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Significance of the Study

mode of delivery.

o The use of the obstetric conjugate diameter in the prediction of caesarean section was not useful.
o Sub-pubic angle, antero-posterior outlet, and bi-parietal diameters were relevant for the prediction of
instrumental assistance. In clinical practice, these variables should be considered for predicting the
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Abstract

Objective: To assess the variables useful to predict caesare-
an delivery (CD) and instrumental assistance, through the
analysis of a large number of foetal-pelvic variables, using
discriminant analysis. Materials and Methods: One hundred
and fourteen pregnant women were included in this single-
centre prospective study. For each mother-foetus pair, 43
pelvic and 18 foetal variables were measured. Partial least
squares-discriminant analysis was performed to identify foe-
tal-pelvic variables that could statistically separate the 3 de-
livery modality groups: spontaneous vaginal delivery (SVD),
CD, and instrument-assisted delivery (IAD). Results: For the
SVD versus CD model, voluminous foetuses and women with

a narrow pelvic inlet had a greater risk for requiring CD. The
most efficient variables for discrimination were the trans-
verse diameter and foetal weight. The antero-posterior inlet
and obstetric conjugate were considered in this model, with
the former being a useful variable but not the latter. For the
SVD versus IAD model, the most important variables were
the foetal variables, particularly the bi-parietal diameter.
Women with a reduced antero-posterior outlet diameter
and a narrow pubic arch were more at risk of requiring an
IAD. Conclusion: The antero-posterior inlet was an efficient
variable unlike the obstetric conjugate. The obstetric conju-
gate diameter should no longer be considered a useful vari-
able in estimating the arrest of labour. Antero-posterior inlet
diameter was a sagittal variable that should be taken into
account. The comparison of sub-pubic angle and bi-parietal
and antero-posterior outlet diameters was useful in identify-
ing a risk of requiring instrumental assistance.
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Introduction

Foetal-pelvic disproportion and the arrest of labour
are the indications of 40-50% of caesarean deliveries
(CDs) [1, 2]. To predict the foetal-pelvic disproportion,
pelvimetry and ultrasound are conventionally used. But
assessments of the foetal-pelvic disproportion with these
2 examinations provide low predictive values in clinical
practice [3, 4].

The consequence of these low predictive values is the
declining use of pelvimetry. In addition, women who un-
derwent radiographic pelvimetry had an increased risk of
CD [5]. Currently, the most reliable procedure for estimat-
ing a good match between the foetus size and the maternal
pelvis is the trial of labour [6]. However, the prediction of
foetal-pelvic disproportion is still important because a CD
performed during labour generally leads to a higher mor-
bidity than a CD performed before the beginning of labour
[7].

Attempts have been made to identify a method that
could accurately predict foetal-pelvic disproportion, but
no study has yet reported on the usefulness of a large da-
taset of foetal-pelvic variables for this prediction. The ob-
jective of this study was to analyse the variability of the
foetal-pelvic relationship from an anatomical perspective
and its consequences on clinical outcomes, and to suggest
which pelvic and foetal variables could predict foetal-pel-
vic disproportion.

Materials and Methods

Sample and Foetal-Pelvic Variables

One hundred and fourteen women at Saint Joseph Hospital,
Marseille, France, were recruited from 29 March 2011 to 10 De-
cember 2013 for this single-centre study. The women were recruit-
ed from 10,597 deliveries in the hospital, shown in the flow chart
(Fig. 1). The inclusion criterion was birth at term with the foetus
in a cephalic presentation. Exclusion criteria were CD performed
in cases of abnormal foetal heart rate or before 2 h of arrest of la-
bour, abnormal uterine contraction, twin pregnancies, and itera-
tive CD. The other deliveries excluded from the study were 10,198
with no CT scan, 133 for whom the CT scan was not available, 52
with breech presentation, and 78 who underwent caesarean sec-
tion before the onset of labour. The indications for these 78 cae-
sarean sections before the onset of labor were macrosomia in 19
cases, rupture of membranes without labour in 8, post-term preg-
nancies without labour in 7, CD by maternal request in 4, CD for
the prevention of uterine rupture in 3, and an iterative CD in 37.
The 114 deliveries included in the study were spontaneous vaginal
delivery (SVD) in 51 cases, instrument-assisted delivery (IAD) in
38, and CD for the arrest of labour in 25. All 114 women had both
epidural anaesthesia and a pelvic scan, i.e., radiological measure-
ment of the parameters of the pelvis, before delivery. The centre
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has 3 protocols for pelvic scanning, based on patient adiposity: low
(100kV, 25 mA), standard (100 kV, 35 mA), and high (120 kV, 35
mA) adiposity. These 3 protocols produce low-level irradiation in
the range of 15-35 mGy/cm. Indications for a pelvic scan were a
scarred uterus, a breech presentation (cephalic presentation at the
beginning of labour), and suspicion or a history of foetal-pelvic
disproportion. All patients enrolled in the study had the benefits/
risks and long-term risks of CT scanning explained and all gave
their consent for the scanning. Scans were performed with a
16-slice Siemens SOMATOM Definition Flash strip scanner lo-
cated in the Medical Imaging Department of our hospital. The
intersection gap was 0.6-1 mm. One operator (P.F.) performed all
the pelvic diameter measurements with Amira 5.0.0 software (FEI

10,597

| Non-available CT scan (older than 2010) | 399
133 A/l

| Breech at birth | 266
52 4/1

| Twin pregnancies 214
15 «— /1

| C-section before onset of labour | 199
78 A/l

C-section for non-reassuring foetal heart rate| 121
5 A/l

| C-section before 2 h of arrest 116
1 «— /1

| Abnormal uterine contractions | 115
1 A/l

| Spontaneous vaginal delivery | 114

51

C-section

| Instrumental assisted delivery |

38 & 25

Fig. 1. Flow chart of the study. C-section, caesarean section.
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Visualization Sciences Group, Zuse Institute Berlin). A total of 43
pelvic variables were considered. An example of the pelvis recon-
struction and inlet measurements performed is shown in Figure 2.
For 40/114 pelvic scans, 2 sets of measurements were performed
for each pelvic variable, 1 year apart.

The operator (P.F.) was blinded to the first set of measurements
while conducting the second set. Intra-observer assessment was
then compared to assess the standard error of measurement (SEM)
[8,9], i.e., the square root of the variance (or standard deviation).
Measurements with an SEM of <4 mm are deemed accurate and
those outside this range considered inaccurate [8]. Korhonen et al.
[9] considered a cut-off of >5 mm. Based on these previous stud-
ies, variables with a standard deviation of >4 mm were excluded.
To estimate the reliability of angle measurement, the intra-class
correlation coefficient (ICC) was chosen as recommended by Imai
etal. [10], to consider only angles that are moderately-to-substan-
tially reliable, i.e., with an ICC >0.31.

The newborn measurements were performed during the post-
partum period using anthropometric tools (a cephalometric com-
pass, a tape measure, and a newborn scale). Eighteen foetal vari-
ables were measured (Fig. 3). This study was approved by the South
Mediterranean IT Ethical Committee for the Protection of Persons
and written informed consent was obtained from all the patients.

Table 1. Maternal and foetal data and characteristics of labour

Fig. 2. An example of pelvis reconstruction and inlet measure-
ments.

SVD (n =51) IAD (n = 38) CD? (n =25) Total (n = 114) p value

Maternal characteristics
Height, cm 163.0+7.0 162.6+5.9 160.4+6.0 162.1+6.5 0.22
Age, years 32.3+5.1 31.3+4.2 32.7+5.1 31.9+4.4 0.37
BMI 25.2+6.7 23.3+4.5 24.8+4.9 24.4+54 0.26
Parity 2 [0] 2 [0.5] 2 (0] 2 [0] 0.06
Gravidity 2 [0] 2 [0] 2 (0] 2 [0] 0.06
Nulliparous 5(10) 9 (24) 5(20) 19 (17) 0.20
Previous uterine scar 36 (70) 28 (73) 18 (72) 82 (72) 0.06
GA at birth, weeks 39.2+1.1 39.8+1.1 39.7+1 39.5+1.1 0.12
Characteristics of labour
Induced 10 (19) 10 (26) 9 (36) 29 (25) 0.09
Oxytocin, IU 0.3 [0.8] 1.1 [2.0] 0.4 [1.2] 0.5(1.4) 0.04
Foetal head engagement

Occiput anterior® 37(72) 33 (87) 0(0) 70 (61) 0.10

Transverse 1(2) 1(3) 0(0) 2(2) 0.83

Occiput posterior © 7 (14) 4(10) 0(0) 11 (10) 0.65

Unknown 6(12) 0(0) 25 (100) 31(27) 0.029
Duration

Ist stage, h 3.0 [2.1] 3.5[1.9] 3.6 [2.7] 3.0 [3.1] <0.001

2nd stage, h 1.0 [1.3] 1.5[1.6] 0[0] 1.5[2.2] <0.001
Neonatal characteristics
Birth Weight, g 3,287+403 3,400+478 3,735+547 3,433+489 0.001
APGAR score at 5 min 10 [0] 10 [0] 10 [0] 10 [0] 0.74

Values are expressed as mean + SD, n (%), or median [IQR]. SVD, spontaneous vaginal delivery; IAD, instrument-assisted delivery;

CD, caesarean delivery; BMI, body mass index; GA, gestational age.

2 Caesarean sections were performed before the onset of 2nd stage of labour.

b Left occiput anterior + occiput anterior + right occiput anterior.
¢ Left occiput posterior + occiput posterior + right occiput posterior.

Foetal-Pelvic Variables
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Pelvis

: Obstetric conjugate (oc)

: Medial transverse inlet (meti)

: Maximal transverse inlet (mati)

: Left ilio-pectineal cord length(licl)

: Left ilio-pectineal cord subtense (lics)

: Right oblique inlet (roi)

: Right ilio-pectineal cord length (ricl)

: Right ilio-pectineal cord subtense (rics)
: Left oblique inlet (loi)

: Left inlet posterior space (lips)

: Left inlet anterior space (lias)

: Right inlet posterior space (rips)

: Right inlet anterior space (rias)

: Sagittal posterior inlet (spi)

: Sagittal anterior inlet (sai)

: Pectineal angle (pa)

17:
18:
19:
20:
21:

Inlet sacral breadth (isb)

Inlet antero-posterior (iap)

Midplane antero-posterior (map)
Interspinous (isp)

Right midplane posterior space (rmps)
Right midplane anterior space (rmas)
Left midplane posterior space (Imps)

24:
25:
26:
27:
28
29
30:
31:
32:
33:
34:
35:
36:

37:
38:
39:
40:
41
42:
43:

Left midplane anterior space (Imas)
Midplane sacral breadth (msb)
Sagittal posterior midplane (spm)
Sagittal anterior midplane (sam)

: Transverse outlet (tout)
: Subpubic angle (spa)

Sagittal anterior outlet (sao)
Sagittal posterior outlet (spo)
Outlet antero-posterior (oap)
Pubococcygeus length (pcl)
Pubic symphysis height (psh)
Obstetric conjugate slope (ocs)
Obstetric conjugate-umbiliccoccygeal
angle (ocua)

Inlet-midplane angle (ima)
Sacral cord length (scl)

Sacral cord subtense (scs)
Midplane-outlet angle (moa)

: Sacral overhang (over)

Sacral slope (sslop)
Sacral incidence (inc)

Foetus

submentobregmatic (smb)

suboccipitobregmatic (sob)

suboccipitofrontal (sof)
mentovertical (mv)
mento-occipital (moc)

occipitofrontal (of)

biparietal (bip)

bitemporal (bit)

right tragion-bregma (rtb)

left tragion-bregma (Itb)

: suboccipitobregmatic circumference
(soc)

12: biacromial (bia)

13: sternum-thoracic vertebral (stv)

14: abdominal circumference (abdc)

15: abdominal sagittal (abds)

16: transverse abdominal (abdt)

17: bitrochanterian (bih)

18: birthweight (wght, not on figure)

© N u A wWwN e

=
= o

Fig. 3. Foetal-pelvic variables.
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Table 2. Intra-observer measurement error of the 43 pelvic vari-
ables

Variable (abbreviation)

Obstetric conjugate (oc) 1.5+1.3
Medial transverse inlet (meti) 1.8+1.5
Maximum transverse inlet (mati) 1.2+1.0
Left ilio-pectineal cord length (licl) 2.3+1.9
Left ilio-pectineal cord subtense (lics) 1.5+1.7
Left oblique inlet (loi) 2.1+14
Right ilio-pectineal cord length (ricl) 2.1+19
Right ilio-pectineal cord subtense (rics) 1.3£1.3
Right oblique inlet (roi) 1.7+1.4
Left inlet posterior space (lips) 2.7+2.8
Left inlet anterior space (lias) 2.9+2.3
Right inlet posterior space (rips) 2.8+2.7
Right inlet anterior space (rias) 2.1+22
Sagittal anterior inlet (sai) 3.0+3.1
Sagittal posterior inlet (spi) 3.6+3.6
Pectineal angle (pa) 2.1(0.84)
Inlet sacral breadth (isb) 2.0+1.5
Inlet antero-posterior (iap) 2.1+2.6
Mid-plane antero-posterior (map) 2.6£2.6
Inter-spinous (isp) 23127
Right mid-plane posterior space (rmps) 3.4+2.6
Right mid-plane anterior space (rmas) 1.5+1.3
Left mid-plane posterior space (Imps) 3.3+2.6
Left mid-plane anterior space (Imas) 22+1.9
Mid-plane sacral breadth! (msb) 8.4+7.3
Sagittal posterior mid-plane (spm) 24427
Sagittal anterior mid-plane (sam) 2.0£2.0
Pubic sympysis height (psh) 29423
Outlet antero-posterior (oap) 3.8+3.1
Pubococcygeus length (pcl) 2.3+1.9
Obstetric conjugate slope (ocs) 2.0 (0.88)
Obstetric conjugate-umbilico-coccygeal angle (ocua) 7.8 (0.45)
Inlet-midplane angle (ima) 3.8 (0.34)
Sacral cord length (scl) 3.4+39
Sacral cord subtense (scs) 2.6+2.7
Sacral overhang (over) 1.5£1.3
Sacral slope (sslop) 3.5(0.81)
Sacral incidence (inc) 5.4 (0.7)
Mid-plane-outlet angle (moa) 4.5 (0.35)
Transverse outlet (tout) 1.9+1.7
Sub-pubic angle (spa) 2.0 (0.93)
Sagittal anterior outlet (sao) 29+2.4
Sagittal posterior outlet (spo) 3.3+3.6

Intra-observer measurement error is expressed as mean + SD
in millimetres. Other values are expressed as mean (ICC) in de-
grees.

! The variable with an intra-observer error of >4 mm.

Foetal-Pelvic Variables

Statistical Analyses

To identify relevant variables in the prediction of the foetal-
pelvic disproportion, partial least squares-discriminant analysis
(PLS-DA) was used. This is commonly performed to statistically
separate 2 groups, e.g, eutocia versus dystocia, by simultaneously
using a large number of predictors common to both groups, i.e., in
this case, the foetal-pelvic variables [11].

In this study, 2 PLS-DA were performed, taking into account
the different types of delivery: CD versus SVD and IAD versus
SVD. The value of the variable importance in the projection (VIP)
quantified for the usefulness of each independent variable, allow-
ing for discrimination between groups; only foetal-pelvic variables
with a VIP value of >1 were considered useful for discrimination
[11]. The significance of differences between the groups was tested
using the Kruskal-Wallis test. The p value <0.05 was considered
statistically significant. Statistical tests were performed using XL-
STAT 2013.1.02 software (Addinsoft, 2013).

Results

The obstetric characteristics of the study sample are
presented in Table 1. The median duration of the first
stage of labour was shorter for the SVD group (3 h) than
the IAD group (3.5 h), indicating that the CD group had
the longest duration of the first phase of labour (3.6 h).
The median duration of the second stage of labour was
shorter for the SVD group (1 h) than the IAD group
(1.5 h). The SVD group had the lowest birth weights
(3,287 + 403 g), followed by the IAD (3,400 + 478 g)
group, and then the CD group (3,735 + 547 g). The dura-
tion of the first and second stages of labour and the birth
weight were statistically different in the 3 groups.

Intra-observer measurement errors are presented in
Table 2. The variable “inlet sacral breadth” had an intra-
error value >4 mm. For angle measurements, the ICC lay
between 0.34 (inlet mid-plane angle) and 0.93 (sub-pubic
angle). Consequently, all angle measurements were con-
sidered in our analysis.

The PLS-DA results are presented in Table 3. In
these analyses, the percentage of good ranking in both
the eutocia and dystocia groups was calculated. Of the
76 SVD and CD cases, 64 (84%) were well predicted and
of the 89 SVD and IAD cases, 63 (71%) were well pre-
dicted.

The PLS-DA provides an assessment of the most im-
portant discriminant variables. The classification of the
foetal-pelvic variables in the SVD versus CD model is
shown in Figure 4. Of the 30 important variables, 14
(47%) were foetal variables, with weight being the most
important variable. Of the remaining 16 variables, 12
(75%) corresponded to pelvic features defined by the inlet
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variables, and 4 (25%) corresponded to pelvic features de-
fined by the mid-plane and outlet variables. The most im-
portant variable was the medial transverse inlet diameter.
Among the mid-plane and outlet variables, the inter-spi-
nous diameter had the highest VIP value.

The classification of the foetal-pelvic variables in the
SVD versus IAD model is shown in Figure 5. Of the 20
important variables, 13 (65%) were foetal variables, with
the bi-parietal diameter being the most important vari-
able. Of the remaining 7 variables, 6 (86%) corresponded
to pelvic features defined by the mid-plane or outlet vari-
ables, and 1 (14%) corresponded to pelvic features de-
fined by the inlet. The most important variable was the
antero-posterior outlet diameter. Women with a small
antero-posterior outlet diameter, a large obstetric conju-
gate, and a narrow pubic arch were at a greater risk of
requiring IAD.

Discussion

In this study, we found that a large foetus and a narrow
pelvic inlet were associated with labour dystocia requir-
ing CD. These findings confirmed those of previous stud-
ies [7, 12-17], in which it was reported that CD for the
arrest of labour corresponded with the inability for a large
foetus to deal with a narrow pelvic inlet. The importance
of several foetal-pelvic variables with regard to the mode
of delivery had been pointed out in previous studies [7,
12-20]. These variables are the transverse diameter and
bi-spinous diameter [12, 19], the mid-plane antero-pos-
terior diameter [20], the inlet and mid-plane circumfer-
ence [13-17], the bi-parietal diameter [7, 18], and the
head and abdominal circumference [13-17].

Our results suggested that a heavier weight at birth is
associated with CD. This finding did not confirm those of
previous studies, most of which considered the birth
weight as irrelevant for the prediction of delivery out-
come [13, 14, 17]. These previous studies used ultrasound
for antenatal assessment; most of the time, this is inaccu-
rate because of an error rate in the range of 6.4-10.7%
[21]. In this study, the birth weight was not estimated but
was measured on a scale. This variable was more repro-
ducible and accurate than what can be obtained by ultra-
sound estimation.

We found that the obstetric conjugate was not a use-
tul variable. This finding was consistent with results of
previous studies. Laube et al. [19] found no significant
difference in the obstetric conjugate between patients
that delivered vaginally or abdominally. The uselessness

364 Med Princ Pract 2017;26:359-367
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of the obstetric conjugate can be explained by its loca-
tion above the inlet plane. This plane includes the cul-
men of the obstetric conjugate, the arcuate lines of the
ilium, and the sacrum under the promontory level of the
Ist sacral vertebra (Fig. 2). Our results suggested that
the antero-posterior diameter of the pelvic inlet was
more relevant in identifying foetal-pelvic disproportion
than the obstetric conjugate. The obstetric conjugate
should no longer be considered a useful variable in es-
timating the arrest of labour. The antero-posterior inlet
diameter is a sagittal variable that should be taken into
account.

Our data showed that women with a reduced inter-spi-
nous diameter were more at risk of requiring a CD. This
finding supports those of Morgan and Thurnau [17], who
found that radiographic measurements of the mid-pelvis
circumference were predictive of operative delivery.

Table 3. Well-classified mother-foetus pairs according to partial
least squares-discriminant analysis

n %
Model
SVD versus CD 76 84
Groups
SVD 51 92
CD 25 68
Model
SVD versus IAD 89 71
Groups
SVD 51 80
IAD 38 58

SVD, spontaneous vaginal delivery; CD, caesarean delivery;
IAD, instrument-assisted delivery.

Fig. 4. Classification of the variables in the SVD versus CD model:
30 variables are important (i.e., with a variable importance in the
projection >1). Grey shows variables allocating mother-foetus pairs
to the CD group when their values were high. White shows vari-
ables allocating mother-foetus pairs to the SVD group when their
values were high. For explanation of abbreviations, see Figure 3.

Fig. 5. Classification of the variables in the SVD versus IAD model:
20 variables are important (i.e., with a variable importance in the
projection >1). Grey shows variables allocating mother-foetus pairs
to the IAD group when their values were high. White shows vari-
ables allocating mother-foetus pairs to the SVD group when their
values were high. For explanation of abbreviations, see Figure 3.

(For Figures see next page.)
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In this study, we found that the foetuses with large
heads and the women with a reduced antero-posterior
outlet diameter, a large obstetric conjugate, and a narrow
pubic arch were more at risk of requiring an IAD. This
combination of pelvic features is also called “funnel-
shaped pelvis” [22, 23]. Our findings confirmed those of
previous studies [22, 23], which showed the influence that
a funnel-shaped pelvic plays in pelvic arrest.

We are aware that our research had several limitations.
The first was the size of the CD group; only 25 women
belonged to this group because of the lack of a pelvic scan.
The addition of 25 more women in this group would per-
mit us to compare groups of homogenous size.

Our sample size (n = 114) seemed to be sufficient to
analyse the variability of the foetal-pelvic relationship.
Fischer and Mitteroecker [24] based their analysis on a
sample of 99 individuals and Walrath and Glantz [25]
studied the variability of mid-plane shape based on 81
individuals.

Another limitation was our use of anthropometric
tools. Our procedure for measuring neonates is not ap-
plicable in a predictive context, where ultrasound exami-
nation is more appropriate. However, ultrasonic imaging
is limited by its spatial resolution and contrast [26]; these
can reduce the precision of measurements. Our measure-
ments were postnatal and were not affected by image res-
olution.

In our study, indications for a pelvic scan were a
scarred uterus, a breech presentation, and suspicion or a
history of foetal-pelvic disproportion. This is not consis-
tent with previous studies, in which pelvimetry was found
to be useful only in the case of breech presentation [27-
29]. Pelvic scanning should be limited to breech presenta-
tions, because it increases the likelihood of caesarean sec-
tion in cephalic presentations [5].
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