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The nasal pyramid, as pointed out by Schaefer (1920), is a uniquely human attribute
not possessed by any other primate. Since it is large and centrally placed, it is an individual's
chief characterizing facial feature and, according to Groner (1963), is of basic importance in
the formation and preservation of the body image.

For these reasons questions as to why there is a nose, what it does, and how it does
it were among the earliest physiologic interests of the physician.

The first physiologic concepts of the nose, like all early physiologic concepts, were
based on intuition. It was eventually realized that intuition is not enough; there must be
rigorous scientific validation if the factual is to be separated from the merely fanciful. The
rhinologist became the first respiratory physiologist. It is therefore not surprising that Rohrer
(according to Mead), the father of respiratory mechanics, was the son of a distinguished
rhinologist.

Early primacy was, however, a misfortune to rhinology. The fact that air, below Mach
1, behaves like an incompressible fluid of low viscosity was lost on those engaged in
rhinologic research that preceded explanation of the flow of fluid through round pipes, to say
nothing of flow through twisting conduits of irregular circumference and varying section. The
experiments of the rhinologist were inconclusive and frustrating.

Mathematics and physics are basic for study of driving pressure, resistance,
conductance, and flow rate, as Reynolds (1883) demonstrated in deriving the criterion of
whether turbulent flow can be sustained by fluid flowing through a round pipe. The
mathematics of hydrodynamics, however, proved to be difficult for the rhinologist.

The doctrine developed that intuitive hypothesis, particularly the concept of final
purpose, is scientifically inadmissible. This, it was said, is "teleology" or armchair science.
This dogma conceals the fact that the roots of nasal physiology, as of any science, lie in
intuitive reality. Disregard for application and intuition, as Courant and John (1965) point out,
leads to an introverted science, isolation, atrophy of the imagination, and a smug purism.

Rhinologic physiology was undone by the rush of enthusiastic hope for a "scientific"
practice of medicine because it did not have the steadying and saving grace of a foundation
in the basic sciences. The rhinologist was also deprived of a normal impulse toward
justification by a profound feeling of guilt, for indeed he had much in his past to regret.
Therefore, since the rhinologist could not furnish valid laboratory research support for his
claims, physiology and basic science in general began to ignore them and him. Much mention
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of the nose or of its possible respiratory activity was cleverly avoided in the formative
undergraduate medical years. This resulted in an attrition of respect for rhinology as a
discipline, which has extended to otorhinolaryngology as a whole. This bland disregard has
even, at times, persuaded the rhinologist himself that such nasal function as is generally
conceded to take place is of such minor importance as to scarcely warrant consideration.

The present trend toward early integration of the laboratory and clinic in the teaching
of medicine bodes ill for selection of otolaryngology as one of the junior or senior "pathways"
by medical students of the future.

Without a properly developed nasal physiology there can be no advances in rhinology.
It is high time that the limitation of nasal function to the surface epithelium and ciliary
streaming is corrected by the realization that the present attitude of many
otorhinolaryngologists must be abandoned for a thorough involvement of otolaryngology in
basic rhinologic research.

Anatomic Considerations
Epithelial Lining

The epithelial membranes of the human nose must provide humidification, filtration,
temperature regulation, and protection. In this regard, form has followed function, and specific
sites within the nose are covered by a particular type of epithelium. As the air stream enters
the anterior nose, vibrissae aid in the initial filtration process; while keratinized, stratified
squamous epithelium interspersed with sebaceous and sweat glands protects this region from
the trauma from the outside world inherent to a portal of the upper respiratory tract (Negus,
1958). Beginning at the posterior aspect of the vestibule, the remaining nasal cavity, with the
exception of the 2 cof olfactory mucosa, is lined by respiratory epithelium (Fig. 1).
(Busuttil and colleagues, 1977). This epithelium varies morphologically depending on its
location. The paranasal sinuses are lined by a flattened pseudostratified to simple columnar
ciliated epithelium, which may increase their vulnerability to infection. In particular, there is
a paucity of seromucinous glands, a thin epithelium with a minimal lamina propria, and the
basement membrane is absent, which diminishes the exchange between tissue fluids and the
environment (Toppozada, 1980). Reflecting the transition from regulation of filtration to
conduction of the air stream, the most posterior aspect of the nose is covered by a moist,
nonkeratinizing, stratified squamous epithelium (Jafek, 1983).

The nasal respiratory epithelium contains highly specialized cells, the most apparent
of which are the ciliated cells. Each cilium is characterized by two central microtubules
surrounded by nine outer doublets (the typical pattern of nine plus two) with connecting
dynein arms. In the absence of these arms, as in the immobile cilia syndrome, there is mucous
stasis and sterility. In contrast, normal cilia move in a metachronal beat toward the
nasopharynx propelling a mucus blanket. This beat is facilitated by the stratification of the
mucus, which is composed of a thinner, periapical layer and a surface, nasal luminal layer that
is thicker (Wolstenholme, 1970). Other important elements of the mucosa are the goblet cells,
which synthesize and discharge the glycoprotein containing mucus (Rhodin, 1966). Other cells
include the intermediate and basal cells, with as many as 11 different respiratory epithelial
types being described in various species. However, as recently noted by Jafek (1983), it is
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probably inappropriate to offer as a precise description of the human nasal mucosa the
findings in nonhuman and lower respiratory tract observations.

Vasculature

Burnham (1935, 1941) found the arterial supply to the inferior and middle turbinates
to be from the sphenopalatine artery (external carotid system) and its branches, which run in
the periosteal layer of the mucoperiosteum. The arterial supply divides into (1) a superficial
system, which supplies the surface epithelium and the tissue immediately subjacent, and (2)
a deep system, which enters canals in the bony skeleton of the turbinates that are lined with
periosteum. The periosteum of these bony canals contains venous plexuses carrying blood
away from the deep (true) layer of erectile tissue. Dilatation of the canalicular arterial vessel,
therefore, tends to produce distention of the erectile tissue. The remainder of the arterial
supply comes from the superior labial, descending palatine, and greater palatine arteries (all
three of the external carotid system) and the anterior and posterior ethmoid arteries of the
internal carotid system.

Certain blocks of cavernous tissue react as physiologic units. The cavernous tissue of
the inferior turbinate is divided into three functional areas; the first comprises the anterior
two-fifths of the turbinate; the second, the middle one fifth; and the third, the posterior two-
fifths. It was found that these areas of cavernous tissue do not contract systematically in an
anteroposterior direction. Ephedrine applied to the posterior area causes shrinkage of the
anterior region but has very little effect on the middle area. Application of ephedrine to the
middle area produces comparatively little effect on the anterior and posterior areas but exerts
a powerful constricting effect on the plexus of vessels in the bony canals. Under normal
circumstances, reactions in the two anterior segments are carried on without any appreciable
influence on the posterior region. The influence of the area of the posterior tip on the anterior
tip is called into play only when the first area is subjected to excessive stress. Removal of the
anterior tip of the inferior turbinate produces much subsequent discomfort to the patient, the
most annoying symptom being watering of the ipsilateral nose. Removal of a mulberry
posterior tip of the inferior turbinate has not been found to produce symptoms.

The arterial supply (from the inferior turbinate) to the maxillary sinus gains entrance
through the ostium and the bone immediately surrounding it. The veins accompany the
arteries. On reaching the sinus interior, the vessels form a collar-like plexus about the ostium
a few millimeters in width and then radiate out in straight lines from the plexus "like the
setting sun". Negus (1958) found that the arrangement of the vascular supply to the turbinal
tissues and nasal mucosa generally allowed four possible modes of reaction of the nasal
mucosa and swell bodies: (1) Hyperemia of surface vessels with filling of erectile tissues.
This is associated with an increase in mucosal temperature and may be produced by exposure
to cold, dry air. (2) Ischemia of superficial vessels, shrinkage of cavernous tissues, and
decrease in mucosal temperature, which may be produced by exposure to warm, moist air. (3)
Ischemia and constriction of superficial vessels but congestion of cavernous tissues. This
reaction may be produced by breathing warm air of average relative humidity. (4) Superficial
arterial dilation with increased mucosal surface temperature but without congestion of
cavernous tissues. This reaction may be produced by superficial irritation.



Innervation

Common sensation, according to Slome (1966), is carried from skin, mucosa, and
subcutaneous and submucosal tissues by the first and second divisions of cranial nerve V.
Motor supply to the nasal respiratory muscles (second branchial arch derivatives) is through
cranial nerve VII; integration of their contraction with the respiratory rhythm is carried to
cranial nerve VIl by the vagus.

The physiologically important control of the circulation to the nasal airways is
mediated by the autonomic system. The adrenergic nonmedullated postganglionic fibers pass
through the sphenopalatine ganglion, without synapsing, to the serous and mucous glands of
the respiratory epithelium. These sympathetic fibers to the nasal structures originate in the
first and second thoracic segments of the spinal cord. One preganglionic adrenergic fiber
synapses in the outlying superior and middle cervical ganglia (stellate ganglion) with about
30 postganglionic fibers. Sympathetic (adrenergic) action is, therefore, quite diffuse.
Postganglionic fibers travel in a plexus around the internal carotid artery, and then, via the
deep petrosal nerve and nerve of the pterygoid canal (vidian nerve), they travel to the
sphenopalatine ganglion. The parasympathetic fibers (cholinergic) also pass through the vidian
canal to the sphenopalatine ganglion. These fibers have their cell bodies in the superior
salivatory nucleus in the brain stem and project fibers via the intermediate nerve to join the
facial nerve in the internal auditory canal. They leave the facial nerve at the geniculate
ganglion and pass to the middle meningeal artery by way of the greater petrosal nerve. Here,
with sympathetic fibers from the middle and superior cervical ganglion, they form the nerve
of the vidian canal. When the parasympathetic fibers reach the sphenopalatine ganglion, they
synapse and send their postsynaptic fibers to the vessels and glands of the nasal mucosa. The
neuroeffector substance for the postganglionic adrenergic fibers is norepinephrine and that for
the postganglionic cholinergic fibers is acetylcholine.

In general, the effects of the sympathetic and parasympathetic nervous systems are
antagonistic. In some areas, however, both systems cause the same general effect but of a
different quality. For example, parasympathetic stimulation causes an abundant, watery,
saliva-like flow, whereas sympathetic stimulation causes a mucinous, "enzymatic" secretion
in the nose. The non-medullated adrenergic fibers end in relation to the arterioles and do not
supply precapillaries or capillaries. Following cervical sympathetic block (producing
parasympathetic overaction), nasal hypersecretion, hyperemia, swelling, and obstruction occur.
Following section of the greater petrosal nerve, according to Gardner and co-workers (1947),
the nasal mucosa becomes pale, dry, and shrunken from the effect of unopposed adrenergic
activity.

Disorders of nasal function that are associated with so-called autonomic imbalance can
be explained by the hypothesis of Szentivanyi (1968). Interruption of the action of
catecholamines on the effector substance adenyl cyclase is responsible for symptoms
attributable to allergic hypersensitivity.

Lymphatics

Rouviere (1938) stated that the lymphatics of the maxillary sinus anastomose with one
another and converge beneath the mucosa toward the sinal ostium. After coursing through the
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ostium, they arrive at the middle meatus and unite with the lymphatics of that region. The
lymphatic trunks of the middle meatus join the lymphatic plexus lying above the pharyngeal
orifice of the eustachian tube, which is also joined by the "paratubal lymphatics". From this
plexus, the lymphatics of the middle meatus drain to the lateral retropharyngeal nodes.

The lymphaticus of the inferior meatus do not communicate freely with those of the
middle meatus, nor at all with the lymphatic plexus above the torus, but drain to the deep
cervical internal jugular nodes. This somewhat unexpected distribution of the lymph vessels
has a definite influence on the production of serous otitis media in conjunction with chronic
infection of the ipsilateral maxillary sinus. The products of inflammation cause congestion in
the lateral retropharyngeal nodes, which also accept lymph from the plexus above the torus.
This latter plexus receives tributaries from the paratubal lymphatic trunks from the
membranocartilaginous portion of the eustachian tube. The resulting tubal lymphedema causes
eustachian tube blockage and subsequent serous otitis media.

The blood and lymph capillaries of the nasal mucosa lie in the superficial stroma,
whereas the larger blood and lymph vessels lie in the deep stroma. The mucous membrane
as a whole rests on a periosteum of variable thickness. The fact that all the blood and lymph
channels entering or leaving a sinus pass through or close to the sinal ostium is of
considerable clinical importance. In inflammation, with swelling of the mucosa in the region
of the ostium, this anatomic arrangement leads to early edema and congestion of the sinal
lining. This relationship also contraindicates instrumentation through the ostium because of
the possibility of interference with lymphatic and venous return from the sinus.

Nasal Respiratory Function

Majer (1968) quoted Galen as saying "... the parts of the lung will never be chilled
when often time the air surrounding us is very cold, and the particles of dust, ashes, or
anything else of the sort very frequently mixed with the air will not penetrate as far as the
artery (Trachea)". For both clarity and convenience, although there is considerable overlap,
the respiratory functions of the nose have been considered to be (1) an airway; (2) a
mechanical, negative feedback control to match the supply of air to the need for alveolar
ventilation; (3) a tempering mechanism for inspired air and partial control of body
temperature; (4) a humidifier of inspired air; (5) a filter of inspired air for dust and
microorganisms; and (6) as a practical consequence of the latter, a device for resistance of
the nose and paranasal sinuses to invasion by pathogenic microorganisms.

Airway

Phylogenetically and embryologically, the nose is an essential respiratory organ. Oral
respiration is animal physiologic acquired and learned substitute to be used only in periods
of emergency or increased ventilatory demand. Long periods of mouth-breathing are
inefficient and lead to increased expenditure of energy for a given alveolar ventilation (Yasa,
1939; Manchioli, 1942; Ogura et al, 1968). Hellman (1927) recognized that the physiologic
superiority of nose-breathing to mouth-breathing is based on the slower, deeper respiration
he found associated with the former. He suggested that inadequate mixing occurred in mouth-
breathing, that mass transfer of inspiratory gas might interfere with maximum diffusiop of O
in the pulmonary alveoli, and that the slower, deeper respiration associated with nasal
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breathing gives more needed time for this process. These opinions received support from
Arnott and coworkers (1968). Pattle (1963) and Williams and associates (1966) suggested that
deeper breathing dilates the more peripheral alveoli and allows better surfactant distribution,
preventing development of microatelectasis. Although arterial pH, @@ PCQ apparently
control respiration, Haldane and coworkers (1919) found shallow breathing to cause anoxemia
and, in turn, anoxemia to cause further shallow breathing, resulting in a vicious circle.

Lascher (1930) found a decrease in alkali reserve and respiratory acidosis, and Noonan
(1965) described reversible cor pulmonale in patients with nasopharyngeal airway obstruction
secondary to hypertrophied tonsils and adenoids. Luke and associates (1966) and others have
confirmed this phenomenon. Slocum and coworkers (1976) demonstrated decregsed PO
decreased pulmonary compliance, and increased pulmonary resistance in patients with nasal
obstruction, whereas Cavo and associates (1975) found blood gases unchanged in
laryngectomized dogs with nasal packing. This latter finding suggests the absence of a
nasopulmonary reflex and simple upper airway obstruction as the underlying etiology for
observed changes. Although much has been written on this subject, the site responsible for
increased airway resistance, if indeed it does exist when the nose and nasopharynx are
obstructed, remains obscure.

Resistance

The nose acts as a variable resistor and may account for as much as 40 per cent of
total airway resistance. The efficiency of the nose as an airway is dependent upon the
downward direction of the nares, the small inlet and large outlet, the shape and size of the
nasal cavity, the streamlined nasal turbinates, and the flow velocity. This simple but accurate
relationship may be stated:

R = K(PLV/D 4.

In this equation R = resistance, K = constant, P = gas density, L = tube length, V =
velocity of flow, ard D = tube diameter.

During normal respiration, pressure changes in the nasal chambers approximate 6 cm
of water, and flow rates average 15 liters per minute (Hilding, 1976). Under these conditions,
the size of the nasal vault (tube diameter) is the most susceptible parameter to change. This
change is influenced by vasomotor response to hormones, emotions, the environment, and a
long list of pharmacologic agents. Vasomotor reactions of the nose are partly under the
control of acetylcholine mediated by the parasympathetic nervous system fibers that originate
in the hypothalamus. Acetylcholine is normally destroyed by acetylcholinesterase within 30
msec. This process is speeded up by the ions calcium and magnesium and slowed by the sex
hormones estrogen and, to a lesser degree, testosterone. In liver disease in which the liver
fails to metabolize estrogen, this hormone attains increased circulating levels, resulting in
nasal congestion (Taylor, 1973).

Fear and terror result in vasoconstriction and mucosal shrinkage (sympathetic
response), whereas resentment, humiliation, frustration, and anxiety lead to vascular
engorgement with swelling of the erectile tissue and increased volume of nasal secretions
(parasympathetic response). Hyperemia, nasal obstruction, hypersecretion, and even pain can
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occur with sexual stimulation, menstruation, pregnancy, or inhalation of irritant fumes and
dusts. This may be a result of histamine release or a decrease in sympathetic tone.

An additional mechanism for nasal congestion is proposed by Taylor (1973). He
suggests that the stimulus of passing air through the nose expands the ipsilateral lung by
means of a reflex arch in the hypothalamus. Conversely, lung compression causes ipsilateral
nasal congestion. This may well explain the nasal congestion that occurs on the downside
while sleeping to be the result of a reflex arch, as opposed to passive gravitational influence.

Nasal Cycle

Another factor that affects the diameter of the nasal vault is the nasal cycle. The upper
respiratory tract is a twisting, curving, closed conduit of varying section and irregular
circumference stretching from the nares to the glottis. Its nasal portion is divided from nares
to choanae by a wall, the nasal septum.

The teleologic explanation for this division is that one nasal chamber may rest while
the other carries on the functions of the nose. It is a well-supported observation that in a
normal nose one nasal airway opens with secretion of serous and mucous glands while the
opposite airway closes with almost complete cessation of such activity and that passage of
respiratory air is carried on in nearly its entirety through the open nasal chamber. No
convincing explanation has been presented as to why such alternation should be necessary for
the well-being of the organism.

The presence of a cyclic change (congestion and decongestion of the cavernous tissues
of the nasal conchae) was observed by Kayser (1895) and termed the nasal cycle. He
suggested that there is a continual shifting in autonomic balance between the two body halves,
which, in turn, causes a continually changing blood balance in the erectile tissues of the
turbinate and septum.

Emptying of the turbinal and septal swell bodies by the continuously present recoil of
elastic fibers surrounding these structures was described by Wright (1910), and the mechanism
of filling of these structures was described by Burnham (1941).

Lillie (1923) related the complaint of alternating nasal obstruction, present in some
patients, to the nasal cycle. He was first to associate shrinking of the mucosa of one nasal
chamber with throwing off of its serous and mucous secretions while the mucosa of the
opposite nasal chamber shows an increasing congestion approaching complete nasal
respiratory obstruction with repression of secretions. Lillie's findings were confirmed by
Heetderks (1927). The former reported that there was a characteristic individual cycle of
reaction in about 80 per cent of his test subjects. He found, in general, that the nasal cycle
is most active during adolescence and young adulthood and gradually decreases in activity
with age. He also found that damp, cold atmosphere brought about the most marked mucosal
congestion and warm, dry air a somewhat less marked reaction, whereas optimum conditions
in the ambient atmosphere (humidity 50 to 60 per cent and temperature 18G) daused
cycles of the least degree. Although the same nose might respond somewhat differently at
different times under apparently the same conditions, the cycles, including filling and
emptying on the same side, occurred characteristically for a given nose over periods of 30
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minutes to 4 hours. Heetderks suggested that activity of the nasal cycle might be related to
the activity of secretion of the sex hormones. He believed this view to be supported by the
appearance of so-called "honeymoon" coryza of marked edema, swelling, and increased serous
secretion under the stress of unusual or excessive sexual arousal.

Heetderks also examined the effect of sleeping posture on filling of erectile tissue
swell bodies. He found that the turbinates in the dependent nasal chamber reached a
maximum size in 15 to 20 minutes. By turning the test subject to the opposite side, the upside
of the nose became open and the downside congested in 10 to 15 minutes. He concluded that
changes in turbinate congestion, as influenced by position, must be produced by the effect of
gravity.

Stoksted and coworkers (1953, 1976) and Arbour and Kern (1975) also found the nasal
cycle present in about 80 per cent of individuals tested. Guillerm and associates (1967)
studied the nasal cycle by rhinometry and demonstrated that total nasal resistance (using the
formula R = R1 + R2 inwhich R is the combined resistance of both nasal airways, R1 the
resistance to passage of air through one airway, and R2 the resistance to passage through the
other) remains essentially constant in spite of continual cross-sectional changes caused by
congesting and decongesting of turbinal and septal erectile tissues in the separate nasal
airways. They stressed the functional importance of steadily maintained total resistance,
despite the nasal cycle, in noses in which, because of either trauma or developmental
aberration, there is great inequality in effective section of the two sides. This was further
emphasized by Spoor's (1963, 1967) and Principato and Ozenberger's (1970) findings that
total conductance of the nasal airways tends to remain the same no matter what changes in
conductance are found when each nasal airway was measured separately.

Ogura and Stoksted (1958) found that when one nasal cavity is anatomically wide and
the other narrow, respiration through the wide side is parallel with and about equal to the total
nasal respiration. Because of this, the cyclic changes on the wide side are not compensated
for by reciprocal changes on the other. During the congested phase on the wide side, they
found that obstruction of the upper airway might produce hypoventilation. When very marked
septal deflection was present, they found regular and normal cyclic fluctuations on the wide
side, whereas on the narrow side cyclic changes were irregular and appeared to be influenced
by premature contact of turbinate with septum during the congested phase. When "vasomotor
rhinitis" was present, they found that both nasal cavities reacted synchronously to external
irritants to an exaggerated degree, with interruption or disturbance of the normal nasal cycle
and decrease of total nasal conductance. In the normal nose, they found that bilateral
synchronous turbinal reaction to external irritants took place to a limited degree and required
only a short time for adaptation so that cyclic rhythm was not disturbed.

Keuning (1968) made cycle determinations on 17 men in their 20s who were found
to have normal noses on rhinoscopic examination and who had no history suggesting
hypersensitivity or recurring sinusitis. He found regular cycles in seven subjects that were
individually characteristic and ranged from 2 to 7 hours; there were no patency reversals in
six members of the group and irregular cycles were found in four. The amplitudes of the
curves were remarkably constant in a given individual, whether they had rhythmic cyclic
congestion and decongestion, irregular cycles, or no reversals of patency. Total nasal
conductance remained essentially constant whether regular or irregular cycles or no reversals
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were present.

In 19 children between 4 and 10 years of age, cyclic activity while sitting was
investigated by use of Zwardemaker's nasal mirror. From his observations, Keuning
concluded, as had Kayser (1895), that the nasal cycle appears to be initiated by a physiologic
mechanism in which a sympathetic (adrenergic) predominance exists on one body half,
whereas a parasympathetic (cholinergic) predominance exists on the other. These
predominances alternate from one side to the other. The cycle is not influenced by
anesthetizing the nose or the larynx or by mouth-breathing but is absent after laryngectomy.
These factors, he believes, are arguments against the cycle originating in the nose, and yet
a direct influence from the larynx seems improbable, as does a reflex from the bronchi.

Based on the observation that the cycle continues after anesthetizing the nasal as well
as the laryngeal mucous membranes and also continues during temporary prevention of nose-
breathing, it was Keuning's opinion that the initiating mechanism of the nasal cycle has not
been identified. He believed, that "receptor” structures in the nasal mucosa described by
Temesrakasi (1959), Terracol (1958), Majer (1968), and Jabonaro (1953), which are not
affected by topical anesthesia, must be the structures responsible, since some balancing
mechanism producing the nasal cycle must exist. From experiments on unilateral
adrenergically or cholinergically denervated nasal cavities, it appeared to Keuning that while
a nasal cycle may be present in the parasympathetically denervated side, one is not present
on the sympathetically denervated side. This seemed to him to imply that an intact
sympathetic supply is essential for maintenance of the nasal cycle. He offers the "more or less
teleological conclusion” that the nose maintains a constant respiratory resistance.

When sympathetic or parasympathetic denervation has been performed unilaterally, the
patient may continue nasal breathing because respiratory resistance remains the same. If the
situation is altered artificially, the nose adapts itself so as to again offer the same respiratory
resistance. The assumption may be made that the nasal cycle is maintained by peripheral
vegetative centers, sphenopalatine and stellate ganglia, with interconnections through which
an increase of tonus in one set results in a decrease of tonus in the others. The two peripheral
centers must be regulated by a central autonomic "center", possibly located in the
hypothalamus. By increasing or decreasing the tonus, this center can produce increased or
decreased nasal conductance in keeping with the requirements of the organism for intake of
oxygen or discharge of carbon dioxide. The conclusion and suggestions of Keuning seem to
receive support from the observations of Connell (1968).

Nasal Valves

During periods of extreme inspiratory effort, the equation for nasal resistance becomes
invalid because of the nasal valves causing a Starling resistor effort. The collapse of the upper
lateral cartilages and engorgement of erectile tissue on forced inspiration are known as the
flow-limiting segment, and occlusion of the nasal vestibule by the lower lateral cartilages is
referred to as alar collapse (Kern, 1975). These nasal valves are influenced by ethnic origin
and the origin of the muscles of second branchial arch (Bridger, 1970; Sasaki and Mann,
1976).



Although it has been said that the cartilaginous skeleton of the lobule prevents drawing
in of the nasal wings except under "extreme conditions"”, this suggests both inadequate
anatomic knowledge and lack of clinical observation.

The effect of the nasal respiratory muscles in maintaining nasal section was
demonstrated by van Dischoeck. He called attention to the collapse of the ipsilateral ala on
inspiration in Bell's palsy, in which the effect of absence of normal tonus in the nasal
respiratory muscles may be plainly seen.

Bilateral alar collapse has been seen as a genetic trait in certain families. In a son,
father, and grandfather, although the crura of both lower lateral (lobular) cartilages appeared
to be present on both sides, the alae nasi were equally drawn in on inspiration, even during
quiet respiration. This produced subjective nasal obstruction and forced mouth-breathing. This
type of maldevelopment may be more frequent than has been reported, since the cause of
difficulty has so frequently been unrecognized.

Rhinomanometry

Without hydrodynamics, the rhinologist cannot subject his hypothesis of a relationship
between nasal conductance and cellular metabolism to rigorous scientific tests for support
or invalidation by use of rhinomanometry. Without such testing, there can be no valid nasal
respiratory physiology. Without clear understanding of nasal respiratory function, it is
extremely difficult, if not impossible, to soundly establish either medical or surgical treatment
for those nasal diseases or disorders that seem to be associated with problems of air flow.

Is it possible that lack of interest in understanding the physics of nasal respiration may
have been a major factor in the decline of the relative position of rhinology in the former
"triumvirate" of otology, rhinology, and laryngology? Can patient care be inadequate because
of this information gap? Yet, at present, rhinomanometry is an investigative rather than a
clinical tool (Wenzel and Sieck, 1966).

Since the last edition of this text, there have been further clinical applications of
rhinomanometry. These measurements must include both nasal airflow and nasopharyngeal
pressure through the nose. Given this understanding of nasal physics, current clinical
rhinomanometers now utilize a manometer that is coupled via the nose (ie anterior
rhinomanometry) or the oropharynx (ie posterior rhinomanometry) with the nasopharynx, and
a pneumotachometer attached or covering the anterior nose (Goode, 1977).

Mechanical Negative Feedback

After his study of respiration, Goodale (1896) concluded that inasmuch as the manner
of breathing of each individual is dependent upon a natural or acquired h