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The value of posterior rhinomanometry in evaluating 
patients with snoring and obstructive sleep apnea 
syndrome

ORIGINAL STUDY 

INTRODUCTION

The most frequent and common respiratory sleep 
pathology encountered in medical practice is snoring 
associated or not with obstructive sleep apnea syn-
drome (OSAS). Obstructive sleep apnea is character-
ized by repetitive, partial or complete obstruction of 
the upper airway during sleep despite simultaneous 
respiratory effort, resulting in episodic hypoxemia and 
arousal. Respiratory disorders during sleep are very 
common in the general population and they are esti-
mated to affect approximately 4% of men and 2% of 
women in the middle-aged workforce and laboratory 
investigations in sleepiness potentially increase day by 
day.

It is well known that nasal breathing is the physio-
logical one and that the nasal passages, by their com-
plex structure and rich vascular, lymphatic, glandular 
and nervous formations, fulfil a very important physi-
ological role. The calibre of the nasal passages, by 
their architectonic and morphofunctional integrity of 
the mucosa, help regulate the respiratory airflow, 
through its vascular-erectile function. The nasal mu-
cosa, due to its morphological structure, ensures the 
inspired air conditioning function by the following 
three processes: heating, moistening and filtering.        
The ENT changes responsible for upper airway ob-
struction can be represented by nasal pathology, with 
or without oral and hypopharyngeal pathology. Multi-
level obstruction is often present in snoring and ob-
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structive sleep apnea. As the nose is the first anatomi-
cal boundary of the upper airway, nasal obstruction 
may contribute to sleep-disordered breathing1.

The most commonly encountered nasal patholo-
gies associated with nasal obstruction are: nasal sep-
tum deviation, chronic hypertrophic rhinitis, nasal 
polyposis, adenoids, sinusochoanal polyps, etc. The 
sinonasal disorders can be accompanied by tonsillar 
hypertrophy, hypertrophy of the tongue base, soft 
palate hypertrophy, narrowing of the hypopharynx, 
epiglottis malformations, tumors and inflammatory 
laryngeal pathology. 

Nocturnal polysomnography is considered to be 
the gold standard for diagnosing the patients with 
sleep apnea. It offers data related to the analysis of 
sleep stages, ventilation, identification of respiratory 
events and their consequences on heart rhythm and 
oxygen saturation. Based on the polysomnography, 
the diagnosis of obstructive sleep apnea syndrome 
(OSAS) is certified or not.

The literature shows a correlation between nasal re-
sistance in the supine position and chronic snoring2. 
Also, there are epidemiological studies showing that 
allergic rhinitis affects 9-42% of the population3. 

The nasal obstruction can be diagnosed with pos-
terior rhinomanometry in the awake. Many studies 
show that, in the awake state, nasal obstruction is an 
independent risk factor for OSAS4. These results have 
been contradicted by other studies, which found dif-
ferences between apnea and snoring patients with na-
sal resistance5.

A similar study measuring supine nasal resistance 
failed to find any correlation with sleep disturbance 
indices. However, the study did not include patients 
with significant nasal obstruction, while all measure-
ments were done in non-physiological conditions, 
with patients having their mouth taped throughout 
the night to prevent oral breathing6.

In this study, we present the Romanian experience 
in evaluating patients with sleep apnea. We wanted to 
evaluate the value of posterior rhinomanometry in di-
agnosing patients with SRBD and also, to show that 
rhinomanometry associated with polysomnographic 
and other clinical investigations are very important in 
evaluating these patients. The flexible pharyngoscopy 
as investigation is essential to specify the location of 
the obstruction of the upper airway, especially in cases 
where the therapeutic attitude involves a surgical pro-
cedure.

MATERIAL AND METHODS

We performed a retrospective observational study 
during a three-year period, from 2009 to 2012. The 
study included a number of 110 patients, evaluated in 

Tirgu Mures, at Galenus Medical Center. All subjects 
underwent polysomnographic investigations for di-
agnosing the obstructive sleep apnea, and only those 
with chronic snoring and obstructive sleep apnea syn-
drome have been selected.

Further, in the study were included patients who 
accomplished the following criteria: they all had per-
sonal data, a complete ENT clinical examination, rhi-
nomanometry evaluation, all associated with polysom-
nographic investigations. The changes in the upper 
respiratory tract were assessed by rhino-laryngoscopy 
examination, with particular emphasis on nasal en-
doscopy, and the results were recorded in the ENT 
examination form. 

From the anamnesis point of view, we were inter-
ested in the presence or absence of allergies or nasal 
breathing disorders. The clinical evaluation focussed 
on nasal, oro- and hypopharynx anomalies, such as: 
nasal septum deviation, concha bullosa, inferior turbi-
nate hyperplasia, nasal polyps, nasal pyramid changes, 
nasal valve insufficiency; hypertrophy of the tonsils 
and the base tongue; the uvula, aryepiglottic fold and 
ventricular bands changes; the soft palate mobility in 
‘A’ phonation, the epiglottis form, and also on the 
mouth opening. 

The polysomnography was performed during a 
period of 6 hours of physiological sleep, not drug-in-
duced sleep. The results have been summarized in the 
following parameters: apnea - hypopnea index (AHI), 
oxygen saturation, the number of oxygen desatura-
tions and their degree (ODI), the number of night-
time events (RDI), total sleeping time (TST), sleep 
efficiency, the number of snoring and the position in 
which they occur, as well as the sleep stages. 

Rhinomanometry was performed using the poste-
rior rhinomanometry program for the evaluation of 
the nasal resistance. 

Endoscopic evaluation of patients, flexible or rigid, 
was performed during wakefulness and flexible vid-
eopharyngoscopy was performed during sleep. By 
flexible pharyngoscopy we identified the anatomi-
cal changes in the pharyngeal wall collapse, in the 
epiglottis, in the retrovelar, retrolingual and retroepi-
glottic space. The evaluation was completed using the 
Mueller maneuver. Selectively, flexible videopharyn-
goscopy was performed during drug-induced sleep 
with Propofol 0.5 mg/kg body - 2 mg/kg body – the 
drug-induced sleep endoscopy (DISE).

The study population was divided according to 
OSAS severity into four groups: AHI <10 corresponds 
to chronic snoring, 10 <AHI <30 mild OSAS, 30 <AHI 
<50 moderate OSAS, and AHI> 50 defines severe 
OSAS.

The data were processed in Excel 2007 and the sta-
tistical analysis was performed using the MedCalc pro-
gram, designed for statistics in biomedical research. 
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Frequency tables were used to obtain numerical data 
and percentages. For the univariate analysis of data 
we used the χ2 test (dichotomous variables). The dif-
ferences were considered as having statistical signifi-
cance when the value of the p parameter was less than 
0.05. The graphical representation was performed us-
ing the dispersion diagram (scatter) which, through 
orientation and dispersion of point clouds, provides 
an image of the relationship between two variables. 
Sheer descriptive statistical parameters were calcu-
lated for all variables that we considered useful: the 
medium average, the lowest and highest value for nu-
meric variables, standard deviation (SD), the median, 
95% confidence index (IC 95%).

RESULTS

From the total 110 patients that were initially un-
der study, 79 patients were excluded for lack of infor-

mation. Thus, in the study group remained a total of 
31 patients, aged 24 - 63 years. The gender distribu-
tion revealed a predominance of male patients (27, 
representing 87.1%) versus female patients (n=4), 
resulting a statistically significant difference in gen-
der distribution (p-value = 0.0001). The demographic 
characteristics of the study subjects are (arithmetic 
average ± standard deviation): average age 46.09 ± 
10.91 years, average height 177.58 ± 10.02 cm, aver-
age weight 98.45 ± 17.74 kg, BMI (body mass index) 
31.20 ± 5.09 kg / m2. Regarding the distribution by 
age, there was a perfect correlation between age 
and the frequency of obstructive respiratory pathol-
ogy (snoring and obstructive sleep apnea), with a 
p<0.0001 (Chart 1). 

The average height of the patients was 177.58 cm, 
with a significant correlation (p <0.0001) between 
height and sleep respiratory pathology (Chart 2). 
With an average body weight of 98.45 ± 17.74 kg and 
a p-value < 0.0001, there is a significant influence of 
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Chart 1    Correlation between age and the frequency of snoring and obstructive sleep apnea

Chart 2    Correlation between patients’ height and the frequency of snoring and obstructive sleep apnea
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weight on the frequency of snoring and apnea events 
(Chart 3).

The AHI mean value was of 21.95. Analysing the 
snoring flags and the AHI value, we encountered a 
significant correlation between these two parameters 
(p<0.0001). Most patients with sleep breathing disor-
ders presented a chronic snoring and mild apnea. Few 
were the patients with severe OSAS, which made use-
ful the ENT doctor involvement in the treatment of 
the sleep respiratory pathology (Chart 4).

The average value of the measured sleeping time 
was 6.10 ± 1.26 hours. In one patient (3.22%) we 
have found the total sleeping time under 3 hours, in 
3 patients (9.67%) between 4-5 hours, in 4 patients 
(12.90%) between 5-6 hours. The rest of the patients 

were within the normal values   of the sleeping time. 
This shows a good adaptability of the patients to the 
somnology lab conditions (Chart 5).

Through nasal endoscopy was demonstrated that 
the most common anatomical changes were located 
at the level of the soft palate, uvula and tonsils, throat 
and nose. 

The most common rhinological changes occurring in 
our study were represented by: nasal deviated septum, 
inferior turbinate hypertrophy, lateral deviation of the 
nasal pyramid, associated with nasal obstruction of dif-
ferent degrees. The shape and size of the tonsils (e.g. hy-
pertrophied tonsils), associated or not with a long and/
or wide uvula, thickened mucosal folds, low mobility of 
the soft palate in phonation “A”, elongated soft palate, 

Chart 3   Correlation between body weight, snoring and obstructive sleep apnea 

Chart 4   Frequency of snoring and OSAS
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tongue base hypertrophy, hypopharyngeal concentric 
narrowing were other changes responsible for obstruc-
tive sleep apnea syndrome in our study group.

Further, we evaluated the correlation between the 
ENT changes and the apnea-hypopnea index value 
(AHI). Although the most common nasal pathologies 
that we have found were inferior turbinate hypertro-
phy (p=0.58), nasal respiratory disorders (p=0.98), 
long and/or wider uvula (p=0.48), thickened mucosal 
folds (p=0.41), they were not considered to be a risk 
factor in the airflow obstruction of the upper airways 
in OSAS. Statistically speaking, there was a correlation 
between nasal pathology such as nasal allergy and the 
AHI, p-value being of 0.06. As far as the hypopharyn-
geal and laryngeal pathology is concerned, the epi-

glottis shape and tongue base size were correlated 
with a high AHI (p=0.05). 

From the rhinomanometry results we processed 
the data that were taken from the first measurement, 
before the surgical correction. Using rhinomanom-
etry classification for assessing nasal obstruction and 
correlating the anatomical changes of the upper air-
way with the rhinomanometry results, we found a sta-
tistically significant difference (p=0.03) between the 
size of the base tongue and rhinomanometry values   
(Chart 6). There was no statistically significant influ-
ence of the deviated nasal septum, inferior turbinate 
hypertrophy or lateral deviated nasal pyramid upon 
the   rhinomanometric measurements (p-value be-
tween 0.44 and 0.74).

Chart 5   Sleeping time and frequency of snoring and obstructive sleep apnea

Chart 6   Posterior rhinomanometry and ENT examination results (Mallampati Score between 1 and 3)
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From all 23 subjects that underwent a polysomnog-
raphy evaluation, 4 of them had normal rhinomano-
metric values (650ccm/s), 17 had values between 
650-750ccm/s and 2 of them had values between 
750-859ccm/s. Among the subjects with AHI <10 – so 
those who snore – 6 had the nasal flow between 650 – 
750ccm/s, 2 had nasal air-flow value of 750-850ccm/s. 
2 of the patients with an AHI higher than 50 – with 
severe OSAS – had a rhinomanometry value of 
650-750ccm/s. In the present study, we found no sta-
tistically significant difference between the nasal pa-
thology, according to the posterior rhinomanometry 
values,   and the apnea-hypopnea index (p=0.19).

The relationship between OSAS and rhinomano-
metric results required a regression analysis and cor-
relation, considering as dependent variable the OSAS, 
the quantitative one represented by oxygen desatura-
tion, and as an independent variable the   rhinomano-
metric results. We obtained a correlation coefficient r 
= - 0.06 (between - 0.25 and + 0.25), which means that, 
in our case, there is a weak correlation between oxy-
gen desaturation and rhinomanometry values. 

The dispersion diagram for printing occurs with-
out the dispersing clouds achieving the appearance 
of an imaginary line that represents linear regression, 
thus no upward trend. Dependence between oxygen 
desaturation and the   rhinomanometry values is nega-
tive, meaning that an increase in oxygen desaturation 
does not involve an increase in rhinomanometry val-
ues   (Chart 7).

The results of nasal endoscopy, flexible pharyngo-
scopy or even of pharyngoscopy during sleeping are 
subjective results. These examination methods are 

based on the endoscopic experience of the examiner. 
Therefore, true statistical correlation between the ob-
jective endoscopic exam results and other examina-
tion methods considered to be objective could not be 
made. Flexible pharyngoscopy is considered a subjec-
tive method, as there are no dimensional standards of 
evaluation.

But what should be noted is that flexible pharyngos-
copy, as an examination method, must be interpreted 
in the context of polygraphic and polysomnographic 
evaluation and not independently. Correlation be-
tween endoscopy and polygraphy or polysomnogra-
phy is crucial in assessing patients with obstructive 
sleep respiratory pathology.

DISCUSSIONS

The aim of this study was to present our experi-
ence and the role of rhinomanometry, endoscopic 
and polysomnographic investigations in patients with 
obstructive sleep apnea syndrome; we were interested 
to see if the results revealed by the polysomnographic 
recordings can be correlated with the data found by 
the methods mentioned above. 

Our study reported a statistically significant dif-
ference between women and men (p = 0.0001), that  
demonstrates the same aspect as the data from litera-
ture, which claim that obstructive sleep apnea is esti-
mated to affect more men than women. 

From the literature we know that obesity is the 
main risk factor for obstructive sleep apnea syndrome, 
approximately 70% of patients with obstructive sleep 

Chart 7   Relation between posterior rhinomanometry and oxygen desaturation
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apnea being obese. So, we considered necessary to de-
termine the body mass index (BMI) in all patients, the 
average value being of 31.20 ± 5.09 kg/m2. This result 
can be compared to some studies which have reported 
that the severity of obstructive sleep apnea syndrome 
in patients with a body mass index of 30 or higher is 
due to obesity1. 

Most patients had an apnea-hypopnea index less 
than 10 (41.93% of the subjects fall in the class of the 
snoring ones), 48.38% had the AHI value between 10-
50, with a slight and easy obstructive sleep apnea syn-
drome and 9.67% had AHI> 50, so a severe obstruc-
tive sleep apnea syndrome. Regarding the changes in 
the upper airways of patients with OSAS, we did not 
find a statistically significant difference between nasal 
changes and AHI severity, with a value of p between 
0.25 and 0.75. However, between the AHI value and 
nasal allergy (p = 0.06), tongue base (p = 0.05), the 
semi-elliptical/omega epiglottis shape (p = 0.05), we 
found a statistically significant relationship. Many 
studies argue that a deviated nasal septum, nasal pol-
yps and nasal allergy are the most common changes 
involved in determining the severity of OSAS7-9. There 
is epidemiological data that takes into account the 
direct relationship between nasal congestion and ob-
structive sleep apnea1-3.

In the literature, there are numerous studies in-
vestigating the patients with obstructive sleep apnea 
syndrome. Rhinomanometry can be successfully 
performed in order to calculate nasal resistance, 
although normal values have never been well estab-
lished10. However, there are conflicting data on the 
relationship between nasal resistance and the sleep-
disordered breathing phenomenon. McNicholas 
and his colleagues have shown that nasal obstruction 
due to allergic rhinitis was associated with obstruc-
tive sleep apnea11. As oronasal breathing was postu-
lated to increase the breathing resistance, there are 
studies suggesting that, although the degree of re-
sistance is not predictable in nasal obstructive sleep 
apnea, the presence of an increased nasal resistance 
can lead from nasal breathing to oronasal breath-
ing, thus increasing the breathing work and further 
compromising the upper airway12,13. In our study, we 
correlated the results obtained by rhinomanometry 
investigations with the changes found in the upper 
airways. Regarding the anatomical change in the 
nose and the rhinomanometric results, we had no 
statistically significant relationship between these 
two parameters. The changes in the size and shape 
of the tongue base or epiglottis proved to have an im-
portant impact upon rhinomanometric values, with 
a statistically significant value (p = 0.03, respectively 
p = 0.08).

In terms of the results obtained from the polysom-
nographic registration, more exactly the value of AHI, 

there was no statistically significant relationship with 
the increased nasal resistance values. An explanation 
for these findings can be the low number of subjects 
and the lack of information regarding the rhinoma-
nometry investigation. This last aspect is due to the 
absence of a clear examination protocol in Romania 
for the patients with sleep pathology.

Endoscopic investigations are needed to locate ana-
tomical changes; however, it is a subjective measure-
ment, even when using classification scores to define 
the degree of collapse. In addition, the generated 
negative pressure during the Mueller manoeuvre is 
variable and it is highly dependent on the patient’s 
effort. Using a manometer can remove this problem, 
but it will limit the technical availability and it is not 
routinely recommended. It was suggested that the 
Mueller manoeuvre can add information to identify 
the possible positions of obstruction and can predict 
the patients’ outcome after undergoing uvulo-palato-
pharyngoplasty. 

CONCLUSIONS

Obstructive sleep apnea is more common in mid-
dle-aged men, while overweight and also obesity seem 
to be determining factors. In order to make a proper 
and correct evaluation of the upper airway changes, 
the flexible pharyngoscopy is used. It is a subjective 
measurement and depends on the experience of the 
examiner, due to which it is supplemented by poly-
somnography. Polysomnographic recordings are used 
to detect sleep respiratory pathologies.

Our study demonstrates the existence of a corre-
lation between the rhinomanometric values    and the 
tongue base size and shape of the epiglottis changes. 
Regarding nasal changes, we found a positive rela-
tionship only with nasal allergy. We could not demon-
strate the absolute utility and usefulness of rhinoma-
nometry in the assessment of patients with respiratory 
sleep pathology. 

It was demonstrated a correlation between the AHI 
and nasal allergy, and also with the base of the tongue 
and the epiglottis shape. So, the results found after 
endoscopic investigations give significant data on the 
severity of the obstructive sleep apnea syndrome as 
the results obtained with polysomnographic registra-
tions. 

It is essential that all diagnostic methods to be in-
terpreted in connection with each other.
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