
REVIEW

Objective measures for functional diagnostic of the upper 
airways: practical aspects* 

Summary 
Objective: To review the main papers published on the main available tests to obtain objective values of nasal patency and to 
demonstrate aspects of their use in medical practice.

Methodology: We performed a non-systematic review of the MEDLINE and LILACS databases, and the most relevant articles were 
selected.

Results: Objective evaluations are important in epidemiological studies and in monitoring of patients with nasal obstruction. 
There is a wide variety of objective tests of nasal function; among them acoustic rhinometry, rhinomanometry, and peak nasal 
inspiratory flow (PNIF) are currently the most used tests. 

Conclusion: The choice of the method to evaluate nasal function depends on the conditions of each health service. PNIF has 
been highlighted as a simple and reliable alternative that provides easy-to-interpret results, and is thus an attractive method for 
clinical practice.
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Introduction
Understanding the physiological aspects and the impact of 
anatomical and pathological alterations in nasal airflow have 
long challenged investigators (1). Decisions about medical and 
surgical interventions in the upper airway can be very diffi-
cult. When done separately, rhinoscopy and increasingly more 
sophisticated image exams do not distinguish between normal 
and abnormal nasal function (2,3).

Diagnostics for nasal patency that rely solely on the patient’s 
perception are not satisfactory, and the definition of good bre-
athing through the nose is very controversial in the literature (2,4). 
The use of subjective information on nasal obstruction obtained 
from standardized and validated questionnaires has 

not been well accepted and the comparison of such subjective 
information with objective results has not always been appro-
priate (5). Combining subjective and objective information allows 
a more accurate evaluation of nasal function, helping treatment 
decision-making and allowing better monitoring of diseases of 
the upper airways (6).

The medical literature has focused on presentation of the avai-
lable techniques for evaluation of nasal function and only a few 
studies have compared the practice with the existing methods 
(7). Given the scarcity of such information, we describe and 
compare in this review the most used techniques and present 
options for daily medical practice.
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History 
The beginnings of functional diagnostic rhinology go back to 
1894 and 1895, when the Dutch scientist Hendrik Zwaardema-
ker, who invented the olfactometer, stimulated by the studies 
of Professor Franciscus Cornelis Donders, ophthalmologist at 
the University of Utrecht, recommended holding a refrigerated 
metal plate under the nose during exhalation to estimate the 
degree of airflow obstruction from the relative amounts of con-
densed vapour (8). This technique was popularized by Glatzel and 
became known as the Glatzel Mirror (GM).

Objective airway testing
There is a wide variety of objective tests to assess nasal function. 
These use values indicative of nasal patency, thus facilitating 
medical practice. In surgical intervention, the objective values 
can predict satisfaction of patients undergoing septal surgery. 
For example, pre-operative normal values of peak nasal inspira-
tory flow (PNIF) can be a marker for poor surgical outcome (9).
Some methods, such as rhinomanometry, acoustic rhinometry, 
and PNIF, are well described techniques (10) and their reference 
values have been established for different populations (11-13). 
Nevertheless, studies on the methods applied for objective 
assessment of upper airways are necessary for standardization 
of the techniques and reference values considering different 
populations, genders, and age groups. 

Classification
Objective tests can be divided into anatomical (e.g., acoustic rhi-
nomanometry) and functional (rhinomanometry, PNIF) tests (14).

Acoustic rhinometry 
Acoustic rhinometry is an ultrasound technique that evaluates 
nasal patency and makes it possible to determine the cross-sec-
tional area at any point between the nostril and nasopharynx. 
Nasal volume between two points of the nasal cavity can also be 
calculated. 
The technique is based on the analysis of sound reflected by the 
nasal cavities in response to an incidental sound wave. Inci-
dent and reflected nasal cavity sound waves are detected by a 
microphone and signals are conducted to a computer program, 
which generates a graph of the area as a function of the distan-
ce from the nostril (10). The derivation of the measures from the 
reflected sound waves requires complex mathematical transfor-
mation as well as several theoretical assumptions. Nevertheless, 
such measures correlate well with nasal physiological measures 
and the nasal volume obtained by imaging techniques, such as 
computed tomography, magnetic resonance imaging, and rhi-
nomanometry (15). The AR technique was validated by comparing 
the results with PNIF measurements, as well as by its correlation 
with subjective symptoms of nasal obstruction and reversible 
congestion of the nasal mucosa (16). 

Acoustic rhinometry is not suitable for home monitoring and 
requires the use of relatively expensive equipment. However, 
it provides accurate and reproducible results, requires minimal 
patient cooperation, and can be used in children (17).

Rhinomanometry
Rhinomanometry is a more sensitive and specific technique 
when compared with acoustic rhinometry. Modern rhinoma-
nometers consist of two transducers, one that measures nasal 
airflow and another that measures differences in nasal pressure. 
Based on these measurements, the rhinomanometer calculates 
the resistance of the transnasal airway or, more simply, how 
difficult it is to breathe through the nose. Consecutive measu-
rements of airflow and transnasal pressure are used to calculate 
the nasal resistance (NR = DP/V, where NR = nasal resistance, DP 
= differential pressure between the atmospheric pressure and 
the rhinopharynx, and V = transnasal airflow). Thus, rhinomano-
metry determines the relationship between transnasal pressure 
and flow. These values are plotted on a graph to determine nasal 
resistance. Some devices express the nasal conductance, which 
can be determined by dividing the differential pressure by the 
nasal resistance (18). 
Active and passive anterior rhinomanometry or posterior rhi-
nomanometry can be used. The Standardization Committee on 
Objective Assessment of the Nasal Airway suggests the use of 
active anterior rhinomanometry (10).

Rhinomanometry is a well-described method with physiological 
measures established for various populations (10). However, the 
measurements require patient cooperation and coordination. 
The rhinomanometric measurement can be carried out in 
preschool children and toddlers as young as 2 years old. It is 
dependent substantially on the psychomotor maturation, which 
is lower in younger children (18). As for acoustic rhinometry, rhi-
nomanometry requires an operator with technical skills, and the 
equipment is relatively expensive and is not portable (19).

Peak nasal flow
Peak flow can be measured during inspiration or expiration. Of 
these measurements, peak nasal inspiratory flow (PNIF) is the 
best technique for monitoring, and has been validated in clinical 
trials. The fact that flow values are affected by lower airways 
was considered a limitation of this technique (20). Currently, the 
concept of a single disease of the airways has changed this view, 
and the impact of the lower airways on the values obtained by 
tests that assess upper airway injury is now taken into conside-
ration in the study of nasal function (21).

Peak nasal inspiratory flow
PNIF measures the airflow penetrating the nasal cavity during 
forced nasal inspiration. Testing is performed in the standing (13) 
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or  seated (12) position, and the highest value reached in three 
breaths is the value considered. PNIF has been inversely cor-
related with nasal resistance measured by rhinomanometry. As 
reported previously, a moderate correlation was found between 
the results obtained by anterior rhinomanometry and PNIF for 
22 patients with allergic rhinitis (22).

The values obtained by PNIF are reproducible and related to the 
signs of rhinitis, as determined by clinical examination (23). Howe-
ver, PNIF provides information that is qualitatively different from 
that provided by symptom scores. Indeed, in a previous study 
with children and adolescents, PNIF results showed weak cor-
relation with the clinical symptoms reported by patients (24).
Another concern is related to relatively small changes in nasal 
resistance, which would not be reliably detected by PNIF, if com-
pared with rhinomanometry (25).

The PNIF is a well-validated method with baseline parame-
ters specified for adults of different ethnic groups (12,26). This 
test requires patient cooperation and coordination. Since the 
maneuvers are very simple, physiological measures have been 
obtained for children and adolescents in populations including 
those of Brazil (13) and Greece (27). 

PNIF requires portable equipment of less complexity and lower 
cost. It is suitable for epidemiological studies and home monito-
ring (23,28) and may be useful in clinical and surgical follow-up of 

patients with nasal obstruction (10).

Nasal spirometry
Nasal spirometry is performed using a slightly modified spiro-
meter, resulting in a relatively higher cost. The mouthpiece is 
removed from the conventional spirometer and a plastic nasal 
adapter, similar to that used in acoustic rhinometry, is then 
connected. The spirometer measures the vital capacity (VC) and 
calculates the volume of air exhaled through the nostrils.

The correlation of nasal spirometry with rhinomanometry has 
been demonstrated, as reported by a previous study involving 
both healthy adults and adults diagnosed with nasal obstruc-
tion caused by septal deviation (2). This method may be useful for 
selecting patients for septal surgery and for the postoperative 
follow-up (29). 

Table 1 presents the main characteristics of the tests commonly 
used in medical practice.

Other methods
Optical rhinometry 
Optical rhinometry is also known as rhinostereometry and al-
lows the direct, real-time measurement of changes in swelling of 
the nasal mucosa by external measurement. The measurement 
is carried out with monochromatic near-infrared light. Changes 
in the nasal mucosa are displayed and recorded (30).

Acoustic rhinometry Rhinomanometry PNIF Nasal spirometry

Definition Ultrasound device Transducers that measure 
nasal airflow and differen-
ces in nasal pressure

Plastic device with a scale 
to measure the airflow cou-
pled to a nasal mask

Conventional spirometer 
with a plastic nasal adaptor

Measurement Cross section and volume 
between two points of the 
nasal cavity

Nasal resistance and con-
ductance

Volume of air obtained per 
minute during maximal 
inspiration

Volume of air expired per 
minute through the nostrils

Relative cost of equip-
ment

High
USD 8,800

High
USD 8,805

Low
USD 176

High
USD 2,545

Operational difficulty Requires skilled operator Requires skilled operator Simple technique Requires skilled operator

Patient cooperation No Yes Yes Yes

Reference values for 
children

Yes Yes Yes No

Table 1. Characteristics of the most frequently used tests for assessment of nasal patency. 

USD: U.S. dollar.

Information about the relative cost of the apparatus is given in U.S. dollars, for the following devices: Eccovision - Acoustic Rhinometer; 

Rhinomanometer 300; In-check - inspiratory flow meter - Clement Clarke; and KOKO Spirometer.
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Odiosoft-Rhino 
The odiosoft-Rhino (OR) is a recently developed method that 
uses acoustic analysis to assess nasal patency. The OR is a por-
table device that consists of a computer and a microphone and 
is provided with a software program to calculate the frequency 
and intensity of the sound waves in the nasal cavity (31).

Further studies are required to determine the viability of these 
techniques. For their application in clinical practice, the cost 
of the equipment and the quality of the information obtained 
must be considered.
Other methods to assess the nasal function have received less 
emphasis in the literature and will not be discussed in this 
review.

Concluding remarks
Nasal airflow is determined by a complex anatomical structure, 
providing large variations of nasal patency (1). The combination 
of data obtained on clinical examination with objective values 
provides more precise information on nasal function (13).

Objective values are desirable in medicine, especially in rhino-
logy. The choice of the technique to evaluate nasal function 
depends on the conditions of each health service. Rhinomano-
metry, acoustic rhinometry and peak nasal inspiratory flow are 
the most studied techniques and their efficiency, accuracy and 
reproducibility have been demonstrated. The peak nasal inspi-
ratory flow has been noted for its portability, low cost, and easy 
implementation and interpretation of results. Given that this 
method provides reliable information about nasal function for 
research and management of patients, its use may be conside-
red in medical practice.
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