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Abstract

Aim. The aim of this study was to substantiate the anatomical and biophysical prerequisites for the 
development of indirect inguinal hernias through a  detailed pathoanatomical analysis of the inguinal 
region in men and to assess the role of the deep inguinal ring as a key zone of biomechanical failure.
Materials and methods. A  cross-sectional descriptive and analytical pathoanatomical study was 
performed on 30 inguinal regions obtained from 15 non-fixed male cadavers with no lifetime history of 
inguinal hernias. Layer-by-layer dissection of the inguinal region was carried out with morphometric 
assessment of the inguinal canal, deep inguinal ring, musculo-aponeurotic structures, transversalis fascia, 
and preperitoneal fat thickness. Morphometric measurements and correlation analysis were applied.
Results. A  considerable width of the unprotected posterior wall of the inguinal canal, limited muscular 
coverage of the deep inguinal ring, and a  high prevalence of degenerative changes in the transversalis 
fascia were identified. The deep inguinal ring demonstrated an increased area and oval configuration, 
combined with a marked reduction of preperitoneal fat thickness at this level. Strong inverse correlations 
were found between transversalis fascia quality, deep inguinal ring area, and preperitoneal fat thickness 
(p  < 0.001). Asymmetry of the umbilical folds resulted in lateralization of intra-abdominal pressure 
vectors, leading to pressure concentration in the region of the deep inguinal ring.
Conclusions. The deep inguinal ring represents the most anatomically and biophysically vulnerable zone 
of the inguinal region, characterized by minimal active and passive protection and maximal hydrodynamic 
loading. Preservation of the deep inguinal ring after standard hernioplasty maintains the anatomical 
basis for the development and recurrence of indirect inguinal hernias, supporting the rationale for its 
elimination as a pathogenetically justified surgical approach.
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INTRODUCTION

Inguinal hernias remain one of the most common 
pathologies of the anterior abdominal wall and represent 
a  significant clinical and socio-economic problem in 
modern surgery. According to epidemiological studies 
summarized by Abebe et al.  [1], inguinal hernias account 
for more than 75% of all abdominal wall hernias, while 
the lifetime risk of their development reaches 30%, 
with a  pronounced predominance among men. The high 
prevalence of this condition results in a substantial surgical 
burden: according to estimates by Ariaya et al.  [2], more 
than 20 million inguinal hernia repair procedures are 
performed worldwide each year. In Ukraine, up to 90 000 

such operations are carried out annually, as confirmed by the 
analysis of national data reported by Shaprynskyi et al. [3].

The evolution of surgical treatment for inguinal hernias 
has been primarily aimed at reducing recurrence rates by 
transitioning from tension-based techniques to tension-free 
methods using mesh implants. As noted by Tigora et al. [4], 
both open and laparoscopic mesh-based techniques reduce 
recurrence rates and accelerate postoperative recovery; 
however, they do not demonstrate a  convincing advantage 
in terms of long-term outcomes. Alongside recurrences, the 
issue of chronic postoperative pain and functional disorders 
of the spermatic cord structures remains highly relevant. 
According to Messias et al.  [5], these complications are 
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associated with trauma to neurovascular elements and 
specific features of implant–tissue interaction. Similar 
considerations are reflected in the clinical guidelines by 
Shakil et al. [6], which emphasize the critical importance of 
strict adherence to anatomical principles during hernioplasty.

A  substantial contribution to the investigation of 
anatomical prerequisites for the development of indirect 
inguinal hernias has been made by domestic researchers. 
In particular, Gonchar et al.,  [7] based on a  topographic-
anatomical analysis, demonstrated that preservation of the 
deep inguinal ring during standard hernioplasty techniques 
creates conditions for recurrence and may adversely affect 
testicular blood supply. The authors substantiated the rationale 
for elimination of the deep inguinal ring and spatial separation 
of the implant from the spermatic cord as factors contributing 
to improved long-term outcomes, which is consistent with 
the conceptual principles proposed by Matolinets et al.  [8] 
regarding rational surgical tactics and minimal tissue trauma.

At the same time, most contemporary studies are 
primarily focused on the choice of surgical approach, 
implant type, and fixation methods. The biophysical 
aspects of the interaction between anatomical structures 
of the inguinal canal  – particularly the deep inguinal 
ring  – and intra-abdominal pressure as well as dynamic 
mechanical loads remain insufficiently investigated. 
Although studies by García-García et al.  [9] in the field 
of mesh mechanics convincingly demonstrate the role of 
biomechanical mismatch between tissues and prostheses in 
the development of adverse outcomes, the anatomical and 
biophysical prerequisites for the formation of inguinal canal 
defects often remain outside the main focus of analysis.

Thus, a  significant gap exists between the anatomical 
and biophysical understanding of the inguinal region and the 
practical aspects of surgical treatment of indirect inguinal 
hernias. This gap underscores the need for a comprehensive 
pathoanatomical analysis of the male inguinal region, with 
particular attention to the role of the deep inguinal ring in the 
development and recurrence of hernias.

AIM

The aim of the study was to substantiate the 
anatomical and biophysical prerequisites for the 
development of indirect inguinal hernias based on 
a  detailed pathoanatomical analysis of the male inguinal 
regions and to assess the feasibility of eliminating the 
deep inguinal ring in order to prevent hernia recurrence.

MATERIALS AND METHODS

The study had a  cross-sectional descriptive and 
analytical design and was conducted as a pathoanatomical 
morphological analysis. A  total of 30 inguinal regions 
obtained from 15 non-fixed male cadavers with no lifetime 
clinical evidence of inguinal hernias were examined. The 
study was performed at the Pathoanatomical Department 

of the Communal Non-Profit Enterprise «Rozhnyativ 
Multidisciplinary Hospital» (Ukraine). The mean age of 
the deceased was 68.4  ±  7.4   years, and the mean body 
mass index was 23.6 ± 3.8 kg/m². In each case, both 
inguinal regions were analyzed.

The inclusion criteria were male sex, age over 
18 years, and absence of inguinal hernias or previous surgical 
interventions in the inguinal region. Exclusion criteria 
included prior inguinal surgery, gross deformities of the 
anterior abdominal wall, large space-occupying abdominal 
masses causing topographic distortion, and pronounced 
cicatricial changes. Randomization and blinding were not 
performed due to the morphological nature of the study.

The anatomical examination was carried out 
by layer-by-layer dissection of the inguinal region 
according to a  standard technique, with mobilization 
of the spermatic cord and incision of the transversalis 
fascia. After completion of the dissection, visual and 
morphometric assessments of the inguinal canal, the deep 
inguinal ring, and the preperitoneal space were performed.

Morphometric measurements were obtained using 
a digital caliper with a depth gauge (accuracy 0.1 mm). The 
length of the inguinal canal, height of the inguinal interval, 
width of the reconstruction zone, thickness and level of origin 
of the internal oblique and transversus abdominis muscles, as 
well as the width of the inguinal ligament were determined. 
Morphological characterization of the deep inguinal ring 
was performed by measuring its longitudinal and transverse 
diameters, followed by calculation of its area approximated as 
an ellipse using the formula: S = (π × A × B) / 4.

Additionally, the thickness of the preperitoneal fat 
was measured in the lateral, middle, and medial thirds of the 
inguinal canal as an amortization layer. The quality of the 
transversalis fascia was assessed using a  semi-quantitative 
three-grade scale: grade 1 – thinned, semi-transparent fascia 
with low mechanical resistance; grade 2 – preserved structure 
with moderate resistance to traction; grade 3 – dense, opaque 
fascia capable of withstanding significant mechanical load.

The condition of the transversalis fascia was further 
evaluated using the same semi-quantitative three-grade scale 
based on its thickness and mechanical resistance. Following 
laparotomy, traction of the peritoneum was performed with 
visual assessment of the internal surface of the anterior 
abdominal wall, including the configuration of the umbilical 
folds and inguinal fossae.

The study was conducted in accordance with the 
principles of the Declaration of Helsinki and current 
Ukrainian legislation. Anatomical material was obtained 
in a  legally established manner with informed consent 
from the legal representatives of the deceased individuals.

Statistical analysis was performed using Microsoft 
Excel and SPSS version 26.0 (IBM Corp., Armonk, NY, 
USA). Quantitative data are presented as mean ± standard 
deviation (M  ± SD). Spearman’s correlation coefficient (r) 
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was used to analyze relationships between variables, and 
Student’s t-test was applied for comparison of means. The 
level of statistical significance was set at p < 0.05.

RESULTS

For the purpose of quantitatively assessing the 
anatomical prerequisites for the development of indirect 

inguinal hernia, a  detailed morphometric analysis of the 
main geometric parameters of the inguinal canal and 
the components of the musculo-aponeurotic framework 
was performed. The obtained data made it possible to 
characterize the spatial organization of the posterior wall 
of the inguinal canal as well as the potential of its active 
and passive protective mechanisms. The summarized 
morphometric parameters are presented in Table 1.

Table 1
Morphometric Parameters of the Inguinal Canal and Musculo-Aponeurotic Framework (n = 30)

Indicator Value (M ± SD)
Inguinal canal
Length of the inguinal canal, cm 4.73 ± 0.79
Width of the reconstruction zone, cm 6.03 ± 0.85
Height of the inguinal space, cm 2.11 ± 1.10
Muscular-aponeurotic framework
Thickness of the m. obliquus internus, mm 5.60 ± 1.59
Thickness of the m. transversus abdominis, mm 4.53 ± 1.30
Width of the inguinal ligament, cm 1.78 ± 0.46

Source: prepared by the author based on data collected in this study.

The analysis of the geometric parameters of the 
inguinal canal showed that its mean length was 4.73 ± 
0.79 cm, which corresponds to the age-related anatomical 
characteristics of the studied group. At the same time, the 
width of the reconstruction zone reached 6.03 ± 0.85 cm, 
reflecting the extent of the posterior wall of the inguinal 
canal lacking rigid anatomical fixation and forming 
a considerable area of potential anatomical weakness.

The height of the inguinal interval was 2.11 ± 1.10 cm 
and was characterized by marked individual variability, 
indicating instability in the spatial relationship between the 
inguinal ligament and the lower margins of the abdominal 
wall muscles. An increase in this parameter was associated 
with expansion of muscular deficiency of the posterior wall 
and a  reduction in the effectiveness of dynamic protection 
during elevations of intra-abdominal pressure.

Assessment of the musculo-aponeurotic framework 
revealed limited thickness of the internal oblique and 
transversus abdominis muscles in the lower segments of 
the inguinal canal (5.60 ± 1.59 mm and 4.53 ± 1.30 mm, 
respectively). Given their topography and the direction 
of muscle fibers, such values are insufficient to form 

an effective muscular barrier over the region of the 
deep inguinal ring. The width of the inguinal ligament, 
measuring 1.78 ± 0.46 cm, remained relatively stable 
but did not compensate for the deficit of active muscular 
coverage of the posterior wall.

Overall, the morphometric data indicate 
a  combination of several unfavorable anatomical factors: 
a  substantial width of the unprotected segment of the 
posterior wall, a  variable and frequently increased 
height of the inguinal interval, and a  limited functional 
potential of the musculo-aponeurotic framework in the 
lower regions. Collectively, these conditions promote 
concentration of mechanical load in the area of the deep 
inguinal ring.

In view of these findings, further analysis was 
directed toward the evaluation of the morphological 
features of the deep inguinal ring and the structural 
condition of the transversalis fascia as key components of 
passive protection of the inguinal canal. The summarized 
morphometric characteristics of the deep inguinal ring and 
the frequency distribution of transversalis fascia quality 
are presented in Table 2.

Table 2
Morphology of the Internal Inguinal Ring and Quality of the Transverse Fascia

Indicator Value (M ± SD)
Morphometry of the internal inguinal ring (M ± SD)
Longitudinal diameter, cm 1.22 ± 0.41
Transverse diameter, cm 0.99 ± 0.32
Area of the internal inguinal ring, cm² 1.04 ± 0.68
Quality of the transverse fascia, n (%)
1 point – thinned, weak 13 (43.3%)
2 points – moderate 11 (36.7%)
3 points – dense 6 (20.0%)

Source: prepared by the author based on data collected in this study.
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Morphometric analysis of the deep inguinal 
ring demonstrated marked variability in its geometric 
parameters. The mean longitudinal diameter of the ring 
was 1.22  ±  0.41  cm, while the transverse diameter was 
0.99  ±  0.32  cm, resulting in the formation of an oval-
shaped opening with a mean area of 1.04 ± 0.68 cm². Such 
a  configuration creates conditions for asymmetric load 
distribution and uneven deformation under the influence 
of intra-abdominal pressure.

Assessment of the transversalis fascia revealed that 
in the majority of cases (24 of 30; 80.0%) it exhibited 
signs of structural insufficiency. Thinned or moderately 
preserved fascia was characterized by reduced mechanical 
resistance and easy deformation during traction, which 
limits its ability to function as an effective passive fibrous 
barrier in the region of the deep inguinal ring.

The combination of an increased area of the deep 
inguinal ring and degenerative changes in the transversalis 
fascia leads to loss of well-defined anatomical contours 

of the ring and impairment of its valvular function. 
Under these conditions, the deep inguinal ring effectively 
transforms into a  passive anatomical opening through 
which intra-abdominal pressure is transmitted to the 
peritoneum without adequate resistance.

These findings indicate that morphological weakness of 
the deep inguinal ring is determined by the interplay between 
its geometric characteristics and structural degradation of the 
transversalis fascia, forming the anatomical basis for loss of 
the protective function of the inguinal canal.

The functioning of the «valvular mechanism» of the 
inguinal canal is based on the synchronous interaction of 
the internal oblique and transversus abdominis muscles, 
which, during increases in intra-abdominal pressure, are 
expected to shift caudally and medially to occlude the 
deep inguinal ring. To assess the anatomical feasibility of 
this mechanism, the pattern of muscular coverage of the 
deep inguinal ring was analyzed. The summarized results 
are presented in Table 3.

Table 3
Type of Muscular Covering of the Internal Inguinal Ring (n = 30)

Type of cover n %
Complete coverage of m. obliquus internus 12 40.0
Partial coverage (≤ 50% of the ring) 12 40.0
Minimal or no coverage 6 20.0
m. transversus abdominis passes above the internal inguinal ring 24 80.0
Partial coverage of m. transversus 6 20.0

Source: prepared by the author based on data collected in this study.

Analysis of the obtained data showed that only in 
40.0% of cases was the deep inguinal ring completely 
covered by fibers of the internal oblique muscle. In the 
remaining observations, muscular coverage was partial or 
minimal, which limited the ability to effectively occlude 
the ring during increases in intra-abdominal pressure. In 
20.0% of cases, muscular coverage was virtually absent, 
and the deep inguinal ring was in direct contact with the 
peritoneum of the lateral inguinal fossa.

The position of the transversus abdominis muscle was 
also unfavorable: in the majority of the examined inguinal 
regions (80.0%), its lower edge was located above the level 
of the deep inguinal ring and therefore did not participate 
in the formation of an active protective mechanism. Under 
such conditions, even partial coverage by the internal oblique 
muscle did not ensure synergistic muscular action, resulting 
in functional insufficiency of the muscular «valve.»

From an anatomical and functional perspective, these 
findings indicate that in most cases the mechanism of active 
dynamic protection of the deep inguinal ring is markedly 

weakened or ineffective. Under these circumstances, the deep 
inguinal ring is not occluded during straining but instead 
is directly exposed to intra-abdominal pressure, which 
promotes its gradual dilatation and loss of valvular function.

Summarizing these results, it can be stated that 
the concept of a  fully functional «valvular mechanism» 
of the inguinal canal has limited anatomical support, 
particularly in older men. The identified morphological 
insufficiency of active muscular coverage explains why, 
even with adequate reconstruction of the posterior wall of 
the inguinal canal, preservation of the deep inguinal ring 
remains a potential site of hernia recurrence.

In view of this, the subsequent stage of the study was 
devoted to investigating the role of the preperitoneal space 
as a  cushioning layer and analyzing its relationships with 
the morphological parameters of the deep inguinal ring. The 
preperitoneal space is considered an important biomechanical 
component of passive protection of the inguinal region, 
capable of partially absorbing the effects of intra-abdominal 
pressure. The summarized results are presented in Table 4.

Table 4
Parameters of the Thickness of the Preperitoneal Tissue at Different Levels of the Inguinal Canal

Measurement level Thickness, cm
At the level of the internal inguinal ring 0.19 ± 0.06
Middle of the inguinal canal 0.51 ± 0.25
At the level of the external inguinal ring 1.91 ± 0.31

Source: prepared by the author based on data collected in this study.
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Morphometric analysis revealed a  pronounced 
gradient in the thickness of the preperitoneal space along 
the inguinal canal. While at the level of the superficial 
inguinal ring its thickness approached nearly 2 cm, 
forming a  substantial cushioning layer, at the level of 
the deep inguinal ring it decreased to 0.19 ± 0.06 cm. 
Thus, the minimal thickness of the preperitoneal adipose 
tissue in the region of the deep inguinal ring sharply 
contrasts with its increase toward the superficial inguinal 
ring, creating a  marked proximodistal gradient of the 
cushioning layer. This indicates that the region of the 

deep inguinal ring is virtually devoid of biomechanical 
protection against intra-abdominal pressure.

In view of these findings, a  correlation analysis was 
performed to assess the relationships between the quality of 
the transversalis fascia, the area of the deep inguinal ring, 
and the thickness of the preperitoneal space (Table 5). This 
approach made it possible to determine whether fascial 
alterations are associated with geometric remodeling of the 
deep inguinal ring and reduction of the cushioning layer, 
thereby forming a unified pathogenetic complex.

Table 5
Correlation Analysis between Morphometric Characteristics of the Internal Inguinal Ring and the Quality 

of the Transverse Fascia
Indicators r p

Fascia quality – internal inguinal ring area -0.96 <0.001
Fascia quality – preperitoneal space thickness (internal inguinal ring) -0.82 <0.001
internal inguinal ring area – preperitoneal space thickness (internal inguinal ring) -0.88 <0.001

Source: prepared by the author based on data collected in this study.

Correlation analysis revealed extremely strong 
inverse relationships between the quality of the 
transversalis fascia, the area of the deep inguinal ring, and 
the thickness of the preperitoneal space. Deterioration of 
the structural integrity of the fascia was almost linearly 
associated with enlargement of the deep inguinal ring area 
(r  = –0.96; p < 0.001) and a  reduction in the thickness 
of the cushioning layer (r  = –0.82; p < 0.001). The 
combination of these changes forms a closed pathogenetic 
loop, in which fascial degeneration is accompanied by 
dilatation of the deep inguinal ring and depletion of 
preperitoneal adipose tissue, leading to concentration of 
local biophysical load in this region.

Analysis of the internal surface of the anterior 
abdominal wall demonstrated anatomical asymmetry of 
the umbilical folds and the associated redistribution of 
intra-abdominal pressure. In most observations, the lateral 
inguinal fossa represented the deepest anatomical region, 
whereas the medial inguinal fossa had a smaller area and 
depth. In 26 of 30 inguinal regions (86.7%), the medial 
umbilical fold was morphologically more pronounced 

and denser, which is explained by its formation from 
the obliterated umbilical artery  – a  structurally more 
robust fibrous structure compared with the more elastic 
components of the lateral umbilical fold.

Under conditions of increased intra-abdominal 
pressure, the denser medial umbilical fold limits medial 
dissipation of the load and redirects the pressure vector 
laterally. As a  result of the lower height and greater 
elasticity of the lateral umbilical fold, the maximal 
hydrodynamic impact is concentrated in the region of the 
floor of the lateral inguinal fossa and is directly projected 
onto the deep inguinal ring.

In summary, the deep inguinal ring should be 
regarded as the anatomically and biophysically most 
vulnerable zone of the inguinal region, characterized 
by minimal muscular coverage, absence of an effective 
cushioning layer, and maximal hydrodynamic loading. This 
explains the propensity for the formation and recurrence 
of indirect inguinal hernias when the deep inguinal ring is 
preserved, as schematically illustrated in Figure 1.

Figure 1. Schematic representation of the biophysical features of intra-abdominal pressure distribution in the inguinal region.
Notes: Asymmetry of the umbilical folds shapes the direction of the pressure vector to the lateral inguinal fossa and internal inguinal 
ring. Source: Figure created by the authors based on observations within the current study.
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The presented schematic illustrates that the 
deep inguinal ring is located within an anatomically 
determined zone of intra-abdominal pressure 
concentration. The combination of a  lateralized load 
vector, minimal muscular coverage, degenerative changes 
of the transversalis fascia, and the practical absence 
of a  preperitoneal cushioning layer results in maximal 
hydrodynamic impact on the deep inguinal ring during 
each episode of increased intra-abdominal pressure. Under 
these conditions, the deep inguinal ring loses its function 
as a  dynamic protective element and transforms into 
a permanent zone of biomechanical weakness.

The synthesis of morphometric, morphological, 
and biophysical findings indicates that the formation 
of indirect inguinal hernias is driven by a  complex 
interplay of interrelated factors: a substantial width of the 
unprotected segment of the posterior wall of the inguinal 
canal, variability in the height of the inguinal gap, an 
increased area and oval configuration of the deep inguinal 
ring combined with degeneration of the transversalis 
fascia, and lateralization of the intra-abdominal pressure 
vector. Preservation of the deep inguinal ring even 
after standard posterior wall repair creates anatomical 
prerequisites for recurrence of indirect inguinal hernia, 
thereby substantiating the rationale for a  reconstructive 
approach involving elimination of the deep inguinal 
ring and translocation of the spermatic cord as 
a pathogenetically justified option for reliable hernioplasty.

DISCUSSION

The obtained results allow a novel interpretation of 
the pathogenesis of indirect inguinal hernia formation, 
viewing it not as an isolated local defect of the anterior 
abdominal wall, but as the consequence of a  complex 
interaction of anatomical, morphological, and biophysical 
factors. The performed morphometric and morphological 
analyses demonstrated that the deep inguinal ring 
represents the anatomically most vulnerable zone of 
the inguinal region, where minimal muscular coverage, 
degeneration of the transversalis fascia, reduction of the 
preperitoneal cushioning layer, and concentration of intra-
abdominal pressure coexist. This combination of factors 
explains the predisposition to both the development and 
recurrence of indirect inguinal hernias when the deep 
inguinal ring is preserved.

The identified considerable width of the 
reconstruction zone and the variability of the inguinal 
gap height indicate a  limited capacity of the posterior 
wall of the inguinal canal to effectively withstand 
mechanical loading. These anatomical observations 
are consistent with the findings of Xiao et al.  [10], who 
demonstrated that the posterior wall of the inguinal canal 
is the most dynamically unstable region of the anterior 
abdominal wall, particularly in older individuals. In 
contrast to predominantly descriptive approaches, our 

study supplements these concepts with quantitative 
morphometric data, allowing objective assessment of the 
extent of anatomical weakness.

The morphology of the deep inguinal ring plays 
a  pivotal role in the development of biomechanical 
failure. Experimental biomechanical models, including 
the study by Karrech  et  al.  [11], have shown that even 
minimal defects of the musculo-aponeurotic layers 
significantly alter stress distribution under conditions of 
increased intra-abdominal pressure. Our findings specify 
these mechanisms in the inguinal region, demonstrating 
that dilation of the deep inguinal ring is accompanied 
by degeneration of the transversalis fascia and reduction 
of preperitoneal adipose tissue, forming a  unified 
pathogenetic complex.

The high prevalence of structural insufficiency of the 
transversalis fascia is consistent with the data of Prasanna 
et al.  [12], who considered the fascia transversalis 
a  key passive protective element of the inguinal region 
and emphasized its age-related degeneration. Our 
results extend these observations by demonstrating an 
exceptionally strong inverse correlation between fascia 
quality and the area of the deep inguinal ring, indicating 
a  close morphofunctional relationship between these 
structures.

Analysis of muscular coverage revealed that the 
classical concept of an effective «valve mechanism» 
is realized only in a  limited number of cases. In most 
observations, the internal oblique muscle provided only 
partial coverage, while the transversus abdominis muscle 
did not participate in dynamic protection in 80% of cases. 
These findings are in agreement with the conclusions of 
S. Joseph [13], presented at SAGES (2022), regarding the 
limited and age-dependent effectiveness of the muscular 
valve mechanism.

The novelty of the present study lies in the inclusion 
of the preperitoneal space as a  biomechanical shock-
absorbing component. The identified proximodistal 
gradient of preperitoneal fat thickness, with minimal 
values at the level of the deep inguinal ring, indicates the 
absence of an effective damping layer precisely in the 
zone of maximal mechanical load. Although the role of 
soft tissues in pressure dissipation has been described by 
Spadoni et al. [14] and Joppin et al. [15], our study is the 
first to localize a  critical zone of amortization deficiency 
within the inguinal region.

Anatomical asymmetry of the umbilical folds leads 
to lateralization of the intra-abdominal pressure vector, 
directing it toward the lateral inguinal fossa and the deep 
inguinal ring. This hydrodynamic concept is consistent 
with the biomechanical models proposed by Pillet  [16], 
which demonstrate the influence of the geometry of the 
internal surface of the abdominal wall on the localization 
of peak pressure zones.
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From a  clinical perspective, the obtained results 
explain why preservation of the deep inguinal ring 
during standard hernioplasty techniques fails to eliminate 
the pathogenetic basis of indirect inguinal hernia 
formation. This observation is consistent with the clinical 
findings of Messias et al.  [17], who reported recurrence 
localization predominantly in this region, and provides 
a morphological rationale for these data.

Thus, indirect inguinal hernia should be regarded 
as the result of a  complex anatomical and biophysical 
insufficiency of the deep inguinal ring, which creates 
a  pathogenetic foundation for reconsideration of surgical 
strategy.

CONCLUSIONS

It was established that the leading anatomical and 
biophysical cause of the development and recurrence 
of indirect inguinal hernia is the structural insufficiency 
of the deep inguinal ring, resulting from degenerative 
changes of the transversalis fascia, enlargement of its area, 
minimal muscular coverage, and a  marked deficiency of 
the preperitoneal cushioning layer.

The anatomical location of the deep inguinal ring 
within the lateral inguinal fossa, which represents a focal 
point of intra-abdominal pressure concentration, leads to 
persistent hydrodynamic loading and loss of its function 
as a dynamic protective element of the inguinal canal.

The obtained morphological and morphometric 
data indicate that restoration of a  fully functional valve 
mechanism of the deep inguinal ring is anatomically 
impossible, and that standard hernioplasty techniques, 
including the Lichtenstein procedure, provide only 
mechanical narrowing of the ring without eliminating its 
primary pathogenetic insufficiency.

Perspectives for further research. Future research 
should focus on integrating anatomical and morphological 
data with biomechanical and finite element computational 
modeling to quantitatively assess stress distribution in the 
region of the deep inguinal ring under various scenarios of 
increased intra-abdominal pressure. Further studies should 
be aimed at the development of personalized surgical 
strategies for the treatment of indirect inguinal hernias, 
taking into account individual anatomical variations of the 
inguinal region, the condition of the transversalis fascia, 
and parameters of the preperitoneal space.

An important direction involves the integration 
of digital technologies, including three-dimensional 
visualization and artificial intelligence, to predict the 
risk of recurrence and to support selection of the optimal 
reconstructive approach. The obtained results may serve 
as a basis for the development of clinical guidelines and 
standards for hernioplasty focused on reducing recurrence 
rates and the incidence of chronic postoperative pain. 
Implementation of these approaches is expected to 

improve the quality of surgical care, enhance access to 
modern treatment methods, and increase the efficiency of 
healthcare resource utilization.
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which does not allow for a  full assessment of dynamic 
tissue changes in the inguinal region under physiological 
fluctuations of intra-abdominal pressure in vivo. Second, 
the sample was limited to elderly male individuals, which 
restricts the extrapolation of the findings to younger 
patients and the female population. Third, the absence of 
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direct comparison of morphologic parameters with clinical 
manifestations of the disease.

In addition, the biophysical conclusions are based 
on morphometric and correlation analyses, which do 
not exclude the potential influence of biases related 
to individual anatomical variability. Further studies 
incorporating experimental and clinical models may 
help to overcome these limitations and enhance the 
generalizability of the results.
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Резюме

АНАТОМІЧНЕ ОБҐРУНТУВАННЯ ПРИЧИНИ РОЗВИТКУ КОСИХ ПАХВИННИХ ГРИЖ ТА БІОФІЗИЧНІ 
ПЕРЕДУМОВИ ЇХ УТВОРЕННЯ
Михайло Г. Гончар1, Борислав Р. Пилип’юк1, Олександр В. Пиптюк1, Роман Я. Федорика1, Андрій Я. Пасько1, 
Анатолій І. Горін2, Назарій М. Юськевич1

1Івано-Франківський національний медичний університет, м. Івано-Франківськ, Україна
2КНП «Долинська Багатопрофільна лікарня», м. Долина, Івано-Франківська область, Калуський район, Україна

Мета. Обґрунтування анатомо-біофізичних передумов формування косих пахвинних гриж шляхом 
детального патологоанатомічного аналізу пахвинної ділянки у  чоловіків та оцінка ролі внутрішнього 
пахвинного кільця як ключової зони біомеханічної неспроможності.
Матеріали та методи. Проведено одномоментне описово-аналітичне патологоанатомічне дослідження 30 
пахвинних ділянок, отриманих від 15 нефіксованих трупів чоловіків без клінічних ознак пахвинних гриж 
за життя. Виконано пошарову дисекцію пахвинної ділянки з  морфометричною оцінкою пахвинного каналу, 
внутрішнього пахвинного кільця, м’язово-апоневротичного каркаса, стану поперечної фасції та товщини 
передочеревинної клітковини. Застосовано морфометричні методи та кореляційний аналіз.
Результати. Виявлено значну ширину незахищеної зони задньої стінки пахвинного каналу, обмежене м’язове 
прикриття внутрішнього пахвинного кільця та високу частоту дегенеративних змін поперечної фасції. 
Внутрішнє пахвинне кільце характеризувалося збільшеною площею та овальною формою, що поєднувалося 
з  мінімальною товщиною передочеревинної клітковини на цьому рівні. Встановлено сильні обернені 
кореляційні зв’язки між якістю поперечної фасції, площею внутрішнього пахвинного кільця та товщиною 
передочеревинного простору (p  < 0,001). Асиметрія пупкових складок зумовлювала латералізацію вектора 
внутрішньочеревного тиску з концентрацією навантаження в ділянці внутрішнього пахвинного кільця.
Висновки. Внутрішнє пахвинне кільце є анатомічно та біофізично найбільш уразливою зоною пахвинної 
ділянки, де поєднуються мінімальний активний і  пасивний захист та максимальне гідродинамічне 
навантаження. Збереження внутрішнього пахвинного кільця після стандартної герніопластики створює 
передумови для формування і  рецидивування косих пахвинних гриж, що обґрунтовує доцільність його 
ліквідації як патогенетично обґрунтованого хірургічного принципу.

Ключові слова: внутрішнє пахвинне кільце, герніопластика, закриття пахвинного кільця, поверхневе 
пахвинне кільце, рецидив грижі
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