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The purpose of the present study was to assess quantitatively the
nasal valve area during normal inspiratory and expiratory maneuvers.
The pressure-flow technique of Warren was used to estimate nasal size
in 15 adult subjects who had no previous history of nasal surgery or
abnormality. Cross-sectional size of the nasal airway was also assessed
(1) after insertion of tubing to eliminate alar effects, (2) after adminis-
tration of 0.1 % Otrivin decongestant to eliminate mucosal effects, and
(3) by blocking each nostril individually. Mean areas were 0.63 cm2 +
0.17 during inspiration and 0.56 cm2 + 0.14 during expiration. This
difference is statistically significant (<0.01) and the effect was main-
tained under conditions of occlusion of either nostril, insertion of tub-
ing, and administration of Otrivin. These findings suggest that the nasal
valve acts as a respiratory brake during expiration possibly to allow ade-
quate time for gas exchange at the alveoli. )

Clefts of the lip and palate frequently produce
significant nasal deformities, such as deviated
septum, vomerine spurs, and atresia of the nos-
trils, as well as maxillary growth deficits which
alter the nasal floor. These abnormalities tend
to reduce the size of the nasal airway (Drettner,
1960; Foster, 1962; Aduss and Pruzansky, 1967,
Warren et al, 1969).

Warren et al (1969) reported that nasal airway -

resistance is higher in the cleft population even
prior to surgical treatment. This was attributed
to the nasal deformities and maxillary growth
deficits that so frequently occur. They suggest-
ed that high nasal airway resistance has impor-
tant implications in breathing and speech, since
it may lead to mouth breathing and possible den-
tal malocclusion.

Surgical correction of nasal, palatal, and
pharyngeal structures often further compromises
the nasopharyngeal space. Cosmetic surgery of
the cleft nose is one example. The objectives are
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to restore the symmetry of the alar cartilages,
produce an esthetically acceptable nasal tip, and
obtain a satisfactory relationship between the lip
and nose (Converse et al, 1977). In the unilateral
cleft lip, the unaffected nostril often appears to
be abnormally large because of developmental
hypoplasia or previous surgical intervention of
the cleft nostril. The surgeon often reduces the
size of the unaffected nostril in order to restore
symmetry.

Similarly, secondary restorative procedures
for residual palatal incompetence in cleft palate,
such as the posterior pharyngeal flap and the
prosthetic speech appliance, significantly reduce
the nasopharyngeal airspace (Warren et al,
1974). The posterior pharyngeal flap has been
shown to have an especially adverse effect on
upper airway breathing in children. Indeed,
many patients complain of mouthbreathing and
snoring after this procedure, and there are reports
that the posterior pharyngeal flap sometimes
produces sleep apnea, which may result in
growth retardation, heart failure, or sudden death
(Guilleminault et al, 1976; Kravath et al, 1980).

On the other hand, some surgical procedures
may improve the nasal airway. The elimination
of spurs, the correction of a deviated septum, and
even maxillary osteotomies can reduce nasal air-
way resistance (Turvey et al, 1984). Orthodon-
tic expansion of the maxillary arch can also have
a beneficial effect on nasal respiration (Hershey
et al, 1976; Warren, 1980).
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The point to be emphasized is that there is lit-
tle quantitative documentation of the physiologic
status of the nasal airway in individuals with cleft
lip or lip and palate other than clinical impres-
sions and some very limited nasal resistance
studies (Warren et al, 1969; Drettner, 1960;
Warren et al, 1974; Warren, 1980). It is, there-
fore, not surprising that the literature does not
describe the changes that occur in the airway af-
ter surgery except for a few anecdotal reports
that suggest some problems (Warren et al, 1974;
Guilleminault et al, 1976; Kravath et al, 1980).
What little is kKnown implies that airway impair-
ment and mouthbreathing are not infrequent, es-
pecially in children.

The significance of impaired nasal respiration
and mouth breathing in the noncleft population
has raised considerable controversy among cli-
nicians. There have been many attempts to es-
tablish a causal relationship between dentofacial
deformities and nasal airway inadequacy. The
most prevalent view has been that mouthbreath-
ing resulting from an inadequate nasal airway is
often associated with such deformities as retro-
gnathic mandible, protruding maxillary anterior
teeth, high palatal vault, constricted V-shaped
maxillary arch, flaccid and short upper lip, flac-
cid perioral musculature, and a somewhat dull
appearance because of a constant open-mouth
posture (Morrison, 1931; Strang, 1943; Jennes,
1963; Reid and Donaldson, 1970; Linder-
Aronson, 1973, 1979; Quinn, 1978a).

A significant number of clinicians and
researchers have questioned the assumption that
impaired nasorespiratory function -influences
growth (Humphrey and Leighton, 1950; Leech,
1958; Watson et al, 1968; Vig et al, 1981). These
conflicting views concerning the effects of
breathing on facial growth suggest the need for
a more quantitative approach to this important
question. The controversy stems primarily from
our inability in the past to define mouthbreath-
ing in objective terms and evaluate nasal airway
impairment quantitatively. Currently, a diagno-
sis of ‘‘mouthbreathing’’ or nasal obstruction
based upon clinical impression alone often de-
termines the therapeutic approach. Clinicians
who believe that mouthbreathing is an orthodon-
tically harmful behavior often pursue an aggres-
sive approach to correct this suspected source of
abnormal development (Quinn, 1978a, 1978b;
Schulhof, 1978; Ricketts, 1968, 1979; Butler,
1960; Ferris et al, 1964; Hyatt and Wilcox,
1961; Speiger and Frank, 1964; Cole, 1976;
Rubin, 1968, 1980).

Clearly, an understanding of upper airway
respiratory function is of interest to clinicians,
especially those involved in treatment of cleft lip
and palate patients.

Although much attention has been focused on
the nasopharyngeal airspace, turbinates, and sep-
tum, the greatest airflow resistance in the nor-
mal airway occurs at the nasal valve (Bridger,
1970). The valve is in the region between the
upper and lower lateral cartilages and the pyri-
form aperture just beyond the anterior ends of
the inferior turbinates. Cadaveric dissection and
intranasal impressions indicate that the cross-
sectional area of the nasal valve is 0.3 - 0.4 cm?
in each nostril (Proctor, 1985). The valve, on
the basis of its anatomic and flow-resistive
characteristics, has been described in physiologic
terms as the main regulator of the nasal airway.
The purpose of the present study was to assess
the normal nasal airway, and especially the nasal
valve area, so that quantitative comparisons with
the cleft nasal airway could be made in future
studies.

The specific questions asked were:
1. Does nasal cross-sectional area differ between
inspiration and expiration?
2. Does external nares dilation influence nasal
cross-sectional size? and
3. What are the effects of a nasal decongestant
on nasal airway size?

METHODS

The minimum cross-sectional area of the nasal
airway was measured in 15 adult subjects, 8
male and 7 female Caucasians, who had no
previous history of nasal surgery or abnormali-
ty. Each airway was assessed under four differ-
ent conditions in the following order: (1) the total
nasal cross-sectional area was estimated, (2) one
nostril was occluded with an appropriately fit-
ted cork and the cross-sectional area estimated
for the patent airway; then this procedure was
repeated for the other nostril, (3) stiff tygon tub-
ing, approximately 1 cm in length and 3/4 inch
internal diameter (0.71 cm? cross-sectional area),
was gently inserted into each nasal vestibule, just
deeply enough to dilate the external nares and
eliminate alar effects without distorting the nasal
valve itself, and (4) each nostril was flooded with
3 drops of 0.1 % xylometazoline (Otrivin)! nasal
solution; then after 15 minutes total cross-
sectional area was estimated.

The method of measurement involves a
modification of the theoretical hydraulic princi-
ple and assumes that the smallest cross-sectional
area of a structure can be determined if the
differential pressure across the structure is mea-

! Otrivin 0.1% nasal solution, Geigy Pharmaceuticals,
Ardsley, NY.
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sured simultaneously with the rate of airflow
through it. This method has been used in speech
research by Warren and his associates since
1961. Its reliability has been verified in a num-
ber of laboratories (Warren and Ryon, 1967;
Smith and Weinberg, 1980, 1982):

The following equation:

Rate of Airflow
Area =

&) 2 (Differential Pressure) | 1,

(Density of Air)

where k = 0.65, density of air = 0.001 gm/cm3,
involves two variables associated with nasal
breathing, namely, airway pressure and airflow.
Measurement of these two variables simultane-
ously provides the information necessary for ap-
plication of the hydraulic principle. The
correction factor k was obtained from analog
studies that have been reported previously (War-
ren, 1984). Figure 1 illustrates the technique
used.

A nasal cap was selected for each patient that
would not distort the nose and would offer only
negligible dead space. The pressure drop across
the nose was measured by placing one catheter
in the mouth and the other in the nasal cap. Each
catheter was attached to a pressure transducer.
Airflow was measured by a heated pneumotacho-
graph attached to the nasal cap. The subject was
asked to breathe in and out of the nose and the
resulting pressure and airflow data were sent to
a 12-bit analog-to-digital converter to be ana-
lyzed by an IBM microcomputer. The data were
graphically displayed on a Tektronix 4014 ter-

minal and electronic cursors were used to select
corresponding pressure and airflow peaks for the
calculation of cross-sectional area. A copy of
such data is illustrated in Figure 2.

RESULTS

Figure 3 illustrates mean nasal cross-sectional
areas and standard deviations for subjects mea-
sured during both inspiration and expiration. To-
tal cross-sectional area was 0.63 cm? + 0.17 dur-
ing inspiration and 0.56 cm? + 0.14 during
expiration. This difference is statistically signifi-
cant using the paired-t test (p < 0.01).

Figure 4 illustrates mean nasal cross-sectional
areas when each nasal passage was measured
separately during both expiration and inspiration.
Area values for each passage were then added
to provide total cross-sectional area. Cross-
sectional area was never equally distributed be-
tween passages. On the average, one passage ac-
counted for 66 percent of the total area, and the
other for 34 percent. The area values were 0.69
cm? + 0.25 during inspiration and 0.64 cm? +
0.22 during expiration. This difference is statisti-
cally significant (paired-t test, p < 0.025). To-
tal cross-sectional areas measured during forced
respiration through one passage results in area
values which are approximately 10 percent great-
er than when both passages where measured
simultaneously.

Figure 5 illustrates mean nasal cross-sectional
areas when tygon tubing was inserted into the
anterior vestibule. Cross-sectional areas were
0.65 cm? + 0.18 during inspiration and 0.57 cm?
+ 0.14 during expiration. This difference is
statistically significant (paired-t test, p < 0.01).
Insertion of tygon tubing increased cross-
sectional area a nominal 2 percent.
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FIGURE 1 Schematic diagram of method used for measurement of nasal cross-sectional areas.
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FIGURE 3 Mean nasal cross-sectional areas and standard
deviations for normal adults.

Figure 6 illustrates mean nasal cross-sectional
areas following administration of the nasal
decongestant (Otrivin). Cross-sectional areas
were 0.77 cm? + 0.18 during inspiration and
0.70 cm? + 0.14 during expiration. This differ-
ence is statistically significant (paired-t test,
p < 0.01). The decongestant increased cross-
sectional area about 23 percent over normal
values.

Table 1 illustrates the ratio of inspiratory cross-
sectional areas to expiratory cross-sectional areas
for each experimental condition. There are no
statistically significant differences among ratios

RIGHT & LEFT NOSTRILS

NASAL CROSS - SECTIONAL AREA (cm?)

1

INSPIRATION EXPIRATION
FIGURE 4 Mean nasal cross-sectional areas given when
each passage measured separately is summed to give total
area.
(paired-t test, p > 0.29). Therefore, the inspira-
tory/expiratory effect was consistent under all ex-
perimental conditions.

DISCUSSION

The difference in nasal cross-sectional areas
between phases of respiration revealed in this
study provides another example of the dynamic
nature of the respiratory tract. The data suggest
that the nasal airway is an active participant in
the breathing process rather than a passive con-
duit of airflow. This finding is not especially sur-
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prising since others have observed integrated
activity among the resistive segments. of the
respiratory system (Drettner, 1970, 1979; Blide
et al, 1964; Butler, 1960; Ferris et al, 1964;
Hyatt and Wilcox, 1961; Speiger and Frank,
1964). Coordinated involvement of the pharynx,
glottis and tracheobronchial tree during breath-
ing appears to be of neuromuscular origin (Cole,
1976; Drettner, 1970, 1979). Thus, the changes
we observed in the nose between inspiration and
expiration apparently follow what had been ob-
served in the larynx and elsewhere (Cole, 1976;
Cole et al, 1980; Ingelstedt and Toremalm, 1960;
Bartlett et al, 1973; Remmers and Bartlett, 1977;
Brain et al, 1977). Gautier et al (1973) and Jack-
son (1976) provide a plausible explanation for
resistive changes in the respiratory cycle. Gau-
tier observed an increase in laryngeal resistance
during expiration and suggested that the larynx
served as an expiratory brake during breathing.
The phasic decrease in glottal opening during ex-
piration increases the duration of expiration and
provides adequate time for alveolar gas ex-
change. Jackson who studied nasocoronary and
nasopulmonary reflexes reported that using the
larynx as an expiratory brake would be ineffi-
cient and suggested that the nose should also act
in sequence with the laryngeal response. Dila-
tion of the nasal valve during inspiration and ac-
tive or passive flattening during expiration could
satisfy the requirements of a braking
mechanism.

It should be noted that expiratory braking
would be useful in speech as well, especially in
cleft palate when velar incompetence is present.
We have suggested that this phenomenon is the
physiologic basis of the nasal grimace (Warren
et al, 1985).

The basis of the phasic response of the nasal
valve may also explain the paradoxical prefer-
ence individuals have for nose breathing. Mouth-
breathing requires about one-third the effort in
terms of work of breathing, yet man is basically
a nosebreather. Increased nasal resistance prob-
ably contributes to adequate gas exchange.

Our data suggest that the phasic differences in
nasal area result from changes in nasal valve
patency, although the phenomenon could be the
result of effects relating to valve configuration.
Insertion of tygon tubes dilated the anterior nares
without distorting the nasal valve as was con-
firmed by subsequent area measurements. More
importantly, the phasic difference was not al-
tered, proving that movement of the external
nares was not responsible for the effect. Simi-
larly, use of a decongestant also did not alter the
phasic response, in spite of the fact that overall
nasal airway size increased by 23 percent. The
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FIGURE 5 Mean nasal cross-sectional areas when tygon
tubing was inserted into the anterior vestibule.

OTRIVIN

NASAL CROSS - SECTIONAL AREA (cm?)
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FIGURE 6 Mean nasal cross-sectional areas following ad-
ministration of the nasal decongestant (Otrivin).

TABLE 1 Ratio of Inspiratory Area to Expiratory
Area in Normal Adults

MEAN RATIO
(Inspiratory Area)

Experimental Conditions (Expiratory Area)

Both passages measured 1.1 + 012
simultaneously

Sum of passages measured 108 + 0.11
individually

Both passages with tygon 113 + 009
tube placement

Both passages after Otrivin 110 + 0.12

administration

vasoconstriction produced by the decongestant
probably opened the airway at the nasal valve
by constricting the inferior turbinate which bord-
ers on the nasal valve.

Since our technique of nasal airway measure-
ment estimates the smallest cross-sectional size
within the airway, it appears that we are meas-
uring the patency of the nasal valve. Our esti-
mates of 0.63 cm? + 0.17 during inspiration and
0.56 cm? £ 0.14 during expiration also are very
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close to the measurements made of the valve area
in cadavers and by intranasal impressions in vivo
(Proctor, 1985; Brain et al, 1977).

Although the nasal valve’s primary mechan-
ism of control is unknown, resistance and size
of the opening can be altered by the nasal mus-
culature. (Mann et al, 1977; Bridger, 1970;
Drettner, 1979). Changes in valve opening sig-
nificantly affects nasal airway resistance. Nor-
mally the valve is responsible for about
two-thirds of the resistance within the upper air-
way (Foster, 1962).

This present study leads to many new ques-
tions. We are currently investigating the phasic
response in children since nasorespiratory func-
tion has been linked by some to dentofacial de-
velopment. Additionally, individuals with cleft
palate demonstrate nasal abnormalities and max-
illary deficits which alter the upper airway. Sur-
gical procedures may benefit some individuals
and be detrimental to others. Surgeons interested
only in a cosmetic result may not always con-
sider the importance of nasal valve function. In
fact, we have observed a surprisingly high inci-
dence of mouth breathing in the cleft population
and, in many instances, a defective nasal valve
appears responsible. These findings will be
reported shortly.
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