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Comparative morphological analysis of collagens I and III content in the connective tissue in 
various groups of surgical patients, including tumor patients with ventral hernias, was carried 
out. The total content of collagen and collagen I/III ratio were the highest in cancer patients 
in comparison with non-tumor patients with hernias and with patients without hernias or tu-
mors. Hence, factors not associated with collagen synthesis predominate in the pathogenesis 
of hernia formation in patients operated for malignant tumors.
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Surgical treatment of malignant tumors of abdominal 
organs is usually realized through the median access, 
but 2-25% patients develop postoperative ventral her-
nias (POVH) after laparotomy [3]. The incidence of 
POVH increased at least 9-fold over the recent decade 
[1,6]. The incidence of POVH relapses after autoplasty 
and prosthetic plastic repair remains high (14.0-54.8% 
[5]). Chemo- and radiotherapy have a negative impact 
on intact tissues [4], including the effects of these 
therapies on tissue reparation.

It is hypothesized that disorders in collagen me-
tabolism and connective tissue diseases contribute to 
the formation of hernias and their relapses after plastic 
repair.

Collagens are the main components of the extra-
cellular matrix. They form a complex system consist-
ing of 19 collagens, glycoproteins, and proteogly canes 
[8]. The level of fi ne collagen III increases in the gra-
nulation tissue during wound healing. This col lagen 
later transforms into a thicker highly cross-linked col-
lagen I. The fi brils produced from collagen III are 
signifi cantly thinner than the fi brils produced by true 
collagen I [7]. Accumulation of collagen III impairs 

the strength of the connective tissue and can promote 
POVH formation [2].

We studied the content of collagens I and III and 
their ratio and the contribution thereof into hernia for-
mation in tumor patients.

MATERIALS AND METHODS

The study was carried out in 67 patients (26 men 
and 41 women aged 42-73 years, mean age 56.4±5.3 
years). The patients were divided into 3 groups. Group 
1 (n=22) consisted of patients previously operated for 
gastric, rectal, uterine, and ovarian malignant tumors. 
All these patients had POVH, for which they were 
operated later. Group 2 (n=25) included patients oper-
ated for primary inguinal and femoral hernias. Group 
3 (n=20; control) consisted of patients without POVH 
who were operated for gastric ulcers, appendicitis, 
cholecystitis, acute ileus, and varicocele.

Biopsy of the anterior abdominal wall aponeurosis 
was carried out in all patients during the latest inter-
vention in order to measure the ratio of collagens I 
and III in the connective tissue. Paraffi n sections were 
stained by Sirius Red (Polysciences Inc.) and exam-
ined under Nikon Eclipse E200 microscope in polar-
ized light at ×200. Three visual fi elds were selected 
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at random in each preparation and photographed. Red 
fi elds in the photographs corresponded to collagen I, 
green ones to collagen III; microstructures stained dif-
ferently (black) were regarded as “not collagen”. The 
absolute content of each collagen was estimated by 
red or green pixels. The content of each collagen was 
estimated as the mean for 3 photographs.

The summary contribution of both collagens into 
the structure of the connective tissue was evaluated as 
the ratio of the mean sum of red and green pixels to 
the mean number of pixels of the photograph.

All histological studies and expert evaluation of 
the correspondence of the edited digital photos to the 
actual microscopic picture were carried out by the 
same morphologist.

All studied variables had no normal distribution, 
and hence, were evaluated using nonparametric tests 
and the appropriate descriptive statistics.

RESULTS

The median of ratio of two collagens was maximum 
in group 1 and minimum in group 2 (Table 1). The 
differences between the groups were signifi cant (Krus-
kal–Wallis test, p=0.0022). Paired comparison of the 
groups (Mann–Whitney test) revealed no differences 
between groups 1 and 3 (p=0.082), highly signifi cant 
difference between groups 1 and 2 (p=0.0009), and 
signifi cant difference between groups 2 and 3 (p= 
0.049). Hence, the content of collagen III in com-
parison with collagen I obviously increased only in 
patients with primary hernias. No disorders in collagen 
synthesis were detected in group 1 in comparison with 
the control group.

The total content of collagen in the preparations 
differed signifi cantly in the groups (p=0.018, Krus-
kal–Wallis test; Table 2). Paired comparisons (Mann–
Whitney test) showed no differences between groups 1 
and 2 (p=0.98). Groups 1 and 3 differed highly signifi -
cantly (p=0.007), groups 2 and 3 differed signifi cantly 
(p=0.046).

Hence, the total content of collagen and collagen 
I/collagen III ratio were maximum in group 1 in com-
parison with groups 2 and 3.

At present, POVH are treated exclusively by sur-
gical methods with a differentiated approach to choice 
of the method of intervention with consideration for 
the shape and size of hernia, status of abdominal wall 
tissues, and general status of the patient. Since the 
total level of collagen and collagen I/collagen III ratio 
in tumor patients with POVH did not differ from those 
in the controls, other pathogenetic mechanisms of her-
nia formation should be considered. It is obvious that 
the appearance of POVH in tumor patients depends 
on the initial status (anemia, hypoproteinemia, cancer 
exhaustion) and special oncological treatment (chemo- 
and radiotherapy), which inhibit reparation. This can 
serve as an argument in favor of preventive use of 
autoplastic or prosthetic technologies for prevention 
of POVH in cancer patients.
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