Vertical malocclusions:
etiology, development,
diagnosis and some aspects

of treatment

By Ib Leth Nielsen, DDS

ertical malocclusions result from the

interplay of many different etiological

factors during the growth period. These
factors include growth of the maxilla and man-
dible, function of the lips and tongue and dento-
alveolar development with the eruption of the
teeth. One particularly important factor in the
development of deep bite and open bite is the
pattern of growth of the mandible. Variations
in the rate of growth in both the maxillary
sutures and the mandibular condyles can further
influence the development of vertical malocclu-
sion. In addition, functional factors also modify
the developing occlusion and can play a signifi-
cant role in the development of malocclusion in
the vertical plane.’

The purpose of this article is, first, to discuss
the role of facial growth as an etiological factor
in the development of vertical malocclusions
and second, to discuss the possible association
between functional factors and these malocclu-
sions. A third purpose is to discuss certain diag-

nostic considerations and treatment aspects
of special concern in the correction of these
malocclusions.

Development of vertical malocclusions
Vertical malocclusions can be divided into
those that are dentoalveolar in origin and those
that are predominantly skeletal due to the
growth patterns of the jaws. Figure 1A and B
illustrates a patient with a so-called skeletal
deep bite; the patient has the characteristic con-
cave facial profile with a reduction of anterior
face height. The headfilm shows a Class II, divi-
sion 2 malocclusion, which in part is due to a
retrognathic mandible. In contrast, Figure 1C
and D shows a patient with a skeletal open bite
where the facial profile is convex with a pro-
nounced retrognathic mandible. This patient,
however, has a Class I malocclusion with a slight-
ly increased overjet. The open bite and overjet
are moderate in spite of a severe sagittal and
vertical jaw discrepancy. In both examples the
malocclusions are primarily the result of the
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Vertical malocclusions develop as a result of the interaction of many different etiological factors; one of the most important of
these factors is mandibular growth. Variations in growth intensity, function of the soft tissues and the jaw musculature as well as
the individual dentoalveolar development further influence the evolution of these malocclusions. This article reviews the most
common etiological factors and their possible contribution to the development of vertical malocclusions with special emphasis
on the role of mandibular growth in the development of open bite and deep bite. The role of the cephalometric morphological
analysis in the differential diagnosis of vertical malocclusion is emphasized. Aspects of orthodontic treatment of vertical maloc-
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Figure 1A Figure 1B

Figure 1C Figure 1D

Figure 1A-B

Facial photo and lateral headfilm of 32-year-old male patient with extreme
skeletal deep bite. The patient has a concave profile with a reduced anterior
face height. The lateral headfilm, taken in centric relation, shows that the deep
bite is skeletal and due to a retrognathic mandible with insufficient dento-
alveolar compensation.

Figure 1C-D

Facial photo and lateral headfilm of a 14-year-old female patient with a convex
profile and an increased anterior face height. The lateral headfilm shows an
extreme increase in the anterior face height with a mild open bite. Mandibular
dentoalveolar growth has almost fully compensated for the increased vertical
jaw relationship.

previous growth pattern of the face, the role
of which will be discussed in greater detail, al-
though the eruption of the teeth modified by
functional factors has also greatly contributed
to the final malocclusion.

Mandibular growth and vertical malocclusion

In studies of facial growth using the metallic
implant technique, Bjork™>® and Bjork and Skiel-
ler’® demonstrated that the direction of growth
of the lower jaw varies greatly in the normal
population. Although the most common direc-
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tion of condylar growth is vertical, with some
anterior component, a more extreme upward,
forward growth pattern of the condyle is not
uncommon. Posterior growth is less frequently
observed.

Patients with upward and forward growth
of the mandibular condyle often have reduced
anterior face height; if they develop a malocclu-
sion, it is nearly always characterized by a deep
bite. The direction of mandibular growth, as
expressed at the chin, is mostly vertical. Growth
in this direction often results in more horizontal
displacement of the mandible and is most effec-
tive in improving the position of the chin, often
desirable in patients with a Class II, division 1
skeletal malocclusion (Figure 2A and B). In more
extreme cases of upward, forward growth of
the condyle a Class II, division 2 malocclusion
in combination with a skeletal deep bite, is
common. v

The erupting dentition in this type of man-
dibular growth characteristically undergoes a
considerable amount of mesial migration of both
the maxillary and mandibular teeth with some
degree of proclination of the mandibular inci-
sors (Figure 2A and B). Where the amount of
mesial migration-of the lower posterior teeth
does not equal the advancement of the incisors
by proclination, secondary crowding of the front
teeth frequently develops.

Patients with the so-called “long face syn-
drome,” and a pronounced increase in lower
face height, in contrast have a more posteriorly
directed growth pattern of the mandibular con-
dyle. The direction of mandibular growth, as
expressed at the chin, is mostly vertical. The
malocclusion most commonly observed in this
type of patient is an anterior open bite often in
combination with a Class I or Il malocclusion.
These patients usually have little or no improve-
ment in horizontal mandibular position over
time (Figure 3A and B). The associated dental
eruption pattern of the posterior teeth is gener-
ally vertical and in some instances the anterior
teeth may even become more retroclined with
time. Late crowding is not an uncommon find-
ing in this pattern of growth.

Growth rotations and vertical malocclusion
The changes related to facial growth illus-
trated with these two extreme growth patterns
are due not only to differences in condylar
growth direction, but are also the result of dif-
ferences in anterior facial height (AFH) and pos-
terior facial height (PFH) development.’ These
differences in height development lead to rota-
tional growth or positional changes of the man-
dible that greatly influence the position of the
chin. The factors that determine the increase
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in AFH are the eruption of the maxillary and
mandibular posterior teeth and the amount of
sutural lowering of the maxilla. PFH, on the
other hand, is determined by the lowering of
the temporomandibular fossae and condylar
growth.”* When vertical condylar growth ex-
ceeds dentoalveolar growth, i.e. eruption of the
teeth in the jaws, forward rotation of the man-
dible occurs. In contrast, if dentoalveolar growth
is greater than vertical condylar growth, the
resulting change in mandibular position is back-

Figure 3B
ward or posterior rotation of the mandible. The

_two extreme mandibular growth patterns also

show differences with respect to the amount of
effective vertical condylar growth. Patients with
an anterior condylar growth pattern usually
have a greater amount of vertical growth than
patients with posteriorly directed growth, a fac-
tor that further accentuates the differences.
The potential for anterior growth rotation

can, in some instances and during certain active
growth periods, be very pronounced. The risk
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Vertical malocclusions

Figure 2A

Case 3433 i. Character-
istic facial growth pat-
tern in a subject with
skeletal deep bite.Lines
connecting theimplants
in the maxilla and man-
dible indicate the direc-
tion of displacement of
the implants between 11
years 7 months and 17
yrs 7 mos. Note the pro-
nounced anterior or for-
ward rotation of both the
maxillaand mandible. No
changein anterior occlu-
sion occurred during
this period. (From Bjork
1963)

Figure 2B

Mandibular growth in
Case 3433 i. This sub-
ject shows superior
and anterior growth
of the condyle with pro-
nounced mesial eruption
of the mandibular teeth.
Note the extensive re-
modeling of the lower
border, which masks
about 50% of the actual
rotation, seen in Figure
2A.

Figure 3A

Case 7176i. Subject with
a characteristic vertical
growth facial growth pat-
tern. The differences
in displacement of im-
plants indicate that
the mandible rotated
posteriorly or backward
during growth.

Figure 3B

Mandibular growth and
dentoalveolar develop-
ment in Case 7176 i.
The condylar growth di-
rection is mainly pos-
terior. The direction of
the eruption of the teeth
is almost vertical. Note
that the mandibular in-
cisors are erupting pos-
teriorly, resulting in
increased crowding in
the mandible with time.
(From Bjork, 1963)
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Figure 4

Figure 4

General facial growth in
Case 3433 i. The chin
has become more promi-
nent over time although
limited increase occur-
red in anterior facial
height. The rotation
of the mandible as meas-
ured by change in the
inclination of the lower
border of the mandible
was 7°. When measured
to theimpiants the man-
dible rotated about
15° during this growth
period.

Figure 5A-C
Schematic illustration
of mandibular growth
rotations. A. Anterior ro-
tation with the fulcrum-
ing point located at the
incisors, as observed in
patients with a stable
occlusion. B. In patients
with lack of anterior oc-
clusion the fulcruming
point is located further
back along the occlusal
plane. C. When posterior
rotation takes place
the fulcruming point is
located near the mandib-
ular condyles.

(From Bjork, 1969)
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Figure 5

of developing a deep bite during these growth
periods is particularly increased. Whether or
not a deep bite develops depends on the rela-
tionship between the maxillary and mandibular
incisors. If the mandibular incisors have proper
contact with the lingual surfaces of the maxil-
lary incisors chances are best that a deep bite
will not develop. Bjérk® demonstrated that under
ideal circumstances the fulcruming point for
anterior or forward mandibular growth rota-
tion is located at the incisors. If, however, proper
incisal contact is lacking, either as a result of
lip dysfunction or a fingersucking habit or if a
severe sagittal skeletal jaw discrepancy exists,
the patient will ofter: develop a skeletal deep
bite as a result of the growth pattern (Figure 4).
The fulcruming point in these instances is lo-
cated further back along the occlusal plane. Such
growth related skeletal deep bites often develop
early, remain fairly unchanged during the juve-
nile growth period and then continue to deepen
during the pubertal growth spurt when growth
intensity is at its greatest. Whereas the geneti-
cally determined mandibular growth pattern
in general cannot be influenced by treatment,
the occlusal relationships can be influenced
by the orthodontist. The treatment goal should
be to prevent further development of such
severe growth related malocclusions by early
intervention.

Patients with posterior condylar growth often
have similar amounts of AFH and PFH increase,
where the mandible translates during growth
without rotation. However, in instances where
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the increase in AFH is greater than in PFH, the
mandible rotates posteriorly as illustrated in
Figure 3A. This posterior growth rotation may
result in an anterior open bite, depending on the
extent of vertical dentoalveolar compensation.
When treated orthodontically these patients are
at increased risk for further mechanically in-
duced posterior rotation by acceleration of their
molar eruption and require careful control. The
increased risk of extrusion in these patients is
associated with their weaker masticatory muscu-
lature making vertical control an important
consideration.”

Clinical significance of growth rotations

The clinical significance of growth rotations
is their association with the development of
skeletal open and deep bites. The growth rota-
tion seen in Figure 5A is an example of anterior
or forward rotation where the fulcruming point
is located at the incisors. In patients where the
incisor occlusion is stable and the overbite re-
mains unchanged during the growth period the
fulcruming point is located at the front teeth. If
the incisor occlusion is unstable, the fulcruming
point is located further back along the occlusal
plane as seen in Figure 5B. In this situation the
bite normally becomes increasingly deep over
time as the result of greater posterior face height
increase in combination with lack of anterior
tooth contact. This deterioration of the occlu-
sion is most pronounced during puberty when
growth intensity is at its greatest, but continues
throughout the growth period. Patients with a
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Figure 6A

pronounced tendency to anterior growth rota-
tion and a deep bite should therefore be treated
early and the occlusion supported throughout
the growth period. Retention, especially in the
mandibular arch, must also be maintained until
mandibular growth is completed.

In the patient with vertical growth and poste-
rior rotation of the mandible, the center for the
growth rotation is located near the mandibular
condyles as seen in Figure 5C. In this type of
growth pattern early interception is also needed
in order to maximize the dentoalveolar compen-
sation. However, when more comprehensive
treatment with full fixed appliances is indicated
the situation is almost reversed, particularly if
extractions are necessary. In those cases treat-
ment should be postponed until after puberty,
or at least until the potential for backward or
posterior rotation is reduced. The reason for
late treatment is that the tendency to extrude
the posterior teeth decreases when there is
less active growth. Space requirements are also
easier to determine when the natural tooth
movements, i.e. mesial migration and upright-
ing of the anterior teeth, are minimal.

Growth rotations of the jaws are normally
not detectable by conventional superimpositions
of serial headfilms on cranial base structures,
but require individual superimpositions on sta-
ble structures in the mandible or maxilla, re-
spectively. The actual rotation or fotal rotation in
humans is generally masked on average by 50%
modeling within the jaws. In a recent study of
non-human primates, it was found that this

Figure 6B

Vertical malocclusions

Figure 6C

modeling or intramatrix rotation in the Rhesus
monkey masked the rotations by about 75% in
the maxilla and 90% in the mandible."”” This
surface modeling causes, in most instances,
the lower border of the mandible to appear
almost unchanged in its inclination to the
cranial base and has lead to misinterpretations
of the actual growth changes and tooth move-
ments in humans. An example of this is seen in
Figure 4 where the change in mandibular lower
border inclination over time, the so-called matrix
rotation, was -7.3° whereas the actual, or true
rotation, was as much as -16.4° anteriorly.®
Variation in growth intensity is an additional
factor that not only induces change in the de-
veloping occlusion, but also affects the length
and outcome of orthodontic treatment. During
periods of low condylar growth intensity, such
as the juvenile period or the prepubertal growth
minimum, intensity may be as little as 1 to 2 mm
per year in the condyles. Orthodontic treatment
during these periods presents the orthodontist
with significant clinical problems. It is difficult
during these periods in some patients to obtain
sufficient skeletal change and treatment can
become protracted. The occlusal changes that
are obtained are often primarily dentoalveolar,
while needed skeletal correction is not fully
achieved. Fortunately, some young patients are
more actively growing during the juvenile period
and skeletal correction can be achieved over a
more reasonable period of time. Because the
intensity of this growth is unpredictable, how-
ever, and it is difficult to determine the individ-
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Figure 6A-C

A, B and C. Patient with
convex profile and pro-
nounced increase in
lower face height. The
occlusion is Class |
with excellent dentoalve-
olar compensation de-
spite severely increased
vertical jaw relationship.
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Figure 7A

Figure 7A-C

A, B and C. Patient with
increased anterior face
height and convex pro-
file similar to the patient
seen in Figure 6. The
occlusionis again Class
| but in contrast, this
patienthas asevere ante-
rior skeletal open bite
due to dysplastic devel-
opment and no dentoal-
veolar compensation.
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Figure 7B

ual growth potential, interceptive or early treat-
ment can sometimes be extended and therefore,
impractical.

Facial morphology, muscle function and
vertical malocclusion

In a study of the facial morphology in three
groups of subjects, low angle, average and high
angle, Isaacson et al.”’ found that high angle and
low angle subjects had similar upper face height
development. Vertical height from the palatal
plane to the maxillary molars, however, was
significantly greater in the high angle cases than
in the other two groups, indicating that poste-
rior dental eruption generally is greater in high
angle cases. Lower anterior face height was also
found to be significantly greater in the high
angle group than in the normal or the low angle
groups. The difference in posterior dentoalve-
olar development in the maxilla is associated
with weaker musculatur in high angle cases as
opposed to stronger musculature in the low
angle cases as reported by Méller and Inger-
vall.” It has been hypothesized that the reason
for the increased tendency to further bite open-
ing in high angle cases during treatment is that
high angle cases have significantly less bite force
than low angle cases.'® A recent study by Inger-
vall, however, did not support this contention."”
Differences in mandibular rest position between
normal and high angle cases and patency of the
airways have often been connected with the
“long face syndrome.” Airway problems, such
as large adenoids, tonsils or blocked airways due
to septum deviations, large concae, or allergies
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Figure 7C

are frequently observed in high angle cases and
may affect mandibular posture allowing more
freedom for posterior eruption. This hypothe-
sis is supported by Linder-Aronson'®'’ who
demonstrated closing of the mandibular plane
angle and reduction in the anterior face height
following removal of adenoids and tonsillectomy.

Cephalometric analysis of vertical malocclusion
In describing the facial morphology of a pa-
tient with a vertical malocclusior, orthodontists
routinely measure the upper and lower face
height as well as the vertical jaw relationship.
This measurement of vertical jaw relationship
is a relative measure of the difference in inclina-
tion between the maxilla represented by the
palatal plane and the mandible represented by
the mandibular plane. One important compo-
nent, however, is often not included in the de-
scription, namely, the extent of dentoalveolar
compensation in the maxilla and mandible.
Dentoalveolar compensation, first described
by Bjork® and later discussed by Solow™ is, under
favorable circumstances, compensatory, and masks
even more severe skeletal discrepancies. In the
ideal situation, this compensation masks discrep-
ancies in all three planes of space. The dentoalve-
olar changes may, however, also be unfavorable
or dysplastic and contribute to an occlusal prob-
lem more severe than that caused by the actual
skeletal discrepancy. It is unfortunate that most
cephalometric analyses do not directly measure
the compensatory or dysplastic development.
The following measurements will allow the de-
termination of possible compensatory or dys-
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plastic development within each of the jaws. In
the maxilla, the maxillary zone, measured as the
angle between the palatal plane (ANS-PNS) and
the maxillary occlusal plane (mean 10°+3°),
describes the extent of compensatory or dys-
plastic development. In the mandible, the man-
dibular zone, measured between the mandibular
plane (GO-GN) and the mandibular occlusal
plane (mean 20°+4°), similarly describes possi-
ble compensation.” If one or both of these meas-
urements are increased in a patient with an
increased vertical jaw relation, favorable den-
toalveolar compensation is indicated. On the
other hand, if these measurements are normal
or reduced in the same patient, either no com-
pensation or dysplastic development has taken
place. It is important not only for the diagnosis
of a case, but also for the treatment plan, to
determine if a deep or open bite is dentoalveolar
or skeletal in nature. It is equally important to
determine to what extent a dentoalveolar change
has compensated for a skeletal deep or open bite
as it may affect not only the treatment of choice
but also the timing of treatment. Figure 6A-C
demonstrates dentoalveolar compensation in a
patient with a pronounced increase in vertical
jaw relation primarily due to posterior inclina-
tion of the mandible of 52°, where the vertical
compensation is almost complete. In contrast,
the patient seen in Figure 7A, B, C, has a simi-
larly severe skeletal problem and shows little or
no compensation.

Growth prediction (structural)

The traditional cephalometric morphological
assessment of the lateral headfilm of a patient
provides a general description of the patient’s
face. It gives the clinician an idea of how each
of the facial components contributes to the
patient’s malocclusion. Conventional morpho-
logical analyses, however, give little or no in-
formation as the future growth pattern of
the patient — information which is of great im-
portance in the treatment planning as it affects
not only the timing of treatment but also the
choice of treatment mechanics. The structural
criteria for prediction of mandibular growth
rotations described by Bjork,® can be clinically
very helpful in the more extreme cases. Bjork®
suggested that the morphology and inclination
of the mandibular symphysis, the shape of the
lower border of the mandible, the thickness of
the cortical bone below the symphysis and the
anterior border of the mandible are useful and
important indicators of future growth rotation,
particularly in more extreme cases.

In their study of untreated subjects with me-
tallicimplants, Bjérk and Skieller’ demonstrated

that the majority of patients rotate in a forward
direction (anterior) and that it is more unusual
to find patients who exhibit posterior growth
rotation. They also showed that the mandibular
plane angle, as such, is not a reliable indication
of posterior rotation potential as several un-
treated subjects showed anterior rotation in
spite of a high mandibular plane angle. This is of
particular interest as orthodontists often base
their predictions of future growth rotation on
the inclination of the mandible. It does not deny
that high angle cases generally may be more
prone to mechanical extrusion of posterior teeth
during orthodontic treatment, primarily because
the high mandibular plane angle is associated
with less muscle strength.'*"”

In order to illustrate the above principles and
their application in a clinical context, the follow-
ing two cases are described.

Aspects of treatment
Case MH, 8 years 1 month, Female

This patient had a Class I malocclusion with
an anterior skeletal open bite due to a previous
fingersucking habit. Her facial profile was con-
vex and the mandible appeared retrognathic
(Figure 8A-D). In addition to her fingersucking
habit she had also developed a speech problem
and had difficulty with the pronunciation of ‘S’
and ‘T” sounds as well as a moderate lisp. Her
mother insisted on having the malocclusion
treated as the speech problems were resulting
in problems at school. The cephalometric analy-
sis showed an increased sagittal jaw relation of
5.5° and a mandibular plane angle of 41° with
an increased anterior face height. The airways
seemed adequate and there was no history of
airway problems. Judging from the headfilm
tracing at 8 years 1 month, the structural crite-
ria of the mandible indicated a future growth
potential associated with posterior rotation
(Figure 9). It was therefore decided to treat the
anterior open bite as conservatively as possible
in an attempt to eliminate the open bite by
limited interceptive treatment.

To minimize the potential for posterior rota-
tion, the posterior teeth were not included in
the appliance. Instead of the traditional lingual
arch with spurs, only the maxillary central in-
cisors were fitted with bands provided with
tongue spurs that reached down below the inci-
sal edges of the mandibular incisors.** In addi-
tion, the patient was instructed to chew sugar-
less gum for a minimum of 2 hours per day to
encourage masticatory muscle activity in the
hope that this would reduce the potential for
further bite opening. In the mandibular arch a
passive lingual arch was placed to maintain arch

The Angle Orthodontist

1991 Vol. 61 No. 4

Vertical malocclusions

253



Nielsen

{
(]

Figure BA

Figure 8C

Figure 8B
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Figure 8A-B

Facial photo of Case MH. Female age 8 yrs 1 mo.
The anterior face height is increased and the pa-
tient has a convex profile with a retrognathic chin.
Lip closure is incompetent.

Figure 8C-D

Study casts of case MH show a Class | malocclu-
sion with an anterior open bite and moderate
crowding.

Figure 9

Cephalometric tracing of case MH at 8 yrs 1 mo
shows a skeletal open bite with proclination of
both maxillary and mandibular anterior teeth. The

1991 Vol. 61 No. 4

structural signs indicate potential for posterior
rotation.

Figure 10

Cephalometric tracing of case MH at 9 yrs 2 mos
shows normal overbite, Class | acclusion and in-
creased overjet.

Figure 11

Growth and treatment analysis of Case MH. The
general direction of facial growth was downward
and forward with no increase in the sagittal or ver-
tical jaw relationships. The appliance consisted of
two bands on the maxillary central incisors with
spurs to prevent fingersucking and tongue dys-
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Figure 12A Figure 12B

Figure 12D
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Figure 14A

Figure 13

function. The patient was instructed to chew sugar-
less gum for 2 hours daily to improve lip and tongue
function. In the mandible alingual arch was placed
to maintain arch length during the transition of the
dentition.

Figure 12A-B

Facial photos of Case MH at 14 yrs 6 mos. The
facial photos after the second phase of treatment,
from 12 to 14 yrs 6 mos which included extraction
of four first premolars, show a harmonious profile.
There is now adequate lip closure and a straight
profile.

Figure 12C-D

Study casts of Case MH at 14 yrs 6 mos. The oc-

clusion posttreatment is now Class | with normal
overjet and overbite.

Figure 13

Facial growth in Case MH from 8 yrs 1 mo to 14 yrs
6 mos was in adownward forward direction inboth
jaws. The sagittal jaw relation improved consider-
ably during the second phase of treatment. The
vertical jaw relation was well controlled and re-
mained unchanged.

Figure 14A-8
Maxillary and mandibular superimposition in Case
MH posttreatment. A. The maxilla rotated poste-
riorly during the growth period in part because of
the use of high pull headgear during the second
phase of treatment. A considerable amount of molar
eruption could be tolerated because of sufficient
mandibular growth. B. Mandibular superimposition
shows that the patient experienced about 20 mm
of condylar growth from 8 to 14 years of age. The
mandible rotated in a forward (anterior) direction,
contrary to the structural prediction, due to great-
er posterior (PFH) than anterior face height (AFH)
increase.
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length during the loss of the deciduous teeth.
At 9 years 2 months, after 1 year of treatment
with the spurs (Figure 10), the patient shows a
normal overbite with a slightly increased over-
jet. The superimposition after 13 months of
treatment (Figure 11) shows that mandibular
growth occurred in a downward and forward
direction with a small amount of anterior rota-
tion as indicated by the change in the inclination
of the mandibular reference line. The maxilla
followed the mandible and no change in the sag-
ittal jaw relationship had taken place. The for-
ward rotation of the mandible was contrary to
what could be expected based on the morpho-
logical criteria, i.e. the inclination of the man-
dibular symphysis and the shape of the lower
border of the mandible. It should be remem-
bered, however, that in young patients such as
this 8-year-old, these structural criteria are often
not very pronounced and predictions can there-
fore be difficult. The patient should be given
benefit of the doubt and treated conservatively.

At the end of the interceptive phase, the two
bands with spurs were removed and the 9-year-
old patient was told to come back in 6 months
for a check of the lingual arch, which was main-
tained until all lower permanent teeth had
erupted. No further treatment was initiated
until 12 years of age when a new headfilm was
taken and analyzed. The position of the man-
dibular incisors together with information from
the headfilm indicated that in order to obtain a
harmonious facial profile and occlusion, four
premolars required extraction. Anchorage was
established by means of a highpull headgear
in combination with a transpalatal arch. This
approach was used in an attempt to minimize
the potential for maxillary molar extrusion dur-
ing treatment.

The photos in Figure 12A-D show the pa-
tient’s facial profile and occlusion at age 16, 2
years out of retenticn. The occlusion is good,
she now has a harmonious soft tissue profile
and the previous convexity has been reduced.
Cephalometric growth and treatment analysis
of the total growth period from 8 years 1 month
to 14 years 6 months, after the two phases of
treatment (Figure 13), show that her downward
forward growth pattern had continued with
pronounced forward rotation of the mandible.
Detailed analysis of the changes within the
maxilla and mandible (Figure 14A,B) show that
the maxilla rotated slightly posteriorly whereas
the mandible rotated anteriorly. A considerable
amount of both condylar and sutural growth
took place which permitted eruption of the
molars and incisors.
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This case is an example of two-phase treat-
ment with early interception and later correc-
tive treatment in a high angle case where an
unfavorable growth pattern was anticipated.
By careful application of mechanics and good
treatment timing, undesirable side effects were
avoided and forward growth of the mandible
maximized. It may be argued that this patient
had a functional open bite rather than a true
skeletal open bite. Few clinicians, however,
would disagree that this type of facial morphol-
ogy often tends to open up during treatment
and that these patients frequently finish with
an undesirable profile.

Case BK, 11 years 2 months, Female

This patient had a skeletal deep bite with
pronounced reduction of anterior facial height.
She also had extreme retrognathism of the man-
dible as seen in her facial photos (Figure 15A-F).
Her occlusion was so deep that she had marked
imprints of her mandibular incisors in the pala-
tal mucosa and she complained of occasional
pain and bleeding in the area (Figure 15E). Lat-
eral headfilm analysis showed an increased sag-
ittal jaw relationship (ANB 9°=~ mean 3°42.5°)
due to aretrognathic mandible (Figure 16). The
vertical jaw relationship was similarly reduced
(2==mean 25°+6°) due to anterior inclination of
the mandible (14°~ mean 33°+6°). This maloc-
clusion was the result of extreme anterior rota-
tion of the mandible in combination with a lack
of incisor contact as illustrated in Figure 5B.
Lack of an anterior fulcruming point, in combi-
nation with the growth pattern of the mandi-
ble, has caused the development of this extreme
deep bite.

Early treatment of this patient could have
prevented the development of this sagittal and
vertical malocclusion. However, it should be
recognized that this is an extreme case with an
exceptional amount of upward and forward con-
dylar growth. The total treatment time, there-
fore would have been protracted even if started
early because of the marked sagittal discrepancy.
The occlusion would have had to be stablilized
during the entire growth period to prevent post-
treatment relapse of the deep bite.

Because this patient lived in a remote area
of the country without access to orthognathic
surgery, the orthodontist decided to attempt
non-surgical treatment. He hoped that facial
growth and appropriate mechanics would cor-
rect the severe sagittal and vertical skeletal dis-
crepancies. This clinician used Begg appliances
routinely and tried for about a year to correct
the deep bite with little success. At this time the



Figure 15B

Figure 15E

patient moved to an area where orthognathic
surgery was available and transferred to another
orthodontist (the author). The tracing of a
cephalometric headfilm after 1 year 2 months of
treatment (Figure 17) shows that the incisors
and molars had been tipped back severely with
no appreciable improvement in the occlusion.
Cephalometric analysis of this treatment period
(Figure 18) shows that the patient had grown
vertically without any forward change of the
mandible. A hand/wrist plate taken at this time
showed that little additional growth could be
expected as the patient already had closure of all
the epihyses in the hand (H,).

The treatment plan for this second phase of
treatment, initiated at age 13 years 1 month,
included aligning of all teeth, while maintaining
the deep bite. Following orthodontic alignment
the mandible was to be advanced surgically and
rotated vertically to increase the anterior face
height. The surgical procedure, with the use of
rigid fixation to stabilize bony fragments, left
the patient with an increased anterior face height

Figure 15F

Vertical malocclusions

Figure 16

CASE BK. Q
Pretreatment

The Angle Orthodontist

Figure 15A-B

Case BK. Female, 11
yrs 3mos. Pretreatment
facial photos show a
severely reduced anteri-
or face height and a
retrognathic chin. The
patient has a concave
profile with adeep men-
tolabial sulcus.

Figure 15C-F

Intraoral photos at age
11 yrs 3mos of case BK
show an extreme Class
Il division 2 malocclu-
sion with a severe deep
bite. The mandibular an-
terior teeth have created
a groove in the palatal
mucosa and the patient
often has pain and bleed-
ing from the area due to
traumatic occlusion.

Figure 16

The pretreatment head-
film tracing of case BK
shows an extreme skele-
tal deep bite in combi-
nation with severe retro-
gnathia of the mandible.
The anterior facial height
is severely reduced.
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Figure 17
Cephalometric tracing of
CaseBKat 12yrs 5mos
following 1 yr 3 mos
of non-extraction treat-
ment with the Begg ap-
pliance. The deep bite
has remained almost un-
changed and there is
no improvement in the
sagittal relationship or
the occlusion. Note the
severe distal tipping of
the maxillary and man-
dibular molars.

Figure 18

General facial growthin
Case BK after 1 yr3mos
of treatment shows that
the patient had primar-
ily vertical growth dur-
ing this treatment peri-
od. Considerable tipping
of the maxillary and man-
dibular incisors took
place in response to the
use of Class |l elastics.
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CASE BK. @
In Treatment 12 - 125

I
)

CASE B. K.
Pretreatment ———— 113
End of Phase I —=-~- 125

Figure 17
of 7 mm and full correction of the sagittal dis-
harmony. Additional treatment of her occlusion
was necessary to close the lateral open bite,
often left after the horizontal and vertical cor-
rection in severe deep bite cases. After 3 months
of orthodontic treatment the occlusion was cor-
rected, appliances were removed and a gnatho-
logical positioner inserted for final detailing.
The posttreatment photos (Figure 19A-D)
show great improvernent in the patient’s soft
tissue profile. She now has a straighter profile
with some improvement in lower anterior face
height. The occlusion is Class I with normal
overbite, overjet and good intercuspidation of all
teeth. The lateral headfilm (Figure 20) shows
the bony lag screws used to stabilize the man-
dible occlusion after treatment. Cephalometric
growth and treatment analyses (Figure 21) show
the mandibular advancement and lowering with
considerable torque of the maxillary incisors
necessary to obtain a good occlusion.
Posttreatment stability of these two cases is
expected to be good as no further growth is
anticipated. An excellent occlusion was obtained.

Summary
To successfully treat vertical malocclusions,
it is important for the clinician to have a good
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Figure 18

understanding of the etiological factors that lead
to development of these malocclusions. Growth
processes associated with these malocclusions
must be understood as well as normal and ab-
normal function of the soft tissues, i.e. the lips
and tongue, in order to successfully diagnose
and plan treatment for these patients.

In this article we have discussed the mecha-
nism by which vertical malocclusions can develop
and the influence function may have on vertical
development. The roles of soft tissue and mus-
cle dysfunction in the development of vertical
malocclusions are still only vaguely understood.
Their influence on the stability of the occlusion
following treatment needs further investigation.
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Figure 19A-B

Facial photos of Case BK
at 14 yrs 9 mos. Follow-
ing orthodontic therapy
and orthognathic surgi-
cal advancement of the
mandible, the facial pro-
file is now straight with
anincrease in the lower
face height.

Figure 19C-D

Intraoral photos of Case
BK following treatment
(by the author). The
occlusion is now Class
I with normal overjet,
overbite with good inter-
cuspidation of the teeth.

Figure 20
Posttreatment lateral
headfilm of Case BK at
14 yrs 9 mos. The pro-
file is now harmonious
and good interincisal
relationships of the
teeth have been ob-
tained. Note the bony
lag screws that elimi-
nated the need for inter-
maxillary fixation.

Figure 21

General facial growth
from 11 yrs 3 mos to 14
yrs 9 mos in Case BK.
The surgical advance-
ment has increased the
vertical face height and
corrected the sagittal
jaw discrepancy.
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