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Histological findings in direct inguinal hernia

Investigating the histological changes of the herniated groin
looking forward to ascertain the pathogenesis of hernia disease
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Abstract

Background The study is focused on recognizing the

histological changes of the structures close to and around

the hernia opening in patients having direct inguinal hernia.

Methods In 15 patients with primary bilateral direct

inguinal hernia who underwent a Stoppa open posterior

inguinal hernia repair, tissue specimens from the abdomi-

nal wall surrounding a direct hernia border were excised

for histological examination. These findings in patients

with direct inguinal hernia were compared with tissue

specimens excised from the fossa inguinalis media of

cadavers without hernia.

Results Significant degenerative modifications such as

fibrohyaline degeneration and fatty substitution of the

muscle fibers were seen in the biopsy samples. Inflamma-

tory infiltration with lympho-histiocitary elements, artery

sub-occlusion and vascular congestion were also constantly

identified. Noteworthy injuries of the nervous structures

such as edema, degenerative fibrosis and atrophy were also

detected. No comparable tissue damage was witnessed in

the control samples.

Conclusion Presence of inflammatory infiltration, vascu-

lar damage and regressive nerve lesions, as well as fibro-

hyaline degeneration and fatty dystrophy of the muscle

fibers are the features seen within the examined structures

surrounding the direct hernia opening. These findings could

represent a reason for a structural and functional weaken-

ing of the inguinal region. Consequently, the described

results lead the authors to depict these changes as a plau-

sible cause of direct inguinal hernia protrusion.
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Introduction

Inguinal hernia repair is one of the most frequent surgical

procedures. The etiopathogenesis of inguinal hernia has

been examined for over 100 years. However, despite the

constant improvement in surgical techniques and materials

used for inguinal hernia repair, few effective advances in

hernia genesis have been reported. Studies examining

collagen tissue changes related to hernia development do

not seem having disclosed a full link to the pathogenesis of

the disease [1–3]. A dysfunction in a sphincter-like motion

of the internal inguinal ring was suggested as a potential

failure mechanism causing inguinal hernia [4]. Further-

more, a massive fibrohyaline degeneration of the muscle

fibers, inflammatory infiltration and vascular congestion

within the muscular frame of the internal inguinal ring

were reported in patients with indirect inguinal hernia [5].

This structural damage is a possible factor underlying

the impairment of the defensive closure mechanism of the

internal ring, thus allowing the protrusion of indirect
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inguinal hernia through the inguinal canal. The aim of the

present study was to examine whether equivalent histo-

logical changes are present in the tissues surrounding the

hernia opening in subjects with direct inguinal hernia.

Materials and methods

This study was approved by the Ethics Committee of the

University Hospital of Palermo. In 15 consented patients

who underwent open posterior hernia repair, according to

Stoppa, biopsies were taken for histological study from the

abdominal wall structures neighboring the hernia openings

(30 hernias in total). Patients had a mean age of 61 years

(range 39–75 years). All patients had bilateral primary

direct inguinal hernia. We developed a standardized biopsy

technique to obtain biopsies that could be compared

between subjects with and without direct inguinal hernia.

This method involved using the hernia defect as the land-

mark and then bisecting the hernia defect with a vertical

line. The central point of the lower border was used as the

starting point. From here, a line was drawn out at 450 to the

right of vertical, until the upper border of the defect was

reached. Distances along this line of 1 and 2 cm distal to

the border were measured, and a full thickness biopsy of

0.5 9 0.5 cm was taken at each point (Fig. 1a).

The procedure was repeated at 450 to the left of the

vertical, and biopsies were collected at 1 and 2 cm as above.

As controls tissue specimens with the same dimensions

were excised from the inguinal area from 15 autopsied male

cadavers without hernia. The control cadavers had an

average age of 63 years (range 42–77 years). The inguinal

ligament was used as a key landmark for collection of

biopsies. Parallel to this ligament and above we drew three

lines at a distance of 0.5, 1.5 and 2.5 cm. The tissue spec-

imens were excised every 0.5 cm along these three lines,

starting at 0.5 cm medial from the epigastric vessels until

0.5 cm from the lateral border of the rectus muscle

(Fig. 1b). Using this method, we achieved an acceptable

histological mapping of the entire fossa inguinalis media.

Although this was not a perfect solution, and despite that

our study design was not blinded to the pathologists, we

felt that this repeatable measurement method of direct

hernia versus controls specimens gave us a comparable

tissue samples from the same anatomical areas. In the

control cadavers, all tissue specimens were biopsied within

24–48 h of death. All samples were subject to histological

study. To prevent modification of the excised tissue speci-

men, immediately after tissue excision the specimens were

fixed in 10 % neutral buffered formalin for at least 12 h.

After routine tissue processing, sections were cut at

4–6 mm and stained with Masson, PAS, Azan-Mallory,

NSE, CD 20 and Hematoxylin eosin.

Results

Histological examination of the tissue excised from the

hernia patients demonstrated numerous significant histo-

logical alterations. In all biopsy specimens, there was clear

evidence of diffuse hyaline and fibrotic degeneration of the

muscle fibers (Figs. 2, 3, 4). In addition, the muscular

structures affected by fibrohyaline degeneration were sur-

rounded by evident fibroadipous substitution of the muscle

Fig. 1 Excision site of the

biopsy samples. a In living

patients with direct hernia, a

yellow line connects the lowest

and the highest point of the

hernia opening. Starting from

the lowest point a 45� inclined

line transverses the figure on the

right and on the left. 5 excisions

(times symbol) are made: 1 cm

above and 2 cm above the

junction of both 45� angled

lines. b Biopsy samples (times

symbol) in control cadavers

without hernia were excised

from the Hesselbach’s triangle

every 0.5 cm along three lines,

starting 0.5 cm medial from the

epigastric vessels until 0.5 cm

from the lateral border of the

rectus muscle
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fibers (Figs. 3, 4, 5). Multiple samples also exhibited clear

signs of vascular congestion (Figs. 3, 4, 5, 6, 7), as well as

an inflammatory infiltration composed by lympho-histio-

cytic elements (Figs. 2, 3, 4, 5). Arterial structures exhib-

ited the presence of a thickened media layer leading to

diminished arterial patency, often to a level of sub-occlu-

sion (Fig. 6). Furthermore, numerous nerve endings were

observed between the altered muscle fibers, many showed

visible damage accompanied by edema (Figs. 7, 8), fibrotic

degeneration of the axons (Figs. 8, 9, 10) and thickening of

the perineural sheath (Fig. 10). These histological changes

were regularly seen independent of the age of the patient

and the distance of the excision sites from the hernia bor-

der. Corresponding changes of the tissue structures were

not detected in the control group of cadavers without her-

nia. In these cadavers, there was occasional evidence of an

age-related interstitial fibrosis or a spotty fibroadipous

dystrophy among the muscle fibers, while the nervous and

vascular structures did not show any regressive modifica-

tions. No inflammatory infiltrate was detected in the biopsy

specimens of the control group.

Discussion

The pathogenesis of inguinal hernia is poorly understood

[6–9]. Furthermore, to our knowledge, there are only a few

studies examining the histological modifications of the

herniated groin [5, 10–12]. For example, the presence of

fibrohyaline degeneration and inflammatory infiltration

were reported in the muscular structure of the internal ring

[5]. This study lead to the hypothesis that blockade of its

shuttering action may be a potential factor associated with

indirect hernia protrusion. However, this mechanism does

not explain the occurrence of a direct inguinal hernia. In

fact, despite the proximity between the internal ring and the

fossa inguinalis media, the characteristics of these struc-

tures are crucially different, with the inguinal ring exhibit-

ing a shuttering movement to create a dynamic hurdle,

preventing visceral intrusion, while the myotendinous

components of the fossa inguinalis media acting as a wall-

like barrier. Nevertheless, in some patients, this barrier

becomes weakened until a direct hernia arises through it.

In the present study, all 30 direct hernias from our patient

Fig. 2 Direct hernia in patient aged 47 years—tissue sample excised

at 1 cm from hernia border: muscle bundle showing fibrotic (colored

in pale red) and hyaline degeneration (marked with times symbol).

Mild inflammatory infiltrate (black spotty elements). Nerve in

longitudinal section with manifest edema (red arrows). PAS 9100

(color figure online)

Fig. 3 Direct hernia in patient aged 74 years—tissue sample excised

at 2 cm from hernia border: fibrotic (in pale red) and hyaline

degeneration (marked with asterisk) of the muscle fibers. Fatty

muscle dystrophy (white circular spots). Mild inflammatory infiltra-

tion (black spotty elements). Venous congestion (red arrows).

PAS 9120 (color figure online)

Fig. 4 Direct hernia in patient aged 56 years—tissue sample excised

at 2 cm from hernia border: lymphocytic cluster in a surround of

muscle fibrosis—hematoxylin eosin 940
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sample demonstrated severe histological modifications with

similar changes to those previously reported in indirect

inguinal hernia [4], including inflammatory clusters com-

posed of lympho-histiocytic elements within the muscle

fibers. The presence of this inflammatory infiltrate, which

exhibited the obvious characteristics of chronic inflamma-

tion, may be a result of steady compression of the groin

structures as supported by injury of the neighboring vas-

cular structures tend to support this thinking [13, 14]. Signs

of acute inflammation including granulocytic elements were

never detected in the tissue samples. The visible venous

congestion leading to tissue edema is likely a consequence

of chronic compression [13, 15]. This constant pressure

injury would also explain the presence of medial hyper-

plasia leading to the detected sub-occlusion of the arteries.

Both types of vascular damage lead to tissue damage

including impaired tissue metabolism as a consequence of

venous congestion and edema, diminished blood perfusion

and chronic ischemia related to artery sub-occlusion.

Nervous structures were frequently identified in our

specimens, and the nerve endings often demonstrated signs

of injury due to edema, fibrotic degeneration and atrophy of

the axons. Nearly all the altered nerve endings showed a

manifest thickening of the perineural sheath, which is

consistent with nerve damage in response to chronic com-

pression of the nerve fiber [16, 17]. The degeneration and

atrophy of the nerve fibers likely leads to muscular

Fig. 5 Direct hernia in patient aged 68 years—tissue sample excised

at 1 cm from hernia border: Lymphocytic cluster predominantly

characterized by B phenotype (CD 20?) surrounded by fibroadipous

dysplasia—CD 20 920

Fig. 6 Direct hernia in patient aged 64 years—tissue sample excised

at 2 cm from hernia border: artery sub-occlusion due to thickened

media (red arrow); venous congestion (yellow arrow) in a contest of

severe fibroadipous dystrophy (white circular spots). Azan-Mallory

92.5 (color figure online)

Fig. 7 Direct hernia in patient aged 42 years—tissue sample excised

at 1 cm from hernia border: manifest venous congestion (red arrows),

three nervous trunks with edema (yellow arrows). Hematoxylin eosin

9180 (color figure online)

Fig. 8 Direct hernia in patient aged 69 years—tissue sample excised

at 2 cm from hernia border: venous congestion (red arrows), nervous

trunks with fibrotic degeneration and edema (marked with times

symbol). Hematoxylin eosin 9180 (color figure online)
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dysfunction, and breakdown of motor nerve function may

be a cause of atrophy in the muscle fibers. As a result, an

additional structural and functional weakening of the mus-

cular structure may exist. Such a relationship between

reduced nervous impulse and histological changes of the

muscles may be causative in the structural changes in the

Hesselbach’s triangle leading to decreased thickness of

the muscular barrier. This may be precursor to direct hernia

protrusion. The histological alterations observed in the

present study may explain why the muscular structure of the

groin is most severely damaged. We observed all degrees of

muscular tissue degeneration in our tissue specimens,

including hyaline, fibrotic and fatty dystrophy. Further-

more, major alterations of the muscular structure such as

fibroadipous dystrophy of the muscle cells were constantly

detected. The fatty substitution of the muscular shape

caused an unusual subversion of the muscle cell. This

regressive aspect of the muscular structure embodies a well-

known degeneration of the myocytes due to hypoxia, which

is regularly reported in autopsied cardiac specimens as an

evolution of myocardial infarction [18]. The biochemical

steps leading from hypoxic changes until the fatty substi-

tution of involve a long-term ischemia of the muscle

bundles which eventually lose the contractile properties

[18, 19]. This results in fatty degeneration and to extreme

weakening of the muscle (in this case the groin muscles).

These data may explain the disbanding of the myotendinous

barrier outlining the fossa inguinalis media and the resulting

protrusion of a direct hernia. A sequence of images high-

lighting the macroscopic aspects of the fatty degeneration of

the fossa inguinalis media is shown in Fig. 11. These

pictures, taken during the indirect inguinal hernia repair

procedure, reveal an evident fatty dystrophy of the fossa in

the absence of hernia. A finger can easily penetrate the soft

and fragile fossa inguinalis, opening a pathway for a direct

hernia. Although there are limited reports of muscular

damage following long-acting compression [20], our data

suggest that muscle injuries are a consequence of a com-

bined effect involving direct damage following the chronic

compression exerted upon the muscle bundles, and indirect

damage caused by chronic compression of the vascular

structures and nerves of the groin, resulting in weakening of

the muscular structures of the fossa inguinalis media.

As all the histological changes observed in our study can

be caused by compressive damage, we suggest that chronic

visceral compression leads to the weakening of the inguinal

region through reduced physiological defense mechanisms.

The steady formation of the hernia in a localized zone in an

already weakened wall will exacerbate this protrusion

process. If the compression injuries were an ‘‘effect’’ of the

hernia being pushed through the hernia opening, then the

impact of the compression would be highly localized to

within a few mm of the hernia (epicenter). By a contrast,

we found the same compressive impact at distances of up

to 2 cm away from the hernia border, which is unlikely to

have been caused by the hernia itself.

Furthermore, we found that damage was not diminished,

which would be expected as you move out from the epi-

center, but rather the even amount of compressive impact

at all the biopsy sites suggests that the compression is

coming from the abdominal side downwards—not from the

hernia outwards.

Conclusion

We observed marked histological changes in the tissue at the

border of direct inguinal hernia that were, in our opinion,

Fig. 9 Direct hernia in patient aged 52 years—tissue sample excised

at 1 cm from hernia border: nerve degeneration due to fibrosis—NSE

9140

Fig. 10 Direct hernia in patient aged 45 years—tissue sample

excised at 1 cm from hernia border: massive fibrotic degeneration

of the nerve with thickening of the perineural sheet (red arrows)—

Masson 9100 (color figure online)
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indicative of chronic compressive damage exerted by the

abdominal content against the lower abdominal wall. These

changes provide strong evidence that direct inguinal hernia

is a degenerative disease involving progressive weakening

of the myotendinous components of the fossa inguinalis

media, resulting in the protrusion of a direct hernia. These

findings will be useful in developing new therapeutic strat-

egies and defining advanced materials for hernia repair.

Because of the degenerative nature of the disease, hernia

repair should be based upon inducing an enhanced biolog-

ical repair response and inguinal tissue regeneration.
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