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PURPOSE: Our previous studies demonstrated structural and quantitative age-related changes of the elastic fibers in
transversalis fascia, which may play a role in inguinal hernia formation. To verify whether there were differences in the
extracellular matrix between direct and indirect inguinal hernia, we studied the amount of collagen and elastic fibers in the
transversalis fascia of 36 male patients with indirect inguinal hernia and 21 with direct inguinal hernia.

MATERIAL AND METHODS: Transversalis fascia fragments were obtained during surgical intervention and underwent
histological quantitative analysis of collagen by colorimetry and analysis of elastic fibers by histomorphometry.

RESULTS: We demonstrated significantly lower amounts of collagen and higher amounts of elastic fibers in transversalis
fascia from patients with direct inguinal hernia compared to indirect inguinal hernia patients. The transversalis fascia from
direct inguinal hernia patients showed structural changes of the mature and elaunin elastic fibers, which are responsible for
elasticity, and lower density of oxytalan elastic fibers, which are responsible for resistance. These changes promoted loss of

resiliency of the transversalis fascia.

CONCLUSION: These results improve our understanding of the participation of the extracellular matrix in the genesis
of direct inguinal hernia, suggesting a relationship with genetic defects of the elastic fiber and collagen synthesis.

DESCRIPTORS: Inguinal hernia. Transversalis fascia. Elastin. Collagen. Extracellular matrix.

INTRODUCTION

The abdominal wall is the site of
opposing physical forces that may
eventually result in the appearance of
hernias, which have social and eco-
nomic consequences.

Inguinal hernia repair is the most
frequent surgical intervention among
all abdominal hernias. Since the mid
1990s, 2 different surgical approaches
have been wused for inguinal
herniorrhaphies: tension and tension
free (with prosthetic mesh). Tension-
free repair reduces the recurrence rate,
improves postoperative recovery, and
lowers costs; it is becoming the gold
standard procedure.

Although the etiology of adult in-
guinal hernias is multifactorial, all
groin hernias emerge at the
myopectineal orifice of Fruchaud, an
opening in the lower abdominal wall,
originated from the lack of a
myoaponeurotic layer, which is closed
off only by the transversalis fascia
(TF). The common anatomic features
among all groin hernias do not answer
the question of why less than 5% of
human beings develop inguinal her-
nia. Also, in a multifactorial etiology
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model, which factors predispose fail-
ure in TF continence?

In attempting to answer these ques-
tions, it is reasonable to remember that
TF is structurally dependent on the
elastic fiber and collagen components
arranged in a framework to support tis-
sue tension forces. So, any degree of
alteration of the extracellular matrix
that promotes loss in tissue resistance
and elasticity of the TF at the
myopectineal orifice may explain how
inguinal hernia develops.

Some studies, although not conclu-
sive, have tried to quantify collagen’s
structural modification in hernias'?.
Rodrigues Junior et al.® and Quintas et
al.” have shown structural and quanti-
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tative age-related changes in the TF
elastic fibers. These results indicate
clearly that there is a morphological
correlate to the loss of tensile resist-
ance and elasticity of the TF with ag-
ing, and this loss can explain the high
incidence of inguinal hernia in pa-
tients after the fifth decade of life.

In fact, connective tissue pathol-
ogy plays an important role in the
genesis of groin hernias. In the present
paper, we have analyzed the structural
and quantitative changes of collagen
and elastic fibers of the TF from direct
and indirect inguinal hernias in adult
and aged patients to examine differ-
ences in the mechanisms of the gen-
esis of these hernias.

MATERIALS AND METHODS

Patients

Fifty-seven male patients with
nonrecurrent inguinal hernias under-
went surgical treatment. These patients
were distributed into 2 groups: 36 with
indirect inguinal hernia (IIH) and 21
with direct inguinal hernia (DIH). Dur-
ing surgery, 1 fragment of 0.5 cm of in-
tact TF from the posterior inguinal
wall was excised, fixed in 10% formal-
dehyde solution, and embedded in
paraffin for quantitative evaluation of
collagen and elastic fibers.

Histomorphometric evaluation of the
elastic fiber system

Three adjacent sections from par-
affin blocks of 5 mm thickness were
submitted to one of the following se-
lective methods for staining elastic
fibers: Verhoeff’s iodine
hematoxylin (Verhoeff®), which dem-
onstrates only the mature elastic
fibers; Weigert’s resorcin-fuchsin
(Weigert”), which stains mature and
elaunin elastic fibers; and Weigert’s re-
sorcin-fuchsin stain with a previous
oxidation performed using oxone 1%
(Fullmer et al.!”), which reveals

iron
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oxytalan elastic fibers and mature and
elaunin elastic fibers. The linear den-
sity (LV) of the elastic fiber system was
determined in 25 random microscopic
fields per histologic section stained by
Verhoeff (LVV), Weigert (LVW), or
Weigert-oxone (LVWO) stain. The sec-
tions were scanned randomly at a mag-
nification of 1000X in a continuous
line from edge to edge employing a
test eyepiece reticule with 10 parallel
lines and 100 points that contains a
simple square lattice test system cov-
ering 10,500 mm?. Each elastic fiber
that was completely transected by one
edge of the test line was counted.
These intersections of elastic fibers
with a test reticule are related to the
length of those fibers per unit of area
by the expression LV =2 Na, where Na
is the length of fibers per unit of area
(Niewoehner and Kleinerman''). The
area of the tissue examined was deter-
mined by counting points that fell over
a tissue.

Colorimetric quantification of colla-
gen

Eight serial sections of 10 mm
thickness from paraffin blocks of TF
specimens were placed on separate
slides, and 2 slides were selected at
random. The tissue sections of the first
slide were deparaffined and stained
with 0.1% picrosirius saturated with
picric acid (sirius red, Gurr BDH, no.
34149), for 30 minutes in the dark and
at ambient temperature. After staining,
the sections were then rinsed several
times with distilled water, and with the
help of shaving blade were agglomer-
ated and preserved in an assay tube.
The stain was washed out from the
sections using 1 mL of a solution of
0.1% NaOH in absolute methanol (1:1,
v:v). The absorbency of the washed
tissue was read in a spectrophotometer
at 535 nm. This absorbency refers to
the collagen content of the fascia
transversals, which was obtained from
the relationship between the absorb-
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ency and the color equivalency of 1
mg of collagen stained by picrosirius,
i.e. 37 (Bedossa et al.'?; Rodrigues et
al.”®). The second slide was
deparaffined, and the tissue of the TF
was weighed with an analytical bal-
ance. The TF’s collagen content was
expressed according to the ratio: mg
collagen/ mg of TF.

Statistical Analysis

We calculated the mean and stand-
ard deviation of the measurements,
and a one-way analysis of variance
(ANOVA) was used to compare the
data of the groups of patients. The
level of significance was set at 5%.

RESULTS

Comparison of patient ages be-
tween the 2 groups showed no signifi-
cant difference.

The TF from IIH patients had struc-
turally well preserved and homogene-
ously distributed mature, elaunin, and
oxytalan elastic fibers (Fig. 1 and 2).
The TF from DIH patients had greater
amounts of mature elastic fibers, which
were characterized by thickening, curl-
ing, and shortening. The oxytalan
fibers were less evident in TF from DIH
patients (Fig. 3 and 4).

The histomorphometric study
showed a significantly higher amount
of all types of elastic fibers in TF from
patients with DIH (Fig. 5). The linear
density of mature elastic fibers re-
vealed by Verhoeff staining for ITH pa-
tients was LVV = 0.0106 + 0.0020mm
2, and for DIH patients was LVV =
0.0139 + 0.0019 mm™. There was a
significant difference between them
(F,, ., =36.36, P <0.001).

The amount of mature and elaunin
elastic fibers, revealed by Weigert
staining was LVW=0.0105 + 0.0022
mm™ for ITH patients and LVW =
0.0132 + 0.0016 mm? for DIH pa-
tients. There was a significant differ-
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Figure 1 - TF from an adult patient with an indirect inguinal hernia.
Note the long and thin elastic fibers (arrows) between collagen bundles

(Weigert-oxone 400X).

Figure 3 - TF from an adult patient with a direct inguinal hernia. Note
long mature and elaunin elastic fibers (arrows). The thinner elastic
fibers are not evident (Weigert-oxone 400X).

ence between them (F ___= 23.26, P
<0.001).

Histomorphometric quantification
of mature, elaunin and oxytalan fibers
revealed by Weigert-oxone staining,
showed LVWO = 0.0112 + 0.0022 mm-
2 for ITH patients and LVWO = 0.0135
+ 0.0016 mm™ for DIH patients. Com-
paring these 2 data sets, we found a
significant difference (F, .. = 16.94, P
<0.001).

The colorimetric evaluation of col-
lagen (Fig. 6) demonstrated a signifi-
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Figure 2 - TF from an aged patient with an indirect inguinal hernia.
Note the thick and short elastic fibers beside some thinner fibers (arrow)
(Weigert-oxone 400X).

Figure 4 - TF from an aged patient with a direct inguinal hernia. The
mature elastic fibers (arrows) appeared thick and curled, and the thinner

fibers are not evident (Weigert-oxone 400X).

cantly lower amount of collagen in the
TF from DIH patients (21.28 + 4.05 mg
of collagen/mg of tissue) in compari-
son to the ITH patients (14.93 + 2.58
mg of collagen/mg of tissue). Compar-
ing these 2 groups of patients, we ob-
tained a significant difference
(F, ,=35.35, P <0.001).

1,46

DISCUSSION

The reduction of resistance or TF

rupture are considered etiologic and
pathogenic factors of inguinal hernias
and may be related to hereditary or ac-
quired defects in the synthesis of ex-
tracellular matrix. Our previous reports
demonstrated age-related changes of
the elastic fiber system in the splenic
capsule (Rodrigues et al.'*), diaphragm
muscle (Rodrigues & Rodrigues Jr.'%),
and the interspinous ligament (Barros
et al.'%). We demonstrated that these
age-related changes occur in the TF
and promote degeneration of mature
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Figure 5 - Linear density of the elastic fiber system revealed by Verhoeff (LVV), Weigert
(LVW), and Weigert-oxone (LVWO) staining of the transversalis fascia from patients with direct

and indirect inguinal hernia.
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Figure 6 - Mass of collagen of transversalis fascia from patients with direct and indirect

inguinal hernia.

elastic fibers and reduction in the
amount of oxytalan fibers. These struc-
tural changes can explain the high in-
cidence of groin hernias in patients af-
ter the fifth decade (Rodrigues Jr et
al.%, Quintas et al.”).

With aging there was a decreased
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collagen content in the fascias, as well
as decreased extractability of collagen
with pepsin (Pans et al.'”). This is in
accordance with the data of the litera-
ture reported for skin (Uitto et al.'®) and
our previous data for the diaphragm
(Rodrigues et al.'?).
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To understand inguinal hernia for-
mation, it is fundamental to verify
whether there is some difference in the
mechanisms leading to direct and in-
direct inguinal hernias. In the present
study, we point out the structural and
quantitative changes in the collagen
and elastic fibers of the TF from DIH
and IIH patients.

We found that the collagen content
per milligram of TF was lower in DIH
than in ITH patients. Wagh et al."” also
demonstrated significantly decreased
collagen concentration in the rectus
sheaths in hernia patients. Pans et al."”
demonstrated an increased collagen
content in the TF from IIH and a sig-
nificant increase in collagen extract-
able with pepsin (immature collagen)
in TF from DIH. This alteration may be
due to an enhanced collagen turnover
rate or increased breakdown of colla-
gen by metalloproteinases. Bellon et
al.?® showed an increased expression of
metalloproteinase 2 in TF in direct
compared to indirect hernias.

We demonstrated higher amounts
of mature, elaunin, and oxytalan elas-
tic fibers in TF from DIH patients com-
pared to IIH patients. These higher
amounts of elastic fibers did not pro-
mote increased complacency or tissue
elasticity, because these elastic fibers
in TF from DIH patients showed archi-
tectural distortion. They had become
tortuous, thick, and fragmented, and
had lost their original function. In
conclusion, the TF from DIH patients
had less resistance and elasticity com-
pared to TF from IIH patients.

Based on our results, as well as the
finding that there were biomechanical
and structural changes in TF from both
the herniated and the nonherniated
sides (Pans et al. 2"??), we suggest that
hernia disease may represent an ex-
pression of a generalized alteration of
collagen and elastic metabolism that
is possibly linked to genetic factors
that are currently unknown.
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RHCFAP/3104

RODRIGUES Jr. AJ - Anilise quantita-
tiva do coldgeno e de fibras eldsti-
cas na fascia transversal de pacien-
tes com hernia inguinal direta e in-
direta. Rev. Hosp. Clin. Fac. Med.
S. Paulo 57(6):265-270, 2002.

OBJETIVO: Estudos prévios nos-
sos demonstraram alteracdes estrutu-
rais e quantitativas de fibras eldsticas
na fascia transversal com o envelheci-
mento, tendo papel na génese da hér-
nia inguinal. Com o objetivo de veri-
ficar diferencas na matriz extracellular
da fascia transversal de pacientes com
hernia inguinal direta e indireta,
quantificamos o colageno e as fibras
eldsticas na fascia transversal de 36
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pacientes masculinos com hernia
inguinal indireta e 21 pacientes mas-
culinos com hernia inguinal direta.
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