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Mouth breathing is an inevitable
result of obstruction of the nasal air-
way. Associated changes in mandibu-
lar posture and the function of re-
lated muscles have long been postu-
lated to cause undesirable changes in
facial growth. Evidence for such a
cause-effect relationship is reviewed
and illustrated with clinical records.

Nasorespiratory function and its
relation to craniofacial growth is of

" great interest today, not only as an

example of the basic biological rela-
tionship of form and function, but
also because it is of great practical
concern to pediatricians, otorhino-
laryngologists, allergists, speech physi-
ologists, orthodontists, and other
members of the health care commu-
nity as well. Discussions on this topic
have appeared in the literature for
over a century. Recent renewed inter-
est is based on the accumulating find-
ings in investigations of the relation-
ship between breathing patterns, cra-
niofacial growth and dentofacial or-
thopedic treatment.

CLINICAL STUDIES OF
RESPIRATORY OBSTRUCTION

The classic clinical example of the
possible relationship between airway
obstruction and aberrant craniofacial
growth is the type of patient described
as having “adenoid facies” (e.g. Meyer,
1872; Angle, '07; Johnson, '43; Rick-
etts, '68; Moore, '72; Linder-Aronson,
’79). These patients usually present a

269



270

mouth-open posture, a small nose with
button-like tip, nostrils that are small
and poorly developed, a short upper
lip, prominent upper incisors, a pout-
ing lower lip, and a vacant facial ex-
pression. Mouth-breathing individ-
uals have been classically described as
possessing a narrow, V-shaped maxil-
lary arch, a high palatal vault, pro-
clined upper incisors, and a Class 11
occlusal relationship.

The emphasis on the “adenoid fa-
cies” patient in the literature has been
unfortunate in one sense, because it
implies that all patients having these
facial characteristics are mouth
breathers and that all mouth breath-
ers have these facial characteristics.
This is not always the case (Thurow,
’75). Studies of clinical populations
have indicated that obstructed res-
piratory function can be found in pa-
tients with a variety of facial types.
Howard ('32) reviewed 500 patients
with histories of tonsil problems. Of
the 159 patients he classified as being
mouth breathers, 599, presented with
normal occlusions, 149 with Class 11
malocclusions and 279, with either
Class 1 or Class ITI malocclusions,

Leech ('58) studied 500 patienis who
were being treated for upper respira-
tory problems. Nineteen percent were
classified as mouth breathers, two-
thirds of whom had obstructive ade-
noids and one-third of whom had such
conditions as allergy, infective rhinitis
and septal defects. More than 609, of
the mouth-breathing patients were
Class I, 259, were Class 11, and 109,
were Class II1.

Huber and Reynolds ('46) studied a
random sample of 500 male college
students, only 27 of whom were char-
acterized as being mouth breathers.
Sixty-two percent of the mouth breath-
ers had Class I molar relationships,
809, had Class IT molar relationships,
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and 8%, had Class III molar relation-
ships. Thus, the occlusions of patients
with obstructed respiratory function
cover the entire spectrum, with Class
I malocclusion rather than a Class II
malocclusion occurring most  fre-
quently.

Similar findings have been observed
by the author in a preliminary analy-
sis of the skeletal and dental charac-
teristics of 40 selected, not necessarily
representative, patients from the tonsil
and adenoid study currently in prog-
ress at the Children’s Hospital of
Pittsburgh. This comprehensive study
of the efficacy of tonsillectomy and
adenoidectomy surgery was initiated
in 1971 by Dr. Jack L. Paradise, a
pediatrician, and Dr. Charles D. Blue-
stone, an otorhinolaryngologist, as a
prospective, controlled clinical trial.
Each subject met at least one criterion
for adenoidectomy—either recurrent
otitis media or nasal obstruction at-
tributable to large adenoids, or both—
before entry into the study. Then, de-
pending upon whether parental con-
sent for random assignment was
granted, each was assigned either ran-
domly or by parental election to surgi-
cal or non-surgical groups. (Paradise,
"76; Paradise and Bluestone, '76; Blue-
stone, '79). The average age of the pa-
tients was 7 years.

An analysis of the initial lateral
radiograph of each patient indicated
that 779, of the sample had a Class I
molar relationship, 189, had a Class 11
relationship, and 109, had a Class I11
relationship. On the average, this
group was characterized by excessive
anterior facial height and a steep
mandibular plane.

The average mandibular plane an-
gle (relative to the Frankfort horizon-
tal plane) was 31.5 degrees, with a
range from 20 degrees to 41 degrees.
According to the Bolton standards
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(Broadbent et al.,, '75), the mandibu-
lar plane angle for the average patient
of this age is 25.5 degrees. It should
be noted, however, that four of these
patients had steep mandibular plane
angles and four had mandibular
plane angles that fell within the nor-
mal range. Thus, the results of this as
well as the other clinical studies men-
tioned indicate that the craniofacial
relationships associated with mouth
breathing are variable and can be as-
sociated with a number of facial pat-
terns.

Retrospective studies of medical his-
tories have also provided information
on the relationship between airway
problems and craniofacial morphol-
ogy. For example, Quick and Gund-
lach ('78) divided a sample of 113 or-
thodontic patients into two groups:
those with a high mandibular plane
angle (n = 62) and those with a low
mandibular plane angle (n =51).
The average for the mandibular plane
angle in the first group was 38 degrees
to the sella-nasion plane (approxi-
mately 31 degres to the Frankfort
horizontal plane) and for the second
group it was 26 degrees to the sella-
nasion plane (approximately 19 de-
grees to the Frankfort horizontal
plane). Analysis of data derived from
a medical questionnaire given to each
patient showed that there was little
difference in the incidence of allergic
rhinitis, maxillary sinusitis or devi-
ated nasal septa between the two
groups. However, significant differ-
ences were found in the incidence of
enlarged adenoids or previous ad-
enoidectomy. Nasopharyngeal impair-
ment was noted in 639, of the pati-
ents in the long-faced (high angle)
group and 23%, in the short-faced
(low angle) group. The long-faced
group also had a significantly higher
incidence of symptoms of nasal ob-
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struction due to undetermined causes.

Cephalometric analysis of the two
groups indicated that the nasopharyn-
geal cavity was smaller in the long-
faced individuals, so that even mod-
erate adenoid enlargement could
cause marked symptoms of upper res-
piratory obstruction in these indi-
viduals. Ricketts ("58) has emphasized
that the actual adenoid volume is of
less importance than the relative size
of the space it occupies. Thus, an in-
dividual with a small bony naso-
pharynx is more predisposed to upper
respiratory obstruction than is a pa-
tient with a large nasopharynx.

Studies of the relationship of air-
way resistance to facial type are also
relevant. Linder-Aronson and Bick-
strom ('60) compared facial type and
type of occlusion in nose breathers
and habitual mouth breathers. They
noted that children with long narrow
faces have greater nasal resistance, on
the average, than those with short,
wide faces; and that children with a
high narrow palate tend to have a
greater nasal resistance to air flow
than those with a low, broad palate.
No direct relationship between mouth
breathing and type of occlusion could
be found, particularly with regard to
overbite and overjet.

In a follow-up study, Linder-Aron-
son ('63) noted that the mouth-breath-
ing individuals continued to have a
significantly higher nasal resistance
even after the use of nose drops. In
both studies, variations in palatal
height were notably greater in the
mouth-breathing group than in the
nose-breathing group.

These studies seem to indicate that
there is a relationship between upper
respiratory obstruction and the con-
figuration of the craniofacial struc-
tures of a given individual, but that
there is no one specific pattern which
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can be directly correlated with mouth
breathing.

EXPERIMENTAL STUDIES OF
RESPIRATORY OBSTRUCTION

As in many areas in craniofacial
biology, it is often difficult to get pre-
cise answers to specific questions re-
garding biological relationships. The
relationship between airway obstruc-
tion and craniofacial growth is per-
haps best answered by experimental
studies, the most definitive of which
are those carried out by Harvold, Mil-
ler and their associates (Harvold et
al., ’78, '81; Harvold, 75, '79; Miller,
'78; Miller and Vargervik, '78, 79,
‘81).

In these experiments latex plugs
were inserted into the nasal openings
of a group of young rhesus monkeys
(Macaca mulatta). These animals
gradually adapted from a pattern of
nasal respiration to oral respiration.
The first noticeable changes were
funtional in nature, in that the ani-
mals altered their patterns of neuro-
muscular activity in order to accom-
plish oral breathing. Individual mon-
keys met this challenge in different
ways. Some of the animals learned to
posture their mandible with a down-
ward and backward (retrusive) open-
ing rotation. Some rhythmically
lowered and raised their mandibles
with each breath. Still others postured
their jaw in a downward aud forward
(protrusive) position, but each in its
own way managed to breathe through
its mouth.

Morphological changes gradually
followed the postural changes. Soft
tissue changes occurred first. Notch-
ing of the upper lip and grooving of
the tongue were seen to gradually de-
velop in different animals. Those ani-
mals augmenting the oral airway by
pointing the tongue in a forward po-
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sition also developed a moderate
change in mandibular shape. The
tongue itself became long and thin,
and an anterior open bite developed.
Moderate mandibular changes were
also observed in those animals which
lowered their mandible for each
breath. Dramatic changes in mandib-
ular morphology, particularly at the
gonial region and at the chin, were
produced in those animals which
maintained a lowered mandibular
postural position.

Harvold ('79) reported that the dis-
tance from nasion to chin increased
significantly in mouth-breathing ani-
mals, as did the distance from nasion
to the hard palate. This indicates that
the lowering of the mandible was fol-
lowed by a downward displacement
of the maxilla. The lower border of
the mandible became steeper and the
gonial angle increased. The most dis-
tinct remodeling of the mandible oc-
curred in the ramus, which main-
tained its normal relationship to the
skull even when the chin assumed a
lowered position. Harvold speculated
that the masticatory muscles attaching
the ramus to the skull were relatively
unaftected by the respiratory function
and continued to maintain a normal
relationship to the ramus while the
balance of the mandible remodeled
in response to the postural change.

What conclusions can be observed
from these experimental studies? First,
every animal was subjected to the
same environmental insult, the block-
age of the nasal airway with nasal
plugs. However, all animals did not
adapt functionally in the same way.
The nature of the structural changes
produced by insertion of the nasal
plugs depended upon the unique neu-
romuscular adaptation of the individ-
ual.

Occlusal effects also varied. Those
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animals who rotated their mandible
in a posterior and inferior direction
developed a Class I skeletal open bite
or a Class II malocclusion. Those ani-
mals who maintained a more anterior
position of the mandible developed a
Class III malocclusion.

Thus, a change in breathing pattern
led to a variety of skeletal and dental
deformities in a species of animal that
does not ordinarily develop malocclu-
sions. It is not the change in breath-
ing pattern per se which causes the
malocclusion. Rather, it is the changes
in related functional demands on the
craniofacial muscles and their obliga-
tory response.

Specific morphological differences
between species are well recognized,
even among the various species of pri-
mates. However, some broad generali-
zations comparing the mouth-breath-
ing monkeys to a population of
mouth-breathing human patients are
appropriate.

As was noted earlier, habitual hu-
man mouth breathers also do not pre-
sent with one specific type of cranio-
facial morphology. The variety of
skeletal and dental configurations ob-
served in these patients may be pre-
sumed to be the secondary results of
the neuromuscular adjustments re-
quired to maintain adequate respira-
tory function.

Adenoid facies and a steep mandib-
ular plane are frequent findings in
patients with upper respiratory ob-
struction, but they are by no means
the only types of adaptation that can
occur. Quinn (personal communica-
tions, "81) has noted that a low man-
dibular plane angle may result if the
patient postures the tongue over the
occlusal surfaces of the teeth in order
to maintain an oral airway. This type
of patient may even exhibit a deep
anterior overbite.
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ADAPTATIONS FoLLowING REMOVAL
OF NAsAL OBSTRUCTION

If there is a direct relationship be-
tween nasal obstruction and the
course of craniofacial growth, and if
this interaction is an expression of the
form-function relationship, it can be
at least theoretically assumed that the
removal of the causative obstruction
would initiate a reversal of the change
in funcion. Such a reversal should
then be followed by a gradual correc-
tive or positive change in the previ-
ously altered craniofacial configura-
tion. Preliminary reports by Harvold
et al. ('81) seem to indicate that this
is actually the case in his experimen-
tal animals.

Perhaps the most comprehensive
clinical study of the effects of removal
of nasal obstructions is that carried
out by Linder-Aronson (*75). He fol-
lowed 41 children who had under-
gone adenoidectomies for a period of
five years postoperatively. The thirty-
four children who had switched post-
operatively from oral breathing to
nasal breathing were compared to 54
normal children. The significant
group mean differences found initi-
ally between the dentitions and facial
skeletons of the operated and con-
trol children showed marked change
over the postoperative years.

The greatest changes occurred in
the dentition and in the sagittal depth
of the nasopharynx during the first
postoperative year. Linder-Aronson
(70) had noted at the beginning of
the study that the mouth breathers
had more retroclined upper and lower
incisors than did the nose breathers.
Other skeletal parameters also changed
but more gradually than in the denti-
tion and the nasopharynx.

Using regression analysis, Linder-
Aronson ('70) noted correlation be-
tween increased nasal resistance and
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an increase in the mandibular plane
angle. During mouth breathing the
retrolingual airway is kept open by
increased tonus of the suprahyoid
muscles. Infrahyoid and post-verta-
bral muscles also increased tension to
maintain a stable posture and often
to rotate the head upward and back-
ward. He also noted that tongue po-
sition is lower in mouth breathers.

The mandibular plane angle of the
children who had undergone adenoi-
dectomy diminished approximately 4
degrees, twice the reduction found in
the control children.

CASE REPORTS

The following case reports from
private practice illustrate some of the
possible relationships between ob-
structed respiratory function and cra-
niofacial growth. Their growth pat-
terns will be compared to the normal
growth standards of Broadbent et al.
('75) and by Ricketts’ four-point su-
perimposition ('60, '81).

Ideal Face

An ideal face was constructed, based
on an individual from The Univer-
sity of Michigan Elementary and Sec-
ondary School Growth Study (Riolo
et al., '74). The tracings (Fig. 1) of
this subject have been slightly
adapted to existing standards of nor-
mal growth so that it represents our
current concepts of ideal facial growth
as developed by the author. This ideal
subject has a Class I molar relation-
ship and a balanced facial profile.
During the two-year growth period
from age nine to eleven years, effec-
tive maxillary length (adapted from
Harvold, ’74) normally increases by 2
mm per year from 85 to 89 mm (Fig-
ure 1A). Effective mandibular length
increases 6 mm from 105 to 111 mm.
The maxillomandibular differential
(effective mandibular length minus
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effective maxillary length) increases
by 1 mm per year, as does lower an-
terior facial height measured from
anterior nasal spine to menton,

In a well-balanced face, point A lies
on the nasion perpendicular erected
from nasion through the anatomical
Frankfort plane (McNamara, '81).
Usually this relationship remains con-
stant during the growth period (Fig-
ures 1A and B). The orientation of
the upper and lower incisors relative
to each other remains relatively con-
stant, as does the mandibular plane
angle (the mandibular plane angle
usually closes only 1 degree every
three years (Broadbent et al.,'75)). The
distance from pogonion to the nasion
perpendicular (McNamara, '81) is re-
duced by 1 mm per year.

Cranial Base Superimpositions (Fig.
1C). Superimposing along the basion-
nasion plane at the intersection with
the pterygomaxillary fissure reveals a
downward and forward growth pat-
tern. The facial outline remains rela-
tively constant as the maxilla, mandi-
ble and teeth tend to relocate in a
downward and forward manner along
the facial axis.

Mandibular Superimposition (Fig.
1D). Superimposing on the internal
structures of the mandible (e.g. the
inferior alveolar canal and symphysis)
reveals that the condyle is relocated in
a superior and posterior direction and
resorption of bone occurs along the
anterior border of the ramus. The
lower first molar erupts vertically and
slightly anteriorly, as does the lower
incisor.

Maxillary  Superimposition (Fig.
IE). Superimposing on the internal
structures of the maxilla reveals a
slight downward and forward move-
ment of the maxillary molars and cen-
tral incisors relative to the skeletal
maxilla.

Maxillary Displacement (Fig. IF).
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Fig. 1F
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The superimposition of serial tracings
along the basion-nasion plane at na-
sion indicates the relative relationship
between point A and nasion during
the growth period. Most normal
growth studies (e.g. Riolo et al., *74;
Broadbent et al., 75) indicate that na-
sion and point A move forward about
the same amount during growth.
Therefore, in the idealized face the
maxilla descends vertically with na-
sion and point A retaining the same
anteroposterior relationship.

Case One: Untreated Airway
Obstruction

This white male presented at age
8 years, 9 months with symptoms of
upper airway obstruction. He was rel-
atively short in stature for his age, and
his face was long and narrow with a
narrow nose and small nostrils, the
classic adenoid facies. He had a mar-
ginal Class I molar relationship, tend-
ing toward Class II with an upper in-
cisor overjet. Crowding was present in
both dental arches.

Radiographic examination revealed
an adenoidal mass restricting the na-
sopharyngeal airway between the pos-
terior pharyngeal wall and the pos-
terior aspect of the soft palate to 3
mm (Fig. 2A). The maxillomandibu-
lar differential was 20 mm (Fig. 2A),
indicating a normal anteroposterior
relationship between the upper and
lower jaws. The relationship of the
maxilla to cranial base structures as
indicated by the position of point A
relative to the nasion perpendicular
was normal.

Excessive vertical height as indi-
cated by measurement from anterior
nasal spine to menton was excessive
by 6-7 mm. A vertical direction of
growth was indicated by the facial
axis angle of —10 degrees and a man-
dibular plane angle of 35 degrees.
The effect of this disproportionate
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vertical dimension was a relative man-
dibular retrusion.

This patient was referred to an
otolaryngologist for an evaluation of
his upper respiratory competency. Se-
vere occlusion of the nasopharynx by
the adenoidal mass was found, and
an adenoidectomy was recommended.
However, the parents declined any
surgical intervention and no surgical
or orthodontic treasment was under-
taken.

He was seen again nearly four years
later at age 12 years and 3 months.
During the intervening time the max-
illa had grown 5 mm and the mandi-
ble 7 mm, creating a 2 mm increase in
the maxillomandibular differential.
Anterior facial height increased by 2
mm (Figures 2A and B). Instead of
remaining in a constant position rela-
tive to cranial base structures, the
maxilla had become slightly more re-
trusive, changing from 1 mm anterior
to 1 mm posterior to the nasion per-
pendicular. The tip of the chin, in-
stead of moving closer to the nasion
perpendicular, became more retro-
gnathic (from —10 to —13 mm). The
mandibular plane angle increased 1
degree and the facial axis angle
opened 1 degree. No change in airway
dimension was noted.

Cranial Base Superimposition (Fig.
2C). Superimposing along the basion-
nasion plane at its intersection with
the pterygomaxillary fissure demon-
strates the vertical growth that oc
curred during the 324 years between
the two examinations. Both the man-
dibular plane angle and the facial
axis angle opened.

Mandibular Superimposition (Fig.
2D). Superimposing on the internal
structures of the mandible indicates a
posterosuperior direction of condylar
growth and a relatively greater verti-
cal movement of the lower incisors
than the lower molars.
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Maxillary Superimposition (Fig.
2E). Superimposing on the internal
structures of the maxilla indicates a
downward and forward migration of
the upper molars and, to a lesser ex-
tent, of the upper incisors.

Maxillary Displacement (Fig. 2F).
Superimposition of the two tracings
along the basion-nasion plane at na-
sion indicates that nasion was moved
forward slightly farther than point A
as the palate descended vertically.

In summary, this patient with
chronic upper airway obstruction ex-
hibited a vertical pattern of facial
growth. Very little change occurred in
either the dentition or in the overall
pattern of craniofacial development
during the 324 year interim. Even
with a normal anteroposterior rela-
tionship between the maxilla and
mandible, the increase in anterior fa-
cial height and the slight relative pos-
terior displacement of the maxillary
complex caused the face to become
more retrognathic.

Case Two: Adenoidectomy

This white male presented at age 7
years 2 months with a long history of
upper airway obstruction. Ile had suf-
fered numerous episodes of otitis me-
dia, experienced a 309, hearing loss
during the 3 months prior to his ini-
tial visit and was undergoing speech
therapy for hyponasal speech. The oc-
clusion was Class I with upper and
lower arch length deficiency, bialveo-
lar protrusion, an anterior open bite,
and a tendency toward a posterior
cross-bite.

Radiographically (Figure 3A) the
maxillomandibular differential was
24 mm. This is approximately 5 mm
more than expected, indicating a ten-
dency toward a Class IIT jaw relation-
ship. Lower anterior facial height was
at least 10 mm in excess, measuring
69 mm from anterior nasal spine to

McNamara

menton. The maxilla was retrognathic
relative to the cranial base structures,
lying 4 mm behind the nasion perpen-
dicular. The mandible was similarly
retrognathic due to rotation into a
downward and backward position. He
had a high mandibular plane angle
(31 degrees) and a facial axis of —6
degrees, both also indicative of a ver-
tical growth pattern. His airway mea-
sured 2 mm from the posterior surface
of the soft palate to the adenoid mass
on the posterior pharyngeal wall.

This patient was also referred to an
otolaryngologlst for an airway evalua-
tion. Examination revealed almost to-
tal blockage of the nasopharynx and
the posterior choanae by adenoidal
tissue. An adenoidectomy was per-
formed two months later.

At the follow-up examination one
year later, substantial clinical changes
were observed in both facial and den-
ta] structures. The patient had no dif-
ficulty in breathing through his nose
and had switched from habitual oral
respiration to nasal respiration. Ex-
amination of the intraoral structures
revealed a spontaneous closure of the
open bite and a normalization of the

As
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maxilla and mandible. Radiographic
examination indicated that during
this one-year period both the maxilla
and mandible had increased 3 mm in
length, with no change in the maxil-
lomandibular differential (Figs. 3A
and C). Lower anterior face height, as
measured from anterior nasal spine to
menton, decreased by 2 mm. The
mandibular plane angle (Figs. 3A and
B) decreased from 31 degrees to 27
degrees and the growth axis angle de-
creased from —6 degrees to —4 de-
grees. Relative to nasion, the maxilla
had moved anteriorly by 1 mm and
the mandible had moved forward 2
mm. The bialveolar protrusion was
unchanged.
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Fig. 2A
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Fig. 2E
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Fig. 38
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Fig. 3D

Fig. 3E

Fig. 3F
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Cranial Base Superimposition (Fig.
3C). Superimposing along the basion-
nasion plane at its intersection with
the pterygomaxillary fissure revealed
a forward growth pattern. There was
an increase in posterior facial height
and a slight decrease in anterior facial
height (ANS to menton).

Mandibular Superimposition (Fig.
3D). Superimposing along the inter-
nal structures of the mandible re-
vealed a superoanterjor direction of
condylar growth with relatively lictle
change in the vertical position of the
teeth.

Maxillary  Superimposition (Fig.
3E). Superimposition on the internal
structures of the maxilla revealed very
little change in the position of the
dentition.

Maxillary Displacement (Fig. 3F).
Superimposing on the basion-nasion
plane at nasion revealed a forward
displacement of the maxilla relative
to cranial base structures.

Although this patient was followed
for a relatively short period of time,
a dramatic 4-degree closure of the
mandibular plane angle occurred (the
mandibular plane angle normally
closes only 1 degree every 3 years).
Not only was there an improvement
in skeletal and dental relationships in
this patient, but his hearing was re-
stored and the quality of his speech
improved.

Case Three: Tonsillectomy and
Adenoidectomy

This white male presented at age
8 years and 3 months with a history
of upper respiratory disturbances, in-
cluding otitis media and tonsillitis.
He had an end-to-end molar relation-
ship and an anterior open bite. Ra-
diographically (Fig. 4A) he presented
with a relatively normal anteropos-
terior relationship between the max-
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illa and mandible (a maxilloman-
dibular differential of 20 mm) ~and
excessive anterior facial height. The
maxilla was posterior in relation to
cranial base structures (3 mm behind
the nasion perpendicular) as was the
mandible (18 mm behind the nasion
perpendicular). He had a very steep
mandibular plane angle of 40 degrees
and a facial axis angle of —8 degrees.

This patient was referred to an oto-
laryngologist for an airway evalua-
tion, after which time an adenoton-
sillectomy was performed. He was
not treated orthodontically.

A follow-up examination 214 years
later revealed that a dramatic change
had occurred in the vertical develop-
ment of the craniofacial complex. As
in the previous case, anterior facial
height, instead of increasing at the
rate of 1 mm a year, had decreased by
2 mm (Figs. 4A and B). The mandib-
ular plane angle decreased from 40
degrees to 34 degrees and the facial
axis angle closed forward. The max-
illa. moved forward 1 mm and the
mandible at pogonion moved forward
6 mm.

Cranial Base Superimposition (Fig.
4C). Superimposing along the basion-

. nasion plane at its intersection with

the pterygomaxillary fissure illustrates
the increase in posterior facial height
and the relative stability of anterior
facial height. Although posterior den-
tal relationships remained constant, a
closure of the anterior vertical dis-
crepancy was observed.

Mandibular Superimposition (Fig.
4D). Superimposing on the internal
structures of the mandible revealed a
superior direction of condylar growth,
indicating a horizontal growth rota-
tion of the mandible.

Maxillary  Superimposition (Fig.
4E). Superimposing on the internal
structures of the maxilla revealed a
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forward movement of the molars and
incisors, with very little vertical de-
velopment.

Maxillary Displacement (Fig. 4F).
Superimposition along the basion-
nasion plane at nasion demonstrates a
downward displacement of the max-
illa relative to cranial base structures,
with little anteroposterior change.

In summary, this patient under-
went an adenotonsillectomy for upper
airway obstruction. During the 214
year follow-up period during which
no orthodontic treatment was under-
taken, there was a dramatic closure of
the mandibular plane angle and a
lessening of the severe vertical growth
pattern seen in the initial radio-

graphs.

Case Four: Late Obstruction of
Nasopharynx

This 12-year-old white male had a
submucous cleft of the soft palate.
Molars were in a marginal Class I rela-
tionship, tending toward Class II.
Anteroposterior skeletal relationship
was retrusive (Fig. 5A), with a max-
illomandibular differential of only 18
mm compared to a normal range of
24-26 mm for a bhoy his size, and ex-
cessive anterior facial height. The
maxilla was located in a normal rela-
tionship to the cranial base, but there
was a moderate mandibular retrusion
with bialveolar protrusion. The man-
dibular plane angle was moderately
steep (29 degrees) and the facial axis
angle was —3 degrees.

This patient was referred to an oto-
laryngologist who performed a pha-
ryngeal flap because of velopharyn-
geal insufficiency.

He was seen again in a follow-up
visit 414 years after the velopharyn-
geal flap procedure, with no inter-
vening orthodontic treatment. Ex-
amination of the patient revealed
obvious changes in the relationship of
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the various structures of his face.
Lower anterior facial height (Figs. 5A
and B), which was already excessive
at age 12 (70 mm), increased by 16
mm. The anterioposterior relation-
ship between the upper and lower
jaws remained retrusive. The man-
dibular plane angle increased from 26
degrees to 32 degrees and the angle
of the growth axis opened even more
vertically, from —3 degrees to —9 de-
grees. An anterior open bite had de-
veloped, with marked flaring of the
upper incisors.

Cranial Base Superimposition (Fig.
5C). Superimposing along the basion-
nasion plane illustrates the severe ver-
tical development that occurred dur-
ing the 57 months following the
velopharyngeal flap procedure. The
growth axis angle opened, as did the
mandibular plane angle, with a dra-
matic increase in anterior facial
height. The need for compensatory
muscle function is indicated by the
mass of the mentalis muscle.

Mandibular Superimposition (Fig.
5D). Superimposing on the internal
structures of the mandible revealed

that condylar growth was in a postero-
tooth

At A
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eruption had also occurred.

Maxillary  Superimposition (Fig.
5E). Superimposing on the internal
structures of the maxilla reveals that
primary vertical movement of the
dentition has occurred.

Maxillary Displacement (Fig. 5F).
Superimposition along the basion-
nasion plane at nasion shows the max-
illa more posterior relative to cranial
base structures.

In contrast to the previous two
cases, this patient originally had a
restricted airway which was com-
pletely closed by surgical interven-
tion, forcing him to become a mouth
breather. Presumably, much of the fa-
cial distortion that followed the

The Angle Orthodontist
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Fig. 5A
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Fig. 5B
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pharyngeal flap procedure could be
accounted for by the alterations in
neuromuscular function which accom-
panied the adaptation necessary for
maintaining an adequate level of oral
respiration.

SuMMARY AND CONCLUSIONS

The purpose of this paper has been
to explore the relationship between
upper airway obstruction and cranio-
facial growth. A review of the litera-
ture and of a preliminary study by
the author in collaboration with in-
vestigators at the Children’s Hospital
of Pittsburgh indicate both the spec-
trum of skeletal and dental configura-
tions which are associated with upper
airway obstruction and the significant
changes in patterns of facial growth
which are observed following removal
of the obstruction. Four clinical cases
were presented. While admittedly
only case reports, these do illustrate
the potential interaction between al-
terations in respiratory function and
craniofacial growth pattern. The four
clinical cases are representative of one
type of facial problem which has been
classically associated with the mouth-
breathing individual; that is a steep
mandibular plane. We fully recognize
that there are many other manifesta-
tions of the environmental problem
of upper respiratory obstruction.
However, these cases do illustrate the
relationship between function and
form (i.e. obstruction and deviant fa-
cial growth). In order for this relation-
ship to be more fully documented,
data from controlled randomized clin-
ical trials must be analyzed.
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