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ABSTRACT

Acoustic Rhinometry (AR) measures the relationship of the cross-sectional area and
the distance into the nasal cavity. Great efforts have been done to validate and
standardize its clinical use. Inspite of many researches done in Egypt by AR, there
are no normal National Egyptian Physiological gold standards of MCA, DMCA and
NCV like many other countries. This study was carried out to establish local
reference values for AR parameters in healthy normal adults. One hundred and thirty
healthy volunteer students of the Faculty of Medicine, Suez Canal University in the
age range from 18 to 24 years, who were free from any nasal problems by history and
examination, were subjected to AR testing in the Department of Otorhinolaryngology,
Suez Canal University Hospital. The AR parameters before decongestant were: mean
mMCA was 0.58 + 0.15 cm? with a range 0.27- 1.00 cm?, the mean mDMCA was 1.92
+ 0.16 cm with a range 1.62- 2.34 cm, and the mean total NCV was 12.68 *+ 3.35 cm?
and ranges from 5.11 to 21.97 cm®. The AR parameters after decongestant was: mean
mMCA was 0.60 % 0.14 cm? with a range 0.31- 1.14 cm?, the mean mDMCA was 1.90
+0.16 cm with a range 1.50- 2.46 cm, and the mean total NCV was 13.32 + 3.79 cm®
and ranges from 5.46 to 26.41 cm®. It was found that the difference between males
and females in the three AR parameters was statistically significant before and after
decongestion. Also, it was found that there were weak positive significant
correlations between the three AR parameters and height, weight and age before and
after decongestion. In this study, it was found that there were insignificant relations
between the AR parameters and the sensation of nasal cycle and the phases of
menstrual cycle, but there was a significant relation between the AR parameters and
the performance of sport activity, so other researches are needed to study the effect of
nasal cycle, hormonal changes, sport activity, effect of nasal infections and
pulmonary functions on the AR parameters.
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INTRODUCTION filtering inspired air, and smell. The

nasal mucosa also has an important

The nose is the guardian angel of immunologic  role in defending

the respiratory tract. It has several against inhaled foreign pathogens and

important  physiological ~ functions aIIerg_ens. To serve these importar_n

which  include  air-conditioning, fU“(Cj“g?S, a patent nasal passage is
needed".
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Acoustic rhinometry is a new and
simple method for assessment of nasal
airway dimensions. An audible sound
signal generated at the bottom of a
tubular probe is transmitted into the
nasal cavity via an anatomically fitted
nosepiece. An area-distance
relationship describing the airway
geometry is created by comparing the
incident and the reflected sound
signal.

The technique is quick, accurate,
reproducible, non-invasive, has no
adverse effects, is independent of
airflow, and requires minimal
cooperation from the subject. Several
recent studies have established
acoustic rhinometry as an important
investigative tool in rhinology. It is
well suited to illustrate normal
physiology of the nasal mucosa, to
document deleterious effects of
exposure to irritants and to monitor
the effect of surgical and medical
therapy. A  newly developed
miniprobe has proven to be uniquely
suited for studying the nasal airways
of infants and small children? .

A graph of nasal cross-sectional
area as a function of distance from the
nostril is produced, from which
several area and volume estimates of
the nasal cavity can be derived. The
reliability of the method is greatest in
the anterior nasal cavity, which is the
site of the nasal valve®.

Acoustic rhinometry evaluates
the geometry of the nasal cavity with
acoustic reflections and provides
information  about nasal  cross-
sectional area and nasal volume
within a given distance. Variations in
internal nasal diameters have attracted
increased interest since the advent of
endoscopic surgical techniques. Race

is known to be one of the most
important factors affecting the nasal
structure®®.

Nasal symptoms often are in
consistent with rhinoscopic findings.
However, the proper diagnosis and
treatment of nasal pathology requires
an objective evaluation of the narrow
segments of the anterior part of the
nasal cavities (minimal cross-
sectional area [MCA]). The problem
is that the value of MCA is not a
unique parameter for the entire
population, but rather it is a
distinctive value for a particular
subject (or smaller groups of
subjects). Consequently, there is a
need for MCA wvalues to be
standardized in a simple way that
facilitates the comparison of results
and the selection of the treatment
regimens® .

Acoustic rhinometry is a new
objective rhinometric method, but
different races must have their
standards respectively™’ .

The aim of this study was to
establish physiological gold standard
parameters of acoustic rhinometry of
young adults in Suez Canal area.

SUBJECTS & METHODS

130 normal adult volunteers were
subjected to the study. Their age
ranged between 18-24 years. All were
medical students in the faculty of
medicine, Suez Canal University. We
excluded any history of smoking,
suffering from any nasal pathologic
conditions or taking medications such
as decongestants, antihistaminics or
aspirins.

The acoustic rhinometry was
performed using PC-based Eccovision
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® system (Model AR- 1003) from
Hood Laboratories Inc., Pembroke,
MA, USA . This system uses
amplitudes and arrival times of echoes
to construct the acoustic rhinogram
which represents the entire nasal
cavity as a function of distance from
the nostrils.

The device consists of a sound
source (loudspeaker) mounted at the
distal end of the wave tube (inside
diameter: 1.27 cm) with a recording
microphone at the proximal end of the
tube (speaker to microphone distance:
20 c¢cm). The loud speaker emits an
audible signal of 150-10000 Hz that
propagates down the wave tube. It
passes the microphone and enters the
nasal cavity. The incident and
reflected  acoustic  signals are
registered by the microphone. The
distance between the microphone and
the nose is 4 cm. The analog signal is
amplified, low pass filtered and
digitized at a sampling rate of 70 kHz.
The data were processed using the
PC-based software to generate an area
distance function. The latter is
calculated as the mean of 10 serial
measurements with 0.2 second delay
between them.

Before each measurement, the
rhinometer is calibrated with a
calibration tube (length: 20 cm,
outside diameter: 1.9 cm, inside
diameter: 1.26 cm). Then, the wave
tube is connected to the nasal cavity
via a beveled nosepiece (material:
polyurethane,  form:  cylindrical,
length between top of the wave tube
and outlet of the nosepiece: 3.5 cm).
Three nosepieces are used with an
opening diameter of 1.25 to 0.8 cm,
125 to 1.1 cm, and 1.25 to 1.3 cm

(Fig. 1).

All tests were done by the same
operator to minimize the operator bias
related to testing procedure.

The subject was asked to let half
of his breathe out and then stop
breathing and swallowing. The
nosepiece was placed gently against
the patient's left nostril with bevel
sloping down to the right side and the
tube parallel to the dorsum of the
nose. To stabilize the tube during the
test, it was held with thumb and index
finger and the other fingers resting on
the patient's chin (Figure 2). We apply
pressure just sufficient to affect
acoustic seal without distorting the
nasal vestibule. This is done under
careful visual control
e The data were collected just until an

audible beep was heard or until a
red dot appeared in the upper right
corner of the monitor screen (about
4 seconds). Each measurement is
repeated four times to ensure
accuracy of the technique. Any
curve showing significant deviation
from the other curves is also
discarded.

e To perform the test on the right
side, the entire wave tube turned
around or the nosepiece twisted
around 180°.

e The test was carried out again 15
minutes after nasal decongestant
using 0.05% oxymetazoline
hydrochloride (Afrin) nasal spray.
Each nasal cavity was sprayed
twice. The nasal spray form was
chosen instead of any other form
(example nasal drop) to ensure
uniform spread of the decongestant
all over the nasal cavity.

e We save and archive patient's data
before ending the session.

e AR was performed to measure the
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MCA at the anterior 1-5 cm from
the nostril and the volume (NCV)
between the nostril and 5 cm into
the nose according to SCAR, 2000
(Standardization Committee on
Acoustic Rhinometry). The mean

mean DMCA (mDMCA; equal to
(L+R)/2), and total volume (tNCV;
equal to L+R) were calculated for
each subjects, where L and R refer
to the measurements made for the
left and right nostrils respectively.

MCA (mMCA; equal to (L+R)/2),

T

Figure (1): The patient sit upright in a straight backed chair facing straight ahead
and fixing his gaze on the sign X. The chair is preferably placed in a consistent
location.

Angle of the septum of the nose

Fig (2): The wave tube was held on the same plane as the bridge of the patient's
nose. We hold the tube with thumb and index finger and other fingers resting on
the patient's chin.
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RESULTS

The study included 130 normal
young volunteers; 56 subjects from
Suez Canal area, 29 subjects from
Sinai and 45 subjects from East Delta.
From the 130 subjects, 70 were males
(54%) and 60 were females (46%).

103 of the subjects (79%) were
not aware of the nasal cycle sensation,
while 27 of them (21%) were aware
of the nasal cycle sensation.

The mean MCA (mMCA); equal
to (L+R)/2), mean DMCA
(mDMCA); equal to (L+R)/2), and
total volume (tINCV); equal to (L+R)

were calculated for each subjects,
where L and R refer to the
measurements made for the left and
right nostrils respectively.

Regarding the AR parameters
before decongestion, Table (1) shows
the mean, the standard deviation and
the range of AR parameters for the
260 cavities before decongestion. The
mean mMMCA was 0.58 + 0.15 cm?
ranging from 0.27 to 1.00 cm® The
mean mMDMCA was 1.92 + 0.16 cm
ranging from 1.62 to 2.34 cm. The
mean tNCV was 12.68 + 3.35 cm®
ranging from 5.11 to 21.97 cm®.

Table (1): AR parameters for 260 cavities before decongestion

mMCA (cm?) mDMCA (cm) tNCV (cm®)
Mean 0.58 1.92 12.68
SD 0.15 0.16 3.35
Min 0.27 1.62 5.11
Max 1.00 2.34 21.97

Before decongestion, the mean
mMCA in males was 0.62 + 0.14 cm?
ranging from 0.27 to 1.00 cm?, while
in females it was 0.53 + 0.13 cm?
ranging from 0.26 to 0.81 cm® The
difference between males and females
in mMMCA was statistically significant
(p value = 0.02).

The mean mDMCA was 1.99 +
0.14 cm for males ranging from 1.62
to 2.34 c¢cm, while in females it was
1.84 + 0.14 cm ranging from 1.62 to
2.10 cm. The difference between
males and females in mDMCA was
statistically significant (p value =
0.001).

The mean tNCV was 13.14 +
3.12 cm?® for males ranging from 5.11
to 21.42 cm®, while in females it was
12.13 + 3.53 cm® ranging from 6.44 to
21.97 cm®. The difference between
males and females in tNCV was
statistically significant (p value =
0.03).

Figure (3) shows the acoustic
rhinometry curves before
decongestion for left and right nostrils
respectively. The curves show the
normal ascending W-shape pattern,
which indicate that the minimal cross-
sectional area (MCA) was in the valve
region (I notch) not in the inferior
turbinate region (C notch).
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Figure (3): Acoustic rhinometry curves before decongestion for left and right

nostrils respectively.

AT stands for anterior turbinate; NV stands for nasal valve

Tables (2) show the mean, the
standard deviation and the range of
AR parameters for the 260 cavities
after decongestion. The mean mMCA
was 0.60 + 0.14 cm? ranging from

0.31 to 1.14 cm?. The mean mMDMCA
was 1.90 + 0.18 cm ranging from 1.50
to 2.46 cm. The mean tNCV was
13.32 + 3.79 cm® ranging from 5.46 to
26.41 cm’.

Table (2): AR parameters for 260 cavities after decongestion

mMCA (cm?) mDMCA (cm) tNCV (cm®)
Mean 0.60 1.90 13.32
) 0.14 0.18 3.79
Min 0.31 1.50 5.46
Max 1.14 2.46 26.41

Also, after decongestion, the
mean mMMCA in males was 0.64 +
0.15 cm? ranging from 0.31 to 1.14
cm?, while in females it was 0.55 *
0.12 c¢m? ranging from 0.34 to 0.75
cm® The difference between males
and females in mMCA was
statistically significant (p value =
0.01).

The mean mDMCA was 1.97 +
0.18 cm for males ranging from 1.50
to 2.46 cm, while in females it was
1.83 + 0.14 cm ranging from 1.62 to
2.10 cm. The difference between
males and females in MDMCA was
statistically significant (p value =
0.001).
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The mean tNCV was 14.27 *
4.18 cm? for males ranging from 5.46
to 26.41 cm?®, while in females it was
12.13 + 3.53 cm® ranging from 6.44 to
21.97 cm®. The difference between
males and females in tNCV was

statistically significant (p value =
0.004).

Before and after decongestion we
found statistically significant positive
correlations between age and all of the
AR parameters:

Table (3): Relationship between Age and AR parameters before decongestion

AR parameters Age -

r p-value Sig.
mMCA 0.189 0.032 +
mDMCA 0.310 0.001 ++
tNCV 0.261 0.003 ++

Table (4): Relationship between Age and AR parameters after decongestion

AR parameters Age -

r p-value Sig.
mMCA 0.067 0.046 +
mDMCA 0.195 0.026 +
tNCV 0.235 0.007 ++

Regarding the height, we found statistically significant positive correlations
between all the AR parameters and the height either before or after decongestant.

Table (5): Relationship between Height and AR parameters before decongestion

AR parameters Height -

r p-value Sig.
mMCA 0.305 0.001 ++
mDMCA 0.537 0.001 ++
tNCV 0.233 0.008 ++

Table (6): Relationship between Height and AR parameters after decongestion
AR parameters Height -
r p-value Sig.
mMCA 0.177 0.044 +
mDMCA 0.461 0.001 ++
tNCV 0.187 0.033 +

Regarding the weight, we found statistically significant positive correlations
between all the AR parameters and the weight, either before or after decongestant.
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Table (7): Relationship between Weight and AR parameters before decongestion

AR parameters Weight -

r p-value Sig.
mMCA 0.264 0.002 ++
mDMCA 0.395 0.001 ++
tNCV 0.170 0.04 +

Table (8): Relationship between Weight and AR parameters after decongestion

AR parameters Weight -
r p-value Sig.
mMCA 0.195 0.026 +
mDMCA 0.321 0.001 ++
tNCV 0.182 0.039 +
It was found statistically non- In relation to the sports
significant difference in all the AR performance, it was found that
parameters between the group with mMCA, mDMCA and tNCV, all

subjective sensation of nasal cycle
and the group without subjective
sensation of nasal cycle, either before
or after decongestion.

were higher in the sports performing
group compared to the non sport
performing group, either before or
after decongestion. See table 9 and 10

Table (9): Relation between the AR parameters before decongestion and sport

performance
Sport No sport t-test P value
performance performance
mMCA (cm?) 0.61 0.56 2.13 0.035*
mDMCA (cm) 1.96 1.88 2.83 0.005**
tNCV (cm®) 13.35 12.19 1.96 0.051*

Table (10): Relation between the AR parameters after decongestion and sport

performance
Sport No sport t-test P value
performance performance
mMCA (cm®) | 0.62 0.58 1.62 0.018*
mDMCA (cm) | 1.95 1.86 2.82 0.005**
tNCgV 13.94 12.87 1.60 0.021*
(cm’)
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Regarding the different phases of the menstrual cycle and AR parameters , it was
found that, there were statistically non-significant differences in first half, mid-cycle
and second half of the menstrual cycle in all the AR parameters.

Table (11): Relation between the AR parameters before decongestion and phases
of menstrual cycle

First half | Mid-cycle ‘E:ﬁ?nd F-test P value
mMCA (cm’) 0.54 0.52 0.55 7.12 0.1
mDMCA (cm) 1.85 1.84 1.78 2.01 0.09
tNCV (cm?) 12.47 11.47 12.18 15.76 0.07

Table (12): Relation between the AR parameters after decongestion and phases
of menstrual cycle

First half Mid-cycle ﬁaeﬁ(ond F-test P value
mMCA (cm?) | 0.57 0.54 0.58 4.74 0.06
mDMCA (cm) | 1.82 1.84 1.76 1.78 0.14
INCV 12.86 12.10 12.99 17.647 0.12
(cm’)
DISCUSSION parameters were reported differently
in various studies. This may be
For the past 100 vears, related to different inclusion and

physiologists and rhinologists had
been interested in the concept of
quantifying nasal patency. Several
techniques have been developed in the
search for a reliable and reproducible
method of quantifying nasal patency®.

Acoustic rhinometry provided
new parameters for the objective
evaluation of nasal patency: MCA,
DMCA and NCV. Since its
introduction for clinical use by
Hilberg et al®. , it has been used to
study the nasal geometry in normal
subjects*>'® and to evaluate the
effect of different therapeutic
interventions either medical***3, or
surgical*®.

Mean values of normal AR

exclusion criteria and differences in
the technique. Racial anatomic
differences do occur in
anthropomorphic measurements of
the external and internal nasal
geometry”*®.

The MCA was measured in every
nasal fossa separately. Then, the
mean MCA (mMCA) was calculated
in every individual separately by the
following equation®:

MMCA = [MCA of the left side +
MCA of the right side] / 2

Then mean mMCA of all
individuals was 0.58 + 0.15 cm?
(mean = SD)with a range 0.27 to 1
cm® before decongestion and 0.60 *

215




Bull. Egypt. Soc. Physiol. Sci. 27 (2) 2007

Elbaz et al.

0.14 cm® with a range 0.31 to 1.14
cm? after decongestion.

It was found that the mean
mMCA in this study are nearly similar
to the mean mMCA for; Asian®,
Asian & Whiteand Orientals’.

The difference between males
and females in mMMCA is statistically
significant (p < 0.05) both before and
after decongestion which agreed with
results of Miligvist and Bende™, and
Grymer et al.”’.

In the contrary, Ho et al.*”, found
that there was no significant
difference between Oriental male and
female (p= 0.32) and also, Corey et
al*., and Huang et al’., found that
there was no significant difference in
MCA between males and females
within the same racial group.

In this study, the mMCA shows
positive and statistically significant
correlation to weight, height and age,
before and after decongestion, which
agreed the results of Miligvist and
Bende™.

In the contrary, Corey et al*,
found that height and weight do not
have a significant effect on MCA
measurements. Also, Huang et al®.,
found that height and weight did not
show any significant correlation with
MCA.

The DMCA was measured in every
nasal fossa separately. Then, the
mean DMCA (mDMCA) was
calculated in every individual
separately by the  following
equation’:

mDMCA = [DMCA of the left side +
DMCA of the right side]/2

The mean mDMCA in this study
was 1.92 + 0.16 cm with a range
1.62- 2.34 cm before decongestion
and 1.90 + 0.18 cm with a range

1.50- 2.46 cm after decongestion.
This is the location of the nasal valve
(up to 3 cm), so when the MCA
located in this area this means that
the shape of the curve was of
ascending type “ascending W8,

The mean mDMCA in this study

was similar to that of: Roithmann et
al®;  Grymer et al'; ElI-
Demerdash®® and the Oriental race in
Morgan et al’.
In this study, the difference between
males and females in MDMCA was
statistically significant (p< 0.05) both
before and after decongestion. Also,
we found that the mDMCA shows
weak positive and statistically
significant correlation to weight,
height and age, before and after
decongestion.

In this study, SCAR
(Standardization =~ Committee  on
Acoustic  Rhinometry)  guidelines
were followed. So, the nasal cavity
volume was measured from the nostril
to 5 cm inside the nasal cavity
according to Hilberg and Pedersen®
who illustrated that beyond this, the
accuracy of AR  diminishes
significantly. The mean tNCV in this
study was 12.68 + 3.35 cm® with a
range 5.11 to 21.97 cm® before
decongestion and 13.32 + 3.79 cm®
with a range 5.46 to 26.41 cm? after
decongestion.

Huang et al’., studying the nasal
cavity of three ethnic groups
(Chinese, Malay and Indian) found
that the total volume (tNCV) 0-5 cm
from the nostrils as follow: for
Chinese: 15.64 + 0.92 cm®, for Malay:
14.58 + 1.33 cm® and for Indian:
16.25 + 0.96 cm®. The mean tNCV in
this study was different from that of
Huang et al’, although they were
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measured at the same distance (0-5
cm), but this difference may be due to
the difference in race.

In this study, the mean tNCV
shows weak positive and statistically
significant correlation to weight,
height and age, before and after
decongestion. Huang et al®., found
that tNCV was only significantly
correlated with age (p= 0.001).

In the contrary, Grymer et al®,
Corey et al*, and Huang et al’,
found that height and weight did not
show any significant correlation with
volume measurements which may be
due to difference in sampling design

In this study, only 21% (n=27) of
the study subjects who sense the nasal
cycle, although the nasal cycle can be
demonstrated in over 80% of adults
but it is unnoticed by the majority of
people. The three AR parameters
showed statistically non-significant
differences between the subjects who
were sensing nasal cycle and the
subjects who were not, both before
and after decongestion. But, the study
was not designed and the sample size
was not calculated to investigate the
differences caused by the nasal cycle.
Mennella  and  Beauchamp?®
illustrated that; awareness of nasal
cycle may come earlier before the
sensation of nasal obstruction.

In this study, 42% (n=54) of the
study subjects were performing sport
activity. The three AR parameters
showed significant difference between
the subjects performing sport activity
and the subjects who did not, both
before and after decongestion; which
was in accordance with Yong-Xin et
al®®>, who explained that exercise
decreases the nasal resistance, and

increases its patency which was
reflected on the AR parameters.

In this study, the females were in
different phases of menstrual cycle;
about 55% of the female in the study
subjects were in the mid-cycle phase
(14-16 days), 23% in the first half of
the cycle (1-13 days) and 22% in the
second half of the cycle (17-28 days).
The mMCA and tNCV showed non
significant differences between the
three phases of the menstrual cycle,
both before and after decongestion
being at the maximum at both the first
and second halves of the cycle where
estrogen level is at the minimum and
at the minimum in mid-cycle where
estrogen level is at the peak. The
previous differences were statistically
non significant because the sample
size had not been calculated according
to the menstrual cycle. But, this had a
clinical significance as estrogen
causes nasal  congestion and
subsequently the level of estrogen is
inversely proportionate to the nasal
patency which was reflected on the
AR parameters *.
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