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The authors proposed a new biological material for the tympanic membrane plastic surgery — the decellular-
ized matrix of xenoperitoneum. The objective of the work was the quantitative assessment of hearing sense presence
after myringoplasty using decellularized xenoperitoneal matrix in an experiment. A comparative characteristic of hear-
ing sense was performed after myringoplasty with decellularized xenoperitoneal matrix and canned cadaver pachymen-
inx using the method of brainstem auditory evoked response (BAER-test), based on the assessment of the total length
of three more expressed peaks in the audiogram. There were no statistically significant differences between a healthy
ear and an operated ear with a new biological implant according to the results of the average values of the sum of the
three peaks in the audiogram (53.2+£13.55 mm and 40.6£9.77 mm, respectively (p>0.05). Hearing acuity after myrin-

goplasty with decellularized matrix of xenoperitoneum was significantly restored to original values.
Key words: BAER-test, decellularized matrix of xenoperitoneum, biological implant, myringoplasty, tympanic

membrane perforation

The problem of hearing impairment in
modern society is becoming increasingly relevant;
the hearing impairment equally affects the quality
of life and the communicative capabilities of any
person regardless of the severity [1]. According
to the World Health Organization (WHO), 360
million people (including 32 million children)
worldwide suffer from disabling hearing loss
(hearing loss in a better hearing ear, exceeding
40 dB in adults and 30 dB in children). The hear-
ing impairment is registered in 14% people at the
age from 45 to 64 years and in 30% over 65
years.

The causes of hearing loss can be divided
into two main groups: congenital and acquired.
Congenital hearing loss can be caused by heredi-
tary and non-hereditary genetic factors or compli-
cations during pregnancy. Acquired hearing loss
develops at any age, and in most cases lends
itself well to treatment [9]. The hearing loss is
divided as conductive and sensorineural accord-
ing to the pathogenesis of the development. Cur-
rently, many methods have been proposed for
auditory function deficiency correcting; we per-
formed operations to correct conductive hearing
loss in our work.

The various plastic materials are used in
clinical practice: temporal muscle fascia, cartilage
and perichondrium, periosteum, mucous mem-
brane of the cheek, mucous membrane of the
small intestine, nasal septum, vein wall, dura ma-
ter, amnion, sclera, human allofibroblast culture,
polymer implants, two and three-layer grafts of
different composition [3, 4, 7, 8, 10]. But these
grafts along with sufficient efficiency have signifi-
cant drawbacks identified during many years of
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clinical trials. Possible complications include sup-
puration, flap dislocation or graft rejection; colla-
gen fibers dissolve at scarring and often do not
completely cover the tympanic membrane defect,
recurrence of the tympanic membrane defect,
adhesion to the medial wall of the tympanic cavi-
ty, which significantly reduces the function of the
tympanic membrane and as a result of hearing
loss. The search and development of new highly
effective materials to restore the integrity of the
eardrum is still ongoing. A new biological material
is presented in our work — decellularized matrix of
xenoperitoneum in an experiment on rabbits.

In presence, the most objective and
widespread method of hearing testing in animals
is the method of brainstem auditory evoked re-
sponse (BAER-test). An assessment of hearing in
animals using this method has been carried out
for a long time. We met a quantitative assess-
ment of hearing in animals in the works of I. V.
Chuvayev (the Clinic of LLC «Institute of Veteri-
nary Biology»), which was of considerable inter-
est to us from the point of view of quantifying
hearing acuity in experimental animals [2].

The objective was the quantitative as-
sessment of hearing sense presence after myrin-
goplasty using decellularized matrix of xenoperi-
toneum in an experiment.

MATERIALS AND METHODS

The object of a comparative experimental
study is a new biological implant of domestic de-
velopment - decellularized bovine-derived perito-
neum matrix used for tympanic membrane repair
for the first time. The decellularized matrix of
xenoperitoneum was obtained by a double cycle
of decellularization with the detergent-enzymatic
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method followed by sterilization with gamma-
radiation [5]. The canned cadaver dura mater
(pachymeninx), a biological material used in clini-
cal practice for plastic surgery of the tympanic
membrane during perforations, was used as the
comparison material.

The experiment was conducted on 20
sexually mature rabbits of both sexes, weighing
2000+£500 grams. Animals were distributed in two
groups, randomly. The groups corresponded to
the used bioimplant: group I — the decellularized
matrix of xenoperitoneum, group II — canned
dura mater. The tympanic membrane defect and
subsequent myringoplasty [2] were fulfilled in all
animals on the left ears, the right ears were the
control.

Left Ear Memory Page: 10 020 Scans

A quantitative assessment of hearing was
performed on the 30™ day after the surgery using
the BAERCOM UFI recorder of brainstem auditory
evoked response, a standard simulator of the
brain neuro-wave activityy, and standard
BAERCOM PC software. The power of the sound
pulse packet is 70 dB.

A three-electrode system of subcutane-
ous electrodes was used when registering an au-
diogram: two active electrodes (right, left ear)
and a third reference electrode (in the parietal
tubercle area). Poly-frequency impulses were
sent by 25 packets and displayed for the right
and left ear separately (fig. 1). The test was per-
formed three times in each ear to avoid sponta-
Neous errors.

Right Ear Memory Page: 8 020 Scans
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Figure 1 — Audiogram obtained using simulator of neuro-wave activity on the 30" day after myringoplasty with
decellularized matrix of xenoperitoneum: a) left ear, b) right ear

A comparative analysis of hearing acuity
was performed between the first and second
groups in accordance with the used bioimplant,
as well as the operated ear with a healthy one.

Statistical analysis. The group arith-
metic mean (X) and standard deviation (SD)
were calculated for all quantitative data. The sig-
nificance of differences between the study groups
was determined using the non-parametric Mann —
Whitney criterion to compare the independent
groups («experience — control»). The changes
were considered statistically significant at a confi-
dence level p<0.05.

Experimental work with animals was car-
ried out in accordance with the European Con-
vention for the Protection of Vertebrate Animals
Used for Experimental Purposes (Helsinki Decla-
ration of the World Medical Organization). The
experimental study was approved by the Commit-
tee on Bioethics of Non-profit joint-stock compa-
ny «Karaganda Medical University», protocol
N212 from 02.06.19.
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RESEARCH RESULTS

It was necessary to formalize the graphs
to quantify the results and at the same time to
obtain a digital value that reflects as much as
possible the generalized result of each individual
study. To this end, we measured the height of
the three most expressed peaks after setting the
standard contour and bringing all the graphs in
line with it. Peak height (in mm) was measured
for each study separately. Then the height of
three peaks was summarized and total numerical
value expressed in mm was obtained [6]. The
results of the study are presented in table 1.

The table presents, that the total value of
the audiograms peaks of unoperated right ear
was higher than the data of the operated left ear
in both groups. However, there were no statisti-
cally significant differences between the average
values of three peaks sum in the audiogram of
the operated and non-operated ears in the first
group, where the decellularized matrix of xen-
operitoneum was applied — 40.6+£9.77 mm and
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Table 1 — Comparative assessment of the audiogram data on the 30" day after myringoplasty

Measurement result (mm) Decellélpl)irriﬁ?] :J?nt,ri)(( X_c;f xen- Canned caii?(\l/%( _|)9achymen-
Sum of three peaks (mm) — left ear 40,619,77 32,2+3,36

Sum of three peaks (mm) — right ear 53,2+13,55 43,8+0,84

Total sum (mm) — left and right ears 96,2+11,78 74,6+3,21

p-value p=0,096 p=0,001

53.2+13.55 mm, respectively (p>0.05). This phe-
nomenon can be regarded as the auditory func-
tions restoration of the middle ear after myrin-
goplasty.

The average values of three peaks sum of
the in the audiogram of the operated (left) ear
were statistically significantly different from the
values of the unoperated (right) ear in the second
group, where canned dura mater (pachymeninx)
was used for the eardrum — 32.2 +£3.36 mm ver-
sus 43.8+0,84 mm (p<0.05), which may indicate
a lower ability of this type of biological implant to
restore auditory functions of the middle ear after
myringoplasty.

Comparative analysis of the total peaks
value of the right and left ears in two groups re-
vealed that the total peaks value of the right and
left ears (96.2+11.78 mm) when using the decel-
lularized matrix of xenoperitoneum was statisti-
cally significantly larger (p<0.05) than in the
comparison group — 74.6 £ 3.21 mm.

CONCLUSIONS

Thus, the obtained results demonstrate
that hearing acuity after myringoplasty with new
biological material decellularized matrix of xen-
operitoneum was higher (closer to the initial val-
ues) than with canned dura mater.
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4. K. Ecrnszos, H. T. Abaros, M. M. Tycynbekosa, P. M. bagbipos, E.M. AcamngarHos

JELIESVTHOJISPUSOBAHHBIV MATPUKC KCEHOBPIOLLIMHAI: KOJIMYECTBEHHAS OLIEHKA HAJIMYMS CITIYXA [TOCTIE
MUPUHITOTNJIACTUKU BUOJIOMMHECKUM UMIT/IAHTATOM B SKCITEPUMEHTE

Meguumrckmd yrmBepcuteT Kaparananl (Kaparanaa, KasaxcraH)

MpeanoXeH HOBbIM BUONOrMYECKUIN MaTepuan Ans nNnacTuky GapabaHHON NepenoHKU — AeLenItoNsapu3oBaH-
HbI1 MaTPMKC KCEHOBPIOWMHLI. Llenb paboTbl — AaTb KOMIMHYECTBEHHYIO OLIEHKY Hanmuus cryxa nocsie MUpUHIONIacTuku
C NpYMEHEeHVEM AeLenntoNnsapu30BaHHOrO MaTpuKca KCeHOOPIOWMHBI B 3KcnepmumeHTe. C MOMOLUBIO METOAA Bbi3BaHHbIX
cnyxoBbIx noTeHuuanos (BAER-TeCT), OCHOBAHHOIO Ha OLEHKE CyMMapHOWM AnWHbI Tpex 6onee BblpaXkeHHbIX MWUKOB Ha
ayavorpaMme, AaHa CpaBHUTENbHASA XapaKTepuUCTMKa Cryxa nocsie MUPUHIoNNacTUKM AeLenstoNnsapu3oBaHHbIM MaTpUK-
COM KCEHOBPIOLLIMHBI U KOHCEPBMPOBAHHOWM TBEPAOM MO3roBoi 060/104KON KaaaBpa.

Mo pesynbTaTaM CPeAHUX 3HAYEeHWA CyMMbl TPEX MWKOB ayAMOrpaMMbl CTAaTUCTUHECKM 3HAUUMBIX Pasfivuui
MeXzay 340POBbIM YXOM U ONEPUPOBAHHBIM YXOM C HOBbIM HMOM0MMYECKMM UMMNAHTATOM He BbiSiBNeHo — 53,2+13,55mMm
n 40,6%9,77 mm cootBeTcTBeHHO (p>0,05). OcTpoTa cnyxa nocne MUPUHIOMIACTUKN C MPUMEHEHUEM AELEeNINspn30-
BAHOr0 MaTpuKca KCEHOOPIOLWMHBI 3HAYMMO BOCCTAHAB/IMBAETCS K UCXOAHBIM 3HAYEHUSM.

Knrowesbie croBa: BAER TecT, aeLenitonsipu3oBaHHbI MaTPUKC KCEHOBPIOWMHLI, BUONOrMYeCckuiAi UMMNNAHTaT,
MWPWHIroniacTuka, nepdopaums 6apabaHHOW NeperoHKu

4. K. Ecrnszos, H. T. Abaros, M. M. Tycyrnbekosa, P. M. bagbipos, E. M. AcammaarHos
HELIETIIIOISPUSALINATIAHFAH KCEHOKYPCAK MATPUKCIH: SKCITEPUMEHTTE BUOJIOMA/TbIK UMIT/IAHTITEH
MUPUHIOM/IACTUKAJIAYJAH KEVIHIT ECTY KABL/IETIH CAHZbBIK BAFAJIAY

Kapararabl meguumHa yHuBepcnteTi (Kaparar/bl, KaszakcraH)

[abbin >xapfFaFblHblH MNJIacTMKacbiHA apHaiaFaH Aeuenionspu3aumnsnanFaH KCeHOKYpCaK MaTpUKCIHIH JKaHa
6VIOJ10FVI9IJ1bIK MaTepuanbl YCbIHbIIAbI. )K¥MbICTbIH MaKCaTbl - SKCNEPUMEHTTE AeuennonapmnsaunanadHFaH KCEHOKYPCaK
MaTPUKCIH MaiganaHa oTbIpbin, 6MONOrUANbIK UMMNAHTIEH MUPUHIOMNacTUKanayaaH KeMiHri ecTy KabineTtiH caHablk
6aranay. AyavorpaMMaza akbiHAaIFaH ylweyaeH apTblK dXOFapFbl KOPCETKIITEPIHIH XMbIHABIK Y3bIHAbIFbIH 6aFanayra
HerisgenreH TyblHAaTbUIFaH eCTy KapbiMbl 9AiciHiH KemeriveH (BAER-TecT) aeuenntonspusaumsinaHFaH KCEHOKYPCaK,
MaTPUKCIH XXaHe KadaBpAblH KOHCEPBINEHreH KaTTbl MU KabblFbIHbIH MUPUHIOMNIACTMKaCbiHAH KeliH ecTy KabineTtiHe
canbICTbipMarnbl cunaTTama 6epingi.

KopbITbIHAbICHIHAQ Cay Kynak MeH >aHa OMonorvsiiblK WMMMIaHT KOMbIIbIN Ofepauusl XacanFaH Kynak
apacbiHga — 53,2+13,55MM xaHe 40,6+9,77MM caikeciHwe (p>0,05) ayauvorpamMMagarbl yWeyAeH apTbiK opTalla
KepCeTKiWTepiHiH CTaTUCTUKaNbIK MaHbI3Abl ©3repiCTepi aHblKTanMaabl. Aeuennonsapusauusinadrad  KCeHoKypcak
MaTPWKCIH KONAaHa OTbIPbIM, XacasiFaH MUPMHITIIACTUKaAaH KeMiHM KyaKTblH WaFbILTbIFbI 6acTankbl KOpCeTKilLTepi-
He >XaKblH 6onbIn keneai.

Kint ce3gep: BAER TecT, geuennionsipusaumsiniaHFaH KCEHOKYpPCaK MaTpuKCci, 6uonorvanblk MMMiaHTar,
MUPUHronnacTuka, Aabbin >xxaprarbiHbiH Nepgopauuscol
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