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Abstract

Objectives: Planning the mode of delivery of a full-term
breech singleton remains a challenging task. The aim of this
work is to compare the neonatal and maternal short-term
outcomes after planned vaginal delivery and caesarean
section and to evaluate the influence of an MRI pelvimetry
on the short-term outcomes in order to provide appropriate
advice to pregnant women with breech presentation.
Methods: This is a retrospective monocentric analysis of all
deliveries with singleton pregnancies from breech presen-
tation >36 + 0 weeks of gestation between 08/2021 and 09/
2023. Short-term maternal and neonatal morbidity data were
collected for intended vaginal deliveries and caesarean
sections. Neonatal and maternal short-term outcomes of
intended vaginal deliveries with and without MRI pelvim-
etry were compared.

Results: In the planned vaginal delivery group, APGAR
scores and arterial umbilical cord pH were significantly
lower than in the planned caesarean group. The rate of
asphyxia was similar in both groups. Although not signifi-
cant, the rate of NICU admission was higher in the vaginal
birth group (6.7% vs. 2.7 %; p=0.27), and infants born by
caesarean remained in the NICU longer (1.3% vs. 1.8 %;
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p=1.0). Neonates born to women who underwent MRI prior
to attempted vaginal delivery had better short-term
neonatal outcomes and shorter NICU stays compared with
women who did not undergo MR, after multivariate anal-
ysis for fetal birth weight, parity, and gestational age.
Conclusions: Vaginal breech delivery is associated with
lower APGAR scores and umbilical arterial pH compared
with caesarean section but does not result in increased
neonatal asphyxia or NICU admission. Length of stay in the
NICU is shorter when a newborn is admitted after vaginal
delivery. MRI pelvimetry may improve the outcome of the
newborn by further selection.
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Introduction

Approximately 3-4 % of all singleton pregnancies present as
breech at term [1]. For years, the mode of delivery of
singleton breech newborns at term has been discussed
controversial with regard to perinatal and neonatal
morbidity and mortality. Since the publication of the Term
Breech Trial Collaborative Group, the debate on mode of
delivery has been revived [2]. However, due to the method-
ological concerns of the study, the recommendation for
primary caesarean section as the favored mode of delivery
should not be followed as a general standard, although
several national specialist societies have adopted the rec-
ommendations of the Term Breech Trial [3-5].

The current German guideline recommends that preg-
nant women with breech presentation should be informed
that there is currently no preferred mode of delivery and
that individual birth mode planning must take place [6].
After several years of recommending caesarean section as
the mode of delivery, most other national guidelines do not
recommend caesarean section and state that a vaginal
delivery is a safe option [3, 6-8].
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The rate of primary caesarean section has recently
increased at the expense of attempted vaginal delivery [6].
The prevalence of short- and long-term complications such
as hemorrhage, uterine rupture and abnormal placentation
isincreasing in parallel with the increasing rate of caesarean
section [9-11]. Elective caesarean sections without a justified
medical indication should therefore be restricted. To achieve
this goal, obstetricians need evidence-based recommenda-
tions to guide the most appropriate mode of delivery for each
individual patient.

A review of the current literature reveals that the out-
comes of perinatal and neonatal morbidity and mortality are
mainly dependent on strict collective selection, the qualifi-
cations of the obstetric team and the available medical
infrastructure available [12-15]. If these factors are consid-
ered, the risk of a worse outcome for mother and child can be
reduced to the level of vaginal birth from cephalic presen-
tation [16-18].

The aim, therefore, is to identify a group of women who
do not fulfill certain risk factors and who would benefit from a
spontaneous birth. In addition to classic diagnostic tools such
as fetometry, Doppler and anamnesis, MRI pelvimetry could
be a useful tool. This imaging technique measures maternal
pelvimetry and fetal head circumference to further assess the
likelihood of a successful vaginal delivery.

The aim of our work is to compare the neonatal and
maternal short-term outcomes after planned caesarean sec-
tion and planned vaginal birth and to evaluate the influence
of an MRI of the maternal pelvis on the outcome to be able to
provide appropriate advice to pregnant women with breech
presentation. In addition, the disclosure of our results should
help to improve the overall evidence base for selecting of the
most promising mode of delivery based on individual risk
stratification.

Materials and methods
Data collection and patient selection

A retrospective observational study was performed. Between
08/2021 and 09/2023 anamnestic and clinical parameters as
well as neonatal and maternal short-term outcome parame-
ters were collected from singleton pregnancies expecting
breech newborns that were delivered at the Hanover Medical
School, Germany.

Data were extracted from hospitals patient management
system after discharge. Data were accessed for research
purposes in 10/2023. Healthy women with uncomplicated
singleton breech pregnancies who were able to choose a mode
of delivery after informed consent were included. Exclusion
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criteria were planned caesarean section on recommendation
(placenta praevia, pre-eclampsia with severe features, mul-
tiple repeat caesarean section (more than one caesarean
section in history), abnormal fetal Doppler or severe growth
restriction, severe maternal illness, severe fetal malforma-
tion). A flow chart showing the study design and number of
cases included is shown in Figure 1.

Patients were managed as usual. After examination and
sonographic fetometry, the different options for mode of
delivery were presented. The risks and complications of
vaginal delivery and caesarean section were explained in
detail. The possibility and success rate of an external version
was also explained, based on current literature and the
hospital’s experience. MRI pelvimetry was offered to all
pregnant women who did not immediately opt for caesarean
section after discussion of the options. It was performed
from 36 + 0 weeks of gestation. The women were informed
about MRI as a non-invasive cross-sectional imaging tech-
nique with no radiation exposure that does not compromise
the safety of the fetus or the mother [19]. It was recom-
mended for primiparous women, but was not essential for
attempting a vaginal birth.

To assess the likelihood of vaginal delivery using MRI
pelvimetry, the obstetric conjugate, intertubal distance and
pubic angle were compared with those in the literature
and our own clinical experience to date. It was pointed out
that MRI pelvimetry can provide additional information, but
only in conjunction with other criteria such as fetometry,
fetomaternal Doppler and the pregnant woman’s medical
history. After discussion of MRI pelvimetry, a vaginal trial of
labour or caesarean section was planned.

MRI

All patients underwent MRI at 1.5T (Avanto, Siemens
Healthineers, Erlangen, Germany). The American College
of Radiology recommendations for safe and optimal per-
formance of fetal MRI were followed [19]. Axial true
fast imaging with steady-state free precession sequence
with 3mm slice thickness of the maternal pelvis, axial
T1-weighted turbo spin echo sequence with 3 mm slice
thickness of the maternal upper abdomen/fetal head,
sagittal T2-weighted half-acquisition single-shot turbo spin
echo with 5mm slice thickness of the whole maternal
abdomen and coronal Ti1-weighted turbo spin echo
sequence with 3 mm slice thickness of the whole maternal
abdomen were acquired. The entire MRI scan took
approximately 15min. All patients were attended by a
radiologist and a radiographer before, during and after the
examination.
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08.2021 - 09.2023 (n = 218)

Singleton breech presentation 2 36 weeks of gestation

cesarean section):

restriction (n=2)

Planned mode of birth
(n=188)

Exclusion (Birth mode by anamnesis

Placenta praevia (n = 4)

Preeclampsia with severe features (n = 2)
Multiple repeat cesarean section (n = 11)
Abnormal fetal doppler or severe growth

Severe maternal disease (n = 6)
Severe fetal malformation (n = 5)

Planned cesarean delivery
(n=113; 60.1%)

Intended vaginal delivery
(n =75; 39.9%)

Vaginal delivery
(n=61; 32.5%)

Elective cesarean
(n = 86; 45.7%)

Emergency Cesarean

(n=14; 7.5%)

Repeat cesarean
(n=22;11.7%)

| | Recommendation by MRI
(n=3;1.6%)

Others

Intertubal distance, pubic angle, obstetric and true
conjugate, and fetal biparietal and occipitofrontal diameters
were measured by an experienced radiologist (8 years
experience in urogenital imaging) (see Figures 2 and 3). The
type of breech, e.g. complete, incomplete or Frank breech,
was described as well as placental position and possible
maternal pathologies. In addition, all studies were reviewed
by a consultant paediatric radiologist.

Statistical analysis

Statistical analyses were performed using GraphPad Prism
nine software (GraphPad Software Inc.) and IBM SPSS
Statistics 28 (IBM SPSS Software). The Shapiro-Wilk
normality test was used to test the normal distribution of

Delay in stage 1
(n=3;1.6%)

Delay in stage 2
(n=8; 4.3%)

(n=2;1.1%) 1

Failed induction
of labor
(n=3; 1.6%)

Figure 1: Flow chart representing study design
and numbers of cases included in the study.

the epidemiological data. Unpaired t-test and Mann-Whitney
test were used as appropriate. Group differences in rates
determining neonatal or maternal outcome were tested in
univariate contingency table-based statistics using Pearson’s
X* test and Fisher’s exact test. The influence of fetal birth
weight, fetal head circumference at birth, gestational age at
delivery and parity on outcome variables and the likelihood
of spontaneous delivery in the group with and without MRI
pelvimetry was tested using multivariate and univariate
logistic regression analysis.

Ethics

This study was approved by the local Ethics Committee of the
Hannover Medical School and conducted according to the
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Figure 3: Fetometry of the head. Axial view of the fetal head,
measurement of biparietal (blue double arrow) and occipitofrontal
diameter (red double arrow) at the level of the thalami and cavum septi
pellucidi.

principles of the Declaration of Helsinki (approval number:
10629_BO_K 2022). Informed consent was waived by the
Ethics Committee due to the use of retrospective and
de-identified data.

Results

During the 24 months studied, 218 patients presented with
breech presentation. 30 patients were excluded on recom-
mendation for planned caesarean section. 188 patients had
the opportunity to choose a mode of delivery after informed
consent. A total of 113 patients had a planned caesarean
section (60.1%), and 75 patients had a planned vaginal
delivery (39.9 %) (Figure 1).

Two groups were created according to planned
caesarean section (PCD) and intended vaginal delivery (IVD).
Mean maternal age (PCD: 32.8 years, IVD: 31.7 years), body
mass index (BMI) at the beginning of pregnancy (PCD:
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Figure 2: Axial and sagittal measurements of
the maternal pelvis. (A) Axial view of the
maternal pelvis, measurement of interspinous
distance (white double arrow), (B) axial view of
the maternal pelvis, measurement of
intertuberous distance (green double arrow)
and pubic angle (a) (blue lines),

(C) measurement of obstetrical (pink) and true
conjugate (orange).

24.7 kg/m?, IVD: 255kg/m? and fetal birth weight (PCD:
3370 g, IVD: 3265 g) were not significantly different between
the groups. Gestational age at delivery was significantly
different between planned caesarean section and planned
vaginal delivery (PCD: 38.7, IVD: 39.1). There was no signifi-
cant difference in maternal length of hospital stay (PCD:
3.8 days, IVD: 3.7 days), while mean blood loss was slightly
but significantly higher in the planned caesarean group
(PCD: 319 mL, IVD: 282 mL) (Table 1).

The comparison of the neonatal outcome parameters
between the planned caesarean delivery group and the
intended vaginal delivery group revealed significantly lower
values for neonates of intended vaginal delivery group
regarding APGAR 1, 5 and 10 min and arterial cord blood pH
(PCD: 7.29, IVD: 7.22). There were no cases of perinatal
asphyxia with arterial cord blood pH below 7.0 in either
group.

Although not statistically significant, the rate of NICU
admission was higher in planned vaginal delivery group.
The rate of NICU stay longer than four days was higher in the
planned caesarean delivery group, but not significantly
different. There was no difference in days to discharge
(Table 1).

Comparing the characteristics of women with and
without performed MRI and planned vaginal delivery,
there was no difference in age, BMI or medical conditions.
The duration of pregnancy was significantly longer in the
MRI group (MRI: 39.44 weeks, no MRI: 38.39 weeks). There
were significantly more primiparous women in the MRI
group (MRI: 81.1 %, noMRI: 31.8 %; p=0.001), second (MRI:
18.9 %, noMRI: 50 %, p=0.01) and multiparous women (MRI:
0%, noMRI: 18.2 %; p=0.006) were mainly found in the
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Table 1: Vaginally deliveries and cesarean deliveries out of breech position >36 weeks of gestation. Neonatal and maternal short-term outcome.

Characteristics Planned cesarean delivery Intended vaginal delivery p-Value
(n=113) (n=75)

Maternal characteristics and outcome
Age, years (mean; st.dev.) 328 +5.4 31.7+4.2 0.13
BMI, kg/m2 (mean; st.dev.) 24.7 +5.0 25.5+ 6.6 0.73
Gestational age at delivery, years (mean; st.dev.) 38.71+0.9 39.14 £ 0.9 0.001
Days until discharge (mean; st. dev.) 3.8+0.9 37+18 0.2
Loss of blood, mL (mean; st.dev.) 319 + 60 282 + 80 0.001

Neonatal characteristics and outcome
Fetal weight, gram (mean; st.dev.) 3,378 + 457 3,265 + 423 0.09
APGAR 1’ (mean; st.dev.) 897 +04 8.08 + 1.8 0.001
APGAR 5’ (mean; st.dev) 9.89 +0.5 9.36 +1.2 0.001
APGAR 5'<4, n (%) 0 (0 %) 1(1.3%) 0.4
APGAR 54<7, n (%) 1(0.9 %) 1(1.3%) 1.0
APGAR 10’ (mean; st.dev.) 9.97 £ 0.2 9.76 + 0.6 0.001
pH arterial cord blood (mean; st.dev.) 7.29 + 0.04 7.22 +£0.09 0.001
Perinatal asphyxia (pH arterial blood <7.0, n (%) 0 (0 %) 0 (0 %) 1.0
NICU admission, n (%) 3(2.7%) 5 (6.7 %) 0.27
>4 days 2 (1.8 %) 1(1.3%) 1.0
Up to 4 days 1(0.9 %) 4 (5.3 %) 0.08
Days until discharge (mean; st. dev.) 39+1.0 36+1.8 0.63

Bold values represent p-value <0.05 and therefore statistically significant difference.

non-MRI group, whereas the type of breech presentation
did not differ significantly between the two groups. The
primary maternal delivery position was the dorsal position
in both groups, MRI (62.3 %) and non-MRI group (72.7 %),
whereas the upright position was less common in MRI
(15.1%) and non-MRI group (18.2 %). There were various
reasons for caesarean section. The distribution of reasons
for this mode of delivery was not significantly different
between the groups (Table 2).

Table 3 shows the neonatal outcome of intended vaginal
births out of breech presentation in pregnant women who
received MR pelvimetry or not. The mean fetal weight was
significantly higher in the group of women who received MR
pelvimetry (MR: 3,353 g, no MR: 3,053 g; p=0.004). The APGAR
scores at 1, 5 and 10 min were not significantly different. The
same was found for arterial umbilical pH. Severe asphyxia
was not observed in either group. Although not statistically
significant, fewer infants in the MR pelvimetry group were
admitted to the neonatal intensive care unit (MRI: 5.7 %,
noMRI: 9.1 %; p=0.63). The neonates in the MRI group who
were transferred to the NICU were discharged more quickly,
but not significantly different. Overall, the length of stay was
shorter for the children in the MRI group (MRI: 3.4 days,
noMRI: 4.1 days; p=0.07). Fewer maneuvers were needed to
deliver the newborns in the non-MRI group, except for the
Bracht maneuver not significantly different.

In terms of maternal outcomes, there was no significant
difference in the incidence of birth injuries between the two
groups. Major birth injuries were less frequent in the MRI
group (MRL 1.9 %, noMRI: 4.5 %, p=0.34), although signifi-
cantly more episiotomies were performed (MRI: 34 %,
noMRIL: 9.1%; p=0.01). Maternal hospital stay was not
different in the two groups (Table 4).

A multivariate analysis of the cohort of intended vaginal
deliveries (MRI and non-MRI performers) including fetal
birth weight, parity and gestational age was performed to
eliminate the effect of these confounders on maternal and
neonatal outcome parameters. A statistically significant
better outcome of 5 min APGAR less than 4 (MRI: 0 %, noMRI:
4.5 %; p=0.014) and less frequently NICU stay after admission
(MRI: 0%, noMRI: 4.5 %; p=0.01) was observed in the MRI
group. After multivariate regression analysis, there was no
significant difference in the maneuvers performed for
neonatal development. The rate of episiotomies was still
significantly higher in the MRI group, whereas the rate of
stage 1 delay and the occurrence of a pathological CTG were
significantly higher in the non-MRI group (Table 5).

Logistic regression analysis was performed on all
planned vaginal breech deliveries and vaginal births for
birth weight, fetal head circumference, parity and gesta-
tional age to percentage of vaginally birth probability
(Figure 4).
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Table 2: Vaginally intended deliveries out of breech position >36 weeks of gestation. Epidemiologics and maternal patient characteristics.

Maschke et al.: Vaginal breech delivery with and without MRI-based pelvimetric measurements = 321

Characteristics MRI performed (n=53) MRI not performed (n=22) p-Value
Age, years (mean; st.dev.) 31.6 +4.1 32.1+45 0.67
BMI, kg/mz (mean; st.dev.) 233+3.7 26.1+7.8 0.17
Gestational age at delivery, years (mean; st.dev.) 39.44 + 0.7 3839+ 1.0 0.001
Internal preconditions, n (%) 6 (11.3 %) 1 (4.5 %) 0.44
Parity, n (%)

1 43 (81.1 %) 7 (31.8%) 0.001

2 10 (18.9 %) 11 (50 %) 0.01

>2 0 (0 %) 4(18.2%) 0.006
Type of breech, n (%)

Frank 43 (81.1 %) 20 (90.9 %)

Complete 6(11.3%) 2(9.1%)

Incomplete 4 (7.6 %) 0 (0 %)
Maternal birth position, n (%)

Dorsal position 33(62.3%) 16 (72.7 %) 0.39

Upright position 8 (15.1 %) 4(18.2%) 0.39
Reason for cesarean (n=14) 12 (22.6 %) 2 (9.1 %) 0.21

n (% of cesarean)

Delay in stage 1 2(16.7 %) 1 (50 %) 0.28

Delay in stage 2 7 (58.3 %) 1 (50 %) 0.39

Failed induction of labor 3 (25 %) 0 (0 %) 0.32

Abnormal fetal cardiography 7 (58.3 %) 2 (100 %) 0.27

Chorioamnionitis 1(8.3%) 0 (0 %) 0.37
Bold values represent p-value <0.05 and therefore statistically significant difference.
Table 3: Vaginally intended deliveries out of breech position >36 weeks of gestation. Neonatal outcome.
Characteristics MRI performed (n=53) MRI not performed (n=22) p-Value
Fetal weight, gram (mean; st.dev.) 3,353 + 376 3,053 + 462 0.004
APGAR 1’ (mean; st.dev.) 819+ 15 7.82+24 0.9
APGAR 5’ (mean; st.dev) 9.45+09 9.14+1.7 0.9
APGAR 5<4, n (%) 0 (0 %) 1(4.5%) 0.29
APGAR 54<7, n (%) 0(0%) 1(4.5%) 0.29
APGAR 10’ (mean; st.dev.) 9.83+04 9.59 + 0.9 0.36
pH arterial cord blood (mean; st.dev.) 7.21 +0.09 7.24 +0.08 0.19
Perinatal asphyxia (pH arterial blood <7.0, n (%) 0 (0 %) 0 (0 %) 1.0
NICU admission, n (%) 3(5.7%) 2(9.1%) 0.63

>4 days 0(0%) 1(4.5%) 0.29

Up to 4 days 3(5.7 %) 1(4.5%) 1.0
Days until discharge (mean; st. dev.) 34+£12 41+28 0.07
Birth trauma, n (%) 0(0%) 1(4.5%) 0.29
Deaths, n (%) 0(0%) 0 (0 %) 1.0
Maneuvers necessary, n (%)

Bracht 17 (32.1 %) 3(13.6 %) 0.04

Veith Smellie 3(5.7%) 1(4.5%) 0.37

Mueller 6(11.3%) 2 (9.1 %) 0.34

Loveset 10 (18.9 %) 1(4.5%) 0.06

Bickenbach 2 (3.8 %) 1(4.5%) 0.39

Frank Nudge 1(1.9%) 0 (0 %) 0.3

Bold values represent p-value <0.05 and therefore statistically significant difference.
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Table 4: Vaginally intended deliveries out of breech position >36 weeks of gestation. Maternal outcome.

Characteristics MRI performed (n=53) MRI not performed (n=22) p-Value
Loss of blood (mean; st.dev.) 292 + 81 261 + 75 0.03
Perineal injury, n (%)
1st’ perineal tear 5(9.4 %) 1(4.5 %) 0.26
2nd’ perineal tear 3 (5.7 %) 2 (9.1 %) 0.37
3rd” and 4th’ perineal tear 1(1.9%) 1 (4.5 %) 0.34
Episiotomies 18 (34 %) 2(9.1%) 0.01
PDA during birth, n (%) 8 (15.1 %) 0 (0 %) 0.003
Days until discharge (mean; st. dev.) 35+1.2 41+28 0.87

Bold values represent p-value <0.05 and therefore statistically significant difference.

Table 5: Vaginally intended deliveries out of breech position >36 weeks of gestation. Neonatal outcome. Multivariate logistic regression analysis for fetal
birth weight, parity and gestational age.

Characteristics MRI performed (n=53) MRI not performed (n=22) p-Value (multivariate logistic
regression analysis)

APGAR 1’ (mean; st.dev.) 8.19 + 1.5 7.82+24 0.81
APGAR 5’ (mean; st.dev) 9.45+0.9 9.14 +1.7 0.83
APGAR 5<4, n (%) 0(0%) 1(4.5%) 0.014
APGAR 5'4<7, n (%) 0 (0 %) 1(4.5%) 0.91
APGAR 10’ (mean; st.dev.) 9.83+0.4 9.59 + 0.9 0.25
pH arterial cord blood (mean; st.dev.) 7.21 +0.09 7.24 +0.08 0.56
Perinatal asphyxia (pH arterial blood <7.0, n (%) 0 (0 %) 0 (0 %) 1.0
NICU admission, n (%) 3(5.7%) 2(9.1%) 0.39
>4 days 0(0%) 1(4.5%) 0.01
Up to 4 days 3 (5.7 %) 1(4.5%) 0.55
Maneuvers necessary, n (%)
Bracht 17 (32.1 %) 3(13.6 %) 0.08
Veith Smellie 3(5.7%) 1(4.5%) 0.98
Mueller 6(11.3%) 2(9.1%) 0.61
Loveset 10 (18.9 %) 1(4.5 %) 0.05
Bickenbach 2 (3.8 %) 1 (4.5 %) 0.71
Frank Nudge 1(1.9 %) 0 (0 %) 0.81
Maternal birth position, n (%)
Dorsal position 33 (62.3 %) 16 (72.7 %) 0.46
Upright position 8 (15.1 %) 4(18.2%) 0.46
Reason for cesarean (n=14) 12 (22.6 %) 2 (9.1 %) 0.1
n (% of cesarean)
Delay in stage 1 2(16.7 %) 1 (50 %) 0.03
Delay in stage 2 7 (58.3 %) 1 (50 %) 0.11
Failed induction of labor 3(25%) 0 (0 %) 0.03
Abnormal fetal cardiography 7 (58.3 %) 2 (100 %) 0.01
Chorioamnionitis 1(8.3%) 0 (0 %) 0.07
Loss of blood (mean; st.dev.) 292 + 81 261 +75 0.95
Perineal injury, n (%)
1st’ perineal tear 5 (9.4 %) 1(4.5%) 0.88
2nd’ perineal tear 3 (5.7 %) 2 (9.1 %) 0.77
3rd’ and 4th’ perineal tear 1(1.9%) 1(4.5%) 1.0
Episiotomies 18 (34 %) 2(9.1%) 0.01

Bold values represent p-value <0.05 and therefore statistically significant difference.
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intended deliveries included. Y axis displays probability to delivery vaginally. X axis shows examined factors.

Discussion

The obstetric management and counselling of a pregnant
woman with breech presentation at term remains a chal-
lenge. This is mainly due to the inconsistent recommenda-
tions in the literature and the different advice given in
international guidelines. It is essential that the pregnant
woman receives individual counselling. In addition to clin-
ical and medical factors, the wishes and needs of the preg-
nant woman must be considered. The decision-making
process should be patient-centred, individualised and
consider the patient’s current circumstances, after discus-
sing the benefits and risks of the available treatment options.
The patient’s values and priorities play an important role
[20]. In our collective of 188 pregnant women, 39.9 %
attempted spontaneous delivery, while 60.1% opted for
primary caesarean section after shared decision making.

Of the pregnant women in the intended vaginal
delivery group, 61 (81.3 %) gave birth spontaneously and 14
(18.7 %) required a caesarean section. The rate of aborted
vaginal breech deliveries (14.1%) was significantly lower
in our study than in the term breech group (43.9 %) [2].
Possible reasons for this could be a better selection of a
suitable group. In the breech trial, there was a large inter-
institutional variation in the standard of care, inadequate
methods of antepartum and intrapartum fetal assessment
were used, and a large proportion of women were recruited
during active labor.

In our study, most women delivered in the dorsal
position. There was no significant difference in maternal
position between the MRI and non-MRI groups (dorsal
position: 62.3% and 72.7 %; p=0.39). Traditional maneuvers in
the dorsal position were controlled by the obstetricians and
practised regularly. When necessary, most obstetricians
preferred to support the newborn’s development in the
classic dorsal position, as they had more experience with it.
This may explain the high rate of dorsal deliveries in our
collective, although there is good evidence that vaginal
breech delivery in the upright position is associated with a
significantly reduced length of the second stage, caesarean
section rate, and incidence of neonatal injury and manipu-
lation to extract the neonate, compared with vaginal breech
delivery in the dorsal position [21-23]. Louwen et al.
described new cardinal movements of the descending
breech and maneuvers to rectify problems [21]. Since vaginal
breech deliveries have increased significantly in our clinic in
recent years, it is possible that the obstetricians are in the
process of learning the new maneuvers that were being
developed for upright delivery. It can be assumed that the
rate of spontaneous breech deliveries will shift in favour of
the upright position in the future, as the necessary maneu-
vers become more familiar.

The planned vaginal birth group had significantly lower
1, 5 and 10 min APGAR scores and lower arterial umbilical
cord pH compared with planned caesarean section. The rate
of asphyxia was similar in both groups. The rate of NICU
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admission, although not significant, was slightly higher in
the vaginal birth group (6.7 % vs. 2.7 %), and NICU length of
stay was longer in the caesarean group (1.3 % vs. 1.8 %). A
planned caesarean section does not reduce the risk of
neonatal death or neurodevelopmental delay up to two
years after birth compared to a planned vaginal breech birth
[24]. The real advantage of caesarean section for the fetus
appears to be the lower early perinatal morbidity, which,
however, had no influence on late morbidity [17, 18]. The
planned caesarean section can avoid a very rare intra-
partum oxygen deficiency and birth trauma [25]. There is
some evidence that children after caesarean section have an
increased lifelong risk of obesity, respiratory infections, and
asthma [26]. An increased risk of neurological diseases and
diabetes mellitus type 1 is also discussed [26].

Caesarean section for breech birth is an equivalent
alternative for the mother. The risk of maternal morbidity
and mortality is similar to that of vaginal birth. This is what
we observed in our study, and what is consistent with the
results in the literature. However, the special aspects of
pregnancy and childbirth after a caesarean section need to
be explained [27, 28].

Psychological aspects should be considered in the
decision-making process. Women who have a planned
caesarean are more likely to feel that they have not played
an active role in the birth process [29]. Whereas a successful
vaginal birth, or attempt at one, leads to confidence in the
power and capabilities of one’s own body, resulting in
greater satisfaction with the overall birth experience [29].
This general observation should always be considered on a
case-by-case basis and may represent a very different
assessment criterion for the pregnant woman.

To avoid high rates of primary section in breech pre-
sentation, many publications refer to attempting an external
cephalic version [30]. The low complication rate makes this
method very promising and it should become part of the
standard of care for breech presentation [1].

The newborns of pregnant women who had an MRI scan
before attempting vaginal delivery had better neonatal
outcomes, with better 1, 5 and 10 min APGAR scores and
fewer and shorter stays in intensive care, compared to those
who did not. After multivariate regression analysis for fetal
birth weight, parity and gestational age, a statistically sig-
nificant better outcome of 5-min APGAR less than four and
shorter NICU stay after admission was observed in the MRI
performer group. Stage 1 delay and the occurrence of a
pathological CTG were significantly more frequent in the
non-MRI group. MRI pelvimetry can be used to collect
further clinical parameters and may provide more accurate
information about the pregnant woman’s requirements for
spontaneous delivery. Klemt et al. reviewed MRI-based
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pelvimetric measurements as predictors of successful
vaginal breech delivery in a cohort of 633 nulliparous
women. The size of the obstetric conjugate correlated with
the rate of successful vaginal delivery. Successful vaginal
breech presentation was not observed in women with an
intertubal distance of less than 10.9 cm and a pubic angle of
less than 70° [28].

If the obstetric conjugate was less than 11.5cm, the
intertuberous distance less than 10.9 cm, the interspinous
distance less than 9.5 cm, or the pubic angle less than 70°, we
recommended primary caesarean section to the pregnant
woman, as successful spontaneous delivery has not been
observed even below these limits in the literature or in our
own clinic. If the values were above these limits, vaginal
delivery was offered. It is conceivable that knowledge of
favourable MRI pelvimetry may influence the obstetrician’s
management of the birth process in such a way that a better
short-term neonatal outcome can be achieved. However, it
should be noted that the number of cases in our study is small
and this observation needs to be investigated in further work.

The logistic regression analyses of all vaginally planned
breech deliveries for birth weight, fetal head circumference,
parity and gestational age on the percentage of probability of
vaginal delivery showed that when MR pelvimetry was
performed, poorer initial conditions were associated with a
higher probability of successful spontaneous delivery.

There is good evidence that the likelihood of a caesarean
section generally correlates positively with birth weight in
planned vaginal births. This effect is well known in cephalic
deliveries and is not surprising in a breech cohort [31]. The
same effect is well described for increasing fetal head
circumference [32] and gestational age [33], whereas
increasing parity increased the change to deliver sponta-
neously [34]. The size of the obstetric conjugate and the
intertuberous distance measured in MR pelvimetry corre-
lates with rate of vaginal deliveries [35]. Lia et al. showed
that the intertuberous distance and birthweight are associ-
ated with the duration of active second stage of labor in
vaginal breech birth [36]. MRI pelvimetry gave the obste-
trician more accurate information about the success of a
vaginal delivery attempt. This allowed potentially negative
preconditions, such as higher estimated fetal weight or fetal
head circumference, to be offset by favourable maternal
pelvic measurements. Knowledge of pelvic dimensions, even
if difficult to measure, has an impact on the management of
labour. MRI-based pelvimetry is a valuable tool in selecting
appropriate candidates for attempted vaginal delivery in
women expecting a breech newborn at term.

Our study has several limitations. The population stud-
ied here does not represent an average of the whole popu-
lation. The women were mostly highly educated, native
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speakers and very compliant. They had all studied the mode of
delivery intensively and had more antenatal care than the
average population. In addition, the small sample size of our
study should be considered. Therefore, further studies will be
necessary to verify the outcome of our observation. Further-
more, the long-term outcomes for mother and newborn were
not studied.

Next to careful case selection, vaginal birth of breech
position places special demands on the structure of the hos-
pital. In addition to an experienced obstetric team, a neonatal
and anaesthetic team should be available at all times [6, 37].

Vaginal breech delivery is associated with lower APGAR
scores and umbilical cord arterial pH compared with
caesarean section but does not result in increased fetal
asphyxia or neonatal intensive care unit admission. Length
of stay in the NICU is shorter when a newborn is admitted
after vaginal delivery. MRI of the mother’s pelvis may
improve the outcome of the newborn by allowing more
precise selection.
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