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Peak nasal inspiratory flow and peak expiratory flow. 
Upright and sitting values in an adult population*

Abstract 
Background: Nasal obstruction is correlated with a decreased quality of life. An easy way to evaluate nasal patency is the peak 
nasal inspiratory flow (PNIF) measurement. Normal PNIF values have been published by many authors. However, some authors 
evaluated volunteers in a sitting position, while others have measured PNIF values in standing volunteers. 
Body position has been shown to influence pulmonary function, with differences  between sitting and upright positions. As nasal 
and pulmonary flows are strictly related, the present pilot study tried to establish whether PNIF/PEF changed with body position 
in adults.

Methodology: PNIF and PEF were measured in sitting and standing positions with the order of testing randomized in 76 healthy 
volunteers, 30 male (40 ± 16 years). 

Results: In the group as a whole between sitting and upright position, PEF was significantly different (p=0.009), while PNIF sho-
wed a trend towards a significant difference (p=0.10). 

Conclusions: The present study, although showing a generally positive effect of the standing position on PEF values, does not 
show a clear effect on PNIF.
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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, 
(chronic) rhinosinusitis, otitis media and asthma (1). Therefore the 
measurement of nasal patency is of considerable importance for 
physicians (2).
A cheap, simple and easy way to evaluate nasal patency is repre-
sented by the measurement of the Peak Nasal Inspiratory Flow 
(PNIF) (3). PNIF, in fact, has been used for the evaluation of the 
treatment in allergic rhinitis patients (4), to study nasal valve col-
lapse (5,6) and for the evaluation of septoturbinoplasty outcome 

(7). In the recent past, normal PNIF values both for adult and 
paediatric populations have been published by many authors (2, 

8-13), also unilaterally (14), allowing the application of this tech-
nique to the results of septoplasty (15). In studying PNIF values, 
some authors applied PNIF to sitting volunteers (2,8,10,11,13,16), whilst 
others to standing volunteers (9,12).
An attractive and simple method for the measurement of 
ventilatory capacity is represented by the measurement of Peak 
Expiratory Flow (PEF). This method is widely known and is used 
by clinicians and by patients at home (17). Compared with other 
instruments which measure ventilatory capacity, PEF has several 
advantages such as its relative cheapness, size, independence 
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PNIF and PEF in upright and sitting positions

of electrical power, and the speed with which the test can be 
performed (18).
It has been suggested that body position can influence pulmo-
nary function (19). The ability of a muscle fibre to generate active 
tension is dependent on its length. Changes in body position, by 
altering the respiratory muscles length (such as the diaphragm 
muscle), can affect their ability to generate tension (20). It has 
been suggested that pulmonary function can be different 
between sitting and upright positions since, in the latter condi-
tion, respiratory muscle mechanics seem to be more efficient (21). 
Considering a group of patients who had undergone abdominal 
surgery, a recent paper showed that the patients in an upright 
position presented the highest increases in forced vital capacity. 
The standing position has thus been suggested by the authors 
to provide greater mechanical advantage to the respiratory 
muscles and to generate higher ventilation pressures (22), con-
firming a previous suggestion from Townsend (23) who found 
that FEV1 and forced vital capacity were significantly greater in 
the standing than in the sitting posture in a group of 90 healthy 
volunteers (23).
Less is known about the influence of body position on nasal 
patency (24) and to date most studies have focused on nasal 
patency differences between sitting and supine positions (25) or 
between wakefulness and sleep (26).
The present pilot study tried to establish whether PNIF and/or 
PEF changed with body position (sitting vs upright) in healthy 
adults. 

Materials and methods
A population of 76 subjects (30 male, 46 female, mean age 40 
± 16 years) was recruited at the Department of Neurosciences, 
Otolaryngology Section, of Padua University (from colleagues 
and patients’ relatives). On enrolment into the study, all subjects 
were asked to complete a SNOT 22 questionnaire (27). 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 sinonasal 
surgery were asked their age, race and medications used. None 
of the volunteers included into the study took any medication, 
such as β-blockers or corticosteroid, which could have affected 
nasal patency. The present investigation was conducted in ac-
cordance with the 1996 Helsinki Declaration and was approved 
by the internal committee of the Section.
A portable Youlten peak flow meter (Clement Clark Internatio-
nal) was used for the measurement of PNIF, while a Mini-Wright 
portable peak flow meter (Clement Clark International) was used 
for the measurement of PEF. 
Recording PNIF values, volunteers were encouraged to inhale 
as hard and fast as they could through the nose with the mouth 

tightly closed and the mask firmly over the face, starting from 
the end of a full expiration. Recording PEF values, volunteers 
were encouraged to exhale through the mouth as hard and fast 
as they could through the mouthpiece of the instrument star-
ting from the end of a full inspiration. Three satisfactory maximal 
inspirations and expirations were respectively obtained in sitting 
and standing positions with the order of testing randomized. 
The highest value of three inspirations was taken as the PNIF, 
while the highest value of three expirations was taken as the PEF. 

Statistical analysis
We reported continuous variables as mean, standard deviation, 
and range. To compare continuous variables we used the Wil-
coxon signed rank paired test, assuming a non-normal distribu-
tion. The level of significance was set at 0.05. 

Results 
Table 1 shows the main characteristics of the study population. 
There was no significant age difference between male and 
female populations (p=0.26). Figure 1 shows PNIF and PEF distri-
bution of the difference between sitting and standing positions 
for the whole group. Although PEF values were significantly 
different when volunteers were tested while sitting or in upright 
position (p=0.009), PNIF values only showed a trend towards a 
significant difference (p=0.10).
  
Discussion
It is well known that there is an association between the mecha-
nics of breathing and body position. In particular, the changes 
in body position give considerable changes in the pulmonary 
end-expiratory pressure, compliance, and mechanical resistance. 
These changes have been demonstrated to occur in the dif-
ferent body positions despite similar respiratory rates and tidal 
volumes (13). A significant difference in spirometric results has 
been also demonstrated between sitting and upright positions 
in normal subjects (23,28).
In the recent past it has been clearly demonstrated that lower 
and upper airways are strictly correlated both in healthy and 
pathological subjects (8,29). In particular, it has been demonstra-
ted that the value of PEF is informative in predicting PNIF and 
that the larger the value of PEF, the larger the value of PNIF both 
in healthy adults (8) and children/adolescents (30). Furthermore, 
investigating the association between asthma and lung function 
on PNIF, it has recently been shown that PNIF was significantly 
and directly associated with asthma and FEV1 (29).
The effect of body position on nasal function has been poorly 
investigated. Roithmann and colleagues investigated nasal 
patency by means of acoustic rhinometry in a group of 20 
volunteers (10 healthy and 10 affected by rhinitis) in relation to 
body position (sitting vs supine). The authors found that posture 
change (from sitting to supine position) produced a decrease 
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wing a generally positive effect of the standing position on PEF 
values, are not clearly showing an effect on PNIF. From the pre-
sent study, it seems that previous normal PNIF values produced 
by different authors, in different positions (sitting vs standing), 
can roughly be considered acceptable and comparable.
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in nasal cross-sectional area and volume in both normal and 
pathological subjects (25). Furthermore, two different studies 
have evaluated the effect of changing body position (sitting 
vs standing) in healthy volunteers. Whilst in the first paper 
the authors demonstrated that minimum cross-sectional area 
significantly increased when volunteers changed from sitting to 
standing position (31), in the second paper a different picture was 
shown (32). In fact, in this larger group of healthy subjects (n=40), 
acoustic rhinometry failed to find a significant change in total 
nasal volume or minimal cross-sectional area between sitting 
and upright position (32). However, acoustic rhinometry, unlike 
PNIF, is not effort dependent.
In the present study, we evaluated for the first time both PNIF 
and PEF in a randomly selected sitting/upright position in a 
larger group of healthy volunteers. Whilst we found a signifi-
cant PEF differences between sitting and upright position, with 
upright PEF values higher than sitting PEF values, PNIF values 
showed only a trend towards a significant difference between 
the sitting and upright position, the latter being higher than the 
former. 

Conclusion
In conclusion, the findings of the present study, although sho-

Figure 1. Boxplots of PNIF and PEF distribution of the difference between 

standing and sitting position for all individuals. P-value of the Wilcoxon 

signed rank paired test comparing the two positions is reported under 

each boxplot.

Table 1. Main demographic characteristics of the study population.

Males (n=30) Females (n=46)

Mean SD Mean SD

Age (years) 43.1 16.6 38.8 16.1

Height (cm) 175.9 6.8 162.8 6.4

Weight (kg) 78.2 19.2 65.5 11.1

BMI (Kg/m2) 25.2 3.9 24.8 3.1
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