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Abstract
Objective

This study aimed to investigate the cytomorphological effects of heavyweight and lightweight mesh on the
ilioinguinal nerve in an experimental animal model.

Methods

Sixteen New Zealand male rabbits were included in the study. The left inguinal regions of the first six
animals were assigned as controls and the right inguinal regions were assigned as the sham group. The left
inguinal regions of the remaining 10 animals were assigned as the lightweight mesh group and the right
inguinal regions were assigned as the heavyweight mesh group. No intervention was performed in the
control group. In the sham group, only ilioinguinal nerve exploration was performed. In mesh groups,
ilioinguinal nerve exploration was performed and the mesh was implanted on the ilioinguinal nerve. After
three months, ilioinguinal nerve specimens were excised from both sides for cytomorphological
examination.

Results

Myelin sheath thickening, separation of the myelin layers, and myelin vacuolization were more pronounced
in the heavyweight mesh group compared to the lightweight mesh group. The G-ratio was moderately
increased in the heavyweight mesh group when compared to other groups. The ratio of fibers with <4 ym
diameter was higher in the lightweight mesh group compared to other groups, and the ratio of fibers with >9
pm diameter was higher in the heavyweight mesh group than in the other groups (p<0.05).

Conclusion

Both of the meshes induce cytomorphological alterations on the adjacent nerve tissues caused by foreign
body reaction and compression. Ilioinguinal nerve degeneration was more pronounced in the heavyweight
mesh than in the lightweight mesh. Histological alterations on the ilioinguinal nerves caused by different
meshes may be related to chronic pain after hernia surgery. We believe our study will serve as a guide for
future studies on the topic.

Categories: Pain Management, General Surgery
Keywords: postoperative pain, ilioinguinal nerve, lightweight mesh, heavyweight mesh, inguinal hernia repair

Introduction

Hernia repair is one of the most commonly performed surgical procedures in general surgery practice and is
associated with substantial health costs. Inguinal hernias account for 75% of all hernia cases [1]. It has been
estimated that the lifetime risk of developing an inguinal hernia is 27% in males and 3% in females, and
more than 20 million hernia repair procedures are performed worldwide annually. Groin hernia may present
with complications that may lead to mortality and morbidity such as incarceration and strangulation. It has
been shown that overall and major morbidity and mortality rates in patients who underwent emergency
surgery for incarcerated inguinal hernia were 41.5%, 9.6%, and 3.4%, respectively [2].

Conventional techniques used in inguinal hernia repair have been replaced with surgical procedures
involving laparoscopic surgery and different meshes [3]. Complications such as hematoma, surgical site
infection, urinary retention, recurrence, and chronic pain have been reported during short or long-term
follow-ups after inguinal hernia repair [4,5]. Despite the widespread use of mesh grafts and associated
successful outcomes, efforts to design and develop new meshes that are more comfortable and more
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compatible with the organism are ongoing. Besides, properties of meshes including pore size, geometry,
active surface area, affinity to water, elasticity, polymer type, and biocompatibility have also received
significant attention [6].

Heavyweight meshes have thick polymer fibers, small pores, high tensile strength, and large surface area
and they provide maximum scar tissue and optimal mechanical stability. On the other hand, lightweight
meshes have thin polymer fibers, large pores, and small surface area and they allow for high elastic repairs
that are more compatible with the tissue in the long term by leading to lower incidences of scar tissue [7]. It
remains unclear whether the prosthetic meshes have an unfavorable (structural or functional) impact on the
neurovascular structures in the inguinal canal, the ductus deferens, and the adjacent vascular and neural
structures due to direct mesh contact or fibrosis developed around the mesh.

The rate of postoperative chronic pain following inguinal hernia surgery, which significantly impairs
patients’ daily activities and quality of life, has been reported to be between 15 and 53% [8]. The association
of postoperative chronic pain with surgical techniques and materials used is still under debate. The risk
factors proposed to be related to chronic pain include the experience of the surgeon, surgery for recurring
hernia, nerve injury, mesh implantation, type of surgery, psychosocial factors, presence of preoperative
pain, patients’ age, early-onset pain after surgery, and ischemia [8,9]. A recent study found a lower incidence
of chronic inguinal pain after laparoscopic repair than after open hernia repair [10]. Although laparoscopic
repair is related to a lower incidence of chronic pain, open repair remains the common technique of choice.
A recent study reported that open repair was performed in 28% of patients who underwent inguinal hernia
repair in a one-year period [11].

Little is known about the underlying pathophysiological mechanisms and neurophysiological changes
related to chronic pain encountered after hernia repair. The relationship between postoperative chronic pain
and sensory impairment supports the hypothesis that the pain is neuropathic [12]. Postoperative chronic
pain may occur due to injury to one or more nerves (ilioinguinal, iliohypogastric, and genitofemoral nerves)
in the inguinal region. This injury may result from tissue damage during incision or from dissection and
fixation procedures during mesh implantation. Moreover, postoperative inflammation or mesh reaction may
also contribute to this injury [12]. These nerves need to be protected during surgery to prevent postoperative
pain and sensory loss. This study aimed to investigate the cytomorphological effects of heavyweight and
lightweight meshes on the ilioinguinal nerve during open hernia repair.

Materials And Methods
Subjects

Sixteen male New Zealand rabbits with ages ranging from six months to one year and weighing 2.5-3

kg were included in the study. Before enrollment, the animals were monitored for three weeks to provide a
quarantine period and for getting adapted to their new environment. The animals were kept in cages on a
12-hour light/dark cycle at an environmental temperature of 22 °C and were exposed to a standard feeding
procedure with tap water during the experimental period. Subjects were randomly divided into two groups
initially. The left inguinal regions of the first six animals were assigned as controls and the right inguinal
regions were assigned as the sham group. The left inguinal regions of the remaining 10 animals were
assigned as the lightweight mesh group and the right inguinal regions were assigned as the heavyweight
mesh group. This study, which was conducted in the Animal Laboratory of Ankara University Medical
Faculty, was approved by the Experimental Animals Ethics Committee of Ankara University (61-312; 14
April 2010). Surgical procedures were performed in accordance with the European Convention for the
Protection of Vertebrate Animals Used for Experimental and other Scientific Purposes [13].

Surgical procedure

All surgical procedures were performed by two senior general surgery residents (first and second coauthors
of the manuscript) at the same time of the day. After a 12-hour fasting period, 50 mg/kg cefazolin sodium
was administered intramuscularly (Cefamezin®, Eczacibasi Pharmaceuticals, Istanbul, Turkey). For the
induction of anesthesia, a mixture of 35 mg/kg ketamine hydrochloride (Ketalar®, Pfizer, Istanbul, Turkey)
and 5 mg/kg xylazine hydrochloride (Rompun® 2%, Bayer, Istanbul, Turkey) was administered
intramuscularly and half of the initial dose was used as the maintenance dose when deemed necessary. All
surgical procedures were performed while the rabbits were breathing spontaneously. After the induction of
anesthesia, the inguinal region was shaved for skin cleansing and then the skin and the field were cleaned
using 10% povidone-iodine. Subsequent procedures were performed depending on the assigned group of
animals, as follows - control group: no intervention was performed; sham group: after inguinal incision,
only the ilioinguinal nerve was exposed by an appropriate dissection by an inguinal ligament-guided
approach (Figure /A); heavyweight mesh group: after inguinal incision, the ilioinguinal nerve was exposed
and a heavyweight mesh (1 x 1 cm Prolene®, Ethicon, Somerville, NJ) was implanted on the nerve (Figure
1B); lightweight mesh group: after inguinal incision, the ilioinguinal nerve was exposed and a lightweight
mesh (1 x 1 cm Ultrapro®, Ethicon, Somerville, NJ) was implanted on the nerve (Figure 1C). The meshes were
fixed to the tissue on both sides with a 5/0 polypropylene suture. The skin was closed with 3/0 monofilament
sutures in sham and both mesh groups.
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FIGURE 1: Exposure of the ilioinguinal nerve and mesh placement

(A) ilioinguinal nerve; (B) heavyweight mesh placement; (C) lightweight mesh placement

After three months, all subjects were anesthetized with the same method described previously and the
ilioinguinal nerve was exposed through the bilateral inguinal incision. In the control and sham groups, the
ilioinguinal nerve was excised after ligating the distal and proximal ends. The ilioinguinal nerve was excised
together with the mesh in the lightweight and heavyweight mesh groups. After collecting the samples,
hemostasis was performed and the skin was closed with 3/0 monofilament sutures. The animals were not
killed at the end of the experiment.

Histological tissue processing

The ilioinguinal nerve tissues were fixed in 2% phosphate-buffered glutaraldehyde and 10%
paraformaldehyde solutions at pH 7.2 for four to six hours at 4 °C and underwent a post-fixation process in
phosphate-buffered 1% osmium tetroxide. Tissue samples were dehydrated through a graded series of
ethanol, transferred to propylene oxide, and embedded in Araldite® 6005 (Huntsman, Istanbul, Turkey).
Semithin sections were cut in 800-1000 nm and stained with toluidin blue-azure II. All tissue fixation,
embedding sectioning, and staining procedures were performed in the electron microscopy laboratory of
the Department of Histology and Embryology, Ankara University Faculty of Medicine.

Morphometric analysis

For morphological analysis from semithin sections of samples, digital 8-bit RGB images were captured by a
Leica ICC50 HD camera mounted on the light microscope (Leica DM 500) under a 100x magnification lens
using immersion oil. A total of 50 randomly selected nerve fibers in each animal in control, sham, and mesh
groups were analyzed using the Image J program [14]. The outer (fiber diameter) and inner diameter (axonal
diameter) of selected nerve fibers were measured at two different locations (along the vertical and
horizontal axes of the nerve fiber cross-section) using straight-line selection, and the mean values of the
outer and inner diameter were obtained. Using the formula (axonal diameter/outer diameter) the G-ratio and
the myeline thickness for each of the analyzed nerve fibers were calculated. The number of myelinated nerve
fibers with a diameter €4 um, 5-8 um, and >9 um were assessed by an experienced senior histologist blinded
to groups.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics v 15.0 (IBM Corp., Armonk, NY). The normality
of the data was tested using the Kolmogorov-Smirnov and Shapiro-Wilk tests. Groups were compared using
the Kruskal-Wallis test for non-normally distributed data. The post hoc multicomparison test was used to
determine the groups yielding the statistical difference. The distribution of fiber diameters among the
groups was analyzed using the Chi-squared test. The level of statistical significance was set at p<0.05.

Results

None of the rabbits were deceased during or after the operation. During the three months of follow-up, no
infective complications involving the surgical area were observed. In the sham group, no fibrous tissue was
observed macroscopically around the ilioinguinal nerve re-exposed three months after the initial surgery. In
the lightweight and heavyweight mesh groups, the inguinal region was very tight and there was similar
dense fibrotic tissue around the mesh (Figure 2A), which showed adhesion to the nerve (Figures 2B, 2C).
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FIGURE 2: Exposure of the ilioinguinal nerve after three months

(A) fibrous tissue around the mesh; (B) ilioinguinal nerve adhesion of the heavyweight mesh; (C) ilioinguinal nerve
adhesion of the lightweight mesh. The arrows show the ilioinguinal nerve

Cytomorphological assessment

Histological examination of the control and sham groups by semithin sections of the peripheral nerve
revealed that the myelinated nerve fibers were almost intact, showing normal morphology. The
endoneurium between the nerve fibers also appeared to be normal (Figures 34, 3B).

FIGURE 3: Semithin section of control and sham groups

(A) control group; (B) sham group

Arrows: myelinated fibers; stars: unmyelinated fibers; 100x magnification (oil immersion), toluidin blue-azure Il

Sc: Schwann cell nucleus; end: endoneurium; prn: perineurium; epn: epineurium

Semithin sections of the ilioinguinal nerve in lightweight and heavyweight mesh groups exhibited grade I
compression injury-induced morphologic changes [15]. In the lightweight mesh group, we observed a
moderate increase in the number of the small-caliber, thinly myelinated fibers, which predominated in
either the peripheral or central region of the nerve. Myelin sheaths of the nerve fibers showed undulation
and vacuolization, and separation of the myelin layers as a prominent feature of myelin degeneration. Some
fascicles showed a reduction in myelinated fiber density with axonal degeneration and mild endoneural
edema (Figures 44, 4B). In the heavyweight mesh group, nerve morphology exhibited more intense axonal
and myelin degeneration and axonal dilatation, which was mostly exhibited in the peripheral regions of the
nerve. Additionally, myelin sheath thickening, separation of the myelin layers, and myelin vacuolization
were more pronounced compared to the lightweight mesh group. Also, we observed degenerative changes in
the unmyelinated nerve fibers (Figures 4C, 4D). Connective tissue fibroblasts, macrophages with vacuolated
cytoplasm, mast cells, and foreign body giant cells around mesh islands were observed in both lightweight
and heavyweight mesh groups (Figures 5A, 5B, 5C).
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FIGURE 4: Semithin sections of mesh groups - 1
(A, B) lightweight mesh group. Arrows: vacuolization, the undulation of myelin layers, degenerated nerve fibers,

and axons; stars: unmyelinated fibers; end: endoneurium with moderate edema; Vs: endoneurial blood vessels;
Sc: Schwann cells

(C, D) heavyweight mesh group. Arrows: degenerated myelinated nerve fibers were more prominent; stars:
degenerated unmyelinated axons; Sc: Schwann cells; end: endoneurium; epn: epineurium

100x magnification (oil immersion), toluidin blue-azure ||

FIGURE 5: Semithin sections of mesh groups - 2

(A, B) heavyweight mesh group. Arrowhead: foreign body giant cells around mesh island; ct: connective tissue;
Mc: mast cells with their granules; fb: fibroblasts

(C) Lightweight mesh group. Double arrows: macrophages with their vacuolated cytoplasms

100x magnification (oil immersion), toluidin blue-azure Il

The results of the morphometric assessment are presented in Table I. There was no statistically significant
difference between the control and sham groups in terms of any of the assessed parameters. The fiber
diameter and the axon diameter were moderately increased in the heavyweight mesh group compared with
the control, sham, and lightweight mesh groups (p<0.001, among all groups). The G-ratio was found in the
normal range (0.50-0.70) within the control, sham, and both mesh groups. However, the G-ratio was
moderately increased in the heavyweight mesh group compared to the control, sham, and lightweight mesh
groups and the difference was statistically significant (p<0.001, among all groups). The myelin thickness was
increased in the heavyweight mesh group and decreased in the lightweight mesh group (p<0.001).
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Variables

Fiber diameter, ym
Axon diameter, ym
G-ratio

Myelin thickness, pm

Control (n=6) Sham (n=6) Lightweight mesh (n=10) Heavyweight mesh (n=10)
6.59 +2.08 6.52 +1.90 4.88 £1.47 8.70 £2.17*

3.77 £1.62 3.73 £1.41 2.89 £1.17 5.76 £1.79*

0.55 +0.09 0.56 +0.11 0.59 +0.09 0.65 +0.09*

2.79 +0.82 2.69 +0.94 2.00 +0.59 2.94 +0.90**

TABLE 1: Morphometric assessment of the study groups

Data are presented as mean standard deviation

*P<0.001 in heavyweight mesh group vs. lightweight, sham, and control mesh groups. **P<0.001 in heavyweight mesh group vs. lightweight mesh group

Groups

Control group

Sham group
Lightweight mesh group

Heavyweight mesh group

The distribution of the fiber diameter in control, sham, and mesh groups is outlined in Table 2. The nerve
fibers with a diameter of 5-8 um were prominently observed in the control and sham groups (67% and 71%,
respectively). The ratio of fibers with <4 um diameter was found significantly higher in the lightweight mesh
group than the other groups and the ratio of fibers with >9 ym diameter was found significantly higher in the
heavyweight mesh group than the other groups (p<0.05). Small- and large-diameter nerve fiber distributions
were similar in the control and sham groups (17% and 16% vs. 13% and 16%, respectively).

<4 ym 5-8 ym 29 pm
17% 67% 16%
13% 71% 16%
47%* 51% 2%
4% 42% 54%*

TABLE 2: Distribution of the fiber diameter ratio in the study groups

*P<0.05 in lightweight mesh group vs. heavyweight, sham, and control groups. **P<0.05 in heavyweight mesh group vs. lightweight, sham, and control

groups

Discussion

Foreign body reaction develops against meshes used for hernia repair and leads to the accumulation of mast
cells, macrophages, giant-cell granulocytes, fibroblasts, and connective tissue collagen fibers. It has been
demonstrated that a similar type of foreign body reaction occurs on the surfaces of different meshes [16].
Nevertheless, it is thought that foreign body response and intensity of inflammation are determined by the
characteristics of biomaterials [17]. Various kinds of grafts are developed to enhance the integration of
meshes and to reduce mesh-related foreign body reactions. The weight and pore size of biomaterials are
among the characteristics discussed most frequently [17]. The meshes with lower weight and enlarged pores
are associated with less foreign body reaction and inflammation, better accommodation with the
surrounding tissues, and they incorporate better [18]. In a rat model, a time-dependent decrease was
observed in the mast cell infiltration at the tissue-mesh interface with the lightweight mesh, and mast cell
response was predominant in the heavyweight mesh [19]. Another study has suggested that the absorbable
poliglecaprone component of the lightweight mesh might lead to an inflammatory reaction in the early
period and that the disappearance of this inflammatory reaction with the dissolution of the absorbable
component could result in less passive compression of the lightweight mesh [20]. In our study, the
development of fibrotic tissue around the mesh and adhesion of the mesh to the ilioinguinal nerve were
observed on macroscopic evaluation. Giant cells, macrophages, and mast cells were observed in the semithin
sections of the mesh groups, suggesting a foreign body reaction.

Several studies have examined the relationship between mesh characteristics and the incidence of
postoperative chronic pain and recurrence. In a randomized clinical trial comparing lightweight and
heavyweight meshes, O'Dwyer et al. reported that chronic pain decreased and recurrence increased in the
lightweight mesh at one-year follow-up after open inguinal hernia repair [21] However, other studies have
reported no difference in postoperative pain or recurrence at long-term follow-ups after the use of either
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type of mesh [22]. Bringman et al. have reported that the use of lightweight mesh in Lichtenstein hernia
repair did not affect recurrence rates, but improved pain and groin discomfort [23]. Some studies have

shown that the lightweight mesh is not superior to the heavyweight mesh in terms of chronic pain, but it has
been emphasized that groin discomfort and foreign body feeling are less commonly associated with it

[24,25]. Postoperative chronic inguinal pain may be due to entrapment or tension on the nerves. Inguinal
nerve (ilioinguinal, iliohypogastric, and genitofemoral) injury during open hernia repair can occur due to
several reasons such as partial or complete nerve transection, neuroma formation, cautery-related injury,
stretching, crushing, suture compression, and mesh-related entrapment. Our results suggest that the
ilioinguinal nerve was affected by the fibrosis process caused by two types of meshes. Studies investigating
the direct effect of the mesh and associated fibrotic reaction on the inguinal nerves are scarce. In a study
evaluating the mesh-related ilioinguinal nerve entrapment, granulomatous infiltrate and loss of myelinated
axons were demonstrated and the cause of chronic neuropathic pain was attributed to the neuropathic
alterations secondary to mesh-related inflammation [26]. In our study, we have demonstrated nerve injury

in both mesh groups secondary to compression caused by the mesh-related fibrotic reaction, and
unmyelinated axonal injury was more pronounced in the heavyweight mesh group than the lightweight mesh
group. Demirer et al. have proposed that chronic pain after hernia repair may be caused by the entrapment of
the nerve in the scar tissue induced by the polypropylene mesh [27].

The G-ratio, which is used as an index of optimal myelinization for the conduction velocity of nerve
impulses, reflects axonal function and structural integrity [28]. In peripheral nerves, the G-ratio (axon
diameter to total fiber diameter) is between 0.50 and 0.70 for optimal nerve conduction in most of the
myelinated fibers [29]. In our study, we found that the G-ratio was moderately increased in the heavyweight
mesh group compared to the lightweight mesh and other groups. Axon and fiber diameter were reduced in
the lightweight mesh group and increased in the heavyweight mesh group compared to the control and sham
groups. The ratio of myelinated axons with a diameter >9 pm was highest (54%) in the heavyweight mesh
group, which may indicate axonal dilatation and degeneration. This finding may be attributed to the
intensity of the compression related to the weight of the mesh and concurrent fibrosis. Small-diameter
nerve fibers (€4 pm) were predominantly observed in the lightweight mesh group, which may represent
nerve regeneration and indicate lower levels of injury by the lightweight mesh as they appear earlier in the
lightweight group than in the heavyweight group.

This study has a few limitations. Our major limitation was the small sample size of the study. To overcome
this limitation, we used both inguinal regions of the subjects to increase the number of tissues analyzed. The
second limitation was that the study did not report on the extent of fibrosis, including extracellular matrix
components and fibroblasts surrounding the ilioinguinal nerve. Another limitation of our study is the fact
that mesh implantation is not performed directly on the ilioinguinal nerve during anterior open hernia
repair in daily practice. However, due to anatomical variations of the nerve or injury of the protective fascia
of the nerve, the mesh may have direct contact with the nerve. Another limitation was the inability to
evaluate chronic pain. Pain scales developed for animals are used in the assessment of acute pain [30]. Since
this was an experimental animal study, we could not draw definite conclusions that these histopathological
and morphological findings in the ilioinguinal nerves would necessarily cause postoperative chronic pain.

Conclusions

This study suggests that both types of meshes induce cytomorphological alterations on the adjacent nerve
tissues caused by foreign body reaction and compression. Our results also suggest that myelin sheath
thickening, separation of the myelin layers, and myelin vacuolization were more pronounced in the
heavyweight mesh compared to the lightweight mesh. Additionally, the G-ratio was moderately increased in
the heavyweight mesh group compared to the lightweight mesh group. We found that ilioinguinal nerve
degeneration was higher in the heavyweight mesh group than in the lightweight mesh group. We think that
histological alterations on the ilioinguinal nerves caused by different meshes may be related to chronic pain
and groin discomfort after hernia surgery and our study may serve as a guide for future studies in the field.
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