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Introduction

The inflammatory disease of the paranasal sinuses, due 
to its high incidence of the nosological structure of morbid-
ity, severe complications and adverse consequences on the 
child’s health, has always been a relevant issue in modern 
otorhinolaryngology [1].

The inflammatory diseases of the paranasal sinuses is a 
major health problem in childhood, showing an incidence, 
ranging from 18-30% to 38-42%, which has been increasing 
by 1.5%-2% per year [2-4].  According to American research-
ers regarding the incidence of rhinosinusitis, it makes up 
4.6% of all visits to general practitioner [1, 5, 6].  According 
to other scientists, sinusitis leads to complications in 5% 
cases of upper respiratory tract infections among children 
[7]. The data provided by ENT departments of healthcare 
institutions revealed that patients suffering from diseases of 
paranasal sinuses make up the majority in 62% of cases [5].

Pathogenesis and early diagnosis have been multi-
centerally studied by ENT specialists [8]. There are studies 
describing the importance of both anatomical and physi-
ological features of the nose and paranasal sinuses in the 
pathogenesis of rhinosinusitis [3, 9-11]. The pathogenesis 
of recurrent and chronic sinusitis in modern relevant litera-
ture is termed as “cooperation” between the infection and 
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the predisposing factors [12-14]. The methods of diagnos-
ing rhinosinusitis in children have changed considerably in 
the last 10 years, due to the development and widespread 
implementation of functional diagnostic methods (acoustic 
rhinometry, rhinomanometry),as well as by diagnostic na-
sal endoscopy and CT imaging  [9, 15-17].

One of the major symptoms in patients with rhinosi-
nusitis is the nasal obstruction, which is actually a subjec-
tive parameter. An objective nose breathing assessment, to 
diagnose the inflammatory disease of paranasal sinuses, is 
currently being required by both practitioners and scientific 
researchers [18-20]. The emerging technologies have made 
it possible to investigate the physiological processes occur-
ring within the nasal cavity, particularly the nasal breathing, 
as well as bring more objective evidence to these changes 
[15, 21, 22]. Currently, the assessment of nasal resistance via 
anterior active rhinomanometry has been increasingly ap-
plied in scientific research, thus allowing collecting data that 
are more detailed on the nasal structure [23, 24].

Both modern endoscopy techniques and complex im-
aging investigations, such as CT scan provide a framework 
for innovative research, in order to fully assess the impact 
of specific areas in the development and maintenance of 
chronic rhinosinusitis [25-27]. The endoscopic examina-
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tions performed by flexible fibroscope or rigid endoscopes 
enable to identify specific blocked sinus areas, as well as to 
determine anatomical variations and bone abnormalities, 
which are highly important in the pathogenesis and devel-
opment of the disease [1, 28].

The computed tomography of the coronary and axial 
sections provides a detailed examination of the abnormali-
ties and anatomical variations of the lateral wall of the na-
sal fossa, as well as an objective assessment of recurrent 
or chronic sinusitis. CT provides a precise map of the pa-
ranasal sinuses, thus ensuring a good study of the normal 
anatomy of the nasal cavities and an accurate description of 
dangerous relationships, which might further lead to a more 
beneficial, exact and limited therapeutic approach [25, 28].

The anterior rhinomanometry provides a dynamic study 
of the nasal ventilation function, which includes the assess-
ment of the nasal airway resistance by measuring total air-
flow volume and total resistance [16, 24].

Rhinomanometry also gives objective and quantitative 
evidences on nasal permeability that depends upon two 
parameters: differential pressure (Δp), flow (V). The differ-
ential pressure (Δp) is the pressure difference between the 
atmospheric pressure measured in nasal vestibules using a 
mask and the inspiratory and expiratory pressure assessed 
in choanae. The respiratory flow (V) refers to the airflow 
volume passing through the nostrils [15, 17, 18]. Anterior 
rhinomanometry is a method of choice. It confirms the na-
sal obstruction by providing objective data to the patient’s 
subjective symptoms. Taking into account the etiological di-
agnosis, rhinomanometry provides detailed data upon the 
mechanism of nasal obstruction from an anatomical point 
of view, thus having an essential role in assessing the conser-
vative or surgical treatment. Rhinomanometry justifies the 
importance of mucociliary clearance of the sinus cavities 
and is of secondary forensic relevance [15, 23].

Acoustic rhinometry is a relatively new method, based 
on the analysis of sound waves reflected from the nasal cav-
ity walls, aimed to assess the lumen size of the nasal fos-
sae, as well as the sites of a reduced airflow, thus allowing 
assessing the correlation between minimal cross-sectional 
area (MCA) of the nasal cavities and their anteroposterior 
dimension.

The acoustic rhinometry shows a clinical importance 
due to its ability to measure the dimensions of the nasal cav-
ity, as well as to evaluate the nasal permeability in terms of 
a curve [16].

Normal mucociliary clearance is essential for the main-
tenance of a healthy sinus cavity. The mucociliary transport 
of the ciliated epithelium is an important defense mecha-
nism of the nasal cavity that helps in removing foreign par-
ticles from the nasal cavity during inspiration. An impaired 
mucociliary clearance leads to stasis of sinonasal secretions 
on the pituitary surface and a decrease in sinus aeration, 
which leads to the development and maintainance of rhino-
sinusitis [15, 29].

Material and methods

The study was conducted on a group of 55 children, 
aged between 4-18 years old, diagnosed with inflammatory 
rhinosinusitis (acute, recurrent and chronic rhinosinusitis), 
hospitalized within the ENT department at Emilian Cotaga 
Republican Clinical Hospital for Children, Chisinau, dur-
ing the years 2017-2020. The retrospective analysis of data, 
retrieved from the clinical observation sheets and their at-
tached documents, as well as from inpatient surgical proto-
cols, during the years 2017-2020, was carried out. The inclu-
sion criteria were as following: the study of anamnesis, of 
general clinical and ENT investigations, CBC, nasal endos-
copy, rhinomanometry, acoustic rhinometry, mucociliary 
clearance, paranasal sinus radiography, and CT scan.

Data analysis and processing was performed by using 
the Microsoft Office Excel 2016 program.

Nasal endoscopy has become an integral aspect of the 
diagnostic algorithm for rhinosinsitis. The study group in-
cluded 44 children, who underwent endoscopic examina-
tion, which made up 80% of cases. Optical endoscopy was 
carried out after a proper nasal cavity toilette. While consid-
ering the children’s age, their neuropsychic and behavioral 
patterns, as well as the increased reflexology of the pituitary, 
the diagnostic endoscopy was commonly performed under 
general anesthesia, which was applied immediately before 
the procedure. The anesthetic, used to numb the nasal pitu-
itary, was performed 15-20 minutes before the patients were 
transported to the operating room, in order to “skeletalize” 
the lateral wall of the nostrils, which is a key moment in 
endoscopic examination.

Pediatric patients, who were more cooperative, under-
went endoscopy under local anesthesia with 10% Lidocaine 
spray, following decongestion of the nasal mucosa by ap-
plying vasoconstritive gauze packing (as Naftizine 0.05% or 
Xylometazoline 0.05%) on the surface of the nasal mucosa. 
In these cases, the examination was performed in a sitting 
position of the patient with the head in slight deflection 
position. The examination was performed 4 times consecu-
tively, which provided a systematic visualization of the nasal 
fossae and their lateral wall. The nasal endoscopy used Karl 
Storz set, which included a 4 mm rigid endoscope with a 
0.30 and 70-degree view angle, a 2.7 mm rigid endoscope 
with a 30-degree view angle and a flexible endoscope, thus 
ensuring an accurate visualization of the internal surface of 
the nasal fossae.

ATMOS PC 2000 (Germany) guided by a simple standard 
menu, has a built-in printer and display. Rhinomanometry 
was performed in 60% of cases, viz. 33 children. The ex-
amination results were displayed on the screen of the rhi-
nomanometer, as a Y / t graph or a rhinogram, as shown in 
fig. 1. The rhinomanometer was used to assess nasal perme-
ability.

The difference in pressure between the choanae and in-
side the mask was measured, the values being converted 
into electrical signals via a differential pressure converter. 
The microprocessors further carry out the electrical signals 
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processing. The concomitant measurement of the differen-
tial pressure and flow result in a flow-pressure curve, namely 
the nasal resistance curve. The examination was performed 
in a special room isolated from external noise, under con-
stant temperature and humidity, the air temperature being 
20-22°C. The patients spent about 20 minutes in the room 
in order to accommodate. The investigation was carried out 
in child’s sitting position.

The device was mandatorily calibtared, prior to choos-
ing the mask, the adapter depending on the nostril size and 
further being connected to the rhinomanometer tube. This 
technique uses a tube for measuring the choanae pressure 
that was fixed tightly to the nostril using a sponge nasal 
dressing. It is important to connect the mask, adapter and 
nostril airtight in order to avoid sound loss. The patient was 
examined during the apnea phase, at short intervals, as not 
to distort the obtained results by the changes in the pitu-
itary mucosa caused by the nasal cycle. No rigid compres-
sion of the nostril was applied, as to prevent deformation of 
the nasal vestibule and changes in study results. The sound 
generator was turned on and the examination was carried 
out twice for each nostril. The investigation lasted about 3-4 
minutes. A display of the mean curve for each nostril was 
shown on the rhinomanometer screen. 

GM instrument 2000 was used to perform the acoustic 
rhinometry and study nasal cavity geometry.  Computer as-
sisted data analysis was carried out. The equipment includes 
an acoustic pulse generator with a frequency of 150 to 10000 
Hz, an acoustic tube of 15 mm diameter and 580 mm long, 
a nasal adapter to connect the acoustic tube and the nostril, 
a microphone and computer (fig. 2).

30 children, namely 55% of cases underwent testing. 
They were tested under constant humidity and tempera-
ture conditions, whereas the noise did not exceed 60 dB. 
Children were assessed in the sitting position. The acous-
tic tube was at a 45-degree angle relative to the nostril. The 
patient spent about 20 min. to accommodate to the room 
environment prior to being tested. Each anatomical adapter 

was selected individually depending on the nostril size.  The 
device was calibrated before the assessment.  The child was 
instructed to hold his breath during the test. Display of the 
mean curve for each nostril was shown on the rhinometer 
screen. The study result was considered true, if the coeffi-
cient of variation of the curves did not exceed 1.15%.

The minimum cross-sectional (MCS) area and distance 
(D) at which these constrictions were located, and the nasal 
cavity volume (V) were studied. All data were processed on 
a computer and printed.

The mucociliary clearance was assessed in children from 
the main group via the saccharin test in 75% – 41 children. 
The standard procedure of this test is to place saccharin 
powder in the inferior nasal concha (saccharin can be col-
ored blue), until the patient feels the taste of saccharin as 
time passes. The patient’s cooperation is required, since he/
she should report the sweet taste. It is forbidden for the pa-
tient to sneeze and blow the nose, as these might affect the 
position of the particles. Patients were instructed to swallow 
at least once per minute.  It could be checked by blue stain-
ing of the pharynx. This method shows a mean mucociliary 
transport time (MTT) of about 10 minutes, though MTT up 
to 30 min is still considered a normal one.

CT examination was performed in 30 children – 50% 
of cases. It is essential in determining damages of the sinus 
structures, which are quite difficult to diagnose at rhinos-
copy and endoscopy , as well as at X-ray. CT has a high di-
agnostic value for detecting impairment of the ostiomeatal 
complex and of the ethmoidal, sphenoidal sinus, which is 
impossible to assess via simple X-ray examination. The im-
aging study was carried out on axial and coronal planes, on 
a Siemens Somatom Emotion Duo computer tomography 
system. The fineness of the nasal bony structures and the pa-
ranasal sinuses require accurate and high-resolution cups. 
The CT assessment is essential for a precise study of sinus 
opacity and sinus wall integrity (normal, thin, and densi-
fied). In case of pediatric rhinosinusitis, CT imaging might 
reveal factors contributing to or maintaining the inflamma-

Fig. 1.  graphical representation of the rMM exam. Fig. 2.  Diagram of acoustic rhinometry devices.
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tory response of the rhinosinusal mucosa such as various 
abnormalities and anatomical endonasal variations: septal 
deviations at different segments, concha bullosa, paradoxi-
cally curved cornett and various deviations, excessive pneu-
matization of ethmoid bulla, etc. [22].

Results and discussion

Nasal endoscopy
The endoscopic examination, performed in children 

from the study group, was mostly aimed to examine the 
middle nasal meatus by visualizing pathognomonic changes 
of rhinosinusitis, thus mucosal edema was found in 90.9% 
of cases, congestion – in 84.09% of cases, presence of muco-
purulent secretions – in 95.45% of cases. Another parameter 
to be monitored in patients with chronic rhinosinusitis was 
the presence of adenoid vegetation, found in 10 children, 
viz. 22.73% of cases.

Endoscopy enables to assess the presence of anatomical 
variations within the nasal fossae, which exhibit a pathogen-
ic role in chronic rhinosinus: nasal septum deviation was 
recorded in 50% of patients, concha bullosa – 25%, para-
doxically curved cornett / concha – 20.45%. The data are 
shown in fig. 3.

Fig. 3.  Endoscopic patterns of endonasal structures in patients 
from the study group.

CT scan
CT scan revealed the following paranasal sinus impair-

ment: edema of the sinus mucosa was found in 26 cases 
(86.67%), hydro-aerial level – in 14 cases (46.67%), opacifi-
cation of ethmoid cells – in 14 cases (46.67%).

The study and analysis of computed tomography images 
was mainly aimed at detection and describing septal devia-
tions in children from the study groups, since it may block 
the structures of the ostiomeatal complex, thus contributing 
to the inflammatory response. CT can determine the partic-
ular deviation site and its patterns (deformation, thickening 
or pneumatization of the nasal septum). The results of the 
CT scan showed a frequent deviation of the nasal septum 
in children from the study groups with an incidence of 22 
cases (73.33%). The studies on the physiology and patho-
physiology of the nose and paranasal sinuses regarding the 
occurrence and subsequent development of the chronic 
inflammatory process of the paranasal sinuses pay special 

attention to the anatomical factor, namely the presence of 
abnormalities and anatomical variations, particularly those 
that occur in the ostiomeatal complex. Thus, concha bullo-
sa, was found in 9 (30%) cases, paradoxically curved middle 
cornett – in 7 (23.33%) cases, Haller cells – in 5 (16.67%), 
pneumatization of the ethmoid bulla – in 15 (50%) and ac-
cessory maxillary sinus ostium – in 3 (10.00%) cases. The 
data are shown in fig. 4.

Fig. 4.  Structural changes and variations of endonasal anatomy 
in patients from the study group.

Rhinomanometry

An objective study of nasal resistance revealed signs 
of nasal congestion in children from the main group. 
According to specialized literature, the indices of nasal 
structures in healthy children are as following: total vol-
ume at 150 Pa – 564 cm / sec. and total resistance at 150 
Pa – 0.37 Pa / cm³ / sec. The study revealed mild nasal ob-
struction in 5 (15.15%) cases, moderate obstruction in 19 
(57.58%) cases and severe obstruction was reported in 9 
(27.27%) cases. Data analysis of Figure 5 shows that chil-
dren with chronic and recurrent rhinosinusitis from the 
study groups exhibited a reduced total volume of the nasal 
fossa, compared to the normal ranges. There is an increase 
of total resistance at 150 Pa in the main group, compared to 
the control one.

Fig. 5.  rhinomanometric data in children from the study group.

Nasal permeability was studied by acoustic rhinometry. 
The obtained data revealed that patients from the study 
group exhibited changes in the endonasal geometry, char-
acterized by a decrease of the nasal fossae volume and a re-
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duced minimum cross-sectional area. The results are shown 
in tab. 1.

Table 1
Acoustic rhinometric data in patients from  

the study group
Indices Study group Normal ranges
V (cm³) 2.76 5.7

A1(cm²) 0.382 0.790
D1 (cm) 1.29 0.940
A2(cm²) 0.420 0.780

D2 (cm) 2.81 2.68

Mucociliary clearance
The mucociliary clearance of the children included with-

in the study was assessed by saccharin test. The normal mu-
cociliary transport time (MTT) is about 10 min. MTT up to 
30 min is also considered normal. The test results showed 
a mucociliary clearance time of ≤30 min in 6 (14.63%) pa-
tients, of 31-60 min – in 23 (56.10%) patients and > 60 min 
– in 12 (29.27%) patients.  The results are shown in fig. 6.

Fig. 6.  Nasal mucociliary clearance time in patients from the 
study group.

Conclusions

1. Optical endoscopy provides a comprehensive and 
atraumatic assessment of the paranasal sinus structures and 
ostiomeatal complex, as well as helps to determine the ana-
tomical variations that show a major impact in the develop-
ment and maintenance of chronic rhinosinusitis.

2. CT scan enables an accurate visualization of the os-
tiomeatal complex, which is responsible for maintaining the 
recurrent and chronic rhinosinusitis, thus being considered 
important in surgical treatment.

3. Rhinomanometry provides objective evidence in 
studying nasal permeability and can be used to assess the 
total volume and resistance in patients with inflammatory 
rhinosinusitis.

4. Acoustic rhinometry opens up new perspectives and 
opportunities in the study of nasal passages and their path-
ological changes. Its non-invasive features, simplicity and 
speed are particularly important in pediatric practice.

5. The mucociliary clearance test is an essential diagnos-
tic tool in assessing the functional status of the pituitary na-
sal mucosa and performing the protective function.
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