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Colorectal laterally spreading tumors (LST) are a distinct form of non-polypoid colorectal neoplasia that extend
laterally along the mucosal surface and often exceed 20 mm in diameter. Despite advances in optical imaging
technologies, diagnostic accuracy for large LSTs varies widely among classification systems, emphasizing the
need to assess combined endoscopic approaches and recurrence prediction models to improve risk stratification
and treatment planning.

Aim. To compare the diagnostic accuracy of combinations of combined endoscopic classifications and recurrence
prediction models to identify the most effective approach for granular and non-granular subtypes of laterally
spreading tumors.

Materials and methods. A single-center mixed retrospective-prospective study was conducted at the Medical
Educational and Scientific Center “University Clinic” (Zaporizhzhia), including 110 patients with LSTs 220 mm
(2015-2024). Granular (LST-G) and non-granular (LST-NG) lesions were assessed using JNET, Kudo, Modified
Sano, and Hiroshima classifications. Six combinations of endoscopic classification systems were tested in parallel
to determine diagnostic metrics. The histological evaluation of the resected neoplasia served as the reference
standard. Resection techniques included endoscopic mucosal resection (EMR), piecemeal EMR, endoscopic
submucosal dissection (ESD), and hybrid ESD. Recurrence was assessed at 6 months, with its prediction
evaluated using the SMSA, SERT, and Baylor College of Medicine (BCM) models.

Results. The JNET + Hiroshima combination showed the highest diagnostic performance (LST-G: 81.82 %
(95 % Cl, 67.29-91.81 %) sensitivity, 90.91 % (95 % ClI, 70.84-98.88 %) specificity, 84.29 % (95 % Cl,
72.76-92.30 %) diagnostic accuracy; LST-NG: 86.67 % (95 % Cl, 59.54-98.34) sensitivity, 100 % (95 % Cl,
86.28-100.00) specificity, 95.00 % (95 % Cl, 83.08-99.39 % diagnostic accuracy). JNET + Kudo served as a
strong alternative. Progressive histological changes and recurrence were significantly more common among
LST-G (68.6 %) than LST-NG (37.5 %). Recurrences were observed only in the LST-G group (8/70). BCM score
21 demonstrated the highest predictive ability for recurrence (AUC: 0.78), outperforming SMSA and SERT models
which demonstrated poor discrimination (AUC: 0.31-0.37).

Conclusions. The combination of JNET + Hiroshima or JNET + Kudo classifications optimizes histologic prediction
in both granular and non-granular large LSTs. LST-Gs demonstrate a higher risk for advanced histology and
recurrence. The BCM model is preferable for recurrence prediction in large granular LSTs.
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MopiBHAAbHA epEKTUBHICTb KOMOIHALIM eHAOCKONIYHUX KAacUdiKawin
i MoAenen NPOrHo3yBaHHA peLUAUBIB AN BEAMKUX MYXAWH TOBCTOI KMLLKH,
LLLO MOLUMPIOIOTLCA AaTePAAbHO

B. C. Tkauos, 0. M. Kiocos, A. B. KaumeHko

[MyX7MHW TOBCTOI KMLLIKK, LLIO MOLLMPIOKOTBCS naTepanbHo (LST), — okpema hopma HenoninoigHMX KonopekTanb-
HWX Heomnnaaii, Siki MOLLMPIOKTLCS NaTepanbHO B3LOBX NOBEPXHi CIM30BOi 060MOHKK i YacTo HinbLui 3a 20 MM y
aiameTpi. HesBaxatoun Ha Nporpec y TEXHOMOrisX BidyanisaLlii, AiarHOCTUYHA TOYHICTb A5 Benukux LST 3HauHo
Bapiloe 3anexHo Bif BUKOPUCTAHOI knacudikalliiHoi cuctemu. Lie obrpyHTOBYE [OUINBHICTL 3acTOCYBaHHS
KOMGIHOBaHWX €HAOCKOMIYHMX MiAXOAIB | MOAENEN NPOrHO3yBaHHS peLuavBiB Ans NOKpaLLeHHs cTpatudikavii
PU3KKY Ta NaHyBaHHS NiKyBaHHS.

Meta po60oTH — NOPIBHATW [iarHOCTUYHY edhekTUBHICTb KOMBIHALI eHaocKonivHUX knacudikaliii i Mogenei
NPOrHO3yBaHHS PeLMamBIB ANns Benvkux LST TOBCTOI KWLLKW 3 OKPEMUM aHani3oM rpaHymnspHOro i HerpaHynsp-
HOro MiATUNY.

Martepiaau i metoan. OQHOLEHTPOBE 3MillaHe PETPOCNEKTUBHO-NPOCMEKTUBHE LOCMIAKEHHS 3L4INCHUNN B
HaBuanbHO-HaykOBOMY MeANYHOMY LIEHTPI «YHIBEpcUTETCbKA KniHika 3AM®Y» (2015-2024), 1O AOCTIMKEHHS
3anyyeHo 110 nauienTis i3 LST 220 mm. MpanynspHi (LST-G) Ta HerpaHynspHi (LST-NG) ypaxeHHs owiHtoBanu
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3a knacudikauismmn JNET, Kudo, Modified Sano Ta Hiroshima. NpoBeaeHo napanensHe TeCTyBaHHS LUECTU
koMGiHaLiil eHLOCKOMIYHMX KnacudikaLliii 3 BU3HAYEHHSAM AiarHOCTUYHUX METPUK. [iCTOMOMYHMIA BUCHOBOK
BMAaneHoi Heonnaaii BUKOPUCTaHO SIK CTaHAapT NOPIBHAHHSA. TexHiku pesekuii Bknovanu EMR, doparmeHTapHy
EMR, ESD Ta ribpugHy ESD. Yepes 6 MicsLiB OLiHIOBaNN HAasBHICTb peLanBy, MPOrHO3 SKOTO 3AiACHEHO 3a
ponomoroto mogenen SMSA, SERT i Baylor College of Medicine (BCM).

Pesyabrat. KombiHavis JNET i Hiroshima nokasana Haneuy aiarHocTuyHy edbekTuBHiCTb (LST-G: YyTnuBicTb —
81,82 % (95 % Cl, 67,29-91,81 %), cneundpivnicts — 90,91 % (95 % Cl, 70,84-98,88 %), LiarHOCTNYHA TOYHICTb
—84,29 % (95 % Cl, 72,76-92,30 %); LST-NG: uytnuBictb — 86,67 % (95 % Cl, 59,54-98,34 %), cneumdiyHicTb
-100,00 % (95 % ClI, 86,28-100 %), piarHocTuyHa TouHicTb — 95,00 % (95 % Cl, 83,08-99,39 %)). KombiHavis
JNET i Kudo ctana xopoLuoto anstepHaTtueoto. [porpecusHi ricTonoriyHi 3MiHW BUSIBNANK 3HAYHO YacTille y
LST-G (68,6 %) nopisHsiHo 3 LST-NG (37,5 %). Peunausu 3adikcosaHo nuiwe y LST-G rpyni (8/70). MokasHnk
BCM 21 maB HaiiBuLLY MPOTHOCTMYHY 3AaTHICTb Lofo peumamsie (AUC: 0,78), nepeBuLLyto4r NoKasHWK Mofenei
SMSA 1a SERT, siki Manu Hu3bky avckpumiHavinty sgathicts (AUC: 0,31-0,37).

BucHoBku. KombiHavis knacudikauin JNET i Hiroshima abo JNET i Kudo onTumisye nporHo3yBaHHS ricTONoriyHmnx
3MiH | ANS rpaHynsapHuX, i Ans HerpaHynspHux Benukux LST. LST-G acouiiioBaHi 3i 3Ha4HO BULLMM PU3KKOM
nporpecvsHoi rictonorii Ta peuuavsy. Mogens BCM € kpaluoto Ansg NporHo3yBaHHS peunavBiB y BEMMKNX

rpaHynspHux LST.

CyuacHi meauuHi TexHoAorii. 2026. T. 18, Ne 1(68). C. 5-11

Recent global trends indicate that colorectal cancer poses
a significant and growing public health challenge worldwide. In
2020, there were approximately 1.93 million new cases of colorec-
tal cancer globally, with an age-standardized incidence rate of
19.5 per 100,000 individuals. The mortality burden is substantial,
with around 935,000 deaths and an age-standardized mortality
rate of 9 per 100,000 persons. Projections indicate the global bur-
den of colorectal cancer is expected to increase by 60 % by 2030,
reaching over 2.2 million new cases and 1.1 million deaths [1].

Colonoscopy remains the gold standard in colorectal cancer
screening, primarily due to its dual ability to detect and remove
benign precursor lesions, such as adenomatous polyps, before
they progress to malignancy. Numerous studies demonstrate
that colonoscopy screening reduces colorectal cancer incidence
by approximately 30 % and mortality by about 32 % through the
direct visualization and resection of early, non-invasive lesions.
The procedure enables the identification of precancerous growth
at a stage when treatment is most effective, thereby preventing
the development of advanced disease and substantially improving
patient outcomes [2].

Image-enhanced endoscopy [3] has revolutionized colorec-
tal cancer diagnostics by enabling real-time, highly accurate
prediction of histological changes in neoplastic lesions through
enhanced visualization of mucosal and vascular patterns. This
technique markedly surpasses conventional white-light endo-
scopy, particularly regarding the detection and characterization of
subtle and flat lesions, using technologies such as narrow-band
imaging (NBI), flexible spectral imaging color enhancement, blue
laser imaging, and autofluorescence imaging. The adoption of
standardized endoscopic classifications — including the Kudo [4],
Modified Sano [5], Hiroshima [6], and Japan NBI Expert Team
(JNET) [7] systems —is indispensable for this approach, as these
frameworks facilitate the optical biopsy process by allowing
endoscopists to reliably predict histopathology in vivo, optimize
diagnostic precision, and standardize clinical decision-making [8].

Optical diagnosis has largely supplanted targeted forceps
biopsy in the routine evaluation of colorectal lesions due to its
high diagnostic accuracy and real-time histologic prediction

capabilities. Current evidence demonstrates that while forceps
biopsy can still provide diagnostic information, it often fails to
offer additional benefits over advanced optical classifications for
most lesions prior to endoscopic resection, partly because biopsy
samples may miss the most dysplastic or malignant areas not
visible macroscopically. Consequently, targeted forceps biopsy
is now primarily reserved for cases where deep invasive cancer
is suspected, and endoscopic resection is not feasible, while
optical diagnosis governs the assessment and management of
the majority of colorectal neoplastic lesions. This shift enhances
procedural efficiency, reduces patient risk, and streamlines clinical
decision-making [9,10,11].

The JNET classification has demonstrated satisfactory accu-
racy in differentiating neoplastic from non-neoplastic colorectal
lesions, with particularly high specificity for the detection of deeply
invasive cancers (type 3). However, the classification’s diagnos-
tic performance in predicting histology shows limitations when
applied to certain lesion subtypes, especially laterally spreading
tumors (LST), with the granular mixed subtype being notably chal-
lenging. These lesions often present with extensive and irregular
surface architecture, complicating endoscopic assessment and
leading to reduced accuracy in histologic prediction within this
subgroup [12,13].

In comparison, other classification systems, such as the
Hiroshima and Modified Sano classifications, continue to provide
detailed evaluations of vascular and pit patterns, often yielding
even higher diagnostic metrics than JNET in certain contexts,
particularly for lesions where surface and pit pattern analysis
are more straightforward. These systems may incorporate more
nuanced criteria, including pit pattern assessment through chro-
moendoscopy, which enhances the discrimination of invasive
versus benign lesions in difficult cases [14].

Overall, while JNET provides a valuable framework for
real-time optical diagnosis, especially when magnification and
image-enhancement technologies are utilized, certain lesion
types, like the granular mixed LST, still pose diagnostic chal-
lenges, warranting supplementary assessment tools such as pit
pattern analysis to improve accuracy [12,15]. Although the JNET
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classification represents a well-balanced and widely validated
system for the optical diagnosis of colorectal lesions, it remains
the most optimal rather than a perfect solution. Its strength lies in
combining vascular and surface pattern assessment to guide his-
tologic predictions, yet it faces diagnostic challenges, particularly
with heterogeneous lesion types such as JNET type 2B, which
includes a spectrum from high-grade intramucosal neoplasia to
superficial submucosal invasive cancers [16]. These limitations
necessitate adjunctive methods like pit pattern analysis for more
accurate diagnosis in certain cases [17]. Accordingly, combining
the JNET classification with other established systems such as the
Hiroshima and Modified Sano classifications, which emphasize
additional detailed vascular and pit pattern evaluations, has the
potential to leverage the advantages of each. Such integrative
approaches may enhance diagnostic precision and improve
clinical decision-making in colorectal cancer management beyond
what any single classification can achieve on its own.

Another unresolved issue is recurrence after removal of
large LSTs, that remains a critical challenge in colorectal cancer
management. The SMSA score [18], which incorporates lesion
size, morphology, site, and access, has been a longstanding
model for predicting recurrence risk. However, recent years have
seen the development of additional predictive tools, including
the Sydney EMR Recurrence Tool (SERT) [19] and the Baylor
College of Medicine (BCM) model [20], which aim to improve risk
stratification particularly after piecemeal endoscopic mucosal re-
section (PEMR), but can potentially be used after other methods of
endoscopic removal. Combining insights from these models could
optimize the clinical algorithm for managing large LSTs, potentially
reducing recurrence rates and improving patient outcomes.

Aim
The aim of this study is to compare the diagnostic accuracy
of combined endoscopic classifications and recurrence prediction

models to identify the most effective approach for granular and
non-granular subtypes of laterally spreading tumors.

Materials and methods

This study was conducted at the Medical Educational and Sci-
entific Center “University Clinic” (Zaporizhzhia) as a single-center
investigation. Patient data were retrospectively collected between
2015 and 2022 and prospectively enrolled from 2023 to 2024.
The study cohort comprised 110 patients diagnosed with later-
ally spreading tumors (LSTs) measuring greater than 20 mm
in diameter. For each participant, only the largest lesion was
included for analysis.

Inclusion criteria encompassed individuals aged 18 years
or older presenting with LSTs that satisfied the specified size
threshold. Key exclusion criteria were defined as: age under 18
years; endoscopic features suggestive of deep tumor invasion;
coexistence of malignant neoplasms at other anatomical sites;
or contraindications to LST excision.

Patients were classified according to the Paris system
described by Se Kudo et al. [21], based on macroscopic lesion
morphology. The case series was stratified into two major groups:

the granular LST (LST-G, n = 70) and the non-granular LST
(LST-NG, n = 40).

Eligible lesions were assessed by an experienced endosco-
pist utilizing both virtual and vital chromoendoscopy with indigo-
carmine. Vascular and pit patterns were evaluated in accordance
with the criteria established by the Kudo [4], JNET [7], Modified
Sano [5], and Hiroshima [6] classifications. Following compre-
hensive optical evaluation, lesions meeting resection criteria
were excised endoscopically, and histopathological examination
of the specimen was considered the diagnostic gold standard.

All neoplastic lesions were removed through endoscopic
techniques. Resection modality was selected based on lesion
size and morphological characteristics: endoscopic mucosal re-
section (EMR)in 29 cases (26.36 %, en bloc removal), piecemeal
EMR (pEMR) in 45 cases (40.91 %), endoscopic submucosal
dissection (ESD) in 25 cases (22.73 %), and hybrid ESD in 11
cases (10 %).

In accordance with current post-polypectomy surveillance
recommendations [22] and tumor size considerations, all patients
underwent follow-up colonoscopy at 6 months post-resection.
Recurrence was defined as the detection of adenomatous tis-
sue at the excision scar site consistent with the original tumor’s
morphology.

Categorical variables, including histopathological findings and
resection methods, were summarized as percentages. Lesion
size was reported as mean with standard deviation. For each
group, six combinations of endoscopic classification systems
were examined: JNET + Hiroshima, JNET + Kudo, JNET + Modi-
fied Sano, Hiroshima + Kudo, Modified Sano + Kudo, and Modified
Sano + Hiroshima. For each pair of classifications, a combined
test was considered positive if at least one of the two classifica-
tions indicated a positive result (parallel testing). True-positive,
false-negative, false-positive, and true-negative values were cal-
culated to derive sensitivity, specificity, negative predictive value
(NPV), positive predictive value (PPV) and diagnostic accuracy
metrics. Confidence intervals (95 % ClI) for these proportions
were computed using the Wilson Score Interval. Fisher's exact
test was applied to 2 x 2 contingency tables to calculate p-values.
The significance level was set at p < 0.05.

Tumor recurrence was scored as a binary outcome (0 or 1),
and recurrence prediction model scores (SMSA, SERT, BCM)
were assigned following respective primary literature: SMSA
score range 4-17 [18], SERT range 0—4 [19], BCM range 0-4
[20]. Logistic regression was used to evaluate relationships be-
tween recurrence model scores and complication outcomes. The
discriminatory power of each model was further evaluated using
receiver operating characteristic (ROC) analysis with calculation
of the area under the curve (AUC) and cutoff values determined
by Youden’s J statistics.

Statistical analyses were performed using Statistica 13 (Stat-
SoftInc., Tulsa, OK, USA; License No. JPZ8041382130ARCN10-J).

Results

In the LST-G group, the mean lesion size was
38.79 £ 16.88 mm, which was substantially larger than that ob-
served in the LST-NG group (23.75 = 6.38 mm). Tubulo-villous
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Fig. 1. Distribution of morphological subtypes in granular and non-granular LST groups.

adenomas constituted the majority of resected lesions in the
LST-G group (49 out of 70 cases), whereas tubular adenomas
were most prevalent in the LST-NG group (23 out of 40 cases). A
comprehensive overview of the morphological subtype distribution
across both groups is illustrated in Fig. 1.

Table 1 presents a comparative analysis of combinations of
endoscopic classifications in the LST-G group. The JNET + Hi-
roshima combination achieved the highest diagnostic accuracy
(84.29 %), with a sensitivity of 81.82 % and specificity of 90.91 %,
representing the most effective balance between lesion detection
and minimization of false positives. This superiority is further sup-
ported by its diagnostic accuracy index (84.29 %) and Youden'’s
J statistic (0.7273).

The JNET + Kudo pairing ranked second, yielding a Youd-
en’s J statistic of 0.6136 and diagnostic accuracy of 78.57 %,
with slightly reduced sensitivity (75 %) and specificity (86.36 %)
relative to the JNET + Hiroshima combination.

Combinations incorporating the Modified Sano classification,
such as JNET + Modified Sano, Modified Sano + Kudo, and
Modified Sano + Hiroshima, demonstrated high sensitivity (range:
93.18-95.45 %) but notably lower specificity (40.91-45.45 %).
This reduced specificity may result in an excessive number of
false positives, which may be undesirable in clinical practice.

The Kudo + Hiroshima combination exhibited the lowest
sensitivity (56.82 %) and diagnostic accuracy (70 %), indicating
limited reliability for optical assessment and histological prediction
of large granular LSTs.

As demonstrated in Table 2, for the non-granular LST group,
the combination of JNET + Hiroshima proved to be the most
effective, achieving the highest specificity (100 %), diagnostic
accuracy (95 %), positive predictive value (100 %), and Youden’s
index (0.8667). Although its sensitivity (86.67 %) and negative
predictive value (92.59 %) were marginally lower compared to
other combinations, these metrics remained robust.

JNET + Kudo and JNET + Modified Sano were the sec-
ond-best performing combinations, each yielding a high Youden’s
index (0.8533), diagnostic accuracy (92.50 %), and the highest
sensitivity (93.33 %) and negative predictive value (95.83 %).

The Modified Sano + Kudo pairing exhibited sensitivity equiv-
alent to that of the leading combination but demonstrated inferior
specificity, diagnostic accuracy, and predictive values.

Among all combinations evaluated, Hiroshima + Kudo and
Modified Sano + Hiroshima had the lowest sensitivity (73.33 %)
and were consistently outperformed by the JNET + Hiroshima
combination across all diagnostic metrics.

Progressive histological changes (high-grade dysplasia and/
or cancer in situ) were observed in 37.5 % (15/40) of patients in
the LST-NG group and in 68.6 % (48/70) of those in the LST-G
group. The difference between the two groups was statistically
significant (p = 0.0025). These findings indicate a higher frequen-
cy of advanced histological alterations in LST-G lesions compared
with LST-NG lesions.

According to follow-up data, no recurrences were observed
in the non-granular LST group; consequently, recurrence was
not predicted and all subsequent analyses of recurrence were
limited to the LST-G group.

Among granular LSTs, local recurrence at the post-resection
scar site occurred in 8 out of 70 patients. Statistical evaluation
indicated that the BCM scoring system demonstrated the highest
predictive performance for recurrence, with an area under the
curve (AUC) of 0.78 (95 % Cl, 0.63-0.91). Using a threshold of 1
point, the BCM model achieved a sensitivity of 66.67 % (95 % Cl,
54.11-100) and a specificity of 80.6 % (95 % Cl, 70.13-88.89).

The SERT scale and the SMSA scoring system demonstrated
areas under the curve (AUC) of 0.37 (95 % Cl, 0.19-0.63) and
0.31 (95 % Cl, 0.08-0.63), respectively. These results indicate
that both models perform no better than chance in predicting
recurrence in large granular LSTs.

8 Modern medical technology. Volume 18. Issue 1, January - March 2026
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Table 1. Comparison of combinations of endoscopic classifications in the LST-G group

Classifications Sensitivity Specificity NPV PPV Diagnostic Youden’s | p-value
(95 % CI) (95 % CI) (95 % CI) (95 % CI) accuracy J statistic
(95 % ClI)
JNET + Hiroshima 81.82 % 90.91 % 7143 % 94.74 % 84.29 % 0.7273 <0.0001
(67.29-91.81) |(70.84-98.88) |(51.29-86.82) |(82.25-99.36) |(72.76-92.30)
JNET + Kudo 75.00 % 86.36 % 65.52 % 90.91 % 78.57 % 0.6136 <0.0001
(60.55-86.02) |(65.09-97.09) |(45.67-82.06) |(77.01-97.88) |(66.31-87.97)
JNET + Modified Sano 95.45 % 40.91 % 81.82 % 73.68 % 75.71 % 0.3636 <0.0001
(84.53-99.44) | (21.71-62.33) |(48.22-97.72) |(59.99-84.70) |(63.38-85.57)
Hiroshima + Kudo 56.82 % 92.31 % 55.56 % 92.59 % 70.00 % 0.4913 <0.0001
(41.24-71.51) | (74.87-99.05) |(38.10-72.06) |(75.71-99.09) |(57.18-80.87)
Modified Sano + Kudo 93.18 % 42.31% 78.57 % 73.21 % 74.29 % 0.3549 <0.0001
(81.34-98.57) |(23.37-62.96) |(49.20-95.34) |(59.02-84.70) |(61.93-84.43)
Modified Sano + Hiroshima | 93.18 % 45.45 % 78.57 % 74.55 % 75.71 % 0.3863 <0.0001
(81.34-98.57) |(25.16-66.29) |(49.20-95.34) |(60.40-85.71) |(63.38-85.57)
Table 2. Comparison of combinations of endoscopic classifications in the LST-NG group
Classifications Sensitivity Specificity NPV PPV Diagnostic Youden’s | p-value
(95 % ClI) (95 % Cl) (95 % Cl) (95 % Cl) accuracy J statistic
(95 % ClI)
JNET + Hiroshima 86.67 % 100.00 % 92.59 % 100.00 % 95.00 % 0.8667 <0.0001
(59.54-98.34) | (86.28-100.00) |(75.71-99.09) |(75.29-100.00) |(83.08-99.39)
JNET + Kudo 93.33% 92.00 % 95.83 % 87.50 % 92.50 % 0.8533 <0.0001
(68.05-99.83) |(73.97-99.02) |(78.88-99.89) |(61.65-98.45) |(79.61-98.43)
JNET + Modified Sano 93.33 % 92.00 % 95.83 % 87.50 % 92.50 % 0.8533 <0.0001
(68.05-99.83) | (73.97-99.02) |(78.88-99.89) |(61.65-98.45) |(79.61-98.43)
Hiroshima + Kudo 73.33 % 92.00 % 85.19 % 84.62 % 85.00 % 0.6533 <0.0001
(44.90-92.21) |(73.97-99.02) |(66.27-95.81) |(54.55-98.08) |(70.16-94.29)
Modified Sano + Kudo 86.67 % 84.00 % 91.30 % 76.47 % 85.00 % 0.7067 <0.0001
(59.54-98.34) |(63.92-95.46) |(71.96-98.93) |[(50.10-93.19) |(70.16-94.29)
Modified Sano + Hiroshima | 73.33 % 92.00 % 85.19 % 84.62 % 85.00 % 0.6533 <0.0001
(44.90-92.21) |(73.97-99.02) |(66.27-95.81) |(54.55-98.08) |(70.16-94.29)

Discussion

The results of our study highlight that identical endoscopic di-
agnostic approaches can produce divergent outcomes depending
on the LST subtype. Specifically, endoscopic classifications tend
to yield higher diagnostic accuracy metrics in non-granular LSTs
compared to granular types. This discrepancy is likely attributable
to the greater ease of visualizing the flat, smooth surface char-
acteristic of non-granular lesions, whereas the nodular, irregular
morphology of granular LSTs presents challenges. The latter
often features thick, opaque mucus production — a hallmark of
tubulovillous adenomas, which comprise the majority of granular
LSTs - further complicating optical assessment and possibly ob-
scuring diagnostic features, as it was also described before [8,17].

The diagnostic sensitivity and specificity achieved in our
investigation for combinations such as JNET + Hiroshima and
JNET + Kudo (sensitivity: 75.00-93.33 %, specificity: 86.36—
100.00 %) for large laterally spreading tumors notably surpass

the performance of individual endoscopic classifications reported
in recent literature.

For the JNET classification, contemporary studies report
a sensitivity of 56.6 % for high-grade colorectal lesions and a
specificity ranging between 77.4 % and 95.7 %, with notable
variability depending on lesion subtype and size. While some
series demonstrate correctly classified rates above 77 %, overall
discriminatory ability for histological prediction remains moderate
in challenging cases [12,13,14].

The Kudo classification remains one of the most widely
utilized and recommended systems for determining the morpho-
logical type of colorectal neoplasms. While it performs effectively
in identifying invasive cancer and in differentiating neoplastic from
non-neoplastic polyps, its ability to distinguish benign lesions
from dysplasia and early-stage cancer is limited, aligning with
previous reports [23,24].

Recent research has also explored multimodal classification
approaches to enhance diagnostic accuracy.
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The supplementary application of the Kudo pit pattern in
conjunction with the JNET classification has been proposed to
mitigate limitations in JNET’s performance, particularly for type
2B lesions, by refining diagnostic granularity. This combined ap-
proach has shown promise for enhancing detection of high-grade
dysplasia and invasive cancer, supporting the need for integrated
diagnostic strategies [13].

The novel Colorectal Neoplasia Endoscopic Classification
to Choose the Treatment (CONECCT) integrates visual and
macroscopic features to predict morphologic type of neoplasia
and submucosal or deep invasion in colorectal lesions [25].
Based on the most recent evidence, the CONECCT classifi-
cation demonstrates high sensitivity, ranging from 70.7 % to
100.0 % across different studies, but frequently at the expense
of low specificity (as low as 26.2 %) and positive predictive
value (11.6 %) for submucosal cancer prediction in colorectal
lesions. In other contexts, particularly in heterogenous cohorts
and for specific lesion subtypes, the CONECCT classification
has reported more balanced specificity values between 83.4 %
and 98.9 %. Thus, its diagnostic performance varies depending
on lesion characteristics, with a notable tradeoff between sen-
sitivity and specificity depending on the clinical scenario and
population studied. However, it is important to note that these
diagnostic metrics were primarily reported in studies evaluating
heterogeneous lesion cohorts, rather than focusing specifically
on large colorectal lesions [25,26,27].

Overall, these findings are consistent with contemporary
literature emphasizing the benefits and limitations of individual
and combined endoscopic classifications. They underscore the
importance of tailored diagnostic approaches contingent upon
lesion subtype morphology and highlight the ongoing evolution
of endoscopic optical diagnosis in colorectal neoplasia man-
agement.

The SMSA scoring system has previously been evaluated
as a model for recurrence prediction and has consistently
demonstrated mediocre results. The SERT and BCM models
were specifically developed to predict recurrence after piece-
meal EMR procedures, but in our study, both were applied
to a mixed cohort of patients who had undergone various
endoscopic resection methods, including piecemeal EMR, en
bloc EMR, ESD, and hybrid ESD. Despite the marked lack of
predictive power observed with the SMSA and SERT models
- rendering them ineffective in this clinical context, the BCM
model exhibited fair discriminative ability. Accordingly, the
BCM model was validated in our analysis as an effective tool
for predicting recurrence in large granular LSTs regardless of
the method of endoscopic removal used. These findings are
consistent with broader recent literature, which highlights the
superiority and reliability of the BCM model over alternative
systems for risk stratification and recurrence prediction in
colorectal neoplasia [19,20,28].

Conclusions

1. The combination of JNET and Hiroshima classifications
was identified as the most effective and accurate for predicting
histological changes in both granular and non-granular large

laterally spreading tumors, with JNET and Kudo serving as a
viable alternative.

2. Large granular LSTs exhibit a higher incidence of pro-
gressive histological changes and tumor recurrence compared
to non-granular types.

3. The Baylor College of Medicine model demonstrated good
predictive performance for recurrence, achieving an area under
the curve (AUC) of 0.78. ABCM score of 1 or greater significantly
correlates with an increased risk of recurrence.

Prospects for further scientific research. Future research
should focus on expanding and validating combined endoscopic
classification systems in multicenter and international cohorts,
thus ensuring generalizability and reproducibility across diverse
patient populations. Further studies should also prioritize the
longitudinal assessment of BCM and emerging recurrence pre-
diction models to refine postoperative surveillance protocols and
optimize individualized management strategies. Investigations
into molecular markers and genetic profiles associated with re-
currence and progression in LSTs could provide complementary
predictive tools, fostering a more comprehensive, precision-med-
icine approach to colorectal neoplasia.
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MeTa po60TH - OLIHUTK acoLliaLlito KiNbKICHUX NapameTpiB MarHiTHO-pe3oHaHCHOI Tomorpadii cepus (HaTMBHOMO
T1-kapTyBaHHs1, 06'eM NO3aKMiTMHHOTO NPOCTOPY Ta T2-KapTyBaHHS) 3 PU3MKOM HECTIPUATIIMBMX KMiHIYHUX NOZiN
y BOPOCIUX i AiTeN i3 aunaTauiinHo kapaiomionaTieto.

Marepianu i meToau. [10 JOCnigkeHHs 3anyyeHo 76 navieHTiB i3 AunatauiiHot kapaiomionatieto (48 gopocnmx i
28 piTen), kMM BUKOHaHO MynbTunapameTpuyHy MPT cepus Ha 1,5 Tecna. OuiHtoBany 06’eMHO-(yHKLiOHaNbHi
MOKa3HWKM NiBOTO LLTYHOYKA, HAsiBHICTb Mi3HLOrO KOHTPACTHOrO MiACUNEHHs, HaTuBHe T1- Ta T2-kapTyBaHHS i
06’eM no3akniTMHHOTO NpocTopy. [epBuHHa kOMBiIHOBaHa KiHLEBa TOUKa — cMepTb abo TpaHcnnaHTaLis cepus.
Pesynbrati JocnigxeHHs onpawtoBany 3 3aCTocyBaHHAM KOpensALiiHoro aHanisy, kpusux KannaHa-Meepa Ta
yHiBapiaHTHOi perpecii Kokca.

Pe3yAbtati. Y JOPOCNUX MaLieHTIB NOKa3HWkn T1-kapTyBaHHS Ta 06'€M MO3aKMiTMHHOrO NPOCTOPY MiABULLEHI
MNOPIBHSHO 3 pePEPEHTHNMI 3HAYEHHAMN. Y NPOCTOMY MiXIPYNOBOMY MOPIBHSAHHI KifTbKiCHi NapaMeTpu TKAHUHHOI
XapaKTepuCTUKV MioKapa He BigpisHANMCs y rpynax navjieHTis, ki Manu Hecnpustnvei nopii Ta 6e3 Hux. BogHouac
y time-to-event aHanisi nigBuLLEHi 3Ha4eHHs 06'eMy NO3aKNITUHHOTO NPOCTOPY, @ TaKOX HATUBHOTO T 1-KapTyBaHHS
y 6e3nepepBHOMY aHanisi acojloBanmcs 3 pusukom cmepTi abo TpaHcnnaHTauii cepus. OCHOBHI MpeauKTopy
MOAIN — 3HKEeHHs paKkLii BUk1AY Ta 36inblUeHHs iHAEKCIB 06'eMiB NiBOTO WwiyHouka. Y Aiten T1-kapTyBaHHs
Ta 06’eM NO3aKMiTMHHOTO NPOCTOPY MIZBMLLEH] BXE B PAHHLOMY BiLli, OBHAK HE BUSIBNIEHO CTATUCTUYHO 3HAYYLLOT
acouiaLlii 3 pU3MKOM HECNIPUATIIMBIX MOLIiA; KITIOYOBWIA MPOTHOCTUYHUI YMHHUK — (DPaKLiist BUKMAY NiBOrO LTy~
Houka. Moka3HukK T2-kapTyBaHHs HE Manu 3HaYyLLOro 3B'A3KY 3 KNiHIYHUMU NOZISMU Hi Y LOPOCAMX, Hi y AiTen.

BucHoku. Kinbkichi MPT-napametpu (T1-kapTyBaHHs Ta 06’'eM NO3akniTMHHOMO NPOCTOPY) XapaKTepuayTb
ANCY3HI CTPYKTYPHI 3MiHW MiokapZa npu AunatauiiHin kapaiomionarii. Y BCiX NaLieHTIB pU3nK HECPUATIIVBIAX
KMiHiYHKX Nogin (cMepTb abo TpaHcnnaHTawis cepLs) acoL|itoBaBCA HacaMnepen i3 TAHXKICTIO peMOLENoBaHHS
NBOTO LLNYHOYKA Ta 3HKEHHAM chpaKLiii BUKMAY, a KiNbKICHI napaMeTpu TKaHWHHOT XxapakTepucTyki Miokapaa (T1-,
T2-kapTyBaHHs, 06’€M NO3aKMITVHHOTO MPOCTOPY) HE Manu 3HaYyLLUMX BiAMIHHOCTEN y MPOCTOMY MiXXTPYMOBOMY
MOPIBHSHHI, ane MOXyTb MaTV AOAATKOBY LiHHICTb Y JOBIOCTPOKOBIN CTpaTUdiKaLlii pusuky.

CyuacHi meanuHi TexHonorii. 2026. T. 18, Ne 1(68). C. 12-20

Multiparametric cardiac magnetic resonance imaging for risk stratification of
adverse clinical outcomes in dilated cardiomyopathy: the role of native T1, T2
mapping and extracellular volume

Raad Tammo, H. Ye. Morkovkina, A. V. Sydorova, Ye. Ye. Tsasiuk, N. M. Rudenko

Aim: to evaluate the association of quantitative cardiac magnetic resonance (CMR) parameters — native T1
mapping, extracellular volume fraction (ECV), and T2 mapping — with adverse clinical outcomes in adults and
children with dilated cardiomyopathy (DCM).

Materials and methods. Seventy-six patients with DCM (48 adults and 28 children) underwent multiparametric
CMR at 1.5 Tesla. Left ventricular volumes and function, late gadolinium enhancement (LGE), native T1 and T2
mapping, and ECV were assessed. The primary composite endpoint was death or heart transplantation. Corre-
lation analysis, Kaplan—-Meier survival analysis, and univariable Cox proportional hazards models were applied.

Results. In adults, native T1 and ECV values were significantly elevated compared with reference ranges. In
simple intergroup comparison, quantitative parameters of myocardial tissue characteristics did not differ between
patients with and without adverse events. However, in time-to-event analysis, higher ECV values and continuous
native T1 mapping were associated with an increased risk of death or heart transplantation The main predictors
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of events remained a decrease in ejection fraction and an increase in left ventricular volume indices. In the pedi-
atric cohort, native T1 and ECV were elevated relative to age-specific reference values, indicating early diffuse
myocardial remodeling. Nevertheless, these parameters were not significantly associated with adverse clinical
events. Left ventricular systolic dysfunction was the main determinant of prognosis in children. T2-mapping did
not demonstrate a significant association with clinical events in either adults or children.

Conclusions. Quantitative CMR parameters (T1 mapping and ECV) reflect diffuse structural changes in the
myocardium in dilated cardiomyopathy. In all patients, the risk of adverse clinical events (death or heart trans-
plantation) was primarily associated with the severity of left ventricular remodeling and reduced ejection fraction,
while quantitative parameters of myocardial tissue characteristics (T1-, T2-mapping, ECV) did not show significant
differences in a simple intergroup comparison but may have additional value in long-term risk stratification.

Modern medical technology. 2026;18(1):12-20

[OunarauiiHa kapgiomionartis (OKMI) € ogHieto 3 npoBigHuX
MPWYMH XPOHIYHOT CEPLIEBOT HEAOCTATHOCTI Ta HANMOLUMPEHILLNX
rnokasaHb A0 TPaHCMIIaHTaLji cepus y NaLieHTiB npaLe3aaTHoro
BiKy. 3aXBOPIOBaHHS XapakTepU3yeTbCs Aunatavieto iBoro
LNyHouKa abo BIBEHTPUKYNSPHOIO Aunatauieto 3i 3HKEHHSM
CUCTONIYHOI OyHKLi, ane B naLieHTa He BUSIBMEHO 3HAYYLLOT
KOpOHApPHOI NaTonorii, KnanaHHWUX Bag Y4 MaTonoriYHUX 3MiH
HaBaHTaXEHHS, AKVMI MOXXHA MOSICHWTM CTYMiHb MioKapaianbHOi
ANCEyHKLIT [1]. Hespaxatoum Ha CyyacHi BOCATHEHHS Y MiKyBaHHi,
JKMIT acoujnoBaHa 3 BUCOKOH 3aXBOPHOBAHICTIO Ta CMEPTHICTIO,
a M'ATUpiYHa NeTansHIiCT ctaHoBUTb Maike 20 % [2].

PantoBa cepLeBa CMEPTb — OAWH i3 TONOBHUX YNHHIKIB
neTanbHUX Hacnigkis y nauiexTis i3 JKMI, npussoguts 4o
maibke 30 % ycix cmepTeit y it nonynsauii [2,3]. IMnnaHToBa-
HUI KapaioBepTep-aedibpunaTop € eekTMBHAM MeToaoM
npodhinakTuky panToBoi cepLeBoi cMepri [4]. BignosiaHo fo
YMHHWX pekoMeHZaLlii AMeprKaHCBKOI acoliallii cepus Ta €B-
POMENCLKOro TOBApUCTBA Kap/ionoriB, MoKasaHHs A0 iMnaHTaLji
kapaioBepTepa-aedidpunaropa Ans nepeUHHOI NpodinakTuku
I'PYHTYIOTbCS NEPEeBaXHO Ha dopaKLii BUKuZY NiBOTO LUMYHOYKa
(®B J1LW) <35 % y naLieHTiB i3 CUMNTOMHOIO CEPLIEBOIO HEAO-
cratHicTio (NYHA II-111) [1,3].

[laHi, HakonuyeHi 3a OCTaHHI AECATUNITTH, CcBiAYaTh, LU0
3HayHa YacTka navujeHTiB i3 JKMIT, y skux BuHUKae pantosa
cepLeBa CMepTb, MatoTb JINLLE MOMipHe 3HIKEHHS abo HaBiTb
BiJHOCHO 36epexeHy cuctonivHy cyHkuito. Peectposi Ta obcep-
BaLjinHi gocnimkenHs nokasamu: y 70-80 % nauienTis i3 AKMIT i
panToBO CEPLIEBOK CMEPTHO (hpaKList BUKAY MIBOTO LUYHOYKa
craHoBuTb 35 % abo Ginblwe [5,6]. OpgHak GinbLuiCTb XBOPKX,
SKUM IMNNAHTYI0Tb KapaioBepTep-aedibpunsaTop BignoBigHO A0
YMHHWX KPUTEPITB, NPOTATOM TPMUBASIONO NEPIoay CrOCTEPEXKEHHS
He 3a3HaK0Th XOLHOMO aAEKBATHOMO TEPaNEeBTUYHOrO PO3psaY
npucTpoto. Lli cnoctepexeHHs MigkpecnionTs 0OMEXEHICTb
BukopucTanHa ®B J1LL sk eauHoro cyporaTHOro Mapkepa pusauky
Ta BKa3ytoTb Ha KpUTKUYHY NOTPEBY B TOYHILLMX, NaToi3ionoriyHo
0BrpYHTOBAHMX IHCTPYMEHTax cTpaTtudikaLii puauky panToBoi
cepueBoi cmepTi y nauieHTis i3 KM [7].

MarHiTHo-pesoHaHcHa Tomorpadis (MPT) cepust mae
YHiKanbHUA NoTeHujan Ans onTumisaLii cTpatudikaLii pusuky
npu OKMI 3aBasku MOXNMBOCTI HEIHBA3WBHOTO MynbTunapa-
METPWUYHOTO OLiHIOBAHHS (DYHKLi, MOPONorii Ta TKAHUHHKX
XapakTepucTuk Miokapaa [8]. MisHe koHTpacTHe nigcunenHs (late
gadolinium enhancement, LGE) € pethepeHTHAM CTaHAapTOM
ONS BUSIBNEHHS 3aMicHOro hibpo3y Ta nokasano HesanexHy
MPOrHOCTUYHY LHHICTb LLOAO0 PU3KKY panToBOi CepLIeBOi CMepTi

Ta 3aranbHOi cMepTHOCTI y nauieHTiB i3 JKMI, 3okpema npu
®B JIlL 235 %. MNpote LGE obmexeHe y 30aTHOCTI BUSBNATY
Ancby3Hi iHTepcTULianbHi 3aMiHM Miokapaa, Lo MOXYTb Bigirpasa-
TV KMKOHOBY porib y hopMyBaHHi apuTMoreHHoro cyberpary [9].

CyyacHi metogy kinbkicHoi MPT, 3okpema HaTusHe T1-kap-
TyBaHHA Ta 0BpaxyHoK 06’eMy MO3akniTMHHOTO NPOCTOPY
(extracellular volume, ECV), 3abe3neyytoTb MOXIMBICTb Kiflb-
KICHOrO OLjiHIOBaHHS AMdy3HOTO iHTepCTULianbHOro ¢ibposy Ta
pemogentoBaHHs MbKKITITUHHOTO MaTpukcey [8,10]. T2-kapTyBaHHS
[a€e 3MOry BUSIBNATM HAbPSKOBI Ta 3anarnbHi 3MiHM Miokapaa, a
aHania aedhopmallii Miokapaa, 3okpema rnodarnbHoOi NO3n0BXKHEOT
Aedopmadii (global longitudinal strain), € 4yTnnBIM iHAMKaTOPOM
CYOKIHIYHMX NOPYLLEHb CKOPOTNBOI oyHKLii. Pasom Li napame-
TPV XapaKTepuayroThb pisHi acnekty natodiionorii KM, wo He
OXONneHi TpaauLinH1MMm ouiHioBaHHaM ©B JLL [11].

HesBaxatoun Ha Le, Y nonepegHix JOCHImKEeHHAX i MeTa-
aHanisax BuBYanu nepepycim okpemi MPT-nokasHuku, sK-0T
HasiBHiCTb abo nokanisauist LGE, 6e3 komnnekcHoi iHTerpauii
KiNbKICHUX NapameTpiB TKAHUHHOI XapakTepucTuku, aedopma-
LIMHUX NOKA3HWKIB i KMIHIYHWMX AaHuX. Takwil hparMeHTapHum
nigxig 0ObMexye MOXNMBICTb (POPMYBaHHS HARINHKX, KITIHIYHO
3aCTOCOBHWX MOJener NporHo3yBaHHs.

Y LUbOMY KOHTEKCTi KOMMneKkcHa MyniTinapameTpuyHa MPT
CEPLIS MOXE CTaTy KIKO4OBUM iHCTPYMEHTOM 11151 BOOCKOHAMNEHHS!
cTpatudikaLii pusnKy panToBoi CepLeBoi CMepTi Ta NepcoHa-
nisauii NikyBanbHOI TaKTUKW y NaLeHTIB i3 aunaTauinHoio kap-
Jiomionarieto, 0cobnmBeo B Migrpyni 3 dopakLieo BUKMAY NiBOro
LiTyHouKa 235 %, Ans skvx onTumarsHa CTpaTeris ipodinakTuki
APUTMIYHMX NOAIN 3aNMULLIAETHCH HEBU3HAYEHOH.

Merta pobotu

OuiHnTn acouialito KinbKiCHUX napameTpiB MarHiTHO-pe3o-
HaHCHOI Tomorpadii cepus (HaTvBHOrO T1-kapTyBaHHs, 06’eM
Mo3aKIMiTMHHOIO MPOCTOPY Ta T2-kapTyBaHHS1) 3 PU3MKOM HeCnpy-
ATNMBKX KNIHIYHUX NOAIA Y JOPOCHNX | AiTel i3 gunaravuiiHow
kapgiomionarieo.

Marepianu i MeToAM AOCAIAKEHHA

Ha 6a3i BigaineHHs npomeHesoi aiarHocTuku Y «Hay-
KOBO-NPaKTUYHWUIA MELUYHUA LieHTp AUTAYOI Kapaionorii Ta
kapaioxipyprii MO3 YkpaiHuy» 06CTexeHo 76 navieHTiB i3 BCTaHOB-
NeHUM JjarHo30M AunatauinHoi kapaioMionaril, SKUM BUKOHamNM
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MarHiTHO-pe30oHaHCHyY Tomorpadito CepLis 3a CTaH4apTU30BaHUM
npoTokonoM. [lo pocnimkeHHs, ke 3gincHunn y 2022-2025
pokax, 3anyyeHo i Jopocnux, i AiTein.

[lo popocnoi rpynu yBinLwINM 48 nawyieHTiB-40MoBIKiB BIKOM Bif,
18 o 71 poky (cepenHii Bik— 34,0 £ 14,2 poky). o autayoi rpynu
3anyunnu 28 nauienTis Bikom Big 0,1 o 18,0 pokiB (cepepHin
Bik — 4,2 + 3,8 poky): 14 (50 %) xnonuis i 14 (50 %) ais4ar. Bik
BU3Ha4au Ha eTani BukoHaHHa MPT cepus.

[o pocnimkeHHs 3anyyany nalieHTiB i3 gunatadieto niBoro
LUSTYHOYKa Ta MOPYLUEHHSIM 10r0 CUCTOMIYHOI GOYHKLi, B SIKMX HE
BUSIBNIEHO YpaXeHHs1 KOPOHAPHUX apTepiii abo iHLIMX NPUYMH
iLlemivHoi kapgiomionarii. Yci nauieHTn (ans Aiten — iXHi 3aKOHHi
NPeaCTaBHWKIM) HafanM NMCbMOBY iHGHOPMOBaHY 3rofy Ha y4acTb.

I3 4OCHimKEHHS BUKMIOYEHO NALEHTIB 3 iLUEMIYHO Kapgio-
Mionarieto, reMoanHami4HO 3HaYyLLWMK Baiamu cepLis, Kapgio-
MiOnaTisiMK iHLLIOMO r'eHe3y, HEKOHTPOMbOBAHOK apTepianbHO
rinepTeH3ieto, NpoTunokasaxHsMu 4o MPT abo BBeaeHHs rago-
NiHIEBNX KOHTPACTHUX NPenapariB, a TakOX ODCTEXEHNX, Y SAKUX
OTPUMaHO 300paKeHHs! HeL0CTaTHBOI SIKOCTI.

MarHiTHO-pe3oHaHCHY ToMOrpadito CepList BUKOHAN 3 enek-
TpokapaiorpadiuHoOI0 CUHXPOHI3aLliE Ta 3aTPUMKOLO AUXaHHS Ha
CKaHepi 3 HanpyxeHicTo MarHiTHoro nons 1,5 T. [1ns ouiHoBaHHS
00’emiB Ta (yHKLii MiBOrO i NPaBOro LUMYHOUKIB 3aCTOCOBAHO
CTaHAapTHi KiIHEMaTUYHI NOCNigOBHOCTI 3i 30anaHCcoBaHO CTa-
noto npevecieto (balanced steady-state free precession, bSSFP).
3piav oTpUMaHO y CTaHAAPTHWX JOBIUX (ABO-, TPU- Ta YOTHPK-
KamepHa MpPOEKLiT) Ta KOPOTKMUX OCSIX, LU0 OXONMoBanu BeCh
NiBMI LUNYHOHOK Bif OCHOBM A0 BepXiBKM. KiHLEBO-AiacTonivHi Ta
KiHLieBO-CHCTONIYHI 00’'eMM, Macy Miokapaa Ta ppaKLiito BUKuIY
NiBOTO LUMYHOYKa 0BpaxoByBany LUMSXOM MaHiMeTpii eHOo- Ta
enikapaianbHUX KOHTYpIB. [i3HE KOHTPACTHE NiACUNEHHS BUKOHa-
nmyepe3 10—15 XBUnuH nicnst BBEAEHHS KOHTPACTHOI PEHOBUHM.

HatusHe T1-kapTyBaHHS BUKOHANM 40 BBEEHHS KOHTPACT-
HOI PEYOBYHY 3 BUKOPUCTaHHSAM MOAMIKOBaHOI iHBEPCIHO-BIA-
HoBntoBanbHoI nocnigosHocTi (MOLLI), 3asBuyait y cepeamHi
MiXKLLITYHOUKOBOI MEPETUHKY Ha PiBHI CEPEHIX CErMEHTIB NiBOrO
LwinyHouka. lMicnskoHTpactHe T1-kapTyBaHHS 34IMCHUNN Yepe3
15-20 XBUNH Nicnst BBEAEHHS KOHTPACTY Y Tilh CaMill aHAaTOMIYHIi
noauuii ans obuncnenHs ECV, a T2-kapTyBaHHS BUKOPUCTAHO
ANS KiNbKICHOTO OLiHIOBaHHSI HAabpPSIKOBMX i 3ananbHWX 3MiH
Miokapga.

lMocTobpobky 11 aHanis MPT-306paxeHb He3anexHi Aocnia-
HVKW 30ICHINI 3 BUKOPUCTaHHSM CrieLlianiaoBaHoro NporpaMHo-
ro 3abesnevenns. T1-, T2-kapTyBaHHs Ta ECV-aHania BUKOHaHO
y CTaHOApTM30BaHMX CerMeHTax Miokapaa 3 YHUKHEHHSIM 30H 3
apTedakTamu Ta AinsHok i3 BupaxeHum LGE. Yci kinbkicHi napa-
METPMW YCepeaHIoBani Ans HaCTYMHOrO CTaTUCTUYHOIO aHaniay.

[JocnipxeHHs cxBaneHi KOMICieto 3 NMTaHb BioMeanyHOI ETHKN
LY «HaykoBo-npakTU4HWiA MEAUYHWIA LLEHTP AUTSYOI Kapaionoril
Ta Kapgioxipyprii MiHicTepcTBa 0XOpOHM 300POB’'A YKpaiHu»
Ta 3[jiiCHEHI BiANOBIAHO A0 NMPUHLWMNIB BIOETUKM, BUKNAOEHUX
y lenbCiHCbKi Aeknapauii « ETUYHi NpuHLUMNM MeanyHuX ao-
CcnifkeHb 3a yyacTio nogeny» Ta «3aranbHii feknapauii npo
Gioetnky Ta npaea ntoguHu (KOHECKO)».

[aHi, oTpuMaHi B 4OCTIIKEHHI, OMpaLibOBaHO 3a JONOMOTO0
niyeHsiHOi mporpamn Ha pobouii cTaHuii Syngo.via 3 BUKO-
pucTaHHaM nporpamHoro 3abesnederHHss MR Cardiac Analysis

(Siemens Healthineers, Erlangen, HimeuuunHa), cepiitHuin Homep
131888.

CTaTCTUYHMIA aHani3 BUKOHAHO 3 BUKOPUCTAHHSAM CTaHaapT-
HOro NporpamHoro 3abesneyeHHs. HenepepsHi 3MiHHi HaBeAeHo
K CepedHe * CTaHOapTHe BiOXWNEHHS, kaTeropianbHi — sk n
(%). BignosigHicTb 3aKOHY HOPManbHOMO PO3MOLINY OLiHI0BaNM
TecTom LWanipo-Binka. [Ins nopiBHAHHS HenepepBHUX 3MIHHMX
BUKOPUCTaHO t-kpuTepilt CTbroaeHTa abo kputepint MaHHa—BiTHi,
Ans kateropianbHux — X2 abo TouHmMi kpuTepiit dilepa. Kopens-
LiiHWiA aHani3 3aiNCHUMM 3 BUKOPUCTaHHAM KoedilieHTa MipcoHa
abo CnipmeHa 3anexHo Bif xapakTepy poanoginy gaHnx. AHanis
BVXKMBaHOCTI BIKOHaHO MeTogom KannaHa-Meepa 3 nopiBHsH-
HAM KpuBwMX log-rank TeCToM; Yac 4o nofii BU3Ha4anu Big gatu
MPT cepus 40 HacTaHHsI nogii b0 3aBEepLUEHHS CMIOCTEPEXEHHSI.

Acoujauito MPT-napametpis (T1, T2, no3akniTvHHUIA 06'eMm,
HasBHiCTb LGE) i mopdodyHKLioHanbHMX nokasHukis (PB JILL,
iHAEKCOBaHMI KiHLeBO-AiacToniuHuiA 06’em (KOI) Ta iHgekcoBaHwiA
kiHueBo-cucToniyHui 06’em (KCI) niBoro LwunyHouKka) 3 puankom
HECNPUATIMBUX NOAIN OLiHIOBanu 3a 4ONOMOrOK perpecii
NpONopLiH1X pu3mnkiB Kokca 3 nogaHHaM hazard ratio ta 95 %
[0BipuMX iHTepBais; 40 MyrbTUBapiaHTHUX MOAENEN BKMYany
KNiHIYHO peneBaHTHI KoBapiaHTW, 30kpeMa Bik Ta eTionorito AKMIT.
CTaTMCTNYHO 3HauyLLMMKM BBaXKanm BigMiHHOCTI npu p < 0,05.

CraTtucTyHi AaHi, OTpUMaHi B JOCIMKEHHI, ONpaLibOBaHO 3a
Jonomoroto 6e3koLToBHMX 3acobis IBM SPSS Statistics.

Pe3yabtatu

Bik nopocnmx nawiexTie ctaHoBwB 34,0 + 14,2 poky (8ig 18 go
71 poky), yci obcTexeHi —yonosiku (48/48, 100 %). 3a etionorieto
OKMIT igionatnyny coopmy BusieneHo y 25 (52,1 %), noctmiokap-
antuany —y 20 (41,7 %), cimeitry —y 3 (6,2 %) nauieHTis. Y fo-
pocnmx 0BCTEXEHNX i3 AunaTaLliiHow kapaiomionaTieto cepeaHi
3HAYEHHS! KiNbKICHAX NapaMeTpiB MarHiTHO-pe30HaHCHOI TOMO-
rpadii cepus ctaHoBUIM: HaTuBHUIA Yac T1 — 1085,7 + 93,1 mc
(970,0-1400,0 mc), T2 — 47,5 £ 4,6 mc (39,0-61,0 mc), ob’em
nosaknituHHoro npoctopy (ECV) - 30,4 + 5,5 % (23,0-55,0 %).
BcraHoBneHo goctosipHe nigeuLeHHs T1-kapTyBaHHs Ta ECV,
a napametpu T2-kapTyBaHHS NepeBaxHO nepebyBani B Mexax
abo Habmkanucst 4o pedhepEHTHUX 3HAYEHb AN1s 30OPOBHUX
nopocnux (T1 - 1000,0 + 20,0 mc, T2 — 45,0 £ 2,7 mc, ECV -
24,90 £ 1,53 %) [10,12] (puc. 1).

CepepHi nokasHuku tyHkuii Ta reometpii JILL xapakTe-
pu3yBanu Taxke pemogentoBaHHs: ®B niBoro wnyHoyka
-21,0 £ 6,5 % (8,0-35,0 %), KiHLEeBO-giacTONIYHNIA iHOEKC —
182,6 + 68,2 mn/m? (105,0-442,0 Mn/m?), KIHLEBO-CUCTOMIYHWIA
iHaekc — 145,4 + 63,0 mn/m? (50,0-367,0 mn/m2). INisHe koHTpacT-
He nigcunerHs suseneHo y 29 (60,4 %) navieHTis.

Y nauieHTiB i3 Hx4MK 3Ha4eHHsIMU OB i GinbLummn KO i KCI
NiBOrO LUMYHOYKA BCTAHOBMEHO TEHAEHLLIO 4O BULLMX 3HAYEHD
HatmeHoro T1-kapTyBaHHs Ta ECV. BogHouac kopensuiiHuii
aHanis He BYSIBMB CTaTUCTUYHO 3HAYYLLIOTO MOHOTOHHOIO 3B'A3KY
MiX LMK nokasHukamu (p > 0,05). Lle cBigunTb npo cknagHui,
HeniHINHUIA XapaKTep B3aEMO3B 3Ky Mix Andy3HUM (ibpo3oMm i
PeMOAENtoBaHHSM NIBOTO LUyHOuKa (mabi. 1).

3HayeHHs1 T2-kapTyBaHHS He Manu CyTTEBOTO 3B'A3KY 3
nokasHukamm yHkuii abo o6’emamm J1LL (p = 0, p = 0,987), a
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Puc. 1. MPT cepus nauieHta 3 AKMI, ®B - 33 %, KAl - 138 Ma/M2: B 4oTUpUKaMepHii npoekuii (A), y ABOKamepHilt npoexuii (B) y KiHo-
pexumi. NMpu Ni3HbOMY KOHTPACTHOMY MIACUAEHHI B YOTUPUKaMEPHiN npoekLii (C) Ta no KOpoTKii oci (D) HAaKOMMYEHHS KOHTPACTY HEMAE,
LGE - 0 %. HatuBHe T1-kaptyBaHHs (E) craHoBMA0 1070 mc. MocTkoHTpacTHe T1-kapTyBaHHs (F): 06’em noakaitniHoro npoctopy - 38 %.

OTXe HeMae 3B’A3Ky MK Mapkepamu akTUBHOTO MiokapaianbHOro
3ananeHHs Ta CTyneHeM CUCTONIYHOT ANCAYHKLIT B 0BCTEXEHNX
naujeHTiB.

[MpoTsarom nepiogy CnocTePeXeHHs y rpyni AOPOCHMX 3adik-
COBAHO HECNIPUATIMBI KNiHIYHI NOAji: neTanbHUiA Hacnigok —y 16
(33,3 %) nauieHTis, TpaHcnnaHTauis cepust —y 4 (8,3 %). Kpim
Toro, 10 (20,8 %) nauieHTam iMNNaHTOBaHO Kapg4ioCTUMYNATOP
3a KNiHIYHUMK NOKa3aHHSMM.

Mg Yac KOHTPOMBHOTO CMOCTEPEXEHHS Yepes 36 MicauiB
yCi nawieHTw, siKi He Manm netanbHKX nogin abo TpaHcnnaHTaLi
cepus paiwe, 3anuwanucs xueumn — 17 (35,4 %), ogHomy
NaLieHTOBI BUKOHAHO TpaHcnnaHTauilo Hupku (2,1 %). Ons
nonepeaHbOro aHanisy pusnky chopMoBaHO KOMGIHOBaHY KiH-
LieBY TOYKY «HECMPUSATAMBA NOAIAY, Ska BKNKOYana cmepTb abo
TpaHcnnanTauito cepus (n = 20); rpyna 6es wiei nogii (n = 28)
BKITtOYana NauieHTiB 3 iMnaHTalielo kapaiocTuMynsTopa, Wo
posrnsAany gk Okpemy KniHivHy noito Ta BpaxoByBanm sk LieH-
3ypYyBaHHs B aHani3i BUXWBAHOCTI.

Y rpyni 3 HECNPUATAMBO NOAIE0 BU3HAYEHO Huxyy B LU
(16,4 £ 4,5 % vs 24,3+ 5,6 %, p < 0,001) i Buwi 3HayeHHs KO/
(221,1 £ 79,3 mn/m? vs 155,2 £ 42,3 mn/m?, p = 0,002) ta KCI
(185,1 £69,4 mn/m?vs 117,0 + 38,8 mn/m2, p < 0,001) nopiBHsIHO
3 rpynoto 6e3 nogii.

3a pesynbratamu NpOCTOr0 MiKIPYNOBOTO MOPIBHSAHHS,
KinbKiCHI napameTpy TKaHWHHOI XapakTepucTuku Mmiokapga
(T1-kapTyBaHHs, T2-kapTyBaHHa Ta ECV) cTatuctnyHo 3Hady-
wo He sigpisHsanucs (p > 0,05). Yactota LGE Takox sictaBHa
y rpynax gocnimkerHs (60,0 % vs 60,7 %, p = 1,0). OTxe, 3a

AaHUMK NPOCTOrO MKTPYMOBOTO MOPIBHSAHHS, PU3NK HECTIPUST-
NMBKX MOAIN Y JOPOCHUX NaLiEHTIB NEPEeBaXHO acoLitoBaBCcs
3 TAXKICTIO pemogentoBaHHsa nisoro wnyHouka (KOI/KCI) ta
3HKEHHSIM MOTO CUCTOMIYHOI (PYHKLUIT, @ KinbKicHi napameTpu
TKaHWHHOT XapaKTepUCTVKK MioKapaa He Manu BigMiHHOCTeN Be3
ypaxyBaHHs Yacy 40 nogi.

3 ornsay Ha 06MEXEHHS MPOCTOrO MiXKIPYNOBOTO NOPIBHAHHS
6e3 ypaxyBaHHs Yacy 40 nogii, Hagani aHani3 3aiNcCHUNN 3 BUKO-
PUCTaHHAM METOZIB OLiHIOBAHHS BIXKMBAHOCTI. Y BIXKMBATbHOMY
aHanisi, LWo 34icHWNM 3 BUKOpUCTaHHAM kpusix KannaHa—Mee-
pa, nigsuLLeHi 3Ha4yeHHs ECV acouiioBaHi 3 SOCTOBIPHO BULLWM
PU3MKOM HacTaHHs KOMBIHOBaHOI KIHLEBOT TOUKM (puc. 2). Ans
T1-kapTyBaHHS NpW NOAINI 3a MeAiaHHUM 3Ha4EeHHAM CTaTUCTY-
HO 3HaYyLLUMX BiOMIHHOCTEN KPYBMX BUXXMBAHOCTI HE BUSIBNIEHO,
IO xapakTepudye obMexeHHs auxoTomisalii 6e3nepepBHoro
nokasHuka (puc. 3). ani T2-kapTyBaHHS He acouinoBaHi 3 pu-
31KOM HECMIPUATIIMBNX NOGIN (puc. 4).

Y perpeciiiHomy aHanisi nponopuinHux pusnkis Kokca, ge
HaTuBHe T1-kapTyBaHHs Ta ECV aHanisyBanm sk BesnepepsHi
3MiHHi, 061ABa NOKA3HWMKW Man CTaTUCTUHHO 3HaYYLLY acoLiaLlito
3 pu3nKoM cmepTi abo TpaHcnnaHTauii cepus B yHiBapiaHTHOMY
aHanisi Kokca. Lle miatBepmpxye NOTEHLiHY porb Andy3HOro
ibposy miokapaa y time-to-event aHanisi.

Y puTadin koropTi — 28 nauieHTiB i3 gunatauiiiHoto kapgio-
mionarieto Bikom Big 0,1 fo 18,0 poky, SKuX noginunu Ha Tpu
nigrpynu 3anexHo Big Biky: 0—1 pik, 2—6 pokis i 7-18 pokis. 3a
nepiog CrocTepexeHHst KOMBIHOBaHa KiHLieBa TOUKA, LLO BKITt0Ya-
na cmepTb abo TpaHcnnaHTawito cepus, Hactana 'y 14 (50,0 %)
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Ta6auusa 1. Kopensis kinbkicHux MPT-noka3HUKIB i3 GYHKLLEK AIBOTO LIAYHOUKA Y AOPOCAMX NaLieHTIB

MapameTp, oAMHMLI BUMipHOBaHHS ®B JLLY, p (p) KAl p (p) KCl, p (p)

T1, Mmc -0,18 (0,228) 0,17 (0,249) 0,18 (0,210)
ECV, % -0,15(0,294) 0,09 (0,531) 0,17 (0,258)
T2, mc -0,00 (0,987) 0,10 (0,491) 0,12 (0,417)

Puc. 2. Kpusi KannaHa-Meepa ars KOMBIHOBAHOI KiHLIEBOT TOUKM Y AOPOCAWX NauieHTiB i3 AKMIT 3aneXHOo Bia piBHA ECV.

3

Puc. 3. Kpusi KannaHa-Meepa ans KoMBiHOBaHOI KiHLEBOT TOUKM 3aAEXHO BiA HaTMBHOMO T1-KapTyBaHHS.

4

Kaplan-Meier: cmepTb/TpancnnanTalis cepus (ECV high vs low)
MepiaHa po3ainenHs: T1 1058,5 mc; ECV 30,0%; T2 47,0 mc
log-rank p = 0,006
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Kaplan-Meier: cmepTb/TpaHcnnatTauis cepus (T1 high vs low)
MegiaHa poagineHs: T1 1058.5 mc; ECV 30.0%; T2 47.0 mc
log-rank p = 0.170
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Kaplan-Meier: cmeptb/TpaHcnnanTauis cepus (T2 high vs low)
Mepiata poaainenns: T1 1058.5 mc; ECV 30.0%; T2 47.0 mc
log-rank p = 0.384
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Puc. 4. Kpusi KannaHa-Meepa Ans KOMBIHOBaHOI KiHLIEBOT TOUKM 3aAEXHO BiA 3HAUEHb T2-KapTyBaHHS.
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nauieHTis — 11 cmepTei i 3 TpaHcnnaxTauji. MisHe kOHTpacTHe
nigcunerHs 3adikcoBaHo y 2 (7,1 %) aiten.

Y 3aranbHi AUTAYiA KOropTi cepenHi 3Ha4eHHs HaTUBHOM
T1-kapTyBaHHs Ta ECV nigsuLLeHi NOpiBHAHO 3 BIKOBUMM pe-
hepeHTHUMM 3HaveHHaMM [10,12], a nokasHuku T2-kapTyBaHHS
BapiabernbHi 3 TEHAEHLLEW 40 NiABULLEHHS, 0COBnMBO Y Mornoa-
LUiN BIKOBIN rpyni.

CepenHi 3Ha4eHHs KinbKiCHUX napameTpis ctaHoBunn: T1 —
107960 mc, ECV-30,9+3,7 %, T2—-54,4 + 8,1 mc. Oynkuja JILL
3HAYHO 3HIKeHa: OB — 23,3 + 8,8 %, KOI — 188,3 £ 49,7 mn/m?,
KCI - 146,3 + 50,6 Mn/m?; Le CBIgUMTbL NPO TSKKE pemogento-
BaHHS Ta CUCTOMIYHY ANCAYHKLLIO Y BinbLLIOCTi AiTeN.

Bepyuu 1o yBaru BikoBi pechepeHTHi 3HaueHHs ans 1,5-Tec-
nosoro MPT cepus, NigBULLEHHS HAaTUBHOTO T1-KapTyBaHHS
BW3HAYEHO B YCiX rpymax 3a BikOM, i TOMy 3po6unu BUCHOBOK
MPO HasABHICTb ANMY3HMX IHTEPCTULIANBHUX 3MiH MiOKapaa Bxe
Y paHHbLOMY BILl.

O6’em NO3akniTMHHOrO NPOCTOPY B YCiX BIKOBUX NiArpy-
nax TakoX NiABULLEHWI LLOAO pedepeHTHUX MeX Y aiTen
(25,00 £ 1,72 %). Lle ysromkyeTbcst 3 faHuMu T1-kapTyBaHHs!
Ta CBIgYNTb NPO AUdy3HE PEMOAENOBAHHS MIKKMITUHHOIO
maTpuKcy. MNokasHuky T2-kapTyBaHHS Y CepeaHbOMY NEPEBHLLLY-
Banu Hopmy (45,0 + 2,7 Mc), HalbBinbLLi 3Ha4eHHs 3adikcoBaHO
B AiTEN NepLLIOro PoKy XMTTS, ofHak 6e3 YiTKux 03HaK rocTporo
AMdy3HOro 3anarnbHoro npouecy (mabn. 2).

Y BUXMBanbHOMY aHanisi 3 BUKOPUCTaHHAM KpuBix KannaHa—
Meepa npu cTpatudikaLlii nauieHTiB 3a MeaiaHHUMM 3HAYEHHSIMM
T1-kapTyBaHHs, ECV Ta T2-kapTyBaHHS CTAaTUCTUYHO 3HAYYLLMX
BiAMIHHOCTEl 3a BUXMBAHICTIO ab0 HAcTaHHAM KOMOiHOBaHOI
KiHLIeBOI TOUKM He BUsiBneHo (p > 0,05). AHanoriyHo 3 LM Hasie-
HicTb LGE He Gyna acouiioBaHa 3 JOCTOBIPHO BULLMM PU3NKOM
HECNPUATINBIMX NOAIiA, XO4a BCTAHOBMNEHO TEHAEHLIi0 A0 ripLUoro
nporHo3y y naujeHTis i3 LGE, Lo He gocsrna CTatucTUYHOI 3Hauy-
LLOCTI, 3 OMMsiAY Ha H3bKY HacToTy Liboro doeHomeHa (puc. 5, 6, 7).

Y perpecitHomy aHanisi nponopuiinHnx puaukis Kokca ons
KOMGIHOBaHOI KiHLIEBOI TOYKM (CMepTb abo TpaHcnnaHTaLis
CepLsi) KinbKiCHi napameTpy TKaHUHHOI XapakTepucTUKX Mio-
kapaa, 3okpema HatmeHe T1-, T2-kapTyBaHHs Ta ECV, He manu
CTaTUCTUYHO 3HAYYLLOI acoujialii 3 PU3MKOM HacTaHHs Nogii.
Tak, nokasHuk T1-kapTyBaHHs (Ha KoxHi 50 MC) MaB BigHOLLEH-
Hs puankis (HR) 1,04 (95 % posipuni inTepsan (AI) 0,67-1,61;
p =0,867), ECV (Ha koxHi 5 %) — HR 0,92 (95 % [l 0,48-1,75;
p = 0,791), a T2-kapTyBaHHs (Ha koxHi 5 mc) — HR 1,17 (95 %
01 0,84-1,62; p = 0,350).

3HWKeHHs chpaKwii BUKMAY NMiBOTO LUMYHOYKA acoLinoBaHe 3
MiABNLLEHNM PUBMKOM HECTIPUSTIIMBUX KNMIHIYHUX Mogi: 36inb-
weHHs ®B JILL Ha koxHi 5 % cynpoBomXyBanocs 3HWKEHHSIM pu-
31Ky komMBiHOBaHoI KiHLeBoi Toukm (HR 0,59; 95 % [l 0,37-0,93;
p = 0,022). Mokasnukn K| Ta KCI niBoro LunyHo4ka He oCArnm
CTATUCTUYHOI 3HAYYLLOCTI Y NporHo3ysaHrHi nogin (HR 1,17;
p = 0,536 Ta HR 1,27; p = 0,385 Bignos.igHo).

HassHictb LGE acouitoBanacs 3 TeHAEHLUie0 4O BMLLOMO
PW3NKy HacTaHHs1 KOMBIHOBaHOI KiHLEeBOi Toukn (HR 2,89), on-
Hak Ls acoliallis He gocsarna cTatucTuaHoi 3HavywocTi (95 %
A1 0,63-13,29; p = 0,172). IMOBIpHO, Lie 3yMOBINEHO HW3bKOIO
yacToTot BusBNeHHs LGE y autauii koropri.

06roBopeHHA

3rigHo 3 pesynsTaTaMy YMCMEHHUX AOCTIMKEHD | METaaHani-
3iB, HAsIBHICTb | NOLUMPEHICTb Ni3HBOTO KOHTPACTHOTO NiACUNEHHS
Y BOPOCIUX NALEHTIB 3 HEiLLIEMIYHO0 AunaTaLiiHOK KapaioMio-
naTieto acouitolTbCS 3 MiABULLEHUM PU3NKOM HECTIPUSITIIUBUX
KIiHIYHMX NOiV He3aNexXHO Bi paKLLii BUKMZY NMIBOTO LLMYHOUKA.
Y uboMy koHTekcTi LGE € BaxnmBuM iHCTPYMEHT JOAATKOBOI
cTpatudikavii pusmky [13].

Kpim LGE y thaxoBil nitepaTypi akTMBHO 06roBOPHOKTH POIb
HaTuBHOro T1-kapTyBaHHsl Ta ECV sk mapkepiB andysHoro
iHTEpCTULianbHOro ¢ibpo3y Miokapaa. Y HM3Li npaub Wogo
[0pOCnMX NaLieHTIB i3 gunatauiiHol kapgiomionartieto Ui na-
paMeTpm acoLjitoBany 3 MPOrHO30M i BU3HAYanu sk NOTEHLiNHE
JOMOBHEHHS A0 TPAAMLINHUX MOKA3HUKIB PEMOAENIOBAHHS Ta
(pakuii Bukuay [14].

Y gopocniii koropTi, siky ofCTexunm nig Yac Haworo fo-
CNi@KEHHS, TakoX 3adikcoBaHo nigsuwerHs T1/ECV wopo
peepeHTHUX 3HaYeHb, a aHani3 BUXMBAHOCTI NOKa3aB iXHHO
MOTEHLiHY NPOTrHOCTUYHY LiHHICTb Y time-to-event nigxopi. Lie
BiAiNOBIZAE Cy4aCHWM JaHUM Npo Te, LU0 Andy3HMI ¢ibpo3 Moxe
BNAVBATW Ha Big4aneHuin pusuK, HaBiTb KOMK NPOCTI NePEXPECHI
MOPIBHSIHHA rpyn He NOKa3syrTb pisHuML [15].

BogHouac y HaloMy JOCRiMKEHHI, He3Baxatoumn Ha nigsu-
weHHs T1-kapTyBaHHsa Ta ECV BigHOCHO pedepeHTHMX 3Ha-
YeHb, Lii MOKa3HUKM HE Manu CTaTUCTUYHO 3HauyLLoI acouiaLlii
3 PU3MKOM KOMBIHOBAHOI KiHLIEBOT TOYkWM. OCHOBHWUM MPOrHOC-
TUYHUM YUHHWUKOM Y KOropTi 0GCTEXEHMX 3anuLlanacs TSxKICTb
CUCTOMIYHOI AUCAYHKLIT NIBOrO LUMYHOUKA, O NiATBEPIXEHO
[OCTOBIPHUM 3B’513KOM MiXK (hpaKLIiEr0 BUKAY Ta PUUKOM CMEPTI
abo TpaHcnnaHTaLii cepus.

Taki po30iKHOCTI 3 AaHUMM IHLLMX JOCTIIKEHb MOXYTb OyTH
3yMOBJIEHi BiAMIHHOCTSMM Y po3Mipi BUOIpKM, an3aliHi gocni-
[DKEHHSI, TPMBANOCTI CMOCTEPEXEHHS, @ TaKOX reTEPOreHHICTIO
eTionoriyHmx YmHHKKIB JKMI. Kpim Toro, opakuis Bukugy nisoro
LUSTYHOYKA € iHTerpanbHUM MOKa3HUKOM, WO XapaKTEpU3ye Cy-
MapHUIA BNIMB CTPYKTYPHUX 3MiH, FEOMETPIi, HABaHTaXEHHS Ta
TpuBanocTi 3axsoptoBaHHs, a T1 1a ECV xapaktepusytoTs nuile
OKpeMMIn acnekT NaTonoriYHoro peMofentoBaHHs Miokapaa.

TkaHnHHa xapakTepucTuka Miokapga npu OKMIT y giten
3HAYHO MEHLLEe onucaHa, HiX Yy Aopocnux. ABTOpPKU OKpemux
npaub gocnigxysanu LGE y aiteit i3 IKMI i BusiBunn noteHuinHy
acouiauito LGE i3 Tshk4nm nepebirom, HaronoLLykum npu LboMy
Ha Manux Bubipkax i HeogHopigHocTi dheHoTMniB [16]. Y Hawin au-
TAauvin koropTi Yactota LGE Husbka (7,1 %), i Lie Morno obMexuTy
CTaTUCTWUYHY MOTYXXHICTb ANS BUSIBMEHHS Or0 BNIMBY Ha NOAji.
3rigHO 3 JaHMMK HayKOBOI NiTepaTypu, YactoTa Ta 3HaYeHHs
LGE y fiTei BapitoloTb 3anexHO Bif Au3aitHy JOCHIgXeEHHS, BiKY,
€eTionorivyHoro cnextpa ta npotokony MPT [16].

[aHi oo NporHOCTMYHOIT pori KinbkicHux MPT-napameTpis y
[JiTeN i3 aunaraviinHo kapaiomionariero 4oBOmi 0bMexeHi. 3rigHo
3 CyYaCHUMM JaHUMW, BUSIBATY Andy3HNIA hidpo3 3a 4ONOMOroH
T1-kapTyBaHHs Ta ECV MoXxnnBO, arne oro HesanexHy nporHoc-
TUYHY LiHHICTb y NeaiaTpuyHin nonynsuii 4oci He goseaeHo [17].

Pe3synbraTi Lib0ro AOCTigKEHHS SONOBHIOTH Cy4aCHi faHi Ta
Janv 3Mory BCTQHOBWTK, LLO Y AiTei NiABULLEHHS T1-kapTyBaHHS
Ta ECV BUSBNAOTL BXE Y paHHBOMY BiLli, LLIO CBIAYMTb NPO paHHi
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Tabaunuga 2. KinbkicHi MPT-nokasHuKK y AiTel i3 AAaTaLifHOK KapaiomionaTieto

Miarpyna 3a Bikom n T1, mc (mean % SD) T2, mc (mean % SD) ECV, % (mean % SD) ®B J1LW, % (mean * SD)
0-1 pik 9 1095 £ 77 58,7+10,2 30,6+3,8 20,0£6,0
2-6 pokiB 1 1070 + 44 525+7.1 304+23 248 +10,4
7-18 pokis 8 1073 + 62 520+53 32,152 24892
5 Kaplan—-Meier: cmepTb/TpaHcnnanTais cepus (T1 high vs low)
MegpiaHa poaginenHs: T1 1058,5 mc; ECV 30,0%; T2 47,0 Mmc
log-rank p = 0,170
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Puc. 5. Kpvei KannaHa-Meepa Ans KoMOIHOBaHOI KiHLIEBOT TOUKM ¥ AiTel i3 AKMIT 3anexHo Bia piBHsA ECV. 3aBepLueHHs KpUBOI Y rpyni 3 BUCO-
KnMK 3HaueHHsIMK ECV 3ymoBAEHE TM, LLIO TaKi MOAIT He 3adikCOBaHO Y Mi3HiLLIi TEPMiHM CMIOCTEPEXEHHS Ta BIATOBIAHWUM LIEH3YPYBAHHAM AQHWX.
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Kpuei KannaHa-Meiiepa: cMepTb abo TpaHcnnaHTaLlis cepust
HatueHe T1-kapTyBaHHs (nogin 3a MegiaHoto 1086 mc)

log-rank p = 0,722
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Puc. 6. Kpusi KannaHa-Meepa Ars KOMBIHOBAHOI KiHLIEBOT TOUKM Y AITEN 3aAEXHO BiA 3HAUYEHb HAaTUBHOTO T1-KapTyBaHHS.

Puc. 7. Kpui KanaaHa-Meepa At KOMBIHOBAHOI KiHLLEBOT TOUKHM Y AiTeN 3aAEXHO BiA 3HaUYeHb T2-KapTyBaHHS.
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Kpwei KannaHa—Meiiepa: cmepTb abo TpaHcnnaHTaLis cepus

log-rank p = 0.877
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CTPYKTYPHI 3MiHW Miokapaa. Pa3om i3 TuM y mexax nepiogy cro-
CTEPEXEHHS Lii napameTpy He Gy acoLLinoBaHi 3 pU3VKOM CMEPTI
abo TpaHcnnaHTaLji cepus, a KIto4OoBUM AETEPMIHAHTOM MPOTHO3Y
3anuiianacs TSKKICTb CUCTONIYHOT AMCAYHKLLT NIBOTO LLMYHOUKA.

OTxe, OTpUMaHi JaHi He cynepeyaTb pesynsratam none-
penHiX AOCMiMKEHb, @ YTOYHIOWTh iX, NIATBEPIXKYOUM, LIO Y
ONTAYIA nonynsyii audy3aHi TKAHWHHI 3MiHW MOXYTb NepeayBaTy
KMiHiYHUM Nogisiv, ane He 060B'A3KOBO BU3HAYaKTb KOPOTKO- 200
cepeaHbOCTPOKOBUIA MPOTHO3.

Y pesynbrari Lboro JOCHiMKEHHS He BUSIBMIEHO acoLliaLlito Mix
nokasHukamu T2-kapTyBaHHs Ta NporHo3oM. Lii gaHi 3biratotbes 3
BiJOMOCTSIMM, LLIO OAEPKanK Nig Yac iHWKX AoCnigXeHb, aBTopy
AKX nokasanu: T2 € MapkepoM akTUBHOrO Habpsiky abo 3ana-
NeHHs | Mae 0BMeXeHy MPOrHOCTUYHY LiiHHICTb MPY XPOHIYHOMY
nepebiry gunarawiitHoi kapaiomionarii, Kony aKTUBHWIA MIOKapAT
He BUSBEHO [8].

He BWsiIBNEHO CTaTUCTUYHO 3HaYyLol acouiauii T1-kapTy-
BaHHA Ta ECV i3 pusnkom HeCnpusTAMBUX MO Y NPOCTOMY
MDKTPYMOBOMY aHariai, ofHaK NiATBEPIKEHO, L0 BOHU MOXYTb
XapakTepuayBaTu Audy3Hi CTPYKTYPHI 3MiHW Miokapaa. Lie moxe
MaTy 3Ha4eHHs y JOBroTPUBAroMy MpPOrHo3yBaHHi.

HocnimpxeHHs Mae Hi3ky oBMexeHb, siki cnig BpaxoBysaTty
Mg Yac iHTepnpeTauii oTpumaHux pesyneraris. [o-nepiue, BOHO
mano obcepBaLliiHin xapakTep i 3miicHEHe B OOHOMY LIEHTPI,
L0 MOXe 0BMexyBaTW eKCTPanonsLilo pesynsraTiB Ha LWupLUe
kono navjeHTiB. o-apyre, BiGHOCHO HeBenmKuiA 0bcsr BUBIpKy,
0CcoBnMBO Yy AUTAYIN KOTOPTI, @ TaKoK 0OMEXeHa KinbKiCTb Ki-
HIYHMX NOAIN MOTTIN 3HU3UTU CTATUCTUYHY NOTYXHICTb aHani3y 1
YHEMOXITMBUTY BUSIBNIEHHS CRabLUMX acoLiaLlii MixX KinbKiCHAMM
napametpamn MPT i nporHo3om. lNo-Tpete, aHania LGE rpyh-
TYBaBCS NEPEBaXHO Ha (haKTi 1oro HasiBHOCTI, 6e3 AeTanbHOro
KifbKICHOTO OLjiHKOBaHHS 06'eMy (hibpoay, Lo MOrMo 06MeXuTH
MPOrHOCTUYHY IH(DOPMATUBHICTb LibOro nokasHuka. Kpim Toro,
He BUKOHyBanu baraTohakTopHWiA aHani3 i3 3anyyeHHsM YCix
MOTEHLIMHWX KMiHIYHUX | TepaneBTUYHNX YMHHUKIB, LLO MOTMK
BNMMBATW HA NPOrHO3. BpeLuTi, TprBanicTb CNOCTEPEXEHHS, 0COo-
OnvBo y AnTAYi KOropTi, Morna By Tu HeAOCTaTHBOK) 15 MOBHOTO
OLIiHIOBaHHS! BiAAaneHoro BBy AUMY3HUX CTPYKTYPHWUX 3MiH
MioKapga Ha KniHiYHi Hacmigku.

BucHoBKH

1. Y nauieHTiB i3 gunaTaLinHoto kapgiomionarieto i B opoc-
nin, i B AUTAYIA KOTOPTi NMOKA3HWKW HATUBHOTO T1-KapTyBaHHS
Ta 06’eMy MO3aKMITUHHOTO NPOCTOPY MiABMLLEHI MOPIBHSHO 3
pecbepeHTHUMY 3HaYeHHaMU. Lle niaTBepaxye andysHi iHTep-
CTULianbHi 3MiHK MioKkapga.

2.'Y popocnux nauieHTiB pusnK HECMIPUATIIMBIX KMIHIYHUX
nogii (cmeptb abo TpaHcnnaHTaLis cepus) acoLitoBaBCs Ha-
camnepes i3 TSKKICTIO PeMOAENOBaHHS MNIBOMO LUMYHOYKA Ta
3HVKEHHAM hpaKuii BUKMAY, a KinbKiCHI napaMmeTpy TKaHWHHOT
xapakTepucTukn Mmiokapga (T1-kaptyBaHHsi, ECV, T2-kapty-
BaHHS) 3HaYYLLO He BIfPI3HANWCS, 3@ pesynsrataMmit NPOCTOro
MiKIPYMOBOTO MOPIBHAHHS, are MOXYTb MaTV LOAATKOBY LiHHICTb
y BigaaneHiv ctpatudikawlii pusmky.

3. Y ouTavin koropTi Andy3Hi CTPYKTYPHI 3MiHM Miokapaa,
BUSIBMEHI 3a nigBuLLEeHHaM T1-kapTyBaHHs Ta ECV, BusiBneHo

BXe Y paHHbOMY BiLli, OfHAK Y Mexax nepiofy CoCTEPEXEHHS!
LLi NOKa3HUKI He Bynu acoLliioBaHi 3 pu3nkom cmepTi abo TpaHc-
nnaxTavji cepus.

4. OCHOBHMI MPOTHOCTUYHWIA YUHHWK Y ATl i3 aunataiiHoo
Kapgiomionarieto — TSXKKICTb CUCTOMIYHOT ANCAYHKLT NiBOTO LUy-
HouKa. Lle miaTBepmkye NpoBigHY porb (yHKLIOHaNBbHWX NOKas-
HWKIB Y MPOrHO3yBaHHi nepebiry 3aXBOPtOBaHHS B AUTSHOMY BiLj.

5. MNokasHuky T2-KapTyBaHHsI HE Man 3HAYYLLIOrO 3B'S3KY
3 KNiHiYHUMW nogiaMu Hi y gopocnux, Hi y aiten. Lle Bianosi-
[a€ YSBMEHHSM Npo 0OMeXeHy NPOrHOCTUYHY POfib MapKepiB
AKTWBHOTO 3anareHHs Npu XpoHiYHoMy nepebiry aunarauinHoi
Kapaiomionarii.

6. Pe3ynbrati JOCRimpKeHHs NiaTBEpAXKYOTL HEODXiAHICTb
BikOBO-CNeLudivHOro nigxogy A0 iHTepnpertauii KinbKiCHUX
MPT-napameTpie Ta 06MeXyloTb NpsiME NepeHeceHHs npo-
THOCTWUYHWX MOAENEeN, po3pobrneHux Ans AOPOCIMX, Ha ANTavy
nonynsito.

MepcnekTuBM NopaAbLUMX AOCAIAKEHD. Lis poboTa € novar-
KOBMM €Tanom Ans pyHAaMEHTanbH1X TPUBaNMX LOCTIDKEHb 3
OLiHIOBaHHSI CTaHy Miokapaa Ta BUsiBNeHHs ¢oibpoay npu AKMI
3a gonomoroto T1- Ta T2-kapTyBaHHs. 3 nornsy NpakTuky Le €
OCHOBOIO NS BAOCKOHaNEHHs! cTpaTudikaLlii pusnky pantoBol
cepLeBoi CMepTi Ta nepcoHanisavii nikysanbHOT TakTUkK y navi-
EHTIB i3 AUnataLiiHot Kapaiomionartieto, OLiHIOBaHHS HECTPUST-
NMBUX KNIHIYHUX NOAiN i BinOOpY NaLlieHTIB Ans TpaHcnnaHTaLji.
MainbyTHi MynbTULEHTPOBI AOCAILKEHHS LLOAO KibKICHOMO
OLiHIOBaHHSA hibpo3HUX 3MiH Miokapga 3a gonomorolo T1- Ta
T2-kapTyBaHHs Ta 06’'eMy NO3aKMITMHHOTO NPOCTOPY CPUATK-
MYyTb CTaHZAPTW3aLji LiMX NOKa3HMKIB.

ETuuHe cxBaneHHA

[ocnimKkeHHs 3AIRCHANM 3 BUKOPUCTaHHAM AaHUX NEPBUHHOI MEAUYHOT
[LOKYMeHTaLlii, BOHO BKIKOYaro KIiHiYHi COCTEpEXeHHs 3a naLlieHTamu.
[ocnimkeHHst BUKOHAHO BiANOBIAHO [0 eTUYHWUX CTaHLapTiB MenbCiHCbKOT
[neknapauii BcecBiTHb0I MeanYHOI acoujaLii Npo eTUYHI NpUHLMNK
NPOBEAEHHSI HAYKOBUX MEAMYHIX AOCTIMKEHb 32 Y4aCTHO MIOAUHM, AMPEKTUBY
€sponelicbkoro ToBapucTaa 86/609 npo yyacTb nogeit y Meauko-6ionorivHnx
LOCTIKEHHSX, a Takox Hakady MiHicTepcTBa OXOpPOHW 300POB’'S YkpaiHu

Ne 690 Big 23.09.2009 p. IHdopmoBaHy 3rofy Ha y4acTb OTPUMAHO Bif YCiX
YYaCHWKIB MiCsi HaAaHHS iM 3pO3yMinoi, NOBHOI Ta AOCTYNHOI iHGopMaLii
Mpo METY, A13alH | METOAONOTH0 AOCNIMKEHHS!, NOTO NOTEHLNHI PU3NKKA,
OuikyBaHi NepeBary Ta MOXMMBI anbTePHATMBK. YCi y4acHNKV NiATBEPANHN
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Knee joint injuries are among the most common injuries of the musculoskeletal system, with anterior cruciate
ligament (ACL) ruptures representing the second most common knee pathology after meniscus tears. These
injuries not only compromise knee stability but also predispose patients to chronic instability, secondary me-
niscal damage, and early development of osteoarthritis. The restoration of proprioception plays a critical role in
regaining functional stability following ACL reconstruction.

Aim. The aim of this study is to assess biomechanical parameters of the knee joint function after ACL recon-
struction using stabilometric assessment and to study the effectiveness of a rehabilitation program that includes
balance and proprioception training.

Materials and methods. The study was conducted at Zaporizhzhia State Medical and Pharmaceutical University
between September 2024 and April 2025. A total of 42 patients who underwent arthroscopic ACL autograft re-
construction were enrolled. All patients underwent MRI diagnostics and participated in structured rehabilitation.
The main group received an enhanced program with targeted proprioceptive and balance exercises, while the
control group followed the standard rehabilitation protocol. Computerized stabilometric assessment was used
to quantify weight distribution and postural stability.

Results. Patients in the main group demonstrated significantly improved postural control. Weight distribution was
more balanced (52.8 % dominant vs. 47.2 % injured limb, p < 0.05) compared with the control group (59.3 %
vs. 40.7 %, p < 0.05). The mean stabilometric support coefficient reached 0.89 in the main group versus 0.71
in control group, indicating better restoration of stability and proprioception, p < 0.05.

Conclusions. Computerized posturography enabled objective assessment of postural control after ACL recon-
struction. Six month after surgery, patients who underwent rehabilitation with additional balance and proprio-
ceptive training demonstrated significantly more symmetrical weight distribution and better stabilometric stability
parameters compared to those who received standard rehabilitation.

Modern medical technology. 2026;18(1):21-28

Komn'totepusoBaHa noctyporpadifi B oLiHOBaHHi NponpioLenTMBHO-0PiEHTOBAHOI
peabinitauji nicaa peKoHCTPYKLii nepeAHbOI XPeCcToNoAiGHOI 3B'A3KH

M. A. TonoBaxa, €. 0. binux, C. 0. MacreHHikoB

TpaBmu komiHHOrO cyrnoba € OAHMMM 3 HANMOLLMPEHILLNX MOLKOMKEHb OMOPHO-PYXOBOrO anapary, a pos-
pUBI NMepeaHboi XpecTonoAibHoi 38'askw (MX3) € Apyroto 3a NOLMPEHICTI0 NaTonoriel KoNiHHOTO cyrnoba
nicns po3puBiB MeHicka. Lli TpaBMu He nnLe noripLyoTh CTabinbHICTb KomiHa, ane i MoXyTb CPUYNHATH
Yy NauieHTiB XpPOHiYHY HecTabinbHICTb, BTOPWUHHI NOLLKOMAXXEHHS! MEHICKa Ta paHHii PO3BUTOK OCTE0APTPUTY.
BigHoBneHHs nponpiouenuii Bifirpae KnYoBY porb y BiAHOBMEHHI (yHKLiOHANbHOI cTabinbHOCTI nicns
pekoHCTpyKLii MX3.

Merta po6oth - OLiHUTK BiomexaHiuHi napameTpu yHKUii koniHa nicns pekoHcTpykuii MX3 3a gonomoroto
CcTabinNoMETPUYHOrO OLiHIOBAHHS Ta BUBYMTU E(DEKTUBHICTL Nporpamu peabiniTayii, WO BKMOYa€e TpeHyBaHHS
BanaHcy Ta nponpiouenuii.

Marepiaau i meTopu. [locnimkeHHs 3aiicHUnM B 3anopisbkoMy AepxaBHOMY MeauKo-hapMaLeBTUYHOMY
yHiBepcuTeTi 3 BepecHs 2024 fo keiTHS 2025 poky. ObcTexunm 42 nauieHTiB, SKUM BUKOHAHO apTPOCKOMIYHY
aytonnactuky MX3. Yci nauientn nporunu giarHoctuky MPT, im npusHayeHo peabinitauinti 3axoau. MaieHtn 3
OCHOBHOI rpyni BUKOHYBamnM po3LUVMpeHy nporpamy 3 LinboB1MY MponpioLienT1BH1MM Ta 6anaHcoBMMM BNipaBami,
a 0bCTexXeHi 3 KOHTPOMBHOI rPyNKM AOTPUMYBaNMCS CTaHAapTHOro peabinitaLliiHoro npotokony. [ns KinbkicHoro
BM3HAYEHHS PO3MOLiNy Bary Ta CTINKOCTi NOCTaBW BYKOHAHO KOMM'tOTEPU30BaHE CTabiNoMeTpUYHE OLHIOBaHHS.

Pe3yAbTaty. Y NauieHTiB 3 OCHOBHOI rpynu BU3HaYMUIM iCTOTHE NOKPALLEHHS NOCTYPanbHOro KOHTponto. Poano-
oin Baru BinbLy 36anaHcoBaHuit (52,8 % — foMiHaHTHa KiHuiBKa, 47,2 % — TpaBMoBaHa, p < 0,05) nopiBHsHO
3 KoHTponbHoto rpynoto (59,3 % Ta 40,7 % signosigHo, p < 0,05). CepenHiit koedilieHT cTabinomeTpuyHoi
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nigTpumku focsr 0,89 y rpyni BTpyYaHHs, a B KOHTPOMbHIN cTanosms 0,71; Lie CBiaYMTb NPO KpalLLe BiGHOBMNEHHS

ctabinbHocTi Ta nponpiouenyii, p < 0,05.

BucHoBku. Komn'toTepu3oBaHa noctyporpadis fana 3mory 06'eKTUBHO OLiHATM NOCTYparnbHWA KOHTPOMb Micns
pekoHcTpykuii MX3. Yepes 6 micauiB nicns onepauii y nauieHTis, ski nporunu peabinitauito 3 4oOaTKOBUM
TpeHyBaHHSAM piBHOBaru Ta NponpiouenLji, BU3HaYeHO iCTOTHO CUMETPUYHILLIMIA PO3NOLIN Baru Ta Kpalli cTabi-
NOMETPNYHI NapameTpy cTabinbHOCTI MOPIBHAHO 3 TUMKW, XTO OTPUMYBaB CTaHAAPTHY peabiniTavito.

CyuacHi MeanuHi TexHonorii. 2026. T. 18, Ne 1(68). C. 21-28

Anterior cruciate ligament (ACL) injuries remain among
the most prevalent and functionally significant musculoskeletal
injuries — particularly affecting young and physically active pop-
ulations [1]. ACL ruptures are among the most serious traumatic
events, as they impair limb load-bearing and gait, restrict patient
mobility, and diminish social integration [2].

Chronic instability following ACL injury adversely affects joint
function by precipitating sudden tibial subluxations. It is important
to note that the ACL functions not only as a mechanical stabilizer
of the knee but also plays a pivotal role in generating sensory
input, thereby contributing to proprioception and protective neu-
romuscular reflexes [3]. These episodes compromise functional
capacity and predispose patients to secondary meniscal tears,
articular cartilage degeneration, and osteoarthritis. A review of
literature indicates that in 44 % of cases, secondary ruptures arise
from biomechanical asymmetry and disrupted afferent signaling
in the affected limb [4].

Arthroscopic ACL reconstruction is widely accepted as the
gold standard surgical intervention, offering restored mechanical
stability and enabling return to physical activity. However, clinical
assessments of knee function — including evaluation of standing
posture and gait —are inherently subjective. Even after technically
well-executed reconstructions, sensory function of the knee often
remains diminished [5].

Modern rehabilitation protocols emphasize an early functional
approach, progressive loading, neuromuscular control, and pro-
prioceptive training. International guidelines (ESSKA, AOSSM,
ISAKOS) recommend phased rehabilitation aimed at restoring
range of motion, muscle strength, coordination, and psychological
readiness to return to activity [6,7]. Nevertheless, significant va-
riability persists regarding the optimal timing and content of these
programs. In particular, the integration of balance and functional
stability assessment, as well as individualized adjustment of
physical therapy, remains insufficiently standardized across
clinical practice worldwide.

Objective evaluation of lower limb function and the capacity to
maintain upright posture following arthroscopic ACL reconstruc-
tion is afforded by biomechanical methods such as computerized
posturography. Analysis of load distribution across the lower
limbs enables individualized selection of optimal postoperative
rehabilitation strategies, thereby accelerating recovery.

Despite rehabilitation protocols often extending from five
months to one year, high complication rates persist, including
those related to traumatic sequelae and post-injury knee disorders
[8]. For instance, the development of knee osteoarthritis due to
body imbalance under load increases in 13-42 % of cases [9].
Moreover, national expert studies have identified persistent static
and dynamic balance deficits after ACL reconstruction; dynamic

stability of the operated limb often fails to recover, and functional
instability may persist for up to 10 months post-surgery [10].

Even when patients regain mobility and return to athletic
activity, they remain vulnerable to secondary injuries during
near-threshold loads. These observations underscore the need
for novel methods and rehabilitation approaches that enhance
sensorimotor control and joint stability.

Aim
The aim of this study is to assess biomechanical parameters
of the knee joint function after ACL reconstruction using stabilo-

metric assessment and to study the effectiveness of a rehabili-
tation program that includes balance and proprioception training.

Materials and methods

This prospective study was conducted at the Department of
Traumatology and Orthopedics, Zaporizhzhia State Medical and
Pharmaceutical University, in collaboration with the Department of
Traumatology and Orthopedics of the Motor Sich Medical Center
(Zaporizhzhia, Ukraine) between September 2024 and April 2025.

The study protocol was approved by the local Bioethics
Committee of Zaporizhzhia State Medical and Pharmaceutical
University (Protocol No. 8 of August 17, 2023) in accordance
with ICH-GCP guidelines, the Declaration of Helsinki (2002), the
Council of Europe Convention on Human Rights and Biomedicine
(1977), and current legislation of Ukraine. During the preparation
of this scientific article, the Bioethics Committee reviewed the
materials presented therein and found no violations (Protocol
No. 16 of December 25, 2025). All identified patients (n = 42)
were informed about the objectives and conditions of the study
and provided written informed consent for participation.

General information about groups of patients demonstrated
in Table 1. All arthroscopic procedures were performed by a
single surgeon with more than 20 years of experience in ACL
reconstruction.

Inclusion criteria: age >18 years; documented ACL injury;
undergoing ACL autograft reconstruction. Exclusion criteria:
medical conditions contraindicating the prescribed physiotherapy
and exercise program (acute cardiac or pulmonary pathology, sys-
temic or localized infection at the site of intervention, circulatory
disorders, systemic diseases such as rheumatoid arthritis, gout,
systemic lupus erythematosus, etc.); advanced knee osteoar-
thritis (Kellgren—Lawrence grade IlI-1V); previous arthroscopic
interventions on the knee joint; severe pain in the hip joints or
lumbar spine; patient refusal to continue participation; recurrent
ACL injury during follow-up.
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Table 1. Baseline characteristics of the study and control groups (M + SD)

Parameter, units of measurement Study group, n =20 Control group, n = 22
Age, years 30.05+7.70 30.68 £8.28
Sex (male / female) 16/4 1715

Body Mass Index (BMI), kg/m?2 26.40 £2.89 26.98 + 3.31
Injured limb, n (%)

Right 12 (60.0 %) 10 (45.5 %)
Left 8 (40.0 %) 12 (54.5 %)
Meniscal injury, n (%)

Lateral meniscus 5(25.0 %) 6 (27.3 %)
Medial meniscus 13 (65.0 %) 15 (68.2 %)
Both menisci 2(10.0 %) 1(4.5%)

Assessed for eligibility
(n=48)

Excluded (n = 6):
— Declined to participate (n = 4);

— Lost to follow-up / did not complete
the rehabilitation program (n = 2)

4| Randomized (n = 42)

|7

Study group (n = 20) |

Completed the full treatment
and rehabilitation program
and were included
in the final analysis
(n=20)

Fig. 1. Study design.

Depending on the applied physical rehabilitation strategy,
all patients were allocated into two groups: a study group and
a control group. In the study group (n = 20), patients under-
went a standard postoperative physical rehabilitation program
supplemented with a specifically designed balance- and propri-
oception-oriented training protocol developed by the authors.
This program emphasized postural control, neuromuscular
coordination, and sensorimotor integration of the operated limb.
In the control group (n = 22), patients received a conventional
physical rehabilitation program, which consisted of therapeutic
exercises aimed primarily at restoring knee joint range of motion
and increasing lower limb muscle strength, without targeted pro-
prioceptive or balance training. Both rehabilitation programs were
initiated in the early postoperative period and were conducted
under the supervision of certified rehabilitation specialists. The
overall study design and patient flow are illustrated in Fig. 1.

| Control group (n = 22)

Completed the full treatment
and rehabilitation program
with balance training
and were included
in the final analysis
(n=22)

All patients underwent preoperative magnetic resonance im-
aging (MRI) of the knee joint at diagnostic centers in Zaporizhzhia,
using scanners with a field strength 21.5 Tesla. In addition to the
primary ACL tear, concomitant meniscal injuries were identified:
medial meniscus tears in 66.67 %, lateral meniscus tears in
26.19 %, and combined injuries of both menisci in 7.14 %. Early
signs of knee osteoarthritis were also detected, including grade
I-1I chondromalacia of the femoral, tibial, and patellar articular
surfaces in 71.43 % of cases (30 patients).

Patients were hospitalized for 1-2 days. ACL reconstruction
was performed using either hamstring tendon grafts (semitendi-
nosus and gracilis tendons), bone-patellar tendon-bone grafts,
or quadriceps tendon grafts. Concomitant procedures included
partial meniscectomy; no meniscal repair was performed.

The study group received standard postoperative physiother-
apy supplemented with a newly developed program of balance
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Table 2. Comparison of rehabilitation programs in the study and control groups

Rehabilitation component

Control group (standard rehabilitation)

Study group (standard +
proprioceptive-oriented rehabilitation)

Start of rehabilitation From postoperative day 1

From postoperative day 1

free range

Early postoperative phase (1-7 days) | Pain and edema control; isometric exercises
for thigh and calf muscles; straight leg raises in
supine position; assisted knee flexion within pain-

Same as control group

Late postoperative phase
(8 days — 4 weeks)

Gradual increase in knee range of motion; active- | Same as control group
assisted knee flexion/extension; self-massage
from day 8; supervised therapeutic exercises

Duration of supervised sessions

45 minutes per session, 2-3 times per week

60 minutes per session, 2-3 times per week

General strengthening exercises

Exercises aimed at restoring quadriceps and
hamstring strength; closed and open kinetic chain
exercises adapted to postoperative stage

Same as control group

Balance and proprioceptive training | Not included Included as an additional 15-minute block during
each session

Static balance training Not performed Single-leg stance exercises; controlled weight shifts;
exercises with visual feedback modification (eyes
open / closed)

Dynamic balance training Not performed Lunges, controlled step movements, forward /

backward and lateral weight transfer tasks

Use of unstable surfaces Not performed

Balance cushions, foam pads, fitball exercises
(progressively introduced from weeks 5-8)

Sensorimotor stimulation

Limited to conventional movement tasks

Exercises with altered sensory input (unstable
support, reduced visual control)

External resistance
under balance conditions

Conventional resistance exercises only

Elastic bands and body-weight resistance combined
with balance tasks (introduced from weeks 10-24)

Progression strategy
recovery

Based on pain reduction and range of motion

Based on progressive increase in postural complexity,
instability, and neuromuscular control

Targeted rehabilitation phases
recovery

Mainly early postoperative and functional

Functional (5-10 weeks) and training — recovery
phases (11-24 weeks)

Primary rehabilitation focus
of motion

Restoration of muscle strength and knee range

Restoration of postural control, balance, and
proprioceptive function in addition to strength and
mobility

and proprioceptive training exercises. The control group followed
a standard rehabilitation protocol focused on strengthening lower
limb muscles and restoring knee range of motion.

Patient interviews were conducted throughout the study period,
beginning with admission, to determine the circumstances of injury,
functional limitations, and surgical aspects of ACL reconstruction.

All patients underwent stabilometric assessment (posturogra-
phy) both preoperatively and at six months postoperatively. Impor-
tantly, no external knee fixation (orthoses) was used during testing.

Balance and proprioceptive function were assessed using
computerized posturography on a stabilometric platform (“Ba-
zometr”, KE 03191680.010-2005, Ukrainian Research Institute
of Prosthetics, Kharkiv). Parameters included weight distribution
between limbs, support coefficient, center of pressure (CoP)
displacement, and CoP rotation angle.

The method is non-invasive, requires no special preparation,
and provides sensitive diagnostic and prognostic indicators.

Postural control is typically modeled as an inverted pendulum
rotating around the ankle joints. However, since the human body
is a multi-segmental system, changes in joint torques influence
movements across the entire kinetic chain.

Measurements were performed in a dedicated room under
physician supervision. Patients stood barefoot on the force plat-
form in the “American position” (feet parallel, eyes open). This
stance ensures parallel alignment of the subtalar joint axes with
the sagittal plane.

The software recorded, in real time, the following parameters
of bipedal stance: distribution of body weight between limbs (%
of total body mass); support coefficient (ratio of loading between
the injured and contralateral limb); displacement of the CoP in
the frontal and sagittal planes (mm); rotational deviation of the
limb-specific CoP relative to the global CoP (degrees).

In healthy individuals, body weight is distributed nearly
evenly between both limbs, with a slight predominance toward
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Table 3. Distribution of mean posturographic parameters in patients of the study group with ACL injury

Study group Limb loading distribution, % Support CoP displacement, mm CoP rotation
coefficient - angle, °
Frontal Sagittal

Pre-op Injured Healthy 0.37+£0.3 10.5+1.2 74111 7912
278+15 72217

6 months Dominant Non dominant 0.89 + 0.06 40+04 5.0+0.6 0.18+£0.08
52.8+1.9 472+14

p, value - - p <0.05 p<0.05 p <0.05 p<0.05

Table 4. Distribution of mean posturographic parameters in patients of the control group with ACL injury

Control group Limb loading distribution, % Support CoP displacement, mm CoP rotation
coefficient - angle, °
Frontal Sagittal
Pre-op Injured Healthy 041+04 116+12 75+£12 75+£13
249+18 75116
6 months Dominant Non dominant 0.71+£0.2 75+04 4.2+0.6 48+0.8
59.3+1.7 40715
p, value - - p<0.05 p<0.05 p <0.05 p<0.05

the dominant side. The support coefficient in healthy subjects
approaches 1.

The global CoP position is a key index reflecting overall
body balance. Displacements in the sagittal plane anterior to
the malleolar line were considered positive, while posterior shifts
were negative. Lateral deviations in the frontal plane to the right
of midline were scored as positive, to the left as negative. For this
study, only directional trends, not absolute values, were analyzed.

Improvements were defined as CoP displacement toward the
normal reference position (intersection of the malleolar line and
sagittal plane), while deterioration was defined as displacement
away from this point. In addition, the rotational alignment of
limb-specific CoP vectors was analyzed. The software computed
the angle between the line connecting both limb CoPs and the
global CoP versus a reference line in the frontal plane. In healthy
subjects, this angle approximates 0°.

Aclinical-biomechanical comparative analysis was performed
between patients undergoing standard rehabilitation and those
receiving additional balance and proprioception exercises, focus-
ing on stabilometric outcomes during bipedal stance.

Basic rehabilitation began on the day following surgery. Pa-
tients were advised to perform straight-leg raises in the supine
position and knee flexion exercises with the maximum possible
range of motion without inducing pain, for 10-15 minutes,
4-5 times per day.

The first rehabilitation session with a specialist was conducted
on the day after surgery, during which the rehabilitation plan for the
early postoperative period was explained to the patient, including
movement restrictions and recommendations for daily activities.

Self-massage was recommended from postoperative day 8,
performed 2-3 times daily for 10 minutes, including prior to ther-
apeutic exercise sessions. After suture removal on postoperative

days 14-15, both the main and control groups participated in
physical rehabilitation sessions (2-3 times per week) and ther-
apeutic exercises at the rehabilitation department of Motor Sich
Medical Center for a duration of 6 months. In the control group,
therapeutic exercise sessions lasted 45 minutes. In the main
group, the basic program was supplemented with balance and
proprioception exercises, which added an additional 15 minutes
to each session. Thus, the total duration of the training sessions
was 60 minutes. The comparison and specifics of rehabilitation
programs in the groups of this study are presented in Table 2.

The collected data were processed according to generally
accepted principles of mathematical statistics. The following indi-
cators were applied: arithmetic mean (M) and standard deviation
(SD). Statistical analysis was performed using the parametric
paired two-sample Student’s t-test as well as nonparametric
methods, including the Mann-Whitney U test. Statistical calcu-
lations were carried out with Microsoft Excel 360 software for
tabular data processing.

Results

Analysis of stabilometric parameters obtained using comput-
erized posturography demonstrated pronounced disturbances of
postural control in patients with ACL injury prior to surgical treat-
ment. In both groups, preoperative assessment revealed a sig-
nificant asymmetry of body weight distribution during double-leg
stance, characterized by a compensatory shift of load toward the
uninjured limb (p < 0.05). This redistribution was accompanied
by a reduced support coefficient and increased displacement
of the center of pressure in both frontal and sagittal planes,
indicating impaired static stability and deficient proprioceptive
control (Tables 3, 4).
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2a

2b

Fig. 2. Graphical representation of computerized posturography assessment results. a: patient of the study group before treatment;

b: patient from the study group at 6 months.

Evaluation of CoP displacement patterns showed a con-
sistent dependence on limb dominance. In right-leg-dominant
individuals, CoP tended to shift toward the right side of the
sagittal axis, whereas in left-leg-dominant individuals, a leftward
shift was observed. Sagittal-plane CoP displacement demon-
strated no systematic association with dominance and did not
reveal additional destabilizing factors (Table 3). The mean CoP
rotation angle in the study group, which underwent individual-
ized proprioception and balance training, was 0.18 + 0.08° at
the 6-month evaluation. In healthy individuals, this parameter
approaches 0° (Table 3).

A similar trend was observed in the control group when as-
sessing double-leg stance parameters after ACL reconstruction
(Table 4), including support coefficient, CoP rotation angle, and
global CoP displacement in both frontal and sagittal planes.

At the 6-month postoperative follow-up, patients in the study
group who underwent a rehabilitation program incorporating
balance and proprioceptive training demonstrated a significant
improvement in postural stability parameters compared with
baseline values (p < 0.05). These improvements were reflected
by restoration of near-symmetrical weight distribution between
the operated and contralateral limbs, normalization of the support
coefficient, and a marked reduction in CoP displacement and ro-
tation angle during static stance. The observed CoP rotation angle
approached values characteristic of healthy individuals (Table 3).

In contrast, patients in the control group, who followed the
standard rehabilitation protocol, also showed positive postopera-
tive dynamics; however, residual asymmetry of weight distribution
and less pronounced improvements in stabilometric parameters
persisted at 6 months. Between-group comparison revealed
statistically significant advantages of the proprioception-focused
rehabilitation program with respect to bilateral load symmetry and
overall postural stability (p < 0.05), as summarized in Tables 3
and 4 and illustrated in Fig. 2.

Discussion

Typical complaints of patients with ACL injuries include a
sensation of joint instability, insecurity during walking, and fear of

descending stairs. These symptoms are related both to the me-
chanical insufficiency caused by rupture of the primary stabilizer of
the knee joint and to the loss of sensory and proprioceptive func-
tion, which serve as subjective markers of functional impairment.

Recent meta-analyses affirmed that proprioceptive training
significantly improves passive joint position sense, subjective
functional assessments, and single-leg hop performance — though
effects on active joint position sense and muscle strength remain
less consistent [2]. Another systematic review corroborated the
positive impact of proprioceptive exercises on functional out-
comes and proprioceptive accuracy, while noting limited gains
in range of motion and knee flexion strength [11]. Additionally,
proprioceptive deficits may persist long term post-ACLR. One
study reports ongoing reliance on visual feedback and limited
sensory recovery for six months postoperatively [12].

Other evidence indicates bilateral proprioceptive decline
after injury, with incomplete restitution even with surgical recon-
struction [13].

To objectively assess these deficits and the effectiveness of
treatment, we applied a hardware-software posturography system
(“Bazometr”), which revealed several biomechanical features of
postural control. Posturography is based on the analysis of me-
chanisms of upright stance and evaluates pathological changes
in the musculoskeletal system by examining the displacement
of the center of pressure and its angular deviations. Its advan-
tages include short testing time, absence of special preparation,
simplicity, and high sensitivity of the parameters obtained, which
possess both diagnostic and prognostic value. Biomechanically,
postural stability is often modeled as an inverted pendulum rotat-
ing around the ankle joints; however, the human body represents
amulti-segmental chain where joint torques interact and influence
the entire kinetic chain.

Our findings indicate that after ACL reconstruction using
autografts, patients demonstrate partial restoration of proprio-
ceptive function, but complete recovery to pre-injury levels is
not consistently achieved. This aligns with previous studies.
Dhillon M. S. et al. reported improvements in proprioception after
ACL autografting but noted persistent deficits compared with
healthy controls [13].
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Similarly, J. S. Howard et al. demonstrated that proprioceptive
recovery is often incomplete and requires targeted rehabilitation
strategies [14].

In our study, significantly better outcomes were observed
in patients who received an additional program of balance and
proprioceptive training supervised by a rehabilitation specialist.
This observation is consistent with research by L. Jiang et al., who
emphasized that proprioceptive function is critical for long-term
success of ACL reconstruction and prevention of re-injury [15].

Another factor influencing proprioceptive recovery is the
surgical technique and graft type. Ostojic M. et al. highlighted
that muscle-tendon grafts provide better integration and sensory
feedback compared to other grafts [16]. Although our study did not
stratify patients by graft type or surgical technique, the literature
suggests that these factors may substantially affect outcomes.

Importantly, our results demonstrate that proprioceptive
recovery directly influences functional outcomes. Patients with
greater improvements in proprioception exhibited higher knee
joint stability and a reduced risk of re-injury. These findings em-
phasize the clinical value of integrating proprioceptive-focused
rehabilitation protocols into standard postoperative care.

Nevertheless, several limitations should be acknowledged.
First, the relatively small sample size may limit generalizability.
Second, the six-month follow-up period may be insufficient to
assess long-term outcomes, as proprioceptive recovery and
adaptation may continue beyond this period. Additional factors
such as patient age, pre-injury fitness, and surgical quality could
also influence results.

Future studies should focus on larger cohorts, extended
follow-up periods, and stratification by surgical technique and
graft choice. Moreover, the integration of modern technologies
— such as virtual reality balance training, biofeedback devices,
and Al-assisted motion analysis — represents a promising av-
enue for enhancing rehabilitation and tailoring interventions to
individual needs.

Overall, proprioceptive recovery after ACL autograft recon-
struction remains a complex but essential aspect of rehabilitation.
Our findings underscore the importance of targeted rehabilitation
protocols and the potential utility of advanced assessment tools
like posturography in monitoring recovery and guiding individu-
alized therapy.

Conclusions

1. Computerized posturography proved to be an objective
and sensitive tool for assessing biomechanical parameters of
postural control in patients after ACL reconstruction.

2. Findings obtained in this study indicate that the inclusion
of targeted balance and proprioceptive exercises leads to a more
complete restoration of postural control mechanisms as measured
by stabilometric parameters.

3. Computerized posturography can be recommended as
an objective method for monitoring proprioceptive recovery and
functional symmetry during rehabilitation after ACL reconstruction.
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Aim. To analyze the differences in the morphological parameters of patellar position depending on the joint
line obliquity, as determined using the authors’ proprietary method, in patients with medial knee osteoarthritis.

Materials and methods. Radiographic indices of patellar position were analyzed in 45 patients with medial knee
osteoarthritis (n = 62 knees). The mean age of the patients was 63.84 + 8.21 years. The following radiographic
indices were calculated: Insall-Salvati, Caton-Deschamps, Grelsamer—-Meadows, and Blackburne—Peel. Lateral
knee radiographs were obtained with the joint flexed at 30°. The modified joint line obliquity (mJLO) angle was
assessed according to the authors’ original method. An mJLO value of <177° was classified as apex distal (AD),
177-183° as apex neutral (AN), and >183° as apex proximal (AP). Statistical analysis was performed using
Statistica 13 and RStudio software. The level of statistical significance was set at p < 0.05.

Results. AD was identified in 43 (69.35 %) cases, AN in 16 (25.81 %), and AP in 3 (4.84 %). The mean mJLO
value was 172.40 + 4.05° in the AD group, 179.25 £ 1.81° in the AN group, and 187.33 £ 2.52° in the AP group
(p < 0.00001). Significant differences were found among the groups in the mean values of the Insall-Salvati
(p=0.04), Caton-Deschamps (p = 0.01), and Blackburne—-Peel (p = 0.01) indices. Signs of patella alta were more
frequently observed in the AP group, whereas normal or low patellar positions predominated in the AD and AN
groups. A higher patellar position was demonstrated in patients with a more proximal joint line inclination, con-
firmed by significant correlations: Insall-Salvati ratio (1 = +0.24, p = 0.006), Caton-Deschamps index (1 = +0.18,
p = 0.04), Grelsamer-Meadows index (1 = +0.23, p = 0.009), and Blackburne—Peel ratio (1 = +0.27, p = 0.002).
Predictive indicators of AD included: Insall-Salvati ratio 0.8—1.2 (OR = 4.39, Cl (1.44-15.02), p = 0.009), Grel-
samer—Meadows index <2 (OR = 4.39, Cl (1.44-15.02), p = 0.009), and Blackburne—Peel ratio <0.8 (OR =4.01,
Cl (1.31-12.89), p = 0.02). Probable predictors of AP were: Caton-Deschamps index >1.2 (OR = 833.00, ClI
(32.60-273970.85), p = 0.000004) and Blackburne-Peel ratio >1.0 (OR = 86.33, CI (6.90-12346.04), p = 0.0003).

Conclusions. Morphological parameters of patellar position are sensitive indicators of biomechanical alterations
in medial knee osteoarthritis that depend on mJLO values. This supports their inclusion in a comprehensive
radiometric program for personalized surgical planning.

Modern medical technology. 2026;18(1):29-38

MopdonoriuHi napameTpu NOAOXKEHHA HAAKOAIHKA 3aA€XHO BiA HaXUAY
cyrno60Boi AiHii npu ocTeoapTpuTi KOAIHHOrO cyrro6a

0. 0. Koctpy6, P. I. BAOHCbKMHI, A. 0. KuAMMHIOK, B. 0. MoBYaHOK

Merta po6oTi - NpoaHaniayBatt BiAMiHHOCTI MOPONOriYHUX NapaMeTpiB NONOXEHHS HAAKOMIHKa 3anexHOo Bif
Haxuny cyrno6oBoi NiHii, BU3HAYEHOro 3a aBTOpCLKOK MeToaukot (MJLO), y nauieHTiB i3 MegjanbHUM ocTeo-
apTpuTOM KomiHHoro cyrrnoba.

Marepianu i meToau. [poaHanizoBaHO peHTreHorpadiyHi iHaeKCY NONOXEHHS HaAKonMiHKa 45 nauieHTiB i3 Megi-
arnbHUM 0CTE0ApPTPUTOM KoniHHOrO cyrnoba (n = 62). CepepHiii Bik obcTexeHux — 63,84 + 8,21 poky. Obuucnunm
Taki peHTreHorpadivHi iHgekew: Insall-Salvati, Caton-Deschamps, Grelsamer-Meadows Ta Blackburne—Peel.
lMpoaHanisyBanu peHTreHorpamm KomiHHMX Cyrnobis, L0 BUKOHaHI B DOKOBIN NPOEKLii B NOMOXEHHI 3rMHaHHS
koniHa nig kytom 30°. mJLO ouiHtoBanu BignoBiaHO 40 aBTOPCbKOI MeToauki. 3HauyeHHs mJLO <177° ouiHio-
Banv K anctanbHui Haxun cyrnobosoi niii (AD), mJLO B gianasoHi 177-183° — sk HertpansHuii (AN), mJLO
>183° — Ak npokcumanbHuii (AP). [ins CTaTUCTUYHOTO aHanisy AaHux BUKOpUCTaHo nporpamu Statistica 13 Ta
RStudio. PiBeHb cTatuctnyHoi 3HavywocTi — p < 0,05.

Pe3syabtatn. AD BcTaHOBNEHO Y 43 (69,35 %) obctexennx, AN —y 16 (25,81 %), AP —y 3 (4,84 %). CepenHe
3HaueHHs mJLO B oci6 3 AD ctaHoBuno 172,40 £4,05°, 3 AN - 179,25 + 1,81°, y nauienTis 3 AP — 187,33 £ 2,52°
(p < 0,00001). Y cchopmoBaHux rpynax BCTAHOBMEHO 3HadYyLi BigMIHHOCTI cepefHix iHaekcis Insall-Salvati
(p =0,04), Caton-Deschamps (p = 0,01), Blackburne—Peel (p = 0,01). O3Haku patella alta yacrile BusBnsanmy

ISSN 2072-9367

CyuacHi MeanyHi TexHoaorii. T. 18, Ne 1(68), ciueHb - 6epeseHb 2026 p. 29


https://orcid.org/0000-0001-7925-9362
https://orcid.org/0000-0003-2310-6345
https://orcid.org/0000-0003-0170-8708
https://orcid.org/0000-0002-7496-9530
https://doi.org/10.14739/mmt.2026.1.343256
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

OpuriHanbHi pochipkeHHs / Original research

pasi AP, HatomicTb npu AD Ta AN nepeBaxHo ¢hikcyBarnu 03Hakv HOPMarbHOIO Ta HU3bKOTO CTOSIHHS HAAKOMiHKa.
[loBeaeHo BULLE NONOXEHHS HAZKOMIHKA Y NALEHTIB i3 BinbLL NPOKCMMarbHUM Haxunom cyrnoboBoi niHii, Wwo
NiATBEPIKEHO BiANOBIAHUMK KopensuinHuMn 38’a3kamu: Insall-Salvati ratio (1 = +0,24, p = 0,006), Caton-
Deschamps index (1 = 40,18, p = 0,04), Grelsamer-Meadows index (1 = +0,23, p = 0,009), Blackburne—Peel
(r=+0,27, p = 0,002). Ak nporHocTnuHi npeamnkTopn AD Br3HadeHo Insall-Salvati ratio 0,8-1,2 (OR = 4,39 Cl
(1,44-15,02), p=0,009), Grelsamer-Meadows index <2 (OR = 4,39, Cl (1,44-15,02), p = 0,009), Blackburne—Peel
ratio <0,8 (OR = 4,01, CI (1,31-12,89), p = 0,02). ImoipHumu dpaktopamu nporHody AP e Caton—-Deschamps
index >1,2 (OR = 833,00, Cl (32,60-273970,85), p = 0,000004), Blackburne—Peel ratio >1,0 (OR = 86,33, Cl
(6,90-12346,04), p = 0,0003).

BucHoBku. MopdhonoriyHi napamMmeTpu NonoKeHHs HaZKoMiHKa — YyTnuBI iHAMKaTOpW GioMEeXaHIYHNX 3MiH Npu
MegianbHOMy 0CTe0apTpUTI KomiHHOrO cyrnoba, wo 3anexars Big mJLO. Lie ninTBepxye AOUINBHICTb iX BKMIO-
YeHHs! 0 KOMMIEKCHOT PEHTTEHOMETPUYHOI NPOrPaMm NepPCOHari3oBaHOro NiaHyBaHHS! XipypriYHOro BTpyYaHHS.

CyuacHi meanuHi TexHonorii. 2026. T. 18, Ne 1(68). C. 29-38

Knee osteoarthritis (OA) is one of the most common de-
generative diseases of the musculoskeletal system, leading to
persistent pain, progressive limitation of functional activity, and
deterioration in patients’ quality of life. The key factors in the
pathogenesis of OAinclude degenerative changes in the articular
cartilage, remodeling of the subchondral bone, osteophyte forma-
tion, and synovial inflammation; biomechanical and morphological
factors also play an important role [1,2].

The knee joint is considered one of the most complex joints
in the human body, exhibiting pronounced interindividual morpho-
logical variability [3]. An important component of the knee is the
patella, whose position affects the distribution of contact loads
and force vectors during movement. Abnormal patellar position
is regarded as a risk factor for patellofemoral maltracking, joint
instability, and the development and progression of knee degen-
erative changes [4,5].

In cases of patella alta, patellar contact with the femoral
trochlea occurs at a greater degree of knee flexion, which is
associated with an increased risk of recurrent subluxations
and dislocations, anterior knee pain, and the development of
secondary degenerative changes [4,6]. Conversely, patella baja
or pseudo-patella baja is associated with pain, limited range of
motion, and joint crepitus [4,7].

It should be noted that patella alta and patella baja are not
merely isolated morphological phenomena but serve as signif-
icant risk factors for the development and progression of knee
OA. In particular, their presence is associated with an uneven
distribution of loads across joint structures and increased pressure
on the lateral facet of the patella, leading to early degenerative
changes. Moreover, alterations in patellar height are considered
factors capable of modifying the course of gonarthrosis; there-
fore, assessment of patellar position is regarded as an important
component in the diagnosis and prognosis of treatment outcomes
in knee OA [8].

Numerous indices are used to determine patellar position,
among which the most common are the Insall-Salvati, Black-
burne—Peel, Caton-Deschamps, and Grelsamer-Meadows
indices. However, their diagnostic potential is limited by the vari-
ability of anatomical landmarks and the absence of a universally
accepted “gold standard” for measurement. Recent studies have
shown that although each method has certain limitations, their
combined use allows for greater reliability and reproducibility of
results [7].

An equally important morphological factor that directly affects
the interaction between the femoral trochlea and the patella is
the joint line obliquity (JLO). JLO reflects the spatial orientation
of the femoral and tibial condyles relative to the mechanical axis
of the lower limb. It is well established that alterations in JLO
lead to asymmetric loading of the knee joint structures, including
the patellofemoral articulation, and influence the function of the
extensor mechanism, particularly the position of the patella [9].
Excessive JLO is recognized as a biomechanical predictor of
degenerative changes in the knee joint [10].

However, the relationship between JLO and patellar position
in knee OA remains insufficiently understood. Despite the growing
number of studies analyzing JLO or patellar position separately,
data on the comprehensive assessment of these parameters in
patients with knee OA are limited.

Therefore, investigating the associations between the mor-
phological parameters of patellar position and JLO in OA repre-
sents a promising direction for gaining a deeper understanding
of the anatomical and biomechanical characteristics of the knee
joint, identifying risk factors for disease progression, and optimiz-
ing treatment strategies.

Aim
To analyze the differences in the morphological parameters
of patellar position depending on the joint line obliquity, as de-

termined using the authors’ proprietary method, in patients with
medial knee osteoarthritis.

Materials and methods

In this observational cross-sectional study, the results of radio-
graphic examinations of 62 cases of knee OAwith predominant in-
volvement of the medial compartment were analyzed in 45 patients
who underwent inpatient treatment at the Traumatology Department
of Vinnytsia City Clinical Emergency Hospital between 2017 and
2025. The mean age of the examined patients was 63.84 + 8.21
years (n = 45) (for the total sample —63.40 + 8.79 years, n = 62).
The study group included 17 (37.78 %) men and 28 (62.22 %)
women. Unilateral knee OAwas observed in 28 (62.22 %) patients,
while 17 (37.78 %) had bilateral disease.

The analysis was performed at the level of the joint without
accounting for intraindividual correlation between knees of the
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same patient. Both knees of a single individual were considered
distinct structural variants and treated as independent observa-
tional units (n = 62).

Inclusion criteria: primary knee OA grade 2-3 according to the
Kellgren—Lawrence classification with predominant involvement
of the medial compartment; secondary knee OA with predomi-
nant medial compartment involvement, including cases following
spontaneous osteonecrosis; satisfactory condition of the lateral
compartment of the knee joint (intact meniscus and full-thickness
articular cartilage); integrity of the knee ligamentous apparatus;
ability to achieve full knee extension or presence of a flexion
contracture of less than 10°.

Exclusion criteria: simultaneous degenerative involvement
of both the medial and lateral compartments of the knee joint
(grades 1-4); secondary post-traumatic OA following tibial
plateau fracture; previous surgical interventions in the proximal
tibia (except arthroscopic meniscectomy); presence of a flexion
contracture greater than 10°; ligamentous instability of the knee
joint; secondary OA associated with dysplastic bone changes,
metabolic or other disorders (ochronosis, Gaucher’s disease,
Paget’s disease, osteopetrosis); active or latent infection.

For the analysis, lateral knee radiographs obtained at 30° of
knee flexion were used.

The characteristics of patellar position in knee OAwere deter-
mined by calculating the radiographic indices of the Insall-Salvati,
Caton-Deschamps, Grelsamer—Meadows, and Blackburne—Peel
in groups formed according to the obliquity of the knee joint line,
assessed using the authors’ original method.

The Insall-Salvati index was defined as the ratio of the length
of the patellar tendon to the maximum diagonal length of the
patella. Patella baja was diagnosed when the index value was
<0.8, patella norma when it was 0.8-1.2, and patella alta when
it exceeded 1.2 [11].

The Caton-Deschamps index was defined as the ratio of
the distance from the anterosuperior edge of the tibial plateau
to the inferior margin of the patellar articular surface, divided by
the length of the articular (posterior) surface of the patella. The
results were interpreted as follows: patella baja <0.6; patella
norma 0.6-1.2; patella alta >1.2 [12].

The Grelsamer-Meadows index, also known as the modified
Insall-Salvati index, was calculated as the ratio between the
distance from the inferior margin of the patellar articular surface
to the most distal point of the patellar tendon attachment (tibial
tuberosity) and the length of the patellar articular surface. Anormal
patellar position was defined as a Grelsamer—Meadows index <2,
and patella alta as >2 [13].

The Blackburne—Peel index was calculated as the ratio be-
tween the distance from the inferior margin of the patellar articular
surface to the extension of the tibial plateau line and the length
of the patellar articular surface. Patella baja was defined when
the index value was <0.8, patella norma at 0.8-1.0, and patella
alta when >1.0 [14].

It should be noted that some of the clinical cases included
in this study overlap with the database used in our previous
work; however, the two studies differ in their scientific objectives,
methodological approaches to group formation, and obtained
results [15].

JLO was assessed according to the authors’ proprietary
method, developed based on the principles of the Coronal Plane
Alignment of the Knee (CPAK) classification, which served as a
prototype. The modified joint line obliquity (mJLO) was calculated
using the formula: mJLO = aMPTA + aLDFA + 6°, where aMPTA
was the anatomical medial proximal tibial angle, aLDFA was
the anatomical lateral distal femoral angle, 6° was considered
a correction coefficient representing the valgus deviation of the
anatomical axis relative to the mechanical axis [16].

The obtained values were interpreted according to the re-
commendations of the original method. An mJLO value of <177°
was defined as apex distal (AD), values between 177-183° were
defined as apex neutral (AN), and values >183° were defined as
apex proximal (AP) [17]. The threshold intervals were adapted
from the original CPAK system only for approximate categoriza-
tion of mJLO, without implying equivalence to mechanical angle
measurements.

To verify the robustness of the classification and assess the
stability of the obtained results, a sensitivity analysis of the model
was performed, in which the correction coefficient was varied
by £1° (without shifting the threshold boundaries for AD, AN, or
AP). The mJLO values were then recalculated and compared
between groups.

A high degree of correlation between the morphological pa-
rameters of the knee joint determined on standard radiographs
and those obtained from orthoradiograms was confirmed in the
study by M. Unal et al. [18], which served as the rationale for
adopting the CPAK model as the prototype.

Additionally, the predictive value of the identified patellar
position parameters for determining the mJLO in knee OA was
analyzed.

The measurement of morphometric parameters was per-
formed by two independent observers. To assess inter-observer
agreement, the intraclass correlation coefficient (ICC) was
calculated using a two-way mixed-effects model with absolute
agreement. The obtained ICC values were >0.85, indicating the
reliability of the measurement results.

Statistical data processing was performed using Statistica
13 software (TIBCO Software Inc.) and the RStudio environment
(R version 4.3.3; RStudio, PBC). Descriptive statistical methods
were applied for the assessment and analysis of quantitative data.
Quantitative variables are presented as mean * standard devia-
tion (M £ SD). Categorical variables are expressed as absolute
counts (n) and corresponding percentages (%).

For comparisons between independent groups, the nonpara-
metric Kruskal-Walllis test was used. The functional relationship
between variables was assessed using Kendall’s rank correlation
coefficient (7). The predictive value of the analyzed parameters
for determining the mJLO in knee OA was evaluated using a
binary logistic regression model, with odds ratios (OR) and 95 %
confidence intervals (Cl) calculated. To minimize potential bias
associated with group imbalance and the presence of rare events
in the model, Firth’s penalized likelihood estimation method
was applied, and the results of the logistic regression analysis
should be interpreted in an exploratory, hypothesis-generating
context. Athreshold of p <0.05 was used to determine statistical
significance.
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Table 1. Morphological parameters of patellar position considering the mJLO in knee OA

Parameter mJLO p
AD, n =43 AN, n =16 AP, n=3
Insall-Salvati ratio M+ SD 1.23+0.30 1.38+0.27 1.34£0.13 0.04*
<0.8 0(0.00 %) 0(0.00 %) 0(0.00 %) 1.00
0.8-1.2 27 (62.79 %) 5(31.25 %) 0(0.00 %) 0.02*
>1.2 16 (37.21 %) 11 (68.75 %) 3(100.00 %) 0.02*
Caton-Deschamps index M+ SD 0.75+0.19 0.80+0.27 1.23+0.02 0.01*
<0.6 12 (27.91 %) 4 (25.00 %) 0(0.00 %) 0.57
0.6-1.2 31(72.09 %) 12 (75.00 %) 0(0.00 %) 0.03
>1.2 0(0.00 %) 0(0.00 %) 3(100.00 %) <0.00001*
Grelsamer—Meadows index M+ SD 1.83+£0.34 2.06+0.53 242 +0.62 0.07
<2 27 (62.79 %) 5(31.25 %) 0(0.00 %) 0.02¥
>2 16 (37.21 %) 11 (68.75 %) 3(100.00 %) 0.02*
Blackburne-Peel ratio M+ SD 0.64 +0.20 0.75+0.28 1.08 £0.04 0.01*
<0.8 34.(79.07 %) 9 (56.25 %) 0(0.00 %) 0.007*
0.8-1.0 9(20.93 %) 3(18.75 %) 0(0.00 %) 0.68
>1.0 0(0.00 %) 4 (25.00 %) 3(100.00 %) <0.00001*
*: a statistically significant difference was observed at p £ 0.05.
Since this was a cross-sectional study including all available Results

cases of medial knee OA suitable for analysis, statistical power
was calculated retrospectively. A post hoc power analysis was per-
formed using a parametric one-way analysis of variance (ANOVA)
model to approximately assess the adequacy of the sample size.
Although nonparametric tests were used in comparative analysis,
the ANOVA model was applied for an approximate estimation of
effect size and statistical power. The calculations were performed
using the G*Power software package (version 3.1; Heinrich
Heine University Disseldorf, Germany). The analysis included
three independent groups (n (AD) =43, n (AN) = 16, n (AP) = 3)
with corresponding mean mJLO values (172.40°, 179.25°, and
187.33°) and a pooled standard deviation (SD) of 5.41. The effect
size was f = 0.83, which corresponds to a large effect according to
Cohen’s criteria. At a significance level of a = 0.05, the achieved
power was 0.9999 (99.99 %), indicating an adequate sample
size to detect intergroup differences at the observed effect level.

The study was conducted in accordance with the ethical
principles of the Declaration of Helsinki of the World Medical
Association (WMA) — Ethical Principles for Medical Research
Involving Human Subjects (Seventh Revision, adopted at the 64th
WMA General Assembly, Fortaleza, Brazil, October 2013) [19], the
Council of Europe Convention on Human Rights and Biomedicine
(Oviedo, Spain, April 4, 1997) [20], the applicable national ethical
standards [21], and was approved by the Bioethics Committee
of the “Angels Clinic” Medical Center, Vinnytsia (Protocol No. 11
dated November 11, 2025). All participants were informed about
their involvement in the study, as confirmed by written informed
consent forms. The personal data of the examined patients were
anonymized to ensure confidentiality.

When assessing the mJLO values, the majority of partici-
pants — 69.35 % were classified as having AD, 25.81 % as AN,
and 4.84 % as AP. The mean mJLO in the study group was
174.89 £ 5.41°. The mean mJLO value among patients with AD
was 172.40 £ 4.05°, among those with AN —179.25 + 1.81°, and
among those with AP — 187.33 £ 2.52°. The difference between
groups was statistically significant (p < 0.00001). The differences
in indicators between the formed groups remained consistent
across all variants of the correction coefficient (5°, 6°, 7°), indi-
cating the stability of the model.

Analysis of the Insall-Salvati ratio in the study group showed
a mean value of 1.28 + 0.29. The highest mean ratios were
observed in individuals with AN and in those with AP, while the
lowest values were recorded in patients with AD; these differences
were statistically significant (Table 1). A direct weak correlation
was found between the Insall-Salvati ratio and mJLO values
(1=+0.24, p =0.006), indicating significantly higher index values
in individuals with a more proximal orientation of the knee joint line.

According to the performed calculations, Insall-Salvati ratio
values <0.8 and, accordingly, signs of patella baja were absentin
all examined individuals. Ratio values within the reference range
were recorded in patients with AD and AN; among individuals
with AP, Insall-Salvati ratio values between 0.8 and 1.2 were
not observed. The difference between groups was statistically
significant. Signs of patella alta were found in all patients with AP,
in the majority of those with AN, and in a substantial proportion of
patients with AD; these differences were statistically significant

(Fig. 1).
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Fig. 1. Anteroposterior and lateral X-rays demonstrating medial knee osteoarthritis, grade 3. mJLO = 83.8° + 94.8° + 6° = 184.6°,
indicating AP. Insall-Salvati ratio A: B =19.39 : 15.89 = 1.22, indicating patella alta.

2

Fig. 2. Anteroposterior and lateral X-rays demonstrating medial knee osteoarthritis, grade 3. mJLO = 87.1° + 82.1° + 6° = 175.2°,
indicating AD. Caton-Deschamps indexA: C=11.56: 13.81 = 0.84, indicating patella norma. Grelsamer-Meadows index B : C = 27.27 :

13.81 = 1.97, indicating patella norma.

The mean Caton-Deschamps index value was 0.79 + 0.23.
The highest index values were observed in individuals with AP,
the lowest in those with AD, and intermediate values were found
among patients with AN;; the difference was statistically significant.
Moreover, a direct weak correlation was established between the
Caton-Deschamps index and mJLO values (1=+0.18, p =0.04),
indicating significantly higher index values in individuals with a
more proximal orientation of the articular surface apex.

Index values <0.6, corresponding to a low patellar position,
were observed in the AD and AN groups, while no such cases
were recorded in the AP group; the difference was statistically
non-significant. Index values within the range of 0.6-1.2, in-
dicating a normal patellar position, were found in the majority
of individuals with AD and AN, whereas no such values were
observed in the AP group; this difference was statistically sig-
nificant (Fig. 2). Index values >1.2, indicative of a high patellar
position, were observed in all patients with AP, and not recorded
in any individuals from the other groups; the difference was
statistically significant.

When analyzing the Grelsamer-Meadows index values
among the examined patients, the mean value was 1.92 + 0.43.
The highest index values were found in individuals with AP, the
lowest in those with AD, and intermediate values were recorded
in patients with AN; however, no statistically significant difference
was observed between the groups. Nevertheless, a statistically
significant direct weak correlation was found between the Grel-
samer—Meadows index and mJLO values (1= +0.23, p = 0.009),
indicating higher index values in patients with a more proximal
orientation of the knee joint line.

Grelsamer-Meadows index values <2 were found in the ma-
jority of patients with AD and in a smaller proportion of those with
AN, while no such values were observed in individuals with AP;
the difference in frequency indicators was statistically significant.
Signs of patella alta were recorded in all patients with AP, in most
individuals with AN, and in a considerable proportion of patients
with AD; this difference was statistically significant.

The mean Blackburne—Peel ratio among the examined pa-
tients was 0.69 £ 0.24. The highest Blackburne—Peel ratio values
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Fig. 3. Anteroposterior and lateral X-rays demonstrating medial knee osteoarthritis, grade 3. mJLO = 85.7° + 86.7° + 6° = 178.4°,
indicating AN. Blackburne-Peel ratio A: B = 9.54 : 15.26 = 0.63, indicating patella baja.
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Fig. 4. Scatter plot of patellar position indices in relation to mJLO in patients with knee osteoarthritis.

were observed in individuals with AP, the lowest in those with
AD, while patients with AN demonstrated intermediate values.
Comparison of the results among the groups, formed accord-
ing to the mJLO, revealed a statistically significant difference.
Furthermore, significantly higher Blackburne—Peel ratio values
in patients with a more proximal orientation of the knee joint
line were confirmed by the presence of a statistically significant
direct correlation between the index values and the mJLO angle
(1=+0.27, p = 0.002).

Blackburne—Peel ratio values <0.8, corresponding to signs
of patella baja, were observed in the majority of patients with AD
and AN, while no such cases were recorded in individuals with
AP; the difference was statistically significant with a high degree
of confidence (Fig. 3). Blackburne—Peel ratio values of 0.8-1.0,
corresponding to a normal patellar position, were observed in
patients with AD and AN, while no such values were recorded
in the AP group; the difference in frequency indicators was not
statistically significant. Signs of patella alta, according to the
Blackburne—Peel ratio, were found in all individuals with AP and

in a minority of patients with AN, whereas values >1.0 were not
observed in the AD group; the difference was statistically signif-
icant with a high degree of confidence.

The relationships between the values of the examined patellar
position indices and mJLO are shown in Fig. 4.

When analyzing the predictive value of the examined indices
in determining mJLO in knee OA, significantly higher odds of
developing AD were found in the presence of Insall-Salvati ratio
values of 0.8-1.2, whereas values >1.2 were associated with
significantly lower odds of this joint line orientation type (Table 2).

The presence of signs of a high patellar position, reflected by
Caton—-Deschamps index values >1.2, was associated with a low-
er probability of AD formation and significantly higher odds of AP;
however, the wide confidence interval in the latter case indicates
instability of the obtained result. In addition, a lower probability
of AP was observed in individuals with Caton-Deschamps index
values within the reference range.

Among individuals with Grelsamer—Meadows index values
<2, significantly higher odds of AD formation were demonstrated,
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Table 2. Predictive values of morphological parameters of patellar position in determining the mJLO in knee OA

Parameter mJLO
AD AN AP
Insall-Salvati ratio 0.8-1.2 OR=4.39 OR=0.34 OR=0.12
Cl (1.44-15.02) Cl (0.10-1.06) Cl (0.0009-1.3300)
p =0.009 p=0.06 p=0.09
>1.2 OR=0.23 OR =295 OR=8.27
Cl(0.07-0.69) Cl(0.95-10.15) Cl(0.75-1130.97)
p =0.009 p=0.06 p=0.09
Caton-Deschamps index <0.6 OR=1.37 OR=10.99 OR=0.38
Cl (0.41-5.16) Cl (0.26-3.36) Cl(0.003-4.200)
p=0.62 p=0.99 p=048
0.6-1.2 OR =1.51 OR=1.37 OR=0.05
Cl (0.48-4.62) Cl (0.41-5.16) Cl (0.0004-0.6000)
p =047 p=0.62 p=0.02
>1.2 OR=0.05 OR=0.38 OR =833.00
Cl(0.0004-0.60) Cl(0.003-4.20) Cl (32.60-273970.85)
p=0.02 p=048 p = 0.000004
Grelsamer—Meadows index <2 OR=439 OR=0.34 OR=0.12
Cl (1.44-15.02) Cl (0.10-1.06) Cl (0.0009-1.3300)
p =0.009 p=0.06 p=0.09
>2 OR=0.23 OR =295 OR=8.27
Cl(0.07-0.69) Cl(0.95-10.15) C1(0.75-1130.97)
p =0.009 p=0.06 p=0.09
Blackburne—Peel ratio <0.8 OR =4.01 OR=0.46 OR=0.05
Cl (1.31-12.89) Cl(0.14-1.48) Cl (0.0004-0.6000)
p=0.02 p=0.19 p=0.02
0.8-1.0 OR=1.30 OR=1.02 OR=0.54
Cl (0.35-5.76) Cl(0.23-3.83) Cl (0.004-6.160)
p=0.70 p=0.97 p=0.67
>1.0 OR=0.02 OR=4.47 OR =86.33
Cl (0.0001-0.1800) Cl (0.96-22.58) Cl (6.90-12346.04)
p = 0.00005 p=0.06 p =0.0003
whereas index values >2 were associated with significantly lower Discussion

odds of developing this joint line orientation.

In patients with a Blackburne—Peel ratio <0.8, and accord-
ingly with signs of patella baja, significantly higher odds of AD
were demonstrated, whereas a ratio >1.0 was associated with a
lower probability of developing this type of joint line inclination.
Significantly higher odds of AP were observed in subjects with a
Blackburne—Peel ratio >1.0; however, the wide confidence interval
indicates instability of this finding. Conversely, a ratio <0.8 was
associated with a significantly lower likelihood of AP.

An analysis of the morphological parameters of patellar posi-
tion in patients with knee OA demonstrated significant differences
depending on the mJLO as determined by the original method.

In the present study, the majority of patients with knee OA
exhibited AD, whereas AN and AP orientations were observed
much less frequently. Despite methodological differences in meas-
urement, the clear predominance of distal joint line orientation,
according to the CPAK classification, in the OA population has been
confirmed by several studies. Specifically, in the original multicenter
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study by S. J. MacDessi et al., AD was identified in 67 % (n = 500) of
patients with knee OA[17]; in the study by S. E. Kim etal., AD was
observed in 67.1 % (n = 164) [22]; and in the study by S. Agarwal
et al., AD was reported in 66.41 % of cases (n = 134) [23].

The mean mJLO value in the studied cohort was consistent
with the data presented by L. E. Corban et al., who reported
a mean JLO of 174.7 £ 3.3° in patients with knee OA [24], as
well as with the findings of A. Senel et al. [25] and S. E. Kim et
al. [22], who determined mean JLO values of 174.6 + 3.7° and
175.8 £ 2.9°, respectively.

The lowest mean mJLO values in the studied cohort were
observed in individuals with AD, while the highest were found in
patients with AP, and intermediate values were recorded in those
with AN. The stability of intergroup differences in mJLO persisted
when the correction coefficient of “+6°” was varied within £1°,
indicating a high robustness of the calculated parameters, the
internal consistency of the method, and correctness of the applied
formula, even in the presence of minor measurement errors and
without direct validation using long-leg radiographs.

Asimilar trend in the variation of the analyzed angles depend-
ing on joint line inclination was noted by L. E. Corban et al., who,
analyzing knee phenotypes according to the CPAK classification
in 643 patients with OA (n = 700 knees), reported mean JLO
values of 173.3 £ 2.4° in the AD group (76.3 %), 178.9+ 1.4°in
the AN group (23.0 %), and the highest values in patients with
AP (0.7 %) — 184.4 + 1.2° [24].

Based on the evaluation of the Insall-Salvati, Caton-Des-
champs, Grelsamer—Meadows, and Blackburne—Peel indices,
signs of patella alta were more frequently observed in cases of
AP. Conversely, in patients with AD and AN, normal or low pa-
tellar height was more commonly recorded. The identified weak
positive correlations between patellar height indices and mJLO
values indicate the existence of a structural and biomechanical
relationship between joint line orientation and the positioning of
the patellofemoral joint.

According to the results of the prognostic analysis, Insall-Sal-
vati ratio values in the range of 0.8-1.2, Grelsamer-Meadows
index <2, and Blackburne—Peel ratio <0.8 were significantly
associated with higher odds of AD formation. In contrast, the
presence of patella alta was significantly associated with higher
odds of AP. It should be noted that Caton-Deschamps index va-
lues >1.2 and Blackburne—Peel ratio >1.0 were formally identified
as statistically significant predictors of AP; however, considering
the limited number of cases (n = 3) and indications of perfect
separation leading to model instability, these results should be
interpreted with caution. The relationship between these para-
meters requires further investigation.

No studies directly examining the relationship between pa-
tellar position and the JLO were found. However, several studies
have demonstrated an association between the development
and progression of knee OA and abnormal patellar positioning.

Patella alta is considered a significant risk factor for patel-
lofemoral instability, increased contact stresses on the lateral
facet, and the progression of degenerative changes [26,27]. Some
evidence also indicates an association between high patellar
position and fat pad edema, suggesting a possible involvement
of inflammatory mechanisms as part of the OA pathogenesis [27].

In particular, Y. Wang et al. [27] found that the risk of developing
knee OAin patients with patella alta was approximately 2.2 times
higher compared to those with normal patellar positioning. In a
case-control study based on magnetic resonance imaging data
from 80 individuals (40 patients with knee OAand 40 subjects with-
out signs of the disease), the researchers reported a significantly
higher frequency of patella alta among patients with knee OA—-15
(37.5 %) compared with 7 (17.5 %) in the control group (p =0.045).

A high prevalence of abnormal patellar positioning was also
reported in a retrospective cross-sectional study by F. Z. Arslan
and G. Y. Oguzdogan, who analyzed magnetic resonance im-
aging data from 446 patients with chronic anterior knee pain.
Pathological Insall-Salvati ratio values were identified in 205
(45.96 %) patients, including 125 (28.02 %) with a ratio >1.3 and
80 (17.94 %) with a ratio <0.8, while the majority — 241 (54.04 %)
— had values within the reference range [28].

It is worth noting the slightly higher frequency of patella alta
among our patients compared to the aforementioned data, which
can be attributed to differences in measurement techniques and
threshold criteria for defining high patellar position. However, our
findings are consistent with the results of the retrospective study
by P. D. Analan et al., who, analyzing radiographic examinations
of 45 patients with stage 2-3 knee OA (n = 62 knees), identified
patella alta based on the Insall-Salvati ratio in 15 (24.2 %)
individuals, patella baja in 2 (3.2 %), and patella norma in the
majority — 45 (72.6 %) of cases [29].

The mean Caton—Deschamps index determined in our pa-
tients with medial OA was within the reference range, which is
consistent with findings from contemporary studies. According to
R. D’Ambrosi et al. [30], the mean Caton-Deschamps index in
patients with medial gonarthrosis was 0.97 £ 0.15; in the study by
K.S.Sahanand etal. [31]itwas 0.93 £ 0.45; and Y. Kudo et al. [32]
reported 0.92 £ 0.12. It should be noted that the mean Caton-De-
schamps index established in our cohort was slightly lower, which
may be attributed to degenerative and dystrophic changes of the
articular surface in the proximal tibia. In the comparative studies
cited above, degenerative changes in the examined patients’
knee joints were less pronounced, which should be considered
when interpreting and comparing the indices.

The mean Grelsamer-Meadows index in our patients also
corresponded to the reference range. These findings are consist-
ent with the results of F. Luceri et al. [33], who reported a modified
Insall-Salvati index value of 1.6 £ 0.31, and J. A. Sim et al. [34],
who found a value of 1.36 + 0.14 when analyzing radiographic
parameters used to assess patellar position in patients with
medial knee OA.

In contrast, the mean Blackburne—Peel ratio in our cohort
indicated a low patellar position. Similar findings were presented
by J. A. Sim et al. [34], who reported a mean Blackburne—Peel
index of 0.63 £ 0.14 in patients with medial knee OA with varus
deformity greater than 5° (n = 56 knees).

In our opinion, the use of the Insall-Salvati ratio and the
Grelsamer—Meadows index is more reliable for assessing patellar
position in patients with knee OA and AD, considering that the
tibial tuberosity — which serves as a reference point for these
measurements —is less affected by pathological changes in such
cases. Conversely, the Caton-Deschamps index and the Black-
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burne—Peel ratio provide more accurate assessments of patellar
position in individuals with knee OA and AP, indirectly indicating
a lower degree of structural alteration in the articular surface of
the proximal tibia, which serves as the reference structure for
these measurements.

Thus, the obtained results indicate the presence of a structural
and biomechanical relationship between the obliquity of the artic-
ular surface and the positioning of the patellofemoral joint. From
a practical standpoint, these findings emphasize the necessity
of a comprehensive assessment of morphometric indices of pa-
tellar position, which would allow for more accurate stratification
of patients by risk of OA progression and support the rationale
for selecting the optimal surgical correction strategy, taking into
account the inclination of the joint line.

This study had several limitations that should be considered
when interpreting the results. The analysis was conducted at
the joint level, with both knees of the same patient considered
as independent observations. This may affect the precision of
standard errors and statistical significance; however, the main
patterns are, in our view, likely to remain reliable.

Despite the single-center design of the study, the radiographs
were obtained at various medical facilities prior to patient inclu-
sion, which could have affected the standardization of baseline
data. Although generally accepted radiographic protocols were
followed, the conditions for performing weight-bearing knee ra-
diographs might have differed between institutions. Considering
the potential variability in radiographic conditions, preference was
given to the analysis of angular morphometric parameters, which
are less affected by projection distortions and scaling errors. This
approach partially mitigated the influence of technical factors.

Despite the strong correlation between anatomical and me-
chanical angle values measured on standard anteroposterior
knee radiographs and full-length radiographs [18], the absence
of internal validation using full-length images remains a study
limitation that warrants further verification in future research. In
particular, the proposed mJLO formula requires dedicated val-
idation against mechanically measured joint line orientation on
full-length standing radiographs, including agreement analysis
(for example, Bland—Altman) and correlation testing, which was
beyond the scope of the present study.

Patellar position indices were analyzed separately without
correction for multiple comparisons, as the study was focused on
evaluating individual parameters within groups formed according
to mJLO, rather than assessing a cumulative effect. This approach
may increase the risk of a type | error, which should be taken into
account when interpreting the findings.

Conclusions

1. Morphological parameters of patellar position demonstrate
significant variation depending on knee joint line obliquity in pa-
tients with medial knee osteoarthritis, as determined using the
authors’ method.

2. A more proximally oriented joint line is associated with a
consistently higher patellar position, confirming the presence of
a structural and biomechanical relationship between joint line
inclination and patellofemoral alignment.

3. Patients with apex distal predominantly exhibit normal or
low patellar height, whereas those with apex proximal are char-
acterized by a predominance of patella alta, and individuals with
apex neutral demonstrate intermediate morphological features.

4. Overall, the morphological parameters of patellar position
serve as sensitive markers of biomechanical alterations in knee
osteoarthritis associated with variations in joint line obliquity.
These findings support the inclusion of patellar height assess-
ment in comprehensive radiographic evaluation of patients prior
to surgical planning and rehabilitation.

Prospects for further research. A promising direction is the
comparative analysis and assessment of agreement between
mJLO measurements, determined using the original method,
and JLO values calculated according to the CPAK methodology.
In the future, the results of this study may be used for clinical
stratification of patients with medial gonarthrosis, enabling a
more personalized approach to the rational planning of corrective
osteotomy and knee arthroplasty, taking into account individual
anatomical parameters. Another avenue for further research is
the prospective validation of a model assessing the ability of the
mJLO index to predict clinical course of osteoarthritis, including
pain intensity and functional changes, as well as guiding the
selection of the optimal reconstructive intervention based on the
individual structural characteristics of the knee joint. Considering
that four patellar position indices were analyzed in this study, it
is also promising to apply corrections for multiple comparisons,
evaluate the cumulative effect, and determine the hierarchy of the
examined parameters. From a practical standpoint, the assess-
ment of mJLO and patellar height indices could be incorporated
into preoperative radiometric mapping, potentially aiding the
prediction of patellofemoral joint load and the risk of patella alta
or pseudo-baja during corrective interventions. In the planning
of osteotomies or partial/total knee arthroplasty, avoiding an ex-
cessive increase in joint line inclination may help reduce shear
forces and optimize patellar mechanics. These considerations
represent potential clinical applications of the study findings and
warrant further investigation in prospective studies.
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Merta pobotu - gocnianTu Bnnue L-apriHiHy Ta N-aueTtun-L-umcTeiHy Ha CTpyKTYpHO-(PYHKLIOHANbHI napameTpu
CepLEBO-CYANHHOI CUCTEMM Y LLYPIB 3 eKCepuMeHTanbHAM LiykposuM giabetom 1 tuny (LA1).

Martepianu i metopau. L1 iHoykoBaHO B cTapux Lypis-camuis niHii Wistar wnsxom ogHOPasoBoro BBeAEHHS
CTpenTo30ToLWMHY Y A03i 45 mr/kr. Yepes 6 TvxHiB TBapuH i3 L1 noginunu Ha Tpu migrpynu: 6e3 BBEOEHHS
amiHOKu1CNOT, 3 BBefieHHAM L-apriHiHy, 3 BBeAeHHAM N-auetun-L-umcteiny. [ina peanizauii MeTU JOCHimKEHHS
y TBapWH BUMIptoBanu apTepianbHui TUCK | BUKOHYBanuW exokapgiorpadito.

Pesyabtatu. Y wypiB 3 L1 Ha 6 TWkHI eKCNEpUMEHTY BCTAHOBMEHO 3HaYHE MiABULUEHHS CUCTOMIYHOMO (Ha
24 %) Ta piactoniyHoro (Ha 17 %) apTepianbHOro TUCKy. TakoX BWUSBMEHO Aunatawiio NiBoro LWyHo4Ka, Lo
CynpoBomKyBanacs 36inbLUEHHSM KiHLeBO-aiacToniyHoro (Ha 20 %) i kiHLeBo-cucTonivHoro (Ha 61 %) o6’emis, a
TaKOX 3HWKEHHAM cppaKuii Bukmay (Ha 6 %). Ha 8 TwxHi y wypis 6e3 kopeKLii apTepianbHNi TUCK NPOLOBXKYBaB
nigBuLLyBaTucs (cuctonivHui — Ha 7 %, giactoniyHnin — Ha 9 %), nporpecysana cucToniyHa aucyHkuis. Bee-
[eHHst L-apriHiHy npoTaroM 2 TWXHIB HopManisyBaro apTepianbHui TUCK (3HWKEHHS Ha 12-16 %) Ta ameHLwnno
[Avnaravito niBoro LWnyHouKa. L-apriHiH cripuss nokpaLeHHo cucTonivHoT yHKLii (30inbLUeHHs dpakuii BUkuay Ha
6 %). N-aueTun-L-LmucTeiH Takox 3HKyBaB TUCK, arne He MaB iCTOTHOTO BNAMBY Ha exokapaiorpadiyHi MOKasHUKN.

BucHoBkHM. Ha (OHi po3BUTKY EKCIepUMEHTaNbHOTO LIyKpOBOTo AiabeTy 1 Tuny y LypiB Ha 6 TWxHI hopMyeTbCS
Kkappiomionaris 3 gunarawlieto NiBoro LLMYHOUKa Ta 3HWKEHHSM 10T cucTomiyHoi dyHKLiT. L npouecy nepebiratots
Ha (hOHi LOCTOBIPHOIO NiABULLEHHS apTepianbHOro TUCKY Ta 3HWXEHHS YacTOTH CEePLIEBUX CKOPOYEHb. Y LLYPIB 3
eKkCcnepuMeHTanbHIM LyKpoBUM AiabeTom Yepes 8 TuxkHiB 3bepiranucs 03Haku gunaradii niBoro LwnyHouka 6e3
CTaTUCTWNYHO 3HAYYLLMX 3MiH MOPIBHSHO 3 MOKa3HMKaMM 6 TWXKHS, NpoTe 3aghikCOBAHO NPOrpeCyBaHHS CUCTOMIYHOI
AncdyHKLUT Ha hOHI NOAANbLUOTO MiABULLEHHS apTepianbHOro TUCKY. BBeaeHHs Liypam i3 LykpoBuM fiabeTom
L-apriHiHy NpOTAroM 2 TUXHIB CTaTUCTUYHO 3HAYYLLO 3HWXKYBANO apTepianbHWNA TUCK | 3MEHLLYBano nposisu
[Avnatawii niBoro LUyHouKa NOPIBHAHO 3 TBApUHaMK 3 LyKpoBuM Aiabetom 6e3 kopekuii Ha 8 TxHI. BBegeHHs
N-aueTun-L-umcTeiHy cnprsno 3HWKEHHIO MOKa3HWUKIB apTepianbHOro TUCKY B LUYPIB, MPOTE CTATUCTUYHO 3Ha-
YyLLIOTO BNMMBY Ha exokapziorpadiyHi nokaHyKM NOPIBHSHO 3 NiArpynot 6e3 KopekLii Ha 8 TVXKHI He BUSIBNEHO.

CyuacHi mepuuHi TexHonorii. 2026. T. 18, Ne 1(68). C. 39-45

The effects of the amino acids L-Arginine and N-acetyl-L-cysteine
on the functional parameters of the cardiovascular system
in rats with experimental type 1 diabetes mellitus

Ye. V. Kadzharian, M. Yu. Kolesnyk, M. I. Isachenko, Yu. M. Kolesnyk

The aim was to investigate the effects of L-arginine and N-acetyl-L-cysteine on the structural and functional
characteristics of cardiovascular system parameters in rats with experimental type 1 diabetes mellitus (DM1).

Methods and techniques. DM1 was induced in old male Wistar rats by a single 45 mg/kg streptozotocin. After 6
weeks, animals with DM1 were divided into 3 subgroups: without amino acid administration, rats with L-arginine
and rats with N-acetyl-L-cysteine. To achieve the aim, blood pressure measurements and echocardiography
were performed.

Results. In rats with DM1, a significant increase in systolic (by 24 %) and diastolic (by 17 %) blood pressure
was observed at the 6" week of the experiment. Left ventricular dilatation was also found, accompanied by
an increase in end-diastolic (by 20 %) and end-systolic (by 61 %) volumes, as well as a decrease in ejection
fraction (by 6 %). At week 8, in rats without correction, blood pressure continued to increase (systolic by 7 %,
diastolic by 9 %), and systolic dysfunction also progressed. Administration of L-arginine for 2 weeks normalized
blood pressure (decrease by 12-16 %) and reduced left ventricular dilatation. L-arginine also improved systolic
function (increase in ejection fraction by 6 %). N-acetyl-L-cysteine also reduced pressure but had no significant
effect on echocardiographic parameters.
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Conclusions. Against the background of the development of experimental type 1 diabetes mellitus in rats,
cardiomyopathy with dilatation of the left ventricle and a decrease in its systolic function is formed by the 6
week. These changes occur in parallel with a significant increase in blood pressure and a decrease in heart
rate. In rats with experimental diabetes mellitus, after 8 weeks, signs of left ventricular dilatation remained
without statistically significant changes compared to the indicators of the 6" week, however, progression of
systolic dysfunction was observed against the background of a further increase in blood pressure. Administration
of L-arginine to rats with diabetes mellitus for 2 weeks statistically significantly reduced blood pressure and
decreased manifestations of left ventricular dilatation comparable to rats with diabetes mellitus of 8 weeks
duration without correction. Administration of N-acetyl-L-cysteine reduced blood pressure in the corresponding
subgroup, however, no statistically significant effect on echocardiographic parameters was found compared

to the 8-week group without correction.

Modern medical technology. 2026;18(1):39-45

Llykposuin giabet 1 tuny (LA1) — ue XpoHiuHuii meTabo-
NiYHUI CTaH, KU XapaKTepU3yeTbCS iHCYNIHOBOK HegocTar-
HICTI0, L0 NPKU3BOAUTL A0 NOPYLLEHHS perynsuii romeocrtasy
TTIIOKO3M Ta HWU3KK YCKMaZHEHb, OOHE 3 HIX — YPaKEHHS cep-
LeBo-cyanHHoI cuctemm [1]. Ans kapgiomionartii Ha dooni L1
XapaKTepHi CyTTEBI CTPYKTYPHI Ta (OYHKLiOHANbHI 3MiHW Mio-
Kapgaa, BKIo4aruu rinepTpodito MiBoro LUAYHOYKa, CUCTOMIYHY
abo piacToniyHy AMCHYHKLI0 Ta NOPYLLEHHS CKOPOUYBamnbHOi
3paTHocrTi [2].

[aToreHeTYHi MexaHi3amu, Lo NexaTb B OCHOBI il PO3BUTKY,
BKJTHOYAKOTb OKMCHIOBANbHWIA CTPEC, MeTaboniyHi aHomanii Ta
MOPYLUEHHS CUrHANMBHUX LUASXIB, LLO CNPUYMHSIIOTH MOMPLLIEHHS
cepLieBoi yHKLii [3]. [poTe KOHKPETHI MexaHi3amu, 3a 4ONOMOroL
skvx LU 1 3anyckae po3BUTOK CEPLIEBO-CYANHHNX 3aXBOPOBaHb,
3anuLaTbCs NPeaMETOM AOCHIMKEHHS.

Y xBopux Ha L[J1 HecTaya iHCyniHy Npu3BOAUTL A0 MOpY-
LWEHHs MeTaboniamMy aMiHOKWUCAOT, WO CYNPOBOAXYETLCS X
ancbanancom abo aediuntom. AMIHOKUCIOTK, LLO BUKINMKAOTb
0CcobnmMBKIA HAYKOBWIA IHTEPEC Y LIbOMY acnekTi, — L-apriHiH i
L-umcTeiH. Lle obrpyHTOBaHO iXHbOK KOHCTUTYLIIAHOK POrio
y chisionorii Ta natodisionorii cepLeBo-CyanHHoOI cuctemu [4].

L-apriHiH — nonepegHuK okcuay asoTy — Bigirpae BU3Ha4asnb-
Hy pOnb Y MITPUMLUI CYAMHHOMO TOHYCY Ta (PYHKLIT eHOoTeniio.
Mpu LO1 HecTava iHCyNiHy MOXe NOPYLUMTW NPOOYKYBaHHS Ta
6i0fOCTYMHICTb OKCKAy @30Ty, CIPUMMHSIIOYM CEpLIEBO-CYaANHHI
ycknagHeHHs [5]. Y pesynbrarti 4OCHIAKEHb BUSBIEHO, WO
BBELEHHS apriHiHy Cpusie MOKpaLLEHHI0 (yHKLiT eHaoTenito Ta
CYAMHHOI peakTuBHOCTI y xBopux Ha LA 1. Lle pobuts ioro no-
TEHLIAHOK TEPANEBTUYHOI MILLIEHHIO [N 3MEHLLEHHS TSBKKOCTI
CepLeBO-CYANHHUX YCKIaaHeHb [6].

L-upcTeiH Mae CUMbHi aHTVOKCUAHTHI BNACTUBOCTi Ta MOXe
CMPWSIT 3MEHLLEHHIO LLIKIANBOTO BINBY OKUCHOTO CTPECY, SKUIA
€ KI04OBMM (DaKTOPOM PO3BUTKY AiabETUYHNX CepLIEeBO-CYaNH-
HWX ycknagHeHb. Lis amiHokucnoTa Bigirpae BaxnuBy ponb Y
MigTPUMLI OKMCHO-BIAHOBHOTO BanaHcy Ta 3axucTy Big BNAMBY
BifIbHMX paguKanis i akTUBHUX POPM KMCHIO, LLO NigBULLYIOTHCS

npw LA1 [7].

Merta poboTtu

Docnigutn Bnnue L-apriHiny Ta N-auetun-L-umcteiny Ha
CTPYKTYPHO-(PYHKLiOHaNbHI napameTpu CepLeBo-CyaNHHOI
CUCTEMMU Y LLYPIB 3 eKCiepUMeEHTarbHUM LiyKpOBUM AiabeTom
1 Tuny.

Marepianu i MeToAU AOCAIAKEHHA

[DocnimkeHHs 3giicHnnm Ha 6asi HaB4anbHO-HayKOBOTO Meau-
k0-nabopaTopHOro LEHTPY 3 BiBapieM 3anopi3bKoro AepaBHOro
MeauKo-hapMaLeBTUYHOTO YHIBEPCUTETY (CBIAOLITBO NPO TEXHIY-
Hy komneTteHTHicTb MO3 Ykpaitn Ne 181/23 Big 21.12.2023 p.,
gJie 0o 20.12.2028 p.).

EKcnepyMeHT BUKOHAHO BIAMOBIAHO 4O HaUioOHaNbHUX
«3aranbHuX eTUYHNUX NPYHLMMNIB EKCMIEPUMEHTIB Ha TBapyHaX»
(YkpaiHa, 2001), y3romKeHux i3 MOMOXeHHAMU «EBPONENCHKOI
KOHBEHLii Npo 3axucT XpebeTHUX TBapWH, LLO BUKOPUCTOBY-
t0TbCS /151 EKCMEPUMEHTAIbHMX Ta iHLWIKMX HAyKOBUX 3aBLAHbY
(CTpacbypr, 1985), «MonoxeHHsM NpO BUKOPUCTAHHS TBApUH Y
GiomeanyHMX JOCTIMKEHHAX» Ta [MPEeKTMBOW €BPONENCHKOro
napnameHTy Ta Pagn €sponeiicbkoro Cotody 2010/63/€C Big
22.09.2010 p. npo 3axucT TBApPWH, LLO BUKOPUCTOBYIOTLCA ANS
HaykoBux Linen [8,9]. EkcnepumeHT BUKOHYBanu 3 403BOnNY
Komicii 3 nutaHb GioeTukn npu 33anopi3bkoro AepKaBHO-
ro Meamko-thapMaLeBTUYHOTO YHiBepcuTeTy (MpOTOKON Big
19.06.2025 poky Ne 8).

[ocnimKkeHHs 3aicHUIM Ha 47 HOPMOTTIKEMIYHUX HOPMO-
TEH3UBHUX LLypax-camusx niHii Wistar Bikom 18-20 micsLis,
Skux Byno noginunu Ha ABi eKCNepUMEHTAnbHI rpynu Ta Tpu
nigrpymu (puc. 1).

iz yac excriepyMeHTanbHUX AOCTIIKEHb Ha LLypax Y BCOMY
CBITi BUKOPWUCTOBYIOTb CTPENTO30TOLMHOBY Mogenb LI 1 tuny.
Y npotokoni B. L. Furman (2021) U0 Mogens pekoMeH[0BaHo
K HanbinbL HabnxkeHy o natoreHesy LIA1 y noguHm [10].

[HTaKTHUM HopMoOrTikeMiYHUM Lwypam (n = 40) ogHOPa30BO
HaTLLe BBOAMIM PO34MH cTpenTo3oTouumHy (Streptozocin, S0130-
1G, Sigma) B 50 MM Hartpii uutpatHoMy Bydoepi (pH 4,5) y aoai
45 Mr/kr BHYTPILLHBOOYEPEBVHHO i3 BUMOKBAHHAM Hadari pos-
YMHOM TTHoKO3M 3a cxemoto: 1 Joba — 20 %, 2-3 goba — 10 %,
4-5 poba -5 %, 36 —nuTHa Boaa. TBapuHam KOHTPOMBHOI rpynu
(n=7) BBOGMNW NKLLIE LMTPaTHWIA Bychep B TOMY camomy 06’emi.

Uepes 2 TvkHi Bif AHS iHAYKUiT 4O NOAANbLLOrO AOCTIAXEHHS!
B3ATO NULLIE TBAPWH i3 KOHLEHTpaLlielo rmniokosn >15 mmonb/n
(270 wmr/gn) y 3pasky KpoBi XBOCTOBOI BEHU — 26 LypiB. Bumi-
PHOBaHHsI 3MiicHUM 3a Jomomoroto rrtokomeTpa Contour plus
(BAYER CONSUMER CARE AG, LUBeriuapis) i TeCT-CMyXOK
Contour plus. Hagani TBapuH yTpumMyBanu Lue 4 TUXHI 3a CTaH-
[apTHUX YMOB 3 BiflbHUM JOCTYNOM A0 iXi i BOAW 3 NOCTIiAHAM
MOHITOPWHIOM FITiKEMIi pa3 Ha 2 TVKHI HaTLLe.

Yepes 6 TUXHIB Bi AHSA iHAOYKUIT B3ATO 21 TBapUHY — iHLLi
nomepnu abo He TpUManw CTiliKy rinepriikemito.
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1 lpyna 1: KoHTponb-6 KoHTponb-8
KoHTponb-0 (n = 7) (n=7) (n=7)
KOHLIEHTPALYist rTIKO3M KOHLIEHTPAList Fioko3n KOHLIEHTPALIist Fioko3n
4,8 +0,4 MM/n 4,6 £0,4 MM/n 5,0 +0,3 MM/n
Momepnn Miarpyna 1: Li1-8-1
abo He panw rineprikemito, [niabet 6es kopekuii (n = 7)
BUBEAEHO 3 EKCTIEPUMEHTY KOHLEHTPALLis! FMtoKoaut
Mpyna 2: (n=19) 19,4 1,0 MM/n
IHaykuis LA1-0 (n = 40)
KOHLIEHTPAaLlisi FTI0K03n -
4,902 MM/n L11-6 Miarpyna 2: LiN1-8-2
(n=21) niabet 3 L-apriHiHom (n = 7)
KOHLIEHTPALis FMtoKo3n KOHLEHTPALis F11ioKo3n
24,0 £1,4 mM/n 16,8 + 0,4 MM/n

Puc. 1. Au3aiH eKCnepuMeHTY.

Micns uboro wypis rpynu LO1 noginunu Ha 3 nigrpyn.
Migrpyny LYA1-8-1 cTaHoBUM TBapuHy 3 L1 6e3 BBEOEHHS ami-
Hokucnot; L1-8-2 — wypm 3 L1, skum BBEAEeHO posumH L-ap-
riHiHy (2-amiHo-5-ryaHiguHoBanepiaHosa kucrora, CH, \N,0,,
YA, Kntait) Wnsxom fogaBaHHs 40 MATHOI BOAW Y [O3YBaHHI
1,5 r/kr/n Ha AeHb NPOTATOM 2 TUXHIB (7—8 TWXHI ekcnepumen-
Ty); LUO1-8-3 — wypwm 3 LUO1 i kopekuieto N-auetun-L-uncteiHom
(N-auetun-L-uuctein, C.HNO,S, Kurait) wnsxom goaasaHHs
[0 NUTHOI BOAM Y pospaxyHKy 1,5 r/kr/n Ha aeHb. PosunHu ami-
HOKucnoT oHoBnoBanu woaHs o 08:00.

ApTepianbHuin TUck (AT) BumiptoBanu 3a gonomoroto Blood
Pressure Analysis Systems TM BP-2000 Series Il (Visitech
Systems, USA). Cepito ycnilwHux BuMiptoBaHb (10 y KoxHil cecii
Y KOXHOT TBApPUHW) JOCTIMKEHHS NPOBOAMMN Ha €Tani 3arnyyeHHs
LwypiB fo ekcnepumeHTy (0 TvkaeHb), Ha 6 i 8 TkHAX nepediry
uat.

Mepen koxHo exokapgiorpadieto (Exo-KI) 3oHy rpyaHoi
KNiTKK TBApPWH ronuamn nesom. Ak aHecTesionoriyHmin cynpo-
Bif npouenypw Bisyanisalii B3ATO BETEpUHApHWA npenapart
«Tenason» (tiletamine hydrochloride — 250 mg, zolazepam
hydrochloride — 250 mg), sikuii He Mae AeNpPeCBHOTO epekTy Ha
CepLEeBO-CYAnHHY cuctemy. [ocnimkeHHs 3aiNCHEHO B MOMNOXKEHHI
TBAPUHM Ha CMWHI 3 PIKCOBAHUMMW BEPXHIMM KiHLiBKAMM Ta Ha
nisomy 6oui. Exo-KI" BukoHaHo 3a gonomoroto ckarepa Vivid E9
(GE Healthcare, CLLA) 3 BucokodacTotHum (15 M) MatpuyHum
NiHinHUM aatumkom ML6-15-D i3 BUKOpWUCTaHHAM crnevianio-
BAHOrO naketa Ans JocnimkeHHs ApibHux TBapuH «Rodent»
(GE Healthcare, CLUA). KopekTHiCTb NO3WLIIOHYBaHHS MPOMEHS
nepesipeHo B M-pexxumi. CTaHaapTHe BUMIPHOBAHHS TOBLUMHM
MDKLLTYHOYKOBOT NEPETUHKW, 3aAHBOI CTiHKW NIBOTO LUAYHOYKA,
KiHueBo-aiacToniuHoro (K[P) Ta kiHueso-cuctoniyHoro (KCP) pos-
MipiB NPOBOAMIM Ha PIBHI KIHYMKIB CTYNOK MITPanbHOro knanaxa
Mo A0Bril OCi NiBOMO LWNYHOYKa cepus. [ocnimKeHHs 3ailiCHEHO
Yy CipoLukarnbHoMy B-pexumi B napactepHasbHii Ta anikanbHin
MO3NLSIX, KOXHE BUMIPIOBAHHS BUKOHAHO TPUYi 3 yCepeaHEHHAM
nokasHuKiB. [1icns Lsoro 064MCIINKM Taki TapamMeTpu: Maca fNiBoro
LUMyHouKa (r), KiHLEeBO-giacTonivHui 06’'eM (M), KiHLEBO-CUCTO-

Niarpyna 3: LI1-8-3
nia6et 3 N-auetun-L-uucreitom (n = 7)
KOHLIEHTpAL|ist [M1toKo31
17,1+ 0,3 mM/n

nivHUiA 06’em (Mn), yaapHUii 06’em (Mn), cepLieBuil BUKAL (MI/xB),
BiHOCHa TOBLUMHA CTiHKMW. BinbLu AeTanbHO METOAWKY OMMUCaHO
B HaLLOMy nonepeaHboMy AochimkeHH [11].

CratnctuyHo pesynbraTi onpawoBany 3a JONOMOroK
opHodbakTopHoro aucnepcinHoro aHanisy (ANOVA) y nporpami
Statistica (niuenais Ne JPZ8041382130ARCN10-J). Yci Hene-
PEpBHi 3MiHHI NepeBipeHO Ha BiAMNOBIAHICTb 3aKOHY HOPMabHOro
po3noginy 3a gonomoroto W-tecty LLanipo-Binka. beanepepsHi
3MiHHi HaBE[EHO SIK CEpPEOHE 3HAYEHHs! + CepemHe 3HaYEeHHs
craHgapTHoi nomunku (M £ m). Yci napametpu nopiBHANM 3a
[0MOMOrO0 OAHOCTOPOHHLOIO AUCMEPCIMHOIO aHaniay, a noTim,
Y pasi 3Ha4yLLOCTi, 3@ JONOMOro ABOCTOPOHHLOTO TECTY ThioKi
ANS YUCTIEHHNX MOPIBHSIHb. [JBOCTOPOHHE 3HayeHHs p < 0,05
OLjHI0BanM SK CTaTUCTUYHO 3HaYyLLe A BCiX TeCTiB.

Pe3yabtatu

3a pesynbratamu BUMiptoBaHHs AT Y LLLypiB Ha (hOHi pO3BUTKY
L1 3adhikcoBaHO CTAaTUCTMYHO 3Hadylue 3BinblUeHHs cepes-
HbOrO MOKa3HMKA CUCTOMIYHOMO i AjacToniyHoro AT Ha 6 TUXHI
MOpIBHSAHO 3 novaTtkom excnepumenTy (L0 1-0)—Ha 24 % i17 %
BignosigHo (p < 0,05) (mabn. 1).

MporpecysanHs giabety B nigrpyni LIA1-8-1 Ha 8 TxHi npu-
3BENO 10 NiABMLLIEHHS cucToniyHoro AT Ha 7 % i giacToniyHoro Ha
9 % BignoBigHo [0 nokasHukis rpynu L1 Ha 6 TuxHi. BBegeHHs
L-aprininy wypam nigrpynu LUA1-8-2 npoTarom 2 TvxHiB 3yMmoBU-
0 CTaTUCTWUYHO AOCTOBIPHE 3HWKEHHS AT NOPIBHSHO 3 Migrpynoto
LI11-8-1 6e3 kopekuii. Tak, cuctonivyHmin AT ameHLumMBest Ha 12 %,
a piactoniyHnii —Ha 16 % (p < 0,05). N-auetun-L-umcTeiH Takox
CMPUYMHMB 3HIMKEHHS cucToniyHoro AT Ha 10 %, giacToniyHoro
— Ha 14 % nopiBHsIHO 3 NiArpynoto Lypis 6e3 KopekLii.

Mig vac exokapgiorpahiyHOro JOCHIMKEHHS y TBapUH Ha
€eTani 3any4eHHs 40 eKCnepyMeHTanbHUX rpyn (KOHTPOMb i LLypu
LI[11-0) 3a mopdhodhyHKLOHaNBHUMM NapaMeTpamm CTaTUCTUYHO
3HaYYLLOI Pi3HWL He BUSBMEHO (mabni. 2).

Y pesynbrati aHanisy exokapgiorpadiuHmx AaHnx Y Lypis i3
LLyKpoBMM fliabeToM BXe Ha 6 TWkKHI BUHAYEHO PO3BUTOK AuUNa-
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Tabauus 1. AprepianbHuiA TUCK Y LLYPIB eKCiepuMeHTaAbHUX rpyn, M + m

MNoka3HuK, oguHULL KoHTponb, n=7 ugt, n=21
BUMipHOBaHHSA
0 6 8 La1-o, Lia1-6, 8
n=21 n=21

ua1-8-1, La1-8-2, ua1-8-3,

n=7 n=7 n=7
CucTonivnmi AT, 172 11213 1M1+4 18+3 146 + 312 156 + 212 138 £21234 [ 141 £ 11234
MM pT. CT.
[JiacToniynui AT, 68+2 67+2 68+2 672 78+£2'2 85+ 3"2 71£2134 73 +3134
MM pT. CT.

1: CTaTMCTUYHO 3HavyLUa PisHMLA nokasHukie L1 woao nokasHuKiB KOHTPOMBHOI rpyni Y BiANoBiAHWIA cTpok (p < 0,05);

2: CTaTUCTUYHO 3HAYYLLIA PI3HNLIA NMOKA3HWKIB EKCIEPUMEHTaNbHOI rpynu Ha 6 abo 8 TxHAX LoAo ii nokasHuka Ha 0 TwxHi (p < 0,05);
3: CTaTUCTUYHO 3HAYYLLIA PI3HWLIA NOKA3HWKIB EKCNIEPUMEHTanNbHOI rpyni Ha 8 TVXHI LLOAO ii nokasHuka Ha 6 TwxHi (p < 0,05);

4: cTaTNCTUYHO 3HaYyLLa pi3HMLA nokasHukis nigrpyn LA 1-8-2, LA1-8-3 woao nokasnwkis nigrpyrv LYA1-8-1 (p < 0,05).

Tabauus 2. ExokapaiorpadiuHi napameTpu cepust Liypis ekcnepruMeHTanbHuX rpyn, M + m

MNokasHuK, oguHULL KoHTponb, n =7 un 1 mvn, n=21
BUMipHOBaHHS
0 6 8 La1-o, Lia1-6, 8
n=21 n=21

La1-8-1, La1-8-2, La1-8-3,

n=7 n=7 n=7

KiHLieBo-cucToniYHMiA 573+010 |574+008 |566+009 |[582+0,08 6,18 £ 102 6,32+ 0,05'2 582+0,134 6,13+0,14'
po3Mip, MM

KiHueBo-giacToniyHuin 2,96+0,09 |[301+£006 |3,10+0,06 |3,0610,08 361+£0,07"2 |392+0,06™% |3,34+0,1123¢ | 3,73+0,13'2°
po3mip, MM

ToBLuvHa MixwnyHoukosoi | 1,57 +0,04 | 1,67+0,04 |164+003 |1,61+0,03 1,45+0,03'2  |1,44£0,02' 1,42 +0,042 1,45 +£0,03"2
NepETUHKI, MM

ToBlmHa 3apHboi cTiHkn | 1,89+0,05 [2,01+0,04 |2,03£0,042 |1,95+0,04 1,760,012 [ 1,7540,06" 1,710,082 1,72+ 0,07%
NiBOTO LLMTYHO4Ka, MM

dpakuist BUkuaY, 86,0+ 1,2 85,0+0,6 84,0105 84,009 79,0 £ 1,412 76,0 £1,0? 81,0£2,0% 77,0+2,6"
%

OpakLiiiHe ykopoyeHHs, | 47,4+0,2 471403 476402 47314 40,0 £0,7'2 37,9+0,7'%° 443+1,5'34 416420
%

YacTota cepueBux 424 +4 425+2 429+3 433+3 349+9'2 342 + 1812 435+ 434 402 + 2134
CKOPOYEHb, YA./XB

BinHocHa ToBLyHa cTiHku | 0,66 + 0,01 0,71+0,01 0,72+0,02> (0,67 +0,1 0,57 £0,01'? 0,55 +0,02'? 0,59 +£0,03'2 0,56 +0,02'2
NiBOTO LLMYHOUKa

Maca nigoro wnyHouka, | 0,500 +0,027 | 0,550 + 0,019 |0,531+0,015 | 0,533+0,018 |0,501+0,014" |0,512+0,012 0,442 + 0,488 + 0,028
r 0,026"234

KiHueBo-aiacToniuHui 0,198+ 0,010 |0,199+0,08 |0,190+0,09 |0,209 0,08 0,250+ 0,011'2 | 0,264 £ 0,06"> | 0,208 + 0,014% | 0,244 £0,017"
06’em, Mn

KiHLEeBO-CMCTOMiYHIIA 0,028 + 0,002 | 0,029 +0,002 | 0,031 £0,002 | 0,031 +0,003 |0,050+0,003'2 | 0,063 +0,003'2% | 0,040 + 0,004"** | 0,056 + 0,006"%°
ob'em, Mn

YaapHuit 06'em, 0,170 £ 0,010 | 0,170 £ 0,007 | 0,159 + 0,008 | 0,178 +0,007 | 0,200+ 0,011" |0,201+0,005'% |0,169+0,014° |0,188+0,16
M

CepLieBuit BUAKAL, 722+45 72,4131 68,3134 741128 70,145 68,5+4,0 73,1%57 73,7+38
MI/XB

1: cTaTUCTUYHO 3HauyLa pisHMLSA nokasHukiB LU Woao nokasHuKiB KOHTPOMLHOI rpynm BignosigHoro Tepminy (p < 0,05);

2: CTATMCTWYHO 3HaYyLLia Pi3HULA MOKA3HWKIB EKCNEPUMEHTarbHOI Tpynu Ha 6 abo 8 TWkHAX oo ii nokasHuka Ha 0 TwkHi (p < 0,05);
3: CTATUCTMYHO 3HaYyLLA Pi3HMLA NOKA3HWKIB EKCNIEPYMEHTAbHOI FPyni Ha 8 TVXKHI LWOAO ii nokasHuka Ha 6 TvxHi (p < 0,05);

4: CTAaTUCTWYHO 3HauYyLLa pisHMUs nokasHukis L 1-8-2, LIA1-8-3 wopo nokasnukis nigrpynm LIA1-8-1 (p < 0,05);

5: CTaTMCTMYHO 3HauyLLa pisHULS nokasHukie nigrpynm LIA1-8-2 wopgo LA1-8-3 (p < 0,05).
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2A

2C

2E

2B

2D

Puc. 2. Exorpam¥ LLypiB i3 Lykposum aiabetom 1 tvny. A: LA1-0, B: LA1-6, C: LIA1-8-1, D: LA1-8-2, E: LA1-8-3. M-pexum CKaHyBaHHS.
apactepHanbHa no3uuis. AoBra BiCb AIBOTO LUAYHOYKA AMLLE HA PiBHI KIHYMKIB CTYAOK MITPaAbHOIO KaanaHa. IVSd: mixLwayHoukoBa nepe-
TUHKa B piacTony; LVID: KiHLeBo-AiacToAiMHMI PO3MIp AiBOTO LWAyHOuUKa; LVPWd: 3aAHS CTiHKa AiBOTO LAYHOUKa B AlacToAy; IVSs: MixXLAy-
HOUKOBa NepeTUHKa B CUCTOAY; LVIDS: KiHLLEBO-CMCTOAIYHUI PO3MIP AIBOFO LWAYHOUKa; LVPWSs: 3aAHA CTiHKa AiBOTO LUAYHOUKA B CUCTOAY;
EF (Teich): ¢pakuis Bukupy 3a Teichholz; % FS: BiacoTok dpakuii ykopoueHHs; SV (Teich): yaapHuit 06’em 3a Teichholz.

Tawii nisoro WwnyHouka — 36inblenHs KOP Ha 6 % i KOO Ha 20 %,
a Takox 30inbLueHHs KCP Ha 18 % 1a KCO Ha 61 % nopiBHsHO
3 nokasHukamu rpynu LIA1-0 (p < 0,05). ToBLumMHa CTiHOK NiBOrO
LUMYHOYKa JOCTOBIPHO 3MeHLnnacs —Ha 10 % ans MibKLLnyHOY-
KOBOI NEPETMHKY Ta 3a4HbOI CTiHKM NiBOro LwiyHouka (p < 0,05).
Bu3HaueHO 3MeHLIeHHs dhpaKLii BUKMAY NIBOTO LUMYHOYKa §K
mapkepa 11oro rnobansHoi CKOpOTNMBOCTi — Ha 6 % NOpPIBHSAHO 3
LA1-0 (p < 0,05). Cepents yactoTa cepLiesux ckopoyeHs (YCC)
y Wwypis i3 LI 1-6 3MeHwwmnacs Ha 19 % nopiBHAHO 3 NokasHwka-
MU UMX LLYpIB A0 iHiuiadii giabety (p < 0,05). Bei Ui nokasHmkm
CTaTUCTUYHO LOCTOBIPHO BIAPI3HANUCS Bif KOHTPOIbHMX Ha 6
TWXKHI IOCTIMKEHHS.

Ha 8 TvxHi y wwypie 6e3 KopeKLiii MOpPIBHSHO 3 NOKa3HWKamm
LI1-6 3Bepiranacs aunartauis niBoro WwyHouka 6e3 JoCTOoBip-
HWX 3MiH MOPIBHSAHO 3 6 TWxHeM. [Mpu LbOMY 3apeecTpoBaHO
nporpecyBaHHs CUCTONIYHOI ANCAYHKLUiT — 36inblieHHs KCP Ha
9% i KCO Ha 26 %, a Takox 3HMKEHHS (DPaKLiHOMO YKOPOUYEHHS!
Ha 5 % (p < 0,05).

3acTocyBaHHs L-apriHiHy NpoTAroM 2 TUKHIB acoLitoBanocs 3i
3MEHLLIEHHAM NMPOSIBIB AUnaTaLii NiBOro LUMYHOUKa (3MEHLLEHHAM
KLP Ha 8 % Ta KOO Ha 21 %, 3HukeHHsM KCP Ha 15 %, KCO Ha
37 %, p <0,05). 3adikcoBaHo AOCTOBIPHE MOKPALLEHHS Napame-
TPIB CUCTONIYHOI (DYHKLT (3BinbLUEHHS ppaKkLii BUkuay Ha 6 %
i ppaKLinHOro yKopoueHHs Ha 17 % MOpIBHSHO 3 NOKa3H1Kamu
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LypiB Ha 8 TwxHi 6e3 kopekuii, p < 0,05). Maca miokapga nisoro
LUTYHOYKa AOCTOBIPHO 3mMeHLWwmnacs Ha 14 % (p < 0,05). OgHum
i3 BUSIBNEHMX edpekTiB € BigHOBNeHHs YCC oo novaTkoBuX 3Ha-
yeHb — rpynm LIAT (p < 0,05).

N-auetun-L-upcTeiH sk soHaTop L-umcTeiny cnpuuinHme 36ins-
weHHs YCC Ha 18 % nopiBHAHO 3 NOKa3HWUKamy LLYpIB i3 Nigrpynu
LI[11-8-1 6es kopexii (p < 0,05), npote BCi iHLLi exokapaiorpadivHi
MOKa3HUKM CTaTUCTUYHO 3HAYYLLO He BIpi3HANNCS, Xo4a BCTa-
HOBIMEHO NMO3UTVBHY TEHAEHLK0 CMIPAMOBAHOCTI LWX 3MiH (puc. 2).

06roBopeHHA

Mig yac gocnimkeHHst 0Bpanu came CTPENTO30TOLMHOBY MO-
[enb, OCKiNbK1 BOHa (hOpMYE aHaror TsHKKOT kapaiomionarii nogu-
H 301, sk onmcano y npaui B. L. Furman [10]. TepmiH 6 TwxHiB,
3a paHumn M. J. De Blasio et al., € goctatHim ans popmyBaHHs
HECTIPUATIIMBOI CUCTOMNIMHOI AMCCYHKLT, LLIO (POPMYETLCS NEPLLIOHD
(1o 4 TwkHiB ekcnepuMeHTy) [12]. Taka MoAENb eKCnepuUMEHTY
BiZNOBiAa€e NOCTaBMEHIN METI IHAYKYBaTU TSHKKY Kapaiomionarito
Ha ¢poHi LI, o cynpoBomKyeTbCs (hOpMyBaHHSM CTIMKOI rinep-
rnikemii Ta apTepianbHoI rinepTeHsii Ha TBapuHaXx, siki CTapitoTb (Bik
—18-20 micswis). Came Lj 3MiHW € OCHOBHUMM MaTOrEHETUYHUMI
NaHKaMm, LU0 3yMOBITIOKTb TSXKKICTb YPaXeHHs CepLIEBO-CYaANHHOT
CUCTEMU 1 Y NIOAMHK, | B eKCrepuMeHTanbHuX TBapuH. Lii gawi
nigTBEPIKEHO Y MeTaaHanisi, o 3aincHunm X. Zou et al. [13].

CrpenTo3oTouyH-iHaykoBaHui L1 y wypis yepes 6 TvxHiB
CMPUYMHAB AunaTaLlio MiBOro LUMYHOYKA, LU0 acoLiloeTbes 3i
3HVDKEHHSIM HACOCHOT (hyHKLii CepLst. Take ypaxeHHs:, AMOBIPHO,
hopMy€ETLCS Yepes aKTUBALLiItO PeHiH-aHrioTeH3NH-anbA0CTepPo-
HOBOI CCTEMMU, 3ananeHHs Miokapaa Ta ibpo3 [14]. ba binbLue,
P. Galis et al. onucanu ynsTpacTpykTypHy CkrnagoBy aunarali-
iHOro heHOTMNYy Kapaiomionarii, Wo 1 3yMOBMOE cneLmdiky
CepLEBOI HEAOCTATHOCTI NPY Hil, BUSIBUBLUM BTPATY CapKOMEPIB,
3amicHuit ibpos, KOpoHapHe MIKPOCYAWHHE PO3PImKEHHS i Bif-
KrnaZeHHs NpoayKTiB rikauii. Lie ¢aigunTb npo Te, Lo pemogento-
BaHHS Ta ANCAYHKLIIO MioKapaa MiBOro LUMYyHOuKa NaToreHeTUYHO
CNPUYMHSIOT rinepriikemis, NiNOTOKCUYHICTb, HAKOMUYEHHS MPo-
LYKTIB rnikawii, naTonoris MikpoCyauHHOTO pycrna, ayToIMYHHICTb
i 3MiHU pesncTeHTHOCTI Jo iHcyniHy [15]. Logo ekcnepumeHTy,
SKWIA 3INCHWNK, KPIM HAa3BaHVX MaHOK, TSXKKICTb kapaiomionarii'y
TBaPUWH 3yMOBMEHA LLE 1 NiABULLEHHSM apTepianbHOro TUCKY 40
6 TWDKHS EKCMEPUMEHTY, LLIO NATOrEHETUYHO NIACUITIOE YPKEHHS
cepus LNSIXOM NepeBaHTaxeHHst 06’emom [16].

Po3BuTok cuHYcOBOI Bpagykapgii y LypiB 3i CTPenTo30To-
LuuHoBuM fajabetom Bue4anu M. A. Malone et al. [JocnigHuku
MOB’'AA3yBan ii 3 eHepreTMYHUM AeiLIMTOM Y CUHYCOBOMY By3ni
Ha hOHi MOpYLUEHHST MeTaboni3My THOKO3M 3 MPeBartoBaHHAM
0OMiHY XMPHUX KNCIOT 5K (hakTop HopMari3aLii eHepreTMYHOro
GanaHcy, L0 He 3aneXxuTb Bif CUMNaTUYHOI Ta NapacumMnaTnyHoi
perynsauii [17]. Lii pesynstatv nosicHioroTb 3HmxeHHs YCC y Lwypis
i3 LLA1, 3achikcoBaHe B HALLOMY JOCIMKEHHI.

3a pesynbratamy Hawworo JOCAimKeHHs, y wypis i3 L1
3achikcoBaHO 306iMbLLEHHS yaapHOro 06'eMy Ha (OOHI 3HKEHHS
YCC. AHanoriyHnin pesynstat oTpumani S. Gao et al., siki npuny-
CTUNM HeOOXiAHICTb NiATPUMAHHS LIbOro NoKasHUKa B pesyrnsrari
iHOykoBaHoro 3HKeHHAM YCC 36inbLUeHHs Yacy giacToniyHoro
HaMOBHEHHS, TaKVIM Y/IHOM KOMTMEHCYHUM MOPYLLEHHS penakcaLlii

[18]. 3a paHumu V. Serhiyenko ta A. Serhiyenko, Lie € pesynsratom
BKITHOYEHHS FETEPOMETPUYHOIO MexaHiamy aganTaLii cepug [19].
Y wypis i3 L1 Ha 8 TuxHI 3achikcoBaHO MiABULLIEHHS apTe-
pianbHOro TUCKY NOPIBHSHO 3 4AHUMM Ha 6 TVXHI EKCNIEPUMEHTY,
LLIO pa30oM 3i CTabirNbHOHO rinepriikeMieto NPOTAroM LibOro CTPOKY
NpuU3BOAMUTL O MPOrpPecyBaHHa CUCTONIYHOI AUCYHKLIT. Ha
Hally OyMKy, L0 Lie MOB'A3aHO 3i CKINaAHOK B3aEMOMIEND MiX
MeTabonivHUMK, EHOOKPUHHUMM Ta CyAUHHUMMK 3MiHamu. Oc-
HOBHI 3 HUX — CYAVHHA PE3NCTEHTHICTb, MiABULLEHHS aKTUBHOCTI
rMikoni3yBaHHs, eNeKTPONiTHUIA AncbanaHc, Wo CipuYMHSIoTL
MOripLUEHHS CUCTOMIYHOT PYHKLIT CepLs Ta 110ro AekoMneHcaLilo
Ha choHi nporpecyBaHHs LIJ1. Takuin camuin naToreHeTUYHUI
3B’'A30K NpOaHanisyBarnu B JOCAIMKEHHI, LLIO 3AiiCHEHE 3a y4acTHo
nawjieHTiB 3 apTepianbHO rinepTeHsicto Ta 6e3 Hei. BcTaHoB-
NeHo, WO Npu apTepianbHii rinepTeHsii Nporpecye 3HKEHHS
exokapaiorpadivH1X NokasHuKiB Ha ooHi po3suTKy diabety [20].
Pesynbrart fOCTiMKeHHS NATBEPAUNN NO3UTUBHUIA BNINB
L-apriHiHy Ha dyHKLit0 cepus y LLYpIB i3 AunaTawlieto, Lo po3su-
BaeTbCs Ha ooHi LI 1. BctaHoBneHo, Lo nikyBaHHs L-apriHiHOM
cnpusie 3Ha4YHOMY MONIMLUEHHIO | A4iaCTONIYHOIL, i CUCTOMIYHOT
(OYHKLLiV CepLs, L0 3MEHLLYE NPOSIBY CEPLIEBOI HEAOCTATHOCTI.
L-apriHiH — amiHoKicnoTa Lo € nonepenHukom okcugy asoty (NO)
K BaXnMBoro Basogunararopa. lligsuiierHs pisHis NO moxe
NoMiNWKTY eHaoTenianbHy YHKLIO Ta 3HU3UTU CYAUHHWIA TOHYC,
L0 NPU3BOANTbL 4O 3MEHLLEHHS CUCTEMHOrO apTepianbHOro
Tucky [21,22]. Lie moxe By 0cOONMBO BaXIMBUM MEXAHI3MOM
KoMMeHcaLlii, O BUSIBNIEHWI Y HALLOMY eKCMEPUMEHTI.

Xoua L-umcrteiH Ta noro goHatop N-auetun-L-umcTeiH Mae
CUIbHi aHTMOKCWAAHTHI BNACTUBOCTI Ta MOXe JOMOMOrTY 3MEH-
LUMTY LWKIBNMBUA BMIMB OKUCHOTO CTPECY, NOKPALLEHHS exoKap-
JiorpadhiuHux napameTpiB CepLis Y LLYPIB 3 eKCriepuMeHTarnbHAM
LyKpoBuM AiabeTtom 1 Tuny moxe Gyt obmexeHum. OKUCHEO-
BamnbHUI CTPeC — KIO4YOBUIA (haKTOp PO3BUTKY LiabeTUYHNX
CEpLEBO-CYANHHUX YCKINAAHEHb, arne BiH He € EANHUM YMHHUKOM
y natoreHesi kapgiomionartii Ha doni L1 [23]. IHwi chakTopw,
SIK-OT XPOHiYHa rineprikeMisi, KIHLEBi NPOAYKTU rnikaLii, Bereta-
TMBHA HEponartis Ta MeTaboniuHi MOPYLUEHHS], TaKOX MOXYTb
CMPUYUHATY CTPYKTYPHI Ta (hYHKLiOHAmNbHI 3MiHW Y Miokapai [24].

[MpOCTOro HaLlintBaHHS Ha aHTUOKCUAAHTHY Aito L-uucTeiny
MOoXxe BTV HeJOCTaTHBO 151 MOBHOTO BUPILLEHHS BaraTorpaHHoi
MPMPOAV OCHOBHUX MEXaHI3MIB, LLIO NPWU3BOAATb A0 CEPLIEBOI ANC-
pyHKuii npy LUA1. Binbly KOMANEKCHUA TepaneBTUYHWA NigXia,
CMPSIMOBAHWI Ha Pi3Hi NATOMNOTiYHI LLAAXM, 3anyyeHi o fiabe-
TWYHOI kapgaiomionartii, IMOBipHO, Oyae HeobXigHMM Ans gocar-
HEHHs1 CyTTEBOTO NOKpPALLEHHs exokapaiorpadiyHux napameTpis
i 3aranbHMX CepLEeBO-CyOMHHMX Pe3ynbTaTiB Y Takux NauieHTiB.

BucHoBKM

1. Ha ¢hoHi po3BrTKY ekcriepuMeHTanbHOro LyKpoBOro AiabeTy
171Ny y Wypis Ha 6 TWxHi POpPMYETLCS Kapaiomionaria 3 aunara-
Liieto NiBOrO LUSYHOUKA Ta 3HKEHHAM MOr0 CUCTONIYHOI OyHKLI.
Lli npouecw nepebiratoTb Ha POHI JOCTOBIPHOTO MiABMLLEHHS
apTepianbHOro TUCKY Ta 3HUKEHHS YaCTOTW CEPLIEBIX CKOPOYEHB.

2.Y 1ypiB 3 eKCiepUMEHTasbHIM LiyKpOBWM fiabeToM Yepe3
8 TwxHiB 30epiranncb 03Hak1 Aunatadii NiBoro WwnyHo4ka 6e3
CTaTWUCTUYHO 3HAYYLLWX 3MiH MOPIBHSAHO 3 MOKa3H1KaMM 6 TWXKHS,
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npoTe 3ahikcoBaHO NPOrpecyBaHHs CUCTONIYHOT AUCYHKLT Ha
(hoHi NiABMLLEHHS apTepianbHOro TUCKY.

3. BeeneHHs Lwypam i3 LykpoBum giabetom L-apriniHy npo-
TATOM 2 TWXKHIB CMIPUSNO CTAaTUCTUYHO 3HAYYLLOMY 3HVKEHHIO
apTepianbHOro TUCKY Ta 3MEHLLEHHIO NPOSIBIB Aunatadii NiBoro
LUITYHOYKA MOPIBHO 3i LypamMu 3 LiyKpOBKUM JiabeToM y TepMiHi
8 TxHiB 6e3 KopekLii.

4. BeepeHHs N-auetun-L-umucteiHy 3HU3WMIO MOKa3HUKN
apTepianbHOro TUCKY B Migrpyni, NPOTe CTaTUCTAYHO 3HAYYLLMX
3MiH exokapaiorpachiyHNX MOKa3HMUKIB MOPIBHSHO 3 JaHUMM rpynu
y TEpMiHi 8 TWxHiB Oe3 KopeKLii He BUSIBNEHO.
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Atopical issue in modern pharmacy is the study of new types of medicinal plant raw materials and the develop-
ment of pharmaceuticals based on them. Considerable interest is aroused by promising species of the genus
Juniperus, which are cultivated in Ukraine and are widely used in folk medicine, homeopathy, and cosmetology,
but remain insufficiently studied.

Aim: to investigate the component composition and determine the antimicrobial activity of the essential oil of
Juniperus virginiana L. as an additional source for new antimicrobial herbal medicines.

Materials and methods. The object of the study was the essential oil of Juniperus virginiana cultivated at the
educational and experimental plot of medicinal plants of Zaporizhzhia State Medical and Pharmaceutical Univer-
sity. The essential oil was obtained by hydrodistillation. The qualitative and quantitative composition of volatile
compounds was determined using gas chromatography — mass spectrometry (GC-MS) on an Agilent 7890B
chromatograph. The study of antimicrobial activity of Juniperus virginiana essential oil (experimental sample)
and the reference preparation (essential oil of Juniperus communis) was carried out by the disc diffusion method
in vitro using standard test strains of microorganisms from various groups: Staphylococcus aureus ATCC 29213/
NCTC12973 (Gram-positive cocci), Bacillus subtilis ATCC 6633 (Gram-positive spore-forming rods), Escherichia
coli ATCC 25922 (Gram-negative enterobacteria), Pseudomonas aeruginosa ATCC 27853 (non-fermenting
Gram-negative microorganisms), and Candida albicans ATCC 885-653 (yeast-like fungi of the genus Candida).

Results. As a result of GC-MS, 57 compounds belonging to 6 different chemical classes were identified. The
dominant components were Limonene (14.83 %), Naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-7 (12.65 %), and
Safrole (12.42 %). The results of the in vitro disc diffusion method demonstrated a pronounced antibacterial
activity of Juniperus virginiana essential oil against the reference strains of Gram-positive microorganisms:
Staphylococcus aureus ATCC 29213/NCTC12973 (Gram-positive cocci) and Bacillus subtilis ATCC 6633
(Gram-positive spore-forming rods). High antifungal activity was also established against the reference strain
of Candida albicans ATCC 885-653. The tested sample exhibited moderate antibacterial activity against the
Gram-negative test strains Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853.

Conclusions. The qualitative composition and quantitative content of volatile compounds in the essential oil of
Juniperus virginiana were studied using GC-MS. A total of 57 components were identified in the essential oil,
the major ones being Limonene (14.83 %), Naphthalene 1,2,3,4,4a,5,6,8a-octahydro-7 (12.65 %), and Safrole
(12.42 %). Experimental testing of Juniperus virginiana essential oil for microbiological purity showed no micro-
bial growth on the surface or within the nutrient media, allowing further investigation of its antimicrobial activity.

Modern medical technology. 2026;18(1):46-54

XimiuHui ckaap Ta aHTUOaKTepianbHa aKTUBHICTb edipHOi OAii
Juniperus virginiana L.

B. M. OauHuoBa, H. A. Koanuesa, 0. M. AeHuceHko, B. I. Mo3yab, B. B. lonoBkiH

AKTyanbHUM MUTaHHAM CyyacHoi apMallii € JOCTIMKEHHS HOBUX BUAIB NiKapCbKOi POCAMHHOI CUPOBUHU Ta
CTBOPEHHS! Ha iXHili OCHOBI Nikapcbkux 3acobiB. 3HayYHy 3aLjikaBNeHICTb BUKNMKAIOTb NEPCNEKTUBHI BUAW pody
Aniseub (Juniperus), AKki KynbTUBYIOTb Ha TepuUTOpii YkpaiHu Ta LWKNPOKO 3aCTOCOBYIOTb Y HAPOAHI MeanLMHI,
romeonartii i KocMeTonorii, ane JOCHiMKeHi BOHN HEAOCTATHbLO.

Merta po6oTth - JOCTIZXEHHS KOMMNOHEHTHOTO CKNnafy Ta BU3HAYEHHS aHTUMIKPOBHOI akTWBHOCTI edipHOi onii
AniBLto BipriHcbkoro (Juniperus virginiana L.) sik JoaaTtkoBoro mxepena HoBux itonpenaparia aHTUMIKpOGHOI i

Martepianu i meToaun. O6'ekT focnimkeHHs — edpipHa onist ANIBLIO BipriHCLKOTO, BUPOLLEHOTO Ha HaB4YanbHO-0-
CRigHIN AinsHLUI NikapCbKux pOCANH 3anopi3bKoro AepaBHOro MeavKo-(apMaLeBTUYHOTO yHiBepeuTeTy. EdipHy
Onit0 OTPUMaHO METOLOM FiAPOANCTUNSALLT. AKICHWI CKNag i KiNbKICHWA BMICT NETKMX PEYOBWH BU3HAYEHO METOLOM
ra3oBoi xpomartorpadii — macc-cnektpomertpii (FX-MC) 3a gonomoroto xpomatorpada Agilent 7890B. Mpotu-
MiKpOBHY aKTMBHICTb ipHOI Onii ANiBLIIO BIpriHCLKOTO (eKCnepuMeHTanbHUI 3pasok) Ta pedepeHc-npenapary
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(ethipHa onis AniBL0 3BUYANHOIO) AOCTIANIN AUCKO-ANCY3INHM METOAOM N Vitro 3 BUKOPUCTAHHAM ETaNOHHMX
TeCT-LUTamiB MiKpOOpraHi3miB, LU0 Hanexanu o pisHux rpyn: Staphylococcus aureus ATCC 29213/NCTC12973
(rpamnoauTusHi koku), Bacillus subtilis ATCC 6633 (rpamnosnTusHi cniopoyTBOptoBanbHi nanuyky), Escherichia
coli ATCC 25922 (rpamHeraTuBHi eHTepobakTepii), Pseudomonas aeruginosa ATCC 27853 (HecbepMeHTytoYi
rpamHeraTuBHi MikpoopraHiamu), Candida albicans ATCC 885-653 (apixaxonogibHi rpubu pogy Candida).

Pesyabratu. 3a pesynsratamu [X-MC gocnigkeHHs ineHTudikoBaHo 57 cnonyk, siki Hanexatb [0 6 pisHWX
knacis XiMiYHUX pevoBWH, cepen HUX AomiHysamu Limonene (14,83 %), Naphthalene, 1,2,3,4,4a,5,6,8a-
octahydro-7 (12,65 %), Safrole (12,42 %). Pesynbratit BUBYEHHS aHTUMIKPOBHOT akTMBHOCTI ecpipHOI onii AniBLio
BipriHCbKOro ANCKO-ANdy3iiHAM METOLOM in Vitro Aanu nifcTasn 3pobUTH BUCHOBOK NPO 0T0 BAPAXKEHY aHTU-
GakTepianbHy it LLOJO eTanoHHNX LTaMiB rpamMmno3vTUBHUX MikpoopraHismie Staphylococcus aureus ATCC
29213/NCTC12973 (rpamnoanTueHi kokw) Ta Bacillus subtilis ATCC 6633 (rpamnoaunTiBHi copoyTBOproBarbHi
nanuykw). BusisneHo BUCOKY NpOTUrpuOKOBY akTWBHICTb edbipHOI onii ANiBLO BipriHCLKOTO LOAO ETAnoHHOTO
wramy Candida albicans ATCC 885-653. [locnimkeHuii 3pa3ok MaB NOMIpHY aHTUGaKTepianbHy akTUBHICTb LLOLO
TecT-LUTamiB rpaMHeraTMBHUX MikpoopraHiamiB Escherichia coli ATCC i Pseudomonas aeruginosa ATCC 27853.

BucHosku. 3a fonomoroto 'X-MC meToay AocnimkeHo SKICHWI cknag, i KinbKiCHUIA BMICT NETKMX PEYOBUH eipHOi
onii Juniperus virginiana. B ecipHii onii aniBLo BipriHCbKOro BU3HAYEHO 57 KOMMOHEHTIB, cepea HIX HanbinbLua
yactka Limonene (14,83 %), Naphthalene 1,2,3,4,4a,5,6,8a-octahydro-7 (12,65 %), Safrole (12,42 %). Y pe-
3ynbTaTi eKCnepuMeHTansLHOro JOCNIMKeHHs edipHOi onii ANiBLIO BIPriHCLKOTO LWOA0 MikpoBionoriyHoi YncToTH
He BUSIBMEHO PiCT MIKPOOPraHi3MiB Ha MOBEPXHi Ta B TOBLL XWUBUNbHUX cepenosuL. Lie aano amory 3aincHnTyH

HaZani foCnimKeHHs NPOTUMIKPOBHOT akTUBHOCTI 3paska.

CyuacHi mepuuHi TexHonorii. 2026. T. 18, Ne 1(68). C. 46-54

Modern pharmacy is increasingly focused on the search for
and study of new sources of biologically active substances of
natural origin, particularly those derived from medicinal plant raw
materials, which can serve as the basis for the development of
effective and safe medicinal products. In this context, essential
oils are of particular interest as complex multicomponent systems
capable of exhibiting a wide range of pharmacological activities,
including antimicrobial, anti-inflammatory, antioxidant, and others.

One of the promising objects of study is Juniperus virginia-
na L. (Virginia juniper), which belongs to the genus Juniperus
(family Cupressaceae). Species of this genus are widely cultivated
in various regions of Ukraine, distinguished by high adaptability,
and are actively used in folk medicine, homeopathy, and the
cosmetic industry. Despite their pharmacological potential, the
biochemical composition and therapeutic properties of the es-
sential oil of Juniperus virginiana L. remain insufficiently studied,
especially regarding its antibacterial activity against clinically
relevant infectious agents.

Considering the growing resistance of microorganisms to
conventional antibiotics, the investigation of natural compounds
with potential antimicrobial activity has become increasingly
important. This necessitates a detailed analysis of the chemical
composition of Juniperus virginiana L. essential oil, using modern
analytical methods, along with the study of its biological activity
to assess its suitability for pharmaceutical applications.

Thus, the study of Juniperus virginiana L. essential oil is both
timely and scientifically justified, as it may contribute to expanding
the raw material base for the development of new antimicrobial
herbal medicines that meet the needs of contemporary medicine
and pharmacy.

The genus Juniperus includes more than 70 species of
evergreen coniferous trees and shrubs naturally found in the
mountainous regions of the Carpathians and Crimea. These
are evergreen trees or low-growing shrubs. Some species are
cultivated as ornamental and essential oil-bearing plants. Juni-

pers have needle-like or scale-like leaves. Female cones are
nearly spherical and become fleshy upon ripening, bluish-black
or reddish-brown with a bluish waxy coating (galbuli), typically
maturing in 2-3 years. Plants of the genus Juniperus are long-
lived, drought- and frost-resistant, and grow extremely slowly [1].

They contain essential oils, sugars, anthocyanidins, organic
acids, resins, wax, macroelements (potassium salts), microele-
ments (salts of manganese, iron, copper, aluminum), tannins,
flavonoids, steroids, diterpenoids, and sesquiterpenoids [2].

Pharmacological studies of Juniperus virginiana essential oil
have shown anticancer, cytotoxic, antioxidant, antimalarial, and
anti-inflammatory activities [3].

In folk medicine, juniper fruits are used as diuretic, disinfect-
ant, expectorant, analgesic, and rubefacient remedies. Positive
therapeutic effects have also been noted in the treatment of
neuralgia, rheumatism, and gout [4].

Juniper fruits are included in the formulation of Zdrenko's
mixture, which is used for the treatment of urinary bladder papillo-
matosis, antacid gastritis, and peptic ulcer disease, as well as for
edema, malaria, cystitis, polyarthritis, otitis, and skin diseases [5].

Juniper essential oil is used as a diuretic, antiseptic, tonic,
and wound-healing agent [6]. It has a positive effect on emotional
state, enhances lymphatic and blood circulation, facilitates the
excretion of uric acid and excess fluid from the body, contribut-
ing to weight loss in obesity and the elimination of edema and
musculoskeletal disorders.

Juniper-based preparations increase urine output and disin-
fect the urinary tract, stimulate gastric juice and bile secretion,
enhance intestinal peristalsis, soften phlegm, and have anti-in-
flammatory and analgesic effects [7].

The use of juniper preparations is recommended for edema
associated with renal failure and circulatory disorders, chronic
pyelitis and cystitis, urolithiasis, gastroenteritis, diseases involving
bile stasis and gallstone formation, and chronic respiratory tract
diseases (tracheitis, laryngitis, bronchitis). In addition, galenic
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preparations from juniper fruits enhance bile formation and se-
cretion, increase gastric juice secretion, mildly stimulate intestinal
peristalsis, and exhibit bactericidal activity [3,8].

Juniper essential oil is used in combination therapy for skin
cancer along with radiation therapy and is applied externally for
rheumatism in the form of alcoholic tinctures or ointments [3,9].

The essential oil of juniper has pronounced antimicrobial
properties, which are attributed to its chemical composition.
The main components — a- and 3-pinene, myrcene, limonene,
sabinene, terpinene-4-ol, and borneol — ensure a broad spectrum
of activity against various microorganisms [7,10].

Aim
The aim of the study was to investigate the component
composition and determine the antimicrobial activity of Juniperus

virginiana L. essential oil as an additional source for the devel-
opment of new antimicrobial herbal medicines.

Materials and methods

The object of the study was the essential oil extracted from
the shoots and leaves of Juniperus virginiana harvested during
the fruiting phase from the educational and experimental medic-
inal plant plot of Zaporizhzhia State Medical and Pharmaceutical
University. The essential oil was obtained by hydrodistillation in
accordance with the State Pharmacopoeia of Ukraine [11].

The phytochemical analysis was carried out in the phyto-
chemical laboratory of the Educational and Scientific Medical
Laboratory Center with vivarium at Zaporizhzhia State Medical
and Pharmaceutical University.

The qualitative and quantitative determination of active
compounds was performed at the Department of Toxico-
logical and Inorganic Chemistry (Head of the Department:
Prof. O. I. Panasenko, DSc, PhD), Zaporizhzhia State Medical
and Pharmaceutical University [12,13].

The completeness of reactions and the individuality of the
resulting compounds were monitored using an Agilent 7890B
gas chromatograph equipped with a 5977B mass spectrometry
detector. The chromatographic separation was performed using
a DB-5ms column (30 m x 250 ym x 0.25 pym). The carrier gas
was helium at a flow rate of 1.6 mL/min. The injection volume
was 0.5 pL, with a split ratio of 1:50. The injector temperature
was programmed at 230 °C — 12 °C/s — 275 °C.

Oven temperature program: 240 °C (hold for 1 min) —
5 °C/min — 280 °C (hold for 1 min).

Total run time: 10 minutes. The interface temperature of the
gas chromatography — mass spectrometry was 280 °C; ion source
temperature — 230 °C; quadrupole mass analyzer — 150 °C.
lonization type: Electron Impact (El), 70 eV. The scanning range
was m/z 30-500.

The essential oil components were identified by comparing
the obtained mass spectra of the separated compounds with
the NIST 14 mass spectral library, which contains over 470,000
reference spectra [3,14].

The microbiological purity and antimicrobial activity of J. vir-
giniana essential oil were studied at the microbiological laboratory

of the Educational and Scientific Medical Laboratory Center at
Zaporizhzhia State Medical and Pharmaceutical University. The
in vitro experiments were conducted in accordance with the re-
quirements of the State Pharmacopoeia of Ukraine, 2nd edition,
and the European Committee on Antimicrobial Susceptibility
Testing (EUCAST) standards [15]. The essential oil of Juniperus
communis L. served as the reference preparation.

To avoid false-positive results during antimicrobial testing,
the microbiological purity (MP) of the experimental sample was
preliminarily examined. This included the determination of total
aerobic microbial count (TAMC), total combined yeast and mold
count (TYMC), and the presence/absence of Staphylococcus
aureus, Escherichia coli, Pseudomonas aeruginosa, and an-
aerobic microorganisms. TAMC and TYMC were determined
by both pour plate and double-layer methods. For pour plate
culture, dilutions of 1:100 and 1:1000 were prepared, and 1 mL
of each dilution was inoculated into sterile Petri dishes, followed
by 20 mL of melted, cooled (to 45 °C) soy-casein agar for bacte-
ria, and Sabouraud dextrose agar for yeast and molds. For the
double-layer method, 1 mL of each dilution was added to test
tubes with 4 mL of molten, cooled Sabouraud agar, thoroughly
mixed, and poured into Petri dishes. After solidification, the plates
were incubated at 35 °C for 5 days (for bacteria) and at 25 °C
for 7 days (for fungi). To test specific pathogens, 0.1 mL of each
dilution was inoculated onto selective media: egg-yolk salt agar
(for S. aureus), Endo medium (for E. coli and P. aeruginosa), and
thioglycolate medium (for anaerobes). S. aureus and anaerobes
were incubated at 35 °C for 48 hours, while E. coli and P. aerugi-
nosa were incubated at 35 °C for 24 hours.

Antimicrobial activity was assessed using the disc diffusion
method [16,17] in vitro against standard test strains from dif-
ferent microbial groups: Staphylococcus aureus ATCC 29213/
NCTC12973 (Gram-positive cocci), Bacillus subtilis ATCC 6633
(Gram-positive spore-forming rods), Escherichia coli ATCC 25922
(Gram-negative enterobacteria), Pseudomonas aeruginosa ATCC
27853 (non-fermenting Gram-negative bacilli), Candida albicans
ATCC 885-653 (yeast-like fungi).

Bacterial and fungal suspensions were prepared from 24-
hour cultures using physiological saline, adjusted to a turbidity of
0.5 McFarland units (equivalent to 1.5 x 108 CFU/mL for bacteria
and 5 x 10° CFU/mL for Candida species) using a DEN-1B den-
sitometer (SIA “Biosan”, Latvia). The suspensions were evenly
inoculated on the surface of Mueller-Hinton agar (HiMedia, India)
using sterile swabs. After drying for 5 minutes, sterile 6 mm paper
discs (HiMedia, India) impregnated with J. virginiana essential
oil were placed on the agar surface. Petri dishes were immedi-
ately incubated at 35 °C: for 18 hours for S. aureus, E. coli, and
P. aeruginosa; and for 48 hours for C. albicans. The antimicrobial
effect was determined by measuring the diameter of the inhibition
zones around each disc in millimeters. The interpretation criteria
were as follows: 0-2 mm: no activity, 3-10 mm — weak activity,
10-20 mm — moderate activity, 21 mm — strong activity. All ex-
periments were performed in triplicate.

To assess the antimicrobial activity of the tested samples,
the mean diameter of the inhibition zone and standard deviation
were used. Since the data were obtained from a normally distrib-
uted population, an independent Student’s t-test was applied to
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Fig. 1. Chromatogram essential oil components of Juniperus virginiana L.

evaluate the hypothesis of no statistically significant differences
between the means of two independent groups. The level of
statistical significance was set at p < 0.05.

Statistical analysis of the results was conducted using Sta-
tistica software (license No. JPZ8041382130ARCN10-J) and
Microsoft Excel 7.0 (Microsoft Corp., USA).

Results

The essential oil obtained from the shoots and fruits of
Juniperus virginiana is light yellow in color, transparent, and
possesses a camphoraceous odor. The content of essential oil
in the fruits of J. virginiana, calculated on an absolutely dry basis,
was 1.74 £ 0.02 %.

The results of the component composition analysis of J. virgin-
iana essential oil are presented in Fig. 1 and Table 1. As shown,
57 different compounds belonging to six groups were identified
in the essential oil of J. virginiana, including: — 18 oxygenated
sesquiterpenes (30.56 %), 4 oxygenated monoterpenes (2.03 %),
16 sesquiterpene hydrocarbons (8.05 %), 9 monoterpene
hydrocarbons (23.34 %), 5 aromatic hydrocarbons (19.66 %),
3 phenylpropanoids (14.88 %), 5 other components (1.48 %).

The results of the microbiological study (Table 2) indicate
that the essential oil of Juniperus virginiana exhibits pronounced
antimicrobial properties, which are associated with its chemical
composition [18,19,20,21].

The results of the study of the component composition of
Juniperus virginiana essential oil are presented in Table 1. The
analysis revealed 57 different compounds belonging to 6 chem-
ical groups: 18 oxygenated sesquiterpenes (30.56 %), with the
major constituents being elemol (12.65 %), eudesmol (6.04 %),
isospathulenol (2.74 %), and 10-epi-a-cadinol (2.54 %); 4 ox-
ygenated monoterpenes (2.03 %), including linalool (1.00 %),
eucalyptol (0.26 %), 4-terpineol (0.54 %); 16 sesquiterpene
hydrocarbons (8.05 %), including 6-cadinene (3.71 %), a-muuro-
lene (0.93 %), and caryophyllene (0.82 %); 9 monoterpene
hydrocarbons (23.34 %), among which D-limonene (14.83 %),

1-(3-methylcyclopent-2-enyl)-cyclohexene (4.33 %), and 3-carene
(2.31 %) were dominant; 5 aromatic hydrocarbons (19.66 %),
including 3,5-dimethoxytoluene (0.26 %); and 3 phenylpropanoids
(14.88 %), with the main ones being safrole (12.42 %), and methyl
eugenol (2.24 %); 5 other components (1.48 %).

Experimental testing of the essential oil for microbial purity
showed no microbial growth on the surface or in the depth of
the nutrient media, which made it possible to proceed with the
evaluation of the antimicrobial activity of the sample.

The obtained results of antimicrobial activity assessment of
J. virginiana essential oil by the in vitro disc diffusion method in-
dicate a pronounced antibacterial effect against reference strains
of Gram-positive microorganisms — Staphylococcus aureus ATCC
29213/NCTC12973 (Gram-positive cocci) and Bacillus subtilis
ATCC 6633 (Gram-positive spore-forming rods). A high antifungal
activity was also observed against the reference strain Candida
albicans ATCC 885-653. The test sample demonstrated moderate
antibacterial activity against the test strains of Gram-negative
microorganisms — Escherichia coli ATCC and Pseudomonas
aeruginosa ATCC 27853 (Table 2). J. virginiana essential oil ex-
hibits pronounced antimicrobial properties, which are associated
with its chemical composition. Its major components — elemol,
eudesmol, methyl eugenol, limonene, naphthalene, isospatulenol,
and safrole — provide a broad-spectrum activity against various
microorganisms.

As a reference substance in the microbiological study, the
essential oil of common juniper (Juniperus communis L.) was
used. The obtained results showed that J. virginiana essential
oil also demonstrated antimicrobial activity against reference
microbial strains (Table 3).

Analysis of the obtained results of the microbiological study of
the experimental sample and the reference preparation (Table 4)
indicates that the essential oil of Juniperus virginiana exhibits a
higher mean diameter of the growth inhibition zone compared to
the essential oil of Juniperus communis (statistically significant
difference, p < 0.05), which demonstrates its more pronounced
antimicrobial activity.
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Table 1. Qualitative and quantitative composition of Juniperus virginiana essential oil

No. Essential oil component DB formula RT Area sum, %
1 D-Limonene C10H16 9.458 14.83
2 Elemol C15H260 23.55 12.65
3 Safrole C10H1002 16.922 12.42
4 Eudesmol C15H260 26,03 6.04
5 1-(3-Methylcyclopent-2-enyl)cyclohexene C12H18 16.582 4.33
6 6-Cadinene C15H24 22.7132 3.71
7 Isospathulenol C15H240 28.749 2.74
8 10-epi-a-Cadinol C15H260 25.739 2.54
9 y-Eudesmol C15H260 25.474 2.40
10 3-Carene C10H16 6.713 231
1 Methyleugenol C11H1402 19.773 2.24
12 4,7(11)-Valeradien-12-al C15H220 27.269 1.18
13 Linalool C10H180 11.473 1.00
14 a-Muurolene C15H24 22.241 0.93
15 Opopanone Acetate C17H2803 24.78 0.90
16 Eudesma-7(11)-en-4-ol; C15H260 26.412 0.86
17 Caryophyllene C15H24 20.272 0.82
18 (3S,3aR,3bR,4S,7R,7aR)-4-Isopropyl-3,7-dimethyloctahydro-1H-cyclopenta C15H260 24.169 0.79
[1,3]cyclopropa[1,2]benzene-3-ol
19 4-Carene C10H16 11.001 0.54
20 (-)-4-Terpineol C10H180 13.804 0.54
21 (-)-a-Gurjunene C15H24 21.091 0.51
22 B-Myrcene C10H16 8.234 0.47
23 (+)-y-Cadinene C15H24 22,60 0.47
24 a-Elemene C15H24 21.279 0.45
25 Caryophyllene Oxide C15H240 24.286 0.35
26 Sabinene C10H16 7,77 0.29
27 3-Carene C10H16 8.773 0.29
28 (-)-Bornyl Acetate C12H2002 16.697 0.29
29 Bicyclosesquifelandrene C15H24 2181 0.28
30 Kessanyl Acetate C17H2803 30.436 0.27
31 Eucalyptol; 1,8-Cineole C10H180 9.512 0.26
32 3,5-Dimethoxytoluene C9H1202 16.177 0.26
33 Citronellol C10H200 15.132 0.23
34 Estragole C10H120 14.277 0.22
35 cis-Muurola-4(15),5-diene C15H24 22.082 0.19
36 epi-y-Eudesmol C15H260 25.23 0.18
37 Kessyl Acetate C17H2803 29.196 0.18
38 y-Terpinene C10H16 10.214 0.17
50 Modern medical technology. Volume 18. Issue 1, January - March 2026 ISSN 20729367
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Cont. of Table 1.

No. Essential oil component DB formula RT Area sum, %
39 Epizonarene C15H24 21.58 0.13
40 (+)-y-Cadinene C15H24 21.656 0.13
41 4-Carene C10H16 9.018 0.11
42 Cyclohexanol, 3-ethenyl-3-methyl-2-(1-methylethenyl)-6-(1-methylethyl)-, acetate, C15H260 26.888 0.11
[1R-(10,20,3B,60)]
43 cis-3-Hexenyl Benzoate C13H1602 24.008 0.10
44 (-)-Abietadiene C20H32 35.452 0.10
45 1,5,9,9-Tetramethyl-1,4,7-cycloundecatriene C15H24 21.176 0.09
46 a-Copaene C15H24 19.13 0.08
47 Cadina-3,5-diene C15H24 21.011 0.07
48 Guaiol Acetate C17H2802 22.837 0.07
49 trans-Valerenyl Acetate C17H2602 29.61 0.07
50 1-Octen-3-ol C8H160 8.015 0.06
51 Methylenanthate C8H1602 8.446 0.06
52 0-Cymene C10H14 9.254 0.06
53 (+)-Borneol C10H180 13.578 0.06
54 Caralene C15H24 20.54 0.06
55  |Eudesma-4(14),7(11)-diene C15H24 20.658 0.06
56 B-Bisabolene C15H24 22.469 0.06
57 trans-Valerenyl Acetate C17H2602 29.061 0.06

Table 2. Results of the microbiological study of Juniperus virginiana essential oil

Sample name Test strain Growth inhibition zone diameter, mm | Mean value, mm
15t test 2" test 3 test

Essential oil of Staphylococcus aureus ATCC 29213/NCTC12973 | 26 29 27 27.33+1.53

Juniperus virginiana - -

(Juniperus virginiana L) Bacillus subtilis ATCC 6633 37 36 37 36.67 £0.58
Escherichia coli ATCC 25922 1 15 13 13.00 + 2.00
Pseudomonas aeruginosa ATCC 27853 16 16 17 16.33 £ 0.58
Candida albicans ATCC 885-653 36 37 39 37.33+1.53

Table 3. Results of the microbiological study of common juniper essential oil (reference sample)

Sample name Test strain Growth inhibition zone diameter, mm | Mean value, mm
1% test 2M test 3 test

Essential oil of Staphylococcus aureus ATCC 29213/NCTC12973 | 19 19 20 19.33+0.58

Common juniper — - »

Juniperus communis L. Bacillus subtilis ATCC 6633 19 20 21 20.00 £ 1.00
Escherichia coli ATCC 25922 9 9 10 9.33+0.58
Pseudomonas aeruginosa ATCC 27853 1 12 12 11.67 £0.58
Candida albicans ATCC 885-653 16 16 17 16.33+0.58
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Table 4. Results of the microbiological study of the essential oils of Juniperus virginiana and Juniperus communis

Sample name Microorganism cultures
Staphylococcus Bacillus subtilis Escherichia coli Pseud_omonas Candida albicans
aureus aeruginosa
Growth inhibition zone diameter, mm
Essential oil of 27.33 £1.53* 36.67 £ 0.58* 13.00 £ 2.00* 16.33 £ 0.58* 37.33+1.53*
Juniperus virginiana t =852 t =2858 t, =353 =131 . =2106
p<0.05 p <0.001 p<0.05 p <0.001 p <0.001
Essential oil of 19.33 £0.58 20.00+1.00 9.33+0.58 11.67+0.58 16.33 £0.58
Juniperus communis (reference)

* Student’s t-test, p < 0.05.

Discussion

JhaV. etal. identified 22 different compounds in the essential
oil of Juniperus virginiana, represented mainly by sesquiterpenes,
as well as terpenes, diesters, and organic compounds. The pre-
dominant constituents were a-cubebene (19.5 %), a-trans-atlan-
tone (14.32 %), a-himachalene (13.62 %), y-E-atlantone (9.6 %),
diethyl phthalate (9 %), y-himachalene (5.82 %), allo-himachalol
(4.67 %), B-himachalene oxide (4.22 %), a-Z-atlantone (3.66 %),
limona ketone (1.92 %), and calarene epoxide (1.74 %) [3].

Lafraxo S. etal. identified 31 compounds in the essential oil of
Juniperus thurifera L. — a plant traditionally used in phytomedicine
—by means of gas chromatography coupled with mass spectrom-
etry (GC-MS). The dominant constituents were o-thujene (25 %),
elemol (12 %), and muurolol (12 %) [22].

Jahanshiri Z. et al. demonstrated that the essential oil of
J. virginiana inhibits the growth of Candida albicans and reduces
biofilm formation, which is important for preventing recurrences
and enhancing the efficacy of antifungal agents [18].

According to Lafraxo S., using the disk diffusion and microdi-
lution methods, a pronounced antifungal activity of J. thurifera L.
essential oil was detected against C. albicans and F. oxysporum,
with activity values of 21.0 £ 2.1 mm and 32.0 £ 2.3 %, and a
minimum inhibitory concentration (MIC) of 9.5 x 102+ 0.001 [22].

Of particular note is the high antifungal activity against Can-
dida albicans (37.33 £ 1.53 mm), which significantly exceeds
the corresponding values of the reference preparation — Juni-
perus communis L. essential oil (16.33 £ 0.58 mm). This result
may be attributed to the presence of a considerable amount of
phenylpropanoids (safrole and methyl eugenol) in the essential
oil of J. virginiana, which, according to literature data, possess
pronounced fungicidal properties [23].

As a result of our study of the essential oil obtained from
the fruits of Juniperus virginiana L., a complex multicomponent
chemical composition was established, including 57 individual
compounds belonging to six main groups of terpenes and ar-
omatic compounds. The qualitative and quantitative analyses
revealed the predominance of monoterpene hydrocarbons and
phenylpropanoids. A significant proportion of oxygenated ses-
quiterpenes, particularly elemol (12.65 %), eudesmol (6.04 %),
and isospathulenol (2.74 %), indicates the presence of potentially
biologically active substances in the essential oil composition.

Microbiological testing revealed that J. virginiana essen-
tial oil possesses pronounced antimicrobial properties. The
highest susceptibility was observed in Gram-positive strains:
Staphylococcus aureus (27.33 + 1.53 mm) and Bacillus subtilis
(36.67 £ 0.58 mm). These results are consistent with previous
findings indicating that Gram-positive bacteria are more vulnera-
ble to the effects of essential oils due to the structural simplicity
of their cell walls.

A particularly noteworthy finding is the strong antifungal
activity against Candida albicans (37.33 = 1.53 mm), which signif-
icantly exceeded the reference sample — Juniperus communis L.
essential oil (16.33 + 0.58 mm). This may be attributed to the high
content of phenylpropanoids, such as safrole and methyl eugenol,
which are known for their antifungal properties.

Compared to the reference preparation, J. virginiana oil
demonstrated statistically significantly higher antimicrobial activity
against all tested microbial strains (Student's t-test, p < 0.05-
0.001). The greatest differences were observed against B. subtilis
and C. albicans, confirming the superior efficacy of J. virginiana
essential oil as a potential antimicrobial agent.

While activity against Gram-negative bacteria (E. coli,
P. aeruginosa) was moderate, it was still superior to that of
J. communis oil. This relatively lower sensitivity is likely due to
the outer membrane of Gram-negative bacteria, which impedes
the penetration of hydrophabic essential oil constituents.

Overall, the antimicrobial activity of J. virginiana essential
oil can be attributed to the synergistic effects of its major com-
ponents, including monoterpenes, sesquiterpenes, and phe-
nylpropanoids. The findings suggest promising applications for
J. virginiana oil as a natural antiseptic agent in pharmaceutical,
cosmetic, and food preservation industries.

Conclusions

1. The essential oil of Juniperus virginiana was analyzed
by GC-MS, revealing 57 volatile components. The predom-
inant compounds were Limonene (14.83 %), Naphthalene,
1,2,3,4,4a,5,6,8a-octahydro-7 (12.65 %), and Safrole (12.42 %).

2. Microbiological testing confirmed the sterility of the J.
virginiana essential oil sample, allowing reliable evaluation of its
antimicrobial properties.
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3. The essential oil demonstrated pronounced antimicrobial
and antifungal activity, showing the largest inhibition zones against
Staphylococcus aureus (27.3 mm), Bacillus subtilis (36.7 mm),
and Candida albicans (37.3 mm), and moderate activity against
Escherichia coli (13.0 mm) and Pseudomonas aeruginosa
(16.3 mm).

4. Compared to Juniperus communis essential oil, J. virgin-
iana oil exhibited significantly higher antimicrobial efficacy, with
inhibition zones increasing by 1.4-2.3 times depending on the test
strain (p < 0.05-0.001), indicating its potential as a broad-spec-
trum antimicrobial agent.

Prospects for further research. The findings demonstrate that
Juniperus virginiana essential oil exhibits pronounced antimicro-
bial properties and holds promise for further research aimed at
the development of new pharmaceutical products and herbal
remedies. Additional clinical studies are required to evaluate its
effectiveness as a potential medicinal agent.
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Merta po6oTu - npoaHaniaysaTu MeTaboniyHi 3MiHK, NCUXOCOMaTU4HI 0COONMBOCTI Ta BMIINB CTPECOBUX YNHHUKIB
BOEHHOTO Nepiofy Ha SKICTb XUTTA NaLieHTiB i3 LykposuM aiabetom 2 Tuny (LO2).

Marepianu i metoan. BukoHaHo cucTemaTuyHWiA ornsg CydacHoi Haykosoi nitepatypu 3a 2020-2025 pp.,
BKMHOYatoum nybnikauii, wo iHoekcytTbes B 6asax faHux PubMed i Scopus. 3gilicHEHO aHaniTUyHWiA ornsig
pe3ynbTarTia AOCHigXeHb MeTaboniyH1X NOpYLUEHb, NCUXOCOMATUYHIX 3MiH | MOKa3HWKIB SKOCTi KUTTS Y XBOPUX
Ha LJ2 B ymoBax BOEHHMX Zjil. OUiHEHO BMIIMB XPOHIYHOTO CTPECY, MOCTTPaBMAaTU4HOTO CTPECOBOTO po3nady
Ta couianbHux obMexeHb Ha nepebir 3aXBOPIOBAHHS i SKICTb XUTTS.

Pesyabtatn. BCTaHoBReEHo, Wwo B ymoBax 36poriHoro koHdnikTy nepebir L2 tuny cyTTeBO ycknagHenwi mig
BM/IMBOM YMCIIEHHNX B3aEMOMNOB'A3aHuX pakTopiB. OBMEXeHHs [OCTyny A0 MEAWYHOI AOMOMOry, HecTaya
MeaVKaMEHTIB, MOPYLLEHHS PEXUMY Xap4yBaHHS, 3HWXKEHHS (i3NYHOI aKTUBHOCTI Ta BUCOKWA piBEHb NCUXO-
€MOLNHOro CTpecy 3Ha4YHO MOFIPLUYKTb KOMMEHCaLlilo 3aXBOPIOBaHHS. Y NauieHTIB BUSBASAIOTb AOCTOBIpHE
NiABULLEHHS PiBHIB rMikoBaHOTO reMornobiHy Ta 36inbLUeHHS YacToTh PO3BUTKY AiabeTudHUX yeknagHeHb. Kpim
MeTaboniyHUX NopyLUEHb, 3adhiKCOBAHO 3HAYHY MOLLMPEHICTb MCUXOEMOLNHUX po3najiB: Aenpecii, TPUBOrK,
MOCTTPaBMaTUYHOIO CTPECOBOTO PO3NaAy, NCUXOTEHHOI rinepriikemii, KOrHITMBHUX i (DYHKLiOHaNbHUX coOMaTuY-
HWX NopyLUEeHb. XPOHIYHUI CTPEC aKTUBYE rinoTanamo-rinoisapHo-HagHUPKOBY BiCb, CMIPUYMHSIIOUYM CEKPELLi0
KOHTPIHCYNSAPHUX FOPMOHIB, L0 NOrMMOMIOE iHCYNIHOPE3UCTEHTHICTL, aKTVUBYE 3anarbHi NpoLEecK Ta YCKNaaHoe
nepebir giabety. Ocobnumeoi yBaru noTpebye NUTaHHs LLOAO AKOCTI XWUTTS nauieHTis i3 L2 B ymoBax BilHW.
lMevxocouianbHi YuHHUKK (BTpaTa XWTNa, CoLianbHKX 3B'a3KiB, MOCTiliHa 3arpo3a XWTTH0, 3MEHLLEHHS CoLlialb-
HOI MIATPUMKM) 3HAYHO 3HKYHOTb (Di3NYHE, eMOLLIiHE, KOTHITUBHE (DYHKLIOHYBaHHS Ta piBEHb 3a0BONEHOCTI
XUTTSIM. 3aCTOCYBaHHS BanifoBaHUX NCUXOMETPUYHUX LUKan [ae 3MOry 06’€KTUBHO OLHUTI NCUXOEMOLLIHNI
CTaH i SKICTb XMTTSA nauieHTiB. Lle € 0cHOBOW Ans po3pobneHHs NepcoHithikoBaHWX CTpaTeriit KOMMIEKCHOI
MeaMKO-MCUXOCOoLianbHOI MiATPUMKM B YMOBAX KPU3OBUX CUTYaLN.

BucHoBku. Llykposuit fiabeT 2 Tuny B ymoBax BOEHHOTO Yacy Mae ycknagHeHnin metaboniyHuin nepebir, wo
3yMOBIIEHO (hi3ionoriYHNMmM Ta ncrxoemoLinHMK chakTopamu. MoeaHaHHSA MeTaboniyHX, NCUXOCOMATUYHX i
coujanbHux dhakTopiB noTpedye NepcoHicikoBaHOrO KOMMIEKCHOTO MiAX0AY A0 BEAEHHS XBOPUX i3 3amyYeHHsIM
MiKAMCLMNMiHapHUX KOMaHA,

CyuacHi mepnuHi TexHonorii. 2026. T. 18, Ne 1(68). C. 55-62

Metabolic and psychosomatic features in type 2 diabetes mellitus and their impact
on quality of life in patients during wartime

S. L. Podsevakhina, 0. S. Chabanna, O. I. Palamarchuk, M. Ya. Dotsenko

Aim: to analyze metabolic changes, psychosomatic features, and the impact of wartime stressors on the quality
of life in patients with type 2 diabetes mellitus (T2DM).

Materials and methods. A systematic review of scientific literature published between 2020 and 2025 was
conducted, including publications indexed in PubMed and Scopus databases. An analytical review of studies
on metabolic disorders, psychosomatic changes, and quality of life indicators in T2DM patients during armed
conflict was performed. The influence of chronic stress, post-traumatic stress disorder, and social constraints
on disease progression and quality of life was evaluated.

Results. The course of T2DM during armed conflict significantly worsens under the influence of multiple interre-
lated factors. Limited access to medical care, shortage of medications, disrupted nutrition, decreased physical
activity, and high levels of psycho-emotional stress substantially impair disease compensation. Patients exhibit
significant increases in glycated hemoglobin levels and higher rates of diabetic complications. In addition to
metabolic disturbances, patients demonstrate a high prevalence of psycho-emotional disorders: depression,
anxiety, post-traumatic stress disorder, psychogenic hyperglycemia, cognitive impairments, and functional
somatic disorders. Chronic stress activates the hypothalamic-pituitary-adrenal axis, promoting the secretion of
counter-regulatory hormones (cortisol, adrenaline), which aggravates insulin resistance, activates inflammatory
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processes, and complicates the course of diabetes. Particular attention is given to the quality of life of T2DM
patients during wartime. Psychosocial factors (loss of housing, social connections, constant threat to life, and
reduced social support) significantly decrease physical, emotional, and cognitive functioning, as well as life sat-
isfaction. The use of validated psychometric scales enables objective assessment of patients’ psycho-emotional
state and quality of life, serving as a basis for the development of individualized strategies for comprehensive
medical and psychosocial support in crisis situations.

Conclusions. T2DM in wartime is characterized by a complicated metabolic course, which is caused by
both physiological and psycho-emotional factors. The combination of metabolic, psychosomatic, and social
factors requires a personalized comprehensive approach to patient management with the involvement of

interdisciplinary teams.

Modern medical technology. 2026;18(1): 55-62

Llykposuin giabet 2 Tuny (LIA2) — HeiHdbekwiiHa xBopoba,
Ky BUSIBNSOTb 3@ XPOHIYHOH rinepriikeMicto Ta NopyLUEHHSM
00MiHy ByrneBogiB, upiB i 6irkiB. 3pOCTaHHs MOLUMPEHOCTI LIbOro
3aXBOPHOBaHHS, yCKragHeHWI nepedir i BUCOKNIA pU3K pO3BUTKY
HeraTMBHUX HacnifKkiB CTBOPIOKTb 3HAYHE HABAHTAXEHHS Ha
CUCTEMY OXOPOHW 300POB’S 3aranoMm i nawieHTiB 3okpema [1,2].

3a panumn MixHapogHoi denepadii giabety, B ycbomy
cBiTi o 2025 poky Maixe 589 mnH gopocnmx Bikom Big 20 o
79 pokiB XBOPITUMYTb Ha LLyKPOBWIA [iabeT, WO CTaHOBUTUME
11,1 % nopocnoro HaceneHHs. MNMoHaa 90 % i3 Hux matoTb LI2,
3YMOBIMEHUI COLlianbHO-EKOHOMIYHUMM, AeMOrpadiuHMK, eKo-
NOMYHNMM Ta FeHETUYHUMK (hakTopamu. binblue Hix 252 MiH
ocib (nprbnmaHo 43 % Big 3aranbHOi KiNbKOCTi XBOPYX) HE 3HaOTb
npo CBoto xBOpoOy, i Le e GinbLue NiaBNLLYE PU3NK PO3BUTKY
TSOKKUX YCKIagHeHb. MporHosytoTh, wo Ao 2050 poky KinbKiCTb
Jopocnux i3 giarHo3om giabety 36inbwmnTbes 40 853 MiH, To6To
KOX€EH BOCbMUI JOPOCTWI Y CBITi MaTUME Lie 3aXBOPIoBaHHS [1].
B YkpaiHi 3apeecTpoBaHo noHag 1,2 MiH Bunagkis LI, ogHak
€KCNepPTM NMpUNYCKatoTb, L0 peanbHa KirbKiCTb XBOPHX 3HAYHO
Ginbwa [2,3]. Bigomo, wo y 2023 poui giarHoCToBaHO MoHaj
531 tuc. HoBux Bunaakis LI [4].

XapakTepHa 0cOo6nMBICTb KITiHIYHOT KapTUHW NaLjieHTIB i3
LI12 — noegHaHHs COMATUYHOI NaTonorii 3 NCUXiYHAMM po3naja-
mu. Mo-nepLue, came NCKXiYHi NOPYLLEHHS MOXYTb BifirpaBaTu
KIOYoBY porb y po3BuTKy L2, Ak Taki YUHHUKM BU3HAYEHO
npemopbiaHi BNacT1BOCTi 0COBUCTOCTI Ta HabyTi HEBPOTUYHI
MCUXIYHI pO3naaw, WO CTatoTb TPUrEPOM AMsi PO3BUTKY 3aXBOPHO-
BaHHs. Tak, BCTAHOBIEHO 3HAYHWIA BNIVB AEMpecii sk pakTopa
BUHUKHEHHS LI12. 3rigHo 3 pesynkratamu MeTaaHaniay, naieHTu
3 fenpecieto MaioTb Ha 60 % BULLMIA PU3MK PO3BUTKY LIbOTO 3a-
XBOPtOBaHHs!. ba BinbLue, y HUX BUSBMEHO NPSMUIA 3B’A30K MiX
TSOKKICTHO Aenpecii Ta imMoBipHicTio po3suTky L2 [5]. Mo-apyre,
BracHe L2 cnpnymnHsie BTOPUHHI NCUXiYHI po3naau, Lo MOXYTb
OyTi 3yMOBreHi i MeTaboniuHo eHuedanonatieto (KOrHiTUBHI
MOPYLLEHHSI, EMOLLiiHa NabinbHICTb, 3aroCTPEHHS 0COBUCTICHMX
pyC, OpraHiyHi NOPYLUEHHS CHY), i BAIIMBOM HO30TEHHWX YUHHM-
KiB. MopyLUeHHs HEBPOTUYHOIO XapaKTepy BUSBNSAIOTL YaCTille,
MpoTe MOXIMBI 1 NCUXOTWYHI CTaHw [6]. 3rigHO 3 AaHUMK, WO
otpumarnm M. L. Nguyen et al., y nauieHTiB 3 ycknagHeHHaMM
JiabeTnyHOI cTonM 3adhikCOBAHO 3HAYHI KOTHITUBHI NOPYLUEHHS,
30Kkpema y AomeHax BepbanbHOi nam'sTi, BUKOHaBYMX (yHKLN
Ta poboyoi nam’sTi [7].

Ocobnueoi yBaru notpebye BuBYEHHS nepebiry L2 B
YMOBaX HaA3BUYaNHUX CUTYaLil, SK-OT 30PONHUX KOHCMIKTIB.
MoBHOMacLTabHa BiliHa B YkpaiHi, Wwo TpuBae 3 2022 poky,

npm3Bena [0 iCTOTHUX 3MiH Cocoby XUTTS, LOCTYMHOCTI Meany-
HOI JOMOMOrY Ta NCUXOMOMYHOrO CTaHy HaceneHHs. lMauieHTu
3 XPOHIYHMMM 3aXBOPIOBaHHAMM, 30kpeMa i 3 LIJ2, onuHunmce
Yy Bpa3n1BOMY CTAHOBWLLi Yepe3 AediunT Nikapcbkux 3acobis,
nepeMmiLLEeHHs!, BTPATW XuTna Ta 6nnabkux. 3a Takmx yMOB, KpiM
TMNOBMX MeTaboMiYHMX NopyLeHb L2, 3Ha4HO 3pocTae MMOBIp-
HICTb PO3BUTKY NCUXOEMOLLIHWX po3nagiB: Aenpecii, TPUBOXHOCTI
Ta nocTTpaBMaTnyHoro ctpecosoro posnagy (MTCP). Li ctaHm
GesnocepeaHbO BNMMBAKOTL HAa MeTaboMivHi NPOLECH Ta SKICTb
XWTTS NavjieHTiB. Hanpuknag, BCTAHOBMEHO, LLIO BUCOKWIA PiBEHb
CUTYaTMBHOI TPUBOXHOCTI NPU3BOAUTL [0 MiABULLEHHS PIBHS
rMoKO3u B kpoBi xBopux Ha L2 y cepenHbomy Ha 12,6 % [8].

OTxe, HWUHI 0COONMBO BaXNMBOK CTae cuctemaTm3aalis
MeTaboniuHMX | NncMxocoMaTuyHuX nposisie npu LUO2 y 38’a3ky
3 BNNMBOM BOEHHMX AilA. [JoCnimKeHHs LMX acnekTiB HeoOxiaHe
L0151 CTBOPEHHS LLiNiCHOT MOAENi MEQMKO-NCUXONONYHOI MiATPUMKH
navujieHTiB, @ ePeKTMBHE NiKyBaHHs NOTpeDye rapMoHiaaLlii neu-
XI4HOTO CTaHy NaLieHTa i3 30BHILLHIM CepefoBULLEM, LLO ICTOTHO
BNNMBAE Ha MOrO SKICTb XUTTS.

Merta pobotu

lMpoaHanisyat MeTaboniyHi 3MiHW, NCUXOCOMATUYHI OCO-
GrMBOCTI Ta BNAMB CTPECOBMX YMHHWKIB BOEHHOTO Mepiogy Ha
SKICTb XWUTTS NALiEHTIB i3 LyKpoBKM diabeTom 2 Tumny.

Marepianu i meToAM AOCAIAKEHHA

[ocnimkeHHs 'pyHTYETLCS Ha aHani3i [kepen BITYN3HAHOT Ta
MiXHapOZHOI haxoBoi nitepatypy. [ns noLuyky penesaHTHUX Ma-
Tepianis 3a 2020-2025 poku BukopucTaHo 6asu gaHux PubMed
i Scopus. Bigbip nybnikauji 3gifiCHEHO 3a TaKUMK KITOHOBUMM
CroBamu: LyKpoBuiA iabeT 2 Tuny, MeTaboniyHi 3MiHu, Ncuxoco-
MaTWYHUIA CTaH, SKICTb XUTTS, BOEHHI Aii. [1o ornsaay BKYMImn
MOBHOTEKCTOBI CTaTTI, LLIO BUCBITINIOKTb pesybrat JOCHiMKeHb
i3 piBHsIMM JokasoBocTi I-11. Lle 3abe3neunno cuctematunsaliio Ta
y3ararnbHeHHs OTpuMaHx faHux. Ha eTani Binbopy nonepenHso
nepernsganu 3aronoBku i aHoTauii, obupanu nybnikauii 3a
KpUTepiaMM 3ay4eHHs), aHanisyBanu obpaHuii MaTepian Loao
BiANOBIAHOCTI TemaTuui AocnimkeHHs. [Ina BUSBNEHHS goaat-
KOBMWX peneBaHTHWX [KEPEN CNIUCKY NiTepaTypy 3 aHani3oBaHWX
cTaten nepe.ipsnm Bpy4Hy. Heony6nikosaHi Marepianu, BKIYHO
3 MaTepianamm KOH(EPEHLN, He BUKOpUCTOBYBanu Ans 3abes-
MeYeHHs BUCOKOI JOCTOBIPHOCTI Ta IKOCTi AaHUX.
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Pe3yabtati

Metab6oniuHi ocobausocTi LA2 B ymoBax BOEHHUX Ail. AK
Bigomo, LI[12 — 3axBoptoBaHHs, nepebir SKoro iCTOTHO 3anexuTb
Bif, JOTPUMAHHS PEXUMY XapyyBaHHs, PErYNSIPHOCTI (i3NYHOI
AKTUBHOCTI, NMPUIAMaHHS LyKPO3HWXYBANbHUX npenaparis, a
TaKOX MCUXOEMOLIAHOTO CTaHy navjieHTa. 3a YyMOB BOEHHUX
Jin BinbLuiCTb i3 Ha3BaHUX PAKTOPIB CYTTEBO 3MIHIOKOTHLCS, LLO
HeraT\BHO BMIIMBAE Ha KOHTPOITb 3aXBOPHOBAHHSI.

3rigHo 3 pesynbratamu AOCHIgKeHHS, WO 3AjiicHeHe B Cy-
[aHi nig yac akTMBHOI thasm 6oroBuX Ailt, 3athikcoBaHO 3HAUHE
MOPYLLEHHS FMIKEMIYHOTO KOHTPOSTH0, 0BOMEXEHICTb JOCTYMY [0
iHCYniHIB i 3aC0BiB CAMOKOHTPONIO, LLO 3yMOBWIIO MOTIPLLEHHS!
komneHcaLii 3axBoptoBaHHs B nauieHTis 3 L2 [9]. OcHoBHi
MPUYMHN LbOro — 0BMEXEHMI JOCTYN A0 NikapChbkuX 3acobiB i
ITIIOKOMETPIB, 3MiHa paLioHy XapuyBaHHs, CKOpPOYeHHs abo NoB-
HE NPUMUHEHHS (DI3NYHOT aKTUBHOCTI, @ TAKOX BUCOKMIA PiBEHb
ncmxoemoLinHoro ctpecy. Kpim Toro, TpyaHOLLi 3 4OCTYNOM 0
MELMYHOI JONOMOTY B YMOBAX BiliHW CIPUYMHUNM 30iMbLLEHHS!
KinbkocTi ycknagHeHb L2, Tak, y nauieHTiB yacTiwe pee-
CTpyBanu Bunagku giabeTnyHoro KeToaumaosy, rinormikemii,
3arocTpeHHst AiabeTnyHoi Heiponarii, Hedhponarii, peTuHonartii
Ta CepLeBO-CYANHHMX Modin. BiacyTHICTb perynspHOro MoHi-
TOPWHTY PIBHSA TMHOKO3W B KPOBI Ta HEMOXIMBICTb OTPUMATH
KOHCynbTaLito axiBus MigBULLYBaNU PUNKN PO3BUTKY LiNX
TsOKKUX cTaHiB [10].

[ns 3Ha4yHOi YaCTUHW HaceneHHs, 0COBNMBO BHYTPILLHLO
nepeMilLieHnx ocib, crnocid XUTTs 3MiHMBCS Yepe3 HecTabiNbHi
YMOBY NMPOXWBAHHS, MOPYLLEHE Xap4yBaHHs1, HEAOCTYMHICTb (i
3MYHOI aKTMBHOCTI Ta BUCOKMIA piBEHb NOBYTOBOIO CTPECY. 3MiHM
B paLioHi NaLjeHTIB YacTo YHEMOXIMBOBASIN AOTPUMAHHS MPUH-
LMnMiB «AiabeTNYHOro» XapyyBaHHS, L0 CIPUYMHSANO KOTNIMBAHHS
PiBHSA 1l0KO3W. YMMano XBopux CaMoCTIlHO 3MiHIOBann abo
MPUNUHANM NiKyBaHHS, OPIEHTYIOUNCH HE Ha KIMiHIYHI MOKa3HWKW,
a Ha HasiBHICTb MikiB i chiHaHCOBI MoxnmBocTi [11].

XPOHIYHMI NCUXOEMOLLIHWIA CTPEC, XapaKTePHWUI A1 BOEH-
HOro nepiogy, iCTOTHO yckraaHoe komneHcaio L2, Bit aktusye
rinotanamo-rinogisapHo-HagHUPKOBY BIiCb | CUMNaToaapeHanoBy
CUCTEMY, 3yMOBIHOKYM BUBIMbHEHHS! KOHTPIHCYMSPHIX TOPMOHIB
(kopTn3ony, agpeHaniHy). Lie Moxe npu3sogmTi 4o CyoKmiHIYHOrO
rinepkopT3oniamy [12]. g BNIMBOM CTPECY TaKOX aKTUBYETHCS
ABTOHOMHA HepBOBa cucTeMa 3i 30iNbLUEHHAM PiBHIB eniHed-
puHY 1 HopeniHedpuHy [13]. Kpim Toro, 3rigHo 3 pesynsratamu
pocnigxeHHs S. Zaib et al., y xsopux Ha L2 i aptepianbHy
rinepTeHsito BU3HaYatoTb ICTOTHO BinbLLi KOHLEHTpaLlii iHTepreiki-
Hy-6, IL-8, ICAM Ta VCAM nopiHsIHO 3 navieHTamu 6e3 ypaxeHb
cyouH. Lle cynpoBomKyeTbCs 3pOCTaHHAM PIiBHIB MMIKOBAHOIO
remMornobiHy Ta TPUTTILEPUAIB, @ TAKOX KOPENTIOE 3 Mapkepamm
eHpoTenianbHoi AucdyHKUT [14]. Y deHoTUnoBOMY acnexTi L
MpOLIECH BUSIBMISIOTb 3a BiCLIEPaNbHUM OXUPIHHAM, 30ibLLEHHSIM
OKPY)XHOCTI Tanii, po3BUTKOM METabomMiYHOro CUHAPOMY, Hadani
BOHM CNpUYMHATL po3BuToK LI2. Taki 3MiHM y noeaHaHHi 3
MOPYLUEHHAMW CHY Ta TPUBOXHUMU PO3Nafamit CTBOPOKOTb
CKTaZHi yMOBU ANs AOCSTHEHHS MeTaborivyHOi komneHcaLlii npu
piabeTi [15]. Kpim Toro, y nauiexTis i3 LI12 yacTo BusBnsTL
koMOp6IAHi cTaHu: apTepianbHy rinepTeHsito, iLuemivHy XxBopoby
cepLs, OKUPIHHA, — L0 NOTPebYoTb PETENBHOTO KOHTPOMHO, a B

YMOBaX BIillHW KOHTPOMb LMX 3aXBOPIOBaHb Lue 6inblu ycknag-
HeHui. Lle 3ymoBnioe nornmbnerHst MmetaboniyHnx posnagis Ta
noripLueHHs nporHoay [16,17].

McuxocomatuuHi ocobauBocti y xsopux Ha LIA2 B ymoBax
BOEHHMUX AilA. [cuxocomaTyHi 0COBNMBOCTI, LLIO XapaKTepHi Ans
naujenHTis 3 LI12 B yMoBax BOEHHUX [ilt, € BXMUBUM acnekTom
aHaniay cTaHy ixHboro 340pos’s. [cuxocomaTtuyHi posnagm
— NaTomnoriyHi CTaH, 3a SKUX Taki NCMXOSONiYHI (hakTopu, AK
CTpeC, TpMBOra, Aenpecia Ta eMoLjiiiHe HanpyKeHHS iCTOTHO
BMMBAKOTb Ha (i3NYHE 300POB'A MIOANMHK, CIPUYMHSOYN abo
3aroCTPIOKYM BXE HasBHI COMATWUYHI CUMNTOMU. Y XBOPUX Ha
LIO2 Taki nopyLIeHHs MOXYTb He MULLIE MAacKyBaTW CNPaBXHIO
KNiHIYHY KaPTWHY, ane i CyTTEBO BNNMBATU Ha nepebir OCHOBHOMO
3axBOptoBaHHs [18].

XPOHIYHWA CTpec, NOCTiliHa TpUBOra 3a BracHe XUTTS, BY-
MyLLEHE NepeceneHHs, BTpata colianbHux 3B's3kiB abo xutna
BHaCnigoK BiliHM 3yMOBMIOOTb PO3BUTOK NMCUXOCOMATUYHMX
nposBiB. HalvacTille cepef HUX BU3HAYaKOTh:;

— MCUXOTEHHY rineprhikemito, L0 BUHWKAE Yepe3 akTuBI3aLilo
CTPECOBWX FOPMOHIB (KOPTW30M, agpeHaniH), siki MocUmoTb
iHCYniHOpPE3NCTEHTHICTb [19];

— (hyHKLOHaNbHi COMAaTWYHI po3nazy: CepLEOUTTS, FoNOBHWIA
Binb, 6inb y rpyAsx i TpaBHi NOPYLLEHHS (CUHAPOM NOAPa3HEHOrO
KvLLeyHMKa abo amcnencis), — WO 3a3Buyail He MatoTb OpraHiy-
HOTO MiArPYHTS, ane CnpuiMaroTbCA NaLiEHTaM SIK NOTIPLLEHHS
OCHOBHOTO 3axBoptoBaHHs [20];

— TPWBOXHI pO3naau: BiBYyTTA MOCTIHOI TPUBOTU, CTPaxy abo
3arpoau, — L0 3Ha4HO OBMEXYHOTb SKICTb XWTTS I0AUHN. [0 HUX
HanexaTb reHepanisoBaHUi TPVBOXHWIA PO3naf, NaHivHi atakm,
coujogpobis, aropacobis Ta cneumdiyHi dobii [21];

— CyG’eKTUBHI KOTHITVBHI pO3nagy, BKMKOYAKUM 3HMKEHHS
KOHLieHTpaLii yBaru, noripLieHy nam'stb i NOPYLUEHHS! CHY, LU0
MOB’A3aHi | 3 MeTaboniYHUMM NOPYLLIEHHAM MO3KOBOT (DYHKLT, i
3 [IenpecyBH1MM CTaHamu [22].

Uepes Te, LLO Taki CUMNTOMM JANeKo He 3aBXau BU3Ha4akTh
K MCUXOCOMATWYHI, NaLEHTW HEPIOKO NPOXoasTb 3aliBi 06CTe-
XEHHS T2 OTPUMYIOTb HaAMIPHE MEAMKAMEHTO3HE NiKyBaHHS, LU0
NiABULLYE PU3VK PO3BUTKY ATPOTEHHUX YCKMaAHEH.

[MigTREPIKEHO MIABWLLEHHS PIBHS 3aXBOptoBaHOCT Ha LI
cepeq ocib, siki Opanm y4acTb y BilicbkoByx Jisix. Tak, cepen 4503
xiHok-BeTepaHiB CLUA, ski cnyxunu y B'etHami B 1965-1973 pp.,
3axBoptoBaHiCTb Ha L[ craHouna 17,7 %. MepBuHHO prank
pO3BUTKY fiabeTy cepen TuX, XTO nepebyBaB y 30Hi GOMOBKX
i, OLIHEHO SIK HYXKYWIA NOPIBHSHO 3 BETEPaHaMM Ha TepUTopii
CLUA (hazard ratio 0,33), npoTe 3 4acoMm List TeHAEHLis 3MiHuNa-
CS1 — PY3NK 3pOCTaB LWBMALLE Y TUX, XTO CRyXwB Ge3nocepeaHs0o
y B’etHami (hazard ratio 1,38). [Jo Toro x ctapluuii Bik nig 4ac
MPOXOKEHHS CIYy)XOM, HDKYI BICHKOBI 3BaHHS Ta HANEXHICTb
[0 ETHIYHMX MEHLUWH acoLlitoBanmncs 3 4OAATKOBUM 3BinbLUEHHSIM
PU3NKy PO3BUTKY LibOTO 3aXBOPHOBaHHSA [23]. 3a pesynbratamu
aHaniay gaHux, OTPUMaHWX nig Yac HaLlioHaNbLHOTO JOCIMKEHHS
BRFSS y CLUA, yacTka BeTepaHiB i3 oxxupiHHaM (IMT 230 kr/m?)
craHosuna 40,3 %. Lle 3Ha4HO nepeBuLLyE NOKa3HWKKM, BCTa-
HOBIEHI B LMBINbHOMO HACeNeHHs, a TakoX CyMpPOBOMKYETHCS
nigsuiLieHnM pusmkom po3sutky L2 (OR = 1,61), iwemivHoi
xBopobu cepus (OR = 2,63), iHcynety (OR = 1,86), aptpury,
OHKOIOTYHIX Ta pecnipaTopHMX 3aXBOpIoBaHb [24].
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3riaHo 3 AaHUMK NPOCNEKTUBHOIO AOCHIMKEHHS, L0 3Ailc-
HeHe B JliBaHi, 47 % y4aCHWKIB Manu NigBULLEHWIA PiBEHb
3aranbHOro cepLeBO-CyANHHOTO PU3KKY, BIiAMOBIAHO A0 pesynb-
TaTiB OLiHIOBaHHS 3a anroputMom SCORE. AsTopu nokasanu,
LLIO cepeq YMHHUKIB praunKy BYnin He nuLLe KnacuyHi (rinepToHis,
KYPiHHSI, OXVPiHHS), ane I HecTaHAapTHi hakTopu, K-0T XPOHiIY-
HWI CTPEC, HN3bKWI PiBEHb i3M4HOT aKTUBHOCTI Ta 0COBNMBOCTI
xapuyBaHHs. Lli dhakTopy nogibHi 4o TUX, LLO BUSIBMSKOTL B OCID,
SIKi XKMBYTb B YMOBAX BiliHW YW BUMYLLIEHOTO NEPEMILLieHHs [25].

BiicbKoBi gii, Wwo TprBatoTb y Cupii 3 2011 poky, BNMHYNM Ha
HaJaHHst MeaWYHOT IONOMOTY NaLieHTaM i3 AiabeTUYHO0 CTOMOH.
Tak, y nepiog i3 ciyHsg 2012 poky go rpyaHs 2017 poky kniHika
JiabeTuyHoi ctonmn y [lamacky Hapana gonomory 2317 navieHTam,
AKi Manm 2722 cMATOMM LIbOTO YCKINaaHEHHS. HansuLLmia puauk
BUKOHaHHS Benukux amnyTauin (18,8 %) sadikcoBaHo y naLlieHTis
3 ypaXeHHsaMU m'aTu [26].

B ykpaiHCbkOMY KOHTEKCTi BpaxyBaHHS MCUXOCOMATUYHMX
YMHHKKIB Y nepebiry 3aXBOPHOBaHHS 0CODMMBO BaXITMBE, 3BaXato-
41 Ha CTPeCoBi YMOBM BICHKOBOTO KOHAMIKTY. [ocTiliHa 3arposa
XUTTIO Ta 300POB'H0, BTpaTa PigHX i Grinabkux, MpuMycoBa 3MiHa
MiCL1 NPOXWBAHHS Yepe3 BTpaTy MalHa — MOTYXHi CTPECOBI
thakTopu. 3a Lyx yMOB nopyLeHHs, nos’a3aHi 3 [MTCP, akTyani-
3yK0TbCS Ta 3yMOBMIOOTL POPMYBaHHS i nporpecyBaHHs L2 [27].

3rigHo 3 pesynkTaTaMy MeTaaHaniay, Lo BKIYaB AaHi 00-
cTexeHHs 23 396 BeTepaHis BiHK i3 [TTCP y CLUA, 3adbikcoBaHo
3HayHy nowwmpeHictb LUA2 (16,3 %), Wwo icToTHO nepesuLLye
piBEHb 3aXBOPIOBAHOCTI Cepe LIMBINbHOr0 HaceneHHs Tiei camol
BikoBoi rpynu [28]. JocnigHuky 3 Harvard School of Public Health
(CLLUA) BrByanu 38’30k Mix MTCP i nigBULLEHHSM PU3NKY BUHWK-
HerHs LUO2. Y mexxax gocnigHoi nporpamu Nurses’ Health Study |1
obcTexeHo maibke 50 TMC. MeOUYHMX CecTep, Y pesynbrarti y
noHag 3 TUC. BUNajKiB BCTaHOBNEHO AiarHo3 LI2. Pesynbraty
3aCBiguMnK, L0 HaNHWXYI NOKa3HUKM 3axBOptoBaHoCTi Ha L2
BCTAHOBMEHO cepep XiHOK, siki He Manu MTCP (2,1 Bunaaky Ha
1 TuC. 0BCTeXEHNX), @ HAMBILL PiBHI 3achikcoBaHO cepes naLjieH-
TOK i3 nepeHeceHum [MTCP (4,6 BunagKy Ha 1 TUC. 0BCTEXEHNX).
Kpim TOro, aBTOpW BCTAHOBUIK, LLIO BUCOKUIA iHAEKC Macu Tina
30inbLuye puank po3suTky L2 y xiHok i3 MTTCP Ha 50 % [29].

3ayeaxumo, Lo MTCP ypaxae He nuLe y4acHuKiB Yu nps-
MWX XEPTB 30PONHUX KOHQOMIKTIB, ane i GixeHLiB, BHYTPILIHbO
nepemiLLieHIX ocib Ta KONMMLLHIX BiliCbKOBOMOMOHEHNX. Lli koropTu
nocTpaxaanux mMakTb cneumdivni nposien MTCP, wo 3ymos-
TNIOK0Tb JOLMBHICTL 3aCTOCYBAHHS iHAMBIAYani3oBaHUX METOLB
HaJaHHs aonomMory. HeaanexHo Bif eTiONOrYHOTO YMHHMKA, LLIO
npu3BoauTb 40 po3suTky MTCP, 1ioro HasiBHICTb 3HAYHO NigBu-
LLYE PU3MK BUHVKHEHHS MCMXOCOMATUYHIUX 3aXBOPIOBaHb, SK-OT
MeTaboniyHoro cuHgpomy Ta L2 [30].

Bigomo, Lo koMGiHaLis Kinbkox MaTonoriyHMx CTaHiB y na-
LieHTiB i3 L2 icTOTHO nocunioe HecnpuUsaTRMBI NPOSIBU NCUXO-
COMaTUYHKX pPo3nagis. Y MyMbTULEHTPOBOMY AOCHIMKEHHI, WO
3niricHeHe B micti baxip-[ap (Edionist), BctaHosneHo: 27,9 %
[0opocnux nauieHTiB i3 L2 mann cynyTHi cepueBo-CyanHHI
3axXBOPHOBaHHS, @ HaAMipHa Maca Tina abo OXMpiHHA Bynn Hesa-
NEXHUM | CTATUCTUYHO 3HAYYLLMM NPEaUKTOPOM KoMopBigHoCTi
(OR=5,30;95 % Cl: 2,40-11,72). Kpim TOrO, rinepToHi4Ha XBOPO-
6a (OR =2,92) Ta TpmeanicTb aiabety noHag 10 pokis (OR = 3,71)
TaKOX iCTOTHO MigBULLYBaIM PU3NK PO3BUTKY CEPLIEBO-CYANHHIX

3axBoptoBaHb. OTxe, HaKOMMYEHHs KOMOPOILHWX CTaHIB He NLLe
ycknapaHtoe nepebir LUI2, ane 1 Moxe 3yMOBMKOBaTM NOrNUGneH-
HS1 CUXOCOMATUYHIX MOPYLLEHb, 0COBINNBO B yMOBAX XPOHIYHOTO
cTpecy abo BiiHM [31].

3rigHo i3 cy4acHUMM KMiHIYHUMM peKOMeHZALLiSIMM, NCUXOCO-
MaTW4He OL|iHIOBaHHS € HeoOXigHO CKNaJoBO0 AiarHOCTUKM Ta
MeHeMKMEHTY nauieHTiB i3 L2, ocobnneo B ymoBax Kpu3oBmx
CUTYaLlii (30pOWHI KOHAPNIKTW, ryMaHiTapHi kpuan abo coujanb-
HO-EKOHOMIYHa HecTabinbHicTL). Tak, y CTaHgapTax MeauyHoi
gonomory npu giabeti 2023 poky AMeprkaHCbKOi AiabeTnyHoi
acoujauii (ADA) 3asHayeHo, Wo Mg Yyac NepBUHHOIO Ta pery-
NAPHOrO 0BCTEXEHHS MaLlieHTiB i3 giabeTom cnif ouiHioBaTyh
ncuxocoLjanbHi acnekTu: Aenpecito, TPUBOTY, CTPECOBI hakTopy,
biHaHCOBI TPyQHOLLi Ta piBeHb coLianbHoi migTpumku. Llen ak-
LieHT 0OrpyHTOBaHMIA 3HA4YHOKO MOLLMPEHICTIO B NavieHTiB i3 LIA2
[EeNPEeCUBHUX | TPUBOXHUX PO3NaAIB, LLO iCTOTHO BNAMBAKTb Ha
NPUXMIBHICTL [0 NiKyBaHHS, SIKICTb XUTTS Ta NPOrHo3 nepebiry
3aXBOpoBaHHs [32].

[ouinbHuUM Ta epekTUBHUM IHCTPYMEHTOM NS BUSHAYEHHS
MCUXOCOMAaTUYHMX 0COBNMBOCTEN Y XBOpuX Ha L2 € Bukopu-
CTaHHs1 KOPOTKUX CTaHAAPTU30BAHUX ONUTYBATbHUKIB:

- PHQ-9 (Patient Health Questionnaire-9) — ctaHgaptuso-
BaHUM IHCTPYMEHT ANS CKPUHIHTY, AiarHOCTUKM, MOHITOPUHTY 1
OLIiHIOBAHHS CTYMeEHS TSHKKOCTi AENPECHBHMX CMNTOMIB. OnnTy-
BarnbHUK MICTUTb AEB’'AITb 3aniTaHb, LLO BiANOBIAaKTb KPUTEPIAM
BENMKOro AenpecueHoro enisogy 3a DSM-IV/DSM-5. MauieHt
OLLiHIOE 4acTOTy NPOSIBIB KOXHOIO i3 3a3HaYEHNX CUMNTOMIB 3a
OCTaHHi [Ba TWkHI 3a wkanow Big 0 (Hemae cumnTomy) 4o 3
(maitxe LLoOEHHe BUHUKHEHHS). [iiCyMKOBE 3HAYEHHS LibOro
OL{iHKOBaHHS 4A€ 3MOTy BU3HAYUTU PiBEHb AEMPECHBHOMO CTaHy
— Bif MiHIManbHOro A0 TSHKKOro. 3aBAsiky MOro BanigoBaHOCTI,
BMCOKII YyTIMBOCTI Ta cneupdivHocTi, PHQ-9 akTBHO BUMKO-
PWUCTOBYIOTb Y KMiHIYHIA NpakTULi Ta nig Yac enigemionoriyHmMx
[OCTiMKEHb. 3PYYHICTb | AOCTYMHICTb LbOTO OMUTYBarnbHMKa
CNpYSIOTb PaHHBLOMY BUSIBMEHHIO Aenpeci, Lo 3abe3neyye CBoe-
YacHe BTPyYaHHs Ta NONIMWEHHS SKOCTi XMTTS nauieHTis [33];

— GAD-7 (Generalized Anxiety Disorder-7) — ctaHgapTu-
30BaHWIA i HAyKOBO OBI'PYHTOBAHWIA IHCTPYMEHT, NPU3HAYEHMI
ANSl CKPUHIHTY Ta BM3HAYEHHS CTYMEHS TSHXKKOCTI CUMNTOMIB
reHepaniaoBaHoro TPUBOXHOIO Po3nagy, KW nauieHTV 3anos-
HIOKTb CamOCTiNHO. ONUTYBaNbHUK BKIIOYAE CiM MYHKTIB, LIO
OXOMNMOKTb KMOYOBI NPOSIBU TPUBOXHOCTI, 30KpeMa HaaMipHe
3aHENOKOEHHS!, BiIUYTTS HECMOKOH, NiABMLLEHY ApaTiBNUBICTb,
M'S130BY HanpY>XeHiCTb Ta iHLLi NOB’A3aHi cumntomu. NavjeHTam
MPOMOHYOTb OLHUTY YACTOTY BUHUKHEHHS! LIMX CUMMTOMIB NpOTS-
FOM OCTaHHiX ABOX TVDKHIB 3@ OMOMOTOH0 YOTUPMOANbHOI LKanw,
Ae 0 — «He TypOytoTby, a 3 — «TypbyBanu maixe woaHs». Cyma
GaniB Aa€ 3Mory BU3HAYWTY iIHTEHCMBHICTb TPMBOTH, LLO Bapitoe
Bi, MiHIManbHOI 4O TSHKKOI. 3aBOSIKM MPOCTOTI BUKOPUCTaHHSI,
BMCOKiN YyTAMBOCTI 0 3MiH y CTaHi naLieHTa Ta 3gaTHOCTi CBOE-
YacHO ieHTUIKyBaTH KMIHIYHO 3HAYYLL CUMMTOMM TPUBOXHOCTI,
GAD-7 WMpOKO 3aCTOCOBYHOTL Y KMiHIYHIMA NpaKTULi, NcuxiaTpii,
3aranbHiit MeouLMHI Ta nig Yac HaykoBuX JOCTIMKeHb [34];

— DDS (Diabetes Distress Scale) — cnewianiaoBaHmit iHCTPyY-
MEHT /151 BU3HAYEHHS! Ta OLHIOBaAHHS PiBHS AUCTPECY, MOB's13a-
HOTO i3 XUTTAM XBOporo Ha LI, Ha BigMiHy Big 3aranbHux Lwkan
ncuxoemoLiinHoro craHy, DDS OUiHIOE TPYAHOLL, LWO BUHMKAKOTL
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Came B KOHTEKCTi LLOAEHHOr0 ynpaeniHHs fiabetom. Lli TpyaHoLw
BKIKOYaKOTb CTPaX nepeq YCKNagHEeHHsIMU, EMOLLiHY BTOMY Yepe3
MPOLEC NiKyBaHHS, TPUBOTY LLIOJO CAMOKOHTPOMHO, @ TaKoX Tpya-
HOLLi Y CTIiNIKyBaHHi 3 MEOUYHUMM MpaLiBHAKaMM Yn GIIM3bKUMMN.
OnuTyBanbHWK 0XONmtoe 17 NyHKTIB, PO3AINEHUX Ha Taki YoTUpK
cchepu: EMOLLINHNIA AMCTPEC, MPKOCOBUCTICHWA ANCTPEC, ANCTPEC,
MOB’Si3aHMM i3 NiKyBaHHSM, Ta AUCTPEC Y B3aEMUHAX i3 MeauKkamu.
OujHIoBaHHS 3iMCHIONTb 3a WeCTUOanbHOKW LWKamnow, WO Aae
3MOry po3pobuTL 3aranbHuiA | feTanbHui npodins anctpecy. DDS
LUMPOKO 3aCTOCOBYHOTb Y KMiHIYHIV NpaKTWL Ta Mig Yac AOCHimMKEHb,
OCKirlbKM BiH floromarae KpalLie OLHUTIA CUXONOrYHWIA CTaH naLl-
€HTIB Ta afanTyBaTu MiKyBaHHS BiANOBiAHO A0 iXHix noTpeb [35].

Ha3BaHi onuTyBarnbHWKW AakoTb 3MOry BYaCHO BUSIBUTU Na-
LiEHTIB i3 MigBULLEHUM PIBHEM MCUXOMOMYHOTO HABAHTAKEHHS,
3abe3neyyloun ix MOXNMBICTIO OTpUMATK HeoOXigHy ncuxoTe-
paneBTUyHy abo ncuxiaTpuyHy gonomory. Llii onuTyBanbHMKKM
BUPI3HSOTLCA NPOCTOTO BUKOPUCTAHHS, LUO NiATBEPIKEHO
BanigHICTIO ANSA PisHUX MOB i KynbTyp, a TakoX MOXMMBICTIO
apanTauii o0 yMOB 3 0OMEXEHUMM Pecypcamil.

fkicTb XuTTA XBOpUX Ha LLA2 B ymoBax BOEHHUX Ailt. FKICTb
XMTTS nauieHTiB i3 L2 B ymoBax BOEHHUX Al € BXIMBUM Ta
CKNagHUM NUTaHHAM. MOHATTS «SAKICTb XKUTTH, NOB'A3aHa 3i 30-
pos’amy» (FKIM3) Bkntoyae GisnyHi, NCMXONOriyHi Ta coLlianbHi
acneKTn 300POB’Sl, Ha SIKi BNNMBAOTL i 30BHILLHI 0BCTaBUHM, 1
0CcoBMCTWIA JOCBIZ, NEPEKOHAHHS!, OYiKyBaHHS Ta CMIPUAHATTS
ntoanHu. MevxonorivyHi npobnemu, Taki 9K Aenpecisi, TPUBOX-
HICTb YK po3dapyBaHHsl, 3Ha4HO 3HKYHOTb FXKT3. Lie noHaTTs
€ Cy0'eKTMBHIM i GaraToBVMIPHWM, BKITHOUYAE NOKA3HUKN ¢hidny-
HOro Ta NPOECINHOMO PYHKLIIOHYBAHHS, NCUXOEMOLLIHWIA CTaH,
couianbHi KOHTaKTK # comatuyHi BiguyTTa [36]. Y naujeHTis i3
L BusBnstoT YaMano ¢isnyHux (Hanpuknag, iHBanigHicTb,
OXMPIHHA) i mcuxonoriyHux npobnem (genpecis, TpuBora, pos-
yapyBaHHs1), L0 HeraTWBHO BMMBAE Ha ixHe xuTTa. L2 cnig
BMBYATY HE NNLLIE K METabomiYHe 3aXBOPIOBaHHS, ane i sik CTaH,
LLI0 NO3HAYAETLCS Ha BCIX acneKTax XUTTS NOAUHN: hisUHOMY
300pOB'i, MCMXOEMOLIAHOMY CTaHi, coLianbHiit iHTerpauii Ta
yHKLiioHanbHoMy Briarononyydi [37].

B ymoBax BiiHI, KONW Pi3KO MOPYLLYETLCA 3BUYHUIA PUTM
KNTTS, nauieHTn 3 L2 onnHaoTLCA nig NOABIMHAM TUCKOM, SIKWIA
iCTOTHO MOripLUyE SKICTb IXHBOTO XMTTS. 3 0fgHOro Goky, cama
xBopoba noTpebye MOCTIAHOIO KOHTPOMO 3@ PIBHEM TITHOKO3M,
LOTPUMAHHS! IETW, PErynsapHOrO NPUMOMY iKiB | MOHITOPUHTY
YCKINaaHEeHb, WO € CKNaaHUM 3aBAAHHSM HaBiTb 32 3BUYANHUX
ymoB [38]. 3 iHwworo 6oky, ekcTpemarnbHi coLlianbHi yMOBH BillHY,
SIK-OT MOCTiiHa HEBU3HAYEHICTb, CTPEC, ODMEXEHWA BOCTYN A0
MEONYHOI AOMOMOTY, NMOPYLLEHHS NOMCTMKM NOCTaYaHHst nikis,
3MiHV cnocoby xapyyBaHHs Ta (hi3n4HOi aKTUBHOCTI, @ TaKOX NcK-
XOMOriYHUI TUCK Yepes BTpaTy 6e3nekw 1 coLjianbHOI NigTPUMKN,
CTBOPIOIOTb JOATKOBE HABaHTaXEHHS Ha (i3yHe Ta NeuxivHe
300poB's nauieHTiB [39]. Tak, BCTAHOBNEHO, LLO Cepeq NaLieHTIB
i3 HeiH(eKLiHMMM 3aXBOPIOBaHHAMM Mig yac BiHu 42,7 %
YYaCHUKIB AOCRMKEHHS MOBIZOMMAN NPO HEAOCTYMHICTb MiKiB,
a maike 133 (29,9 %) — wo nepebyeanu 6e3 MeanKamMeHTIB
Kinbka micauiB [39]. Takmil KOMNAEKCHUIA BMMB NPU3BOAMUTH
[0 3HWKEHHS eheKTUBHOCTI NiKyBaHHS, 36iNbLUEHHS YacToTy
YCKNafHeHb, 3aroCTPEHHS COMaTUYHUX | NCUXOEMOLIHIX CUMM-
TOMIB, LLIO BPELLTI NOripLUYE 3aranbHUi CTaH, (YHKLiOHAMNbHICTb i

AKICTb XUTTS XBopux Ha LIA2 [40,41,42]. Tomy nig Yac kpu3oBux
CUTYaLiiA, SIK-OT MiJ Yac BiliHW, BaXITMBO PO3POBNSTM aaanToBaHi
cTparerii MeauyHoi Ta NcUXocoLianbHOI MiATPUMKN, LoD MiHi-
Mi3yBaTW HEraTUBHI HACMigKV | 4OMOMOrTM naLieHTam 30epertu
MakcMMarnbHO MOXIMBUI pPiBEHb 300POB’A Ta XUTTE3AATHOCTI.

Y HayKOBil i KNiHiYHIN npakTuui AXKM3 — BaxknuBuiA iHTe-
rPaTUBHWIA MOKA3HMK, LU0 He NULLE XapakTepusye CTaH (isny-
HOTO 3[O0POB'S, ane N OLiHIE NCUXOeMOLliiHe Brarononyyus,
coLjanbHy aganTaLito Ta piBeHb 3a40BOMNEHOCTI NOBCAKAEHHUM
XUTTSM. BpaxoBytoun GaraToBUMIpHUIA XapaKTep LbOro MOHATTS,
[N 1070 OLLiHIOBaHHS! 3aCTOCOBYHOTb CTaH4APTU30BaHI Ta Barnifo-
BaHi iHCTPYMEHTH, LLIO 3a6€e3MeqyrTh 00'€KTUBHICTb | MOXIMBICTb
nopiBHSHHSA NokasHukiB AXKI3 y navieHTiB i3 XpOHIYHUMM 3aXBO-
ptoBaHHAMM, 30kpema 3 LI12. HannowwmpeHiLwi iHCTpYMEHTM Taki:

— SF-36 (Short Form Health Survey) € ogHuM i3 HalRbinbLL
MOMyMNsIPHNX CTaHOAPTM30BaHUX ONUTYBANbHUKIB 4715 KOMMMEK-
CHOTO OLLiHIOBaHHS SIKOCTI XWUTTS, NOB’I3aHOT 3i 300poB’sM. Lien
IHCTPYMEHT CKnagaeTbes 3 36 nuTaHb, SKi OXONMOTH BiCiM
KIKOYOBUX JOMEHIB: (i3nyHe (OyHKLIOHYBaHHS, ponboBe (OyHK-
LIOHYBaHHS Yepe3 (i3n4HWiA CTaH, porboBe (OYHKLIOHYBaHHS
yepe3 eMOLiiHWA CTaH, eMoLiiiHe Bnaronomnyyus, coujanbHe
(PYHKLiOHYBaHHS1, XUTTE3AATHICTb, IHTEHCUBHICTb GOMbOBUX
BIZYYTTIB i 3aranbHe CNpUMHATTS 300poB’s. 3aBasku SF-36
MOXHa BU3HA4NTM CTYMiHb BMAMBY XPOHIYHWX 3aXBOPHOBAHb, SK-OT
[piabeTy, Ha LOAEHHY aKTMBHICTb NaLieHTIB Ta iXHe CyD'ekTUBHe
camonovyTTa. KoXeH i3 JOMeHIB OUjHIOKTb 3a wWwkanot Big 0
£o 100 6anis, e BMLLMIA MOKA3HWK CBIAYMUTL MPO KpaLly sKiCTb
xutTa. OnuTyBanbHuk SF-36 aganToBaHWin 6aratbMa MOBaMM,
BKITIOYHO 3 YKPAIHCHKOHO, | MaE LLIMPOKE 3aCTOCYBaHHS Y KIIHIYHNX
i noNyNALiIHUX JOCTIMKEeHHAX [43].

- WHOQOL-BREF (World Health Organization Quality of Life,
BREF) € ckopoueHoto BepCieto onuTyBarbHYKa SKOCTI KUTTS, WO
po3pobneHnii BeecBiTHBOK OpraHisaLlietd OXOPOHW 3[0POB'S.
Llen iHCTPYMEHT cknafdaeTbes i3 26 3anuTaHb, SKi OXONMoTb
YOTUPU KIKOYOBI acnekTu: isuyHe 340pOB'S, NCUXOMOriYHMIA
CTaH, coujianbHi B3aEMUHW Ta YyMOBMW HABKOMMWLLHLOMO CEPeno-
BuMLLA. KOXEH NMYyHKT OLIHIOKTL 3a MATMOANLHOK LKAoH, Lo
[1a€e 3MOTY KiNTbKiCHO CxapaKTepuayBaTy Cy0 eKTUBHE CIPUMHSATTS
navjieHTOM pi3HWNX acneKTiB CBOro NOBCAKAEHHOIO XUTTS. 3aBas-
kv BanigoBaHoCTi B Garatbox kpaiHax i nepeknagam noHag 20
MoBamu, 3okpema 1 ykpaiHcbkoto, WHOQOL-BREF 3abesneuyye
MOXJTMBICTb MiXKKYTBTYPHOTO NOPIBHSIHHS. 3aBAsKM YHIBEPCAmb-
HOCTi 1 OXOMMEHHIO Liel IHCTPYMEHT LUMPOKO BUKOPUCTOBYOTL
Y MeOuKo-couianbHUX AOCRIMKEHHAX AN OLHIOBAHHS SKOCTI
KWTTS NALEHTIB i3 XPOHIYHUMM 3aXBOPIOBAHHSAMM, SK-OT LIyKPO-
BUM fiabeTom [44];

— Diabetes Quality of Life (DQOL) — cneLjianisoBaHuit onu-
TyBasbHWK, CTBOPEHUI 415t OLHKOBAHHS SKOCTI XWUTTS NaLieHTiB
i3 LUO. Llent iHCTpymMeHT po3pobneHo y pamkax AOCHimKEHHS
Diabetes Control and Complications Trial (DCCT), 3rogom 1oro
cTanu 3aCcTOCOBYBATM Mif Yac KMiHIYHMX i enigeMionorivyHmnx
nocnimkeHb. DQOL Bkntovae noHaa 40 3anuTaHb Ta OXONMoe
4OTMPU OCHOBHI CChepu: 3a40BONEHHS XUTTAM, BNIMB giabeTy
Ha LLOAEHHY aKTMBHICTb, 3aHEMOKOEHHS LIOAO YCKMagHEHb i
CTaBeHHs 10 nikyBaHHs. OLiHIOBaHHS 3AINCHIONTH 3a LUKaNoK
NaikepTta, WO Aa€ 3MOry BU3HAYMUTK i 3arasibHUN piBeHb SKOCTI
XUTTS, | cneumdiyHi npobnemHi acnexkt. DQOL aae 3mory oyj-
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HWTW, Sk giabeT i cynyTHi TepaneBTUYHI BTPYYaHHS BNNMBatoTb Ha
€MOLNHUI CTaH i hyHKLiOHabHe CaMonoYyTTs nauieHTa. Lkana
afanToBaHa Ans naLieHTiB i3 pi3HMX BIKOBWX rpyr, 30KpeEMa iCHY-
t0Tb Mogumdikauii ans nignitkis (DQOLY) [45];

— Q-5D (EuroQol-5 Dimensions) € ctaHgapTM30BaHUM
iHCTPYMEHTOM AMNS OLiHIOBAHHS SIKOCTi XWTTSI, NOB’A3aHOI 3i
3nopoe’sm. Lleit onutyBanbHuK, po3pobrneruii rpynoto Euro Qoli,
BWKOPVCTOBYHOTb AJ151 OLHIOBAHHS 3ararnbHOr0 CTaHy 340P0B's
3a M'ATbMa OCHOBHUMI AOMEHAMU: MOOINbHICTb, 30aTHICTb A0
caMo006CIyroByBaHHS, 3BMYHA aKTUBHICTb, 6inb / anckomdopT i
TpuBOra/ oenpecisi. KoKeH i3 Lyx JOMEHIB Ma€ Big TPbOX 40 MATH
PIBHIB LUKaNM TSHKKOCTi (3anexHo Big obpaHoi Bepcii — EQ-5D-3L
abo EQ-5D-5L), wo pae 3mory dopmyBaTh yHikanbHi npodini
CTaHy 3[0pPOB's NauieHTiB. KpiM TOro, onuTyBamnbHUK MIiCTUTb
BisyanbHy aHanorosy wkany (EQ-VAS), 3a kot PECNOHAEHTH
MOXYTb CY0'€KTUBHO OLLIHATM CBOE 3ararbHe 300opoB’s y banax Big
080 100. IHcTpymeHT EQ-5D LUMpOKO 3aCTOCOBYIOTH Y KITIHIYHMX
LOCTiMKEHHSX, Nig Yac aHanisy eeKTMBHOCTI MeaUYHNX Tex-
Hororil, hapMakoeKOHOMIYHOrO OLiHIOBaHHS i B cdepi rpomaa-
CbKOro 310POB’s1. 3aBAsKM NPOCTOTI, yHIBEPCAnbHOCTI 1 aganTauii
GaraTbMa MoBamK, 30kpema i ykpaiHcbkoto, EQ-5D € ogHuM i3
MPOBIOHWX IHCTPYMEHTIB 47151 OLIHKOBAHHS AKOCTI XXMTTS NaLlieHTiB
i3 XpOHiYHUMM natonorisimu, 3okpema i LU. BukopuctaHHs Lisoro
ONUTyBasbHUKa 3a6e3nedye 06 eKTUBHE MOPIBHAHHS AMHAMIYHIX
3MiH Yy 300pOB'T NaLieHTiB, Ja€ 3MOry OLLiHIOBaTH e(heKTUBHICTb
MEeOUYHUX BTPYYaHb i BOOCKOHASOBATK MigXoam A0 NiKyBaHHS
xBopux Ha L2 [46].

BukopucTaHHS Takux OnuTyBarnbHUKIB Aa€ 3MOry 06’ eKTUBHO
BIZICTEXYBATWN AWHAMIYHI 3MiHM, OLiHIOBATU pe3ynbTaTUBHICTb
MeAWYHNX BTPyYaHb, CNPYSIE BAOCKOHANEHHIO METOLIB BEAEHHS
nauienTis i3 LIA2. 3rigHo 3 pesynsratamu JOCRimKeHb, Nif vac
BiliHW Y TaKNX XBOPUX BUSBNISIOTb 3HAYHE 3HKEHHS MOKA3HWKIB
y chepax isnyHOro yHKLIOHYBaHHS, XUTTE3OATHOCTI, eMO-
LliiHOro CTaHy Ta coujianbHoi akTuBHOCTI. OCHOBHI chakTopy, sKi
HEeraTUBHO BNMWUBAKOTH Ha AKICTb XUTTS TakuxX NavieHTiB y nepiog
BOEHHOTO Yacy, BKMKYAKTb YCKNaAHEHWA AOCTYN 4O MEANYHOI
[OMOMOTM, 3HKEHHS YaCTOTU CMOCTEPEKEHHS Ta KOHTPOMIO
XBOPOOM; NOPYLLEHHS NOCTa4aHHs MEAMKAMEHTIB, 30Kpema iHCy-
niHiB, nepopanbHyX rinornikemMivHux 3acobis, a TakoX NMPUCTPOIB
AN MOHITOPUHTY PIBHS FIIFOKO3M; BUMYLLEHE NEPEMILLEHHS, WO
CMpUYMHAE BTPATY KOHTAKTIB i3 nikapeM, BTpaTy MeauyHoi fo-
KyMeHTaLii Ta nopyweHHst B6eanepepBHOCTI Tepanii; npobnemm
3 XapuyBaHHsIM, 30KpeMa BifiCYTHICTb JIETUYHIX NPOAYKTIB ANs
[iabeTykiB i BXMBaHHS i 3 BUCOKUM TTKEMIYHUM iHOEKCOM:;
3MEHLLEHHS! (Di3NYHOI aKTUBHOCTI Yepe3 CKMaZHoLLi 3 nepecy-
BaHHAM, TpyBane nepebyBaHHSA B YKpUTTAX i Opak 6e3neyHoro
npoctopy; MTCP, TpMBOXHI Y AENPECUBHI CTaHW, SKi ycknag-
HIOKOTb CAMOKOHTPOIb | ZOTPUMAHHS NiKYBanbHOM pexumy [47].

LLi YUHHMKM He NiLLIE NOCKMIOKOTL NOPYLLIEHHS METABOMIYHOrO
KOHTPONIO, ane i Npu3BoAATL A0 NOTPLIEHHS SKOCTI KUTTS navj-
€HTIB, 30INbLLEHHS PIBHS TPOUBOXHOCTI, 3HVKEHHSI aBTOHOMHOCTI
11 0OMEXeHHs coLlianbHOi aKTMBHOCTI.

OTxe, NCUXOMETPUYHI JOCNimKEHHS B nauieHTis i3 L2
LUMIIXOM @HKETYBaHHS i3 3aCTOCYBaHHSAM Pi3HIX MCUXOMETPUY-
HUX LLKan € BaXIMBUM acnekToM nepcoHichikoBaHoro nigxomy
[0 NiKyBaHHs. TeCcTyBaHHS Jae 3MOry BUSBUTM iHOMBIAYanbHi
MCUXONOTiYHI XapaKTepUCTUKA naLlieHTa, Lo hOpMyE OCHOBY

A5 po3pobneHHs NikyBarnbHUX 3aX0LiB KOHKPETHO ANst HLOr0. 3
opHoro 60Ky, Lie cnpysie OLHKOBAHHKO NMCUXOCOMATUYHOTO CTaHy
XBOPOTO Ta BU3HAYEHHKO HEOOXIBHOCTI B MCMXOTEPANEBTUYHIN
[0MOMO3i, a 3 iHLLIOro, — jae 3MOTY aKTUBI3yBaTH MIOr0 BHYTPILLH
ncyxonoriyHi pecypcu ans 6opoTbbm i3 3axsoptoBaHHsaM. Oco-
GnvBy yBary cnig NpUAINUTYA BUSBMEHHIO NOYATKOBUX NOPYLLEHb
y NcuxoemoLlinHin cdepi, Wwob 3anobirtu ix nepexogy B cknag-
HiLLi NCWXiYHi po3napu, WO noTpebyBaTMyTb BTPYYaHHs fika-
ps-ncuxiatpa. Kpim Toro, agekBatHe OLiHIOBaHHS SKOCTi KUTTS
navieHTiB i3 L] y KOHTEKCTi ryMaHiTapHOT KpW3un, CIpU4UHEHOI
30POVHIM KOH(PMIKTOM, € OCHOBOH NSt CTBOPEHHS KOMIMMEKCHUX
nporpam nikyBaHHs. Taki nporpamu MatoTb BKMOYATH | KOPOTKO-,
i LOBrOCTPOKOBI 3aX0AM 3 BUKOPUCTAHHSAM NCUXOTEPANEBTUYHUX
i ICMXonpo@inakTUYHUX MigXoais.

BucHoBKU

1. LlykpoBuin giabet 2 Tvny B yMOBax BOEHHOIO Yacy Xa-
PaKTEpU3YETLCS YCKNaaHeHUM MeTaboniyHum nepebirom, Wwo
3yMOBMEHO (i3ionoriyHUMM Ta NCUXOEMOLLIHAMI thakTopami.
[MoripLuyeTbes rnikemMiYHUA KOHTPOIb, 3pocTae piseHb HbA1C,
a TaKOX YacTillaroTb YCkrnagHeHHs (Hemponaris, Hedponaris,
petuHonaris i keToauuaos). Lie aymosneHo npobnemamu 3 fo-
CTYNOM [0 MeAWYHOI A0MOMOrW, MeUKAMEHTIB i TpyaHOLLaMM
[OTPUMaHHS TepaneBTUYHUX PEKOMEHALLIN.

2. XpOHIYHWI CTpec, BUKNMKaHWA BoroBuMM aismu, cnpu-
YMHSIE MCUXOCOMATUYHY AekomneHcauito. Cepen nposBiB —
ncuxoreHHa rinepriikemisi, yyHKLioHarnbHi COMaTUYHi TPUBOXHI
po3nagay, a Takok Cy6' eKTVBHI KOTHITUBHI NOpyLLEHHS. [JloBedeHo,
Lo cTpecosi peakuii, Bkntovatoum MTCP, nigsuiyoTe pusmk
PO3BUTKY YK mporpecyBanHs L2 yepes aucbanaHc y Helpo-
EHOOKPUHHIN perynsLii, NOCUNEeHHs iHCYNIHOPE3MCTEHTHOCTI Ta
aKTMBaLlil0 3ananbHKX NPoLECiB.

3. Mauientn 3 L2 y nepiog BiiiHW MatoTb BUCOKMI PiBEHb
MCUXOEMOL,IHOrO HABaHTAXEHHS, L0 HEraTMBHO BMIMBAE Ha
AKICTb IXHBOTO XMTTS Y (DI3UYHOMY, MCUXONOTIYHOMY, CoLliarb-
HOMY Ta (PYHKLiOHanbHOMY acnekTax. HaibinbL Bpasnmeumu
€ BHYTPILUHBO NepeMmiLLeHi 0cobw, siki BTpaTun 6e3nepepsHiCTb
nikyBaHHs, cTabinbHe cepenosuLLe, MIATPUMKY Ta JOCTYN A0
MEZNYHMX NOCAYT.

4. FKICTb XMTTS NawieHTIB i3 LykpoBWM LiabeTom 2 Tuny B
KPWU30BMX YMOBAX — KOMMIIEKCHUIA MOKa3HUK, L0 3anexuTb He
nuwe Bin MeTaboniyHoi KoMneHcaLlii, ane i Bin NCUXiYHOT CTiliKo-
CTi, coLianbHOI NiZTPUMKY Ta aKTUBHOCTI B NOBCAKAEHHOMY XUTTi.
[ns ii 00’EKTMBHOTO OLiHIOBAHHS AOLIMBHUM € BUKOPUCTAHHS!
cTaHgapTu3oBaHux onutysanbHukis (PHQ-9, GAD-7, DDS,
SF-36, WHOQOL-BREF), wo mMae ctatut pyTUHHOK KMiHIYHOK
NPaKTUKOHO.
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Merta po6oTu - cucTemaTi3yBaTi Cy4acHi BioMOCTi NpO METOAONOrYHI 3acagu bogunneTnamorpadii, yaaranb-
HWTM AaHi Lo HOPMAaTUBHUX NapaMeTpiB i NpoaHanisyBaTi HanpsMu ii 3aCTOCyBaHHS B AjiarHOCTWLi naTonorii
OpraHiB AnXaHHs.

Martepianu i metoau. 3gilicHeHO noLwyk i Binbip HaykoBux mxepen y 6azax PubMed, Scopus, Web of Science,
Embase, Cochrane Library, a Takox y BiTYM3HsSHWUX pecypcax, 3okpema HauioHanbHin Gibniotewi Ykpainn
iMeHi B. |. BepHazcbkoro Ta YkpaiHcbkomy HaykoBo-MegudHomy iHaekci (UMSI). [lo aHanidy 3anyyeHo npai,
ony6bnikoBaHi nepeBaxxHO BNPOLOBX OCTaHHixX n'aTn pokis (2020-2025 pp.), O BUCBITNOIOTL METOLOMONIYHI,
HOPMAaTMBHI Ta KNiHiYHi acnekTn 6oamnneTnamorpadii. OnpalboBaHO OpuriHanbHI AOCTIMKEHHS!, CUCTEMATUYHI
ornsaun, MeTaaHaniau, KniHiyHi pekomeHaadii Ta nosuuinti gokymeHtn ERS, ATS i GOLD.

PesyabTati. [loBEjEHO BUCOKY TOYHICTb i BiATBOPIOBaHICTL BoannneTuamorpadii y BUMipioBaHHI NereHeBmx
06’emiB i napameTpiB onopy AuxanbHuX WsxiB. MokasHukyn BpoHXianbHOT Pe3UCTEHTHOCTI MaKThb BULLY YyT-
NMBICTb MOPIBHSHO 3i CNIPOMETPUYHNMM Y BUSBNEHHI BPOHX00BCTPYKLUii, BpoHXianbHOI rineppeakTMBHOCTI Ta
Bignos.iai Ha Tepanito. KombiHawis npupocTy NUTOMOI NPOBIBHOCTI Ta (hyHKLOHANBHOI 3aULLIKOBOI EMHOCTI
— YyTNUBILWIA METOA NS BUSBMEHHS 3BOPOTHOCTI BpOHXianbHOi 0BCTPyKLUii NOPIBHSHO 3 NpUpocToM 06'emMy
thopcoBaHOro BUAVXY 3a nepLuy cekyHay. boaunnetnsmorpacis Mae No3uTUBHI pesynsTatt nig Yac AiarHoCTUKK
3aXBOPIOBAHHSA ManvX AUXanbHUX LUASXIB, SKe € PaHHBOK NaHKOK NaTOreHesy XPOHIYHOro 06CTPYKTUBHOIO
3axXBOPIOBaHHSI nereHb, OpoHXianbHOT acTMu, IHTEPCTULINHUX XBOPOD nereHb i He PeECTPYETLCS 3a LOMOMO-
rol cTaHaapTHOI cnipomeTpii. MeTon aae amory BUSBNAT PeHOMEH air trapping i nereHeBy rinepiHdnsito,
O € BaxnMBUM Ans (heHOTUNYBaHHA nauieHTiB 3a KoHuenuieto treatable traits. Y noctkosigHomy nepiogi
Bonunnetnamorpadis ecekTUBHA ANS OLHIOBAHHSA PECTPUKTUBHIX 3MiH, CTYNEHS rinepiHnaALii Ta AMHamiku
BiJHOBNEHHS NereHeBol (yHKLUT.

BucHoBku. boaunneTuamorpadis € onTuMarnbHUM MeTOLOM HeiHBa3WBHOIO OLiHIOBaHHS MereHeBoi yHKLUT,
Lo 3abe3neyye NOBHY XapaKTEPUCTHKY nereHeBux 06'eMiB Ta ONOPY AnxanbHWX LWAsXiB. MeToa cnpusie paHHii
ZiarHoCTWLj, nepcoHarniaoBaHoMy niaxody A0 NiKyBaHHS Ta MOHITOPUHIY NaLiEHTIB i3 XPOHIYHUMU pecnipaTopHUMM
naronorisMm, BKMoYHO 3 long-COVID.

CyuacHi meaWuHi TexHonorii. 2026. T. 18, Ne 1(68). C. 63-68

The role of body plethysmography in modern respiratory diagnostics: a literature
review

Ya. M. Mykhailovskyi

Aim. To systematize current knowledge on the methodological principles of body plethysmography, summarize
data on reference parameters, and analyze recent trends of its application in the diagnosis of respiratory diseases.

Materials and methods. Aliterature search and selection of scientific sources were conducted in PubMed, Scopus,
Web of Science, Embase, and Cochrane Library, as well as in Ukrainian databases, including the Vernadsky
National Library of Ukraine and the Ukrainian Medical Scientific Index (UMSI). The analysis included publica-
tions mainly from the last five years (2020-2025) covering methodological, normative, and clinical aspects of
body plethysmography. Original studies, systematic reviews, meta-analyses, clinical guidelines, and position
statements of ERS, ATS, and GOLD were analyzed.

Results. Body plethysmography has demonstrated high accuracy and reproducibility in measuring lung volumes
and airway resistance parameters. Airway resistance indices show higher sensitivity compared to spirometric
parameters in detecting bronchial obstruction, airway hyperreactivity, and treatment response. The combina-
tion of changes in specific airway conductance and functional residual capacity is a more sensitive method for
assessing bronchial obstruction reversibility than changes in forced expiratory volume in one second. Body
plethysmography is valuable for diagnosing small airway disease, an early component in the pathogenesis of
chronic obstructive pulmonary disease, bronchial asthma, and interstitial lung diseases, which may remain un-
detected by standard spirometry. The method enables identification of the “air trapping” phenomenon and lung
hyperinflation, which are essential for patient phenotyping within the “treatable traits” concept. In the post-COVID
period, body plethysmography is effective for assessing restrictive changes, the degree of hyperinflation, and
recovery dynamics of lung function.
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Conclusions. Body plethysmography is the “gold standard” of noninvasive lung function assessment, providing a
comprehensive evaluation of lung volumes and airway resistance. The method is important for early diagnosis,
personalized treatment approaches, and monitoring of patients with chronic respiratory diseases, including

long-COVID.

Modern medical technology. 2026;18(1): 63-68

3axBOpOBaHHS OpraHiB AMXaHHS — OfHA 3 HANCKNAAHILLMX
MeauKo-coLianbHMX Npobnem cyvacHocTi. mobanbHa nowumpe-
HICTb XPOHIYHMX PECnipaTOpPHMX NaToNorin CTaHOBUTL Binblue
HiX 7 % [1]. 3a gaHumm BcecBiTHBOI OpraHisaLlii 0xopoHu 3a0-
POB'S1, XPOHIYHI pecripaTopHi 3aXBOPIOBAHHSI, 30KpEMa XPOHIYHE
006CTpyKTMBHE 3axBoptoBaHHSA nereHb (XO3JT), GpoHxianbHa
acTMa, emdiseMa Ta iHTepCTULianbHi XBOpoOU NereHb, BXOASATb
[0 M'ATipKy NPOBIgHUX NPWUYKMH iHBanNigu3aLlii Ta cMepTHOCTI Y
cBiTi [2].

CyyacHa kniHiyHa npakTuka notpebye TOYHMX, CTaHAap-
TU30BaHWX i BiATBOPIOBAHUX METOZIB AiarHOCTWKMW, SKi JadyThb
3MOry BUSIBMSITU NATONONiYHI 3MiHWU Ha paHHiX CTagisix, OLiHIOBaTH
AMHaMIKy 3aXBOPIOBAHHS 1 eDEeKTUBHICTb JTiKyBaHHS.

TecTyBaHHSA nereHeBOi YHKLIT (3acTapinuii TepMiH — Bu-
MipIOBaHHS (OYHKLT 30BHILLHBOTO AMXaHHS) — BaXMUBUIA KOM-
MOHEHT KOMMMEKCHOrO 0OCTEKEHHS XBOPUX i3 PECTPaTOPHOD
natonorieto. [lyxe nolumpeHa B KMiHIYHIA NpakTuLi KnacuyHa
cripomMeTpis € 6a30B1M IHCTPYMEHTOM A1 NEPBUHHOIO CKPUHIH-
ry, 0gHak Mae nesHi obmexeHHs. BoHa He Aae 3Morv NOBHICTHO
AndepeHLloBaTK pi3Hi BapiaHTV NOPYLLEHHS BEHTUAALIT. 30kpe-
Ma, 3HVDKEHHS XUTTEBOI eMHOCTI nereHb (VC) Ta hopcoBaHoi
XUTTEBOI eMHOCTI nereHb (FVC) MOXHa NOSICHUTY He TiMbKu
PECTPUKTMBHUMMW 3MiHamK, ane i emdiszemoro, peHOMEHOM
air trapping i AMHaMiYHOK rinepiHNALieto, a TakoX KoMOiHa-
Lieto pisHUX npuumH [3]. KpiM Toro, cnipoMeTpisi HedyTnuea Ao
naTosorii Manux AnxanbHUX WNSXIB i paHHIX 3MiH: noHag 75 %
OPIBHMX OMXanbHKX LUASXIB MaOTh 3a3HATU YPaKEHHS, NepLU
HiX Lie MO3HAYMTLCA Ha 3HauYeHHi 06’eMi PopPCOBaAHOTO BUAMNXY
3a nepLuy cekyHay (FEV1) [4].

boounnetusmorpadis, Ha BigmiHy Big cnipomeTpii, fae
3MOry 3HaYHO TOYHILLE OLHUTW PYHKLIOHANBHUIA CTaH NereHb,
TOMY Ti BUKOPUCTOBYIOTb SIK ONTUMANbHUIA METOL KOMMIEKCHOIO
OLiHIOBaHHS nereHeBoi (yHKLi, 0coBnMBO Yy NaLieHTiB i3 KOM-
GiHoBaHMMK abo cknagHUMK NOpYLUEHHSMU BeHTUnsuii. [o
6e3CyMHIBHUX nepeBar METOAWKW HanexaTb HeiHBa3WBHICTb,
LUBMAKICTb BUKOHAHHS, BiATBOPIOBAHICTb, HEOBOB'A3KOBICTL NPO-
BeAEeHHs (POPCOBAHNX MAHEBPIB, a TAKOX MOXIUBICTb BU3HAYNTM
BCi nereHesi 06’emu [5]. e metoa gae 3amory BUMIPSATU Hepo-
CTYNHi Ans cnipomeTpii 06’eMu: 3aranbHy emMHicTb nerexb (TLC),
3anuwkosui 06'em (RV), thyHKUIOHANbHY 3anWLLKOBY EMHICTb
(FRCpleth), a Takox onip AnxanbHux wnsxis. Huxi 6ogunnetns-
Morpadisi CTae He3amiHHUM IHCTPYMEHTOM NS PaHHLOTO BUSIB-
NEHHs1, AMEPEHLINHOT AiarHOCTMKM, OLiHIOBAHHS €(heKTUBHOCTI
TepaneBTUYHIX 3aX0fiB, KOHTPOSO Ta MPOrHO3yBaHHs nepediry
NynNbMOHOMOTYHKX 3aXBOPOBaHb [6].

BoannneTtnamorpadiuHi 4oCHimKEHHs 3AINCHIOTL Ha 6asi
HaB4yanbHO-HaykoBOrO MeAUYHOMO LEHTPY «YHIBEpCUTETCbKA
kniika 3AM®Y»,, oe MeTog BUKOPUCTOBYKOTb Y KIiHIYHIN npak-
TULi ANS AiarHOCTUKW Ta MOHITOPUHIY pecnipaTtopHUX NaTosnorii.

Y cTaTTi HaBeAeHO BiAOMOCTI LLIO0 METOAONOrYHMX acreKTiB
i HOpMaTVBHIX MOKA3HWKIB, LLIO OLIIHOKOTB NiA Yac 6oamnneTuamo-

rpadii, @ TakoX CyyacHi TeHAEHL;i ii BAKOPUCTaHHS Y AiarHOCTUL
naTornorii OpraHiB AMXaHHs.

Merta pobotu

CwvctematiayBaTh CyyacHi BiJOMOCTi NP0 METOAOMOriYHi
3acagn 6ogunneTtmsmorpadii, y3aranbHUTK gaHi Wo[o Hop-
MaTVBHUX MapaMeTpiB i NpoaHaniayBaty akTyanbHi Hanpsmu i
3aCTOCYBaHHS B AjarHOCTULI 3aXBOPHOBAHb AMXarbHOI CUCTEMM.

Martepianu i MeToAU AOCAIAKEHHA

MMowyk i pobip HaykoBMX mxepen 3MiINCHWMK Y NPOBIAHMX
MikHapoaHux 6asax ganmx PubMed, Scopus, Web of Science,
Embase, Cochrane Library, a Takox Ha BiTYN3HSIHUX pecypcax,
30kpema HaujoHanbHin Gibniotewi Ykpainu imeni B. |. Beprag-
CbKOro Ta YKpaiHCbKOMY HaykoBo-MeauyHomy iHaekci (UMSI).

lMowykoBy cTpaTerio cPopMOBaHO i3 3aCTOCYBaHHAM
KOHTPONbOBaHWX TEPMIHIB i CNOBOCMONYYEHb YKPATHCHKOK0
Ta aHMmiCcbKOK MoBaMu. BukopucTaHo Taki kno4oBi crnosa:
BopunneTuamorpadisi, TeCTyBaHHS nereHeBoi (yHKLii, onip
OMXarnbHKUX LUMAXIB, 3aXBOPIOBAHHS OpraHiB AuXaHHs, rinep-
iH(ONALS, PECTPUKTUBHI NOPYLIEHHS, — @ TaKOX aHIMOMOBHi
BignosigHuku (body plethysmography, airway resistance, lung
function, small airways, respiratory diseases, hyperinflation,
restrictive disorders).

[lo anani3y 3anyyeHo npauj, siki onyonikoBaHi NepeBaxHO
BMPOLOBX OCTaHHIX m'atu pokis (2020-2025 pp.) Ta mMicTaTb
pesynbTaTi OpuriHanbHUX AOCTILKEHb, CUCTEMATUYHIX OrNsiB,
MeTaaHani3is, KNiHiYHUX pekoMeHAaLiN | NO3WLINHIX AOKYMEHTIB
npodecinHnx ToBapucTs (European Respiratory Society (ERS),
American Thoracic Society (ATS), Global Initiative for Chronic
Obstructive Lung Disease (GOLD)).

[o gocrimkeHHs BKTo4eHO HaykoBi nybnikalii, Lo Bignosi-
Janv BYMOram LU0 TEMATUKW, MOBHOTO 3MICTY Ta Cy4aCHOCTI
matepiany. CTaTTi, SKi He Manu MOBHOTO TekcTy abo MiCTuIm
HEeOOCTaTHbO PENeBaHTHY iHPOPMALLito, BUKITIOYEHO 3 aHaniay.

3ibpaHi aaHi y3aranbHWMmM, KpUTUYHO NpoaHani3yBasny Ta cuc-
Temaru3yBanm Ans CTBOPEHHS LiiNiCHOI HAayKOBOI KapTWHM LLOAO
micus 6ogunneTuamorpadii B Cy4acHil 4iarHOCTUYHIN MpakTuL.

Pe3yabtatu

MpuHUMN MeTOAMKM Ta iHTepnpeTaujia pe3yabtatie. Metoq
3aCHOBaHWI Ha 3akoHi borng—MapioTTa, sikui onncye obepHeHy
3anexHiCTb MiX TUCKOM i 06'€MOM rasy npu cTanin Temneparypi
(P x V = const). MavjieHTa po3miLLytoTb Y repMETUYHIN kamepi
(nnetmamorpadiuHin kabiHi), 06’em sikoi BigomuiA. Iig yac cnokin-
HOrO [iUXaHHs Yepes MyHALLTYK, LU0 3'€AHaHNI i3 BUMIPIOBANBHOK
CUCTEMOI0, OfHOYACHO (PIKCYHOTb 3MiHM TUCKY B kamepi (APbox),
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Tabaunus 1. Knacuoikalis nopyLieHb BEHTUASLLT 3aAeXHO Bia AereHeBux 06’eMiB [3]

Hasga TLC FRC RV FRC/TLC |RVITLC | KomeHTap

Benwki nerexi 1 1 1 Hopma Hopma BapiaHT Hopmu

OBcTpykuis 3 rinepiHdnsuieto Ta/abo | Hopma/t | Hopmal/t | 1 Hopmal/t |1 lnepiHcnauis, skwo FRC/TLC 1iRV/TLC 1,

air trapping («noBITPSIHAMM NacTKamMm ) «air trapping», kLo Tinbku RV/TLC 1

lMpocTa pecTpukuis ! ! ! Hopma Hopma £k NpaBuno, IHTEPCTULINHI 3aXBOPIOBAHHS
nereHb

CknagHa (KoMnneKkcHa) pecTpuKLis ! ! Hopma/t | Hopma 1 ko HopmanbHuia FEV /FVC — gucnpo-
nopuinHe ameHweHHs FVC wopo TLC
(30kpema npu naronorii Manux AnxarnbHUX
LNIAXIB i3 peHoMeHoM air trapping

3MillaHi nopyLUeHHs ! Hopwma/| |Hopma/t |Hopma/t |Hopwma/t | Sk npasuno, FEV /FVC sHuxeHnii (Hanpu-
knag, noegHaHHs XO3J1 Ta iHTepCTULinHO-
ro 3aXBOPOBaHHS)

M'si30Ba cnabkicTb ! Hopma/| |1 1 1 Cnabkictb piacoparmm (| TLC) fa monomix-
HUX M'si3iB (TRV)

CybonTmansHa cnpoba ! Hopma 1 1 1 HenoTtprmaHHs iHCTpyKLii

OXUPIHHSA Hopma/| || Hopma/t |Hopma/| |Hopma/t | Husbkuit ERV, 3HmkeHnit TLC npu Bcoko-
My IMT (>40 kr/m?)

3MiHu Tucky B poTi (APm), motik nositps (V). Mig Yac kopot-
KOYaCHOro 3aKpWUTTS AWMXanbHOro KnanaHa nauieHT 34iNCHIE
pyxu BaOuxy Ta Buamxy 3 yactoroto 0,5-1,0 I'y. 3apeecTposaHi
KOMMBaHHS TUCKY [atoTb 3MOTy po3paxyBaTu 00'eM rasy B rpyaHi
kniTui (Thoracic Gas Volume, TGV), skuit LOPIBHIOE 3HAYEHHKO
FRCpleth. Micns Bu3Ha4eHHs BHYTPILLHLOrPYAHOrO 06’eMy 3aiii-
CHIOKOTb CMIpOMETPUYHMIA MaHeBp. RV Br3HavatoTb Sk PisHNLLO
FRCpleth i pesepsHoro 06’emy Buauxy (ERV), a TLC — gk cymy
RV 1a VC [6]. 3a cniBBiZHOLLEHHSM TUCKY Ta NOTOKY BU3HAYatoTb
onip anxansHux Wwnsixis (Raw), a yepes pobytok Raw x TGV —
nuToMUIA onip (SRaw) Ta MMTOMY NPOBIAHICTb ANXaNbHNX LUMSXIB
(sGaw = 1/sRaw) [7].

[ns iHTepnpeTayii ctaTyHMX nereHesux ob’emis i napa-
METPIB OMOpY AMXamnbHUX LUMISXIB BUKOPUCTOBYIOTH OCTaHHI
pedhepeHcHi piBHsIHHA Global Lung Function Initiative (GLI) 3a
pekomeHaaLismn ERS/ATS [3]. Hopmy BU3HaueHO sik z-score Mix
-1,64 Ta +1,64 (o Bignosigae 5-95 nepuUeHTUNI0). 3HaYEHHS,
HKYI 3a 5 NepLeHTUIb, OLIHIOTb SIK 3MEHLUEHI, a BULLj 3a 95 —
nigsuweHi [8]. Knacudikauito nopyLueHb BEHTUNALT 3anexHo
BiZ nereHeBux 06’emiB, BUMIPSIHIX 3a 4ONOMOrot 6oaunneTus-
morpadii, HaBegeHo y mabnuui 1.

BpoHxiaAbHa NpoBiaHiCcTb i peancTeHTHiCT. [iaByLLEHa OPOHXI-
arbHa Pe3VCTEHTHICTb € NPSMOLO 03HaKOK0 0BCTPYKLT AnXarnbHNX
Lunsixi. O6epHeHWI 10 Hel NoKa3HUK — OpOHXianbHa NPOBIAHICTb.
Y 6aratbox KniHiYHUX CUTYaLisX BOHW BifbLL Yy TMBI, HX aHano-
riuHi 3a cyTTHo cripomeTpuyHi nokasHuku (FEV,, FEV [FVC, PEF).

Y nocnipxeHHi, ske 3aincHunu J. Schulze et al., BctaHosne-
HO 03HaKV OPOHXOKOHCTPYKLT NiCNs DI3MYHOTO HABAHTAXEHHSI.
BusiBnieHo, Lo 3mim sReff nicnst ¢hisuiHOro HaBaHTaXEHHS BUHM-
KatoTb paHille, Hix FEV, : makcumarbHi 3miHu B sReff BusHauann
yepes 12,2 + 8,8 xaunuHu, a ans FEV, —uepes 15,2 + 9,3 xsunu-
H1. ABTOPY GiMLLINN BCHOBKY, LLO 3MiHW SReff Gynm uyTnmBilummm
Ta KpaLLe BKasyBamnu Ha NopyLUEHHs PYHKLT NereHb, HiX 3MiHW
FEV/, sk HegooLiHioBanu cTynib rinepiHcnaii [9].

Y haxosiit nitepatypi HaBe4eHO AaHi WOA0 BULLOT YyT-
nMBOCTI BPOHXianbHOI PE3UCTEHTHOCTI Y BiANOBIAb HA Meaw-
KaMeHTO3HY NpoBoKaLilo. Tak, y AOCRImKeHH, WO 3aifcH1nmn
S. A. van Nederveen-Bendien et al., nokasaHo: y 34 % navjeHTis
3 aCTMOI0 BUSIBMEHO 3HauYHe MigBuLLeHHs SRaw 6e3 3HMKeHHS
FEV/ nig yac 6poHxonposokaliiHoro Tecty. OTxe, sRaw moxe
BUSIBMATY TINEPPEaKTUBHICTb AUXambHUX LWNsxiB, konn FEV,
3anuwaetbes y Mmexax Hopmu [10]. Karamarkovic Lazarusic N. et
al. nopieHANM GpoHxoAMNaTaLiNHUA TECT, KNACYHUA METAXOMIHO-
BUVI NPOBOKALiAHMIA TECT i3 BUMiptoBaHHaM FEV/ i meTaxoniHosui
TECT i3 BU3HaYeHHsIM sGaw y NaLjieHTiB i3 KaLnboBUM BapiaH-
TOM acTMu. BCTaHOBMEHO, Lo NokasHuk sGaw mMaB HalbinbLly
YyTIMBICTb, BUSIBUBLUM rineppeakTuBHiCTb y 88 % Bunagkis, a
cnipomeTpist — nuwe y 64 % npw 3icTaBHil cneuudivHocTi [11].

OTpumaHo faHi, Wo cBigyaTb Npo MigBULLEHY YYTIMBICTb
BpoHXianbHOI PE3UCTEHTHOCTI [0 TEPaNeBTUYHOIO BTPYYaHHs Ta
peabiniTaLiiHnx 3axogis. BTim, Ui cnoctepexeHHst noTpebytoTb
BepudikaLji Ha BinbLuin BUGipLi navieHTis [12,13].

OuiHoBaHHA peakuji Ha 6poHxoauraTatopu. OLIiHIOBAHHS
GpoHxogunaTaLiHoi BiANoBiai Ha OCHOBI MOKa3HWKa NPUPOCTY
FEV, (AO®B,) € saranbHonpuitHaTum nigxogom [3,14]. OpHak
BiAOMO, LLO Lt METOAMKA Ma€ JOCUTb HWU3bKY YyTIMBICTb | Hera-
TUBHY NPOrHOCTUYHY LiHHICTb [15,16]. BogunneTnsmorpadisa mae
nepeBsary nig Yac TECTiB Ha 3BOPOTHICTb BPOHXianbHOT 06CTpyKLii.
3rigHo 3 pesynbTataMy JOCHigKEHHs, 10 SKOro 3anyyeHo 843
nauienTis i3 XO3J1, actmoto Ta actma-XO3J1 oBepnan-cuHapo-
MOM, Taki napametpu 6ogunneTusmorpadii, sk edekTneHa
MUTOMa NPOBIAHICTL AUXanbHNX WNSXiB (SG ), (hyHKUiOHaNbHa
3anuwkoBa emHicTb (FRCpleth) i nutoma aepogyHamivyHa pobota
AnxaHHs (SWOB), BusiBnstoTb peakLito Ha BpoHxoaunaratopy
3Ha4Ho Yacrile, Hix FEV . Tak, komGiHauia AsG_, Ta AFRCpleth
3apeecTpyBana no3uTuBHY BignoBigb y 62,2 % obcTexeHnx,
AsG .~y 53,4 %, AsSWOB -y 49,4 %, a AFEV, - nnwe y 10,6 %
navieHTiB. Taky pi3HWLIE0 MOXHA NOSICHUTY TUM, L0 OpoHXxoauna-
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TaTOPU BNMBAOTL HE NNLLIE Ha BENWKi Ta cepeaHi OpoHXM, NOTiK
MOBITPS Yepes siki BUMIPIOTb 3@ JOMOMOro TpaanLiiHoi cni-
pOMETPii, ane i CnpusiioTb NOKPALLEHHIO BEHTUNSALT Yepes Mani
AvxarnbHi WsXK, 3MEeHLLEHHIO 3aTpUMKI MOBITPS (air trapping)
Ta AMHaMIYHOI rinepiHdnawii [17].

Boaunaetuamorpadia Ta naronoris ApibHUX 6poHxiB. Y na-
ToreHesi baratbox XBopob AvxarnbHoi cuctemu, 3okpema XO3J1,
acTMK, IHTEPCTULIMHMX 3aXBOPOBaHb, BAXIMBY pOrb Bigirpae
ypaxeHHs apibHMx 6poHxis [18,19,20,21]. BoHo npuasoanTs o
(heHOMEHYy «nacTKu NOBITPS» (air trapping) — HENOBHOIO BUAWXY
BHaCMiZOK NigBMULLEHOTO Onopy ApiOHKX BPOHXIB, sike CNpUYMHSIE
30inbLLEeHHs 3anmLwkoBoro 06’'emy (RV) Ta po3suTOK rinepiHnsuii
nerenb [22]. MatonoriyHi 3MiHW y APIOHUX AMXanbHWX LLAsXaxX
nepeayoTb PO3BUTKY 0BCTPYKLIT, SIKY MOXHa BUSIBUTI 3a AOMO-
MOrOK0 TPaZMLiNHOT CipoMeTpii (Tak 3BaHa HiMa, abo MoB4yasHa
30Ha fereHb) [23].

FEV, TaFEV /FVC - craHgapTv gna giarHoctuku XO31, ane
4acTo BOHM HEe € [OCTATHBO YYTNMBMI AMNS BUSBIIEHHS PaHHIX
CTafiln 3aXBOPoBaHHS. Tak, 3aCTOCYBaHHS PEKOMEH0BaHOrO B
kepiBHuLTBax kputepito FEV, /FVC <0,7 Ha npakTuLi npussoanTs
[0 rinepaiarHOCTWKM Y NaLieHTIB CTapLLOro Biky Ta HEAOCTATHBLOI
AiarHOCTUKN y MOMOALWNX OCib, i Mpu LUboMy nokasHuk FEV,
Ma€ HU3bKY YyTIMBICTb LIOAO BUSIBNIEHHS PaHHIX NATOMOMYHMX
3MiH [24]. Bogunnetnamorpadis 4ae 3Mory Bu3HadaTm onip au-
XanbHWX LWNSXIB, 3anuLwkoBuii 06’eM, cniseigHoweHHs RV/TLC
i, BiAMOBIAHO, CTYNiHb rinepiHnALji, WO BU3HAYEHI K HEMpsaMi
KpUTEPIi ypaKeHHs APIOHNX AUXanbHUX LWASXIB | paHHi Mapkepy
0BCTPYKTUBHIX 3MiH; Lie Mae BaXKITMBE 3Ha4EHHS ANs BUSBMEHHS
(peHOMeHy nacTku noBiTps [25,26].

HesBaxaroun Ha BUCOKY [OCTOBIPHICTb NOKA3HWKIB rinepiH-
cnsuii, Wwo oTprmaHi 3a gonomororo 6oaunneTuamorpadii, ouji-
HIOBaHHS1 GPOHXiaNbHOI PE3NCTEHTHOCTI LiIM METOOM Ma€ MeBHi
obmexeHHs1. He3Baxxaroun Ha ii KOPUCHICTb, BaXKIMBO PO3yMITH,
wo Raw i sRaw xapakTepuaytoTb 3araribHUi Onip AnXanbHWX
WNsIXiB i He € cneundiYHUMK ANs APIBHUX OuXanbHUX LUMSXIB.
Lle noB's3aHo 3 TM, L0 APIBHI AMXanbHi WsXK Yy 300POBKX 0CiO
pobnsATh HE3HaYHWIA BHECOK Y 3ararbHuiA onip. Tomy Ans GinbLy
MPSMOrO Ta Yy TNMBOIO OLHIOBAHHS APIOHWX AMXanbHUX LNSXIB
4acTo BigaatoTb nepesary iMnynbCHi OCLUMNOMETpIi Ta MeTogam
po3BefeHHs rasy [27].

YacTo 6oannnetuamorpadito BUKOPUCTOBYHOTb Y NOEAHAHH
3 iHLWMMM TECTAMM NS KOMMIEKCHOTO i MOBHOMO OLIiHKOBaHHS
OpPiGHMX amxanbHux wnsxie [28]. Hanpuknag, y AOCHimKEHH
ATLANTIS, nig yac sikoro Bu3Havanu yHKLito ApibHMX Auxarb-
HWX LLNSIXiB Npu acTmi, BogunneTmamorpadito BUKOPUCTOBYBAM
pasoM 3i CMiPOMETPIEHD, IMMYMBCHOK OCLMITOMETPIEID Ta TECTOM
pO3BEEHHS a30Ty 3 KirlbkoMa Bayxamm [19].

Boaunaetuamorpadis i KoHuenuis treatable traits. Treatable
traits — Lle cyyacHa cTparteria cTpaTtudikaLii nauieHTiB i3 pec-
nipatopHummK 3axBoproBaHHSMM (nepepycim XO3JT, acTmoto,
IHTEPCTULLIHAMM 3aXBOPIOBAHHSIMM) 33 HASIBHICTIO KOHKPETHMX
theHoTMNOBMX 260 GionoriYHMX XxapakTepucTyk. MNepcoHanisosa-
HWIA MigXiz, cCNpSIMOBaHWI Ha Lii 03HaKK, Moxe OyTn edhekTUBHIM
A0S JOCATHEHHS] KPaLLOro KOHTPOIKO HaJ MMM reTeporeHHnMK
3axeoptoBaHHsMK [29,30]. Y LbOoMy KOHTEKCTi GogunneTnamo-
rpadis Aae 3aMory igeHTUdiKyBaTh nereHeBy rinepiHpnALio, Ky
BI3HA4aloTb SIK OKpeMui treatable trait [31].

Boaunaetusmorpadis i long-COVID. Binomo, LLIO nepeHeceHui
COVID-19 moxe CnpuunHATY TpuBane NOPYLIEHHS (DYHKLIN
Pi3HWX OpraHiB Ta cucTem (Tak 3BaHui long-COVID) [32,33].
YpaxeHHs NereHb y NOCTKOBIAHOMY NepioAi BUSBNSAOTH 3a
NEPCUCTEHTHUM 3HWMXXEHHAM NOKA3HWKIB NEreHeBol BEHTUNALI.
RV, RV/TLC, Raw, sRaw, sGaw € nigTBepm«eHumm mapkepa-
MU TinepiHGnsauii Ta AUCEYHKUIT APIGHMX AMXanbHUX LUMSXIB.
BcTaHoBnEHO, LLO Lii MOKa3HWKM MOXYTb KOPEMNoBaTH i3 TakMMK
cMMNTOMaMK, K 3aguLLKa Ta BToMa Y nauieHTis i3 long-COVID
[34]. 3a iHWMMKM JaHUMu, rinepiHGALIS He € XapaKTepHOK pu-
coto nepeHeceHoro COVID-19. Tak, y nauieHTis, ski nepeHecnu
Tsokk COVID-19 3 HeoOXiaHICTIO eKCTpakopnopanbHOi Memo-
paHHOI OKcureHaLii, Yepe3 6 MicauiB 3adikCOBAHO 3HUKEHHS
(PYHKLOHANbHOI 3aMLLKOBOI EMHOCTI NereHb [35].

HarnoLumpeHiLmiA TUN BEHTUNALIMHUX NOPYLLEHb Y NaLieHTIB
nicnst nepeHeceHoro COVID-19 — pecTpukTuBHWIA. 3a pesynbTa-
Tamu CrnocTepexeHb, ¥ 15-25 % XBOPUX BU3HAYEHO 3HIDKEHHS
3aranbHoi emHocTi nereHb (TLC) yepes 2—3 micsui nicnst BUNMCKY,
i LIel MOKa3HWK 4acTo KOPENHE 3 TSHKKICTHO FOCTPOrO YpaXeHHs
nereHeBOi TkaHWHM [36]. Y NpoCNEKTUBHOMY AOCTIMKEHHI, LU0
3qincHeHe B 2023 poui Anst OUiHIOBaHHS AMHAMIKW BiQHOBMEH-
HS pyHKLUiT nereHb npotsrom 12 micsuiB nicns roctpoi asu
COVID-19, BcTaHoBneHo: maike 35 % naLieHTiB yepes 3 micsui
nicns BUNMUCku Manu 3HmkeHy TLC, Wo cBigu1Tb Npo HasBHICTb
pecTpukTuBHIX 3MiH. RV i RV/TLC y cepegHbomy 3anmiianimcs
B MeXax HopMU, Xo4a NOOAMHOKI BUNazKu NoMipHOro air trapping
chikcyBanu B NaLIEHTIB i3 3anWLLKOBUMW cuMnTOMamu. ABTOpU
3ayBaXmnu, LLO rinepiHdnsiList He € TMNoBoto pucoto nocT-COVID-
CTaHy, Ha BiAMiHY Bifl peCTpuKLii Ta nopyLLeHHs audysii. Yepes
pik nicns iHcekuii y noHaa 80 % nawieHTiB BU3HAYEHO Malixe
MOBHe BifHOBMEHHS nereHeBux o6'emis, ane o 15-20 % ocib
Manu 3anuLKoBi PECTPUKTUBHI 3MiHW. Li aaHi niaTBepmkyoTh
[OUINBHICTb TPUBANOrO MOHITOPUHTY nereHeBoi (yHKLi nicns
nepeHeceHoro COVID-19, 3okpema 3a gonomorow Gogunne-
Tnamorpadii [37].

BucHoBKU

1. bogmnneTuamorpadis — BUCOKOTOUHUI, CTaHAAPTM30Ba-
HWVA | BIGTBOPIOBAHMI METOA OLjiHIOBAHHS (PYHKLIT 30BHILLHBOIO
JVXaHHs1, WO Jae 3MOry BUMIPSTY yCi NereHesi 06’emu it napa-
METPW Onopy AuXanbHUX LNsXiB, @ TakoX ideHTUiKyBaTh yci
BWAW NOPYLUEHb NereHeBoi BEHTUNSALLT.

2. MapawmeTpu BpoHXianbHOT PE3MCTEHTHOCTI Ta NPOBIAHOCTI
(Raw, sRaw, sGaw), oTpumaHi 3a JONoMororo 6oaunneTnamorpa-
cpii, xapakTepu3yoTbCs BULLIOK Yy TNMBICTIO NOPIBHSHO 3i CRipo-
METPUYHIMM MOKA3HUKaMMU LLIOAO BUSIBIEHHS BPOHX00BCTpYKLii,
OpoHXxianbHOI rineppeakTUBHOCT Ta Nif Yac OLiHIOBaHHS BignoBiAi
Ha GpoHxogunaraTopy.

3. bogunneTuamorpadis Mae BUCOKY IHPOPMATUBHICTb NpU
ypaxeHHsX ApIOHUX AUXanbHUX LWNsXiB, OCKINbKA Jae 3Mory
BUSIBUTW paHHi O3HaKu rinepiHnawii Ta dheHomeH air trapping,
O 3anMwarTbCs HediarHOCTOBaHWMM Nig Yac CTaH4apTHOI
cnipomerpii.

4. Metog Bigirpae BaxIrmBy porib Y pO3BUTKY nepcoHani-
30BaHOI NynbMOHOIOrii, 30KpeEMa B Mexax koHuenuii treatable
traits, ocKinbkv OLjiHIOBaHHS MOKa3HMKIB NEreHeBOi rinepiHgnsLi,
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pecTpuKLii abo niaBMLLEHOO ONOpY AMXarbHWX LLUMSXIB Aae 3MOry
ineHTMdikyBaTy heHOTUMNOBI 0COBNMBOCTI NALEHTIB | MPOrHO3y-
BaTV iHAMBIBYyanbHy BiANOBIAb Ha Tepanito.

5.Y noctkoBigHoMy nepiogi boaunneTusmorpacis ae 3mory

06’eKT1BHO OL|iHIOBATY PECTPUKTUBHI 3MiHU, CTYNiHb 3aMULLKOBOT
rinepiHcnALi Ta yHKLiOHaNbHE BiOHOBMNEHHS NEreHb, LWo Mae
3HaYeHHs Ans MOHITOPUHIY NavjieHTis i3 cuHapomom long-COVID.

MepcneKTUBY NoAAAbLLIKX AOCAIAKEHb NONSraloTh Y BpOBa-

[PKEHHI anropuTMIB LLITYYHOTO iHTENEKTY | MaLUMHHOTO HaBYaHHS
nig yac 6oaunneTnamorpadii, 30kpema 451 aBTOMaTUYHOI iHTep-
npeTauii AaHux, (eHOTUNYBaHHA NaujeHTiB 3a treatable traits,
iHTerpaLii iHLUMX MeTOAIB JOCTIZKEHHS | NOKA3HMKIB, CTBOPEHHS
MPOrHOCTUYHMX MOLENEN LLOAO BiANOBIAj Ha NikyBaHHS, nepebiry
3aXBOPHOBAHHS! TOLLO.

®iHaHCcyBaHHA
[ocnimkeHHs aaiiicHeHo 6e3 iHaHCOBOI MIATPUMKN.
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Aim: to form modern ideas about the properties of creatine as a pharmaconutrient, its biological role in the bodly,
and rational dosage during physical exertion.

Materials and methods. To determine the level of development of the research problem, a search was conduct-
ed in the databases MEDLINE, PubMed, Scopus, Directory of Open Access Journals and ScienceDirect; the
keywords used included physical exercise, creatine supplementation, oxidative stress, mitochondria, energy
metabolism. We focused on English-language articles published between 2019 and 2025.

Results. The use of creatine loading schemes during high-intensity interval training provides an increase in physical
fitness indicators by an average of 10-20 % due to an increase in the concentration of muscle phosphocreatine.
According to modern ideas, creatine belongs, on the one hand, to the group of myostatin inhibitors, and on the
other hand, to the protectors of mitochondrial function. The results of 50 studies showed that compared to placebo,
creatine, both alone and in combination with bicarbonate, produced a statistically significant increase in average
and peak power in martial artists. Increasing cellular creatine levels promoted metabolic channeling, demon-
strated antiapoptotic properties, promoted the survival of dopaminergic neurons, and produced a pronounced
antidepressant effect, helping athletes remain psychologically stable during training, and before competitions.

Conclusions. Thus, from the literature data, it becomes clear that the course use of creatine leads to a significant
increase in the efficiency of the training process, and this makes it an indispensable tool for improving the indi-
cators of physical and functional fitness, as well as the overall quality of life of athletes. Creatine is a universal
ergogenic food supplement, but due to its predominantly positive effect on the body with chiefly aerobic energy
supply, typical of Olympic martial arts, it is fully suitable for improving the effectiveness of the training process
in boxing, judo, taekwondo, jiu-jitsu (jujutsu), fencing, etc. The neuroprotective and antidepressant effects of
ergogenic supplements with creatine are very important in sports such as martial arts, as they contribute to the
development of discipline, emotional control, mental stability, and help athletes’ brains become more resistant
to stress, especially before competitions. The course use of such a pharmaconutrient as creatine can rightfully
be attributed to health-saving technologies — a new direction in sports pharmacology, and nutriology.

Modern medical technology. 2026;18(1):69-75

KpeaTuH AK HeoOXiaAHUI GapMaKOHYTPIEHT y NPaKTULI NIATOTOBKK CNOPTCMEHIB
y eAMHO60pCTBaX

I. . Camypa, A. M. TyHiHa-OpnoBa, 0. I. Opnos, A. M. lypeesa, 0. €. UepHeHko, K. Muaalutoc

Merta po6otn - (DOPMYBaHHS Cy4aCHUX ySBINEHb NPO BNACTUBOCTI kKpeaTuHy sk hapMakoHyTpieHTa, noro 6iono-
FYHOT poni B OpraHiami Ta paLioHansHoro [o3yBaHHS Npu (i3NYHUX HABAHTaXEHHSIX.

Martepianu i meTopu. [insi BU3HAYeHHs piBHS po3pobku JocnigxyBaHoi npobnemn noLuyk 3gicHeHo y Gasax
naHux MEDLINE, PubMed, Scopus, Directory of Open Access Journals Ta ScienceDirect 3a Takumu kno4oBu-
MU croBamu: Gi3nyHi BNpasw, KpeaTUHOBI 400aBKW, OKCUAATUBHUIA CTPEC, MITOXOHAPII, eHEPreTUYHNIA OOMIH.
AHaniayBanu nepezyciM aHrmoMOBHi cTaTTi, Lo onybnikoBaHi y nepiog 2019-2025 pp.

Pe3yAbTati. BrkopucTaHHs CXxeM HaBaHTaXeHHs KpeaTUHOM Mg Yac BUCOKOIHTEHCUBHMX iHTepBarnbHUX Tpe-
HyBaHb 3abe3nevye NigBULLEHHS MOKa3HWKIB (Ii3NYHOI MigroToBneHocTi B cepenHboMy Ha 10-20 % yHacnigok
3pOCTaHHA KOHLEHTpaLii M'si30Boro coccokpeatHy. 3rifHo 3 Cy4acHUMM YSBMNEHHSMU, KPEATUH HaNeXuTb, 3
opHoro 60Ky, 10 rpynK iHriBiTopiB MiOCTaTMHY, a 3 HLLIOTO, — 10 NPOTEKTOPIB (hYHKLLT MiTOXOHAPIN. PesynbsraTi 50
JocnifkeHb NiATBEpPANNH, LLO NOPIBHSHO 3 nauebo kpeaTyH OKpeMo Ta B NoeaHaHHi 3 bikapboHaTom 3ymMoBnioe
[OCTOBipHE CTAaTUCTMYHO 3HAYYLLe NiABULLEHHS CepeaHbOi i NIKOBOI NOTY)XHOCTI B eAnHOO0pLIB. MiaBULLEHHS
PIBHIB KMNITMHHOTO KpeaTuHy Crpusiiio MeTaboniyHOMY KaHanyBaHHIO Ta BXKWBAHHIO 4ohaMiHEPTiYHUX HEMNPOHIB,
YMHWMO AHTUAMONTOTUYHWIA BNIUB i BUPAXEHY aHTWAENPECUBHY [ito, IO Jonomararno arnietam 3anuwartmes
MCYUXOMOriYHO CTabiNbHAMK Nif Yac TPEHyBaHb | Nepes 3MaraHHsSIMN.
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BucHoBku. KypcoBe 3acToCyBaHHs KpeaTuHy 3yMOBITIOE CyTTEBE MiABULLEHHS eeKTUBHOCTI NpoLieCy NiAroToBKy,
LU0 poBUTB 110r0 HE3aMiHHUM 3acO60M A1151 NOKPALLEHHS NOKA3HNKIB (i3u4HOI Ta hyHKLIIOHAMNBHOI NiArOTOBMNEHO-
CTi, @ TaKoX 3aranbHoi SIKOCTi KUTTS cnopTcMeHiB. KpeaTuH € yHiBepcarnbHO xap4oBoio 06aBKOK eproreHHol
CMpsSIMOBAHOCTI, arne Yepe3 NepeBaxHO NO3UTUBHUIA BINIMB Ha OpraHiam npy aepobHOMY eHepro3abesaneyeHHi,
BNacT1BOMY OMiMMINCbKMM B1OaM eAMHOBOPCTB, € NOBHICTIO NpUAATHUM ANS NOMINLWeEHHs edeKTUBHOCTI Tpe-
HyBamnbHOro NpoLecy B 6OKCH, 13t00, TXEKBOHAO, [XKWY-IXUTCY (43t0-A3t0LlY), hexTyBaHHi ToLo. HeiponpoTek-
TUBHA 11 aHTUZENPECUBHA Aist eproreHHUX 406aBOK i3 KpeaTMHOM AyXe BaxnuBa Ans CopTCMEHiB-eanHobopLiB,
OCKirlbKW CIPUSIE PO3BUTKY AUCLIMMIIHK, EMOLLINHOTO KOHTPOMHO, NCUXIYHOI CTIMKOCTI, AONOMarae MoKy atneTis
cTaTu CTIRKILLMM 10 CTpecy, 0cobnmBo neper amaraHHsmMu. KypcoBe 3acTocyBaHHs Takoro hapMakoHyTpieHTa,
K KpeaTuH, HanexmTb [0 300poB’s3bepiranbHUX TEXHOMOTi — HOBOTO HanpsiMy B CMOPTMBHIN (hapmakonorii

Ta HyTpuionorii.

CyuacHi mepnuHi TexHonorii. 2026. T. 18, Ne 1(68). C. 69-75

The term “pharmaconutrient” is relatively new in nutrition in
general and in particular in sports nutrition. At the same time,
pharmaconutrients are an important component of nutritional and
metabolic support (NMS) of the athlete training process and be-
long to a separate type of special food additives (supplements) [1].
Pharmaconutrients are natural metabolites (or their derivatives)
of the body obtained from plant and/or biological sources, as well
as by chemical synthesis. Their action is based on involvement
in both extracellular and intracellular biochemical processes that
promote the absorption of energy sources, and plastic materials
in their deficiency, as well as improve nutritional status in various
physiological and pathological conditions.

Pharmaconutrients are used in cases where usual dietary
lifestyle modification or use of functional products is unable to
meet the body’s growing needs for energy and plastic substances,
in order to increase the efficiency of macronutrient absorption.
In the semantic meaning, the term “pharmaconutrient” refers to
a narrower group of biologically active additives (nutraceuticals)
that, when exogenously administered, exhibit the properties of
a pharmacological agent in the body [2]. The classification of a
substance (or their combinations) as a pharmaconutrient should
ideally meet the following criteria [3,4]:

— identity in chemical structure with the endogenous me-
tabolites and/or biosynthesis of such compounds as a result of
biochemical transformations after entering the body;

—use in doses that provide concentrations in the body close
to those observed in natural biochemical processes (usually
varying within 6-40 g per day);

— the proven role of pharmaconutrients in shaping the nutri-
tional status of the body, however, without performing the function
of a direct source of energy, and due to the small doses used,
also a source of plastic material;

— the proven role of a deficiency of a specific pharmaco-
nutrient in the occurrence and development of absolute or
relative nutritional deficiency and/or the presence of a positive
effect from its exogenous administration to eliminate nutritional
deficiency;

— the availability of schemes and methods of administration
into the body, based on evidence-based medicine data (rand-
omized placebo-controlled trials, meta-analyses, systematic re-
views), identical to the use of pharmacological drugs (medicines):
single and course (loading and maintenance) doses; duration
and frequency of administration; different nutritional regimens
(diets) recommended for different conditions; effectiveness during

aerobic and anaerobic loads in untrained individuals and athletes
of various qualifications, etc.

According to all these characteristics, creatine can be confi-
dently classified as a pharmaconutrient [5].

Aim
To form modern ideas about the properties of creatine as

a pharmaconutrient, its biological role in the body, and rational
dosage during physical exertion.

Materials and methods

This study used theoretical analysis and generalization of data
from scientific and scientific-methodological literature, information
from the Internet and scientific databases in order to determine
the level of development of the investigated problem. The search
was performed in the MEDLINE, PubMed, Scopus, Directory
of Open Access Journals and ScienceDirect databases. used
keywords included physical exercise, creatine supplements, oxi-
dative stress, mitochondria, energy metabolism. Keywords used
included exercise, creatine supplementation, oxidative stress,
mitochondria, energy metabolism. We focused on English-lan-
guage articles published between 2019 and 2025.

After selecting articles and analysing their results on physical
activity and creatine supplementation, information was collected
focusing on the study objectives.

Results

The general biological significance of creatine and its prop-
erties. Creatine is synthesized in the liver and pancreas from the
amino acids arginine, glycine, and methionine. Approximately
95 % of total body creatine is stored in skeletal muscle, two-thirds
of which is presented as the high-energy compound phosphocre-
atine (PCr), and the rest is free creatine. The total creatine pool
(PCr + free creatine) in skeletal muscle is on average 120 gin a
person weighing 70 kg. At the same time, the average individual is
able to accumulate up to 160 g of creatine under certain conditions.
About 1-2 % of the total body creatine supply, or 1-2 g, is destroyed
daily and then excreted in the urine (Fig. 1). Creatine supplies are
replenished by exogenous intake with food (about 1 g, mainly from
meat and fish consumption), and approximately the same amount
produced as a result of endogenous synthesis [6].
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Fig. 1. Creatine synthesis, reuptake, and excretion. 1: Creatine is synthesized from L-arginine and glycine in the liver, kidneys, and
pancreas by L-arginine-glycine-amidinotransferase (AGAT) in the first step and by guanidinoacetate-N-methyltransferase (GAMT) in the
second step. 2: Creatine is released into the bloodstream and transported to skeletal muscle and the brain. Once inside the cell, creatine
can be converted to phosphocreatine by creatine kinase (CK). The high-energy stores of phosphocreatine can be utilized in cells for
ATP-dependent processes by ATPase enzymes. Both creatine and phosphocreatine are naturally metabolized to creatinine through a
non-enzymatic reaction. 3: Creatinine diffuses freely into the bloodstream for transport to the kidneys and is eventually excreted in the

urine (by J. Gutiérrez-Hellin et al., 2022 [4]).

Food sources of creatine include meat and fish, but to obtain
just one gram of creatine, we need to consume a significant
amount of these foods, which is not always possible to provide
through diet. Therefore, creatine monohydrate supplements (the
form of creatine most often used in sports nutrition, and sports
pharmacology today) is a cheap and effective alternative or ad-
dition to the specified products, without the excess fat intake and
the need to digest large amounts of protein. However, it should be
noted that many cheap powdered creatine supplements do not
contain glucose, which is necessary for its effective absorption
and transport into myocytes [5].

From the very beginning of its use, creatine has been recom-
mended as an ergogenic aid that helps augment strength and
power of movements, enhance muscle mass, stimulate muscle
hypertrophy, and optimize the processes of adaptation to exercise
training, primarily in sports games (football, American football,
baskethall, tennis, etc.). The use of creatine loading schemes
during high-intensity interval training provides an increase in
physical fitness indicators on average by 10-20 % due to an
increase in muscle PCr concentration [7].

According to modern ideas, creatine belongs, on the one
hand, to the group of myostatin inhibitors, and on the other
hand, to the group of protectors of mitochondrial function. Im-
portant from the point of view of sports pharmacology are the
antioxidant properties of creatine, which are manifested in its
ability to enhance the activity of antioxidant enzymes and remove
reactive oxygen species. The antioxidant effect of creatine is due
to a reduction in the production of reactive oxygen species by
damaged mitochondria, and an augmentation of the expression
of intramitochondrial enzyme manganese superoxide dismutase

(Mn-SOD) and G-protein coupled receptor 4 (GPR4) [8]. Fur-
thermore, creatine’s antioxidant properties may be related to the
presence of arginine in its molecule. Arginine is a substrate for
the NO synthase family and can enhance the formation of NO (a
free radical that regulates metabolism, contraction, and glucose
uptake by skeletal muscle). Creatine is also able to reduce the
overexpression of inducible nitric oxide synthase (NOS) during
intensive physical activity, and reduce the formation of cytotoxic
NO derivatives, such as peroxynitrite (ONOO-) and nitrosonium
(NO*) ions [9].

Creatine protects two distinct and important cellular targets,
mitochondrial deoxyribonucleic acid (mtDNA) and RNA, from
oxidative damage during exercise. Creatine supplementation
may have a synergistic effect with exercise training [10]. From a
biochemical point of view, the energy supply of ADP rephospho-
rylation to ATP during and after physical exertion largely depends
on the reserves of PCr in the muscles. During exercise fraining,
PCr levels reduce, and energy availability decreases due to in-
sufficient rate of ATP resynthesis, necessary to maintain muscle
metabolism owing to decreased bioavailability of PCr in muscles
during training or competitive loads [11]. This can significantly
affect the amount of energy generated during short periods of
high-intensity activity [12]. Accordingly, the athlete’s ability to
maintain maximal effort for a sufficiently long time is reduced [13].

In addition, it has been hypothesized that increasing muscle
creatine content through creatine supplementation may increase
PCr availability and accelerate the rate of ATP resynthesis dur-
ing and after short-term high-intensity exercise and competitive
loads (Fig. 2) [14]. The current position of the International Society
of Sports Nutrition (ISSN) on creatine, formulated in 2021, is that
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Fig. 2. Graphical representation of the amount of creatine present in the bloodstream and tissues from food (regular diet) or from creatine
supplementation (creatine supplementation). Taking creatine supplements results in higher serum creatine concentrations than eating
food. Creatine uptake from the bloodstream into cells is mediated by a creatine transporter known as SLC6A8. Higher serum creatine
concentrations result in higher muscle creatine saturation, which in turn results in higher rates of ATP resynthesis (by J. Gutiérrez-Hellin

etal., 2022 [4]).

anormal diet provides 1-2 g of creatine per day. This corresponds
to maintaining the body’s reserves of this pharmaconutrient at
60-80 % of the maximum [15], and the use of creatine supple-
ments can increase the content of muscle creatine, and PCr by
20-40 % [4,14].

The most effective creatine intake regimen to increase muscle
stores, according to evidence-bhased medicine, involves consum-
ing approximately 5 g of creatine in the form of monohydrate,
which corresponds to a dose of 0.3 g x kg of body weight, four
times a day (total 20 g per day) for 5-7 days. At the same time,
to increase the concentration of creatine in brain to stimulate
cognitive functions, larger amounts of creatine monohydrate (CM)
may be required over a longer period of time [16,17].

According to a number of authors, creatine is able to improve
the functionality of the central and peripheral nervous systems
[18]. A number of studies have analyzed the effect of creatine
supplements on increasing creatine levels in brain tissues of indi-
viduals of different age groups, and the associated improvement
in cognitive functions, neuropsychological fitness, and sleep nor-
malization [19]. Such effects have a clear competitive advantage
in athletes who take creatine supplements compared to athletes
who do not use exogenous creatine. However, the generally ac-
cepted optimal dose of creatine for improving cognitive function
has not yet been definitively established but is estimated to be
about 20 g per day [20].

Combining creatine with carbohydrates and proteins, for
instance, taking it simultaneously with weight gainers, enhances
and accelerates the replenishment of muscle creatine and PCr
stores. An alternative option is a scheme for gradually accumu-
lating creatine reserves by taking 3-5 g per day for 28 days,
however, this option is considered less effective in terms of muscle
adaptation in the case of intense training or competitive loads.
Studies have shown that in this case, after a phase of increasing
creatine levels in the muscles for 4-6 weeks, there is a rapid
decrease to the initial levels. The peak concentration of creatine
after oral administration is observed after 60 min, meaning that
the best way to use creatine is to take it one hour before the start
of physical activity — training or competition [5].

There is currently a strong consensus on the positive effects of
creatine use in athletes, based on expert opinions from such repu-
table organizations as the ISSN, the American Dietetic Association
(ADA), Dietitians of Canada (DC), the American College of Sports
Medicine (ACSM), the Australian Institute of Sport (AIS), etc. Along
with the ergogenic effect inherent in creatine, it reduces muscle
microdamage and delayed muscle soreness that occur under the
influence of physical exertion, accelerates recovery processes,
increases the tolerance of large training volumes in conditions
of elevated ambient temperature, accelerates rehabilitation after
injuries, and has a protective effect on the central and peripheral
nervous systems [21]. These data have recently been summarized
in a fundamental review by D. G. Candow & T. Moriarty [22].

Animportant direction of the combined effect on physical fitness
with the use of creatine (in order to optimize the ergogenic effect)
is its combination with nutrients that increase insulin levels and/or
insulin sensitivity of tissues. In particular, the combination of CM in
a daily dose of 5 g with carbohydrates in a dose of 93 g increases
the content of creatine in the muscles by 60 % [23]. It is known
that the combination of CM with 47 g of carbohydrates and 50 g
of protein per day is equally effective in increasing muscle creatine
content, as is the combination of creatine-based nutritional supple-
ments with carbohydrates at a dose of 96 g per day [24]. However,
in experimental studies, although the use of such a combination
increased the content of muscle creatine in the body, it was not
more effective in increasing strength and endurance compared to
the data in athletes who took creatine alone [7].

Provided that safety measures are followed and proper
medical supervision is exercised, CM, which has anabolic effects,
can serve as a safe alternative to potentially dangerous and
WADA-banned steroids. The large amount of data accumulated
over the past decade on the use of creatine, as well as special
studies of its acute, subchronic, and chronic toxicity, give reason
to assert a high level of safety in the use of this universal phar-
maconutrient in the practice of training athletes.

The feasibility of using creatine in martial arts. Combat sports
predominantly use anaerobic metabolism as an energy source,
allowing for peak loads or sustained effort over very short periods
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of time. In this context, the use of certain nutritional ergogenic
aids (NEAs) can help athletes improve their performance in the
specific combat skills (i. . number of attacks, throws and strikes;
jump height; grip strength, etc.), as well as in general physical
aspects (time to exhaustion, strength, perception of fatigue, heart
rate, use of anaerobic metabolism, etc.) [25].

After a thorough literature review, ISSN has developed an
official position on nutritional strategies and the use of nutritional
supplements to improve physical and functional fitness, and
accelerate post-exercise recovery in martial artists, and weight
loss for combat sports. It should be noted that while the type of
martial arts, the length of the training camp, and the time be-
tween competitions are factors that affect nutritional strategies,
similar following positions can be identified for different combat
sports [26]. It should be considered that as the duration of combat
bout increases to >4 min, the contribution of the aerobic system
to the total energy pool can increase to more than 70 %, but the
anaerobic alactic and anaerobic glycolytic pathways support
high-performance bursts [27]. This fact is very important, con-
sidering that in combat sports, anaerobic power and anaerobic
capacity determine athletic performance and dominant metabolic
pathways. The reduction in performance during exercise, which is
attributed to the cumulative effects of fatigue, including excessive
accumulation of metabolites, depletion of energy substrates,
and fluid and electrolyte imbalance, is of crucial importance [28].

The regulatory document on sports nutrition, “lOC Consensus
2018" emphasizes that any system of nutritional and metabolic
support using nutritional ergogenic aids (NEAs) must consider the
energy supply mechanisms of any sport [1,2], i. e., the predom-
inant mechanism of formation of energy substrates in the form
of ATP and creatine phosphate [29]. Given the close metabolic
relationship between the precursors of the two main energy-gen-
erating substances ATP and PCr — adenosine diphosphate
and creatine — it becomes clear that the use of creatine-based
NEAs has profound biochemical and practical meaning in any
locomotion, especially those provided predominantly aerobically
[30]. Thus, it has been shown that in striking combat sports,
the contribution of oxidative phosphorylation to the energy pool
ranges from 62 % (in karate and taekwondo) to 86 % (in boxing);
the contribution of the ATP system ranges from 10 % (in boxing)
to 31 % (in taekwondo), and the contribution of glycolysis is only
from 3 % (in taekwondo) to 21 % (in karate).

In throwing martial arts (judo), during a 4-minute match,
the contribution of oxidative phosphorylation is 79 %, and the
contribution of the glycolytic system is only 7 %. In fencing, the
only Olympic combat sport based on the use of weapons, the
contribution of oxidative phosphorylation to the total energy pool
of oxidative metabolism ranges from 81 % to 90 %, and the
contribution of the glycolytic system is only from 0.6 % to 7 %.
Therefore, locomotion in Olympic martial arts is predominantly
powered by the oxidative energy system [31].

With the growing body of research examining the effects of
nutritional supplements on martial arts performance, researchers
are actively seeking more effective NEAs for use in these sports.
However, conflicting opinions on the subject remain. Consequent-
ly, a systematic review and Bayesian network meta-analysis were
conducted to identify the most effective nutritional supplementsin

combat sports by synthesizing the available evidence. Acompre-
hensive search was performed in the PubMed, Web of Science,
Cochrane, Embase, and SPORTDiscus databases, covering the
period from their inception to November 2, 2023. The aim of this
systematic review was to identify randomized controlled trials
that evaluated the benefits of various nutritional supplements for
athletes specializing in martial arts [32].

Results from 50 studies included in the network meta-analysis
showed that compared with placebo, creatine alone (SMD: 1.1,
95 % Crl: 0.45, 1.7), and in combination with sodium bicarbonate
(SMD: 0.35, 95 % Crl: 0.11, 0.57) produced a statistically signif-
icant elevation in the average power of the fighters and a signif-
icant increase in peak power [32]. To optimize the performance
of martial arts athletes, adequate recovery is necessary during
training and competition. And although there is currently no clear
consensus on strategies for stimulating the physical and mental
performance of fighters, and accelerating post-exercise recovery
processes, it is necessary to understand the basic mechanisms
of fatigue in order to select the most reasonable composition of
special ergogenic food supplements. It has been unequivocally
proven that the combined use of traditional ergogenic food sup-
plements in the form of carbohydrates and proteins is justified.

In addition, the use of supplements, the effectiveness of which
is supported by evidence, in particular, creatine and B-alanine,
which in itself does not have an ergogenic effect, but acts as a
precursor for the synthesis of carnosine in human skeletal mus-
cles [25]; as well as antioxidants (bioflavonoids); coronary dilators
(red beet juice or extract, amaranth oil) or bicarbonates (alkaline
water, 1-2 % sodium bicarbonate solution) significantly improve
indicators of physical and functional fitness, and accelerate
recovery processes after intense training and competitions [33].

Other researchers also emphasize that special attention should
be paid to the consumption of amino acids, proteins, creatine,
antioxidants, and omega-3 polyunsaturated fatty acids due to their
therapeutic role in preventing the formation of muscle soreness syn-
dromes, and delayed onset muscle soreness, which are the basis
for the formation of fatigue and overtraining, as well as a decrease
in muscle mass and the occurrence of anabolic resistance [15].

Important evidence for the feasibility of using creatine in the
training process of martial artists is the high importance of the
psychological state of athletes, which, of course, depends on the
biochemistry of the tissues of the central nervous system [34].
Personality traits, in particular, conscientiousness, are recognized
as crucial psychological factors contributing to the success of
elite-level athletes. Emerging evidence suggests that individual
differences in these traits depend on environmental influences,
genetic variations, and metabolic changes in the CNS, especially
in the dopaminergic system [35].

Creatine is a substrate for mitochondrial and cytosolic creatine
kinases and buffers cellular ATP resources. In addition, increased
cellular creatine levels promote metabolic channeling, and exhibit
antiapoptotic properties. Therefore, exogenous creatine supple-
mentation may offer a tool to improve the survival of dopaminergic
neurons. An experimental study showed that the administration of
creatine (5 mM) led to a significant increase (+35 %) in the density
of immunoreactive cells (TH-ir) at 21 days of observation. Further-
more, the authors discovered that creatine administration provided
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neuroprotection against TH-ir cell loss, resulting in a significantly
higher density (+19 %) of TH-ir neurons in creatine-treated cultures
compared to the corresponding control groups. Thus, these data
indicate that creatine administration is beneficial for the survival
of TH-ir neurons that are exposed to harmful conditions [36], and
the training process of athletes, associated with the occurrence of
oxidative stress, a decrease in ATP reserves, etc., are precisely
unfavorable conditions for the functioning of brain tissue [31,37].
Additionally, creatine has been shown to produce a pro-
nounced antidepressant effect [38], which helps athletes remain
psychologically stable before competitions [39]. These results
indicate that the antidepressant effect of creatine is most likely
mediated by the activation of dopamine D - and D -receptors and
therefore justify the use of this NEAS not only to maintain physical
fitness parameters, but also the psychological state of wrestlers.

Conclusions

1. Thus, from the results of many clinical and experimental
studies, it becomes clear that the course use of creatine leads to
a significantincrease in the efficiency of the training process, and
this makes it an indispensable tool for improving the indicators
of physical and functional fitness, as well as the overall quality
of life of athletes.

2. Creatine is a universal ergogenic food supplement, but due
to its predominantly positive effect on the body with predominantly
aerobic energy supply, typical of Olympic martial arts, it is fully
suitable for improving the effectiveness of the training process in
boxing, judo, taekwondo, jiu-jitsu (jujutsu), fencing, etc.

3. The use of creatine-based NEAs also produces a protec-
tive effect on brain tissue and has a pronounced antidepressant
effect, which is very important in sports such as martial arts, as it
helps maintain the mental stability of athletes, especially before
competitions.

4. The course use of a pharmaconutrient such as creatine
can rightfully be attributed to health-saving technologies — a new
direction in sports pharmacology and nutrition.

Funding

The work was carried out in accordance with the Research work of the State
Tax University on the topic “Improving the physical performance of various
groups in the process of physical culture and sports” (state registration

No. 0121U113261, performance period 2021-2026), and research work

of Zaporizhzhia State Medical and Pharmaceutical University “The role

of the thiol-disulfide system in the implementation of neurodestruction/
neuroprotection mechanisms and the development of pharmacological
modulation pathways after prenatal hypoxia” (state registration

No. 0123U101110, performance period 2024-2026).

Information about the authors:

Samura |. B., MD, PhD, Associate Professor of the Department of
Pharmacology and Medical Formulation with Course of Normal Physiology,
Zaporizhzhia State Medical and Pharmaceutical University, Ukraine.
ORCID ID: 0000-0001-5352-3209

Gunina-Orlova L. M., PhD, DSc, Professor of the Department of Health
Technologies and Physical Culture and Sports Rehabilitation, State Tax
University, Irpin, Ukraine.

ORCID ID: 0000-0002-6207-1117

Orlov O. 1., PhD, Associate Professor of the Department of Health
Technologies and Physical Culture and Sports Rehabilitation, State Tax
University, Irpin, Ukraine; Honored Coach of Ukraine.

ORCID ID: 0009-0003-3965-2620

Hurieieva A. M., PhD, Associate Professor of the Department of Physical
Rehabilitation, Sports Medicine, Physical Education and Health, Zaporizhzhia
State Medical and Pharmaceutical University, Ukraine.

ORCID ID: 0000-0003-3214-4829

Chernenko O. Ye., PhD, Associate Professor of the Department of Physical
Rehabilitation, Sports Medicine, Physical Education and Health, Zaporizhzhia
State Medical and Pharmaceutical University, Ukraine.

ORCID ID: 0000-0003-0578-9859

Milashus K., Habil. DSc, Professor, Head of Department of Sport Teaching
Methods, Vytautas Magnus University, Lithuania.

ORCID ID: 0000-0002-1109-7421

BiaomocTi npo aBTOpiB:

Camypa I. B., kaHp. Meq. Hayk, AOLEHT kad. dhapmakonorii Ta MeauyHoi
peLenTypy 3 Kypcom HopMarnbHoi cisionorii, 3anopiabkuil AepaBHNIA MEUKO-
(bapmaLieBTMYHIIA yHIBEpCUTET, YkpaiHa.

l'yHiHa-Opnosa 1. M., o-p 6ion. Hayk, npocecop kad. TexHororii
03[10POBMEHHS Ta (i3KymNLTYPHO-CNOPTUBHOI peabinitauii, JepxasHuit
noaaTkoBuiA yHiBepcuTeT, IpniHb, YkpaiHa.

Opros O. |., kaHA. ned. Hayk, JOLEHT kadh. TEXHONOTIN 0300POBMEHHS Ta
iskynbTypHO-CNOpTUBHOI peabinitauii, [lepaBHuii NoAaTKOBUN YHIBEPCUTET,
Ipnitb, YkpaiHa; 3acnyxeHuit TpeHep Ykpaiu.

lypeesa A. M., kaHA. Hayk 3 di3. BUX. Ta CrIOPTY, AOLIEHT Kadb. isnyHoi
peabiniTauii, CMOPTUBHOI MeAMLMHN, (i3NYHOrO BUXOBaHHS i 300POB’s,
3anopisbkuil fepxaBHUIn MeANKO-(hapMaLeBTUYHWIA YHIBEPCUTET,

YkpaiHa.

YepHeHko O. €., kaHa. HayK 3 i3. BUX. Ta CMOpTY, AOLEHT kad. isn4Hoi
peabiniTauji, CnOPTUBHOI MeAMLMHN, i3NYHOrO BUXOBAHHS i 300POB’s,
3anopisbkuil fepxaBHU MeANKo-(hapMaLeBTUYHWIA yHIBEpCUTET, YkpaiHa.
Munawioc K., Habil. DSc, npodbecop, 3aB. kad). METOAUKN BUKIaLaHHS CropTY,
YHiBepcuTeT BitosTa Benukoro, Jlutea.

!ryna Samura (IpuHa Qamypa)
irinasamura77@gmail.com

References

1. Maughan RJ, Burke LM, Dvorak J, Larson-Meyer DE, Peeling P, Phil-
lips SM, et al. I0C Consensus Statement: Dietary Supplements and the
High-Performance Athlete. Int J Sport Nutr Exerc Metab. 2018;28(2):104-
125. doi: 10.1123/ijsnem.2018-0020

2. Dmitriev A, Gunina L. [Sports nutrition: science and practical application
in relation to improvement of performance and preservation of the health
of athletes. IOC Consensus Statement]. Science in Olympic Sports.
2018;(2):70-80. Russian.

3. DmitrievA, Gunina L. [Modern pharmaconutrients in the practice of skilled
athlete preparation]. Science in Olympic Sports. 2019;(2):36-46. Russian.

4. Gutiérrez-Hellin J, Del Coso J, Franco-Andrés A, Gamonales JM, Es-
pada MC, Gonzélez-Garcia J, et al. Creatine Supplementation Beyond
Athletics: Benefits of Different Types of Creatine for Women, Vegans,
and Clinical Populations-A Narrative Review. Nutrients. 2024;17(1):95.
doi: 10.3390/nu17010095

5. Belenichev IF, Hunina LM, Horchakova NO, Bukhtiiarova NV, Samura IB,
Nahorna OO. etal. [Sports pharmacology]: textbook. Vol. 2. Vinnytsia: Nova
Knyha; 2023. Ukrainian.

6. Hunina LM, Ataman YO, Belienichev IF, Voitenko VL, Nosach OV, editors.
[Laboratory monitoring and nutritional and metabolic support of the athletes’
training process: monograph]. Sumy: Sumy State University Publishing
House; 2023. Ukrainian.

7. Stecker RA, Harty PS, Jagim AR, Candow DG, Kerksick CM. Timing of
ergogenic aids and micronutrients on muscle and exercise performance.
J Int Soc Sports Nutr. 2019;16(1):37. doi: 10.1186/s12970-019-0304-9

8. Belenichev |, Popazova O, Bukhtiyarova N, Ryzhenko V, Paviov S, Suprun E,
et al. Targeting mitochondrial dysfunction in cerebral ischemia: advances
in pharmacological interventions. Antioxidants (Basel). 2025;14(1):108.
doi: 10.3390/antiox14010108

4 Modern medical technology. Volume 18. Issue 1, January - March 2026

ISSN 2072-9367


https://orcid.org/0000-0001-5352-3209
https://orcid.org/0000-0002-6207-1117
https://orcid.org/0009-0003-3965-2620
https://orcid.org/0000-0003-3214-4829
https://orcid.org/0000-0003-0578-9859
https://orcid.org/0000-0002-1109-7421
mailto:irinasamura77%40gmail.com?subject=
https://doi.org/10.1123/ijsnem.2018-0020
https://doi.org/10.3390/nu17010095
https://doi.org/10.1186/s12970-019-0304-9
https://doi.org/10.3390/antiox14010108

Oranap aitepatypu / Reviews of literature

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

Belenichev |, Popazova O, Bukhtiyarova N, Savchenko D, Oksenych V,
Kamyshnyi O. Modulating nitric oxide: implications for cytotoxicity and
cytoprotection. Antioxidants (Basel). 2024;13(5):504. doi: 10.3390/an-
tiox13050504

Arazi H, Eghbali E, Suzuki K. Creatine supplementation, physical exercise
and oxidative stress markers: a review of the mechanisms and effectiveness.
nutrients. 2021;13(3):869. doi: 10.3390/nu13030869

Wax B, Kerksick CM, Jagim AR, Mayo JJ, Lyons BC, Kreider RB. Creatine
for Exercise and Sports Performance, with Recovery Considerations
for Healthy Populations. Nutrients. 2021;13(6):1915. doi: 10.3390/
nu13061915

Forbes SC, Candow DG, Neto JH, Kennedy MD, Forbes JL, Machado M,
et al. Creatine supplementation and endurance performance: surges and
sprints to win the race. J Int Soc Sports Nutr. 2023;20(1):2204071. doi: 10
.1080/15502783.2023.2204071

Gordji-Nejad A, Matusch A, Kleedorfer S, Jayeshkumar Patel H, Drzez-
ga A, Elmenhorst D, et al. Single dose creatine improves cognitive
performance and induces changes in cerebral high energy phosphates
during sleep deprivation. Sci Rep. 2024;14(1):4937. doi: 10.1038/s41598-
024-54249-9

Gunina LM, Shustov YB, Belenichev IF, Viysochina NL, Golovashchenko RV,
Morozova OV. Specialized nutrition for athletes: evaluation of ergogenic
action using the principles of evidence-based medicine. Pharmacia.
2022;69(1):37-44. doi: 10.3897/pharmacia.69.e76599

Turnagdl HH, Kosar SN, Glizel Y, Aktitiz S, Atakan MM. Nutritional Consid-
erations for Injury Prevention and Recovery in Combat Sports. Nutrients.
2021;14(1):53. doi: 10.3390/nu14010053

Candow DG, Forbes SC, Ostojic SM, Prokopidis K, Stock MS, Harmon KK,
et al. “Heads Up” for creatine supplementation and its potential applica-
tions for brain health and function. Sports Med. 2023;53(Suppl 1):49-65.
doi: 10.1007/s40279-023-01870-9

Forbes SC, Cordingley DM, Cornish SM, Gualano B, Roschel H, Ostojic SM,
et al. Effects of creatine supplementation on brain function and health.
Nutrients. 2022;14(5):921. doi: 10.3390/nu14050921

Gunina LM, Shtrygol SI, Shtrygol DV, Bondarev IV. [Pharmacological
and nutriciological aspects of physical and mental work capacity support
under extreme conditions of professional activity: general principles
and peculiarities]. Ukrainian Journal of Medicine, Biology and Sports.
2019;4(3):5-12. Ukrainian. Available from: : http://dspace.nuph.edu.ua/
handle/123456789/21303

Persky AM, Brazeau GA, Hochhaus G. Pharmacokinetics of the di-
etary supplement creatine. Clin Pharmacokinet. 2003;42(6):557-74.
doi: 10.2165/00003088-200342060-00005

Aguiar Bonfim Cruz AJ, Brooks SJ, Kleinkopf K, Brush CJ, Irwin GL,
Schwartz MG, et al. Creatine improves total sleep duration following resistance
training days versus non-resistance training days among naturally men-
struating females. Nutrients. 2024;16(16):2772. doi: 10.3390/nu16162772
Sandkihler JF, Kersting X, Faust A, Konigs EK, Altman G, Ettinger U, et al.
The effects of creatine supplementation on cognitive performance - a
randomised controlled study. BMC Med. 2023;21(1):440. doi: 10.1186/
$12916-023-03146-5

Candow DG, Moriarty T. Effects of creatine monohydrate supplementation
on muscle, bone and brain — hope or hype for older adults? Curr Osteoporos
Rep. 2024;23(1):1. doi: 10.1007/s11914-024-00895-x

Martinho DV, Rebelo A, Clemente FM, Costa R, Gouveia ER, Field A, etal.
Nutrition in CrossFit® — scientific evidence and practical perspectives: a
systematic scoping review. J Int Soc Sports Nutr. 2025;22(1):2509674. do
i: 10.1080/15502783.2025.25096 74

Abreu R, Oliveira CB, Costa JA, Brito J, Teixeira VH. Effects of dietary
supplements on athletic performance in elite soccer players: a systematic
review. J Int Soc Sports Nutr. 2023;20(1):2236060. doi: 10.1080/155027
83.2023.2236060

Fernandez-Lazaro D, Fiandor EM, Garcia JF, Busto N, Santam-
aria-Pelaez M, Gutiérrez-Abejon E, et al. beta-Alanine supplementation
in combat sports: evaluation of sports performance, perception, and an-
thropometric parameters and biochemical markers — a systematic review
of clinical trials. Nutrients. 2023;15(17):3755. doi: 10.3390/nu15173755
Ricci AA, Evans C, Stull C, Peacock CA, French DN, Stout JR, et al. Inter-
national society of sports nutrition position stand: nutrition and weight cut
strategies for mixed martial arts and other combat sports J Int Soc Sports
Nutr. 2025;22(1):2467909. doi: 10.1080/15502783.2025.2467909

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

Blase I, Grahn D, Cao V, Zhao B, Rose J. Physiologic correlates of t'ai
chi chuan. J Altern Complement Med. 2011;17(1):77-81. doi: 10.1089/
acm.2009.0710

Chycki J, Kostrzewa M, Maszczyk A, Zajac A. Chronic Ingestion of bicarbon-
ate-rich water improves anaerobic performance in hypohydrated elite judo
athletes: a pilot study. Int. J. Environ. Res. Public Health. 2021;18(9):4948.
doi: 10.3390/ijerph18094948

Alghannam AF, Ghaith MM, Alhussain MH. Regulation of energy substrate
metabolism in endurance exercise. Int J Environ Res Public Health.
2021;18(9):4963. doi: 10.3390/ijerph18094963

Garthe |, Maughan RJ. Athletes and supplements: prevalence and per-
spectives. Int J Sport Nutr Exerc Metab. 2018;28(2):126-38. doi: 10.1123/
ijsnem.2017-0429

Franchini E. Energy system contributions during olympic combat sports:
a narrative review. Metabolites. 2023;13(2):297. doi: 10.3390/meta-
b013020297

Luo H, Tengku Kamalden TF, Zhu X, Xiang C, Nasharuddin NA. Advantages
of different dietary supplements for elite combat sports athletes: a systematic
review and Bayesian network meta-analysis. Sci Rep. 2025;15(1):271.
doi: 10.1038/s41598-024-84359-3

Lépez-Laval |, Mielgo-Ayuso J, Terrados N, Calleja-GonzAlez J. Evi-
dence-based post exercise recovery in combat sports: a narrative review.
J Sports Med Phys Fitness. 2021;61(3):386-400. doi: 10.23736/S0022-
4707.20.11341-0

Ostapiuk-Karolczuk J, Dziewiecka H, Bojsa P, Cieslicka M, Zawadka-Kuni-
kowska M, Wojciech K, et al. Biochemical and psychological markers of
fatigue and recovery in mixed martial arts athletes during strength and
conditioning training. Sci Rep. 2025;15(1):24234. doi: 10.1038/s41598-
025-09719-z

Lachowicz M, Rectaw R, Chmielowiec K, Chmielowiec J, Losinska K,
Suchanecka A, et al. Dopaminergic modulation of conscientiousness: DRD2
rs1799732 and personality traits in elite mixed martial arts athletes. Genes
(Basel). 2025;16(6):720. doi: 10.3390/genes16060720

Andres RH, Ducray AD, Pérez-BouzaA, Schlattner U, Huber AW, Krebs SH,
et al. Creatine supplementation improves dopaminergic cell survival and
protects against MPP+ toxicity in an organotypic tissue culture system.
Cell Transplant. 2005;14(8):537-50. doi: 10.3727/000000005783982756
Filaire E, Massart A, Rouveix M, Portier H, Rosado F, Durand D. Effects of 6
weeks of n-3 fatty acids and antioxidant mixture on lipid peroxidation at rest
and postexercise. Eur J Appl Physiol. 2011;111(8):1829-39. doi: 10.1007/
s00421-010-1807-x

Cunha MP, Machado DG, Capra JC, Jacinto J, Bettio LE, Rodrigues AL. Anti-
depressant-like effect of creatine in mice involves dopaminergic activation. J
Psychopharmacol. 2012;26(11):1489-501. doi: 10.1177/0269881112447989
Field T. Exercise research on children and adolescents. Complement Ther
Clin Pract. 2012;18(1):54-9. doi: 10.1016/j.ctcp.2011.04.002

ISSN 2072-9367

CyuacHi MeanyHi TexHoaorii. T. 18, Ne 1(68), ciueHb - 6epeseHb 2026 p. 75


https://doi.org/10.3390/antiox13050504
https://doi.org/10.3390/antiox13050504
https://doi.org/10.3390/nu13030869
https://doi.org/10.3390/nu13061915
https://doi.org/10.3390/nu13061915
https://doi.org/10.1080/15502783.2023.2204071
https://doi.org/10.1080/15502783.2023.2204071
https://doi.org/10.1038/s41598-024-54249-9
https://doi.org/10.1038/s41598-024-54249-9
https://doi.org/10.3897/pharmacia.69.e76599
https://doi.org/10.3390/nu14010053
https://doi.org/10.1007/s40279-023-01870-9
https://doi.org/10.3390/nu14050921
http://dspace.nuph.edu.ua/handle/123456789/21303
http://dspace.nuph.edu.ua/handle/123456789/21303
https://doi.org/10.2165/00003088-200342060-00005
https://doi.org/10.3390/nu16162772
https://doi.org/10.1186/s12916-023-03146-5
https://doi.org/10.1186/s12916-023-03146-5
https://doi.org/10.1007/s11914-024-00895-x
https://doi.org/10.1080/15502783.2025.2509674
https://doi.org/10.1080/15502783.2023.2236060
https://doi.org/10.1080/15502783.2023.2236060
https://doi.org/10.3390/nu15173755
https://doi.org/10.1080/15502783.2025.2467909
https://doi.org/10.1089/acm.2009.0710
https://doi.org/10.1089/acm.2009.0710
https://doi.org/10.3390/ijerph18094948
https://doi.org/10.3390/ijerph18094963
https://doi.org/10.1123/ijsnem.2017-0429
https://doi.org/10.1123/ijsnem.2017-0429
https://doi.org/10.3390/metabo13020297
https://doi.org/10.3390/metabo13020297
https://doi.org/10.1038/s41598-024-84359-3
https://doi.org/10.23736/S0022-4707.20.11341-0
https://doi.org/10.23736/S0022-4707.20.11341-0
https://doi.org/10.1038/s41598-025-09719-z
https://doi.org/10.1038/s41598-025-09719-z
https://doi.org/10.3390/genes16060720
https://doi.org/10.3727/000000005783982756
https://doi.org/10.1007/s00421-010-1807-x
https://doi.org/10.1007/s00421-010-1807-x
https://doi.org/10.1177/0269881112447989
https://doi.org/10.1016/j.ctcp.2011.04.002

DOI: 10.14739/mmt.2026.1.339096

KnaiHiuHi Bunaaku / Clinical cases

UDC 616.61-001.4/.5-06:616.617-007.43]-089

Kidney-preserving surgery for AAST grade IV penetrating renal trauma
with ureteropelvic disruption: a military case report at Role 3

. V. Rusanov®124F S M. Zavhorodnii®2?*F, lu. 0. Mikheiev®*234F K, V, Gumeniuk®3AF R, M. KuzivO1AF,
0. Yu. Davydov®*AEF S M. Machuskyi(®*PEF

1Zaporizhzhia Military Hospital, Ukraine, 2Zaporizhzhia State Medical and Pharmaceutical University, Ukraine, *The Command of the Medical
Forces of the Armed Forces of Ukraine, Kyiv

A - research concept and design; B - collection and/or assembly of data; C - data analysis and interpretation; D - writing the article;
E - critical revision of the article; F - final approval of the article

Keywords:

renal trauma, partial

nephrectomy, kidney

preservation, ureteral
reconstruction.

KatouoBi cnoBa:

TpaBMa HUPKH, YacTKoBa
HedpeKToMis, 36epexeHHs
HUPKM, PEKOHCTPYKLLA
CEeY0BOAY.

Haainwaa po pepakuii /

Received: 17.09.2025

MNicas poonpautoBaHHs /
Revised: 09.12.2025

CxBaneHO A0 APYKY /
Accepted: 24.12.2025

KoHdnikT iHTepecis:
BIACYTHIN.

Conflicts of interest:
authors have no conflict
of interest to declare.

© The Author(s) 2026

This is an open access article

under the
Creative Commons
CC BY-NC 4.0 license

High-grade renal trauma (AAST IV and V) represents a significant challenge for surgeon in both civilian and mili-
tary settings. Renal pelvic disruption with complete ureteral transection is uncommon and technically challenging
for kidney repair, although an organ-preserving approach is possible in such cases to preserve renal function.

Aim. The aim of this report is to present a case of successful kidney-preserving surgical treatment of severe
penetrating renal trauma (AAST IV) with ureteropelvic junction disruption in a combat environment. We highlight
the feasibility of reconstructive surgery at Role 3 facilities and emphasize its value in organ preservation and
long-term rehabilitation of military personnel.

Materials and methods. We report the case of a military service member who was admitted with stable hemo-
dynamic parameters but developed, within three hours, a decline in hemoglobin concentration from 13.0 g/dL
to 8.9 g/dL accompanied by hemodynamic instability. An exploratory laparotomy was performed to achieve
hemostasis, surgical revision, and an organ-preserving intervention.

Results. The patient underwent resection of the lower pole of the right kidney with ligation of the inferior segmental
vessels. Ureteral continuity was restored by end-to-end anastomosis with stenting. Postoperatively, the patient
was stabilized, and renal function was preserved.

Conclusions. This case illustrates the feasibility of an organ-preserving strategy in severe renal trauma (AAST
IV) with ureteropelvic junction injury under combat conditions. Reconstructive procedures performed at Role 3
facilities enable kidney preservation and maintenance of urinary tract function, which is of particular importance
for the long-term rehabilitation of military personnel.

Modern medical technology. 2026;18(1):76-80

HupkoBo36epirarbHa Xipypria npu npoHUKHiK TpaBMi HUpKU IV cTyneHs
3a Knacudikaujiero AAST 3 po3puBOM CEYOBOAY Ta MUCKM:
BiiCbKOBWH KAIHIUHMI BUNaAoK Y Role 3

I. B. PycaHos, C. M. 3aBropoaHin, 0. 0. Mixees, K. B. T'ymeHtok, P. M. Kysig, O. 0. AaBuaoB,
C. M. Mauycbkuit

TpaBma Hupku Bucokoro ctyneHs (AAST IV 1a V) € 3Ha4HUM BUKIMKOM A5 Xipypra 11y LIMBINbHUX, | B BINCbKOBUX
ymoBax. Po3puB HMPKOBOI MUCKW 3 NOBHUM NEPECIHEHHAM CEHOBOAY € PIAKICTIO Ta TEXHIYHO CKNaAHOI0 CUTya-
LliEr ANs BiGHOBIEHHS! HUPKW, X04a B TakX BUNAAKax MOXIUBWIA OpraHo3bepiranbHUi niaxia Ans 36epexeHHst
PYHKLT HAPOK.

Merta po6oTu - onvcaTy BUNagok opraHo3bepiranbHOro XipypriyHOro MikyBaHHS TSHKKOI MPOHWKHOT TPaBMU HUPKA
(AAST IV cTyneHst) 3 nopyLLEHHSIM CE40BOAHO-MUCKOBOTO 3'€AHaHHs B DONOBKX YMOBaX, NOKa3aTh MOXIMBICTb
BUKOHaHHS! PEKOHCTPYKTUBHUX Npoueayp Y 3aknagax Role 3 i ixHio BaXNUBICTb Anst JOBIOCTPOKOBUX (PYHKLL-
OHanbHWX Pe3ynsTaTiB.

Martepiaav i meToau. [poaHanizoBaHo BUNaZOK NikyBaHHS BIiCbKOBOCIY)XO0BLS, SIKWI 3BEPHYBCS 3i CTabiNbHUMU
reMoAMHaMiYHVMK napameTpamu, ane NpoTAroM TPbOX OAMH Y HbOMO CoCTepirany 3HWKEHHs KOHLEHTpaLji
remorno6iHy 3 13,0 r/an go 8,9 r/an, Wo cynpoBOXyBanocs reMoAMHaMIYHOW HeCTabinbHiCTo. BukoHanm
nanapoToMito iNst AOCATHEHHS! reMoCTasy, XipypriuHoi peBisii Ta opraHo36epiranbHOro BTpyYaHHs.

Pe3yAbTati. aLieHTy BUKOHAHO PE3eKLito HKHBOTO MOJoca MPaBOi HUPKA 3 MEPEB’I3yBaHHAM HUXHIX Ce-
TMEHTapHWX CyAuH. beanepepBHiCTb Ce40BOAY BiAHOBMEHO 3a JOMOMOIOK aHAaCTOMO3Y «KiHELb Y KiHeLb» 3i
CTeHTyBaHHsM. icns onepauii cTaH nauieHTa cTabinisoBaHo, a yHKL0 H1POK 36epexXeHO.

BucHoBku. OnvicaHuii BUNagok NiaTBEpAXKYE AOLINbHICTL opraHo3bepiranbHoi cTparerii npy TSKKIA TpaBMi HAPKH
(AAST IV) 3 noLKOmKEHHSIM CEYOBOLLY Ta MUCKOBOTO Nepexoay B 601oBMX yMoBax. PEKOHCTPYKTUBHI npoLeaypy,
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sKi 3AiCHIOTb B ycTaHoBax Role 3, fatotb 3mory 36epertit HUPKY Ta MigTPUMYBaTh (yHKLiI0 CEYOBMBIAHNX
LUNSXiB, O Mae 0cobnMBe 3Ha4eHHs Anst AOBrOCTPOKOBOI peabiniTayi BilicbkoBoCyX60BLB.

CyuacHi mepuuHi TexHoAorii. 2026. T. 18, Ne 1(68). C. 76-80

Renal trauma remains a major clinical concern in both civilian
and military settings. These injuries account for approximately 5 %
of all traumatic cases and up to 24 % of parenchymal abdominal
organ injuries [1]. The kidney is the most frequently affected
organ of the genitourinary system, representing 65-90 % of all
urogenital traumas [2].

The severity of renal trauma is graded according to the Amer-
ican Association for the Surgery of Trauma (AAST) scale, ranging
from I to V. Grade IV injuries, which involve deep parenchymal
lacerations with collecting system or segmental vascular involve-
ment, are considered particularly hazardous due to the high risk of
complications and the frequent need for surgical management [3].

Recent professional guidelines emphasize the importance
of maximal organ preservation in emergency interventions. For
example, the Eastern Association for the Surgery of Trauma
(EAST) advocates nephron-sparing techniques (partial nephrec-
tomy, parenchymal repair) over nephrectomy, as they reduce both
mortality and the risk of chronic renal insufficiency [4]. A similar
position is endorsed by the joint WSES-AAST guidelines, which
highlight a multidisciplinary approach involving urologists, trauma
surgeons, interventional radiologists, and intensivists [2].

In combat settings, particularly at Role 3 facilities, deci-
sion-making is complicated by limited resources and the im-
perative of rapid return of injured personnel to duty. Although
some reports describe the feasibility of laparoscopic nephrec-
tomy even at Role 2 hospitals, organ-preserving procedures
require experienced surgeons and hemodynamic stability of
the patient [5].

Ureteral injuries, especially complete transection or avul-
sion at the ureteropelvic junction, are rare because of the
retroperitoneal location and relative protection of the ureter [6].
Such injuries necessitate reconstructive surgery, ranging from
direct anastomosis to various urinary diversion techniques.
Among these, end-to-end ureteral anastomosis with stenting
remains the preferred method of restoring continuity, provided
sufficient length and adequate vascularization of the ureter are
preserved [6].

However, the literature contains almost no reports of com-
bined grade IV renal trauma with complete ureteral transection
managed by organ-preserving open surgery in combat conditions.
The present case is therefore noteworthy, as it demonstrates the
feasibility of partial nephrectomy with ureteral reconstruction even
in the resource-limited environment of a Role 3 military hospital.

Aim

The aim of this report is to present a case of successful
kidney-preserving surgery for severe penetrating renal trauma
(AAST IV) with ureteropelvic junction disruption in a combat en-
vironment. We highlight the feasibility of reconstructive surgery
at Role 3 facilities and emphasize its value in organ preservation
and long-term rehabilitation of military personnel.

Case description

Patient D., a 45-year-old male, sustained an explosive injury
on February 26, 2025, at approximately 18:45 as a result of a
drone-delivered munition. He was evacuated from a Role 2
medical facility to a Role 3 military hospital.

On admission, his condition was assessed as severe, but
stable. The patient was conscious (Glasgow Coma Scale score:
15). Vital signs: blood pressure 90/60 mmHg, heart rate 85 bpm,
body temperature 36.6 °C, oxygen saturation 98 %, and respira-
tory rate 16/min. Physical examination revealed multiple gunshot
and shrapnel wounds to the abdomen, left thigh, and lower leg.

Locally, there was a wound in the right flank along the
mid-axillary line (3 x 4 cm), two wounds in the left hypogastrium
(3x4 cmand 1% 2cm), and a gunshot wound to the left thigh
(3 %4 cm) accompanied by abnormal mobility and crepitus in the
distal third of the femoral shaft. A superficial wound measuring
1 x 1 cm was also noted on the left lower leg.

Comprehensive assessment, including abdominal computed
tomography (CT), radiography, and laboratory tests, confirmed right
renal injury. Whole-body CT demonstrated multiple blast-fragment
injuries, including a non-penetrating shrapnel wound with a metallic
fragment lodged in the left temporal region, as well as numerous
fragments within the abdominal wall bilaterally and in the region
of the right inguinal fold. Of particular concern was a penetrating
shrapnel wound to the right lumbar region with injury to the right
kidney, consistent with grade IV trauma according to the AAST
classification. Imaging showed a large subcapsular hematoma,
signs of parenchymal contusion with a cortical laceration deeper
than 1 cm, a right retroperitoneal hematoma, and intraperitoneal
free gas consistent with pneumoperitoneum. Additionally, there
was a gunshot injury with hematoma in the projection of the right
iliopsoas muscle and a comminuted fracture of the right 11th rib.

Serial laboratory monitoring revealed progressive decline in
hemoglobin concentration: from 130 g/L (13.0 g/dL) at 02:40 to
89g/L (8.9 g/dL) at 05:40, consistent with ongoing internal bleeding.
On February 27, 2025, the patient underwent emergency laparo-
tomy. Intraoperative findings included grade IV right renal trauma
(AAST) with renal pelvic injury and complete ureteral transection,
along with involvement of the segmental vessels of the lower renal
pole (Fig. 1). Associated injuries included a marginal laceration of
hepatic segments V-VII, fractures of the right IX-X ribs, serosal
injury of the descending duodenum, and retroperitoneal hematoma.

During surgery, a lower pole resection of the right kidney
was performed with ligation of the segmental artery and vein.
Continuity of the ureteropelvic junction was restored by an end-
to-end anastomosis over a 6F ureteral stent. Hemostasis of the
liver and primary repair of the injured segment of the duodenum
were achieved (Fig. 2). In addition, resection of the right IX-X
ribs, abdominal and retroperitoneal lavage with drainage were
performed. The gunshot wound of the thigh was debrided, and
external fixation of the femoral fracture was performed using an
external fixation device.
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Fig. 1. AAST grade IV injury to the right kidney with damage to the renal pelvis (blue arrow) and complete transection of the ureter.

Fig. 2. Resection of the lower pole of the right kidney with ligation of the segmental artery and vein, renorrhaphy (green arrow), restoration
of the integrity of the ureteral segment by applying an end-to-end ureteral anastomosis (blue arrow).

Fig. 3. Fluid formation in the perirenal space on the right with confirmed signs of urine extravasation into its cavity, consistent with

urinoma. A: Coronal view CT, B: 3D CT reconstruction.

In the early postoperative period, follow-up abdominal CT per-
formed on March 5, 2025 (several days after surgery) demonstrat-
ed expected postoperative changes with a partially encapsulated
fluid collection in the right perirenal space, consistent with urinary
extravasation from a renal calyx. Additional findings included a
small, drained pneumoperitoneum and hydroperitoneum, bilateral
hypostatic pneumonia, and a minor left-sided hydrothorax. Amar-
ginal comminuted fracture of the right 11th rib was also identified,
along with multiple metallic fragments within the retroperitoneum
and soft tissues of the lateral abdominal walls (Fig. 3).

Subsequent evaluation on March 19, 2025, demonstrated
progression of the local process, with the formation of a well-demar-
cated fluid collection in the right perirenal space. Imaging confirmed
ongoing urinary extravasation into this cavity, consistent with a
urinoma. Metallic fragments persisted in the retroperitoneum and

adjacent soft tissues. No evidence of generalized complications or
progression of intra-abdominal pathology was observed.

The postoperative course thus evolved from initial limited
urinary extravasation with fluid collection to the development
of a clearly encapsulated urinoma by postoperative day 14,
necessitating continued monitoring and potential interventional
management.

Clinically, the course was relatively favorable. On postoperative
day 3, urine output through the drain reached up to 400 mL/day,
consistent with a renal fistula, which subsequently closed sponta-
neously by day 14. Serum nitrogen levels remained within normal
limits. The ureteral stent was replaced after 4 weeks and completely
removed after another 4 weeks. At discharge, renal function was
preserved, the urinoma had regressed, and the overall condition of
the patient was stable with a tendency toward complete recovery.
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Discussion

Over the past decades, the paradigm of managing high-grade
renal trauma (HGRT) has undergone substantial transformation.
Whereas penetrating grade IV-V injuries were historically con-
sidered absolute indications for nephrectomy, current evidence
emphasizes the importance of renal preservation whenever
feasible, particularly in hemodynamically stable patients [7,8].

Contemporary studies demonstrate that conservative or
minimally invasive strategies are achievable in the majority of
HGRT cases, reducing nephrectomy rates and improving long-
term outcomes [9].

Nevertheless, the literature highlights critical differences be-
tween stab wounds and gunshot injuries. The latter, particularly
in combat settings, are associated with higher nephrectomy rates
(up to 80 %), extensive parenchymal contusion, and a greater
burden of associated injuries [10]. Our patient presented with a
constellation of high-risk features: a gunshot wound, subcapsular
and retroperitoneal hematomas, a cortical laceration >1 cm, and
complete transection of the ureter at the renal pelvis. Such a
combination typically carries a poor prognosis for renal salvage
and is usually managed with nephrectomy.

Despite these challenges, relative hemodynamic stability at
the time of intervention and the availability of a surgical team at
Role 3 level facilitated an organ-preserving open approach. In
contrast to most modern protocols — where conservative man-
agement with adjunctive angioembolization or ureteral stenting
is prioritized [4,11] — these options were not available in this
battlefield scenario. This underscores the realities of military
medicine, where limited access to interventional radiology often
necessitates open surgery as the only viable strategy.

The evidence base strongly supports nephron-sparing ap-
proaches in hemodynamically stable patients. For instance, a
meta-analysis by J. C. Prihadi et al. [7] encompassing 36 studies
(2015-2023) showed that conservative management reduced ne-
phrectomy risk by 52 % (95 % CI 0.38-0.66) and mortality by 9 %
(95 % CI 0.05-0.13) compared to operative strategies. Similarly,
. Glykas et al. [12] reported that among 57 stable patients with
AAST grade IV-V trauma, nephrectomy was avoided in all, with
only 27.8 % requiring embolization and 22 % requiring stenting or
drainage to manage urinary leakage. Analysis of the National Trau-
ma Databank (2017-2019) revealed that 38 % of grade V patients
were managed non-operatively, with significantly lower mortality
(10.9 % vs. 22.6 % in operative cases). Although penetrating trau-
ma and transfusion requirements markedly reduced the likelihood
of renal salvage (OR 0.13 and 0.22, respectively), nephron-sparing
management remained feasible in stable patients [13].

Angioembolization now constitutes a cornerstone of HGRT
management. In stable patients with contrast extravasation, em-
bolization enables renal preservation in over 90 % of cases [11].
Even among grade V injuries in the multicenter MiGUTS analysis,
more than 60 % were successfully treated without nephrectomy
using embolization or stenting [14]. Guidelines, including those
from the Eastern Association for the Surgery of Trauma, recom-
mend angioembolization as first-line therapy for stable patients
with active bleeding, given its impact on reducing nephrectomy,
delayed hemorrhage, and renal dysfunction [4].

The uniqueness of our case lies in the combined recon-
structive approach: lower pole resection with segmental vessel
ligation together with ureteral continuity restoration via end-to-end
anastomosis over a stent. While such techniques are aligned with
contemporary recommendations for ensuring watertight closure
of the collecting system and urinary diversion, they are rarely
reported in the context of combat trauma [15,16]. When open
surgery is mandated by instability or lack of interventional radiolo-
gy, nephron-sparing strategies — including partial nephrectomy or
renorrhaphy with drainage —remain essential for preserving renal
function. European Association of Urology guidelines advocate
for meticulous techniques including temporary arterial occlusion,
excision of devitalized tissue, watertight repair of the collecting
system and parenchyma, use of capsular or omental flaps, topical
hemostatics, and retroperitoneal drainage [15].

Military data further highlight the feasibility of nephron-sparing
surgery (NSS) under austere conditions. Reports from Afghanistan
(2017-2023) indicate renal salvage in 61 % of severe injuries
managed with NSS, even in early evacuation seftings, although
nephrectomy remained necessary in 41 % [16]. Despite the com-
plexity of high-energy injuries, combined firearm and fragment
trauma, organ-preserving procedures were associated with favora-
ble survival (~91 %) and acceptable complication rates. Our case
aligns with these observations: despite an AAST grade IV firearm
injury with associated damage, open reconstructive surgery avoid-
ed nephrectomy and preserved renal function. This outcome carries
particular significance for military patients, where long-term quality
of life and rehabilitation potential depend on organ preservation.

In summary, this case illustrates the critical role of individual-
ized treatment strategies in HGRT. It demonstrates that even in
the absence of interventional radiology, open organ-preserving
procedures with ureteral reconstruction can achieve successful
outcomes in stable patients with severe penetrating trauma. While
advances in conservative and interventional management have
transformed HGRT care, nephrectomy remains unavoidable in
unstable patients with life-threatening hemorrhage or vascular
pedicle avulsion.

Conclusions

1. This case highlights the feasibility of successful organ-pre-
serving surgery in a patient with AAST grade IV combat-related
renal trauma complicated by disruption of the pelvicalyceal
system and complete ureteral transection. Despite the high risk
of nephrectomy in such scenarios, the applied strategy — partial
nephrectomy with segmental vessel ligation combined with
ureteral end-to-end anastomosis over a stent — enabled renal
preservation.

2. Importantly, this report underscores that in combat surgery
at the Role 3 level, even with resource limitations, organ-sparing
interventions may serve as effective alternatives to nephrectomy
when hemodynamic stability and surgical expertise permit. Such
approaches hold substantial clinical and social value for military
patients, directly contributing to long-term quality of life and
functional recovery after injury.

Prospects for further research. Organ-preserving surgical
interventions in penetrating renal trauma remain a relatively
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underexplored area despite their significant clinical and social
relevance. Future research should focus on systematically evalu-
ating the outcomes of reconstructive procedures in diverse clinical
settings, including both military hospitals and civilian practice. Itis
particularly important to collect and analyze multidisciplinary data
on survival, complication rates, renal function preservation, and
patient quality of life following partial nephrectomy or combined
reconstructive techniques. At present, the evidence base remains
fragmented and largely limited to retrospective case series and
isolated case reports. Therefore, well-designed prospective
multicenter studies are urgently needed to establish standardized
management protocols for patients with penetrating renal injuries
and to develop evidence-based clinical guidelines.

Ethical approval

This study has been exempted from ethical approval by our institution
(conclusion of the Ethics Committee of the Zaporizhzhia Military Hospital
dated October 7, 2025). The presented clinical case does not require separate
ethical approval, as it is based on an analysis of standard clinical treatment
and adheres to the principles of anonymity and confidentiality.

Funding
The study was performed without financial support.

Information about the authors:

Rusanov I. V., MD, PhD, Head of Vascular Surgery Department, Zaporizhzhia
Military Hospital, Ukraine.

ORCID ID: 0000-0002-4363-1158

Zavhorodnii S. M., MD, PhD, DSc, Professor, Head of the Department of
General Surgery and Postgraduate Surgical Education, Educational and
Scientific Institute of Postgraduate Education, Zaporizhzhia State Medical and
Pharmaceutical University, Ukraine.

ORCID ID: 0000-0003-3082-3406

Mikheiev lu. O., MD, PhD, DSc, Professor of the Department of Disaster
Medicine and Military Medicine, Zaporizhzhia State Medical and Pharmaceutic
University; Leading Surgeon of Zaporizhzhia Military Hospital, Ukraine.
ORCID ID: 0000-0002-0305-1570

Gumeniuk K. V., MD, PhD, Associate Professor, Command of the Medical
Forces of the Armed Forces of Ukraine, Kyiv; Colonel of the Medical Service,
Chief Surgeon of the Armed Forces of Ukraine.

ORCID ID: 0000-0001-8892-4061

Kuziv R. M., MD, Commander of Zaporizhzhia Military Hospital, Ukraine.
ORCID ID: 0009-0001-4462-9922

Davydov O. Yu., MD, Head of CT-Department, Zaporizhzhia Military Hospital,
Ukraine.

ORCID ID: 0009-0002-0749-2207

Machuskyi S. M., MD, Vascular Surgeon, Zaporizhzhia Military Hospital, Ukraine.
ORCID ID: 0000-0002-0985-223X

BiaomocTi npo aBToOpiB:

Pycanos I. B., PhD, 3aB. BigaineHHs CyauHHoi Xipyprii, 3anopisbkuii
BiliCbKOBWIA rocniTanb, YkpaiHa.

3asropogHirt C. M., o-p Mea. Hayk, npocecop, 3aB. kad). 3aranbHoi Xipyprii
Ta NiCnsaMNIIOMHOI XipypriuHoi OCBITW, HaB4anbHO-HayKoOBUN IHCTUTYT
MiCNSAMNIOMHOI OCBITY, 3anopi3bkuii AepXaBHUA MeaUKo-hapMaLeBTUYHMIA
yHiBepcuTeT, YkpaiHa; 3acnyxeHuii nikap Ykpaisu.

Mixees (0. O., o-p meg. Hayk, npocecop kad. MeauLmMHY katactpod Ta
BilICbKOBOT MeANLMHY, 3anopi3bkvil AepaBHUA MeAUKO-papMaLeBTUHHMIA
YHIBEPCUTET; NPOBIAHWIA Xipypr, 3anopi3bkuii BiCbKOBWIA rocniTanb, YkpaiHa.
l'ymertok K. B., kaHa. Med. Hayk, foueHT, KomaHaysaHHs Meauyrux cun
36poitHnx cun Ykpaitu, M. KuiB; NonkoBHUK Meau4HOT criy6u, ronoBHUiA
Xipypr 36poitHnx cun Ykpainu.

Kyaia P. M., HayanbHwk 3anopisbKoro BilicbkoBOro rocnitanto, YkpaiHa.
Nasugos O. 0., HayanbHuk KT-BinaineHHs, 3anopisbkui BilicbkoBuiA
rocnitarb, YkpaiHa.

Mauycbkuit C. M., cyauHHMI Xipypr, 3anopiabkui BiliCbKOBWI rocriTanb,
YkpaiHa.

lurii Mikheiev (KOpiin Mixees)
mikheev.u.a@gmail.com

References

1. Syarif, Palinrungi AM, Kholis K, Palinrungi MA, Syahrir S, Sunggiardi R,
et al. Renal trauma: a 5-year retrospective review in single institution. Afr
J Urol. 2020;26:61. doi: 10.1186/s12301-020-00073-2

2. Coccolini F, Moore EE, Kluger Y, Biffl W, Leppaniemi A, Matsumura Y, et al.
Kidney and uro-trauma: WSES-AAST guidelines. World J Emerg Surg.
2019;14:54. doi: 10.1186/s13017-019-0274-x

3. Chiron P, Hornez E, Boddaert G, Dusaud M, Bayoud Y, Molimard B, et al.
Grade IV renal trauma management. A revision of the AAST renal injury
grading scale is mandatory. Eur J Trauma Emerg Surg. 2016;42(2):237-41.
doi: 10.1007/s00068-015-0537-5

4. Aziz HA, Bugaev N, Baltazar G, Brown Z, Haines K, Gupta S, et al. Man-
agement of adult renal trauma: a practice management guideline from the
eastern association for the surgery of trauma. BMC Surg. 2023;23(1):22.
doi: 10.1186/s12893-023-01914-x

5. Gumeniuk K, Lurin I, Savytskyi O, Nehoduiko V, Makarov V, Smolianyk K.
Surgical tactics in fire kidney injury and the first experience in performing
laparoscopic nephrectomy at the Il level of medical support (role II) in
combat conditions: Case report. Int J Surg Case Rep. 2023;106:108046.
doi: 10.1016/}.ijscr.2023.108046

6. Patel AB, Osterberg EC, Satarasinghe PN, Wenzel JL, Akbani ST, Sahi SL,
et al. Urethral Injuries: Diagnostic and Management Strategies for Critical
Care and Trauma Clinicians. J Clin Med. 2023;12(4):1495. doi: 10.3390/
jcm12041495

7. Prihadi JC, Hengky A, Lionardi SK. Conservative management in high-
grade renal trauma: a systematic review and meta-analysis. BJU Int.
2024;134(3):351-64. doi: 10.1111/bju.16343

8.  Affentranger A, Nyffenegger D, Leese M, Fankhauser CD. To Intervene or
Not To Intervene? A Mini Review of Management Options for High-grade
Renal Injury. Eur Urol Focus. 2025 Oct 29:52405-4569(25)00288-3.
doi: 10.1016/j.euf.2025.10.002

9.  Dixe de Oliveira Santo |, Sailer A, Solomon N, Borse R, Cavallo J, Teitel-
baum J, et al. Grading Abdominal Trauma: Changes in and Implications
of the Revised 2018 AAST-OIS for the Spleen, Liver, and Kidney. Radio-
graphics. 2023;43(9):e230040. doi: 10.1148/rg.230040

10. RufC,Kluth L, Wahlen S, Breuing J, Nestler T. Initial surgical management
of injuries to the urogenital tract in patients with polytrauma and/or severe
injuries: a systematic review and clinical practice guideline update. Eur J
Trauma Emerg Surg. 2025;51(1):182. doi: 10.1007/s00068-025-02847-1

11.  Glykas |, Fragkoulis C, Paizis T, Papadopoulos G, Stathouros G, Ntou-
mas K. Conservative management of grade 4 and 5 renal injuries: A
high-volume trauma center experience. Urologia. 2021;88(4):287-91.
doi: 10.1177/03915603211022293

12.  Hakam N, Shaw NM, Lui J, Abbasi B, Myers JB, Breyer BN. Role for Conser-
vative Management in Grade V Renal Trauma. J Urol. 2023;209(3):565-72.
doi: 10.1097/JU.0000000000003102

13.  Pace WA, Hakam N, Breyer B. Conservative management of selected high-
grade renal injuries after trauma —American urological association [Internet].
Auanews.net. [cited 2025 Dec 13]. Available from: https://auanews.net/
issues/articles/2024/april-2024-extra/conservative-management-of-select-
ed-high-grade-renal-injuries-after-trauma

14. Hakam N, Keihani S, Shaw NM, Abbasi B, Jones CP, Rogers D, et al.
Grade V renal trauma management: results from the multi-institutional
genito-urinary trauma study. World J Urol. 2023;41(7):1983-9. doi: 10.1007/
s00345-023-04432-w

15.  Zabkowski T, Brzozowski R, Durma AD. Renal injuries in conflict zones: a
6-year study of traumatic cases in Afghanistan. Confl Health. 2024;18(1):6.
doi: 10.1186/s13031-023-00566-1

16. Kronstedt S, Boyle J, Fisher AD, April MD, Schauer SG, Grabo D. Male
Genitourinary Injuries in Combat — A Review of United States and British
Forces in Afghanistan and Irag: 2001-2013. Urology. 2023;171:11-5.
doi: 10.1016/j.urology.2022.07.018

80 Modern medical technology. Volume 18. Issue 1, January - March 2026

ISSN 2072-9367


https://orcid.org/0000-0002-4363-1158
https://orcid.org/0000-0003-3082-3406
https://orcid.org/0000-0002-0305-1570
https://orcid.org/0000-0001-8892-4061
https://orcid.org/0009-0001-4462-9922
https://orcid.org/0009-0002-0749-2207
https://orcid.org/0000-0002-0985-223X
mailto:mikheev.u.a%40gmail.com?subject=
https://doi.org/10.1186/s12301-020-00073-2
https://doi.org/10.1186/s13017-019-0274-x
https://doi.org/10.1007/s00068-015-0537-5
https://doi.org/10.1186/s12893-023-01914-x
https://doi.org/10.1016/j.ijscr.2023.108046
https://doi.org/10.3390/jcm12041495
https://doi.org/10.3390/jcm12041495
https://doi.org/10.1111/bju.16343
https://doi.org/10.1016/j.euf.2025.10.002
https://doi.org/10.1148/rg.230040
https://doi.org/10.1007/s00068-025-02847-1
https://doi.org/10.1177/03915603211022293
https://doi.org/10.1097/JU.0000000000003102
https://auanews.net/issues/articles/2024/april-2024-extra/conservative-management-of-selected-high-g
https://auanews.net/issues/articles/2024/april-2024-extra/conservative-management-of-selected-high-g
https://auanews.net/issues/articles/2024/april-2024-extra/conservative-management-of-selected-high-g
https://doi.org/10.1007/s00345-023-04432-w
https://doi.org/10.1007/s00345-023-04432-w
https://doi.org/10.1186/s13031-023-00566-1
https://doi.org/10.1016/j.urology.2022.07.018

	p5-11-0
	Tkachov V. S., Kiosov O. M., Klymenko A. V. [Comparative efficacy of combinations of endoscopic classifications and recurrence models for large colorectal laterally spreading tumors]
	Tables
	Table 1. Comparison of combinations of endoscopic classifications in the LST-G group
	Table 2. Comparison of combinations of endoscopic classifications in the LST-NG group

	Figures
	Fig. 1. Distribution of morphological subtypes in granular and non-granular LST groups.



	p12-20
	Таблиці
	Таблиця 1. Кореляція кількісних МРТ-показників із функцією лівого шлуночка у дорослих пацієнтів
	Таблиця 2. Кількісні МРТ-показники у дітей із дилатаційною кардіоміопатією

	Рисунки
	Рис. 1. МРТ серця пацієнта з ДКМП, ФВ – 33 %, КДІ – 138 мл/м: в чотирикамерній проєкції (А), у двокамерній проєкції (B) у кінорежимі. При пізньому контрастному підсиленні в чотирикамерній проєкції (С) та по короткій осі (D) накопичення контрасту немає, LGE – 0 %. Нативне Т1-картування (Е) становило 1070 мс. Постконтрастне Т1-картування (F): об’єм позаклітинного простору –
	Рис. 2. Криві Каплана–Меєра для комбінованої кінцевої точки у дорослих пацієнтів із ДКМП залежно від рівня ECV.
	Рис. 3. Криві Каплана–Меєра для комбінованої кінцевої точки залежно від нативного T1-картування.
	Рис. 4. Криві Каплана–Меєра для комбінованої кінцевої точки залежно від значень T2-картування.
	Рис. 5. Криві Каплана–Меєра для комбінованої кінцевої точки у дітей із ДКМП залежно від рівня ECV. Завершення кривої у групі з високими значеннями ECV зумовлене тим, що такі події не зафіксовано у пізніші терміни спостереження та відповідним цензуруванням даних.
	Рис. 6. Криві Каплана–Меєра для комбінованої кінцевої точки у дітей залежно від значень нативного T1-картування.
	Рис. 7. Криві Каплана–Меєра для комбінованої кінцевої точки у дітей залежно від значень T2-картування.


	p21-28-0
	Golovakha M. L., Bilykh Ye. O., Maslennikov S. O. [Computerized posturography in evaluation of proprioceptive-oriented rehabilitation after anterior cruciate ligament reconstruction]
	Tables
	Table 1. Baseline characteristics of the study and control groups (M ± SD)
	Table 2. Comparison of rehabilitation programs in the study and control groups
	Table 3. Distribution of mean posturographic parameters in patients of the study group with ACL injury
	Table 4. Distribution of mean posturographic parameters in patients of the control group with ACL injury

	Figures
	Fig. 1. Study design.
	Fig. 2. Graphical representation of computerized posturography assessment results. a: patient of the study group before treatment; b: patient from the study group at 6 months.



	p29-38
	Kostrub O. O., Blonskyi R. I., Kylymniuk L. O., Movchaniuk V. O. [Morphological parameters of patellar position depending on the joint line obliquity in knee osteoarthritis]
	Tables
	Table 1. Morphological parameters of patellar position considering the mJLO in knee OA
	Table 2. Predictive values of morphological parameters of patellar position in determining the mJLO in knee OA

	Figures
	Fig. 1. Anteroposterior and lateral X-rays demonstrating medial knee osteoarthritis, grade 3. mJLO = 83.8° + 94.8° + 6° = 184.6°, indicating AP. Insall–Salvati ratio A : B = 19.39 : 15.89 = 1.22, indicating patella alta.
	Fig. 2. Anteroposterior and lateral X-rays demonstrating medial knee osteoarthritis, grade 3. mJLO = 87.1° + 82.1° + 6° = 175.2°, indicating AD. Caton–Deschamps index A : C = 11.56 : 13.81 = 0.84, indicating patella norma. Grelsamer–Meadows index B : C = 27.27 : 13.81 = 1.97, indicating patella norma.
	Fig. 3. Anteroposterior and lateral X-rays demonstrating medial knee osteoarthritis, grade 3. mJLO = 85.7° + 86.7° + 6° = 178.4°, indicating AN. Blackburne–Peel ratio A : B = 9.54 : 15.26 = 0.63, indicating patella baja.
	Fig. 4. Scatter plot of patellar position indices in relation to mJLO in patients with knee osteoarthritis.



	p39-45-0
	Каджарян Є. В., Колесник М. Ю., Ісаченко М. І., Колесник Ю. М. [Вплив амінокислот L-аргініну та N-ацетил-L-цистеїну на функціональні параметри серцево-судинної системи у щурів з експериментальним цукровим діабетом 1 типу]
	Таблиці
	Таблиця 1. Артеріальний тиск у щурів експериментальних груп, М ± m
	Таблиця 2. Eхокардіографічні параметри серця щурів експериментальних груп, М ± m

	Рисунки
	Рис. 1. Дизайн експерименту.
	Рис. 2. Ехограми щурів із цукровим діабетом 1 типу. A: ЦД1-0, В:  ЦД1-6, С: ЦД1-8-1, D: ЦД1-8-2, E: ЦД1-8-3. М-режим сканування. Парастернальна позиція. Довга вісь лівого шлуночка лише на рівні кінчиків стулок мітрального клапана. IVSd: міжшлуночкова перетинка в діастолу; LVIDd: кінцево-діастолічний розмір лівого шлуночка; LVPWd: задня стінка лівого шлуночка в діастолу; I



	p46-54-0
	Odyntsova V. M., Kolycheva N. L., Denysenko O. M., Mozul V. I., Holovkin V. V. [Chemical composition and antibacterial activity of essential oil of Juniperus virginiana L.]
	Figures
	Fig. 1. Chromatogram essential oil components of Juniperus virginiana L.

	Tables
	Table 1. Qualitative and quantitative composition of Juniperus virginiana essential oil
	Table 2. Results of the microbiological study of Juniperus virginiana essential oil
	Table 3. Results of the microbiological study of common juniper essential oil (reference sample)
	Cont. of Table 1
	Table 4. Results of the microbiological study of the essential oils of Juniperus virginiana and Juniperus communis



	p63-68-0
	Михайловський Я. М. [Місце бодиплетизмографії в сучасній діагностиці патологій органів дихання (огляд літератури)]
	Таблиці
	Таблиця 1. Класифікація порушень вентиляції залежно від легеневих об’ємів [3]



	p69-75-0
	Samura I. B., Gunina-Orlova L. M., Orlov O. I., Hurieieva A. M., Chernenko O. Ye., Milashus K. [Creatine as an essential pharmaconutrient in the practice of training athletes in martial arts]
	Figures
	Fig. 1. Creatine synthesis, reuptake, and excretion. 1: Creatine is synthesized from L-arginine and glycine in the liver, kidneys, and pancreas by L-arginine-glycine-amidinotransferase (AGAT) in the first step and by guanidinoacetate-N-methyltransferase (GAMT) in the second step. 2: Creatine is released into the bloodstream and transported to skeletal muscle and the brain. Once inside the cell, creatine can be converted to phosphocreatine by creatine kinase (CK). The high-energy stores of phosphocreatine ca
	Fig. 2. Graphical representation of the amount of creatine present in the bloodstream and tissues from food (regular diet) or from creatine supplementation (creatine supplementation). Taking creatine supplements results in higher serum creatine concentrations than eating food. Creatine uptake from the bloodstream into cells is mediated by a creatine transporter known as SLC6A8. Higher serum creatine concentrations result in higher muscle creatine saturation, which in turn results in higher rates of ATP resy



	p76-80-0
	Rusanov I. V., Zavhorodnii S. M., Mikheiev Iu. O., Gumeniuk K. V., Kuziv R. M., Davydov O. Yu., Machuskyi S. M. [Kidney-preserving surgery for AAST grade IV penetrating renal trauma with ureteropelvic disruption: a military case report at Role 3]
	Figures
	Fig. 1. AAST grade IV injury to the right kidney with damage to the renal pelvis (blue arrow) and complete transection of the ureter.
	Fig. 2. Resection of the lower pole of the right kidney with ligation of the segmental artery and vein, renorrhaphy (green arrow), restoration of the integrity of the ureteral segment by applying an end-to-end ureteral anastomosis (blue arrow).
	Fig. 3. Fluid formation in the perirenal space on the right with confirmed signs of urine extravasation into its cavity, consistent with urinoma. А: Coronal view CT; B: 3D CT reconstruction.






