adja-
cent to the distal alveolar crest.

Periodontal ligament areas of com-
pression and tension, and apical root



326

resorption were also similar to those
seen in the control specimen.

DiscussioN

The findings of this study showed
that, on the average, surgical elimina-
tion of gingival attachment doubled
the rate of distal crown movement
without significantly increasing the
rate of mesial movement of the root
apex. This resulted in the centers of
rotation being located an average of
2.9 millimeters closer to the root
apex.

The fact that the center of rotation
was found to be located within the root
is in agreement with the findings of
numerous other investigators,4:15,17-23
However, the center of rotation of the
control cuspids was found to be nearer
the level of the alveolar crest than has
been previously reported. The center
of rotation of the control tooth in
each animal was within the coronal
half of the root, and 3 of the 5 were
near the alveolar crest itself.

The wide variation in response
among individual animals was similar
to that reported by Utley,*d who also
retracted

mavillary
maxuiary

cuenide in  cate
cuspids in cats.
This wide range of individual varia-
tion was expected, since the animals
were not litter-mates and not of the
same sex. However, since each animal
had both an experimental cuspid and
a control cuspid, each served as its
own control.

The histologic appearance of gingi-
val connective tissue anatomy re-
ported in this study is in complete
agreement with the description of the
gingival fibers reported earlier by
Miake et al.?* The compressed appear-
ance of the distal marginal gingivae
of the control tooth is in agreement
with the description of gingival com-
pression reported by Atherton.?> How-
ever, it appeared that only the more
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superficial collagen fibers were af-
fected, while the deeper transseptal
fibers appeared normal.

Microscopic examination also re-
vealed that surgical procedures may
have resulted in some reduction of
crestal bone height. If this is true,
surgically-induced bone resorption
could account for at least some of the
observed differences in tooth move-
ment.

In the clinical practice of ortho-
dontics, gingival surgical procedures
are currently being used to enhance
post-treatment stability of tooth posi-
tion. On a purely theoretical basis,
the use of gingival surgical procedures
to facilitate active tooth movement
might be proposed. One might expect
that surgical elimination of gingival
attachment would be especially ad-
vantageous in conjunction with diffi-
cult anchorage problems and to facili-
tate tooth movement through very
fibrous gingivae.

The appropriateness of such gingi-
val surgical procedures during active
orthodontic treatment is still open to
question. Gingival fibers were found
to be reattached one week after sur-
gery, and frequent surgical procedures
would certainly present additional pa-
tient management problems.

Even on a limited basis, the effects
on the epithelial attachment and
crestal bone require further study.
The consequences of scar formation
within the gingival and periodontal
tissues, the risk of root resorption sec-
ondary to surgical trauma, and the ef-
fect of plaque accumulation all raise
serious questions.

Obviously, there are many unan-
swered questions concerning the na-
ture of gingival forces, what we are
capable of doing about them, and
what the consequences would be if
something were done.

The Angle Orthodontist
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It is hoped that the desire to an-
swer these questions will stimulate
further research into the effects of the
gingivae on orthodontic tooth move-
ment.

CONCLUSIONS

1. Significantly more distal crown
movement was found with surgical
elimination of gingival attachment.

2. Mesial movement of the root
apex was not affected by surgical
elimination of gingival attachment.

3. The center of rotation was sig-
nificantly closer to the root apex with
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surgical elimination of gingival at-
tachment.

4. Although it appears that surgical
elimination of gingival attachment
facilitates orthodontic tooth move-
ment, it is not recommended that this
be done on human subjects due to
gingival and periodontal scarring,
root resorption and inadequate knowl-
edge of the consequences of such pro-
cedures on the overall health of the
cementum and periodontium.

5. Consideration of the variable in-
hibiting effects of gingival tissue on
tooth movement could be helpful in
treatment planning.
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Maxillary Dentition

Many previous mixed dentition

studies have evaluated the effects of
extraoral traction in the treatment of
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