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Morphology of the cesarean section scar in the
non-pregnant uterus after one elective cesarean section
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ABSTRACT

Objectives: A growing number of studies suggest that the incomplete healing of the CS scar in the uterus increase the
risk of uterine dehiscence or rupture during subsequent pregnancies. Thus, the factors that affect wound healing should
be evaluated. We aimed to determine whether the morphology of the CS scar in non-pregnant women after one elective
CS was affected by the site of the uterine incision, uterine flexion, maternal age, and fetal birth weight.

Material and methods: 208 non-pregnant women were invited for participation in the study, but only 101 of them met
inclusion criteria. Standardized scar parameters (residual myometrial thickness (RMT), depth (D) and width (W) of the
hypoechoic niche) were measured using ultrasonography at least 6 weeks after the CS.

Results: Scar defect was detected in 26 of 101 subjects. Women without scar defect had significantly higher RMT values
(1.87 vs. 0.87), lower newborn birth weight (3127 g vs. 3295 g), and higher scar location above the internal cervical os (62%
vs. 16%), than those with scar defect. Maternal age was significantly correlated with D value (R = 0.40). Uterine retroflexion
was significantly correlated with a larger D value (R = 0.63) and a larger D/RMT ratio (R = 0.24).

Conclusions: In low-risk women who have undergone one elective CS, several risk factors are associated with development
of the scar defect, but only scar location can be modified during surgery. Future research is needed to determine whether

a relatively higher incision location in the uterus can ensure optimal healing of the CS scar.

Key words: cesarean section scar, uterine scar, residual myometrial thickness, scar morphology, scar defect,

ultrasonography, risk factors of scar defect
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INTRODUCTION

In 2009, more than 26% of low-risk primiparous women
delivered via cesarean section (CS) in the United States [1, 2].
Many initiatives have been undertaken to decrease the rate
of primary CS, but the mean CS rate in developed countries is
still high (approximately 30%) [1, 3, 4]. Thus, the population
of women who have undergone a primary CS is growing
rapidly each year. Many of these women will pursue future
pregnancies, and they are at risk of potentially life treating
complications of primary CS [5]. These complications include
cesarean scar pregnancy, morbidly adherent placenta, and
CS scar dehiscence and rupture [2, 5-8]. A growing number
of studies suggest that the occurrence of long-term conse-
quences of CS is related to the incomplete healing of the
CSscarinthe uterus, i.e., the development of a niche within
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the scar [7-10]. According to these studies, ultrasonographic
assessment of the morphology of the CS scarin women who
are not currently pregnant may predict the occurrence of
CS scar dehiscence and rupture during subsequent preg-
nancies. Additionally, cesarean scar pregnancy, a potential
precursor of morbidly adherent placenta, mostly develops
within the niche of the CS scar [2, 6].

Considering the rapidly growing population of women
who have undergone a CS and the potential clinical im-
portance of the morphology of the SC scar, the factors that
affect wound healing after a CS should be evaluated. Several
studies have assessed factors that potentially affect the
healing of the CS scar [11-16]. However, to the best of our
knowledge, none of these previous studies have assessed
CS scar morphology in women who are not pregnant using
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standardized ultrasonographic measurements of CS scars
in a homogenous group of low-risk women after a primary
elective CS. A PubMed search revealed only one study that
had assessed the association between the location of the
CS scar and its ultrasonographic appearance [13].

The aim of the study was to determine whether the
morphology of the CS scar in non-pregnant women after
one elective CS was affected by the site of the uterine inci-
sion, uterine flexion, maternal age or fetal birth weight.
These factors are related to standardized CS scar parameters
including the depth of the scar (D) and residual myometrial
thickness (RMT) as well as D/RMT ratio.

MATERIAL AND METHODS

In this case controlled study, which is a part of our
prospective study on the prediction of CS scar integrity
in subsequent pregnancies, women who delivered by CS
at our institution from 2014 to 2016 were invited to un-
dergo ultrasonographic assessment of the CS scar at least
6 weeks after the CS. The study protocol was accepted by
the ethics committee on 4 October 2007 (approval no KB
454/2007) and all participants signed the informed consent
form before entering the study. The study was conducted
in accordance with the 1964 Helsinki declaration and its
later amendments.

The examinations were conducted by the first author of
this study using a Voluson E8 ultrasound machine (Gene-
ral Electric Medical Systems) with a 4-9 MHz transvaginal
convex probe. A standardized approach for imaging and
measuring a CS scar via ultrasonography was used, which
is described in detail in our previous publications [7, 15]. For
standardization purposes, we used the terms introduced by

Naji et al. [17]. Additionally, an assessment of the location
of the CS scar was performed.

The measurements were obtained in the sagittal tran-
section of the uterus. The following standardized scar
parameters were assessed: residual myometrial thickness
(RMT), depth (D) and the width (W) of the hypoechoic tri-
angle (niche), as shown in Figure 1. The niche was defined
according to de Vaate et al. as “any indentation represent-
ing myometrial discontinuity at the site of the scar that
communicates with the uterine or cervical cavity” [16]. In
completely healed CS scars, when the niche was not present,
only the RMT value was measured. For the assessment of
the location of the CS scar in cases of completely healed CS
scars, the distance from the internal cervical os to the low-
est demarcation of the RMT was measured. In the presence
of a hypoechoic triangle (niche) in the scar, the distance
was measured to the proximal edge of the triangle, as it
represents the border of the scar (Fig. 1). The inner os of the
cervical canal was identified, as in the studies of Vikhareva
Osser and Valentin, at the level of the narrowing of the uterus
between the corpus and the cervix at the lower margin of
the bladder [13, 18]. Measurements above the inner os of
the cervical canal were expressed in positive values, whereas
measurements below the inner os, i.e, in the cervical canal,
were expressed as negative values.

Clinical information regarding maternal medical his-
tory and pregnancy course were collected from medical
records and analyzed after ultrasonographic assessment
of the CS scar.

The inclusion criteria were as follows: first singleton
pregnancy, uneventful pregnancy course, CS performed at
term as a planned, elective procedure before the onset of

Figure 1. Measurement of the standardized cesarean section scar parameters and assessment of the scar
location; RMT — residual myometrial thickness; D — depth of the scar niche; W — width of the scar niche;
C — distance from the internal cervical os to the scar
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uterine contractions, low transverse uterine incision, single
layer continuous full thickness uterine closure and unevent-
ful postoperative course. Women with a history of uterine
surgery, congenital uterine malformations, diabetes mel-
litus, hypertension, chronic corticosteroid administration,
fetal birth weight under 2500 g or over 4500 g and amniotic
fluid index (AFI) under 5 or over 20 during the last ultrasound
prior to CS were excluded.

Statistical analysis

The statistical analysis was performed with Statistica
software v. 10 (StatSoft, Tulsa, OK, USA). The Mann-Whitney
U test for continuous variables and the chi-square test for
categorical data were used to determine the statistical sig-
nificance of differences between groups. Relationships were
analyzed with Spearman’s rank correlation coefficient. The
criteria for statistical significance was set at p < 0.05.

RESULTS

Between the years 2014 and 2016, 208 women par-
ticipated in this study. From this group, 107 women were
excluded, according to the inclusion and exclusion crite-
ria listed above, resulting in 101 patients included in the
analysis.

The study group included women with mean age of
32.43 (SD = 3.54) years and gestational age from 37 to
42 weeks (median 38) at CS. Of the 101 participants, 75 pre-
sented with an intact cesarean scar, and 26 presented with

Table 1. Characteristics of the study group

a scar with a niche. The majority of the studied scars (80%)
were located above the internal cervical os. The mean values
of variables such as scar location, RMT and newborn birth
weight significantly differed between the groups with and
without a scar niche. Detailed characteristics of the study
group are presented in Table 1.

Maternal age was significantly positively correlated with
scar depth (R =0.40). Newborn birth weight was correlated
with the D/RMT ratio (R = 0.20) and the presence of the scar
niche (R = 0.22). The frequency of niche development was
decreased in higher locations above the internal cervical os
(R=-0.21; p =0.0311). Uterine retroflexion was associated
with a larger D value and a larger D/RMT ratio (R = 0.63 for
D; R = 0.24 for D/RMT). Uterine anteflexion was associated
with greater distance between the scar and the internal cer-
vical os (R=-0.26). Spearman’s rank correlation coefficients
between all analyzed variables are presented in Table 2.

DISCUSSION

Recently Vervoort et al. summarized the current know-
ledge of the etiology of incomplete CS scar healing, i.e., the
development of the niche [19]. The following characteristics
were discussed: a lower location of the CS scar, incomplete
closure of the uterine wall, adhesion formation and patient
related factors. Potential risk factors for niche development
were also presented by de Vaate et al. in a systematic review
[16]. Both groups of authors admit that the current evidence
regarding factors that affect CS scar healing is limited by

Total

Age, years [mean (SD)] 32.43 (3.54)
Gestational weeks [mean (SD)] 38.40 (1.10)
Scar location [n (%)]

underi.c. 0s 4(3.96)

ati.c.os 17 (16.83)

above i.c. os 80(79.21)
E‘:s;::c(gs)?tween the scar and the i.c. os [cm] 0.56 (0.45)
RMT; [mean (SD)] 1.03(0.37)
W, cm; [mean (SD)] 0.99 (0.59)
D, cm; [mean (SD)] 0.62 (0.41)
D/RMT; [median, range] 0(0-6.15)
Uterine position [n (%)]

Anteflexion 69 (68.32)

Retroflexion 32(31.68)
Newborn birth weight, g; [mean (SD)] 3171 (373)
AFl; [mean (SD)] 7.90 (0.90)

Without scar defect With scar defect Probability (p)
3236 (3.75) 32.62(2.89) 0.8926*
38.33(1.04) 38.58(1.24) 0.3802*

0.0345*%*
1(0.99) 3(2.97)
11(10.89) 6(5.94)
63 (62.38) 17 (16.38)

0.58 (0.43) 0.50 (0.51) 0.2378*
1.08 (0.34) 0.87(0.39) 0.0220*
= 0.99(0.59) =
- 0.62 (0.41) -
= 0.58 (0.12-6.15) -

0.0657**
55 (54.46) 14 (13.86)
20(19.80) 12(11.88)
3127 (359) 3295 (391) 0.0293*
7.89(0.91) 7.92(0.89) 0.8804*

*Mann-Whitney U test; **chi-square test; p values < 0.05 were regarded as significant and marked in bold.i.c. os — internal cervical os, RMT — residual myometrial
thickness, W — width of the scar niche, D — depth of the scar niche, AFI — amniotic fluid index
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with a history of one elective CS in a term pregnancy, with
a newborn birth weight appropriate for gestational age
and a normal amount of amniotic fluid, were included. Ad-
ditionally, we excluded subjects with other factors that are
known or suspected to negatively affect scar healing such as
incomplete uterine closure, intrapartum CS, corticosteroid
administration, and hypertension [11-14,16].

Only one study was found that assessed the effect of scar
location on scar morphology and focused on the measure-
ment of the distance between the CS scar and the inner os
of the cervical canal [13].

In the mentioned study, a very low uterine incision was
found to be an independent risk factor for the develop-
ment of large niches. Taking into consideration the defini-
tion of large defects used by Vikharvea Osser and Valentin
(RMT < 2.2 mm), a lower incision was also associated with
adecrease in RMT value. In our study, the frequency of niche
development decreased with a higher location above the
internal cervical os.

Interestingly, in our study of elective CS, 17 participants
exhibited a scar localized at the level of the internal cervi-
cal os and four participants presented with a CS scar within
the cervix. All cervical scars exhibited a niche. In a study by
Vikhareva Osser and Valentin that included women in active
labor, in 67% of cases, the top of the scar was located at the
level of the internal cervical os, but no cases were reported
with the top of the scar located in the cervix [13]. However,
in a study by Zimmer et al. that assessed the location of the
CS scar in the 14-16™ week of a subsequent pregnancy, the
cervical location of the scar was found in 52% of women with
a history of elective CS and 75% of women who underwent
an intrapartum CS [21]. However, these results cannot be
directly compared due to different study designs and meth-
odologies; even in CSs performed without uterine contrac-
tions, the incision may extend through cervical tissue. This
can be explained by the fact that cervical effacement may
begin prior to active labor [21].

In our study of women who had undergone one elective
CS, retroflexion of the uterus was found to be associated
with a deeper scar niche and a larger D/RMT ratio.

We found three studies that assessed scar morphology
in relation to flexion of the uterus. In a study by Vikhareva Os-
ser and Valentin of a group of women who had undergone
one CS, large scar niches (defined as RMT < 2.2 mm) were
more common in subjects with retroflexed uteruses [13].
Ofili-Yebovi et al. found that the likelihood of a woman with
a retroflexed uterus developing a niche (defined as myo-
metrial thinning at the site of the scar) was more than 50%

higher than for a woman with an anteflexed uterus [14].
Wang et al. assessed CS scar parameters using a standard-
ized approach. His study included 207 patients, the majority
of whom had undergone more than one CS and had a visible
niche within the scar. He found that the mean width of the
niche was significantly greater in women with a retroflexed
uterus than in subjects with an anteflexed uterus [11]. One
possible pathophysiological explanation of the incomplete
healing of the uterine incision is that the retroflexed uterine
corpus causes some degree of tension on the lower uterine
segment that negatively affects the approximation and
vascular perfusion of the myometrial layers [14, 19].

In the current study, maternal age was significantly
positively correlated with the depth of the CS scar niche.
We found only one study that analyzed maternal age with
regard to the size of the scar niche in the uterus of non-preg-
nant women [13]. In this study, maternal age was found to
predict large scar niches. In the study by Naji et al., CS scar
dimensions were assessed during pregnancy and older
maternal age was associated with a greater increase in the
width of the scar niche [22].

To avoid heterogeneity in this study, only subjects with
newborns weighing 2500-4500 g were included. Despite
this restriction, we found that newborn birth weight was
positively correlated with the D/RMT ratio and the pre-
sence of a scar niche. This finding indicates that fetal weight
in women at term, with a normal amount of amniotic fluid
before the onset of uterine contractions, in the absence
of multifetal pregnancies, previous uterine surgeries or
congenital uterine malformations, may contribute to the
development or thinning of the lower uterine segment.

In low-risk women who have undergone one elective CS,
the factors that influence CS scar morphology include the
distance from the internal cervical os, uterine flexion, fetal
birth weight and maternal age. Among these factors, scar
location is the only factor related to surgery and can thus
be modified.

CONCLUSIONS

Future research is needed to determine whether a rela-
tively higher incision location in the uterus can ensure opti-
mal healing of the CS scar. Until then, no changes in clinical
practice are recommended. However, the establishment of
arepeatable cutting plane is difficult, even in cases of elec-
tive CS.The cervical-corporal junction in a term pregnancy is
difficult to locate, and the development of the lower uterine
segment may vary according to the pregnancy duration, size
of the uterus, effacement of the cervix and other factors.
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