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Abstract
Background: Induction of labor is commonly performed in obstetric practice. Many methods have been suggested as good predictors of the outcome of
labor induction, yet none of them is satisfactory enough. Our study aims to
assess cervical length and uterocervical angle measured by transvaginal ultrasound as predictors of successful induction of labor. Methods: Prospective
cohort study conducted in Ain Shams University Maternity hospital over 150
nulliparous women undergoing induction of labor, in the period between May
2018 and August 2019. Transvaginal sonographic measurement of cervical
length and uterocervical angle was done before induction of labor by prostaglandins. The patients were followed up till delivery and the outcome was recorded. Results: The best cut-off value of cervical length for prediction of success of labor induction was 32.3 mm with 60% sensitivity and 56% specificity
and the best cut-off value of uterocervical angle was 110.2 degrees with 87%
sensitivity and 93% specificity. The cervical length showed a significant negative correlation while the uterocervical angle showed a significant positive correlation with the success of labor induction. Conclusion: Cervical length and
uterocervical angle are good predictors of successful labor induction.
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1. Introduction
Induction of labor is a common obstetric procedure, as more than 20% of pregnancies undergo the induction of labor for various indications such as post-date
pregnancy, prelabor rupture of membranes, elective labor and medical disorders
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[1]. It is defined as artificial stimulation of the uterus to start labor, either pharmacologically using prostaglandins or oxytocin, or mechanically by amniotomy,
membrane sweeping or intrauterine balloon insertion [2].
Failed induction of labor has usually referred to cesarean section performed
during the latent phase which extended beyond 15 hours of starting oxytocin.
Maternal and neonatal complications are associated with longer latent phase, such
as cesarean section, chorioamnionitis, postpartum hemorrhage, neonatal seizures
and need for neonatal ICU admission [3]. Hence, there is a need for good prediction of the outcome of labor induction.
Bishop score is commonly used for the prediction of successful delivery, yet its
sensitivity is 23% - 64%. Recently, sonographic assessment of cervical measurements was shown to properly predict labor outcome [4] [5] [6] [7].
The most commonly used sonographic parameter, the cervical length (CL),
has shown a moderate capacity to predict outcome of labor induction [8]. Recently, the uterocervical angle (UCA); defined as the angle between the anterior
uterine wall and the cervical canal, has been reported as a good predictor of successful induction of labor [9].
The present study was an effort to determine whether ultrasound cervixmeasurement (length and uterocervical angle) may well predict the success of
labor induction and if so their predictive characteristics.

2. Methods
2.1. Study Design
This prospective cohort study was conducted in Ain Shams University Maternity
hospital over 150 nulliparous women undergoing induction of labor, in the period between May 2018 and August 2019. This study was done after approval of
the ethical committee of the department of obstetrics and gynecology, faculty of
medicine, Ain Shams University. Informed consent was taken from all participants before recruitment in the study, and after explaining the purpose and procedures of the study. We obtained and retained the written, signed informed
consent of each subject.

2.2. Patients
Our criteria for inclusion were primigravidas with gestational age of 38 or more
weeks, singleton pregnancy, vertex presentation, intact membranes with no uterine contractions. Women were excluded if they had a suspected macrosomic
fetus, fetal anomalies, history of previous uterine or cervical surgery or other obstetric contraindications to vaginal delivery such as active genital herpes or placenta previa.

2.3. Procedure
Study candidates were subjected to full history taking, general, abdominal and
pelvic examination. Transvaginal ultrasound measurement of cervical length and
uterocervical angle was performed before starting labor induction.
DOI: 10.4236/ojog.2020.1070084
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The cervical length (CL) was measured tracing a single straight line from the
internal to external os. Uterocervical angle (UCA) measurement was obtained by
placing the first ray from the internal os to the external os through the endocervical canal and by placing the second ray to delineate the lower uterine segment (Figure 1). For each parameter, three measurements were obtained and
the mean value was recorded. All transvaginal imaging was done by a single sonographer using 4- to 9-MHz IC5-9D (Voluson E6; GE Healthcare, Milwaukee,
WI).
Labor induction was performed by inserting 25 µg of vaginal misoprostol
every 6 hours, until adequate cervical ripening has been reached (Bishop score >
7), spontaneous rupture of membranes or 24 hours have elapsed (classified as
failed induction). Candidates who responded successfully to induction were assessed for possible augmentation of labor by amniotomy or oxytocin infusion.

2.4. Outcomes
Our primary outcome was correlation between pre-induction CL and UCA measurements and successful induction of labor defined as adequate uterine contractions causing cervical changes or rupture of membranes.

2.5. Sample Size Estimation & Statistical Analysis
Sample size was calculated using STATA program, setting the type-1 error (α) at
0.05 and the power (1-β) at 0.8. Result from previous study [10], showed that
using ROC curve, the best cut-off point for the prediction of successful induction was 28 mm for cervical length with a sensitivity of 87% and a specificity of
71%, with a successful induction in about 50% of primigravid cases. Calculation
according to these values produced a minimal sample size of 88 cases (including
44 with successful induction). We included 150 women for possible attrition.

Figure 1. Measurement of CL (orange line) and UCA (red angle between
lower uterine segment, blue and cervical axis, orange).
DOI: 10.4236/ojog.2020.1070084
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The collected data was revised, coded, tabulated and introduced to a PC using
Statistical package for Social Science (SPSS 20.0.1 for windows; SPSS Inc, Chicago, IL, 2001). Quantitative variables are expressed as mean and SD, or Median
and Interquartile range (IQR) according to distribution of data. Qualitative variables are expressed as frequencies and percents. Student t test and Mann Whitney Test was used to compare a continuous variable between two study groups.
Chi square test was used to examine the relationship between Categorical variables. A P-value < 0.05 was considered statistically significant. For different
probability cutoffs, the sensitivity and specificity were calculated. In the comparison of the receiver operating characteristics curves, the area under the curve is
usually the best discriminator.

3. Results
The study included 150 primigravid women, with a mean age of 23.6 years, BMI
of 27.7 kg/m2 and a median gestational age of 40 weeks (Table 1). Out of the 150
cases, 115 had a successful induction of labor with 97 women achieving a vaginal
delivery, while 35 women had a failed induction and ended up delivering by cesarean section. Eighteen women in the successful induction group eventually delivered by cesarean section (11 due to fetal distress and 7 due to failed progress
of labor). There was a significant difference between successful and failed induction groups regarding maternal BMI and neonatal birth weight, pre-induction
CL and UCA (Table 2), yet there was no difference between both groups in indications for induction (Table 3). The best cut-off value of cervical length for
prediction of success of labor induction was 32.3 mm with 60% sensitivity and
56% specificity and the best cut-off value of uterocervical angle was 110.2 degrees with 87% sensitivity and 93% specificity (Table 4). The cervical length
showed a significant negative correlation while the uterocervical angle showed a
significant positive correlation with the success of labor induction (Table 5).
There was a highly significant statistical difference between those who delivered
vaginally and those who delivered by cesarean section in pre-induction cervical
length and uterocervical angle (Table 6). See Figures 2-5.
Table 1. Baseline data of the studied cases.
Variable
Age (Years)
23.6 ± 2.7
(18 - 30)

Mean ± SD Range
BMI (Kg/m2)
Mean ± SD Range

27.7 ± 2.8
(21.6 - 36.4)
Gestational age (Weeks)
40 ± 2
(38 - 42)

Median Range
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Table 2. Comparison of successful and failed induction according to fetal and maternal
characteristics and pre-induction cervical measurements.
Variable

Successful (n = 115)

failed (n = 35)

t-test

P value

3.13

0.035 (S)

0.853

0.395 (NS)

2.55

0.011 (S)

Birth weight (gm):
Mean ± SD

3190.4 ± 346.9

3636.6 ± 386.7

Gestational age (weeks):
Mean ± SD

38.9 ± 1.0

39.1 ± 0.9
BMI (Kg/m2):

27.6 ± 2.9
(21.6 - 34)

Mean ± SD Range

29.0 ± 2.6
(22 - 36.4)

Cervical length (mm):
Mean ± SD

32.4 ± 3.0

33.6 ± 2.5

2.03

0.044 (S)

2.86

0.004 (S)

Uterocervical angle (˚):
Mean ± SD

115.4 ± 11.4

109.5 ± 7.8

S: significant, NS: non-significant.

Table 3. Comparison of successful and failed induction according to indications of
induction.
Variable

Successful (n = 115)
No.

failed (n = 35)

%

No.

χ2

P value

8.58

0.72 (NS)

%

Indications:
DM

7

6.1

8

22.9

Hypertension
Oligohydraminos
Post term

17
34
4

14.8
29.6
3.5

5
9
1

14.3
25.7
2.9

PROM

53

46.1

12

34.3

NS: non-significant.

Table 4. Cervical length and Uterocervical angle as predictors of successful induction.
Area

CL

P

Sensitivity

Specificity

Best cut off

95% Confidence Interval
Lower Bound

Upper Bound

0.625

0.00**

60.0%

56.0%

32.3

0.532

0.718

UCA 0.835

0.017

87.0%

93.0%

110.2

0.744

0.927

Table 5. Correlation between cervical measurements and successful induction.
Variable

Successful induction
R

P

Cervical length

−0.184

(S) 0.02

Uterocervical angle

0.192

(S) 0.02

R for correlation coefficient of spearman’s correlation, S: significant.
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Table 6. Comparison between normal vaginal delivery and cesarean section according to
pre-induction cervical measures.
Variable

NVD (n = 97)

C.S (n = 53)

t-test

P value

5.14

<0.001 (HS)

8.42

<0.001 (HS)

Cervical length (mm):
Mean ± SD

31.8 ± 2.7

34.2 ± 2.7

Uterocervical angle (˚):
Mean ± SD

116.3 ± 7.6

103.5 ± 10.8

HS: highly significant.

Figure 2. ROC Curve for cervical length as a predictor of successful induction.

Figure 3. ROC Curve for uterocervical angle as a predictor of successful induction.
DOI: 10.4236/ojog.2020.1070084
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Figure 4. Correlation between cervical length and success of induction.

Figure 5. Correlation between utero cervical angle and success of induction.

4. Discussion
Our prospective cohort study performed on 150 nulliparous women showed that
both; CL and UCA are good predictors of successful labor induction. The best
cut-off for CL was 32.3 mm with a sensitivity of 60% and a specificity of 56%.
The best cut-off for UCA was 110.2 degrees with a sensitivity of 87% and specificity of 93%. There was a highly significant difference in CL and UCA between
women who delivered vaginally and those who underwent a cesarean section.
The cervix, with its high collagen content and ligamentous support, has an
undeniable role in labor. That explains why studies about the prediction of labor
induction success are mainly focused on cervical parameters. Studies investigating cervical parameters show conflicting results due to non-uniformity of outcomes. Some studies defined their primary outcome as successful vaginal delivery, regardless of other factors that might necessitate a cesarean section such as
fetal distress. Other studies defined their primary outcome as successful induction of labor, relying on adequate uterine contractions or cervical changes, regardless of the mode of delivery.
The cervix is prone to alteration by pressure from pelvic organs, or by enlarging uterus or fetus. Theoretically speaking, cervical effacement, a pivotal component of the process of labor, shortens the cervix and stretches the lower uteDOI: 10.4236/ojog.2020.1070084
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rine segment. Thus, women with a favorable cervix are expected to show a short
cervical length and a wide uterocervical angle by ultrasound.
In literature, the results about the reliability of sonographic measurement of
cervical length to predict outcome of labor induction are conflicting. Some studies suggested its high predictive value with a cut-off of 28 mm, and its higher
sensitivity and specificity compared with Bishop score [10] [11] [12] [13]. While
others showed it was only inferior to Bishop score [14] [15]. Our cut-off value
for cervical length is higher than calculated by previous studies due to difference
in parities of included study subjects, and differences in methods of induction.
Basic physics constitute a major role in correlating the uterocervical angle and
prediction of labor. The force the uterus exerts on the cervix varies according to
the uterocervical angle; the uterine contraction on an acute uterocervical angle
strengthens the closure of the endo-cervical canal, whereas the same uterine force
applied on an obtuse angle can hasten the opening of the cervix resulting in rapid emptying of the uterine contents into the vagina. A wider UCA is thought to
result in more direct, linear outlet of uterine contents [16]. That is why it has
been primarily investigated as a predictor of preterm labor. A wider UCA has
shown a high predictive value for preterm birth [17]. It has also been studied for
prediction of mid-trimester pregnancy termination success, showing high sensitivity and specificity [18]. CL and UCA were also studied for differentiating true
from the false labor, it was found that the true labor group had shorter CL and
larger UC angle. The optimal cut-off for UCA was found to be 123 degrees [19].
More recent studies in literature investigated the correlation between successful labor induction and uterocervical angle. Eser and Ozkaya reported a cut-off
of 97 degrees as a predictor of failed induction of labor [9]. Dagdeviren et al. reported that pre-induction UCA was not a good predictor of the outcome of labor
induction, yet patients with more obtuse UCAs were more likely to have a shorter
duration of active phase although their results showed that UCAs significantly
differed between the modes of delivery subgroups. The median UCA was significantly higher in patients who delivered vaginally than in patients who delivered
via cesarean section. The median UCA value was least in women who had a successful induction of labor but ended up having a cesarean section [16].
The limitation of our study is that sonographic assessment was done only once,
before labor induction, while labor is a dynamic process with continuous cervical changes resulting from uterine contractions.

5. Conclusion
Cervical length and uterocervical angle are correlated with outcome of induction
of labor, and may be used to predict successful induction of labor.
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