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A Possible Role for Transversalis Fascia in Adult Groin Hernias ?

ABSTRACT

Hernia is a common disease. Hernia repair is the most frequent operation after to appendectomy

in the United States. Classically direct hernia is considered the result of weakness of transervalis

fascia. In light of the studies of Pans and Albert, it appeared that collagen pathology of transversalis

fascia could be involved in the genesis of adult groin hernia.

In this work, we focused on investigations including collagen content and pathologic changes of

transversalis fascias from patients with direct orsindirect hernias. The collagen content of

transversalis fascias collected from patients did not show significant difference between direct and

indirect hernia patients. The slight increase. in.collagen content of transversalis fascias from indirect

hernia patients was impressed. However, its explanation remains unclear.

Patients with indirect hernia had compact collagen fibers and intact elastic fibers. In contrast,

patients with direct hernia had aggregated collagen fibers and disrupted elastic fibers. This work

suggests that the functional and pathologic changes of transversalis fascia may probably play a

role in the genesis of adult groin hernias.



DEDICATION

To our patients who grant us the privilege of practicing our crafts;

To my colleagues Dr. Tze-Yi Lin and Miss Mei-Hsin Chung;

To my parents, my wife Michelle and my daughter Jennifer----without your supports, this

would not have been possible.



Contents

Figure Contents

Abstract (Chinese)

Abstract

Dedication

Introduction

Materials and methods

Results

Discussion

References

CONTENTS

17



FIGURE CONTENTS

Fig. 1 Collagen fibers of transversalis fascia in indirect hernia

Fig. 2 Collagen fibers of transversalis fascia in direct hernia

Fig. 3.Elastic fibers of transversalis fascia in indirect hernia

Fig. 4.Elastic fibers of transversalis fascia in indirect hernia

13

14

15

16



INTRODUCTION

Hernia is a common disease (10). The importance of hernias is suggested by the following: one
man in 5 and one woman in 50 eventually has a hernia (18). Each year in the United States, there are
over a half million groin hernia repairs (3, 19). Groin herniorrhapy constitutes 5 per cent of primary

operative procedures, and adult inguinal herniorrhapy accounts for 15 per cent of operations in
general surgery. As a result, the socioeconomic impact of hernia disability is enormous. There can be

little question why surgeons avidly continue to publish papers on this subject.

The exact reason for the development of inguinal hernia has not been completely determined.

Stability of inguinal posterior wall depends on the integrity of-imuscular and fascia framework. The

mechanical properties of each fascia rely-on the connective tissue and its collagen. Many studies

suggesting that increased collagen degradation or decreased collagen synthesis of the transversalis

fascia that predisposes the genesis of inguinal hernia (1, 2). The transversalis fascia is the thinnest
and most weakness layer of the posterior inguinal wall (26, 27). It is known that the transversalis
fascia is one of the structures preventing development of hernias (14, 15, 20). The transversalis facia
is an investing sheath of connective tissue deep to and inseparable from the transversus abdominins
aponeurosis. It has a little intrinsic strength, and as transversalis fibers deteriorates, a direct hernia
results. Congenital hernias result from a persisting peritoneo-vaginal canal. Acquired hernias result

from a progressive weakening of the transversalis fascia depending on connective tissue insufficiency



and increase of intra-abdominal pressure (28, 30). Proper wound healing requires a fibroblastic

response and adequate oxygenation (34). What occurs is a complex sequence of post-translational

modifications with collagen fibril polymerization and cross-liking as the final stage. An ongoing

balance of collagen synthesis and enzymatic lysis continues for about a year until the remodeling

process results in a stable aponeurotic structure.

Many aspects of the researcher’s works have identified the etiology of hernia to be a kind disorder

of collagen (21). Collagens belong to the most abundant proteins in the human body (23). Within the

past two decades, the development of hernias has been shown to result from deterioration of the

inguinal floor as "collagenolysis overpowers net collagen synthesis and deposition in the floor of the

inguinal floor(1, 12). The problem of hernias is an attenuation of transversalis fascia of the inguinal

floor (14).

The altered ratio of collagen subtype can be either by a modified synthesis or by an imbalanced

breakdown. The cleavage is regulated by the activity of the matrix metallo-proteinases (MMPS),

proteins of a family of zinc-dependent endopeptidase. Among them MMP-1 and MMP-I111 are the

principal matrix enzymes cleaving fibrillar type I, 1l and 111 collagen. It has been showed that the

MMPs may play a pathologic role in excessive breakdown of some connective components, e.g. in

rheumatoid arthritis and osteoarthritis (16). In particular, the alternations in MMP-I and MMP-I11

protein expressions could been responsible for the change ratio of the type I to type Il collagen on



the protein level. Nevertheless, as firstly shown in investigation by Bellon et al. in 1997, cultured

fibroblasts in transversalis fascia from patient with inguinal hernia demonstrated no differences in the

expression of matrix metallo-proteinase-1, whereas the same author later detected a MMP-2

overexpression in these patients (29). It is pathological changes in collagen that set the stage for the

genesis of hernia (21).

In light of Borquez’s work, he demonstrated that patients with inguinal hernias have alternation in

skin collagen fiber quality and density (9). Rodrigues showed that significantly lower amounts of

collagen and higher amounts of elastic fibers of transversalis fascias in patients with direct inguinal

hernias compared to indirect inguinal hernia patients (8).

According Nyhus’s studies, some of the ‘biopsy specimens demonstrated degenerative changes in

the musculoaponeurotic fibers of the transversus abdominis muscles (34). Most specimens revealed a

paucity and fragmentation of elastic tissue fibers at the dilated internal ring and at the direct hernia

site. Similar findings have been reported in patients with Marfan and Ehlers-Danlos syndromes. The

elastic tissue structure at the site of grossly normal transversalis abdominis aponeurosis varies (34). In

the older patient, the changes range minimal to marked. In the young adult male with a direct hernia

and a strong history of hernia, the abnormalities are striking. This suggests that the collagen metabolic

dysfunction may play a role in the younger group.



Up to now, we could not encounter any study where the transversalis fascias were evaluated
histopathologically in inguinal hernia patients. In this work, we focused on the analyses including

collagen content and pathologic changes of transversalis fascias from hernia patients to try to

determine the possible role of trnasversalis fascia in the development of inguinal hernia.



MATERIALS AND METHODS
There are 30 male adult patients including 15 indirect and 15 direct unilateral primary hernias.
The mean age of the indirect hernia group is 67+4 years. The mean age of the direct hernia group is
71+3 years. Once the anterior approach was accomplished, biopsies of a constant surface area (15x

15 mm?2) were taken from the transversalis fascias.

Each fresh sample was cleaned of remaining blood with normal saline. A constant size (10x10

mm?2) from sample was trimmed, weight was measured (wet weight) and stored in liquid nitrogen.

The thawed tissue specimens were lyophilized and weighed again (dry weight).The collagen

content decreased with age. It was necessary to take:age into account to make a valid comparison

between direct hernia patients and indirect hernia‘patients. In order to avoid age induced collagen

content difference, we select similar age patients for study. The collagen content was measured

using the technique of Bergman and Loxley (4). Masson- Trichrome method is used for the

detection of collagen fibers. The collagen fibers will be stained blue. Paraffin section isat 5 um

thickness.

This procedure includes:
1. Deparaffinize and rehydrate through 100% alcohol, 95% alcohol 70% alcohol.
2. Wash in distilled water.

3. Stain in Weigert's iron hematoxylin working solution for 10 minutes.



4. Rinse in running warm tap water for 10 minutes.

5. Wash in distilled water.

[o2]

. Stain in Biebrich scarlet-acid fuchsin solution for 15 minutes. Solution can be saved for future use.

7. Wash in distilled water.

8. Differentiate in phosphomolybdic-phosphotungstic acid solution for 15 minutes or until collagen is not red.

9. Transfer sections directly (without rinse) to aniline blue solution and stain for 5-10 minutes. Rinse briefly
in distilled water and differentiate in 1% acetic acid solution for 2-5 minutes.

10. Wash in distilled water.

11. Dehydrate very quickly through 95% ethyl aleghol, absolute ethyl alcohol (these step will wipe off

Biebrich scarlet-acid fuchsin staining).and clear in xylene:

12. Mount with resinous mounting medium.

Weigert stain is applied for the investigation of elastic fibers. Paraffin section with 5 um
thickness is suitable. The elastic fibers will be stained blue black.
This procedure includes:
1. Bring sections to water via xylene and ethanol.
2. Place into Weigert’s solution for 20 minutes to 1 hour.
3. Wash with 95% alcohol to remove excess solution.
4. Differentiate with 1% acid alcohol.

5. Wash in water.



6. Counterstain with iron hematoxylin and van Gieson’s solution.

7. Dehydrate with ethanol, clear with xylene and mount with a resinous medium.

Pathologic checks were performed using Masson-Trichrome stain for collagen fibers,

Weigert stain for elastic fibers.

Results are expressed as means+SD. Two-sample Student t tests were performed for

comparison of different groups. Significance levels were conservatively two-tailed (£<0.05).



RESULTS

The wet weight and the collagen content of samples from direct hernia patient and indirect hernia

patients were (24.048.3, 131+23), (22.2+9.8, 119+18) respectively. Patients with indirect hernia had

compact collagen fibers and intact elastic fibers(Fig. 1,3). In contrast, patients with direct hernia had

aggregated collagen fibers and disrupted elastic fibers(Fig. 2,4).

Comparison of the indirect and direct hernia patient
Transversalis Fascias

Indirect hernia Direct hernia

(mean'£ SD) (mean £ SD)
Age® 6744 (h=15) 7143 (n=15)
Wet weight*® 24.0£8.3 (n=15) 22.249.8(n=15)
Dry weight*® 11.843.2 (n=15) 10.5+ 2.5(n=15)
Collagen content®® 131+23(n=15) 119+18 (n=15)

* Expressed as mg/100mm?
@ Expressed as pug/mg dry eight.
® P>0.05



DISCUSSION
Up to now, there are a few studies focusing on transversalis fascias of inguinal floor. However,
this study is aimed to explore the possible mechanisms leading to inguinal hernia, because the
transversalis fascia is one of the structures preventing development of hernias (14, 15, 20).

We observed that the collagen content of transversalis fascias in indirect hernias is slightly
increased as compared to direct hernias. This phenomenon is similar to the work of Pans (5). The
increase in collagen content of transversalis fascias in indirect hernias is unexpected and its
explanation remains unclear. It is well-known that one mechanism of collagen metabolism is
regulated by mechanical forces (6). The distribution'ef mechanical forces, induced by the
intra-abdominal pressure, onto the posterior wall of inguinal-canal, could be different in the
indirect and direct hernias. Therefore, the.increase in.collagen content of transversalis fascia in the
indirect hernia patients could reflect an increased collagen synthesis and a remodeling process of

the connective tissue (5).

In the etiology of the inguinal hernias, disorders in collagen metabolism have been proposed and
the role of matrix metallo-proteinase in remodeling the collagen has recently been of great
importance. Collagen fibers are imbedded in extracellullar matrix, which is on continuous process

of synthesis and degradation under the action of matrix metalloproteinase (24). The altered ratio of
collagen subtype can be either by a modified synthesis or by an imbalanced breakdown. The

cleavage is regulated by the activity of the matrix metallo-proteinases (MMPs), proteins of a family
9



of zinc-dependent endopeptidase. Among them MMP-1 and MMP-I11 are the principal matrix

enzymes cleaving fibrillar type I, Il and 111 collagen. Based on immunomorphological data, an

increased expression of MMP-2 (matrix metallo-proteinase-2) was observed in transversalis fascias

from direct hernia patients, when compared to the indirect hernia patients (7, 17). According Bellon’s

studies, significant active MMP-2 expression was shown by transversalis fascia fibroblasts from

young patients with direct hernias. These results indicate that MMP-2 may be involved in the

transversalis fascia matrix degradative process in patients with direct hernia (29). The persistence of

changes in MMP-2 levels in cell cultures may suggest a genetic defect or irreversible change as the

pathologic factor of hernia formation (29). Typé I collagen is mature and mechanically stable,

whereas type Il collagen is immature and instable. Friedman-et al. showed increases in type IlI

collagen synthesis by skin fibroblasts in patients.with-inguinal hernias (25). Rosch et al revealed

that the ratio of type I to type 11l procollagen mRNA by skin fibroblasts was decreased in patients

with primary hernias, showing significant differences as compared to controls (16). A defective

collagen metabolism contributes to a decreased tensile strength and mechanical stability of both the

connective tissue and the induced scar tissue (31, 32, 33).

We demonstrated chaotic arrangement of collagen fibers and fragmented elastic fibers in the

tansversalis fascias from direct hernia patients. In light of the works of Rodrigues’s (8, 13), lower

amounts of collagen fibers in transversalis fascias from direct hernia patients were seen as compared

10



to indirect hernia patients. Under transmission electron microscope, collagen microfibrils of
transversalis fascia in direct hernias were unevenly arranged and rarely formed compact fibers (22).
Dysplastic collagen microfibrils with variable diameters and non uniform profiles were also
encountered (22). According to mechanical study of transversalis fascias (9), extensibility and
biological elasticity were significantly increased in transversalis fascias from the direct hernia patients

as compared to indirect hernia patients.

According Nyhus’s studies, some of the biopsy specimens showed degenerative changes in the
musculoaponeuraotic fibers of the transversus abdominis muscles (34). Most specimens revealed a
paucity and fragmentation of elastic tissue fiberssatithe dialated internal ring and at the direct hernia
site. Similar findings have been reported in patients with Marfan and Ehlers-Danlos syndromes. The
elastic tissue structure at the site of grossly normal transversus abdominis aponeurosis varies (34).In
the older patient, the changes range minimal to marked. In the young adult male with a direct hernia

and a strong history of hernia, the abnormalities are striking.

Functional and structural changes in the transversalis fascias from hernia patients suggest that a

kind of connective tissue pathology may be implicated in the genesis of groin hernias.

Hernias are considered a result of multifactor including anatomical and dynamic processes. The
slight increase of collagen content of transversalis fascias in indirect hernias may suggest that the

different distribution of the intra-abdominal pressure onto the transversalis fascias. There would be
11



enhanced collagen turnover rate that producing an increased portion of collagen. The aggregated

and chaotic arrangement of collagen fibers, disrupted elastic fibers of transversalis fascias from the

direct hernia patients may be responsible for alteration in the resistance of transversalis fascias and

result in the development of hernia formation. Further studies are needed to understand this

complex problem.

12



FIGURES

Fig. 1
Masson-Trichome stain 200 x
Transversalis fascia in indirect hernia
Uniform and even arrangement of CF (collagen fibers)

ey —10pm
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Fig. 2
Masson-Trichome stain 200 x
Transversalis fascia in direct hernia
Aggregated and chaotic arrangement of CF (collagen fibers)

e=p —10um
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Fig. 3
Weigert stain 200 x
Transversalis fascia in indirect hernia
Intact and smooth EF (elastic fibers)

e=p —10um
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Fig. 4
Weigert stain 200 x
Tranversalis fascia in direct hernia
Disrupted and tangled EF (elastic fibers)

Gy~ 10pm
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