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A great deal of research has been
conducted regarding the effects of rap-
id palatal expansion. Much of the work
performed in this area was concerned
with applications to increasing nasal
air flow in the individual subject.’

Some of the more recent investiga-
tions have indicated that expansion
achieved with this method varies in the
amount of expansion achieved in dif-
ferent regions of the palate.*® Wertz
reported that the opening of the mid-
palatal suture was greater anteriorly
than posteriorly by a factor of either
3:2 or 2:1.5 Furthermore, he stated
that the resistance of the zygomatic
arch to copening forces applied inferior
to the buttressing prevented the paral-
lel opening of the maxillary segments.
This finding, of a greater opening in
the anterior region, has been confirmed
numerous times in the literature.

It is quite likely that the zygomatic
arch does provide a restraining force to
the palate in the posterior region when
an expansion appliance is employed
and, therefore, may present some prob-
lems in treatment of individuals who
require such an appliance. If the zygo-
matic arch is a source of resistance to
palatal expansion, it is quite conceiv-
able that this same structure may pre-
sent some limiting or restraining influ-
ence on normal craniofacial skeletal de-
velopment in both anteroposterior and/
or lateral growth. This study was de-
signed to evaluate the possible role of
the zygomatic arch as an inhibiting
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and/or controlling mechanism in skull
growth in the rat.

MATERIALS AND METHODS

In this investigation 48 healthy male
rats, approximately 30 days of age,
were divided into four major groups.
The first group (Group 1) underwent
surgery for the removal of a section of
the left zygomatic arch. Because of pos-
sible variations in symmetry and varia-
tions in chewing habits, a second group
(Group II) underwent similar surgery
on the right side. In Group III both
zygomatic arches were sectioned. The
remaining group (Group IV) served as
an unoperated control.

The surgery performed in the appro-
priate groups consisted of a vertical in-
cision posterior to the orbit, cutting
down to the zygomatic arch, which can
be palpated at the masseteric origin.
Next, a horizontal incision was made
inferior to the lower border of the arch
and a small hemostat clipped to the
arch isolating approximatcly an 8 mm
segment. Surgical scissors were used to
cut the zygomatic arch on either side of
the hemostat. The free-floating section
was then removed by cutting any fibers
of the masseter muscle which remained
attached. Aureomycin ointment was
then applied to the area of surgery:
closure was achieved with wound clips.
Ether anesthesia was used during all
surgical procedures.

Dorsal skull radiographs were taken
with occlusal size films at the following
time intervals: pre-operatively, imme-
diately postoperatively, and 4 and 12
weeks later. The X-ray apparatus (Fig.
1) consisted of a lead table on which
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Fig. 1 Diagrammatic representation of
the X-ray apparatus.

an occlusal film was placed. A small
piece of plywood served as a support
for the anesthetized rat. A long cone
was used for the X-ray held in position
by a wall mount which served to sta-
bilize the cone. The rats were placed on
the plywood table with their heads di-
rectly on top of the film. The exposure
lasted for 1.6 seconds at a KVP of 55
and MA of 11. The orientation of the
rat’s skull during the X-ray procedure
was random, since the measurements
which were taken were linear and
along the anteroposterior axis of the
skull. It was felt, therefore, that any
lateral deviations which might have oc-
curred would not affect the measure-
ments obtained. In view of this, no sup-
porting or headholding apparatus was
deemed necessary for the type of data
collected. Tracings were constructed as
follows: A line was drawn between the
central incisors and projected back to
basion. Perpendicular lines were then
constructed to this reference line from
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Fig. 2 Construction of tracing for anal-
ysis, superimposed on X-ray film.

the dentoenamel junction of the inci-
sors, the anterior and posterior roots of
the zygomatic arches, and basion (Fig.
2). When completed, the tracing di-
vided the skull into three regions: 1)
the DEJ of the incisors to the anterior
root of the arch (anterior zone), 2) the
anterior root to the posterior root of
the arch (middle zone), and 3) poste-
rior root of the zygomatic arch to ba-
sion (posterior zone) (Fig. 3). All find-
ings obtained in this study were sub-
jected to statistical analysis by means of
the analysis of variance. All data pre-
sented in this study were obtained from
the radiographs taken twelve weeks
postsurgery. All the findings observed at
four weeks were consistent with those
found in the later stages with the ex-
ception that there was a lesser magni-
tude of growth or change noted.

$S900E 981J BIA $1-G0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



138 Jacobs and Kronman

TRACING OF RAT SKULL

CENTRAL INCISORS

ANTERIOR
ZONE
ANTERIOR ROOT
ZYGOMATIC MIODLE
ARCH ZONE
POS TERIOR

POSTERIOR
ZONE

BASION
Fig. 3 Diagrammatic representation
summarizing tracing procedure.

FinpineGs

Examination of the anterior zone in-
dicates that no significant difference
existed between any of the groups after
twelve weeks. The control group in-
creased by 1.20 mm on the average.
The unilateral surgery group increased
by 1.19 mm and the bilateral surgery
group by 1.33 mm.

In the middle zone the control group
experienced a mean growth increase of
5.55 mm. The bilateral surgery group
showed a mean growth increase of 3.60
mm. In the two groups in which uni-
lateral surgery was performed, the same
general decrcased growth rate was ob-
served. The mean growth increase of
3.08 mm on the intact side and 4.61
mm on the sectioned side was signifi-
cantly less than the 5.5 mm noted in
the control group (Fig. 4). This small-
er dimension compared with the con-
trol amounts to 1.95 mm in the group
in which bilateral surgery was per-
formed, and 2.47 mm on the intact side
and 0.94 mm on the operated side in
the two groups in which unilateral sur-
gery was performed.

In evaluating the middle zone, and
specifically the groups in which uni-
lateral surgery was performed, it was
noted that there was a large difference
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Fig. 4 Tracing obtained from unilater-
ally sectioned case. Note posterior dis-
placement of zygomatic arch on operated
side (o) as compared with control side
(c). Surgical site (s) is indicated.

on the surgical side (4.61 mm) as op-
posed or as compared with the intact
side in which the growth rate was 3.08
mm. This discrepancy is guite obvious
and can be noted on many radiographs
visually without a need for measure-
ment. The smaller arch is on the intact
side while the larger is on the surgical
side in the middle zone (Fig. 4).

In the posterior zone a compensatory
change appeared to occur in the groups
in which unilateral surgery was per-
formed. The intact side of the poste-
rior zone showed a mean growth
change of 2.73 mm compared with the
sectioned side which increased an aver-
age of 1.504 mm (Fig. 5). This might
indicate the possibility that the poste-
rior root of the arch is being displaced
posteriorly on the side in which sur-
gery was performed unilaterally. In the
groups in which a unilateral surgery
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MEAN GROWTH CHANGES AT TWELVE WEEKS
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Fig. 5 Summary of statistical data by
zone at 12 weeks.

was performed, further evaluation of
the posterior zone indicates little
change between the intact side and the
surgically operated side as follows: On
the control side there is a 2.08 mm in-
crease, while on the operated side there
is a 2.73 mm increase. If the posterior
zone in the bilateral surgical group is
compared with that in which unilateral
surgery was performed, one finds that
the growth change in the bilateral sur-
gical group was 1.69 mm, which was
statistically identical with the 1.54 mm
increase noted on the sectioned side of
the unilateral group. These latter find-
ings tend to indicate a decrease in an-
teroposterior zygomatic arch dimension
due to surgical intervention in this zone
regardless of whether that intervention
was a unilateral or bilateral surgical
procedure. All data reported here were
statistically analyzed and were signifi-
cant in all instances at or above the
99.99; level of confidence.

Discussion

The data obtained in evaluating the
posterior zone indicated a possible pos-
terior displacement of the posterior root
of the zygomatic arch. This may be
related to the masseter muscle. If al-
tered mandibular function influenced
masseteric function, it may indeed in-
fluence the position of the posterior
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segment of the zygomatic arch while
the skull is growing and developing.

The normal growth and develop-
ment of the craniofacial complex may
also act to produce the results reported
here. Enlow and Bang,® in summariz-
ing the growth and development of the
zygomatic arch in humans, stated that
the arch coordinates its development
with that of the maxilla by progressive-
ly moving in a posterior direction. This
serves to increase the entire maxillary
body in an anteroposterior dimension.
The possibility exists, therefore, that
sectioning or removing a piece of the
zygomatic arch may allow for a greater
posterior displacement of the isolated
posterior root than is permitted with
the natural growth process.

The integrity of the zygomatic arch
is apparently important for full devel-
opment of the skull in the regions de-
scribed above. In the control group the
mean growth rate change in the middle
zone was 5.55 mm, larger than in any
of the surgical groups, thus indicating
a more complete development of the
zygomatic arches’ growth potential.

SuMmMARY AND CONCLUSIONS

This study was designed to investi-
gate the role of the zygomatic arch and
craniofacial growth along the antero-
posterior axis. One may conclude that:

1. Surgical intervention on the zygo-
matic arch results in a generalized in-
hibition of regional zygomatic arch
growth.

2. When only one zygomatic arch is
sectioned, the posterior root of the sec-
tioned side appears to be displaced pos-
teriorly. This is a possible result of the
normal growth process proceeding
without the restraints of an intact zygo-
matic arch.

3. A decrease in anteroposterior di-
mension occurs in the posterior zone as
a result of surgical intervention.

4. Further studies to determine the
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influence of the zygomatic arch on
transverse maxillary growth must be
completed before any clear or complete
concepts of its role in craniofacial

growth and development may be more
fully elucidated.
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