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Objectives: An increased risk of preterm birth (PTB) following a caesarean section (CS) in the second stage of labor 
has been demonstrated. We aimed to investigate the relationship between the station of the presenting fetal part 
and the surgical technique at first CS, and the risk of subsequent PTB. 
Study design: This was a cohort study of 11,850 women in Sweden, delivered by CS in 2001–2007 at any of 23 
birth units, with a second delivery in 2001–2009. Clinical information was retrieved from electronic birth records 
linked to national health registers. The risk of subsequent PTB was analyzed by fetal station, defined as low (at or 
below the ischial spines) or high (above the ischial spines), and aspects of the surgical technique at index CS. 
Associations were explored with logistic regression and results are presented as odds ratios (ORs) with 95% 
confidence intervals (CIs), by type and severity (very early < 32 gestational weeks and moderate preterm 32–36 
gestational weeks) of PTB. Multiple logistic regression included adjustments for maternal age, gestational age at 
first delivery, and inter-delivery interval. 
Results: Out of 11,850 women delivered by CS, 1,016 (8.6%) delivered preterm in their subsequent pregnancy. 
There was an increased likelihood of spontaneous PTB, but not with medically indicated PTB, after an index CS 
with the fetal presenting part at a low station (aOR 1.61, 95% CI 1.23–2.11). CS performed at a low station was 
associated with birth < 32 gestational weeks (aOR 1.73, 95% CI 1.05–2.84) and birth at 32–36 gestational weeks 
(aOR 1.29, 95% CI 1.00–1.65), compared with high fetal station. Thickness of the uterine wall, incision type, and 
closure of the uterus at index CS did not affect the risk. 
Conclusion: A primary CS at a low station was associated with a subsequent spontaneous PTB, but not medically 
indicated PTB. Surgical technique at index CS did not alter the risk.   

Introduction 

Caesarean section (CS) is a potentially lifesaving procedure, but is 
also associated with maternal and reproductive consequences [1]. CS 
performed in the second stage of labor (>10 cm cervical dilatation) 
increases maternal morbidity, including admission to intensive care, 
infection, hemorrhage, and hematoma [2]. Furthermore, delivery of a 
deeply impacted fetal head could lead to unintentional extension of 
uterine incision and tears in the lower segment [3]. 

The leading cause of mortality and morbidity in early childhood is 
preterm birth (PTB), with an estimated global rate of 10.6% and 
approximately 15 million births annually [4]. PTB can be grouped by 

gestational length and onset of labor (spontaneous or induced, i.e., 
medically indicated) [5]. 

PTB has a multifactorial etiology and is in most cases unexpected [6]. 
Risk factors include both nulliparity and prior PTB, high and low 
maternal age, high and low body mass index (BMI), low socioeconomic 
status, smoking, and infection [5–7]. A short inter-delivery interval has 
been associated with PTB, with birth intervals < 18–21 months 
increasing the odds 1.5- to 3-fold compared with longer spacing [8–9]. 

Prior CS has been identified as a risk factor for PTB [10], with a meta- 
analysis including ten cohort studies reporting a 10% increased risk of 
PTB after CS (95% confidence interval (CI) 1.01–1.20) [11]. Indication 
and stage of labor when CS is performed plays a role, with second-stage 
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CS associated with subsequent spontaneous PTB, and first-stage CS with 
subsequent medically indicated PTB [12–15]. 

A prolonged second stage of labor (defined as ≥ 3 h) [16] or trauma 
to the cervix during CS [8,14,17] are factors that could lead to cervical 
insufficiency. Levine et al. found an increased risk of spontaneous PTB 
after both vaginal delivery and second-stage CS, compared with first- 
stage CS, indicating that dilatation of the cervix is involved [14]. In 
contrast, a retrospective cohort study reported a higher risk of PTB after 
CS than after instrumental vaginal birth [18], indicating that the sur-
gical procedure is relevant. This is supported by results of a large cohort 
study, published in 2022, showing increased risk after second-stage CS, 
with no increased risk after a prolonged second stage with vaginal birth 
[19]. 

However, there is a paucity of knowledge on mechanisms. To our 
knowledge, no prior study has explored the station of the fetal pre-
senting part at CS and the surgical technique of CS relative to the risk of 
subsequent PTB. The aim of this study was to test the hypothesis that 
there is an association between fetal station, thickness of uterine wall, 
type of incision, one- or two-layer closure of the uterus at CS, and sub-
sequent preterm delivery. 

Material and methods 

This was a cohort study of 11,850 women, delivered through a pri-
mary CS in 2001–2007, with a second delivery in 2001–2009. Infor-
mation was retrieved from electronic birth and health records, including 
a surgical template for CS, using the medical data record system 
Obstetrix® (Siemens Health Care). In 2001, 23 out of 46 birth-units in 
Sweden were using Obstetrix®. Obstetrical and surgical information 
data were linked with the Swedish Medical Birth Register (MBR) [20] 
and the Swedish Patient Register [21] using each woman’s unique 
personal identity number. Thus, the research database comprised in-
formation about each woman’s first delivery in 2001–2007 and second 
delivery in 2001–2009, and details on the pregnancies, deliveries, and 

neonatal outcomes from the national health registers. 
In total, 19,604 women had their first birth through CS in 2001–2007 

and 12,369 of them had a second birth in 2001–2009. Women with no 
information on gestational length (n = 1) or fetal station at index CS (n 
= 518) were excluded (Fig. 1). 

The MBR provided information related to the first and second birth: 
maternal age (categorized as ≤ 20, 20–34, >35 years), height (catego-
rized as ≤ 158 cm (the 10th percentile in the cohort) or ≥ 174 cm (the 
90th percentile in the cohort)), and BMI calculated from weight and 
height (kg/m2) at the first antenatal visit, dichotomized as < 30 kg/m2 

or ≥ 30 kg/m2. Multifetal pregnancies resulted in twins or triplets. 
Gestational length at the first birth was categorized as < 28, 28–36, 
37–41, or ≥ 42 completed gestational weeks. Onset of labor, recorded in 
a standardized manner in checkboxes by the midwife at the birth unit, 
was categorized as CS (elective or emergency), spontaneous onset, or 
induction of labor. Failed attempt at vacuum extraction or forceps at 
first birth was recorded and dichotomized (yes/no). Fetal weight was 
categorized as < 4,500 g or ≥ 4,500 g. 

In the surgical templates, information about fetal station at CS was 
recorded as above the pelvic inlet, engaged in the pelvic inlet, above the 
ischial spines, at the ischial spines, or at the pelvic floor. This was 
categorized into two groups: high station (above the ischial spines, i.e., 
station < 0) and low station (at or below the ischial spines, i.e., station ≥
0). Fetal presentation at index surgery was reported as vertex (occiput 
anterior or occiput posterior), breech, transverse, or other (including 
face, brow, and other presentations). The thickness of the uterine wall at 
the index CS was reported as normal or thin by the surgeon, the incision 
was reported as either corporal (including classic, T-, and J-shaped) or 
non-corporal, and the closure of the uterine incision was reported as 
either one-layer or two-layer, with continuous or interrupted sutures. 

For the second birth, the MBR also provided information on smoking 
(dichotomized into yes or no), pre-gestational hypertensive disorders, 
and diabetes mellitus, retrieved from checkboxes filled out at first 
antenatal visit. The inter-delivery interval was calculated using the dates 

Fig. 1. Flowchart of study population (N = 11,850).  
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of the first and second delivery and categorized as ≤ 15 months (the 
10th percentile in the cohort) or > 15 months. 

Main outcome 

PTB at the second delivery was defined as birth < 37 gestational 
weeks, further categorized as moderate preterm (32–36 gestational 
weeks) or very preterm (22–31 gestational weeks). Spontaneous PTB 
included spontaneous onset or preterm premature rupture of the mem-
branes (ICD-10 code: O42), whereas PTB with induced onset or pre- 
labor CS was considered to be medically indicated. 

Statistics 
Means with standard deviations (SDs), absolute and relative fre-

quencies were calculated, and comparisons between groups were per-
formed using Student’s t-tests or chi-squared tests, depending on the 
data properties. A p-value < 0.05 was considered statistically signifi-
cant. To explore an association with surgical technique and subsequent 
PTB, logistic regression was performed; results are presented as odds 
ratios (ORs) with 95% CIs. To account for confounding factors, multiple 
logistic regression included adjustments for maternal age, gestational 
age at first delivery, and inter-delivery interval between first and second 
birth, and estimates were presented as adjusted ORs (aORs) with 95% 
CIs. In a second step, fetal station at index CS and association with 
severity and type of PTB in the subsequent pregnancy was investigated. 
An attributable risk (AR) of spontaneous PTB by station was calculated: 

the proportion of low index CS with subsequent spontaneous PTB minus 
the proportion of high index CS with subsequent spontaneous PTB (AR 
= p1 - p2 / p1 × 100). 

Results 

In the majority of index CS, the fetal presenting part was above the 
ischial spines (87.3%). Pregnancy and delivery characteristics at first 
birth are presented in Table 1, by fetal station. A first preterm birth 
occurred among 1,670 women (14.1%). Preterm CS and pre-labor CS 
were more frequently performed with the fetal presenting part at a high 
station. CS at a low station was associated with thin uterine wall and 
corporal incision. There were no differences regarding uterine closure 
between CS performed at a high or low station. 

Out of 11,850 women, 1,016 (8.6%) had a subsequent PTB. Multiple 
births, pre-gestational disorders, and shorter inter-delivery intervals 
were recorded more frequently among women with a subsequent PTB 
(Table 2). 

Surgical characteristics of the index CS and associations with sub-
sequent PTB are presented in Table 3. After adjustment for gestational 
age at first birth and, in a second step, with maternal age and inter- 
delivery interval, there was increased odds for PTB following a CS per-
formed at a low station compared with a high station (aOR 1.33, 95% CI 
1.05–1.60). Thickness of uterine wall, uterine incision type, and one- or 
two-layer uterine closure did not affect the likelihood of subsequent 
PTB. 

Table 1 
Maternal and clinical characteristics by fetal station at index caesarean section (n = 11,850).   

Missing Study population High station (>ischial spines) n = 10,348 Low station (≤ischial spines) n = 1,502   

n= n % n= % n= % p-value 

Maternal age (years), mean [SD] – 29.2 [4.4]  29.2 [4.4]  29.2 [4.1]   0.654 
≤20  190  1.6 167  1.6 23  1.5  0.018 
20–35  10,360  87.4 9,014  87.1 1,346  89.6  
≥35  1,300  11.0 1,167  11.3 133  8.9  
Body mass index (kg/m2), mean [SD] 1,504 24.5 [4.3]  24.5 [4.3]  24.3 [3.8]   0.018 
≥ 30  1,105  10.7 994  11.0 111  8.3  0.002 
Maternal height (cm), mean [SD] 245 165.7 [6.5]  165.7 [6.5]  165.7 [6.5]   0.924 
≤158 (10th percentile)  1,496  12.9 1,297  12.8 199  13.5  0.481 
≥174 (90th percentile)  1,331  11.5 1,156  11.4 175  11.8  0.632 
Multiple birth – 616  5.2 555  5.4 61  4.1  0.034 
Gestational length (weeks), mean [SD] 2 38.7 [2.9]  38.6 [2.9]  39.7 [2.4]   <0.001 
<28  104  0.9 97  0.9 7  0.7  
28–36  1,566  13.2 1,467  14.2 99  6.6  
37–41  8,584  72.5 7,465  72.2 1,119  74.5  
≥42  1,594  13.5 1,317  12.7 277  18.4  
Onset of labor 3        <0.001 
Caesarean  4,472  37.7 4,450  43.0 22  1.5  
Spontaneous  5,141  43.4 3,987  38.5 1,154  76.8  
Induction  2,234  18.9 1,908  18.4 326  21.7  
Spontaneous preterm 2 590  5.0 502  4.9 88  5.9  0.093 
Failed operative vaginal delivery – 356  3.0 45  0.4 311  20.7  <0.001 
Fetal presentation 518        <0.001 
Occiput anterior  6,932  58.5 5,940  57.4 992  66.0  
Occiput posterior  1,100  9.3 758  7.3 342  22.8  
Breech  3,414  28.8 3,305  31.9 109  7.3  
Transverse  65  0.5 64  0.6 1  0.1  
Othera  339  2.9 281  2.7 58  3.9  
Uterine wall 370        <0.001 
Normal  10,970  95.6 9,660  96.3 1,310  90.3  
Thin  510  4.4 370  3.7 140  9.7  
Uterine incision 702        0.020 
Corporal  63  0.6 49  0.5 14  1.0  
Non-corporal  11,085  99.4 9,704  99.5 1,381  99.0  
Uterine closure 73        0.080 
One-layer  3,833  32.5 3,378  32.8 455  30.6  
Two-layer  7,944  67.5 6,910  67.2 1,034  69.4  
Fetal weight (g), mean [SD] 45 3,347 [793]  3,311 [802]  3,594 [679]   <0.001 
<4,500  11,192  94.8 9,800  95.1 1,392  92.8  <0.001 
≥4,500  613  5.2 505  4.9 108  7.2   

a face, brow, other presentation. 
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CS performed at a low station was associated with moderate PTB 
(aOR 1.29, 95% CI 1.00–1.65), but a stronger association was observed 
with very PTB (aOR 1.73, 95% CI 1.05–2.84) (Table 4). CS at a low 
station had 61% increased odds of spontaneous PTB, compared with CS 
at a high station, but was not associated with a subsequent medically 
indicated PTB (Table 5). Among mothers with low station at index CS 
and a subsequent PTB, 9.3% of spontaneous PTB could be attributed to 
the station. 

Discussion 

A first CS performed with the fetal presenting part at a low station 
was associated with subsequent spontaneous PTB. The thickness of the 
uterine wall, type of incision, and one- or two-layer closure of the uterus 
did not affect the likelihood of subsequent PTB. 

Our findings correspond to those of prior studies reporting an 
increased risk of PTB after a second-stage CS [17,19,12–15]. In a cohort 
study including 16,340 women, Williams et al. found an increased risk of 
spontaneous PTB after second-stage CS, and an association between pre- 
labor or first-stage CS and subsequent medically indicated PTB [12]. 
Medically indicated PTBs often occur with the fetal presenting part 
above the pelvic inlet, and prior PTB is a strong risk factor of PTB [6]. In 
our study, the reduced likelihood of a subsequent medically indicated 
PTB after an index CS at a low station (OR 0.54, 95% CI 0.38–0.77) was 
explained by maternal age, gestational age at first delivery, and inter- 
delivery interval. Thus, CS at a low station was not protective per se. 
Levine et al. found that second-stage CS, compared with first-stage CS, 
yielded six times higher odds for spontaneous PTB [14]. Wood et al. 
reported a two-fold increased risk of spontaneous PTB at < 32 gesta-
tional weeks after a second-stage index CS, compared with vaginal birth 

Table 2 
Maternal and clinical characteristics at second birth (N = 11,850).   

SECOND BIRTH   

No preterm 
birth (91.4%) 

Preterm birth 
(8.6%) 

p-value  

n % n %  

Maternal age (years), mean 
[SD] 

31.8 
[4.4]  

– 31.2 
[4.7]  

–  <0.001 

≤20 174  91.6 16  8.4  
20–35 9,506  87.7 854  8.2  
≥35 1,154  88.8 146  11.2  
Body mass index (kg/m2), 

mean [SD] 
25.1 
[4.7]  

– 25.1 
[5.1]  

–  0.852 

Maternal height (cm), mean 
[SD] 
Missing n = 245 

165.7 
[6.5]  

– 165.9 
[6.3]  

–  0.348 

Smoking 356  89.4 42  10.6  0.069 
Multiple birth 369  50.2 366  49.8  <0.001 
Pre-gestational disorder      
Hypertension 74  85.1 13  14.9  0.033 
Diabetes 143  81.3 33  18.7  <0.001 
Onset of labor 

Missing n = 25      
<0.001 

Caesarean 3,746  89.1 456  10.9  
Spontaneous 5,930  92.6 475  7.4  
Induction 1,136  93.3 82  6.7  
Inter-delivery interval 

(months), mean [SD] 
30.9 
[14.4]  

– 18.9 
[20.4]  

–  <0.001 

≤15 (10th percentile) 817  62.7 485  37.3   

Table 3 
Operative characteristics at index caesarean section and association with preterm birth in subsequent pregnancy.  

Index CS SECOND BIRTH  

No preterm birth Preterm birth 

n n (%)  Model 1a Model 2b 

Fetal station   OR (95% CI) aOR (95% CI) aOR (95% CI) 
High (>ischial spines)  9,443 905 (8.7) 1.00 1.00 1.00 

Low (≤ischial spines)  1,391 111 (7.4) 0.83 (0.68–1.02) 1.37 (1.10–1.72) 1.33 (1.05–1.60) 

Uterine wall      
Normal  10,039 931 (8.5) 1.00 1.00 1.00 

Thin  475 35 (6.9) 0.80 (0.56–1.13) 1.21 (0.83–1.77) 1.27 (0.86–1.87) 

Uterine incision      
Non-corporal 10,143 942 (8.5) 1.00 1.00 1.00 
Corporal 52 11 (17.5) 2.29 (1.18–4.38) 0.65 (0.28–1.50) 0.87 (0.38–1.95) 
Uterine closure      
One-layer 3,490 343 (8.9) 1.00 1.00 1.00 
Two-layer 7,281 663 (8.3) 0.93 (0.81–1.06) 1.01 (0.86–1.17) 0.99 (0.84–1.16)  

a Adjusted for gestational age at first delivery. 
b Adjusted for maternal age, gestational age at first delivery, and inter-delivery interval between first and second birth. 

Table 4 
Fetal station at index caesarean section and association with severity of preterm birth in subsequent pregnancy.   

MODERATE PRETERM a (32–36 WEEKS) VERY PRETERM (<32 WEEKS) 

Index CS n (%) = OR (95% CI) n (%) = OR (95% CI) 

Crude Adjusted Crude Adjustedb 

High (>ischial spines)  725 (7.1) 1.00 1.00 180 (1.7) 1.00 1.00 

Low (≤ischial spines)  86 (5.8) 0.81 (0.64–1.01) 1.29 (1.00–1.65) 25 (1.7) 0.96 (0.63–1.46) 1.73 (1.05–2.84)  

a Very preterm excluded from analysis. 
b Adjusted for maternal age, gestational age at first delivery, and inter-delivery interval between first and second birth. 
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[13]. Suff et al. found an increased risk of recurrent spontaneous pre-
term birth if the woman also had a history of emergency CS [22]. We 
found that an index CS at a low station, compared with a high station, 
had 73% higher odds of very PTB, and 29% higher odds of moderate PTB 
in the second pregnancy. 

To our knowledge, no previous study has explored fetal station and 
surgical characteristics at an index CS and risk of subsequent PTB. Fetal 
station and cervical dilatation are closely interlinked. The fetal pre-
senting part at complete dilatation of the cervix was, according to 
findings of Ashwal et al., at or below the ischial spines in 91.9% of 
nulliparous women and 80.3% of multiparous women [23], which limits 
interpretation of which factor constitutes the risk. 

Cervical insufficiency – either following a prolonged second stage of 
labor with microtrauma to the tissue or surgical trauma to the cervix – 
has been hypothesized [8,14,16] as mechanisms. Two observational 
studies investigating the duration of the second stage of labor, irre-
spective of mode of delivery, found no correlation between a prolonged 
second stage of labor and subsequent PTB [24–25]. In a cohort study by 
Kleinstern et al., an increased risk of PTB was observed after second- 
stage CS, but not after a prolonged second stage resulting in vaginal 
birth [19]. In contrast, Levine et al. found that there was an increased 
risk of spontaneous PTB after a vaginal delivery as well as after a second- 
stage CS, compared with after a first-stage CS [14]. A second-stage CS 
could result in a hysterotomy in the cervix instead of in the lower uterine 
segment and increase the risk of unintentional incisions or cervical 
lacerations [3,14,17]. Corporal incisions are more common in preterm 
CS, but corporal extensions of the incisions (T- or J-shaped) can be made 
if the fetus is hard to extract [3,26]. We had detailed surgical informa-
tion and found no association between PTB and corporal or non-corporal 
incision of the uterus. A thin uterine wall, assessed by the surgeon, did 
not significantly increase the risk of a subsequent PTB, but should be 
interpreted with caution as no objective measurement of the uterine 
wall was available. Levine et al. hypothesized that unintentional tacking 
up of the cervix during hysterotomy closure could lead to cervical 
insufficiency [14]. This risk might be higher with two-layer uterine 
closure, but we found no association between one- or two-layer uterine 
closure and PTB. 

Clinical implications 

This study indicates that there is an increased likelihood of subse-
quent spontaneous PTB after a CS performed at a low station. Such CS 
are performed intrapartum because of obstetric complications requiring 
rapid assisted delivery. Instrumental vaginal delivery might decrease the 
number of CS performed at a low station. A recently published cohort 
study concluded that the increased risk of PTB following a prolonged 
second stage is attributable to women delivered by CS [19]. In the 
clinical situation, the physician may take appropriate steps to avoid CS 
at a low station and consider vaginal instrumental delivery. Knowledge 

of risk factors for PTB enables women to make informed decisions 
regarding future pregnancies, birth spacing, and monitoring of subse-
quent pregnancies. 

Strengths and limitations 

Our study provided insights into reproductive complications 
following a CS and associations with obstetric and surgical character-
istics from a large number of individuals at 23 birth units in Sweden. 
Surgical technique during CS is a modifiable factor, making this 
important to investigate. Data were collected prospectively. We 
included women with a preterm delivery in the first pregnancy and 
multiple births, which reduces selection bias and increases generaliz-
ability. In our analysis, gestational length at first delivery was the most 
important confounder, but we also accounted for maternal age and inter- 
delivery interval. 

We acknowledge certain limitations of our study. The data were 
collected in 2001–2009. The surgical technique used for CS at that time 
is the same technique used today and corresponds to the suggested 
standardized caesarean delivery technique [27]. According to estimates 
made by the WHO, PTB rates have remained stable over time, suggesting 
that although the methods used to prevent PTB have changed slightly in 
the last decade, this has not affected these rates . 

We lacked information on cervical dilatation, labor duration, and 
cervical lacerations at time of surgery. Information was retrieved from 
standardized “checkboxes” in electronic surgical templates; full surgical 
records were not available. A thin uterine segment at first CS was not 
associated with subsequent PTB, but the number of women with a re-
ported thin uterine wall who had a subsequent PTB was small, which 
could indicate a problem of power in the analysis. 

Conclusion 

CS performed with the fetal presenting part at a low station was 
associated with an increased risk of subsequent PTB, more specifically 
with very early PTB and with spontaneous onset. No specific surgical 
technique in CS could be proposed to mitigate the risk. Future research is 
warranted to clarify the mechanisms, so that proper steps can be taken to 
minimize long-term reproductive health effects of caesarean delivery. 
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Table 5 
Fetal station at index caesarean section and association with spontaneous (n = 570) and medically indicated preterm birth (n = 460) in subsequent pregnancy.   
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SPONTANEOUS PRETERMa MEDICALLY INDICATED PRETERMb 

Index CS n (%) OR (95% CI) n (%) OR (95% CI) 

Crude Adjustedc Crude Adjustedc 

High (>ischial spines)   490 (4.9) 1.00 1.00 426 (4.3) 1.00 1.00 

Low (≤ischial spines)  80 (5.4) 1.11 (0.87–1.42) 1.61 (1.23–2.11) 34 (2.4) 0.54 (0.38–0.77) 1.05 (0.72–1.54)  

a Spontaneous preterm birth: Preterm premature rupture of the membranes and/or spontaneous onset of labor. Reference group: term birth. Medically indicated 
preterm birth excluded. 

b Medically indicated preterm birth: onset of labor caesarean section or induction. Reference group: term birth. Spontaneous preterm birth excluded. 
c Adjusted for maternal age, gestational age at first delivery, and inter-delivery interval between first and second birth. 
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