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Unilateral peak nasal inspiratory flow, normal values in 
adult population* 

SUMMARY 
Aims: Measurement of Peak Nasal Inspiratory Flow (PNIF) is a cheap, simple, easily performed method to assess nasal patency and 
it is suitable for serial measurements and for home use. The purpose of this study was to establish normative unilateral PNIF data 
for a healthy adult population and provide charts relating unilateral PNIF normal values with various explanatory variables. 

Methods and results: Repeated measurements of PNIF and unilateral PNIF were performed in 109 volunteers. Ninety seven of 
these ful!lled the study criteria and all of them were non-smokers, non-asthmatic, without nose and paranasal sinus problems, 
with ages ranging from 13 to 80 years. Data were statistically analysed and tables were produced relating unilateral PNIF to height 
which was the only studied variable that correlated statistically with unilateral PNIF. 

Conclusions: The measurement of unilateral PNIF, providing the present data are con!rmed in a larger series, could be a useful 
method to study single nostril patency to aid diagnosis of nasal disease, especially when it is necessary to assess the functional 
e"ects of unilateral nasal septal deviations or in all cases where there is a suspicion of a unilateral nasal occlusion. This pilot study 
provides initial normative unilateral PNIF data. 
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Introduction
Nasal airway obstruction is a common problem in ENT practice 
and has been shown to correlate with decreased quality of life 
as a result of, amongst others, decreased quality of sleep, (chro-
nic) rhinosinusitis, otitis media and asthma (1).
The measurement of nasal patency is of considerable impor-
tance for rhinologists and respiratory physiologists. Nowadays, 
rhinomanometry (RM) is regarded as the benchmark for the 
measurement of nasal airway resistances (2). Although RM is the 
gold standard for the assessment of nasal resistance, peak nasal 
inspiratory #ow (PNIF) has been shown to be highly correlated 
with nasal airway resistances, reproducible in the evaluation of 
nasal airway obstruction and as good an indication of objective 

nasal patency as formal rhinomanometry (3). Moreover, PNIF is a 
cheap, simple, easily performed method to assess nasal patency 
and it is suitable for serial measurements and for home use (4). 

In the recent past, normal PNIF values both for adult and 
paediatric populations have been published by many authors 
(5-11) allowing the application of this technique to the results of 
septoplasty (4). Unfortunately, all the published data on PNIF val-
ues has been obtained by testing both nostrils at the same time, 
despite the fact that a knowledge of unilateral nasal patency is 
often required, for example in selecting patients for surgery (4). 
This is particularly relevant when more than 17% of the patients 
are unable to determine the correct side of their nasal obstruc-
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tion (12), or when studying unilateral nasal valve stenosis. 
In this pilot study, the authors have tried to establish baseline 
normal values of unilateral PNIF in adult subjects. 

Materials and methods
Study design
A diverse population of 109 subjects ranging from 13 to 80 years 
old was recruited at the Department of Otolaryngology, Head 
and Neck Surgery of Padova University (from colleagues, nurses, 
patients attending for problems other than the nose and from 
patients’ relatives). On enrolment into the study, all subjects 
were asked to complete a SNOT 22 questionnaire (13). They were 
also asked if they were experiencing nasal blockage or any other 
nasal problem, if they were smokers, asthmatic or had under-
gone any previous surgery on the nose and paranasal sinuses. 
All the subjects with a score < 1 on the SNOT 22, who were 
non-smokers, non-asthmatic and without any previous sinona-
sal surgery were asked their age, race and medications used 
and had their height measured. Of the 109 subjects, 12 women 
were excluded from the study as they were taking oral contra-
ceptives. Ninety seven volunteers were !nally entered into the 
study, none of whom took any medication, such as $-blockers 
or corticosteroid, which could have a"ected nasal patency. The 
present investigation was conducted in accordance with the 
1996 Helsinki Declaration and was approved by the internal 
committee of the Section.

Measurements
A portable Youlten peak #ow meter (Clement Clark Internation-
al) was used for the measurement of PNIF. The masks attached 
to the spirometer were chosen to !t tightly on each subject’s 
face without touching the nose and were cleaned with swabs 
saturated with alcohol (Sterets, Seton Healthcare Group pcl) and 
dried between every subject tested.
All subjects were tested while sitting and were encouraged to 
inhale as hard and fast as they could through the mask keeping 
the mouth closed and starting from the end of a full expiration 
as previously described (5,6). Three satisfactory maximal inspira-
tions were obtained and the greatest of the three results was 
taken as the PNIF. After that, using adhesive tape (Microfoam®, 
3M) to seal o" one nostril at a time, PNIF was measured from the 
other unsealed nostril three times and again the greatest result 
was taken respectively, from the left (lPNIF) and from the right 
(rPNIF). 

Statistics
Statistical analysis was undertaken with the objective of 
obtaining a model relating the variable lPNIF and rPNIF to the 
various exploratory variables available. All analyses were based 
on standard analysis of variance tests. The tests comprised 
comparisons of the ratio of mean regression and mean residual 

sums of squares to an F distribution with appropriate degrees of 
freedom. Generally, we took 5% as the critical level of signi!-
cance in our tests. We also used standard residual and prob-
ability plots to verify the adequacy of the Normality assumption 
in our models. We selected signi!cant variables by a stepwise 
backward procedure based on reduction of the Akaike informa-
tion criterion (AIC) (14).

Results
Mean and standard deviation of the available variables are 
shown in Table 1 separately for males and females. The age 
distribution of the population is presented in Table 2. 
To compare these results with those from a previous study (5) 
where the objective was to obtain a model relating the variable 
PNIF to age, sex and height, the same analysis was conducted 
on the present data and PNIF values shown to be in line with 
those previously reported, indicating good data quality.

Figure 1 shows PNIF plotted against age for male and female 
subjects con!rming a general diminution of PNIF with age and 
a slight di"erence between the two sexes, albeit with a large 
residual variability, similar to that reported in our previous 
experiences (5,6). 
We reduced the heterogeneity in variability by taking the trans-
formation MODPNIF = (PNIF)1/2. A plot of this variable against 
age for each sex is shown in Figure 2. In this !gure mean PNIF 
estimates for subjects for respective heights 160, 170, 180 and 
190 cm for males and 150, 160, 170 and 180 cm for females were 
included. The model used for the present data analysis was  

MODPNIF = b0 + b1AGE  + b2ISEX+ b3HEIGHT  + e

in which ISEX is an indicator variable that takes the value of 1 
for male subjects and 0 for female subjects, and e is a Normal 
random variable. From the model estimate summary shown in 
the !rst part of Table 3 it is possible to see that age is signi!cant 
(p = 0.02, with a power of 0.42), while sex and height are margin-
ally signi!cant (p = 0.1). Studying the relationships between the 
explanatory variables, we observed that sex and height were 
strongly related (h2 = 0.39, p < 0.001), age and height had a weak 
negative correlation (r = -0.25, p = 0.008), and age and sex were 
not related (h2 = 0.001, p < 0.66) indicating again good data 
quality. 

As the results were similar to what had been expected, we 
proceeded with the statistical analysis both on lPNIF and rPNIF 
results. In both cases we applied the same transformation: 
lMODPNIF = (lPNIF)1/2 and rMODPNIF = (rPNIF)1/2. Table 3 also 
shows model estimate summaries for left and right nostrils, 
respectively. 
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Only height is signi!cant in the models, its e"ect is similar for 
both left and right nostrils and it is higher than when both 
nostrils are considered together. By using these models we plot-
ted the mean expected values of rPNIF and lPNIF at speci!ed 
heights with relative con!dence intervals (Figure 3). We calcu-
lated these values again by using the inverse transformations 
lPNIF = lMODPNIF2 and rPNIF = rMODPNIF2. As described in the 
Appendix, expected values of rPNIF and lPNIF are obtained as 
well as approximate variances, from which we obtained approxi-
mated con!dence intervals.

A further analysis was conducted to compare both lPNIF and 
rPNIF with PNIF values. Figure 4 shows these comparisons and 
the plot of PNIF with the sum of lPNIF and rPNIF. The line in the 
plots indicates when the two quantities are equal. As expected, 
most of the subjects show a larger nasal #ow when using both 
nostrils, even if in a very small portion of cases (about 2 or 3%) 

unilateral PNIF (either lPNIF or rPNIF) is higher than PNIF. Finally, 
lPNIF and rPNIF sum value was greater than PNIF obtained by 
testing both nostrils at the same time, even if about 10% of sub-
jects showed a di"erent behaviour. A model to predict the sum 
of the two nostrils PNIF has been !tted to data (last part of Table 
3). Once again, height was the only signi!cant variable. 

Discussion
Rhinomanometry is a well-established method to assess nasal 
airway resistance. It is an acceptable and safe method to assess 
nasal airway obstruction, but it is time-consuming, needs expe-
rience, is not easily transportable and the equipment is rather 
expensive. 
The use of a reliable, cheap and simple method for assessing 
nasal airway obstruction is highly desirable and in the last few 
years a number of researchers have concentrated their work on 
PNIF with the purpose of de!ning normal values.  

Table 1. Mean lPNIF, rPNIF and PNIF values in males and females.

Males (n=52) Females (n=45)

Variable Mean SD Mean SD

Age (years) 42.8 15.65 42.43 16.77

Height (cm) 177.2 8.51 164.3 7.38

lPNIF(L/min) 111.8 42.92 86.74 29.89

rPNIF (L/min) 107.8 35.61 87.44 31.07

PNIF (L/min) 158.1 44.77 126.7 36.09

Figure 1. PNIF against age, for male and female subjects. 
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Recently some authors have pointed out that a limitation of us-
ing PNIF in clinical practice, is the lack of normative data for the 
single nostril. This severely limits the usefulness of PNIF in those 
conditions where it is important to measure the air#ow for each 
side of the nose separately, for example when selecting patients 
with unilateral nasal septum deviation for septoplasty (4). 
The present study con!rms that the e"ect of age on PNIF is 
signi!cant while sex and height are only marginally signi!cant. 
However, in studying single nostril PNIF results (lPNIF and rPNIF), 
intriguingly we have found that age is not signi!cant to the 
model. This means that, whilst PNIF decreases with age, both 
lPNIF and rPNIF do not signi!cantly change with age. Moreover, 

PNIF in males is higher than in females, while lPNIF and rPNIF 
seem not to change signi!cantly between sexes. These results 
could be due to the reduced amount of air#ow associated with 
unilateral PNIF actuations as clearly shown in Figs 4 a and 4 b. 
The only variable signi!cantly related to both lPNIF and rPNIF 
was height. From the study of Nunn and Greg (15) we know that 
pulmonary peak expiratory #ows are strictly related to patients’ 
height. Furthermore a relatively recent study demonstrated a 
correlation between pulmonary air#ow and nasal air#ow (6). It 
seems that, when measuring unilateral PNIF, because the e"ects 
of age and in part of gender are largely lost, the e"ect of height 
becomes the most important variable in the model. This con-

Table 2. Number of volunteers for each age group.

Classes of age (years) Number of volunteers

10-20 2

20-30 26

30-40 36

40-50 15

50-60 11

60-70 13

70-80 6

Table 3. Model estimates summaries.

PNIF

Estimate Std. Error t value Pr (>[t])

Intercept 6.484 3.733 1.736 0.085

AGE -0.025 0.011 -2.287 0.024

SEXM 0.691 0.415 1.665 0.099

HEIGHT 0.036 0.021 1.663 0.099

Right nostril 

Estimate Std. Error t value Pr (>[t])

Intercept -1.972 3.148 -0.626 0.532

HEIGHT 0.070 0.018 3.807 <0.001

Left nostril 

Estimate Std. Error t value Pr (>[t])

Intercept -1.760 2.866 -0.614 0.540

HEIGHT 0.068 0.017 4.051 <0.001

lPNIF and rPNIF sum 

Estimate Std. Error t value Pr (>[t])

Intercept -2.503 3.796 -0.659 0.511

HEIGHT 0.097 0.022 4.372 <0.001
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!rms that nasal air#ow in particular when tested unilaterally, is 
strictly related to pulmonary volumes and thereafter to patients’ 
height.
The sum of lPNIF and rPNIF is higher than when PNIF is meas-
ured bilaterally (Figure 4c) which is probably due to the fact 
that, when testing a single nostril at a time, applying the Venturi 

principle, the amount of air#ow (unilateral PNIF) that enters the 
nostril is higher than that which enters the same nostril when 
testing both nostrils at the same time (PNIF). 

We conclude that the measurement of unilateral PNIF could be 
useful for rhinologists to assess single nostril patency and to 

Figure 2. MODPNIF against age, for male and female subjects.

Figure 3. Mean estimates of rPNIF and lPNIF for specified height. The curves were obtained by fitting a model to data  and show a highly significant 

correlation of  0.36 (p < 0.0001) for rPNIF and 0.34 (p < 0.0001) for lPNIF.Corre
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compare it with total nasal patency. In future, unilateral PNIF 
should be studied in patients with unilateral or bilateral nasal 
obstruction in order to know whether unilateral PNIF is sensitive 
to detect various degrees of nasal obstruction. If the present 
results are con!rmed in a larger series of healthy volunteers and 
obstructed patients, the measurement of unilateral PNIF could 
become an easy method to assess septal deviation or any case 
where there is suspicion of single nostril occlusion. We believe 
that the Tables presented are an important !rst step to obtain 
a reference for normal lPNIF and rPNIF ranges for the study of 
nasal patency, especially when selecting patients for surgery.

Appendix. Statistical analysis
To  try to reduce the heterogeneity in variability,  we considered 
the Box-Cox family of transformations, which tended to suggest 
the square root transformation for all the considered variables: 
MODPNIF = (PNIF)%, lMODPNIF = (lPNIF) % and rMODPNIF = 
(rPNIF) %.

The model used for the present data analysis was  

MODPNIF= b0 + b1AGE  + b2ISEX+ b3HEIGHT  + e

in which ISEX is an indicator variable that takes the value of 1 
for male subjects and 0 for female  subjects, and e is a Normal 
random variable. 

The expected value of rPNIF and lPNIF are 
E(rPNIF)={E(rMODPNIF)}2+var(rMODPNIF) 

Con!ict of interest
None

and 

E(lPNIF)={E(lMODPNIF)} 2+var(lMODPNIF) 

respectively, which are easily obtained by the least squares 
results. 

Delta method has been used to approximate variances of rPNIF 
and lPNIF, from which we get approximated con!dence intervals 

Var(rPNIF) & 4{E(rMODPNIF)}2*var(rMODPNIF)

and

Var(lPNIF) & 4{E(lMODPNIF)}2*var(lMODPNIF).

Figure 4. a) PNIF and rPNIF; b) PNIF and lPNIF; c) PNIF and rPNIF + lPNIF sum. .

a b c
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