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X-ray pelvimetry is used for evaluation of pelvic inlet generally to di-
agnose cephalopelvic disproportion (CPD) or contracted inlet. Ce-
sarean section delivery (C/S) is oȻten performed for labor dysto-
cia without CPD or contracted inlet. We examined whether X-ray
pelvimetry is useful to decide on mode of delivery in women with
dystocia. A total of 1118 pregnant women received X-ray pelvimetry
before or during labor. 205 women with cesarean deliveries for in-
dications except for dystocia were excluded. 913 women undergoing
induction/augmentation were retrospectively investigated. Obstet-
rical and maternal variables were analyzed by univariate, multivari-
ate or ROC analysis. Among 913 women, 37 including threewith con-
tracted inlet and sevenwith CPD, gave birth by C/S, whereas 876 gave
birth by vaginal delivery. Low maternal height, older age, small ob-
stetrical conjugate, largeweight and infanthead sizewereassociated
with risk of C/S for dystocia. Multivariate analysis revealed that the
obstetrical conjugatewas an independent variable for risk of C/S. The
areaunder theROCcurveandtheoptimal cut-oȞf values, respectively,
were as follows: obstetrical conjugate: 0.68 and 11.7 cm (odds ratio =
4.27), transversediameter: 0.59and11.4 cm(odds ratio= 1.82),mater-
nal height: 0.70and 155.5 cm (odds ratio =4.33), andmaternalweight
beforepregnancy: 0.55 and49.7 kg (odds ratio = 1.98). Theobstetrical
conjugatewas an independent variable associatedwith risk of C/S for
dystocia. Maternal height was comparable to the conjugate in term
of diagnostic ability. Our data suggested that routine X-ray pelvime-
try was not beneficial to identify women at risk of C/S for dystocia.
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1. Introduction
X-ray pelvimetry is a digital examination to evaluate the

pelvic cavity of pregnant women and is often used for the di-
agnosis of contracted pelvic inlet and cephalopelvic dispro-
portion (CPD). Women who are short in stature are occa-
sionally subjects of pelvimetry since low maternal height is
assumed to correlate with contracted pelvic inlet. In East
Asia, pregnant women with low height less than 150 cm are
observed, and such women are evaluated by pelvimetry as a
screening test for contracted inlet. Additionally, unengaged
fetal head during labor regardless of effective uterine contrac-
tion suggests CPD, and pelvimetry is considered as an objec-
tive mean precisely to distinguish CPD. Such women often

receive labor induction or augmentation by oxytocin after ex-
cluding CPD. In terms of CPD diagnosis, X-ray pelvimetry is
very useful because of the simple and rapid examination in-
volved.

The guidelines of maternal-fetal medicine and/or the at-
tached documents of pharmaceutical agents for labor in-
duction/augmentation often show that X-ray pelvimetry is
recommended to negate contracted inlet prior to induc-
tion/augmentation [1]. However, a Cochran review in 2017
reported that routine X-ray pelvimetry leads to the increased
rate of cesarean delivery but does not improve other perinatal
outcomes [2]. Dystocia sometimes occurs during labor due
to various mechanisms, even when CPD or contracted inlet
are negated. In such cases, cesarean delivery for dystocia is
often performed following a trial of vaginal delivery, includ-
ing pharmaceutical or mechanical induction/augmentation.
The cesarean birth rate increased for a decade starting in 2000
and has remained unchanged from 2010 at 32–33% in the
United States [3]. More than 85% of cesarean deliveries are
performed for four major reasons: nonreassuring fetal sta-
tus, fetal presentation, prior cesarean operation and dystocia.
When repeat cesarean deliveries are included, approximately
60% of all cesarean deliveries are attributable to the diagno-
sis of abnormal labor [4]. Thus, the diagnostic criteria of the
arrested labor have been revised to prevent unnecessary first
cesarean deliveries for dystocia in the United State [5]. It is
important for reducing the cesarean birth rate to understand
the risk factors of cesarean delivery for dystocia.

Wehave perform routineX-ray pelvimetry to evaluate the
pelvic cavities of all pregnant women prior to pharmacolog-
ical induction/augmentation. No study has ever conducted
X-ray pelvimetry on all pregnant women undergoing the in-
duction/augmentation. In this study, we retrospectively in-
vestigated their obstetrical variables, including evaluation of
the pelvic inlet (obstetrical conjugate and transverse diame-
ter) to determinewhether routineX-ray pelvimetry can iden-
tify women at risk of cesarean delivery for dystocia. Our data
could provide obstetricians with a basis of for considering the
indications for X-ray pelvimetry in the management of labor
and delivery.
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Fig. 1. Subject of this study. Among 1118 women who received X-ray
pelvimetry, 205 women with C/S due to reasons other than dystocia were
excluded. The remaining 913 were divided into two groups: cesarean (n =
37) and vaginal (n = 876) delivery groups.

2. Materials andmethods
2.1 Study design

This study was a retrospective survey study of pregnant
women who delivered at the Tokyo Metropolitan Otsuka
Hospital. This study was approved by the Ethics Committee
of our hospital, and decisions of enrolled pregnant women to
be included in this study were expressed by the opt-out ap-
proach.

2.2 Patients (sample size and inclusion/exclusion criteria)

A total of 1118 pregnant women had received X-ray
pelvimetry at the end of pregnancy from 2014–2017 in the
Tokyo Metropolitan Otsuka Hospital. The X-ray pelvimetry
was performed routinely prior to pharmaceutic and/or me-
chanical methods of labor induction/augmentation to negate
contracted inlet or CPD. Among 1118 women who received
X-ray pelvimetry, 205womenwith C/S due to reasons as fol-
lowing were excluded; nonreassuring fetal status, twin preg-
nancy, maternal hypertensive disorder, breech presentation,
threated uterine rupture after previous uterine surgery, and
intrauterine infection. The remaining 913 were included in
our analysis dividing into two groups: cesarean (n = 37) and
vaginal (n = 876) delivery groups (Fig. 1).

2.3 Methods and data collection

X-ray pelvimetry was performed by the Guthmann and
Martius methods, which are standard for the evaluation of
the pelvic inlet [6]. The obstetrical conjugate and transverse
diameter of all cases were measured using a ruler by a spe-
cialist in maternal-fetal medicine. CPD was diagnosed due to

unengaged fetal head, suspected large for date infant and ma-
ternal contracted inlet. Maternal contracted inlet was diag-
nosed by the definition of the Japanese Society of Obstetrics
and Gynecology (JSOG) as follows: the obstetrical conjugate
measures 10.5 cm or more for normal, 9.5–10.5 cm for rel-
atively contracted, and less than 9.5 cm for contracted inlet;
and the transverse diameter measures 11.5 cm or more for
normal, 10.5–11.5 cm for relatively contracted, and less than
10.5 cm for contracted inlet [7].

Patient back grounds and obstetrical and infant variables
were investigated retrospectively. The data including the ob-
stetrical conjugate and transverse diameter were collected by
examining medical records. All data were anonymized and
kept strictly confidential by the investigators.

2.4 Statistical analysis
Comparisons in these variables between cesarean versus

vaginal delivery groups were made by the Mann-Whitney U
test since the distribution of each data was non-uniform. Chi
square test was also performed for categorical data. The in-
dependent risk factor for cesarean birth was analyzed bymul-
tivariate regression analysis. P value< 0.01 was defined as a
significant difference (α error and power were 0.01 and 0.8,
respectively). Areas under the ROC curve (AUCs) and cut-
off values of each variable for cesarean delivery were calcu-
lated by ROC analysis. Statistical software (IBM SPSS statis-
tics version 26) (IBM, NY) was used for all analysis.

3. Results
3.1 Comparison of maternal and obstetrical variables between the
C/S (for dystocia) group and the vaginal delivery group

To determinewhich variables are related to risk of C/S for
labor dystocia, we focused on women with cesarean delivery
for dystocia and then compared them to those with vaginal
delivery. 913 women were included for final analysis. Over-
all, 37 (4%) of 913 women underwent C/S for dystocia, while
876 women gave birth by vaginal delivery (summarized in
Fig. 1). Among them, seven cases were diagnosed as CPD
according to the clinical situation.

Next, we compared between the C/S for dystocia vs. vagi-
nal delivery groups in various obstetrical variables to identify
a possible warning sign of C/S for dystocia (Table 1). Low
maternal height, older age, small obstetrical conjugate, large
weight and head size of infant were associated with risk of
C/S for dystociawith significant differences (Mann-Whitney
U test; P < 0.01). The differences in the transverse diame-
ter, gestational week of delivery and fetal biparietal diame-
ter (BPD) between the two groups were marginally signifi-
cant, with P values from 0.01–0.05. The other variables did
not differ between the two groups. Among the variables to
show significant associations with C/S for dystocia, mater-
nal height and the obstetrical conjugate were the only per-
sonalmaternal characteristics that did not depend on the con-
dition of the birth canal, uterine contractions or the new-
born infant. Maternal height in the C/S group (154.0 ± 5.8
cm) was clearly shorter than that in the vaginal group (158.0
± 5.4 cm), and the obstetrical conjugate in the C/S group
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Table 1. Comparison between C/S for dystocia vs. vaginal
delivery groups.

Obstetrical variable C/S (n = 37)
Vaginal delivery

(n = 876)
P value**

Mother
Age* 37.0 ± 5.5 33.0 ± 5.4 0.004
Parity* 0.0 ± 0.8 0.0 ± 0.7 0.675
Height* 154.0 ± 5.8 158.0 ± 5.4 < 0.001
BW before pregnancy* 49.7 ± 9.8 52.0 ± 8.8 0.275
BW at delivery* 62.6 ± 10.4 63.7 ± 9.4 0.862
Pelvimetry
Gestational week of measure* 39.0 ± 2.1 39.0 ± 1.6 0.353
Obstetrical conjugate* 11.6 ± 0.9 12.2 ± 0.8 < 0.001
Transverse diameter* 11.8 ± 0.8 11.8 ± 0.7 0.050
Delivery
Gestational week of delivery* 40.0 ± 1.3 40.0 ± 1.3 0.016
Intervention for delivery 0.148***
No intervention 9 183
Induction 16 270
Augmentation 12 423
Newborn infant
BW* 3315.0 ±

317.0
3112.5 ± 411.0 < 0.001

Head circumference* 34.3 ± 1.3 33.5 ± 1.2 < 0.001
Biparietal diameter (BPD)* 9.6 ± 0.5 9.3 ± 0.4 0.036
Gender 0.759***
Male 17 425
Female 20 451

*: Median and SD. **: P value by Mann-Whitney U test.
***: P value by Chi square test.

(11.6 ± 0.9 cm) was clearly smaller than that in the vaginal
group (12.2 ± 0.8 cm). One woman was shorter in stature
than 150 cm (height = 142 cm), and she was diagnosed as
contracted inlet (conjugate = 9.3 cm) and underwent elec-
tive C/S. Eight women were diagnosed with relatively con-
tracted inlets by the obstetrical conjugate, and seven gave
birth vaginally, whereas one gave birth by C/S. Among 37
women with C/S, only seven were diagnosed as CPD by ab-
normal labor conditions, including fetal head unengagement.
Of seven with CPD, three were diagnosed as contracted inlet
and one as relatively contracted inlet by the transverse diam-
eter. The remaining 29 women underwent C/S for dystocia
under conditions that did not include either contracted inlet
or CPD.

3.2 Multivariate analysis of obstetrical variables to identify
women with risk of C/S for dystocia

Older pregnant women are likely to undergo C/S due to
not only their cervical resistance, uterine dysfunction or both
but also maternal exhaustion. Indeed, maternal age in the
C/S group (37.0 ± 5.5) was four years older than that in the
vaginal delivery group (33.0± 5.4) in this study. Infant head
size and birth weight in the C/S group were also greater than
those in the vaginal delivery group, although these variables
might be influenced by gestational week of delivery. Thus,
there were several confounding variables in the univariate

Table 2. Multivariate analysis of risk factors for C/S.
Variables Odds ratio 95% CI P value*

Mother
Age 0.95 0.86–1.04 0.30
Height 1.05 0.92–1.20 0.49
Pelvimetry
Obstetrical conjugate 3.13 1.32–7.14 0.01
Transverse diameter 2.44 0.95–6.25 0.06
Delivery
Gestational week of delivery 0.93 0.55–1.59 0.80
Newborn infant
BW 1.00 1.00–1.01 0.42
Head circumference 0.83 0.47–1.45 0.51
BPD 0.36 0.06–2.22 0.27

**: P value by Logistic regression analysis.

analysis shown in Table 1. We then tried to identify inde-
pendent variables to be associated with C/S for dystocia by
logistic regression analysis (Table 2). Eight variables that
showed significant differences (P < 0.05) between the C/S
and vaginal delivery groups by univariate analysis were eval-
uated. The multivariate analysis revealed that the obstetrical
conjugate was just an independent variable for C/S. The ob-
stetrical conjugate was related inversely to the incidence of
C/S for dystocia, with an odds ratio of 3.13 (95% CI: 1.32–
7.14, P = 0.01), while the transverse diameter did not show
a significant inverse correlation. Maternal age and height,
infant weight and head size were not independent variables
associated with the risk of C/S for dystocia. Univariate and
multivariate analyses revealed that maternal height and the
obstetrical conjugate are important variables associated with
the risk of C/S for dystocia.

3.3 Correlation of the obstetrical conjugate to maternal height

A correlation betweenmaternal height and the obstetrical
conjugate in Asian women has not been clarified, although
the two maternal physical characteristics are likely to corre-
late to each other. We then plotted the two variables of 913
women, as shown in Fig. 2. The open and closed dots in-
dicate women with vaginal delivery (n = 876) and cesarean
delivery (n = 37), respectively (Fig. 2A). The dots show the
significant correlation between maternal height and the con-
jugate (R= 0.483, P< 0.001). Among them,womenwithC/S
delivery were then plotted in Fig. 2B, and the correlation be-
tween maternal height and the conjugate was also observed
(R = 0.661, P < 0.001). By comparison between the open
and closed dots, the closed dots were likely to be plotted at a
lower height and a smaller conjugate than the open dots, cor-
responding to our data in Table 1. These data indicated that
maternal height was correlated with the obstetrical conjugate
regardless of the mode of delivery.

3.4 ROC curve analysis to evaluate maternal variables for
discrimination of mode of delivery

Ourmultivariate analysis revealed that the obstetrical con-
jugate was an independent variable associated with risk of
C/S for dystocia. We also demonstrated the correlation be-
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Fig. 2. Correlation between the obstetrical conjugate and maternal height. (A) Open dots indicated women with vaginal delivery and close dots
indicated women with C/S for dystocia. (B) Close dots (women with C/S) were taken up and linear line indicated correlation (R = 0.661).

tween the conjugate and maternal height. We then tried
to examine whether alternative maternal variables could be
warning signs of C/S for dystocia compared with the obstet-
rical conjugate byROC curve analysis (Fig. 3). We considered
that ROC curve analysis can evaluate various maternal vari-
ables as measures that either confirm the presence of risk of
C/S or rule out the risk. ROC curves of the maternal vari-
ables height, weight before pregnancy, the obstetrical conju-
gate and transverse diameter were calculated by plotting the
sensitivity versus 1-specificity of each threshold value. These
ROCcurves provided areas under theROCcurve (AUCs) and
the optimal cut-off value of each variable and enabled us to
compare the diagnostic abilities of the four variables to dis-
criminate the possible risk of C/S in women with dystocia.
The AUCs and the optimal cut-off values, respectively, were
as follows: maternal height (bold line): 0.70 and 155.5 cm
(odds ratio = 4.33, sensitivity = 64.9%), maternal weight be-
fore pregnancy (dotted thin line): 0.55 and 49.7 kg (odds ratio
= 1.98, sensitivity = 51.3%), obstetrical conjugate (bold dotted
line): 0.68 and 11.7 cm (odds ratio = 4.27, sensitivity = 59.5%),
and transverse diameter (thin line): 0.59 and 11.4 cm (odds
ratio = 1.82, sensitivity = 40.5%) (Fig. 3). The lines for ma-
ternal height and the obstetrical conjugate overlapped each
other, and these AUCs (0.70 vs. 0.68) were clearly higher
than those of maternal weight and transverse diameter. The
odds ratios of C/S at the optimal cut-off value were 4.33 for
maternal height and 4.27 for the obstetrical conjugate, indi-
cating that maternal height was comparable to the obstetrical
conjugate as a measure to discriminate the maternal risk of
C/S.

Fig. 3. ROC curve analysis of four maternal variables for risk of C/S.
ROC curves of maternal height (bold line), maternal weight before preg-
nancy (dotted thin line), obstetrical conjugate (bold dotted line), and trans-
verse diameter (thin line) were shown. The curves were calculated by plot-
ting sensitivity (Y-axis) versus 1-specificity (X-axis) of each threshold value.

4. Discussion
In this study, we investigated the association between

measures (the obstetrical conjugate and transverse diameter
of pelvic inlet) of X-ray pelvimetry and cesarean delivery for
labor dystocia using data from 913 women in labor. Our data
indicated that the obstetrical conjugate was an independent
variable correlating inversely with the incidence of C/S for
dystocia but that maternal height could be a comparable vari-
able to the conjugate in terms of the discrimination of the risk
of C/S.
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X-ray pelvimetry is a useful measure to evaluate the inlet
to exclude CPD or contracted inlet and is recommended prior
to labor induction/augmentation to negate the contracted
inlet according to a guideline of maternal-fetal medicine in
Japan [1]. Thus, we have routinely performed pelvimetry
on all women who are to undergo induction or augmen-
tation for various reasons. However, among 913 women,
contracted inlet was only observed in four women (4/913
= 0.4%). Conversely, a Cochran systematic review demon-
strated that women who receive X-ray pelvimetry are likely
to undergo C/S. Dystocia is not only one of the major rea-
sons for C/S but is also associated with pelvic disproportion,
which is evaluated by pelvimetry. Then, we took an interest
in the clinical question of whether measurements obtained
from X-ray pelvimetry are associated with the incidence of
C/S and influence our decision of mode of delivery in the
cases of dystocia. Our database of more than one thousand
measures obtained from routine X-ray pelvimetry was valu-
able to clarify this question. The Cochran review performed
in 2017 identified five studies with a total of 1159 women,
and these studies compared X-ray pelvimetry (n = 582) ver-
sus no pelvimetry (n = 577) [2]. The number of women who
received X-ray pelvimetry in our study was greater than that
in the Cochran review.

In this study, we excluded women undergoing C/S due to
nonreassuring fetal status, fetal presentation or prior uter-
ine operation from the subject of analysis. All of the remain-
ing 913 women received X-ray pelvimetry prior to labor in-
duction and/or augmentation and delivered a baby by either
cesarean or vaginal deliveries. Overall, 37 women with C/S
for dystocia and 876 women with vaginal delivery were com-
pared. Univariate analysis revealed that maternal height and
age, infant weight and head size, and the obstetrical conjugate
were associated with risk of C/S, with significant differences.
Regarding measures of X-ray pelvimetry, a significant differ-
ence (P < 0.01) was found in the obstetrical conjugate, but
not the transverse diameter. These obstetrical variables are
likely to confound each other; thereby, multivariate analysis
was needed to identify an independent variable. Multivariate
analysis revealed that the obstetrical conjugate was the only
independent variable associatedwithC/S for dystocia. Taken
together with data from the 2017 Cochran review, measures
of the obstetrical conjugate might influence us to make de-
cisions of mode of delivery. In our data, although the ob-
stetrical conjugate identified a woman with contracted inlet
and eight women with relatively contracted inlet, only two
of them underwent C/S, suggesting that the obstetrical con-
jugate was not involved in the decision of mode of delivery.
In other words, our statistical analysis indicates that a larger
obstetrical conjugate resulted in a reduction of risk of C/S for
dystocia (Odds ratio = 3.13).

Previous studies [8, 9] and a systematic review [2] have
demonstrated that X-ray pelvimetry does not improve peri-
natal outcome and that routine X-ray pelvimetry is not useful
towomenwith normal presentation. Regardingwomenwith
previous C/S or breech presentation, some studies have re-

ported the usefulness of X-ray pelvimetry [10]. Our study did
not address the usefulness ofX-ray pelvimetry from the view-
point of perinatal outcome, and thereby, we did not compare
the outcome with the no-X-ray pelvimetry group.

In this study, the transverse diameter identified three cases
of contracted inlet and one relatively contracted inlet, and
all underwent C/S with CPD, while the obstetrical conju-
gate identified only two women with C/S among nine with
contracted or relatively contracted inlet. The transverse di-
ameter was more significant than the obstetrical conjugate in
terms of the diagnostic measure of contracted inlet. Never-
theless, the abnormality detected by X-ray pelvimetry rarely
occurred in our population (contracted inlet: 4/913, rela-
tively contracted: 9/913, and CPD: 7/913 women). Several
studies have reported that maternal height with or without
a measure of pelvimetry can be a variable to predict dystocia
[11] or CPD [12]. Maternal height is also reported to corre-
late to the obstetrical conjugate [13]. Indeed, our data clearly
indicated the correlation between maternal height and the
obstetrical conjugate, regardless of mode of delivery. Since
the obstetrical conjugate was associated with risk of C/S for
dystocia, maternal height in our population was thought to
be an alternative variable for the conjugate. Our ROC analy-
sis demonstrated the hypothesis that maternal height is com-
parable to the obstetrical conjugate to discriminate mater-
nal risk of C/S for dystocia. Numerous previous studies
have demonstrated thatmaternal height is inversely related to
risk of not only C/S [14–18] but also labor dystocia [19–23].
Taken together with our ROC curve, maternal short stature
is sufficient to be an independent variable associated with the
decision of mode of delivery.

In contrast, the transverse diameter did not show high di-
agnostic capacity. Interestingly, the 11.4 cm cut-off value for
the transverse diameter on the ROC curve was concordant
with the upper criterion (11.5 cm) of a relatively contracted
inlet, while 11.7 cm for the obstetrical conjugate was quite
different from the upper criterion (10.5 cm) of a relatively
contracted inlet.

This study has some limitations. Since this was a retro-
spective study, the variability of the obstetricians in charge
of decision making in the choice of delivery mode could not
be ruled out. We also cannot deny the possibility that the
diagnosis of dystocia also varied among the obstetricians in
charge. On the other hand, the strength of this study was that
the X-ray pelvimetry data were available for all of the more
than 900 women in labor and the data were measured by the
same obstetrician using the same rules.

5. Conclusions
X-ray pelvimetry is an important measurement to eval-

uate the pelvic inlet, especially prior to labor induc-
tion/augmentation. However, contracted inlet is a very rare
event (approximately 1%) in Asian women, and maternal
height can be comparable to measures of X-ray pelvimetry.
Our data indicated that routine X-ray pelvimetry is not of
value to decide onmode of delivery for womenwith dystocia.
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