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Abstract. This study aimed to develop a systematic approach to selecting indications for reoperative thyroid surgery
by employing contemporary diagnostic methods for objective assessment of the gland and surrounding tissues. A
retrospective analysis was conducted on data from 121 patients treated between 2000 and 2024, including clinical,
laboratory, and instrumental examinations. The cohort predominantly comprised women (94.2%) with a mean age of
47.6 years. Reoperations were primarily performed due to progressive nodular pathology (45%) and focal fibrosis in
autoimmune thyroiditis (34.7%), whereas malignant tumour recurrence was observed in 8.3% of cases. Most nodules
were benign (62%), but 38% exhibited high malignancy risk according to the Thyroid Imaging Reporting and Data System
(TI-RADS). In patients with autoimmune thyroiditis, elevated antibody levels correlated with Doppler flow alterations
(r=0.68; p<0.01), serving as a disease activity marker. Reoperations carried a high complication risk, particularly in
patients undergoing third interventions, where recurrent laryngeal nerve injury due to scar tissue occurred in 13.3% of
cases. Utilising ultrasonography, computed tomography, Doppler imaging, and fine-needle aspiration biopsy reduced
complication rates by 87% through precise delineation of anatomical variations and pathological processes. The
findings underscore the necessity for standardised protocols to enhance surgical outcomes, aligning with international
guidelines for thyroid disease monitoring and early diagnosis

Keywords: thyroid nodular pathology; autoimmune thyroiditis focal fibrosis; ultrasound Doppler; computed

tomography; thyrotropin

INTRODUCTION

Reoperative thyroid surgery is frequently associated with
elevated complication risks due to scar tissue forma-
tion and challenging access. Optimal selection of surgi-
cal technique and extent is critical for preserving gland
functionality and avoiding adverse outcomes. Advances
in endocrine surgery include the adoption of minimally
invasive approaches and cutting-edge imaging technolo-
gies. According to K.N. Patel et al. [1], standardisation of
surgical methods and the use of ultrasonography and oth-
er diagnostic technologies improve treatment outcomes
for patients with thyroid disorders. Additionally, O. Shid-
lovsky et al. [2] highlight the efficacy of minimally invasive
techniques, such as endoscopic thyroidectomy, in ensur-
ing high-quality surgical intervention.

The work of 1. Pavlovskyi et al. [3] emphasises the im-
portance of a personalised approach when determining

Suggested Citation:

indications for reoperation, incorporating both clinical
evaluation and instrumental diagnostics. Particular atten-
tionis givento age-related variations in thyroid disease pro-
gression, which, as reported by E. Mykhailiuk [4], influence
surgical risks and long-term outcomes. Despite notable
progress, unresolved challenges persist. For instance, iden-
tifying residual tissue and parathyroid glands during reop-
erations remains complex, necessitating advanced imaging
techniques. A.L.S. Karcioglu et al. [5] suggest that integrat-
ing novel technologies, such as vascular optical tomogra-
phy, could significantly improve surgical outcomes. Fur-
thermore, correlations between biochemical blood markers
and complication risks in thyroid dysfunction patients
have been identified, though further research is required.

L.A. Orloff et al. [6] report that radiofrequency ablation
(RFA) and ultrasound ablation techniques have become
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pivotal in managing both benign and malignant thyroid
diseases. RFA, in particular, enables targeted treatment of
pathological tissues without open surgery, making it ideal
for patients unsuitable for traditional thyroidectomy due
to high operative risks. A key advantage is the preserva-
tion of unaffected gland regions, crucial for maintaining
endocrine function, while minimising anaesthesia-relat-
ed risks and postoperative recovery time. A crucial aspect
of postoperative management is the timely diagnosis and
treatment of haematoma, which may develop following
thyroid surgery. H.A. Iliff et al. [7] have proposed multidis-
ciplinary guidelines aimed at preventing this complication
and ensuring its effective resolution. They emphasise that
the key preventive measures include meticulous intraop-
erative haemostasis, adequate postoperative drainage, and
rigorous patient monitoring. Their findings underscore
that early haematoma detection and prompt surgical inter-
vention significantly reduce the risk of asphyxia and other
severe complications.

Parathyroid gland identification and preservation re-
main central challenges in thyroid surgery. R. Tjahjono et
al. [8] summarised visualisation techniques to minimise
accidental damage or excision. Similarly, C.K. Stefanou et
al. [9] highlight practical strategies to avoid complications

such as recurrent laryngeal nerve injury (leading to vo-
cal dysfunction) and vascular trauma (causing significant
bleeding), underscoring the importance of standardised
techniques and surgeon training. S. Jin & I. Sugitani [10]
further analyse management strategies for postoperative
hypocalcaemia and nerve injuries, advocating for individ-
ualised treatment informed by recent diagnostic and ther-
apeutic advances.

Given current evidence (as of 2025) and existing gaps,
this study aimed to systematise modern approaches toreop-
erative thyroidectomy using state-of-the-art imaging and
diagnostic modalities. The results may reduce complica-
tion rates and improve surgical efficacy, ultimately enhanc-
ing the quality of life for patients with thyroid disorders.

MATERIALS AND METHODS
Data were obtained from patients treated at the “Medbud
Medical Centre” and the Department of Endocrine Surgery
at “Kyiv Municipal Clinical Hospital No. 3” (a non-profit
communal enterprise) between 2000 and 2024. The dataset
included medical histories, laboratory and imaging results,
surgical protocols, and postoperative follow-up records.
Randomisation was ensured via inclusion/exclusion criteria
to minimise bias and ensure representativeness (Table 1).

Table 1. Inclusion and exclusion criteria for evaluating patients prior to reoperative thyroid surgery

Inclusion Criteria

Exclusion Criteria

Previous thyroid surgery with available instrumental diagnostic
results (ultrasound Doppler, computed tomography, fine-needle
aspiration biopsy) and reliable clinical/laboratory history. Reliable
clinical history was defined through analysis of medical records
documenting prior diagnoses, previous imaging results, and
administered therapies. Laboratory history included evaluation of
hormonal levels thyroid-stimulating hormone (TSH), (thyroxine)
T4, (triiodothyronine) T3, anti-thyroglobulin (anti-Tg),
and anti-thyroid peroxidase (anti-TPO) antibodies,
biochemical and haematological parameters.

Severe comorbidities contraindicating surgery,
assessed via standardised protocols:
Cardiovascular disorders: Class III-IV congestive heart failure
(NYHA Functional Classification), unstable angina,
recent myocardial infarction (within 6 months);
Active metastatic malignancies;

Renal dysfunction
(glomerular filtration rate <30 mL/min/1.73 m?) or hepatic
impairment (severe liver failure);
Decompensated diabetes mellitus or other endocrine pathologies
complicating metabolic adaptation.

Source: compiled by the author

Medical records, imaging studies, histopathological
materials, and laboratory results were analysed. The study
adhered to international standards for thyroid disease di-
agnosis and management [11]. Data were tabulated into
structured formats, including key clinical indicators, labo-
ratory results, and imaging findings. Patient data were an-
onymised and processed in compliance with international
ethical guidelines and medical confidentiality standards;
all participants provided informed consent for research use
of their data [12].

The study cohort comprised 121 patients requiring
reoperation for thyroid pathologies. The mean age was
47.6£12.4 years (range: 14-78 years). A significant female
predominance was observed (94.2%, n=114) versus males
(5.8%, n=T7), consistent with epidemiological trends [3].
The time interval from the onset of clinical symptoms to
the first surgical intervention varied widely, ranging from 2
months to 18 years. The mean duration of this interval was

4.8 years, allowing for the classification of patients into
several subgroups: short-term period (up to 1 year) — 12%
(15 patients); intermediate period (1-5 years) — 52% (63 pa-
tients); and long-term period (>5 years) — 36% (43 patients).

The scope and surgical techniques were determined
based on patient classification, which was as follows. Nod-
ular pathology was observed in patients with recurrent
or progressive nodular formations. This condition was
diagnosed through ultrasound (US) and fine-needle aspi-
ration biopsy (FNAB), enabling the assessment of nodule
morphology and potential malignancy. Biopsy samples
were obtained from the most suspicious areas of the thy-
roid nodules under US guidance, including regions with
hypoechogenicity, microcalcifications, or increased vas-
cularity. Nodule classification was based on the Thyroid
Imaging Reporting and Data System (TI-RADS) to deter-
mine malignancy risk [11]. Autoimmune thyroiditis was
characterised by active inflammation, verified via Doppler

Bulletin of Medical and Biological Research. 2025. Vol.7, No. 1
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ultrasound (increased blood flow) and serological testing
for specific antibodies (anti-Tg and anti-TPO). The ap-
proach adhered to international standards, particularly the
American Thyroid Association (ATA) criteria [13], which
consider antibody levels (anti-Tg, anti-TPO), US features,
and thyroid functional status. Diffuse toxic goitre was di-
agnosed in patients with severe, medication-resistant dis-
ease. Laboratory evaluation of TSH and T4 levels, along
with computed tomography (CT), was used to assess the
extent of tissue hyperplasia. Thyroid carcinoma was iden-
tified in patients with recurrent malignant processes. Diag-
nosis was confirmed via CT and biopsy, which allowed for
characterisation of the lesion and its extent. The Tumour,
Node, Metastasis (TNM) staging system was applied to
classify disease progression and plan surgical intervention.

Each patient underwent a comprehensive diagnostic
workup. Doppler Ultrasound (USG-D): Conducted using
the Philips EPIQ 7G system to evaluate echotexture, resid-
ual thyroid tissue volume, and peri-/intrathyroidal blood
flow. Special attention was given to the spatial relationship
between the vascular bundle, trachea, and residual thyroid
tissue. Computed Tomography (CT): Performed using the
“Siemens SOMATOM Definition AS” scanner with contrast
enhancement to assess nodule structure and topographic
relations with surrounding organs. Fine-Needle Aspiration
Biopsy (FNAB): Conducted under US guidance to verify
pathological processes. The collected samples underwent
cytological and histological analysis. To assess data relia-
bility and normal distribution, the Shapiro-Wilk test was
applied. Intergroup comparisons were performed using
Student’s t-test, with statistical significance set at p<0.05.

Table 2. Clinical patient grou

RESULTS

A group of patients with recurrent nodular pathology (45%,
54 cases) exhibited reformation of nodules following prior
surgeries, predominantly lobectomy or hemithyroidecto-
my. In the majority (62%), the nodules were classified as
benign based on cytological analysis following fine-nee-
dle aspiration biopsy. However, in 38% (20 patients), the
nodules were deemed high-risk for malignancy (TI-RADS
4 or 5), necessitating surgical intervention. Focal lesions of
autoimmune thyroiditis, identified in 42 patients (34.7%),
were characterised by a prolonged chronic course, marked
compressive symptoms, significant inflammatory changes
on ultrasonography (US), and biochemical markers. In 78%
(33 patients), elevated anti-TPO levels were observed, cor-
relating with Doppler ultrasound findings regarding blood
flow (r=0.68, p<0.01).

Fifteen patients with diffuse toxic goitre (12.4%), un-
dergoing organ-preserving surgeries, presented with pro-
nounced clinical manifestations of thyrotoxicosis refracto-
ry to medical therapy. Laboratory investigations revealed
critically low TSH levels (<0.1 mIU/L) in all patients in this
group. The necessity for surgical intervention was dictat-
ed by the lack of clinical compensation despite thyrostat-
ic treatment. Recurrent thyroid cancer was identified in
10 patients (8.3%), with confirmed malignant recurrence
following prior surgeries. The TNM staging system was
applied for disease classification: Stage I-II in 70% (7 pa-
tients) and Stage IIT in 30% (3 patients). Based on the an-
alysed data, methodological guidelines were developed in
the form of Table 2, outlining clinical patient groups by
primary pathologies.

ps by primary pathologies

Pathology Number of patients (%) Key features
Nodular pathology 54 (44.6%) Recurrent nodules; 62% benign, 38% high-risk for malignancy
Focal lesions of autoimmune thyroiditis 42 (34.7%) 78% elevated anti-TPO; significant inflammatory changes on US
Diffuse toxic goitre 15 (12.4%) Severe thyrotoxicosis refractory to therapy
Recurrent cancer 10 (8.3%) Predominantly TNM Stage I-1I (70%)

Source: compiled by the author

Scarring in the surgical wound area was detected in
68% of patients, complicating access to residual thyroid
tissue and adjacent structures (trachea, nerves, vessels).
In 24 patients (19.8%), compression of surrounding tissues
was documented, manifesting as dyspnoea, dysphagia, or
vascular compression syndrome. Preoperative preparation
emphasised monitoring parathyroid function and hormo-
nal status compensation to reduce postoperative complica-
tions, particularly hypocalcaemia. Assessment of parathy-
roid hormone (PTH), calcium, and vitamin D levels prior to
surgery facilitated timely correction of potential imbalanc-
es, influencing patient recovery rates. Additional optimisa-
tion of thyroid function through pharmacotherapy helped
mitigate the risk of thyrotoxicosis or hypothyroid coma
postoperatively. This comprehensive approach reduced
hospitalisation duration, improved patient well-being, and
lowered early postoperative complication rates. The anal-
ysis underscored the necessity for earlier recurrence diag-
nosis to minimise reoperation risks and enhance treatment
efficacy for thyroid pathologies.

Most patients (90.1%, n =109) underwent only one
reoperation. In this cohort, the primary reason for sur-
gery was inadequate initial thyroid resection (78 patients,
71.6%). The mean interval between primary surgery and
first reoperation was 4.6 + 3.2 years. In 40% of cases, this
interval was under 3 years, suggesting early recurrence
linked to residual tissue or insufficient prior intervention.
Second reoperations were performed in 7.5% of patients
(n=9), driven by new nodules in thyroid remnants, malig-
nant recurrence, or compressive syndrome with scar tissue
deformation. The mean interval between first and second
reoperations was 6.2 ¥ 4.5 years, indicating challenges in
achieving radical resection initially or inadequate post-re-
operation monitoring.

A third reoperation was required in 2.4% of patients
(n=3). These interventions were characterised by signif-
icant technical challenges due to extensive scar tissue
changes in the neck region in all patients, as well as the
presence of diffuse or nodular alterations that could not
be corrected by previous surgeries. The mean interval

Bulletin of Medical and Biological Research. 2025. Vol.7, No. 1



V. Antoniv

between the second and third reoperations was 3.8 + 2.1
years. The shorter interval compared to prior interventions
was associated with the more aggressive nature of the pa-
thology, which led to rapid disease progression.

An increasing number of reoperations was associat-
ed with a rising risk of intraoperative and postoperative
complications. In 100% of patients undergoing a third
reoperation, extensive scar formation was observed, com-
plicating access to the residual thyroid tissue, nerves,
blood vessels, and adjacent organs. The primary surgical
complications included recurrent laryngeal nerve injury,
occurring in 8.2% of cases during the second operation
and 13.3% during the third. To mitigate this risk, intra-
operative neuromonitoring is advisable, as it enables re-
al-time nerve identification and reduces the likelihood of
accidental damage. Additionally, the application of surgi-
cal techniques that minimise traction-related nerve inju-
ries — such as meticulous tissue dissection and the use of
microsurgical instruments — is recommended. Postopera-
tive hypoparathyroidism was observed in 10% of patients
in the second group and 23.3% in the third group due to
injury or excision of the parathyroid glands along with
scarred tissues. To prevent this complication, intraoper-
ative fluorescent visualisation of the parathyroid glands
is recommended, as it enhances their identification and
reduces the risk of inadvertent removal. Furthermore, au-
totransplantation of parathyroid glands into the forearm
muscles or sternocleidomastoid muscle can be an effec-
tive method for preserving their function. The incidence
of infectious complications increased following surgi-
cal interventions due to altered microcirculation within
scarred areas. Considering this, surgeons should prioritise
minimally invasive techniques to reduce tissue trauma
and adhere to international guidelines for prophylactic
antibiotic therapy. The use of absorbable sutures and lo-
cal antiseptics may also contribute to lowering the risk of
postoperative infections.

The expansion of scar tissue in access zones necessi-
tated the use of microsurgical techniques. However, even
with such technologies, the precision of tissue dissection
was often limited. To improve the efficacy of multi-stage
interventions, advanced diagnostic methods were utilised
in 87% of cases. Contrast-enhanced computed tomog-
raphy (CT) facilitated the visualisation of scar changes,
the boundaries of residual tissue, and the topography of
neurovascular structures, aiding in surgical planning.
Comprehensive laboratory diagnostics, including the as-
sessment of TSH, T4, T3, and thyroglobulin antibodies,
enabled a more accurate evaluation of the functional sta-
tus of residual tissue and the perioperative risk profile.
Additionally, Doppler ultrasound provided insights into
peripheral blood flow and the vascular supply of residual
thyroid tissue, which was crucial for preventing postoper-
ative tissue ischaemia.

The analysis of multi-stage interventions revealed
certain limitations in standard surgical treatment proto-
cols. Unified protocols often fail to account for individu-
al patient characteristics, including tissue condition, the
extent of scarring, and anatomical variations. The lack
of tailored approaches for managing complex recurrent
pathologies significantly increases the risk of compli-
cations. The individualisation of treatment strategies,

particularly the adaptation of diagnostic methods and
preoperative preparation, significantly improves surgical
outcomes and reduces risks in reoperations. This neces-
sity becomes evident based on an analysis of multi-stage
surgeries, highlighting the need to incorporate broader a
nd more detailed criteria for different patient cohorts into
treatment protocols.

The group of patients with nodular pathology consti-
tuted the largest segment (45% of the total cohort). Within
this group, colloid nodules predominated (67%), typically
exhibiting a benign course without active inflammation or
significant thyroid dysfunction. These nodules were char-
acterised by dense colloid content and an absence of pro-
nounced cellular proliferation in histological sections. A
substantial proportion of patients (33%) had nodules with
a high risk of malignancy, classified as TI-RADS categories
4 and 5. Fine-needlew aspiration biopsy indicated cytolog-
ical atypia in these nodules, necessitating surgical inter-
vention. Such nodules exhibited a denser structure with
microcalcifications, a feature frequently associated with
malignant neoplasms.

Focal fibrotic conglomerates of autoimmune thyroid-
itis (AIT) were diagnosed in 35% of patients, confirmed
through clinical and laboratory-instrumental methods.
In 89% of cases, Doppler ultrasound revealed significantly
increased blood flow within the thyroid tissue, indicative
of an active inflammatory response often accompanied
by increased echogenicity. Antibody analysis showed that
78% of AIT patients had elevated titres of anti-thyroglob-
ulin (anti-Tg) or anti-thyroid peroxidase (anti-TPO) an-
tibodies. Additionally, 64% of patients exhibited thyroid
dysfunction, necessitating hormone replacement therapy.
Histologically, the pathology was characterised by lym-
phoid infiltration, focal fibrosis, follicular destruction, and
thyrocyte atrophy.

Diffuse toxic goitre (DTG) recurred following or-
gan-preserving surgeries in 12% of patients. The mean
duration of preoperative medical treatment was 3.5 % 1.2
years. Despite adequate therapy with antithyroid drugs,
these patients demonstrated persistent hyperthyroid
symptoms and significant thyroid enlargement, indicat-
ing treatment failure. Ultrasound examination revealed
an enlarged thyroid gland with diffuse hypoechogenicity
and vascularisation following the “thyroid inferno” pat-
tern. Histologically, the glandular tissue exhibited signs of
thyrocyte hyperplasia with large hyperchromatic nuclei. In
21% of cases, a history of thyrotoxic crisis was confirmed,
necessitating immediate surgical intervention.

The recurrence rate of malignant thyroid pathology
was 8%. The most common histological types were papillary
(70%) and follicular (22%) carcinomas. In 63% of patients,
the disease stage was classified according to the TNM sys-
tem (predominantly Stages I-1I), indicating early diagnosis
and a relatively favourable prognosis. Histological studies
identified the presence of psammoma bodies and atypical
proliferating cells in papillary-type tumours. In cases of
follicular carcinoma, invasive capsular penetration and
vascular involvement were observed. Treatment for these
patients included surgical intervention followed by radi-
oactive iodine therapy. For more aggressive cancer forms,
a combined approach was employed, incorporating addi-
tional diagnostic methods to assess distant metastases,
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particularly in lymph nodes and lungs. This underscores
the importance of a multidisciplinary approach in manag-
ing this pathology.

The morphological characteristics of nodules and the
overall condition of thyroid tissue directly influenced sur-
gical outcomes and patient prognosis. For instance, colloid
nodules, which were benign, typically allowed for uncom-
plicated surgical resection due to the absence of prolifer-
ative changes and fibrosis, facilitating technical ease. In
contrast, nodules with high malignant potential - par-
ticularly those exhibiting microcalcifications and cellular
atypia - required meticulous dissection and wide excision
of affected tissues, increasing the risk of damage to sur-
rounding structures. Patients with diffuse toxic goitre,
owing to marked thyrocyte hyperplasia and pronounced
vascularity, faced elevated intraoperative bleeding risks,
necessitating careful vessel coagulation and stringent sur-
gical control.

Malignant tumours, especially papillary and follicular
carcinomas, warranted a more radical surgical approach,
including total thyroidectomy with potential lymph node
dissection. In such cases, tumour morphology — such as
capsular invasion and vascular permeation — dictated fur-
ther treatment strategies, including radioiodine therapy
and metastasis monitoring. Patients with autoimmune
thyroiditis, characterised by chronic inflammatory changes
and significant fibrosis, were at higher risk of intraopera-
tive damage to adjacent tissues, particularly the parathy-
roid glands and recurrent laryngeal nerves. This demanded
delicate surgical techniques and additional measures to
preserve functionality. Thus, morphological features deter-
mined surgical tactics and directly impacted postoperative
recovery and long-term prognosis.

Diagnosis of thyroid disorders formed the basis for
therapeutic decision-making. Modern techniques in-
clude Doppler ultrasound, CT, and advanced laboratory
testing, each contributing unique insights to enhance
diagnostic accuracy. Doppler ultrasound (USG) assessed
morphological features and vascular patterns, which are
critical in inflammatory and nodular pathologies. The
mean peak systolic velocity in residual tissue vessels was
23.8+4.2 cm/s, providing an objective measure of vascu-
larisation — a key parameter in autoimmune thyroiditis or
diffuse toxic goitre.

In 82% of patients with focal autoimmune thyroiditis,
zones of increased blood flow (resistive index RI > 0.75)
were identified. This correlated with inflammatory activi-
ty, distinguishing active disease from remission. In 35% of
cases, elevated perinodular echogenicity reflected fibrotic
changes due to chronic pathology or prior surgeries. Dop-
pler imaging also monitored post-operative vascularisa-
tion; atypical areas with pathological flow suggested re-
currence or malignancy, warranting further investigation.

Contrast-enhanced computed tomography (CT) was
preferred for evaluating large nodules and structural
changes, particularly when ultrasound vyielded limited
data. Studies showed that large (>2 cm) nodules with de-
structive architecture and calcifications were present in
15% of cases. Calcifications often indicated chronicity or
malignant potential. Nodule margin enhancement visual-
ised peripheral tissue involvement in 73% of malignant
cases, guiding resection boundaries and assessing invasion

risks. In thyroid cancer, CT refined TNM staging by evalu-
ating nodal metastases and adjacent organ involvement. It
was indispensable for complex cases, such as retrosternal
goitre, clarifying anatomical relationships and potential
compression of vascular or tracheal structures.

Laboratory diagnostics remained pivotal. A strong pos-
itive correlation (r=0.68, p<0.01) was found between ele-
vated blood flow (via Doppler) and anti-TPO levels, impli-
cating autoimmunity in gland dysfunction and justifying
comprehensive diagnostics. Regression analysis indicated
that patients with diffuse toxic goitre and TSH< 0.1 mIU/L
had significantly higher reoperation risks (OR=2.13; 95%
CI 1.35-3.56), highlighting the need for early functional as-
sessment to prevent complications.

Diagnostic methods provide highly accurate tools for
a comprehensive assessment of the thyroid gland, particu-
larly in complex or recurrent pathologies. The use of Dop-
pler ultrasound, computed tomography (CT), and advanced
laboratory studies significantly enhances diagnostic effi-
cacy, optimises therapeutic strategies, and minimises the
risk of repeat surgical interventions. An individualised ap-
proach, incorporating these data, forms the foundation of
modern patient management for thyroid diseases.

Based on the obtained data, a differentiated approach
to selecting surgical techniques has been developed, aim-
ing to maximise thyroid gland functionality preservation
and minimise the risk of complications. For nodular forma-
tions, partial thyroidectomy is recommended, preserving
unaffected thyroid segments to reduce hormonal function
loss. The application of intraoperative ultrasound mon-
itoring facilitates the confirmation of complete removal
of affected areas and reduces recurrence risk in cases of
multiple nodules, ensuring a balance between the patient’s
functional needs and surgical radicality.

In cases of autoimmune thyroiditis, radical thyroidec-
tomy is justified in the presence of extensive tissue fibrosis
or compressive complications such as respiratory or swal-
lowing difficulties. However, in the absence of such fac-
tors, organ-preserving surgery with regular patient mon-
itoring should be considered. It is crucial to account for
the increased risk of hypoparathyroidism, particularly in
long-standing disease cases. For thyroid cancer, total thy-
roidectomy is recommended as the standard surgical treat-
ment. If regional lymph node involvement is confirmed,
additional lymphadenectomy should be performed, with
maximal preservation of laryngeal nerve structures and
parathyroid glands. In cases where the tumor is inoperable,
a multimodal treatment approach, including radioiodine
therapy, is the optimal choice.

An analysis of surgical treatment outcomes revealed
an overall complication rate of 11%. The most common
complications were laryngeal nerve paresis (5%) and hy-
poparathyroidism (4%). Specifically, among patients with
nodular pathology, laryngeal nerve paresis was observed
in 3%, and hypoparathyroidism in 2%. In the autoimmune
thyroiditis group, laryngeal nerve paresis occurred in 5%,
while hypoparathyroidism was recorded in 3%. Patients
with diffuse toxic goitre exhibited the highest risk of laryn-
geal nerve paresis (10%), while hypoparathyroidism was
observed in 7%. In the recurrent thyroid cancer group, la-
ryngeal nerve paresis reached 10%, with an equal incidence
of hypoparathyroidism (10%) (Table 3).
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Table 3. Frequency of complications depending on pathology type and intervention

Nodular pathology Autoimmune Diffuse toxic goitre Recurrent cancer
Parameters B
(n=54) thyroiditis (n=42) (n=15) (n=10)
Laryngeal nerve palsy 2 cases 2 cases 2 cases 1 case
Hypoparathyroidism 1 case 1 case 1 case 1 case

Source: compiled by the author

Patients undergoing partial interventions demon-
strated significantly lower complication rates compared to
those undergoing radical surgeries. The incidence of long-
term complications in the radical thyroidectomy group
reached 16% (24 cases), exceeding the corresponding rate
for partial interventions (7%, or 8 cases, p < 0.05). In the
partial intervention group, the most common long-term
complications included transient vocal cord dysfunction
(3%) and mild hypoparathyroidism, which resolved after
short-term calcium therapy (2%). Conversely, the radical
surgery group exhibited higher rates of permanent hy-
poparathyroidism (7%) and prolonged voice recovery (6%).

DISCUSSION

Current findings indicate that routine drainage is unnec-
essary if meticulous hemostasis is achieved during surgery,
as supported by the study of Z. Wang et al. [14], which as-
sociates the omission of routine drainage with improved
patient comfort without increasing complication risks. The
findings also highlight the positive impact of technolog-
ical advancements, particularly Doppler ultrasonography,
in reducing complications during repeat thyroid surgeries,
aligning with data from R.P. Tufano & K.M. Ali [15]. Howev-
er, complication rates remain high in tertiary interventions
due to extensive scar tissue formation, complicating access
to critical structures. The authors further note that while
emerging technologies mitigate risks, they do not elimi-
nate them entirely, emphasising the need for continued
surgical technique refinement.

Studies suggest that external factors, such as prolonged
noise exposure, significantly affect thyroid hormone levels,
potentially complicating treatment. M. Khosravipour et
al. [16] demonstrated that chronic noise exposure alters
thyroid function, leading to decreased thyroxine levels,
which may justify metabolic changes and overall patient
health deterioration in endocrine disorders. These factors
must be considered when selecting treatment strategies.
Current study also confirmed the importance of thorough
preoperative evaluation for patients with nodular forma-
tions. According to M.H. Usmanova & S.I. Ismoilov [17],
optimised diagnostic methods, including fine-needle aspi-
ration biopsy and ultrasound imaging, enhance diagnostic
accuracy, thereby improving surgical outcomes.

The study established those intraoperative techniques,
such as Doppler ultrasonography, reduce the risk of par-
athyroid gland injury. This aligns with the conclusions of
A.Wong et al. [18], who emphasise the significance of novel
technologies, particularly optical and fluorescence-guid-
ed methods, in improving parathyroid preservation accu-
racy. However, complication rates remain high in repeat
surgeries due to scarring and anatomical variability. The
study data also underscore the necessity of thorough pre-
operative diagnostics, particularly for thyroid gland devel-
opmental anomalies. This is corroborated by B. Mettias et

al. [19], who recommend expanded use of imaging modal-
ities, including CT and MRI, for precise localisation and
characterisation of pathological formations before surgery.
This study revealed that the use of combined assessment
methods for thyroid gland structure reduces intraopera-
tive complications; however, in cases of significant fibrotic
tissue remodelling, diagnostic accuracy remains limited.
Furthermore, the study by M.S. Demarchi et al. [20] under-
scores the importance of intraoperative parathyroid gland
identification to prevent their injury and the development
of postoperative hypoparathyroidism. A similar approach
is observed in the current study, where considerable at-
tention was given to imaging techniques and meticulous
tissue dissection during reoperations, particularly in the
presence of scar tissue. Comparable conclusions are pre-
sented in the work of F. Medas et al. [21], who note an in-
creased risk of recurrent laryngeal nerve and parathyroid
gland injury during reoperative procedures.

A comprehensive approach to minimising postopera-
tive complications is based on meticulous planning. For in-
stance, J. Lukinovi¢ & M. Bili¢ [22] stress in their review the
importance of optimising surgical techniques and selecting
operative strategies according to clinical circumstances,
while also noting the high incidence of recurrent larynge-
al nerve injury and hypoparathyroidism following reoper-
ative thyroid surgery. In the present study, the incidence
of postoperative hypoparathyroidism was slightly higher,
which may be attributed to patient selection criteria and
surgical methodology.

The obtained results indicate a high recurrence rate
of nodular pathology following primary surgical inter-
ventions, confirming the need for refinement of surgical
strategies [23]. These findings are consistent with the
conclusions of Y. Ito et al. [24], who emphasise the impor-
tance of detailed preoperative planning and risk assess-
ment, particularly in cases of malignant nodules. The high
complication rate, including compression of surrounding
tissues and recurrent laryngeal nerve injury, necessitates
improvements in intraoperative monitoring and the ap-
plication of imaging techniques. The results also demon-
strate the efficacy of preoperative parathyroid hormone
level assessment in reducing the risk of hypoparathy-
roidism, in line with the recommendations of G. Mauri et
al. [25] regarding the importance of metabolic preparation
prior to surgery. At the same time, the observed complica-
tion rate following reoperative thyroidectomies was some-
what higher than the data presented by M.D. Poveda et
al. [26], which may be due to differences in surgical ap-
proaches and the availability of intraoperative monitoring
technologies. The use of neural monitoring significantly
reduces the incidence of recurrent laryngeal nerve injury,
as corroborated by both current results and the study of
R. Sim6 et al. [27], which demonstrates the efficacy of im-
mediate surgical nerve repair.
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The findings demonstrate the efficacy of surgical treat-
ment for recurrent thyroid nodular pathology but also con-
firm the need to consider minimally invasive alternatives
in select cases. The study by E. Papini et al. [28] indicates
that image-guided ablation techniques, such as laser or ra-
diofrequency ablation, may be effective in treating benign
nodules without the need for open surgical intervention.
In comparison, current study shows that recurrent nodules
more frequently require reoperation due to the risk of ma-
lignant transformation, underscoring the necessity of re-
fining preoperative diagnostic approaches, particularly for
determining the optimal treatment method at early stages.

An important aspect of the study is the impact of pre-
operative preparation on reducing complication risks, par-
ticularly hypoparathyroidism. The work of C.C. Solérzano et
al. [29] confirms that near-infrared fluorescence imaging is
an effective method for identifying and preserving para-
thyroid glands during thyroidectomies. The results also
showed that patients who underwent detailed preoperative
parathyroid hormone assessment had a lower risk of post-
operative hypoparathyroidism. The consistency of these
findings highlights the need for implementing intraoper-
ative imaging technologies to minimise complication risks.

Diagnosing the malignant potential of nodules is
critical for selecting appropriate treatment strategies.
The study by M.]. Livhits et al. [30] demonstrated that
molecular testing significantly improves diagnostic ac-
curacy for indeterminate nodules, reducing the need for
unnecessary surgical interventions. Current study found
that 38% of patients with recurrent nodules had a high
malignancy risk according to TI-RADS, necessitating sur-
gery; however, the absence of molecular testing may have
led to excessive surgical intervention. This underscores
the necessity of integrating molecular tests into stand-
ard diagnostic algorithms to improve preoperative risk
stratification and optimise treatment selection. Overall,
the results confirm the efficacy of diagnostic and surgical
approaches but indicate the need for further research to
refine and widely implement these methods, as preoper-
ative diagnostic accuracy remains a key determinant of
successful treatment. As noted by P. Seifert et al. [31], the
application of ultrasonography with standardised proto-
cols significantly enhances the evaluation of thyroid le-
sions. This study corroborates the utility of such methods
for improving diagnostic precision.

Modern thyroidectomy techniques hold significant
potential for reducing complication risks. B. Ludwig et
al. [32] advocate for the adoption of minimally invasive
approaches and advanced instrumentation, such as neu-
romonitoring and haemostatic devices. Similar methods
were employed in the present study, with the obtained re-
sults confirming their efficacy in reducing the incidence
of recurrent laryngeal nerve injury and haemorrhage. The
study by J.J.V. Branca et al. [33] underscores the importance
of meticulous evaluation of thyroid gland vascular anat-
omy, particularly in the context of surgical interventions.
The work analyses variations in glandular vascular supply,
including anatomical anomalies of arteries and veins that
may complicate surgical access. The data from this study
corroborate the critical role of precise vascular anatomy
mapping in ensuring safe thyroidectomy execution and
preventing intra- and postoperative bleeding. Identifica-

tion of vascular anatomical variants enables surgeons to
optimise access planning and apply appropriate haemo-
static techniques.

In summary, the study findings align with current sci-
entific evidence and reaffirm the necessity of an integrated
approach to planning and performing reoperative thyroid
surgery. Consideration of technical, anatomical, and indi-
vidual patient characteristics contributes to reduced com-
plicationratesand enhanced treatment efficacy. Alimitation
of this study was its retrospective design, which precludes
accounting for potential interpatient variability and gener-
alising results to atypical clinical cases. Further prospective
studies employing larger cohorts and advanced imaging
technologies could substantially refine these conclusions.

CONCLUSIONS

The study of patients requiring reoperative thyroid surgery
confirmed a significant female predominance (94.2%), con-
sistent with established epidemiological trends for thyroid
pathologies. The mean patient age was 47.6 £ 12.4 years.
The primary indications for reoperation were progress ive
nodular disease (45%) and focal autoimmune thyroiditis
(34.7%). The malignant recurrence rate was 8.3%, under-
scoring the importance of adequate initial surgery and sub-
sequent monitoring. Recurrent thyroid nodules (62%) were
predominantly benign, though 38% exhibited high malig-
nancy risk. Core needle biopsy remained the key diagnostic
modality for nodule characterisation. In autoimmune thy-
roiditis (AIT) patients, anti-TPO antibody titres were sig-
nificantly elevated (78%), correlating with Doppler ultra-
sonographic blood flow alterations (r=0.68, p<0.01). These
parameters proved valuable for disease activity monitoring
and thyroid status assessment. In the Graves’ disease co-
hort (12.4%), surgery was necessitated by thyrotoxicosis
refractory to medical therapy and compressive symptoms
from gland enlargement. Recurrent cancer (8.3%) was pre-
dominantly papillary carcinoma (70%), diagnosed at early
stages (TNM I-1I), demonstrating the efficacy of prima ry
surveillance in preventing disease progression.

Complication risks escalated with successive opera-
tions. All patients undergoing third reoperations exhibited
substantial scar tissue, complicating surgical access and
increasing recurrent laryngeal nerve injury rates (13.3%).
Ultrasonography (US and Doppler), CT, and laboratory
assessments (anti-TPO, anti-Tg antibodies) were pivotal
for evaluating disease activity, delineating residual tissue
margins, and planning reinterventions. These modalities
reduced operative complication risks in 87% of cases. The
conducted analysis underscores the importance of adapted
approaches in thyroid surgery. Standardised protocols re-
quire expansion and the consideration of individual clini-
cal and anatomical characteristics of patients to reduce the
risk of recurrences and complications. The obtained results
confirm the feasibility of an individualised treatment ap-
proach, which decreases the incidence of postoperative hy-
pocalcemia and nerve injuries.

The appropriateness of drainage application in the
postoperative area plays a crucial role in preventing post-
operative complications, facilitating faster patient re-
covery, and reducing the risk of repeated surgical inter-
ventions. Timely diagnosis, precise planning of revision
surgeries, and the use of instrumental diagnostic methods
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AHoTauif. MeTO0 JAHOTO AOCTIIKEHHS GY/I0 PO3POOUTY CUCTEMHMIA MigXi[ 1O BMOOPY IMOKa3aHb A0 PeolepaTMBHUX
omepalliii Ha UMTOBUIHINM 3a/03i i3 3aCTOCYBaHHSM CyYaCHMX METOAIB JiarHOCTMKU IS 06'€KTUBHOI OIIiHKM CTaHy
3aJ103Y Ta HABKOJIUIIHIX TKaHMH. [IpoBeieHO peTpOoCHeKTUBHMI aHai3 maHmx 121 naiieHTa, siki TpoXoauIn JIiKyBaHHS 3
2000 1o 2024 poKu, BKIIOYAIOUM KTiHiUHi, Ja60paTOPHi Ta iHCTPYMeHTa/IbHI 06CcTeXkeHHS. KoropTy rmepeBakHO CKIamain
SKiHKM (94,2 %) i3 cepenHiM Bikom 47,6 poky. Peomnepalii nepeBakHO IPOBOAUINCS 3 IPMBOAY MPOTPeCcyovoi By3n0BOi
nartosorii (45 %) ta Boraumesoro $Gi6po3y npu ayroimyHHOMY TupeoiguTi (34,7 %), TOAI SIK 3/IOSIKiCHE TTepepOAsKeHHS
MyXJIHYU CIiocTepiranocs y 8,3 % BumnaakiB. BisblmicTs By3nukiB 6y qo6posikicHuMu (62 %), ane 38 % meMOHCTpyBaIn
BYICOKMIT PU3UK 3JIOSKiCHOCTi BiITIOBiIHO 10 CHMCTEMM 3BiTHOCTI Ta JaHMX Biszyasmizarii muroBuaHoi 3amo3u (TI-RADS).
V nailieHTiB 3 ayTOIMYHHUM TUPEOIAUTOM ITiABUILEHI piBHI aHTUTII KOperoBaau 3i 3MiHamMu gornruiepometpii (r=0,68;
p <0,01), mo cay>kna0 MapKepoM aKTMBHOCTI 3aXBOprOBaHHS. [IOBTOpHI omepailii Maau BMCOKUI PU3UK YCKIAAHEHD,
0COGIMBO Y MAlli€HTiB, IKMM ITPOBOAVIIMA TPETi BTPYUaHHS, e TOBTOPHE MOIIKOIKEHHS TOPTAHHOTO HEPBA yepe3 pyoIeBy
TKaHMHY BMHMKaAO B 13,3 % BumankiB. BUKOpMCTaHHS YIbTPA3BYKOBOTO IOCTIIKEHHS, KOMITI0TepHOI Tomorpadii,
nmorruieporpadii Ta TOHKOroyKoBOi acrmipalniifHoi 6iorcii 3HM3MIO YacTOTy yCKIagHeHb Ha 87 % 3aBOSKM TOYHOMY
BM3HAUYEHHIO aHATOMIUHMX 3MiH i MAaTOJOTiYHMX MpoIleciB. Pe3yabTaTy MigKPeCTI0I0Th HEOOXiTHICTb CTAHAAPTU30BAHUX
MPOTOKOMIB [Jis TOKpallleHHsl XipypriuHMxX pes3y/bTarTiB, $IKi BiAIOBiJal0oThb Mi’KHapOIHMM peKOMeHAaLisM MI0f0
MOHITOPMHTY 3aXBOPIOBaHb MIUTOBUIHOI 3aJI031 Ta PAaHHBOI AiarHOCTUKMA

KniovoBi cnoBa: By3/10Ba TATOJOTiSI MIUTONONIOGHOI 3a703M; BOTHMUINEBI VIIiIIbHEHHSI ayTOIMyHHOTO TUPEOIOuUTY;
yABTPa3ByKoOBa Joruieporpadist; KoMIT I0TepHa ToMorpadisi; TMPeOTPOITHU TOPMOH
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Abstract. The purpose of this study was to compare hernioplasty techniques with and without mesh prosthesis fixation.
The study included 187 patients with primary inguinal hernias who were treated at the Municipal Non-Profit Enterprise
“Kyiv City Clinical Hospital No. 1” from 2020 to 2024, divided into 2 groups: Group 1 (control group) — 92 patients, and
Group 2 (experimental group) — 95 patients. The duration of surgery for lateral hernias was statistically significantly
longer (p<0.01) than for medial and femoral hernias. In both groups, a significant (p<0.01) reduction in pain was noted
within 1 month after surgery. The level of pain in the control group was greater (p <0.01) compared to the group that
underwent hernioplasty without fixation of the mesh endoprosthesis. In surgical intervention without mesh fixation, the
incidence of complications was substantially reduced: seroma formation decreased from 10.9+0.3% in the control group
to0 2.1%0.1% in the main group (p=0.031); oedema was observed in 28 patients (30.4*0.5%) from the control group, and in
12 patients (12.6+0.3%) from the main group (p=0.005). Based on the analysed data obtained in this study, hernioplasty
without fixation of the mesh endoprosthesis has considerable advantages, according to all criteria, compared to surgical
intervention using a herniostapler. Hernioplasty without mesh fixation is a safe and effective technique that reduces pain,
complications, and the cost of surgery, while maintaining the success of hernia repair. Proper patient selection, sufficient
mesh overlap, and careful peritoneal closure are key to the success of the surgical intervention

Keywords: surgical intervention; herniostapler; inguinal hernia; hernioplasty technique; allohernioplasty

INTRODUCTION

The transabdominal preperitoneal access (TAPP) is a
widely used laparoscopic technique for inguinal hernia re-
pair. Conventionally, mesh fixation during TAPP has been
used to prevent relapse. However, this practice has been
associated with complications such as chronic pain due
to nerve or vascular damage from fixation devices. Sur-
geons should carefully consider factors such as defect size,
patient anatomy, and potential risks and benefits when
deciding whether to use mesh during TAPP. Continued
research in this area is essential to optimise patient out-
comes and improve surgical techniques. Depending on the
clinical situation, a surgeon can choose the type of surgery
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that will lead to the least number of complications. As of
2025, many scientific papers have proven that laparoscop-
ic methods of hernioplasty have considerable advantages
over open surgical interventions.

K. Doden et al. [1] showed that fixing the mesh on the
lateral and dorsal sides of the urethral canal is danger-
ous due to the possibility of clamping the urethral nerve
and blood vessels. In this case, the use of a self-absorb-
ing mesh during TAPP is a rational solution in terms of
avoiding fixation or suturing around the obturator canal
while maintaining stable mesh fixation to prevent relapse.
The researchers concluded that laparoscopic TAPP repair
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with self-retractable mesh is a rational treatment option
that reduces the risk of damage to the phrenic nerve while
maintaining secure mesh fixation to prevent relapse and
chronic pain.

A.Elhadidi et al. [2] concluded that postoperative com-
plications and chronic groin pain were reported for each
technique. An equal number of participants were present
in the stapler and suture groups, with the majority having
one point of American Society of Anaesthesiologists (ASA)
score. The mean age was 42.50+ 13.86 years, and the body
mass index (BMI) was 27.47 £ 5.88. The average duration
of surgery in the stapler group was shorter than in the su-
ture group. However, the stapler group had a considerably
greater mean VAS score than the suture group. Most partic-
ipants in the suture group (89.2%) had a 1-day LOS, while
the 2-day LOS was considerably greater in the stapler group
(12.3%) than in the suture group (9.2%). No patient report-
ed mesh erosion, conversion, relapse, testicular atrophy,
or mesh infection. Early postoperative pain was greater in
the stapler group, along with prolonged hospital stay, but
both were nonsignificant. The results for chronic postop-
erative pain and relapse rates during the 3-year follow-up
were also comparable. The rate of re-hospitalisation was
minimal, and no significant complications occurred. That
is, the study confirmed the advantages of the method of
surgery without mesh fixation by all criteria except for the
incidence of complications.

The study analysed the research conducted by
C. Zhang et al. [3], which included 6 randomised trials in-
volving 679 patients who underwent TAPP without mesh
fixation and 964 patients with mesh fixation. No significant
difference in relapse was observed between the two groups.
The use of self-absorbing mesh may not affect the effec-
tiveness of TAPP. It does not increase the relapse rate and
may lead to a reduction in postoperative pain in inguinal
hernias with a small hernia defect (less than 3 cm). This
study showed that this technique is effective for a small
defect, which is a significant indication for the use of TAPP,
because in case of a large hernia defect, another surgical
technique should be chosen.

V.C. Nikolian et al. [4] conducted a fairly complete anal-
ysis of the advantages and disadvantages of hernioplasty
using mesh. Mesh placement resulted in shorter hospital
stays and a return to daily activities. A hernioplasty without
mesh is unlikely to lead to seroma development, which is
why this method is preferred in low-income countries due
to the low cost and lesser availability of mesh materials.
G. Caruso et al. [5] confirmed that TAPP is associated with
shorter postoperative rehabilitation, less chronic pain and
numbness in the surgical area, no risk of mesh prosthesis in-
fection, and a faster return to daily activities. The study also
noted that the disadvantages of laparoscopic interventions
include a longer training period for the surgeon and higher
direct costs; these costs can be offset by reducing indirect
costs: shorter hospital stays and a quicker return to work.

The technique of TAPP is constantly being improved.
For example, M. Furtado et al. [6] confirmed the effective-
ness of TAPP without mesh fixation based on clearly de-
fined anatomical landmarks describing the “inverted Y”
concept. The study used the identification of five triangles
and three zones of dissection for laparoscopic inguinal her-
nia repair. A new anatomical concept was introduced to un-
derstand the overall anatomy of the inguinal region from

a laparoscopic approach and to achieve a critical view of
the “danger zones”. The new anatomical concepts enabled
surgeons to expedite and facilitate hernia sac release and
prevent intraoperative complications.

In all analysed studies, TAPP without mesh fixation
was shown to reduce postoperative pain, shorten the pa-
tients’ recovery after surgery, but did not affect the relapse
rate. However, surgeons are still debating how best to place
the mesh endoprosthesis and which surgical technique to
choose [7-9]. Thus, the purpose of this study was to improve
the effectiveness of surgical treatment of inguinal hernias
by comparing laparoscopic hernioplasty methods, with and
without mesh prosthesis fixation, and to substantiate the
choice of allohernioplasty method.

MATERIALS AND METHODS

The study included 187 patients with primary inguinal
hernias who were treated at the Municipal Non-Profit
Enterprise “Kyiv City Clinical Hospital No. 1” from 2020
to 2024. Inclusion criteria: patients with inguinal hernias
(diagnosed according to the recommendations of the Eu-
ropean Association of Herniology and the intraoperative
classification of hernia types by L.M. Nyhus [10]), men
and women, over 18 years of age, for women of reproduc-
tive age — a negative pregnancy test result [11]. Exclusion
criteria: a history of patients with a BMI above 40 kg/m?,
relapsed, strangulated, and inguinal hernias, decompen-
sated cardiovascular, respiratory, renal, or hepatic failure;
pregnancy and lactation; alcohol or drug abuse; logistical
problems (patients’ failure to attend the examination on
time), non-compliance with the recommended diagnostic
and treatment plan; conversion of surgery to open access.

All patients were admitted to the department as
planned after undergoing a standard preoperative package
of laboratory and instrumental tests (general blood test,
liver and kidney complexes, electrocardiogram, abdominal
ultrasound). All patients were informed about the existing
methods of surgical treatment of inguinal hernias, possible
complications or changes in the scope of surgery, the course
of the postoperative period, and the required regimen. All
patients who took part in the clinical trial gave their writ-
ten voluntary informed consent following the provisions of
the Declaration of Helsinki of the World Medical Associa-
tion “Ethical Principles for Medical Research Involving Hu-
man Subjects Human Subjects for Medical Research” [12].

The selection of patients and their allocation to the
control and experimental groups was random. The oper-
ations were performed in the absence of contraindications
to anaesthesia, carboxyperitoneum, and the patients’ will-
ingness to be operated on in the way proposed based on
the group assignment. Thus, 95 patients were included in
the experimental group. All patients in this group under-
went TAPP - inguinal hernia repair without fixation of a
mesh endoprosthesis. The control group included 92 pa-
tients who underwent classical TAPP - inguinal hernia re-
pair with a mesh endoprosthesis with fixation of the latter
using the Protack 5.0 hernia stapler with titanium clips.

All patients included in the study underwent hernio-
plasty using a laparoscopic approach with preperitoneal
placement of the mesh endoprosthesis. In patients of
both study groups, only polypropylene mesh endopros-
theses were used for the purity of the experiment. In the
first group (control), polypropylene mesh was used. The
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second group (main group) used 3D mesh. The study in-
cluded 187 patients divided into 2 groups: Group 1 (con-
trol group) — 92 patients, and Group 2 (main group) — 95
patients. The groups were comparable in terms of age and
gender (88.04% of men in the control group, 88.42% in the
main group, and 11.96 and 11.58% of women, respectively).
The average age of the patients was 59.4 years in the con-
trol group and 58.6 years in the main group. The physical
status of patients before surgery was assessed according to
the ASA classification [13].

Hernioplasties in the control and intervention groups
were performed under general anaesthesia with muscle re-
laxation and artificial lung ventilation using the MAQUET
FLOW-i apparatus and the OLYMPUS VISERA ELITE III
video endoscopic stand. Endoscopic equipment included
OLYMPUS OEV321UH endoscopic monitor, 4K, 32 inches;
OLYMPUS VISERA ELITE IIT OTV-S700 endoscopic camera,
4K HDR; OLYMPUS VISERA ELITE III CLL-S7004 endoscop-
ic illuminator; OLYMPUS UHI-4 CO, insufflator; OLYMPUS
endoscopic instrument stand, OLYMPUS ESG-410 surgical
diathermocoagulator; aspirator-irrigator. Statistical pro-
cessing was performed using Statistical software EZR v.
1.54 (graphical user interface for R statistical software ver-
sion 4.0.3, R Foundation for Statistical Computing, Vienna,
Austria), MedStat v. 5.2, and Excel (Microsoft Office 2010,
2013) in the Windows 10 operating system. The Chi-square
test was employed to compare the frequency of postopera-
tive complications.

RESULTS
The analysis of all the collected data helped to identify
crucial advantages of TAPP over hernioplasty with mesh
prosthesis fixation for both patients and doctors. The
findings of the study were evaluated based on the analysis
of the results of 187 patients who underwent laparoscop-
ic TAPP hernioplasty and the analysis of the medical re-
cords of the operated patients. All the above results, i.e.,
pain relief and reduced complication rates, were achieved
thanks to the innovative TAPP technique without mesh
fixation. After a thorough examination of the working
area and determination of the type of hernia (lateral or

medial), peritoneal dissection was performed. The perito-
neal dissection was based on a new anatomical concept —
the “inverted Y”, the definition of five triangles and three
dissection zones, which was introduced by Brazilian sur-
geons in 2018.

The new anatomical concept was introduced to un-
derstand the overall anatomy of the inguinal region from
a laparoscopic approach and to achieve a critical view of
the “danger zones”. The new anatomical insights have en-
abled surgeons to expedite and facilitate hernia sac release,
prevent intraoperative complications (vascular and nerve
damage), and reduce postoperative complications such as
early and chronic postoperative pain. This concept is based
on the visual representation of an “inverted Y”, the defi-
nition of five triangles, and the division of the inguinal
fossa into three zones of peritoneal dissection. The visual
representation of the “inverted Y” when examining the in-
guinal fossa from the laparoscopic approach allows recog-
nising the anatomical structures of the inguinal area with
the following elements: the lower epigastric vessels, the
vas deferens, and the vessels of the spermatic cord. When
analysing the data on the duration of surgical intervention
in both groups (control and experimental), the duration of
surgical intervention was found to depend on the type of
hernia defect (lateral, medial, femoral).

Thus, the duration of TAPP can vary depending on the
type of hernia defect. Lateral (indirect) hernia — usually
takes longer than medial hernia due to the need for a large
incision, especially in cases where a large sac extends into
the inguinal canal. Medial (direct) hernia — usually faster
to repair because the defect is within the Hesselbach’s tri-
angle, which often requires less incision. Femoral hernia —
may require additional time due to its deeper location and
the need for careful placement of the mesh to cover the
femoral ring without harming the adjacent structures. Oth-
er factors that affect the duration of the surgery include the
patient’s anatomy, the presence of bilateral or relapsing
hernias, the surgeon’s experience, and any intraoperative
complications. The surgical technique depends on the type
of hernia that is troubling the patient. Table 1 shows the
distribution of patients included in the study by hernia type.

Table 1. Results of the distribution of patients by type of hernia

Control group Experimental group .
0 1 2 3 x 0 1 2 3 x o
PL 8 15 20 5 - 6 21 12 4 - 91
PM 10 13 15 3 - 5 19 20 3 - 88
PF 2 1 - - - 3 2 N - - 8
20 29 35 8 - 14 42 32 7 -
Total 187
92 95

Notes: PL - primary lateral hernia; PM — primary medial hernia; PF — primary femoral hernia

Source: compiled by the authors

Among the studied patients, 91 patients (48.66%) had
primary lateral hernias, 88 patients (47.06%) had primary
medial hernias, and 8 patients (4.28%) had primary femoral
hernias. In the control group, 48 patients (52.17%) had lat-
eral hernias, 41 patients (44.57%) had medial hernias, and
3 patients (3.26%) had femoral hernias. According to the
size of the hernia defect in this group, patients were di-
vided as follows: hernia that was not identified during the
study — 20 patients (21.74%); under 1.5 cm - 29 patients

(31.52%); 1.5-3 cm - 35 patients (38.04%), over 3 cm - 8 pa-
tients (8.70%). In the experimental group, patients with
medial hernias were most common — 47 patients (49.47%),
lateral hernias accounted for 43 patients (45.26%), and
femoral hernias - 5 patients (5.26%). The patients were di-
vided according to the size of the hernia defect as follows:
the defect was not identified — 14 patients (14.74%), un-
der 1.5 cm - 42 patients (44.21%); 1.5-3 cm — 32 patients
(33.68%), over 3 cm — 7 patients (7.37%).
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Table 2 shows the average duration of surgery in min-
utes depending on the type of hernia defect. The longest
duration of surgical intervention was recorded in the con-
trol group for lateral hernias (74.5%0.8 min). Surgical inter-
vention for lateral hernias in the experimental group lasted
almost half as long (47.7+0.4 min), i.e., the absence of mesh
fixation significantly reduces the duration of the operation.
The surgical approach and technique of the operation can

greatly save time. Thus, with the modified technique with-
out fixation of the mesh, the operation time is considerably
saved. In both groups of patients, the duration of surgery
for lateral hernias was found to be statistically significantly
longer (p<0.01) than for medial and femoral hernias. There
was no statistically significant difference in the duration of
surgery for medial and femoral hernias (p >0.05), which is
conditioned by the identical anatomical area.

Table 2. Estimation of the average duration of surgical intervention in the control and intervention groups

Study group Type of hernia defect | Number of patients | Mean value of surgical intervention duration (in min), X+ m
Lateral 48 74.5%0.8
Control group Medial 41 65.6%0.5
Femoral 3 67.7£1.5
Lateral 43 47.7+0.4
Experimental group Medial 47 38.3£0.6
Femoral 5 32.4%1.1

Notes: to present a point estimate, the table shows the mean values of the duration of the surgical intervention (X) and

the standard errors of the mean (m)
Source: compiled by the authors of this study

When comparing the duration of surgical intervention
in the control and experimental groups, divided by the type
of hernia defect, the duration of surgical intervention in
the control group was found to be statistically significantly
(p<0.001) longer than in the experimental group. Notably,
the systematic algorithm of parietal peritoneal dissection
influenced the speed of the operation. According to the
present study, the key factors in reducing the duration of
surgery included the surgeon’s experience, preoperative
planning, minimal adhesions, effective mesh fixation, and
proper peritoneal closure.

On the first day after surgery, as soon as the patient
regained consciousness and agreed to the assessment of
pain, they were asked to indicate the level of their subjec-
tive pain on a visual analogue pain scale (VAS). Thus, in the
control group, the scores ranged from 2 to 6 points, with an
average of 4+0.1 points, and in the experimental group —
from 2 to 5 points, with an average of 3.8 £0.09 points. Most
patients complained of pain in the area of trocar insertion
and discomfort in the area of surgery. The first day after
surgery, patients were recommended bed rest and avoid-
ance of knee and hip flexion on the side of surgery (Table 3).

Table 3. Estimation of the average value of pain in patients in the control group

Term of pain syndrome assessment Patients Mean value of patients’ pain (in points), Me *m
Day 1 420.1
Day 3 3+0.1
n=92
Day 7 2%0.1
1 month 1£0.1

Source: compiled by the authors

When assessing pain on day 3 after surgery, those pa-
tients who stayed in the hospital were also asked to as-
sess pain by marking it on a visual analogue pain scale,
while the patients discharged from the hospital were in-
terviewed by telephone and were asked to rate their pain
syndrome from 0 to 10 points, analogous to the VAS scale.
On day 3, the pain scores ranged from 1 to 5 points in the
control group, with an average of 3+0.1 points, and from
1 to 4 points in the experimental group, with an average
of 2.3%0.06 points. On the second day, all patients were
raised from bed and offered to walk around the hospital,

with those who felt well being discharged from the hos-
pital. 7 days after the surgery, patients operated on with
mesh fixation with a herniostapler had pain scores rang-
ing from 0 to 4, with an average of 2 #0.1 points. In the
group where the mesh endoprosthesis was not fixed, the
pain syndrome varied from 0 to 1 point, which averaged
0.5%0.52 points (Table 4). When assessing pain one month
after surgery in the control group, the scores ranged from 0
to 3 points (average 1+0.1 points), in the main group from
0 to 1 points, respectively, and the average was 0.22+0.04
points (Fig. 1).

Table 4. Estimation of the average value of pain sensations of patients in the experimental group

Term of pain syndrome assessment Patients Mean value of patients’ pain (in points), Me *m
Day 1 3.8+0.09
Day 3 2.3%£0.06
=95
Day 7 n 0.5%0.52
1 month 0.22+0.04

Source: compiled by the authors
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Figure 1. Comparative assessment of the average value of the pain syndrome according to the VAS

Source: compiled by the authors

Thus, in both groups, a statistically significant (p<0.01)
decrease in pain was observed within 1 month after herni-
oplasty. The level of pain in the control group compared to
the group that was offered TAPP plastic surgery without
fixation of the mesh endoprosthesis was noted to be statis-
tically significantly higher at p<0.01. Reducing pain during
TAPP hernia repair without mesh fixation is an essential
point for improving patient recovery. Such results were
achieved by the correct choice and placement of the mesh
endoprosthesis. The mesh was placed in the pre-abdominal
space, where intra-abdominal pressure helps to keep it in
place. During the surgery, adequate overlap (3-5 cm) out-
side the defect was ensured to prevent relapse without the
need for fixation. Correct dissection created a sufficiently
wide preperitoneal space for the mesh to lie flat without
wrinkles. In the patients of the experimental group, the
mesh was glued by closing the peritoneal flap, because
proper suturing or attachment of the peritoneum to the
mesh helps to fix it naturally. During the surgery, it was
critical to avoid damage to the ilioinguinal, iliohypochon-
driac, and genito-femoral nerves, which prevented neuro-
pathic pain. The surgeon avoided placing the mesh too me-
dially or using excessive dissection near the pain triangle
(lateral to the spermatic vessels), where the main nerves
pass. During the surgery, the CO, insufflation pressure
was minimised, and a lower intra-abdominal pressure (10-
12 mm Hg) was used, which reduced postoperative pain.

During the operation, the surgeon ensured that the perito-
neum was closed without tension to prevent mesh migra-
tion or contact with the intestinal loops. The use of these
techniques resulted in a reduction in postoperative pain,
minimisation of chronic discomfort, and a low relapse rate.

Table 4 shows the incidence of postoperative compli-
cations in the two study groups: the incidence of compli-
cations (%) and the standard error of the incidence (¥ m%).
The study analysed the incidence of the principal compli-
cations of hernioplasty, such as haematoma, seroma, and
oedema. The most common complication of surgery among
patients in both groups was oedema, while seroma was the
least common complication in the operated patients. In the
control group, the incidence of complications was statis-
tically significantly greater compared to the experimental
group where the surgical intervention was performed us-
ing an innovative method. The analysis revealed a decrease
(p=0.027 by the Chi-square criterion with Yates’ correc-
tion) in the incidence of haematomas from 16.3+0.4% (for
patients operated on using the conventional method) to
5.3%0.2% (for patients operated on using the TAPP method
without fixation of the mesh endoprosthesis). The incidence
of seroma decreased from 10.9£0.3% in the control group to
2.1+0.1% in the experimental group, at p=0.031. Oedema
was observed in 28 patients (30.4 *0.5%) from the control
group and 12 (12.6 £0.3%) patients from the main group,
which is statistically significant (p =0.005) less (Table 5).

Table 5. Frequency of postoperative complications in the study groups

Postoperative Control group (n=92) Experimental group (n=95) Significance level of differences
complications | Abs. Number| %*m% Abs. Number % +m% between groups, p
Haematoma 15 16.3+0.4 5 5.3+0.2 p=0.027
Seroma 10 10.9+0.3 2 2.1£0.1 p=0.031
Oedema 28 30.4%0.5 12 12.6%0.3 p=0.005
Increased body 33 35.9%0.5 14 14.740.4 p=0.001
temperature

Source: compiled by the authors

The increase in body temperature in patients ranged
within 37.2-38.3°C on the first day after surgery, who were
prescribed antipyretics. The next day, as a rule, no fever was
observed. In the experimental group, 14.7 #0.4% had a fe-
ver, which was statistically significantly less (p=0.001) than
in the control group (35.9£0.5%). The presence or absence
of inguinal hernia relapse was assessed by palpation of the
superficial inguinal ring and determination of the “cough-
ing impulse” symptom and ultrasound diagnostics of the
inguinal area, particularly the area of the endoprosthesis.
Palpation was performed the day after surgery. Ultrasound
of the inguinal area was performed on the day of suture

removal. Usually, sutures were removed on day 7 after
hernioplasty. The subjects were invited for a repeated ex-
amination and ultrasound of the inguinal area and the area
of the placed endoprosthesis 1 and 6 months after the sur-
gery. Early relapse after hernioplasty was assessed within 6
months after surgery using the classical and non-fixation
methods. When analysing the data, relapse was detected in
8 patients (8.7 £0.3%) of the control group and 4 patients
(4.2%+0.2%) of the experimental group, the difference was
not statistically significant at p=0.341 (Fig. 2). The statis-
tically insignificant difference in the relapse rate requires
further investigation with a larger number of patients.
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Figure 2. Presence of relapses in the postoperative period in the examined patients

Source: compiled by the authors

Minimisation of complications and relapses was
achieved by proper selection of patients for TAPP, care-
ful surgical technique, and adherence to postoperative
care recommendations. The findings of the present study
confirmed the significant benefits of TAPP without mesh
fixation, which greatly reduced the risk of complications
associated with fixation. Less postoperative pain and dis-
comfort can enable patients to return to their daily activi-
ties and work more quickly. Not using a stapler eliminates
the risk of related complications such as vascular damage,
bleeding, or tissue damage. It also reduces costs by elimi-
nating the use of fixation devices.

DISCUSSION
TAPP hernioplasty without mesh fixation is becoming an
increasingly popular technique for inguinal hernia repair.
This approach eliminates the need for buttons, staples, or
glue, relying on adequate mesh overlap and intra-abdom-
inal pressure to maintain its position [13, 14]. Fixing the
mesh with staples or buttons can cause nerve irritation
or injury, leading to postoperative pain and chronic groin
pain. Avoiding fixation greatly reduces the risk of postop-
erative neuralgia and foreign body sensation in the groin.
Patients often experience less discomfort during move-
ment, which enables them to return to their daily activ-
ities more quickly.

Chronic pain (lasting more than 3 months) is a
well-documented complication of hernia surgery, often
associated with nerve impingement or tissue inflamma-
tion caused by fixation. Studies show that non-fixation
techniques reduce the incidence of chronic pain, in-
creasing overall patient satisfaction [15, 16]. A carefully
selected and positioned mesh with sufficient overlap (at
least 3-5 cm) ensures low relapse rates even without fixa-
tion [17]. That is why the present study used high-quality
mesh prostheses and tailored to the size of the defect. In
the first group (control), polypropylene mesh was used.
In the second group (experimental), a 3D mesh was used
(photo of the mesh, size, characteristics). To minimise the
relapse rate, patients were strictly selected according to
the inclusion criteria, because in case of a large defect or
relapsing hernia, the surgeon may choose a mesh-fixed
technique or even open access to reduce further compli-
cations. Therefore, the choice of surgery technique should
be made individually, according to the characteristics of
each patient.

Several clinical trials show no substantial difference in
relapse rates between fixation and non-fixation techniques
when performed by experienced surgeons. For small and

medium-sized hernias (especially those under 3 cm), mesh
fixation may not be necessary, as the correct positioning
of the mesh in the preperitoneal space provides adequate
stabilisation. However, in case of large hernias or weak tis-
sues, the risk of relapse may be slightly higher without fix-
ation [18, 19].

Thus, in the study by K.A. Riemenschneider et al. [20],
after analysing seven prospective randomised controlled
trials of 1,732 patients, 737 procedures were performed
without fixation and 995 procedures with mesh fixation, it
was concluded that the current evidence is very uncertain
and mesh fixation may have a small or no effect on hernia
relapse and chronic postoperative inguinal pain in patients
undergoing TAPP inguinal hernia repair. The findings of
the study by K.A. Riemenschneider et al. are consistent
with the data of the present study that TAPP without mesh
fixation has advantages over laparoscopic hernioplasty
with mesh fixation.

The risk of mesh migration is minimal if the perito-
neum is properly closed, and anatomical landmarks are
observed [21-23]. Less postoperative pain facilitates ear-
ly ambulation, reducing the risk of complications such as
deep vein thrombosis and pulmonary complications. Many
patients resume normal activities and return to work ear-
lier than those who underwent fixation [24]. Devices for
fixing the mesh (buttons, staples, glue) increase the cost
of the procedure. Avoiding fixation reduces operating costs
without compromising clinical outcomes.

Risk of mesh removal: proper dissection and place-
ment are essential to prevent folds or migration that can
lead to relapse. Learning curve for surgeons: this technique
requires experience to ensure proper mesh placement and
secure peritoneal closure [25]. Patient selection is essential:
itis best suited for uncomplicated primary hernias, whereas
large, complex, or relapsing hernias may benefit from fix-
ation [10]. Thus, only patients with uncomplicated hernias
were included in the current study, and hernia relapse is a
contraindication to TAPP without mesh fixation, in which
case the doctor chose another technique for the operation.

The study by A.K. Nahid et al. [26] reflected analogous
results to the present study. Thus, it was confirmed that
pain and the time required to return to normal life and
work after surgery were significantly less in the non-fixa-
tion group. The absence of mesh fixation was cost-effective,
with less postoperative pain and a lower relapse rate [27].
In the current study, patients who underwent TAPP with-
out mesh fixation also returned to life faster and experi-
enced less discomfort in the postoperative period than
patients who underwent hernioplasty with mesh fixation.
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R.F. Ali et al. [28] reached the same conclusion as in
the present study. Thus, in this study, the researchers
were found that the pain score 7 days after surgery, during
the first month, and after three months were significant-
ly higher in the group with mesh fixation (p <0.001). The
group with mesh fixation had a longer operative time than
the group without fixation (69.34+13.55 vs. 60.92 = 10.18).
The relapse rates did not differ between the groups, as in
the current study. The absence of fixation of the mesh en-
doprosthesis for TAPP is effective with minimal postopera-
tive pain and minimal risk of relapse. In the current study,
analogous data were obtained regarding the duration of
pain and the time of surgery.

The findings of other colleagues’ studies are also ful-
ly comparable to the data obtained in the present study.
T.A.A.M.Habeeb et al. [29] confirmed that fixation of a mesh
endoprosthesis with a stapler increases the risk of chronic
groin pain. Laparoscopic TAPP inguinal hernia repair with-
out mesh fixation was significantly safer and reduced the
relapse rate. Furthermore, mesh fixation increased the risk
of postoperative complications and patient costs.

S. Qureshi et al. [16] studied the long-term results after
hernioplasty one year later. In the study, the difference in
pain scale scores at the time of discharge and the average
number of days of hospital discharge were statistically sig-
nificant (p < 0.005), analogous to the results of the current
study. After 1 year of follow-up, the relapse rate was com-
parable and low in both groups. At one year of follow-up,
there was no significant difference in relapse and chronic
pain between the mesh-fixed group and the non-mesh-
fixed group. In their studies, surgeons almost unanimously
confirmed that laparoscopic TAPP hernioplasty without
mesh fixation is much more effective and practical than
surgical interventions using a stapler. Therefore, in pa-
tients without contraindications, when choosing a surgi-
cal intervention, TAPP plastic surgery without the use of a
mesh endoprosthesis should be preferred.

TAPP without mesh fixation provides considerable
benefits in the postoperative period, including pain re-
duction, faster recovery, and lower rates of chronic pain,
with relapse rates comparable to fixation methods. It is a
cost-effective and patient-friendly approach, especially
when performed by experienced surgeons.

CONCLUSIONS
The analysis of the data obtained revealed a considera-
ble advantage of laparoscopic hernioplasty without mesh
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AHoTauig. MeTor0 JaHOT0 JOCTiIKeHHS 6Y/I0 MOPiBHSIHHS TEXHIK TepHiOIIaCTUKY 3 (iKcalli€ro ciTuacToro mporesy Ta 6es.
B mocmimkeHHs 6y710 BKIOUeHO 187 mallieHTiB i3 IepBUHHMMMY TaxBUMHHUMU IPUsKaMU, SIKi 3HAXOAMINUCH Ha JTiKyBaHH] B
KomynanbHe HekOMep1IiliHe mifgnpueMcTBo «KuiBcbka Micbka kiiHiuHa JikapHs N2 1» 3 2020 p. mo 2024 p., po3aiieHux Ha
2 rpymu: 1 rpyma (KOHTpO/IbHA Ipymia) — 92 mallieHTa, Ta 2 Tpyrna (eKCrepyuMeHTaTbHa rpyma) — 95 maiieHTiB. TpUBasicTh
OIepaTMBHOIO BTPYUYAHHS MPU JaTePTbHMUX TPUskax CTATUCTUMYHO 3Ha4uHO moBma (p < 0,01), HIX mpu MemiaabHUX
Ta CTErHOBUX TpIsKax. B 060x rpymax BigsHavyasoch 3Hauymie (p < 0,01) 3HMKeHHSI 60bOBOTO CMHIPOMY IMPOTSTOM
1 Micsiusl mic/iss BUKOHAHHS ONePaTUBHOTO BTPyYaHHS. PiBeHb 6OJI0 Y KOHTPOJBHI TPyIi B MOPIBHSIHI 3 TPYIIOI0, SIKiit
6yJ/I0 3aMpOMOHOBAHO repHiomiacTuky 6e3 ¢ikcariii cituacroro ennmonporesy 6yB Buuii (p < 0,01). [Ipu onepaTuBHOM
y BTpyuaHHi 6e3 dikcallii ciTKu cyTT€BO 3HM3WIACh YACTOTA YCKIAAHEHb: YTBOPEHHS cepoM 3HMu3muaach Bim 10,9 0,3 %
B KOHTPOJIbHII Tpymi, 10 2,1+ 0,1 % B ocHOBHiii Tpymi (p =0,031); HaGpsAKYU croctepiramich y 28 xBopux (30,4 +0,5 %)
3 KOHTPOJIbHOI Tpymnu, Ta y 12 (12,6 £0,3 %) xBopux 3 ocHOBHOI rpymu (p = 0,005). Ha ocHOBi mpoaHaxi30BaHMX JTaHUX,
OTPUMAaHUX y JOCTiIKeHHI, MOKHA 3pO6UTH BUCHOBOK, 1110 repHioruiacTuka 6e3 ¢ikcallii ciTuacToro eHgonpoTesy Mae
3HAYHi TepeBary, 3a BciMa KpUTepisMy, MOPIBHSIHO 3 OMEPATUBHMM BTPYUYaHHSM 3 BUKOPUCTAHHSIM TepHiocTeruiepa.
TepHiomactuka 6e3 dikcarii ciTkomo — 11e 6e3meyHa Ta epeKTHBHA METOIMKA, SIKa 3MEHIIIYE 6ib, YCKJIaIHEHHS i BapTiCTh
omepaiiii, 36epiraioumn Mpy bOMY YCITIITHICTb BiTHOBIEHHS TPyKi. [IpaBUIbHMIT BifA6ip MallieHTiB, JOCTATHE MTEPEKPUTTS
CiTKM Ta peTesibHe 3aKPUTTSI OUepPeBUHY € KJII0UeM JI0 YCIIiXy OTlepaTMBHOTO BTPYYaHHS

Knio4oBi cnoBa: onepaTBHE BTPYUYaHHS ; TePHiOCTEIIEDP; TAXOBi TPIMKi; TEXHIKA repHiOIIaCTUKY; aJIOT€PHiOTUIACTUKA

Bulletin of Medical and Biological Research. 2025. Vol.7, No. 1


https://orcid.org/0000-0002-6821-1707
https://orcid.org/0000-0002-7681-4217

Article’s History: Received: 15.08.2024; Revised: 02.01.2025; Accepted: 25.02.2025

Bulletin of Medical
‘ and Biological Research

DOI: 10.63341/bmbr/1.2025.26

Vol. 7, No. 1
2025

Journal homepage: https://bmbr.com.ua/en

ubC 6177

Enhancing aesthetic and functional outcomes in mastopexy:
A modified Pitanguy-Ribeiro technique

Oleksii Droha’

Postgraduate Student

Bogomolets National Medical University
02000, 34 Beresteyskyi Ave., Kyiv, Ukraine
https://orcid.org/0009-0009-6648-7492

Abstract. One of the unresolved issues in aesthetic mammoplasty remains the prevention of gravitational ptosis in the
long-term postoperative period. The aim of this study was to improve the outcomes of mastoptosis treatment by refining
classical surgical techniques to help prevent recurrent ptosis in the long term. The main group consisted of 50 patients
diagnosed with mastoptosis. These patients underwent surgery using a modified Pitanguy-Ribeiro method, which included
fixation to reduce cranial displacement and anchoring to the fascia of the pectoralis major muscle. The study results
highlight the importance of individually selecting mastopexy techniques for each patient to achieve sustained aesthetic
and functional outcomes. This paper presents the distribution of patients according to the mastopexy technique used,
as well as a comparison of early and late postoperative ptosis indicators across each group. It was found that mastopexy
performed using the Pitanguy-Ribeiro technique is effective in the short term but carries a significant risk of late
postoperative ptosis. Reduction mastopexy shows a high risk of ptosis in the long-term postoperative period. In contrast,
the modified Pitanguy-Ribeiro technique proves to be an effective approach, offering more stable results compared to the
other techniques considered in preventing postoperative ptosis — demonstrated by the complete absence of early ptosis and
the lowest incidence of late ptosis, indicating its superiority. This study identifies the modified Pitanguy-Ribeiro technique
as the most effective for mastopexy correction, ensuring long-term stability, prevention of ptosis recurrence, and a high
level of patient satisfaction. The proposed modification can be recommended as the optimal technique for performing
mastopexy. The study findings may be used to refine surgical techniques, support the development of personalised
recommendations for mastopexy method selection, and inform planning of long-term postoperative preventive measures

Keywords: breast ptosis; surgical correction; fascia fixation; aesthetic mammoplasty

INTRODUCTION

Breast ptosis is one of the most common conditions re-
sulting from a decrease in tissue elasticity and represents
a natural process in women typically after the age of 30-40.
In such cases, the mammary glands decrease in size and
descend, often leading to aesthetic discomfort. According
to O. Khrapach [1], breast ptosis can be categorised into
several types of defects: pseudoptosis, partial ptosis, and
true ptosis. As described by B. Atiyeh et al. [2], the chosen
correction methods vary depending on the specific type of
ptosis and its potential association with different forms of
hypoplasia. The authors classified breast ptosis into true
ptosis, glandular ptosis, and abnormal parenchymal distri-
bution (or pseudoptosis), which allowed for more consist-
ent results and fewer complications. 85% of patients who

Suggested Citation:

had experienced at least one pregnancy reported chang-
es in breast shape post-pregnancy; 35% noted a decrease
in size, while 30% reported an increase. Lifetime weight
fluctuations, such as significant weight loss or high body
mass index, larger bra cup size, number of pregnancies, and
smoking history have all been identified as significant risk
factors for ptosis.

According to F. Pazhoohi et al. [3], ptosis can occur in
women of all ages and with varying breast sizes, and is com-
monly associated with ageing, macromastia, weight loss,
pregnancy, and hormonal changes. Obesity contributes
to ptosis, as the accumulation of adipose tissue increas-
es the volume of the mammary glands and overstretches
the supporting ligaments. The shape of the breast can also
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influence the condition of the supporting structures; for
example, in rounded breast shapes, the Cooper’s ligaments
are arranged in a way that optimally redistributes weight
and surface area. During pregnancy and breastfeeding,
breast volume increases substantially, and the stretched
skin does not always return to its former state. If breast-
feeding was predominantly from one breast, asymmetry
may also develop. According to official statistics from the
American Society of Plastic Surgeons (ASPS), 280,121 mas-
topexy procedures were performed in the United States in
2020 [4], with ptosis diagnosed in 65% of women in the
post-lactation period. As noted by S.]. Lee et al. [5], ptosis
is often linked to genetic predisposition, associated with
individual variations in collagen and elastin synthesis,
and is frequently observed in family history. Additionally,
M.L. Mangialardi et al. [6] report that beyond causing psy-
chological discomfort, ptosis may lead to physical compli-
cations such as submammary eczema and cervicodynia.

Secondary breast ptosis may occur as a complication of
augmentation mammoplasty. Its development is primarily
due to an initial weakness of the breast’s supportive and
suspensory structures, as well as technical imperfections
in the surgical approach. This is often linked to the sur-
geon’s attempt to address the mismatch between stretched
skin and reduced glandular tissue volume solely through
augmentation, without the mastopexy that would be nec-
essary in such cases. According to A. Hoyos [7], the inci-
dence of recurrent ptosis following mastopexy combined
with augmentation mammoplasty ranges from 9.3 to 36%.
Mesh allografts have been proposed as a means to prevent
recurrent ptosis by reinforcing the sutures and the natural
supporting structures of the breast. Contemporary surgical
correction methods for breast ptosis include mammoplas-
ty with augmentation and mastopexy. Mammoplasty with
augmentation is frequently performed using endoprosthe-
ses, although not all women are willing to undergo implant
placement. Mastopexy remains the procedure of choice,
though it carries certain risks, such as the development
of recurrent ptosis or hypertrophic scarring [8]. J. Gunn et
al. [9] observed that a significant drawback of mastopexy is
the unavoidable need for incisions on the chest, which may
be visible depending on their placement.

L.C. Nuzzi et al. [10] described the four principal mas-
topexy techniques: periareolar, vertical, inverted T-shaped,
and L-shaped scar patterns. Modern mastopexy methods
employ various surgical strategies, including the fixation of
displaced breast tissue to the chest’s denser structures us-
ing strong sutures — a critical element of the procedure - as
well as excision of excess skin in the gland’s lower segment,
with superior repositioning of the nipple-areolar complex.
To enhance breast contour, a flap of tissue from the lower
pole of the gland is often transposed upward and secured
in the retromammary space to the anterior chest wall. This
approach not only contributes to a fuller upper pole but
also extends the longevity of the surgical outcome. Addi-
tional techniques aim to avoid scarring in the area between
the gland and the sternum.

One of the persistent challenges in aesthetic mammo-
plasty is the prevention of gravitational ptosis in the long-
term postoperative period. Plastic surgeons must carefully
evaluate the benefits and limitations of each technique
to effectively address breast ptosis. The objective of the

present study was to improve surgical outcomes in patients
withmastoptosisbyadvancingsurgicalmethodsaimedatpre-
venting breast ptosis in the long-term postoperative phase.

MATERIALS AND METHODS

The study was conducted at one of the leading medical
centres in the city of Kremenchuk - LLC “Medical Centre
‘Doctor Droga’, specialising in plastic surgery. Surgical
interventions were performed over a 24-month period,
from September 2022 to September 2024. All operations
were carried out under general anaesthesia in accordance
with standard surgical protocols. The appropriate method
for performing mastopexy depends on an individualised
approach for each patient, particularly through the assess-
ment of the degree of ptosis. In this study, ptosis grading
was determined using anatomical landmarks, specifical-
ly the position of the nipple-areolar complex relative to
the inframammary fold (the fold beneath the breast). Ac-
cording to the classification by R. Regnault [11], the de-
grees of ptosis in women are categorised as follows: Grade
0 — No ptosis: the nipple is located at or above the level
of the inframammary fold. Grade 1 — Mild ptosis: the nip-
ple is at the level of or slightly below the inframammary
fold, but still above the most projecting part of the breast.
Grade 2 - Moderate ptosis: the nipple lies below the in-
framammary fold, but remains above the lower contour of
the breast. Grade 3 — Severe ptosis: the nipple is signifi-
cantly below the inframammary fold and falls beneath the
most projecting part of the breast. Pseudoptosis: the upper
breast appears flat, while the nipple remains at or above
the inframammary fold, but the main glandular tissue is
displaced downward. Glandular ptosis: characterised by a
reduction in breast tissue volume, with the nipple still po-
sitioned at or above the inframammary fold.

A total of 90 patients with a confirmed diagnosis of
mastoptosis participated in the study. The average age
of the patients was 36 years, ranging from 19 to 54 years.
All patients underwent mastopexy for the first time. They
were divided into three groups based on the surgical tech-
nique employed: Group 1: 30 patients underwent surgery
using the Pitanguy-Ribeiro technique [14]; Group 2: 10 pa-
tients underwent classical reduction mastopexy (inverted
T-shaped technique) [12]; Group 3: 50 patients underwent a
modified Pitanguy-Ribeiro technique, which included cra-
nial displacement shortening and fixation to the fascia of
the pectoralis major muscle. Postoperative follow-up was
conducted over a period ranging from 2 to 24 months, with
the average follow-up duration being approximately 9.5
months. Postoperative photographs were taken at 3-month
intervals. All 90 patients provided consent for photograph-
ic follow-up within 24 months after surgery, and 8 of them
provided long-term follow-up images extending beyond
one year. To ensure the reliability of the results, stand-
ardise surgical procedures, and minimise variations that
could influence outcomes, all operations were performed
by a single surgeon and his dedicated team. None of the
patients had serious comorbid conditions that might have
impacted the study results.

All patients involved in this study provided informed
written consent for the use of their personal data and pho-
tographs for scientific purposes, in accordance with the
principles of confidentiality and personal data protection.
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Reports of the study were prepared with full regard for par-
ticipant confidentiality, in compliance with the Declaration
of Helsinki of the World Medical Association [13] and the
Law of Ukraine No. 2297-VI “On the Protection of Person-
al Data” [14]. Adherence to ethical standards in the con-
duct of scientific research ensures appropriate protection
of the rights and interests of all participants and upholds
high standards of research practice. Data collected from all
participants were processed using statistical methods to
identify differences in patient condition, the frequency of
postoperative complications, and levels of satisfaction with
surgical outcomes. The study findings were systematised

and summarised to draw conclusions regarding the effec-
tiveness of surgical treatment for patients with mastopto-
sis, as well as methods for preventing breast ptosis in the
long-term postoperative period.

RESULTS AND DISCUSSION
The results of the study highlight the importance of select-
ing an appropriate mastopexy technique to achieve opti-
mal aesthetic and functional outcomes. Table 1 presents
the distribution of patients across the groups based on the
mastopexy techniques utilised, along with diagnostic indi-
cators of early and late postoperative ptosis.

Table 1. Division of patients into groups according to the method
of mastopexy and diagnosis of early and late postoperative ptosis

. A Late postoperative
g o Early postoperative ptosis s
& 3 Surgery technique 1 month (after | 3 months (after | 6 months (after 1 year (after f
< B rom 1 year
- surgery) surgery) surgery) surgery)
n % n % n % n % n %
1 Pitanguy-Ribeiro, n=30 - - - - 1 3.33 3 10 21 70
Classic reduction mastopexy
2 (inverted T-shaped), n=10 1 10 1 10 5 30 6 60
Pitanquy-Ribeiro with ) ) ) ) ) ) 6
3 modification, n=50 2 4 5

Source: provided by the author

The analysis of patient distribution by mastopexy
technique, along with indicators of early (within 1 year)
and late (beyond 1 year) postoperative ptosis for each
group, demonstrates the following findings: In Group
1 - patients who underwent mastopexy using the Pitan-
guy-Ribeiro technique — no cases of early postoperative
ptosis were recorded at 1- and 3-months post-surgery.
Ptosis was observed in one patient (3.33%) at 6 months,
and in three patients (10%) at 1 year. However, late ptosis
(occurring more than 1 year after surgery) was identified in
21 patients (70%). These findings suggest that, while the
Pitanguy-Ribeiro technique is associated with a relatively
low incidence of early ptosis, its long-term outcomes indi-
cate a high risk of recurrent ptosis two years after surgery.

In Group 2 — patients who underwent classical reduc-
tion mastopexy (inverted T-shaped) — early postoperative
ptosis was observed in one patient (10%) at 3 months, one
patient (10%) at 6 months, and three patients (30%) at 1
year. Late postoperative ptosis was recorded in six patients
(60%). These results indicate that the classical reduction
mastopexy technique carries a comparatively higher risk
of ptosis, particularly in the late postoperative period,
suggesting the need to consider alternative techniques or
modifications to mitigate this risk. In Group 3 - patients
who underwent mastopexy using the modified Pitan-
guy-Ribeiro technique - no cases of early postoperative
ptosis were recorded at 1-, 3-, or 6-months following sur-
gery. Ptosis was observed in two patients (4%) at 1 year,
while late postoperative ptosis (beyond 1 year) was noted
in three patients (6%). These outcomes demonstrate that
the modified technique offers superior long-term stability
with minimal incidence of both early and late postopera-
tive ptosis. Thus, mastopexy performed using the Pitan-
guy-Ribeiro technique demonstrates short-term effective-
ness but is associated with a significant risk of developing

late postoperative ptosis (70%). Reduction mastopexy also
shows a high likelihood of ptosis, particularly in the late
postoperative period. In contrast, mastopexy using the
modified Pitanguy-Ribeiro technique yields the most fa-
vourable outcomes in both the early and late postoperative
phases, indicating its superiority over the other methods.
This analysis supports a reasoned selection of mastopexy
technique in favour of the modified Pitanguy-Ribeiro ap-
proach for effective correction of mastoptosis and preven-
tion of breast ptosis in the long-term postoperative period.

Patient selection for mastopexy techniques took into
account the need to reduce the risk of complications, as
the chosen method should minimise the likelihood of
postoperative ptosis, tissue necrosis, scar formation, and
asymmetry. The effectiveness of each mastopexy tech-
nique is evaluated by its ability to prevent recurrent ptosis
and maintain a stable aesthetic contour of the mammary
glands over time. Successful mastopexy also contributed
to improvement in the patients’ physical and psycholog-
ical well-being. During the surgical procedure using the
Pitanguy-Ribeiro technique, the operation began with
deepithelialisation of the designated skin area of the
mammary glands, according to the appropriate marking.
This was followed by excision of the cutaneous-glandu-
lar flap. A retromammary pocket was prepared cranially,
based on the Pitanguy-Ribeiro pedicle, creating a bed for
repositioning and fixation of the cutaneous-glandular flap,
which was secured with Prolene sutures to the pectoralis
major muscle. The deep layer of the superficial fascia was
then sutured and cranially anchored to the fascia of the
pectoralis major muscle a few millimetres above the cu-
taneous-glandular flap fixation site. These ligatures were
additionally tied together, providing enhanced correction
of mastoptosis, improved upper pole fullness, and more
secure fixation of the breast.
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Figure 1 shows the postoperative appearance of the
breasts in a 34-year-old patient diagnosed with stage
III breast ptosis. The procedure was performed using
the Pitanguy-Ribeiro technique on 06.10.2023. At the
6-month postoperative evaluation, ptosis was noted to
have recurred, though to a lesser degree. The upper pole
of the breast remained insufficiently filled. Figure 2 pre-
sents the postoperative result in a 19-year-old patient
diagnosed with stage III breast ptosis, who underwent
classical reduction mastopexy (inverted T-shaped tech-
nique) on 19.06.2024. At the 3-month postoperative fol-
low-up, the patient exhibited recurrent ptosis of the mam-
mary glands, with “bottoming out” deformity — manifested
as elongation of the lower breast pole due to the inability
of the lower pole tissues (skin-glandular flap) to withstand
gravitational forces.

Figure 1. Appearance of the breast of a 34-year-old patient

who was diagnosed with stage III breast ptosis
Notes: A) before surgery; B) 6 months after surgery
Source: author’s photo

Figure 2. Appearance of the breast of a 19-year-old patient
who was diagnosed with stage III breast ptosis
Notes: A) before surgery; B) 3 months after surgery,
ptosis of the mammary glands developed “bottoming out”

Source: author’s photo

Figure 3 shows the clinical appearance of the breasts in
a 45-year-old patient diagnosed with Grade 3 breast ptosis.
Surgical intervention using the modified Pitanguy-Ribeiro
technique was performed on 16 October 2023. At the one-
year postoperative follow-up, the development of breast
ptosis was observed; however, its severity was significantly
lower compared to patients in other groups who underwent
surgery using alternative techniques. The reduced severity
of ptosis highlights the high effectiveness of the modified
technique in achieving long-term aesthetic and functional
outcomes, as well as improved stability of surgical results
due to the modification implemented.

Figure 4 presents the clinical outcome in a 34-year-old
patient diagnosed with Grade 3 breast ptosis. The modified
Pitanguy-Ribeiro technique was applied during surgical in-
tervention in March 2023. After one year of follow-up, no
signs of recurrent breast ptosis were observed. The results
demonstrated stability in the aesthetic appearance of the
breasts, with preservation of anatomical position and con-
tour. No secondary complications were reported, and no
further surgical intervention was required.

Figure 3. Appearance of the breast of a 45-year-old patient
who was diagnosed with Grade 3 breast ptosis
Notes: A) before surgery; B) appearance of the breast
immediately on the operating table; C) 1 year after surgery

Source: author’s photo

A

Figure 4. Appearance of the breast of a 34-year-old patient
who was diagnosed with Grade 3 breast ptosis
Notes: A) before surgery; B) 1 month after surgery;
C) 1 year after surgery
Source: author’s photo
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Thus, the modified Pitanguy-Ribeiro technique de-
monstrated clinical superiority, confirming its feasibility
for achieving long-term aesthetic outcomes and reducing
the likelihood of ptosis recurrence. No deaths, pulmonary
embolism, deep vein thrombosis, or postoperative com-
plications were recorded during the surgical interven-
tions. Overall, the effectiveness of mastopexy techniques
depends on appropriate selection based on the degree of
ptosis, individual anatomical features of the mammary
glands, and the presence of comorbidities. The growing
application of mastopexy techniques is associated with
the development and implementation of various surgical
approaches employing autologous tissues and allomateri-
als. Among the widely recognised and relevant mastopexy
techniques in plastic surgery are the methods developed by
J.O. Strombeck [15] and L. Ribeiro [16].

R. Abdelkader et al. [17] proposed augmentation mas-
topexy using a five-stage standardised strategic approach.
The authors presented a retrospective study involving 50
patients seeking both breast lifting and volume enhance-
ment, requiring augmentation combined with mastopexy
to achieve the desired aesthetic outcomes. The classical
Pitanguy-Ribeiro technique, employed in the present study,
remains one of the safest techniques for treating mastopto-
sis. It is applicable to women with varying breast sizes and
degrees of ptosis. However, it does have certain contraindi-
cations and is not suitable for patients with gigantomastia
or severe mammary ptosis [18]. H. Zavrides [19] reported a
study involving 140 women with mastoptosis who under-
went surgical treatment using the Pitanguy-Ribeiro tech-
nique, which by 2025 had evolved into two modified forms.
The first modification, described in the works of E. Swan-
son [20], D.A. Hidalgo [21], and A. Kostenko et al. [22], in-
volves vertical dissection of the upper breast pole down to
the pectoralis major fascia. Following this, the medial flap
is elevated cranially, rotated 90 degrees, and sutured, while
the lateral flap is placed beneath the medial flap.

S. Wall et al. [23] described the combined procedure
of breast augmentation and mastopexy. This approach is
often considered complex, as it essentially involves two
surgical interventions in one. The authors reviewed the
principles and guidance for various mastopexy techniques,
as well as the associated methods of breast augmentation.
In cases of mastopexy with adequate breast volume, satis-
factory surgical outcomes may be achieved through recom-
bination of breast tissue and elevation of the lower pole
without the use of implants, as reported by H. Jian et al. [24]
and E.]. Moya-Rosa & Y. Moya-Corrales [25]. The circum-
vertical technique is typically employed for patients with
moderate ptosis [26], defined by a vertical excess of 3-4 cm
accompanied by significant horizontal laxity.

R. Cohen-Shohet et al. [27] examined the perfor-
mance of mastopexy in both private clinical settings and
academic institutions. They identified seven main indica-
tions for mastopexy: ptosis, postpartum atrophy, non-sur-
gical weight loss, surgical weight loss, breast asymmetry,
reconstruction, and revision of previous augmentation.
The second modification of the classical Pitanguy-Ribeiro
technique involves the separation of the lower flap from
surrounding structures while preserving its attachment to
the vascular network of the chest wall, thereby maintaining
the necessary breast volume. This approach is discussed in

the work of P.G. di Summa et al. [28]. In this technique, the
upper flap of the breast is used to cover the lower flap.

The classical Pitanguy-Ribeiro technique and its two
modifications offer a versatile, well-vascularised pedicle,
enabling reliable repositioning of the nipple-areola com-
plex to the desired height. The selection of a mastopexy
technique should be guided by a comprehensive analysis
of the patient’s individual characteristics, the degree of
ptosis, and any accompanying pathologies. The applica-
tion of the classical Pitanguy-Ribeiro technique and its
modifications confirms their high effectiveness in deliv-
ering both aesthetic and functional results. The proposed
approach, which enhances tissue fixation to the pectora-
lis major fascia, addresses the limitations of conventional
techniques by providing longer-lasting outcomes and re-
ducing the risk of recurrence. The innovations presented
in this study are aimed at maximising aesthetic results,
preserving breast functionality [29], and minimising post-
operative complications, making this method a promising
option for widespread adoption in surgical practice. The
proposed technique for counteracting postoperative mam-
mary ptosis — through shortening, reinforcement, cranial
repositioning, and fixation of the inner layer of the superfi-
cial breast fascia to the deep fascia of the pectoralis major
muscle - based on the modified Pitanguy-Ribeiro method,
demonstrated positive outcomes.

CONCLUSIONS
The study revealed significant differences in the outcomes
of various mastopexy techniques in the correction of mas-
toptosis and the prevention of postoperative ptosis. The
results confirm the importance of an individualised ap-
proach to the selection of surgical technique — particular-
ly with reference to the degree of ptosis, as classified by
the Pitanguy-Ribeiro scale — in order to achieve optimal
aesthetic and functional outcomes. Mastopexy performed
using the Pitanguy-Ribeiro technique demonstrated a
low incidence of early postoperative ptosis (13.33%) but
showed a high rate of late ptosis (70%), thereby limiting
its long-term effectiveness. Reduction mastopexy (invert-
ed T-shaped) was associated with a higher incidence of
early ptosis (50%) but demonstrated greater long-term
stability, with a lower incidence of late ptosis (6%). The
most favourable results were achieved with the modified
Pitanguy-Ribeiro technique. Early postoperative pto-
sis at one year was observed in only two patients (4%),
and the incidence of late ptosis was the lowest among
all groups (6%). The incorporation of a modification in-
volving fixation of the cutaneous-glandular flap to the
pectoralis major muscle, along with additional anchoring
of the deep sheet of the superficial fascia, significant-
ly improved the stability of surgical outcomes, reduced
complication rates, and ensured an excellent aesthetic
appearance of the mammary glands. The proposed sur-
gical refinement - involving the application of additional
ligatures to the inner sheet of the superficial fascia with
cranial repositioning - enhances the projection of the
upper breast contour and substantially reduces the inci-
dence of recurrent ptosis in the late postoperative peri-
od. All patients experienced improvements in both phys-
ical and psychological well-being. No cases of serious
complications, such as pulmonary embolism, deep vein
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thrombosis, or tissue necrosis, were reported. Based on the ACKNOWLEDGEMENTS
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MoaundikoBaHa MeToauka Pitanquy-Ribeiro y MacTonekcii:
nepcneKTUBU NOKpaLLeHHS eCTETUYHUX
i yHKUiOHaNnbHUX pe3ynbTaTiB

Onekcin Opora

AcnipaHT

HauioHanbHUM MegmnyHUM yHiBepcuTeT iMeHi O. O. boromonbuga
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AHoTauia. OpHiero 3 HeBUPilIeHMX MPO6IeM B €CTeTUYHIi MaMOIUIACTHUII 3aMUIIAETHCS TPOdiTakTUKA TpaBiTalifiHOTO
NTO3y B BinjanmeHoMmy MicasionepariiiiHomMy mepiofi. MeTOw AOCTIIKEeHHS Oy/lI0 MOKPAIIUTY DPe3yabTaTy JIiKyBaHHS
MAaCTOITO3Y LUIISIXOM yI0CKOHATeHHS KIaCMYHMX OTlepalliifHMX MeTOAIB, sIKi CIIPUSIIOTh MPOodinakTHIli TOBTOPHOTO NMTO3Y
y BigmaneHunii miciasionepamiifHmii epioz. 1o OCHOBHOI rpyr yBiiinuio 50 mamieHToK 3 AiarHo30M MacTorTo3. [1arieHTkam
6yna TpoBeleHa orepallis 3a MeToAuKow Pitanguy-Ribeiro 3 momudikariero: dikcarii ykopoueHHsI KpaHiaJbHOTO
repemilieHHs Ta pikcatis mo ¢aciiii BemMKoro rpyiHOro M’si3a. Pe3ymbraTi oI IKeHHS T0Ka3yI0Th He0OXiIHICTh mig6opy
METOIMK MacCTOIeKCii 11T KOXKHOI MallieHTKY iHAMBIIyaNbHO, 11106 OTPMMAaTU eCTeTUYHI i QYHKIIIOHA/IbHI pe3ynbTaTu Ha
TpuBanuit mepion. B po6boTi mpencTaBieHo PO3IMO/i MAIiEHTOK 32 METOAMKOIO ITPOBeIeHHSI MACTOIeKCii Ta MOPiBHSIHHSI
TTOKa3HMKIB PAaHHbOTO i Ti3HBOTO MiC/sI0IIepallifiHOro IITO3Y JJ151 KOKHOI IPpyny. BcTaHOBIIEHO, 1110 MaCTOIIEKCisl IpOBeJeHa
3a MeToauKoio Pitanquy-Ribeiro € ehekTMBHOIO Ha KOPOTKOCTPOKOBMII Tepiof, i Ma€ 3HAUHUI PU3UK PO3BUTKY Mi3HBOTO
micasionepaniifHoro nto3y. PemykirijiHa MacTOIeKCisl Ma€e BUCOKMI PU3MK PO3BUTKY MTO3Y B IMi3HIil micasionepaniinHmii
repios, a MacToIeKcist 3a MeTofuKow Pitanquy-Ribeiro 3 momudikaiiielo € eheKTMBHOIO TEXHIKOIO, 10 Ja€ CTabilbHi
pe3ynbTaTy B TOPIBHSHHI 3 iHIIMMU PO3IISIHYTMMM METOOMKAMM LIOZO0 TPOGdiMaKTUKM TicasomnepaniifHoro mrosy,
a caMe — MOBHY BiICYTHICTb PaHHBOTO MTO3Yy Ta MiHiMaJbHY YacCTOTY Mi3HbOTO IITO3Y, 11O CBIJUUTb PO il MepeBsary.
[IpoBesneHe mOCTiAKeHHST NO3BOMSIE BULIMUTU MeTonuKy Pitanquy-Ribeiro 3 monudikaiiieio sik Hait6inbil edeKTUBHY
IUIST KOpeKIlii MacTOmTo3y, 3a6e3meuyioun JOBIOCTPOKOBY CTaGiIbHICTh, MPOGITAKTUKY PEIUAUBY MTO3Y Ta BUCOKMIL
piBeHb 3aJJ0OBOJIEHOCTi MaIlieHTiB. 3arporoHOBaHa MoAybiKallist Moyke 6yTV PeKOMEHIOBaHA SIK ONTVMasIbHa TeXHiKa JJIst
MIPOBEIeHHSI MAaCTOTEKCii. Pe3ynbTaTu MOCTiIsKeHHSI MOXKYTb OYTY BUKOPUCTAHI JJIsI BIOCKOHAIEHHST XipypriyHMX TEXHIK,
PO3pO0KM peKOMeHAalliii Moa0 iHAMBIAYaJbHOrO MiZOOPYy METOAMK MACTOIeKCii Ta IUIaHyBaHHSI MPOQiTaKTUUHUX
3axO0/IiB y BilajleHOMY MicisionepaliiiHoMy nepiofi
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Abstract. Hibiscus sabdariffa is beneficial in treating diabetes mellitus. This study investigated the hypoglycaemic, anti-
inflammatory, and antioxidant effects of Hibiscus sabdariffa in alloxan-induced diabetic rats. Thirty Wistar rats were
divided into six groups of five and acclimatised for two weeks before the experiment commenced. Group I: non-diabetic
control; Group II: diabetic control; Group III: non-diabetic with 200 mg/kg of Hibiscus sabdariffa; Group IV: non-diabetes
with 300 mg/kg of Hibiscus sabdariffa; Group V: diabetic with 200 mg/kg of Hibiscus sabdariffa; Group VI: diabetic with
300 mg/kg of Hibiscus sabdariffa. The rats received a single intraperitoneal injection of alloxan (150 mg/kg of body weight),
and diabetic rats were treated with Hibiscus sabdariffa for 21 days. Fasting blood glucose levels, insulin levels, superoxide
dismutase, catalase, malondialdehyde, interleukin-6, and tumour necrosis factor-alpha were measured, and organ and
blood samples were collected. The results were analysed using analysis of variance with p<0.05 considered significant, and
data were visualised using GraphPad. This study demonstrated that Hibiscus sabdariffa exerts significant effects on diabetic
parameters, pro-inflammatory cytokines, and antioxidant enzymes. Daily oral treatment for 21 days lowered fasting blood
glucose, interleukin-6, tumour necrosis factor-alpha, and malondialdehyde levels. It also enhanced insulin production,
superoxide di smutase, and catalase activity in the skeletal muscle, liver, pancreas, and kidney. It can be concluded that
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Evaluating the hypoglycaemic, anti-inflammatory, and antioxidant effects of Hibiscus sabdariffa...

Hibiscus sabdariffa has the potential to manage hyperglycaemia and inflammation while improving antioxidant enzyme
activity. Furthermore, it may serve as a natural source or agent for the treatment or prevention of diabetes

Keywords: oxidative stress biomarkers; pro-inflammatory cytokines; bioactive compounds; pancreatic p-cells

INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disease char-
acterised by elevated blood glucose levels and is associat-
ed with complications affecting the heart, blood vessels,
eyes, kidneys, and nerves. DM is primarily classified into
two types: type 1 diabetes mellitus (T1DM), which typically
results from the destruction of insulin-producing p-cells,
and type 2 diabetes mellitus (T2DM), which is character-
ised by insulin resistance and accounts for over 90% of all
diabetes cases [1]. According to the International Diabetes
Federation (IDF), diabetes affects approximately 537 mil-
lion people aged 20-79 years, with this number projected
to rise to 643 million by 2030 and 783 million by 2045 [2].
As of 2025, conventional antidiabetic medications do not
always provide optimal treatment outcomes. For instance,
D.T. Liss et al. [3] reported that nearly 40% of patients with
T2DM discontinued their second-line medication within a
year, highlighting challenges related to the effectiveness
and tolerability of current pharmacotherapies.

Oxidative stress disrupts cellular signalling and con-
tributes to endothelial dysfunction by damaging DNA,
proteins, cell membranes, and plasma lipids. This damage
leads to the activation of inflammatory mediators, includ-
ing nuclear factor-kappa B (NF-«B) [4]. Once activated,
NF-«B stimulates the production of pro-inflammatory cy-
tokines, including interleukin-6 (IL-6) and tumour necrosis
factoralpha (TNF-a). Elevated levels of these cytokines are
commonly observed in pre-diabetic and diabetic individ-
uals [5]. Given the detrimental effects of oxidative stress
and inflammation in diabetes, developing antioxidant and
anti-inflammatory therapeutic strategies has become a
critical area of research.

Hibiscus sabdariffa (HS), commonly known as Roselle,
is a plant rich in bioactive compounds. It has been report-
ed to exhibit multiple therapeutic properties, including
antihypertensive, antimicrobial, hepatoprotective, an-
tioxidant, antihyperlipidaemic, anticancer, anti-inflam-
matory, and antidiabetic activities. The antioxidant and
anti-inflammatory properties of bioactive compounds in
medicinal plants have been extensively studied in the con-
text of diabetes management [6-8]. Research by A. Hama-
djida et al. [9] identified triterpenes, flavonoids, phenolic
compounds, polysaccharides, organic acids, vitamins, and
tannins as the major bioactive compounds present in the
calyces of HS, contributing to its antidiabetic properties
in alloxan-induced diabetic rats. Similarly, N. Herdiani &
E.A. Wikurendra [10] demonstrated that Roselle petal ex-
tract effectively reduces malondialdehyde (MDA) levels — a

biomarker of lipid peroxidation — in diabetic rats, suggest-
ing its potential to mitigate oxidative stress.

Despite the documented benefits of HS, its specific ef-
fects on insulin signalling pathways and the interrelation-
ship between oxidative stress and inflammation remain
underexplored. Therefore, this study aimed to investigate
the impact of Hibiscus sabdariffa on insulin signalling, ox-
idative stress, and inflammation in alloxan-induced dia-
betic rats.

MATERIALS AND METHODS

The study was conducted in May 2024 at the University of
Ilorin, Nigeria. Thirty albino Wistar rats, weighing between
150 and 212 g, were used in this experiment. They were
obtained from Temmy Concept, Gaa Akanbi, Ilorin, Kwara
State. The rats were housed in a controlled environment
(ambient room temperature and a 12-hour light/dark cycle)
and divided into six groups. They were fed a standard rat
diet and provided with ad libitum access to water. Cages
were cleaned daily, and food and water were replenished,
while the rats were acclimatised for two weeks before the
experiment commenced.

Ethical approval for this experiment was obtained
from the University of Ilorin Ethical Review Committee
through the Faculty of Basic Medical Sciences (protocol
identification code UERC/BMS/238 and approval number
UERC/ASN/2024/2935). The study complied with the Insti-
tutional Animal Care and Use Committee (IACUC) guide-
lines, ensuring the humane treatment and welfare of all
animals used in the research. These guidelines align with
internationally recognised ethical standards for the use of
animals in scientific research, including the principles of
Replacement, Reduction, and Refinement (3Rs) [11].

The calyces of HS were purchased from Ipata Market,
Ilorin, Kwara State, Nigeria, and identified at the Herbari-
um of the Department of Plant Biology, University of Ilor-
in. The calyces were air-dried in a dust-free environment
at the Pharmacy Department of the University of Ilorin.
The dried calyces were ground into a fine powder using a
mechanical grinder. The powdered material was soaked in
ethanol for 48 hours with occasional agitation. The mixture
was then filtered using filter paper, and the resulting ex-
tract was concentrated to a final concentration of 100 mg/
mL. The extract was stored at 4°C in tightly sealed, am-
ber-coloured glass bottles until use. Extract administration
was performed orally. Male Wistar rats were randomly as-
signed to six groups of five animals each (n=5) (Table 1).

Table 1. Distribution of rats (n=30)

Groups Description No. of animal Treatment

Group I Non-diabetic control 5 Normal saline
Group II Diabetic control 5 Normal saline
Group III Non-diabetic 5 HS (200 mg/kg)
Group IV Non-diabetic 5 HS (300 mg/kg)
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Table 1. Continued

Groups Description No. of animal Treatment
Group V Diabetic 5 HS (200 mg/kg)
Group VI Diabetic 5 HS (300 mg/kg)

Source: compiled by the authors

Diabetes mellitus was induced with an intraperitoneal
injection of alloxan at a dose of 150 mg/kg of body weight,
prepared at a concentration of 20 mg/mL in normal saline.
The rats underwent a 36-hour fasting period prior to in-
jection, and the injection was administered in the morning
at pH 4.5, according to the method described by O.L. Sher-
iff et al. [12]. The diabetic state was assessed by measuring
blood glucose levels 72 hours post-induction using an On-
Call Plus glucometer. Rats with blood glucose levels above
200 mg/dL were classified as diabetic.

Fasting blood glucose (FBG) was measured before
and after the experiment using an On-Call Plus glucom-
eter. At the end of the experiment, ketamine was used as
the anaesthetic agent, and blood samples were collect-
ed. The serum was separated by centrifuging the blood
at 3,000 rpm for 20 minutes at 4°C. Serum insulin levels
were measured using the Insulin Mouse ELISA Kit (Ther-
mo Fisher Scientific, MA, USA), following the manufactur-
er’s instructions. Lipid peroxidation refers to the oxidative
degradation of lipids caused by reactive oxygen species.
MDA is a key by-product of this process and serves as a
reliable marker of lipid oxidative damage.

To assess lipid peroxidation, MDA levels were quan-
tified using the Thiobarbituric Acid Reactive Substances
(TBARS) method. Specificallyy, MDA levels were deter-
mined in skeletal muscle, pancreas, kidney, and liver ho-
mogenates and normalised to protein content [13]. Super-
oxide dismutase (SOD) and catalase are key endogenous
antioxidant enzymes that neutralise free radicals. SOD
activity was assessed according to the method described
by H.P. Misra & I. Fridovich [14], based on the inhibition of
epinephrine auto-oxidation at pH 10.2. Catalase activity
was determined using the method of A.K. Sinha [15], based
on dichromate reduction.

Plasma levels of the pro-inflammatory cytokines
IL-6 and TNF-a were measured using a Sandwich En-
zyme-Linked Immunosorbent Assay (ELISA) kit (EDM Mil-
lipore, MA, USA). The assay involved incubating samples
with a biotin-conjugated solution, followed by streptavi-
din-HRP, and measuring absorbance spectrophotomet-
rically at 450 nm. Plasma samples were collected using
the retro-orbital technique under anaesthesia, whereby a
needle was inserted into the retro-orbital sinus to obtain
2-3 mL of blood. Plasma was carefully separated by centrif-
ugation of the blood at 2,000 rpm for 15 minutes. Statis-
tical analysis was conducted using SPSS version 17 (SPSS
Inc., Chicago, USA) and GraphPad Prism version 5 (Graph-
Pad Software, Inc., La Jolla, USA). Data are presented as
mean = SEM. One-way ANOVA with Tukey’s multiple com-
parison tests was employed for statistical comparisons, and
a p-value of <0.05 was considered statistically significant.

RESULTS AND DISCUSSION
The FBG levels of diabetic and non-diabetic rats were
measured on days 0 and 21 to assess the effect of HS

administered at doses of 200 and 300 mg/kg. On day
0, the non-diabetic control group had an average FBG
of 90 # 3.17 mg/dL, which decreased significantly to
78+2.26 mg/dL by day 21 (p=0.005). Similarly, the non-di-
abetic group treated with 300 mg/kg HS showed a signifi-
cant reduction in FBG from 86+ 1.12 to 69.5 % 1.20 mg/dL
(p=0.002), indicating the glucose-lowering potential of HS.
In contrast, the non-diabetic group treated with 200 mg/kg
HS showed a slight increase in FBG levels from 85.5 £ 0.18
to 90.5%0.07 mg/dL, which was not statistically significant
(p=0.12).

For the diabetic groups, the control rats exhibit-
ed persistently elevated FBG levels, with no significant
change between day 0 (239.5 = 3.10 mg/dL) and day 21
(235 £ 0.20 mg/dL, p = 0.45). Diabetic rats treated with
200 mg/kg HS showed increased FBG levels from 368 + 0.9
to 426 £ 2.09 mg/dL, but this change was not statistically
significant (p=0.15). However, 300 mg/kg HS treatment led
to a statistically significant reduction in FBG levels, from
367.6=2.14 mg/dL on day 0 to 88.5+3.018 mg/dL on day 21
(p=0.001). The results are shown in Figure 1.
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Figure 1. Hypoglycaemic effect of HS on FBG
in alloxan-induced diabetic Wistar rats
Notes: * - p<0.05 vs control group; ** — p<0.05 vs diabetic
control; # — p<0.05 vs blood glucose on day 0. Data are
presented as mean*SEM (n=5)
Source: compiled by the authors

The serum insulin level in the control group was
2.59%0.05 pIU/mL, which was significantly higher (p<0.05)
than in the diabetic control group (0.79 £ 0.06 plU/mL).
Treatment with HS resulted in increased serum insulin
levels in diabetic rats in a dose-dependent manner. Dia-
betic rats treated with 200 mg/kg HS had 1.96 £0.06 ulU/
mL (p <0.01), while those treated with 300 mg/kg HS had
2.68 £0.06 pIU/mL (p < 0.001). This is shown in Figure 2.
In non-diabetic rats, serum insulin levels were also sig-
nificantly elevated (p < 0.05) following HS treatment. The
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control group had 2.59+0.05 plU/mL, while the 200 mg/kg
HS group had 3.41 = 0.06 pIU/mL (p < 0.001), and the
300 mg/kg HS group had 3.91+0.05 pIU/mL (p<0.001).
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Figure 2. Hypoglycaemic effect of HS on insulin levels
in alloxan-induced diabetic Wistar rats
Notes: * - p<0.05 vs control group; ** — p<0.05 vs diabetic
control; # — p<0.05 vs blood glucose on day 0. Data are
presented as mean+ SEM (n=5)
Source: compiled by the authors

The antioxidant parameters, including catalase activi-
ty, SOD activity, SOD inhibition, and MDA concentrations,
were assessed in skeletal muscle, pancreas, liver, and kid-
ney tissues of alloxan-induced diabetic Wistar rats treat-
ed with Hibiscus sabdariffa at doses of 200 and 300 mg/
kg. Comparisons were made between the non-diabetic
control, non-diabetic HS-treated groups, and diabetic
groups with and without HS treatment. Catalase activity,
a key antioxidant marker, was significantly higher in the
control group (71.9%0.33 U/mL) compared to the diabet-
ic control (1.6 +0.02 U/mL, p<0.001). Treatment with HS
at 200 and 300 mg/kg restored catalase activity in dia-
betic rats (34.9+0.29 and 10.4 = 0.30 U/mL, respectively,
p<0.01 for both). Similarly, MDA levels, an indicator of ox-
idative stress, were elevated in the diabetic control group
(0.358 £0.03 mmol/mL) and significantly reduced follow-
ing HS treatment at 300 mg/kg (0.213 = 0.31 mmol/mL,
p<0.05) (Fig. 3).

In the pancreas (Fig. 4), the diabetic control group ex-
hibited significantly reduced catalase activity (1.0£0.12 U/
mL) compared to the control group (0.7 = 0.08 U/mL,
p<0.001). Treatment with 200 mg/kg HS significantly in-
creased catalase activity in diabetic rats (21.9 £0.81 U/
mL, p<0.01). Additionally, MDA levels were highest in the
non-diabetic 300 mg/kg group (0.468 = 0.22 mmol/mL),
with a marked reduction in the diabetic group treated with
300 mg/kg HS (0.096 + 0.04 mmol/mL, p < 0.001), demon-
strating the dose-dependent antioxidative effect of HS.
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Figure 3. Antioxidant effect of HS on antioxidant enzyme parameters in skeletal muscle
Notes: A — Catalase; B - SOD; C — SOD inhibition; D - MDA; * - p<0.05 vs control group; ** - p<0.05 vs diabetic control;
# — p<0.05 vs blood glucose on day 0. Data are presented as mean+SEM (n=5)

Source: compiled by the authors

The diabetic control group showed the lowest cat-
alase activity in the liver (1.0 = 0.45 U/mL), which was
significantly lower than that of the control group
(55.9+0.23 U/mL, p<0.001). Administration of HS to di-
abetic rats improved catalase activity to 32.4+0.67 U/mL

(200 mg/kg, p<0.05) and 18.5 = 0.42 U/mL (300 mg/kg,
p<0.01). A similar trend was observed for SOD activity,
which improved with HS treatment but remained signif-
icantly lower than in the control group. This is shown in
Figure 5.
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Figure 4. Antioxidant effect of HS on antioxidant enzyme parameters in the pancreas
Notes: A — Catalase; B - SOD; C — SOD inhibition; D — MDA; * — p<0.05 vs control group; ** — p<0.05 vs diabetic control;
#—p<0.05 vs blood glucose on day 0. Data are presented as mean*SEM (n=5)
Source: compiled by the authors
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Figure 5. Antioxidant effect of HS on antioxidant enzyme parameters in the liver
Notes: A - Catalase; B — SOD; C — SOD inhibition; D - MDA; * — p<0.05 vs control group; ** — p<0.05 vs diabetic control;
#—p<0.05 vs blood glucose on day 0. Data are presented as mean = SEM (n=5)
Source: compiled by the authors
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In the kidney (Fig. 6), HS treatment resulted in sig- p < 0.001). MDA levels, which were elevated in the dia-
nificant improvements in catalase activity in diabetic rats  betic control group (0.400 * 0.41 mmol/mL), were sig-
(17.6 £0.30 U/mL for 200 mg/kg and 3.6 = 0.32 U/mL for nificantly reduced following 200 mg/kg HS treatment
300 mg/kg) compared to the control group (1.4+0.02 U/mL,  (0.234 £ 0.26 mmol/mL, p<0.01).
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Figure 6. Antioxidant effect of HS on antioxidant enzyme parameters in the kidney
Notes: A — Catalase; B - SOD; C — SOD inhibition; D - MDA; * - p<0.05 vs control group; ** - p<0.05 vs diabetic control;
# — p<0.05 vs blood glucose on day 0. Data are presented as mean+SEM (n=5)

Source: compiled by the authors

The effect of HS treatment on TNF-a and IL-6 levels
was evaluated in control, diabetic, and HStreated groups.
The treatment demonstrated a capacity to modulate in-
flammatory cytokine levels in both diabetic and non-dia-
betic rats. Figure 7 illustrates that the TNF-a level in the
control group was 42.22+3.53 pg/mL, while it increased sig-
nificantly in the diabetic control group to 110.19+9.46 pg/
mL (p=0.007). In the non-diabetic groups treated with HS,
TNF-a levels decreased to 20.14%2.61 pg/mL in the 200 mg/
kg group (p=0.010) and 25.67 £ 3.44 pg/mL in the 300 mg/
kg group (p=0.035). In diabetic rats, HS treatment also re-
duced TNF-a levels. The group treated with 200 mg/kg HS
had a TNFa level of 81.03 = 3.85 pg/mL, while the 300 mg/
kg HS-treated group showed a level of 75.86+3.71 pg/mL.
Although these reductions, compared to the diabetic con-
trol group, did not reach statistical significance (p=0.081
and p =0.074, respectively), the downward trend suggests
an antiinflammatory effect.

150 TNF-a

TNF-a

Figure 7. Anti-inflammatory effect
of HS on inflammatory parameters (TNF-a)
Notes: * - p<0.05 vs control group; ** — p<0.05 vs diabetic
control; # — p<0.05 vs blood glucose on day 0. Data are
presented as mean+SEM (n=5)
Source: compiled by the authors

Figure 8 shows that the IL-6 level in the control group
was 0.113 £0.003 pg/mL. In the diabetic control group,
IL-6 levels increased significantly to 0.150 = 0.001 pg/mL
(p =0.001). Non-diabetic rats treated with HS exhibited
reductions in IL-6 levels, with the 200 mg/kg group re-
cording 0.103+0.0001 pg/mL (p=0.047) and the 300 mg/kg
group recording 0.105 +0.001 pg/mL (p = 0.107). In dia-
betic rats, HS treatment at 200 mg/kg reduced IL-6 levels
to 0.118 #0.001 pg/mL (p < 0.001), while the 300 mg/kg
group recorded a further reduction to 0.106 £0.001 pg/mL
(p<0.001).
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Figure 8. Anti-inflammatory effect
of HS on inflammatory parameters (IL-6)
Notes: * - p<0.05 vs control group; ** — p<0.05 vs diabetic
control; # — p<0.05 vs blood glucose on day 0. Data are
presented as mean+SEM (n=5)
Source: compiled by the authors

Elevated fasting blood glucose serves as a hallmark of
impaired glucose metabolism and is a critical diagnostic in-
dicator of diabetes mellitus. In this study, alloxan-induced
diabetes resulted in a significant elevation of FBG levels in
the diabetic control group compared to the normal control
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group, consistent with its mechanism of -cell destruction.
However, administering Hibiscus sabdariffa extract at a
dose of 300 mg/kg significantly reduced FBG levels, bring-
ing them closer to the values observed in the nondiabetic
control group. This effect aligns with findings reported by
G.I. Kasimu et al. [16], who demonstrated the hypoglycae-
mic efficacy of HS in untreated diabetic rats. The observed
reduction in FBG may be attributed to improved insulin se-
cretion, enhanced glucose transport, or the regeneration of
pancreatic p-cells, supported by the bioactive phytochemi-
cals (polyphenols — especially anthocyanins - polysaccha-
rides, and organic acids) in HS extract [17]. These findings
emphasise the therapeutic potential of HS in managing hy-
perglycaemia and improving insulin sensitivity in diabetic
conditions. A study by T. Sudrez-Diéguez et al. [18] evalu-
ated HS extracts in diabetic rats over an 80-day period. The
authors found that doses of 200, 400, and 600 mg/kg signif-
icantly reduced fasting blood glucose levels by 35.2, 41.63,
and 50.1%, respectively. Additionally, the highest dose
improved lipid metabolism by lowering total cholesterol,
triglycerides, VLDL, and LDL while increasing HDL levels.
This suggests that HS extract can modulate glucose and
lipid metabolism while offering potential as a functional
ingredient or nutraceutical for managing diabetes. In an-
other study, B.O. Ajiboye et al. [19] investigated the effects
of flavonoid extracts from HS on nephropathy in streptozo-
tocin-induced rats. The extracts mitigated kidney damage,
indicating potential benefits for diabetic complications.

The present studies demonstrate that HS extracts can
effectively reduce blood glucose levels and improve lipid
profiles in diabetic models. However, the results of this
study specifically highlight potential mechanisms, such as
B-cell regeneration and improved insulin sensitivity, which
are not explored in detail in other studies. This distinction
adds a unique dimension to understanding how HS exerts
its antidiabetic effects. Additionally, while the other stud-
ies focus on specific aspects such as nephropathy or lipid
metabolism, the present research provides a more com-
prehensive view by addressing the hypoglycaemic, anti-in-
flammatory, and antioxidant effects of the extract. This
holistic approach offers a more thorough insight into the
potential therapeutic benefits of HS in diabetes manage-
ment. Insulin is a key hormone involved in glucose storage
in the liver, muscle, and adipose tissue. Following diabetes
induction with alloxan, insulin levels decreased in the DM
groups compared to the non-DM groups. The subsequent
increase in insulin levels, particularly at the higher HS
dose, aligns with reports from D. Jamrozik et al. [20] and
M. Bule et al. [21], who proposed that gallic acid, a com-
ponent of HS (Roselle), is responsible for stimulating in-
sulin secretion through B-cell regeneration in the islets of
Langerhans., This process enhances insulin sensitivity and
reduces insulin resistance. D.B. Koval et al. [22] conducted
a study similar to the present one, using the same species
of rats but obtaining slightly different statistical results.
The authors also emphasised the benefits of the chemical
compound microcrystalline cellulose rather than those of
plant-based treatments.

Diabetes-induced oxidative stress was evident in this
study, as reflected by increased levels of MDA, a marker of
lipid peroxidation, and reduced activity of antioxidant en-
zymes such as SOD and CAT in the diabetic control group.

These alterations were observed across key organs involved
in glucose regulation, including skeletal muscle, the pan-
creas, liver, and kidney. Elevated MDA levels in diabetic rats
suggest heightened peroxidative injury, contributing to the
development of DM. Oxidative stress activates IL-6 and
TNF-a, worsening insulin sensitivity and exacerbating hy-
perglycaemia. D. Jamrozik et al. [20] reported that patients
with high FBG had increased MDA levels and decreased
SOD and CAT activity, alongside elevated IL-6 and TNF-q,
forming a cycle that perpetuates the diabetic state. In this
study, oxidative stress — characterised by elevated MDA
levels and reduced SOD and CAT activities — was signifi-
cantly mitigated in the HS-treated groups. The improve-
ment in antioxidant activity across multiple organs indi-
cates the protective role of HS against oxidative damage.
Comparative studies have further elucidated the antioxi-
dant properties of HS in diabetic models. Ajiboye et al. [19]
demonstrated that an aqueous HS extract ameliorated di-
abetic nephropathy in streptozotocin-induced type 1 di-
abetic rats by reducing lipid peroxidation and increasing
catalase and glutathione activity in the kidney, suggesting
that HS exerts protective effects via modulation of oxida-
tive stress pathways. Additionally, a systematic review by
D. Jamrozik et al. [20] and M. Bule et al. [21] highlighted
that HS exhibits hypoglycaemic, antioxidant, hypotensive,
and anti-lipidaemic activities, indicating its potential as a
complementary therapy in diabetes management. These
findings align with the results of the present experiment,
reinforcing the notion that HS’s antioxidant properties con-
tribute significantly to its therapeutic effects in diabetes.

Inflammation, evidenced by elevated IL-6 and TNF-a
levels in diabetic rats, was significantly reduced following
HS treatment, further demonstrating its anti-inflammato-
ry properties. This is consistent with previous studies that
have reported the anti-inflammatory effects of HS [23, 24].
The observed anti-inflammatory response is likely due to
the presence of phytochemical compounds in HS extract,
which modulate inflammatory pathways [25]. This study
underscores the multifaceted role of HS in mitigating hy-
perglycaemia, enhancing insulin secretion, reducing ox-
idative stress, and suppressing inflammation in diabetic
rats. The interplay between fasting blood glucose, insulin
levels, oxidative stress, and inflammation is well-docu-
mented in the pathogenesis of DM. This study also identi-
fies a correlation between antioxidant enzymes and pro-in-
flammatory cytokines such as IL-6 and TNF-a in diabetes.
The administration of Hibiscus sabdariffa over a 21-day pe-
riod significantly affected FBG, insulin levels, antioxidant
enzymes, and pro-inflammatory cytokines in alloxan-in-
duced diabetic rats.

CONCLUSIONS
This study demonstrates the potential of Hibiscus sabdar-
iffa as a therapeutic agent for managing diabetes and its
complications. Alloxan administration induced hyperg-
lycaemia, oxidative stress, and inflammation in diabet-
ic rats, replicating key pathological features of diabetes
mellitus. However, treatment with HS extract at 300 mg/
kg significantly reduced fasting blood glucose levels, likely
through enhanced insulin secretion and the regeneration
of pancreatic B-cells. This suggests that HS may contribute
to improved glucose homeostasis, making it a promising
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candidate for diabetes management. Beyond its hypogly-
caemic effect, HS exhibited strong antioxidant and anti-in-
flammatory properties. The extract reduced malondialde-
hyde levels, a marker of lipid peroxidation while increasing
the activities of key antioxidant enzymes such as super-
oxide dismutase and catalase. These antioxidative effects
suggest that HS helps counteract diabetes-induced oxida-
tive damage, protecting vital metabolic organs such as the
liver, pancreas, kidneys, and skeletal muscles. Additionally,
the extract significantly reduced the proinflammatory cy-
tokines IL-6 and TNF-a, indicating its potential to allevi-
ate inflammation, a major contributor to insulin resistance
and diabetes progression.

Comparative studies further reinforce these findings,
with prior research demonstrating similar hypoglycaemic,
antioxidative, and anti-inflammatory effects of HS in vari-
ous diabetic models. The presence of bioactive compounds,
such as anthocyanins and polyphenols, in HS, likely un-
derpins these effects by modulating multiple patholog-

limited access to conventional antidiabetic medications. As
a natural, cost-effective alternative, HS holds promise for
improving diabetes management while mitigating its com-
plications. However, further research is necessary to opti-
mise its dosage, evaluate its long-term effects, and validate
its efficacy in human clinical trials. Additionally, investigat-
ing its interactions with standard antidiabetic drugs may
provide insights into its potential role as a complementary
treatment. Overall, Hibiscus sabdariffa offers a promising
natural intervention for diabetes care, warranting fur-
ther investigation in translational and clinical settings.
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AHoTauif. Hibiscus sabdariffa xopvcHMiT Tpu JIiKyBaHHi I[yKpPOBOTO JiabeTy. [JocaiaskeHHs 6y/I0 MPUCBIYEHO BUBUYEHIO
rimomiikeMiuHO1, MPOTMU3aNaabHOI Ta aHTUOKCUIAHTHOI it Hibiscus sabdariffa y mypiB 3 amokcaHoBum giabetom. 30
ypiB JiHii Bictap 6ynu po3pineHi Ha MICTh TPYIT MO ITSITh HMIYPiB i akJiMaTM30BaHi MPOTITOM ABOX TVIKHIB Tepep
MOYaTKOM eKcrepuMeHTy. I'pyma I: koHTposib 6e3 miabery; rpyma II: KoHTponb 3 miabetom; rpyma III: 6e3 giabety 3
200 mr/xr Hibiscus sabdariffa; rpyna IV: 6e3 giabety 3 300 mr/kr Hibiscus sabdariffa; rpynaV: 3 niabetom 3 200 mr/kr Hibiscus
sabdariffa; rpyna VI: 3 niabetom 3 300 mr/kr Hibiscus sabdariffa. [llypu oTpyMyBa/Iv OHHOPA30BY BHYTPillITHbOOUEPEBUHHY
iH’exuito amokcany (150 mr/kr macu Tina), a mypu 3 miaberom orpumyBanu Hibiscus sabdariffa niporsirom 21 gus. V
JTOCIigKeHHI BMMIipIOBaIMCh piBeHb IIIOKO3M B KPOBi HaTIle, piBeHb iHCY/IiHY, CyNepoKCUAAMCMYyTa3y, KaTaaasw,
MaJIOHOBOTO Jia/bAerifay, iHTepeiikiny-6 Ta Gakropa HeKpo3y MyxJnH-anbda, a TakoxK BimOUpanucs 3pa3ku OpraHiB
Ta KpoBi. Pe3yabTaTy 6y mpoaHasi3oBaHi 3a JOMOMOTOIO AUCIIepCiiiHOTo aHai3y 3 piBHeM 3HauymiocTi <0,05, a maHi
6ysu BisyasnizoBaHi 3a mormomororo GraphPad. Ile qocmiiskeHHSI MpOIeMOHCTPYBaIo, o Hibiscus sabdariffa mae 3HauHMIi
BIUIMB Ha AiaGeTMuHi mapaMeTpH, Mpo3amnajbHi IIUTOKIHK Ta aHTUMOKCUIAHTHI GepMenTH. ll[omeHHMIT TTepOpaTbHUIL
MpuitoM IpoTsiroM 21-To JHS 3HMKYBAB PiBeHb ITIIOKO3M B KPOBi HaTIle, iHTep/IeliKiHy-6, GakTopa HEKPO3y MyX/IUH-
anbda Ta MaJOHOBOTO JianbJerigy. BiH Takoxx MOCUIIOBAaB BMPOOIEHHSI iHCY/IiHY, aKTUBHICTb CYIePOKCUIOMUCMYTa3u
Ta KaTajasu B CKeJIETHUX M’sI3ax, MeviHIli, MiAIITyHKOBii 3a103i Ta HMpKax. MOKHA 3pO6UTH BUCHOBOK, 110 Hibiscus
sabdariffa mae moreHuian gias 60poThOM 3 TiMepraikeMiel0 Ta 3amajeHHSIM, OJHOYACHO IMOKPANIYIOUM aKTUBHICTh
AHTUMOKCUIAHTHUX pepMeHTiB. KpiMm Toro, BiH MOsKe CYKUTU MPUPOIHUM IKepesioM abo 3aco60M IS TiKyBaHHS a60
npodinakTuku giabety

Knio4oBi cnoBa: 6iomapkepu OKCUAATUBHOTO CTPECY; PO3amnajabHi IUTOKIHYU; 6i0IOTiYHO aKTUBHI CIIOMYKHU; B-KIITUHU
MiIILTYHKOBOI 3a/103U
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Abstract. In the modern context, there is a growing need to develop a relevant experimental model of a skin wound
that closely replicates the regeneration processes occurring in human wounds. The aim of this study was to develop a
method to prevent premature contraction of wound edges during the experimental modelling of a full-thickness skin
wound in pigs, thereby creating optimal conditions for evaluating the effectiveness of local treatment approaches.
An experimental study was conducted on a white pig weighing 15 kg. A full-thickness skin wound measuring 5x5 cm
was created on the animal’s back under thiopental sodium anaesthesia at a dosage of 80 mg/kg. Tissue samples were
collected from the wound site via punch biopsy under general anaesthesia, fixed in 10% neutral formalin, and embedded
in paraffin using standard histological techniques. Deparaffinised sections were stained with haematoxylin and eosin.
A computer program was developed in Python to calculate the wound area using the Monte Carlo method. To visualise
the results and observe trends, graphical representations in the form of diagrams were used. The study demonstrated
the feasibility of modulating contraction in full-thickness skin defects by applying incisions. The most effective method
involved tangential incisions at each corner of the wound, each measuring up to 1 cm in length. This technique reduced
the degree of wound edge contraction. On day 28 of observation, the wound area in the experimental group was 69.3%
of the original size, compared to 39.3% in the control group. To accurately assess the effectiveness of treatments for full-
thickness skin wounds in porcine models, it is essential to maintain a wound of appropriate size for at least 28 days to
allow for observation of scar tissue formation. The proposed wound model enables controlled modulation of contraction
and preserves an adequate wound surface area for the duration necessary to study scar formation processes

Keywords: excisional wound model; porcine model; wound edge contraction; wound area; wound healing; dermal matrix
INTRODUCTION

The repair of full-thickness skin wounds is governed by
complex mechanisms of tissue regeneration and repair.

In contrast, pig skin closely resembles human skin in
both structure and function. It features a thick epidermis,

Novel therapeutic agents are continually being developed,
particularly those targeting the restoration of the damaged
dermal matrix. To evaluate the effectiveness of such treat-
ments, various animal models are used that aim to repli-
cate the characteristics of human skin wounds. However,
the skin of small laboratory animals — such as rodents and
rabbits - differs significantly from human skin, with wound
healing in these species primarily occurring through con-
traction rather than re-epithelialisation. Additionally,
their limited skin surface area often necessitates the use of
a large number of animals to obtain sufficient experimen-
tal material, which can increase variability and reduce the
reliability of results.

Suggested Citation:

dense collagen and elastic fibres in the dermis, and the
presence of hair and sweat glands. D.W. Hamilton et al. [1]
emphasise that pigs and humans share similar physiologi-
cal and anatomical characteristics, resulting in comparable
mechanisms of wound healing. However, the authors also
highlight the need for further research to establish pigs as
a reliable model for studying human wound healing pro-
cesses. Moreover, T. Ryk [2] suggests that pigs hold promise
as potential organ donors for humans, further underscor-
ing their biomedical relevance.

J. Shiff et al. [3] also support the use of the porcine
wound model, arguing that it more accurately reflects the
processes of wound repair in humans compared to rodent
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models. M. Elloso et al. [4] highlight the advantages of the
porcine model for advancing the understanding of wound
biology and developing new therapeutic strategies. This
model plays a crucial role in preclinical research by effec-
tively bridging the gap between in vitro studies and clini-
cal trials. Additionally, M. Tucci et al. [5] point out that the
body size of pigs offers sufficient skin surface to allow for
the creation of multiple wounds on a single animal. This
minimises the influence of extraneous factors and reduces
inter-subject variability.

According to R.B. Diller & A.]. Tabor [6], one of the key
factors in wound regeneration is the condition of the extra-
cellular matrix, which is actively involved in all phases of
the healing process. Restoration of dermal integrity through
the regeneration of the dermal matrix can significantly im-
prove treatment outcomes by promoting the formation of a
structured and elastic scar with tensile strength and elastic-
ity comparable to those of intact dermis. In cases where the
dermis is damaged, E.M. Tottoli et al.[7] argue that advanced
technologies are required, as routine clinical methods of
local wound treatment are often insufficient to address
the complexity of full-thickness skin defects effectively.

P. Bargavi et al. [8] note that when the microarchitec-
ture of a bioengineered product closely mimics the natural
extracellular matrix (ECM), it can effectively promote cell
growth, ECM deposition, and the formation of new tissue.
Similarly, J. Xu et al. [9] provide evidence that ECM sub-
stitutes create a microenvironment resembling native epi-
dermal or dermal tissue, thereby supporting cell migration,
angiogenesis, proliferation, differentiation, and ECM pro-
duction during the wound healing process. C. Dai et al. [10]
describe various commercially available skin substitutes
designed to replace the ECM, derived from autologous, al-
logeneic, or xenogeneic sources.

To evaluate the efficacy of dermal substitutes, full-
thickness wound models are commonly employed. The fun-
damental principles for creating such models are outlined
in the work of T.Y. Kuo et al. [11], who provide recommen-
dations regarding the optimal wound size, location on the
pig’s body, and the advisable number of wounds. Adhering
to these recommendations is essential to avoid negatively
impacting the wound healing process. For instance, placing
wounds too close to one another may impair local blood
circulation, while increasing the number and total area of
wounds can induce systemic effects in the animal. These
systemic changes may lead to infectious complications and
can compromise the validity of experimental data by in-
fluencing the effectiveness of local treatment under condi-
tions of general physiological stress in the animal.

Wound No. 1

Wound No. 2

Since one of the primary criteria for evaluating local
treatment is the rate of wound area reduction, it is essen-
tial to understand the underlying mechanisms driving this
process in experimental models. However, contemporary
literature pays insufficient attention to the role of wound
edge contraction in area reduction, which may lead to
misinterpretation of results when assessing the effective-
ness of local treatment strategies in wound repair. Given
this issue, and the lack of solutions proposed in the cur-
rent literature to address it, the author aimed to investi-
gate methods for minimising the influence of wound edge
contraction on granulation tissue formation. The objective
was to establish a more relevant experimental model of a
full-thickness skin wound that would allow for accurate as-
sessment of the effectiveness of a dermal matrix substitute
derived from porcine dermis, as a promising method for re-
storing the native extracellular matrix in damaged dermal
tissue.

MATERIALS AND METHODS

A white pig weighing 15 kg was used for the experimental
study. The animal was housed in the vivarium of 1.Ya. Hor-
bachevsky Ternopil National Medical University, Ministry
of Health of Ukraine, and maintained on a standard diet
in accordance with sanitary-hygienic regulations and Good
Laboratory Practice (GLP) standards [12]. The surgical in-
tervention was conducted during morning hours between
March and May 2024, in full compliance with the gener-
al principles and provisions of the European Convention
for the Protection of Vertebrate Animals Used for Exper-
imental and Other Scientific Purposes [13], the Bioethics
Guidelines [14], and the Law of Ukraine No. 3447-1V [15].
The Bioethics Commission of I.Ya. Horbachevsky Ternopil
National Medical University confirmed that no violations
of ethical standards occurred during the study (Protocol
No. 80, dated 10 January 2025).

A full-thickness skin wound measuring 5x5 cm was
created on the pig’s back by excising a skin flap along with
subcutaneous fat down to the superficial fascia, under thi-
opental sodium anaesthesia at a dosage of 80 mg/kg. The
dynamics of wound healing were monitored over time
without any intervention at the wound edges. Wound area
measurements were taken on days 1, 7, 14, and 28 of the ex-
periment. The wounds were divided into two groups: Group
I received only aseptic dressings, while Group II was treat-
ed with an acellular dermal matrix derived from porcine
skin. To investigate the effect of mechanical manipulation
of wound edges on wound contraction, the wound varia-
tions illustrated in Figure 1 were created on the pig’s back.

Wound No. 3

Figure 1. Variants of forming full-thickness wounds
Notes: wound No. 1: 5x5 cm, 1 cm incisions were made perpendicular to the wound edge; wound No. 2: 5x5 cm with linear
incisions at the corners of the wound 1 cm long; wound No. 3: 5x5 cm, without affecting the wound edges (control group)
Source: created by the author
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To assess the degree of structural changes within the
wound, a morphological study was conducted. On the 28"
day of the experiment, under general anaesthesia induced
by sodium thiopental, wound tissue samples were collected
using a 6 mm diameter punch biopsy. The specimens were
fixed in 10% neutral formalin solution and embedded in
paraffin blocks. Cross-sections 5-6 um thick were prepared
using a microtome. The resulting histological sections
were stained with haematoxylin and eosin for microscopic
examination (eyepiece 10x, objective 20x). To calculate the
wound area, the Monte Carlo method was employed [16]. For
this purpose, a custom computer program was developed
using the Python programming language. The program is
based on an algorithm comprising the following stages:

Selection of a bounding figure: A simple geometric
shape (e.g., a square or rectangle) that completely encloses
the wound area is selected. The area of this shape can be
calculated using standard geometric formulas.

Generation of random points: A large number of ran-
dom points are generated within the bounding figure. The
coordinates of these points are determined using random
number generators.

Determination of point inclusion: Each randomly
generated point is evaluated to determine whether it lies
within the wound boundary. This is achieved by analysing
the coordinates of the point in relation to the mathemati-
cal description of the wound’s perimeter.

Calculation of point fraction: The proportion of
points falling within the wound area is calculated relative
to the total number of generated points.

Estimation of wound area: The wound area is then
estimated by multiplying the area of the bounding figure by
the fraction of points that lie within the wound boundary (1).

N ful
Sfigure = Sbounding figure’ S;Vic;jlu , (1)
— the area of the wound under study;
pounding fiwre — L€ area of the bounding figure; N, ..., —
the number of points falling within the wound area; N, ., —

the total number of generated points.

where Sﬁgm

15t day

7t day

Group II

The use of this algorithm enables accurate estimation
of wound area, even for irregularly shaped surfaces, thereby
providing an objective assessment of wound size at various
stages of treatment. The image resolution used was 37 pix-
els/cm. The bounding figure was defined as a square with a
side length of 6 cm. The number of pixels (points) within the
bounding figure was calculated as the product of the area of
the bounding figure and the number of pixels per cm? (2):

N=6-372=49,284. 2)

To analyse trends in the change of wound surface area
across the observation groups, a graphical method was em-
ployed using diagrams to visually represent the data.

RESULTS AND DISCUSSION
Based on formulas (1) and (2), the program generated a to-
tal of 49,284 random points. Each point was evaluated to
determine whether it fell within the wound image or out-
side of it, in accordance with the aforementioned formulas.
An example of the program’s execution and output is pre-
sented in Figure 2.

valerii@home: ~/ProjectPy/motecarlo | ©

dhome:~S mc

valerii@home:~/ProjectPy/motecarlo$ python3 ./s.py

S bounding figure - 36 cm2
N total - total number of points generated -49284

S wound area - 24,7

o ]

Figure 2. The result of the program for calculating the
wound area using the Monte Carlo method
Source: created by the author

During the study, the dynamics of wound area reduc-
tion were monitored in two observation groups: Group I
consisted of wounds closed without the use of a dermal
matrix substitute, while Group II involved closure with an
acellular dermal matrix derived from porcine skin (Fig. 3).

Figure 3. Dynamics of change in the area of the full-thickness wound of the first and second groups

Source: created by the author

During the observation period from day 1 to day 28, it
was noted that the wound areas in both groups decreased at
a similar rate. Visual assessment confirmed that the wound
areas were so closely aligned that precise digital measure-
ment was deemed unnecessary, as measurement accuracy

in this context was not considered critical. By day 28, there
was virtually no difference in wound area between the two
observation groups. Of particular note, a marked reduction
in wound area in both groups was already apparent by day
7, which is consistent with the findings of R. Elia et al. [17].
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Under such conditions, it becomes impractical to evaluate
the therapeutic effectiveness of the acellular dermal ma-
trix in treating full-thickness skin defects. Figure 4 pre-
sents the histological findings from a biopsy taken from a
Group I wound, while Figure 5 shows the histological result
from a Group II wound on day 28 of the experiment.

Figure 4. Biopsy from a wound of Group I
Source: created by the author

Figure 5. Biopsy from a wound of Group II
Source: created by the author

Both histological preparations revealed young con-
nective tissue characterised by a high density of fibroblasts
and focal lymphomacrophage infiltration. The connective
tissue was well vascularised, with newly formed blood ves-
sels visible. These findings suggest that the reduction in
wound area was not primarily due to re-epithelialisation
over newly formed granulation tissue, but rather due to
contraction of the wound edges. The absence of a signif-
icant difference in granulation tissue formation between
the two observation groups supports the hypothesis that
an experimental model of a full-thickness wound in pig
skin must meet specific temporal criteria. As noted by
V. Coger et al. [18], the regeneration of full-thickness skin
defects follows defined time intervals. Therefore, for such a
model to remain relevant, it is essential to preserve a suf-
ficient wound area for a certain duration — ensuring that
closure does not occur predominantly through wound edge
contraction. S.0. Udegbunam et al. [19] also emphasise the
influence of wound edge contraction on the restoration of
skin integrity. The strong tendency of full-thickness skin
defects to contract is further highlighted by H.A. Wallace et
al. [20], who reported that wound contraction contributed
to 88% of closure, while scar formation accounted for only
12% of the wound surface.

A detailed analysis of the wound contraction mecha-
nism is presented by S.E. Cross et al. [21], who demonstrat-
ed that excision of granulation tissue within the wound bed

had no effect on contraction. Similarly, cutting the wound
edges down to the deep fascia did not prevent contraction;
on the contrary, it led to rapid adhesion of the wound edg-
es to the wound bed, followed by resumed inward migra-
tion. The study showed that granulation tissue formed in
the wound centre does not significantly contribute to con-
traction. Instead, a narrow rim of newly proliferated fibro-
blasts, located beneath the wound margin and measuring
1-2 mm in width, is responsible for wound closure. This
mass of fibroblasts forms a subcutaneous “picture frame”,
anchoring the dermal edges to the underlying deep fascia
and pulling the intact dermis inward through directed col-
lective migration.

It is important to note that in several classical exci-
sional wound models - particularly in mice, as demon-
strated by D.S. Masson-Meyers et al. [22] — healing occurs
predominantly through contraction, which constitutes a
significant component of the wound closure process. Tra-
ditionally, it was believed that complete wound closure by
contraction was characteristic only of animals with highly
mobile skin, such as guinea pigs, rabbits, and rats. Howev-
er, the present findings clearly indicate that even animals
with relatively immobile skin, such as pigs, also experience
substantial contraction, which can result in a marked re-
duction of the wound area. In the course of the conducted
observations on full-thickness defect closure in pig skin,
it was found that the contraction of wound edges in pigs
was sufficiently pronounced to draw the surrounding skin
inward, thereby significantly contributing to the closure of
the wound defect.

S.A. Park et al. [23] and X. Wang et al. [24] addressed
a similar issue in rodents by developing a splinted wound
model to suppress dermal contraction and improve the
translational relevance of the mouse model for studying
human wound healing. This technique involves the crea-
tion of full-thickness wounds on the dorsal surface of the
mouse, followed by the placement of a silicone splint at the
wound site, which is then secured to the skin with sutures
to prevent contraction. Consequently, wound healing in
this model proceeds via granulation tissue formation and
re-epithelialisation, closely mimicking the human healing
process. However, no studies have been reported in the
literature describing the application of similar mechani-
cal interventions to prevent wound contraction in porcine
models. This highlights a significant gap and the need for
further research to develop and validate methods that can
suppress contraction in pigs, thereby increasing the rel-
evance of this model for studying full-thickness wound
healing in humans.

According to the hypothesis proposed by the author
of this study, mechanical damage to the wound edges
would result in disruption of the collagen fibres to which
myofibroblasts are attached. It was anticipated that such
disruption would weaken the contractile forces responsi-
ble for wound narrowing and thereby slow the reduction
of wound area. This hypothesis was informed by the find-
ings of S.M. Karppinen et al. [25] and F. Chang et al. [26],
who reported that myofibroblasts play a central role in
wound contraction. These cells exert contractile forc-
es by attaching to the extracellular matrix via integrins
and generating tension through stress fibres rich in al-
pha-smooth muscle actin.
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Figure 6 illustrates the dynamics of changes in wound
surface area during the observation period following me-
chanical disruption of the wound edges in wound No. 1
and wound No. 2. Wound No. 3 served as the control. In
determining the number and orientation of incisions, the
author followed several guiding principles: to ensure that

Wound No. 1

14hday | o

_Wound No. 2

the additional trauma to the wound edges did not increase
the risk of infection; to preserve the overall wound contour,
thereby enabling accurate measurement of the wound area
throughout the observation period; and to retain the possi-
bility of fixing a bioengineered product to the wound edges
for improved attachment if necessary.

Wound No. 3

Figure 6. Dynamics of change in wound area

Source: created by the author

The application of different methods of mechanical
intervention on the wound edges resulted in varying ef-
fects, as evidenced by differing degrees of wound area re-
duction over the observation period. The use of the Monte

Carlo method enabled accurate and efficient calculation of
wound surface area, even for irregularly shaped wounds.
The results of wound area measurements obtained using
this method are presented in Table 1.

Table 1. Wound area in sq. cm

1st day 33,814 24.7 34,088 24.9 34,499 25.2
14" day 25,053 18.3 27,928 20.4 22,999 16.8
28 day 11,363 8.3 23,615 17.25 13,553 9.9

Source: created by the author

By day 14, a reduction in wound area was observed
across all wounds. The measured areas were as follows:
wound No. 1 - 18.3 cm?, wound No. 2 - 20.4 cm?, and
wound No. 3 (control) - 16.6 cm?. These results indi-
cate that the incisions made at the wound edges did not
halt the contraction process but rather reduced its rate.
Specifically, wound No. 1 showed a 25.9% reduction in
area, wound No. 2 a reduction of 18.1%, and the control
wound No. 3 a reduction of 33.3%. Between days 14 and
28, the contraction of wound edges continued, albeit at
differing rates. Although more incisions were made on

the edges of wound No. 1 than wound No. 2, its area con-
tinued to decrease, reaching 33.6% of its original size by
day 28. This value was only slightly higher than that of
the control wound (wound No. 3), which had reduced to
39.3% of its initial area. Notably, wound No. 2 preserved
the largest residual area, maintaining 69.3% of its initial
surface area by day 28. To assess the results, the relative
change in wound area was evaluated as a percentage of
the original wound size rather than using absolute val-
ues. These findings are presented in Table 2 and visual-
ised in Figure 7.
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Table 2. Wound area indicators in % relative to the initial value

Wound No. 1 Wound No. 2 Wound No. 3
15t day 100 100 100
14" day 74.1 81.9 66.7
28 day 33.6 69.3 39.3
Source: created by the author
100 T
90 [ I
80 1 *day
60 1T_
50 T 14™ day
40 1T
20 28t day
20 T
10 1
0 Wound No. 1 Wound No. 2 Wound No. 3

Figure 7. Wound area indicators in % relative to the initial value

Source: created by the author

The diagram presented in Figure 7 clearly illustrates
the trend in wound surface area changes across the differ-
ent wounds. A common pattern is evident: up to day 14,
the rate of wound contraction is lower than during the pe-
riod from day 14 to day 28. The findings demonstrate that
disrupting the integrity of the wound edges can reduce
the contraction process. However, analysis of the results
for wound No. 1 indicates that a greater number of inci-
sions, compared to wound No. 2, did not yield the expected
outcome. The author suggests that it is not the number of
incisions but rather their anatomical location that plays a
more significant role in preventing or reducing the rate of
wound edge contraction. Additionally, it is important to
consider that the rate of contraction increases after day
14. Therefore, to effectively control this process, supple-
mentary interventions at the wound edges may be required
during this later stage of healing.

CONCLUSIONS
Wound contraction is a fundamental healing mechanism
aimed at reducing the size of the tissue defect and, con-
sequently, the volume of tissue requiring regeneration. In
an experimental model involving the creation of a 5x5 cm
excisional wound on the back of a pig, contraction occurs
through the retraction of adjacent skin into the wound
bed. This characteristic of full-thickness wound repair in
porcine skin represents a major limitation of this mod-
el for studying wound regeneration processes relevant to
humans. Despite the dense attachment of the dermis and
subcutaneous fat to the superficial fascia in pigs, the skin
still exhibits a significant capacity to migrate centrally dur-
ing wound closure, even when all skin layers are involved.
Reducing the contractile potential of the wound edges is
therefore a key objective in developing a more represent-
ative experimental model of a full-thickness skin defect.
One potential strategy is to disrupt the integrity of colla-
gen fibres at the wound edge, which play a critical role in
driving centripetal contraction of the wound. In this study,
the application of tangential incisions at each corner of the
wound - each up to 1 cm in length — proved effective in
slowing the contraction process. By day 28, 69.3% of the

original wound area was preserved in the intervention
group, compared to only 39.3% in the control group. This
proposed wound model allows for greater control over the
contraction process and preserves a sufficient wound sur-
face area for an adequate duration, thereby enabling mean-
ingful evaluation of granulation tissue formation, re-epi-
thelialisation, and scar development in response to the
test treatment. During the healing process, the excisional
full-thickness wound tends to assume an irregular, star-
shaped configuration. This indicates that the surrounding
skin does not contract uniformly; rather, skin edges equi-
distant from the wound centre move inward at varying
speeds. This irregularity complicates planimetric analysis
during experimental observation. It is also noteworthy that
the inhibitory effect of edge disruption begins to dimin-
ish once the wound edges become closely opposed to the
wound bed - a process that typically begins around days 10
to 12. From this point, contraction accelerates again, de-
spite prior mechanical disruption of the wound margins.
This observation highlights the need for further investiga-
tion into additional or sustained interventions that may be
required beyond this critical period to effectively control
wound narrowing and ensure the maintenance of a consist-
ent wound area for experimental purposes.
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OCo6MBOCTI eKCNepuMeHTa/IbHOIro MoAe/TIioBaHHSA
NOBHOLUAPOBOiI paHU LUKiPU CBUHI

OnekcaHpap KynaHaa

AcnipaHT

TepHOMINbCbKMIN HaLliOHaNbHUIN MeAUYHUIM YHiBepcuTeT iM. |. 4. TopbaueBCbKoro
46001, MampgaH Boni, 1, M. TepHonNinb, YKpaiHa
https://orcid.org/0009-0004-1975-511X

AHoTauif. B cyyacHOMY CBiTi icHYe HeOGXiqHICTh CTBOPEHHS PeBaJIeHTHOI eKCcIiepMMeHTaTbHOT MOIeNTi paHy MIKipH, sika
6 MaKkCMMaJIbHO BiZTBOpIOBajIa MPOIECH pereHepaliii, 1o BigOyBalThCS B paHi JoayHu. MeTa cTaTTi mossrana y cipoobi
CTBOpEHHSI TTOTIepeI’KeHHST 3aBUaCHOI KOHTpaKIIii KpaiB paHu Mpy eKCIiepyuMeHTaIbHOMY MO eTI0BaHHI ITOBHOIIAPOBO1
paHM MIKipM CBMHI, 1[0 JO3BOJUTH CTBOPUTYU ONTMMAaJIbHI YMOBMU IJisi BUBYEHHS e(eKTMBHOCTiI CIIOCOOY MicCIieBOTO
nikyBaHHs. [IpoBemeHO eKcIepuMeHTaabHe NOCTiIKeHHS Ha CBMHI 6i0i mopony, Baroio 15 kr. [TOBHOIIAPOBY paHy
po3mMipom 5x5 ¢M 3MoOIenbOBaHO Ha CIMHI TBApMHU IiJ TioleHTaa-HaTPieBMM HApKO30M 3 po3paxyHKy 80 MI/Kr. 3a
JIOTIOMOTOI0 MaHy-6iorcii mig 3araabHMM 00€360IeHHSIM BMIyUYE€HO TKaHWHY 3 paHu, o dikcyBamics B 10 % posunHi
HejiTpasbHOTO GOpMaTiHy i yIIibHIOBaIMCS MapadiHoM 3a CTaHAAPTHOI MeToauKow. demapadinizoBaHi 3pisu 6yno
nohapboBaHO TeMATOKCMITIHOM i e03uMHOM. [l 06YMCIeHHS TUIOIi paHu MeTtomoM MoHTe-Kapino 6ysno po3pobieHo
KOMIT' IOTepHY TIporpaMy MOBOIO MporpamyBaHHsI Python. Bukopucrano rpadgiunmii MeTon y BUMISLI Hiarpam majis
Bisyastizalii pe3ysnbTaTiB JOCIIIKeHHS i CllocTepeXkeHHs TeHJeHIlili. OTpMMaHO MOX/IMBICTh KOPUTYIOUOTO BIUIMBY Ha
Mpoliec KOHTpakiii KpaiB MOBHOIIAPOBOTO AedeKTy WIKipK 3a JOTIOMOrol0 Haipi3iB. Hait6inbur onTMMaabHUM € BapiaHT
paHu, 1o nepenbavae TaHTeHIiaIbHI HAIPi3M B KOKHOMY KYTi paHM TOBXKUHOW 0 1 cM. 3aCTOCOBaHA MeTOOUKA BIUIUBY
Ha Kpai paHy JOB30/1M/Ia 3MEHIINUTH CTYIIiHb CKOPOUeHHSI KpaiB panu. Ha 28 o6y criocTepeskeHHS TUTONA PAaHYU CTAHOBMIIA
69,3 % Bim 1moyaTKOBOi, BiAIIOBiAHO IIOIA KOHTPOJbHOI paHM cTaHOBWIA 39,3 % Bim ii 1moyaTkoBOro 3Ha4YeHHSs. st
BM3HaueHHs e(DeKTUBHOCTI JIIKyBaHHS MOBHOIIAPOBOI paHM IIKipM B eKCIIePUMEHTI Ha CBUHI HeOOXiIHO 36epiraTu paHy
BiJMTOBiZHOI TUIOIIi MPOTATOM He MeHiIie 28 1i6 111 BUBYeHHs rpoiiecy GopMyBaHHS pybiieBoi TKAaHMHM. 3alIPOTIOHOBaHA
MOJIe/b PaHU JA€ MOKIUBICTh KOHTDPOJIOBATM Tepedir KOHTpakilii, 36epiraT Ha HeOOXiIHMIT Yac HOCTATHIO ILIOILY
PaHOBOI MOBEPXHI [I7Is1 BUBUEHHSI Mpoliecy GOpMyBaHHS PyOLeBOi TKAHVHM

Knio4oBi cnoBa: exciusiiiHa Mofiesib paHi; MOJe/Tb Ha CBMHI; KOHTPaKIlis KpaiB paHu; IJIOIIA PaH!; 3aKUBJIEHHS paHU;
JlepMaJIbHUII MaTPUKC
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Abstract. The purpose of this study was to evaluate the effect of natural antioxidants on thyroid function, which may
later affect their reproduction and pregnancy. 20 sexually mature rats were selected, which were divided into groups,
and oxidative stress was modelled by the introduction of lipopolysaccharide Pyrogenal Salmonella typhi dissolved in
saline, the results were determined on days 3, 5, 7, and 10 of pregnancy. It was found that the introduction of various
substances determined the degree of influence of various antioxidants on the state of fertility of female and male rats
of the Wistar line with the calculation of the level of hormonal background of the thyroid gland of subjects and the
enzyme activity of antioxidant protection systems. As a result of the study, it was found that Wistar rats that consumed
the antioxidants ubiquinone and lycopene experienced the least changes in reproductive functions and the preservation
of offspring. It was also found that oxidative stress modelled on pregnant rats resulted in a significant 40% reduction
in enzyme activity, and thyroid hormones were reduced by 90%. This study also delved into a new relatively unexplored
theory of antioxidant fertility along with the hormonal background of the thyroid gland under conditions of oxidative
stress, neurohumoral regulation, and prooxidant-oxidant balance under conditions of fertility have also been perfectly
determined, this balance is provided by a number of antioxidant substances that are either already present in the body
or obtained with food (for example, vitamins C and E)

Keywords: pregnancy; free radicals; egg; sperm; oxidative stress

INTRODUCTION

The investigation of antioxidants and their impact on var-
ious organ systems is relevant because antioxidants per-
form a number of vital functions. Protecting cells from ox-
idative stress helps to neutralise the effects of free radicals
that damage cells. Antioxidants help to boost immunity
and fight stress. Antioxidants affect the redox processes
in organisms, but this chain of reactions is very complex
and depends on many factors. For example, the type of an-
tioxidant, its concentration, cell type, and body condition.
This creates difficulties in standardising research and ob-
taining sustainable results.

The study of antioxidants was carried out by
I. Gulcin et al. [1]. The researchers concluded that anti-
oxidants are molecules that can prevent or slow down
the oxidation of macromolecules. Now it is known that
antioxidants are of natural (lycopene, vitamins E and C,

Suggested Citation:

carotene) and synthetic origin. Synthetic antioxidants are
used to slow down the oxidation processes in foods, that
is, they do not have any benefit for the human body, un-
like natural ones. Natural antioxidants are found in large
quantities in foods such as broccoli, blueberries, dark
chocolate, pomegranates, strawberries, nuts, and citrus
fruits. The most common of them are vitamin C or ascor-
bic acid, vitamin A or carotenoids, vitamin E — tocopherol,
polyphenols-flavonoids, anthocyanins, lycopene, coen-
zyme, ubiquitin [2].

S. Mukherijee et al. [3] concluded that regular consump-
tion of natural foods that contain antioxidants provides
protection against toxic foods and diseases. Comparison
of synthetic and natural antioxidants was carried out by
R.D. Jeruto et al. [4]. The body’s cells contain antioxidants
such as glutathione, bacillithiol, and enzyme systems, one
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of which is superoxide dismutase (SOD). V. Weissig [5]
proved that these substances can prevent cell damage due
to oxidative stress, i.e., neutralise the action of free radi-
cals. One of the main ones is that while antioxidants like
SOD can neutralise free radicals, their direct effect on life
expectancy is more complex than previously thought. For
example, overexpression of SOD did not increase the life
expectancy of mice, since the by-product of the SOD re-
action, hydrogen peroxide, requires further detoxification
with another enzyme - glutathione peroxidase. This high-
lights the need for a balance between different antioxi-
dants to ensure optimal cell protection. In humans, oxida-
tive stress is a trigger for many serious diseases, such as
cancer, atherosclerosis, and Alzheimer’s disease, and can
cause accelerated ageing. However, on the other hand, the
body can use this process as a defence mechanism to fight
pathogens. In addition, some reactive oxygen species can
act as mediators in cellular reaction chains. This relation-
ship was described by K.I. Noel [6].

E.F. Dewi & M. Mahriani [7] concluded that natural
and synthetic antioxidants can improve sperm motility,
their total number and vital activity, and have a direct ef-
fect on reproductive function. This study demonstrated
that antioxidants can have a positive effect on reducing
inflammation and reducing ovarian cell damage, which
may be beneficial for maintaining reproductive health.
The study also highlights the need for further research
to determine the most effective doses and conditions
for using antioxidants to optimally restore ovarian func-
tion and prevent damage. Oxidative stress can contribute
to premature ageing of the ovarian reserve, that is, the
number of follicles in the ovaries, but antioxidants help
protect these follicles, prolonging the fertility period in
females. They can also improve the uterine environment,
which contributes to successful implantation of a fertil-
ised egg and foetal development. These results were ob-
tained by A. Kukurt et al. [8]. The involvement of thyroid
hormone balance in the regulation of reproductive func-
tion in female rats has been proven on the in vivo system.
An imbalance of thyroid hormones, such as thyroxine,
triiodothyronine, can affect the reproductive functions of
both females and males. The study of the effect of natural
antioxidants on animals with artificially created oxidative
stress can be justified, since the mechanisms of regula-
tion of pro-oxidant-oxidant equilibrium are still not fully
understood, this topic was investigated in more detail by
S. Goodarzi et al. [9].

The relevance of research on antioxidants is based
on their ability to protect cells from oxidative stress and
support reproductive health. The purpose of the study was
to investigate the effect of natural and artificial antioxi-
dants on the reproductive system of rats and their body as
a whole. The objective was to determine step-by-step the
effect of specific antioxidants on thyroid hormones.

MATERIALS AND METHODS
20 sexually mature Wistar rats were selected for this study.
The animals were fertilised after the introduction of anti-
oxidants, and the direct effect of these substances on the
foetus and female was also investigated. The study was
conducted for 7 months at the Centre for Bone Marrow
Transplantation of Radiation Medicine — LTT Laboratory.

Excel was used to process the obtained data and research
results. Key indicators were measured, such as the con-
centration of hormones, antioxidant defence enzymes (for
example, SOD, glutathione peroxidase), oxidative markers,
and changes in animal blood tests. Changes in sperm and
spermatozoa were considered, and the sperm collection
procedure itself included: animal anaesthesia (inhaled an-
aesthesia), electrical stimulation that caused ejaculation,
sperm collection in a sterile test tube, and sperm treat-
ment. Mobility, morphology, and biochemical properties
were evaluated.

The results were presented as mean values and stand-
ard deviation or standard error of the mean. The t-test
was used to compare two groups (control and experimen-
tal groups). To study the effect of antioxidants on thyroid
hormones, the following hormone values were used: thy-
roid-stimulating hormone - 0.4 mIU/L, thyroxine — 8 ug/
dL, triiodothyronine — 1.3 ng/mL. These indicators were
considered as normal, any deviations were determined as
the effect of antioxidants on the thyroid gland. Animals
were divided into groups depending on age (according
to the classification of I.P. Zapadnyuk). According to this
classification, rats by age were divided into four groups:
Group 1 - rats of early puberty (n=5), 2-3 months, weigh-
ing 100-120 g; Group 2 — rats of young age of reproduc-
tive maturation (n=5), 4-5 months, weighing 120-140 g;
Group 3 - middle-aged rats (n=5) with a weight of 140-
160 g; Group 4 - rats of mature puberty (n=5), weighing
160-180 g. All animal experiments, research, and animal
handling were conducted in accordance with the provi-
sions of the European Convention for the protection of
vertebrate animals used for experimental and other sci-
entific purposes [10]. Oxidative stress was created by in-
jecting a “Pyrogenal” lipopolysaccharide Salmonella typhi
together with water at a dose of 1 ug once a week for 3
weeks. Substances such as vitamin E (150 mg/kg), vitamin
C (200 mg/kg), quercetin (100 mg/kg), resveratrol (100 mg/
kg), selenium (0.2 mg/kg), alpha-lipoic acid (100 mg/kg)
were also administered.

The ratio used was 0.001 mL of solution for every 10
g of animal weight. The corresponding effect of various
antioxidants on the activity of SOD and glutathione per-
oxidase enzymes was studied in different groups of rats (4
animals in each group): Group 1 — control; Group 2 - lyco-
pene 0.6 mg per day; Group 3 — ubiquinone 0.04 per 1 g of
body weight; Group 4 - resveratrol 10 uM/mL. The animals
received the drugs for three weeks. There was also a control
group of rats that did not receive the above drugs, the group
consisted of 4 rats. The effect of SOD was determined by
the method, the essence of which is to reduce nitrotetraso-
lium with superoxide radicals. The activity of glutathione
peroxidase was determined by the rate of oxidation of re-
duced glutathione. The content of total thyroxine and total
triiodothyronine in the blood serum of all groups of exper-
imental animals was determined by the chemiluminescent
method on a closed-type chemiluminescent analyser “AR-
CHITECT” (American company Abbott Laboratories) using
standard test kits NC 024:2019: 54386 - thyroid hormone
IVD, ARCHITECT Free T3 Reagent Kit CPV: 33690000-3
ARCHITECT Free T4 reagent kit (100 tests). The hormone
concentration was indicated in pmol/L. All indicators and
changeswere determined ondays 3, 5,7,and 10 of pregnancy.
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RESULTS AND DISCUSSION
It was shown that experimental rats had levels of SOD
and glutathione activity during all trimesters of pregnan-

cy due to induced stress compared to the intact group of
rats (Table 1). In the study group, the initial SOD level
was 2*0.04.

Table 1. Reduction of SOD levels under the influence of lipopolysaccharide
Group Value from Value up to
Group 1 2£0.04 1.6+0.09
Group 2 2%0.04 1.56+0.05
Group 3 2+0.04 1.9+0.06
Group 4 2%0.04 1.74%0.03

Source: compiled by the author

SOD has a protective effect on pregnant rats, in par-
ticular, on the condition of the mother and foetus, reducing
oxidative stress. Namely, cell protection — SOD neutralises
the action of free radicals. Preventing damage to female
and placental cells. Improves rat foetal development — the
antioxidant properties of SOD contribute to the physio-
logical development of the foetus, reducing the develop-
ment of abnormalities. Regulates immune responses —
SOD can reduce the risk of inflammatory processes that

can negatively affect the course of pregnancy. In the study
group, the baseline level of glutathione peroxidase was
7 +0.37 (Table 2). Glutathione peroxidase exerted a pro-
tective effect on the thyroid gland by regulating oxidative
stress. In Wistar rats, increased activity of this substance
was found to reduce thyroid cell damage and stabilise the
levels of the hormones triiodothyronine and thyroxine,
which helped to maintain stable levels of thyroid-stimu-
lating hormones.

Table 2. Reduction of glutathione peroxidase levels under the influence of lipopolysaccharide

Group Value from Value up to
Group 1 7+0.37 2.3%0.35
Group 2 7+0.37 4%0.35
Group 3 7+0.37 5+0.45
Group 4 7£0.37 2.45+0.2

Source: compiled by the author

In rats of groups 1, 2, 3, 4 on days 3, 5, 7, and 10 of
pregnancy compared to the control group reduced thy-
roid-stimulating hormone levels. Triiodothyronine and
thyroxine were at the upper limit of normal. In Group 4,
trilodothyronine began to decrease. After further analys-
ing the papers by N. Rusli et al. [11] and T. Kuznetsov &
V. Shinkarenko [12], it was concluded that antioxidants can
affect thyroid-stimulating hormones due to their ability
to reduce oxidative stress in the thyroid gland and regu-
late the function of the hypothalamic-pituitary-thyroid
axis, this was also proved in this study. Their main actions:
protection of thyroid cells. They can reduce damage to the
gland’s own tissues caused by free radicals. Antioxidants
can help to stabilise the level of thyroid-stimulating hor-
mone, which affects the balance of thyroid hormones (tri-
iodothyronine, thyroxine). The glands help to maintain a
healthy metabolism and endocrine function.

These results suggest that the effect of Pyrogenal Sal-
monella typhi during pregnancy in rats resulted in changes

in the levels of antioxidant enzymes, namely SOD and glu-
tathione peroxidase, and thyroid hormone levels. Specific
changes in these markers may have implications for oxi-
dative stress and thyroid function during pregnancy in the
presence of Pyrogenal Salmonella typhi. Pyrogenal (lipopol-
ysaccharide) in pregnant rats also gave the following re-
sults: inflammatory response — that is, Pyrogenal increased
the level of cytokines such as interleukin and tumour necro-
sis factor, which caused fever, apathy and decreased physi-
cal activity in rats. Behavioural changes — administration of
this substance resulted in a temporary decrease in mobility
due to systemic inflammation and changes in metabolic
functions. Oxidative stress, namely, the stress response is
activated, which increases the production of free radicals.
When studying the breeding properties of white rats of the
Wistar line with various types of antioxidants, it was deter-
mined that the largest number of preserved offspring and
reproduced rats was shown by groups that were admin-
istered drugs such as ubiquinone and lycopene (Table 3).

Table 3. Fertility results in white rats of the Wistar line with various antioxidant preparations

Indicators Group 1 (spontaneous) Group 2 (lycopene) Group 3 (ubiquinone) Group 4 (resveratrol)
Treated rats 4 4 4 4
! z ; !
Surviving descendants 6 8 24 6
Number of bred rats 7 10 24 6
Total descendants

Source: compiled by the author
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It was found that the group of animals that consumed
ubiquinone for 3 weeks showed 100% of the number of pre-
served offspring. Ubiquinone significantly increases the
level of fertility of females and has an effect on the thy-
roid-stimulating hormones thyroxine and triiodothyro-
nine, which cause a high level of metabolism of the thy-
roid gland and pronounced vascularisation of its tissues,
features of the system that generates thyroid peroxidase
and increases its pro-oxidant background. The results of
studies in Wistar rats showed that ubiquinone increases
the activity of antioxidant enzymes (SOD, glutathione per-
oxidase). It protects sperm cells and increases their num-
ber, and this has also been found by A.V. Klepko et al. [13].
It supports ovarian function and improves fertility in fe-
male rats, according to V.O. Stetska et al. [14]. The results
of a study on the effects of lycopene showed that it reduces
lipid peroxidation and increases the level of antioxidant
enzymes (SOD), and ubiquinone. It also protects the cardi-
ovascular system from damage.

Administration of the antioxidant quercetin to preg-
nant animals resulted in a decrease in the activity of SOD
and glutathione peroxidase enzymes in the blood of rats.
In particular, a decrease in SOD activity by 65%, and glu-
tathione by 45%. The activity of thyroid - stimulating hor-
mones was lower by 80%, triiodothyronine — by 30%. Ad-
ministration of resveratrol to pregnant females resulted
in an increase in the activity of the SOD and glutathione
peroxidase enzymes in the blood of females. The concen-
tration of SOD was 55% higher than in the control, and
glutathione peroxidase increased by 15%. Resveratrol also
affected the level of thyroid hormones (triiodothyronine,
thyroid-stimulating hormone, thyroxine), namely, increas-
ing their concentration, in particular, triiodothyronine and
thyroxine, by 25% higher than in the control.

The effects of the following antioxidants have also
been investigated: Vitamin E (tocopherol) is one of the
most powerful lipophilic antioxidants, it has improved
the protection of cell membranes from damage caused
by reactive oxygen species. Rats treated with tocopherol
supplementation showed a 45% reduction in the level of
oxidative stress markers in liver, kidney, and heart tissues.
The study by Yu.P. Grinevich [15] also showed changes
in processes under the influence of activities. Vitamin C
(ascorbic acid) performed an auxiliary function by restor-
ing other forms of antioxidants, such as tocopherol, and
also neutralised the effects of free radicals. In the group
of animals that were additionally injected with ascor-
bic acid, a 40% decrease in the level of reactive oxygen
species and a 35% improvement in the regulation of the
glutathione system were observed. It also reduces sperm
damage by improving their motility and reducing DNA
damage. Improves the fertility of females and promotes
successful embryo implantation. Supports the balance of
hormones that are important for the normal reproductive
function of animals.

Flavonoids such as quercetin and resveratrol have a
powerful antioxidant effect, markedly reducing oxidative
stress in rats. They increased the activity of antioxidant
systems by 35%, reduced the level of lipid peroxidation
by 30%, and improved heart and liver function. They also
increased the number and quality of spermatozoa by 20%,
increased their motility by 25%. They helped to stabilise

the level of reproductive hormones, namely testosterone
and oestrogen, which is important for fertility. Selenium is
involved in the synthesis of glutathione peroxidase, which
protects cells from damage. Wistar rats treated with addi-
tional portions of selenium showed a 40% increase in glu-
tathione peroxidase activity and a 30% decrease in lipid
peroxidation. Alpha-lipoic acid reduced oxidative damage
and improved cognitive function in rats, protecting nerve
cells from stress damage. L-carnitine - its high concentra-
tions occur in the testicular appendage (2,000 times more
than in sperm). It also has a positive effect on sperm quali-
ty and therefore fertility.

The direct effects of complex use of antioxidants such
as vitamins E, C, coenzyme Q-10, and flavonoids were stud-
ied by Ya. Diorditsa [16]. This study showed a synergistic
effect, which was manifested by an even greater reduction
in the effect of oxidative stress than with the use of single
antioxidants. These combinations increased the protection
of cells and tissues under the toxic load of rat organisms
of certain groups. For example, administration of vitamin
C and vitamin E 1 gramme per day showed that the degree
of sperm DNA damage was significantly lower after two
months of research. If the supplements were administered
for 100 days, the overall improvement in sperm quality was
52.6 and 10.8% successful fertilisation of females.

The highest percentage of abnormalities was found
in the sperm tail in the group treated with coenzyme Q10
45.99%. Head anomaly was the highest (38.69%). The ex-
amination showed normal seminiferous tubular secretions,
spermatogenesis, and normal interstitial fluid. A mild
to moderate decrease in the number of spermatogonia,
spermatocytes, spermatids, and spermatozoa in the sem-
iniferous tubules with intertubular spaces and soft tissues
of the testis was detected. The effect of antioxidants on
spermatozoa was studied by E.F. Dewi & M. Mahriani [7].
The research has shown that the antioxidant’s ability to
neutralise free radicals prevents cell damage, which makes
antioxidants beneficial for maintaining fertility and main-
taining reproductive health.

It should also be noted that the course of pregnancy
of female rats was also influenced by concomitant factors,
such as: unbalanced nutrition, lack of important and nutri-
tious substances reduced the fertility of females. An imbal-
ance of sex hormones (oestrogen and progesterone) affect-
ed ovulation and the possibility of implantation. Exposure
to various medications disrupted the course of pregnancy.
Mental and physiological stress negatively affected the
reproductive function of animals. Stress increased corti-
sol levels, which suppressed the production of reproduc-
tive hormones such as progesterone and oestrogen, which
are important for ovulation and maintaining pregnancy.
Chronic stress activated the immune system, increasing
levels of inflammatory cytokines that negatively affect-
ed the reproductive system and reduced the likelihood of
a successful pregnancy. Thus, for example, A. Kukurt et
al. [8] investigated the effect of antioxidants on the egg.
The study suggests that astaxanthin’s ability to preserve
ovarian function may be useful in preventing infertility,
especially in cases involving oxidative damage. Its effects
may also be useful in clinical settings where oxidative
stress contributes to ovarian disease, highlighting its po-
tential as a therapeutic agent for maintaining reproductive
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health. Antioxidants had different effects on the course
of pregnancy in different trimesters of pregnancy in rats.
First trimester — antioxidants protected foetal cells from
oxidative stress, which occurred due to active cell division
and placental formation. Second trimester — they reduced
inflammation and maintained normal placental develop-
ment, protecting it from toxic effects and oxidative dam-
age. Third trimester — helped in the maturation of foetal
organs, namely the lungs and brain, reducing the risk of
premature birth and complications.

Antioxidants play a protective role in preventing foe-
tal gene mutations by reducing levels of oxidative stress,
which can lead to DNA damage. Oxidative stress is caused
by an excess of free radicals, which can cause genetic ab-
normalities or mutations. Antioxidants such as vitamin C,
vitamin E, glutathione, and coenzyme Q10 protected foe-
tal cell DNA from such damage, reducing the risk of ge-
netic defects and developmental abnormalities. However,
their mechanisms of action require additional research
for a more complete understanding. The topic of antiox-
idants was considered by E.O. Kryukova & O.V. Zemlyan-
skaya [17]. The researchers focused on natural and syn-
thetic antioxidants that helped to fight free radicals and
protect the body from various diseases, including cancer
and cardiovascular problems. The researchers also empha-
sised the importance of natural sources of antioxidants,
such as vegetables and fruits, for maintaining health, and

discussed key mechanisms of the body’s antioxidant de-
fence, in general, these claims can be agreed upon.

The study examined the safety and effectiveness of an-
tioxidants, especially when consumed from natural sources
such as fruits and vegetables. It has been found that exces-
sive administration or use of antioxidants in the form of
supplements can cause certain side effects, which are di-
vided into general and local. General side effects included
nausea (found in 20% of animals), vomiting (in 5%), diar-
rhoea (found in 10%) and other gastrointestinal disorders,
as well as headache (in 10%). Taking high doses of vitamin
E negatively affected blood clotting, increasing the risk of
bleeding by 30%, especially in rats treated with anticoagu-
lants. Vitamin E also reduced the body’s immune response
to pathogenic factors by 40%. High doses of vitamin A led
to hypervitaminosis in 15% of people, accompanied by
symptoms such as headache, dizziness, nausea, loss of ap-
petite, and even liver failure. Excessive vitamin C intake
caused an increase in oxalate levels, which increased the
risk of kidney stones in rats by 50%. In addition, vitamin
C interacted with medications such as statins and cancer
medications. High doses of selenium caused selenosis, a
condition that manifested itself in fatigue, skin irritation,
alopecia, and even neuropathy. Beta-carotene increased
the risk of cancer in animals by 45%. The study also found
that external factors significantly influenced the effects of
antioxidants, both positively and negatively (Table 4).

Table 4. Positive and negative external factors influenced the antioxidants

Positive factors

Negative factors

Balanced diet
Rats’ consumption of fruits and vegetables rich in natural
antioxidants increased the level of antioxidants in the body.
Consuming nuts and seeds have also been shown to be beneficial
due to their content of vitamins and minerals that support
antioxidant activity.

Ecological environment
Living in polluted air and exposure to tobacco smoke increased
the level of oxidative radicals in the body, reducing the
effectiveness of antioxidants.

Physical activity
Regular physical activity helped to increase the synthesis of
antioxidants and improve overall health.

Unbalanced nutrition and hunger
High levels of sugar and trans fats increased oxidative stress by
35%, reducing the effects of natural antioxidants by 40%.

Quality sleep
Rest and good sleep helped the rats to recover and improve the
body’s ability to deal with oxidative stress.

Tobacco smoke and alcohol consumption
It also contributed to an 80% increase in free radical levels,
leading to oxidative damage to cells and tissues.

Social conditions
Being in a pack and social environment had a positive impact on
the results.

Stress and inflammatory diseases
Psychoemotional overload and chronic stress negatively affected
the effectiveness of antioxidants, reducing their effectiveness by
50%. Infectious and inflammatory processes increased the body’s

need for antioxidants by 60%.

Source: compiled by the author

Certain diseases were modelled in which antioxi-
dants did not show a protective effect or even negatively
affected the body. Especially in the late stages of cancer,
antioxidants reduced the effectiveness of chemotherapy
or radiotherapy by 40%. This is because antioxidants can
protect cancer cells from oxidative stress, which is used to
kill them. The introduction of antioxidants increased the
occurrence of cardiac pathology by 20%. Antioxidants re-
duced cell sensitivity to insulin by 20%. The effect of an-
tioxidants on the body in diabetes was studied by N. Rus-
li et al. [11]. The researchers emphasised the importance
of the therapeutic effects of antioxidants in the treatment
of diabetic peripheral neuropathy, which may be useful
for further clinical research and the development of new

treatment approaches. Chronic inflammatory diseases —
asthma or rheumatoid arthritis. In some inherited diseas-
es, such as cystic fibrosis or phenylketonuria, antioxidants
cannot eliminate the underlying cause of the disease be-
cause these conditions are associated with a deficiency or
dysfunction of certain enzymes. In cases of acute infec-
tions (such as viral or bacterial infections), antioxidants
may not have a significant effect, because the immune sys-
tem and inflammatory mechanisms are central to fighting
infection. Excessive use of antioxidants can even suppress
the immune response.

Antioxidants have also been found to interact with
medications. For example, vitamin K reduced the effec-
tiveness of anticoagulants, namely warfarin. In particular,
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a daily intake of vitamin K in the amount of 100 pug or more
reduces the effectiveness of warfarin. They also interacted
with cholesterol-lowering drugs, reducing their effective-
ness or increasing the risk of side effects. Nonsteroidal an-
ti-inflammatory drugs also lost their effectiveness as a re-
sult of reducing oxidative stress in the body. The antibiotics
reacted with the antioxidants and worsened each other’s ef-
fects. Usually, antibiotics do not react with vitamin K at low
concentrations, but with prolonged use or at high doses of
antibiotics, the drugs reacted. Some antioxidants affected
the rats’ blood glucose levels, altering the effectiveness of
sugar control medications. All changes occurred after the
introduction of antioxidants on day 2-3 of the study and
had a pronounced effect. Modelling of oxidative stress in
rats was performed by several methods and pathways. The
main substances that were used: 1) urea has had a negative
effect on the kidneys and other organs; 2) Paracetamol:
high doses caused oxidative damage to the liver by increas-
ing free radical levels; 3) cadmium had a negative effect on
the kidneys; 4) streptozotocin for modelling diabetes asso-
ciated with oxidative stress. It caused damage to the beta
cells of the pancreas, which led to an increase in the level
of free radicals; 5) excessive physical activity led to an in-
crease in free radicals, especially in the mitochondria; 6) in-
frared and ultraviolet radiation caused oxidative processes
in the skin and other tissues of the rat’s body; 7) high-calo-
rie and fatty foods; 8) models of diseases such as Alzheim-
er’s or Parkinson’s disease, which are usually accompanied
by the release of free radicals, were also used; 9) genet-
ic models have also been used, such as SOD deficiency.

Various physiological, biochemical, and behavioural
changes in rats were observed from the effects of oxida-
tive stress. The main signs of oxidative stress in rats were:
physiological changes - disorders in the functioning of
organs and systems, in particular the liver, kidneys, heart,
and brain. Changes in metabolism that led to impaired
body functions. Biochemical changes — an increase in the
level of markers of oxidative stress, namely, an increase in
the concentration of malonic aldehyde and other products
of fat peroxide oxidation, which indicated oxidative stress.
A decrease in antioxidant enzymes, i.e., a decrease in the
activity of enzymes such as sod, catalase, glutathione
peroxidase, was an indicator of a decrease in antioxidant
protection. Morphological changes — tissue damage, name-
ly, under the influence of oxidative stress, morphological
changes in the tissues were observed, such as necrosis, cell
apoptosis, or inflammatory changes. In addition, changes
in the structure of cells, such as damage to cell membranes
and organelles, namely mitochondria, were the result of
oxidative stress. Behavioural changes — changes in activ-
ity, the rats showed a decrease in physical activity, which
was the result of pain or discomfort. Changes in behaviour,

oxidative stress led to anxiety, depression, or aggression in
rats, which was determined in behavioural tests. Clinical
manifestations — symptoms of diseases, increased oxida-
tive stress led to the development of diseases associated
with oxidative damage, such as diabetes, cardiovascular
diseases, or neurodegenerative diseases. Reduced viability,
in severe cases, increased oxidative stress led to a decrease
in the survival rate of rat individuals.

The endemic goiter in rats and the effect of antioxidants
on this disease were also studied. It was modelled by the in-
troduction of thyrostatics (propylthiouracil). Antioxidants
helped in the treatment of endemic goiter,which was caused
by iodine deficiency and concomitant oxidative stress in the
thyroid gland of rats. They protected the gland cells from
damage caused by free radicals, which occurred in condi-
tions of iodine deficiency. Antioxidants such as vitamin C,
vitamin E, selenium, and glutathione reduced inflamma-
tion by 35% and helped to normalise thyroid function, pre-
venting its further enlargement and disruption of hormone
production. Antioxidants such as vitamin C and E can re-
duce thyroid inflammation by 35%, which leads to diseases
such as Hashimoto’s thyroiditis. Data on thyroid morpho-
genesis were partially borrowed from O.V. Fedosieieva [18].

Antioxidants regulated oxidative stress, which was a
factor in thyroid dysfunction. Hyperthyroidism-antioxi-
dants, such as vitamins C, E, selenium, reduced the level
of oxidative stress by 40%, which occurred during over-
active thyroid gland in Wistar rats, helping to reduce tis-
sue damage and normalise gland function. Selenium con-
centrations of 100 to 200 pg per day had a positive effect
on reducing oxidative stress and helped stabilise thyroid
function. Hypothyroidism-antioxidants helped to restore
thyroid function and hormone production, and protected it
from damage due to insufficient activity. More detailed in-
formation about hypothyroidism can be found in the paper
by M.R. Gerasymchuk [19].

In particular, antioxidants help to restore normal lev-
els of thyroid-stimulating hormone and thyroxine, which
is crucial for maintaining normal thyroid function. This
was positive for fertility, especially in older animals, where
the quality of sperm and eggs improved, which reduced the
risk of infertility. In young animals, exposure to antioxi-
dants also helped to improve reproductive function, as they
maintained the balance of hormones needed for normal
ovulation and spermatogenesis. Thus, antioxidants have
been an effective tool for maintaining reproductive health
at various stages of rat life. Antioxidants such as vitamins C
and E, selenium, and coenzyme Q10 improved reproductive
function. The doses shown in Table 5 improved reproduc-
tive parameters, such as sperm quality and ovulation, by
10-30%, depending on the study conditions and the age of
the animals.

Table 5. Doses that positively affected fertility

Antioxidant Dose
Selenium 100-200 pg per day
Vitamin C 100-500 mg per kg of body weight
Vitamin E 100-200 mg per kg of body weight

Source: compiled by the author
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Thus, the study showed that correcting the hormonal
profile with antioxidants was an important tool for main-
taining reproductive function and overall thyroid health in
animals of all ages. A disease such as thyroid inflamma-
tion was also modelled on Wistar rats. Antioxidants play a
crucial role in the development and progression of thyroid
inflammation. Studies have shown that cells in an inflamed
thyroid gland have a reduced activity of antioxidant en-
zymes, which leads to an ineffective defence system that
cannot neutralise reactive oxygen species. Studies have
consistently shown that antioxidant levels in patients with
thyroid inflammation are lower than in healthy patients.
In addition, analysis of serum oxidative status showed that

oxidant levels were significantly elevated in rats with thy-
roid inflammation, while antioxidant levels were reduced.
Reduced antioxidant activity in the cells of the inflamed
thyroid gland led to accelerated lipid peroxidation, which
made these tissues more susceptible to damage. In addi-
tion, a lack of antioxidant protection components and in-
creased lipid peroxidation contributed to the development
of thyroid inflammation. Antioxidants such as selenium,
vitamins C and E have been used to reduce oxidative stress,
which contributes to the development of inflammation, with
specific concentrations listed in Table 6. These vitamins re-
duced oxidative stress levels by 45%, acting synergistical-
ly to protect cell membranes and neutralise free radicals.

Table 6. Concentration of antioxidants in the blood of rats, in which they have an effect on the thyroid gland

Antioxidant Concentration
Selenium 100-200 pg per day
Vitamin C 1,000 mg per day
Vitamin E 400 mg per day

Source: compiled by the author

Oxidative stress has a negative impact on reproductive
health in both animals and women during pregnancy, due
to the development of free radicals that damage cells. In an-
imals, for example, this leads to a deterioration in the qual-
ity of eggs, sperm, and reduced fertility. In women during
pregnancy, oxidative stress can affect foetal development,
increasing the risk of complications such as preeclampsia,
premature birth, and intrauterine growth restriction. Anti-
oxidants help reduce these risks. K.B. Romanova et al. [20]
and G.M. Prodanchuk & T.V. Usenko [21] in their studies
showed certain behavioural responses of rats in utero. Dur-
ing all studies, it was found that different groups of antiox-
idants have a positive effect on different organ systems of
Wistar rats, including the reproductive one.

CONCLUSIONS
As a result of the conducted studies, it can be seen that
antioxidants can provide protection only in the con-
text of the chosen model and conditions of a particular
study. Although the number of reproduced rats was not
the highest, resveratrol and quercetin showed improved
antioxidant protection. Among the antioxidants studied,
ubiquinone was the most effective in terms of fertility,
reflecting the high number of reproduced rats. In second
place, lycopene (0.6 mg per day) showed an improvement
in antioxidant protection, reducing the activity of SOD
(by 65%) and glutathione peroxidase (by 45%) with an
increase in the number of reproduced rats. High levels
of resveratrol (10 uM/mL per day) may affect increased
levels of triiodothyronine and thyroxine, which may in-
dicate improved thyroid function. Antioxidants can also
give positive results, but their ingestion in large doses
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AHoTauif. MeTol0 1bOTO AOCTiAKEHHS GYJI0 OLIHUTY BIUIMB NMPUPOTHMUX AHTUMOKCUIAHTIB Ha POGOTY HIMTOBUIHOL
3aJ103M, SIKE B MOJATIIIOMY MOXKE TO3HAYUTICh Ha iX PO3MHOXKEHHI Ta BariTHOCTi. Byso o6paHo 20 cTaTeBO3pinX mypis,
SIKUX OYJIO PO3TOAINIEHO IO TPyIaM, a OKCUAATUBHMUII CTpeC MOZENIOBAIM BBeJeHHSIM Jirnomnosnicaxapumy «IliporeHasn
Salmonella typhi» po3unHeHoOro y (isziosorivHoMy po3umHi, pe3yabTaT Bu3Havaau Ha 3, 5, 7 ta 10 meHb BariTHOCTI.
Bys10 BCTAaHOBJIEHO 1110, BBEIEHHS Pi3HUX PEUOBMH BM3HAYAJIO CTYIMiHb BIUIMBY Pi3HOMAHITHMX aHTVMOKCUIAHTIB Ha CTaH
dbepTHIbHOCTI caMOK Ta caMIiiB LIypiB JiiHii BicTap 3 po3paxyHKOM piBHSI TOPMOHAJIBHOTO GOHY IIUTOMOLIOHOT 3271031
MiAJOCTIAHNX Ta €H3MMHOI aKTMBHOCTI CUCTEM aHTMOKCUIAHTHOTO 3aXMUCTy. B pe3ynbTaTi MpOBemeHOro OOC/iIKeHHS
6y/710 BUSIBJIEHO, IO IIypw JiHii Bictap, sKki BXXuBamu aHTMOKCUIAHTM YOiXiHOH Ta JIIKOIIH 3a3HalM 3MiH 3i CTOPOHMU
PenpoayKTUBHMX GDYHKIIi Ta 36epeskeHHsT HalaaKiB. TakKoxK 6y/I0 BUSBIIEHO, IO OKCUIATUBHUI CTPEC, SIKMIT MOZETIOBAIA
BaTiTHUM IIypaM, IPU3BiB [0 3HAUYHOTO 3MEHIIEHHS aKTUBHOCTi ¢pepMeHTiB Ha 40 %, a TOPMOHM LIUTOIONiI6HOI 371031
6ymu 3HmkeHi Ha 90 %. Lle mOCTimKeHHS TAaKOX 3arMOII0OE Y HOBY BiIHOCHO HeNOCTiIkKeHY Teopilo (hepTUIbHOCTI
AHTMOKCUAAHTAMM Pa3oM i3 TOpMOHAIbHMM (OHOM HIUTOIOMIGHOI 3a703M B YMOBaxX OKMCHOTO CTPECY, TaKOXK OyJI0
JIOCKOHAJIO BU3HAYEHO HeipOoTyMOpaibHA PETYIISIIis Ta MPOOKCUAAHTHO-OKCUIAHTHMIT GalaHC B yMOBaX GhepTUIbHOCTI,
1eii 6asaHc 3a6e3MeuyeThCs PSIIOM PEYOBMH aHTUOKCHUIAHTIB, SIKi a60 BXKe € B OpraHi3aMi, a60 OTPUMYETBHCS 3 TPOAYKTAMMU
xXapuyBaHHS (Harpukiam, Bitamidu C i E)
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Abstract. The study aimed to investigate the factors that influence the risk of osteopenic changes in women who became
pregnant with the help of assisted reproductive technologies. The study involved 150 women aged 25-40 who became
pregnant after in vitro fertilisation, intrauterine insemination and oocyte donation. Bone mineral density was assessed
by ultrasound densitometry in the distal forearm at the early (8-12 weeks) and late (32-36 weeks) stages of pregnancy.
The T-score values showed a significant decrease in the third trimester in all groups, the largest — in patients who became
pregnant due to oocyte donation (-1.3 0.3 in the distal forearm). An analysis of socio-demographic characteristics
revealed that age over 35, low physical activity, vitamin D and calcium deficiency, and bad habits such as smoking and
excessive caffeine consumption significantly increased the risk of developing osteopenic changes. Women with regular
consumption of dairy products, calcium supplements and a normal level of physical activity had significantly better
bone mineral density. Biochemical markers confirmed higher levels of calcium, magnesium and vitamin D in the oocyte
donation group, while the intrauterine insemination group demonstrated a deficiency of these elements and increased
markers of bone resorption. The hormonal profile also had a significant impact on bone health: high oestrogen levels
in the oocyte donation group were associated with less severe osteopenic changes, while elevated parathyroid hormone
levels in the intrauterine insemination group contributed to increased bone loss. Patients with the highest levels of
prolactin had better bone mineral density preservation due to the positive effect of this hormone on calcium metabolism.
The findings emphasise the need for comprehensive monitoring of bone health in women who have become pregnant
using assisted reproductive technologies

Keywords: bone density; biochemical markers; hormonal profile; intrauterine insemination; oocyte donation

INTRODUCTION

Assisted reproductive technologies are a significant
achievement of modern medicine, overcoming infertility
and providing the possibility of having a child in patients
with reproductive disorders. However, pregnancy resulting
from the use of such methods is accompanied by significant
changes in a woman’s physiological and metabolic state.
Bone tissue is a particularly vulnerable system during this
period, as it changes due to the body’s increased need for

Suggested Citation:

calcium and other minerals. Women who have become
pregnant through in vitro fertilisation, intrauterine insem-
ination or oocyte donation may face an increased risk of
osteopenic changes due to the specifics of their hormonal
and metabolic background. The study of factors affecting
the state of bone tissue in such patients is an urgent task.
The hormonal profile is crucial for maintaining bone
health. O. Deinichenko et al. [1] studied the effect of oes-
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trogen on bone mineral density in women who became
pregnant through oocyte donation. They found that high
levels of oestrogen slowed bone loss. The impact of miner-
al metabolism on bone health is also an important factor.
A. Tsymbal & Y. Kotlova [2] analysed the mineral composi-
tion of blood in pregnant women and found that calcium
and vitamin D deficiency significantly increases the risk of
osteopenic changes. The authors emphasised that regular
consumption of calcium-containing foods and food sup-
plements has a positive effect on mineral density.

Physical activity is also substantial in maintaining
bone health. L. Zhytnik et al. [3] demonstrated that preg-
nant women who exercise regularly have higher bone min-
eral density than those who are sedentary. Biochemical
markers of bone resorption are an important tool for as-
sessing bone health. J.E. Stern et al. [4] demonstrated that
high levels of C-telopeptides correlate with intense bone
loss in pregnant women.

Psychosocial and demographic factors also significant-
ly affect the risk of osteopenic changes. Y. Wang et al. [5]
demonstrated that women over 35 years of age who have
bad habits, such as smoking or excessive caffeine consump-
tion, are prone to a significant decrease in bone mineral
density. The authors noted that social factors, such as ac-
cess to good nutrition, are also substantial in the preven-
tion of osteopenia, but they did not address the hormo-
nal and metabolic characteristics of women who became
pregnant using assisting technology. The impact of phys-
iological stress on bone metabolism was investigated by
B.M. Nergard et al. [6], noting that elevated cortisol levels
during pregnancy can contribute to a decrease in miner-
al density. Their study confirmed the importance of con-
trolling stress factors. M.E. Graham et al. [7] highlighted
the correlation between prolactin levels and the preserva-
tion of bone mineral density. The study demonstrated that
high levels of this hormone positively affect calcium me-
tabolism. The hormonal balance and its effect on calcium
metabolism were studied by B. Sun et al. [8], noting that
elevated levels of parathyroid hormone increase bone re-
sorption. The authors emphasised that women with endo-
crine disorders during pregnancy need careful monitoring.

Hormonal, metabolic, and social factors are significant
in maintaining bone health in pregnant women, especially
those who become pregnant through assisted reproductive
technologies. However, existing studies do not provide a
comprehensive analysis of these aspects in this category
of patients. In particular, the effect of oestrogen on bone
mineral density was considered without considering con-
comitant changes in prolactin, parathyroid hormone and
cortisol levels, which also affect calcium metabolism. In
addition, although a correlation between calcium and vi-
tamin D deficiency and the risk of osteopenic changes was
established, the specifics of mineral metabolism in women
after in vitro fertilisation remain understudied.

Thus, there is a need for a more detailed study of the
complex impact of hormonal, metabolic and socio-de-
mographic factors on bone health in women who became
pregnant using reproductive technologies. The study
aimed to determine the main risk factors for the develop-
ment of osteopenic changes in women who became preg-
nant with the help of assisted reproductive technologies,
incorporating the influence of hormonal, metabolic and

socio-demographic context. The objectives of the study in-
cluded assessing bone mineral density at different stages
of pregnancy, analysing the impact of hormonal profiles,
and developing recommendations for the prevention of os-
teopenic changes in this group of patients.

MATERIALS AND METHODS

The study was conducted in 2024 at the Kyiv Perinatal Cen-
tre [9], a municipal non-profit enterprise (MNE), involv-
ing 150 women aged 25 to 40 who became pregnant with
the help of assisted reproductive technologies (ART). The
types of ART used in the patients included in vitro fertilisa-
tion (IVF) (57 women), intrauterine insemination (IUI) (45
women) and oocyte donation (48 women). The inclusion
criteria were confirmed pregnancy obtained through ART,
absence of diagnosed bone diseases or endocrine disorders,
and voluntary consent to participate. Patients with existing
chronic metabolic disorders or systemic diseases that could
affect bone metabolism were excluded from the study. To
determine bone mineral density (BMD), ultrasound den-
sitometry of the forearm was performed using the Osteo-
Sys SONOST 3000 apparatus (OsteoSys, South Korea). The
study was conducted in two stages: in the first trimester
of pregnancy (8-12 weeks) and in the third trimester (32-
36 weeks). The measurements were performed in the distal
forearm, which was used to detect early osteopenic chang-
es and assess their dynamics during pregnancy.

Additionally, a questionnaire was administered to pa-
tients to collect data on risk factors for osteopenic chang-
es. The questionnaire consisted of several sections. The
socio-demographic section collected data on age, level of
education, place of residence (urban or rural) and occupa-
tion. Reproductive history included information about the
duration of fertility treatment, the number of previous ART
attempts, the number of embryos transferred, the success
of previous pregnancies, and complications. Dietary habits
were assessed based on the consumption of dairy products,
calcium supplements, vitamin D, and diet during pregnan-
cy. Physical activity level was determined by the frequency
and duration of activities such as walking, yoga or swim-
ming. A separate section of the questionnaire was devoted
to bad habits, including smoking, alcohol consumption, and
excessive caffeine consumption. Stress levels were assessed
subjectively on a scale from 0 to 10, and the availability
of psychological support was also considered. All partici-
pants in the study participated voluntarily after providing
informed consent, and the confidentiality of the data was
guaranteed. All manipulations were conducted following
the Declaration of Helsinki for Ethical Principles of Med-
ical Research [10].

Biochemical studies were performed to assess the lev-
els of calcium (total and ionised), phosphorus, magnesium,
bone resorption markers (C-telopeptides) and 25-hydrox-
yvitamin D. Blood was drawn on an empty stomach using
sterile BD Vacutainers (Becton Dickinson, USA). Analyses
were performed on an automated biochemical analyser
Roche Cobas 6000 (Roche Diagnostics, Germany). The hor-
monal profile, including levels of oestrogen, progesterone,
parathyroid hormone and prolactin, which are important
regulators of bone metabolism, was assessed separately.
IBM SPSS Statistics software (version 27, USA) was used for
statistical analysis [11]. Multivariate regression analysis
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was used to assess the relationship between risk factors and
osteopenic changes. The mean values were compared using
Student’s t-test, and the Mann-Whitney U-test was used to
analyse the distribution of data between groups. Statistical
significance was determined at the level of p<0.05.

RESULTS
The analysis of the dynamics of BMD in the first and third
trimesters of pregnancy achieved with ART revealed signif-
icant changes in T-score in different measurement areas
(Table 1).

Table 1. Dynamics of T-score in the distal forearm in the first and third trimesters of pregnancy

ART Group Measurement area First trimester (T-score) Third trimester (T-score)
IVF Distal forearm -0.3%£0.2 -1.0£0.2
IUI Distal forearm -0.4+0.1 -1.1%£0.3
Oocyte donation Distal forearm -0.5%0.2 -1.3£0.3

Source: compiled by the authors

In the first trimester, the mean T-score values in the
distal forearm, measured by ultrasound densitometry, re-
mained within normal limits, ranging from -0.3+0.2 to
-0.5+0.2, depending on the type of ART method used.
The lowest values were recorded in patients who became
pregnant through oocyte donation, which is explained by
specific hormonal changes caused by superovulation and
hormone replacement therapy. This group demonstrates
a more pronounced release of calcium from bone tissue
due to hormonal fluctuations associated with prepara-
tion for pregnancy. Baseline BMD may be lower due to
prolonged treatment of concomitant endocrine or gy-
naecological pathologies, which often precede the oocyte
donation procedure.

Patients who became pregnant as a result of IVF had
slightly higher T-score values in the first trimester than in
the oocyte donation group. This is explained by the lower
intensity of hormonal changes after embryo implantation
compared to the processes that occur when using donor
oocytes. However, the level of BMD in this group is also
reduced, which may be due to the long period of prepa-
ration for pregnancy and the use of hormonal ovulation
stimulants. The IUI group demonstrated a mean T-score
of -0.4+0.1 in the distal forearm in the first trimester of
pregnancy. Compared to IVF and oocyte donation, this re-
productive care method has a less pronounced effect on
hormonal balance, which is reflected in relatively smaller
changes in BMD in the first trimester.

In the third trimester of pregnancy, a significant de-
crease in the T-score was recorded in all groups, indicat-
ing an increased release of calcium from bone tissue for
the needs of the foetus. The most pronounced changes
were noted in the oocyte donation group, where the mean
T-score in the distal forearm decreased to -1.3%0.3 in the
third trimester of pregnancy. This could be determined by
more profound hormonal changes caused using hormone
replacement therapy, as well as possibly lower initial BMD
in these patients. In the IVF group, the average T-score in
the distal forearm decreased to -1.0+0.2, which also indi-
cates significant changes in the structure of bone tissue
associated with the physiological needs of the foetus and
changes in hormonal levels.

The IUI group also demonstrated a decrease in BMD
in the third trimester, although the values were slightly

higher than in the IVF and oocyte donation groups. In par-
ticular, the T-score in the distal forearm in this group was
-1.1£0.3. This indicates less bone loss in patients whose
pregnancy occurred as a result of intrauterine insemina-
tion, which may be due to less intensive hormonal prepara-
tion for pregnancy compared to other ART methods. Similar
changes were observed when measuring the T-score in the
distal forearm, although their intensity varied depending
on the group. In the first trimester, the mean values ranged
from -0.3+0.2 in the IVF group to -0.5*0.2 in the oocyte
donation group, while in the third trimester, these values
decreased to -1.0£0.2 and -1.3+0.3, respectively. This in-
dicates a different level of bone vulnerability depending
on the location: in the lumbar spine, the decrease in BMD
is faster, which is explained by the increased load on this
area during pregnancy. In the femoral neck, although less
pronounced, significant BMD loss was also noted, due to
general systemic changes in bone metabolism.

The data obtained demonstrate that the most intense
loss of BMD was observed in the distal forearm, where the
average decrease in T-score between the first and third tri-
mesters was 0.7-0.8 units, depending on the group. This in-
dicates a high metabolic activity of bone tissue in this area
and its sensitivity to physiological and hormonal changes
associated with pregnancy. In the third trimester, osteo-
penic changes were recorded in 30-40% of patients in the
IVF and IUI groups. At the same time, in the group of wom-
en who became pregnant through oocyte donation, the fre-
quency of such changes reached 50%. Women who became
pregnant through oocyte donation were more vulnerable
to BMD loss due to the specifics of hormonal support used
in this group. These changes require enhanced monitoring
and implementation of preventive measures to minimise
the risk of osteoporosis in the postpartum period.

Thus, the distribution of osteopenic changes by meas-
urement areas and groups shows that pregnancy achieved
through ART is accompanied by significant changes in bone
health. This requires the introduction of regular monitor-
ing of bone health and preventive measures to reduce the
risk of bone loss. The analysis of socio-demographic, nu-
tritional, behavioural factors and physical activity levels
of patients demonstrated a significant impact of these pa-
rameters on bone health in women who became pregnant
with assisted reproductive technologies (Table 2).
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Table 2. Risk factors and their impact on the T-score

Factor Group Average T-score
25-30 years -0.4%0.1
A
ge 35-40 years 0.9£0.2
L Regular -0.3%0.1
1 tak
Calcium intake Irregular -0.7+0.2
o Normal (20-50 ng/mL) -0.5%0.1
Vit, D level
framin L jevess Deficiency (<20 ng/mL) 10203
Physical activit Moderate -0.4%0.2
Y Y Low -0.840.2
Smokin None -0.5%0.1
g Present -1.0£0.2
. . <3 cups of coffee/day -0.5%0.1
Caffeine consumption >3 cups of coffee/day -0.9%0.2

Source: compiled by the authors

Socio-demographic variables such as age, education
level and place of residence had a moderate effect on bone
mineral density. Older women (35-40 years old) had lower
mean T-score values (-0.9+0.2) compared to younger wom-
en (25-30 years old), where the T-score was -0.4+0.1. This
demonstrates the significant impact of age-related chang-
es on bone health, which is associated with a decrease in
the level of oestrogen and other hormones that are central
to maintaining bone mineral density. In older age, the ac-
tivity of osteoblasts, which form new bone tissue, decreas-
es and the activity of osteoclasts, which contribute to bone
resorption, increases. In addition, the deterioration of cal-
cium and vitamin D absorption due to age-related changes
in metabolism also exacerbates this effect.

Dietary habits were substantial in maintaining bone
health. Patients who regularly consumed calcium-enriched
dairy products and additionally used calcium supplements
showed higher T-scores (mean value -0.3+0.1). In patients
whose diets were poor in calcium, this figure decreased
to -0.7 £0.2. Vitamin D intake also proved to be a critical
factor. Women with vitamin D deficiency (serum levels be-
low 20 ng/mL) demonstrated significantly lower T-scores
(-1.0 £ 0.3), while patients with normal vitamin D levels
(20-40 ng/mL) had a mean T-score of -0.5%0.1. This con-
firms the importance of a balanced diet with sufficient cal-
cium and vitamin D for maintaining bone mineral density.

The level of physical activity had a significant impact
on bone health in patients. Women who regularly per-
formed moderate physical exercises such as yoga, swim-
ming or walking at least three times a week had higher
T-scores (-0.4%0.2) compared to those who were sedentary,
with a T-score of -0.8 £0.2. Of particular importance was
regular physical activity in the third trimester of pregnan-
¢y, when the physiological decrease in bone mineral den-
sity was most pronounced. Maintaining an active lifestyle
during this period contributed to the improvement of bone
tissue condition, helping to compensate for the natural

loss of minerals.

Bad habits, such as smoking and excessive caffeine
consumption, had a significant negative impact on bone
health, which was manifested in a decrease in mineral den-
sity and an increased susceptibility to osteopenic changes.
Excessive caffeine intake (more than three cups of cof-
fee per day) was associated with a decrease in T-score to
-0.9£0.2, as caffeine increases calcium excretion from the
body through the urine, which reduces the availability of
this trace element to maintain bone structure. In women
who restricted their caffeine intake, the T-score remained
at -0.5%0.1, which indicates the importance of a moderate
approach to the consumption of high-caffeine drinks.

Smoking also had a significant impact on bone tis-
sue. Smokers had an average T-score of -1.0 £ 0.2, which
is significantly lower than women who did not have this
habit. Nicotine and toxic substances contained in tobacco
smoke inhibit the activity of osteoblasts (cells responsible
for bone formation) and disrupt bone remodelling process-
es. In addition, smoking reduces oestrogen levels, which
is an important factor in protecting bone tissue, especial-
ly during pregnancy. The impact of these factors makes it
difficult for the body to adapt naturally to the increased
calcium requirements during pregnancy, leading to a more
intense decrease in mineral density.

An analysis of the hormonal profile of women who
became pregnant with the help of ART revealed a signifi-
cant impact of key hormone levels on bone health during
pregnancy. Hormones such as oestrogen, progesterone,
parathyroid hormone and prolactin have a direct impact on
the regulation of calcium metabolism and BMD, especial-
ly in conditions of increased stress on the woman’s body.
Table 3 shows that the levels of oestrogen and prolactin
were highest in the oocyte donation group, while the low-
est values of oestrogen and progesterone were observed in
the IUI group, which may explain the higher incidence of
osteopenic changes in this group.

Table 3. Average values of hormonal parameters depending on the type of ART

Hormone IVF (M +SD) IUI (M =SD) Oocyte donation (M SD)
Oestrogen (pg/mL) 345+26 298+30 372+28
Progesterone (ng/mL) 22%5 18+4 28%4
Parathormone (pg/mL) 36%6 42%5 32+6
Prolactin (ng/mL) 78+7 72+8 90£9

Source: compiled by the authors
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Oestrogen has proven to be a key factor that signifi-
cantly affects the preservation of BMD in women during
pregnancy achieved through ART. An analysis of the hor-
monal profile of patients showed that high oestrogen lev-
els in the third trimester of pregnancy were associated
with a reduced risk of osteopenic changes. In the oocyte
donation group, where oestrogen levels were the highest
(372 =28 pg/mL), the incidence of osteopenic manifesta-
tions was only 25%, while in the distal forearm, the T-score
remained at -0.5+0.2, which is significantly better than in
other groups. This is attributed to the ability of oestrogen
to inhibit the activity of osteoclasts, the cells responsible
for bone resorption, and to maintain a balance between
bone resorption and bone formation.

In the IUI group, where the average oestrogen level
was lower (298 =30 pg/mL), the incidence of osteopenic
changes reached 40%. In this group, the T-score in the
distal forearm decreased to -1.1 #0.3, indicating insuffi-
cient hormonal support and a higher risk of bone loss. The
effect of oestrogen on bone tissue is confirmed by its role
in inhibiting the activation of osteoclasts and stimulating
osteoblasts, the cells responsible for the formation of new
bone tissue. This mechanism ensures the preservation of
bone structure and strength, especially during pregnancy,
when the mother’s body is under increased stress due to
foetal growth.

In addition, women with higher oestrogen levels had a
less pronounced decrease in BMD in the distal forearm. In
the oocyte donation group, the mean T-score in this area
was -0.7+0.2, while in the IUI group, it was -1.0+0.3. This
indicates the importance of maintaining sufficient oes-
trogen levels to prevent osteopenic changes in bones with
high metabolic activity. High oestrogen levels were also as-
sociated with a lower incidence of complications such as
fractures or significant bone loss after pregnancy.

Progesterone, as one of the key hormones in pregnan-
cy maintenance, had a moderate positive effect on BMD.

In the oocyte donation group, where progesterone levels
reached 28 #4 ng/mL, better T-score values in the distal
forearm (-0.5 £ 0.2) were observed compared to the IVF
and IUI groups. This is due to the ability of progesterone to
stimulate the synthesis of bone matrix proteins, in particu-
lar collagen, which provides bone strength and elasticity.
Progesterone also has antioxidant properties that protect
bone tissue from oxidative stress damage.

Parathyroid hormone levels, on the contrary, were as-
sociated with an increased risk of osteopenic changes, es-
pecially in the IUI group, where its values were the highest
(42 =5 pg/mL). Excessive parathyroid hormone promotes
the mobilisation of calcium from bone tissue to meet the
needs of the body, especially the foetus, which leads to a
decrease in BMD. In this group, the incidence of osteopenic
changes reached 40%, and the mean T-score was -1.1%0.3.
This emphasises the need to control parathyroid hormone
levels to prevent significant bone loss.

Prolactin, another important hormone that regulates
calcium metabolism, also showed a significant correlation
with BMD. In the oocyte donation group, where prolactin
levels reached 90 =9 ng/mL, the best bone preservation
was observed. High levels of prolactin support adaptive
mechanisms of calcium metabolism, ensuring adequate
calcium intake for the fetus without significant damage to
the mother’s bone tissue. Patients with high prolactin lev-
els demonstrated a lower incidence of osteopenic changes,
with a mean T-score of -0.5+0.1.

An analysis of biochemical markers of bone metabo-
lism in pregnant women who became pregnant using dif-
ferent types of ART revealed significant differences in key
parameters (Table 4). These differences reflect the impact
of different technologies on bone metabolism through
changes in hormonal profile and biochemical status. The
levels of calcium, phosphorus, magnesium, bone resorp-
tion markers and vitamin D reflected the state of bone tis-
sue and its remodelling trends in pregnancy.

Table 4. Indicators of biochemical markers of bone metabolism depending on the type of ART

Metric IVF 1UI Oocyte donation
Total calcium (mmol/L) 2.20%0.15 2.10+0.20 2.30£0.10
Ionised calcium (mmol/L) 1.10£0.08 1.02+£0.05 1.15%£0.07
Magnesium (mmol/L) 0.80+0.05 0.70£0.04 0.85%0.06
Vitamin D (ng/mL) 28.0%5.0 20.0%4.5 32.0£6.0
C-telopeptidy (ng/mL) 0.3£0.07 0.50£0.09 0.30%0.05
Phosphorus (mmol/L) 1.20%+0.10 1.15%£0.12 1.25%£0.08

Source: compiled by the authors

An analysis of biochemical markers of bone metabo-
lism in pregnant women who became pregnant using dif-
ferent types of ART revealed significant differences in key
parameters. These differences reflect the impact of differ-
ent technologies on bone metabolism through changes
in hormonal profile and biochemical status. The levels of
calcium, phosphorus, magnesium, bone resorption mark-
ers and vitamin D reflected the state of bone tissue and its
remodelling trends in pregnancy. The results showed that
patients who became pregnant through oocyte donation
had the highest mean calcium levels, both in total and ion-
ised form. This could be determined by increased nutrition-
al control in this group of women and possibly by the more

frequent use of calcium supplements. At the same time, cal-
cium levels were lowest in the IUI group, indicating poten-
tially inadequate calcium intake or absorption. This trend
was accompanied by higher rates of bone resorption, as ev-
idenced by the high levels of C-telopeptides in this group.

Magnesium levels also differed between groups. The
highest magnesium values were observed in the oocyte do-
nation group, which could contribute to bone stability. Mag-
nesium plays an important role in bone remodelling and
maintaining calcium balance, and its deficiency can lead to
bone deterioration. In the IUI group, magnesium was at the
lowest level, which, together with low vitamin D levels, could
contribute to an increased risk of osteopenic changes. The
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role of vitamin D in bone metabolism should be noted sep-
arately [12]. In the oocyte donation group, its level was the
highest, which ensured better calcium absorption and bone
stability. In the IUI group, on the contrary, vitamin D levels
were significantly reduced, which could contribute not only
to bone loss but also to an increased risk of osteopenia.
The dependence of biochemical markers on the type
of ART is also confirmed by differences in bone resorption
markers. In the IUI group, the level of C-telopeptides was
the highest, indicating active processes of bone destruction.
This could be due to micronutrient deficiencies, which, in
turn, exacerbates the negative impact on bone structure.
In IVF patients, these indicators were at an average level,
which may reflect a moderate adaptation to changes in me-
tabolism. The results emphasise the need for careful moni-
toring of biochemical markers of bone metabolism in preg-
nant women, especially those who became pregnant with
IUIL Decreased levels of vitamin D, calcium and magnesium
require timely correction with special dietary recommen-
dations and nutraceutical support. Patients with oocyte
donation, although they have the best biochemical profile,
also need to be monitored to maintain a positive balance.
The final analysis of the results shows a complex ef-
fect of the type of assisted reproductive technology on bio-
chemical markers of bone metabolism in pregnant women.
The group that became pregnant through oocyte donation
demonstrated the most favourable mineral metabolism, in-
cluding higher levels of calcium, magnesium and vitamin D,
suggesting a potential adaptive advantage of this method
in the context of bone health. Participants who used intra-
uterine insemination had increased bone resorption activi-
ty and the lowest calcium levels, which may indicate an in-
creased risk of osteopenic changes in this group. Overall, the
results emphasise the need for an individualised approach
to the management of pregnancies achieved through ART,
incorporating the type of technology used and its impact on
biochemical status. An important aspect is to ensure ade-
quate levels of vitamin D, calcium and magnesium through
diet or supplementation, especially for high-risk groups.
This will reduce the probability of osteopenic chang-
es and maintain optimal bone health during pregnancy.

DISCUSSION

Pregnancy achieved by ART has a significant effect on
BMD, namely in the distal forearm. In the third trimester,
the greatest decrease in T-score was observed in the oo-
cyte donation group (-1.3+0.3), which corresponds to the
findings of S. Golombok [13], emphasising the significant
effect of hormone therapy on bone metabolism. K. Berg &
K. Whitehead [14] noted that such hormonal changes cause
significant bone resorption. The results confirm these ob-
servations, demonstrating that hormonal support during
oocyte donation is an additional risk for bone loss.

The decrease in BMD in the distal forearm was sig-
nificant in all groups. In the oocyte donation group, the
T-score in this area decreased to -1.0 £0.2. Although the
study evaluated only one anatomical area, the results are
consistent with the findings of S. Butscheidt et al. [15], em-
phasising the importance of the metabolic activity of bone
tissue when assessing bone loss. P. Anagnostis et al. [16]
also noted that even within the same zone, the indicators
can vary depending on the local load. This confirms the

feasibility of an integrated approach to monitoring bone
health in women during pregnancy.

Socio-demographic factors significantly affect BMD.
Women aged 35-40 years had a mean T-score of -0.9+0.2,
while younger patients (25-30 years) demonstrated a value
of -0.4%0.1. M. Carsote et al. [17] highlighted an age-relat-
ed decrease in oestrogen levels, which contributes to bone
loss. S. Lee et al. [18] emphasised that an additional factor
is vitamin D deficiency in older age. The data of the current
study confirm these findings, demonstrating the relation-
ship between age, hormonal changes and bone health.

Dietary habits demonstrated a significant impact on
BMD preservation. Patients who regularly consumed cal-
cium demonstrated a mean T-score of -0.3+0.1, while in
patients with low calcium intake, this figure decreased to
-0.7%0.2. M. Fukushima et al. [19] noted that calcium is a
key element in maintaining bone mass. N. Mishra et al. [20]
noted that calcium deficiency is especially dangerous dur-
ing pregnancy when the need for minerals increases. The
results confirmed these observations, emphasising the
need for dietary adjustment to prevent osteopenia.

Physical activity was an important factor in the preser-
vation of BMD. In women with moderate physical activity,
the T-score was -0.4 +0.2, while in sedentary participants
this figure decreased to -0.8 £0.2. A.L.C. Morato et al. [21]
emphasised the positive effect of physical activity on oste-
ogenesis. K. Maehara et al. [22] emphasised that regular ex-
ercise reduces the risk of bone loss during pregnancy. The
current data confirmed these findings, demonstrating a cor-
relation between physical activity and BMD preservation.

Bad habits, such as smoking and excessive caffeine con-
sumption, had a significant impact on BMD. In smokers, the
average T-score was -1.0+0.2, while in non-smokers, this
figure was-0.5%0.1. T.A. Ottun et al. [23] noted that nicotine
inhibits the activity of osteoblasts. Y. Qian et al. [24] stated
that caffeine promotes calcium excretion from the body.
Current results are consistent with these findings, demon-
strating the need tolimit bad habits to maintain bone health.

The hormonal profile was instrumental in the preser-
vation of BMD. In the oocyte donation group, the oestrogen
level reached 372+ 28 pg/mL, which correlated with a lower
incidence of osteopenic changes. K. Lampropoulou-Ada-
midou et al. [25] emphasised that oestrogen inhibits oste-
oclast activity. H. Basma et al. [26] noted that progesterone
maintains the bone matrix. The results of the study con-
firm these findings, demonstrating the importance of hor-
monal balance in the prevention of bone loss.

The level of parathyroid hormone in the IUI group
reached 42 £ 5 pg/mL, which was associated with a sig-
nificant decrease in BMD. C.-H. Cheng et al. [27] noted
that excess parathyroid hormone activates bone resorp-
tion by stimulating osteoclasts, which leads to rapid bone
loss. P. Wu et al. [28] highlighted that prolactin, although
partially reduces this effect, does not always provide ad-
equate protection in the case of high concentrations of
parathyroid hormone. The current study demonstrated
that parathyroid hormone levels in women from the IUI
group correlate with higher resorption markers, which
supports the hypothesis of increased bone loss. This find-
ing contradicts some studies that point to the compensa-
tory role of prolactin, emphasising the importance of fur-
ther studying the mechanisms of hormonal influence on
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bone metabolism. Thus, the results of the current study
are more detailed, as they incorporate both hormonal and
biochemical parameters, which improves the description
of pathogenetic mechanisms.

The analysis of biochemical markers demonstrated
that the oocyte donation group had higher levels of calci-
um and magnesium. B. Miles et al. [29] noted that adequate
levels of calcium and magnesium reduce the activity of
bone resorption, preventing excessive bone loss. Y. Kaneu-
chi et al. [30] stated that vitamin D is critical for calcium
absorption, ensuring its efficient transport to bone tissue
and regulation of parathyroid hormone levels. Current re-
sults demonstrated that women with higher levels of these
micronutrients in the oocyte donation group had signifi-
cantly lower resorption markers than participants in other
groups. This demonstrates the advantage of a comprehen-
sive approach to nutraceutical support, compared to less
focused recommendations often used in other studies.

In the VMI group, a high level of resorption markers
was observed, indicating significant disorders in bone me-
tabolism. D.A. Ferreira et al. [31] noted that this is a conse-
quence of vitamin D deficiency, which plays a key role in
calcium absorption and bone mass maintenance. A.A. Ab-
dulrazaq et al. [32] added that active resorption is a direct
consequence of the hyperproduction of parathyroid hor-
mone, which stimulates osteoclastic activity. The current
study determined that the level of resorption markers in
women from the IUI group exceeded the average values
reported in other studies, which may indicate more se-
vere disorders. These findings demonstrate that vitamin D
deficiency has a more significant impact than previously
thought, highlighting the importance of a comprehensive
approach to correcting mineral metabolism.

In general, the results obtained indicate that pregnan-
cy achieved through ART is accompanied by significant
changes in bone health. A. Cohen et al. [33] emphasised the
importance of an individual approach to the prevention
of osteopenia, focusing on the adaptation of nutritional,
physical and medication strategies. M. Rahimi et al. [34]
reported that regular monitoring, including the use of bio-
chemical markers of bone metabolism, allows for the time-
ly identification of risks and implementation of preventive
measures that help maintain tissue mineral density even in
high-risk groups. These studies are consistent with these
findings, while also detailing the relationship between spe-
cific hormonal changes and biochemical analysis, which al-
lows for a deeper understanding of the impact of different
types of ART on bone health. This approach demonstrates
significantly greater accuracy and practical value for man-
aging bone health.

The findings highlight the complex impact of pregnan-
cy achieved through assisted reproductive technologies on
bone health. The analysis showed that key factors, such
as hormonal changes, dietary habits, physical activity and
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AHoTauif. MeTolo mocmimskeHHSI 6y/n0 BUBYEHHSI (DaKTODiB, SIKi BIUIMBAIOTh HAa PU3UK BMHMKHEHHS OCTEOIEHiUHMX
3MiH y XXIHOK, SKi 3aBariTHiiM 3a JOIOMOTOI0 JOMOMIKHMUX DPEeNpPONYKTMBHMX TEXHOJIOTiN. Y NOCHiIKeHHI B3su
yyacth 150 xiHOK BikOM 25-40 pOKiB, sIKi 3aBariTHi/IM TiC/IsT BUKOPUCTAHHS €KCTPAKOPIIOPAIbHOTO 3aIlTigHEeHHS,
BHYTPIiIIHOMATKOBOI iHCeMiHAallii Ta JOHOPCTBA OOUUTIB. MiHepa/lbHY IIiIJIbHICTh KiCTKOBOI TKAHMHM OYJIO OIiHEHO
METO/IOM Y/IbTPa3BYKOBOI A€HCUTOMETDii y IiJISIHIII AMCTAaTbHOTO NepefIIivyys Ha paHHix (8-12 TokHiB) i misHix (32-
36 TIDKHIB) eTanax BariTHocTi. [Toka3HukM T-score AeMOHCTPYyBa/iy 3HaAUHE 3HMKEHHSI Y TPDETbOMY TPUMECTPi Y BCix
rpynax, HaiibinbIle — y Mali€eHTOoK, sIKi 3aBariTHi/IM 3aBASIKM JOHOPCTBY 00IUTIB (-1,3+0,3 y AMCTaIbHOMY ITepeaIuIiyyi).
AHanis conianbHO-mZeMorpadiuHux xapakTepuUCTUK BUSIBMB, L0 BiK cTapiue 35 pOKiB, HM3bKUIt piBeHb (iznuHOi
aKTUBHOCTI, medinuT BiTaminy D i KasibIlito, a TaAKOX MIKIJAMBI 3BUMYKM, TaKi K KypiHHSI Ta HaAMipHe CIOXUBaHHS
KoeiHy, CYyTTEBO MMiABUIILYBAIY PU3UK PO3BUTKY OCTEOTIEHIUHMX 3MiH. JKiHKY 3 PEryIIpHUM CITOKMBAHHSIM MOJTOYHUX
MPOMYKTiB, KAJIbI[iEBMiCHMX JOOABOK i HOpMaJbHUM piBHEM (i3MUHOI aKTMBHOCTI MajM 3HAUHO Kpalli MOKa3HUKU
MiHepa/IbHOI UIiIBHOCTI KiCTKOBOI TKaHMHM. BioXimMiuHi Mapkepyu MiATBepAMIM BMILI piBHI Kajbllilo, MarHiro Ta
BiTaMiHy D y rpyImi JOHOPCTBa OOIMTIB, TOJi SIK Y IPYyMi BHYTPITHPOMATKOBOI iHceMiHalii BusBieHO gediuT mux
elleMeHTiB i MigBUILleHHS MapKkepiB KicTkoBoi pe3opbiiii. lTopMoHanbHMI TPodinb TaKOX CYTTEBO BIUIMBAB Ha CTaH
KiCTKOBO1 TKAHMHM: BUCOKMIT piBeHb eCTPOTEHY Yy MAallieHTOK I'PYMy JOHOPCTBA OOLUTIB OYB acoIliifoBaHMIi i3 MeHII
BUpPaKeHMMM OCTEOTeHIYHMMM 3MiHaMM, TOJi SIK MMiABUILEHMI PiBeHb MapaTTOPMOHY Y T'PYIli BHYTPiIIHbOMAaTKOBOL
iHCceMiHallii CMpuUsIB TOCUIEHHIO BTPaTM KiCTKOBOI Macu. Y TNAalieHTOK i3 HaWBUIIMMM pPiBHAMM MPOJAKTUHY
CIIOCTepiranocs Kpaiie 36epeskeHHs MiHepaJibHOI IITbHOCTI KiCTKOBOI TKAHMHM 3aBISKM MTO3UTUBHOMY BIUIMBY ITbOTO
TOPMOHY Ha KajbliieBuit 06MiH. OTpuMaHi pe3yabTaT MiAKPECTIITh HeOOXiIHICTh KOMIUIEKCHOTO MOHITOPUHTY
CTaHy KiCTKOBO1 TKaHMHU Y 3XiHOK, SKi 3aBariTHi/IX 3a JOTIOMOTIOIO JOTIOMIKHMUX PeNPOLYKTUBHMUX T€XHOOTI A
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Abstract. The epidemiology of salmonellosis, despite being extensively studied, remains a relevant public health
concern. The aim of this research was to compare the incidence of salmonellosis in Poland and Ukraine at both the
national level and within selected cross-border regions of the two countries during the period 2014-2023. The average
annual incidence of salmonellosis over the 10-year period was 15.02 per 100,000 population in Ukraine, with 64,108
confirmed cases; in Poland, the incidence was 22.74 per 100,000, with 86,956 confirmed cases (p =0.0025). In the cross-
border regions, the number of confirmed cases and incidence rates (per 100,000) were as follows: Volyn — 1,879 cases /
18.02; Lviv — 3,305 cases/13.18; Lublin Voivodeship — 6,067 cases/27.62; and Podkarpackie — 7,869 cases/37.13 (p<0.001).
The study analysed trends in prevalence and the serological profiles of Salmonella detected in humans, food products,
and other environmental sources. The dominant serotype during outbreaks and isolated cases in the Volyn and Lviv
regions was S. enterica subsp. enterica Serovar Enteritidis, accounting for 87.51 and 77.90% of cases, respectively. The
Serovar S. Typhimurium was identified in 10.04% of cases in Volyn and in 18.08% in Lviv. The most common transmission
vectors of Salmonella in the Volyn region were: eggs and egg products (29.51% of all Salmonella-positive items), meat
and meat products (27.40%), prepared dishes (12.3%), and confectionery (11.0%). In the Lviv region, the most frequently
contaminated items were: prepared dishes (27.12%), meat products (17.53%), confectionery (8.49%), and eggs and egg
products (7.12%). The findings of this study may serve as a foundation for evidence-based epidemiological practices and
support the development of coordinated actions to enhance epidemiological surveillance and control of salmonellosis
both in cross-border regions and nationally in each country
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INTRODUCTION
Human and animal health, food safety, and nutrition are ~ Health concept. This approach unites the efforts of special-
inextricably linked and form a key component of the One  ists from various health-related fields and institutions —
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operating at local, national, and global levels — to improve
the health of people, domestic animals, wildlife, and plants
as integral parts of the environment [1, 2]. The causative
agent of salmonellosis remains a pathogen of ongoing
significance in medicine, both in terms of its biological
properties and its role in the epidemiological process of
disease [3]. Salmonella species — bacterial pathogens with
a broad host range and diverse pathogenicity factors —
are characterised by a wide variety of sources, reservoirs,
transmission routes, and a high degree of ubiquity, which
forms the biological basis for their persistence and resil-
ience [4, 5].

Researchers M. Milczarek et al. [6] examined the in-
cidence of salmonellosis in Poland during 2018-2019 and
reported that the highest incidence was recorded in the
Podkarpackie Voivodeship at 42.2 per 100,000 population,
while the lowest was in the Lublin Voivodeship at 9.4 per
100,000. The same group of scientists [7, 8] observing the
dynamics of the manifestation of the salmonellosis epi-
demic process in 2020 and 2021 made the conclusion that
COVID-19 pandemic and the related restrictions introduced
in Poland, as well as increased hygiene approaches, could
had contributed to a decrease in the number of salmonel-
losis cases registered in Poland in 2020 compared to 2019.
In Ukraine, O. Zublenko & T. Petrusevych [9] analysed the
structure of acute intestinal infections from 2015 to 2019
and found that the average incidence of salmonellosis was
19.3 per 100,000, ranking second among causative patho-
gens within this group, with yearly fluctuations in intensi-
ty during the observation period. N. Polishchuk et al. [10]
conducted an epidemiological analysis of non-typhoidal
salmonellosis incidence in the Zaporizhia region between
2018 and 2022. They found that regional incidence rates
consistently exceeded national averages, ranging from
19.88 per 100,000 in 2020 to 8.24 per 100,000 in 2022. In
a study by E. Baharev [11] the long-term (1981-2018) data
on Salmonella serovars isolated by diagnostic institutions
of the North-Western Black Sea region, in particular Odesa,
Mykolaiv and Kherson regions was studied. He concluded
that the total number of Salmonella serovars isolated from
humans is on average 10 times higher than the total num-
ber of Salmonella isolated from animals in this region.

Despite these efforts, the number of scientific studies
analysing the epidemiology of salmonellosis in Ukraine
remains limited. In particular, within the territory of
Western Ukraine, there has been no comprehensive anal-
ysis of salmonellosis incidence or of the serovar profile
of Salmonella strains isolated from patients, carriers, and
food products linked to outbreaks. Furthermore, the geo-
graphical proximity of two Ukrainian regions (Volyn and
Lviv) to each other and to two Polish voivodeships (Lub-
lin and Podkarpackie) presents an opportunity not only for
socio-economic collaboration but also for the comparative
study of epidemiological patterns of salmonellosis across
borders. In this context, the aim of the article was to ana-
lyse key aspects of the epidemic process of salmonellosis in
four cross-border regions of Ukraine and Poland over the
period 2014-2023. To achieve this goal, the following re-
search objectives were set: to compare incidence rates in
the four adjacent cross-border regions — Volyn and Lviv
(Ukraine) and Lublin and Podkarpackie Voivodeships
(Poland) — over a 10-year period; to compare national

incidence rates of salmonellosis in Poland, Ukraine, and the
European Union; to determine the relative contribution of
various categories of food products and environmental ob-
jects as transmission factors in the Volyn and Lviv regions
between 2014 and 2023.

MATERIALS AND METHODS

The epidemiological analysis and comparisons were con-
ducted using official statistical data from the State Sani-
tary Inspectorates of the Lublin and Podkarpackie Voivode-
ships, as published on the official websites of the State
Sanitary Inspectorate of the Ministry of Health of Poland
(DSIMOZP) [12, 13]. Annual reports from the regional
Public Health Centres (PHCs) of the Ministry of Health of
Ukraine (MoH) in the Volyn and Lviv regions from 2014 to
2023 were also collected. These data were obtained directly
by the authors and are not publicly accessible. To gather
data on morbidity within the European Union, the Surveil-
lance Atlas of Infectious Diseases [14] provided by the Eu-
ropean Centre for Disease Prevention and Control (ECDC)
was used. The selection of the four analysed regions was
based on their geographical proximity: each region shares
borders with at least one of the others.

The inclusion criterion for data selection was that the
information originated from official state reporting forms
of the Central Institutes of Health under the respective
Ministries of Health in Ukraine and Poland. In Ukraine, the
results of bacteriological investigations are annually sum-
marised in official forms in accordance with current legis-
lation, notably Order of the Ministry of Health of Ukraine
No. 132 [15]. In Poland, data on salmonellosis are compiled
in standard reporting forms A02.0 and A02.1 and are pub-
lished annually by the Department of Epidemiology and
Surveillance of Infectious Diseases in the report “Infec-
tious diseases and poisonings in Poland” [16].

There was no need to adapt data between countries,
as the incidence rate — calculated as the ratio of newly de-
tected cases of disease over a specified period to the aver-
age annual population, expressed per 100,000 - is deter-
mined using identical methodology in both Ukraine and
Poland. Due to the lack of publicly available primary data
on the number and serovars of Salmonella isolated from
patients and food products associated with outbreaks in
Poland, only the relevant official data from the Volyn and
Lviv regions were included in the analysis. The selection
criteria were based on officially registered salmonellosis
outbreaks and the Salmonella strains isolated, identified,
and confirmed by the laboratories of the Central Centre
for Disease Control of the Ministry of Health of Ukraine.
These procedures were conducted in accordance with the
approved outbreak investigation protocol as outlined in
Order of the Ministry of Health of Ukraine No. 190 [17]
and Law of Ukraine No. 1645-III [18]. Microbiological
investigations were performed following the national
standard protocol, as established by Order of the Ministry
of Health of Ukraine No. 425 [19]. For statistical data pro-
cessing, Microsoft Excel was used. The primary statistical
methods applied included calculation of the arithmetic
mean, standard error of the mean, representativeness er-
ror, t-value, and confidence probabilities (p). Statistical
significance was considered at p < 0.05. Relative values
were not used in the analysis.

Bulletin of Medical and Biological Research. 2025. Vol.7, No. 1



O. Boiko et al.

RESULTS
Between 2014 and 2023, a total of 64,108 cases of salmo-
nellosis were registered in Ukraine, compared to 86,956
cases in Poland. Among the studied cross-border regions,
the highest number of confirmed cases was recorded in

the Podkarpackie (7,869) and Lublin (6,067) Voivode-
ships. In the corresponding neighbouring regions of
Ukraine — Lviv and Volyn - the number of confirmed cas-
es was 3,305 and 1,879, respectively, which is 2.4 and 3.2
times lower (Table 1).

Table 1. Number of confirmed cases of salmonellosis (absolute number) and incidence (per 100 thousand population)
in Lviv, Volyn regions and Ukraine; Lublin and Podkarpackie Voivodeships and Poland (2014-2023)

ireton | Vobatieton | e | bl Vovedeship || pollarmueder | potand-
LREE S L EE A U TR LN N LRI B R
Z © k= Z © S Z o k| Z © S Z © S Z © S
2014 299 11.85 141 13.2 8,412 18.54 607 28.2 588 27.6 8,392 | 21.83
2015 369 15.05 231 21.66 8,350 19.46 535 24.6 615 28.37 8,652 22.6
2016 494 19.61 274 26.13 8,941 20.91 794 36.5 731 33.05 10,027 | 26.07
2017 369 14.61 284 27.31 7,391 17.35 811 28.7 775 35.86 10,000 | 26.03
2018 333 13.1 269 25.91 7,713 18.18 609 28.56 898 41.15 9,957 | 25.95
2019 675 26.88 349 33.7 8,586 20.34 830 38.48 1,172 53.83 9,243 24.1
2020 116 4.62 79 7.65 3,758 8.95 344 15.79 708 32.72 5,468 14.3
2021 203 8.1 79 7.71 3,350 8.03 417 20.0 743 39.8 8,294 21.7
2022 225 8.98 81 791 3,195 7.71 410 20.2 550 26.4 6,575 174
2023 222 8.98 92 9.01 4,412 10.76 710 35.2 1,089 52.5 10,348 27.4
Total | 3,305 1,879 64,108 6,067 7,869 86,956
Notes: * — for the incidence rates for Ukraine and Poland, the t-value was 3.542 (p=0.0025); ** — for the incidence rates for

Volyn, Lviv, Lublin, and Podkarpackie regions, the t-value was 15.366 (p<0.001)
Source: compiled by the authors based on personally collected data, as well as taking into account the Annual report

“Infectious diseases and poisonings in Poland” [16]

The data obtained show that, across the four adjacent
regions of Ukraine and Poland, the average annual inci-
dence of salmonellosis in the population during 2014-2023
was as follows (per 100,000 population): Volyn region —
18.02 + 3.15; Lviv region — 13.18 £ 2.03; Lublin Voivode-
ship — 27.62 * 2.40; and Podkarpackie Voivodeship -
37.13+3.09. During the pre-pandemic period (2014-2019),
the incidence rates in these regions were higher: Volyn -
24.65%2.79; Lviv — 16.85+2.08; Lublin — 30.84+2.21; and
Podkarpackie — 36.64 +4.00. In contrast, during the COV-
ID and post-COVID period (2020-2023), these values de-
clined significantly: Volyn — 8.07 £0.32; Lviv — 7.67 £ 1.04;
Lublin - 22.08 + 4.26; and Podkarpackie — 37.86 * 5.60.
These differences in average values between regions were
statistically significant (p < 0.001). Nationally, the inci-
dence of salmonellosis in Poland remained consistently
higher over the 10-year period: the average annual inci-
dence was 22.74 *1.32 per 100,000 population, compared

to 15.02 £1.23 in Ukraine. A notable decline in incidence
was observed in both countries during the COVID and
post-COVID years (2020-2023). Specifically, during 2014-
2019, the average incidence in Poland and Ukraine was
24.43+0.77 and 19.13%0.55, respectively, while in 2020-
2023, the incidence declined to 20.2 + 2.84 in Poland and
8.86+0.68 in Ukraine (p=0.0025).

Across the European Union as a whole, the average an-
nual incidence of salmonellosis ranged from 20.34 +0.20
per 100,000 during 2014-2019 to 16.25+*0.83 during 2020-
2023, with a 10-year average of 18.70 = 0.74 per 100,000
population (p<0.001). During 2014-2023, a total of 26 out-
breaks of salmonellosis were recorded in the Volyn region
and 78 in the Lviv region. In all cases, the causative agent
was Salmonella enterica subsp. enterica Serovar Enteritidis.
Data on all Salmonella serovars isolated from clinically ill
patients and carriers in the Volyn region during 2014-2023
are presented in Table 2.
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Table 2. Data on the number of outbreaks and Salmonella serovars that caused the outbreaks, and Salmonella serovars

from clinically ill patients and carriers not associated with outbreaks in the Volyn region (2014-2023)

2014 | 3| 45 124 32 1 0 5 0 0 0 0 0 207
(21.74) | (59.90) | (15.46) | (0.48) | (0.0) | (2.42) | (0.0) | (0.0) (0.0) 0.0) | (0.0) |(100.00)
2015 | 3| 80 170 42 1 0 5 0 1 0 0 0 299
(26.76) | (56.86) | (14.05) | (0.33) | (0.0) | (1.67) | (0.0) | (0.33) | (0.0) 0.0) | (0.0) | (100.00)
2016 | 4| 64 229 40 0 0 3 1 0 0 0 2 339
(18.88) | (67.55) | (11.82) | (0.0) 0.0) | (0.88) | (0.29) | (0.0) (0.0) 0.0) | (0.59) | (100.00)
2017 | 4| 58 185 20 3 1 5 0 1 0 11 0 284
(20.42) | (65.14) | (7.04) | (1.06) | (0.35) | (1.76) | (0.0) | (0.35) | (0,00 | (3.87) | (0.0) | (100.00)
2018 | 4| 32 213 8 3 0 1 0 0 0 0 0 257
(12.45) | (82.88) | (3.11) | (1.17) | (0.0) | (0.39) | (0.0) | (0.0) (0.0) 0.0) | (0.0) |(100.00)
so19 | 7 | 112 112 12 0 0 1 0 0 0 0 0 348
(32.18) | (64.08) | (3.45) | (0.0) 0.0) | (029 | 00 | (0.0 (0.0) 0.0) | (0.0) |(100.00)
2020 | 1 8 62 10 0 0 1 0 0 0 0 0 81
(9.88) | (76.54) | (12.35) | (0.0) 0.0) | (1.23) | (0.0) | (0.0) (0.0) 0.0) | (0.0) |(100.00)
2021 | 1 5 62 14 0 0 0 0 0 0 0 1 82
(6.10) | (75.61) | (17.07) | (0.0) 0.0) | (00 | (0.0) | (0.0 (0.0) 0.0) | (1.22) | (100.00)
2022 | 0 0 72 12 0 0 0 0 1 0 0 0 85
0.0) | (84.71) | (14.12) | (0.0) 0.0) | (0.0 | (0.0) | (1.18) | (0.0) 0.0) | (0.0) |(100.00)
2023 | 0 0 77 19 2 0 0 0 0 1 0 0 99
0.0) | (77.78) | (19.19) | (2.02) | (0.0) | (0.0) | (0.0) | (0.0) | (1.01) | (0.0) | (0.0) |(100.00)
Total | 26| 204 1,417 209 10 1 21 1 3 1 11 3 2,081
(19.41) | (66.98) | (10.04) | (0.48) | (0.05) | (1.01) | (0.05) | (0.14) | (0.05) | (0.53) | (0.14) | (100.00)

Source: data provided personally by the authors of the work

The predominant Salmonella serovars isolated in the
Volyn region during 2014-2023 were as follows: S. Ente-
ritidis accounted for the largest proportion, with a total
of 1,821 isolates (87.51%); S. Typhimurium — 209 isolates
(10.04%); and S. Muenchen - 21 isolates (1.01%). Oth-
er identified serovars — S. Virchow, S. Stanley, S. Derby,

S. Newport, S. Postdam, S. Agona, and S. Java — each con-
stituted less than 1% of the total isolates. Notably, S. Typhi
and S. Paratyphi were not isolated in the Volyn region dur-
ing the entire observation period. Data on all Salmonella
serovars isolated from clinically ill patients and carriers in
the Lviv region during 2014-2023 are presented in Table 3.

Table 3. Data on the number of outbreaks and Salmonella serovars that caused the outbreaks, and Salmonella serovars

from clinically ill patients and carriers not associated with outbreaks in Lviv region (2014-2023)

2014 |14 35 273 | 43 8 0 1 0 0 0 1 1 3 0 2 367
(9.54) | (74.39) | (11.72) | (2.18) | (0.0) | (0.27) | (0.0) | (0.0) | (0.0) | (0.27) | (0.27) | (0.82) | (0.0) | (0.54) | (100.00)
2015 | o | 64 | 203 72 4 1 0 0 1 0 0 3 0 0 0 348
(18.39) | (58.33) | (20.69) | (1.15) | (0.29) | (0.0) | (0.0) | (0.29) | (0.0) | (0.0) | (0.86) | (0.0) | (0.0) | (0.0) |(100.00)
2016 | 11| 78 | 210 80 16 1 0 1 0 1 8 0 1 1 0 397
(19.65) | (52.90) | (20.15) | (4.03) | (0.25) | (0.0) | (0.25) | (0.0) | (0.25) | (2.02) | (0.0) | (0.25) | (0.25) | (0.0) | (100.00)
2017 17| 98 131 | 104 7 0 0 0 1 1 0 1 0 0 1 344
(28.49) | (38.08) | (30.23) | (2.03) | (0.0) | (0.0) | (0.0) | (0.29) | (0.29) | (0.0) | (0.29) | (0.0) | (0.0) | (0.29) | (100.00)
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Table 3. Continued

1 (2| 3 4 10 | 11 | 12 | 13 | 14 | 15 | 16 17
so18 | 7 | 18 5 0 0 0 0 0 0 0 0 0 0 0 23
(78.26)| 21.71) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (100.00)
2019 | 14| 94 14 3 1 0 0 0 0 0 0 0 0 0 0 112
(83.19) | (12.50) | (2.68) | (0.89) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (100.00)
2020 | 0| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0)  (0.0)  (0.0) | (0.0) | (100.00)
2021 | 1| 16 5 0 0 0 0 0 0 0 0 0 0 0 0 21
(76.19) | (23.81) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (100.00)
2022 | 3 | 20 4 0 0 0 0 0 0 0 0 0 0 0 0 24
(83.33) | (16.67) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (100.00)
2023 | 3 | 18 15 0 1 0 0 0 0 0 0 0 0 0 0 34
(52.94) | 44.12) | (0.0) | 2.97) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0) | (100.00)
Total | 78| 441 | 860 | 302 37 2 1 1 2 2 9 5 4 1 3 2,081
ota (26.41) | (51.50) | (18.08) | (2.22) | (0.12) | (1.01) | (0.06) | (0.12) | (0.12) | (0.54) | (0.30) | (0.24) | (0.06) | (0.18) | (100.00)

Source: data provided personally by the authors of the work

In the Lviv region, the most prevalent Salmonella
serovars identified during 2014-2023 were as follows:
S. Enteritidis — 1,301 isolates (77.90%); S. Typhimuri-
um - 302 isolates (18.08%); and S. Infantis — 37 isolates
(2.22%). Other detected serovars — S. Haifa, S. Hadar, S.
Tshiongwe, S. Kottbus, S. Montevideo, S. Coeln, S. Mos-
cow, S. Java, and S. Anatum - each accounted for less

than 1% of the total. Notably, three isolates (0.18%) of
S. Typhi were identified in the Lviv region over the study
period. During outbreaks of salmonellosis in the Volyn
and Lviv regions between 2014 and 2023, several poten-
tial transmission factors were identified. These includ-
ed food products, drinking water, surface washdowns,
wastewater, and soil (Table 4).

Table 4. Distribution of Salmonella in food products and other research objects during outbreak investigations
in Volyn region in 2014-2023 (n, %)

Research object, number of positive cases detected (%)
'E = <= IS 2‘ ‘s - 8
» < 5 T v w 2« b L » 00 g a 7} =
£ 5% ZE E8% SE zZz2| 5§ EE 25 823 ¢ = | B | 3
5 S 3 s 9 = R c 5 3 = g 2 = g 3
| §5| 5% pEs 8§83 | EE | § | £% | fT 28 & | & | % | g
=] (2]
5§ | & &A% g5 & E | 8&| &% &g g E
g = = (&} = &
3 0 1 3 2 9
2014 | 33 33 (11.11) 0 0 (33.33) 0 0 0 0 0 (22.22) | (100.0)
4 1.00 2 4 1 12
2005 1 3333y | (833) | (16.67) | (33.33) 0 0 0 (8.33) 0 0 0 0 (100.0)
2 0 1 2 4 9
2016 | 99 99 0 (11.11) 0 (22.22) | (44.44) 0 0 0 0 0 (100.0)
1 1 6 1,00 1 10
20171 10.00) | (10.00) | (60.00) 0 0 (10.00) | (10.00) 0 0 0 0 0 (100.0)
1 2 1 1 1 6
2010 | 16.67) 0 (33.33) | (16.67) 0 (16.67) | (16.67) 0 0 0 0 0 (100.0)
3 6 1 2 12
20191 95.00) 0 (50.00) | (8.33) 0 0 (16.67) 0 0 0 0 0 (100.0)
1 1 2
2020 1 50,00 0 (50.00) 0 0 0 0 0 0 0 0 0 (100.0)
2020 0 1.00 0 0 0 0 0 0 0 0 0 0 1
(100.0) (100.0)
2022 0 0 0 0 0 0 0 0 0 0 0 0 0.00
2023 0 0 0 0 0 0 0 0 0 0 0 0 0.00
15 3 18 7 7 8 1 2 61
Total | o 59) | (492) | (20.51) | (11.48) 0 (11.48) | (13.11) | (1.64) 0 0 0 (3.28) | (100.0)

Source: data provided personally by the authors of the work

As shown in Table 4, in the Volyn region the largest
proportion of Salmonella-positive samples was attributed
to eggs and egg products, with 18 samples (29.51%) iden-
tified. This was followed by meat products with 15 posi-
tive samples (24.59%) and culinary products with 8 sam-
ples (13.11%). Additionally, fish and fish products, as well

as confectionery, each accounted for 7 positive samples
(11.48%). In total, 61 Salmonella-positive samples were de-
tected in Volyn between 2014 and 2023 during the investi-
gation of food products, water, and other objects associat-
ed with salmonellosis outbreaks. No positive samples were
identified in the “vegetables and fruits” category.
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A somewhat different pattern was observed in the Lviv
region (Table 5). Over the same period, a total of 365 Sal-
monella-positive samples linked to outbreaks were iden-
tified — 5.98 times more than in Volyn. Notably, in Lviv,
positive cases were recorded across all tested categories.
The most frequently identified transmission vectors were

culinary products (99 samples, 27.12%), meat products (64
samples, 17.53%), and confectionery products (31 samples,
8.49%). Other categories included milk and dairy products
(22 samples, 6.03%), eggs (26 samples, 7.12%), fish (17 sam-
ples, 4.66%), vegetables and fruits (7 samples, 1.92%), and
drinking water (8 samples, 2.19%).

Table 5. Distribution of Salmonella in food products
and other research objects during outbreak investigations in Lviv region in 2014-2023 (n, %)

Research object, number of positive cases detected (%)
2] X ]
k31 = -ﬁ S5 E' E - - [}
= (%] 17} Q —
£ B3 | B8 B8t S8 | 2. | 5 | BB | Ey ERB| B | - g | o
o 2 = g & = s 5 b= £8 | BS T 3E 2 S 3 g
> | g8 | 8% %% SE | 8E| B | £% | g% 3cg3| & g @ 5
5§ | %8 |¥ES| g& | ¥ E | S& | &7 §8° £ g
g = R &} &
2014 14 4 6 3 2 7 15 1 1 0 9 67
(20.90) | (5.97) | (8.96) | (4.48) | (2.99) | (10.45) | (22.39) | (1.49) | (1.49) | (7.46) (13.43) | (100.0)
2015 12 6 7 4 1 6 13 0 3 4 1 9 66
(18.18) | (9.09) | (10.61) | (6.06) | (1.52) | (9.09) | (19.70) (4.55) | (6.06) | (1.52) | (13.64) | (100.0)
2016 10 5 5 1 1 9 16 2 2 6 0 8 65
(15.38) | (7.69) | (7.69) | (1.54) | (1.54). | (13.85) | (24.62) | (3.08) | (3.08) | (9.23) (12.31) | (100.0)
2017 13 7 8 5 3 8 17 2 2 8 2 7 82
(15.85) | (8.54) | (9.76) | (6.10) | (3.66) | (9.76) | (20.73) | (2.44) | (2.44) | (9.76) | (2.44) | (8.54) | (100.0)
7 3 10 14 34
2010 1 99 59) 0 0 (8.82) 0 0 (29.41) 0 0 0 0 (41.18) | (100.0)
7 1 1 22 1 7 39
20191 17,95y 0 0 (2.56) 0 (2.56) | (56.41) | (2.56) 0 0 0 (17.95) | (100.0)
2020 0 0 0 0 0 0 0 0 0 0 0 0 0
2020 0 0 0 0 0 0 0 0 0 0 0 0 0
3 3
2022 0 0 0 0 0 0 0 0 (100.0) 0 0 0 (100.0)
1 6 2 9
2025 qpqny | O 0 0 0 0 | 6667 | 2222y © 0 0 O | (100.0)
Total 64 22 26 17 7 31 99 8 11 23 3 54 365
(17.53) | (6.03) | (7.12) | @4.66) | (1.92) | (8.49) | (27.12) | (2.19) | (3.01) | (6.30) | (0.82) | (14.79) | (100.0)

Source: data provided personally by the authors of the work

Thus, the significantly higher incidence rates observed
in the neighbouring Podkarpackie and Lublin Voivode-
ships, compared to the Volyn and Lviv regions, are more
likely indicative of a higher level of diagnostic capacity
and the consistent application of a unified methodologi-
cal approach to data collection and reporting across all
administrative levels in Poland. These findings highlight
the need for strengthened cooperation between state di-
agnostic institutions within the cross-border region. Such
collaboration would enable more effective management of
salmonellosis incidence and its underlying causes, thereby
enhancing the overall quality of epidemiological surveil-
lance and public health response.

DISCUSSION
In the countries of the European Union, epidemiological
surveillance of salmonellosis plays a vital role, as this in-
fection remains one of the two leading causes of foodborne
toxicoinfections in terms of incidence and confirmed out-
breaks during the period 2018-2022 [20, 21]. EU member
states utilise standardised tools for data exchange, collec-
tion, and risk assessment when recording outbreaks and
identifying contamination in food products as a reservoir
or source of transmission for various infectious diseases,

including salmonellosis [22, 23]. Given Ukraine’s orienta-
tion toward European Union membership, an attempt was
made to compare salmonellosis incidence across four adja-
cent regions of Poland and Ukraine, as well as to compare
national incidence rates with those of the EU.

It was found that the average annual incidence of sal-
monellosis during 2014-2023 was 1.5 times higher in Po-
land (22.74 per 100,000 population) compared to Ukraine
(15.02 per 100,000) (p=0.0025). A similar pattern was ob-
served in neighbouring cross-border regions: the incidence
in Lublin Voivodeship (27.62) was 1.5 times higher than in
the Volyn region (18.02), while the incidence in Podkar-
packie Voivodeship (37.13) was 2.8 times higher than in
the Lviv region (13.18) (p <0.001). Notably, the COVID-19
pandemic led to a clear division in the epidemic dynam-
ics of salmonellosis, creating two distinct subperiods:
2014-2019 and 2020-2023. In both Ukraine and Poland,
incidence rates were consistently lower during the second
subperiod. Specifically, incidence in Ukraine decreased by
2.3 times, and in Poland by 1.2 times. In the Volyn and Lviv
regions, incidence declined by 3.1 and 2.2 times, respec-
tively. In contrast, incidence rates in Podkarpackie and
Lublin Voivodeships did not show a significant decrease.
These findings are consistent with the results of studies
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by M. Milczarek et al. [7, 8], which reported a marked re-
duction - exceeding 69% — in salmonellosis incidence in
Poland during 2020 and 2021 compared to 2019. Similarly,
N. Polishchuk et al. [10], in their study of the Zaporizhia
region, observed a significant decline in incidence during
2020-2023 compared to 2018-2019.

An analysis of the seroprofile of Salmonella strains
isolated from patients and carriers revealed that all iden-
tified serovars — 1,670 in the Lviv region and 2,081 in the
Volyn region - belonged to the species Salmonella enterica
subsp. enterica. When comparing serovars detected during
epidemiological investigations of salmonellosis outbreaks
(78 outbreaks in Lviv region and 26 in Volyn region), it was
found that in all cases, the sole etiological agent was S. En-
teritidis. A comparable analysis conducted in the Zaporizhia
region by N. Polishchuk et al. [10] during 2018-2022 found
that the most frequently isolated serovars were S. Enter-
itidis (40%), S. Blegdam (28%), and S. Typhimurium (18%)
(p<0.05). According to M. Milczarek et al. [8], an analysis
of the seroprofile of dominant Salmonella serovars in 2021
in the voivodeships showed that in the Lublin Voivodeship,
the following serovars prevailed: S. Enteritidis — 325 iso-
lates; S. Typhimurium - 12; S. Infantis — 3; and S. Virchow
and S. Derby - 1 each. In comparison, in the neighbouring
Volyn region that same year, the dominant serovars were:
S. Enteritidis — 67 isolates; S. Typhimurium - 14; and S.
Java — 1. In the Podkarpackie Voivodeship in 2021, the fol-
lowing serovars were isolated: S. Enteritidis - 726; S. Typh-
imurium - 45; S. Infantis — 4; S. Virchow - 27; S. Schleiss-
heim - 2; S. Virginia - 3; S. Agona - 2; and S. Kottbus and
S. Hadar - 1 each. In the adjacent Lviv region, 21 S. Enter-
itidis isolates were recorded during the same year.

From the perspective of the evolutionary dynamics of
Salmonella pathogenicity, the data confirm the continued
dominance of specific serovars — primarily S. Enteritid-
is and S. Typhimurium - across the cross-border regions
of Ukraine, central regions such as Zaporizhia, and in the
studied areas of Poland, a trend that has persisted since the
early 2000s [10, 24]. This observation aligns with the find-
ings of M. Canning et al. [25] and H. Sun et al. [26]. With
regard to reservoirs and transmission factors of Salmonella
in the Volyn region, the largest proportion was attributed
to eggs and egg products, followed by meat products, then
culinary products, and subsequently fish and fish products
alongside confectionery. In the Lviv region, the primary
transmission sources over the study period were culinary
products, meat products, and confectionery. Salmonel-
la was isolated less frequently from eggs, milk, and dairy
products. This pattern is consistent with the findings of
P. Polanski et al. [27], who reported that between 2018 and
2020 in Poland, the main categories of food products re-
sponsible for foodborne salmonellosis were eggs and egg-
based products (36.01%), confectionery (18.6%), and meat
and meat products (9.3%).

In previous studies conducted by the authors, an anal-
ysis was performed using official reporting data from lab-
oratories affiliated with the State Sanitary and Epidemio-
logical Service of Ukraine for the period 2012-2023 [5]. A
significant volume of data was collected concerning the
contamination of food products with Salmonella, as well
as the serovars responsible. It was found that meat and
meat products were the most frequently contaminated,

accounting for 78.13% of all cases, followed by eggs and
egg-based products (11.76%), dairy products (3.32%), and
fish products (2.71%) (p < 0.05).

It is important to note certain structural differences
in the vertical organisation of salmonellosis monitoring
systems in Poland and Ukraine. In Poland, the State San-
itary and Epidemiological Service is subordinate to the
Ministry of Health and operates regional departments
in each voivodeship. Laboratory testing is conducted by
the following accredited institutions: Regional branches
of the National Research Institute “National Institute of
Public Health — National Institute of Hygiene” (NIZP-
PZH); The State Sanitary Inspectorate; The Sanitary
Inspectorate of the Ministry of Internal Affairs and Ad-
ministration; The Military Sanitary Inspectorate; as well
as other accredited laboratories under agreements with
these bodies [28]. This structure has been in continuous
operation since 1985 [29]. The assessment of the epide-
miological situation in Poland is based on data submitted
by the aforementioned laboratories to the Department of
Epidemiology of Infectious Diseases and monitored by
sanitary-epidemiological stations. This data is processed
using the System of Epidemiological Registration of Cas-
es (SRWE) and the Register of Epidemic Outbreaks (ROE),
and subsequently summarised in publicly available annu-
al reports published online [16].

In Ukraine, a similar vertically integrated system ex-
isted from 1994 to 2017. However, following a governmen-
tal reform in 2017, the Cabinet of Ministers of Ukraine
dissolved the State Sanitary and Epidemiological Service.
Its responsibilities were redistributed among three enti-
ties: The State Service of Ukraine on Food Safety and Con-
sumer Protection (subordinate to the Cabinet of Ministers
since 2015 and to the Ministry of Agrarian Policy and Food
since 2021); The Ministry of Health of Ukraine; The Minis-
try of Social Policy of Ukraine [30, 31]. Each of these bod-
ies maintains its own network of authorised and accredit-
ed laboratories. However, unlike in Poland, Ukraine lacks
a centralised institution for unified data collection and
processing, such as Poland’s National Institute of Public
Health - National Institute of Hygiene (NIZP-PZH). Conse-
quently, the present study relied solely on data collected by
the regional Central Laboratory of the Ministry of Health
and those gathered directly by the authors.

CONCLUSIONS

The intensity of the epidemic situation concerning sal-
monellosis in EU countries — particularly Poland — and in
Ukraine, as measured by confirmed cases and incidence
rates, has been characterised by overall stability and a
downward trend over the period 2014-2023. At the regional
level, the highest average annual incidence rates were re-
corded in the Podkarpackie (37.13 per 100,000) and Lublin
(27.62) Voivodeships, while significantly lower rates were
observed in the Volyn (18.02) and Lviv (13.18) regions. Dur-
ing and following the COVID-19 pandemic (2020-2023), in-
cidence rates declined across all regions compared to the
pre-pandemic period (2014-2019): by 1.2 times in Poland
and by 2.3 times in Ukraine (p =0.0025). Regionally, inci-
dence decreased by 3.2 times in Volyn, 2.1 times in Lviv, 1.4
times in Lublin, and only slightly in Podkarpackie by 0.97
times (p<0.001).
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The dominant serovar in all outbreak cases and isolat-
ed salmonellosis cases in both the Volyn and Lviv regions
was Salmonella enterica subsp. enterica Serovar Enteritid-
is, accounting for 87.51 and 77.90% of isolates, respective-
ly. The Serovar S. Typhimurium was detected 8.7 and 4.2
times less frequently, comprising 10.04% of isolates in
Volyn and 18.08% in Lviv. During the observation period,
three isolates (0.18%) of S. Typhi were identified in the
Lviv region, while no typhoid group serovars were detect-
ed in the Volyn region. The most common sources of Sal-
monella transmission in the Volyn region included eggs
and egg products (29.51% of Salmonella-positive items),
followed by meat and meat products (27.40%), culinary
products (12.3%), and confectionery products (11.0%).
In the Lviv region, the most frequently identified sources
were culinary products (27.12%), meat products (17.53%),
swab samples (14.79%), confectionery products (8.49%),
and eggs (7.12%).

In Ukraine, research into salmonellosis is conducted
by accredited laboratories under the Ministry of Health.
However, a significant portion of food safety monitoring,
particularly related to outbreaks, is carried out by author-
ised laboratories of the State Service for Food Safety and

Consumer Protection, which is subordinate to a different
governmental agency. The absence of unified systems or
tools that facilitate the integration and comparison of data
across agencies imposes limitations on the ability to uti-
lise comprehensive datasets for analysis. A key prospect for
further research involves the collection and processing of
larger, unified datasets on salmonellosis in Ukraine. This
would enable the development of effective risk assessment
tools for the disease and enhance the availability of epide-
miological data for the global scientific community.
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AHoTauif. EmigeMionorist cabMOHEIb03Y, He3Baskalouy Ha TPUBAY iCTOPiI0 BUBUEHHST, SIK OMIVH i3 aCITeKTiB 3a6e31eueHHst
3I0POB’Sl, 3AJIUIIAETbCSI AKTYaTbHOI0. MeTOI0 MOCTiIKeHb 6Y/I0 MOPIBHATH 3aXBOPIOBAHICTh CaTbMOHENbO3Y I1oMbIli Ta
VkpaiHu Ha HAIiOHAJILHOMY PiBHi Ta Ha PiBHi AESKMX CYMisKHUX TPAHCKOPAOHHMX 06acTeit 060x KpaiH mpotsrom 2014-
2023 pp. CepenHbopiuHi MTOKA3HMKM 3aXBOPIOBAHOCTI JIIO[Ielt Ha cabMOHeNb03 3a 10-piuHmii mepiof ctaHoBMIM B YKpaiHi
15,02/100 TucC., KiJbKiCTh MiATBEPAKEHUX BUIIAJKIB CaJbMOHENb03y — 64108; y ITonblii 11i MOKa3HUKM CTAHOBUIM —
22,74/100 tnc. ta 86956 BumaakiB BigmosimHo (p = 0,0025). KinbKicTh miATBepAKeHMX BUITAJIKIB Ta 3aXBOPIOBAHICTh
(#a 100 THC.) Y TPAHCKOPAOHHMX 06IacTIX cTaHOBMIN: BommHcbka — 1879/18,02; JIbBiBchbka — 3305/13,18; JIio6miHCbKe
BO€EBOICTBO — 6067/27,62; Ilinkaprnatcbke — 7869/37,13 (p < 0.001). BuBUeHO TeHAeHIlii MOMMPEHOCTI Ta CePOIOTIUHMIA
nipodine canbmMoHern, imeHTHdiKOBaHMX Y JIIO[eiT i B XapYOBMX MPOAYKTAX Ta iHIIMX 00’ €KTax. JOMiHYIOUMMY CepOTUTIAMMU
ITiJT Yac criajiaxis Ta ifeHTn(ikoBaHMX BUMAAKaX CaIbMOHETbO3Y Ta CAJIbMOHEIOHOCIicTBa Y BOMMHCHKI Ta y JIbBiBChKiit
obnactsax 6yB Bup, S. enterica subsp. enterica var. Enteritidis (87,51 % Ta 77,90 % BignosizHo). CepoBap S. Typhimurium,
SIK eTionoriunmii pakTop, 6ymno ineHTndikoBano Ha BonuHi y 10,04 % Bunaakax, Ha JIbBiBmuHi — y 18,08 %. BcraHOBIIEHO,
10 Hajtyacrinre ¢pakTopamMy mepegavi caabMoHeN Y BoMMHCbKi 061acTi 6y/u: siilisl Ta ss€uHi MPOOYKTH, SIKi CTAHOBWIIN
29,51 % 3 ycix kareropiit caqbMoHeIa-MO3UTUBHUX 00’€KTiB, M’ICO Ta M’SICHi pomykTy — 27,40 %, kyniHapHi — 12,3 %,
Ta KOHAUTEPChKi BUpo6u — 11,0 %. V JIbBiBCbKiii 06/1acTi HajtyacTille KOHTaMiHOBaHMMM BUSIBJISUIMCSI TaKi KaTeropii:
KyaiHapHi BUpobu — 27,12 %; m’sicHi nmpomytu — 17,53 %; KoHAUTEPCbKi BUpobu — 8,49 %; siitlisg Ta SIEUHi MTPOSYKTU —
7,12 %. Pe3ynbTaTu 1[bOTO HOCTIIKEHHSI MOXYTb OYTVM BUKOPMCTAHI SIK OCHOBA JOKA30BOi €IifeMiosnorii, a Takox AJis
peanizauii cizbHUX KPOKiB 100 MiBUILeHHS e(eKTUBHOCTI eMifieMioNIOTiYHOTrO HaIVISIAY i KOHTPOJIIO 32 HAalIPY)KeHiCTIO
enifeMiuHOI cuUTyallii 00 CaIbMOHEIbO3Y Y TPAHCKOPIOHHMX PerioHax Ta B LIIIOMY Yy KOXKHili KpaiHi
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Abstract. The rapid advancement of methods for obtaining multipotent progenitor cells, known as mesenchymal stromal/
stem cells, from various human tissues and organs has driven progress in cellular therapy and regenerative medicine. This
study aimed to review current scientific data on the use of mesenchymal stromal cells in the treatment of traumatic and
orthopaedic disorders, providing clinicians with insights into the challenges and prospects of their clinical application.
The sources of mesenchymal stromal cells, their characteristics, and their therapeutic effects on musculoskeletal
disorders were analysed. These cells have been found to be applicable in both autologous and allogeneic forms due to
their ability to differentiate into osteoblasts, chondrocytes, tenocytes, adipocytes, and other cell types, thereby promoting
the regeneration of damaged tissues. Furthermore, mesenchymal stromal cells have been confirmed to exhibit paracrine
activity by producing cytokines and growth factors, which contribute to their regenerative and regulatory effects both
in vitro and in vivo. At the same time, it has been noted that despite their significant therapeutic potential, the clinical
application of mesenchymal stromal cells is associated with several challenges, including immunocompatibility, stability,
heterogeneity, and limited differentiation and migration capacities. The prospects for overcoming these limitations
through cellfree approaches have been considered, particularly the use of exosomes secreted by mesenchymal stromal cells,
which contain biologically active molecules such as mRNA, microRNA, proteins, and bioactive lipids. These components
have been shown to promote cell proliferation, migration, regeneration, immunomodulation, and angiogenesis, making
them a promising avenue in regenerative medicine. The findings of this study may contribute to the further development
of effective therapeutic strategies in regenerative medicine, particularly in orthopaedics and traumatology. The practical
significance of this research lies in the refinement of cellular therapy approaches aimed at restoring damaged tissues,
which may serve as a foundation for future clinical trials and subsequent implementation in medical practice
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INTRODUCTION

Mesenchymal stromal cells (MSCs) represent a promising
avenue in regenerative medicine due to their unique bio-
logical properties. Current research highlights their pivotal
role in regenerative processes, particularly in orthopaedics
and traumatology. Damage to bone, cartilage, tendons, and
ligaments is a common issue, especially among patients
with degenerative musculoskeletal conditions and sports
injuries. Existing treatment methods, including surgical
interventions and pharmacological therapy, do not always
provide full functional recovery of damaged tissues, driving
a growing interest in cell-based technologies as an effec-
tive alternative.

Scientists are actively exploring the potential of MSCs
as a source of regenerative therapy. A bibliometric analysis
by Z. Deng et al. [1] demonstrated a significant increase in
publications regarding their application in orthopaedics,
specifically in the areas of osteogenic differentiation, car-
tilage regeneration, osteoarthritis treatment, and the use
of biomaterials in combination with MSCs. MSCs can be
obtained from various sources, including bone marrow,
adipose tissue, synovial membrane, umbilical cord blood,
dental pulp, and others. V.V. Maldonado et al. [2] note that
each source has its own characteristics, which influence the
cells’ ability to differentiate and proliferate. For example,
MSCs from adipose tissue are characterised by high availa-
bility and osteogenic potential.

MSCs are distinguished by their capacity for self-rep-
lication, self-division, and multipotent differentiation,
forming various cell types: adipocytes, osteoblasts, chon-
drocytes, and myocytes. Scientists M. Sandona et al. [3]
have established that their migratory activity and interac-
tion with the extracellular matrix contribute to tissue re-
generation. According to reports by Y. Wang et al. [4], their
proliferation and differentiation in in vitro conditions re-
quire biological signals formed through interactions with
the extracellular matrix, cytokines, and growth factors.

J. Tang et al. [5] researched the role of exosomes se-
creted by MSCs in bone tissue regeneration processes. It
was discovered that these extracellular vesicles contain
growth factors and microRNAs, which stimulate osteogen-
esis and reduce inflammation in the affected area, opening
up prospects for cell-free therapy. Despite their significant
potential, the biological properties of MSCs depend on cul-
tivation conditions, which can affect their clinical effec-
tiveness. L.A. Costa et al. [6] emphasised the importance of
the microenvironment for the functional activity of trans-
planted cells, highlighting the need to optimise methods
for cultivating and administering MSCs.

MSCs are widely applied in the therapy of various
diseases, including orthopaedic pathologies. Scientists
Y. Zhang et al. [7] demonstrated that the use of MSCs ac-
celerates the fusion of complex long bone fractures, stim-
ulates osteogenesis, and improves the strength of newly
formed bone tissue. Similar results were obtained by R. Os-
sendorff et al. [8], who proved that MSC injections signifi-
cantly reduce bone tissue regeneration times, especially in
cases of complicated healing.

In addition to fracture treatment, an important
area of MSC application is the therapy of sports injuries.
K.-I. Kim et al. [9] showed the effectiveness of their ad-
ministration in meniscus and ligament ruptures, which

promotes faster restoration of joint functional activi-
ty. Analogous results were obtained by J. Chen et al. [10]
demonstrated that MSCs significantly improve tendon and
ligament healing in professional athletes, reducing the risk
of recurrence. Scientists O. Grabovyi et al. [11] established
that the natural activation of MSCs in response to injuries
contributes to their differentiation into fibroblasts, which
form a connective scar tissue.

Particular attention is drawn to the potential of MSCs
in cartilage tissue regeneration. Y. Jiang & R.S. Tuan [12]
note that MSCs and their extracellular matrices are capa-
ble of activating chondrogenesis, promoting the repair of
damaged cartilage in osteoarthritis and other degenerative
joint diseases. The research by T. Frazier et al. [13], which
focuses on the clinical application of MSCs in osteoarthri-
tis treatment, is also of significant interest. The authors
analysed the effectiveness of MSC transplantation in pa-
tients with knee joint pathology and found that cell ther-
apy contributes to pain reduction, improved mobility, and
slowed degenerative changes.

Thus, current research confirms the significant po-
tential of mesenchymal stromal cells in the treatment of
injuries and degenerative diseases of the musculoskel-
etal system. However, despite numerous studies, the use
of MSCs in the therapy of orthopaedic diseases remains
controversial. Achieving positive results requires consid-
eration of several factors, including potential side effects.
Therefore, it is important to systematise data on the pos-
itive and negative aspects of MSCs’ impact on the treat-
ment of musculoskeletal pathologies, predict develop-
ment trends, and systematise literary information of the
scientific base for further research in this field. This study
aimed to analyse current scientific data on the use of MSCs
in the treatment of orthopaedic and traumatological dis-
eases in terms of their ability to differentiate and produce
regulatory factors, as well as to highlight the challenges
and prospects of their clinical use.

To achieve the stated aim, a systematic review of liter-
ature available in the MEDLINE/PubMed, Google Scholar,
Scopus, and Web of Science databases, covering the period
2001-2024, was conducted; trends in publications for 2015-
2024 were analysed separately. Review articles and de-
scribed clinical cases related to the application of MSCs in
traumatology and orthopaedics were considered. The study
employed review-analytical and bibliosemantic methods
to determine the current state of research on the problem.
The literature search utilised various combinations of key
terms, including “mesenchymal stem cells”, “mesenchymal
stromal cells”, “in vitro”, “in vivo”, “differentiation”, “regen-
erative medicine”, “sports medicine”, “clinical application”,
“treatment”, “bone defect”, “osteonecrosis”, “fracture
healing”, “nonunion”, “osteochondral defect”, “cartilage
repair”, “cartilage defect”, “osteoarthritis”, “osteogenic
differentiation”, “knee”, and “meniscus”. All data were ob-
tained from open sources; therefore, ethical approval or
informed consent was not required.

INFORMATION SOURCES
AND SEARCH STRATEGY
As shown in Figure 1, the database search in PubMed,
Google Scholar, Web of Science, and Scopus yielded 1,057

»
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literary sources in Ukrainian and English, which included
studies utilising MSCs. After excluding duplicate articles
based on titles and abstracts, 295 publications were select-
ed, covering the use of MSCs in reconstructive and regener-
ative medicine. Following a review of the research results,
examination of their full content with additional manual

searching of references, and exclusion of articles unrelated
to musculoskeletal disorders, 76 publications were selected
that met the aim and criteria of the query. Approximately
65% of the studies focused on the treatment of knee joint
diseases, predominantly osteoarthritis; about 30% con-
cerned adipose tissue MSCs.

Publications identified through database

Removed publications before screening
due toduplication or failure to meet
eligibility criteria (n=762)

Publications excluded for not meeting
inclusion criteria (n = 219)

Identification search in PubMed, Google Scholar, Web of
Science, and Scopus (n =1,057)
Screening Publications screened (n=295)
Included Articles included in the

systematic review (n = 76)

Figure 1. Flowchart of publication selection for the systematic review

Source: compiled by the authors

Scientific publications in this field are predominant-
ly focused on fundamental research and clinical trials. As
depicted in Figure 2, the analysis of the annual distribu-
tion of publications demonstrates a gradual increase in
scientific activity within the field of orthopaedics from
2015 to 2024, except for a decrease in the number of stud-
ies in 2020. The authors of this article suggest that this re-
duction is likely related to the COVID-19 pandemic, dur-
ing which an overall decline in scientific productivity was
observed. The maximum number of publications (131)

was recorded in 2019, while the minimum (77) occurred
in 2015. The annual publication of over 80 articles con-
firms a sustained interest among researchers in the use of
MSCs for treating orthopaedic diseases, fostering a robust
research environment in this area. From the analysis of
keyword cooccurrence across different topics in scientif-
ic publications (Fig. 3), it is evident that the primary re-
search directions in traumatology include sources of stem
cells, their differentiation into bone and cartilage tissue,
exosomes, and regenerative medicine.
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Figure 2. Dynamics of annual publication count and trends
in MSC use for musculoskeletal regenerative medicine, 2015-2024

Source: compiled by the authors

senchy

- stromalas

microfragnented

VeseHXIManoHL CTOB6YPOBL

mal stem

tissue engineering

cel
ppﬂ osteoarthritis

< vascular
miRNA

Tennis

Figure 3. Cluster analysis of keywords
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Thus, the conducted literature analysis demonstrates
a sustained interest within the scientific community in the
application of MSCs in orthopaedic practice, particularly
in the treatment of osteoarthritis and cartilage tissue re-
generation. The identified trends confirm the increasing
number of studies in this field, indicating the promising
nature of MSC use in reconstructive medicine. Optimis-
ing MSC transplantation methods, studying their biologi-
cal mechanisms, and conducting long-term evaluations of
their clinical efficacy will contribute to the advancement of
approaches for regenerating damaged tissues and the im-
plementation of new therapeutic strategies.

SOURCES AND THERAPEUTIC POTENTIAL

OF MSCS

The latest advancements in regenerative medicine have
created new opportunities for the development of ortho-
paedics and traumatology, potentially transforming clin-
ical practice approaches. Conditions that, as of 2025, are
predominantly treated with surgical methods may in the
future be effectively managed with less invasive approach-
es, such as MSC therapy. Research by C. Brown et al. [14]
and L. da Silva Meirelles et al. [15] confirms that MSCs
are capable of differentiating into cells of bone, cartilage,
tendon, ligament, muscle, and other tissues. According to
the classification by the International Society for Cellular
Therapy, terms such as “mesenchymal stromal cells” are
used for cells in the body (in vivo), and “multipotent stro-
mal cells” are used for cells in culture (in vitro). The In-
ternational Society for Cellular Therapy has defined basic
criteria for MSC identification [16], including adherence to
plastic under standard culture conditions; the presence of
specific surface antigens CD73, CD90, CD105, and the ab-
sence of CD34, CD45, CD14/11b, CD790/19, HLA-DR; and
the ability to differentiate into osteoblasts, chondroblasts,
and adipocytes in vitro.

The differentiation process is a crucial step in the
transformation of MSCs into osteocytes and chondro-
cytes. This process is regulated by numerous signalling
pathways, including BMP/Smad, Wnt/B-catenin, PI3K/
AKT, MAPK, TGF-B, Notch, NF-kB, and others, which play a
key role in regulating this process. For example, Q. Zhou et
al. [17] demonstrated that the activation of BMP7/Smad5
promotes the selective differentiation of MSCs into chon-
drocytes. Furthermore, H.D. Fu et al. [18] established that
BMP-7 can also accelerate the differentiation of MSCs into
cartilage cells through the activation of the Wnt/B-catenin
pathway. The PI3K/Akt pathway also plays an important
role in bone regeneration: A. Yang et al. [19] showed that
its activation involving IL-8 contributes to enhancing the
therapeutic effect of MSCs in bone tissue repair. Research
by U. Kozlowska et al. [20] indicated that MSCs obtained
from different tissues share common characteristics, but
their biological activity and markers vary depending on
the source. It was found that prolonged cultivation affects
the biological activity of MSCs; in particular, it can reduce
their proliferative potential and alter the expression of
certain markers. It has also been proven that bone mar-
row MSCs have the best capacity for multilineage differ-
entiation. At the same time, adipose MSCs can serve as an
alternative source due to their similar properties to bone
marrow stromal cells.

Different sources of origin and differentiation ability
allow MSCs to be classified into unipotent, multipotent,
totipotent, and pluripotent cells, depending on their dif-
ferentiation potential. Research by A. Vaish et al. [21] has
shown that induced pluripotent MSCs, obtained by repro-
gramming somatic cells, retain the ability for multilineage
differentiation, similar to embryonic stem cells, but have
lower immunogenicity, which reduces the risk of rejection
during transplantation. In another study by A. Vaish &
R. Vaishya [22], the authors examined the molecular mech-
anisms that ensure MSC pluripotency. It was demonstrated
that the transcription factors Sox2, Oct4, and Nanog play a
key role in maintaining stem cell status and regulating the
expression of genes associated with cell proliferation and
self-renewal. The analysis also showed that the surround-
ing microenvironment (e.g., signals from growth factors
and the extracellular matrix) can modulate the differenti-
ation potential of MSCs, directing them towards a specific
cellular phenotype.

Until 2008, bone marrow was the primary source of
MSCs. However, as noted by S. Konovalov et al. [23, 24] and
M. Tronko et al. [25], in recent years, cells obtained from
perinatal and adipose tissues have been increasingly used.
They demonstrate a high safety and haemocompatibility
profile, allowing for their use in systemic infusion. Similar
conclusions were drawn by G. Moll et al. [26, 27], who em-
phasise the need to improve the minimum safety criteria
for MSCs. They analysed the intravascular application of
MSCs and highlighted the importance of assessing tissue
factors and haemocompatibility to enhance clinical ef-
ficacy. Adipose tissue-derived MSCs provide a higher cell
yield and greater longevity compared to bone marrow stem
cells, although they are less capable of differentiating into
bone and cartilage tissue. Despite this, their effectiveness
in treating osteoarthritis has been confirmed by long-term
clinical results. As noted by U. Kozlowska et al. [20], in addi-
tion to multipotent differentiation, the paracrine effect of
MSCs — the secretion of growth factors (BMP, TGF-f, VEGF,
etc.) that promote angiogenesis, proliferation, and cell re-
generation — plays a key role in tissue regeneration. Similar
data are provided by H.H. Maniar et al. [28], highlighting the
significant potential of stem cells in orthopaedic practice.

As of 2025, genetically modified MSCs, capable of re-
leasing growth factors over extended periods, are being
actively developed. In particular, research by G.E. Sala-
zar-Noratto et al. [29] explores approaches to enhance the
survival of transplanted MSCs in tissue engineering and
regenerative medicine. However, the majority of trans-
planted stromal cells accumulate in internal organs (liver,
spleen, lungs), which limits their effectiveness and indi-
cates the need for the development of cell-free therapeutic
approaches. As an alternative, the use of secretomes - bi-
oactive substances produced by MSCs, including exosomes
and microvesicles — is proposed. This approach has been
actively researched by scientists M.D. Hade et al. [30] and
M. Magsood et al. [31]. They note that secretomes contain
a wide range of growth factors, cytokines, and exosomes,
which promote tissue regeneration and may serve as a
promising therapeutic agent in regenerative medicine.

Exosomes are nanoscale vesicles (30-100 nm) with a
lipid bilayer membrane, typically produced by MSCs and
present in various biological fluids. M.H. Gerami et al. [32]
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examine the role of MSCs and their exosomes in the treat-
ment of musculoskeletal disorders, particularly bone and
joint pathologies, and emphasise their significant potential
for orthopaedic applications. Recent studies have shown
that exosomes contain various biologically active mole-
cules, such as mRNA, microRNA, proteins, and bioactive
lipids [33, 34]. C. Porcu et al. [34] analysed their involve-
ment in skeletal muscle regeneration, opening new per-
spectives for the therapy of musculoskeletal pathologies.
It is known that exosomes are involved in the regulation
of many key biological processes, including cell prolifera-
tion, migration, enhancement of regenerative properties,
inhibition of apoptosis, immunomodulation, and stimula-
tion of angiogenesis. D.H. Hoang et al. [33] confirm their
effectiveness in improving tissue healing and repair pro-
cesses. Current research focuses on studying the molecular
mechanisms that influence stem cell differentiation, para-
crine signalling, immunomodulatory properties, and tissue
remodelling processes in the orthopaedic microenviron-
ment. L.L. Bagno et al. [35] analysed the impact of exosome
delivery methods on their biological activity and therapy
effectiveness. In 2025, clinical trials are ongoing to assess
the safety and efficacy of stem cell use in the treatment of
orthopaedic diseases.

THE ROLE OF MSCS

IN BONE DEFECT REGENERATION

Nonunion of long tubular bones remains a complex chal-
lenge in achieving effective bone osteogenesis [36]. MSC
therapy may represent an innovative approach to treating
such lesions. Z. Zhou et al. [37] focus on improving meth-
ods for utilising stem cells, growth factors, and integrating
MSCs with biomaterials, which contribute to accelerating
bone tissue regeneration. Y. Jiang & R.S. Tuan [12] were
among the first to investigate the impact of MSCs in the
field of orthopaedics. They established that cells isolated
from adult human bone fragments are capable of differen-
tiating into various cell types of mesenchymal origin in vit-
ro. Similar results were obtained by R. Berebichez-Fridman
& P.R. Montero-Olvera [38], noting that MSCs obtained
from damaged muscle tissues have similar phenotypes to
bone marrow MSCs and exhibit the ability to transform
into osteoblasts, chondrocytes, and adipocytes. Further-
more, researchers R. BerebichezFridman et al. [39] found
that bone morphogenetic protein (BMP-2) stimulates DNA
synthesis, activates replication, and promotes the directed
differentiation of MSCs into osteoblasts.

Most existing clinical studies focused on bone tissue
regeneration involving stem cells are cohort studies. Ac-
cording to reports by A.M. Theodosaki et al. [40], the use of
autologous, genetically unmodified MSCs in vivo for bone
tissue regeneration demonstrates the safety and therapeu-
tic potential of this treatment. E. Lucarelli et al. [41] were
among the first to investigate the possibility of using autol-
ogous bone marrow stromal cells, cultured ex vivo, for the
reconstruction of large bone defects. The authors demon-
strated that the application of such cells in combination
with biomaterials promotes the formation of new bone tis-
sue and successful defect repair, which is confirmed by ra-
diological and clinical observations. In a study by Y. Liu et
al. [42], it was established that the transplantation of MSCs
along with their secreted extracellular matrix ensures

robust bone tissue formation both in vitro and in vivo. This
occurs through endochondral ossification under the influ-
ence of chondrogenic and osteogenic signals.

Combining MSCs with scaffolds or growth factors
significantly enhances the healing of traumatic bone de-
fects and nonunion fractures. The study by D. Dufrane [43]
demonstrated the effectiveness of using 3D-printed grafts
made from autologous adipose tissue stem cells to repair
significant long bone defects. In a systematic review con-
ducted by A.M. Theodosaki et al. [40], out of 10,091 re-
trieved clinical studies, 14 of which met the inclusion crite-
ria, 138 patients underwent treatment with MSCs cultured
on scaffolds. In all cases, bone tissue regeneration was ob-
served, with better results than standard treatments. For
the treatment of avascular necrosis of the femoral head,
stem cell-enriched bone marrow aspirate concentrate is
widely used. Its effectiveness is confirmed in the research
by N. Pawar et al. [44].

The studies described above confirm the safety of using
autologous MSCs for bone tissue repair in segmental long
bone defects. None of the studies reviewed in this section
reported complications such as inflammatory processes or
excessive tissue growth. However, according to G.-I. Im [45]
and B. Lukomska et al. [46], extensive cultivation of stromal
tissues (4-5 months) can lead to genomic instability, which
poses arisk of malignant transformation. On the other hand,
ashorter period of in vitro expansion (up to 8 weeks) may ex-
plain the absence of reports of malignancy in the conducted
clinical studies. Despite the promising results of successful
bone tissue regeneration, G.-I. Im [36] and B. Lukomska et
al. [46] emphasise that it is premature to draw definitive
conclusions about the efficacy and safety of MSC-based
methods. This is due to the limited number of controlled
studies and the need for further randomised clinical trials.

CARTILAGE REGENERATION USING MSCS
Articular cartilage, unlike bone tissue, has limited regen-
erative capabilities. Its damage often leads to the develop-
ment of degenerative joint diseases, such as osteoarthritis,
and loss of mobility [12, 45]. Research by H. Le et al. [47]
notes that due to the absence of blood vessels in articular
cartilage tissue, mature chondrocytes exhibit a low capacity
for proliferation and extracellular matrix synthesis to repair
defects. Current research focuses on the use of MSCs, par-
ticularly those derived from adipose tissue, as they demon-
strate the ability to divide and differentiate into chondro-
cytes [13, 47, 48]. However, even MSC differentiation does
not always ensure successful tissue regeneration [20]. The
stages of chondrogenesis include cell condensation, matrix
synthesis, and maintenance of tissue homeostasis. Each
stage requires specific growth factors [12]. In cartilage tis-
sue lesions, meniscus injuries, cruciate ligament ruptures,
and other knee joint pathologies, stromal cells are consid-
ered one of the most promising components of regenera-
tive medicine [48]. Significant research has been conducted
to study cartilage regeneration processes. For example, S.
Rodeo [49] made substantial contributions to the study of
the fundamental principles and clinical use of MSCs in or-
thopaedic sports medicine, particularly in the repair of me-
nisci and cartilage in knee joints, shoulder joint tendons,
and more. Additionally, research by Y.-M. Pers et al. [50]
focuses on the use of mesenchymal stem cells to control
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inflammation in osteoarthritis, opening new perspectives
for regenerative therapy.

In a clinical study by K.-Y. Saw et al. [51], patients
with cartilage defects in the knee joint were administered
MSCs or hyaluronic acid weekly for five weeks. The results
showed that patients receiving MSC injections experienced
hyaline cartilage regeneration, which was not observed in
the hyaluronic acid group. Experimental studies by V. Fish-
chenko et al. [52] confirmed the positive impact of adipose
tissue-derived MSCs on the restoration of articular carti-
lage structure and function in rats after traumatic injuries.
The researchers demonstrated the effect of MSCs on accel-
erating reparative chondrogenesis, as well as the forma-
tion of orderly osteogenesis without premature excessive
matrix ossification or dystrophic changes in chondrocytes
and chondroblasts. V. Fishchenko & L. Mammadov [53] also
conducted clinical studies that demonstrated the high ef-
fectiveness of MSCs administered intra-articularly for the
treatment of distal femoral fractures (19 patients) and de-
forming osteoarthritis of the knee joint (15 patients), re-
gardless of the type of injury and the stage of gonarthrosis,
confirming the promising nature of this approach.

Other studies have also demonstrated the safety and
improvement in clinical and radiological parameters fol-
lowing MSC injections in patients with osteoarthritis [9,
54, 55]. F. Davatchi et al. [54] observed three patients with
knee osteoarthritis for five years after intraarticular MSC
administration, noting long-term pain reduction and im-
proved joint function. In a larger study, D. Screpis et al. [55]
developed a minimally invasive approach for treating knee
osteoarthritis. The trial involved 202 patients aged 18 to
70 years who received intra-articular injections of MSCs
derived from micro-fragmented adipose tissue at various
stages of the disease. After 24 months of follow-up, the
positive impact of the injections on joint functional sta-
tus was confirmed. In the research by K.-I. Kim et al. [9],
it was demonstrated that intra-articular administration of
autologous MSCs, derived from adipose tissue and stro-
mal vascular fractions, without additional therapy, results
in high clinical efficacy, treatment safety and stimulates
cartilage repair in patients with knee osteoarthritis. When
comparing allogeneic and autologous MSCs, both sources
showed effectiveness in reducing pain after six months of
follow-up, but after a year, autologous MSCs demonstrated
superiority, particularly in improving functional outcomes.
At the same time, their regenerative potential depends on
the patient’s comorbidities, such as cardiovascular pathol-
ogies, which is an important factor for elderly patients with
osteoarthritis.

Y. Jiang & R.S. Tuan [12] analysed the bioactivity, spe-
cifically the chondrogenic properties, of multipotent stem
cells and progenitor cells derived from autologous adipose
tissue, autologous bone marrow, and autologous articular
cartilage. They established that different cell types exhib-
it distinct effectiveness in cartilage repair in vivo: articular
cartilage stem cells best form cartilage-like tissue; bone
marrow cells create a favourable environment for chondro-
genesis, promoting the deposition of aggrecan and matrix
proteins; conversely, adipose tissue cells more rapidly form
fibrous tissue filling, which is less similar to cartilage tis-
sue. The authors attribute these differences to the fact that
adipose tissue cells synthesise 20-60% more proteins than

other cell types and form an extracellular matrix with high
levels of fibronectin and type I collagen. Meanwhile, artic-
ular cartilage stem cells produce more type III collagen and
deposit less fibronectin and type I collagen. These results
underscore the importance of selecting the stem cell source
for stimulating cartilage regeneration, as the activation of
chondrogenic differentiation and matrix formation de-
pends on several key growth factors specific to each cell type.

Studies by K. Camernik et al. [56] have demonstrated
that MSCs derived from skeletal muscles, when compared
to MSCs derived from the bones of 21 osteoarthritis pa-
tients, exhibited higher clonogenicity, faster growth rates,
and shorter cell doubling times, as well as showing good
osteogenic and myogenic properties. Furthermore, a pos-
itive correlation was observed between CD271 expression
and adipogenesis. In preclinical studies by A. Vadhan et
al. [57], it was proven that exosomes secreted by stromal
cells are effective in osteoarthritis due to their chondro-
protective and anti-inflammatory properties. The scien-
tists found that these vesicles are capable of reducing the
synthesis of pro-inflammatory cytokines while stimulating
the production of anti-inflammatory factors and also in-
hibiting the activity of matrix metalloproteinases, which
degrade the cartilage extracellular matrix. Exosomes can
enhance cartilage tissue regeneration by promoting the
differentiation of chondrogenic cells into chondrocytes, as
well as stimulating the synthesis of collagen and proteo-
glycans [32]. In clinical studies conducted by K. Kawata et
al. [58], it was shown that intra-articular administration of
MSC-derived extracellular vesicles promotes the repair of
meniscus defects and also stimulates the growth and mi-
gration of chondrocytes and synovial stem cells. Transcrip-
tome/RNA analysis by comprehensive sequencing con-
firmed that MSC-derived extracellular vesicles upregulate
CXCL5 and CXCL6 in chondrocytes, activating their growth
and migration through the CXCR2 axis. The effectiveness
of MSC-derived exosomes in repairing damaged interver-
tebral discs was also demonstrated in a study by A. Hajies-
mailpoor et al. [59].

Tissue engineering, based on the use of stem cells in
combination with scaffolds such as tricalcium phosphate,
hydroxyapatite, and bioactive glass, has demonstrated its
effectiveness in repairing bone and cartilage tissue defects.
A systematic review by N. Montemurro et al. [60] describes
the latest biomaterials (Compact-bio BoneR) and growth
factors used in neurosurgery, dentistry, and orthopaedics
for bone tissue regeneration. The authors highlight the
promising application of bioactive materials in combina-
tion with MSCs to enhance osteogenesis and chondrogen-
esis. Research by S. Nedunchezian et al. [61] is dedicated to
the creation of bioprinted hydrogel scaffolds based on hy-
aluronic acid-containing adipose tissue stem cells. The use
of a dual crosslinking method allowed for the production
of a biomaterial with improved mechanical characteristics,
which promoted effective chondrogenic differentiation of
MSCs. In turn, Y. Zhang et al. [62] demonstrated that the
combination of MSCs derived from the human umbilical
cord and cell-free cartilage matrix significantly improves
cartilage tissue regeneration in a goat model compared to
the microfracture method. After a period of observation,
animals that received the transplants showed the forma-
tion of hyaline-like cartilage with appropriate structural
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organisation. In a study by G. Wang et al. [63], a bilayer
bionic cartilage matrix (membrane) was created, mimick-
ing the structure, chemical, and mechanical characteris-
tics of mature articular cartilage. The upper layer of the
membrane consisted of a combination of collagen, sodium
hyaluronate, and chitosan, while the transition layer in-
cluded collagen, silk fibroin, and chitosan. The membrane
was implanted into a cartilage defect in the knee joint of
rabbits with osteoarthritis. Studies showed that this bionic
membrane promotes MSC proliferation and differentia-
tion, providing effective articular cartilage repair. In turn,
Z. Wang et al. [64] used coral scaffolds with differentiated
osteoblasts from rabbit adipose tissue stem cells and trans-
planted them into bone defects in mice. After 8 weeks, a
significant acceleration in new bone tissue formation was
recorded. MSCs are a promising tool for treating cartilage
tissue pathologies. The selection of stem cell sources and
usage protocols remains an important factor that requires
further research to optimise treatment strategies.

THE ROLE OF MSCS IN TENDON

AND LIGAMENT REPAIR: CHALLENGES AND
PROSPECTS FOR CLINICAL APPLICATION
Tendons are tissues with limited blood supply and low
cellular density, which complicates their ability to self-re-
pair. According to a review by L. Jiang et al. [65], the ten-
don healing process involves three phases: inflammatory,
proliferative, and remodelling, during which scar tissue
often forms. The authors note that MSCs play a significant
role in tendon and ligament repair due to their multidirec-
tional differentiation potential. In tendon injuries, MSCs
contribute to their repair through four main mechanisms:
reducing inflammation, neovascularisation, cell prolifera-
tion, and differentiation into target cells. Stromal cells are
capable of differentiating into tendon cells under specif-
ic in vivo or in vitro induction conditions, which promotes
the stimulation of regeneration. Due to their pronounced
paracrine effect, they secrete cytokines, growth factors,
and chemokines, stimulating angiogenesis and cell prolif-
eration in damaged tissue. Y. Wang et al. [66] in their study
on a rat model of Achilles tendinopathy showed that the
administration of exosomes derived from tendon stem
cells (TSCs) significantly reduces the expression of matrix
metalloproteinases (MMP)3, increases the expression of
tissue inhibitor of metalloproteinases-3 (TIMP-3) and Co-
11al, which improves tendon biomechanical properties and
promotes their regeneration. The obtained results confirm
that TSC-derived exosomes may be a promising therapeu-
tic strategy in repairing damaged tendons by balancing ex-
tracellular matrix remodelling and stimulating tenogene-
sis. Concurrently, according to L. Jiang et al. [65], MSCs also
contribute to the reorganisation of the extracellular matrix
by activating collagen synthesis and stimulating the trans-
formation of type III collagen into type I collagen, which is a
crucial aspect of tendon structural remodelling after injury.

MSCs can differentiate into fibroblasts, which com-
prise the main structural component of tendons and lig-
aments, thereby promoting their regeneration. Since the
anterior cruciate ligament has low regenerative potential,
its reconstruction is typically performed using autologous
tendons. However, research on resident stem cells in tis-
sues opens new possibilities for the repair of this structure.

In a study by Y. Ogata et al. [67], it was established that
MSCs isolated from the anterior cruciate ligament express
CD90 and CD73 markers and have a high capacity for dif-
ferentiation into fibroblasts.

A pilot study conducted by M. Khoury et al. [68] demon-
strated significant clinical improvement and structural
repair of tendons after the administration of autologous
adipose tissue MSCs in 18 patients with chronic lateral ep-
icondylitis of the elbow, resistant to conservative therapy.
J.L. Ellera Gomes et al. [69] used mononuclear stem cells,
isolated from iliac crest bone marrow aspirate, to treat 14
patients with rotator cuff tears. After 12 months of fol-
low-up, clinical examinations and magnetic resonance im-
aging confirmed the complete healing of all 14 tears. Some
MSC-based drugs have already undergone clinical trials.
For example, the drug CARTISTEM, created from human
umbilical cord blood MSCs, received approval from the Ko-
rean FDA in 2012 [70]. In December 2024, the FDA approved
the drug Ryoncil (remestemcel-L-rknd), developed from al-
logeneic bone marrow mesenchymal stromal cells and in-
tended for the treatment of steroidresistant acute graft-ver-
sus-host disease. These achievements indicate the growing
interest and progress in the clinical application of mesen-
chymal stem cell-based drugs in various therapeutic areas.

Despite the significant potential of MSCs in the ther-
apy of musculoskeletal disorders, their clinical application
faces several challenges. For example, J. Xue & Y. Liu [70]
note that, despite the pronounced immunomodulatory
potential of MSCs, which affects innate and adaptive im-
munity through the production of immunosuppressive
and immunomodulatory substances, their survival after
infusion is quite low. This is due to the immediate inflam-
matory response that develops right after cell adminis-
tration. U. Kozlowska et al. [20] emphasise that the rapid
destruction of MSCs after administration is caused by the
activation of the local immune response. Optimising trans-
plantation conditions, including the use of anti-inflamma-
tory agents or special carriers, can significantly improve
treatment outcomes. V. Alonso-Goulart et al. [71] explored
the possibility of using bioactive materials to increase MSC
survival after implantation outside the bloodstream. The
combination of MSCs with biomaterials allows for the cre-
ation of a favourable microenvironment, which reduces the
risk of their destruction and improves integration into the
recipient’s tissues. Scientists J. Xue & Y. Liu [70] also draw
attention to the effectiveness of biomaterial-carrier com-
binations based on bioceramics, hydrogels, and cell sheets,
which improve cell survival after implantation and pro-
mote their effective functioning.

C. Tran & M.S. Damaser [72] found that MSCs are
capable of synthesising a wide range of bioactive mole-
cules, including cytokines, chemokines, angiogenesis and
growth factors, which act in an autocrine and paracrine
manner, regulating several physiological processes: re-
cruitment of progenitor cells to damaged tissues, inhibi-
tion of apoptosis, scar formation, and tissue remodelling.
]. He et al. [73] examined the features of using MSC sphe-
roids in combination with hydrogels and confirmed their
effectiveness in reducing the inflammatory response and
improving cell survival. I. Mastrolia et al. [74] confirmed
the ability of MSCs to actively migrate to injury sites,
which promotes regeneration processes. The scientists
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emphasise that the effectiveness of this mechanism can
be increased using cytokines, chemical modifications, or
bioparticles. It has been proven that MSCs integrated with
biomaterials have a higher survival rate compared to cells
after cryopreservation, which opens up wide prospects for
the development of innovative approaches in regenerative
medicine [26, 27].

G.E. Salazar-Noratto et al. [29] consider MSC trans-
plantation as a safe and promising cell therapy strategy.
However, the authors note that the effectiveness of this ap-
proach is characterised by significant variability, which is
due to the complexity of the recipient’s microenvironment.
The study analysed various mechanisms that affect the
survival of transplanted cells and proposed ways to opti-
mise them to improve therapeutic efficacy. The use of vec-
tor materials in combination with MSCs has both advan-
tages and limitations. In in vitro and in vivo studies, these
materials enhanced the paracrine and autocrine effects of
stem cells, as well as increased their therapeutic poten-
tial [70]. T. Zhou et al. [75] analyse the main challenges of
MSC clinical application, including immunocompatibility,
stability, heterogeneity, as well as differences in differenti-
ation capacity between MSCs from different sources (bone
marrow, umbilical cord, adipose tissue, muscles). They note
that these factors can significantly affect the effectiveness
of therapy and require an individual approach to the selec-
tion of cell sources for transplantation.

B. Lukomska et al. [46] investigated the issue of immu-
nocompatibility between donor and recipient, which de-
pended on environmental inflammatory molecules. Con-
trolling these molecules is a key factor in reducing the risk
of transplanted cell rejection. The authors also noted that
inflammatory factors could stimulate MHC-II expression
on MSCs, affecting their immune interaction. Y. Wang et
al. [4] explored the immune response to stromal cell ad-
ministration and their immunomodulatory properties in
the orthopaedic microenvironment, emphasising the im-
portance of understanding these mechanisms to reduce re-
jection risks and improve therapeutic outcomes.

A. Blandinieres et al. [76] note that despite the con-
firmed multifunctional differentiation and paracrine capa-
bilities of MSCs in in vitro studies, the mechanisms of their
in vivo functioning remain poorly understood. The lack of
standardised methods for isolating, characterising, and
applying these cells complicates standardisation, which
is critical for result reproducibility and regulatory com-
pliance. This remains one of the key barriers to the wide-
spread clinical application of MSCs.

Thus, the application of MSCs in tendon and ligament
regeneration is a promising direction that requires further
research. Optimising transplantation strategies, increasing
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BUKOPUCTAHHA Me3eHXiMalIbHUX CTPOMaNIbHUX KNiTUH
B Tepanii 3axBoploBaHb ONOPHO-PYXOBOIro anapaTy: ornaa nirepatypu
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AHoTauia. I[IBMAKMIT PO3BUTOK METOMiB OTPMMAHHS MYJIbTUIOTEHTHUX KIITUH-TONEPEeAHNKIB, BiIOMMX SIK
Me3eHXiMaJIbHi CTPOMAaIbHi/CTOBOYPOBi KIITHHM, 3 PiISHOMAHITHMX TKAHWH Ta OPTaHiB JIIOAMHM CIPUSIB MPOrpecy y
cdepi kIiTMHHOI Teparii Ta pereHepaTMBHOI MeIUIIMHM. MeTOI0 IIbOTO JOCTiIKEHHST CTaB OIS, CYYacCHUX HAYKOBUX
JaHUX 100 BMKOPMUCTAHHSI Me3eHXiMaJlbHMUX CTPOMAJbHUX KIITUH Yy JiKyBaHHI TpaBMAaTUUYHMUX i OpTONMEOUYHUX
3aXBOPIOBaHb, a TAKOXX 03HAaIOM/IEHHS KIiHILIMCTIB i3 BUKIMKAMM Ta IEPCIEKTMBAMM iX KJIiHIYHOTO 3aCTOCYBaHHS. Y X0a1
IOCITiIKeHHS OYJI0 MpOaHaTi30BaHO JKepesia OTPUMMaHHST Me3eHXiMaTbHUX CTPOMAaJIbHUX KITiTUH, iXHi XapaKTepPUCTUKI
Ta TepaneBTUUHMIL BIUIMB MPY 3aXBOPIOBAHHSIX OMOPHO-PYXOBOTO anapaty. by/io BCTaHOBJ/IEHO, 110 LI KIiTMHU MOXYTh
BUKOPUCTOBYBATUCS SIK B ayTOJIOTiUHiii, TaK i B ajoreHHin dbopmax 3aBAsSKM iX 3MaTHOCTI A0 AudepeHIitOBaHHS B
0CTe06IaCcTH, XOHAPOLUUTY, TEHOLUTY, AAUTIOIUTH Ta iHIII TUIIM KITiTUH, IO CIIPUSIE pereHepariii YIIKOMKeHUX TKaHVH.
Byno migTBeprskeHO, 1[0 Me3eHXiMajabHi CTPOMaJIbHI KIITMHM BOJIOZiIOTh MapakKpUMHHOI aKTMBHICTIO, TMPOLYKYIOUMN
IMUTOKiIHY Ta PaKTOPM POCTY, 110 3a6e3Meuye iX pereHepaTUBHMIA i peryasITOPHUI BIUIUB SIK in vitro, Tax i in vivo. BogHovac
OyJI0 3a3HAYE€HO, IO, MOIMPY 3HAYHMII TeparneBTUYHMIA TMOTEHIliaj, iX KJIiHiuHe 3aCTOCYBaHHS IOB’SI3aHE 3 HU3KOIO
BUKJIMKIB, 30KpeMa, MUTAaHHIMM iMyHOCYMiCHOCTi, CTabiJIbHOCTi, TeTepOreHHOCTi, a8 TAKOXX 0OMEXeHOW 3JAaTHICTIO J0
nudepeHIliloBaHHS Ta Mirpatlii. Byso po3misiHyTO mepcrieKTUBM ITOJ0IaHHS I[MX 06MeskeHb 3a JOTIOMOT0I0 6e3KJTi TUHHHMUX
MiIX0ZiB, 30KpeMa 3aCTOCYBaHHS €K30COM, 1[0 BUAISIOTHCS Me3eHXiMaJbHUMM CTPOMAIbHUMM KIITMHAMU, Ta MiCTSATh
6ionoriuHo aktuBHi mMonekynmu MPHK, mikpoPHK, 6inku Ta 6ioakTuBHi Jimigu. Byao Bim3HaueHO, IO I[i KOMITOHEHTH
CIIpUSIIOTh KJIITMHHIN Tiponidepanii, mirpariii, pereHepartiii, imyHOMOmy/s1iii Ta aHrioreHesy, IO € MEPCIEKTUBHUM
HamnpsIMOM Yy pereHepaTuBHili MequivHi. OTpMMaHi pe3yJbTaTy MOXKYTb OYTM BUKOPUCTAHI ISl IIOJAIBIIOI pO3POOKM
edeKxTMBHMX TepalleBTUUHMX CTpaTeriil y pereHepaTMBHilt MeIU1IMHI, 30KpeMa B opTolefii Ta TpaBmaTosorii. [[pakTuuHe
3HAUeHHSI JOCTiIKeHHSI MOJsATa€ B yIOCKOHAJNIeHHI MiAXOMiB OO KIITMHHOI Tepamii, COpSIMOBaHMX Ha BigHOBJIEHHS
ypaskeHUX TKaHUH, [0 MOYKe CIYTYBATH OCHOBOIO JIJIsT MaiiOyTHIX KJIiHIYHMUX BUITPOOGYBAaHb i MOJAJIBIIIOTO BIIPOBAKEHHS
B MeIVYHY ITPaKTUKY

Knio4yoBi cnoBa: cToBOYPOBi KJIITMHM; €K30COMI; pereHepallist TKAaHMH; TPaBMaTOoJIOTisl; OpTOTemist
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