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The orthodontic relevance of nasorespiratory obstruction and its effect on facial growth continues to
be debated after almost a century of controversy. The continuing interest in nasal obstruction is
fueled by strong convictions, weak evidence, and the prevailing uncertainty of cause and effect
relationships that exist. The essence of any debate is to provide opposing evidence from which a
majority vote is obtained. Political issues may be appropriately resolved by such means as a
majority vote. Scientific issues, however, can only be resolved by data and appropriately structured
hypotheses put to the test. One of the problems in debating nasorespiratory obstruction and facial
growth is the inability to provide unequivocal answers to such issues as: How much nasal
obstruction is clinically significant? At what age is the onset critical and for how long does it have
to exist before an effect on facial growth can be expected? To provide unequivocal answers,
clinical studies need to be designed to identify and quantify the degree of nasorespiratory
obstruction and compare individuals for any clinically relevant differences. The purpose of this
article is to review the available evidence. If both data and untested popular beliefs are subjected to
the same rigorous criteria, indications for the orthodontic management of patients with
nasorespiratory obstruction may gain a more rational approach to treatment recommendations.

(Am J Orthod Dentofacial Orthop 1998;113:603-11)

A. fter more than a century' of conjecture
and heated argument, the orthodontic relevance of
nasal obstruction and its assumed effect on facial
growth continues to be debated. To document a
relationship between modification of facial growth
and mouthbreathing requires defining the term
mouthbreathing and the extent to which this may be
associated with facial growth. Evidence from animal
studies has been extrapolated to explain the human
condition but fotal nasal obstruction, as produced by
Harvold et al.? in monkeys, is extremely rare in
human beings. Primates do not have the same
nasorespiratory mechanism as human beings and do
not readily adapt to mouthbreathing. If human
beings have a preference for nasal respiratory mode
as infants, this can adapt readily to oronasal respi-
ratory mode in children. The debate, therefore,
should focus on whether partial nasal obstruction is
a risk factor for altered dentofacial growth in chil-
dren. If treatment interventions that carry a signifi-
cant risk, questionable benefit, and considerable
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cost, are to be justified, then good evidence is
essential for clinicians to make rational decisions.
As the resolution of any controversy is condi-
tional on the strength of evidence that may be used
to refute or accept contentious issues, it behooves
clinical scientists to design studies which generate
sound data. By designing and establishing a basis for
objectively assessing and interpreting results from
“good data,” progress may eventually be forthcom-
ing and resolve alternative explanations for clinically
observed phenomena. Alternative treatments based
on rationally derived information, and not merely
on accumulated subjective opinions supported by
anecdotal case reports, may provide a basis for a
more rational approach to the utility and efficacy of
alternative treatment strategies. With the possible
introduction of health care reforms and contain-
ment in the cost of the provision of health care in
the United States, important issues in making clin-
ical decisions relate to the risk/benefit/cost ratios.
The purpose of this article is to review some of the
available evidence in children, adolescents, and adults
that suggest that there may or may not be an associa-
tion between respiratory mode and facial morphology.

NASAL OBSTRUCTION AND FACIAL
MORPHOLOGY

The typical features that are considered charac-
teristic of persons who have difficulty breathing
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Fig. 1. A, Sixteen-year-old boy with an increase in lower face height, lip apart posture,
and narrow alar base. B, Anterior view in occlusion. Note anterior open bite, bilateral
posterior crossbite associated with transverse maxillary deficiency, and crowding of
incisors. C, Lateral cephalogram confirms increase in lower facial height, vertical maxillary
excess, and skeletal open bite. (lllustrations originally appeared in Int J Adult Orthod
Orthog Surg 1989;4:119-28. Reprinted with the permission of Quintessence Publishing Co,
Inc.)

through their nose and therefore may be diagnosed
as having nasal obstruction, is exemplified by the
long-face syndrome® (Fig. 14). The pediatrician of-
ten refers to this as “adenoidal facies.” The proto-
type of this condition is considered to include an
increase in lower facial height, lip apart posture,
narrow alar base, and frequently self reported
“mouthbreathing.” Intraorally, the clinician might
expect to find a narrow maxillary arch with a high
palatal vault and a posterior crossbite with a Class 11
dental malocclusion (Fig. 1B and C). A combination
of orthodontics and surgery may be recommended
in the non-growing patient, with the outcome goal
of this treatment intervention being characterized
by balanced vertical facial proportions and the
ability for this patient to maintain lip contact at
rest (Fig. 24, B, and C). The issue of whether this
patient had nasal impairment before the surgical
procedure could have been unequivocally re-

solved by objective rhinometric tests to evaluate
the nasal and oral components of airflow and
nasal resistance. This, however, is not a routine
procedure.

Some clinicians may feel that if treatment inter-
vention had been considered at an earlier age and
“mouthbreathing” evaluated and nasal obstruction
diagnosed and corrected, then appropriate ortho-
dontic intervention with maxillary expansion to cor-
rect the posterior crossbites might have resolved the
vertical facial growth pattern. The concept of early
intervention to eliminate the risk factor of altered
facial growth and abnormal perioral muscle function
and thus improving the long-term stability and facial
morphology is attractive. Clinicians seek answers to
questions such as:

e How much nasal obstruction is clinically sig-
nificant?



American Journal of Orthodontics and Dentofacial Orthopedics
Volume 113, No. 6

Vig 605

(i

Fig. 2. A, Patient aged 19 years after surgical/orthodontic treatment. Segmental maxil-
lary osteotomy with vertical superior maxillary repositioning and autorotation of the
mandible with a genioplasty corrected the skeletal component of the malocclusion. B,
Anterior view of occlusal relationship after treatment. C,Lateral cephalogram 1 year after
surgical/orthodontic treatment. (Figs. 2A and B originally appeared in Int J Adult Orthod
Orthog Surg 1989;4:119-128. Reprinted with the permission of Quintessence Publishing

Co, Inc.)

e At what age is the onset of nasal obstruction
critical?

e How long does obstruction of the nasal airway
have to exist before a growth effect may be
anticipated?

e Is this clinically relevant to Orthodontics?

A review of the literature shows that many of the
arguments and propositions presented are based on
anecdotal case reports. Well-designed and rigorous
prospective randomized clinical trials are not cur-
rently available from either dental or medical liter-
ature. As a prerequisite for resolving the issue, we
need to reliably identify nasorespiratory function
and quantify the degree of obstruction. Comparison
of persons matched for age and gender with and
without nasal obstruction should provide the clini-
cian with information of any clinically relevant dif-
ferences in facial morphologic characteristics.

METHODS OF MEASURING NASAL OBSTRUCTION

Nasal obstruction is an ill-defined and ambigu-
ous term that is equated with “mouthbreathing” and
a lip-apart posture. The misconception that a direct
cause and effect relationship exists between incom-
petent lips and mouthbreathing has continued to be
controversial. The establishment of an anterior oral
seal for nasal respiration may not be easily achieved
in those persons with a lip-apart posture and an
increase in lower facial height. An adaptive mecha-
nism for persons who breathe through their nose,
but maintain a lip-apart posture, is to obtain a
posterior oral seal with the tongue against the soft
palate. Some years ago, Ballard and Gwynne-Evans*
reported their findings that lip incompetence was
not necessarily associated with mouthbreathing.
Much of the data indicate that it is rare for an
person to breathe 100% through the mouth and a
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Fig. 3. Lateral cephalogram of child with posterior choanal atresia associated with
Treacher Collins syndrome. Note the characteristic openbite, increase in anterior lower
face height, retrogenia and associated decreased posterior face height, and sagittal
mandibular deficiency. Both nasal and postlingual airways are compromised, and the

patient had a tracheotomy.

more common mode of respiration is a combination
of simultaneous oral and nasal airflow.’

Certain conditions may prevail where total nasal
obstruction occurs. Choanal atresia with total bony
or soft tissue obstruction of the posterior nares
result in a total blockage, preventing nasal airflow.
An example is an infant born with this condition,
who also had other syndromic features associated
with Treacher Collins or mandibulofacial dysostosis
(Fig. 3). These neonates may become severely hy-
poxic at birth, not only from the choanal atresia but
also the typical mandibular deficiency, which is a
characteristic feature of this syndromic manifesta-
tion. In addition, these infants may have a compro-
mised postlingual airway as a result of the mandib-
ular deficiency. The immediate need for a
tracheotomy may become necessary in the manage-
ment of the airway in these neonates. Freng and
Kvam® examined cephalograms of 51 patients with
choanal atresia and found a tendency for sagittal
maxillary deficiency with associated mandibular de-
ficiency when stenosis had been present throughout
the period of facial growth. Fig. 3 represents the
condition in the primary dentition of a child who has
a tracheotomy and was diagnosed as having

Treacher Collins syndrome as an infant. The char-
acteristic features of the increase in lower facial
height and open bite are consistent with those
attributed to nasal obstruction but are also charac-
teristic of the syndromic manifestation. With the
oral and nasal airways functionless in this child
because of the tracheotomy, the facial pattern and
open bite could be attributed to the inherited syn-
dromic condition with an additional environment
component.

The sequence of events in assuming altered
vertical facial growth as a consequence of nasal
obstruction in normal biologic variation is:

Nasal obstruction P Lip apart posture » Mouth-
breathing » Modification of facial growth

The classic work of Harvold? cited earlier in the
text was based on total obstruction of the nasal
airway in monkeys; this resulted in a cause and effect
relationship. However, human studies have indi-
cated that total nasal obstruction is rare, and the
most common respiratory mode is a simultaneous
oral and nasal airflow.” The percentage of nasal
versus oral airflow is dependent on a number of
variables. Case series”® indicate that children with
nasal obstruction experience a downward and back-
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ward rotation of the mandible, with subsequent
growth producing an increase in the lower facial
height.

If there is an association between mouthbreath-
ing and modification in facial growth, there is a need
to know which children are at risk. Is this an age
dependent condition? How much obstruction of
nasal airflow has to occur before an effect on facial
growth is observable? Is this a reversible situation
and is there a time dependent relationship? These
questions depend on the fundamental premise of
being able to define nasal obstruction. The nose has
an anterior opening designated as the nares, a
middle portion that is influenced by the turbinates
and their associated vascular mucosa that enlarges
and becomes engorged in those persons with
allergic rhinitis, and the posterior nares that open
into the nasopharynx and may be affected by
adenoidal hypertrophy. An important issue in
nasal obstruction is therefore to identify where
the obstruction occurs. Various methods have
been proposed and used in different studies.
These include: (1) Cross sectional area, which will
be affected by turbulence; (2) Peak nasal flow
rate, which was used in studies’; (3) Nasal resis-
tance, which may vary over time; and (4) Respi-
ratory mode, which identifies nasal/oral ratio of
air flowing through the nose and the mouth.

In comparing these measures of nasal function,
how well will one of these measures predict the
others? If the evidence from which we make clinical
decisions is the result of studies that are not com-
parable, then one method of treatment cannot nec-
essarily be compared with an alternative. Questions
such as: Is nasal obstruction synonymous with in-
creased nasal resistance? Does the term nasal ob-
struction refer to those persons who are total or
100% nasal breathers? Do aerodynamic estimates
provide reliable and valid information, or are imag-
ing methods using radiographic appearances a more
reliable measure of nasal obstruction? Is there a
good agreement between radiographic findings and
rhinomanometric measures?

RADIOGRAPHIC APPEARANCE OF THE
ADENOIDS

Cephalometric radiographs and rhinomanomet-
ric tests to evaluate nasal obstruction have been
available for several decades. The controversy that
airway patency and its effect on facial growth have
been linked in a causal relationship has a long
history of debate and conjecture. The cephalogram
is a commonly obtained diagnostic record for ortho-
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Fig. 4. Diagram of the posterior nasal airway region
with adenoidal encroachment in the Shulhof'® “airway
space.” The McNamara linear measurement of the
minimum distance from soft palate to adenoidal
shadow on lateral cephalogram. (PL, palatal line; Ba =
SpL, basion to sphenoid tangent; PML, perpendicular to
PL at the posterior nasal spine; AAL, perpendicular to
PL through anterior arch of the atlas.) (Originally ap-
peared in the Am J Orthod Dentofacial Orthop 1991;99:
354-60. Reprinted with permission of Mosby, Inc.)

dontic treatment planning with two-dimensional in-
formation of the adenoidal image. Although positive
correlations between airflow and airway measure-
ments have been made on cephalometric radio-
graphs, the three-dimensional aspects have been
neglected.’ Various lines and areas'® have been
interpreted by a number of investigators to implicate
the enlarged adenoid in a causal relationship with
mouthbreathing and the subsequent effect on verti-
cal facial growth (Fig. 4). Linder-Aronson’ reported
in a group of children who had adenoidectomy that
they returned to nasal breathing and demonstrated
craniofacial growth changes.”'!!* These changes in
breathing mode and mandibular and maxillary
growth were measured 5 years after adenoidecto-
my'! as was the incisor position.'> Conversely,
Bushey' found no relationship between nasal res-
piration and linear measurements of the adenoids
on lateral skull cephalograms before and after sur-
gical removal of the tonsils and adenoids.

An illustrative case in Fig. 5 indicates a change in
dimension of the adenoids after adenoidectomy.
Although the patient demonstrated a predominately
oral mode of respiration, this remained unchanged
after adenoidectomy. There appeared to be none of
the typical modifications in facial growth often at-
tributed to nasal obstruction. There was an initial
tendency to increased overbite and reduced lower
facial height rather than the typical increase in lower
facial height. This illustrates the fallacy of conclu-
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Fig. 5. A, Hypertrophied adenoids in 10-year-old child who was a “mouth breather.” She
demonstrated none of the characteristic features of the “adenoidal facies.” B, After
adenoidectomy the postnasal airway appears increased and patent on the lateral cepha-
logram. Her predominately oral mode of respiration remained apparently unchanged after
surgical reduction of the adenoids.
sions based on a single case report and can only approach, with an increasing strength from single
stress the need for evaluating the strength of multi- case report, to a series of cases, followed by case-
factorial evidence. Qualitative comparisons of evi- controlled studies retrospectively to the randomized

dence constitutes establishment of a hierarchical controlled prospective clinical trial.
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RHINOMANOMETRIC STUDIES

Although some clinicians have causally associ-
ated nasal obstruction and hypertrophied adenoids
with changes in facial growth, another group of
patients who frequently have posterior nasal ob-
struction are those with cleft lip and palate. These
patients often have pharyngeal flaps placed to de-
liberately reduce their nasal airflow during speech.
This iatrogenic increase in nasal obstruction reduces
hypernasality during speech but at the expense of
increasing resistance to nasal airflow. Serial lateral
skull radiographs of children who had pharyngeal
flaps indicate that there may be an effect on facial
growth.'* However, the relationship between the
amount of nasal obstruction that has to be present
before an effect on facial growth occurs is not clear.
Likewise, the time that must elapse before growth
will be effected and the age at which children are
most at risk for this intervention has not been
identified.

Pharyngoplasty may also adversely affect facial
growth by inhibiting sagittal maxillary growth and
induce functional adaptations by increasing nasal
resistance. But the results of a matched controlled
clinical study of pharyngoplasty patients from the
Oslo archive® indicate that the risk of adversely
affecting sagittal or vertical maxillary growth by a
pharyngeal flap is inconsequential. To determine
the prevalence of mouthbreathing in the cleft lip/
palate population, Hairfield et al.'¢ evaluated the
percentage of nasal breathing in children and adults.
They found that approximately two thirds of the
subjects had an oral/nasal airflow and one third of
the subjects had predominately nasal airway. Adults
had the same prevalence of mouthbreathing as
children, which supports the contention that surgical
repair of the lip/palate compromises nasal respira-
tion.

As cited earlier, quantification of respiration has
relied on airway dimensions from cephalometric
radiographs and nasal airflow/pressure studies,
which were considered valid diagnostic indicators
for making clinical decisions for treatment interven-
tions. These have been used as proxys for respira-
tory mode. The functional aspects of breathing have
had various diagnostic methods applied for assess-
ing whether air is flowing through the nose, the
mouth, or both. Simple clinical tests to ascertain
mouthbreathing include the fogging of a mirror held
under the nostrils and cotton wisps that move in the
nasal airflow. Too often the determination of respi-
ratory mode is miscalculated by clinicians, especially
if self-reported information is relied on from the
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patient. The directly measured ratio of the oral to
nasal airflow provides an objective determination of
nasal respiratory function.

FACIAL GROWTH AND RESPIRATION

In an attempt to rationalize vertical dentofacial
morphologic characteristics with variations in
breathing behavior, Fields et al.'” used contempo-
rary respirometric techniques to compare respira-
tory modes of normal and long-faced adolescents.
They concluded that the long-faced subjects had a
significantly smaller component of nasal airflow,
although the tidal volume and minimum nasal cross
sectional area were similar. They suggest that signif-
icant differences in airway impairment do not have a
direct effect on the breathing mode, which may be
behaviorally determined rather than being structur-
ally dependent. The form-function interaction that
conveniently should explain the causal association
between nasal obstruction and facial growth in
children appears to be of a multifactorial nature.

FORM/FUNCTION INTERACTIONS

Rapid maxillary expansion (RME) has been
recommended for the correction of maxillary trans-
verse deficiency with the additional benefit of in-
creasing nasal airflow. Evidence to support this
comes both from patients’ self-reported perceptions
and from radiographic images. Rhinometric studies
after RME indicate that there is no increase in
percentage of nasal breathing, nor is there a predict-
able decrease in nasal resistance. Although a reduc-
tion in nasal resistance was frequently measured
after expansion, this did not change the respiratory
mode of the patient.'®

The variability associated with nasal resistance
and RME may be affected by such factors as the age
and gender of the patient at the time of the treat-
ment intervention. Growth modification and nasal
obstruction have not taken into account age and
gender effects as confounding variables. Determina-
tion of nasal respiratory function requires standards
that are appropriate for age and gender, similar to
the normative standards that exist for incremental
changes in craniofacial growth and development in
the Bolton standards of dentofacial developmental
growth!® or the Atlas of Craniofacial Growth.?® Such
stratified normative data have not been compiled
previously for respiratory mode, nasal resistance,
and cross-sectional area on a longitudinal basis for
the same series of children over time. This would
provide a unique data base for age-related measures
to establish if significant age and gender differences
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Fig. 6. Effect of age on nasal resistance (NRz). Variabil-
ity around the mean in children reduces with age and
levels off during adulthood. (Nat Nrz, natural mode (no
nasal decongestant); nasal resistance, measured in cm
H,O/L/sec.

in these variables exist. Results from a cross sec-
tional study?! indicate significant effects of age and
gender on nasorespiratory function in children, ad-
olescents, and adults. Gender considerations re-
vealed significantly greater percentage of nasal re-
spiratory component in women than in men. Thus
considerable sexual dimorphism exists at all ages.
This was particularly evident with nasal resistance
that decreased with age (Fig. 6). Recent data indi-
cate that nasal resistance increases in the geriatric
population, returning to the characteristics in child-
hood. This may contribute to airway impairment in
sleep-disordered breathing in the elderly.

ADAPTATION TO ALTERED MORPHOLOGY

Because surgical superior impaction of the max-
illa has become an accepted treatment for the
correction of vertical maxillary excess,?* attention
has focused on nasal resistance and respiratory
mode after orthognathic surgery.® These studies
indicate that orthognathic surgery, which vertically
repositions the maxilla, does predictably reduce
nasal resistance, which intuitively should increase
the percentage of nasal airflow. This, however, does
not apparently occur, and thereby provides another
example of why clinicians and researchers should
not assume that because one of the parameters of
nasal respiration has been affected, that extrapola-
tion to others, such as cross-sectional area, peak
nasal flow rate, and respiratory mode will all be
similarly affected. The intercorrelations between
these various parameters of nasorespiratory func-
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tion are quite low.>* The highest correlation, which
approaches (.74, is between respiratory mode (per-
centage of nasal breathing) and peak nasal flow rate.
The other correlations expressed in the relationship
between cross-sectional area, nasal resistance, and
respiratory mode ranged between 0.4 and 0.6. These
measures are, therefore, not interchangable nor are
they estimates of the same functional attribute.

The timing of orthognathic surgery for the cor-
rection of dentofacial deformities relates to the
stability of the outcome after the surgical/orthodon-
tic morphologic changes. Clearly, the nearer the
patient is to completion of growth, the less likely it
is that the long-term outcome will be affected by
continuing growth. However, other factors also play
a part in determining the time of surgical interven-
tion; these relate to age, gender, psychosocial im-
pact, and functional considerations.?

DISCUSSION
The strength of evidence

For diagnostic tests to be clinically useful, they
must consistently be able to differentiate between
the presence or absence of a clinical condition or
disease. Reduction in the nasal component of respi-
ratory airflow is clearly not in itself a disease, but
rather an arbitrary point on a continuum between
100% nasal breathing at one end of the spectrum
and zero at the other extreme. There are, therefore,
unresolved issues that cloud the issue of the utility of
diagnostic tests in this field. The sensitivity and
specificity of diagnostic tests for impaired nasal
breathing®® are poor indicators of nasal resistance,
peak flow rate, and percentage of nasal airflow. The
demonstrated age and gender variations in all of
these nasorespiratory parameters require specific
values for discrimination between normal and ab-
normal nasal function to be established. Such values
should not merely be based on statistical consider-
ations with percentiles or standard deviations
around a mean but should correspond to biologi-
cally significant deviations in function, with demon-
strated effects on either general health or facial
growth.?” This would provide age and gender “gold
standards” for diagnostic identification of treatment
needs.

Diagnostic tests

The diagnostic tests of otorhinolaryngologists
for assessing impaired nasal respiration are incon-
sistent.”® For clinical purposes, a test should mea-
sure the severity of the condition and not some
inconsistently related covariate. Therefore, if the
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purpose is to determine a patient’s respiratory mode
or percentage of nasal airflow, then neither cross-
sectional area of the nasal passage, peak nasal
airflow, nor nasal resistance are suitable substitutes,
because they are all poorly intercorrelated. Each of
these parameters may be of interest but is not valid
as a proxy for assessing mode of respiration.

Given that the validity of a test measures what it
is intended to, it is also important that the test is
reliable. Reliability in this context is not confined to
reproducibility over time, but more particularly to
the accuracy of both positive and negative predic-
tion. To evaluate the “goodness” of a test by exper-
imentally verifying the true-positive rate (sensitivity)
and true-negative rate (specificity) of identification
of the condition by the test procedure is common-
place in contemporary medical practice. Unless both
the presence and absence of the condition are
consistently identified, the test is inadequate. Un-
derdiagnosis or overdiagnosis of conditions leads to
either deprivation or unnecessary interventions.
Clinically, neither of these alternatives are accept-
able and render the study of treatment effects
invalid in terms of efficacy, utility, or safety.

CONCLUSIONS

Clearly, more objective tests are required, and unam-
biguous criteria must be established if airway impairment
is to be adequately defined and its etiologic significance in
relationship to facial growth determined. Only when this
issue is resolved will the clinical impact of respiratory
function be clarified and the appropriate interventions
advocated. If data from studies and untested popular
beliefs are subjected to the same rigorous criteria for
assessment, the results may eventually influence orthodon-
tic clinical practice and our future rationale for treatment
interventions.
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