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Ventral hernias (VH) continue to be one of the most common surgical pathologies in planned and emergency
surgery. Surgical treatment of large VH (=10 cm) requires the use of traumatic surgical techniques in order to
align the edges of the hernia defect and restore the integrity of the anterior abdominal wall.

OBJECTIVE — to assess the effectiveness of the botulinum toxin type A (BTA) injections and to study the pecu-
liarities of their administration into the muscles of the anterior abdominal wall in patients with large VH in the
preoperative period.

MATERIALS AND METHODS. A prospective cohort study included 66 patients with large VH, primary (PVH), and
incisional (IH). From June 2017 to August 2024, all patients underwent treatment and received injections of 100
units of BTA into the anterior abdominal wall muscles in the preoperative period. The patients’ average age was
5898+9.48. There were 23 men (34.8%) and 43 women (65.2 %). Before BTA, the average width of the hernial
defect in PVH patients was 12.29+1.93 cm, whereas IH was 13.46+2.06 cm. All patients underwent surgical
intervention for their hernias 4—5 weeks after the injection of BTA.

REesuLts. No complications were detected throughout the BTA administration or the 4—5 weeks of observation
before the surgical hernia repair. After injection, the length of the anterior abdominal wall muscles increased by an
average of 1.7 cm (min 0.1 cm, max 4.01 cm) on each side. Patients with PVH had an average hernial defect width
reduction of 4.17+0.68 cm, whereas those with IH had an average reduction of 5.14+0.75 cm (p<0.001). After
BTA administration, the volume ratio of the hernia sac to the abdominal cavity decreased from 4.97£3.55% to
3.70+2.77 % in patients with PVH (p=0.008) and from 5.59+3.71 % to 4.21 + 2.88 % in patients with IH (p=0.008).

Concrusions. The administration of 100 units of botulinum toxin type A in the preoperative period consistenly
increases the length of the abdominal wall muscles, reduces the width of the hernial defect, and enhances the
possibilities of further surgical treatment of large VH using laparoscopic technologies.

KEYWORDS
incisional hernia, ventral hernia, hernioplasty, botulinum toxin.

ARTICLE ° Received 2024-08-01 ® Received in revised form 2024-09-09
© 2024 Authors. Published under the CC BY-ND 4.0 license

Hernias of the anterior abdominal wall are acommon
pathology. Every fifth adult develops a primary ven-
tral hernia (PVH) [10]. The incidence of incisional
hernias (IH) ranges from 10 to 31 % after «open»
surgery [9, 13] and can reach 23 % after laparoscopic
and laparoscopic-assisted operations [4]. TH recur-
rence is on average 18—21 % after 12 months of ob-
servation, although it can reach 37 % after 48 months
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[12]. The type and size of the ventral hernia (VH)
impact the rate of recurrence, which can reach 40 %
for patients who underwent mesh surgery and can
increase progressively every year [1]. The European
Hernia Society (EHS) classifies hernias with a de-
fect width of >4 c¢m as «large» in PVH, but a hernia
width of >10 cm is considered «large» in TH [15]. If
there are no technical difficulties in comparing the
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edges of the aponeurosis defect for a large PVH, su-
turing the hernia is more challenging as it becomes
wider. When treating a large VH with a hernial de-
fect width of more than 10 cm, laparoscopic tech-
nologies may present technical difficulties and limi-
tations, necessitating the use of additional patient
preparation measures in the preoperative period [2].
In 2009, T.R. Ibarra-Hurtado et al. first proposed
using botulinum toxin type A (BTA) injections to re-
lax and enhance the elasticity of anterior abdominal
wall muscles in patients with VH [11]. A comprehen-
sive review of 23 studies published in 2021 found that
BTA injections were successful for lengthening the
lateral abdominal wall muscles and improving sutur-
ing for an aponeurosis defect. At the same time, it was
emphasized the need to standardize the approach to
patients selection, the dosage, and technique for BTA
injections in the treatment of large hernias [17]. BTA
injections are administered in a variety of doses and
methods, with the most common being 300 units of
Botox (Allergan, USA) with ultrasound guidance
[21]. Individual publications demonstrate the use of
lower doses of BTA in the treatment of hernias and
the closure of defects of the anterior abdominal wall.
However, the effectiveness of using a total dose of BTA
less than 200 units has controversial results [3, 14, 22].
OsjecTIVE — to assess the effectiveness of the
botulinum toxin type A (BTA) injections and to
study the peculiarities of their administration into
the muscles of the anterior abdominal wall in pa-
tients with large VH in the preoperative period.

Materials and methods

General characteristics of patients

A prospective cohort study included 66 patients
with large VH. Considering that hernia defects less
than 10 cm in width can be sutured without ten-
sion and using separation techniques, we did not
include patients with PVH and widths ranging
from 4 to 9 cm. All patients were treated between
June 2017 and August 2024.

The average width of the hernial defect for PVH
was 12.29 +1.93 cm (from 10 to 16 cm), whereas for
IH, it was 13.46 £2.06 cm (from 10 to 16 cm). The
patient characteristics are shown in Table 1.

In addition to an objective examination, all pa-
tients underwent an ultrasound examination of the
anterior abdominal wall 4—5 weeks and one day be-
fore surgery. We also performed computed tomogra-
phy (CT) with three-dimensional modelling of the
abdominal cavity and anterior abdominal wall, and
measured the volume of the hernia sac, the volume of
the abdominal cavity, and the length and thickness of
the abdominal wall muscles in comparable sections.
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The BTA injection technique

All patients received BTA injections into the an-
terior abdominal wall muscles 4—5 weeks before
surgery according to clinic’s established approach.
We developed a novel method of administering
botulinum toxin type A and secured Ukrainian util-
ity model patent No 142997 on 07/10,/2020, titled
«Method of treating large VH using botulinum
toxin type A injection into the anterior abdominal
wall muscles.» This method is based on the analysis
of literary data as well as the clinical and anatomi-
cal characteristics associated with the development
of large VH, including the location and size of the
aponeurosis defect, deformation, thickness, signs of
hyperplasia and /or sclerotic changes in the muscu-
lo-aponeurotic layer of the anterior abdominal wall.
The technique involves the administration of BTA
into the transverse, external, and internal oblique
muscles of the abdominal wall, ensuring a double
control over the drug’s introduction into the speci-
fied muscle. We administered BTA at 6 sites, with
3 injection points on each side. The total volume of
injected BTA was 100 units (Botox, Allergan, USA).
We divided the dose into two equal portions and
injected 50 units into the anterior abdominal wall
muscles on the right and left sides. The technique
enabled the customization of three predetermined
entry points on each side of the abdominal wall,
according to the specific location of the hernial de-
fect. 15 units of BTA were injected into the external
oblique muscle of the abdomen, 4 cm above the na-
vel, along the line between the anterior axillary and
mid-clavicular lines. Another 15 units of BTA were

Table 1. Demographic and pre-operative data

Characteristics n=66
Women 43 (65.2%)
Men 23 (34.8%)
Average age, years 58.98£9.48
Body mass index, kg/m? 31.69+4.88
ASA score
I 8 (12.1%)
II 55 (83.3%)
I 3 (46%)
v 0
Obesity 32 (485%)
Type of hernia*

27 (40.9%)
39 (59.1%)

Primary ventral hernia
Incisional hernia

* According to EHS (European Hernia Society) classification.
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Figure 1. Photo of BTA administration into the muscles of the anterior abdominal wall:
A — equipment for BTA injections (needle, neurostimulator, and syringe with BTA);
B — view of the one-point BTA injection under the ultrasound control

injected into the transversus abdominis muscle at
the level of the navel along the mid-clavicular line. 20
units were injected into the internal oblique muscle
of the abdomen at a point 3 cm below the navel along
the mid-clavicular line.

The introduction of BTA was carried out using
a special stimulating puncture needle, Stimuplex A
(BBRAUN, Germany), with an insulating coating
of size 21G, with a diameter of 0.80 mm, a length
of 100 mm. Stimuplex HNS-12 neurostimulator
(BBRAUN, Germany) was connected to this needle
through an electrode built into it, and BTA was in-
jected through the built-in extension line-catheter
(Fig. 1). The movement of the needle in the thick-
ness of the anterior abdominal wall was monitored
in real time on the monitor of the ultrasound ma-
chine using a linear ultrasonic sensor. A step-by-step
puncture of the muscles of the anterior abdominal
wall was performed on the right and left sides. At the
same time, before the introduction of BTA, the accu-
racy of placing the tip of the needle in the thickness
of the selected muscle was additionally monitored
using a neurostimulator. With a short-term (3—5 s)
supply of electric current with a strength of up to 5
mA and placement of the tip of the needle in the se-
lected muscle, a visual contraction of this muscle was
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observed during the examination of the patient and
on the monitor of the ultrasound machine. With the
«incorrect» placement of the needle tip, in the thick-
ness of the fascial sheath of the muscle, tendon, fatty
tissue, the aforementioned muscle contractions were
not observed.

Patients with giant hernias with a width of the
hernia defect greater than 20 cm were not included
in this study. The expected effect of the introduc-
tion of BTA was considered as lengthening of the
lateral muscles of the anterior abdominal wall on
the right and left sides. The total reduction in the
width of the hernial defect was planned to 10 cm.

In this study, the authors adhered to the ethi-
cal principles of medical research involving human
subjects, set forth in the Helsinki Declaration of the
World Medical Association and current regulations
of Ukraine. The research protocol was approved
by the ethics committee of Bogomolets National
Medical University. The research was carried out
as part of the scientific work of the department
«Improvement of diagnostic methods, surgical
treatment of pathologies of abdominal organs, an-
terior abdominal wall, and metabolic syndrome»
(No 0123U105130). Written informed consent was
obtained from all patients.
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Statistics analysis

Data were analysed with the statistical package
IBM SPSS Statistics Base (version 22). All results
were considered statistically significant at a value
of p<0.05. Quantitative data are presented as mean
(M) +standard deviation (SD), unless otherwise
stated. The normality of the data distribution was
checked using the Shapiro-Wilk test (p>0.05).

Results and discussion

When administrating BTA injections, standard injec-
tion points were used in 47 (71.2 %) cases, as planned
at the beginning of the study. In 19 (28.8 %) patients,
asymmetric placement of the edges of the hernial de-
fect in accordance with the midline was observed. At
the same time, in the group of patients with PVH, lat-
eral localisations of hernias were not observed, where-
as in the group with TH, 8 (12.1 %) patients had L 1-
L 4 type of hernia according to the EHS classification
[15]. In all 19 cases with asymmetry of the edges of
the hernial defect, an individual approach was used
to choose the BTA injection point on the side where
the scarred aponeurotic edge of the hernia deformed
the anterior abdominal wall. The BTA injection point
was chosen under ultrasound guidance according to
the actual localisation of each of the three layers of
muscles of the anterior abdominal wall.

Puncture of each of the three layers of the abdom-
inal wall muscles (external, internal oblique, and
transverse muscles) was performed under ultrasound
control using a linear ultrasonic sensor with a fre-
quency of 7—10 MHz depending on the thickness of
the abdominal wall. Additionally, control of the lo-
cation of the needle tip using a neurostimulator was
used immediately before the introduction of BTA.
Upon visual placement of the needle tip in the thick-
ness of the muscle selected for puncture, 35 (53.0 %)
patients had a need for repeated puncture and/or
correction of needle placement in at least one of the
six injection points, as no muscle contraction was
observed during current stimulation. At the same
time, in 15 (22.7 %) cases there was a need to correct
the location of the needle in two points, in 5 (7.6 %)
patients — in three or more points of injection. It is
worth noting that cicatricial changes in the thick-
ness of the muscles of the anterior abdominal wall
in patients with TH can cause technical difficulties
when introducing BTA only under ultrasound con-
trol, so we consider it necessary to supplement visu-
alisation with additional control using a neurostim-
ulator. According to P. H. Ferreira et al., ultrasound
correlates well with electromyography for punctures
of the internal oblique and transverse muscles, but
not enough for the external oblique muscle of the
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abdomen [8]. CT navigation is also used as a sepa-
rate method in addition to ultrasound in patients
with obesity and a thickened anterior abdominal
wall [5, 6]. In our study, there was no need for addi-
tional navigation with the help of CT; visualisation
of the thickness of the anterior abdominal wall was
sufficient for performing a puncture in all cases.

During the introduction of BTA and in the sub-
sequent period of observation, we did not record
any complications. The use of BTA as a method of
preparation for surgical treatment of hernias be-
longs to the off — label category. However, research-
ers have thoroughly studied the potential uses and
side effects of BTA in the treatment of various dis-
eases. BTA has low antigenic activity and extremely
rare cases of allergic reactions. There have been no
reports of major side effects from using BTA before
hernia repair. Less than 5 % of patients report minor
side effects such as local pain at the injection site,
cough, and superficial bruising, or none at all [5].

During the follow-up examination of patients
4—5 weeks after the introduction of BTA, changes
in the size of the hernia and abdominal cavity, as well
as the characteristics of the thickness and length of
the muscles of the anterior abdominal wall, were
observed in all cases, which is presented in Table 2.

The length of the abdominal wall was measured
from the lateral margin of the quadratus lumborum
muscle to the medial margin of the rectus muscle
from the comparable axial CT image (section) and
increased after BTA. The average increase in the
length of the abdominal wall in patients with PVH
was 1.71 £ 1.24 c¢m on the right and 1.77 £0.99 cm
on the left side, whereas in patients with TH, it was
1.77+1.22 cm and 1.78+1.12 cm, respectively
(p<0.001). On average, the length of the anterior
abdominal wall in patients with PVH increased by
6.6 % on the right and 8.2 % on the left side, where-
as in patients with TH, it inceased by 6.7 % on the
right and 7.8 % on the left.

Patients with PVH experienced an average sig-
nificant decrease in the thickness of the anterior ab-
dominal wall by 10.4 % on the right and 9.3 % on the
left, while patients with TH experienced a decrease of
9.1 % and 6.7 %, respectively. In absolute numbers, the
thickness of the anterior abdominal wall decreased
minimally, and on average, its decrease did not exceed
2 mm, although it varied from 0.3 to 4.8 mm.

After the introduction of BTA, the size of the her-
nial defect also changed. The width of the aponeuro-
sis defect was significantly reduced by an average of
34.9 % in patients with PVH and by 38.8 % in patients
with TH. At the same time, the defect width, which
was >10 c¢m in all patients before the introduction
of BTA, decreased to less than 10 c¢m in 44 (66.7 %)
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Table 2. Characteristics of the hernia and abdominal wall muscles change after BTA (M +SD)

Primary ventral hernia Incisional hernia
Indicator
Before BTA After BTA A Before BTA After BTA A

Length of
abdominal wall, cm

Right side 25.14+6.07  2685+6.80%  +1.71+1.24 2599+6.13  2776+6.80*  +1.77+122

Left side 21994623  2376+£6.72*  +1.77+0.99 22.76+6.22 24.53+6.78* +1.78+£1.12
Thickness of
abdominal wall, cm

Right side 1.46+0.19 1324025  —0.15+0.14 1.82+0.20 1.66+0.26* ~0.16+0.11

Left side 1.40+0.24 1.28+0.26*  —0.13+0.11 1.74+0.24 1.63+0.27* ~0.11£0.09
Width of hernial 12294193  812+2.18%  —417+0.68  1346+206  832+190*  —514+075
defect, cm
Length of hernial o #

12.37+485  1219+4.87 ~0.18+0.18 1251+4.64  12.36+4.66 ~0.15+0.11
defect, cm
val?tr;ecgfgabdommal 9502+2976 9884+ 2898***  +383+374 925242972 9621 +2910%**  +370+376
XOIU.me of s 457842708 3504+2267** —107.3+1176 497.4+271.2 3859+227.7** —1115+1184
€rnia sac, Cm

Volume ratio, % 497+355  370+277**  —127+1.08 559+3.71 421+288**  —138+1.14

Note. The difference before and after BTA is statistically significant: * p<0.001; * p<0.01; ** p<0.05.

patients after BTA. The length of the hernial defect
also changed, but this change was minimal.

According to E. B. Deerenberg et al., the lengthen-
ing of the muscles of the abdominal wall after BTA is
from 2.5 to 4 cm, its thickness decreases by 6—10 mm,
and the width of the hernial defect decreases to
amaximum of 8.4 cm. The results obtained by us cor-
respond to those of studies by other authors, even
taking into account the use of a 2—3 times smaller
dose of BTA (100 vs. 200—300 units) [5, 17, 21].

In both groups of patients, an increase in the vol-
ume of the abdominal cavity and a decrease in the
volume of the hernial sac were observed after the
administration of BTA. In patients with PVH, the
volume of the abdominal cavity increased by an aver-
age of 382.6 £373.90 cm?, and the volume of the her-
nia sac decreased by an average of 107.3+ 117.6 cm?,
which was 4.5 % and 23.6 %, respectively, of the ini-
tial indicator. In patients with TH, the volume of the
abdominal cavity increased by 369.6 + 375.8 cm?, and
the volume of the hernia decreased by 111.5+118.4
cm?, which was 4.4 % and 21.4 %, respectively. Ac-
cording to A. Fafaj et al., the volume ratio (VR),
which compares the volume of the hernia sac to the
volume of the abdominal cavity, may have a prog-
nostic value regarding the ability to close the fascial
defect when suturing a large VH. At the same time,
25 % VR is the threshold, and with indicators below
this value, the probability of complete closure of the
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hernia is high [7]. In our study, VR significantly de-
creased after BTA administration from 4.97 +3.55 %
to 3.70£2.77% in patients with PVH and from
5.59+£3.71% to 4.21+2.88% in patients with TH.
It should be taken into account that the calcula-
tion of the volumes of the hernia and abdomen was
performed on the basis of the obtained results of 3D
modelling based on CT data Fig. 2. The examination
was carried out in a state of rest and relaxation of the
patient in a supine position, so it could not take into
account the change in the size of the hernia and the
abdominal cavity during muscle tension and when
performing usual movements. Currently, there is no
method in surgical practice that would allow simul-
taneous assessment of the real volumes of the above-
mentioned structures at rest and standing, even
without performing additional movements. Suggest-
ed by E.Y. Tanaka et al., the VR calculation method
involved determining the volumes of the hernia and
the abdominal cavity based on the sagittal, frontal,
and vertical dimensions of these structures [16]. In
our study, we used the calculation of volumes using
a 3D model, which, in our opinion, is a more accurate
method because it takes into account all the features
and deformations of the hernia sac and abdominal
cavity, but it is difficult and time-consuming to cal-
culate by a radiologist. Therefore, we suggest using
it as the method of choice for scientific research and
not for routine use.

General Surgery 3azansnaxipypzin * 2024 ¢ Ne3 (10)
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Figure 2. 3D modeling of the volumes of the patient’s abdominal cavity and hernia sac (marked in red)
based on the results of CT. Before BTA injection: direct (A) and side (B) projection; after BTA injection:

direct (C) and side (D) projection

It is also worth noting that the overall assessment
of the effectiveness of the BTA injection technique
can be technically difficult, as it requires the objecti-
fication of changes in the characteristics of the her-
nia and the abdominal cavity. Ultrasound does not
allow for the evaluation of changes in the aforemen-
tioned indicators. The field of visualisation during
ultrasound is limited by the characteristics of the
linear sensor. In patients with large ventral hernias,
the size of the hernial defect exceeds the length of
the working surface of the sensor by several times.

General Surgery 3azanvtaxipypeia © 2024 ¢ Ne3 (10)

It is also impossible to evaluate the thickness of the
muscles of the abdominal wall at comparable points
before and after the introduction of BTA. Use of CT,
including without intravenous contrast, allows to
evaluate the parameters of the hernia and the abdom-
inal wall in comparable sections. However, in order
to evaluate changes in the volumes of the hernia sac
and abdominal cavity, a radiologist must be able to
use modelling tools to determine the volume of these
structures. CT is a costly method that imposes a ra-
diological burden on the patient. Therefore, in our
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opinion, it can be used as a method of performance
control at the initial stages of implementation of the
BTA administration method but not as a routine re-
search method. In our study, the BTA injection pro-
cedure was performed by one surgeon, ultrasound
diagnostician, and CT assessment was performed by
one expert radiologist in all patients.

After the introduction of BTA, all patients suc-
cessfully underwent hernia repair without the sepa-
ration of the anterior abdominal wall components.
Currently, there is no unanimous opinion regarding
the influence of BTA on the necessity of employing
separation techniques. In some studies, this percent-
age increases compared to cases without BTA, while
in others it varies widely from 14 to 57 %, without
specifying the sizes of hernias included in the study
or the presence of patients with loss of domain [5].

In 10 (15.2%) cases, the hernial defect was open
sutured, while in 56 (84.8 %) cases, it was addressed
laparoscopically. The percentage of open hernioplasty
was higher among patients with TH (17.9 %), com-
pared to those with PVH (11.1 %), which may be
due to the greater initial width of the hernial defect
in patients with TH and its insufficient reduction for
laparoscopic hernioplasty. Thus, out of 27 patients
with PVH, 13 (48.2 %) had laparoscopic surgery us-
ing intraperitoneal onlay mesh technique (IPOM)
and 11 (40.7 %) had laparoscopic IPOM+ with open
aponeurosis defect suturing, and 3 (11.1 %) had open
IPOM. Out of 39 patients with TH, 12 (30.8 %) had
laparoscopic TPOM, 20 (51.3%) had laparoscopic
IPOM+ with open aponeurosis defect suturing,
4 (10.2%) had open TPOM, and 3 (7.7 %) had open
sublay hernia repair. Despite the development and
variety of existing minimally invasive technologies
for the treatment of uncomplicated primary ventral
hernias, IPOM remains the go-to technique [20].
However, the use of laparoscopic IPOM in the case of
surgical treatment of large size VH is not always pos-
sible, because when the width of the hernial defect is
more than 10 cm, the tension between the edges of the
aponeurosis increases and becomes excessive for reli-
able suturing of the hernia. According to the results of
short- and long-term observations of M. Toffolo Pas-
quini et al., laparoscopic TPOM+ with open hernia
suturing through a mini-access directly above the de-
fect of the aponeurosis reduces recurrence and com-
plications, compared to [POM in patients with large
hernias [18, 19]. Therefore, we consider it appropri-
ate to use laparoscopic IPOM+ as an alternative to
open surgery in patients with large ventral hernias, in
which the width of the hernial defect has decreased to
<10 cm after the introduction of BTA.

Our study’s limitations include a small number
of patients and a focus on evaluating the efficacy
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of a single dose of BTA. It is necessary to conduct
further research on the introduction of BTA into
different layers of the abdominal wall muscles via
a single injection point, as well as the effectiveness
of using different dosages of BTA, including the
localisation of the introduction, with pronounced
asymmetric deformations of the abdominal wall.

Conclusions

The administration of 100 units of botulinum toxin
type A in the preoperative period consistently in-
creases the length of the abdominal wall muscles,
reduces the width of the hernial defect, and enhanc-
es the possibilities of further surgical treatment of
large VH using laparoscopic technologies.
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OniHka e(peKTUBHOCTI Ta OCOOJIUBOCTI METOJUKU BBEICHHS
OOTYJIOTOKCUHY THUITY A IIPH XipypPridvHOMY JIiKYBAHHI BEIMKUX
BEHTPAJIbHUX I'PIK

0.10. Iopde !, T. B. Tapaciok !, O. M. Uykanos 2, M. C. Kpusonycros !, O. I1. Crenenko !

! Hanionanbuuit mennusuii yuisepeuter imeni O. O. Boromoubiis, Kuis

2Kninika LifeScan, Kuis

I'preki mepeHbO1 YEPEBHOL CTIHKY € OIHIEIO 3 HAUTIOMNPEHIMNX XiPyPIridYHUX NATOJIOrHN y IULTAHOBIM T4 YPIreHT-
Hil1 Xipyprii. XipypriuHe JiKyBaHHsI BEHTPAJIbHUX I'PIPK BEIUKUX PO3MiIpiB (2 10 cm) ntoTpebye 3aCTOCYBAHHS
TPAaBMATUYHUX METOJUK ONEPATUBHOIO BTPYYAHHSA VI 3BEICHHA KPAiB I'PUKOBOTO JE(PEKTY TA BiTHOBIECHHA
LUTICHOCTI NEPEAHBOL YEPEBHOI CTIHKMU.

MeTra — BUBYMTU METOJUKY Ta €(PEKTHUBHICTb 3aCTOCYBAHHSA iH'€KLil1 60TyI0TOKCHHY TUIY A (BTA) y M’s13u
IEPEAHDbOI YEPEBHOI CTiHKU B MAIIEHTIB i3 BEJIMKUMH BEHTPAJILHHUMU I'PYDKAMUA B JJOOIIEPALIIMHUN IIEPIOI.

Martepiaau Ta MeToau. [IpOBEICHO MPOCIIEKTUBHE KOIOPTHE TOCIPKEHHS 32 YIACTIO 66 TAIEHTIB i3 Beu-
KMMU BEHTPAIbHUMHU I'proKaMu (tepsuHHUMU (T1BI) Ta micmonepanirinumu (ITOT)). Vei nanjienTy npoxXoauim
JIiKyBaHHA 3 4epBHA 2017 p. go cepnHsa 2024 p. Ta B foonepariifinui nepiog orpuManu in'ekiii BTA 100 O
B M’SI3U MEPEIHBOI YEPEBHOI CTiHKU. CepesiHilt BiK MallieHTiB CTaHOBUB (58,98 +948) poky. Yo/MOBIKIiB 6y110
23 (34,8 %), xiHOK — 43 (65,2 %). CepeHst MUPHHA I'PIDKOBOTO edexTy o BBeaeHHs BTA y narienTis i3 [IBI
cranoswia (12,29+1,93) cm, y manienTis i3 ITOT — (13,46 2,06) cm. YeiM marjieHTaM NpoBEAECHO OIEPATUBHE
BTPYYaHHs 3 IPUBOJY I'PIDKi uepes 4 —5 Tk nics in'ekuii BTA.

Pe3yapraTy. YCKIATHEHD ITiJ] 4aC BBE/ICHHSI BTA Ta BOPOAOBK 4—5 TUXK CIOCTEPEKEHHS, /10 MPOBEICHHS
ONEPATUBHOIO BTPYYAHHs, HE BUABICHO. JJOBXMHA M’S13iB IEPEHBbOI YEPEBHOI CTIHKU MiCiIA iH'€KIIil 3 060X
OOKiB 301IBIINIIACA B CEPEJHbOMY HA 1,7 cM (MiHiManbHO — HA 0,1 cM, MakCUMaibHO — Ha 4,01 cm). IlIupunHa
I'PIKOBOTO JIEPEKTy 3MEHIIIIACA B CEPEIHBOMY Ha (4,17 +0,68) cM y nanieHTiB i3 [1BT Ta Ha (5,14£0,75) cm
y nanienTis i3 ITOT (p <0,001). CriBBiIHOMEHHS 06’€MiB I'PIKOBOIO MIIIIKA T4 YEPEBHOI TOPOKHUHU 3MEHIITH-
socs nicist BBeieHHs1 BTA 3 (4,97 £3,55) no (3,70%2,77) % y narienrTis i3 IIBI (p=0,008) T2 3 (5,59+3,71) no
(4,21 +2,88) % y nartienTis i3 IIOT (p=0,008).

BucHOBKH. Beenenns BTA B 1031 100 Op, y fooneparifiHuii nepiof CTAaTUCTUYHO 3HAYYIIO 301IBIITYE JOBKUHY
M’s13iB YEPEBHOI CTiHKH, 3MEHIITYE IMUPHUHY I'PIKOBOIO Je(DEKTY Ta PO3IIUPIOE MOXKIUBOCT] MOAAIBIIOrO Xipyp-
I'YHOIO JIIKYBAHHA BEJIMKUX BEHTPAJIbHUX I'PIDK i3 BHKOPUCTAHHAM JIAIIAPOCKOIIYHUX TEXHOJIOT M.

KiIro4oBi ¢10Ba: micysionepanifiia rprka, BEHTPAJIbHA I'PIDKA, TEPHIOIUIACTHKA, OOTYIOTOKCHH.
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