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Abstract 
Caesarean section is dramatically increased throughout the world in recent 
years. Rupture of the uterus is a devastating complication in trial of labour 
following previous Caesarean section. Evidence suggests that the size of the 
uterine scar and the residual myometrial thickness (RMT) are associated di-
rectly with the risk of uterine rupture and risk of dehiscence in subsequent 
deliveries. Impact of the prelabour and labour Cesarean section on the RMT 
has not been studied in detail. Objectives: To compare RMT, Caesarean scar 
defects and to evaluate the elasticity of the Caesarean scar between women 
who underwent prelabour and labour Caesarean sections. Methods: This was 
a Cross sectional analytical study. Women who underwent Caesarean section 
in their first pregnancy were recruited. Sample was stratified to prelabour and 
labour Caesarean section groups. Transvaginal ultrasound scan was performed 
six months following the Caesarean section. Dimensions of the uterus, ute-
rine scar defect, RMT and elastosonography of the uterine scar were assessed. 
Results: A total of 240 postpartum women were analyzed. Uterine niche was 
detectable in 194 subjects. Prelabour CS group had demonstrated 91.7% (n = 
110) scar defects (uterine niche) out of 120 cases and the rate among labour 
CS group was 70% (n = 84). There was a significant difference in the presence 
of uterine niche among 2 groups as Prelabour group was found to have more 
scar defects (p < 0.01). Mean RMT of prelabour CS and labour CS groups 
were 5.06 mm (SD 1.2) and 4.99 mm (SD 1.3) respectively and there was no 
significant difference (t = 0.38, p = 0.71). There was no significant difference 
between the dimensions of the uterine CS defects of the studied groups. Pre-
labour CS group had significantly higher Target strain [0.28 vs. 0.24 (t = 2.12, 
p = 0.04)] and significantly less strain ratio [1.45 vs. 1.55 (t −2.42, p = 0.04)] 
than labour CS group indicating a better scar in prelabour group. Conclu-
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sion: There was no significant difference in RMT and uterine scar defects be-
tween prelabour and labour Caesarean section groups. But prelabour Caesa-
rean section scars were less stiff than labour Caesarean section scars. Further 
studies are warranted to elaborate on the association. 
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1. Introduction 

Caesarean delivery is defined as an extraction of the infant, placenta, and mem-
branes through an incision in the maternal abdominal and uterine wall [1]. 
There are two main types of Lower Segment Caesarean Sections (LSCS) based on 
method of planning; Prelabour and Labour. Prelabour LSCSs are usually based 
on pre-existing indications and planned over the course of antenatal care. La-
bour LSCS means an urgent decision to perform an LSCS because of some con-
dition which makes the continuation of labour no longer safe for baby or moth-
er.  

In recent years, Caesarean section rate has dramatically increased in most 
countries. An average rate of 21.1%, with a range between 6.2% and 36% has 
been reported for developed countries [2]. In Norway, there was an increasing 
rate of Caesarean section, from 1.8% in 1967 to 17.1% in 2008 [3]. However, 
there is a relatively high rate of TOL (Trial of Labour) with vaginal births in 51% 
of mothers with previous Caesarean section. The observed trend was similar in 
many European Union countries. In the United States, the Caesarean section 
rate rose by 53% from 1996 to 2007, reaching 32%, the highest rate ever reported 
in the country. Situation was similar in many other western countries. Rates for 
all age groups increased modestly from 1996 to 2000, then rose more than 33% 
from 2000 to 2007. Women under age 25 experienced the greatest increases in 
Caesarean deliveries from 2000 to 2007 (57%). Rates of Caesarean delivery typi-
cally rise with increasing maternal age. As in 1996 and 2000, the rate for mothers 
aged 40 - 54 years in 2007 was more than twice the rate for mothers under age 20 
(48% and 23%, respectively) [4]. In Sri Lanka Caesarean section rate has dramati-
cally increased from 25.8% in 1998 to 31.1% in 2013 [5]. 

Uterine dehiscence and rupture of the uterine scar is a devastating complica-
tion in a trial of labour following Caesarean section [6] and its incidence has in-
creased with the increase in Caesarean section rate. It results in severe maternal 
and perinatal morbidity and mortality and is one of the most common clinical 
causes of medical litigation in the developed world [7]. For women with one prior 
Caesarean delivery, the risk of uterine rupture is higher among those whose la-
bour is induced than among those with repeated Caesarean delivery without la-
bour. Concern persists that a trial of labour may increase the risk of maternal 
complications as compared with elective Caesarean delivery. Such complications 
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include uterine rupture, which is uncommon but serious and may result in hys-
terectomy, urologic injury, a need for blood transfusion, maternal death, and pe-
rinatal complications, including neurologic impairment and death. 

Studies have been carried out to evaluate the Caesarean uterine scar and evi-
dence suggests that the uterine rupture and scar dehiscence in subsequent deli-
veries are directly associated with Residual myometrial thickness which is meas-
ured by ultrasonography. 

Zirqi et al., 2010 found that the percentage of uterine rupture was lowest for 
elective prelabour Caesarean section (0.7/1000), it was much higher when Cae-
sarean section was an unplanned emergency section (7.1/1000). Ruptures were sig-
nificantly higher after TOL compared with prelabour Caesarean section (6.7/1000 
versus 2.0/1000; P = 0.000) [8]. 

Several authors including Rozenberg et al. suggest that, there were no scar com-
plications (Uterine dehiscence and rupture of the uterine scar) among women 
who had RMT greater than 4.5 mm and there is a gradual increase in scar defects 
as it decreases from 4.5 mm to 1.6 mm [9]. 

In a study carried out by Naji et al. to assess the changes in dimensions of the 
Caesarean section scar during pregnancy, they showed that Caesarean section 
scar was visible in 89% cases and mean RMT was 5.2 mm in the first trimester. 
They had measured the RMT via trans-vaginal ultrasound scan during 11 - 13 
weeks [10]. Bennich et al. in their study showed that the Caesarean section scar 
was visible in 96.9% cases after 5 months of the Caesarean section using Saline 
contrast sonohysterography [11]. Osser et al. concluded that more scars can be 
detected using Saline contrast sonohysterography than the unenhanced ultra-
sound examination [12]. 

Studies have been carried out to assess the healing and remodeling of Caesa-
rean uterine scar and authors including Dicel et al. have mentioned that healing 
of the uterine scar is a dynamic process and complete recovery needs at least 6 
months [13]. 

Caesarean uterine scar can be identified as a small defect in most cases which 
is anechoic and in the anterior uterine wall (Uterine niche). RMT is measured 
from the top of the uterine niche to the serosal surface. RMT is measured from 
the delineation of the endometrium to the serosal surface at the level of the Cae-
sarean section scar in women without a scar defect (Figure 1). Several studies 
have demonstrated the method of measurement of RMT [11] [12] [14] [15]. 

Studies have been carried out to assess the impact of uterine closure technique 
on the uterine scar defects and on the RMT. Studies suggest that there is no sig-
nificant difference between unlocked single vs. double layer closure of uterine 
incision on scar dehiscence and rupture and on the effect on the RMT but single 
and locked suture technique is coupled with thinner RMT and risk of uterine 
rupture [14] [16]. Certain studies were done to assess the difference of outcome 
between single and double layered closure as well. Residual myometrial thick-
ness was higher and defect length, but not its depth and width, was smaller after  
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Figure 1. Measurement of Caesarean scar defect (Source: Vikhareva Osser et al.). 

 
double layer compared with single layer closure which may indicate some li-
mited benefit of double layer closure following first elective Caesarean section. 
[14]. In a separate study Osser et al., 2009 also noted that RMT at the level of the 
isthmus of uterus reduces with the number of CSs and the frequency of large 
scar defects rises. Scars with defects are located lower in the uterus than intact 
scars [15]. But a metaanalysis had shown that no significant difference between 
single- vs. double-layer closure for uterine dehiscence (relative risk, 1.86; 95% CI, 
0.44 - 7.90; P = 0.40) or uterine rupture (no case) [16]. 

Though studies have been carried out on the impact of suturing technique on 
the uterine scar and on the changes of the scar with pregnancy; evidence is lack 
on the impact of stage of the labour on the uterine scar and on the RMT.  

As well as the scar thickness its texture and the elasticity will also affect the 
strength of the uterine scar. Elastography has been widely used to ascertain the 
texture of the tissues in many fields and also in assessing the elasticity of the ute-
rine cervix in predicting the preterm labour. But there are no published data 
available on the elastography of the uterine scar [17]. 

Elastography is an ultrasound technique that measures stiffness of tissue. It is 
based on differences in the elasticity of various tissues, in both physiological and 
pathological conditions. To obtain an elastography image it is necessary to have 
a source of stress that provides deformation of the tissue. The main difference 
between the different types of elastography is the source of stress, which can be 
induced by (physical) compression, vibration or acoustic pulse waves. 

As well as the scar thickness its texture and the elasticity will also affect the 
strength of the uterine scar. Elastography has been widely used to ascertain the 
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texture of the tissues in many fields in diagnosing breast cancer, thyroid nodules, 
and liver pathologies and also in assessing the elasticity of the uterine cervix in 
predicting the preterm labour [17]-[22]. But there are no published data availa-
ble on the elastography of the uterine scar.  

Strain elastography depends on the displacement of the tissue in response to 
successive repetition of empirical compression and decompression by hand. Dis-
placement of a harder area or tissue is less than that of a soft area (Figure 2). 
Gradient values of the displacement of hard areas are also less than that of soft 
areas. Soft tissue has larger strain and hard tissue have a smaller strain due to the 
greater displacement of soft tissue in comparison with the displacement of hard 
tissue. During the scar maturation tissue consistency gradually converts from 
hard to soft. In accordance with colour cording which ranges from blue to red, 
large strain and hence soft tissue represented by blue colour and the small strain 
represent by red colour. So hard tissue appeared as red colour and soft tissue ap-
peared as blue colour (Figure 3).  

This study was done in such way where we examined postpartum women who 
underwent Caesarean section following 6 months of the surgery with transva-
ginal ultrasound scan to assess the RMT of the uterine scar as well as the elasto-
graphy of the uterine scar to evaluate prelabour and labour Caesarean uterine 
scars. 

The aim of this study was to determine the effect of prelabour and labour 
Caesarean section on the residual myometrial thickness (RMT) of the uterine 
scar as well as to characterize the elasticity of the uterine scar. 

 

 
Figure 2. Displacement of tissue in strain 
elastography (Source: Hyunjung Kim et al.). 

 

 

Figure 3. Colour cording of strain elastography (Source: Hyunjung Kim et al.). 
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2. Objectives of the Study 
2.1. General Objectives 

• To evaluate the Caesarean uterine scar characteristics of prelabour and la-
bour Caesarean sections. 

2.2. Specific Objectives 

• To compare the residual myometrial thickness (RMT) of uterine scar fol-
lowing Caesarean section (CS) between women who have CS prior to labour and 
during labour.  
• To compare the rate of Caesarean section scar defects (presence of uterine 

niche) following Caesarean section between women who have CS prior to labour 
and during labour. 
• To evaluate the consistency of the uterine scar after Caesarean section using 

the elastosonography between women who have CS prior to labour and during 
labour.  

• To determine the difference in RMT according to the stage of labour. 
• To ascertain length of internal os to the scar. 

3. Materials and Methods 
3.1. Study Design  

We have conducted a cross sectional analytical study. 

3.2. Study Setting  

Study was conducted at Professorial Obstetric unit, Colombo North Teaching 
Hospital, Sri Lanka. It is a tertiary level hospital in central part of Western prov-
ince in Sri Lanka. The unit in CNTH with around 4200 deliveries per year with 
Caesarean section rate of 35.4%. It is also a training center for medical under-
graduates, medical postgraduates, nursing students and para medical students. 
There is a population more than 1,000,000 in the draining area to the hospital.  

3.3. Study Period  

Study was conducted from December 2016 to December 2017. 

3.4. Study Population 

All the women who had Caesarean section in their first pregnancy at Professorial 
obstetrics unit, CNTH during the study period were considered as the study 
population. Study sample consisted of 2 main groups:  

1) Women underwent prelabour Caesarean section; 
2) Women underwent Caesarean section during labour.  
Labour is a clinical diagnosis. Onset of regular, painful uterine contractions 

resulting in progressive cervical effacement and dilatation has defined as the on-
set of labour. Women underwent Caesarean section prior to the clinical diagno-
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sis of labour were categorized as prelabour Caesarean section and women un-
derwent Caesarean section following the clinical diagnosis of labour were cate-
gorized as labour Caesarean sections.  

3.5. Inclusion Criteria 

1) Underwent Caesarean section following singleton pregnancy at completion 
of 38 weeks. 

2) Between 18 to 35 years of age. 

3.6. Exclusion Criteria  

1) Previous uterine surgeries including myomectomy. 
2) Uterine infections following Caesarean section. 
3) Multiple pregnancies in index pregnancy. 
4) Medical diseases including systemic lupus erythematosus (SLE), rheumatoid 

arthritis (RA) and insulin-dependent diabetes mellitus. 

3.7. Sample Size Calculation 

The sample size calculation was done using the WinPepi computer software to 
demonstrate a difference in means with a study power of 80% at a significance 
level of 5%.  

Data from the study by Bennich et al., who studied the difference in thickness 
of the scar between single layer and double layer suturing, were used. The SDs 
for the two groups was 2.2 and 2.9 mm respectively. Since the difference in inci-
dence of complications (scar rupture) is higher between prelabour and labour CS 
than with single layer and double layer as shown by Al-Zirqi et al., it was as-
sumed a greater difference would be seen in our study than with the study by 
Bennich et al.  

In order to demonstrate a minimum difference of 1mm between the groups a 
sample size of 106 in each group was calculated. As described by Naji et al. the 
measurements could be obtained only in about 89% of subjects. Therefore, a to-
tal of 120 each were recruited.  

3.8. Sampling Technique 

Consecutive mothers who had Caesarian sections for her first pregnancy at 
Professorial obstetrics unit, CNTH and also who met eligibility criteria were 
taken till required sample size is reached. Subjects were being selected by going 
through the pregnancy records. As determined in the sample size calculation, 
120 subjects from each group were selected.  

A data sheet was developed to assess the selected variables related to risk con-
ditions, significant obstetric/medical morbidities in the index pregnancy and in-
formation on arrival of mother to labour room were also are included.  

Information pertaining to all the variables was extracted from relevant medi-
cal records. Analysis was done by using “Statistical Package for Social Sciences” 
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(SPSS). After data entry range checks were done and random checks were done 
to check the accuracy with original data sheets. Relevant descriptive statistics 
were calculated and significant tests were performed.  

3.9. Data Collection  

Transvaginal ultrasound scan was performed following sixth month of the post-
partum period using “Alpinion EC-15 V4.0” ultrasound scanner. Ultrasound 
scan was done in accordance with the method as described in Vikhareva Osser et 
al. Ultrasound scan was done by an investigator who is experienced in the tech-
nique and who is blind to the category of the women. Ultrasound scan has been 
done in B mode with empty bladder. During this procedure, clear view of the 
uterus in mid sagittal plane with adequate magnified view was obtained. 

Caesarean uterine scar can be identified as an anechoic triangular defect in the 
anterior uterine wall (Uterine niche). RMT was measured from the top of the 
uterine niche to the serosal surface. RMT is measured from the delineation of 
the endometrium to the serosal surface at the level of the Caesarean section scar 
in women without a scar defect (Figure 1). 

Along with these measurements anterior wall thickness of the uterus was 
measured, and the length of the uterine niche as well as the depth of the uterine 
niche was measured. Dimensions of the uterus were also measured. Length, 
height and width of the uterus were measured. The distance from the internal os 
to the uterine scar as well as distance from internal os to the external os was 
measured. 

Elastosonography of the lower uterine segment was performed with transva-
ginal probe half-empty bladder. The box of elastography was positioned and ac-
tivated at the level of the uterine isthmus Caesarean scar using strain elastogra-
phy. A color map is created, from red (hardest tissue) to blue (softest tissue). 
Strain of the target tissue was measured along with the strain of the normal 
myometrium as the reference strain using region of interest (ROI) Strain ratio 
was measured using the target stain and reference strain. 

Data were recorded by using a data collection sheet which includes details of 
the women, details of the pregnancy and details of ultrasound scan. 

3.10. Outcome Measures  

1) Residual myometrial thickness (RMT) of prelabour Caesarean sections. 
2) Residual myometrial thickness (RMT) of Caesarean sections which performed 

during labour. 
3) Whether there is a statistically significant difference between RMT of pre-

labour and labour Caesarean sections. 
4) Strain of the uterine scar of prelabour Caesarean section along with refer-

ence strain and strain ratio using elastography. 
5) Strain of the uterine scar of Caesarean sections which performed during la-

bour, along with reference strain and strain ratio using elastography. 
6) To determine the length from internal os to the uterine scar as well as length 
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from internal os to the external os. 

3.11. Data Analysis  

Analysis was done by using “Statistical Package for Social Sciences” (SPSS). After 
data entry range checks were done and random checks were done to check the 
accuracy with original data sheets. Relevant descriptive statistics were calculated 
and significant testing was performed by applying chi square test and t test.  

3.12. Ethical Issues 

There were several aspects of ethical considerations of this study. Ethical clear-
ance was obtained from the ethical review committee of Faculty of Medicine, 
University of Kelaniya, Sri lanka. 

Informed consent was obtained following detail explanation on the study and 
its pros and cons. 

Confidentiality was maintained in view of data collection and data handling. 
Beneficence—Index cases were benefitted by the measurement of RMT and 

elastography and with assessment of the risk of complications of uterine scar 
which will aid the management of future pregnancy. 

Non maleficence—There was no associated harm to the woman with the in-
vestigations using ultrasound. 

Justice—There are lack of studies on the RMT and elastography of the prela-
bour and labour Caesarean sections. More studies have to be carried out on the 
intended topic. 

Administrative issues—Permission was obtained from hospital director before 
the study and minimal disruption to the routine patient care was assured. 

4. Results 

A total number 240 mothers were taken for analysis. Study population had mean 
age of 29.0 (SD 3.6) years. Among total population equal halves consisted of la-
bour (n = 120, 50.0%) and prelabour (n = 120, 50.0%) Caesarean sections. Ma-
ternal disease and fetal issues were noted as the commonest indication (n = 142, 
59.5%) while labour complications ranked as second (n = 67, 27.8%). Among 
labour complications failed induction was the top cause among prelabour group 
while failure to progress was noted as the commonest indication among labour 
group. Only 12.7% (n = 31) had the indication of breech or transverse lie. Out of 
the mother who reported breech or transverse lie as the indication majority were 
belong to prelabour group (n = 28, 90.3%). Results are presented in Figure 4.  

Distribution of gestational age at the time of delivery is presented in Figure 5.  
Majority of deliveries were occurred at 38th week of POA (n = 117, 48.1%) 

while second highest was 40 weeks (n = 77, 32%). 
Mean BMI of the study population was 23.2 (SD 3.8). When BMI is catego-

rized majority (n = 161, 67.1%) was belong to normal range (18.5 - 24.9) while 
only 22 (9.2%) was in obese category. Results are shown in Figure 6.  
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Figure 4. Distribution of indications for Caesarean section. 

 

 
Figure 5. Distribution of gestational age at the time of delivery.  

 

 
Figure 6. Distribution of BMI levels. 

 
Comparison of prelabour CS and labour CS groups was done in relation to 

several characteristics.  
As shown in Table 1, in comparison both groups are close to each other in 

relation to age. Among labour group BMI was significantly higher (p = 0.02). 
Prelabour CSs were done at slightly earlier than labour CSs (p < 0.001). There is 
a significant difference in the distribution of indications (p < 0.001). It was ob-
vious that breech or transverse lie stood as an indication for prelabour CSs but it 
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was very few among labour CS’s. Uterine length and width were not shown ma-
jor difference. But uterine height of prelabour group was significantly higher 
than labour group (p = 0.002). That means both groups are comparable.  

Uterine niche was detectable only in 194 subjects. Therefore, only that group 
was taken for following analysis as described in Table 2, with regard to RMT as 
proportion of anterior wall and CS scar defect dimensions. RMT, length from CS 
scar to internal os and length from internal os to external os were analyzed ir-
respective of the presence of uterine niche. 

Prelabour CS group had demonstrated 91.7% (n = 110) scar defects (uterine 
niche) out of 120 cases and labour CS group demonstrated 70% (n = 84) scar 
defects out of 120 cases. There was a significant difference in the presence of 
uterine niche among 2 groups as prelabour group was found to have more scar 
defects (p < 0.01). But Among 2 groups none of the other parameter showed a 
significant difference.  

According to Table 3, among prelabour group 46 had RMT between 4.0 - 4.9 
mm (38.3%). while among labour group largest category was more than 6.0 mm 
group (n = 35, 24.8%). Labour CS consisted of 11 cases of RMT less than 3 mm. 
The reported lowest value was 22 mm. Neither group had RMT value less than 2 
mm. 

Table 4 described the elastrography characteristics of the uterine scar. Target 
strain among prelabour group was significantly higher (p = 0.04) while strain ra-
tio among labour group was significantly larger (p = 0.04). But reference strain 
was not significantly different.  

 
Table 1. Characteristics of the study population according to the prelabour and labour 
CS. 

Characteristic Prelabour CS (SD) Labour CS (SD) Significance 

Patients (n) 120 120  

Maternal age (years) 29.3 (3.9) 28.7 (3.2) t = 1.36, p = 0.18 

BMI (kg/m2) 22.7 (3.8) 23.8 (3.8) t = −2.26, p = 0.02 

GA at CS (weeks) 38.5 (0.9) 39.5 (1.0) t = −8.4, p = 0.001 

Indication for CS    

Breech or transverse lie 28 (23.3%) 3 (2.5%) 
X2 = 44.2,  
p < 0.001 

Maternal diseases/fetal issues 78 (65.0%) 64 (53.3%) 

Labour complications 14 (11.7%) 53 (44.2%) 

Uterine dimensions (cm)    

Length 7.0 (0.7) 6.9 (0.7) t = 1.07, p = 0.29 

Height 3.5 (0.5) 3.3 (0.5) t = 3.12, p = 0.002 

Width 4.5 (0.5) 4.4 (0.4) t = 1.96, p = 0.06 
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Table 2. Findings of transvaginal ultrasound examination preformed during sixth month 
of the postpartum period in women underwent prelabour and labour CS. 

Ultrasound finding Per-labour CS (SD) Labour CS (SD) Significance 

Presence of niche 110 84 X2 = 18.2. p < 0.01 

RMT (mm) 5.06 (1.2) 4.99 (1.3) t = 0.38, p = 0.71 

RMT as proportion of anterior 
wall 

0.60 (0.06) 0.60 (0.08) t = 0.17, p = 0.87 

CS scar defect dimensions (mm)    

Defect length 4.35 (1.21) 4.58 (1.18) t = −1.36, p = 0.18 

Defect depth 3.24 (0.74) 3.36 (1.02) t = −0.97, p = 0.34 

Length from internal os (cm)    

To CS scar 0.85 (0.22) 0.89 (0.24) t = −1.09, p = 0.28 

To external os 3.24 (0.39) 3.21 (0.24) t = 0.56, p = 0.57 

 
Table 3. Residual myometrial thickness (RMT) measured at 11 - 13 weeks of GA in women 
underwent prelabour and labour CS. 

RMT Prelabour CS Labour CS 

<3 mm 0 11 

3 ≤ RMT < 4 mm 18 18 

4 ≤ RMT < 5 mm 46 26 

5 ≤ RMT < 6 mm 33 30 

≥6 mm 23 35 

 
Table 4. Elastography characteristics of the uterine scar of prelabour and labour CS. 

Characteristic Prelabour CS (SD) Labour CS (SD) Significance 

Target strain 0.28 (0.15) 0.24 (0.14) t = 2.12, p = 0.04 

Reference strain 0.40 (0.20) 0.39 (0.28) t = 0.23, p = 0.82 

Strain ratio 1.45 (0.34) 1.55 (0.33) t = −2.42, p = 0.02 

5. Discussion 

This study was designed and conducted with the objectives of comparing the re-
sidual myometrial thickness (RMT) of uterine scar following Caesarean section 
(CS) between women who have CS prior to labour and during labour, to com-
pare the rate of Caesarean section scar defects following Caesarean section be-
tween women who have CS prior to labour and during labour and to evaluate 
the consistency of the uterine scar after Caesarean section using elastography be-
tween the above mentioned two groups. 

Study was carried out in Colombo North Teaching Hospital, Ragama, which is 
the largest hospital in Gampaha district and which is tertiary level hospital. This 
hospital is catering a population around 1 million people and generate genera-
lizable information. 
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Sample size was calculated following a standard formula and minimum ade-
quate number to draw a valid conclusion was ensured. In order to demonstrate a 
minimum difference of 1mm between the groups a sample size of 106 in each 
group was calculated. Sample was consisted of pregnant women between 18 to 
35 years to exclude the pregnancies with advance maternal age and with teenage 
pregnancies. Most of the prelabour elective Caesarean sections take place after 
completion of 38 weeks, hence completion of 38 weeks taken as an inclusion cri-
terion to bring a uniformity of the sample. 

Performing all Ultrasound scans by the same investigator had eliminated the 
inter-observer bias. But instrument bias could be occurred. Using the same Ul-
trasound machine, proper maintenance of machine during the study period and 
using a standard technique were utilize to minimize the bias. Assessments were 
done by an investigator who is experienced in the technique and who is blind to 
the category of the women. During this procedure, clear view of the uterus in 
mid sagittal plane with adequate magnified view was obtained. Selection bias was 
minimized by following a strict inclusion and exclusion criteria. Though some 
measurements were observer dependent, standard protocols were used.  

Maternal disease and fetal issues were noted as the commonest indication (n = 
142, 59.5%) while labour complications ranked as second (n = 67, 27.8%). Ma-
ternal disease included Gestational Diabetes, Gestational hypertension. Fetal is-
sues included small for gestational age fetus and fetal anomalies in case of pre-
labour CS and fetal distress in labour CS. Labour complications included failed 
inductions in case of prelabour CS and failure to progress in labour in labour CS. 
This is the normal trend seen elsewhere in the world. Dumont et al., 2001 also 
noted that abruptio placentae, eclampsia, placenta praevia were among top 
causes for Caesarean sections in Africa [1]. On the other hand, Geidam et al., 
2009 had found that failed induction of labour had accounted only for 5.5% of 
Caesarean sections [4]. These results show that our results are not different from 
global trends of Caesarean section indications. Out of the mother who reported 
breech or transverse lie as the indication majority were belong to prelabour 
group (n = 28, 90.3%). In other words, only 3 mothers went into labour and then 
had emergency CS’s. This shows high tendency of planned CSs for breech or 
transvers lie situations. In a multicenter study conducted in UK it was noted that 
only 49.9% of breech cases underwent pre-determined CSs [23]. But authors also 
reported that equally higher rates of failed trial of scar cases a 43.4% went into 
labour CSs among the study population.  

Sebire et al., 2001 also noted that compared to women with normal BMI, the 
obese women have more risk of delivery by emergency Caesarean section (1.30 
(1.25 - 1.34), 1.83 (1.74 - 1.93) (odds ratio (99% confidence interval) for BMI 25 
- 30 and BMI ≥ 30 respectively). Authors also pointed out that maternal obesity 
carries significant risks for the mother and fetus. The risk increases with the de-
gree of obesity and persists after accounting for other confounding demographic 
factors. The basis of many of the complications is likely to be related to the al-
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tered metabolic state associated with morbid obesity [24]. 
It was apparent that most of planned CSs were done during 38th week of POA. 

Out of all prelabour CSs 48.1% were occurred during 38th week. It is the standard 
practice that in many Obstetric units as, if there is a pre-determined indication 
labour is not let continue beyond 39th week. Out of all labour CSs 32.0% were 
done after completion of 40th week POA and 40 weeks plus 5 - 7 days is the out 
off point to induce labour is the standard practice.  

Mean BMI of population was 23.2. In many recent studies done in Sri Lanka 
BMI among general population was noted to range between 23 - 25. Therefore, 
observed figures were compatible with population data. 

When considering maternal age, no difference was noted. In prelabour group 
it was 29.3 (3.9) and in labour group it was 28.7 (3.2) (t 1.36, p = 0.18). Age of 
having first baby has being extended in Sri Lanka. Recent socio economic changes 
like preference of females for higher education, in reaching economic stability 
could having being influenced this trend. A significant association was detected 
between BMI. Higher BMI was associated with labour CS’s. Among uterine di-
mensions both groups showed comparable uterine length and uterine width, only 
uterine height was shown an association with labour. 

Presence of uterine niche after 6 months was significantly higher among pre-
labour group and this was contrary to the known believes. Prelabour Caesarean 
sections are known to give rise to a better uterine scar than in labour Caesarean 
sections. This is believed to link with the chance of uterine rupture. A me-
ta-analysis found that uterine rupture may be twice as common after TOL than 
at elective repeat Caesarean section [25]. In a study done in Norway with a sam-
ple of 18794 Caesarean sections, a total of 94 uterine ruptures were identified 
(5.0/1000 mothers). Compared with elective prelabour Caesarean section, odds 
of rupture increased for emergency prelabour Caesarean section (OR: 8.63; 95% 
CI: 2.6 - 28.0), spontaneous labour (OR: 6.65; 95% CI: 2.4 - 18.6) and induced 
labour (OR: 12.60; 95% CI: 4.4 - 36.4). The odds were increased for maternal age 
of 40 years versus less than30 years (OR: 2.48; 95% CI: 1.1 - 5.5) [10].  

Caesarean uterine scar can be identified as a small defect in most cases which 
is anechoic and which in the anterior uterine wall (Uterine niche). RMT is meas-
ured from the top of the uterine niche to the serosal surface. RMT is measured 
from the delineation of the endometrium to the serosal surface at the level of the 
Caesarean section scar in women without a scar defect. Several studies have dem-
onstrated the method of measurement of RMT. 

There is no doubt that the previous Caesarean section is the main risk factor 
for uterine rupture. But the difference of risk between prelabour and labour sta-
tuses had shown a contrary finding to the known literature result in our study. 
We expected that we could visualize more uterine scar defects (uterine niche) in 
the labour Caesarean section group rather than the labour Caesarean section. 
We have performed unenhanced ultrasound examination of the uterus. Bennich 
et al. in their study showed that the Caesarean section scar was visible in 96.9% 
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cases after 5 months of the Caesarean section using Saline contrast sonohystero-
graphy [11]. Osser et al. concluded that more scars can be detected using Saline 
contrast sonohysterography than the unenhanced ultrasound examination [12]. 
We could have detected more uterine scar defects if we use Saline contrast so-
nohysterography. On the other hand, a true difference can also exist in Sri Lan-
kan population than west. 

RMT also didn’t show any significant difference among both groups. Mean 
RMT of prelabour CS and labour CS groups were 5.06 mm (SD 1.2) and 4.99 
mm (SD 1.3) respectively and there was no significant difference (t = 0.38, p = 
0.71). With regard to prelabour CS group most cases demonstrated (N = 46, 
38.3%) RMT between 4 mm - 5 mm range and RMT ranged from 3.1 mm to 8.4 
mm. Importantly this group did not show RMT less than 3 mm. With regard to 
labour CS group RMT ranges from 2.2 mm to 7.4 mm. 21.7%, 25% and 29.2% 
demonstrated RMT (3 ≤ RMT < 4 mm), (4 ≤ RMT < 5 mm) and (5 ≤ RMT < 6 
mm) respectively. 9.2% cases (n = 11) demonstrated RMT less than 3 mm. These 
findings are comparative to the results showed by Bennich et al., which showed 
RMT of 5.7 ± 2.9 mm vs 5.7 ± 2.2 mm in their single and double layer uterine 
closure groups respectively at 5 months postpartum [11]. Rozenberg et al. sug-
gest that, there were no scar complications (Uterine dehiscence and rupture of 
the uterine scar) among women who had RMT greater than 4.5 mm and there is 
a gradual increase in scar complications as it decreases from 4.5 mm to 1.6 mm 
[9]. In our study most of the cases showed RMT more than 4.5 mm both in pre-
labour CS and labour CS (5.0 mm and 5.1 mm respectively). 

But our findings are contrary to known literature. Al-Zirqi et al. showed that 
percentage of uterine rupture was lowest for elective prelabour Caesarean sec-
tion (0.7/1000), it was much higher when Caesarean section was an unplanned 
emergency section (7.1/1000) [8] Strength of the uterine scar is directly propor-
tionate to the RMT. Since it is believed that prelabour Caesarean sections will 
give rise to a better uterine scar (scar strength) than in labour Caesarean sec-
tions, we have expected more difference between RMT between prelabour CS 
group and labour CS group.  

RMT as proportion of the anterior wall was 0.60 (SD 0.06) in prelabour CS 
group and 0.60 (SD 0.08) labour CS group respectively. The work done by Ben-
nich et al. also demonstrated comparable results. They found that RMT was only 
half the thickness of the non-scarred myometrium, and this finding was inde-
pendent of the timing of the measurement (immediate postpartum: 56.8% ± 
17.6% vs 58.2% ± 17.7%; 5 months: 48.1% ± 18.5% vs 48.9% ± 16.6%). Similarly, 
RMT as proportion to anterior wall also didn’t show any association with type of 
CS. Since RMT didn’t significantly different this can be an expected finding in 
this population. Strength of the uterine scar is directly proportionate to the 
RMT/Anterior wall thickness. Since it is believed that prelabour Caesarean sec-
tions will give rise to a better uterine scar (scar strength) than in labour Caesa-
rean sections, we have expected more RMT/Anterior wall thickness in prelabour 
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CS group. 
There was no significant difference between the dimensions of the uterine scar 

defects of the studied groups. CS scar defect length was 4.35 mm (range 2.3 - 7.6) 
and 4.58 mm (range 2.4 - 6.9) in prelabour and labour CS groups respectively (t 
= −1.36, p = 0.18). CS scar defect depth was 3.24 mm (range 1.7 - 5.6) and 3.36 
mm (range 1.6 - 4.9) in prelabour and labour CS groups respectively (t = −0.97, 
p = 0.34). Glavind et al. found CS scar defect length of 5.6 mm (3.9 - 6.8) and 
depth of 2.8 mm (2.0 - 4.0) following six month of the Caesarean section. But we 
have expected better uterine scar in prelabour CS group (scar with less in defect 
length and less in defect depth). As expected prelabour CS group have less CS 
scar defect length and depth than labour CS group. But the difference was not 
significant. 

Caesarean scar was placed 8.6 mm (range 4.7 - 15.5) away from internal os in 
prelabour CS group and 8.9 mm (range 2.1 - 14.7) away from labour CS group. 
But the difference was statistically not significant. 

Tissue elastography characterize the consistency of a tissue. Soft tissue has a 
large strain and hard tissue have small strain due to the difference in the relative 
displacement of the tissue in response to the pressure. Strain ratio is calculated 
by dividing the Reference strain by target strain (Strain ratio = Reference strain/ 
Target strain). Reference strain means strain in the normal tissue, in our case the 
strain of the normal myometrium; which should be similar in each group while 
target strain is identified as strain over the scar tissue, in our case the strain over 
the Caesarean scar tissue. Healthy scar is soft so have a large strain. Prelabour CS 
group had significantly higher target strain [0.28 vs. 0.24 (t = 2.12, p = 0.04)] 
than labour CS group indicating a better scar in prelabour group as expected. As 
described above Strain ratio indicate the stiffness of the scar. Better scar (healthy 
scar) is less stiff than weak scar (better scar has less Strain ratio than weak scar). 
As expected prelabour CS group has significantly less strain ratio [1.45 vs. 1.55 (t 
= −2.42, p = 0.02)] than labour CS group. 

As strain ratio indicates the stiffness of the scar, results had shown that prela-
bour scars are less stiff or in other words healthier than labour scars. That indi-
cates that prelabour CS scars are having less risk for uterine rupture in a subse-
quent pregnancy. This finding was clearly compatible with known literature as 
Zirqi et al., 2010 also found that the percentage of uterine rupture was lowest for 
elective prelabour Caesarean section (0.7/1000), it was much higher when Cae-
sarean section was an unplanned emergency section (7.1/1000) [8]. 

However, Buhimschi et al. showed that labour alters the viscoelastic properties 
of myometrium. Lower uterine segment myometrium is stiffest in women with 
dysfunctional labour compared with non labour control subjects. Labour and scar-
ring also alter the pattern of collagen birefringence. Similar collagen cross-linking 
among the study groups may explain the reason that the breaking strength of the 
tissue is not altered by the state of labour and the reason that the rupture of the 
uterine scar is a rare event [26]. 
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The remodeling of uterine connective tissue during labour can lead to the re-
organization of the extracellular matrix that, in turn, may influence the biome-
chanical properties of the myometrial wall. We hypothesized that the stretching 
of the lower uterine segment in labouring women with dystocia changes the vis-
coelastic properties of the uterine wall. 

6. Limitations 

• Study was conducted in Colombo North Teaching Hospital (CNTH). Though 
it has a large draining area, generalizability of study findings has some degree of 
limitation. 
• Though the ultrasound scans were performed by a single investigator due to 

machine factors instrumental bias could occur. Due to technical limitations fre-
quent calibrations couldn’t be done. 

• Most of parameters were automatically calculated by the ultrasound ma-
chine. But there a variance could occur. In the measurements like RMT, scar 
dimensions and stiffness machine generate a range. Ascertainments of certain 
measurements were based on investigators observation and they could also be 
subjected to observer bias. 
• We could not determine the difference in RMT according to the stage of la-

bour due to retrospective nature of the study and technical difficulties in ac-
quiring information from the clinical records. 

7. Conclusions and Recommendations 
7.1. Conclusions 

• Maternal disease and fetal issues were noted as the commonest indication (n 
= 142, 59.5%) while labour complications ranked as second (n = 67, 27.8%). 
Among labour complications failed induction was the top cause among prela-
bour CS group while failure to progress was noted as the commonest indication 
among labour CS group. 

• Though the strength of the uterine scar is directly proportionate to the RMT 
and RMT/Anterior wall thickness, there was no difference noted between prela-
bour and labour CS groups.  
• Regarding scar dimensions, no significant difference was noted in depth and 

length in prelabour and labour CS groups. 
• As strain ratio indicates the stiffness of the scar, results had shown that pre-

labour scars are less stiff or in other words healthier than labour scars. That in-
dicates that prelabour CS scars are having less risk for uterine rupture in a sub-
sequent pregnancy.  

7.2. Recommendations  

• We need to ensure judicial decision-making in determining elective CSs while 
taking every necessary measure to prevent unplanned (labour) CS’s.  

• Vigilance should be kept high in mothers who had previous CSs in planning 
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delivery. This has to be considered while taking history at beginning of preg-
nancy and continued antenatal care throughout the pregnancy.  
• Further studies are warranted to further elaborate the associations between 

elasticity of the uterine scar and the type of Caesarean section. 
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