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The history of rhinometry in North America is at once an illustration of the
ethics, character, and high intellectual attainments of the pioneers of American
Rhino logy and an outstanding instance of the paralysis of imaginative thinking
caused by the constricting claw of traditions dead talon on their rhinologic
heirs.
Many early rhinologists appear to have wondered about the purpose of the
nose in relation to respiration and to the normal ability of the organism to
do work. Teleologic thinking did not then seem to meet with the opprobium
that now appears to be the fashionable attitude toward it.
It was suggested that the fundamental purpose of the nose is to act as a
valve to control the inspiratory air flow and so match oxygen supply to the
metabolic requirements of the organism. As a result "rhinostenosis" was
considered by many rhinologists to be the most serious and important of the
nasal disorders. It is clear that the almost complete disregard in which rhino-
logy is held among otolaryngologists at the present time does not descend
from a primary failure of the otologic pioneers to develop the concept of the
"telos" or final purpose of the nose as an organ but arose from their lack of
knowledge of the aerodynamic laws bearing on the driving pressure
resistance conductance relationship in the nasal chambers.
This becomes more evident if one considers the inception of modern rhinology
to be the introduction of the parabolic head mirror by Cermak and the dis-
covery of the topical anaesthetic effect of cocaine by Carl Koller. At this
time various techniques were elaborated for the correction of this assumed
blockage of function. There was a good deal of indirect evidence available
which made it seem to the rhinologic pioneers (and for that matter, to their
rhinologic heirs) reasonable to suppose that nasal respiration is physiologically
superior to mouth breathing. Therefore, nasal respiratory obstruction which
presumes an increased resistance to the flow of air through the nasal cham-
bers was considered to have a deletoreous effect on the general health of
the individual which ought to be corrected.
The diagnosis of nasal respiratory obstruction or stenosis was made at first
by means of anterior rhinoscopy sometimes complemented by posterior
rhinoscopy and the methods for its correction consisted of varied techniques
for enlarging the nasal lumen. It began to be noticed, however, that the pre-
operative opinion as to the presence or absence of nasal stenosis formed
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from rhinoscopy did not always coincide with the patients complaints and

further that the expected symptomatic improvement to be obtained from a
given lumen enlarging technique did not always occur.
At first attempts were made to make a judgment between the relative con-
ductance of one side of the nose as compared to the other by means of
devices resembling Zwaardemaker's (86) cold mirror. These did allow a
judgment as to the relative nasal expiratory flow rate over a second or two,
under the reasonable assumption that the expired air is saturated with
moisture. It was also necessary to assume that the path of inspired and
expired air is the same, a hypothesis that was not supported by the investiga-
tions of Paulsen (57) and a good many others.
Franke (29) by the use of oval tubes eight centimeters in length with a hy-
draulic cross section of about 50 mm2 having small lateral openings in the
tubes for measuring pressure and by the use of a bellows of given volume,
attempted to relate nasal resistance, which is, of course, the inverse of con-
ductance, to the time required for the passage of the given volume of air,
while the subject held his breath.
This technic may have the virtue of locating the site of increased resistance
to air flow in one or the other nasal chamber, by a variety of maneuvers,
(which were later described by Craig, Dvorak and McIlreath (16) and by
Semenov) (74 A), with a moderate degree of accuracy. The great disadvantage
of this technique is that it puts the alae nasi and the valvular structure at
the limen nasi out of action, thus excluding an important part of that resistance
to air flow which the method was designed to measure.
Kayser (37) appears to have been the first to realize the role of aerodynamics
in the measurement of pressure difference resistance conductance
relationship in the nasal chambers. He attempted to measure the actual pres-
sure difference (the driving pressure) between the circumambient air at the
airway opening and that in the nasopharynx. For this latter measurement he

placed an olive in the nostril of the side of the nose not being measured for
resistance, which he then connected to a manometer. The nasal chamber to
whose vestibule the olive is attached thus serves as a transducer of pressure
from the nasopharynx, while the flow through the opposite nasal chamber is
being measured by a flow meter.
These two techniques, or modifications of them, which are termed respectively
"anterior rhinometry" and "posterior rhinometry" have been the only ones
used, until recently, in attempts to determine the functional "normality" of that
part of the upper respiratory tract constituted by the nasal chambers and
vestibules.

The search for "an absolute quantitative measurement" of one of the variables
while holding the others constant, has been hindered by individual habits of
breathing as well as by difficulty in obtaining valid pressure measurements
in the pharynx without obtunding a portion of the normal nasal resistance.
It is actually not clear why there should have been so much insistence on a
"normal range" for a resistance that could be applied to one patient after
another by these early rhinometrists. It is, of course, possible that they were
not actually interested in securing information as to the cybernetics of res-
piration but rather were in search of "scientific" surgical indications.
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Kayser applied his measurements mostly to pathologic noses for guidance
as to where, when and what kind of enlargement of the nasal lumen for the
relief of "nasal stenosis" was to be done.
Kayser's surgical indications and postoperative results were no better than
those of previous surgeons who had not had access to his "improved" rhino-
metric technique.
The reasons for this failure were not obvious until after Tonndorf (76), in his
remarkable paper, "Der Weg der Atemluft in der menschlichen Nase" which
he wrote as his "Dissertation" for the M.D. degree, in 1939, showed that
Kayser and other later investigators were not fully aware of the hydrodynamic
principles reported by Osborne Reynolds (59) (which will be considered later
on.) They were also unaware of the reports of Lillie (38) and his pupil Heet-
derks, (recently confirmed by Stoksted (71) and Connell on the nasal cycle.
Although Kayser's rhinometric data could be, at best, of only relative signi-
ficance in regard to conductance in the nasal chambers, he and many other
rhinologists attempted to apply them as indications for surgical procedures
for the relief of "nasal stenosis" and also for the estimation of the results
of such surgery.
The "lumen enlarging" procedures advised for the correction of the nasal
stenoses indicated by Kayser's rhinometry did not often appear to accomplish
their supposed purpose. A tendency to make the nasal chambers more and
more "adequate" by increasingly destructive surgical removal of tissue
developed. Protests were heard against this senseless destruction of function-
ing intranasal tissues.
To their credit the rhinologists of Harvard were in the forefront of the North
American protestors. In 1896, J. L. Goodale, using a modification of Franke's
method of rhinometry and the hydrodynamic principles of Kayser, published a
paper which was deservedly awarded the Boylston Medical Prize of Harvard
University. The title is "An Experimental Study of the Respiratory Functions of
the Nose". He made no reference to Reynold's work but stated, "If the nasal
passages are equally permeable, and one nostril be connected anteriorly with
the manometer, respiration through the free nostril produces manometric
excursions proportionate to those obtained in the nasopharynx, that is to say
+ 8 mm for expiration and 12 mm for inspiration. If the proportion be
indicated by a fraction, one finds respiration of various depths still represented
by multiples of 2/3."

In a paper "On the Dynamical Theory of Incompressible Viscous Fluids and
the Determination of the Criterion" it is interesting to note that Reynolds (59)

2 b03 dk
stated "Therefore, as long as P is of constant value, there is

3 M2 dx
dynamical similarity under geometrically similar circumstances."
It is a commentary on the accuracy of Goodale's experiments that he should
have virtually reached the same conclusion as Reynolds without Reynolds'
mathematics.

Goodale concluded, "Inasmuch as the manner of breathing of each individual
is dependent upon a natural or acquired habit peculiar to the person in
question, absolute figures denoting respiratory alterations in air pressure
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are out of the question, even under wholly physiological conditions. In any
case we must be satisfied with an approximate mean. Experiments instituted,
therefore, for the purpose of comparing abnormal with normal pressure
changes, must inevitably include considerable error, owing to the fallacy in-
volved in attempting to obtain absolute results from relative and variable
factors."
It is reasonable to deduce from these statements that Goodale was opposed
to the use of rhinometry to form clinical conclusions that were unjustified
because of the inaccuracy of the data secured by any of the rhinometric
methods of which he was aware; nor did he believe that these methods could
be used to draw valid conclusions as to the good or bad effect of any
surgical procedure on the nose. This opinion appears to hold good to the
present day.
Rhinometry appears to have suffered from the over enthusiasm of those who
were seeking a "scientific" method of measuring function that would tell them
what sort of surgical manipulation should be done and upon what part of
the nasal chamber it should be practiced. They are unwilling to consider
rhinometry as an adjunctive examination to combine with history, physical
examination and, above all, previous clinical experience to arrive at a well
reasoned conclusion as is encompassed under the term "clinical judgement."
Goodale stated, "Physiologically considered, the subject of nasal respiration
resolves itself naturally into the following divisions:
I. The action of the nasal mucous membrane upon respired air with regard
to heat and moisture;
II. The normal alterations in intranasal air pressure during the respiratory act;
III. Chemical changes effected in the air current by the nasal mucous mem-
brane.
In regard to the first category, humidification, Goodale's experiments were
so sound that his report is superior to most later observations on this facet
of nasal physiology. He found for instance that the nose contributed only
about two thirds of the moisture necessary to saturate dry, cold, inspired air.
This can be contrasted with the statement by some authors that saturation
of the inspired air for proper gas exchange in the pulmonary alveoli is one of
the principal physiologic nasal functions.
It was not until Negus (48 to 53) pointed out that the anthropoid nose has
regressed functionally from that of fur bearing mammals that it was again
realized that "air conditioning" is a subsidiary and comparatively unimportant
nasal function.
As a result of Goodale's paper conservatism in nasal surgery received a tre-
memdous impetus.
In 1914, Holmes (35) was able to state; "When for any reason the middle
turbinate and lower wall of the ethmoid have to be sacrificed, there results
a deformity which practically produces all of the ill effects of mouth breathing.
The inspired air is not sufficiently warmed or moistened and there almost
always follows a chronic dry pharyngitis and a chronic laryngitis. Frequently,
the trachea and bronchi suffer in like manner as the upper respiratory organs.
These patients almost always suffer from orbital as well as nasal disturbances
whenever they are subjected to the influence of cold or dry air, or to air
contaminated with irritating dust or gases."
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It is unfortunate that the teaching of the physiologically minded rhinologic
pioneers was not taken more to heart. In a short time it was to be recom-
mended that the first step in ethmoidectomy, as a matter of convenience,
should be the removal of the middle turbinate.
Goodale's paper resulted in the virtual abandonment of any interest in rhino-
metry in North America for a long time. It is not likely that this was Goodale's
intention. If one is to judge from his paper his intellectual attainments were
such as not to allow him to adopt this anti-intellectual position. Opposition
to rhinometry was attributed to him however, so that, whenever a rhinologist
evinced an interest in the revival of rhinometry, the general flock of rhino-
logists rallied to the attack, unjustifiably flourishing the eagle of the Mas-
sachusetts Eye and Ear Infirmary, and bleating the rallying cry of Goodalel

Goodale!
This was probably due to the fact that some rhinologists found that they were
uncomfortable breathing the rarefied air of true nasal physiology and had
retreated to the easier and more comfortable environment of old fashioned
destructive or lumen enlarging surgical procedures: a rhinologic unthink
that is still supported by some rhinologists. Goodale was used as a stalking
horse behind which these individuals hid their nefarious activities.
Fortunately, ex cat hedra pronouncements appearing to emenate from the Im-
perial City, rhinologically speaking, of our eastern seaboard were not held
in quite the awe by our European confreres that they occasioned in the
United States, so that some rhinometric research continued.
However, the attitude of American Rhino logy, in general, has become "don't
annoy me with evidence; my mind is made up."
It is only recently that a few American rhinologists, against the scandalized
clamor of the bulk, have again dared to investigate the hypothesis of the
nose as a control device in the naso-pulmonary relationship.
Tonndorf's (76) paper has been mentioned as explaining one of the reasons
why rhinometry has been unsuccessfull in furnishing the "absolute values"
some thought are required for solution of problems related to abnormalities
in nasal conductance.
He stated that he engaged in this study at the urging of his father who was
disturbed by the lack of correspondence between the theoretical results
which it was hoped would be obtained by surgical techniques for the correction
of nasal stenosis and the measurements obtained by postoperative rhino-

metry.
Tonndorf found the path of inspired and expired air to be similar to that
originally described by Paulsen (57) and supported by the findings of many
others. It is only recently that Masing (42, 43) using a transparent nose model
and the colored water technique of Reynolds (60), has been able to produce
a better three dimensional schema of the paths of flow through the nasal cham-
bers. His findings strongly support the assumption that the pathway of the
inspiratory and expiratory air flow is extremely complicated and is not actually
comparable to the drawings found in books of physiology such as that of
Proetz (58). It seemed evident to him that the lower area of the nasal cavity
must be as important as the upper in aerodynamic function.
Reynolds (59) had stated that although the theoretical calculations of Sir G.
Stokes seemed to agree so closely with the experimental determinations of
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the flow of fluid through pipes as seemingly to prove the truth of the as-
sumption involved, this was the result of comparing the flow of water through
uniform small tubes and at slow velocities. Reynolds found these results at
variance, both theoretically and practically, with water moving at higher velo-
city through larger tubes. He stated, as previously reported, "In 1883, I

succeeded in proving that when water is caused by pressure to flow
through a uniform smooth pipe, the motion of the water is direct, i.e., parallel
to the sides of the pipe, or sinuous, i.e., crossing and recrossing the pipe,

according as V, the mean velocity of the water, as measured by dividing Q,
the discharge, by A, the area of the section of the pipe, is below or above

a certain value given by Ky/DP, where D is the diameter of the pipe,
P the density of the water, y = the viscosity and K a numerical constant, the
value of which according to my experiments, and, as I was able to show, to all
the experiments by Poiseuille and Darcy, is for pipes of circular section between
1900 and 2000, or in other words, steady direct motion in round tubes is stable

or unstable according as P
D > 1900 or < 2000, the number K being thus

a criterion of the possible maintenance of sinuous or eddying motion."
He pointed out that the existance of a sudden change in the law of motion

of fluids between solid surfaces when D v K proved the dependence

of the manner of motion of the fluid on a relation between the product of the
dimensions of the pipe multiplied by the velocity of the fluid, and the product
of the molecular dimensions multiplied by the molecular velocities which
determine the value of y for the fluid; also that the equations of motion
for viscous fluid contained evidence of this relation.
Tonndorf found that in the tortuous passages of the human nose the "critical"
Reynolds number was 1160 and that in quiet respiration the Reynolds num-
ber is close to 1000, so that even at the lowest respiratory rates the flow
through the nose is of low stability with a ready production of an increasing
turbulence with increasing flow rates.
He also demonstrated that quite minor changes in the contour of the tur-
binates and other intranasal structures would increase turbulence and resi-
stance and decrease conductance in the nasal chambers.
It was also found that atrophic change in the lumina of the nasal chambers
could be associated with increased turbulence and resistance and decreased
conductance. In this he verified the fact that in patients with definite atrophy
of the intranasal structures objective measurement demonstrated increased
resistance and that they actually had the obstructed nose they complained
of. It was not necessary to evoke the hypothesis of occluding crusts or nasal

neurosis to explain the complaint.
Stoksted and Nielson in 1957 found that differences in width and resistance
between the two nasal cavities react on pulmonary ventilation with alterations
in frequency and depth. The relation between ventilation and alveolar ven-
tilation may be expressed by the formula: Alveolar: vent. = Pulmonary ven-

tilation -- dead space x frequency.
From this it may be deduced that while maintaining alveolar ventilation con-
stant, pulmonary ventilation may decrease with decreasing frequency of
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respiration and increase with increasing frequency. At an average frequency
of 15 rpm, a respiratory volume of 500 c.c. and a dead space of 150 c.c.
it is presumed that the pulmonary ventilation will be 7500 cc/min and the
value of alveolar ventilation 5250 c.c./min; findings which Stoksted and
Nielsen stated be within the normal range.
Each time that the respiratory frequency is increased by one from 15, the
ventilation will increase 150 c.c. or 2 per cent. Consequently the measured
product PxT which is proportional to the volume of transported air will in-
crease by 2 per cent. Consequently, to obtain alveolar ventilation the product
PxT must be corrected downward for "every step" of frequency above 15,
and similarly upward for every step of frequency below 15. This correction
may be applied by multiplying the measured product by the factor;

1

1 + (F-15) x 0.02.

From the standpoint of cybernetic theory the diurnal and day to day changes
in nasal resistance produced by reflexes to erectile tissues and nasal dilator
muscles probably occur so that normally the alveolar ventilation may remain
constant as long as the work load on the organism remains constant. There-
fore, nasal resistance is only of interest or importance in normal nasal physio-
logy as it influences the minute volume of respiration and eventually the
alveolar ventilation.
From the papers of Tonndorf, Stoksted and Nielson, and others, it should be
possible to deduce the fact that improved alveolar ventilation is not always
achieved by surgical procedures which increase luminal cross section, but
depends much more on maintaining or restoring the smooth rounded contours
of the vestibuli, the limen nasi, and the turbinates, and avoiding interference
with erectile tissue or dilating muscle.
This is what is meant by the term "physiologic surgery", as was recently
pointed out by Anderson. (1).
Tatum (75) showed that excessive pulmonary ventilation would produce en-
gorgement of the turbinates. Sternstein (70) found a direct physical relation-
ship between the degree of erectile tissue swelling and the resistance pro-
duced. The effect on resistance of the alae and the valve at the limen was
demonstrated by van Dishoeck (22).
Tonndorf had succeeded in demonstrating that one of the causes of the
failure of rhinometrists to secure valid data was their use of incorrect hy-
drodynamic principles in their measurements. They had used the law of
Poiseuille in a case where the law of Reynolds applied.
This probably resulted from the fact that it was stated owing to a simple arith-
metic error Rohrer had made a tenfold error in the estimation of N Re (crit)
and stated as a result that air flow through the nasal chambers is laminar.
The often repeated statement that if nasal respiratory obstruction is present
even at rest all that the patient need do to achieve adequate alveolar ven-
tilation is to breathe through the mouth, is a misleading part truth that, at
times, almost appears to be uttered with the intention to deceive.
McKillick (40) showed that there is lowered pulmonary function in 20 to 30
per cent of apparently normal individuals. Hellman (33) stated that the physio-
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logical superiority of nasal over mouth breathing lay in the slower deeper
respiration associated with the former. Davies, Haldane and Priestly (17) found
that nasal blockage could cause a considerable degree of hypoxia and hyper-
capnia before mouth breathing will be restored to and Lucher (39A) found
the same. Finally we have the reports of several pediatric groups (39) that
upper airway obstruction can cause reversible for pulmonale.
The conclusion that nasal respiratory obstruction, both when noticeable even
with quiet breathing and when present only at increased rates of respiration,
can have morbid repercussions on the organism as a whole seems difficult
to escape.
Recently attempts to relate increased nasal resistance to pulmonary respiration
seem to have culminated in the "Respiron" of Cass. (11A)
A peculiarity of Cass' paper, however, is that while he mentions alveolar ven-
tilation, and airway obstruction as a cause of dyspnoea he makes no attempt
to connect dyspnoea to obstruction of the upper airway. He mentions Meads
work on the partition of respiratory resistance but gives no hint of why he
did so. He states that the methods of using pharyngeal and esophageal bal-
loons simultaneously "are sound" but he suggests no purpose for such a
combination.
He uses the oscillation pressure method for measurement of what he terms
"total respiratory resistance" although he excludes the nose in this measure-
ment. He uses the mask flowmeter and pressure transducer of Ferris, Mead
and Opie for the measurement of what he terms nasal resistance, although
the measurement is made only at the biased (controlled) flow rate of 0.5 l/s
(1,800 l/hr.)
As Cass says, the method and equipment may be conveniently applied to the
evaluation of the effects of medication "in conditions which cause inter-
ference with airflow in the nasopharynx."
In this regard, however, it does not seem to be a significant improvement over
the technique of Goodale (1896).
It is a little disappointing to find that Cass did not even suggest that the
relatively equal partition of resistance between the upper and the lowei
respiratory tract might have cybernetic significance. He seems not quite able

to "screw his courage to the sticking place" for the announcement of such
a hypothesis. Perhaps he lacks sound, controlled, teleologic thinking or is
frightened away by the spider of "arm chair science."
Brown (6A) describes use of the effect of 10 forceful inspirations on the

nasal resistance to fluid flow. The evidence that hyperpnoea through
the nose will usually produce dilation of the arterial supply to the turbinal
erectile tissues with their consequent engorgement has been generally
accepted among rhinologists for a long time.
As soon as the hydraulic cross section of the nasal chamber is narrowed
more by the turbinal swelling than by the cleft at the threshold of the nasal
chamber proper, van Dishoeck (20) showed that there is a rapid increase in
nasal resistance. Increased resistance has been shown to be associated with
a slowing and deepening of respiration; possibly as a correction to the
hyperpnoea.
Instead of choosing to consider the possibility that he had uncovered an
instance of normal nasal function Brown preferred to state "The data lend
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substance to the tentative conclusion that sniffing can be a cause of and
perhaps en exacerbating factor in a pre-existing nasal stenosis."
In the small group of subjects in whom he found that sniffing decreased the
nasal resistance this probably resulted from sniffing increasing the tonus
of the dilatores nasi muscles with a concomitant increase in the hydraulic
cross section at the nasal inlet.
This suggests that research in rhinometry without a little foundation in rhino-
logy, even though the basic knowledge as to how the nose behaves is meager,
may not prove extremely fruitful.
This is particularly exemplified in some of the papers of those who measure
the pressures resistance flow relationship thru one nasal chamber at
a time, by either anterior or posterior rhinometry, and then combine the results
to obtain data on either resistance or volume flow per unit time. Until recently
such papers have never considered the well supported phenomenon of the
"nasal cycle", and the error this might introduce into data secured but a few
minutes apart.
Guillerm (31), a pulmonary physiologist, stated that since we know that nasal
resistance varies from moment to moment and that the turgescence of the
nasal turbinates evolves according to a definite cycle, the periodicity of which
lies between two to five hours, it is necessary to make measurements every
15 minutes over a period of two or three hours to determine the nasal cycle
characteristic of a particular individual. If one then wishes to compare an
immediate measurement made on an individual to another made after an
interval of several hours or several days, it is necessary to be sure that the
measurement is made at exactly the same phase of the cycle.
This requires that diagrams of the nasal cycles be made so that the findings
can be superimposed.
Van Dishoeck (20) found that the method of Spoor (69) which gives direct
values for nasal conductance by means of an electronic divider which pro-

V2
duces the division , has the great advantage of demonstrating the relatively

constant values of nasal conductance in spite of (possibly because of) changes
in pressure difference and minute volume flow.
In this method it is necessary to make the assumption that the alae nasi,
have no valvular action, a position which is not supported by previous work
of van Dishoeck. (20)
It would seem a reasonable deduction from the information available that a
nose can be classified as functionally pathologic only when under given
circumstances it does not allow the passage of sufficient air to prevent
hypoxia, hypercapnia and respiratory acidosis without an expenditure of
energy that is excessive for the general state of activity of the individual as
compared to another who has a "normally" functioning nose. This recognizes
the fact that some individuals persist in nasal breathing without additional
respiratory effort even with hypoxic PA (CO2) and acid pH levels. It would
seem that if rhinometric measurements are to be of maximum value they must
be correlated not only with alveolar ventilation but also with simultaneous
measurement of the blood gases.
Ogura (54) is approaching this ideal method in his experimental laboratory
and clinic by pulmonary resistance measurements in which both esophageal
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and pharyngeal balloons are used. There has always been great difficulty in
obtaining valid values for pharyngeal pressure by tubes through the mouth
because most people are unable to control the muscles of the tongue, palate
and pharynx sufficiently to prevent their activity influencing the data obtained.
Ogura has found that in the patient with significant nasal respiratory obstruc-
tion from a pathologic nose there is increased impedance in the airway even
when breathing through the mouth, with an increase in functional residual
capacity. He has suggested that "nasal stenosis" may cause via a pulmonary
reflex, constriction of bronchial smooth muscle. The continuance of these
investigations by Ogura offers hope for future clarification of nasal function

and nasopulmonary relationships.
From reviewing the literature it has become apparent that no completely
satisfactory rhinometric technique has been developed and that there is con-
siderable disagreement as to what the objective or objectives of rhinometric
measurement should be.
One group appears to believe that the only value of rhinometry lies in its
ability to give objective answers in the assessment of nasal vasoconstrictors.
They have refused the challenge of rhinologic research. A second group looks
toward rhinometry as a means of deciding whether or not surgical relief of
nasal stenosis is indicated and whether improved conductance has been at-
tained, or normal conductance retained, after surgical procedures on the nasal
skeleton. These seek absolute values or ranges for impedance, driving pres-
sure and volume flow that can be applied to classes of individuals. It is

apparent that they are but little closer to this goal than was Goodale just
before the turn of the century, who concluded that this goal is unobtainable.
The third group hopes that through the agency of rhinometry they will even-
tually learn a great deal more about nasal physiology and discover whether
or not there is good direct evidence that the nose is one of a series of fluidic
control devices through which the organism matches the impedance of the
respiratory tract to the requirements of alveolar capillary diffusion
perfusion of 02 and 002. A small patch of blue is beginning to show in the
overcast for the third group. It seems probable that a considerable accretion
in our knowledge as to the relation of the nose to the organism as a whole
shall soon be attained.
It is also clear that the advance of rhinometry and improvement of rhinometric
methods have been hindered by poor communication between those interested
in the physical laws of hydrodynamics and areodynamics and those interested
in how and why respiratory air passes through the nasal chambers.
Osborne Reynolds (59) stated that the story as to how certain mysteries of
fluid motion, which have resisted all attempts to penetrate them, are at last
explained by the simplest means and the most obvious manner is closely
analogous to the situation present in Poe's story "The Purloined Letter." In
this story the Parisian police were completely baffled by the simple plan of
destroying all curiosity as to the contents of a letter hanging in plain sight.
Reynolds said that this is, indeed, no new story in science. Next to the motions
of the heavenly bodies, the wave, the whirlwinds and the motions of
the clouds had excited the philosophical curiosity of mankind from the
earliest time. Both Galileo and Newton, as well as their followers, attempted
to explain these by the laws of motion, and although during the last fifty years
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(now 100) splendid work has been done, work which, in respect to the mental
effort involved, or the scientific importance of the results, goes beyond that
which resulted in the discovery of Neptune, yet the circumstances of fluid
motion are so obscure and complex, that the theory has yet been interpreted
only in the simplest cases. Would Galileo have discovered the laws of motion
had his pendulum behaved like a box containing a heavy spinning top? This
is the problem presented by fluids, in which there may be internal motion
which has to be taken into account before the motion of the surface can be
explained.
He also stated that the results of his investigation had both a practical and
philosophical aspect, but that the results as viewed in their philosophical
aspect were his primary object. In this aspect the results relate to the funda-
mental principles of fluid motion, and they afford for the case of pipes a
definite verification of two principles, which are that the general character
of the motion of fluids in contact with solid surfaces depends on the relation
of a physical constant of the fluid and the product of the linear dimensions
of the space occupied by the fluid and on the velocity.
He believed that the definite association of resistance as the square of the
velocity with sensibly large tubes and high velocities and of resistance as
the velocity with capillary tubes and slow velocities seemed to be evidence
of the way a general and important influence of some properties of fluids not
recognized in the theory of hydrodynamics affect the data obtained.
Although we have heard repeatedly that from the standpoint of Physics, air
may be considered a fluid of low viscosity, I think we may be pardoned for
our failure to realize what a major role the internal friction of the air plays
in producing increased impedance and decreased conductance in the nasal
chambers.
Since turbulent fluid flow presented such difficulties to even Galileo and
Newton we need not wonder that the pioneer rhinologic surgeons ignored,
and even most of the present generation still ignore, the fact of its presence
in planning surgical procedures to correct what they, sometimes incorrectly,
termed "nasal stenosis".
One man, however, stands above the mass of his confreres in the fact of an
intuitive appreciation of the importance of the contours of the nares, vestibu-
les, limina nasi, and turbinal tissues in forming and preserving the respiratory
streamlines through the nose.
It is interesting to have observed the development of his "physiologic"
surgical technique.
Starting with the intra-cartilaginous incision of Orlando Roe, and replacement
of the removed quadrilateral process, he advanced to the correction of the
dislocated caudo-ventral edge of the quadrilateral process of the septal
cartilage. He then became acquainted with the anatomic findings of Nauman
in regard to the relations of periosteum to perichondrium in the region of the
nasal spine; the relation of the processus lateralis frontalis to the quadrilateral
process and to some unusual developments of the cartilaginous septal frame-
work as originally demonstrated by Zuckerkandl; the relation of the premaxilla
to the maxillary crest, the anterior nasal spine and the alae of the maxillary
crest as demonstrated by Mosher; and combined all these anatomic facts
into the maxillary premaxillary approach to the septum and external nasal
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pyramid, and with correction of deformities of the external nasal pyramid, and/
or baring and paring of the alar processes of the septal cartilage so as to
repair of preserve the angle between the quadrilateral process and the
alar processes of the septum and its valvular effect. At some time during
the course of the development of his technique he realized that a rigid septum
is a necessity for normal nasal function and discontinued insofar as possible
removal of portions of the cartilage. He then added repair of septal perfora-
tions so as to preserve a parallel channeled nose and modified his manage-
ment of the lobular cartilages so as to secure a more functionally perfect
lobule. He realized that, as Tonndorf found, atrophy of intranasal structures
is associated with turbulence of nasal air flow, increased resistance and at
times hypoxia, so that his procedure of correcting a rhinoscopically inapparent
subjective nasal stenosis by decreasing the size of the nasal lumen has,
possibly, been his chief surgical triumph.
It is a remarkable record: most men seem satisfied by the addition of a single
technical improvement to a surgical armamentarium.
Cottle (14), however, has never been either contented or satisfied. He has
even dabbled in rhinometry. While his rhinometry does not, as yet, reach the
ideal technique being striven for, it has at least alerted some rhinologists
to its potential value as an adjunct examination if interpreted by a rhinologist
who has gained some diagnostic acumen by carefully observing Cottle's
diagnostic demonstrations.
It has been said that genius consists of an infinite capacity for taking pains.
We can see that it is much more than this. It must also contain an almost
computerlike ability to bypass the tedious processes of deduction and in-
duction by which ordinary people arrive at a conclusion so that they may achie-
ve, by "intuition", a correct solution. Genius may be unaware of this difference
and become impatient with the average, who seems to persist in an almost
sinful demand for concrete evidence to support those conclusions which
seem so clear and so obvious to the mind of genius.
Genius must resign itself to the pedestrian pace of the average. Those who
accept the conclusion of genius on the basis of its authority and emotional
appeal, are but sheep of a different flock whose volatility does not presage
well for the difficult journey ahead.
The hypothesis that the nose is a servomechanism to match the impedance
of the respiratory tract to the demands of alveolar ventilation is admittedly
of the imaginative variety.
It has, however, received considerable support, often serendipitously, from
pulmonary and cardiovascular physiology, and the pediatric clinic as well as
from the rhinologic research laboratory.
Sufficient evidence has accumulated to make it seem reasonable to state
that the failure of rhinology to procure symptomatic relief in many patients
with objective evidence or subjective complaint of "nasal stenosis" has lain
in its lack of understanding of the fact, stated by Tonndorf, that we must consi-
der the nasal air stream as a parallel stream with very little stability. There-
fore, turbulence is the physical factor most greatly influencing the impedance
of the nasal chambers.
This being the case, it becomes obvious that many of the surgical and simi-
surgical methods for improving nasal conductance have been incorrectly
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designed to accomplish their ostensible purpose, but often have had the
opposite effect. It is suggested that subconsciously, this threat to overturn
ingrained medical and surgical techniques has furnished the basis for the
highly emotional content of some of the opposition to rhinometry.
Rhinometry in North America at the present time is at about the stage of
development of audiology in the 1920's and electro-nystagmography ten years
ago. It has a long way to go but the future seems to promise important devel-
opments in rhinometry and advances in knowledge of nasal and pulmonary
physiology through the agency of rhinometry.
At the present, however, it would seem unwise to attempt to elevate specu-
lative and working hypotheses to the status of "established fact" on the basis
of rhinometric data, that owing to present inadequacy of technique; do not
fully justify such an attempt.
At the present, physiologic surgery, however, seems adequately justified
by observation of good results obtained and the increasing good experience
of rhinologic surgeons who base their techniques, whether consciously or not,
on the fact that the respired air in obeying Reynolds' "criterion" of hydro-
dynamics behaves like a viscous fluid.
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