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MORPHOFUNCTIONAL CHARACTERISTICS OF CUTANEOUS CONNECTIVE TISSUE SCARS IN WOMEN
WITH PAST HISTORY OF CHILDBIRTH AFTER CESARIAN DELIVERY
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The inevitable outcome of skin injuries caused by a variety of external factors is the formation of a connective tissue scar. A scar can deform when exposed to
stretching, pressure or repeat surgeries and undergo structural changes leading to its dehiscence. Scar dehiscence is a common problem seen in women with a
past history of cesarean delivery. There have been comprehensive studies of uterine scars formed after the C-section, but the morphology of cutaneous C-section
scars has not yet been investigated. The aim of this study was to look into the morphology of connective tissue scars in multiparas with a past history of cesarean
delivery. Specimens of cutaneous scars were collected from 30 women after the C-section. Within one age group, fiber thickness was directly proportional to the
number of previous deliveries. Comparison of different age groups with the same number of previous deliveries revealed the thinning of collagen fibers and the
increased density of type Il collagen fibers. The most pronounced changes were observed in women with a history of 3 or more deliveries. We hypothesize that
a connective tissue scar undergoes structural transformation, becomes thinner, and its fibers dissociate due to repeated skin stretching, which might indirectly
suggest the dehiscence of the postoperative scar.
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MOP®O®YHKUMNOHAJIbHbIE OCOBEHHOCTU COEOUHUTENIbHOTKAHHOIO PYBLIA HA KOXKE
Y MOBTOPHOPOOALLNX XKEHLLIMH NMOCJE OMNMEPATUBHOIO POOOPASPELLIEHUA

E. C. MuwimHa' = M. A. 3atonoknHa', M. B. MHuxoBu+?, B. B. Xap4eHko'

" Kypckui rocynapCTBeHHbIn MEAMLIMHCKIIA yHUBepcuTeT, Kypck, Poccns
2 Hay4Ho-1ccnenoBaTensckuin MHCTUTYT Mopdonornmn Yenoseka, Mockea, Poccust

HapyLueHne LenoCTHOCTY KOXKHOMO MOKPOBa NoA, AeNCTBUEM Pa3NNYHbIX (HaKTOPOB HEN3HEXKHO MPUBOAWT K 00Pa30BaHNIO COeAVHUTENBHOTKAHHOMO pybua. Mog,
BO3[ENCTBMEM AMHAMUHECKVIX (DaKTOPOB (PacTshkeHve, AaBneHre, MoBTOPHO MPOBeAeHHbIe onepaLyv) pybeL, noasepraeTcs aedopmanmn, BCAeacTsue Yero
BO3MOXHA [A€30praHn3aLmns ero CTPYKTYPHbIX KOMMOHEHTOB 1 MOCNeAytoLLas ero HECOCTOATENBHOCTE. Havbonee YacTor Npobnemort Takoro nnaHa SBaseTcs
HECOCTOATENBHOCTL PYOLIOB Y MOBTOPHOPOASALLIMX XKEHLLMH, B aHaMHe3e KOTOPbIX MMEETCS XMPYPrudeckoe popopaspeLLeHre nyTem kecapesa cedeHist. B
nvTepaType NpeacTasfieHbl peaynsTaTbl KOMMNEKCHOMO 13y4eHnst pybLOB Ha MaTke Mocne onepauyn Kecapesa CeqeHyst, B TO Bpems Kak Mopdonornieckoe
nccnefoBaHe KOXHOro pybua y atux ke 6epemMeHHbIX He npoBogunock. Llenbto paboTtbl 6bI10 M3y4nuTb MOPEOMYHKLMOHANBHbIE 0COOEHHOCTM
COEAVHUTENBHOTKAHHOO pybLia Ha KOXe y MOBTOPHOPOAALLMX YKEHLLMH NMOCNe OnepaTvBHOrO PoAopaspeLLeHns. Viccnenosanu parMeHT koxHoro pybua y 30
>KEHLLH MOCne Kecapesa CedeHVisi. Y KEHLLMH B OAHON BO3PACTHOW rpynne yTOonLeHne BONIOKOH BbIo MPSMONPONOpLVOHasHO Yy poaos. Mpy cpasHeHnn
pa3HbIX BO3PACTHbIX MPYMM C OAMHAKOBBIM YCNIOM POAOB HAOMOAAM NCTOHYEHNE KOMIAreHOBbIX BOIOKOH, a Takke YBEMYEHe NIOTHOCTU BOSIOKOH KomnareHa
3-ro Tuna. Hanbonee BbIpaXKeHHbIE V3MEHEHS BbISIBNIEHbI Y XKEHLLWH C Tpems 1 6onee popopaspeLLeHmsMi. MoxXHO MPeamnonoxuTb, YTO MOf, BMSHUEM KPaTHOCTU
PaCTSHKEHUI KOXI MPOVCXOANT CTPYKTYPHAs NepecTpoiika COeAVNHNTENBHOTKAHHOO pybLia B BIAE VICTOHYEHVS 1 Ae30praHmn3aLiyii BONOKHUCTbIX CTPYKTYP, YTO
MOXET KOCBEHHO FOBOPWTL O HECOCTOATENBHOCTY MOCNEoNePaLWOHHOro pybLia.
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The inevitable outcome of skin injuries caused by a variety of
exposures is the formation of a connective tissue scar [1-3].
Some scars, including hypertrophic scars and keloids, can
be esthetically displeasing; immature scars are prone to more
serious complications. Differences in scar tissue organization
and morphology are determined not only by the type of injury
but also by the duration and frequency of injurious exposure

[4-10]. This might explain the phenomena of wound dehiscence,
postoperative hernias and other negative outcomes [11, 12].
As indications for cesarean delivery are expanding, more
women of childbearing age are acquiring uterine scars, which,
in turn, necessitate cesarean delivery in future pregnancies [13].
In some cases, a C-section is combined with genitoplasty or
abdominal wall reinforcement to avert scar dehiscence, the
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most common complication of the C-section [14-17]. So, it
would be clinically relevant to study cutaneous scar morphology
and the reorganization of scar tissue in women with a past
history of childbirth.

METHODS

QOur study recruited 30 patients of Kursk Maternity Hospital.
The following inclusion criteria were applied: the absence of
obstetric or gynecologic pathology; delivery by cesarean
section. Exclusion criteria: preterm labor; systemic connective
tissue disorders. Fig.1 illustrates the distribution of the
participants by age.

The mean age of the participants was 33.1 + 3.93 years;
the mean height was 164.3 + 6.47 cm; the mean weight,
74.57 + 3.13 kg; the mean BMI, 0.28 + 0.05 kg/m?. The total
number of pregnancies specified in medical histories was 89.
The total number of deliveries was 77. Twenty-three women
(76.67%) had a past history of 2 cesarean deliveries; 6 women
(20%) had undergone a total of 3 cesarian sections; 1 woman
(8.33%) had a history of 4 cesarean deliveries. These figures
include cesarean sections performed during the study.

The participants were grouped by age and the number
of deliveries. A total of 5 groups with 1 to 12 women in each
group)were formed (Table 1).

Specimens of scar tissue with the adjacent flaps of normal
skin sized 3 x 6 cm were collected from all study participants
after the C-section. For light microscopy, the specimens were
fixed in 10% neutral buffered formalin. The specimens were
embedded in paraffin and sliced on a microtome following
the standard protocol. Sections of 5-7 pm were stained with
hematoxylin-eosin and Mallory’s trichrome stain. The presence
of collagen fibers in the specimens was verified by means of
immunohistochemical staining (IHC) with anti-collagen type |
and Il monoclonal rabbit antibodies (Novocastra; Germany).
Staining was performed in an automated LEICA BOND MAX
IHC stainer (Leica; Germany). Digital photos geometrically
and optically calibrated in Imaged 14,7a (National Institutes of
Health; USA) were further used to measure fiber thickness, the
areas of collagen fibers (for each collagen type) and interfiber
space in 30 fields of view (x10). The scar density coefficient
was calculated using the previously proposed formula:

K= (S, %)/(S,, %),
where K is the scar density coefficient;

S, is the area of collagen fibers;

S, is the area of interfiber space.

Then, the cellular makeup of the sampled scar tissue
was analyzed. Based on karyological features (x40), we
identified fibroblast cell lineages and proinflammatory cells.
Immunophenotyping tests were not performed. Cell count was
done per 100 cells in several (at least 10) non-overlapping fields
of view. Then, mean values were calculated. Statistical analysis
was carried out in Statistika 10.0 (Stat Soft; Russia). The
normality of data distribution was tested using the Kolmogorov-
Smirnov and the Shapiro-Wilk tests. The significance of
differences was assessed using the Mann-Whitney U test for
independent samples. Differences were considered significant
atp < 0.05.

RESULTS
Fiber analysis revealed that all the studied connective tissue
structures were composed of mature granulation tissue. In

groups I and lll (see Table 1), the fibers lied closest to each other
and were organized in one direction. In all groups, the fibers were
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fairly thick, with dense intrafibrillar structures. However, the major
fibers in groups Il and V (see Table 1) were composed of multiple
thin branching fibers. Cross-sectionally, all fibers were mostly
round. The morphometric analysis revealed that collagen fibers
in the studied fibrous tissue differed significantly in their thickness
between the groups. The thickest fibers were observed in the
specimens obtained from women of young reproductive age
with a past history of 3 deliveries. The thickness of collagen fibers
was 1.2 lower in women of the same age with a past history of
2 deliveries (7.8 = 0.11 um). In women of late reproductive age,
the thickness of collagen fibers was directly proportional to the
number of previous deliveries, decreasing from 6.1 + 0.12 to
4.7 + 0.1 pm for women with a history of fewer deliveries.

The analysis of the ratio of collagen fibers area to the area of
interfiber space in postoperative scars revealed that connective
tissue fibers were more densely arranged in women with a past
history of 2 deliveries at young reproductive age. The lowest
ratio was observed in women with a history of 3 to 4 deliveries.
These morphometric characteristics are shown in Fig. 2.

The IHC study of scar fragments revealed a decrease in
collagen content in patients with a history of 2 and 3 deliveries
at late reproductive age. Type | collagen was the most prevalent
in the scar tissue of younger women (Table 2).

The dynamics of inflammation and tissue repair was analyzed
by means of cell count in the scar tissue. The analysis revealed
that collagen synthesis was the dominant process in the scar
tissue of all study participants at the end of gestation. However,
the fact that immature fibroblast lineage cells dominated the
cellular composition of scars in women of late reproductive age
led us to hypothesize that collagen synthesis was still ongoing.
The dynamics of scar tissue cellular composition is illustrated
in Fig. 3.

DISCUSSION

With regard to the dynamics of cutaneous scar tissue structure,
the roughness and thickness of collagen fibers were directly

[l 20-30 years

B 30-45 years

Fig. 1. The distribution of the participants by age

Table 1. The distribution of the participants by age and the number of cesarean
deliveries

Number of deliveries
Age
2 3 4
20-30 years Group | Group Il
31-40 years Group Il Group IV Group V
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Group |
Group Il
Group Il
Group IV

Group V

Collagen fiber Collagen fiber Interfiber space Scar density
thickness area (%) area (%) coefficient

Fig. 2. The dynamics of morphometric characteristics of fibrous tissue. * — differences are statistically significant relative to the previous group (o < 0.05)

Table 2. The distribution of collagen types in the scar tissue between different groups of patients

Group Type | collagen density Type Il collagen density Type 1 to 3 collagen ratio
| 234 £1.1* 20.7 £1.2 1.1+0.32
Il 19.6 £ 0.76 18.9+1.3 1.03 £ 0.1
1] 234 £1.1 259 +1.2* 0.9 +0.07
\Y 149 +1.3* 10.7 + 0.4* 1.4+0.05
\Y 17913 16.6 + 0.5 1.07 + 0.05

Note: * — differences are statistically significant relative to the previous group (o < 0.05).

proportional to the number of previous deliveries (groups | past deliveries revealed collagen fiber thinning. These structural
and ll). The densest scars with the narrowest interfiber space  changes were the most pronounced in groups IV and V, i.e.
were observed in young women with a history of 3 deliveries.  in women with a past history of 3 or more deliveries. One of
Comparison of different age groups with the same number of ~ the main characteristics of a mature scar is its thickness and

60 —

50

40
M Group |
M Group Il

30 M Group Il
M Group IV

20 Group V

Lymphocytes (%) Macrophages (%) Fibrocytes (%) Fibroblasts (%)

Fig. 3. The dynamics of scar tissue cellular composition. * — differences are statistically significant relative to the previous group (o < 0.05)
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structural heterogeneity [18]. The scar density coefficient
calculated in the study reflects fiber thickness and the size of
the interfiber space. The greater is the scar density coefficient,
the thicker is the scar and the less pronounced is the interstitial
edema, which can expand the interfiber space. The obtained
data are indirectly suggestive of scar tissue dehiscence after
the third delivery in young patients. The analysis of collagen
types distribution demonstrated that the greatest number of
fibrous structures made up of type lll collagen was observed
in young women; in older women, scar tissue was mainly
composed of type | collagen. These data are consistent
with the data on the mechanisms of collagen synthesis in
uterine scars. Immunohistochemically, connective tissue is
characterized by moderate expression of type Il collagen [19].
Cellular mechanisms play a significant role in the formation of
a mature scar. One of the most important criteria of a mature
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