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unresolved in minimally‑invasive inguinal her‑
nia (IH) repair (transabdominal preperitoneal 

INTRODUCTION  The question of optimal implant 
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ABSTRACT

INTRODUCTION  The necessity of mesh fixation in laparoendoscopic repair of large medial (classified by the Eu‑
ropean Hernia Society as M3) inguinal hernias (IHs) remains debated. Recent data, including the MEFISTO 
randomized controlled trial, suggest that rigid, anatomically contoured meshes may provide sufficient stability 
of hernia repair without mesh fixation, potentially reducing fixation‑related complications. However, biome‑
chanical performance of newly introduced anatomical meshes has not been thoroughly evaluated.
AIM  This study aimed to assess the mechanical stability of 2 newly introduced anatomically shaped 
meshes—SWING‑Mesh and 3DMax MID Anatomical Mesh—in a validated pressure chamber model simu‑
lating M3 IH defects.
MATERIALS AND METHODS  A rigid 3‑dimensionally (3D) printed groin model with a 4‑cm medial defect was 
mounted in a sealed pressure chamber capable of generating intra‑abdominal pressures of up to 70 kPa. Two 
meshes were tested: SWING‑Mesh (lightweight polypropylene; 55 g/m²; 16 cm × 12 cm) and 3DMax MID 
Anatomical Mesh (medium‑weight polypropylene; 78 g/m²; 17 cm × 12 cm). Both were positioned with an at 
least 3‑cm overlap beyond the defect margins without fixation. Initial testing was performed at 36 kPa. If 
displacement occurred, lower pressures were applied; if stability was maintained, higher overload pressures 
were used. Each experiment was repeated 3 times, with outcomes documented on photo and video material. 
The primary end point was mesh displacement into the defect.
RESULTS  SWING‑Mesh consistently displaced into the defect at 36 kPa in all trials. Supplementary tests 
showed migration as early as at 10 kPa. In contrast, 3DMax MID Anatomical Mesh remained stable at 36 kPa 
in all repetitions. Overload testing confirmed its resistance at 53, 60, and 70 kPa—the maximum achievable 
pressure in the chamber—without measurable displacement.
CONCLUSIONS  SWING‑Mesh failed to provide stability even under moderate intra‑abdominal pressures, which 
questions its suitability for nonfixed repair of M3 hernias. 3DMax MID Anatomical Mesh demonstrated com‑
plete stability under both physiologic and supraphysiologic conditions, confirming the mechanical advantage 
of medium‑weight 3D meshes. Implant design, weight, and stiffness appear more decisive for stability than 
fixation, supporting the selective use of nonfixation techniques when rigid meshes are applied.
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confirmed that mesh architecture and stiffness 
determine implant stability under pressure. Sta‑
bility was understood as the implant remaining 
in place at the herniated area and not dislocat‑
ing during the patient’s normal life.

Since the publication of our experimental 
work11 and the clinical results of the MEFISTO 
trial,6 2 new 3D meshes have been introduced to 
the Polish market: SWING‑Mesh (SMH2, THT 
Bioscience, Montpellier, France) and 3DMax MID 
Anatomical Mesh (Becton Dickinson, New Jer‑
sey, United States). To evaluate their mechani‑
cal performance in the setting of M3 hernias, we 
conducted analogous pressure chamber experi‑
ments to assess their stability under simulated 
conditions of increased intra‑abdominal pressure.

AIM  The  aim of this study was to evaluate 
the mechanical stability of 2 newly introduced 
anatomically shaped meshes—SWING‑Mesh 
and 3DMax MID Anatomical Mesh—in a vali‑
dated pressure chamber model simulating M3 
IH defects, and to compare their performance 
under conditions of increased intra‑abdominal 
pressure.11

MATERIALS AND METHODS  A validated experi‑
mental setup was employed to evaluate the me‑
chanical stability of newly introduced 3D mesh‑
es in conditions simulating large direct IHs (EHS 
classification M3). The model was based on pre‑
viously published methodology, with appropri‑
ate modifications made for the current study.11‑13

Groin model and pressure chamber  A rigid 3D‑print‑
ed model of the myopectineal orifice, incorporat‑
ing a 4‑cm medial defect, was created. The design 
was derived from averaged computed tomography 
data and postmortem casts, subsequently pro‑
cessed using computer‑aided design software to 
smooth the surface and achieve reproducible an‑
atomical contours. The model was manufactured 
from polylactide, chosen for its minimal elastic‑
ity, to reflect the stiff configuration of the ingui‑
nal region under physiologic load.

The model was mounted in a sealed cylindrical 
chamber capable of generating pressures of up to 
70 kPa (approximately 525 mm Hg), higher than 
extreme intra‑abdominal pressure surges occur‑
ring during coughing or vomiting. To reproduce 
physiologic friction conditions between the mesh 
and tissues, the model was coated with medical
‑grade vaseline. A thin plastic foil layer was placed 
over the model to mimic the parietal peritoneum 
and to enable pressure transmission on the po‑
rous mesh (FIGURE 1).

Meshes tested  Two anatomically contoured im‑
plants currently available on the  Polish mar‑
ket were investigated (TABLE 1). The first one was 
SWING‑Mesh (SMH2 1216 MB; FIGURE 2), a bidirec‑
tional, lightweight, monofilament polypropylene 
mesh designed for use in both left- and right‑sided 
IH repair. The tested size was 16 cm × 12 cm (largest 

approach / totally extraperitoneal approach). In‑
creasing evidence indicates that the choice of 
mesh—particularly its structure and stiffness—
may be as critical as the use of fixation mate‑
rials.1‑4 Recent data, including the updated Eu‑
ropean Hernia Society (EHS) guidelines5 and 
the MEFISTO (Mesh Fixation Study in Laparo‑
endoscopic Repair of M3 Inguinal Hernias) trial6 

have highlighted advantages of heavier meshes, 
which may achieve outcomes comparable to those 
of lightweight meshes, while eliminating the need 
for additional fixation materials.

This debate is particularly relevant in the set‑
ting of large direct (M3) IHs according to the EHS 
classification.7 The  2018 HerniaSurge guide‑
lines1 strongly recommended mesh fixation in 
such cases, a position largely based on data from 
the Herniamed registry.8 Since then, updated 
guidelines published in 2023 introduced only 
a weak recommendation favoring heavier mesh‑
es, without providing concrete directives regard‑
ing fixation strategies.5

In 2025, the MEFISTO trial compared fixa‑
tion of flat lightweight meshes with nonfixation 
of rigid, anatomically shaped 3‑dimensional (3D) 
meshes in M3 hernias.6 The results demonstrat‑
ed both approaches to be equally effective, with 
similar recurrence and complication rates. The key 
conclusion was that rigid, anatomically contoured 
meshes can obviate the need for fixation, which 
is significant from both the clinical standpoint—
since fixation is associated with risks of chronic 
pain, discomfort, or meshoma—and a socioeco‑
nomic perspective, given the additional costs of 
fixation devices.9,10

Before the MEFISTO trial, Zamkowski et al11 
conducted an experimental study developed in 
collaboration with engineers from the Gdansk 
and Cracow Universities of Technology. In this 
study, various 3D meshes were tested in a vali‑
dated pressure chamber model simulating an M3 
defect. The chamber was capable of reproducing 
intra‑abdominal pressure surges corresponding 
to extreme physiologic situations, such as cough‑
ing, sneezing, or vomiting. These experiments 

FIGURE 1�  Three‑dimensional groin model with the mesh placed in the measuring 
chamber
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available). According to the manufacturer’s speci‑
fications, the implant weighs 55 g/m², has a pore 
size of 1.53 mm × 1.3 mm, thickness of 0.48 mm, 
and porosity of up to 88%.

The second tested mesh was 3DMax MID Ana‑
tomical Mesh (FIGURE 3), which is a medium‑weight, 
monofilament polypropylene mesh with a 3D‑con‑
toured anatomical design. The tested size was 
17 cm × 12 cm (extra‑large right). The data provid‑
ed by the manufacturer indicate an approximate 
weight of 78 g/m², with an open‑pore structure 
providing durable strength‑to‑weight performance. 
The mesh is equipped with an orientation marker.

Both meshes were positioned in accordance with 
international recommendations, providing at least 
3 cm of overlap beyond the defect margins. No fix‑
ation was used in order to isolate the effect of im‑
plant design on its mechanical stability onsite.

Experimental procedure  For both meshes, the ini‑
tial test pressure was set at 36 kPa (approximate‑
ly 270 mm Hg), corresponding to the upper lim‑
it of physiologic intra‑abdominal surges, such as 
coughing or vomiting. Implant behavior was as‑
sessed under these conditions. SWING‑Mesh con‑
sistently displaced into the defect at this level of 
pressure; therefore, supplementary trials were per‑
formed at lower pressures to determine the thresh‑
old at which migration occurred.

In contrast, 3DMax MID Anatomical Mesh re‑
mained stable at 36 kPa. To further explore its me‑
chanical limits, additional overload tests were car‑
ried out by gradually increasing the chamber pres‑
sure above the physiologic range, reaching up to 
70 kPa, which represented the maximum achiev‑
able pressure of the apparatus.

High‑resolution photo and video documentation 
was obtained for all experiments, and each proto‑
col was repeated 3 times for each mesh to confirm 
reproducibility.

End points  The primary end point was mesh dis‑
placement, defined as any migration resulting in 
loss of the recommended overlap or protrusion 
into the hernia defect. Secondary end points in‑
cluded gross mesh deformation or failure to main‑
tain the original position under pressure (FIGURE 4).

TABLE 1  Mesh characteristics

Mesh type Size tested, cm Weight, g/m² Thickness, mm Pore size, mm Porosity, % Notes

Swing-Mesh 
SMH2 1216 MB

16 × 12 55 0.48 1.53 × 1.30 up to 88 • Lightweight;
• Bidirectional;
• Semi‑rigid;
• Multidirectional elasticity;
• Largest available size tested

3DMax MID 
Anatomical 
Mesh

17 × 12 78 0.68 0.12 × 0.19 – • Medium‑weight;
• 3-dimensional, contoured 

anatomical shape;
• Orientation markers;
• Built‑in recoil memory;
• Trocar‑compatible

FIGURE 2�  SWING‑Mesh: lightweight bidirectional polypropylene mesh with 
multidirectional elasticity and semi‑rigid curvature, designed for left- or right‑side use

FIGURE 3�  3DMax MID Mesh: medium‑weight polypropylene implant with rigid 
3‑dimensional contouring and orientation marker, providing stable spatial architecture 
and built‑in recoil memory
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achievable pressure in the apparatus—without 
any measurable displacement.

Summary  Thus, while the  lightweight 
Swing-Mesh failed to provide stability even un‑
der moderate intra‑abdominal pressure levels, 
the medium‑weight 3DMax MID Anatomical 
Mesh implant remained stable under both phys‑
iologic and supraphysiologic load conditions.

DISCUSSION  Our experimental study highlights 
distinct differences in the biomechanical stabili‑
ty of 2 newly introduced anatomically contoured 
meshes—SWING‑Mesh and 3DMax MID Ana‑
tomical Mesh—under simulated conditions of in‑
creased intra‑abdominal pressure in the setting 
of large medial (M3) inguinal defects.

Our findings confirm that mesh architecture—
determining its spatial stiffness—and overall 
weight remain the key determinants of implant 
stability. SWING‑Mesh, despite its anatomical de‑
sign, demonstrated early and reproducible dislo‑
cation not only at maximum simulated abdom‑
inal pressures (36 kPa) but also at levels as low 
as 10 kPa, which corresponds to mild physiolog‑
ic surges during daily activities. This behavior re‑
sembles that of other lightweight meshes, which 
tend to dislocate under pressure load, as described 
in earlier experimental models, and suggests that 
such implants may be unsuitable for nonfixed use 
in M3 hernias. Conversely, 3DMax MID Anatom‑
ical Mesh maintained its position without mea‑
surable deformation under both physiologic and 
supraphysiologic conditions, withstanding pres‑
sures of up to 70 kPa—the highest achievable 
pressure generated in our chamber. These find‑
ings align with prior experimental observations 
for heavyweight 3D meshes, such as Dextile An‑
atomical Mesh (Medtronic, Dublin, Ireland) and 
3DMax Heavy (Becton Dickinson), and provides 
further evidence that increased spatial stiffness 
of the mesh confers its superior mechanical sta‑
bility when implanted in a herniated groin.11,14

These results once again demonstrate that 
lightweight meshes face significant challenges 
in maintaining stability under physiologic intra
‑abdominal pressure, when implanted without fix‑
ation, which raises a question regarding the ap‑
propriateness of their use in larger IHs. To date, 
the only lightweight mesh that showed adequate 
stability in the pressure chamber was one spe‑
cifically tailored to the anatomical model, like‑
ly due to its excellent conformity and a greater 

Ethics  As this was a purely experimental, in vi‑
tro study without patient involvement, no for‑
mal ethical approval or consent was required un‑
der national regulations.

Statistical analysis  Due to the mechanical and 
qualitative nature of the experiment, no formal 
statistical testing was performed. The results were 
reported descriptively based on repeated trials to 
confirm reproducibility.

RESULTS  The experimental evaluation demon‑
strated marked differences in performance be‑
tween the 2 tested meshes (TABLE 2).

SWING‑Mesh  In all 3 trials performed at peak 
intra‑abdominal pressures (36 kPa), the implant 
consistently displaced into the defect, corre‑
sponding to early recurrence in the model. Sup‑
plementary tests at lower pressures confirmed 
this tendency: migration was observed as early as 
at 10 kPa—well below the physiologic maximum. 
The behavior was reproducible in each repetition, 
with progressive protrusion of the mesh through 
the defect opening as the pressure increased.

3DMax MID Anatomical Mesh  In contrast, 
the 3DMax MID Anatomical Mesh maintained its 
position during all 3 trials at 36 kPa, showing no 
evidence of dislocation or deformation. Extended 
overload testing further confirmed the high me‑
chanical stability of this implant, proved by keep‑
ing its position in the groin model under pres‑
sure. The mesh kept its position with incremental 
pressures of 53, 60, and 70 kPa—the maximum 

TABLE 2  Trial results

Mesh type Trial 1 Trial 2 Trial 3 Supplementary tests, 
kPa

Result summary

Swing-Mesh 
SMH2 1216 MB

Displaced 
at 36 kPa

Displaced 
at 36 kPa

Displaced 
at 36 kPa

Displaced at 10 kPa Early and reproducible migration at low 
(10 kPa) and maximum pressures (36 kPa)

3DMax MID 
Anatomical Mesh

Stable at 36 
kPa

Stable at 36 
kPa

Stable at 36 
kPa

Stable at 53, 60, and 70 
kPa

Maintained position under both 
physiologic (<37 kPa) and 
supraphysiologic pressures (up to 70 kPa)

FIGURE 4�  Representative image showing mesh displacement into the simulated 
defect under pressure. Displacement was defined as loss of overlap or protrusion 
through the defect, corresponding to early recurrence in the model.
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In summary, this study supports the concept 
that implant design—not fixation—determines 
stability in laparoendoscopic repair of M3 herni‑
as. Lightweight meshes with insufficient stiffness 
may require fixation to ensure durability, whereas 
medium- or heavyweight, anatomically contoured 
meshes can provide secure repair without addi‑
tional fixation materials.

CONCLUSIONS  SWING‑Mesh demonstrated ear‑
ly and consistent migration into the defect, even 
at low intra‑abdominal pressures, which raises 
concerns regarding its use without fixation in 
large direct (M3) hernias. In contrast, 3DMax 
MID Anatomical Mesh maintained complete sta‑
bility under both physiologic and supraphysiolog‑
ic loads, confirming the mechanical advantage of 
stiffer and heavier anatomical meshes. These find‑
ings suggest that implant architecture and weight 
are more decisive for stability than fixation it‑
self, supporting the selective use of nonfixation 
techniques when rigid medium- or heavyweight 
meshes are applied, while caution remains war‑
ranted for lightweight designs.
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