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ORIGINAL ARTICLE

Measurement of the fetal occiput-spine angle during the first stage of labor
as predictor of the progress and outcome of labor

Ahmed M. Mageda, Ehab M. Solimana, Ali A. Abdellatifa, Mohamed Nabila, Omar I. Saida,
Mohamed N. Mohesenb, Ayman N. Raslana and Sahar M. Y. Elbaradiec

aDepartment of Obstetrics and Gynecology, Cairo University, Cairo, Egypt; bDepartment of Obstetrics and Gynecology BeniSuef
University, BeniSuef, Egypt; cDepartment of Obstetrics and Gynecology, Fayoum University, Fayoum, Egypt

ABSTRACT
Background: Fetal head attitude has a substantial impact on labor progress and outcome. Fetal
head deflexion is basically diagnosed by digital vaginal examination during labor.
Objectives: To assess the effect of the fetal occiput-spine angle (OSA) measured through trans-
abdominal ultrasound during the first stage of labor on the progress and outcome of labor.
Material and methods: A prospective cohort study conducted on 400 women with term
uncomplicated singleton pregnancy with occipitoanterior position during active labor. The angle
between two tangential lines to occipital bone and the vertebral body of the first cervical spine
was measured during active labor. Follow up till delivery was done. The primary outcome param-
eter was the labor duration. Secondary outcomes included the mode of delivery, occurrence of
maternal and fetal complications.
Results: There was a significant longer duration of both first and second stage of labor among
women with OSA <126� when compared to those with OSA �126� (6.8 ±2.1 and1.89±0.85 ver-
sus 4.16 ±1.63 and 0.92 ±0.43, respectively). Women with OSA <126� had higher incidence of
CS (46.3 versus 5.7%), perineal tears (10.4 versus 5.1%), vaginal tears (22.4 versus 6.3%), need for
oxytocin augmentation (47.8 versus 21.3%) when compared to those with OSA �126. OSA at
cutoff value of 126� had a sensitivity, specificity, and accuracy of 8264.6 and 78.4% and 93.79
and 92% in prediction of mode of delivery and overall complications, respectively.
Conclusions: There was a significantly longer duration of both first and second stages of labor
with higher rates of CS and maternal and fetal complications in women with OSA <126.
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Introduction

Worldwide, caesarean section is the most common
major procedure done by surgeons [1]. Spontaneous
vaginal birth without intervention is the ideal route for
most pregnancies. Failure of progression in some
women may need some interventions including cesar-
ean or instrumental delivery [2].

Many repeat cesarean sections follow primary ones
done for dystocia (abnormally slow labor progress).
Abnormal labor is responsible for 60% of all cesarean
section [3]. Failed labor cannot be explained by fetal
size only as most cases that experience disproportion
have normal range of fetal birth weights. Thus, other
factors as head malpositions and malpresentations
may cause obstruction. These include asynclitism,
occiput posterior position, and face and brow presen-
tations [4].

Normally late in pregnancy, a characteristic attitude
is assumed by the fetus. It becomes folded upon itself

so that it makes its back markedly convex with a
sharply flexed head sharply making the chin in contact
with the chest.

Abnormalities to that attitude may occur. The fetal
head may become progressively extended changing
its position from the vertex to face. This results in
changing of the vertebral column contour from convex
to concave [4]. Deflexed head can cause arrest of labor
and accounts for 1/3 of cesarean sections performed
for that arrest [5].

Apart from major degrees of head deflexion, there
are minor degrees that cannot be detected clinically.
The use of transabdominal ultrasound at the suprapu-
bic are can detect theses minor degrees which may be
responsible for abnormal progress of labor [6]. The
aim of our study is to assess the effect of the fetal
occiput-spine angle measured through transabdominal
ultrasound during the first stage of labor on the pro-
gress and outcome of labor.
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Material and methods

This is a prospective cohort study conducted on 400
women attending the labor ward at Kasr Alainy hos-
pital in active labor during the period from January
2016 to August 2017. A written informed consent was
obtained from all participants after getting the
approval of kasr Alainy ethical committee. Clinical trial
registration is NCT03264599.

All the participants had singleton pregnancy, at ges-
tational age between 37 and 40 weeks (calculated
through the sure date of last menstrual period and
confirmed by first trimesteric ultrasound), with history
of one vaginal delivery. All women were admitted dur-
ing the active phase of labor (defined as achievement
of 3–5-cm cervical dilatation of more in the presence
of uterine contraction [7]. Exclusion criteria included
those with occipitoposterior position (diagnosed by
clinical examination and confirmed by ultrasono-
graphic evaluation) or fetal malpresentations or con-
genital malformations, women with indications of CS
and women with medical disorders associating preg-
nancy. Obese women with BMI �30 were also
excluded from our study.

All women underwent full history taking, general
and local examinations to ensure adherence to inclu-
sion and exclusion criteria. Initial pervaginal examin-
ation was done with recording of cervical condition
(dilatation, effacement, consistency, and position),
membrane state, head station, and pelvic capacity.

Initial Obstetric ultrasound evaluation in the supine
slightly left tilted position to evaluate the fetus, pla-
centa, and liquor using Medison �6 ultrasound
machine with its 4–7-MHz transabdominal probe
(Samsung Medison, Seoul, South Korea). A sagittal
plane showing both the fetal head and spine was
obtained. Three images were taken by one investigator
(AA). The angle between two tangential lines to occipi-
tal bone and the vertebral body of the first cervical
spine was measured three times and the mean was
taken [6] (Figure 1). Partogram was plotted on the
basis of examination every 1 hour.

The sonographer was not involved in the patient’s
care and the managing obstetrician was blinded to
the ultrasound findings and the occiput-spine angle.
For each patient of the study group, the progress of
labor using a partogram (cervical dilation, effacement,
consistency, position, and station) and the mode of
delivery were assessed retrospectively.

Protracted dilatation is defined as cervical dilatation
<1.5 cm/hour while protracted descent is defined as
<2 cm/hour. Arrest of cervical dilatation is defined as
no dilatation for 2 hours and arrest of descent is

defined as nonoccurrence of descent for 1 hour [3].
The primary outcome parameter was the labor dur-
ation. Secondary outcomes included the mode of
delivery, occurrence of maternal, and fetal
complications.

Sample size calculation was done using the com-
parison of the length of the first stage of labor
between cases with occiput-spine angle (OSA)< 126�

and those with OSA �126�. As reported in previous
publication [8], the mean± SD of length of first stageof
labor in cases with OSA <126 degrees was approxi-
mately 274.1 ± 168.6minutes, while in cases with OSA
126 degrees or more it was approximately
127 ± 9.4minutes. Accordingly, we calculated that the
minimum proper sample size was 50 mothers in each
arm to be able to detect a real difference of
147minutes with 99% power at a¼ 0.05 level using
Student’s t-test for independent samples. We increased
the number to 400 cases to ensure presence of at
least 50 case in each group. Sample size calculation
was done using StatsDirect statistical software version
2.7.2 for MS Windows, StatsDirect Ltd, Cheshire, UK.

Data were statistically described in terms of mean-
± standard deviation or number and percentages
when appropriate. Student’s t-test was used to com-
pare numerical variables for independent samples and
Chi-square (v2) test for categorical data. Exact test was
used instead when the expected frequency is less than
5. Receiver operator characteristic (ROC) curves to
obtain the optimum cut off value were used. A p value
< .05 was considered statistically significant. Statistical
analysis was done with the aid of SPSS 15 program
(Statistical Package for the Social Science; SPSS Inc,
Chicago, IL) for Microsoft Windows (2006).

Results

The basic characteristics of the studied population are
summarized in Table 1. It shows no difference
between the two groups regarding age, BMI or gesta-
tional age. There was no significant difference
between women in both groups regarding cervical
dilatation at admission, occurrence of premature rup-
ture of membranes, the need for analgesics or cervical
tears occurrence (Table 2).

Regarding labor characteristics, there was a signifi-
cant difference between women with OSA <126� and
those with OSA �126� regarding duration of first and
second stage of labor being longer in the former
group (Table 2). The incidence of perineal and vaginal
tears was significantly higher in women with OSA
<126� (Table 2).
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Figure 1. Different measurement of OSA.
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More women in the group with OSA <126� needed
oxytocin augmentation during the course of labor and
required higher doses of oxytocin than other women
(Table 2). There were a higher percentage of women
who underwent CS among those with OSA <126�

with higher incidence of maternal (especially perineal
tears) and fetal complications (Table 2).

The diagnostic accuracy of OSA in predicting the
mode of delivery and overall complications is shown
in Table 3 and Figures 2 and 3. Multivariate regression
analysis for all clinical variables are shown in Table 4.
The intraobserver agreement was 0.91 with 0.81–0.95
(95% confidence interval) and the interobserver agree-
ment was 0.69 with 0.59–0.78 (95% confidence inter-
val) and a mean difference of 2.1�.

Discussion

According to our study, there was a significantly lon-
ger duration of both first and second stages of labor
in women with lesser degrees of head flexion.
Abnormal labor progress occurred in 77.6% in women
with OSA <126� compared to 11.7% in those with
OSA �126.

It is well known that the descent of the fetal head
requires its progressive flexion towards fetal chest and

deflexion delays that process. These data are well cor-
related with the traditional obstetric concept that the
fetal head descending through the birth canal under-
goes a modification of attitude by progressively flexing
towards the chest [7].

Classic diagnosis of deflexion is based on digital
examination. However, that method is subjective and
liable for errors. The use of ultrasound for diagnosis of
deflexion has been recently suggested as objective
method [8]. Akmal et al. found that vaginal examin-
ation was unable to detect the fetal position in 26.6%
of 64 cases [9].

Dupuis et al. in their randomized trial found 20%
disagreement between pervaginal and ultrasound
evaluation of fetal head position [10]. Popowski et al.

Table 2. Labor characteristics and complications among the
study groups.

Occiput-spine angle

<126� �126� p value

Labor characteristics
Cx dilatation at admissiona 4.1 ± 0.9 4.1 ± 1.0 .786
PROM 10/67 (14.9%) 52/333 (15.6%) .481
Epidural 5/67 (7.5%) 10/333 (3.0%) .528
Pain killers 21/67 (31.3%) 101/333 (30.3%) .051
First stage duration (hours)a 6.8 ± 2.1 4.16 ± 1.63 <.001
Second stage duration (hours)a 1.89 ± 0.85 0.92 ± 0.43 <.001
Need for oxytocin 32/67 (47.8%) 71/333 (21.3%) <.001
Dose of oxytocin (mIU/min)a 24.5 ± 9.9 18.2 ± 7.9 .041

Labor progress
Normal 15/67 (22.4%) 294/333 (88.3%) <.001

Abnormal
Protraction disorders

Protracted dilatation 33/52 (63.5%) 26/39 (66.7%)
Protracted descend 9/52 (17.3%) 5/39 (12.8%)
Total 42/52 (80.8%) 31/39 (79.5%)

Arrest disorders
Arrest of dilatation 7/52 (13.5%) 6/39 (15.4%)
Arrest of descend 3/52 (5.8%) 2/39 (5.1%)
Total 10/52 (19.2%) 8/39 (20.5%)

Total 52/67 (77.6%) 39/333 (11.7%)
Mode of delivery

CS 31/67 (46.3%) 19/333 (5.7%) <.001
VD 36/67 (53.7%) 314/333 (94.3%)

Fetal birth weight (grams) 3065 ± 493 3105 ± 488 .719
Fetal complications

Yes 13/67 (19.4%) 2/333 (0.6%) <.001
No 54/67 (80.6%) 331/333 (99.4%)

Maternal complications
Cervical tear 2/24 (8.3%) 1/39 (2.6%) .071
Perineal tear 7/24 (29.2%) 17/39 (45.6%) <.001
Vaginal tear 15/24 (62.5%) 21/39 (53.8%) .041
Total 24/67 (35.8%) 39/333 (4.8%) <.001

Data are presented as number (percentage).
aData are presented as mean ± SD.
Cx: cervical; PROM: premature rupture of membranes; CS: cesarean sec-
tion; VD: vaginal delivery.

Table 1. Basic characteristics of the study population.
Occiput-spine angle

<126� �126� Total p value

Age (years) 29.21 ± 5.9 29.89 ± 6.1 29.87 ± 6.2 .739
BMI (kg/m2) 27.2 ± 3.1 27.8 ± 3.4 27.8 ± 3.5 .743
GA (weeks) 38.1 ± 1.1 38.5 ± 1.3 38.4 ± 1.2 .882

BMI: body mass index; GA: gestational age.

Table 3. The diagnostic accuracy of occiput-spine angle (OSA)
in predicting the mode of delivery and overall complications.

Cut-off Sensitivity Specificity PPV NPV Accuracy

Mode of delivery <126 82% 64.6% 45% 96.2% 78.4%
Overall complications <126 93% 79% 52% 98.6% 92%

PPV: positive predictive value; NPV: negative predictive value.

Figure 1. Continued.
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in 2015 found that pervaginal examination detected
occiptoanterior, occipitoposterior and occipitotrans-
verse position in 70.6, 15.8, and 8%, respectively, and
failed to detect the occipital position in 5.5% of cases.
The ultrasound evaluation added to vaginal digital
examination changed these values to 48.4, 27.9, 17.8,

and 5.9%, respectively. That means a great discrepancy
between vaginal examination alone and if combined
with ultrasound evaluation [11].

We found a higher incidence of CS among women
with OSA <126� (46.3% compared to 5.7% in those
with higher OSA). Akmal et al. studied the predictive
value of occiput position detected by ultrasound done
during active phase of labor regarding mode of deliv-
ery. They found that the risk of cesarean delivery can
be determined using ultrasound detection of occipital
position [12].

Our study confirmed higher incidence of both
maternal and fetal complication in women with meas-
ured OSA <126. According to our findings, women
with OSA <126� needed oxytocin augmentation of
labor and higher doses of oxytocin more than those
with OSA �126.

Our study found higher incidence of both perineal
and vaginal tears in women with OSA <126. ROC ana-
lysis of our findings detected an excellent sensitivity
(82%) and a good specificity (64%) of OSA at cut off
value of 126� in detection of mode of delivery.
Diagnostic accuracy of OSA at cut off value of 126�

revealed an excellent sensitivity (93%) and a good spe-
cificity (79%) in detection of occurrence of maternal
and fetal complications.

Popowski in their randomized trial examined the
benefits of ultrasound used to detect fetal head pos-
ition in detection of mode of delivery. They found that
the management of labor was not improved and the
operative delivery was increased (RR 1.24, 95%CI
1.08–1.43) and was no improvement of any of mater-
nal or fetal complications. These findings were differ-
ent from our study resulted from different inclusion
criteria as they included women with occipitoposterior
and occipitotransverse position. They included women
with cervical dilatation of 8 cm or more (very late in
first stage so most cases needing early interference
were escaped). All women had epidural anesthesia
which by itself can affect mode of delivery and occur-
rence of maternal and neonatal complications [11].

Figure 2. Receiver operator characteristic (ROC) curve for diag-
nostic performance of occiput-spine angle in detection of
mode of delivery.

Figure 3. ROC curve for diagnostic performance of occiput-
spine angle in detection of overall complications.

Table 4. Multivariate regression analysis.
95% Confidence
Interval for B

t p value Lower Upper

(Constant) 6.808 .000 8.018 14.529
Age 0.677 .499 �0.021 0.043
BMI �0.105 .916 �0.057 0.051
GA �1.436 .152 �0.134 0.021
Epidural 0.060 .952 �0.412 0.437
Cx dil �1.061 .289 �0.087 0.026
ROM 2.014 .045 0.005 0.448
OSA �21.848 .000 �2.676 �2.234

Dependent variable: first stage duration.
Predictors: (Constant), Angle group, ROM, GA, Epidural, Cx dil, BMI, Age.
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Ghi et al. was the first to introduce the assessment
of OSA in literatures in 2016 evaluated 108 pregnant
women in active labor. Of these, 79, 10, and 19 under-
went spontaneous vaginal delivery, operative vaginal
delivery and cesarean section, respectively. They found
a smaller OSA in those who experienced cesarean sec-
tion or instrumental delivery resulted from arrest of
labor. Women with OSA <125 had a longer duration
of labor. They concluded that deliveries with narrow
OSA are more susceptible to operative delivery [6].

The main limitation of our study was the absence
of follow up for the neonates over time. To the best of
our knowledge, this study is the first study evaluating
the predictive value of OSA measured by ultrasound
regarding the progress and outcome of labor. It was
only preceded with Ghi et al. study, but our study had
four-fold sample size as their one.

Ethical approval

All procedures performed in studies involving human
participants were in accordance with the ethical stand-
ards of the institutional and/or national research com-
mittee and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards.
Informed consent: informed consent was obtained
from all individual participants included in the study.
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