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Resumo 

Introdução: A anatomia do nariz é bastante particular e as suas diferentes 

funções são altamente específicas. A rinite é a patologia nasal crónica mais 

frequente e representa um problema de saúde mundial com impacto elevado na 

produtividade laboral e escolar. Um dos aspectos mais complexo estudado é a 

patência nasal. Essa complexidade faz com que seja difícil descrever a patência 

nasal com um simples parâmetro. A rinomanometria anterior ativa (AAR) é 

considerada o exame standard de avaliação objetiva das vias aéreas nasais; no 

entanto, existe conhecimento insuficiente sobre avaliação da função nasal e 

mais ainda sobre o teste do vasoconstritor nasal. Além disso, não existem 

estudos na população portuguesa que determinem valores de referência para a 

AAR. 

Objetivos: Os objetivos da tese são 1) calcular valores de referência para os 

parâmetros da AAR, em adultos saudáveis e 2) avaliar a correlação entre 

medidas objetivas e subjetivas de obstrução nasal em adultos saudáveis e com 

rinite. 

Métodos: Foi realizado um estudo observacional e transversal. Para o 

objetivo 1 foram convidados a participar voluntários saudáveis. Para o objetivo 

2, todos os indivíduos com idade > 18 anos que se deslocaram ao LabAIR CUF 

Porto – Instituto & Hospital, onde o investigador estava a trabalhar, de 

Fevereiro a Julho de 2017, com requisição de AAR, foram convidados a 

participar no estudo. Foram incluídos 52 indivíduos saudáveis (grupo 1) e 156 

com rinite (grupo 2). Foi avaliada a patência nasal em ambos os grupos através 

de uma escala visual numérica (VNS), AAR e medição do pico de fluxo 

inspiratório nasal (PNIF) antes e após administração de vasoconstritor nasal 

(neo-sinefrina 5mg/ml). Para quantificação da frequência de sintomas das vias 

aéreas e controlo da rinite nas últimas 4 semanas foi utilizado um questionário 

de controlo de rinite e asma (CARAT). Foram utilizados o teste t, one way anova 

e teste de correlação de Pearson. 
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Resultados: A média e o valor de referência (limite inferior da normalidade- 

LLN) do fluxo inspiratório nasal total e a média (limite superior da normalidade 

-ULN) da resistência nasal inspiratória (NARi) total, medidos pela AAR a uma 

pressão de referência de 150 Pa, em adultos saudáveis é 960 (736) ml/s e 0.16 

(0.20) Pa/cm3/s, respetivamente. Depois da administração do vasoconstritor 

nasal, a média e o valor de referência (ULN) para a variação relativa do fluxo 

inspiratório nasal total e a média (LLN) para a variação relativa da NARi total é 

+10 (+46) % e -7 (-30)%, respetivamente. As correlações entre as medidas 

objetivas e subjectivas, no grupo dos adultos saudáveis no grupo com rinite, 

foram fracas a moderadas e apenas estatisticamente significativas no grupo da 

rinite (p<0.05). 

Conclusão: Este estudo apresenta a média e valores de referência de todos 

parâmetros de função nasal, medidos por AAR, em adultos Portugueses 

saudáveis, tanto quanto é do nosso conhecimento pela primeira vez para uma 

população Portuguesa. Qualquer parâmetro nasal, medido por AAR é suficiente 

para diferenciar adultos saudáveis de adultos com rinite. O teste do 

vasoconstritor nasal não parece ser útil para diferenciar adultos com rinite 

controlada e não controlada. As medidas subjectivas parecem ser insuficientes 

para substituir as medidas objetivas. A correlação entre as medidas subjetivas e 

objetivas sugerem que estas não devem ser utilizadas de forma isolada, mas sim 

de forma complementar. 

Palavras-chave: Nariz, rinite, rinomanometria, obstrução nasal 
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Abstract 

Introduction:  The anatomy of the nose is quite particular and its different 

functions are highly specific. Rhinitis is the most significant chronic nasal 

disease and represents a global health problem with a high impact on labor and 

school productivity. One of the most complex studied aspects is nasal patency. 

This complexity makes it difficult to describe nasal patency with a single 

parameter. Active anterior rhinomanometry (AAR) is considered the standard 

technique of objective assessment of the nasal airways. However there is a lack 

of knowledge about evaluation of nasal function and even more about 

decongestion test. Furthermore, there are no studies in the Portuguese 

population that determine reference values for AAR. 

Aims: The aims of this thesis are 1) to calculate the reference values of 

AAR parameters, in healthy adults and 2) to assess the correlations between 

objective and subjective measures of nasal obstruction in healthy adults and 

adults with rhinitis 

Methods: We performed a cross-sectional observational study.  For Aim 1, 

healthy volunteers (>18 years) were invited to participate among hospital staff 

where the study was conducted and acquaintances of the investigator. For Aim 

2 all subjects with age > 18 years with a prescription of AAR who went to 

LabAIR CUF Porto – Instituto & Hospital where the researcher was working, 

from February to July 2017, were invited to participate in the study. Were 

included 52 healthy adults (group 1) and 156 adults with rhinitis (group 2). 

Nasal patency was evaluated in both groups through visual numeric scale 

(VNS), AAR and peak nasal inspiratory flow (PNIF) pre and post 

administration of nasal vasoconstrictor (neo-synephrine 5mg/ml). To quantify 

the frequency of airway symptoms and the rhinitis control in the last 4 weeks 

was used a control of allergic rhinitis and asthma test (CARAT). T test, one way 

anova and Pearson’s correlation test were used.  
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Results: The mean and reference value (lower limit of normal-LLN) of total 

nasal inspiratory flow and mean (upper limit of normal -ULN) of total nasal 

inspiratory airway resistance (NARi) measured by AAR, at a reference pressure 

of 150 Pa, in healthy adults is 960 (736) ml/s and 0.16 (0.20) Pa/cm3/s, 

respectively.  After administration of nasal vasoconstrictor the mean and 

reference value ((ULN) for relative variation of total nasal inspiratory flow and 

mean (LLN) for relative variation of total NARi is +10 (+46) % and -7 (-30)%, 

respectively. Correlation between objective and subjective measures, in healthy 

and rhinitis groups, were weak to moderate and were only statistically 

significant in the rhinitis group (p<0.05). 

Conclusion: This study presents the mean and reference values of all nasal 

function parameters, measured by AAR, in healthy Portuguese adults, to the 

best of our knowledge for the first time for a Portuguese population.  Any nasal 

parameter, measured by AAR is enough to differentiate healthy adults from 

adults with rhinitis. Subjective measurements appear to be insufficient to 

replace objective measurements. The correlation between subjective and 

objective measurements suggests that they shouldn’t be used in isolation, but 

instead complementing each other. 

Key-words:  Nose, rhinitis, rhinomanometry, nasal obstruction 
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Foreword  

 

I graduated in cardiac and respiratory physiology, at Escola Superior de 

Saúde do Porto (ESSP), Politécnico do Porto, in 2011. Since 2012, I work with 

a multidisciplinary team that encourages academic evolution and clinical 

research.  I was a research fellow in the Impact and Control of Asthma and 

Rhinitis (ICAR) project at Center for Health Technology and Services Research 

(CINTESIS), Faculty of Medicine, University of Porto and during this period I 

had the opportunity to be in contact with field research, which increased my 

interest in this area and made me realize the importance of health research to 

improve the quality of the clinical information.  

Now, I’m currently working at the Immunoallergology Unit of CUF Porto – 

Instituto & Hospital coordinated by Prof. Dr. João Fonseca, performing lung 

function tests and collaborating in clinical trials. This area of respiratory 

function always fascinated me. When I started to work at the hospital, my 

colleague Prof. Dr. Tiago Jacinto introduces me the rhinomanometry test, an 

important exam that I have never heard before, even in my graduation. Since 

then, I have started studying and reading all about nasal function and I became 

aware of specific needs of knowledge in this area.  

This study offers me the skills to develop expertise in nasal function and the 

possibility to contribute to the research team that I have been part of. I also 

sincerely hope that this work will contribute to the improvement of the 

diagnostic accuracy of this test. 

This dissertation is divided in six sections. In the introduction, we describe 

the main concepts about the anatomy and physiology of the nose, we 

mentioned nasal diseases with particular emphasis on rhinitis and we described 

the measures for assessing nasal function which is the main topic. Next, we 
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state general and specific aims.  Posteriorly, in methods a detailed description of 

the methodologies adopted is presented in subsections: study design, 

participant’s selection, data collection methods, variables, statistical analysis and 

ethical considerations. The results are also organized in subsections: 

participants, reference values and nasal measurements in healthy and rhinitis 

groups. The discussion section analyses the overall findings, comparing it with 

results from other studies and points out some limitations and strengths of the 

study leading to our final conclusions.  
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“If you want to go fast, go alone. If you want to go far, go together.” 

 

African Proverb 
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I. Introduction 

This chapter contains the theoretical background to support the 

understanding and the future discussion of the information presented in the 

following chapters. It is divided in three main topics: 1.1) anatomy and 

physiology of the nose, 1.2) nasal diseases and 1.3) nasal function assessment. 

1.1) This topic is divided in two parts: anatomy and physiology. In the first 

one is described the main anatomy of the nose which is important to help in 

understanding the study. A specific description is made about: external nose, 

nasal cavity and paranasal sinus, nasal septum and lateral nasal wall and nasal 

turbinates. In relation to nasal physiology, the major functions are explained: 

regulation of airflow; innervation; nasal cycle; filtration, warming and 

humidification; protection of lower airway and olfaction and Vocal Resonance 

1.2)  This is a crucial topic that talks about rhinitis. Key concepts about this 

pathology are explained to help the thesis perception: 

 Nonallergic rhinitis: infectious rhinitis and rhinosinusitis, vasomotor 

rhinitis, hormonal rhinitis, drug-induced rhinitis, atrophic rhinitis, 

occupational rhinitis, nonallergic rhinitis with eosinophilia syndrome 

(NARES) and rhinitis from foods and alcohol. 

 Allergic rhinitis (AR): pathophysiology, epidemiology, risk factors, 

symptoms and impact on quality of life, comorbidities, economic 

burden, diagnostic and treatment. 

 Conditions that mimic rhinitis: nasal polyps, anatomic abnormalities, 

cerebral spinal fluid rhinorrhea and ciliary dysfunction. 

1.3) This is the major topic that describes, with detail, the techniques for 

assessing nasal airway patency: objective measurements (rhinomanometry 

and peak nasal inspiratory flow (PNIF)) and subjective measurements (visual 

numeric scale (VNS) and questionnaires).  
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1.1. Anatomy and Physiology of the Nose  

Interest in the nose and its diseases has puzzled human civilizations 

throughout history. Our knowledge about the anatomy and physiology of the 

nose has progressed over the centuries resulting in the current field of modern 

rhinology. During the 17th century, physicians and anatomists made major 

strides in describing nasal function. Nowadays we know that the anatomy of 

the nose is quite particular and its different functions are highly specific (Fried 

& Tabaee, 2016; Helle Lundgaard Thulesius, 2012).  

1.1.1. Anatomy 

1.1.1.1. External nose 

The external nose projects from the face. The bony roof of the anterior part 

of the nasal cavity consists of the nasal bones and the frontal process of the 

maxillary bones and is essential to protect the fragile mucosa inside the nose, 

but its main function remains esthetic. The covering is completed by the upper 

and lower lateral cartilages. (Denecke & Meyer, 1967; Metin Onerci, 2013; 

Watelet & Cauwenberge, 1999). The upper lateral, alar cartilages and fibrous 

tissue complete the covering of the anterior part of the nasal cavities and 

control the entrance of air into the respiratory tract (Thiagarajan, 2012).  

Examination of the alar anatomy and the alar base is indispensable in the 

exploration of nasal obstruction.  Their ability to deform can create sufficient 

resistance against the transmural pressure of inspiration, and can modify the 

cross-section of the vestibule and regulate the airflow before entering into the 

nasal cavity. The dilator naris muscle, the nasalis muscle and the apicis nasi 

muscle are strongly related to respiration, contributing to the prevention of 

collapse of the nasal valve. In regulating the intensity and direction of the 

airflow, the external nose improves olfaction (Fried & Tabaee, 2016; 

Thiagarajan, 2012; Watelet & Cauwenberge, 1999). 

1.1.1.2. Nasal cavity and paranasal sinus 

The nasal cavity and paranasal sinus are paired airspaces within a bony and 

cartilaginous frame work (Ogele, 2014). The anterior part of the nasal cavity 

opens anteriorly in the nostril while the nose communicates posteriorly with the 

rhinopharynx. Nasal cavity can be divided into three parts: the nasal vestibule, 
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the olfactory region and the respiratory region (Cardesa, Alos, & Franchi, 2006; 

Watelet & Cauwenberge, 1999). The nasal vestibule is the anterior most portion 

of the nasal cavity, and is lined by squamous epithelium with numerous 

vibrissae. The junction of the vestibule with the nasal cavity is called the 

internal nasal valve (Fried & Tabaee, 2016). The olfactory region consists of the 

upper part of the nasal cavity and the superior turbinates (Sahin-yilmaz & 

Naclerio, 2011). The remainder of the nasal cavity constitutes the respiratory 

region. The respiratory section of the nasal cavity refers to the passages through 

which air travels into the respiratory system. The respiratory section of each 

nostril contains four turbinate bones and they are covered by the nasal mucosa 

(Watelet & Cauwenberge, 1999).  

The paranasal sinuses are connected to the nasal cavity. There are a total of 

four paired sinuses (Cardesa et al., 2006; Porter, 2002). The paired maxillary 

sinuses are the most constant of the paranasal sinuses in terms of size, anatomic 

relationships and lack of variation. The ethmoid sinuses are composed of 

multiple, individual cells separated by thin walled partitions within the ethmoid 

bone. (Márquez et al., 2008; Porter, 2002). Frontal sinus anatomy is highly 

variable, but generally there are two sinuses which are funnel shaped and point 

upward (Daniels et al., 2003; Fried & Tabaee, 2016). The sphenoid sinus is a 

butterfly shaped bone and is placed at the junction of the anterior and the 

middle cerebral fossae. (Budu et al., 2013; Fried & Tabaee, 2016). 

1.1.1.3. Nasal septum 

The septum divides the nasal cavity into two halves and provides nasal 

support. A combination of bone and hyaline cartilage lined by tightly adherent 

mucosal membranes constitutes the nasal septum (Sahin-yilmaz & Naclerio, 

2011). It is composed of the perpendicular plate of the ethmoid bone, the 

vomer, the crests of the maxillary and palatine bones, and the quadrangular 

cartilage. Deviation of the nasal septum is present in approximately 90% of the 

population based on examination by rhinoscopy, although only a small portion 

will present with clinically significant nasal obstruction (Fried & Tabaee, 2016). 

1.1.1.4. Lateral Nasal Wall and Nasal Turbinates 

Anatomy of the lateral nasal wall is highly complex and variable. The lateral 

nasal wall is defined by the paired inferior, middle and superior nasal turbinates, 

and their respective spaces termed meati. The turbinates are the most 
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proeminent feature of the lateral nasal wall. They are usually three or sometimes 

four in number. The superior and the middle turbinates are components of the 

ethmoidal complex where as the inferior turbinate is a separate bone. The 

turbinates have important anatomic, physiologic, and surgical relationships 

(Porter, 2002; Thiagarajan, 2012). 

The inferior turbinate is an independent bone projecting into the nasal 

cavity from the lateral wall and is the largest of the turbinates. Its position and 

size additionally confer the most significant impact on nasal airflow. The 

inferior meatus is the space underneath the inferior turbinate and medial to the 

lateral nasal wall. It houses the nasal opening of the nasolacrimal duct. The 

maxillary sinus can be accessed through the lateral nasal wall in the inferior 

meatus (Fried & Tabaee, 2016; Sahin-yilmaz & Naclerio, 2011). 

The anatomy of the middle turbinate has important implications for 

sinonasal physiology, inflammatory sinusitis, and endoscopic sinus surgery. 

There are three separate attachment points of the middle turbinate: the anterior 

most attachment is oriented sagittally and connects to the cribriform plate, 

lateral nasal wall; the midportion of the middle turbinate is oriented coronally 

and attaches to the lamina papyracea and the posterior portion is oriented 

axially and attaches to the posterior portion of the lamina papyracea (Fried & 

Tabaee, 2016; Sargi & Casiano, 2007).  

The superior turbinate is positioned posterior to and in continuity with the 

middle turbinate. Although the inferior portion of the superior turbinate is a 

discretely separate structure, the superior portion including the skull base 

attachment points are in continuity with the middle turbinate in the parasagittal 

plane (Fried & Tabaee, 2016; Sahin-yilmaz & Naclerio, 2011). 

A fourth turbinate, termed the supreme turbinate exists in a subset of 

patients with an estimated incidence of 60%. When present, it is located 

posterior–superior to the superior turbinate and is variable in size (Fried & 

Tabaee, 2016).  
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Figure 1. The anatomy of the lateral wall of the right nasal cavity. (Fried & Tabaee, 

2016) 

1.1.2. Physiology 

“Physiologic” breathing occurs through the nose; it may be supplemented 

by oral respiration under demanding conditions of exercise or of severe nasal 

obstruction (Tomenzoli, 2005; Watelet & Cauwenberge, 1999). The nose acts as 

the entrance to the airway and has multiple functions as a passageway and 

regulation of airflow, nasal reflex functions, an air conditioner, protection of 

lower airway, olfaction and vocal resonance (Fried & Tabaee, 2016; Geurkink, 

1983).  

 

Figure 2. Functions of the nose. (Watelet & Cauwenberge, 1999) 

1.1.2.1. Regulation of airflow 

Air moves through the nose due to the work performed by the respiratory 

muscles such as the diaphragm which contracts to expand the lungs on 

inspiration. During normal breathing, the expansion of the lungs on inspiration 

moves air through the nose into the lungs. Nasal airflow always occurs along a 
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pressure gradient from a high pressure area to a low pressure area of the airway. 

On expiration, the respiratory muscles relax and the elastic lungs recoil to create 

a pressure in the lungs that is greater than the atmospheric pressure at the 

nostrils (Fried & Tabaee, 2016; Helle Lundgaard Thulesius, 2012). 

Both static and dynamic components play an important role in the 

regulation of airflow and overall nasal resistance. Normally, maximal nasal 

airflow is through the middle meatus, with the second greatest amount of 

airflow being through the inferior meatus. Although nasal airflow is for the 

most part turbulent, it generally follows Poiseuille’s law: 

Q = (π∆P/8ηL)r4, and R = 8ηL/πr4, 

where Q is the flow, ∆P is the pressure gradient, L is the length of the tube, 

η is the dynamic viscosity,  r is the radius and R is the resistance to flow (Helle 

Lundgaard Thulesius, 2012). 

This law describes the laminar flow of a gas or fluid through a tube 

according to the radius of the tube. And this is applicable to the nose as a 

“tube” and the airflow as “the gas” flowing through the “tube”. From this 

formula we can see that even a small decrease of the radius have a major 

influence and gives a great increase (r4) in the nasal airway resistance and is the 

most important factor determining nasal resistance and airflow (College, 2013). 

The crosssectional area of the nose at any point is determined by a number 

of factors. Septal deviations, turbinate medialization/pneumatization, and 

hypertrophy may all narrow the nasal cavity, leading to a baseline increase in 

nasal resistance (Fried & Tabaee, 2016). In addition to these anatomic 

structures, there are two nasal valves that may play a significant role in 

determining nasal resistance and airflow. The external nasal valve contributes 

little to airway resistance under normal circumstances due to its large size and 

dilation by the nasalis muscle during inspiration. The internal nasal valve is 

responsible for about half of all airway resistance. By significantly increasing 

nasal resistance and reducing nasal airflow, the narrow design of the internal 

nasal valve allows for greater contact of the inspired air with the inferior 

turbinate, thus facilitating the necessary warming, humidification, and cleaning 

of the air destined for the more sensitive lower airway (Nigro et al., 2009). 

Venous sinusoids in the soft tissue of the inferior turbinate in this region may 

be quickly filled or drained to permit rapid variations in crosssectional area of 
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the nasal valve with subsequent variations in airway valve, causing an increase 

in resistance. This occurs when the negative pressure in the nose exceeds the 

rigidity of the cartilaginous portion of the valve during inspiration, resulting in 

collapse of the lateral nasal wall. In addition to anatomic variations causing 

static narrowing of the nasal cavity, congestion of the nasal mucosa, neural 

tone, inflammation, and secretions all may further decrease the crosssectional 

area. These dynamic changes in the nasal airway are achieved through the nasal 

mucosa (Fried & Tabaee, 2016; Helle Lundgaard Thulesius, 2012). 

The nasal mucosa is a highly vascularized pseudostratified columnar ciliated 

respiratory epithelium containing both goblet cells and seromucinous glands, 

which lines the sinonasal cavity. The mucosal membrane is thickest and most 

vascular over the nasal conchae. The submucosa of the sinonasal mucosa 

contains a dense layer of seromucinous glands, a dense vascular network and 

the nerve fibers that innervate the mucosa. Arterioles, capillaries, and venules 

are all found in the submucosal layer. The density of these vessels, as well as 

that of the goblet cells and seromucinous glands, varies with the location within 

the nose and paranasal sinuses (Alonso & Teijeiro-Osorio, 2014). 

The vasculature of the inferior turbinate is extremely dense. Unique to this 

region are venous sinusoids or capacitance veins. These small veins have a thick 

muscular layer allowing them to respond to neuronal regulation. The large 

capacity of this dense venous network allows for resistance and nasal airflow 

(Fried & Tabaee, 2016).  

Dynamic collapse may be noted at the internal nasal congestion and 

decongestion of the nasal tissues through a highly complex and highly regulated 

system. This may occur as part of the normal nasal cycle or in response to a 

variety of internal or external factors and stimuli (Al Ghareeb, Patel, & Bakry, 

2013). 

1.1.2.2. Innervation 

The nasal mucosa is innervated by the trigeminal nerve and the autonomic 

nervous system. The first one is predominantly a sensory nerve with three main 

branches: the ophthalmic nerve, maxillar nerve, and the mandibular nerve 

(Prendergast, 2013).  

These branches are stimulated through inflammatory mediators or inhaled 

irritants resulting in nasal burning, itching, and rhinorrhea. Overactivity of this 
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sensory pathway results in an exaggerated efferent response leading to 

oversecretion of mucous and increase nasal congestion (Fried & Tabaee, 2016). 

The autonomic nervous system is made up of both parasympathetic and 

sympathetic nerve fibers. Acetylcholine is the primary parasympathetic 

neurotransmitter. Stimulation of these nerves results in vasodilation, leading to 

engorgement of the nasal tissues and overall decrease in the nasal airway (Beule, 

2010). 

Sympathetic activation leads to vasoconstriction decreasing the amount of 

blood in the rich vasculature of the nasal submucosa. Decongestion of the nasal 

mucosa increases the nasal airway and decreases nasal resistance. Sympathetic 

and parasympathetic components work together to create a net effect regulated 

through a brainstem reflex arc. The nasal cycle is one of these examples (Fried 

& Tabaee, 2016; Kahana-Zweig et al., 2016; Richter & Wright, 2015).  

The existence of a cycle of spontaneous reciprocating nasal congestion and 

decongestion has been well established. One nasal cavity is in a “working 

phase” while the opposite cavity is in a “resting phase” (Kahana-Zweig et al., 

2016). This is found in approximately 80% of the population, though it largely 

goes unnoticed, as the total resistance remains constant throughout.  

The duration of the cycle varies from 2-7 hours, normally 3-5 hours and is 

found in the standing, seated and supine positions. The amplitude of the cycle 

is greatest in subjects lying down and lowest in the standing position (Helle 

Lundgaard Thulesius, 2012).  

By reducing nasal airflow through one nostril, the selective autonomic 

activation nasal cycle is believed to increase humidification, filtering, and 

warming of the inspired air while keeping overall nasal congestion to a minimal 

(Fried & Tabaee, 2016). It has also been proposed that the intermittent 

“shutting down” of one nostril allows for a period of relatively minimal airflow 

during which trapped particulate matter can be cleared from the mucous 

blanket. Finally, the nasal cycle may have a role in olfaction by creating different 

rates of airflow through the two nasal passages.  

The nasal cycle is temporarily abolished by vasoactive substances, exercise 

and hyperventilation (Atanasov, 2014; Corey & Sahin-Yilmaz, 2009; Moore & 

Eccles, 2012). 
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1.1.2.3. Filtration, Warming and Humidification  

Those physiologic functions of the nose not related to the regulation of 

airflow can be considered collectively as “conditioning” inspired air, and 

include warming, humidification and filtration (Fried & Tabaee, 2016; Keck & 

Lindemman, 2010). 

Filtration of inspired air begins with larger particles (> 3 µm) that are 

trapped by the nasal vibrissae at the level of the external nasal valve. Smaller 

particles are not filtered by the vibrissae but are removed from the inspired air 

by the nasal mucous, which traps these particles, particularly in areas of 

turbulent nasal airflow where contact with the nasal mucosa is increased (Fried 

& Tabaee, 2016; Watelet & Cauwenberge, 1999). 

Warming of inspired air occurs by the transfer of heat from the nasal 

mucosa, specifically from the blood within the mucosal vessels, to the air that 

we breathe. It is also believed that nasal mucosa has the ability to dissipate heat 

as part of the body’s thermoregulatory system (Fried & Tabaee, 2016; Naclerio 

et al., 2007). 

Even more important than the warming of inspired air is its humidification, 

which has a significant effect on gas exchange in the lower airways. This 

process occurs as a result of an exchange of moisture between the air and the 

serous component of the nasal mucus as well as due to direct extravasation of 

fluid from blood within the mucosal vasculature, which contributes some of the 

water content (Fried & Tabaee, 2016; Naclerio et al., 2007). 

1.1.2.4. Protection of lower airway 

Mucociliary clearance is a constant process within the nose and paranasal 

sinuses and is an important component of the normal host defense system. 

Normal sinonasal function is dependent on mucociliary clearance to prevent 

mucous stasis as well as to remove any toxic, infectious, or particulate material 

that may have become trapped in the mucous during inspiration. Cilia on the 

surface of the respiratory epithelium beat and clear the mucus from the 

paranasal sinuses. In the nose, nasal mucous is cleared from anterior to 

posterior along the nasal septum and lateral nasal wall, toward the nasopharynx 

where it is either swallowed or spit out. 
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Mucous production is under autonomic control and can be influenced by 

stimulants, irritants, emotions, and a variety of medications that can affect the 

ratio of its serous and glycoprotein elements and thus affect mucous viscosity 

(Metin Onerci, 2013; Munkholm & Mortensen, 2014).  

1.1.2.5. Olfaction and Vocal Resonance 

The olfactory area in the human nose is confined to the roof of the nasal 

cavity. Smell can protect the lower airways in recognizing several irritants and 

inducing responses of defense. The nose is thought to be a resonating chamber 

for certain consonants in speech during exhalation. Many nasal conditions 

causing obstruction of the nose affect the quality of the voice (Sahin-yilmaz & 

Naclerio, 2011; Tomenzoli, 2005; Watelet & Cauwenberge, 1999).  

1.2. Nasal Diseases 

1.2.1. Rhinitis 

Rhinitis is the most significant nasal disease and represents a global health 

problem affecting 10 to 20% of the population (Brozek et al., 2010). In 

Portugal, it is estimated that 22% of the population has complaints of rhinitis 

(Sa-Sousa et al., 2012). This disease is characterized by an inflammation of the 

lining of the nose and the most common symptoms are anterior or posterior 

rhinorrhoea, sneezing, nasal blockage and/or itching of the nose. These 

symptoms occur during two or more consecutive days for more than one hour 

on most days (Brozek et al., 2010; Moscato & Siracusa, 2009). Rhinitis should 

be classified by etiology as allergic or nonallergic (Quillen & Feller, 2006). 

Mixed rhinitis (combined allergic and nonallergic rhinitis) is noted in 

approximately 44% to 87% of patients with AR and is more common than 

either pure AR or nonallergic rhinitis (Tran, Vickery, & Blaiss, 2011). 

1.2.1.1. Nonallergic rhinitis 

The diagnosis of nonallergic rhinitis is made after eliminating allergic or 

immunoglobulin E (IgE)-mediated causes. The most common cause of 

nonallergic rhinitis is an acute viral infection. Less common chronic causes 

include vasomotor, hormonal, drug-induced and occupational (irritant) rhinitis, 

as well as rhinitis medicamentosa and nonallergic rhinitis with eosinophilia 
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syndrome (NARES) (Quillen & Feller, 2006; Quinn, 2009; Tran et al., 2011; 

Wallace et al., 2008). 

Infectious rhinitis and rhinosinusitis may be acute or chronic. Acute 

infectious rhinitis is usually a result of one of a large number of viruses. 

Symptoms of acute infectious rhinosinusitis include nasal congestion, 

mucopurulent nasal discharge, pain and pressure, headache, olfactory 

disturbance, postnasal drainage, and cough. Viral infections account for as 

many as 98% of acute infectious rhinitis (Quillen & Feller, 2006; Rosenfeld et 

al., 2015; Wallace et al., 2008). 

Vasomotor or idiopathic rhinitis accounts for a heterogeneous group of 

patients with chronic nasal symptoms that are not immunologic or infectious in 

origin and is usually not associated with nasal eosinophilia. Symptoms mainly 

consist of congestion; hypersecretion; and, less commonly, pruritus and 

sneezing (Kaliner, 2009; Quinn, 2009; Scarupa & Kaliner, 2009; Wallace et al., 

2008). 

Hormonal rhinitis causes include pregnancy and menstrual cycle–related 

rhinitis. Pregnancy rhinitis, when present, is associated with significant nasal 

congestion, starts after the second month of pregnancy, and usually disappears 

within two weeks after delivery (Quillen & Feller, 2006; Quinn, 2009; Wallace 

et al., 2008). 

Drug-induced rhinitis may be caused by a number of medications. Rhinitis 

medicamentosa is a syndrome of rebound nasal congestion that follows the 

overuse of intranasal a-adrenergic decongestants or cocaine (Quillen & Feller, 

2006; Quinn, 2009; Wallace et al., 2008).  

Atrophic rhinitis treatment involves reducing crusting and alleviating the 

foul odor by continuous nasal hygiene, such as nasal lavage and crust 

debridement, and the use of topical and/or systemic antibiotics when purulent 

secretions or an acute infection is present (Wallace et al., 2008). 

Occupational rhinitis is rhinitis arising in response to airborne substances in 

the workplace, which may be mediated by allergic or nonallergic factors, such as 

laboratory animal antigen, grain, wood dusts, chemicals, and irritants (Moscato 

& Siracusa, 2009; Wallace et al., 2008).  
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NARES is characterized by nasal eosinophils in patients who have perennial 

symptoms and occasionally reduced sense of smell. These patients often lack 

evidence of allergic disease as demonstrated by absence of positive skin prick 

test (SPT) and/or specific IgE antibodies in the serum (Quinn, 2009; Wallace et 

al., 2008).  

Rhinitis may occur after ingestion of foods or alcoholic products. This may 

be a result of vagally mediated mechanisms, nasal vasodilation, food allergy, 

and/or other mechanisms. Food allergy is a rare cause of rhinitis without 

associated gastrointestinal, dermatologic, or systemic manifestations (Wallace et 

al., 2008).  

1.2.1.2. Allergic rhinitis (AR) 

AR is the most common type of rhinitis and is defined clinically by nasal 

hipersensitivity symptoms induced by an immunologically mediated (most often 

IgE-dependent) inflammation after the exposure of the nasal mucous 

membranes to an offending allergen. AR can be categorized into three basic 

subgroups: seasonal, perennial, and occupational (Brozek et al., 2010; Wallace 

et al., 2008).  

Occupational rhinitis is triggered by exposure to irritants and allergens. 

Allergen-related occupational rhinitis clearly is in the AR category, whereas 

irritant-related occupational rhinitis is better categorized as nonallergic rhinitis. 

Causes of the allergen subtype include laboratory animals, grains, coffee beans, 

and wood dust (Brozek et al., 2010; Skoner, 2001; Wallace et al., 2008).  

Seasonal and perennial AR can be associated with systemic symptoms 

including malaise, weakness, and fatigue. Patients with seasonal and perennial 

AR also may have allergic conjunctivitis, asthma, and eczema. Perennial AR is 

most frequently, although not necessarily, caused by indoor allergens such as 

house dust mites, moulds, cockroaches, and animal dander. Seasonal AR is 

most often caused by outdoor allergens such as pollens or moulds (Brozek et 

al., 2010; Skoner, 2001; Wallace et al., 2008).  

AR can also be classified as intermittent or persistent according to the 

duration of symptoms, and as mild or moderate-severe according to the 

severity: 



34 
 

 

Figure 3. Classification of AR according to the duration and severity of symptoms. 

(Brozek et al., 2010) 

Pathophysiology 

Under normal conditions, the nasal mucosa quite efficiently humidifies and 

cleans inspired air. This is the result of orchestrated interactions of local and 

humoral mediators of host defense. In AR, these mechanisms go awry and 

contribute to the signs and symptoms of the disorder (Skoner, 2001). 

The allergic sensitization that characterizes AR has a strong genetic 

component. The tendency to develop IgE/mast cell/TH2 lymphocyte immune 

responses is inherited by atopic patients. Exposure to allergens for prolonged 

periods of time leads to the presentation of the allergen by antigen presenting 

cells to CD4+ T lymphocytes, which then release interleukin and other TH2 

cytokines (Tran et al., 2011). These cytokines drive proinflammatory processes, 

such as IgE production, against these allergens through the mucosal infiltration 

and actions of plasma cells, mast cells, and eosinophils. Once the patient has 

become sensitized to allergens, subsequent exposures trigger a cascade of 

events that result in the symptoms of AR (Skoner, 2001). The allergic response 

in AR can be divided into two phases, the immediate or early phase response 

and the late-phase response. Both are characterized by the same symptoms, but 

the late phase’s predominate symptom is nasal congestion (Tran et al., 2011; 

Wallace et al., 2008).  
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Epidemiology 

It is a global health problem that has increased rapidly in prevalence over 

the past few decades, affecting 10-25% of the general population. Evidence 

suggests that the prevalence of this pathology is increasing (Skoner, 2001; 

Wang, 2005). AR can be considered the most prevalent of chronic respiratory 

disease (Ibiapina et al., 2008). In Portugal, globally, 22% of the population has 

complaints of rhinitis (Sa-Sousa et al., 2012). 

Risk factors 

Studies have shown that the frequency of AR increases with age and that 

positive allergy SPT are significant risk factors for the development of new 

symptoms. Genetic and environmental influences have also been implicated. 

There appears to be a higher prevalence of rhinitis in higher socioeconomic 

classes, related to the hygiene hypothesis. There is also a higher prevalence in 

nonwhites, in some polluted areas, in individuals with a family history of allergy 

and in individuals born during the pollen season (Skoner, 2001; Wang, 2005).  

Symptoms and Impact on Quality of Life 

Symptoms of AR include rhinorrhea, nasal obstruction or blockage, nasal 

itching, sneezing, and postnasal drip that reverse spontaneously or after 

treatment (Brozek et al., 2010). 

Nasal obstruction is frequently the most prominent symptom, and patients 

often rate it one of the most bothersome. The presence of nasal obstruction 

has been reported to be one of the main reasons patients seek medical advice 

(Keeler & Most, 2016; Nathan, 2008; H. L. Thulesius, Cervin, & Jessen, 2012). 

The prevalence of nasal obstruction in Portuguese adults is estimated to be 

23% (Branco-Ferreira et al., 2008). This symptom decreases health-related 

quality of life as it is associated with decreased quality of sleep, (chronic) 

rhinosinusitis, otitis media and asthma (Marseglia et al., 2009; Ottaviano et al., 

2014; Van Spronsen et al., 2008).  

One survey found that decreased job performance was reported by 36% of 

those with AR compared with 19% with asthma (Fried & Tabaee, 2016). Sleep 

impairment has been reported in patients with moderate/severe AR as 

compared with those without rhinitis or those with mild rhinitis. Published 
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studies have reported sleep disturbance in 57% of adults with AR (Fried & 

Tabaee, 2016). 

In a study in England students with grass allergy were more likely to 

perform poorly on a summer examination (as compared with their performance 

in the winter) than nonallergic students. Presenteeism has also been estimated 

as a major concern among adults with AR (Fried & Tabaee, 2016). 

Comorbidities 

AR is linked both to other allergic conditions and other conditions arising 

from chronic respiratory inflammation. Allergic conditions include allergic 

asthma, allergic conjunctivitis, atopic dermatitis, and food allergies. 

Inflammatory comorbidities include eustachian tube dysfunction, headaches, 

sinus problems and asthma. Asthma is consistently diagnosed three to fourfold 

more frequently in those with rhinitis symptoms (Fried & Tabaee, 2016; 

Ibiapina et al., 2008). 

Asthma and rhinitis symptoms are more severe in those who have both than 

in those with only asthma or rhinitis. Also, rhinitis frequently precedes the 

diagnosis of asthma. The relationship between allergen sensitization (positive 

specific IgE or SPT) and multiple allergic manifestations (food allergy, 

dermatitis, rhinitis, and asthma) is frequently referred to as atopy (Fried & 

Tabaee, 2016).  

Economic burden 

AR has a tremendous impact on society. Costs due to AR can be divided 

into two categories: direct costs that are related to monies spent on the course 

of managing the disease and indirect costs that are due to missing work and 

decreased productivity due to the illness. There are also the costs associated 

with the comorbidities of AR which are classified as “hidden” direct costs. 

Management of AR involves allergen avoidance, proper pharmacologic 

therapies, and allergen immunotherapy. These treatments add to the direct cost 

of the condition. Health outcomes data on the effects of AR and its treatments 

can help establish, monitor, and improve standards of care; as well as inform 

priority setting, direct resource allocation, and eliminate unnecessary practices. 

The impact of AR on the ability to work is huge. In a recent study it was 

found that the average productivity lost per job and per year is $ 593, whereas 
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in hypertension it is $105, diabetes $95, asthma $85, and coronary disease $40 

(Caballer et al., 2012; Green & Davis, 2005). 

Diagnostic 

Although a careful history will strongly suggest the diagnosis and causes of 

AR, tests for confirming this diagnosis are simple, rapid, specific, and can be 

very helpful. In general, for most allergens that cause AR, skin testing is 

somewhat more sensitive than currently available allergy blood tests.  

Both forms of testing only establish that patients have allergenspecific IgE 

and do not unequivocally prove that the allergens are responsible for disease. In 

every case, results of allergy testing must be used in conjunction with the results 

of the clinical examination in order to make the correct diagnosis (Ibiapina et 

al., 2008; Skoner, 2001).  

Immediatetype allergy skin testing is a means of measuring the presence of 

allergenspecific IgE in patients’ skin. If there is allergenspecific IgE bound to 

the mast cell surface, the mast cells degranulate within minutes and release 

histamine. Histamine binds to local vascular and neuronal histamine receptors 

and rapidly triggers local vasodilation, swelling, erythema, and itching. In order 

to be considered an accurate test, the positive histamine control should have a 

wheal diameter 3 mm greater than the negative buffer control (Bousquet et al., 

2012; Fried & Tabaee, 2016).  

Intradermal skin testing is more sensitive than percutaneous skin testing and 

can be used to detect lesser degrees of allergic reactivity but in contrast to 

percutaneous testing is associated with a higher risk of systemic reactions. In 

general, intradermal skin tests are felt to be more sensitive than percutaneous 

skin tests, but are less specific (Fried & Tabaee, 2016). 

Levels of allergenspecific IgE can also be measured in serum. In general, 

potential problems with allergy blood testing compared to skin testing is that 

blood testing tends to be more expensive, is less sensitive and it takes longer to 

get the results (Bernstein et al., 2008; Fried & Tabaee, 2016). 

In trying to differentiate AR from other causes of nasal symptoms, it is 

sometimes helpful to analyze the cellular content of the nasal mucus. Acute AR 

is often characterized by a high percentage of eosinophils in the nasal mucus, 
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while in many other forms of rhinitis the predominant cells are neutrophils 

(Fried & Tabaee, 2016; Gelardi, Fiorella, Russo, Fiorella, & Ciprandi, 2010).  

The most direct way of establishing that a specific allergen is the cause of 

AR is by documenting the induction of symptoms by the direct application of 

that allergen onto the nasal mucosa. Small amounts of an allergen solution are 

instilled in the nose and a response is measured.  Responses can be assessed on 

either subjective or objective parameters (Fried & Tabaee, 2016). 

Treatment 

Comprehensive management of the allergy patient involves counseling and 

management of the patient’s environmental exposures. Multifaceted 

environmental control programmes also known as avoidance measures, are 

considered to be one of the cornerstones of AR management in addition to 

pharmacotherapy and immunotherapy. The development of hypersensitivity 

may be related to timing of exposures, the dose, and concomitant exposures. A 

comprehensive, tailored approach to the allergic patient is crucial to managing 

symptoms (Fried & Tabaee, 2016) 

The primary symptoms of AR can vary widely between patients. Targets for 

medical therapies are directed at blocking symptoms. Selection of treatment 

regimens are further determined by the duration of symptoms, compliance with 

daily treatment schedules, prior response to treatments, tolerance or side effects 

to particular medications, patient age, and costs (Brozek et al., 2010; Fried & 

Tabaee, 2016; Tran et al., 2011).  

Antihistamines blocks the binding of histamine to the H1 histamine 

receptor that is involved in the early phase of the allergic reaction. Histamine 

released by mast cells within nasal mucosa binds to glandular, neurogenic, and 

vascular target cells that cause pruritus, sneezing, rhinorrhea, and congestion. 

Antihistamines are safe and effective for episodic control since they have a 

short onset of action, or as a preventive measure taken on a daily basis for 

persistent symptoms (Ibiapina et al., 2008; Tran et al., 2011; Wallace et al., 

2008). 

Corticosteroids are antiinflammatory medications that are thought to 

downregulate immune responses in AR and decrease mediators in the late 

phase of the allergic reaction. Both the antiinflammatory properties and the 

adverse effects of corticosteroids are dose dependent, requiring clinical 
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monitoring of patients who have systemic or longterm exposure with higher 

dosing. Oral corticosteroids have greater potency than topical steroids and may 

provide relief of nasal allergy symptoms but should be limited in longterm use 

for AR due to side effects and potential complications associated with their use. 

Intranasal corticosteroids have the greatest efficacy at relieving all primary nasal 

symptoms of AR and are considered a firstline treatment for AR. Nasal 

steroids avoid the side effects and risks of oral corticosteroid use while 

decreasing the local influx of inflammatory cells and mediators that propagate 

the allergic response in the nasal mucosa. Although intranasal corticosteroids 

are effective for AR and serve as a firstline treatment, their slow onset of 

action requires daily use to achieve maximal effectiveness (Brozek et al., 2010; 

Fried & Tabaee, 2016; Ibiapina et al., 2008; Tran et al., 2011; Wallace et al., 

2008). 

Nasal decongestants are useful for treatment of nasal congestion until the 

underlying acute process resolves or another acceptable longterm treatment 

option is instituted or becomes effective. Decongestant medications stimulate 

adrenergic receptors, resulting in vasoconstriction in the nasal mucosa that 

leads to a rapid decrease in edema and patency of the nasal cavities. Topical 

decongestants, such as phenylephrine directly stimulate sympathetic alpha 

receptors in the nasal mucosa, resulting in rapid relief of nasal congestion and 

rhinorrhea. The potential for abuse is seen with topical decongestants, which is 

why they are only indicated for short periods of time (< 3 days of consecutive 

use) due to risks of dependence, rebound, and rhinitis medicamentosa (Brozek 

et al., 2010; Fried & Tabaee, 2016; Helle Lundgaard Thulesius, 2012; Tran et al., 

2011; Wallace et al., 2008). 

Leukotrienes are inflammatory mediators released from white blood cells 

that partake in the allergic pathway early and latephase response and have 

significant contribution to the pathogenesis of asthma by causing 

bronchoconstriction and mucous secretion in the lungs. Leukotriene D4 

receptor antagonists such montelukast reduces the inflammatory response in 

nasal tissue. Montelukast has indications for both the treatment of AR and 

asthma (Brozek et al., 2010; Fried & Tabaee, 2016; Ibiapina et al., 2008).  

Anticholinergics decrease parasympathetic tone, which results in less 

secretion of mucous from glandular mucosa and less watery rhinorrhea in 

patients with rhinitis. For patients with AR who have a primary symptom of 
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clear rhinorrhea, ipratropium nasal spray can be used to decrease nasal 

secretions (Fried & Tabaee, 2016; Tran et al., 2011).  

For patients, whose allergic rhinoconjunctivitis and allergic asthma 

symptoms cannot be controlled by environmental avoidance, are not well 

controlled by medications, or cannot tolerate medications, allergen specific 

immunotherapy (SIT) is another treatment option. SIT involves controlled, 

repeated allergen administration over a period of time to desensitize the allergic 

patient with the goal of decreasing symptoms. A prerequisite to SIT is to 

identify the specific positive inhalant allergens by history and physical 

examination, with confirmation by objective SPT. Subcutaneous 

immunotherapy (SCIT) for the treatment of seasonal and perennial AR and 

allergic asthma has been practiced for decades and the Food and Drug 

Administration (FDA) has approved the use of allergen extracts for this route 

of administration (Lourenço et al., 2016). However, in recent years, there has 

been interest in using sublingual immunotherapy (SLIT) as a potential 

alternative to SCIT. SLIT involves placement of the allergen under the tongue 

for local absorption to desensitize the allergic individual as opposed to 

injection. Similar to SCIT, SLIT desensitization also takes place over a period 

of months to years and diminishes allergic symptoms (Calderón et al., 2011; 

Fried & Tabaee, 2016; Ibiapina et al., 2008; Pfaar et al., 2014; Steveling-klein, 

2016).  

1.2.2. Conditions that can mimic Rhinitis 

Several conditions may mimic the symptoms of rhinitis and should be 

considered in the differential diagnosis (Quillen & Feller, 2006). 

Nasal polyps may occur in conjunction with chronic rhinitis or sinusitis and 

may contribute significantly to the patient’s symptoms. Nasal polyps should 

always be considered in the differential diagnosis of patients who present with 

invariant nasal congestion and/or anosmia and its sequelae. Allergy as a cause 

of nasal polyps has not been established, but nasal polyps may occur in 

conjunction with AR (Bachert & Robillard, 2005; Quillen & Feller, 2006; 

Wallace et al., 2008).  

Signs and symptoms suggestive of rhinitis can be produced by other 

conditions, including nasal septal deviation, tumors, and hypertrophy of the 

nasal turbinates. Nasal septum pathology is highly prevalent and septal 



41 
 

deviations play a crucial role in functional nasal breathing causing nasal 

obstruction symptoms, aesthetic appearance of the nose, increased nasal 

resistance, and sometimes snoring. Septorhinoplasty is the surgical technique 

with the purpose of correcting the shape and function of the nose at the same 

time. It associates the reparation of the external nasal pyramid and the 

remodelation of the interior of the nasal fossa in the same surgical act (Carrasco 

et al., 2015; Teixeira et al., 2015; Wallace et al., 2008). 

Tumors of the paranasal sinuses are very rare. Neoplasms of the paranasal 

sinuses and nasal cavity account for 3% to 4% of head and neck cancers. 

Symptoms of nasal cavity and paranasal sinus tumors are similar to those of 

common benign disorders, such as chronic rhinosinusitis, causing a delay in 

diagnosis (Daele et al., 2005; Fried & Tabaee, 2016).  

Nasal turbinates represent the primary controller of nasal airflow. 

Hypertrophy of the inferior turbinates is one of the most frequent mechanisms 

of nasal obstruction. Turbinate enlargement can be bilateral or unilateral. 

Physicians dispose of many techniques in order to cure enlarged turbinates.  

However, medical therapy might be inadequate in achieving a significant 

resolution of nasal obstruction. In these cases, surgical reduction of the 

hypertrophic inferior turbinate has been advocated after failure of medical 

therapy (Ronald Eccles & Farmer, 2006; Saulescu & Sarafoleanu, 2015).  

Refractory clear rhinorrhea may be a result of cerebral spinal fluid leak, 

which is often  caused by trauma or recent surgery (Wallace et al., 2008).  

Ciliary dysfunction can be primary (primary ciliary dyskinesia) or secondary 

(eg, viral infection) and may contribute to recurrent rhinitis and sinus infections 

(Wallace et al., 2008). 

1.3. Nasal Function Assessment 

Nasal obstruction is frequently the most prominent of AR symptoms, so the 

measurement of nasal patency is of considerable importance (Yaniv et al., 

1997). There are objective and subjective techniques for assessing nasal airway 

patency (Zhang et al., 2008). 

1.3.1. Objective Measurements  
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1.3.1.1. Rhinomanometry 

The word rhinomanometry means “rhino” for nose and “manometry” for 

measurement of pressure and was introduced in the 1950s and early 1960s. It is 

defined as the simultaneous measurement of pressure encountered by nasal 

cavity and airflow during the breathing cycle (R Eccles, 2011; H. L. Thulesius et 

al., 2012; Helle Lundgaard Thulesius, 2012; Van Spronsen et al., 2008). 

Rhinomanometry may be performed by active or passive techniques, and 

anterior or posterior approaches. In anterior rhinomanometry the pressure 

sensing tube is taped to one nostril whereas with posterior rhinomanometry the 

tube is placed in the mouth. In passive rhinomanometry, a fixed amount of air 

(250 cm3/s) is blown through one or both nostrils via an external nozzle, while 

the subject is holding his breath and the amount of pressure needed is 

measured. The method does not represent normal breathing, and differences 

between inspiration and expiration are not established. Active anterior 

rhinomanometry (AAR) is considered the standard technique of objective 

assessment of the nasal airways patency by the International Committee on 

Standardization (Vogt & Jalowayski, 2010). In AAR the patient is actively 

breathing through one nasal cavity while the narinochoanal pressure difference 

is assessed in the contralateral nasal cavity. A disadvantage of this method is 

that any disturbance of spontaneous breathing causes the mucosa to react with 

either congestion or decongestion as a result. And that is why standardization is 

important (Clement & Gordts, 2005; Naito & Iwata, 1997). 

Rhinomanometry measures the pressure difference (∆p) and airflow (V°) 

between the posterior and the anterior of the nose during inspiration and 

expiration. Nasal resistance is calculated according to Ohm’s law (R =∆P/V°) 

and is given at a designated point of the pressure-flow curve. The nasal 

pressures are usually measured in Pascal (Pa).  The resistance should be given at 

a fixed pressure of 150 Pa. One problem is that the rhinomanometric pressure-

flow curve may not reach 150 Pa, mainly in healthy subjects, in these cases a 

pressure of 75 Pa can be used (R Eccles, 2011; Metin Onerci, 2013; Newcombe 

et al.,1997; Schumacher, 2004; Helle Lundgaard Thulesius, 2012; Wong & 

Eccles, 2015). 

Interpretation 
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On a typical graph that is produced by the computer, the x-axis reflects the 

pressure differential and the y-axis reflects the flow. The standard 

representation of AAR is a four-quadrant representation of both the right and 

left nostril during inspiration as well as expiration (Fig.4)(Metin Onerci, 2013).  

The most important measure from this technique is the nasal airway 

resistance (NAR). The more obstructed the nose, the greater the pressure is 

needed to generate airflow. For this reason, the greater the resistance, the closer 

is the curve to the pressure axis (Fig. 4) (Fried & Tabaee, 2016). In order to 

compare results of the NAR, a specific point on the curve is needed (Fried & 

Tabaee, 2016; Vogt & Jalowayski, 2010).  

 

Figure 4. (A)The plot of pressure versus flow. Each point represents the simultaneous 

measurement of pressure and the corresponding flow value. Pressure values are on the x-

axis and flow values on the y-axis. The sigmoid shape of the curve shows that in general 

there is a gradual increase in the pressure to flow ratio as one goes further out the curve 

toward the maximum values reached in normal respiration; (B) The sigmoid pressure-

flow curves for two different patients. The curve that is closer to the x-axis (pressure) 

represents the more obstructed nasal airway with higher resistance values. 

 (cm3 - cubic centimeter; s - second (Metin Onerci, 2013)) 

Reference Values - Problems with current nasal patency data 

Airflow in the human nose is critical for its physiological functions. Human 

nasal anatomy differs significantly from person to person. There are significant 

variations in nasal airflow patterns and properties within the healthy population, 

and it is difficult to identify a universal template for normal nasal airflow. In 

addition, various types of nasal diseases, such as inflammation, allergy, sinusitis, 
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and polyps, can also affect nasal airflow (Fried & Tabaee, 2016; Zhao & Jiang, 

2014). Because of the great variation in unilateral and total patency associated 

with the nasal cycle, normal physiological nasal patency is difficult to define 

(Moore & Eccles, 2012).  

In 1984, rhinologists from around the world assembled upon the initiative 

to form the International Standardization Committee on the Objective 

Assessment of the Upper Nasal Airways (ISCOANA) with the purpose of 

harmonizing the measurement procedure for assessing nasal airway patency and 

thus making measurement results comparable worldwide. Consequently, the 

measurement process was standardized (Merkle et al., 2014; Helle Lundgaard 

Thulesius, 2012). Later in 2004 at a follow-up committee meeting, the 

decongestion of the nasal mucosa was standardized (Clement & Gordts, 2005).  

Advances in medicine are dependent on the determination of normal 

function.  Standard reference intervals (RIs) or mean values, aid the physician in 

assessing a patient’s health condition quickly and objectively. With respect to 

the evaluation of nasal obstruction, which can have a considerable impact on 

patients’ quality of life, overall RIs and mean values for normal nasal patency 

are still lacking with regard to specific variables (Merkle et al., 2014). 

Published studies have quoted normal values of nasal patency. 

Unfortunately, these studies have varied quite considerably in their design, as 

well as in the values they have obtained.  Some studies have decongested the 

nasal mucosa prior to measurement, many have not, and some have not 

specified whether decongestion was used. There is variability in the methods of 

objective measurement used, and in whether unilateral or total patency has 

been studied. Some studies have not reported what ethnic population group 

their participants have been taken from, and include all patients in one ‘normal’ 

group (Moore & Eccles, 2012).  One of the largest studies was performed by 

Cole, who studied 2500 adult patients referred to an Ear Nose and Throat 

(ENT) clinic, and identified 891 who were ‘unobstructed’ (Cole & Fenton, 

2006). However, this study has important limitations to provide a robust 

normal range of nasal patency, as the ‘normal’ population had all been referred 

to an ENT clinic, presumably for symptomatic problems within the upper 

airways. McCaffrey and Kern reported ‘normal’ values for 23 patients, who 

were identified from 1000 referred to an ENT clinic for ‘rhinologic complaints’, 

but who were found to be asymptomatic on normal rhinoscopy (Mccaffrey & 

Kern, 1979).  
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Data relating to nasal airflow are not standardised and valid (Merkle et al., 

2014). Moreover, very limited studies have compared the AAR results of 

patients with nasal disease with normal controls (Suzina, Hamzah, & Samsudin, 

2003b). Furthermore, there are no studies in the Portuguese population that 

determine reference values for AAR. 

Indication and contraindications/limitations 

AAR can be used to differentiate if the nasal obstruction is due to structural 

or mucosal changes by conducting the test before and after nasal decongestion. 

Objective testing is useful in the quantitative assessment of the benefit of 

medical and surgical therapy. It can be used to assess the effectiveness of 

septoplasty and/or turbinoplasty in alleviating nasal obstruction. In nasal 

physiology research it provides quantitative information on the response of the 

nasal mucosa to intranasal challenges with allergens and other types of physical 

and chemical stimuli (Chaaban & Corey, 2011; Fried & Tabaee, 2016; Helle 

Lundgaard Thulesius, 2012). 

There are two occasions when AAR is not possible to use: if the nasal cavity 

that transmits the pressure from the nasopharynx is totally obstructed no 

measurement is possible and in septal perforation the flows and pressures 

recorded are not representative of the nasal cavity being studied (Helle 

Lundgaard Thulesius, 2012). The AAR has also the limitation of time 

consuming (accommodation, instructions, instrumentation, basic measurement, 

decongestion, control measurements).       

Decongestion test 

Nasal obstruction can be evaluated by the nasal decongestion test that 

consists in evaluating the proportion of reversibility of nasal airflow obstruction 

after administering an intranasal vasoconstrictor, such as an alpha-

adrenoreceptor stimulant. (Ciprandi et al., 2008; Corboz et al., 2008). 

For decongestion in the rhinomanometric procedure we use the selective a 

adrenoceptor agonists (neo-synephrine 5mg/ml) which act preferentially on 

nasal venous capacitance vessel, the sinusoids (Ciprandi et al., 2008; Helle 

Lundgaard Thulesius, 2012).           

Lack of response to decongestant usually indicates absence of disease or a 

structural obstruction, such as septal deviation, or bony hypertrophy of the 
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turbinates. It may also indicate inflammatory conditions that do not respond to 

decongestants, such as rhinitis medicamentosa and diffuse nasal polyposis 

(Chaaban & Corey, 2011). 

1.3.1.2. Peak Nasal Inspiratory Flow (PNIF) 

PNIF is another objective method used to estimate nasal airflow. PNIF is a 

noninvasive method that measures, in liters per minute (L/min), the nasal 

airflow during maximal forced nasal inspiration. This test is inexpensive, quick 

and easy to perform and has been shown to be reproducible in the evaluation 

of global nasal airway (Ottaviano et al., 2014; Ottaviano et al., 2006; Tsounis et 

al., 2014).  

PNIF consists of a face mask which the patient applies over the nose 

(without touching it) with the mouth closed. The patient sniffs air through the 

nose and the peak flow is recorded by a cursor. Here both sides are tested 

together (Chaaban & Corey, 2011; Corey & Sahin-Yilmaz, 2009; Nathan et al., 

2005). 

Interpretation 

PNIF is influenced by a number of covariates: sex, age and height being the 

most significant. In the recent past, normal PNIF values for adult population 

have been published by many authors (Lund et al., 2012; Ottaviano et al.,  2008; 

Ottaviano et al., 2006, Gonçalves et al., 2015). 

1.3.2. Subjective Measurements 

In addition to objective evaluation, nasal obstruction can also be subjectively 

evaluated by the perception that patients have of air passing through the nose. 

The subjective sensation of nasal obstruction is very difficult to quantify in 

clinical practice unless the obstruction is nearly complete (R Eccles, Doddi, & 

Leong, 2010).  To help with this situation numeric or visual analogue scales, 

symptom scores and validated questionnaires for rhinitis are currently used (R 

Eccles et al., 2010; Fonseca et al., 2010; Yepes-Nuñez et al., 2013). 

1.3.2.1. Visual Numeric Scale (VNS) 

The degree of subjective nasal obstruction can be estimated by using a VNS. 

The VNS is a psychometric response scale represented by numbers and was 
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used to assess the subjective feeling of nasal obstruction; we use a horizontal 

line (9 cm in length) with 0 representing no obstruction to 9 complete 

obstruction. The participant indicates which number on the line corresponds to 

their own perception of nasal obstruction (Marseglia et al., 2009).  The right 

and left nostrils are assessed together and separately before the tests and after 

administration of an intranasal vasoconstrictor (Appendix 1). The VNS is easy 

to understand for the patient and is frequently used today to assess many 

different phenomena. 

1.3.2.2. Questionnaires 

Many validated questionnaires are developed to evaluate subjective nasal 

complaints and their impact on quality of life. Sino-nasal, NOSE instrument 

and Control of Allergic Rhinitis and Asthma Test (CARAT) are examples of 

that.  

The CARAT is a self-administered questionnaire in which the participant 

grades their condition regarding several symptoms related to rhinitis and 

asthma. This tool is composed of ten questions that address upper and lower 

airway symptoms, sleep interference, activity limitation, and the need to 

increase medication over a four-week period (Appendix 2). The answers are 

rated on a four-point scale (never= 3; up to 2 days per week=2; more than 2 

days per week=1; almost every day or every day=0) with a total possible score 

ranging from 0 (minimum control) to 30 (maximum control). The score can 

also be divided into upper airway score (item 1-4), and lower airway score (item 

5-10). A total score >24, > 8 in the sum of item 1-4 and ≥ 16 in the sum of 

item 5-10 indicates good control.  (Azevedo et al., 2013; Fonseca et al., 2010; 

Fonseca et al., 2012). 

The relationship between objective nasal and subjective nasal patency as felt 

by the patient has also been the discussion of some papers and they showed 

conflicting results. Some studies report “weak and absent” correlations between 

the subjective and objective techniques (Yepes-Nuñez et al., 2013) and others 

report a strong and statistically significant correlation (Mozzanica et al., 2016; 

H. L. Thulesius et al., 2012) There is no consensus about the correlation 

between objective measurements and subjective nasal patency symptoms, so is 

still a matter of controversy (Chaaban & Corey, 2011; H. L. Thulesius et al., 

2012).  
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II. Aims 

The aims of the study are:  

1. to calculate the reference values of AAR parameters, in healthy adults  

2. to assess the correlations between objective and subjective measures of 

nasal obstruction in healthy adults and adults with rhinitis 

Specifically, we aim to: 

a) Define reference ranges, lower limit of normal (LLN) and upper limit of 

normal (ULN) for nasal flows, NAR and their variation after nasal 

vasoconstrictor measured by AAR, in healthy Portuguese adults  

b) Compare the variation of nasal flows and NAR measured by AAR, after 

administration of nasal vasoconstrictor, between healthy adults and 

subjects with controlled and non-controlled rhinitis. 

c) Assess the magnitude of the correlations between the self-reported 

subjective and objective measures, namely nasal flows and NAR. 
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III. Methods  

This chapter contains a detailed description of the methodologies adopted 

in this study, and it is divided in six main topics: 3.1) study design, 3.2) 

participants selection, 3.3) data collection methods and procedures, 3.4) 

variables, 3.5) statistical analysis and 3.6) ethical considerations 
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3.1. Study Design 

This is an observational study with cross-sectional data collection and 

convenience sample. 

3.2. Participants Selection 

This study included 208 adults, divided into 2 groups: G1) healthy subjects 

(n=52) and G2) subjects with rhinitis (n=156).  

For Aim 1, healthy volunteers were invited to participate among hospital 

staff where the study was conducted and acquaintances of the investigator. A 

healthy subject was defined as a person without: history of nasal disease or 

injury, previous nasal surgery, recent acute respiratory infectious disease; nasal 

symptoms (defined by a score of 12 in the CARAT upper airway score) and 

nasal medication for at least three months. 

For Aim 2 all subjects with age > 18 years with a prescription of AAR who 

went to Laboratory of Allergy, Inflammation and Respiration (LabAIR) CUF 

Porto – Instituto & Hospital, from February to July 2017, were invited to 

participate in the study. Subjects with medical diagnosis of rhinitis and/or with 

positive tests for atopy and/or with nasal symptoms during two or more 

consecutive days for more than one hour on most days in the past year were 

included. 

The exclusion criteria were: a) subjects younger than 18 years old b) subjects 

who can’t adequately answer the VNS and/or complete the CARAT 

questionnaire and c) subjects with contraindications related to the performance 

and/or interpretation of AAR or PNIF. 

3.3. Data Collection Methods and 
Procedures 

In order to streamline the process of data collection, a form with 

demographic and clinical research variables was created before the study started 

(Appendix 3).  The procedures of data collection are represented in table 1. 
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Table 1. Description of data collection methods. 

Procedures Description 

1. Inclusion and 
exclusion criteria 

Verification of inclusion and exclusion criteria. All subjects who agreed to 
participate in the study and met the inclusion and exclusion criteria were 
included. 

 

2. Informed consent 
signature 

Participants were informed of all the examination procedures and study aims. 
 

3. Anthropometric and 
clinical data collection 

The participants were asked to take off the shoes; weight was measured by a 
calibrated scale. Height was measured through a calibrated stadiometer with 
the participant in an orthostatic position. 
 

4. Nasal subjective 
assessment 

A VNS was shown to the participant with the following question: “At this 
moment, how do you classify your nasal obstruction? Point the number that 
best indicates your state, being 0: completely unblocked nose and 9: 
completely blocked nose”. Two VNS were shown: 1) evaluating the overall 
function of the nose and 2) divided by nostrils (Appendix 1). 
 

5. Evaluation of 
airways symptoms in 
previous 4 weeks 

The participants answered the CARAT questionnaire. Rhinitis symptoms like 
nasal obstruction, sneezing, rhinorrhea, and itchy nose were assessed. Also, 
asthma symptoms were collected. Each symptom was related to a score 
number which results in a global score including rhinitis and asthma questions 
and partial scores relating with rhinitis and asthma separately (Appendix 2). 
We divided the subjects of rhinitis group according to control of the disease 
(by upper airway CARAT score); CARAT score also helped to confirm the 
absence of nasal symptoms in healthy group. 

 

6. Nasal objective 
assessment 

 

a) AAR was performed in Masterscreen Rhino according to the ISCOANA 
(Clement & Gordts, 2005)# 

b) PNIF was measured through a portable Clement-Clarke inspiratory flow 
meter (United Kingdom). The measurement was performed with the 
participant in a sitting position. The participant was encouraged to inhale as 
hard and fast as he could through the mask keeping the mouth closed starting 
from the end of a full expiration. Three satisfactory maximal inspirations were 
obtained and the highest of the three results was taken as the PNIF(Ottaviano 
et al., 2006). 
 

7. Nasal 
vasoconstrictor 
administration 

Decongestion of the mucosa with a selective α-1 adrenergic receptor agonist, 
phenylephrine hydrochloride (neo-synephrine®); 5mg/ml nasal drops, 
solution; two drops in each nostril. The participants waited 10 minutes for the 
medication to take effect. 

8. Nasal subjective and 
objective assessment 
after vasoconstrictor 

The steps 4 (Nasal subjective assessment) and 6 (Nasal objective assessment) 
were repeated. 

 

VNS- Visual Numeric Scale; CARAT- Control of Allergic Rhinitis and Asthma Test; AAR- 

Active Anterior Rhinomanometry; ISCOANA- International Standardization Committee on the 

Objective Assessment of the Upper Nasal Airways  

# Detailed description of the equipment and technique of AAR test: 



52 
 

It is always necessary a daily calibration of the measurement equipment 

(Masterscreen Rhino) and verification of room temperature and humidity. The 

measurement is made with the participant in a sitting position. A transparent 

airtight mask is attached to a pneumotachometer that has a pressure transducer 

measuring transnasal pressure. The transducer converts the pressure difference 

to an electrical voltage signal that is sent to a connected computer and 

recorded. The pressure detector is placed anteriorly at the opening of the nostril 

that is not being actively tested. 

 

Figure 5. Narrowing of the measured nasal entrance by a pressure transducer. (Vogt 

& Jalowayski, 2010) 

The test is started with the patient spontaneously breathing exclusively 

through the nose. It is prudent to note any leaks in the connections to the mask 

that can be detected while examining the flow volume loops obtained on the 

computer. Three to five breath cycles should be recorded. Values of nasal 

airflow, and resistance are collected. 

 

Figure 6. Active anterior rhinomanometry (AAR). (H. L. Thulesius et al., 2012) 

3.4. Variables 

The following variables were collected directly and analysed: 
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Table 2. Description of variables. 

Categorical Variables (Nominal) 

Gender (male/ female) | Race (caucasian/ black/ other) 
Diagnostic group (healthy/ rhinitis) 

Nasal surgery (yes/ no) | Type of nasal surgery 
Nasal medication (yes/ no)   |   Type of nasal medication (corticosteroids/ vasoconstrictors/ antihistamines/ other) 
Smoking habits (non-smoker/ smoker/ ex-smoker) 

CARAT questions (Fonseca et al., 2012) 

COMPUTED VARIABLES 

CARAT control 
Global score  > 24 = good control   |   Partial score: Score of the upper airway  > 8 = good control   Score of the lower airway  ≥ 16 = good control 

Continuous Variables 

Age (years) | Height (cm) | Weight (Kg) 
Nasal patency variables (pre- and post-vasoconstriction) 

Right inspiratory and expiratory nasal airflow (ml/s)   |   Left inspiratory and expiratory nasal airflow (ml/s) 
Right inspiratory nasal airway resistance (NARi) and expiratory nasal airway resistance (NARe )(Pa/cm3/s)   |   Left NARi and NARe (Pa/cm3/s) 

PNIF (pre- and post-vasoconstriction) (L/min) 
Global VNS (pre- and post-vasoconstriction) (0 to 9 cm)  

Right VNS (pre- and post-vasoconstriction) (0 to 9 cm)   |   Left VNS (pre- and post-vasoconstriction) (0 to 9 cm) 

COMPUTED VARIABLES 

Smoking pack-year#  (nº cigarettes smoked per day/20) * nº of years the subject has smoked (pack-year units) 

Body Mass Index (BMI) = weight / height2   (kg/m2)     |    Body Surface Area (BSA) =   √𝒘𝒆𝒊𝒈𝒉𝒕 ∗ 𝒉𝒆𝒊𝒈𝒉𝒕/𝟔𝟎 (m2) 

CARAT questionnaire score 
Global score (0-30)   CARAT1+CARAT2+CARAT3+CARAT4+CARAT5+CARAT6+CARAT7+CARAT8+CARAT9+CARAT10 
Partial score   Score of the upper airway CARAT1+CARAT2+CARAT3+CARAT4  (0-12) 

                Score of the lower airway CARAT5+CARAT6+CARAT7+CARAT8+CARAT9+CARAT10 (0-18) 
Nasal patency variables (pre- and post-vasoconstriction) 

Total insp nasal airflow= right insp nasal airflow+left insp nasal airflow  (ml/s)   |   Total exp nasal airflow= right exp nasal airflow+left exp nasal airflow (ml/s) 
Total NARi= (right NARi * left NARi)/ (right NARi + left NARi) (Pa/cm3/s)(Clement & Gordts, 2005)   |   Total NARe= (right NARe * left NARe)/(right NARe + left NARe) (Pa/cm3/s) 

 
Worst nostril = nostril with worse inspiratory basal flow 
∆= variable post-vasoconstrictor - variable pre vasoconstrictor (n) 
%∆= ((variable post vasoconstrictor - variable pre vasoconstrictor)/variable pre vasoconstrictor)*100 (%) 
% false-positives- proportion of healthy adults with values outside the healthy P5-P95 range 
% false-negatives- proportion of rhinitis adults with values inside the healthy P5-P95 range 

cm- Centimetres; Kg- Kilograms; L- Litres; ml- Millilitres; s- Second; min- Minutes, Pa- Pascal;  NARi- Inspiratory Nasal Airway Resistance; NARe- Expiratory Nasal Airway Resistance; 

%- Percentage; PNIF- Peak Nasal Inspiratory Flow; VNS- Visual Nasal Scale, nº- Number; m2- Squared metre; CARAT- Control of Allergic Rhinitis and Asthma Test; mL- Mililiters; 

cm3- cubic centimetre; insp- Inspiratory; exp- Expiratory; ∆- Absolute variation; ∆%-  Relative variation; %- Percentage; P5- Percentile 5; P95- Percentile 95 

 



54 
 

3.5. Statistical Analysis 

Categorical variables were described with absolute frequencies and 

proportion. Comparisons of proportions were tested with Chi-Square test. A p-

value of <0.05 was considered as statistically significant. In the continuous 

variables the Kolmogorov-Smirnov normality test and histogram visual analysis 

was performed. The normality of the distribution was respected in all 

continuous variables so the mean and the standard deviation were presented in 

some variables.  

To define reference values for AAR, in healthy adults, was defined a lower 

limit of normal (LLN) as five percentile and was defined an upper limit of 

normal (ULN) as ninety five percentile. The distribution of all AAR parameters, 

including the worst nostril, and their variation post administration of nasal 

vasoconstrictor was presented in the two groups (healthy and rhinitis groups). 

To compare the means in the two groups, independent sample T-test was used. 

We also sub-divide the rhinitis group in controlled and non-controlled rhinitis. 

One way anova was use to compare the means between the 3 groups (healthy, 

controlled and non-controlled rhinitis). 

The proportion of false-negatives and false-positives in total flows and total 

NAR, including the worst nostril, between the four groups (healthy; rhinitis; 

controlled rhinitis and non-controlled rhinitis) was calculated; we analyzed the 

proportion of healthy adults that had values outside the normal P5-P95 range 

(false-positives) and the proportion of adults with rhinitis (controlled and non-

controlled) that had values inside the normal P5-P95 range (false-negatives). 

This procedure was also made to the relative variations of the previously 

mentioned parameters, post administration of nasal vasoconstrictor 

The PNIF and VNS were also assessed, pre and post administration of nasal 

vasoconstrictor. Paired sample T-test was used to compare the means pre and 

post decongestion test; independent sample T-test was used to compare the 

means in the two groups (healthy and rhinitis group). 

Correlations between nasal measures were evaluated by Pearson’s 

coefficient. Tables and scatter plots were used to represent the correlations. 

Correlations were generally considered weak if r ≤ 0.4, moderate if 0.4 < r < 

0.8, and strong if r > 0.8 (Shi R. & Conrad S., 2009). A p-value of <0.05 was 
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considered as statistically significant. Statistical analyse was performed using 

IBM Statistical Package for the Social Sciences (SPSS) version 21.0. 

3.6. Ethical Considerations 

The study was submitted and approved by the Ethics Committee and 

Administration Council of the CUF Porto Hospital (Appendix 4 and 5). All 

participants after being informed of the study's goals and purpose signed an 

informed written consent form. The data were recorded in an electronic 

database and analyzed respecting the confidentiality and anonymity of the study 

participants. The study was performed in accordance with the guidelines of the 

Declaration of Helsinki. 
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IV. Results 

 This chapter contains the results of the study and is divided in three 

main topics: 4.1) participants, 4.2) reference values and 4.3 nasal measurements 

in healthy and rhinitis groups. 

4.1) This topic contains a general description of the sample and then a table 

in which the sampled participants are characterized by diagnostic group. 

4.2) This topic is divided in two parts: AAR and nasal vasoconstrictor test. 

Each one contains the means (IC95%), LLN and ULN of total inspiratory and 

expiratory flows and total NARi and NARe, including the worst nostril, in 

healthy adults. The comparison of all parameters, measured by AAR, in healthy 

adults and adults with rhinitis is in appendix 6 and 7. 

4.3) This topic contains the distribution of total inspiratory and expiratory 

flows and total NARi and NARe, including the worst nostril and their relative 

variation, post administration of nasal vasoconstrictor, in all groups (healthy, 

controlled and non-controlled rhinitis). Then, for the previous parameters, we 

describe the proportion of false-positives and false-negatives, in all groups. 

Finally, we assess the correlation between the measurements: correlation 

between objective measurements (AAR and PNIF) and correlation between 

objective and subjective measurements (AAR and VNS; PNIF and VNS). 
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4.1. Participants 

We’ve included 208 Caucasian adults, of which 125 (60%) were females and 

83 (40%) males. The mean (sd) age was 38.1 (14.3) years. The mean (sd) height 

was 167.7 (9.3) cm and weight 69.5 (14.1) kg. Twenty-three (11%) subjects had 

nasal surgery and 74 (36%) subjects were currently taking nasal medication. The 

CARAT global score has a mean (sd) of 22.7 (6.7), with a upper airway score of 

7.5 (3.9) and a lower airway score of 15.2 (3.8). Regarding smoking habits, 158 

(76%) were non-smokers, 25 (12%) were smokers and 25 (12%) were ex-

smokers. The subjects were divided into two groups, 1) Healthy and 2) Rhinitis. 

There are only significant differences between the two groups in the CARAT 

questionnaire scores; global CARAT score mean (sd) of 29.9 (0.6) in healthy 

adults vs. 20.3 (6.1) in adults with rhinitis (p<0.001), upper airway score mean 

(sd) of 12.0 (0.0) in healthy adults vs. 6.0 (3.3) in adults with rhinitis (p<0.001) 

and lower airway score mean (sd) of 17.9 (0.6) in healthy adults vs. 14.3 (4.0) in 

adults with rhinitis.  

Subjects’ characteristics divided by diagnostic groups are summarized in 

table 3.  

Table 3. Description of included subjects by diagnostic group. 

 

Healthy 
group 
n=52 (25%) 

Rhinitis 
group 
n=156 (75%) 

p-value 

Gender    

Male 16 (31) 67 (43) 
0.120 

Female 36 (69) 89 (54) 
    

Age (years) 39.1 (12.9) 37.8 (14.7) 0.571 
    

Heigth (cm) 166.9 (9.5) 168.0 (9.3) 0.474 
    

Weight (Kg) 67.4 (13.0) 70.2 (14.5) 0.199 
    

BMI (Kg/m2) 24.1 (3.7) 24.8 (4.1) 0.307 
    

BSA (m2) 1.8 (0.2) 1.8 (0.2) 0.218 
    

CARAT questionnaire    

Upper airway score 12.0 (0.0) 6.0 (3.3) <0.001 

Controlled 52 (100) 41 (26)  

Uncontrolled 0 (0) 115 (74)  

Lower airway score# 17.9 (0.6) 14.3 (4.0) <0.001 

Controlled 51 (98) 76 (49)  

Uncontrolled 1 (2) 80 (51)  
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All continuous variables are described with mean (SD). All categorical variables are described 

with absolute and relative proportions. . Independent sample T-test was used to compare the 

means of the continuous variables and the Chi-squared test was used to compare the 

categorical variables. #- Variables not analysed; n- Number of subjects; NA- Not Applicable; 

BMI- Body Mass Index; BSA- Body Surface Area; Kg- Kilograms; cm- Centimetres; m2- 

squared metre 

4.2. Reference values 

4.2.1. Active Anterior Rhinomanometry (AAR) 

The mean (LLN) of total nasal inspiratory flow and mean (ULN) of total 

NARi in healthy adults was 960 (736) ml/s and 0.16 (0.20) Pa/cm3/s, 

respectively. While the mean (LLN) of nasal inspiratory flow and mean (ULN) 

of NARi in the worst nostril was 441 (344) ml/s and 0.35 (0.44) Pa/cm3/s, 

respectively. 

Global airway score# 29.9 (0.6) 20.3 (6.1) <0.001 

Controlled 52 (100) 47 (30)  

Uncontrolled 0 (0) 109 (70)  
    

Nasal surgery# NA 23(15) NA 

How long NA 10.5 (8.4) NA 

Type    

Turbinectomy NA 3 (14) NA 

Septoplasty NA 11 (48) NA 

Rhinoplasty NA 1 (4) NA 

Nasal polypectomy NA 1 (4) NA 

Septoplasty+Turbinectomy NA 4 (18) NA 

Septoplasty+Nasal polypectomy NA 1 (4) NA 

Rhinoplasty+Turbinectomy NA 1 (4) NA 

Don’t know NA 1 (4) NA 
    

Smoking habits#   0.275 

Non-smoker 42 (81) 116 (74)  

Smoker 3 (6) 22 (14)  

Pack-year unit 9.0 (3.6) 7.1 (8.9) 0.532 

Ex-smoker 7 (13) 18 (12)  

Pack-year unit 6.6 (2.8) 14.3 (21.8) 0.373 
    

Nasal medication# NA 74 (47) NA 

Nasal Corticosteroids NA 36 NA 

Vasoconstrictors NA 4 NA 

Antihistamines NA 22 NA 

NasalCorticosteroids+ Antihistamines NA 11 NA 

NasalCorticosteroids+ Vasoconstrictors NA 1 NA 
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The LLN, ULN and mean (IC95%) of total flows and total NAR, including 

in the worst nostril are described in table 4. More detailed information with 

LLN, ULN and mean (IC95%) of all AAR parameters in healthy group and in 

the rhinitis group are described in appendix 6. 

Table 4. Lower limit of normal (LLN), Upper limit of normal (ULN) and mean 

(IC95%) of total flows and total NAR, including in the worst nostril, in healthy group. 

AAR Healthy group (n=52) 

Flows150 (ml/s) Mean (LB-UB) P5 (LLN) 

Total Insp flow 960 (914-1006) 736 

Insp flow worst nostril 441 (421-460) 344 

Total Exp flow 845 (801-889) 644 

Exp flow worst nostril 385 (363-406) 289 
   

   

NAR150 (Pa/cm3/s) Mean (LB-UB) P95 (ULN) 

Total NARi 0.16 (0.15-0.17) 0.20 

NARi worst nostril 0.35 (0.33-0.36) 0.44 

Total NARe 0.18 (0.18-0.19) 0.23 

NARe worst nostril 0.40 (0.38-0.43) 0.52 

Worst nostril is defined as nostril with lower inspiratory basal flow. AAR- 

Active Anterior Rhinomanometry; n- Number of subjects; LB- Lower 

Bound; UB- Upper Bound; P5- Percentile 5; P95- Percentile 95;  LLN- 

Lower Limit of Normal; ULL- Upper Limit of Normal; Flows150- Flows at 

pressure of 150 pascal; Insp- Inspiratory; Exp- Expiratory; NAR150- Nasal 

Airway Resistance at pressure of 150 pascal; NARi- Inspiratory Nasal Airway 

Resistance; NARe- Expiratory Nasal Airway Resistance; ml- Milliliters; s-

Second; Pa- Pascal; cm3- cubic centimetre. Total Insp flow= Right Insp 

flow+Left Insp flow; Total Exp flow=Righ Exp flow+Left Exp flow; Total 

NARi=(Right NARi*Left NARi)/(Right NARi+Left NARi); Total NARe= 

(Right NARe*Left NARe)/(Right NARe+Left NARe) 

4.2.2. Nasal Vasoconstrictor Test 

The LLN;mean (IC95%) of total nasal inspiratory flow and ULN;mean 

(IC95%) of total NARi, in healthy adults, post decongestion test was 685; 1055 

(995-1115) and 0.22; 0.15 (014-0.16) Pa/cm3/s, respectively, corresponding to 

a mean (ULN) and mean (LLN) relative variation of 10 (46)% and -7 (-30)%, 

respectively. The relative variation was higher in the inspiratory total flow and 

NARi of the worst nostril with mean (ULN) of 16 (59)% and mean (LLN) of -

11 (-38)%, respectively. The LLN, ULN and mean (IC95%) of relative 

variations of total flows and total NAR, including the worst nostril, after 

administration of nasal vasoconstrictor  are described in table 5. More detailed 

information with LLN, ULN and mean (IC95%) of all relative and absolute 
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variations of AAR parameters in healthy group and in the rhinitis group are 

described in appendix 7. 

Table 5. Lower limit of normal (LLN), Upper limit of normal (ULN) and mean 

(IC95%) relative variation of total flows and total NAR, including in the worst nostril in 

healthy group after administration of nasal vasoconstrictor. 

AAR Healthy group (n=52) 

Flows150 (%∆) Mean (LB-UB) P95 (ULN) 

Total Insp flow +10 (6-15) 46 

Insp flow worst nostril +16 (10-21) 59 

Total Exp flow +12 (7-16) 47 

Exp flow worst nostril +18 (12-25) 69 
   

   

NAR150 (%∆) Mean (LB-UB) P5 (LLN) 

Total NARi -7 (-11;-4) -30 

NARi worst nostril -11 (-15;-7) -38 

Total NARe -9 (-12;-5) -32 

NARe worst nostril -13 (-17;-8) -41 

%∆- Relative variation, calculated as ((variable post vasoconstrictor - variable 

pre vasoconstrictor)/variable pre vasoconstrictor)*100. Worst nostril is 

defined as nostril with lower inspiratory basal flow. AAR- Active Anterior 

Rhinomanometry; n- Number of subjects;  LB- Lower Bound; UB- Upper 

Bound; LLN- Lower Limit of Normal; ULL- Upper Limit of Normal; P95- 

Percentile 95; P5- Percentile 5; Flows150- Flows at pressure of 150 pascal; 

Insp- Inspiratory; Exp- Expiratory; NAR150- Nasal Airway Resistance at 

pressure of 150 pascal; NARi-Inspiratory Nasal Airway Resistance; NARe- 

Expiratory Nasal Airway Resistance. Total Insp flow= Right Insp flow+Left 

Insp flow; Total Exp flow=Righ Exp flow+Left Exp flow; Total 

NARi=(Right NARi*Left NARi)/(Right NARi+Left NARi); Total NARe= 

(Right NARe*Left NARe)/(Right NARe+Left NARe) 

4.3. Nasal measurements in healthy and 
rhinitis groups 

We compared the means of total flows and total NAR, including in the 

worst nostril, between the three groups (healthy, controlled and non-controlled 

rhinitis) and all parameters had statistically significant differences (p <0.001). 

Then we compared the means between controlled and non-controlled rhinitis 

groups and statistically significant differences were found only in parameters 

related to the worst nostril (table 6). 

We also compared the means of relative variation, post administration of 

nasal vasoconstrictor, in total flows and total NAR, including the worst nostril, 
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between the three groups; there are statistically significant differences (p<0.001) 

in all parameters related to NAR, but not in all parameters related to flows. No 

statistically significant differences were found when we compare adults with 

controlled and non-controlled rhinitis (table 7).
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Table 6. Distribution of total flows and total NAR, including in the worst nostril in healthy adults and adults with rhinitis. 

AAR 
Healthy group 
(n=52) 

Controlled Rhinitis  
group (n=41) 

Non-controlled Rhinitis group 
(n=115) 

p-value 
rhinitis 
groups$ 

Total 
p-value# 

Flows150 (ml/s) Mean (LB-UB) P5 (LLN) Mean (LB-UB) P5 (LLN) Mean (LB-UB) P5 (LLN)   
Total Insp flow 960 (914-1006) 736 711 (651-773) 440 650 (603-697) 195 0.109 <0.001 
Insp flow worst nostril 441 (421-460) 344 285 (253-318) 80 235 (212-259) 41 0.014 <0.001 
Total Exp flow 845 (801-889) 644 616 (558-674) 351 553 (514-592) 150 0.077 <0.001 
Exp flow worst nostril 385 (363-406) 289 237 (207-268) 40 200 (180-220) 32 0.045 <0.001 

         

NAR150 (Pa/cm3/s) Mean (LB-UB) P95 (ULN) Mean (LB-UB) P95 (ULN) Mean (LB-UB) P95 (ULN)   
Total NARi 0.16 (0.15-0.17) 0.20 0.24 (0.19-0.28) 0.34 0.29 (0.25-0.33) 0.77 0.158 <0.001 
NARi worst nostril 0.35 (0.33-0.36) 0.44 0.65 (0.51-0.79) 1.88 1.02 (0.79-1.24) 3.94 0.042 <0.001 
Total NARe 0.18 (0.18-0.19) 0.23 0.28 (0.21-0.35) 0.43 0.36 (0.30-0.42) 1.01 0.087 <0.001 
NARe worst nostril 0.40 (0.38-0.43) 0.52 0.79 (0.58- 1.00) 2.50 1.15 (0.96-1.34) 4.00 0.037 <0.001 

Worst nostril is defined as nostril with lower inspiratory basal flow. $- Independent sample t-test;  #- one way anova test. AAR- Active Anterior Rhinomanometry; n- Number of subjects; LB- Lower Bound; 
UB- Upper Bound; LLN- Lower Limit of Normal; ULL- Upper Limit of Normal; P5- Percentile 5; P95- Percentile 95;  Flows150- Flows at pressure of 150 pascal; Insp- Inspiratory; Exp- Expiratory; NAR150- 
Nasal Airway Resistance at pressure of 150 pascal; NARi- Inspiratory Nasal Airway Resistance; NARe- Expiratory Nasal Airway Resistance; ml- Millilitres; s- Second; Pa- Pascal; cm3- cubic centimetre. Total 
Insp flow= Right Insp flow+Left Insp flow; Total Exp flow=Righ Exp flow+Left Exp flow; Total NARi=(Right NARi*Left NARi)/(Right NARi+Left NARi); Total NARe= (Right NARe*Left 
NARe)/(Right NARe+Left NARe) 

 

Table 7. Distribution of relative variation of total flows and total NAR, including in the worst nostril, after administration of nasal vasoconstrictor, in 

healthy adults and adults with rhinitis. 

AAR 
Healthy group 
(n=52) 

Controlled Rhinitis  
group (n=41) 

Non-controlled Rhinitis group 
(n=115) 

p-value 
rhinitis 
groups$ 

Total 
p-value# 

Flows150 (%∆) Mean (LB-UB) P95 (ULN) Mean (LB-UB) P95 (ULN) Mean (LB-UB) P95 (ULN)   
 Total Insp flow +10 (6-15) 46 +38 (26-51) 129 +48 (30-67) 179 0.375 0.015 
 Insp flow worst nostril +16 (10-21) 59 +63 (42-84) 235 +137 (58-215) 385 0.075 0.065 
 Total Exp flow +12 (7-16) 47 +40 (20-51) 118 +62 (32-92) 204 0.175 0.050 
 Exp flow worst nostril +18 (12-25) 69 +124 (18-232) 361 +105 (79-131) 456 0.717 0.007 

         

NAR150 (%∆)  Mean (LB;UB) P5 (LLN) Mean (LB;UB) P5 (LLN) Mean (LB;UB) P5 (LLN)   
Total NARi -7 (-11;-4) -30 -22 (-28;-17) -50 -21 (-25,-17) -63 0.747 <0.001 
NARi worst nostril -11 (-15;-7) -38 -31 (-38;-24) -70 -33 (-38;-28) -79 0.616 <0.001 
Total NARe -9 (-12;-5) -32 -24 (-30;-18) -54 -24 (-28,-19) -67 0.886 <0.001 
NARe worst nostril -13 (-17;-8) -41 -32 (-39,-24) -75 -37 (-42;-32) -84 0.238 <0.001 

%∆- Relative variation, calculated as ((variable post vasoconstrictor - variable pre vasoconstrictor)/variable pre vasoconstrictor)*100. Worst nostril is defined as nostril with lower inspiratory basal flow. $- 
Independent sample t-test;  #- one way anova test. AAR- Active Anterior Rhinomanometry; n- Number of subjects; LB- Lower Bound; UB- Upper Bound; LLN- Lower Limit of Normal; ULL- Upper Limit 
of Normal; P5- Percentile 5; P95- Percentile 95; Flows150- Flows at pressure of 150 pascal; Insp- Inspiratory; Exp- Expiratory; NAR150- Nasal Airway Resistance at pressure of 150 pascal; NARi- Inspiratory 
Nasal Airway Resistance; NARe- Expiratory Nasal Airway Resistance. Total Insp flow= Right Insp flow+Left Insp flow; Total Exp flow=Righ Exp flow+Left Exp flow; Total NARi=(Right NARi*Left 
NARi)/(Right NARi+Left NARi); Total NARe= (Right NARe*Left NARe)/(Right NARe+Left NARe) 
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In this study, considering the P5-P95 range of the healthy AAR parameters 

we analyzed the proportion of healthy adults that had values outside the normal 

P5-P95 range (false-positives) and the proportion of adults with rhinitis 

(controlled and non-controlled) that had values inside the normal P5-P95 range 

(false-negatives). There is a low number of false positives in healthy group 

regarding total flows (8%) and total NAR (only 6% in total NARi and 8% in 

total NARi in the worst nostril); the parameter with low number of false-

positives was Total NARe. In the rhinitis groups, the adults with controlled 

rhinitis had higher number of false-negatives; the parameter with low number 

of false-negatives in all rhinitis groups was the inspiratory flow in the worst 

nostril, along with NARi in the worst nostril in non-controlled rhinitis (table 8). 

Table 8. Proportion of false-positives and false-negatives in healthy adults and adults 

with rhinitis (controlled and non-controlled), considering the P5-P95 range of healthy 

group. 

AAR 
Healthy group 
(n=52) 

Rhinitis group 
(n=156) 

Controlled 
Rhinitis group 
(n=41) 

Non-controlled 
Rhinitis group 
(n=115) 

Flows150 (ml/s) FP (%) FN (%) FN (%) FN (%) 
Total Insp flow 8 39 49 36 
Insp flow worst nostril 8 22 27 20 
Total Exp flow 8 39 46 37 
Exp flow worst nostril 8 26 34 23 
     

NAR150 (Pa/cm3/s) FP (%) FN (%) FN (%) FN (%) 

Total NARi 6 39 49 36 
NARi worst nostril 8 23 32 20 
Total NARe 4 39 51 35 
NARe worst nostril 6 28 39 24 

Worst nostril is defined as nostril with lower inspiratory basal flow ; AAR- Active Anterior 

Rhinomanometry; n- number of subjects; FP (%)- Proportion of false-positives; FN (%)- 

Proportion of false-negatives; Insp- Inspiratory; Exp- Expiratory; NAR- Nasal Airway Resistance; 

NARi- Inspiratory Nasal Airway Resistance; NARe- Expiratory Nasal Airway Resistance; ml- 

Millilitres; s-Second; Pa- Pascal; cm3- Cubic centimetre. Total Insp flow= Right Insp flow+Left 

Insp flow; Total Exp flow=Righ Exp flow+Left Exp flow; Total NARi=(Right NARi*Left 

NARi)/(Right NARi+Left NARi); Total NARe= (Right NARe*Left NARe)/(Right NARe+Left 

NARe) 

Following the previous table, we also analyze the proportion of false-

positives and false negatives, considering the normal P5-P95 range of relative 

variation, post administration of nasal vasoconstrictor, in the four groups. 

There is a low number of false-positives in the healthy group (6% in relative 

variation of total inspiratory flow and total NARi) but a higher number of false-

negatives in the rhinitis groups. The parameter with low number of false-
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negatives in the rhinitis groups and controlled rhinitis group was the relative 

variation of expiratory flow in the worst nostril; in non-controlled rhinitis 

group were the relative variation of NARi and NARe in the worst nostril 

(56%). 

Table 9. Proportion of false-positives and false-negatives in healthy adults and adults 

with rhinitis (controlled and non-controlled), considering the normal P5-P95 range of 

relative variation, after administration of nasal vasoconstrictor. 

AAR 
Healthy group 
(n=52) 

Rhinitis group 
(n=156) 

Controlled 
Rhinitis group 
(n=41) 

Non-controlled 
Rhinitis group 
(n=115) 

Flows150 (%∆) FP (%) FN (%) FN (%) FN (%) 
Total Insp flow 6 72 66 74 
Insp flow worst nostril 8 58 63 57 
Total Exp flow 8 67 61 69 
Exp flow worst nostril 6 56 54 57 
     

NAR150 (%∆) FP (%) FN (%) FN (%) FN (%) 

Total NARi 6 69 66 70 
NARi worst nostril 8 59 66 56 
Total NARe 8 67 61 69 

   NARe worst nostril 8 57 58 56 

%∆- Relative variation, calculated as ((variable post vasoconstrictor - variable pre 

vasoconstrictor)/variable pre vasoconstrictor)*100. Worst nostril is defined as nostril with lower 

inspiratory basal flow ; AAR- Active Anterior Rhinomanometry; n- number of subjects; FP (%)- 

Proportion of false-positives; FN (%)- Proportion of false-negatives; Insp- Inspiratory; Exp- 

Expiratory; NAR- Nasal Airway Resistance; NARi- Inspiratory Nasal Airway Resistance; NARe- 

Expiratory Nasal Airway. Total Insp flow= Right Insp flow+Left Insp flow; Total Exp flow=Righ 

Exp flow+Left Exp flow; Total NARi=(Right NARi*Left NARi)/(Right NARi+Left NARi); Total 

NARe= (Right NARe*Left NARe)/(Right NARe+Left NARe) 

We analyse the other two nasal measures pre and post administration of nasal 

vasoconstrictor in healthy and rhinitis group. The mean (sd) of PNIF test pre 

administration of nasal vasoconstrictor was 179 (31.5) L/min with a min-max: 

110-270 L/min in healthy group vs. 144 (43.9) L/min min-max: 40-250 L/min 

in the rhinitis group (p<0.001). Characteristics of PNIF and VNS, pre and post 

administration of nasal vasoconstrictor, in the two groups are summarized in 

table 1.  
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Table 10. Description and variation of PNIF and VNS pre and post administration of vasoconstrictor by diagnostic group.  

 

 

All variables are described with mean (SD). n- Number of subjects; PNIF- Peak Nasal Inspiratory Flow; VNS- Visual Numeric Scale; VC- Vasoconstrictor; L- 

Liters; ∆%- relative variation; The relative variation was calculated by the following formula: ∆%= ((variable post vasoconstrictor - variable pre-

vasoconstrictor)/variable pre-vasoconstrictor)*100 #Paired sample T-test; $ Independent sample T-test. 

 

 

 

 

 

 

Healthy group n=52 Rhinitis group n=156  p-value$ 

 Pre-VC Pos-VC ∆% p-value# Pre-VC Pos-VC ∆% p-value# Pre-VC Pos-VC 

PNIF (L/min) 179 (31.5) 188 (34.0) 5 (5.0) <0.001 144 (43.9) 163 (44.5) 12 (12.2) <0.001 <0.001 <0.001 

VNS           

Global 0.3 (0.5) 0.1 (0.3) -4 (19.4) 0.007 3.7 (2.3) 2.4 (1.9) -48 (65.9) <0.001 <0.001 <0.001 

Right 0.3 (0.5) 0.1 (0.3) -4 (19.4) 0.013 3.6 (2.5) 2.5 (2.1) -64 (111.5) <0.001 <0.001 <0.01 

Left 0.3 (0.6) 0.1 (0.4) -2 (13.9) 0.033 3.9 (2.7) 2.6 (2.1) -59 (85.9) <0.001 <0.001 <0.001 
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4.3.1. Correlation between measures 

4.3.1.1. Correlation between objective measures (AAR & PNIF) 

No strong correlations were found between AAR parameters and PNIF in 

healthy and rhinitis group. We correlate the PNIF & total inspiratory flow, and 

PNIF & total NARi in healthy and rhinitis groups, pre and post administration 

of nasal vasoconstrictor (figure 7). 

All correlations between AAR parameters and PNIF, pre and post 

administration of nasal vasoconstrictor, in healthy and rhinitis groups are 

described in appendix 8. 
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Figure 7. Correlation between PNIF & total nasal inspiratory flow (Panel A) and 

PNIF & total NARi (Panel B), measured by AAR, pre and post administration of nasal 

vasoconstrictor in healthy adults and adults with rhinitis. 

4.3.1.2. Correlation between objective (PNIF & AAR) and subjective 
measures (VNS)  

There are no strong correlations in the four groups. In the healthy and 

controlled rhinitis group no correlation was significant between PNIF & VNS 

and AAR & VNS. The group of non-controlled rhinitis had the majority of the 

highest correlations between AAR & VNS. The correlations, post 

administration of nasal vasoconstrictor, were similar to pre-vasoconstrictor so 

we don’t reproduce the table (data not shown). The correlations between PNIF 

& VNS and PNIF & total inspiratory and expiratory flow, total NARi and total 

NARe and in the worst nostril are described in table 11.
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Table 11. Correlation between VNS and objective measures (AAR and PNIF) in healthy adults and adults with rhinitis (controlled and 

non-controlled). 

 Visual Numeric Scale (VNS) 

AAR 

Healthy 
group 
(n=52) 

Rhinitis 
group (n=156) 

Controlled Rhinitis 
group (n=41) 

Non-controlled rhinitis 
group (n=115) 

Global Global 
Right 
nostril 

Left 
nostril 

Global 
Right 
nostril 

Left 
nostril 

Global 
Right 
nostril 

Left 
nostril 

Flows150 (ml/s) r r r r r r r r r r 
Total Insp flow -0.049 -0.333$ -0.235 -0.297$ 0.077 0.066 0.000 -0.434$ -0.302 -0.349$ 
Insp flow worst nostril 0.022 -0.350$ 0.190 -0.391$ -0.080 -0.117 -0.110 -0.394$ -0.182 -0.430$ 
Total Exp flow 0.010 -0.271 -0.191 -0.261 0.175 0.133 0.063 -0.386$ -0.270 -0.321$ 
Exp flow worst nostril 0.034 -0.272 -0.120 -0.342$ 0.042 0.019 -0.024 -0.339$ -0.136 -0.402$ 
           

NAR150 (Pa/cm3/s) r r r r r r r r r r 
Total NARi 0.046 0.346$ 0.321$ 0.321$ 0.118 0.106 0.206 0.387$ 0.359$ 0.328$ 
NARi worst nostril 0.005 0.295$ 0.158 0.340$ 0.178 0.235 0.184 0.299$ 0.134 0.346$ 
Total NARe -0.008 0.324$ 0.283$ 0.333$ 0.118 0.104 0.246 0.360$ 0.315 0.335$ 
NARe worst nostril -0.003 0.329$ 0.127 0.431$ 0.168 0.208 0.302 0.338$ 0.083 0.431$ 
           

PNIF (L/min) 0.006 -0.218 -0.166 -0.246 -0.174 -0.136 -0.158 -0.202 -0.156 -0.243 

Bold variables - statistically significant (p<0.05); Bold and $ variables - statistically significant (p<0.001); r- Pearson’s coefficient; Worst nostril is defined as nostril with lower 

inspiratory basal flow. AAR- Active Anterior Rhinomanometry; PNIF- Peak Nasal Inspiratory Flow; VNS- Visual Numeric Scale; n- number of subjectsl;  Flows150- Flows at 

pressure of 150 pascal; Insp- Inspiratory; Exp- Expiratory; NAR150- Nasal Airway Resistance at pressure of 150 pascal; NARi- Inspiratory Nasal Airway Resistance; NARe- 

Expiratory Nasal Airway Resistance; ml- Millilitres; s-Second; Pa- Pascal; cm3- Cubic centimetre. Total Insp flow= Right Insp flow+Left Insp flow; Total Exp flow=Righ Exp 

flow+Left Exp flow; Total NARi=(Right NARi*Left NARi)/(Right NARi+Left NARi); Total NARe= (Right NARe*Left NARe)/(Right NARe+Left NARe)
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V. Discussion 

This chapter gives a critical view of the results and is divided in four main 

topics: 5.1) overall findings, this topic describe the main results of our study; 

5.2) mechanisms and comparison with literature, in this topic we compare 

our results with results from other studies; 5.3) strengths and limitations, this 

topic points out some limitations and strengths of the study and 5.4) future 

studies, future needs to improvement this study are describe in this topic. 

. 

 

 

 

 

 

 

 

 

 



70 
 

5.1. Overall findings 

In this study the mean and reference value (LLN) of total nasal inspiratory 

flow and mean (ULN) of total NARi measured by AAR, at a reference pressure 

of 150 Pa, in healthy adults is 960 (736) ml/s and 0.16 (0.20) Pa/cm3/s, 

respectively.  While the mean and reference value (LLN) of nasal inspiratory 

flow and mean (ULN) of NARi in the worst nostril, in healthy adults is 441 

(344) ml/s and 0.35 (0.44) Pa/cm3/s, respectively. 

After administration of nasal vasoconstrictor, the mean and reference value 

(ULN) for relative variation of total nasal inspiratory flow and mean (LLN) for 

relative variation of total NARi is +10 (+46)% and -7 (-30)%, respectively. In 

the worst nostril the mean and reference value (ULN) for relative variation of 

nasal inspiratory flow and mean (LLN) for NARi is +16 (+59)% and -11 (-

38)%. 

All the flows measured by AAR are significantly higher (p<0.001) in healthy 

individuals when compared with individuals with rhinitis. Moreover, the 

inspiratory flows are higher than expiratory flows in both groups. All the NAR 

measured by AAR are significantly lower (p<0.05) in healthy adults when 

compared with adults with rhinitis. Also, all the NARi are lower than NARe in 

both groups.  

The increase in nasal airflows and reductions in NAR after administration of 

nasal vasoconstrictor are significantly lower (p<0.05) in healthy adults than in 

adults with rhinitis, with exception of the relative variation of right NARe 

(p=0.512). 

There are significant differences in AAR parameters between healthy group 

and controlled and non-controlled rhinitis groups (p<0.001). However, when 

we compared controlled and non-controlled rhinitis groups, only significant 

differences were found in flows and NAR of the worst nostril. Post 

administration of vasoconstrictor test, the differences of relative variation in the 

three groups are more statistically significant in NAR values (p<0.001) than 

flows; and when we compare the adults with controlled and non-controlled 

rhinitis no statistically significant differences were found. 

To differentiate healthy adults from adults with rhinitis, any nasal parameter 

measured by AAR is sufficient. In this study, the use of nasal vasoconstrictor 



71 
 

  
 

 

test is not necessary. Even to distinguish adults with controlled and non-

controlled rhinitis, the decongestion test is not useful. 

The proportion of false-positives, considering the P5-P95 normal range, is 

lower in this study; only 8% and 6% of healthy adults have values of total 

inspiratory flow and total NARi, respectively, outside the normal range. In the 

worst nostril, only 8% of healthy adults have values of inspiratory flow and 

NARi outside the normal range. Considering the rhinitis groups, adults with 

controlled rhinitis have more proportion of false negatives than the other 

groups; the parameter with low number of false-negatives in all rhinitis groups 

was the inspiratory flow in the worst nostril, along with NARi of the worst 

nostril in non-controlled rhinitis group. Regarding to relative variations, the 

proportion of false-positives is also lower but there is a higher number of false-

negatives in the rhinitis groups. 

No strong correlations were found between the objective measures (AAR 

and PNIF) in healthy and rhinitis groups. The highest correlation is between 

PNIF and total inspiratory flow (r=0.520, p<0.001) in the rhinitis group. The 

correlations are similar post administration of nasal vasoconstrictor. The 

correlations between the subjective (VNS) and objective measure (PNIF) in 

healthy adults and adults with rhinitis (controlled and non-controlled) are weak. 

Also, the majority of correlations between AAR parameters and VNS are weak. 

In healthy adults and adults with controlled rhinitis no statistically significant 

correlations were found between the subjective and objective measures. 

5.2. Mechanisms and comparison with the 
literature  

This study was, , the first that addressed reference values of nasal function 

parameters, measured by AAR, in Portuguese adults, to the best of our 

knowledge. We analyzed nasal airflows and NAR, including the worst nostril, 

while most of the studies are only related to one parameter of nasal function, 

usually NAR.  

NAR is routinely expressed as the resistance determined at 150 Pa on the 

inspiratory component of the AAR (Clement & Gordts, 2005). Thus, similar to 

the evidence found, the total NARi in this study corresponds to the total NAR, 

that had a mean value (0.16 Pa/cm3/s) that is similar to previous studies. A 
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study by Ohki showed a mean NAR in Caucasians of 0.13 Pa/cm3/s (Ohki, 

Naito, & Cole, 1991). Another study in the German population showed a 

simlar mean value of total NAR of 0.18 Pa/cm3/s, at a reference pressure of 

150 Pa (Bermuller et al., 2008). Tompos et al. analyzed 82 subjects who 

underwent septoplasty and were considered with normal nasal patency. The 

mean value of total NAR was 0.17 Pa/cm3/s (Garai & Gerlinger, 2010). 

However, other studies reported higher values of total NAR. Merkle et al., 

made a systematic search for published trials listed in the databases from 1 

October 2012 to 30 March 2013. NAR data were gathered from 38 studies 

using AAR at a differential pressure of 150Pa to examine patients under 

congested and decongested mucosal conditions. In the meta-analysis overall 

values and RIs for normal total NAR in Caucasians, pre administration of nasal 

vasoconstrictor were 0.26 Pa/cm3/s (95%-RIs 0.13-0.38 Pa/cm3/s) (Merkle et 

al., 2014). Another study of healthy adults has showed a mean value of total 

NAR of 0.24 Pa/cm3/s ranged from 0.12 to 0.52 Pa/cm3/s at a reference 

pressure of 150Pa in Malay population (Suzina et al., 2003a). Table 12 describes 

published mean values and overall result of normal total NAR and RIs in 

healthy subjects. Studies that did not present exact mean values or it was 

unclear whether the subjects were healthy or only correlation values were given 

or they applied another measuring methods were not included. 

Table 12. Published mean values and overall result of normal total NAR and RIs. 

Published mean values were measured using AAR at a pressure of 150 Pa in all healthy 

subjects pre administration of nasal vasoconstrictor, with both genders combined. 

(adapted from (Merkle et al., 2014)) 

Author n 
Age 
(years) 

Country 
Total NAR 
(Pa/cm3/s) 

Range total 
NAR 
(Pa/cm3/s) 

Gonçalves  et al., 2017 52 18-76 Portugal 0.16 0.12-0.20 

Bermuller et al., 2008(Bermuller et 
al., 2008) 

40 18-60 Germany 0.18 0.08-0.28 

Braat et al. (2000)(Braat et al., 
2000) 

15 16-65 Netherlands 0.24 0.06-0.42 

Gilbert et al. 1987(Gilbert & 
Rosenwasser, 1987) 

16 18-34 U.S.A 0.32 0.14-0.50 

Holmstrom et al 1990(Holmstrom 
et al., 1990) 

22 - England 0.30 0.26-0.34 
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Jalowayski et al. 1983(Jalowayski et 
al., 1983) 

20 21-43 California 0.25 0.15-0.35 

Janosevic et al 2009 (Janosevic et 
al., 2009) 

108 20-45 Serbia 0.18 0.06-0.30 

Jones et al. 1987(Jones et al., 1987) 15 21-40 England 0.37 0.21-0.53 

Kim et al. 2012 (Kim et al., 2012) 2538 20-80 Korean 0.22 0.04-0.40 

Morris et al. 1992 (Morris et al., 
1992) 

76 18-71 Wales 0.23 0.21-0.25 

Ohki et al. 1991(Ohki et al., 1991) 43 16-28 Canada 0.13 - 

Shaida et al. 2000(Shaida & 
Kenyon, 2000) 

10 22-50 England 0.25 0.07-0.43 

Shailendra et al. 2012(Gupta et al., 
2012) 

93 16-40 India 0.21 0.14-0.34 

Suzina et al 2003 (Suzina et al., 
2003b) 

88 > 17 Malaysia 0.24 0.10-0.38 

Suzina et al 2003(Suzina et al., 
2003a) 

85 > 17 Malaysia 0.24 0.10-0.38 

NAR- Nasal Airway Resistance; Pa- Pascal, cm3- Cubic centimetre, s- Second, n- total number of 

participants 

We found one Iranian study that analyses more specifically the NAR 

considering left and right NARi and NARe. Our normal values are lower than 

this study. The mean values of total NARi in a study of Iranian healthy adults 

was 0.38 Pa/cm3/s and total NARe 0.41 Pa/cm3/s at 150 Pa pressure point. 

NARi in right and left were respectively 0.88 Pa/cm3/s and 0.90 Pa/cm3/s at 

150 Pa pressure point. Also NARe in right and left were respectively 0.95 

Pa/cm3/s and 0.95 Pa/cm3/s at 150 Pa pressure point (Mohebbi et al., 2011). 

A study in adults Malays reported values for right and left NAR of 0.53 

Pa/cm3/s and 0.39 Pa/cm3/s, respectively (Suzina et al., 2003a). These results 

are also higher than our study but similar in the left nostril (0.32 Pa/cm3/s in 

our study). 

Similar to previous studies, in our study the mean total NAR and NAR in 

right and left side were greater in expiration than inspiration. The cause of 

difference in NAR between inspiration and expiration is the effect of nasal 

turbinates in diminishing NAR that is differs in inspiration and expiration 

(Mohebbi et al., 2011; Shelton et al., 1992). 
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The differences found between mean NAR studied in various countries 

could be due to differences in race and can probably be explained because of 

anatomical differences among subjects. Moreover, the sample size in these 

studies varied between 10 and 2538 subjects, with some studies including 

adolescents and applying dubious methods (e.g. considering subjects who 

underwent septoplasty as healthy subjects), that may adulterate the results.   

Considering nasal airflows, fewer studies describe reference ranges at a 

pressure of 150 Pa. Table 13 shows the range of flow values for unilateral and 

total nasal airflow that correspond to nasal obstruction symptoms (Vogt & 

Jalowayski, 2010; Pallanche et al., 2012). 

Table 13. The range of flow values (at 150 Pa) for unilateral and total nasal airways 

that corresponds on average to each degree of symptoms of nasal obstruction. 

Degree of nasal 

obstruction 

Unilateral Flow  

(ml/s) (at 150 Pa) 

Total Flow  

(ml/s) (at 150 Pa) 

No obstruction >500 >800 
Slight obstruction 300-500 500-800 
Moderate obstruction 180-300 300-500 
Severe obstruction 60-180 100-300 
Airway closed <60 <100 

ml – Millilitre; s- Second; Pa- Pascal 

In our study the mean values for unilateral and total flows are similar to 

these ones. However, in our study, the flows in the worst nostril of healthy 

individuals are lower than these values. Thus, the study of the worst nostril 

should be considered in all studies. There is no evidence of AAR studies that 

look at the worst nostril in healthy adults. A study in adults with moderate to 

severe persistent AR, the mean basal total inspiratory flow value was 451 ml/s 

(Ciprandi et al., 2008), lower than we found in our study in adults with non-

controlled rhinitis (650 ml/s). This difference could be justified by the severity 

of symptoms, that we didn’t assess. 

We also assess the nasal measurements post administration of nasal 

vasoconstrictor. In this study, like some of previous study, there is a decrease in 

NAR post application of nasal vasoconstrictor test. In other study, all 

resistances in inspiration and expiration significantly decreased, post use of 

decongestant (Mohebbi et al., 2011). Cole at al. found that the decongestant 

reduced mean resistances of the untreated combined nasal cavities by 

approximately 33% (Cole, 1997). Other study that compared healthy subjects 

with subjects with anatomic abnormalities shows a decrease in left NARi and 
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NARe in both groups post administration of nasal vasoconstrictor; Left NARi 

and NARe in healthy subjects was 0.37 Pa/cm3/s and 0.39 Pa/cm3/s 

respectively, post vasoconstrictor was 0.3 Pa/cm3/s and 0.26 Pa/cm3/s. The 

same in the other group, left NARi and NARe was 0.45 Pa/cm3/s and 0.5 

Pa/cm3/s, respectively, post vasoconstrictor was 0.18 Pa/cm3/s and 0.3 

Pa/cm3/s (Szucs et al., 1995). Our total NAR mean value, post administration 

of nasal vasoconstrictor is similar to other European reports. Table 14, 

describes mean values and overall result of normal total NAR and RIs. 

Table 14. Published mean values and overall result of normal total NAR and RIs. 

Published mean values were measured using AAR at a pressure of 150 Pa in all healthy 

subjects post administration of nasal vasoconstrictor, with both genders combined. 

(adapted from (Merkle et al., 2014)). 

Author n 
Age 
(years) 

Country 
Total NAR 
(Pa/cm3/s) 

Range total 
NAR 
(Pa/cm3/s) 

Gonçalves et al., 2017 52 18-76 Portugal 0.15 0.11-0.22 

Canbay et al., 

1997(Canbay et al, 

1997) 

42 18-38 England (Caucasian) 0.18 0.10-0.26 

Canbay et al., 

1997(Canbay et al., 

1997) 

32 19-35 England (Black) 0.14 0.10-0.18 

Jalowayski et al., 

1983(Jalowayski et al., 

1983) 

20 21-43 California 0.21 0.11-0.31 

Shaida et al., 

2000(Shaida & Kenyon, 

2000) 

10 22-50 England 0.18 0.08-0.28 

NAR- Nasal Airway Resistance; Pa- Pascal, cm3- Cubic centimetre, s- Second, n- total 

number of participants 

The relative variation of NAR values, post administration of nasal 

vasoconstrictor, is not discussed in the studies. Regarding nasal airflows, a study 

in adolescents considered a change >120 ml/s in the nasal flow, post 

decongestion test, clinically relevant (Marseglia et al., 2009), a cut-off similar 

than we found in our study in the total flows (mean of 100 ml/s). In a 

previously mentioned study in adults with moderate to severe persistent AR, 

the mean total inspiratory flow, on average, increased to 733 ml/s. The mean 

percentage of nasal airflow improvement post decongestion test was 74% 

(Ciprandi et al., 2008). In other study with 123 subjects, the median variation of 

total nasal inspiratory airflow was 56 (35-80)% in patients with AAR, with mild 

inflammation. This study also defined that an increase of total nasal airflow > 
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35% after decongestion test allows to identify responders (Ciprandi et al., 

2007); in our study, in adults with rhinitis the mean value was 41% and in non-

controlled rhinitis the mean value was 48%. These differences between the 

studies could be, also, justified by the severity of symptoms that we didn’t 

assess.  

We tried to develop reference equations for total AAR parameters with age, 

height, weight, BMI, BSA and gender as independent variables, but the 

resulting models were not consistent, perhaps because of the small number of 

healthy adults (data not shown). A study in Malay adults revealed that height 

was associated with a significant difference in total NAR (at 150 Pa pressure 

point) in healthy adults. Taller patients tend to have a lower total NAR (Suzina 

et al., 2003a). Previous study of Virkkula et al. noted that obesity or age does 

not explain the difference in means of total NAR in their study (Virkkula et al., 

2003). Dessi et al. found that age and weight had no influence on results (Dessi 

et al., 1994). A study from 2012 shows that nasal patency has been shown to 

differ according to gender (Moore & Eccles, 2012). Broms also found an 

association between nasal patency and height (Broms et al., 1982). However, 

other study excluded gender and reported that factors such as age and gender 

do not have a statistically significant impact on NAR in the asymptomatic 

subjects (Cazzoletti et al., 2015).   

Some studies used AAR data to evaluate NAR outcomes of medical or 

surgical treatment in patients with nasal disease. However, few studies have 

compared the AAR results of patients with nasal disease with normal controls 

(Suzina et al., 2003b). In this study, the total NAR in the rhinitis group was 

significantly higher than in healthy group. A cross-sectional study of 200 adults 

also compared healthy subjects with subjects with rhinitis and report that the 

total NAR in the nasal disease subjects’ group was significantly higher than in 

the healthy subjects group (Suzina et al., 2003b). Jones et al. also found a 

significant difference in the mean NAR between normal subjects and patients 

suffering from allergic or vasomotor rhinitis (Jones et al., 1987).  Chaudry et al. 

found that the mean total NAR in their patients with anterior nasal obstruction 

was higher than the mean total value of 0.33.Pa/cm3/s, which was the value 

reported by Shelton and Eiser for healthy subjects (Chaudry et al., 1996; 

Shelton et al., 1992) Jalowayski et al. found a significant difference between 

healthy subjects and patients with nasal obstruction selected for nasal surgery 

(Jalowayski et al., 1983). On the other hand, there is also evidence that there is 
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no statistical difference in NAR between the control group and patients with 

AR (Wang et al., 1995). 

We showed that some adults with rhinitis had no important symptoms and 

are controlled in the 4 weeks prior to the test. Thus, we compared the total 

flows and total NAR including the worst nostril, in 3 groups: healthy adults, 

adults with controlled rhinitis and adults with non-controlled rhinitis and the 

differences between the AAR parameters remain statistically significant. Then, 

we compared only adults with controlled and non-controlled rhinitis and 

statistically significant differences were shown in flows and NAR of the worst 

nostril. This suggests that the total flows and total NAR aren´t adequate to 

differentiate controlled from non-controlled rhinitis. These results agree with 

the study of Suzina et al., that found no significant difference (p=.0.73) in the 

mean total NAR, in patients with nasal disease with symptoms and without 

symptoms (Suzina et al., 2003b). We also did the same procedures but for 

relative variation of the previous parameters, post administration of nasal 

vasoconstrictor and statistically significant differences (p<0.001) were found in 

the parameters related to NAR, but not in all related to flows. This fact suggests 

that relative variation in NAR is better to distinguish the three groups. When 

we compared just adults with controlled and non-controlled rhinitis no 

statistically differences in relative variation were found. 

We chose to define the LLN (P5) and ULN (P75) as reference values for 

flows and NAR, measured by ARR, due to the lower number of healthy adults. 

Thus, we used these limits and not the 95% confidence intervals to determine 

the proportion of false-positives and false-negatives in total flows and total 

NAR, including the worst nostril. The use of the LLN to detect an abnormality 

rather than a fixed cutoff has been recommended in other lung function tests, 

such as spirometry (Brazzale et al., 2016). There is a low proportion of false-

positives in healthy group; the parameter with the lowest number of false-

positives in this group was total NARe (4%). In the rhinitis groups, the adults 

with controlled rhinitis had the highest proportion of false-negatives. The 

parameter with the lowest proportion of false-negatives in all rhinitis groups 

was the inspiratory flow in the worst nostril, along with NARi in the worst 

nostril in non-controlled rhinitis. Post administration of nasal vasoconstrictor, 

the proportion of false positive related to relative variation of the previous 

parameters remains lower. However, the proportion of false-negatives is much 

higher than the false-negatives of basal assessment. This reinforces the fact that 
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AAR is enough to distinguish healthy adults from adults with rhinitis. No study 

related to AAR reference values addressed LLN and ULN. 

We applied one subjective and two objective measures to assess nasal 

obstruction. The correlations between these measures were generally weak and 

moderate. The correlation between all AAR parameters and PNIF, in the 

rhinitis group, was statistically significant; in the healthy group, not all the 

correlations were significant. The highest correlation was between PNIF and 

total inspiratory flow in both groups, pre and post administration of nasal 

vasoconstrictor. Clarke and Jones in 1994 did not find an association between 

PNIF and AAR (Clarke & Jones 1994), however more than one study in 

literature showed a good correlation (moderate to strong) between these two 

methods both in healthy and obstructed patients (Yepes-Nuñez et al., 2013; 

Holmstrom et al., 1990; Whil et al., 1988). 

The correlation between objective and subjective evaluation is more 

controversial.  In our study, all the correlations between PNIF and VNS were 

weak. However, a study has demonstrated a significant correlation between 

subjective nasal obstruction and PNIF values (Morrisey et al. 1990). In the 

healthy and controlled rhinitis groups no significant correlations were found 

between the objective measures and VNS.  In the rhinitis group, the 

correlations were higher. The highest correlation was between total inspiratory 

flow and global VNS in non-controlled rhinitis group (r=-0.434, p<0.001). 

These results are similar to a recent study that report significant correlation 

between visual analogue scale (VAS) and AAR (Hirschberg & Rezek, 1998). 

Other studies also found mild but significant correlation between total NAR 

and nasal obstruction symptoms (Sipila et al., 1995; Numminem et al., 2003; Ng 

et al., 2013). In the other hand, a significant correlation was discovered between 

the VAS score and the NAR, but not in total NAR (Hsu, 2016). Another study 

in subjects with nasal obstruction shows that there is no significant correlation 

between AAR, and VAS (Lara-sánchez et al., 2017). Roithmannet.al. also found 

that the symptom of nasal obstruction correlated poorly with the results of 

objective testing (Roithmannet et al. 1994). In a study involving 250 volunteers, 

Jones et al. did not found an association between the subjective sensation of 

nasal obstruction and AAR (Jones et al., 1989). Various authors, in fact, found 

no correlation between subjective and objective nasal assessment (Lam, 2006; 

Yepes-Nuñez et al., 2013; Cole et al., 1989). In our study, the correlation 

between subjective and objective measures, in healthy group, is weak and non-

significant. These results are similar to a systematic review by Andre and 
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colleagues comparing subjective and objective nasal airflow measures. They 

found that when a sensation of obstruction is present, this is more likely to 

correlate with objective tests than in the absence of symptoms.  They 

concluded that the chance of a correlation is greater when obstructive 

symptoms are present (André et al., 2009).  

A fact that can explain the weak correlation found in our study is because 

the nasal valve region primarily determines nasal resistance, whereas the 

sensation of nasal obstruction may be related to congestion in other areas of 

the upper airway, such as the ethmoid region (Nathan et al., 2005). Other 

explanation is probably because most of those asymptomatic patients could 

only notice their sensation of nasal blockage during AAR assessment when they 

were required to breathe through one nasal cavity while occluding the other 

side. Moreover, another explanation for the lack of association is that a 

patient’s perception of nasal obstruction may depend on factors beyond the 

physical caliber of the nose. For example, patients with an objectively 

measured, fixed, longstanding nasal obstruction may become desensitized to 

the severity of obstruction over time and rate themselves as having no problem 

with nasal obstruction. Thus, the AAR and subjective scales are useful tools to 

be used together for the follow up of patients with nasal obstruction, once each 

of the techniques assess different aspects of nasal obstruction making them 

complementary.   

5.3. Strengths and limitations 

A major limitation of this study is the convenience sampling with a low 

number of controls; only fifty two healthy Portuguese adults were included,. 

Other limitation is the fact of not all adults in the rhinitis group had a medical 

diagnosis of rhinitis. However, we ensured that the subjects without a medical 

diagnosis of rhinitis had positive tests for atopy and/ or nasal symptoms during 

two or more consecutive days for more than one hour on most days in the past 

year. This study also has several strengths. This is the first study in Portugal 

related to reference values of nasal function parameters, measured by AAR, in 

adults, and the first using LLN and ULN values and considering the worst 

nostril. Moreover, is also the first study in Portugal related to changes of nasal 

functions parameters, measured by AAR, after administration of nasal 

vasoconstrictor. This study also compares the AAR results of adults with 

rhinitis with healthy controls; only few and limited studies have done this. This 
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study also provides preliminary results of all nasal function parameters, 

measured by AAR; in most of other studies only one parameter (usually NAR) 

is analyzed. 

5.4. Future studies 

Children are rarely considered in AAR studies, and more studies that more 

strongly differentiate the demographic variables in AAR measurements are 

needed in the future. Thus, we suggest a prospective study, to include a 

representative sample of children and a higher number of subjects, allowing for 

a more robust statistical analysis. In our study, we decided to assess the worst 

nostril, defined as the nostril with lower basal inspiratory flow, because it’s 

physiologically the most interesting. In the future, it would also be important to 

assess the flows and NAR in the nostril with greater variation post 

administration of nasal vasoconstrictor. In addition, it would be interesting to 

include individuals with structural nasal changes to study the differences in 

response to therapy. 
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VI. Conclusion 

This study presents the mean and reference values of all nasal function 

parameters, measured by AAR, in healthy Portuguese adults, to the best of our 

knowledge for the first time for a Portuguese population.  

The mean (LLN) of total nasal inspiratory and the mean (ULN) of total 

NARi, measured by AAR, at a reference pressure of 150 Pa, in healthy adults is 

960 (736) ml/s and 0.16 (0.20) Pa/cm3/s, respectively.  

After administration of nasal vasoconstrictor the mean and reference value 

(ULN) for relative variation of total nasal inspiratory flow and mean (LLN) for 

relative variation of total NARi is +10 (+46)% and -7 (-30)%, respectively.  

Any nasal parameter, measured by AAR is enough to distinguish healthy 

adults from adults with rhinitis. The decongestion test does not seem to be 

useful to differentiate adults with controlled and non-controlled rhinitis. 

No strong correlations were found between the objective and subjective 

measures; in healthy subjects, no correlation was significant. Thus, subjective 

measurements don’t seem to be an adequate or complete replacement for 

objective measurements. They are useful tools to be used together for the 

follow up of patients with nasal obstruction, once each of the measurements 

assess different aspects of nasal obstruction making them complementary.   
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Appendix 6  
Table 15. Distribution of AAR parameters in healthy adults and adults with rhinitis. 

AAR Healthy group (n=52) Rhinitis group (n=156) p-value 

Flows150 (mL/s) Mean (LB-UB) P5 (LLN) Mean (LB-UB) P5 (LLN)  

Total Insp flow 960 (914;1006) 736 666 (628; 704) 199 <0.001 

Right Insp flow 479 (450; 508) 350 333 (308; 359) 82 <0.001 

Left Insp flow 481 (456; 506) 366 333 (306; 360) 35 <0.001 

Total Exp flow 845 (801; 889) 644 570 (537; 602) 160 <0.001 

Right Exp flow 418 (393; 443) 293 283 (262; 305) 60 <0.001 

Left Exp flow 427 (400; 454) 298 286 (263; 310) 44 <0.001 
      

NAR150 (Pa/cm3/s)  Mean (LB;UB) P95 (ULN) Mean (LB;UB) P95 (ULN)  

Total NARi 0.16 (0.15; 0.17) 0.20 0.28 (0.24; 0.31) 0.76 <0.001 

Right NARi 0.33 (0.31; 0.34) 0.43 0.67 (0.55; 0.79) 1.84 0.001 

Left NARi 0.32 (0.31; 0.34) 0.41 0.70 (0.56; 0.85) 2.27 0.003 

Total NARe 0.18 (0.17; 0.19) 0.23 0.34 (0.29; 0.38) 0.94 <0.001 

Right NARe 0.37 (0.35; 0.40) 0.51 0.74 (0.64; 0.85) 2.39 <0.001 

Left NARe 0.37 (0.35; 0.39) 0.50 0.87 (0.72; 1.01) 3.46 <0.001 

 AAR- Active Anterior Rhinomanometry; n- Number of subjects; P5- Percentile 5; P95- Percentile 

95; LB- Lower Bound of the confidence interval at 95%; UB- Upper Bound of the confidence 

interval at 95%; ml- Milliliters; s- Second; Pa- Pascal; Insp- Inspiratory; Exp- Expiratory; NAR150- 

Nasal Airway Resistance at pressure of 150 Pa; NARi- Inspiratory Nasal Airway Resistance; NARe- 

Expiratory Nasal Airway Resistance; Flows150- Flows at pressure of 150 Pa; Total Insp flow= 

Right Insp flow + Left Insp flow; Total Exp flow= Righ Exp flow + Left Exp flow; Total NARi= 

(Right NARi * Left NARi)/(Right NARi + Left NARi); Total NARe= (Right NARe * Left 

NARe)/(Right NARe + Left NARe). 
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Appendix 7 
Table 16. Absolute and relative variation in AAR parameters, after administration of 

nasal vasoconstrictor, in healthy adults and adults with rhinitis. 

AAR Healthy group (n=52) Rhinitis group (n=156) p-value 

Flows150 (∆ & ∆%) Mean (LB-UB) P95 (ULN) Mean (LB-UB) P95 (ULN)  

∆ Total Insp flow 95 (53; 136) 440 193 (161; 225) 558 <0.001 
∆% Total Insp flow +10 (6;15) + 46% +41 (31; 52) + 138% 0.001 
∆ Right Insp flow 43 (18; 67) 214 93 (69; 118) 299 0.004 
∆% Right Insp flow +10 (5; 15) + 54% +44 (30; 57) + 220% 0.005 
∆ Left Insp flow 52 (28; 76) 240 101 (82; 120) 329 0.007 
∆% Left Insp flow +12 (6; 17) + 58% +87 (28; 147) + 288% 0.013 
∆ Total Exp flow 91 (55; 126) 360 184 (159; 210) 503 <0.001 
∆% Total Exp flow +12 (7;16) + 47% +46 (33;59) + 125% 0.027 
∆ Right Exp flow 46 (23; 69) 198 81 (64; 99) 270 0.017 
∆% Right Exp flow +13 (7; 19) + 53% +56 (26; 86) + 167% 0.006 
∆ Left Exp flow 52 (28; 76) 240 101 (82; 120) 329 0.007 
∆% Left Exp flow +12 (6; 18) + 61% +74 (55; 94) + 343% <0.001 

      

NAR150 (∆ & ∆%)  Mean (LB;UB) P5 (LLN) Mean (LB;UB) P5 (LLN)  

∆ Total NARi -0.01(-0.02; -0.01) -0.05 -0.08(-0.11; -0.06) -0.41 0.004 

∆% Total NARi -7 (-11; -4) -30% -22 (-25; -18) -57% <0.001 

∆ Right NARi -0.02(-0.04; -0.01) -0.13 -0.23(-0.32; -0.13) -0.98 0.015 

∆% Right NARi -6 (-11; -2) -34% -20 (-24; -15) -70% 0.001 

∆ Left NARi -0.03(-0.04; -0.01) -0.14 -0.28(-0.39; -0.17) -1.32 0.008 

∆% Left NARi -8 (-12; -3) -36% -24 (-29; -20) -72% <0.001 

∆ Total NARe -0.02(-0.02; -0.01) -0.07 -0.12(-0.16; -0.08) -0.63 0.004 

∆% Total NARe -9 (-12; -5) -32% -24 (-27; -20) -59% <0.001 

∆ Right NARe -0.03(-0.04; -0.01) -0.14 -0.28(-0.39; -0.17) -1.32 0.008 

∆% Right NARe -8 (-13; -3) -35% -13 (-27; 1) -65% 0.512 

∆ Left NARe -0.04(-0.05; -0.02) -0.18 -0.41(-0.53; -0.28) -2.39 0.001 

∆% Left NARe -8 (-13; -4) -38% -28 (-32; -24) -77% <0.001 

%∆- Relative variation, calculated as ((variable post vasoconstrictor – variable pre-vasoconstrictor)/variable 

pre-vasoconstrictor)*100; ∆- Absolute variation, calculated as (variable pos vasoconstrictor-variable pre 

vasoconstrictor); AAR- Active Anterior Rhinomanometry; n- Number of subjects; P5- Percentile 5; P95- 

Percentile 95; LB- Lower Bound of the confidence interval at 95%; UB- Upper Bound of the confidence 

interval at 95%; ml- Milliliters; s- Second; Pa- Pascal; Insp- Inspiratory; Exp- Expiratory; NAR150- Nasal 

Airway Resistance at pressure of 150 Pa; NARi- Inspiratory Nasal Airway Resistance; NARe- Expiratory 

Nasal Airway Resistance; Flows150- Flows at pressure of 150 Pa; Total Insp flow= Right Insp flow + Left 

Insp flow; Total Exp flow= Righ Exp flow + Left Exp flow; Total NARi= (Right NARi * Left NARi)/(Right 

NARi + Left NARi); Total NARe= (Right NARe * Left NARe)/(Right NARe + Left NARe). 
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Appendix 8 
Table 17. Correlation between the two objective measures: AAR and PNIF, pre and 

post administration of nasal vasoconstrictor in healthy adults and adults with rhinitis. 

Bold variables - statistically significant (p<0.05); Bold and $ variables - 

statistically significant (p<0.001) r- Pearson’s coefficient; n- Number of subjects; 

AAR- Active Anterior Rhinomanometry; PNIF- Peak Nasal Inspiratory Flow; 

ml- Milliliters; s- Second; L- Liters; min- Minute; Pa- Pascal; cm3- Cubic 

centimetres; Insp- Inspiratory; Exp- Expiratory; NAR150- Nasal Airway 

Resistance at pressure of 150 Pa; NARi- Inspiratory Nasal Airway Resistance; 

NARe- Expiratory Nasal Airway Resistance; Total Insp flow= Right Insp flow + 

Left Insp flow; Total Exp flow= Righ Exp flow + Left Exp flow; Total NARi= 

(Right NARi * Left NARi)/(Right NARi + Left NARi); Total NARe= (Right 

NARe * Left NARe)/(Right NARe + Left NARe). 

 

 

 PNIF (L/min) 

 

AAR 

 

Pre-vasoconstricor Post-vasoconstrictor 

Healthy 

group 

(n=52) 

Rhinitis 

group 

(n=156) 

Healthy 

group 

(n=52) 

Rhinitis 

group 

(n=156) 

Flows150 (ml/s) r r r r 

Total Insp flow 0.435 0.520$ 0.462 0.544$ 

Right Insp flow 0.416 0.317$ 0.417 0.346$ 

Left Insp flow 0.320 0.417$ 0.294 0.452$ 

Total Exp flow 0.297 0.509$ 0.312 0.506$ 

Right Exp flow 0.348 0.330$ 0.376 0.425$ 

Left Exp flow 0.161 0.413$ 0.179 0.453$ 
     

NAR 150 (Pa/cm3/s) r r r r 

Total NARi -0.430 -0.494$ -0.373 -0.416$ 

Right NARi -0.391 -0.334$ -0.373 -0.361$ 

Left NARi -0.349 -0.336$ -0.307 -0.342$ 

Total NARe -0.300 -0.459$ -0.279 -0.410$ 

Right NARe -0.309 -0.389$ -0.256 -0.256 

Left NARe -0.215 -0.403$ -0.218 -0.306$ 


