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Should a history of nasal symptoms be considered
when estimating nasal patency?

Maija T. Laine-Alava, DDS, PhD; Ulla K. Minkkinen, DDS

Abstract:The purpose of this study was to determineif a history of certain nasal symptoms and ear, nose, throat, or lung disease should
be taken into consideration when measuring patency of the nasal airway. The pressure-flow technique was used to measure nasal
cross-sectional area and resistance in 249 healthy and nasally asymptomatic 16- to 82-year-old individuals. The subjects were also
asked to complete a questionnaire of possible airway problems. The results showed that there were statistically significant differences
in minimum nasal cross-sectional area and upper airway resistance between males and females, between individuals with and
without allergic rhinitis, and between smokers and nonsmokers. However, these differences were too small to be of physiological or
clinical importance. Therefore, when determining nasal cross-sectional area and resistance in individuals with a history of upper or
lower airway problems, measurements can be assumed to be accurate, irrespective of other factors, as long as they are made during
an asymptomatic period.
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osterior rhinomanometry is

commonly used to measure

nasal patency in adults as well
as in children from 5 to 6 years on.
Information about nasal airway size
is valuable not only in the ENT clinic,
but also in orthodontic practices; sev-
eral studies have indicated that a re-
lationship exists between impaired
nasal breathing and deleterious
dentofacial growth and develop-
ment.*> However, the nature of this
relationship has been debated for de-
cades and contradictory opinions on
this issue are numerous.®*

Several studies®¢ have shown that
age is a factor that has to be taken
into consideration when measuring
the patency of the nasal airway in
children. Nasal airway seems to
grow until 16 years of age.%141” Pre-
vious studies of the effects of relative
body size (expressed as body mass
index or BMI) and sex on nasal air-
way size and resistance appear to
COnﬂiCt.10-12'14’16’18-20

The mucosa of the nasal airway re-
sponds to changes in temperature,
smoke, pollutants, dusts, and pollens
and other allergens or irritants by
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congesting and decongesting, caus-
ing short-term changes in nasal resis-
tance and giving rise to various types
of nasal symptoms.’®2% It has also
been suggested that the respiratory
tract is a unit, from the oronasal cavi-
ties to the lungs; disease or inflam-
mation in one part of the airway may
also manifest in physiological
changes in other locations along the
tract.” Therefore, the purpose of this
study was to examine the effects of a
history of frequent nasal symptoms,
nature and occurrence of nasal symp-
toms, asthma, recurrent ENT or lung
infections and tobacco-smoking on
nasal airway patency, considering

also the effects of age, BMI, and sex.
In other words, does a history of fre-
quent airway problems have an as-
sociation with nasal airway size or
resistance during the time subjects
are healthy and asymptomatic? We
wanted to know if there is certain
anamnestic information that should
be taken into consideration when
measuring the variables that may re-
flect nasal airway impairment,
namely, the size and the resistance of
the nasal airway.

Materials and methods

The subjects for this study were 249
adolescents and adults (151 females
and 98 males), aged 16 through 82
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years. They were volunteers who

Table 1

came to the dental clinic of the Uni- Means of age, weight, height, and BMI in a group of 249 subjects,
versity of Kuopio for their dental according to sex
checkup, and dental students, staff, Fermnale Vialo Total
and faculty of the Department of the (n=151) (n=98) p* (n=249)
Dentistry. The criterion for selection oo
was the absence of upper airway con- Mean 48.8(SD17.4) 46.2(SD17.2) 025  47.8(SD17.4)
gestion due to colds or allergic rhini- Median 51 49 50
tis at the time of examination. Table Range 16-82 16-77 16-82
1 lists the means of age, body height Weight (k)

- ; ei
(cm), weight (kg), and body mass in- Moz (SD) 64.2 (10.6) 77.0(11.6) 0.00 69.2 (12.6)

dex (BMI) for females and males
separately. The body mass index was | Height (cm)
calculated as follows: BMI=weight/ Mean (SD) 162.6(5.2) 176.1(6.3) 0.00 167.9(8.7)
(height/100)2. There was a statisti-
cally significant difference in weight BMI
and height between sexes, but not in Mean (SD) 24.3(4.0) 24.8(3.6) 0.27 24.5(3.8)
BMI values. * By ttest

The pressure-flow technique® was
used to measure airflow rate and dif-
ferential oronasal pressure with the

subject in a seated position using a Table2 _
well-fitted nasal mask. No nasal de- Frequencies of nasal symptomsina group of 249 subjects
aged 16 through 82 years, according to sex
congestants were used because we
wanted to measure status and func- Female Male Total
tion of the nasal mucosa rather than (n=151)  (n=98) . _ (n=249)
skeletal dimensions of the upper air- Nasal symptom % % P % n
way. Nasal airflow rate was mea- Occasional nasal secretions 34.4 29.5 0.42 325 80
sure(}il with a heated }113 neumlotachi- Occasional stuffy nose 39.7 38.5 0.85 39.3 97
%29 o:;)l?::;fgrteos;uienzsraopmjvsas' Seasona! rhinitis ' . 51.0 51.0 1.00 51.0 123
I. According to etiologic factor
measured by differential pressure Allergy 37.8 36.1 0.81 372 81
transducers connected to two cath- Stress 7.7 3.8 6.2 13
eters, 2.42 mm in diameter. The first Temperature change 282 29.5 0.83 28.8 63
catheter was positioned midway in Tobacpo smoke _ .25.8 15.3 0.07 217 47
. . il. According to number of etiologic factors
the subject’s mouth, and the subject One factor 048 323 . 278 67
was asked to close his or her lips. The Two factors 159 146 _ 15.4 37
second catheter was placed within Three factors 6.9 3.1 . 5.4 13
the nasal mask. The resulting airflow Four factors 3.4 1.0 . 25 6
and pressure measurements were Main season of symptoms
transmitted to a microcomputer for Summer . 340 28.1 0.33 31.7 78
recording and analysis. Then mini- Spring 463 365 017 419 103
mum nasal cross-sectional area was Fall 36.0 33.3 0.67 35.0 86
Winter 38.0 37.5 0.94 37.8 93

calculated as follows: . Not season specific 28.0 20.0 0.16 24.9 61

A=V /k(2AP/d)* and resistance as: During one season 8.7 14.3 ) 10.9 27
R=AP/V, where A=nasal area (cm?), During two seasons 12.0 11.2 . 11.7 29
R= resistance (cmHZO/l/s)l V=nasal During three seasons 2.7 6.1 . 4.0 10
airflow (ml/s), k=0.65, d=density of During four seasons 28.0 19.4 . 246 61

air (0.001 g/cm®) and AP= oronasal
pressure (cmH,0O). The inspiratory
values for nasal cross-sectional area
and resistance are reported in this

paper.

* By chi-square test
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Before measuring nasal patency,
each subject was asked to fill out a
complete questionnaire of occurrence
and nature of nasal symptoms. The
questionnaire was a modification of
one designed by an allergologist at
the ENT clinic of Kuopio University
Hospital and used in the clinic and
in some previous studies.’”? As
Table 2 shows, about half the subjects
reported a history of frequent nasal
symptoms, such as occasional nasal
secretions or seasonal rhinitis. Al-
most 40% of the subjects reported the
frequent sensation of a stuffy nose.
The most common causes for sea-
sonal rhinitis were allergies to
pollens and dust. In addition, over
20% of the subjects reported having
a runny nose due to temperature
changes or tobacco smoke. Only a
few reported that nasal symptoms
were caused by stress. Less than 10%
of the subjects reported that several
(three or four) factors caused rhini-
tis. Spring was the most common
time for nasal symptoms, but over
30% had symptoms during summer,
fall, or winter. Among one-fourth of
the subjects, the nasal symptoms oc-
curred randomly throughout the
year. The frequencies of occurrence
of all nasal symptoms did not differ
between females and males. Al-
though over half the subjects re-
ported having frequent or recurrent
symptoms in the upper airway, all
the subjects were asymptomatic at
the time nasal patency was mea-
sured.

Table 3 shows general anamnestic
information related to upper airways
among subjects. Seven subjects had
asthma. About one-fourth of the sub-
jects reported having recurrent infec-
tions of the ears, lungs, sinuses, or
throat. Sinus and throat infections
were more common than ear and
lung infections. Recurrent infections
in more than one organ in the prox-
imity of the upper airway were rare.
There were no differences between
sexes in prevalence of asthma or in-
fections. About 20% of the studied
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Table 3
Frequencies of asthma, recurrent infections around the upper airway
and smoking in a group of 249 subjects aged 16 through 82 years,
according to sex
Female Male Total
(n=151) (n=98) (n=249)

Anamnesis Y% Y% P % n
Asthma 27 3.1 0.56 t 2.8 7
Recurrentinfections 28.7 20.8 0.17 25.6 63
I. According to location

Ears 53 21 0.22 41 10

Lungs 8.0 6.3 0.61 7.3 18

Sinuses 13.5 10.4 0.47 12.3 30

Throat 14.7 10.4 0.33 13.0 32
Il. According to number of locations

One 18.7 125 16.3 40

Two 7.3 8.3 . 7.7 19

Three 2.7 0 . 1.6 4
Prevalence of smoking 17.3 27.6 0.05 214 53
* By chi-square test
T By Fisher’s exact test

population group smoked, with the
prevalence of smoking higher in
males (27.6%) than in females
(17.3%). The mean duration of smok-
ing was 17.8 years (5D=11.8) in
women and 18.1 years (SD=13.3) in
men; the number of years smoked
ranged from 1 to 40 in both groups.

Statistical methods

Differences in age, weight, height,
and BMI between sexes were esti-
mated by t-test. The chi-square test
was used to determine differences in
prevalence of a history of different
symptoms between sexes.

Linear regression models were used
to find statistically significant asso-
ciations between upper airway pa-
tency, measured as cross-sectional
area or resistance, and a history of
upper airway problems or other vari-
ables possibly influencing nasal pa-
tency. The following variables were
included in the questionnaire: fre-
quent nasal secretions (0=no, 1=yes),
seasonal rhinitis due to allergy to
pollens or dust (O=no, 1=yes), stress
(O=no, 1=yes), temperature change
(0=no, 1=yes), tobacco smoke (0=no,
1=yes), subjective sensation of con-
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gested nose (0=no, 1=yes), season of
measurement of nasal patency
(1=winter, 2=spring, 3=summer,
4=fall), asthma (0=no, 1=yes), combi-
nation of recurrent infections in the
proximity of the upper airway, i.e.,
ears, lungs, sinuses, or throat (1=re-
current infection in one of these,
2=recerrent infections in two of these,
3=recurrent infections in three of
these, 4= recurrent infections in four
of these, 0=no recurrent infections),
and smoking (0=no, 1=yes). Age,
BMI, and sex were also included in
the models. Pearson’s correlation co-
efficients were calculated between
each anamnestic variable, age, BMI,
and sex. All pairs of variables with a
correlation coefficient of 20.5 were
entered separately into the linear re-
gression models. This was the case
only for age and BMI (see Results).

The variables that showed a statis-
tically significant association with
nasal airway size or nasal resistance
by the linear regression model were
further analyzed by the analyses of
variance (ANOVA). P-values <0.05
were considered statistically signifi-
cant in all analyses.



Results

The means of minimum nasal cross-
sectional area and resistance to air-
flow for 16- to 82-year-olds were 0.52
cm? (SD 0.14) and 2.31 cmH,0/1/s
(SD 1.62), respectively.

Since the Pearson correlation coef-
ficient between age and BMI was
high (0.5), it was added to the linear
regression models separately. Age is
included in model A and BMI in
model B. The best-fitted model A
(Table 4) indicated that minimum
nasal cross-sectional area was asso-
ciated with the following variables:
existence of frequent nasal secretions,
seasonal rhinitis due to allergy, and
sex. Neither age nor BMI had an ef-
fect on nasal cross-sectional area,
since the best-fitted model did not
change when age was replaced with
BMI (model B). By further analyzing
the variables in the best-fitted model
by analysis of variance, it was shown
that only allergic rhinitis and sex had
statistically significant effects on na-
sal cross-sectional area (Figures 1 and
2). The mean cross-sectional area was
smaller in subjects with seasonal
rhinitis due to allergy than in subjects
without allergic rhinitis, and surpris-
ingly, was larger in females than in
males.

The same variables (see Methods)
were used to determine their rela-
tionship to nasal resistance. The lin-
ear regression model indicated that
sex and seasonal rhinitis due to al-
lergy were associated also with na-
sal resistance (model A, Table 5),
together with smoking. Again, the
model remained the same when age
was replaced with BMI (model B).
The analysis of variance showed that
all the variables in the best-fitted
model—allergic rhinitis, smoking,
and sex—had a statistically signifi-
cant effect on resistance (Figures 1, 2,
and 3). The mean resistance was sig-
nificantly higher in subjects with al-
lergic rhinitis than in those without
it, in smokers than in nonsmokers,
and in males than in females.

History of nasal symptoms and nasal patency

Table 4
Relationships between minimum nasal cross-sectional area (cm?) and
history of upper airway problems as estimated by linear regression model,
considering effects of age and sex (model A). The best-fitted model is given.

Regression
Independent variable coefficient SE Coeff./SE fol
Occasional nasal secretions 0.063 0.024 2.65 0.01
Seasonal rhinitis due to altergy  -0.053 0.022 -2.35 0.02
Sex -0.044 0.021 -2.06 0.04
Table 5

Relationship between nasal resistance (cmH,O/l/s) and history of upper
airway problems as estimated by linear regression model, considering
effects of age and sex (model A). The best-fitted model is given.

Regression
Independent variable coefficient SE Coeff./SE p
Seasonal rhinitis due to allergy  0.442 0.227 1.95 0.05
Smoking 0.689 0.261 2.63 0.01
Sex 0.691 0.219 3.15 0.00
Discussion jective, based on the questionnaire

Since minimum nasal cross-sec-
tional area and nasal resistance dur-
ing inspiration are of critical
importance for nasal versus oral
breathing,” only inspiratory mea-
surements were included in this re-
port. The number of variables was
too large to be analyzed simulta-
neously by analyses of variance.
Therefore, the linear regression
analysis was first used to limit the
number of variables, excluding the
ones with a weak effect on nasal size
or resistance. The conclusions were
based on the analyses of variance.

This study attempted to assess the
relationship of subjective nasal
symptoms to nasal airway size and
resistance, often used to assess nasal
patency. One of the most common
methods of measuring nasal patency
is posterior rhinomanometry. The
method used in this study is one ap-
plication of it, a pressure-flow tech-
nique described by Warren,” which
has been shown to have good repro-
ducibility.®2 Information about the
nature and occurrence of nasal symp-
toms and causes for them, as well as
general information about the health
of the study subjects, was purely sub-
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each subject completed. For measure-
ments of nasal breathing, all the sub-
jects had been indoors for at least one
hour before the examination and thus
acclimatized to the room tempera-
ture. Since it was presumed that
spring and summer are the high sea-
sons for allergic nasal symptoms,
most of the subjects were examined
during fall or winter. Irrespective of
the fact that some of the subjects had
nasal symptoms occasionally
throughout the year, all the subjects
were free of nasal symptoms and de-
congestive medications at the time of
examination. There was no associa-
tion between season of examination
time and nasal cross-sectional area
and resistance. Therefore, these re-
sults indicate that season has no im-
portance in determining nasal
patency as long as the patient is free
of nasal symptoms at the time of
measurement.

To minimize the effect of age on
measurements of upper airway pa-
tency, the subjects selected for this
study were 16 years old or older.
However, since changes in the thick-
ness and function of the nasal mu-
cosa with aging are possible, the

Vol. 69 No. 2 1999 129



Laine-Alava; Minkkinen

0.6 3.0
< 0.5 | - -~ 251 - P
5™ g
S 041 . ] Q. 2.0 | |
s i
0.3 1 .- - —— N— N KIS X 3 I I ] !
g 0.54 0.51 u i 243
5 p=0.032 a 2.18 p=0.014 :
g 02— SD0.14 |- - SDo.15 [~ g Lo+ : b 1.01
& 4 SD 1.35
e 01 41— 05 1
®)
0.0 Y 0.0 T -
No history of allergic rhinitis ~ History of allergic rhinitis No history of allergic rhinitis ~ History of allergic rhinitis
Figure 1A Figure 1B

Means of nasal cross-sectional area in individuals with and

without allergic rhinitis, aged 16 through 82 years. Statistical
significance by analysis of variance, occasional nasal secre-
tions (0,1) and sex (0,1) as cofactors.

Means of nasal resistance in individuals with and without
allergic rhinitis, aged 16 through 82 years. Statistical signifi-
cance by analysis of variance, smoking (0,1) and sex (0,1) as
cofactors.
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Means of nasal cross-sectional area in females and males,
aged 16 through 82 years. Statistical significance by analysis of
variance, occasional nasal secretions (0,1) and history of
allergic rhinitis (0,1) as cofactors.

Means of nasal resistance in females and males, aged 16
through 82 years. Statistical significance by analysis of
variance, allergic rhinitis (0,1) and smoking (0,1) as cofactors.
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Means of nasal cross-sectional area in smokers and non-
smokers, aged 16 through 82 years.
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Means of nasal resistance in smokers and nonsmokers, aged
16 through 82 years. Statistical significance by analysis of
variance, allergic rhinitis (0,1) and sex (0,1) as cofactors.
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effect of age was considered in the
linear regression models. The mod-
els showed that age did not have an
effect on nasal cross-sectional area or
resistance. Therefore, we are able to
generalize the results of these analy-
ses to the whole age group from 16
to 82 years with confidence.

Although males were heavier and
taller than females, there was no dif-
ference in relative body size, ex-
pressed as BMI. Our earlier studies®
indicated that there is a correlation
between BMI and the rate of nasal
airflow in 7- to 24-year-olds, but as
previously shown, 14161920 BMI was
not related to nasal cross-sectional
area and resistance. As one might
presume, there was a strong correla-
tion between age and BMI, which
forced us to use two separate linear
regression models. Nevertheless, the
results of linear regression models,
whether with age or BMI included,
were identical.

Previous studies in children indi-
cated that there is no difference in
nasal cross-sectional area and
resistance to airflow between
sexes. 10121416 However, this current
study, in a sample of individuals 16
years old or older, indicated a signifi-
cant association with gender. How-
ever, differences averaging 0.04 cm?
in size and 0.55 cmH,0/1/s in resis-
tance have no physiological or clini-
cal implications.

The most common cause for aller-
gic rhinitis was dust, the second was
pollen. Subjects with recurrent aller-
gic rhinitis had slightly smaller na-
sal cross-sectional area and higher
nasal resistance to airflow than the
nonallergic subjects, even though ex-
amined when asymptomatic. About
half the individuals with allergic
rhinitis reported having symptoms
during the season when they were
examined. Therefore, it may be pos-
sible that a recently passed acute
phase of rhinitis still had an effect on
airway measurements, since allergic
rhinitis is known to impair the pa-
tency of the nasal airway, at least
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temporarily.?"*?% Previous stud-
ies'2282 have shown that resistance
values below 3.5 to 4.5 cmH,0/1/s
and cross-sectional area over 0.4 cm?
of the nasal airway should provide a
physiologically patent airway, with-
out affecting the mode of breathing.
The mean values we found in sub-
jects with recurrent allergic rhinitis
were not even close to these values,
considered thresholds for adoles-
cents and adults for switching to par-
tial mouth breathing. Therefore, our
results indicate that the tendency to
allergic nasal symptoms has no clinj-

cally significant long-term effects on

the patency of the nasal airway, even
if it is clear that nasal resistance is
periodically elevated during the
acute symptoms. It seems that aller-
gic people have the capacity to
breathe through the nose, but may
become mouth breathers when
symptomatic. If the symptoms occur
often, the patient may not return to
nasal respiration even when symp-
tom-free. That is why mode of respi-
ration may not always be correlated
with nasal airway patency.

Almost 40% of the subjects with al-
lergic rhinitis also had nasal symp-
toms due to temperature change or
tobacco smoke, which indicates a
highly sensitive nasal mucosa in
these subjects. Only 7% of the sub-
jects without allergic rhinitis re-
ported symptoms due to tobacco
smoke, and about 18% of them had
symptoms due to temperature
change. In addition to infectious or
seasonal rhinitis, the secretory activ-
ity of the nose may be increased due
to vasomotor rhinitis, autonomic im-
balance, or even physiological
stress.”! However, frequent nasal se-
cretions or a tendency to runny nose
due to stress showed no relationship
to nasal airway size.

The individuals who reported hav-
ing a frequent sensation of congested
or stuffy nose, did not have signifi-
cantly different means of cross-sec-
tional area and resistance than those
without these problems. As reported
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earlier, there is great individual
variation in the level of sensation of
the changes in nasal resistance: often
the subjective and objective determi-
nations of nasal obstruction do not
correlate.””® Some individuals are
hypersensitive and feel discomfort
while breathing through the nose,
even if the airway is patent enough.
On the contrary, there are individu-
als with relatively small nasal air-
ways who are not aware of it and
have no trouble breathing through
the nose. The results of this study
support this contradictory clinical
observation.

Smoking seems to elevate nasal re-
sistance to airflow. Earlier studies
have indicated' that tobacco smoke
can elevate the resistance, even near
the 4.5 cmH,0/1/s threshold value.
This was not the case in our study;
the mean resistance was only slightly
elevated in smokers compared with
nonsmokers. The smokers had not
been smoking for at least one hour
before the examination; if smoking
had an immediate effect on nasal
mucosa, it did not show in this study.
Also, comparisons with nonsmokers
may be misleading, since we could
not estimate the effects of possible
passive smoking in the nonsmoking
group. Although the relationship of
the physiology of upper and lower
airways is suggested,? this study
found no association between mea-
sured nasal airway patency mea-
sured and history of asthma, lung
infections, or ENT problems.

Conclusions

This study showed that a history of
frequent nasal symptoms, asthma,
and recurrent ENT or lung infections
has no effect on nasal airway mea-
surements of rest breathing when the
individuals are measured during an
asymptomatic period. Although fe-
males over 16 years of age showed
statistically significantly larger nasal
airway size than males, and indi-
viduals with a history of allergic
rhinitis or smoking registered
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slightly elevated nasal resistance val-
ues compared with controls, these
differences are unlikely to have any
clinical importance. Therefore, when
determining the normal rest breath-
ing pattern of individuals with a his-
tory of upper or lower airway
problems, the only factor to be con-
sidered is the time of measurement.
They should be performed during an
asymptomatic period.
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