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OBJECTIVE — to investigate the histological and morphometric characteristics of the external oblique aponeuro-
sis in the region associated with the linea semilunaris (the Ambivium zone).

MATERIALS AND METHODS. The study included 34 women aged 22—54 years (mean age: 36.2+7.3 years) who
underwent abdominoplasty for cosmetic defects of the anterior abdominal wall. During surgery, standardized
fragments of the external oblique aponeurosis were obtained from symmetrical regions adjacent to the lateral
border of the rectus sheath. Histological, histochemical, and morphometric analyses were performed, includ-
ing assessment of collagen bundle thickness, width of the endotenonium and peritenonium, parameters of the
microcirculatory bed, and the relative areas occupied by collagen, peritenonium, and vessels. Hierarchical cluster
analysis and the k-means method were applied to systematize the identified structural variants.

REesurts. Morphometric analysis revealed substantial variability in the structural organization of the aponeuro-
sis: the proportion of collagen fibers ranged from 61.1 % to 91.2 %, the proportion of peritenonium from 7.3 %
to 33.9%, and the compactness coefficient from 0.64 to 0.93. Cluster analysis enabled the identification of three
morphotypes: compact (35.3 %), transitional (26.5 %), and disorganized (38.2 %). The compact morphotype was
characterized by a high proportion of collagen (89.32 + 1.52 %), minimal content of peritenonium (8.86+1.15 %),
and the highest compactness coefficient 0.91+0.01. In contrast, the disorganized morphotype demonstrated
the lowest proportion of collagen (68.18+4.04 %), the highest content of peritenonium (26.87+4.11%), a low
compactness coefficient 0.72 +0.05, widening of interfascicular spaces, remodeling of the vascular component,
and signs of pronounced histostructural reorganization. The transitional morphotype occupied an intermediate
position. All intercluster differences were statistically significant (p <0.001).

Concrusions. Morphometric and cluster analysis of the external oblique aponeurosis revealed substantial structur-
al variability and enabled the identification of three morphotypes—compact, transitional, and disorganized—which
differed in the proportions of collagen fibers, peritenonium, vascular component, and compactness parameters.
The identified morphological heterogeneity of the aponeurosis reflects different degrees of structural remodeling
and may represent one of the factors contributing to variability in the outcomes of surgical correction of the ante-
rior abdominal wall, thereby supporting the rationale for further individualization of surgical strategy.
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The anterior abdominal wall is a complex anatomi- abdominal contour [21, 22]. An important anatomi-
cal and functional system in which the interaction cal landmark is the lateral border of the rectus ab-
of muscular and aponeurotic structures ensures the ~dominis muscle, commonly referred to as the linea
transmission of mechanical forces, the stabiliza- semilunaris (semilunar or Spigelian line). This struc-
tion of the trunk, and the formation of the external ture is historically associated with Adriaan van den
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Spieghel [24]. The term linea semilunaris has since
been established to denote the arcuate tendinous
line corresponding to the lateral border of the rec-
tus abdominis muscle or its sheath, extending from
the costal arch to the pubic region [21, 22].

Alternative interpretations of this structure
have also been identified in the literature. In par-
ticular, some surgical textbooks define the linea
semilunaris as the zone where the transversus ab-
dominis muscle transitions into its aponeurosis,
whereas the area between this line and the lateral
border of the rectus abdominis muscle is termed the
Spigelian fascia |6, 10]. These perspectives reflect
clinical interpretations but do not completely align
with classical anatomy.

Contemporary anatomical studies have refined
the traditional understanding of the organization of
the lateral portions of the anterior abdominal wall.
M. Vierstraete et al. demonstrated that the lateral
border of the rectus sheath does not correspond to
an isolated anatomical line, but rather to a zone of
fusion of the aponeuroses of the external oblique, in-
ternal oblique, and transversus abdominis muscles.
The authors designated this region as the EIT (Ex-
ternal—Internal—Transversus) Ambivium, empha-
sizing its origin from the three lateral abdominal
wall muscles. The EIT Ambivium is a complex apo-
neurotic structure that integrates multiple muscu-
lofascial components [24].

In contrast to the classical interpretation of the
linea semilunaris or Spigelian line as a conventional
anatomical line, the Ambivium is regarded as a spa-
tially extended zone with distinct morphologi-
cal and functional characteristics. This approach
suggests that the region should be viewed not as
a geometric line of tissue transition, but as an area
of interaction between aponeurotic structures. Im-
portantly, the authors propose this term as a more
precise anatomical definition that integrates and
harmonizes the morphological and functional as-
pects of the organization of this zone [24].

From a biomechanical perspective, the anterior ab-
dominal wall functions as a composite system, with its
mechanical properties determined by the interaction
ofitsindividual layers 2, 3, 5, 11, 15, 24]. Contraction
of the transversus abdominis and oblique abdominal
muscles generates a system of tension with force vec-
tors directed both medially and laterally [4, 17, 23].
The aponeurotic structures provide the transmission
and redistribution of these forces [2, 3, 5, 19].

Experimental and clinical studies have dem-
onstrated that transection of the external oblique
aponeurosis reduces lateral tension in the abdomi-
nal wall and alters the distribution of mechanical
forces [12, 16].
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Despite advances in contemporary anatomical
and biomechanical concepts, the morphological
characteristics of the lateral aponeurotic region re-
main insufficiently studied. Data from computed
tomography morphometry also confirm substantial
individual variability in the components of the ab-
dominal wall, including its muscular and aponeu-
rotic structures. These findings underscore the need
for a quantitative approach to assessing its structur-
al organization [7].

Most studies have focused primarily on the linea
alba [9], whereas the lateral structures have re-
ceived considerably less attention. Clinical observa-
tions suggest a potential role of the lateral abdomi-
nal wall in shaping the abdominal contour, particu-
larly the waistline [14, 18, 12, 13, 20].

Given these findings, the investigation of indi-
vidual components of the fusion zone of the lateral
abdominal wall aponeuroses is particularly relevant.
Special attention should be paid to the aponeurosis
of the external oblique muscle, which is integral to
the transmission of mechanical forces. To date, no
systematic data are available regarding the morpho-
logical organization of the external oblique aponeu-
rosis in this region.

OBJECTIVE — to investigate the histological and
morphometric features of the external oblique apo-
neurosis in the region associated with the linea
semilunaris (the Ambivium zone).

Materials and methods

The study included 34 women aged 22 to 54 years
(mean age: 36.2%7.3 years) who underwent ab-
dominoplasty for cosmetic defects of the anterior
abdominal wall.

The study was conducted in accordance with the
principles of the World Medical Association. All
patients provided written informed consent for par-
ticipation in the study and for the use of biological
material for scientific purposes. The study protocol
was approved by the local Ethics Committee of Bo-
gomolets National Medical University (Protocol
No 188 dated October 28, 2024).

Histological, histochemical, and morphometric
analyses were performed on fragments of the exter-
nal oblique aponeurosis obtained during surgery.
Tissue specimens measuring 1.0 x 1.0 x 0.3 cm were
harvested from symmetrical regions of the anterior
abdominal wall at a distance of 0.5 cm from the lat-
eral border of the rectus sheath, along a line located
1.0 cm inferior to the umbilicus.

The specimens were fixed in 10 % neutral buff-
ered formalin and subjected to standard histo-
logical processing followed by paraffin embedding.
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Sections 4 pm thick were stained with hematoxylin
and eosin. Histochemical methods were also applied
to evaluate collagenous and elastic structures.

Morphometric analysis was performed on digital
microphotographs obtained using a light micro-
scope (Leica DM LS2) under standardized imaging
conditions. Image calibration was carried out using
a micrometric scale. Collagen fibers, peritenonium,
and microcirculatory vessels were identified ac-
cording to their morphological characteristics.

The thickness of collagen fiber bundles, the
width of the endotenonium and peritenonium, the
diameter of capillaries, as well as the relative area
occupied by collagen fibers, peritenonium, and ves-
sels were determined. The relative area of each com-
ponent was calculated as the percentage ratio of the
area of the corresponding structure to the total field
area according to the following formula:

Structure area o

Field area 1007%.

For each patient, fragments of the aponeurosis
obtained from symmetrical regions on both sides of
the rectus sheath were examined. In each specimen,
at least five microscopic fields were analyzed. Thus,
the total number of fields examined per patient was
at least ten. The obtained values were averaged for
each patient and subsequently used for statistical
analysis. The sum of the relative areas of the as-
sessed components approached 100 %.

Additionally, a compactness coefficient was cal-
culated as the ratio of the area occupied by collagen
fibers to the combined area of collagen and periten-
onium:

Relative area (%) =

SCollagen

Collagen + SPeritenonium,
which reflects the degree of density and organiza-
tion of the collagen structures.

Compactness coefficient = S

Table 1. Generalized morphometric characteristics
of the external oblique aponeurosis (n=34)

Parameter Mz=SD Min—Max

Thickness of collagen fiber bundles, um 27.1+11.7 13.4-46.7

Width of the endotenonium, pm 152+59 8.1-23.1

Width of the peritenonium, um 85.9+£37.6 45.8-143.5

122+36 8.0-19.5
785+9.6 61.1-91.2
18.2+83 7.3-33.9

Capillary diameter, pm

Relative area of collagen fibers, %

Relative area of peritenonium, %

29+15 13-56

0.81+0.10 0.64-0.93

Relative area of vessels, %

Compactness coefficient

10

Statistical data analysis was performed us-
ing IBM SPSS Statistics software (version 22.0).
Quantitative variables are presented as mean values
and standard deviations (M + SD).

Cluster analysis was performed to identify struc-
tural groups. At the first stage, hierarchical cluster
analysis (Ward’s method with squared Euclidean
distance) was applied to determine the optimal
number of clusters. At the second stage, k-means
clustering with a fixed number of clusters (k= 3)
was performed. Prior to clustering, all variables
were standardized using Z-scores.

One-way analysis of variance (ANOVA) was used
to compare parameters between clusters. Differences
were considered statistically significant at p<0.05.

Results

Morphometric analysis of the external oblique
aponeurosis revealed a wide range of values for the
investigated parameters, indicating substantial het-
erogeneity within the study sample (Table 1).

Considerable variability was identified in both
the linear and area-related characteristics. In par-
ticular, the relative area occupied by collagen fibers
ranged from 61.1 % to 91.2 %, whereas the propor-
tion of peritenonium varied from 7.3 % to 33.9 %.
The compactness coefficient also demonstrated
a broad range of values (0.64—0.93).

Analysis of the individual parameter values
showed that this variability was not random, but
rather formed distinct combinations of morphomet-
ric features. Specifically, a decrease in the propor-
tion of collagen fibers was associated with an in-
crease in the area occupied by the peritenonium and
a reduction in the compactness coefficient.

The identified patterns indicated the presence of
structurally distinct variants of aponeurotic organi-
zation, thereby supporting the rationale for the ap-
plication of cluster analysis for their systematization.

To identify morphologically homogeneous
groups, cluster analysis of the morphometric pa-
rameters was performed. At the first stage, hier-
archical cluster analysis determined the optimal
number of clusters to be three. At the second stage,
k-means clustering with a fixed number of clusters
(k=3) was applied.

Three clusters were identified, differing in the
pattern of combination of morphometric charac-
teristics: the compact morphotype (cluster 1), the
transitional morphotype (cluster 2), and the disor-
ganized morphotype (cluster 3) (Fig. 1).

The distribution of specimens according to the
standardized values (Z-scores) of the relative ar-
eas occupied by collagen fibers and peritenonium
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Fig. 1. Distribution of aponeurotic specimens
according to the morphotypes identified by cluster
analysis. Each point corresponds to an individual
specimen. Parameter values are presented in

a standardized form (Z-score), where 0 corresponds
to the mean value of the study sample

demonstrated a clear separation between clusters,
indicating the presence of structurally distinct
variants of aponeurotic organization. Thus, cluster
analysis of the morphometric parameters enabled
the identification of three groups of specimens
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differing in the structural characteristics of the
aponeurosis (Tables 2, 3).

Cluster 1 (n=12, 35.3 %) was characterized by
the highest proportion of collagen fibers, the lowest
content of peritenonium, and the highest compact-
ness coefficient, corresponding to the most dense
and organized aponeurotic architecture. This clus-
ter was also characterized by the greatest thickness
of collagen bundles, minimal width of interfascicu-
lar spaces, and the smallest vessel diameter, indicat-
ing preserved structural integrity of the tissue.

In contrast, Cluster 3 (n=13, 38.2%) demon-
strated the lowest proportion of collagen fibers,
the highest content of peritenonium, and the low-
est compactness coefficient, indicating pronounced
disorganization of the aponeurotic structure. These
changes were accompanied by a marked reduction
in collagen bundle thickness, substantial widening
of interfascicular spaces, and an increase in capil-
lary diameter, reflecting remodeling of the micro-
circulatory bed.

Cluster 2 (n=9, 26.5%) occupied an intermedi-
ate position between the two extreme variants and
was characterized by moderate values of both area-
related and linear parameters. This cluster demon-
strated a partial reduction in the proportion of colla-
gen, accompanied by a corresponding increase in the
content of peritenonium, which was associated with
moderate widening of interfascicular spaces and mi-
nor alterations of the vascular component.

For morphological interpretation of the identified
clusters, histological analysis was performed, allowing

Table 2. Morphometric characteristics of the aponeurotic clusters (mean+SD)

Parameter Cluster 1 (?lgster 2 ) Clu§ter 3 p
(compact; n=12) (transitional; n=9) (disorganized; n=13) (ANOVA)
Collagen, % 89.32+£1.52 77.62+1.77 68.18 +£4.04 <0.001
Peritenonium, % 8.86+1.15 20.17+1.53 26.87+4.11 <0.001
Vessels, % 1.82+£0.48 2.21+0.52 495+0.41 <0.001
Compactness coefficient 0.91+0.01 0.80+0.02 0.72+0.05 <0.001
Table 3. Linear morphometric parameters of the aponeurosis, pm (mean+SD)
Parameter Cluster 1 (}lt.lster 2 ) Clu§ter 3 p
(compact; n=12) (transitional; n=9) (disorganized; n=13) (ANOVA)
Thickness of collagen bundles 40.58 +3.64 23.42+3.96 15.00+1.05 <0.001
Width of the endotenonium 10.92 +3.97 13.47£5.73 21.00 £ 1.47 <0.001
Width of the peritenonium 54.48 +8.53 69.94 + 23.60 132.00£8.53 <0.001
Capillary diameter 9.40+1.01 10.88£1.58 16.27 £2.74 <0.001
General Surgery 3azansnaxipypein * 2026 « Ne2 (17) 11
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correlation of the quantitative parameters with the
microstructural organization of the aponeurosis.

Histological examination of fragments of the ex-
ternal oblique aponeurosis within the Ambivium zone
revealed that the structural organization of the tis-
sue was not binary (intact/pathological), but rather
represented a continuum of changes which, based on
cluster analysis, were grouped into three morphot-
ypes: compact, transitional, and disorganized.

Compact Morphotype (Cluster 1)

At the light microscopic level, the aponeurosis
was characterized by an organized structural ar-
chitecture. The majority of the tissue consisted of
densely packed bundles of collagen fibers arranged
in a parallel or slightly intersecting pattern. First-
order bundles formed larger structural units that
preserved their compactness and well-defined
contours.

The interfascicular spaces (endotenonium) were
represented by narrow clefts containing a small
amount of amorphous substance and isolated fi-
broblast-lineage cells. The spaces between second-
order bundles (peritenonium) were moderately
expressed and consisted of loose connective tissue
containing a small number of vessels.

The vessels of the microcirculatory bed were
sparse and showed no signs of remodeling; their
walls were preserved, and the lumina were not di-
lated. Aponeurotic fibers occasionally contained
elastic components interwoven with the collagen
bundles without disrupting their structural orga-
nization.

Morphometrically, this type was characterized
by a large relative area occupied by collagen fibers,
a low content of peritenonium, and the highest val-
ues of the compactness coefficient, reflecting high
tissue density and preserved functional capacity of
the aponeurosis (Fig. 2, 3).

Transitional Morphotype (Cluster 2)

The transitional type was characterized by moder-
ate structural alterations of the aponeurosis, with
preservation of the general architectonics despite
signs of structural disturbance.

Collagen bundles partially lost their organized
arrangement: their orientation became less parallel,
with focal initial fiber dissociation and irregularity
in bundle thickness. In some areas, fragmentation of
individual fibers was observed.

The interfascicular spaces were widened, accom-
panied by an increase in the proportion of endo-
tenonium and peritenonium. The latter was repre-
sented by loose connective tissue containing a mod-
erate number of cells and vessels.

The vessels of the microcirculatory bed could be
mildly dilated; however, pronounced signs of vas-
cular remodeling or neoangiogenesis were absent
or minimal.

Morphometrically, the transitional type occu-
pied an intermediate position between the compact
and disorganized morphotypes: the relative area of
collagen was reduced compared with the compact
type, whereas the proportion of peritenonium was
increased; the compactness coefficient demonstrat-
ed intermediate values.

This morphotype reflects a stage of structural re-
modeling of the aponeurosis (Fig. 4, 5).

Disorganized Morphotype (Cluster 3)

The disorganized type was characterized by pro-
nounced restructuring of the aponeurotic architec-
ture with loss of its structural integrity and com-
pact organization.

Collagen bundles were markedly thinned, lost
their distinct organization, and demonstrated dis-
sociation and fragmentation. In a number of cases,
the bundles disintegrated into individual fibers ex-
hibiting a wavy, irregular course. Areas of hyalinosis

Figure 2. Parallel arrangement of collagen fiber
bundles with thin interfascicular spaces.
Hematoxylin and eosin staining. x 200
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Figure 3. Neurovascular bundle within the thickness
of the peritenonium. Landrum’s picro-Mallory staining,
x 200

General Surgery 3azanvnaxipypein * 2026 « Ne2 (17)
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Figure 4. Partial atrophy of collagen fiber bundles
with widening of interfascicular spaces.
Hematoxylin and eosin staining. x 400

Figure 5. Dissociation, waviness, and fragmentation
of collagen fibers. Hematoxylin and eosin staining.
x 200

Figure 6. Hyalinosis of collagen fibers.
MSB staining. x 100
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Figure 8. Fatty infiltration of the interfascicular
spaces within the Spigelian line region.
Hematoxylin and eosin staining. x 100

and homogenization of collagen structures were
identified, indicating chronic ischemic changes.

The interfascicular spaces were markedly wid-
ened. The endotenonium and peritenonium occu-
pied a substantial proportion of the tissue area and
were represented by loose, unstructured connec-
tive tissue with a pronounced cellular component.
Foci of fatty infiltration were frequently identified
within these regions.

General Surgery 3azansnaxipypein * 2026 « Ne2 (17)

Figure 7. Fibrinoid necrosis of collagen fibers.
P.AS. staining according to Hotchkiss—McManus. x 400

The vessels of the microcirculatory bed were nu-
merous and dilated, with signs of impaired hemody-
namics. Vascular walls were thickened and focally
sclerotic; signs of neoangiogenesis, including newly
formed thin-walled vessels, were also observed.

Foci of myxoid degeneration, fibrinoid changes, and
necrobiotic processes within the collagen fibers were
identified. The number of fibroblast-lineage cells was
increased; these cells exhibited signs of functional acti-
vation and were distributed in a disorganized manner.

Morphometrically, this type was characterized by
the minimal thickness of collagen bundles, maximal
widening of the endotenonium and peritenonium,
increased diameter and number of vessels, as well as
areduced compactness coefficient.

These changes reflect profound disorganization
of the aponeurosis accompanied by loss of its me-
chanical integrity (Fig. 6-8).

The obtained results indicate that the aponeuro-
sis within the region of the Spigelian line undergoes
gradual structural remodeling, which may be rep-
resented by three morphotypes reflecting different
stages of remodeling, ranging from a compact struc-
ture to its disorganization.

13
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This approach allows a transition from a binary
assessment of the aponeurotic condition to a strati-
fied evaluation of its structural alterations, thereby
providing a basis for clinical interpretation and in-
dividualization of surgical strategy.

Discussion

The obtained results should be interpreted in the
context of contemporary concepts regarding the
anatomical and functional organization of the lat-
eral abdominal wall. The traditional interpretation
of the linea semilunaris as an isolated anatomical
landmark does not fully reflect the complex inter-
action of aponeurotic structures within this region.
According to current anatomical data, the lateral
border of the rectus sheath corresponds to the fu-
sion zone of the aponeuroses of the lateral abdomi-
nal wall muscles (the EIT Ambivium), which is not
identical to the linea semilunaris in the narrow ana-
tomical sense [24].

From a biomechanical perspective, the anterior
abdominal wall functions as a composite system in
which the mechanical properties are determined by
the interaction of its individual layers rather than
by their simple summation [2, 3, 5, 19, 11]. This im-
plies that even localized structural alterations of in-
dividual aponeurotic components may influence the
mechanical behavior of the entire system.

The function of the lateral abdominal wall is based
on the coordinated activity of the transversus abdom-
inis and oblique muscles, which form an integrated
system responsible for trunk stabilization [4, 17, 23].
These muscles have been shown not to function in
isolation, but rather to interact through aponeurotic
structures that ensure the transmission and redistri-
bution of mechanical forces [2, 3, 5, 19]. A particu-
larly important role in this process is attributed to
the transversus abdominis muscle, the activation of
which is associated with alterations in the tension of
fascial and aponeurotic structures as well as with the
regulation of intra-abdominal pressure [4, 17, 23]. It
has also been demonstrated that different portions of
this muscle may be activated differentially depend-
ing on the functional load, reflecting the complexity
of force transmission mechanisms.

Within the concept of the fascial continuum, the
aponeuroses of the lateral abdominal wall muscles are
regarded as components of a unified mechanical sys-
tem in which structural alterations of one component
may affect the functional state of the entire construct
[19]. In this context, the fusion zone of these aponeu-
roses (Ambivium) may be considered an interface for
the transmission and redistribution of forces between
individual musculoaponeurotic components.

14

Clinical and experimental observations indicate
that disruption of the integrity of the aponeurotic
structures of the lateral abdominal wall is associ-
ated with reduced tissue tension, thereby emphasiz-
ing their role in maintaining the mechanical stabil-
ity of the system [12, 16].

In light of our findings, the morphological altera-
tions of the external oblique aponeurosis—includ-
ing disorganization of collagen fibers, reduction in
their density, and fatty infiltration—may indicate
decreased mechanical strength of the tissue. Within
the framework of the composite model, such changes
may correspond to impaired ability of the tissue to
effectively withstand and transmit mechanical loads.

The identified alterations were not random, but
rather formed relatively stable combinations of
morphometric features that were systematized into
three morphotypes: compact (35.3 %), transitional
(26.5 %), and disorganized (38.2 %). The transition
from the compact to the disorganized morphotype
was accompanied by a decrease in the proportion of
collagen fibers from 89.32 % to 68.18 %, an increase
in the proportion of peritenonium from 8.86 % to
26.87 %, and a reduction in the compactness coef-
ficient from 0.91 to 0.72.

A similar approach has previously been applied to
the linea alba. Tt has been established that the thick-
ness and density of collagen fibers correlate with
its mechanical strength, whereas the combination
of thin fibers and low density may form a morpho-
logically weak type of aponeurotic structure [1, 9].
These findings support the concept that the mor-
phological organization of aponeurotic structures is
directly related to their functional properties.

These results acquire particular significance in
the context of abdominal contour formation. Clini-
cal observations in aesthetic surgery indicate that
interventions involving the lateral portions of the
abdominal wall may alter abdominal contours, par-
ticularly contributing to the formation of a more
pronounced waistline [12—14, 18, 20]. Although
these effects are generally described at the macro-
scopic level, the underlying mechanisms remain in-
sufficiently understood.

From a biomechanical standpoint, it may be as-
sumed that structural impairment of the aponeu-
rotic components of the lateral abdominal wall,
particularly the external oblique aponeurosis, is
associated with reduced lateral tension and altered
force distribution within the system. In turn, this
may influence the formation of abdominal contours,
including the definition of the waistline [12, 16, 20].

Thus, the identified morphological alterations may
be regarded as one of the potential structural factors
involved in shaping the external appearance of the
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anterior abdominal wall. Given that the disorganized
morphotype was identified in 38.2 % of cases and the
transitional morphotype in 26.5 %, structural hetero-
geneity of the aponeurosis may have a clinically sig-
nificant impact on the variability of surgical outcomes
following correction of the anterior abdominal wall.

Therefore, the lateral aponeurotic zone (Ambiv-
ium) should be considered as part of an integrated
functional complex in which structural alterations
of the external oblique aponeurosis may influence
the mechanical and morphological characteristics of
the entire abdominal wall.

The obtained results provide a foundation for
further studies aimed at integrating morphological,
biomechanical, and clinical data in order to develop
individualized approaches to surgical correction of
the anterior abdominal wall.

Study Limitations

The study had several limitations. First, the analy-
sis was performed exclusively on material obtained
from women undergoing abdominoplasty, which
may limit extrapolation of the results to other pa-
tient groups, particularly men or individuals with-
out alterations of the anterior abdominal wall.

Second, the morphological investigation was lim-
ited to only one component of the lateral aponeu-
rotic zone—the external oblique aponeurosis—with-
out a comprehensive assessment of the other com-
ponents, including the aponeuroses of the internal
oblique and transversus abdominis muscles. This
limitation restricts the interpretation of the findings
within the context of the entire functional system.

Third, the study used a cross-sectional design and
therefore did not allow for the assessment of causal
relationships between the identified morphological
alterations and the functional characteristics of the
abdominal wall.

The absence of direct biomechanical measure-
ments also limits the ability to quantitatively assess
the impact of morphological changes on tissue me-
chanical properties, underscoring the need for fur-
ther experimental studies.

Conclusions

Morphometric and cluster analysis of the external
oblique aponeurosis revealed substantial struc-
tural variability and enabled the identification of
three morphotypes—compact (35.3 %), transitional
(26.5 %), and disorganized (38.2 %)—which differed
in the proportions of collagen fibers, peritenonium,
vascular component, and compactness parameters.
The disorganized morphotype was character-
ized by the lowest proportion of collagen fibers
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(68.18 £4.04 %), the highest content of peritenoni-
um (26.87 £4.11 %), a reduced compactness coeffi-
cient 0.72 +0.05, widening of interfascicular spaces,
and remodeling of the microcirculatory bed.

The identified morphological heterogeneity of
the aponeurosis reflects different degrees of struc-
tural remodeling and may represent one of the fac-
tors contributing to variability in the outcomes of
surgical correction of the anterior abdominal wall,
thereby supporting the rationale for further indi-
vidualization of surgical strategy.
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MopdoTuIiii artoHEBPO3y 30BHIIITHBOI'O KOCOT'O M’A34 YKUBOTA:
MOP(POMETPHUYHE TA I'iCTOJIOTiYHE OOIPYHTYBAHHS

JI. 10. Mapxkyaan !, K. B. Tambnepun !, C. B. ITakpumens 2

1 Harionanbuuii mequunuit yaisepcutet imeni O. O. Boromousbiig, Kuis

2 KHII «Caaro-Muxaitisebka Kiiniuna jgikaphsa M. Kuesa»

MeTa — BHBYUTHU TiCTONOTYHI Ta MOP(MOMETPUYHI OCOOIMBOCT] AMOHEBPO3Y 30BHIIIHBOIO KOCOTO M’S13a
>)kuBoTa (BKMJK) B AULIHII, aCOLIMOBAHIN 3 JIiHi€IO NiBMicAL (30Ha Ambivium).

Marepiagau Ta MEeTOAHM. Y JOUTPKEHH OyIO 3aMy4eHO 34 KiHKU BiKOM 22—54 poKM (CepejHii BiK —
(36,2£7,3) POKY), IKNM BUKOHAIH A6[IOMIHOIUIACTHKY 3 IIPUBO/Iy KOCMETHYHHX JIC(EKTIB IEPE/THBOI YEPEBHOL
crigku. ITif gyac onepariii OTpUMYBIM CTAHAAPTHU30BaHI (pparmeHTH annoHeBpo3y 3KMXK i3 CUMETPUYHUX JIiIs-
HOK 617151 TATEPAIbHOTO KPAIo MiXBU NPSIMOIrO M’S13a XKUBOTA. IIpOBOJMIN TCTONOTIYHE, TiCTOXIMIYHE Ta MOp-
(poMeTpUudHE JOCIPKEHH 3 BU3HAYCHHAM TOBIIIMHY KOJIAT€HOBUX ITy4KiB, IIMPUHU €HJOTECHOHIIO T4 IIEPU-
TEHOHIIO, IAPAMETPIB MiKPOLIUPKYJLITOPHOI'O PyCId, BiTHOCHO] VIO KOJIAT'€HY, IIEPUTEHOHIIO Ta CYAUH. i
CUCTEMATU3ALT CTPYKTYPHUX BAPidHTIB 3ACTOCOBAHO i€PAPXiYHUI KIACTEPHUN aHAII3 Td METOJ, K-CepeHiX.
PesyabsraTH. MOP(OMETPUYHUI aHAII3 BUABUB 3HAYHY BAPiaOEIbHICTb CTPYKTYPHOI OpraHisallii aloHEB-
PO3y: YACTKA KOJIATEHOBUX BOJIOKOH cTaHOBWIA 61,1—91,2 %, mepuTeHOHiI0 — 7,3—33,9 %, KOeMillieHT KOM-
maktHOCTI — 0,64—0,93. KimacrepHuil aHai3 [aB 3MOrY BUAUIUTH TPH MOPGHOTHIHN: KOMIAKTHUH (35,3 %),
niepexiguuit (26,5 %) i aesoprauizoBanuit (38,2 %). KoMmaktHuit MOP(OTUIT XaPAKTEPU3YBABCSI BUCOKOIO
YaCTKOIO Komareny ((89,32 +1,52) %), MiHIMAIBHUM BMICTOM IIEPUTEHOHIIO ((8,86+ 1,15) %) Ta MAKCUMATIBHUM
KoedinieHToM KOMIakTHOCTI (0,91 £0,01); 1e30praHisoBaHHUN MOP(OTUI — MiHIMATBHOIO YACTKOIO KOIATEHY
((68,18+4,04) %), MaKCUMQJILHUM BMICTOM MEPUTCHOHIIO ((26,87%4,11)%), HU3bKUM KOCDII[IEHTOM KOM-
nakrHoCTi (0,72+0,05), pO3MMUPEHHAM MDKITyYKOBUX IIPOCTOPIB, PEMOAEIIOBAHHAM CYJUHHOIO KOMIIOHEHTA
1 O3HAKAMM BHPA3HOI TiCTOCTPYKTYPHOI nepebynoBuU. TlepexinHuii MOP(MOTHII NTOCiaB IPOMDKHE MicClie. YCi
MDKKJIACTEPHI BiAIMIHHOCT] OY/I CTATUCTUYHO 3HaYymuMu (p <0,001).

BucHoBku. MOp(pOMETPHUYHMI i KIIACTEPHUN aHANI3 antoHeBpo3y 3KMJK BUABMB 3HAYHY CTPYKTYPHY Bapia-
OEMBHICTD TA AAB 3MOT'Y BUIUINTH TPU MOP(MOTUIN: KOMITAKTHUH, NIEPEXIJHUL i I€30PraHi30BAHUII, AKi Bigpi3-
HAIOTBCA 34 CIIBBIJHOIIEHHAM KOJIAT€HOBUX BOJIOKOH, IIEPUTEHOHIIO, CYIMHHOI'O KOMIIOHEHTA Ta IIOKA3HUKAMU
KOMITAKTHOCTI. BusBiIeHa MOP(OJIOridHa HEOAHOPIHICTE AITOHEBPO3Y BiTIOOPAXKYE Pi3Hi CTYIIEHI OO CTPYK-
TYPHOT'O PEMOJEITIOBAHHSA Tad MOXKE OYyTHU OJHUM i3 YMHHUKIB BAPidOEIbHOCTI PE3Y/IBTATIB XipypridHOl KOPEKIIii
MEPEAHBOI YEPEBHOI CTiHKY, IO OOI'PYHTOBYE JOLUIBbHICTb MOAAIBIIOT iHAMBITyani3arii XipypriyHOl TAKTUKN.
KiIro4oBi cj10Ba: alI0OHEBPO3 30BHIIHBOI'O KOCOI'O M’s13a K1BOT4, EIT Ambivium, JiHisg niBMicaiy, criresiesa
30H4, MOpdoMmeTpis, ricronoris, MoppoTUIH, a6JOMiHOIUIACTUKA.
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