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The application of cervical traction
to the maxillae has been a tremendous
boon to orthodontic therapy. Cervical
retraction with orthodontic forces has
helped tip, extrude and distally trans-
late the maxillary teeth and to guide
them to place during eruption. It has
even induced distal movement of un-
erupted tooth buds.

Beyond this, cervical retraction has
retarded the normal forward growth of
the maxillae and, indeed, moved the
maxillae downward and backward.
This has been observed as a tipping of
the anterior palate downward and
backward and a retardation of the for-
ward movement of cephalometric point
A. Among the consequences of maxil-
lary retrusion are a downward and a
backward rotation of the mandible, an
increase in alveolar height, and a
lengthening of the face. Even more
dramatically, there is evidence that or-
thodontic retraction has induced a
downward and backward rotation of
the sphenoid and posterior movement
of the pterygomaxillary fissure,35.818,20

While orthodontic forces of 10* +
gm magnitude have thus been exten-
sively employed for cervical retraction,
the use of orthopedic forces, 102 + gms,
has also been employed. Such forces for
the correction of anteroposterior and
vertical jaw relationships were studied
by Graber, Chung and Aoba® in Class
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I1, Division 1 malocclusions. The suc-
cess of prolonged treatment during
times of greatest growth confirmed the
superior ability of this type of therapy
in correcting basal jaw relationships.

Using continuous cervical headgear
therapy on rhesus monkeys, Sproule®®
concluded that orthopedic retraction of
the maxillae was accompanied by de-
pository remodelling at the frontozygo-
matic and frontomaxillary sutures. Re-
sorptive remodelling occurred at the
zygomatictemporal sutures, between
the sphenoid and maxillary tuberosity,
and between the sphenoid and the vo-
mer and palatine bones. He also re-
ported that resorption occurred on the
posterior border of the ramus of the
mandible as well as in the roof of the
glenoid fossa and the anterior surface
of the postglenoid tubercle. In a simi-
lar study on the squirrel monkey
Droschl? showed that retractive forces
on the maxillae retarded the eruptive
processes of the maxillary teeth, com-
pressed the maxillae anteroposteriorly,
rotated the maxillae posteriorly around
an axis near the superior border of
the zygomatic process, and thrust the
tuberosity against the lower wall of the
orbit in the pterygopalatine fossa. He
further demonstrated a downward and
backward movement of the nasal bones
producing a “dished in” facial profile.
He concluded that orthopedic retrac-
tion of the maxillae retarded or bent
the whole upper facial structure.

Little attention has been given to the
application of orthopedic forces at lev-
els of 10° + gms. In a clinical study
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Haas” has employed retractive forces at
ca 1000 to 2000 gms (2-5 pounds) to
achieve dramatic results in the bodily
downward and backward movement of
the maxillae. No experimental scrutiny
has yet been given to forces of this
magnitude. If the clinical potential of
this therapeutic approach is to be re-
alized, there must be further study to
confirm and extend the initial findings.
The purpose of this investigation,
therefore, was to further explore the
changes which occur in the craniofacial
complex of the postpuberal Macaca
mulatta monkey when orthopedic
forces of high magnitude are employed
to retract the maxillae.

MATERIALS AND METHODS

The Macaca mulatta monkey was
selected as the experimental subject be-
cause of its anatomical and morpholog-
ical similarity to man. Four postpuberal
females with full permanent dentition,
approximately 42 months of age and
weighing 11 to 11.5 lbs., were secured
and housed in the Animal Care Facil-
ity of Loma Linda University Hospital,
Loma Linda, California.

The animals were randomly divided
into two control and two experimental
subjects. With the death of one of the
experimental animals from toxemia
following accidental entanglement in
its restraint chair, one of the control
animals was transferred to the experi-
ment so that the final study was con-
ducted with two experimental animals
(A and B) and a control (C). “A” and
“B” were treated for 351 and 209 days,
respectively.

The control animal was kept in an
individual cage. The experimental sub-
jects were confined to restraint chairs.
An environmental temperature of 74°
was maintained to prevent the cough-
ing, sneezing and shivering of the re-
strained animals which occurred when
the temperature was lowered.
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The diet of each animal consisted of
monkey chow biscuits, fruit supple-
ments and water twice a day. The con-
trol animal ate and drank ad libitum
while the restrained animals were fed
by hand and provided with water from
a 100 ml. syringe. Isoniazid (20 mgm/
animal/day) was added to the water
as a tuberculosis prophylactic measure.

The animals under restraint initially
refused food and consequently suffered
substantial weight loss. Within 14-21
days, however, they became accus-
tomed to confinement and gradually
resumed their normal eating habits.
Subsequent decline in weight undoubt-
edly represented loss of body mass due
to inactivity. To control the effects of
confinement the experimental animals
were periodically released and returned
to their cages for 7-10 day periods of
rest and relaxation. During these inter-
vals the animals quickly regained nor-
mal strength, weight, and activity as
well as their wild, native antics.

Animals subjected to experimental
procedures were tranquilized with in-
tramuscular injections of 1-{1-phenylcy-
clohexyl) piperidine hydrochloride (20
mgm/ml). One-half milliliter was re-
quired for a 90 minute to two hour
session. Tranquilized animals were
never returned to confinement until
they had regained movement of their
extremities and thus were assured of
proper vascular flow.

Appliances

The maxillae of the experimental
animals were prepared for the intra-
oral device by gingivectomies which
assured closer adaptation of the appli-
ance around the necks of the teeth. Al-
ginate impressions were then taken
and poured in die stone.

The appliance itself consisted of a
chrome-cobalt palatal casting which
included the cuspid through second
molar teeth. Buccal tubes were sol-
dered to the casting in the premolar
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region to receive the inner arch-bow of
a Kloehn-type headgear. In addition, a
stainless steel nut was soldered to the
casting in the premolar and molar em-
brasures on each side to receive the
threaded portion of a stainless steel
bolt. The stainless steel bolts were in-
serted through buccal openings pro-
vided in the appliance and engaged the
soldered nuts through holes driiled in-
terproximally between the first and
second premolar and the first and sec-
ond molars on each side, This arrange-
ment gave “monkey proof” retention
of the device even during periods of
freedom from confinement.

Stops were soldered to the inner bow
to engage the buccal tubes of the intra-
oral device. The outer facebow was
fitted in turn with extraoral elastics to
provide the retraction force. A leather
neck band lined with orthopedic foam
rubber to relieve pressure was used
around the cervical region of the mon-
key.

The lengths of the extraoral elastics
were measured daily with a millimetric
ruler and the weight in pounds re-
quired to stretch the elastics to the
measured distance determined.

Continuous orthopedic forces of 2.5
to 5 pounds were imposed on the ap-
pliance during an initial experimental
period of 60 days. Under this regimen
alarming cervical decubital ulcers de-
veloped. Healing occurred with proper
treatment after removal of the appli-
ance. Thereafter retraction was re-
sumned at a reduced load of 2.5 pounds
and with daily removal of the head-
gear for six to eight hours. Complica-
tions did not occur under this modi-
fied program.

At the beginning and again at the
end of the treatment period full upper
and lower impressions were taken with
an alginate material in trays fabricated
from perforated copper sheeting. The
impressions were poured in plaster.
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Implants

Before the start of experimentation,
stainless steel implants were placed
over the maxillary right cuspid and
below the mandibular right first pre-
molars in all the animals.

When one of the initial experimental
animals accidentally died, additional
amalgam implants were placed on each
side of selected craniofacial sutures in
the control animal (C) and in the re-
placement experimental animal (B).
No amalgam implants were placed in
the other experimental animal because
experimentation had already begun.
Implantation was conducted using the
sterile surgical approach and proce-
dures of Gans and Sarnat.* Amalgam
implants were thus located bilaterally
on each side of the zygomaticomaxil-
lary, zygomaticotemporal, premaxillo-
maxillary, and midpalatal sutures. Im-
plants were also placed at prosthion
and in the occipital region.

Cephalometry

Cephalometric roentgenograms were
taken on the control animal (C) and
the replacement experimental animal
(B) at the beginning of treatment and
again 160 days later.

For this purpose the tranquilized
animals were supported in a restrain-
ing chair, the head positioned in cus-
tom made acrylic ear rods and the nose
piece fitted. Rubber bands were used
to stabilize the teeth in occlusion. As a
means of insuring the identical film-
object distance for each series of x-rays,
measurements were made in millime-
ters from the film to the center of the
ear rod in the frontal position and
from the film to the center of the nose
piece in the lateral position.

Paired gold discs precisely placed on
the ear rods and also on the nosepiece
provided a check on any variation in
image size from one film series to an-
other. All headplates were taken at 90



source to object distance was 60 inches.

Preparation of Material

Upon the termination of treatment the
three monkeys were euthanized with a
lethal intravenous solution of Eutha-
nol-D. The intact skull of experimen-
tal animal A and the right sagittal
skull halves of the other two animals
were cleaned by a colony of dermestid
beetles, then immersed in isopropyl al-
cohol and finally degreased in a solu-
tion of trichlorethylene prior to gross
examination.

Meanwhile, the left sagittal skull
halves of animals B and C were cut
into tissue blocks with a stryker saw,
grossly cleaned of soft tissue and im-
mediately placed in 10% formalin. The
tissue specimens were then ionically de-
calcified, embedded, cut at a thickness
of 6 microns and stained with hema-
toxylin and eosin.
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TABLE I
GROSS MEASUREMENTS FROM PLASTER CASTS
Monkey “A” Monkey “B” Monkey “C”
Measurement (Expt.) (Expt.) (Control)
(mm) (mm) (mm)

Max. First Molar (R) 6.0 5.0 0.0
Max. First Molar (L) 7.0 5.5 0.0
Max. Primate Space (R)

Beginning 3 3.0 3.0

End 5 4.0 4.0
Max Primate Space (L)

Beginning 4.0 2.0 3.0

End 6.0 4,0 4.0
Mand. Primate Space (R)

Beginning 1.5 2.0 0.75

End 1.5 2.0 0.75
Mand. Primate Space (L)

Beginning 1.5 2.0 0.5

End 1.5 3.0 0.5
Max. Bimolar width

Beginning 29.0 28.5 217.0

End 29.0 30.0 27.0
Mand. Bimolar width

Beginning 24.0 22,5 21.5

End 26.0 22.0 21.5
Max. Arch Length

Beginning 24.5 24.0 25.5

End 23.5 23.5 23.5
K.V.P, 50 M.A. and 1/12 second. The Measurements

A series of four measurements was
made with a Korkhaus calipers, di-
viders, and a millimetric rule on the
plaster casts of all three animals. Pos-
terior movement of the maxillary first
molars was measured from the tip of
the mesiobuccal cusp of the maxillary
first molar to the central groove of the
mandibular first molar. The primate
spaces were determined from the in-
terproximal distance between the lat-
eral incisor and cuspid of the maxillary
arch and the cuspid and first premolar
of the mandibular arch. The bimolar
width of both arches was expressed as
the distance between the central pits
of the contralateral first molars. The
lengths of the maxillary and mandibu-
lar arches were measured from the
most anterior facial surface of the cen-
tral incisors to the mesial surfaces of
the first permanent molars (Table I).
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TABLE II

MEASUREMENTS OF
AMALGAM IMPLANTS

Measure- Monkey “B” Monkey “C”

ment (Expt.) (Control)
Right ZT (mm) (mm,)

Beginning 4.75 6.5

End 3.25 7.25
Left ZT

Beginning 5.75 7.0

End 4.0 7.5
Right ZM

Beginning 5.0 5.5

End 4.5 5.75
Left ZM

Beginning 4.0 6.25

End 3.75 6.5
Right PM

Beginning 2.5 4.75

End 2.25 5.0
Left PM

Beginning 8.5 7.25

End 3.25 8.0
Midpalatal

Beginning 5.0 6.0

End 5.0 6.5
Bi-ZM

Beginning 49.5 44.0

End 50.0 48.0
Pr-Ocp.

Beginning 112.5 113.5

End 109.5 115.5
Implants

The distance between paired amal-
gam implants was measured on animals
B and C at the time of implantation
and again immediately upon sacrifice.
Measurements were made directly on
the skull and across the following su-
tures: zygomaticotemporal (ZT), zygo-
maticomaxillary (ZM), premaxillo-
maxillary (PM), bilateral zygomatico-
maxillary (Bi-ZM), and midpalatal
(Midpal). The distance from prosthion
to occipital (Pr-Occp) was measured
on a right lateral cephalogram. In
every instance the distance was meas-
ured from center to center of the im-
plants. When any implants were lost in
dissection, the measurements were
taken from the centers of the bony
cavities (Table II).
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Fig. 1 Landmarks and planes employed
in cephalometric analysis: Landmarks:
S, sella; SOr, supraorbital; IGo, infra-
gonion; Me, menton; PNS, posterior
nasal spine; AMS, anterior maxillary
spine; Pr, prosthion and Ocep, occipital
implant. Planes: CBPL, cranial base
rlane (SOr-S); MPL, mandibular plane
(Igo-Me); PPL, palatal plane (AMS-
PNS); OccPL, occlusal plane (line bi-
secting incisal surfaces and first molar
cusps) and FP, facial plane (SOr-Pr).

Cephalometric Measurements

Cephalometric measurements were
confined to right lateral tracings be-
cause side to side movements of the
monkeys’ heads made superpositioning
of the P-A films impossible. A number
of the cephalometric landmarks and
planes used in primate studies and in
orthodontics were established on trac-
ings of the right lateral films (Fig. 1).
The nature, location, and magnitude of
changes were determined by superposi-
tioning serial tracings on sella, on the
implants at prosthion and occipitale,
and on the palatal outlines.

Measurements of the angles between
the anterior cranial base plane (SOr-S)
and of other craniofacial planes were
then made to reveal the effects of heavy
interrupted forces to the maxillae (Ta-
ble III). The gross skulls and histo-
logical slides were visually examined
and also photographed.

FinpinGs
From the longitudinal study of the
plaster casts, the amalgam implants
and the cephalometric tracings, to-
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TABLE III

ANGULAR MEASUREMENTS FROM
RIGHT LATERAL CEPHALOGRAMS

Monkey “B” Monkey “C”
Angle (Expt.) (Control)
(degrees) (degrees)
MPL
Beginning 44,0 56.0
End 51.0 55.0
Oce PL
Beginning 41.0 49.0
End 46.0 48.0
PPL
Beginning 48.0 52,0
End 60.0 52.0
FP
Beginning 82.0 83.0
End 74.0 84.0
Y Axis
Beginning 88.0 105.0
End 97.0 106.0

gether with the comparative examina-
tion of the gross and histological speci-
mens, it was possible to reconstruct the
effects of retractive orthopedic forces
on the maxillae.

Tooth Movement

First, there was marked distal move-
ment of the maxillary cuspid, premolar
and molar teeth. This was manifest in
the posterior movement of the maxil-
lary first molars in relation to the man-
dibular molars (Table I). It was indi-
cated by the osteoclastic activity and
distal resorption apparent in histologi-
cal sections of the cuspid area. And it
was grossly evident from the develop-
ment of a maxillary anterior crossbite
(Fig. 2), posterior crossbite and a se-
vere Class IIT molar relationship.

A decided resorption of both the
buccal and lingual aspects of the max-
illary alveolar bone was associated with
these changes. Another indirect effect
of cervical retraction was a significant
flaring of both the maxillary and man-
dibular incisors. This was reflected in
the increased length of both the maxil-
lary and the mandibular arches (Table
I).
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Fig. 2 Serial tracings with superposi-
tion on sella of the experimental mon-
key B.

Maxillary Movement

In contrast to the normal downward
and forward movement consistently ob-
served in the control animal, there was
a definite downward and backward
movement of the maxillary base in the
experimental animals. This movement
was manifest in an increased maxillary
primate space (Table I), and in the
diminished distances measured across
the zygomaticotemporal and zygomat-
icomaxillary sutures (Table IT). Down-
ward and backward movement of the
maxillae was particularly evident from
the serial cephalometric tracings super-
imposed on sella, on the implants and
on the palatal outlines (Figs. 2-7). In-
creases in the angles of the occlusal
plane and the palatal plane with the
cranial base also signified a downward
movement of the maxillae (Table III).
The marked increase in the palatal
plane angle probably represented a ro-
tation of the anterior portion down-
ward and of the posterior portion up-
ward.

Further evidence for the downward
and backward movement of the maxil-
lae was also evident from a sliding of
the zygomaticotemporal sutures over
one another, from closure of the ptery-
gomaxillary fissure and the impinge-
ment of the third molars on the ptery-
goid plates.
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Fig. 3 Serial tracings with superposi-
tion on sella of the control monkey C.

Compensatory Movements

The movement of the maxillary
teeth and of the maxillary base induced
adaptive changes in other segments of
the craniofacial complex. While there
was no distal movement of the man-
dibular posterior teeth with respect to
the mandibular primate space (Table
1), there was a marked downward and
backward movement of the mandible
itself. This was observed on the cepha-
lometric tracings superpositioned on
sella (Figs. 2, 3). It was also seen in
an increase of the mandibular plane
angle and of the Y axis (Table III).

Downward and backward rotation of
the mandible was also evident upon
gross inspection of the skulls by the de-
pression of the coronoid processes be-
low the zygomatic arch and the slight
forward displacement of the condyles.
Pressure upon the condyle was mani-
fested by slight resorption of its supe-
rior surface and at the insertion of the
lateral pterygoid muscle.

Posterior movement of the premax-
illa was detected by the diminished
distance from prosthion to occipitale
(Table II). The decrease in the facial
plane angle also indicated posterior
movement of the premaxilla (Table
III). Superpositioning the cephalomet-
ric tracings on sella and on the im-
plants at prosthion and occipitale gen-
erally showed a downward as well as
backward movement of the premaxilla
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(Figs. 2, 4, 6). These changes were
visualized as a flattening of the facial
profile from the nasal opening to the
maxillary incisors.

Superpositioning the tracings on the
implants showed that the maxillary
segment with the appliance moved pos-
teriorly more than prosthion on the
premaxilla (Fig. 4). Diminished move-
ment of the premaxilla was also indi-
cated by the increase in maxillary pri-
mate space and the lengthening of the
maxillary arch (Table I).

The retractive force imposed on the
malar bones was reflected in the di-
minished implant distance across the
zygomaticomaxillary and the zygomati-
cotemporal sutures (Table IT) and the
sliding of the zygomaticotemporal su-
tures over one another. It was also
suggested by the increased concavity of
the lower borders of the zygomatic
arches and the marked adaptive in-
crease in bizygomatic width despite a
stable midpalatal suture.

f

Fig. 4 Serial tracings with superposi-
tion on the implants of the experimental
monkey B.

1S/ / o Pr

Fig. 5 Serial tracings with superposi-
tion on the implants of the control mon-
key C.

Fig. 6 Serial tracings with superposi-
tion on the palate of the experimental
monkey B.
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Fig. 7 Serial tracings with superposi-
tion on the palate of the control monkey
C.

Downward and backward movement
of the nasal bones also occurred as an
adaptive change.

Nonmovement of the Cranial Base
Despite an increase in vascularity
and in osteoclastic activity at cranio-
facial sutures in the experimental ani-
mals, there was no evidence of change
in the anterior craniofacial base. Most
significantly, there was no evidence for
movement either in the pterygoid proc-
esses or the body of the sphenoid it-
self. Rather the impingement of the
tuberosity on the pterygoid plates in-
duced marked osteoclastic activity and
resorption both in the tuberosity and
through one area of the plate.

DiscussioN

The craniofacial movements induced
in this study were generally more
marked than those observed clinically
since the experimental forces were
heavier, applied longer, and imposed
on smaller areas. Nevertheless, the ab-
sence of inflammatory reaction in any
of the areas examined histologically in-
dicates that the experimental forces
were well within biological tolerance.

The generalized resorption of bone
at the craniofacial sutures observed in
this study emphasized the far-reaching
impact of cervical retraction of the
maxillae. Unlike the findings of
Sproule*® the frontomaxillary and zygo-
maticofrontal sutures showed very ac-
tive resorption in this investigation
(Figs. 8, 9). This difference could
stem from his use of growing animals
and a more vertical component of force
from headgear therapy.

and Walters
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Previous suggestions'”?° that retrac-
tion of the maxillae moves the ptery-
gomaxillary fissure posteriorly at the
expense of the pterygoid plates was not
confirmed by this study. Rather, re-
trusion of the maxillae was accompa-
nied by closure of the pterygomaxillary
fissues and resorption of both the tu-
berosity and of the pterygoid plates.
The possible harmful effects of moving
the maxillae too far posteriorly and
thus impinging on vital structures in
the pterygopalatine fossa must be con-
sidered in clinical therapy.

The report of increased resorption
in the roof of the glenoid fossa and the
anterior surface of the postglenoid tu-
bercle*® could not be confirmed by this
study. The relative inactivity in this
region, in fact, challenges the claims of
altered condylar patterns resulting from
cervical retraction of the maxillae.

SuMMARY AND CONCLUSIONS

Heavy, interrupted orthopedic forces
were employed for the cervical retrac-
tion of the maxillae in two Macaca
mulatta monkeys. The nature, location
and magnitude of resultant movements
and remodelling were studied with the
help of plaster casts, amalgam im-
plants, lateral cephalometric tracings,
and of gross and microscopic study of
the skulls themselves.

The principal effect of the retrac-
tive force was a marked downward and
backward rotational movement of the
maxillae which carried the maxillary
teeth into posterior crossbite and a se-
vere Class III molar relationship. Pos-
terior movement of the tuberosity en-
tirely closed the pterygomaxillary fissure
so that the tuberosity impinged upon
the pterygoid plates.

Like the maxillae, the mandible, pre-
maxilla, and nasal bones also moved
downward and backward. These
changes increased the vertical dimen-
sion of the face and diminished it hori-
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Fig. 8 A photomicrograph of a coronal
section through the frontozygomatic su-
ture of the experimental monkey B.
Note osteoclasts (OC) and cupping at
the suture margin (SM).

zontally leaving a flattened facial pro-
file from the nasal opening to the max-
illary incisors.

Movement of facial elements poste-
riorly against an unyielding anterior
cranial base imposed a number of other
compensatory changes. These included
generalized resorption at the cranio-
facial sutures and sliding of the sutures
upon each other. They also involved
mutual resorption of the maxillary tu-
berosity and of the pterygoid plates
together with remodelling and lateral
extension of the malar bones.

Tolerance of the animals and of the
localized tissues for these intensive
forces suggests a significant role for
this form of therapy. Clinical applica-
tion, however, should be tempered by
judicious concern for the vital struc-
tures of the pterygomaxillary fissure
which could be impinged or strangu-
lated by excessive retrusive force.

212 E. Main Street, Suite 105
Batavia, New York
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Fig. 9 A photomicrograph of a coronal
section through the frontozygomatic su-
ture of the control monkey C. This su-
ture demonstrates normal activity.
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