Control of Anterior Vertical Dimension and
Proper Selection of Extraoral Anchorage
Rosert J. Kunn, D.D.S., M.S.D.

The relative merits of mandibular
rotation (opening versus closure) should
be recognized as either a desirable or
undesirable effect of orthodontic treat-
ment as it relates to the individual.
The control of posterior tooth eruption
is the most managcable factor available
to the orthodontist in the overall con-
trol of anterior vertical dimension of
the lower face.

Individuals vary in ability to resist
posterior tooth eruption during ortho-
dontic treatment. Extraoral anchorage
as well as other mechanical procedures
are capable of changing the anterior
vertical dimension of the lower face
markedly during the resolution of an
orthodontic problem by influencing the
vertical relationship of the posterior
teeth. Attention has previously been
drawn to the effect of vertical changes
in the molar area.?

In an evaluation of the extrusion of
the posterior teeth resulting from the
use of conventional appliances, this
paper will be directed to the following
areas:

1. An appraisal of diagnostic factors
contributing to mandibular opening.

2. Considerations which make man-
dibular opening undesirable.

3. An evaluation of some orthodontic
mechanics and their application to
particular cases with the objective
of controlling mandibular rotation.

4. A review of the forces associated
with various headgears to facilitate
individual selection.

Read before the Southern California
Component of the Angle Society, June
1967.

DiacNosTic FACTORS
ConNTrIBUTING TO
Or ConNsisTENT WITH
ManpisuLaArR OPENING

Most of these factors contribute to
open bites. Several, it should be recog-
nized, are hypothetical but frequently
found in association.

1. Skeletal Openbite Pattern®? (Figure
1). The presence of some of the skeletal
characteristics, as depicted by the pa-
tient in Figure 1, may alert the clinician
to the susceptibility of that particular
patient to bite opening.

2. Congested airway. May be due to
congested nasal passages, a congested
naso and/or oral pharynx resulting
from allergies, tonsil and adenoid ob-
struction, a basic anatomic insufficiency,
or a combination thereof.

3. Tongue thrust and/or detrimental
tongue posture.

4. Occlusal disharmonies. Grouped as
follows:
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a) Prematurities disallowing maxi-
mum occlusal contact.

b) Atypical occlusal anatomy.

¢) Heavily restored or crowned teeth
which are poor anatomical repro-
ductions.

d) Pulpal hyperemia due to trauma,
decay, etc.

5. Flat occlusal anatomy.

6. Temporomandibular joint disturb-
ances.
7. Pain threshold and proprioceptive
tolerance of the individual.?
8. Total masticatory musculature. Be-
cause of the relative importance at-
tached to this musculature, further
comment and clarification are indicated.
Attention is drawn to the similarity
that exists between the muscles of mas-
tication and an appliance such as the
Milwaukee brace. Both act on the teeth
through the supporting alveolar bone.
The bite-closing capabilities of the Mil-
waukee brace have been conclusively
substantiated.®* The vertical dimension
of the lower face is quite susceptible to
change while the brace is worn. The
effect that the muscles of mastication
may exert on lower facial dimension by
virtue of their constancy of action, ana-
tomic placement and variability of con-
traction should be a consideration.
Orthodontists have perhaps subcon-
sciously attempted to read muscle force
into a head film. There is some correla-
tion between the square-jawed, low
mandibular plane cases and strong
muscle contraction.® Likewise, there is
a relationship between: the high man-
dibular plane pattern and weak muscle
function. But it is not an absolute
correlation as evidenced by the varying
muscle contractions associated with the
various types of faces. For example, a
high plane (divergent) case may, by
virtue of strong masticatory muscle and
its favorable anatomic placcment over
the molar area, be quite capable of re-
sisting vertical dimension increase in
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the lower face from orthodontic forces.
Conversely, the low plane case may
open quite easily.

A technique that has been used for
those patients who do not demonstrate
a strong muscle contraction, felt by
palpation over the masseter and tem-
poralis areas, is to place them on iso-
metric exercises. Cut pieces of rubber
tubing are closed on vigorously between
the upper and lower posterior teeth in
order to increase that particular pa-
tient’s masticatory muscle strength.

CONSIDERATIONS FOR
DETERMINING THE DESIRABILITY
or MANDIBULAR OPENING

1. Facial esthetics. There are several
facets of facial esthetics that merit
attention in a consideration of bite
opening or closure.

a) Lip length. Is there an inade-
quacy or a redundancy? If short
lips are present and closure is
strained, nothing should be intro-
duced in the treatment mechanics
to increase lower facial height.
Conversely, in the individuals
with excessive lip length, bite-
opening procedures may be de-
sirable.

b) Mentalis. Mentalis action asso-
ciated with lip closure is some-
times considered to be synony-
mous with bimaxillary protrusion.
However, it may be primarily
associated with a lip-length in-
adequacy. In that instance, no
amount of dental retraction will
gain adequate lip-length for com-
plete mentalis relaxation.

c) Total facial esthetic balance. This
refers to the relationship of vpper
to lower face. It has been demon-
strated that a face is esthetically
harmonious when a ratio of upper
to lower face (measured supra-
orbitale to ANS and ANS to
gnathion [Fig. 1]) is generally of
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equal proportions.® Should this
relationship be weighted to the
lower face at the outset of treat-
ment, further bite-opening will
only work a detriment to the
facial balance. The skeletal land-
marks should serve as a starting
point. Final determination of fa-
cial esthetics is still dependent on
the adequacy or inadequacy of the
integument of the lower face.

Figure 2 is an illustration of the
various hinging positions of the man-
dible as an expression of eruption or
depression of posterior teeth. Several
millimeters of posterior tooth eruption
or depression are magnified at pogonion
to elicit the changes to the chin point
that are illustrated. One millimeter of
vertical movement of the molars results
in approximately three millimeters of
rotation of the mandible as measured
at gnathion.

October, 1968

Fig. 3

Equally important are the changes in
the soft tissues of the lower face. Fig-
ures 3, 4 and 5 depict the soft tissue
changes that occur in the lower face
relating to the movements of the man-
dible as seen in Figure 2. Figure 3 is
the number one or neutral position. In
Figure 4 the mentalis action has in-
creased (corresponds to the number 2
position of the mandible) and the lips
stretched thinner as the patient at-
tempted lip closure. There is a marked
difference in facial esthetics between
the patient in Figure 4 and the same
patient shown in Figure 5 which illus-
trates the bite closed position of the
mandible. Note the relaxed lips and
chin and the overall effect of facial
esthetic harmony.

2. Dental esthetics (uncomplimen-
tary anterior tooth to lip relationships).
There are other causes for this phe-
nomenon, but it is discussed here as it
relates to posterior tooth eruption. The
more the posterior teeth are erupted,
the more the anterior teeth (in the
absence of a deep overbite) need be
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Fig. 4

Fig. 5
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extruded. This occurrence in the indi-
vidual with a long lower face and/or in
the individual with inadequate lip
length results in the excessive display of
maxillary gingival tissue when the lips
are parted in talking, smiling, etc.

3. The horizontal expression of man-
dibular growth. It has been noted pre-
viously how a slight change in vertical
movement of the posterior teeth can
markedly affect the chin point. In the
Class II rapidly growing individual,
this phenomenon is a prime considera-
tion. By neutralizing the extrusive ele-
ment to the posterior teeth while they
are being held or moved distally, maxi-
mum utilization may be made of the
horizontal growth component of the
mandible. The net result is a relatively
rapid correction of the Class II rela-
tionship.

It would be appropriate next to
evaluate some of the mechanics utilized
to resolve an orthodontic problem and
how their application to a particular
patient may affect mandibular rotation.
Mandibular opening may be initiated in
some instances with the placement of
separation. Not only can there be an
actual opening produced by the thick-
ness of the separators, but also a possi-
ble lessening of masticatory muscle func-
tion due to the soreness of teeth. Beyond
this, what are some of the major me-
chanical considerations in treatment
which actually elicit an undesirable
mandibular opening in a susceptible
individual?

EvaLvatioN oF THE Forces
oF SoMe CoMMON
MEecHANICAL PROCEDURES
1. A cervical gear to the maxillary
molars (Figure 6). There is a con-
siderable force component in the verti-
cal direction which will erupt teeth.
2. Class II or Class III elastics. De-
pending on which is used, the result is
a vertical or eruptive force to mandibu-
lar or maxillary molar teeth.

(8961)61.2€-£000/S8ESIE L/0VE/Y/8E/PA-BJ0IIEASHUOPOYIO-8|BuE/WO"Ssa1dua||e ueIpLaWY/:diy Wwoly papeojumoq

0070 ¢ EpAE0d OFED 8E0

Gz0oz Auenuga4 20 uo 3sanb Aq jpd'g



344 Kuhn

(1) CERVICAL HEADGEAR TO MAXILLARY MOLARS

= ///;
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(2) CLASS I OR Il ELASTICS

(3) TIP BACKS OR STEPS IN THE ARCHWIRE

A
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Fig. 6

3. Second order or tip back bends.
There is a net force which erupts poste-
rior teeth while the opposite force is a
depressing one on the incisors. As the
diagram illustrates, these steps will
cause posterior teeth to erupt and ante-
rior teeth to depress.

4. A bite plane (Figure 7). Either
with vertical elastics or in the absence
of them, it will encourage vertical molar
eruption with resultant opening of the
bite.

5. A segmented approach to elimi-
nate overbite, the depression arch. Note
the forces of eruption in the bicuspid
area—a bite opening force. The erup-
tion of the bicuspid area would be
maximal if heavy forces are used to
intrude the anterior teeth. It is known
that low force values intrude anterior
teeth optimally and would cause a
minimal eruption in the bicuspid area.

6. Reverse curve of spee in a con-
tinuous archwire. This is another ap-
proach to overbite correction and gives
as a net effect eruption in the bicuspid
area with bite opening.

There are other specifics of treatment
which transmit an eruptive force to
buccal teeth and thus cause an opening
of the bite. These would vary somewhat
depending on the appliance used.

October, 1968

(4) BITE PLANES

é i = MOLARS ELONGATE

(5) DEPRESSION ARCHES

- o b

(6) LEVELING WITH REVERSE CURVE OfF SPEE
IN ARCHWIRE

B - =

>

P
Fig. 7

Tue ErrFecTs oF VARYING
APPLICATIONS OF APPLIANCES

1. Daily rate of appliance and
auxiliary wear. There is considerable
variation concerning this observation
and to be meaningful needs to be re-
lated to the individual. There seems to
be a maximum time level from which
a specific dentition can recover from an
extrusive movement of the posterior
teeth. Consistent with the variation, the
maximum may theoretically vary from
0 to 24 hours per day. Considering this
maximum time as it pertains to the
individual it may be generally stated
that: the greater the time an extrusive
mechanical movement is placed on the
posterior teeth, the less probable these
teeth can resist total net eruption. The
masticatory musculature is one of the
dominant considerations in this regard.

2. The number of teeth under posi-
tive control. To clarify, reference is
made to the vertical resistance of groups
of teeth rigidly held together as op-
posed to single tooth units. Using the
cervical gear as an example, the re-
covery of posterior tooth eruption by
the muscles of mastication apparently
occurs more readily if this gear is worn
to molars only versus like time delivered
to segments or arches of teeth.
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Having completed some preliminary
considerations, without which the use
of a particular headgear would be some-
what meaningless, it is now possible to
proceed to the final determination of
headgear type. The employment of a
particular headgear is dependent only
on the needs of the orthodontic case
and the imagination and mechanical
skill of the orthodontist. Theoretically,
any direction of pull is possible. How-
ever, only those types which are in
more common usage today will be
examined in detail.

The headgear and the various direc-
tions of pull possible should be con-
sidered as a part of the total force sys-
tem in effect on any given orthodontic
case. It may be designed to effect move-
ment of teeth or it may be primarily a
stabilizing device to eliminate or cancel
a force which tends to displace teeth
disadvantageously. The more common
types of headgears are illustrated in
Figure 8.

1. High occipital headgear to the in-

cisal area of the archwire.

2. Cervical gear to a face bow.

3. High cervical (low pull) headgear
to a face bow.

. Occipital headgear to a face bow.

. High occipital headgear to a face
bow.

(S

Fig. 8
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6. Cervical to a face bow on the man-
dibular arch.

THE LiNEAR ForceE VEcTORS
AND MoMENTs DELIVERED BY
Various HEADGEARS

High occipital headgear directed to
the incisal area

Specific reference is made to:

a) The depressing effect to the
maxillary incisors. This will either
give incisal depression or serve to
resist eruption of the incisors dur-
ing Class II elastic wear. By com-
parison to the depressive com-
ponent, there is not a large vector
of force distally.

b) The moment on the incisors (a
lingual root torque) as well as
a rotational effect to the maxilla
since both incisors and molars are
rigidly connected by an archwire.

Cervical gear to a face bow connected
to the maxillary molars

There are various possibilities:

a} The outer bow level or below the
level of the inner bow; note the
direction of the components of
force in a distal and in an erup-
tive direction. In addition, there
is a moment present which will
rotate the crowns of the molars
distally.

b) The outer bow high to effect
distal bodily movement. Note the
comparatively high vector of
eruptive force plus the moment
which tends to move the roots
distally.

c¢) With the addition of an incisal
spur to give greater eruption to
the molars, we get depression of
the incisors and a net result of
occlusal plane tipping or rotation
of the maxilla.

High cervical (low pull) headgear

Delivered through a face bow to the
molar area, it is designed to move teeth

(8961)612€-£000/S8ESIE L/0VE/¥/8E/PA-BI0IIEASHUOPOYHO-8|BuE/WO"Ssadua||e ueIpLaWY/:diy Wwoly papeojumoq

0070 ¢ EpAE0D OFED 8E0

Gz0oz Auenuga4 20 uo 3sanb Aq ypd'g



346 Kuhn
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OCCIPITAL HEADGEAR TO FACE BOW
RESOLUTION OF FORCES PLUS MOMENTS

(R)

THREE DIFFERENT PLACEMENTS
OF HOOK ON OUTER BOW

(B)

©®e6

)

HOOK POSITION ON OUTER BOW ANTERIOR
TO MOLAR WITH DISTAL FORCE ABOVE
CENTER OF RESISTANCE

]
V\\\ Y,
~o +
~

HOOK POSITION ON OUTER BOW SLIGHTLY
ANTERIOR TO MOLAR WITH DISTAL AND
INTRUSIVE FORCE THROUGH THE CENTER
OF RESISTANCE

HOOK POSITION ON OUTER BOW SLIGHTLY
POSTERIOR TO MOLAR WITH DISTAL
FORCE BELOW CENTER OF RESISTANCE

v\\\\ )
~—_ +

Fig. 9

distally with very slight intrusive or
extrusive vectors present depending on
the position of the outer bow.

a) With the outer bow slightly above
the level of occlusal plane, the re-
sult is a force through the center of
resistance and distal bodily move-
ment.

b) If the outer bow is low, there is an
intrusive force as well as a distal
force and a moment which will tip
the crown distally.

Occipital headgear

Delivered through a face bow to the
molar area, this headgear will give a
distal and slightly intrusive force to the
maxillary posterior teeth (Fig. 9). It is
designed to move molar teeth upward
and backward or, at worst, keep the
posterior teeth from erupting. Note the
horizontal and vertical components of
force. It is interesting by way of com-

parison to see that this headgear is
capable of delivering just as great, and
in some cases a greater, distal force to
the molar than the cervical gear. Yet
it does not deliver the sometimes un-
desirable extrusive vector. As indicated
by the diagram, it is quite important
to place the hook on the outer bow
correctly in order to accomplish the
desired root or crown tipping, or bodily
movement. Because it is so important
to position the force correctly on the
outer bow depending on what type of
tooth movement is desired, it is prefer-
able to solder a hook on the outer bow.
This then leaves the outer bow intact
and allows for a change in force action
by merely changing the hook position.
Figure 9 illustrates the three more com-
mon placements of the hook on the
outer bow when the occipital headgear
is used.

a) The hook is positioned on the outer
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bow anterior to the molar with the
distal force above the center of
resistance of the maxillary molar.
This results in a distal and intrusive
force plus a moment to move roots
distally.

b) The hook position is closer to being
opposite the molar tube (slightly
anterior). The force direction in
this case is upward and backward
through the center of resistance of
the molar and results in translation
or bodily movement of the tooth.

c) Indicates the forces at work if the
hook is located distal to the molar
tube on the outer bow. There is a
distal and an intrusive force but in
addition there is a moment to move
the crown distally.

High occipital headgear.

Delivered through a face bow to the
maxillary molars. A large component of
intrusive force is possible with this type
of headgear. As in the occipital head-
gear, care is needed to place the hook
on the outer bow correctly to obtain
distal crown or root tipping or upward
and backward bodily movement. The
more vertical the pull relative to oc-
clusal plane, the greater the tendency
for the molars to roll out to the buccal.
Therefore, a lingual arch is often indi-
cated with this headgear to prevent
molar crowns from “rolling out” to the
buccal. This is necessary because of the
off-center intrusive force which pro-
duces this “roll out” effect. Note at
number one in Figure 8 how the
maxillary molar behaves to this de-
pressive type force. There is a moment
which rotates the molar to the buccal.

An interesting phenomenon may oc-
cur with this arrangement which is
designed to depress posterior teeth and
close bites. In the absence of the lin-
gual arch (A in Figure 10) the maxil-
lary molar rolls out to the buccal and
the lingual cusp makes premature con-
tact with the inclined planes of the
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CROSS-SECTIONAL VIEW

DEPRESSIVE FORCE FROM
HIGH OCCIPITAL
HEADGEAR WITH HOOK
ON OUTER BOW
OPPOSITE BUCCAL TUBE

.036 LINGUAL ARCH
CONNECTING MAXILLARY
FIRST MOLARS

(A) WITHOUT LINGUAL ARCH

(B} WITH LINGUAL ARCH
0-&3-0
SUM OF MOMENTS = 0

Fig. 10

buccal cusps of the mandibular molar.
The net effect is an actual opening of
the bite. Observe B in Figure 10 with
the lingual arch in position. The mo-
ments cancel, the net result being a pure
depressive force to the molar.

Figure 11 compares the relative hori-
zontal and vertical force components of
four of the previously discussed head-
gears. It is interesting to note the rela-
tive distal forces of the occipital and
the cervical headgears.

Cervical gear to the mandibular molar
area

Delivered through a face bow, this
headgear is used on the maximum
anchorage cases where no increase in
vertical dimension can be tolerated and
where, if possible, some depression
would be desirable (Fig. 12).

There are three basic possibilities de-
pending on outer bow placement:

a) The outer bow level with the oc-
clusal plane. There is an intrusive
force, a distal force, and a strong
moment to rotate the molar crowns
distally.

b) Lower outer bow position than (a).
Results in a net translatory or
bodily force through the center of
resistance of the molar.
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HIGH OCCIPITAL TO FACE BOW

OCCIPITAL TO FACE BOW

HIGH CERVICAL TO FACE BOW

CERVICAL TO FACE BOW

October, 1968

c) Lower outer bow position. This
arrangement delivers a distal force
and either a slight intrusive force or
a slight extrusive force depending
on how low the outer bow is ad-
justed. In addition, there is a strong
moment to rotate the roots of the
molars distally.

It may be necessary to place a lower
lingual arch depending on the amount
of intrusive force delivered to the
molar.

SuMMmARY

With mandibular opening as a recog-
nized problem, an attempt has been
made to outline an approach to head-
gear selection as a part of orthodontic
treatment. This must include a thor-
ough pretreatment examination which
evaluates the following diagnostic fac-
tors:

1. Skeletal pattern
2. Airway

(A) OUTER BOW HIGH (LEVEL
WITH OCCLUSAL PLANE)

7

7
THREE POSSIBLE POSITIONS // + 5
OF THE OUTER BOW e

(B) OUTER BOW LOWER

i

(C) OUTER BOW LOWEST

Fig. 12
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Tongue action and position
. Occlusal disharmonies
. Occlusal anatomy

. Temporomandibular joint disturb-
ances

oG W

7. Pain threshold and proprioceptive
tolerance.

8. Masticatory musculature.

This forms a baseline. To these fac-
tors must be added the possible detri-
mental effects of mandibular opening
on facial esthetics, dental esthetics, and
effective mandibular growth. An eval-
uation of the mechanical approach to
treatment follows. Consideration is also
given to the varying effects produceable
by various applications of certain appli-
ances and auxiliaries. By considering all
of these factors the correct headgear
can be coordinated with the total force
system so that it will blend harmoni-
ously with and complement the other
treatment mechanics.

CONCLUSIONS

1. There is a complexity of factors re-
sponsible for mandibular opening.

2. Posterior tooth eruption is the prin-
cipal controllable factor which af-
fects anterior vertical dimension of
the lower face.

3. The variation of the individual is
stressed.

4. Further consideration and study of
the muscles of mastication are indi-
cated in order to assess more ac-
curately their clinical significance
and possible relationship to lower
facial development.

5. Facial and dental esthetics and the
effective horizontal expression of
mandibular growth should be im-
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portant considerations influencing
the treatment approach.

6. An awareness of the mechanics
necessary to resolve an orthodontic
problem and their possible effects on
mandibular opening is indicated.

7. The effect on mandibular opening of
the daily rate of appliance and
auxiliary wear and the number of
teeth positively controlled need
further consideration and study.

8. An understanding of the various
linear forces and moments produced
by each headgear is essential to its
optimum use in the total mechanical
approach to a given orthodontic
problem.

15 East Arrellaga
Santa Barbara, Calif. 93101
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