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A NEW APPROACH TO PREDICTING THE RISK OF
CHRONIC MESOTYMPANITIS RECURRENCE IN PATIENTS

OF DIFFERENT SEXES USING REGRESSION ANALYSIS

Chronic mesotympanitis is a variant of chronic suppurative otitis
media, accompanied by perforation of the tympanic membrane in the
stretched part and characterized by decreased hearing acuity, otorrhea,
intoxication syndrome, a feeling of "stuffiness" in the ear, and noise of

various nature.

The aim of the work is to propose a new approach to predicting the
risk of chronic mesotympanitis recurrence depending on the sex of

patients using multivariate regression analysis.

Materials and methods. We examined and operated on 222 patients
(130 women and 92 men) aged 18 to 80 years with a diagnosis of

chronic mesotympanitis and underwent tympanoplasty.

Results. Using multivariate regression analysis, 13 factors with a
significance level of less than 0.05 for the group of men and 9 factorial
characteristics for the group of women were analysed. Histograms of
residual deviations of the prediction of chronic mesotympanitis
recurrence, as well as normal probability plots, the results of which
confirm the statistical hypothesis that the residual deviations correspond

to the normal distribution law, were obtained.

The coefficient of determination, which shows the proportion of
factors taken into account in the prediction, was 0.944 in the group of
men and 0.919 in the group of women, which gives grounds to assert
that 94.4% of factors in the group of men and 91.9% in the group of
women, respectively, were taken into account in the model for
predicting recurrence of chronic mesotympanitis and that it is highly

reliable and acceptable in general.

Conclusions. The use of a mathematical model of multifactorial
regression analysis, which considers the most likely risk factors for the
recurrence of chronic mesotympanitis, allows for timely prevention of
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the disease, prevention of potential complications and recurrences, as
well as the development of algorithms for preoperative preparation and
postoperative rehabilitation.

Keywords: regression analysis, chronic mesotympanitis, prediction,
sex, recurrence, tympanoplasty.
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Kadenpa oromapunrosorii ta
odraxpmornorii, TepHOMiNTBCHKII
Hal[lOHATFHUN MEIMYHUHA YHIBEpCUTET
imewi 1.5. T'opb6aueBchkoro MO3
VYxpainu, TepHomine, Ykpaina

HOBMI X 10 MPOTHO3YBAHHS PU3UKY PEIIUIUBY
XPOHIYHOI'O ME3OTUMIIAHITY ¥V IAI[IEHTIB PI3HOI
CTATI 3A TONIOMOTI'OIO PETPECIMHOI'O AHAJI3Y

XpoHIYHMIT ME30THUMIIaHIT — II€ BapiaHT XPOHIYHOTO THIHHOTO
CepeIHbOTO OTHUTY, IO CYNPOBOIKYEThCS mepdopamieto OapabaHHOL
MEPeTUHKN y HATATHYTIM 4YacTWHI Ta XapaKTEPU3YETHCSH 3HIDKCHHAM
TOCTPOTH CIIyXY, OTODPEEI0, IHTOKCHKAIIHHUM CHHAPOM, BITUyTTSIM
«3aKJIAJICHOCTI» ByXa, IIIyMOM PI3HOTO XapaKkTepy.

Meta po6oTH — 32 JIONIOMOIOI0 BUKOPUCTaHHSI 0arato(hakTopHOTO
perpeciiHOro aHali3y 3alpoNOHYBAaTH HOBHHU MiXiJ IO MPOTHO3YBaHHSI
PHU3UKY PEIUMIUBY XPOHIYHOIO ME30THUMIIAHITY 3aJeKHO BiJ CTaTi
MALi€HTIB.

Martepianun ta meroan. Hamm oGctexeHo Ta mpoomepoBaHo 222
namieHTd (130 xiHok Ta 92 domoiku) BikoMm Bix 18 mo 80 pokiB 3
JIiarHO30M XPOHIYHOTO ME30THMITaHITY Ta TIepeHEeCIN
THUMITaHOIIJIACTHKY .

Pesyabratn. 3a pomomoroio Oararo)akTOpHOTO perpeciiHoro
aHajizy mpoaHamizoBaHo 13 ¢axTopiB 13 piBHEM 3HAYYIIOCTI
meHumM 0,05 it Tpynu 4oNoBIKIB Ta 9 (akTOPHHUX O3HAK JUIS IPYIH
kiHOK. OTpHUMaHi TiCTOrpamMH 3aJIMIIKOBHX BIAXHJIEHb NPOTHO3YBaHHS
peLMAMBY XPOHIYHOTO ME30THMIAHITY, a TaKoX HOPMaJbHO-
WMOBIpHICHI Tpadiku, pe3yibTaTu SIKUX MiATBEPIKYIOTh CTaTHCTHYHY
TinoTe3y TPO BIAMOBIAHICTH 3aJHIIKOBUX BiIXWJICHP HOPMAILHOMY
3aKOHY PO3HOALTY.

KoedimieHT nerepmiHamii, sSKHii TOKa3ye, ska dYacTka (HaKToOpiB
BpaxoBaHa MW MpPOTHO3yBaHHI, ctaHoBuB 0,944 y Tpymi 4YONOBIKIB Ta
0,919 y rpymi XiHOK, IO Ja€ MiCTaBH CTBEPKYBATH PO BPaxyBaHHS
94,4 % dakropiB y rpyri 4oioBikiB Ta 91,9% y rpymi KIiHOK BiIIOBIIHO,
B MOJIeJIi TIPOTHO3YBaHHS PELUIUBY XPOHIYHOTO ME30THMIIAHITY Ta PO
BHUCOKY ii IOCTOBIPHICTb i IPUEMIIUBICTH B LILJIOMY.

BucHoBkH. 3acTocyBaHHA MaTeMaTHYHOI Mojeni
0araTo(hakTOPHOrO PEerpeciiHOro aHamizy, sKa BPaxOBYE HaWOUIbII
BiporiiHi (akTOpy pPHU3MKY BHHUKHEHHS pPELUAMBY XPOHIYHOTO
ME30THMIIAHITY 1a€ MOXIIUBICTh BYACHOI NPO(DIITAKTUKH 3aXBOPIOBAHHS,
3ano00iraHHIO MOTEHIIMHMX YCKJIQJHEHb Ta pELUIUBIB, a TaKOX
po3po0KU ANTOPUTMIB nepeaonepaniitnol iJITOTOBKU Ta
micistonepaniiHoi peadimiTaii.

KuiiouoBi cioBa: perpeciiiHuii aHami3, XpOHIYHUN ME30THMIIAHIT,
MPOTHO3yBaHHS, CTaTh, PEUANB, THMIIAHOIIACTHKA.

Aemop, eionogidansnuii 3a aucmyeannn: Maxcum [epacumiox, Kagedpa omorapunconozii ma oghmanvmonocii,
TepHoninbcokuil HayioHanbHull MeouyHutl yrnieepcumem imeni 1A, I'opbauescoroeo MO3 Yipainu, Teproninw, Ykpaina
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ABBREVIATIONS

CM - chronic mesotympanitis;

CSOM - chronic suppurative otitis media;
QoL — quality of life;

WHO — World Health Organization;

MERI — Middle Ear Risk Index;

RCCMR - risk coefficient of CM recurrence

INTRODUCTION

Chronic mesotympanitis (CM) is a variant of chronic
suppurative otitis media (CSOM), accompanied by
perforation of the tympanic membrane in the stretched
part and characterized by decreased hearing acuity,
otorrhea, intoxication syndrome, a feeling of "stuffiness"
in the ear, noise of various nature. The clinical picture is
occasionally supplemented by vestibular disorders and
pain.

In mesotympanitis, the mucous membrane of the
middle ear is thickened, in particular with the presence of
granulation. Large granulation is called an ear polyp,
which can prolapse into the external auditory canal
through the perforation and even obstruct it. This leads to
retention of pus in the cavities of the middle ear and can
cause the development of complications.

CSOM s characterized by a significant reduction in
auditory function, which can lead to communication
problems, impairing social interaction and professional
life. Conductive hearing loss is considered a serious
disability, contributing to a significant burden of disease
worldwide [1]. In addition, persistent ear discharge, pain
or frequent visits to the doctor can lead to a serious
deterioration in the quality of life (QoL) of patients [1].

Early detection and appropriate treatment of these
cases are vital, especially to alleviate the complications
associated with this disease. According to the World
Health Organization (WHO), the prevalence of CSOM in
the world is 65-330 million people, with 60% of them
having hearing loss. The incidence rate is 9 cases per
100,000 population [2].

Tympanoplasty is a relatively common procedure
performed by otosurgeons for various indications, such as
creating a safe ear, repairing perforated eardrums, and
improving hearing [2, 3]. The primary goal of
tympanoplasty is to restore the integrity of the tympanic
membrane [2, 4].

The severity of CSOM affects the prediction and
course of the disease. Kartush introduced the Middle Ear
Risk Index (MERI) scoring system, which indicates the
severity of Eustachian tube dysfunction and infection in
CSOM [2, 5]. MERI is one of the methods used to predict
the outcome of surgery. It considers both preoperative
and postoperative middle ear conditions [2, 5].

Also, the most relevant characteristics of CSOM,
including  clinical  symptoms, functional and

psychological impairments, are well represented in the
COMOT-15 questionnaire [2, 6].

Despite such many questionnaires, the prediction of
the risk of chronic mesotympanitis recurrence remains
open to date. It is particularly noteworthy that none of
them provides for the determination of sex-dependent
prediction of relapse risk.

The creation of appropriate predictive mathematical
models, which include several predictors that may be
the cause of a repeated inflammatory process, will allow
for timely and reliable diagnosis of the possibility of
CM recurrence, as well as be one of the options for
solving the current problem of effective treatment of
ENT diseases.

One of the fairly accurate and widely used methods
for predicting the recurrence of various diseases today is
the construction of a multifactorial regression model [7].

Approaches to building multifactorial regression
prediction models in medicine are considered in the
works of Herasymiuk M. et all. (2024); Herasymiuk M.
et all. (2023), Musiienko V. et all. (2021); Musiienko V.
et all. (2022) [7, 8, 9].

The purpose of the work is to propose a new
approach to predicting the risk of chronic
mesotympanitis recurrence depending on the sex of
patients using multifactorial regression analysis.

MATERIALS AND METHODS

We examined and operated on 222 patients (130
women and 92 men) aged 18 to 80 years with a
diagnosis mesotympanitis,
inpatients in the otolaryngology department of the
Ternopil Regional Clinical Hospital and underwent
tympanoplasty.

All patients signed an informed consent to
participate in the study. After receiving the conclusion
of the ethics committee of the I. Horbachevsky Ternopil
National Medical University (minutes 81 dated April
03, 2025), the study was carried out in compliance with

of chronic who were

all moral and ethical principles, taking into account the
World Medical Association Declaration of Helsinki.

On the eve of hospitalization and surgery, each
patient underwent a comprehensive clinical
laboratory examination (complete blood count with
leuko-formula, biochemical blood test), a traditional
otolaryngological examination, collection of life and
disease history, to register previous ear surgeries and the

and
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duration of the disease, and, if necessary, consultations
with related specialists.

According to a specially developed questionnaire for
assessing the risk of CM recurrence, which included
MERI criteria, all patients were surveyed on 19 potential
risk factors for CM development: age, sex, environmental
living and working conditions, the presence of
leucocytosis (according to the leuko-formula), ESR and
glycemia levels, the presence of diagnosed diabetes
mellitus and kidney disease, nasal septum deviation,
chronic sinusitis, nasal polyposis, vasomotor rhinitis,
adenoid vegetations (in history), incidence of acute
respiratory viral infections during the last 12 months,
chronic tonsillitis, as well as local otological symptoms
such as the size of the perforation of the eardrum, the
presence of a middle ear polyp, the duration of the
disease and previously undergone surgical interventions
on the middle ear. Based on the data obtained, their
gradation was established from numerical values.

The construction of a predictive model of the risk of
CM recurrence was carried out by multivariate regression
analysis. Statistical processing of the obtained data was
performed using the statistical package Statistica 10.0 and
the spreadsheet editor Microsoft Excel 2019.

RESULTS

To build a multivariate regression model for
predicting CM recurrence, probable factors of chronic
mesotympanitis were selected. The use of this method,
which considers the most informative factors and variants
of their severity, allows predicting the possibility of
recurrence, which helps in the development of effective
methods of treatment, prevention of the development and
progression of pathology.

Since the aim of this study was to establish the
dependence of disease progression on sex, the factor

"Sex" was removed from the analysis even before the
beginning of the study, and patients were divided into
two groups accordingly.

Using multivariate regression analysis, 15 probable
factors of CM occurrence were analysed for each sex
separately: age, environmental living and working
conditions, presence of leucocytosis (according to leuko-
formula), ESR and glycemia levels, presence of
diagnosed diabetes mellitus, nasal septum deviation,
chronic sinusitis, nasal polyposis, vasomotor rhinitis,
incidence of flu infection during the last 12 months, as
well as local otological symptoms such as the size of the
perforation of the eardrum, the presence of a middle ear
polyp, the duration of the disease and previously
undergone surgical interventions on the middle ear.

To determine the significance of factorial features
influence, in the Statistica 10.0 program, a stepwise
multivariate regression analysis was performed to
calculate the regression coefficients "b" (Beta), which
reflect for each selected factor the relationship regarding
the influence on the development of CM recurrence in the
examined patients.

During the regression analysis,
characteristics were removed from the group of women
(“ESR level”, “Diabetes mellitus”, “Glucose level”,
“Nasal polyposis”, of flu
“Duration of the disease”), and in the group of men — 2
characteristics (“ESR level” and “Polyposis of the nasal
cavity”), which are determined by the model as invalid,
since they have a significance level of p>0.05.

The result of obtaining significant factors for

6  factorial

“Incidence infection”,

predicting recurrence of CM for each group when
conducting multivariate regression analysis in the
Statistica 10.0 program is shown in Fig. 1 and Fig. 2.

Regression Summary for Dependent Variable:RCCMR (1 in 11)
R= 97162428 R?= 94405374 Adjusted R?= 93472936
RCCHMR F(13.78)=101.25 p<0,0000 Std Error of estimate: .19288
b* Std.Ermr. b Std Emr t(78) p-value

N=92 of b* ofb
Intercept -1,64859 0,139893 11,7846 0,000000
X1- Age 0288585  0,040340 0.24734 0034575 7.1538| 0.000000
X2 - Working 0,231348 0,043153 0.15218 0,028387 5.3611| 0,000001
X3 - WBC level 0,351619, 0,030989 0,14353  0,012650 11,3464 0,000000
X4 - Diabetes -0,160187  0,051054 -0,42687 0,136049 3,1376) 0,002404
X5 - Glycemia level 0,229204  0,051717 0.49097 0,110782 44319 0,000030
X6 - Middle ear polyp 0.166093 0,037306 0.25329 0.056891 44521 0,000028
X7 - Nasal septum deviation 0276215 0,040833 021841 0,032288 6,7646/ 0,000000
X8 - Chronic sinusitis 0,105482 0,043779 0,16409 0,068102 24094 0,018335
X9 - Vasomotoer rhinitis 0,110841  0,036803 0,18088 0,0e0058 3.0117| 0,003501
%10 - Incidence of flu 0,204359 0,033999 0,19691 0,032759 6,0108 0,000000
X11 - Size of the eardrum 0,245621 0,031043 0,36921 0,046663 79122 0,000000
X12 - Duration of the disease 0252646 0042640 0.14307 0,024147 5,9252| 0,000000
X13 - S Rads sar 0,238516 0,044329  0,36373 0,067601 65,3805 0,000001

Figure 1 — The result of obtaining significant factors for predicting recurrence of CM in the group of men when
conducting multivariate regression analysis in the Statistica 10.0 program
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Regression Summary for Dependent Variable:RCCMR  (1in 1)

R=,95890538 R?= 91949953 Adjusted R?= 91346200

F(9,120)=152,30 p<0,0000 Std.Error of estimate: ,21183

b* Std.Emr b Std.Emr t(120) p-value

N=130 of b* of b
Intercept 0,501665 0,105054 4,77531| 0,000005
X1 - Age 0,271236/ 0,034833 0.235903  0,030295 7.78675 0.,000000
X2 - Working conditions 0,066564 0031849 0,049762 0,023809 2,08999 0,038731
X3 - WBC level 0453021 0,032242 0,178353 0,012694 1405072/ 0,000000
X4 - Middle ear polyp 0.218122] 0,029876 0,349658 0,047892 7.30090/ 0,000000
X5 - Nasal septum deviation | 0213245 0034465 0,206248 0,033334 6,18724  0,000000
X6 - Chronic sinusitis 0,137309 0.038077 201052 0,055753 360611 0,000454
X7 - Vasomotor rhinitis 0119844 0.027355 0,178135 0,040660 4 38103 0,000025
X8 - Size of the eardrum 0,179529  0,027431 0,235819  0,036031 6,54483 0.000000
X9 - Gt mide e 0,332940/ 0,028234 0,376063 0,031891) 11,79206 0.000000

Figure 2 — The result of obtaining significant factors for predicting recurrence of CM in the group of women when
conducting multivariate regression analysis in the Statistica 10.0 program

According to the results of multivariate regression
analysis of predicting the rate of CM recurrence, which
are shown in Fig. 1 and Fig. 2, we build a mathematical

model to determine the risk coefficient of CM
recurrence (RCCMR) for men and women:

RCCMRM=X1%0,24734+X2*0,15218+X3*0,14353+X4*(-0,42687)+X5%0,49097+X6*0,25329+X7*0,21841+
+X8+%0,16409+X9%0,18088+X10*0,19691+X11* *0,36921+X12*0,14307+X13*0,36373-1,64859;

RCCMRW=X1%*0,235903+X2*0,049762+X3*%0,178353+X4%0,349658+X5*0,206248+X6%0,201052+X7*

*0,178135+X8%0,235819+X9%0,376063-0,501665;

where RCCMRM - risk coefficient of CM recurrence for men;

RCCMRW - risk coefficient of CM recurrence for women;

X1-X13 — selected risk factors for CM recurrence with regression coefficients in each group;

-1.64859 — constant in the group of men;
-0.501665 — constant in the group of women.

Analysis of residual deviations provides grounds for
assessing the quality of the regression model (Fig. 3).
As can be seen from the obtained histograms, the
residual deviations, both in the group of men and in the
group of women, are distributed symmetrically,
approaching the curve of the normal distribution of
residuals, therefore, the statistical hypothesis that their
distribution conforms to the normal distribution law is
not rejected.

To further confirm the normal distribution of
residual deviations, a normal probability plot was
constructed (Fig. 4). It is worth noting that the plot does
not show any systematic deviations from the normal
probability line. From this, we conclude that the residual
deviations are also distributed according to the normal
distribution law.

The final stage of assessing the overall goodness of
fit of the model was an ANOVA analysis (Fig. 5, Fig.
6). Since the significance level in both groups was
p<0.001, we can conclude that the overall goodness of
fit of the model for predicting the risk of CM recurrence
is high. The results obtained indicate that the model

itself will perform better than a simple prediction using
average values.

The last criterion of the quality of the mathematical
model was the analysis of the Nigelkirk’s coefficient of

Distribution of Raw residuals
— Expected Normal
30

25

20

No of obs
&

-7 -06 05 -04 03 -02 -01 OO0 01 02 03 04 05 06

Figure 3 — Histogram of residual deviations of the
multivariate regression model for predicting CM
recurrence in the group of women
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Normal Probability Plot of Residuals

Expected Normal Value

-03 -0,2 -0,1 0,0 01

Residuals

0.2 03 04

Figure 4 — Normal probability plot of residual
deviations of the multivariate regression model for
predicting CM recurrence in the group of men

determination (R?), which shows what proportion of
factors is considered in the prediction. The closer its
value approaches "1", the higher the quality of the
multifactorial regression model. In the proposed
mathematical model of the RCCMR in the group of
men, the coefficient of determination was R?>=0.944 (in
the Statistica 10.0 program R?=,94405374 (Fig. 1)), in

05

the group of women - R2=0.919 (in the Statistica 10.0
program R?= 91949953 (Fig. 2)). Thus, in our case,
94.4% of factors were considered in the model for
predicting the risk of CM recurrence in the group of
men and 91.9% of factors in the group of women,
respectively.

DISCUSSION

The use of the prognostic mathematical model
proposed by us, which considers possible risk criteria
for the development of CM recurrence and rejects non-
significant factors, provides the possibility of early
prediction of potential complications and the likelihood
of disease progression. This, in turn, contributes to early
diagnosis and selection of more effective and less

harmful methods of prevention in the early
postoperative period, in patients who have undergone
surgery on the middle ear due to chronic
mesotympanitis.

The rejection by the model of factorial

characteristics associated with the pathology of the
paranasal sinuses in the group of women (“Polyposis of
the nasal cavity”, “Incidence of flu infections”) may be
due to the fact that complicated chronic sinusitis is more
often observed in men over the age of 45 [10].

Analysis of Variance; DV: KPPXMC (1 in 11)
Sums of | df Mean F pvalue
Effect Squares Squares
Regress. | 48967660 13 3766743 1012458 0,00
Residual 2,90191 78 0,037204
Total 51,86957

Figure 5 — Analysis of the determination coefficient of the multivariate regression model for predicting CM

recurrence in the group of men

Analysis of Variance; DV: KPPXMC (1in 1)
Sums of df Mean F p-value
Effect Squares Squares
Regress. | 61507451 9 6834161 1522972 0,00
Residual 538486 120 0,044874
Total 66,89231

Figure 6 — Analysis of the determination coefficient of the multivariate regression model for predicting CM

recurrence in the group of women

Regarding diabetes mellitus

and the

factor

characteristics associated with it (“Diabetes mellitus”,

“Glucose level”), a pattern is also observed here, since
type 2 diabetes mellitus usually affects people over 45
years of age, who are overweight and have a burdened
family history. The average age of the patients in this
study was within 42 years.

Today, in otolaryngology, there are a few indices for
predicting the long-term results of surgical
interventions. One of these is MERI (Middle Ear Risk
Index). MERI is one of the many methods used to
predict the results of surgery. It considers both
preoperative and postoperative conditions of the middle
ear [2, 5].
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It was created to predict a positive result of
tympanoplasty based on internal factors of the middle
ear [11, 12]. The MERI consists of the Bellucci criteria,
which assess the severity of otorrhea, and the Austin-
Kartush criteria, which assess the condition of the
ossicles, cholesteatoma, middle ear granulation and
effusion, and the results of previous middle ear
surgeries. In 2001, Becvarovski and Kartush added
smoking to the scoring system as a factor that may
exacerbate chronic otitis media [13]. The MERI scores
are summed, and the results are classified according to
the healthy middle ear as mild, moderate and severe of
CSOM [14].

The MERI score is a valuable and evidence-based
tool for predicting the success of tympanoplasty
procedures. Traditionally, the success of tympanoplasty
has been assessed solely by the postoperative integrity of
the graft. However, there are still many unstudied factors
that may contribute to better surgical outcomes [14].

Such factors include the patient’s sex and age. Since
the rehabilitation and recovery period after surgery may
differ in patients of different sexes and age groups.

PROSPECTS FOR FUTURE RESEARCH

In this work, we presented the prediction of the risk
of chronic mesotympanitis recurrence using the MERI
criteria, including depending on sex, and found a
difference in the involved factor characteristics.

It would be advisable in further studies to also
investigate the age dependence of the risk of chronic
mesotympanitis recurrence.

CONCLUSIONS

1. The use of a mathematical model of multivariate
regression analysis, which considers the most probable
risk  factors for the recurrence of chronic
mesotympanitis, allows for timely prevention of the
disease and prevention of potential complications and
recurrences.

2. The use of this model allows for the development
of algorithms preoperative  preparation
postoperative rehabilitation of patients with chronic

for and
mesotympanitis.

3. The results obtained in the future can be used to
design an information and diagnostic system for
assessing and predicting the recurrence of CM.

The results obtained in the future can be used to design an information and diagnostic system for assessing and

predicting the recurrence of CM.
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