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Abstract

Aim — to obtain the values of local mucociliary clearance (MCC) of the
middle nasal meatus in normal conditions and in patients with foreign
body in the maxillary sinuses.

Material and methods. To assess the local MCC, we used the
original method of modern high-speed digital video recording of the
microscopic picture of the specimen, followed by its mathematical
processing. The study included a group of rhinologically healthy
individuals (60 people) and a group of patients with foreign body in
the maxillary sinus (90 people).

Results. We obtained the standard values of MCC in rhinologically
healthy individuals (11.76 &+ 3.01 Hz). In patients with foreign body in
the maxillary sinuses, there was a correlation of the local MCC index
with the severity of morphological changes, registered by computed
tomography (CT), of the paranasal sinuses in the area of the middle
nasal meatus and adjacent sinuses. Depending on the results of CT
scanning, we identified 3 groups among the patients with foreign bodies
in the maxillary sinuses — no morphological changes (CT1), changes
outside the ostium (CT2) and pronounced morphological changes in
the middle nasal meatus and surrounding paranasal sinuses (CT3).
In the CT1 group the average values of the local MCC of the middle
nasal meatus were 13.53 £ 2.46 Hz; in group CT2 — 11.71 £ 2.02 Hz;
in the CT3 group — 6.84 & 3.48 Hz. The differences in indicators in
groups were statistically significant according to the Mann — Whitney
test. The average value of the local MCC of the middle nasal meatus
in patients without maxillary sinus mycetoma was 13.30 + 2.91 Hz,

in patients having maxillary sinus mycetoma — 10.74 £ 3.69 Hz; this
difference was also statistically significant.
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3.1.3 OTopuHONapuHronorus
(MegNUNHCKNE HayKun)

AHHOTauus

Llenb — uccienoBaHue 3HaYEHUIT JIOKAJTbBHOTO MYKOIMJTMAPHOTO KITH -
peHca (MLIK) cpeaHero HOCOBOro xoaa B HOpMe M 'y OOJIbHBIX C MHO-
POIHBIMU TEJIAMU BEPXHEUETIOCTHBIX Ta3yX.

Matepuan un metoabl. 1151 oueHku okansHoro MLIK ncrnons3oBan
OPUTMHAIbHBINA METO/I COBPEMEHHOI BBICOKOCKOPOCTHOI LIM(PPOBOit
BUJE03AMMCU MUKPOCKOITMYECKOM KapTHUHBI Iperapara ¢ rmocjiaeayto-
e ee MaTeMaTU4YecKoii 00paboTKoi. B uccienoBaHre BOLIIM rpymna
PUHOJIOTHYECKHU 3TOPOBBIX JIHIL (60 YeT0OBeK) U IpyIia OOJTBHBIX C HHO-
POIHBIMU TEJIaMU BepXHeUeTt0CcTHOIM nasyxu (90 uesosek).
Pesynbrartbl. [TomyyeHsr HopmaTrBHbIe 3HaUueHVst MK y puHotory-
yecku 310poBbix Jinil (11,76 £ 3.01 Tix). Y GONMBHBIX C ”THOPOIHBIMM Te-
JIaMM BEpXHEUETIOCTHBIX ITa3yX Ha0JIIoJaIach 3aBUCMMOCTb ITOKa3aTeIst
siokaimbHoro MLIK ot BeipaxkeHHOCTH MOPGhOJIOTMYECKUX U3MEHEHUIA
Ha koMIibloTepHOit ToMorpaduu (KT) 0OKOJTOHOCOBBIX 1Ma3yx B 001acTH
CpeIHEro HOCOBOT'O XO/1a U MpuUJIeXalux nasyx. B 3aBucumMoctu ot u3-
MeHeHuit Ha KT 6bu11 BbieeHbI 3 TpYNIbl cpeayu O0JIbHBIX C MTHOPO-
HBIMU TeJIaMU BEPXHEYEIIOCTHBIX MMa3yX — C OTCYTCTBUEM U3MEHEHUI
(KTT1), uamenenusimu BHe oosactu coyctbsi (KT2) 1 BeIpaXXeHHBIMU
MOP(}OIIOTMYECKUMU U3MEHEHUSIMU B 00J1ACTH CPEHETO0 HOCOBOT'O X0O1a
M OKPYXaIoIIKNX 0KOJIOHOCOBBIX Ma3yx (KT3). st rpyrisl ¢ u3MeHe-
Husimu KT1 cpennue 3HaueHus jokaabHoro MK cpemHero HocoBoro
xona coctaBwin 13,53 & 2,46 Tir; wis rpyrmer KT2 — 11,71 £ 2,02 T
1tst Tpyriel KT3 — 6,84 + 3,48 [i1. Pasnuuust mokasareseil B rpymax
no naHHbIM KT-rccnenoBaHusi CTaTUCTUYECKU 3HAYUMBI IO KPUTE-
puto ManHa — YutHu. CpenHue 3HaueHus jokaiabHoro MK cpennero
HOCOBOTO X0Ja Y OOJIbHBIX 0€3 MULIETOMBI BEPXHEUEIOCTHOM Ma3yxu
cocraBuiu 13,30 £ 2,91 Ti1, c MULIETOMOIT BEpXHEUETIOCTHOM Ma3yxu

— 10,74 £ 3,69 [i1; 5T OT/IMYKS TAKXKE CTATUCTUIECKU JOCTOBEPHBI.

KnioyeBble cnoBa: MyKOLINAPHBINA KIUPEHC, MHOPOIHBIE Tela
BEPXHEYEIOCTHBIX Ma3yX, PUHOJIOTHSI, KOMITbIOTEpHAst ToMorpacdusi.
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m BACKGROUND
Mucociliary clearance (MCC) is a nonspecific
mechanism that provides local protection of
the respiratory mucosa from external influences,
including infections [1]. The mucous membrane
plays a major protective role in the nose and paranasal
sinuses, and it is covered with pseudostratified
epithelium consisting of ciliated, goblet, and short
and long intercalary epitheliocytes. Mucociliary
clearance is damaged in various processes, both acute
and chronic [2]. Certain diseases are accompanied
by congenital defects in the human ciliary epithelial
system. Mucociliary clearance is also affected by
various drugs (intranasal decongestants increase the
time of mucociliary transport several times) [3, 4].

Impaired evacuation of secretions from the
sinuses in the presence of impaired anastomosis is a
scientifically substantiated basis for the development
of endonasal sparing rhinosurgical techniques, the
so-called functional endoscopic sinus surgery, which
has been widely introduced worldwide in recent
decades.

However, the ability to monitor MCC in vivo is
very limited. Not so many studies have focused on
the study of MCC, particularly in the area of the
paranasal sinuses and nose. A Russian fundamental
study [6] described methods for studying MCC at the
micro level and provided data on changes in MCC in
various pathologies; however, no studies of MCC have
provided information during rhinological surgeries
and in the postoperative period. Simultaneously,
most rhinologists are well aware of problems such
as excessive formation of crusts and peculiar local
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accumulations of mucus on the nasal mucosa, which
are detected locally during endoscopic examination
in certain areas in some patients after interventions
on the nasal cavity and paranasal sinuses [7]. The
issues of MCC formation in the nasal cavity during
the postoperative period have not been sufficiently
examined [8, 9].

Thus, the study of mucociliary clearance using
modern techniques in postoperative rhinological
patients appears to be a very relevant and a pressing
issue in otorhinolaryngology [10, 11]. Considering
the variety of rhinological pathologies, the study
theme is the state of MCC of the nasal cavity
(middle meatus) under normal conditions and
in the presence of foreign bodies in the maxillary
sinuses, as well as after various surgical approaches
to the maxillary sinus for foreign bodies [12]. The
solution to this exact issue is of particular interest
in modern otorhinolaryngology because of the
constantly increasing incidence of this pathology
and its clearly artificial, secondary nature (i.e.,
occurs in the presence of the deliberate absence
of any pathological changes in the MCC). In the
discussion about various options for surgical access to
the maxillary sinus and their priority, no full-fledged
practical answer is justified from the standpoint of
mucociliary clearance and its changes.

m AIM

This study aimed to study the local MCC values
of the middle nasal meatus under normal conditions
and in patients with foreign bodies in the maxillary
sinuses.
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m MATERIAL AND METHODS

In this study, we assessed the MCC using modern
high-speed digital video recording of the microscopic
pattern of the specimen with subsequent mathematical
processing [13]. The result of the spectral analysis
obtained during the processing of a digital video
signal is the first harmonic F, whose frequency is
expressed in Hz and is a characteristic of the ciliary
beating frequency (local MCC). To study the local
function of MCC, a brush biopsy was collected from
the area of natural anastomosis under endoscopic
control. Straight and curved brushes from Storz,
Olympus, Bioline, etc., were used. Similar methods
for studying local MCC have been described in the
modern literature [14, 15]. The intake of vasoactive
drugs and smoking was prohibited several hours before
the study.

We used high-resolution computed tomography
(CT) images obtained using cone-beam tomography.
The analysis of the tomograms and their measurements
were performed in the freely distributed program
Sante DICOM Viewer. Based on the CT results, all
patients were divided into three subgroups.

— Group 1 showed a virtual absence of changes
in the sinuses or minor changes in the form of local
thickening of the mucosa on the walls of the sinus
without changes in the area of the anastomosis
and middle nasal meatus, and anterior cells of the
ethmoidal labyrinth (CT1).

— Group 2 had significant thickening of the walls
of the sinuses without changes in the anastomosis
area and the absence of a significant reaction from
the middle nasal meatus and the anterior cells of the
ethmoidal labyrinth (CT2).

— Group 3 had a pronounced productive—
proliferative process, obstruction of the sinus
anastomosis, concomitant lesions of the cells of the
ethmoidal labyrinth or frontal sinus, and the presence
of polypous changes in the mucous membrane in the
middle meatus (CT3).

This work was performed at the N.P. Simanovsky
Otorhinolaryngology Clinic of S.R. Mirotvortsev
Clinical Hospital No. 1 of V.I. Razumovsky, Saratov
State Medical University. The study was approved
by the ethics committee of V.I. Razumovsky Saratov
State Medical University, Protocol No. 3 dated
November 5, 2019, based on the informed consent for
participation in the study, signed by the participant.

Sixty clinically healthy individuals with no
pathology of the nasal cavity and paranasal sinuses
participated in the study of normal MCC values.
All participants underwent CT using modern high-
resolution computed tomography images, which
confirmed the absence of pathology of the nasal cavity
and paranasal sinuses.

The study enrolled 90 patients with foreign bodies
in the maxillary sinus. The study group included
patients aged 18—50 years whose foreign bodies in
the maxillary sinuses were exclusively the result of
previous endodontic interventions on the maxillary
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teeth. All patients were diagnosed based on high-
resolution cone-beam CT data. Patients who had a
previous history of chronic diseases of the paranasal
sinuses, burdened allergy history, signs of allergic or
vasomotor rhinitis in the anamnesis, or hereditary
diseases accompanied by defects in mucociliary
clearance were excluded from the study. The case
history was from 1 month to 9 years.

The results were statistically processed using
Microsoft Excel, Statistica software packages, and
online statistical calculators. Statistical calculations
were performed at a significance level of a = 0.05.

m RESULTS

The analysis of the normative values of MCC in
a group of clinically healthy individuals revealed a
normative average MCC value (frequency of the first
harmonic of the spectrum) of 11.76 = 3.01 Hz (£ o,
mean square deviation). The specified distribution in
the sample was a normal binomial distribution, and the
mean and median values were approximately equal. The
MCC values are normally highly variable parameters
with a range (variation interval) in the sample of
10.18, the minimum MCC value was 6.72 Hz, and the
maximum value was 16.90 Hz. The sample was actually
symmetrical around the mean value.

The study of MCC value dependence on age is of
particular interest. However, when calculating the
linear correlation coefficient between age and MCC
values, no relationship was found between these
parameters (—0.05). Regression analysis in the group
also did not find a relationship between age and the
MCC value (R-square = 0.002; coefficient at X1 =
—-0.013).

In patients with foreign bodies in the maxillary
sinuses, the normative average local MCC (frequency
of the first harmonic of the spectrum) was 10.84 *
3.80 Hz (+ o, mean square deviation). The specified
distribution in the sample is a normal binomial
distribution, and the values of the mean and median
are approximately equal. Moreover, the MCC values
represent normally a highly variable parameter with
a range (change interval) in the sample of 17.00;
the minimum MCC value was 1.64 Hz, whereas the
maximum value was 18.64 Hz. The sample was actually
symmetrical around the mean.

If the entire sample of initial values of local
MCC of the middle meatus in patients with foreign
bodies in the maxillary sinuses was compared with
a similar indicator measured in the control group,
the differences were statistically insignificant (t_ ., =
0.19, df = 148, t .. =1.98, with a significance level
a of 0.05). That is, in the general population, the
measured index of the initial MCC of the middle nasal
meatus in patients with foreign bodies does not differ
statistically significantly from that in individuals with
no pathology of the paranasal sinuses and is close to
the normative values, although it exhibits the highest
variability (the range of changes in the index is 1.7
times greater than its average value).

www.innoscience.ru
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Average values of Mean square deviation,
StUdy = focal CE (HZ)

Control group 11,62 3,01
Patients with a foreign body in the maxillary sinus

CT1 13,53 2,46
CT2 11,71 2,02
CT3 6,84 3,48

Table 1. Average values of the local MCC of the middle nasal
meatus in different study groups

Tabnuua 1. CpegHne 3Haq4eHus1 nokasnsHoro MLIK cpegHero
HOCOBOIro Xo[a B pas/iM4HbIX rpyrnnax nccraenoBaHms

Thus, this indicator must be compared between
the main study groups and divided into appropriate
subgroups according to the stages of changes detected
on CT of the paranasal sinuses. This will enable us to
identify the main factors influencing the initial MCC
of the middle nasal meatus.

CT revealed the following changes in the maxillary
sinus. In 24 (30.0%) patients, changes in the sinuses
were minimal, such as insignificant infiltration of the
sinus mucosa adjacent to the location of the foreign
body (CT1). In 39 (26.7%) patients, changes were
noted in the sinuses, such as significant thickening
of the mucous membrane both at the location of the
foreign body and at other walls of the maxillary sinus
(CT2). In 37 (43.3%) patients, significant changes in
the maxillary sinus were registered with pronounced
polyposis, infiltration, and thickening of the mucous
membrane up to the complete obliteration of the
maxillary sinus lumen. Changes were also noted in
the area of the ethmoidal labyrinth, frontal sinus, and
middle meatus (CT3). Mycetoma in the maxillary
sinus (layered structures of variable density filling its
lumen entirely or partially) was registered in 67 cases
(74.4%) and was discovered during surgery.

The initial values of local MCC when distributed
into groups depending on the process stage, recorded
according to CT data, are presented in Table 1. With
such a grouping, the data on local MCC of the middle
nasal meatus are significantly different. A graphical
representation of the distribution by the level of the
initial value of the local MCC by group is presented
in Fig. 1.

This data presentation clearly demonstrates the
difference in the initial values of the local MCC of the
middle nasal meatus in patients with foreign bodies
and its dependence on changes recorded on CT.

The significance of differences in the obtained
data in the initial level of local MCC of the middle
nasal meatus depending on the CT stage of the
process was analyzed using the Mann—Whitney U
test (Table 2).

In most cases, the differences between the control
and study groups of patients with foreign bodies in the
maxillary sinuses, depending on the CT stage of the
process, are statistically significantly different. The
greatest differences were noted in all groups with the
CT3 subgroup.
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CT1

0,01442*
p(x<Z) = 0.007208
CT2 0.7679 0.003097*
p(x<Z) = 0.616 p(x<Z) = 0.9985
CT3 0,0000038* 0.0000069* 0.000076*
p(x<Z) =1 p(x<Z) =1 p(x<Z) =1

Table 2. The statistically significant differences between the main
study groups according to the Mann — Whitney criterion (values
of p and p.,), significant values marked with *

Tabnuya 2. Cratnctn4eckas 3Ha4MmMoCTb Pasimymnii

MeX [y OCHOBHbIMM rpyrnamm Uccie[oBaHuns rno KpuTepuo
Manra — YutHy (3Haqenusi p v p,,,,), 3Ha4Mble OTMeqeHb! *

The dependence of the initial level of local MCC of
the middle nasal meatus on the presence of mycetoma
in the maxillary sinus, recorded according to CT data,
is presented in Figure 2.

The average values of local MCC of the middle
meatus in patients without mycetoma of the maxillary
sinus were 13.30 £ 2.91 and 10.74 £+ 3.69 Hz,
respectively. According to the Mann—Whitney test
(p = 0.00004113), differences in the level of local
MCC of the middle nasal meatus in the presence of
mycetoma in the maxillary sinus were significantly
different from the MCC values in its absence
(p(x<Z)=10.00002057).

When considering the dependence of the initial
values of the local MCC of the middle nasal meatus
on age in the control group, the linear correlation
coefficient was 0.12, indicating the absence of a
relationship between age and the local MCC of the
middle nasal meatus. A univariate regression analysis
in the group also showed the absence of a relationship
between age and MCC value (R-square = 0.015;
coefficient at X1 = -0.396).

The average values for the distribution of initial
values of local MCC of the middle nasal meatus
by age group in patients with foreign bodies in the
maxillary sinus are presented in Table 3.

Graphically, the level of the average value of the
initial MCC of the middle nasal meatus in patients is
presented in Fig. 3.

16,0
14,0
5 12,0

—

10,0 —

80 —

60 —

4,0 —
20 —

CpenHvie 3Ha4eHmna nokansHoro MLK
cpepHero Hocosoro xoaa, Mutc

0
KoHTponbHas KT KT2 KT3
rpynna BonbHble ¢ MHOpoAHLIM TENom
BEPXHEYENIOCTHON Nasdyxw

Figure 1. The average level of local MCC of the middle nasal
meatus in the main study groups (M = 6, Hz).

PucyHok 1. CpegHuii ypoBeHb riokasnsHoro MLIK cpegHero
HOCOBOro XoAa B OCHOBHbIX rpynnax uccnegosamms (M + 6, 'y).
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T ] EX C )

Number of patients 21
examined

Frequency of the

fundamental harmonics 11,43 11,10 10,26 11,12 9,28
of the spectrum (Hz)
+6 3,25 3,85 4,08 4,15 3,16

Table3. Mean initial values of local MCC in the distribution

of patients with foreign bodies in the maxillary sinuses by age
Tabnunya 3. CpegHue ncxofHble 3Ha4eHWUs JTIOKaslbHoro
MUK npv pacrnipegeneHnn 605bHbIX C UHOPOZHBIMU Tenamm
BEPXHEYETIOCTHBIX Na3yX 1o BO3pacTHbIM rpynnam

m DISCUSSION

The normative average local MCC (frequency of the
first harmonic of the spectrum F) in our study was 11.76 =
3.01 Hz (+ o, mean square deviation). The values of local
MCC are normally highly variable parameters with a range
(variation interval) in the sample of 10.18; the minimum
and maximum MCC values were 6.72 and 16.90 Hz,
respectively. According to the literature [4, 5,7, 9, 13, 14,
15], the ciliary beat frequency has a normal range of 7—12
Hz. Although some authors consider MCC age-dependent,
no relationship was found between the normative indicators
of MCC and age in clinically healthy individuals.

Based on the literature data, which noted a statistically
significant decrease in MCC in smokers, smokers were
excluded from the normative group of the study.

Given the diversity of information in the literature
regarding MCC impairment in certain diseases [7, 10, 11],
patients with foreign bodies in the maxillary sinuses were
selected for this study. These patients initially did not have
the prerequisites for MCC dysfunction; all the disorders
that developed in them occurred due to the inflammatory
process in the maxillary sinus because of the entry of a
foreign body into it during manipulations on the maxillary
teeth. In such patients, the dynamics of changes in the
local MCC can be observed, including other phenomena
associated exclusively with maxillary sinusitis, surgical
intervention, and surgical trauma during the formation of
access to the maxillary sinus.

The study groups included approximately equal numbers
of patients with different stages of morphological changes
in the middle meatus and paranasal sinuses according to
CT data. From this viewpoint, the groups formed for the
clinical study are quite homogeneous and representative.

Grouping the data in the main study groups revealed
that the greatest influence on the initial level of local
MCC was caused by inflammatory changes in the area
of the middle nasal meatus and the anterior group of the
paranasal sinuses. They usually occur with the long-term
persistence of a foreign body and are accompanied by the
emergence of clear and stable morphological changes in
the mucous membrane of this area (significant thickening
and inflammatory polypous growths), as recorded ona CT
image. These differences in the values of the initial local
MCC when grouped according to CT data are statistically
significant. Moreover, the presence of a factor such as
mycetoma in the maxillary sinus negatively affects the
initial level of local MCC of the middle nasal meatus.
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YacToTa OCHOBHOW rapMOHUKI cnekTpa, Iy

BE3 M/LIETOMbI C MULIETOMOW

Figure 2. Mean initial values of local MCC in the distribution

of patients with foreign bodies in the maxillary sinuses into groups,
depending on the presence of mycetoma in the maxillary sinus
according to CT (M + 6, Hz).

PucyHok 2. CpenHvie NCXO[HbIE 3HaYEeHWS JIOKasIbHOMro

MUK nipy pacripegenernn 605bHbIX C MIHOPOAHLIMU Tenamu
BEPXHEYETIOCTHbIX Nasyx o rpynnam B 3aBUCUMOCTN OT Haim4ms
B BEPXHEYEsIIOCTHOM radyxe MuleTomsl rno gaHHeiM KT (M + 6, y).

YacToTa OCHOBHOW rapMOHUKI cnekTpa, Iy

[0 30 30-39 40-49 50-59 60 /1 CTAPLLE

Figure 3. Mean initial values of local MCC in the distribution

of patients with foreign bodies in the maxillary sinuses by age
(M = 6, Hz).

PucyHok 3. CpegHue ncxogHble 3Ha4eHUs JIOKasibHOro

MUK npwu pacnpeneneHnm 60/bHbIX C MHOPOAHbIMYU Tesiammu
BEPXHEYEsTIOCTHBIX Na3yx ro Bo3pacTHbeiM rpynnam (M + 6, I'y).

m CONCLUSION

Inflammatory changes in the middle nasal meatus and
the anterior group of paranasal sinuses demonstrated
the greatest influence on the initial level of local MCC,
which usually occurs with long-term persistence of a
foreign body. The changes were accompanied by the
appearance of clear, stable morphological changes in the
mucous membrane of this area (significant thickening and
inflammatory polypous growths), as recorded on a CT
image. The presence of mycetoma in the maxillary sinus
also negatively affects the initial level of local MCC of the
middle nasal meatus. P=
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