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Photoelastic stress analysis of a three-
dimensional model of craniofacial
structures is used to identify the areas
of ultimate stress distribution under
high-pull chin cup traction. Greatest
concentrations outside the dentition
are in the retromolar area and condy-
lar process of the mandible.

Orthopedic traction using extraoral
forces is a well-accepted method for
the treatment of Class II malocclu-
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sion, but relatively few practitioners
treat developing Class III or vertical
skeletal dysplasias with extraoral trac-
tion to the mandible.

Anterior open bite is generally con-
sidered more difficult to treat when a
vertical skeletal discrepancy is also a
factor in the malocclusion. Vertical
orthopedic forces applied during early
growth may help. Altering the direc-
tion of mandibular growth and so de-
creasing the ensuing vertical discrep-
ancy could ease the problems of sub-
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sequent correction of dental relation-
ships.

Much controversy still exists among
clinicians over the effectiveness of ex-
traoral chin cup appliances in altering
vertical malrelationships in the open-
bite patient, with many questions still
unanswered. Reasons cited for avoid-
ing such methods include concern
about possible unfavorable iatrogenic
effects on the temporomandibular
joint and overall doubt about exactly
what may occur when such forces are
applied to the mandible.

The objective of this study was to
examine the location, magnitude, and
direction of stresses produced within
the craniofacial complex by high-pull
orthopedic traction applied to the
mandible with an extraoral chin cup.
Three-dimensional photoelastic analy-
sis provided the basis for this evalua-
tion.

LITERATURE REVIEW

Early reports on the value of extra-
oral force and its possible use in the
correction of an anterior open bite
were made by Lind! in 1915 and by
Dewey and Andersonz in 1942, Those
early investigators already recognized
the limitations of tooth-borne appli-
ances in those open bites with severe
skeletal dysplasias.

The manner in which the mandible
grows has been an ongoing enigma
that still arouses controversy. Wein-
mann and Sicher® believed that the
condyle is the primary growth center
of the mandible, endowed with a spe-
cific genetically determined potential.

That view is less widely accepted
today, and is strongly contested by
Moss*¢ and others. These investiga-
tors take the position that the con-
dyles are not primary growth sites re-
sponsible for initiating most mandibu-
lar growth, but rather that they act
as secondary centers responsible for
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growth only in the condylar region.
Moss states in his functional matrix
theory that the growth of other re-
gions of the mandible is controlled by
their own intrinsic growth processes,
independent of those of the condylar
centers.*

With such basic questions about the
details of mandibular growth still un-
answered, it is little wonder that many
questions about the effects of ortho-
pedic force still remain.

The potential importance of the
external pterygoid muscle in ortho-
pedic therapy has been demonstrated
by Petrovic and associates™® in their
experiments on young rats. They state
that “The wearing 8-12 hours a day
of the so-called ‘passive’ hyperpropul-
sion device, leading to a postural hy-
perpropulsion, provokes in the young
rat: a) a decrease in the number of
serially arranged sarcomeres of the
lateral pterygoid muscle; b) an in-
creased proliferation of the condylar
cartilage prechondroblasts; c) an in-
crease in length between posterior
edge of the condyle and the mental
foramen. The opposite changes oc-
cur when the mandible is drawn back-
wards with a chin cup. The evidence
favors our hypothesis that variations
in contractile activity of the lateral
ptetrygoid muscle influence multipli-
cation of the homolateral condylar
prechondroblasts.”

The phenomenon described as man-
dibular rotation during normal man-
dibular growth must be dealt with if
any headway is to be made in the un-
derstanding of the effect of extraoral
forces on the mandible. Odegaard®
has made significant contributions to
the understanding of mandibular ro-
tation with growth. His studies, based
on cephalometric analysis using metal
implants in human subjects, have
demonstrated that “The degree of ro-
tation is related to the direction and
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the magnitude of condylar growth.”

Investigations by Schudy*® have con-
firmed the relationship between man-
dibular rotation and the development
of open bite. His work has clearly
shown that when vertical growth in
the molar region exceeds that of the
ramus, the mandible tends to rotate
open anteriorly.

Studies and observations of human
subjects under chin cup therapy are
relatively few. However, there is docu-
mentation in the literature of extra-
oral forces being applied to the man-
dible for purposes unrelated to dental
therapy.

One such study was conducted by
Alexander™ on the effects of the Mil-
waukee brace used in the treatment
of idiopathic scoliosis. Much of the
mechanical support for early forms of
this orthopedic brace came from a_pad
below the submental portion of the
mandible, resulting in application of
an upward force of about four pounds
to the region.

Although the forces used with or-
thodontic chin cup therapy are much
lighter and oriented more posteriorly,
the following findings from his study
still have possible relevance to such
treatment.

a) The anterior facial height was
reduced, with the greatest change in
the lower face. Upper molars were
found to be depressed slightly, while
the mandibular molars were depressed
even more.

b) The distance between articulare
and gonion decreased significantly.
This was suggested as support for the
assumption that the mandibular con-
dyle was being pushed superiorly and
posteriorly in the glenoid fossa.

©) The gonial angle decreased an
average of 4.5 degrees, with individual
reductions ranging from 1.5 to 7 de-

grees.
In summary, little is known yet
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about exactly what occurs when the
mandible is subjected to extraoral
force. One means of studying the po-
tential effects of such forces is to vis-
ualize the internal force distribution
through the use of photoelasticity.12

Photoelastic materials were first
used to study extraoral forces by
Chaconas, Caputo and Davis,®* who
used this method to evaluate the ef-
fects of cervical-pull and high-pull
facebow devices on the maxilla. Mare
recently, de Alba, Chaconas, and Ca-
puto'*-1¢ have evaluated the stresses
produced in the mandible by a chin
cup activated for correction of a Class
III relationship, and in craniofacial
structures by Class IIT intermaxillary
traction.

METHODS AND MATERIALS

Various birefringent materials were
used to construct a three-dimensional
model reproducing the teeth, perio-
dontal ligaments, and bones of a hu-
man skull. The techniques and meth-
ods were those employed by de Alba
and associates'* in a previous study.

The model was supported by an
eight-inch diameter hinge stand at-
tached through the foramen magnum
by a one-inch round aluminum rod.
Additional stability was achieved with
a 34 X lg-inch curved steel bar join-
ing the calvarium and cranial base
unit.

The external pterygoid muscle was
simulated by a .009” x .036” (22 x
9mm) closed coil spring.

Force was applied by a chin cup
activated by 500 gm weights attached
to each side with .040” (Imm) copper
wire. In order to give the appliance a
high-pull vector, the copper wires were
angled approximately parallel to the
long axes of the rami to a pulley
twelve inches above the condyles (Fig.

1).
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Fig. 1 Test setup illustrating mode of force
application to the vertical chin cup appliance.

Quarter wave plate

Polarizing lens

Once the assembly of the skull was
completed, it was examined with po-
larized light to be sure that it was
initially stress-free. The chin cup ap-
pliance was then activated, and the
entire assembly put through a stress-
freezing cycle by heating to 180° F.
(82° C.) and then slowly cooling to
room temperature.

After stabilization at room tempera-
ture, the model was again examined
under polarized light and the areas of
stress noted. One half of the model
mandible was sectioned, using a high-
speed circular saw cooled with water
to prevent heating of the model. The
sections, intact hemimandible and
other parts of the skull were then
photographed, using a circular trans-
mission polariscope, to record the re-
sultant stress patterns (Fig. 2).

RESULTS

The greatest density of stress pat-
terns was found in the mandible, with
relatively little stress in the upper
craniofacial structures. The following
are the significant observations in each
region.

Quarter wave

Diffuser
plate
- Photoelastic Polarizin
Light . g
source replica lens

Fig. 2 Diagram of the circular transmission polariscope arrangement.
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Fig. 3 Diagram of areas of stress in the upper posterior region.

Upper Craniofacial Structures

The various sutural areas of the up-
per craniofacial complex showed no
visible stress effects. Stress patterns
were observed radiating from the
apices and periodontal ligaments of
the maxillary bicuspids and first mo-
lars (Fig. 3). These patterns were at-
tributable to the forces applied by the
chin cup, transmitted through the
occlusal contacts of the dentition.

The lateral pterygoid plates ex-
hibited stress fringes emanating from
the points of attachment of the coil
springs simulating the lateral ptery-
goid muscles (Fig. 4).

Stress patterns were observed in the
posterior portion of the glenoid fossa,
and even higher stresses were found
superiorly (Fig. 5).

Mandible

Patterns of stress found at various
locations throughout the mandible
readily attest to the concentration of
chin cup forces there.

It was noted that the greatest stress
concentrations appeared in the alveo-
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Fig. 4 Diagram of stresses within the lateral
pterygoid plate. Highest stresses are at the
simulated muscle insertion.

lar process from the second bicuspid
to the retromolar region (Fig. 6).
Stresses were also observed at the
apices of the roots of all posterior
teeth. The occlusal photograph of the
posterior teeth illustrates these ob-
servations, showing concentrically ra-
diating fringes of stress (Fig. 7). Direct
occlusal forces transmitted .by contact
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Fig. 5 Diagram of the stresses transmitted to the left glenoid fossa.

Fig. 6 Stress patterns in the occluded mandible under vertical chin cup traction.
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Fig. 7 Stress patterns around mandibular molars resulting from contact with the opposing
maxillary teeth.

Fig. 8 Stress patterns in the ramus, showing concentrations in the sigmoid notch and the
area of insertion of the simulated lateral pterygoid muscle on the condyle,
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with the maxillary posterior teeth are,
of course, the cause of these patterns.

The very heavy concentration of
stress in the retromolar region is away
from the teeth and apparently due to
bending at this junction of the hori-
zontal mandibular body and the ra-
mus.

Continuing posteriorly, it was ob-
served that the ramus is relatively
stress-free below the region of the
sigmoid notch. Here a significant cres-
cent of stresses may be seen extending
from the depth of the sigmoid notch
superiorly to the area of insertion of
the simulated lateral pterygoid on the
anterior surface of the condylar head
(Fig. 8).

Finally, a small concentration of
stress was observed on the posterior
aspect of the condyle head where it
contacted the glenoid fossa.

The location and intensity of
stresses within the mandible were fur-
ther identified in the following sec-
tions.

2) A horizontal section through the
head of the condyle showed stresses
concentrated anteriorly, correspond-
ing to the point of attachment of the
simulated external pterygoid muscie.

b) A horizontal section through the
neck of the condyle showed stresses
localized at the buccal and lingual
borders.

¢) An oblique section through the
area posterior and superior to the ret-
romolar triangle and inferior to the
neck of the condyle showed heavy
stress superiorly, in the area corre-
sponding to the sigmoid notch.

d) A vertical section through the
area posterior and inferior to the ret-
romolar triangle and angle of the
mandible showed stresses concen-
trated superiorly in the retromolar
triangle area and more diffusely in the
area of the gonial angle (Fig. 9).

Fig. 9 Section through angle of mandible in
the area of the retromolar triangle, showing
stresses concentrated at the retromolar tri-
angle and diffusely at the inferior border.

€) A horizontal section through the
mandibular body at the level of the
apices of the teeth showed some stress
surrounding the apex of the cuspid
and a greater concentration in the
region from second bicuspid to second
molar (Fig. 10). This correlates well
with the findings on the intact hemi-
mandible.
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Fig. 10 Horizontal section at apices of teeth
posterior teeth,

DiscussioN

Stress patterns found in the maxil-
lary and mandibular alveolar pro-
cesses were reciprocal, a direct result
of apically directed forces resulting
from occlusal contact under the acti-
vation of the chin cup. Those stresses
were more concentrated in the man-
dibular alveolar process.

A pair of reciprocal stress patterns
were also found at the attachments of
the tension coil spring simulating the
lateral pterygoid muscle. The lateral
pterygoid plate was stressed laterally,
while the head and neck of the con-
dyle were pulled in a medial direction.

A third pair of reciprocal stress pat-
terns were observed at the interface
between the head of the condyle and
the posterior portion of the glenoid
fossa. The stress was unexpectedly
greater in the posterior part of the
fossa than in the superior portion.
Apparently the elevation of the chin
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illustrating highest stress concentrations near

rotated the mandible around a ful-
crum at the posterior teeth, moving the
condyle downward as it was pressed
back.

A great deal of stress was noted in
the posterior-superior half of the sig-
moid notch, including the condylar
Pprocess. Examination 6f sections from
this area show a bending effect in the
condylar process, apparently at least
partially due to the medial pull gen-
erated by the lateral pterygoid coil.

From these observations it becomes
clear that several factors are at work
in a complex pattern. Each factor does
seem to point toward the expected
anterosuperior rotation of the mandi-
ble with a closing of the bite. The
fulcrum of the rotation induced me-
chanically by the chin cup force is at
the posterior teeth, which coincides
with the center for the opposite con-
dylar growth rotation reported by
Schudy.¢
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The exact mechanisms by which
the growth of the mandible might be
redirected remain unknown. It is the
intention of this study to give the
clinician some insight into where and
how orthopedic forces that might in-
fluence growth are distributed.

SUMMARY AND CONCLUSIONS

Birefringent materials were em-
ployed in the fabrication of a model
of a human skull with distinct simu-
lants for teeth, bone, and periodontal
ligaments. The following observations
were made subsequent to the applica-
tion of force to this model with an
extraoral high-pull chin cup:

1. Reciprocal stresses were observed
in the posterior portion of the glenoid
fossa and the contacting posterior part
of the head of the condyle.

2. A tension coil spring represent-
ing the external pterygoid muscle ap-
plied reciprocal stresses at its inser-
tions in the lateral pterygoid plate of
the greater wing of the sphenoid and
the anterior aspect of the head of the
condyle.

3. Stresses were seen to radiate from
the roots and apices of both the max-
illary and mandibular posterior teeth.

4. A distinct concentration of stress
was noted in the retromolar area of
the mandible, away from the denti-
tion, indicating a bending stress.

5. The posterior half of the sigmoid
notch, below the anterior aspect of the
head of the condyle, displayed a heavy
band of stresses.

6. Selected sectioning of the man-
dible substantiated observations made
from the intact hemimandible and al-
so showed evidence of bending in the
area corresponding to the head and
neck of the condyle.
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