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Abstract

Bishop’s score are recommended.

Background: Owing to limitations of Bishop’s score to evaluate labor induction, transvaginal ultrasound variables over that traditional

Purpose: Evaluating the reliability of measuring the length of the cervix and posterior cervical angle with the transvaginal ultrasonography
compared to traditional Bishop’s scores to predict labor induction success.

Patients and Methods: A prospective observational study has been performed on 100 pregnant females with 37-41 weeks’ gestational age
who had been acclaimed to undergo labor induction during the period from October 2019 to October 2020. Cervix length, posterior cervical
angle, and Bishop’s score were assessed also their relations to successful induction of labor were evaluated.

Results: The posterior cervical angle sensitivity, specificity, and accuracy for predicting successful labor induction were 92%, 89%, and 89%

respectively, which were superior to those of Bishop’s score as well as cervical length. Moreover, both posterior cervical angle and cervical length
combined use for predicting the successful labor induction show sensitivity 94%, specificity 91%, and accuracy 91%. The assessment by ROC
curve demonstrates that area under curve (AUC) sound to be higher using combined ultrasonographic parameters (0.940, 95% CI 0.823 - 0.901),

comparing with Bishop’s Scores.

Bishop’s score.

Keywords: Induction of labor; Cervical length; Posterior cervical angle

Conclusion: For predicting the labor induction outcome the combined use of both cervix length and post cervix angle was superior to the

Introduction

Induction of labor (IOL) is a popular obstetrical procedure,
accounting for about 20-30% of all deliveries [1]. In females with
an unfavorable (unripe) cervix, IOL by cervical helps to avoid
the possibility of problems for the mother and even the fetus
[2]. Despite the fact that following IOL, vaginal delivery (VD)
is the preferable option of labor, complications may hinder the
delivery, resulting in an unsuccessful I0L. Low Bishop’s scores
(<6), maternal obesity, nulliparity, additionally to gestation
age less than 41 weeks, all are considered as possible causes of
unsuccessful IOL [3].

In clinical practice, the Bishop’s score [4] is the most commonly
used system to evaluate the cervical condition [5]. However, some
investigators demonstrated that using Bishop’s Score system for

predicting IOL success is poor. This is because of the imprecise
nature of cervical assessment due to difficulties in evaluating the
internal os changes, especially while the external os is closed. In
addition, this is considered a subjective measurement with abroad
range of uncertainty influenced by the clinical experience of the
physician [6].
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Prior to I0L, transvaginal ultrasound (TVUS) is suggested to
be superior to the conventional Bishop’s scores for evaluating the
cervix due to the reproducibility of TVUS parameters and its easy
learning [7]. Cervical length (CL) and posterior-cervical angle
(PCA) are two ultrasound parameters that have been identified
to evaluate the clinical functionality of the cervix, that assess the
quality of cervix integrity [8].

Measurement of CL and finding of cervical funneling may
have a role in predicting and managing preterm labor, and
cervical incompetence [9]. A large number of studies found an
inverse relation between the uterine CL during pregnancy and
the frequency of preterm labor. The relative risk of preterm birth
increases with decreasing CL [10,11].

During pregnancy, PCA, described as the angle between both
the posterior uterine wall and the endocervical canal, is measured
by TVUS. It was supposed that large PCA has been linked to a more
direct, linear exit of uterine contents onto the cervix. Otherwise,
smaller PCA leads to a lesser direct force on the inner os, which
can protect against cervical distortion [12].

Studies in the literature [13-16] reported that PCA may be a
useful parameter to monitor the progression of the cervix towards
a labor phenotype [13], and the premature labor’s danger rises

with increasing PCA [14]. In addition, one small sample-sized
study has shown that PCA is a reliable indicator of I0L [17].
However, it was suggested that PCA is closely associated with
the age of gestation at delivery [15,16]. This study purposed to
assess the reliability of measuring both PCA and CL using TVU in
comparison with Bishop’s score to predict the success of IOL.

Methods and Patients

Study design: A prospective observational study (Accuracy
of diagnostic test study) was carried out at Ain Shams University
Maternity Hospital during the period from October 2019 to
October 2020.

Study Population: 100 pregnant females with gestational
age from 37-41 weeks were admitted for IOL. All women included
in the study were primigravida, with one live fetus in cephalic
presentation, with active labor absence (cervical dilatation > 4-cm
or cervical effacement > 80 %) [18]. However, all pregnant women
with confirmed fetal anomalies, amniotic fluid disorders, Bishop
score > 8, antepartum hemorrhage, cephalopelvic disproportion,
previous cervical operation, previous cesarean delivery and
myomectomy (previous uterine scar), and those who are morbidly
obese (Body Mass Index (BMI) over 40, fetal macrosomia, fetal
distress, or uterine anomalies were excluded from the study.

140 Patients recruited

100 Patients enrolled

8 Fetal stress

Continued in the
study

9 Failed induction ‘ 83 Successful induction

Figure 1: Study Flow Chart.

83 Vaginal Delivery

Methods: The study scheme is demonstrated in Figure
1. Informed consent was received from all participants, after
counseling them on the nature of the study and its benefits. All
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women were subjected to full history taking, physical examination,
ultrasonography examination by two ultrasound experts; a)
Abdominal ultrasound was done by Samsung (Seoul, South Korea)
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ultrasound system by frequency 7 MHZ to determine fetal viability,
weight, number, amniotic fluid, and placental site, b) Transvaginal
ultrasound (TVUS) was performed with an empty bladder in the
lithotomy position with a frequency 4 -9 MHZ by Samsung (Seoul,
South Korea) ultrasonography machine. Gently, the vaginal probe
was introduced into the vagina till the back of the fornix was
reached. A sagittal cervix plane has been obtained, ensuring proper
visualization of the full length of the cervical canal. The calipers
were put between both the inner and outer cervical openings for
the CL measurement. We measured the angle between the line
used in measuring the CL and the back of the uterine wall for the
PCA measurement [19]. Finally, to calculate the Bishop’s score, a
digital examination was done [20]. Measurements of both CL and
PCA were kept blinded from the investigator who performed the
Bishop scoring.

Induction of Labor: The IOL protocol was following the
protocol of the local university hospital. We gave cervical ripening
agents in the form of a vaginal tablet containing 25 pg misoprostol
(Vagiprost; Adwia, Cairo, Egypt) to those cases that have a firm or
closed cervix to be repeated at least after 4 hours up to 5 doses.
In comparison, females who have a flexible cervix and others that
improved by Misoprostol were given an oxytocin intravenous
infusion (Syntocinon; Novartis, Basel, Switzerland). The initial
dosage was 5 units (in 500 ml Ringer solution) average of 12
drops per minute. Each half an hour, we doubled the dosage till we
reach effective constrictions; the maximum dose up to 96 drops
per minute. We compared the measured PCA and CL with bishop

score for evaluation of successful IOL that was defined as the time
interval for induction to active labor (according to ACOG[18])
where cervical dilatation >4-cm or cervical effacement > 80 %).
In addition, we determined which angle compared with CL and
bishop score was followed by unsuccessful IOL which was defined
as not progressing to active labor within 24 hours.

Statistical analysis of the data: IBM SPSS software package
version 20.0 supplied information to the computer [21]. Numbers
and percentages were used to describe quality information.
Also, medium and normal divergence for regularly distributing
information was utilized to characterize quantity information
whilst irregularly distributing information was demonstrated
by the medium, minimal and extreme. In the case of information
with normal distribution, a comparison between two independent
populations was made through an independent t-test whilst over
two populations F-test (ANOVA) was utilized. The outcomes of
the significant tests are classified as two-tail possibilities. The
acquired findings’ importance was assessed at the 5% level.

Result

Regarding induction of Labor, unsuccessful induction
was recorded in 17 women (17%), including 8 women (8%)
with fetal distress and 9 women (9%) with failed induction.
whereas successful induction was reported in 83 women (83%).
Regarding mode of delivery, 83 women (83%) were delivered via
spontaneous vaginal delivery (SVD) and 17 (17%) were delivered

via lower segment Cesarian section (LSCS) (Table 1).

Table 1: Distribution of the studied patients’ group regarding induction outcome, fetal distress, and mode of delivery.

Number Percent
Induction
Unsuccessful 17 17
Fetal distress 8 8
Failed induction 9 9
Success 83 83
Fetal distress
No 92 92
Yes 8 8
Mode of delivery
SVD 83 83
L.S.CS. 17 17
Total 100 100

In the current study, induction time ranged from 4-18 with a
mean value of 8.44+3.15 and induction to delivery time ranged
from 6-24 with a mean value of 12.16+4.06. regarding the time
from induction to delivery. Time < 24 hrs was recorded in 79
women (95.2%) while time > 24 hrs was recorded in 4 women
(4.8%). Our results show no statistically significant differences
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between failed versus successful induction outcomes regarding
maternal age, gestational age, and BMI.

Vagiprost in failed cases, all the patients had 5 Vagiprost, while
in success cases ranged from 1-4 with a mean value of 2.39+0.95.
There was a highly significant increase in Vagiprost in failed cases
more than success cases (P < 0.01).
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Bishopscore in failed cases ranged from 2-4 with a mean value
of 3.11+0.93 and in success cases ranged from 3-8 with a mean
value of 5.64+1.14. CL in failed cases ranged from 29-37 with a
mean value of 34.67+2.40 while success cases ranged from 21-
37 with a mean value of 28.76+3.93. PCA in failed cases ranged
from 78-110 with a mean value of 91.564£9.96 and in success
cases ranged from 70-150 with a mean value of 108.35+17.94.
A significant statistical difference was recorded between failed

Table 2: Induction outcome and Bishop score.

versus successful induction outcomes concerning Bishop score,
CL, and PCA (P < 0.001*) (Table 2). In addition, the Bishop’s
score additionally to PCA demonstrated a significant positive
correlation to successful IOL outcome. Whereas LC showed a
negative correlation with successful induction outcome.

ROC curves of Bishop score, CL, and PCA were performed.
The AUC was higher for PCA (AUC 0.905, 95% CI 0.80 - 0.96), in
comparison with Bishop’s Score and CL (Figure 2).

Failed “n=9" Success “n=83"
Bishop score
Range 2.0-4.0 3.0-8.0
Mean 3.11 5.64
S.D. 0.93 1.14
T-test 16.33
p 0.001*
Range 29.0-37.0 21.0-37.0
Mean 34.67 28.76
+S.D. 2.4 3.93
T-test 13.98
p 0.001*
PCA
Range 78.0-110.0 70.0-150.0
Mean 91.56 108.35
+S.D. 9.96 17.94
T-test 7.66
p 0.001*

P was significant if < 0.05
S.D. = Standard deviation
*.= significant at level 0.05
T-test=student t-test

The assessed cut-off value of Bishop score in predicting
successful I0L consequences was 5. The cut-off value of Bishop
score had a sensitivity of 61.0% and a specificity of 83.0% and
an accuracy of 78.0. The sensitivity of CL to predict successful
induction of labor was 91.0, specificity was 83.0, and accuracy was
86.0 for the CL cut-off value of 34.0. The sensitivity, specificity,
and accuracy of PCA cut-off value at 99.0 to predict successful
induction of labor was 92.0, 89.0, and 89.0, respectively (Table 3).

ROC curve for combined CL and PCA was conducted where AUC
was 0.940, 95% CI 0.823- 0.901. The combined CL and PCA for
predicting successful IOL sensitivity, specificity, and accuracy have
been estimated. Sensitivity was 94.0, specificity was 91.0, and
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accuracy was 91.0 (Figure 3) (Table 4).

ROC curve for combined Bishop score and CL was performed
where AUC was 0.896, 95% CI 0.652- 0.817. The sensitivity,
specificity, and accuracy of Bishop score and CL to predict
successful IOL were 90.0, 88.0, and 89.0, respectively (Figure 3)
(Table 4).

ROC curve of combined Bishop score and PCA was done where
AUC was 0.908, 95% CI 0.632- 0.805. The sensitivity combined
Bishop score and PCA to predict successful induction of labor was
92.0, specificity was 89.0, and accuracy was 90.0 (Figure 3) (Table
4).
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Figure 2: ROC curve of Bishop score, PCL and CL to predict the successful induction of labor.
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Figure 3: ROC curve of (CL and PCA), (Bishop score and CL), (Bishop score and PCA) to predict the successful induction of labor.
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Table 3: Sensitivity, specificity, and accuracy of Bishop score, CL, and PCL to predict successful induction of labor.

Area under the St ot et Asymptotic 95% Confidence Interval
curve Lower Bound ‘ Upper Bound
Bishop score
0.781 5 0.0001* 0.632 ‘ 0.911
Sensitivity
Specificity g;
PPV 64
NPV 353;
Accuracy
CL
0.877 34 0.0001* 0.786 0.942
Sensitivity
Specificity 2;;
PPV 86
NPV gg
Accuracy
PCA
0.905 99 0.0001* 0.8 0.96
Sensitivity
Specificity 33
PPV 90
NPV gg
Accuracy

PPV = positive predictive value
NPV = Negative predictive value

Table 4: Sensitivity, specificity, and accuracy of (CL and PCA), (Bishop score and CL), (Bishop score and PCA) to predict successful induction of

labor.

Area under the curve

Asymptotic 95% Confidence
Interval

P-value Lower Bound ‘ Upper Bound
CL and PCA
0.94 .0001* 0.823 ‘ 0.901
Sensitivity
Specificity 94
PPV 91
NPV gg
Accuracy 91
Bishop score and CL
0.896 0.001 0.652 0.817
Sensitivity
Specificity %
PPV 88
NPV o
Accuracy 89
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Bishop score and PCA

0.908

.0001* 0.632 0.805

Sensitivity

Specificity

PPV
NPV

Accuracy

92
89
91
88
90

The bishop score shows a negative significant correlation with
cervical length, induction time, induction to delivery time, and
Vagiprost, while there was a positive significant correlation with
cervical angle. The CL shows a negative correlation with cervical
angle, and a positive significant correlation with induction time,
induction to delivery, and Vagiprost. The PCA shows a negative

Table 5: Correlations between different studied variables.

significant correlation with induction time, induction to delivery,
and Vagiprost. The induction time shows a positive significant
correlation with induction to delivery and Vagiprost, final the
induction to delivery shows a positive significant correlation with
Vagiprost (Table 5).

B.score Cx length Cx Angle induction Time Induction to delivery
Pearson Correlation -.647%*
Sig. (2-tailed) 0
Pearson Correlation .698** -.668**
Sig. (2-tailed) 0 0
Pearson Correlation -.540%* .611%* -703%*
Sig. (2-tailed) 0 0 0
Pearson Correlation -.595%* .590** -710%* .935**
Sig. (2-tailed) 0 0 0 0
Pearson Correlation -.244* .362%* -406** .904** .881**
Sig. (2-tailed) 0.015 0 0 0 0

**._ Correlation is significant at the 0.01 level
*. Correlation is significant at the 0.05 level

Discussion

In some fetal and maternal conditions, IOL is done when labor
is more beneficial than waiting for spontaneous labor [2]. Bishop
score was introduced in practice as a predictor of successful IOL
and it is considered the most important and useful scoring system
[22]. However, as alternatives for the conventional Bishop’s score,
some ultrasound parameters were recommended. The most used
parameters are measuring CL and PCA measurement by using
TVUS [23].

In the current study, PCA and the CL measurements are
assessed using TVUS in comparison with the Bishop’s scoring to
predict the effectiveness of IOL. This study was carried out at Ain
Shams University Maternity Hospital on 100 pregnant admitted
for IOL. The females’ age ranged from 18-39 years with a mean of
24.17+3.94 and with gestational age from 37-41 weeks. Through
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this study, IOL was unsuccessful in 17 cases (17%) where 8 (8%)
of them had fetal distress. In addition, after IOL 83 cases (83%)
delivered by SVD while 17 cases (17%) delivered by LSCS.

Jing study included 475 cases indicated for IOL. Out of all
cases, 393 (82.7%) had VD in addition to 82 (17.3%) had urgent
CS; 40 from those were failed to access the active phase of labor,
20 because of fetal hypoxia, 19 caused by progression failure,
additionally to 3 for different causes [24].

That vaginal dose of 50-pu5 of misoprostol was studied widely,
results demonstrated that such dose is more effective but not
secure, unlike a 25-pg dosage (related to high uterine tachysystole
levels, uterine hyperstimulation, also cesarean because of the
abnormal cardiotocographic outcome as well as meconium [25].
In the present study, 25-ug misoprostol tablets in failed cases, all
the patients had 5 tablets. While in success cases ranged from 1-4
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with a mean value of 2.39+0.95. There was a highly significant
increase in Vagiprost in failed cases more than success cases (P
<0.01).

Silva study was carried out on 412 pregnant females who were
indicated for IOL. The IOL has been performed in females with
Bishop’s Score < 6 using vaginal 25-ug Misoprostol tablets. 69%
of the pregnant females with IOL progressed to VD, but 31% of the
females progressed to CS. In 244 cases (59.2%) 1 or 2 misoprostol
tablets have been utilized. From 412 cases, 197 (47.8%) needed
oxytocin after that within the labor procedure, after induction
by misoprostol. Thus, high Bishop’s score, as well as prior VD,
seemed to be the greatest indicators of successful IOL by vaginal
25-pg misoprostol tablets [26].

The current study showed induction time ranged from 4-18
with a mean value of 8.44+3.15 and induction to delivery time
ranging from 6-24 with a mean value of 12.16+4.06 where 79 cases
(95.2%) it takes < 24 hrs was and 4 cases (4.8%) takes > 24 hrs.
The induction time showed a positive significant correlation with
induction to delivery and Vagiprost, final the induction to delivery
time show a positive significant correlation with Vagiprost.

Parvin Bastani stated a positive correlation between the
time of induction to birth and the CL with a P-value of <0.01.
They concluded the superiority of CL over the Bishop score and
PCA [27]. In a study conducted by Mohamed S. Abouzeid on 100
females, aged between 18 and 35, with gestational ages between
37 and 42 weeks, a positive correlation with high statistical
significance (HS) between Vagiprost dosage with CL and induction
time (p-value <0.001) was found throughout the whole cases with
medical indications for IOL. Additionally, a negative correlation
with high statistical significance (HS) between both Vagiprost
dosage with Bishop’s scores and PCA has been demonstrated [28].

Due to the status of the cervix before labor was identified
as the most significant indicator of successful IOL, a number of
studies have assessed the relation between the Bishop’s score and
sonographic cervical measurement with I0L consequence [29].

In the current study, CL in failed IOL cases ranged from 29-
37 with a mean value of 34.67+2.40 while successful IOL cases
ranged from 21-37 with a mean value of 28.76+3.93. A statistically
significant difference was recorded between both failed and
successful induction outcome concerning CL (P < 0.05). It showed
a negative correlation with successful induction outcome.

For the prediction of successful IOL at cut-off 34 mm, the CL
showed sensitivity, specificity, and accuracy of 91.0, 83.0, and
86.0 respectively with PPV of 86.0 and NPV of 80.0. In addition,
CL showed a negative correlation with PCA, and a positive
significant correlation with induction time, induction to delivery,
and Vagiprost.

The meta-analysis of Verhoeven’s study involved 31 analyses
that reported both CL and delivery outcome. For cesarean
deliveries, summary estimates of both sensitivity/specificity for
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CL were 0.82/0.34, 0.64/0.74, and 0.13/0.95 for different cut-
offs 20, 30, and 40 mm, respectively. They concluded that CL and
cervical wedging by sonography at or near term are able to predict
the outcome of delivery after IOL [5].

The Anikwe Study30 on 1333 pregnant women where 60
females have been selected for IOL with a success rate was 100%.
The mean induction delivery time for all participants was 8.1 + 3.0
hours and a mean labor duration of 7.4 + 2.9 hours. Pre-induction
CL is a good predictor of a short labor duration (P = 0.001).

In the present study regarding the relation between Bishop’s
score and IOL outcome in failed cases ranged from 2-4 with a mean
value of 3.11+0.93 while success cases ranged from 3-8 with a
mean value of 5.64+1.14. A difference with a statistical significance
was recorded between failed versus successful induction outcome
regarding Bishop Score (P < 0.05). Bishop Score showed a positive
correlation with successful induction outcome.

For the prediction of successful IOL, Bishop’s score at the
cut-off point 5 demonstrated sensitivity, specificity, and accuracy
of 90.0, 88.0, and 89.0 respectively with PPV of 91.0 and NPV of
87.0. Thus, our study showed that the CL has better sensitivity,
specificity, and accuracy in predicting successful IOL over Bishop’s
score.

This was concurrent with Kolkman’s study [30,31], which
concluded that the Bishop score seems to be a weak predictor for
the induced labor result at term. IOL has also succeeded in 86.9%
of cases, in Bajpai’s study [32] on 131 women who underwent IOL
at term with intact membranes and live fetuses, successful IOL
was in 86.9% of patients. At cut-off values of = 4, TVUS cervical
parameters were better than Bishop score (Sensitivity 77% vs.
65%, Specificity 93% vs. 86%) in predicting successful IOL. ROC
analysis illustrated that AUC was higher for TVUS Score (0.90,
95% CI10.84 - 0.95), in comparison to Bishop score. Also, Kanwar’s
study on 110 nulliparous term pregnant women admitted for IOL
showed CL by TVUS is a valuable predictor of successful I0L.
When CL < 3.5 cm, 88% (66/75) delivered vaginally and when CL
> 3.5 cm only 11.42% (4/35) delivered vaginally. Concluding that
within 24 hours of induction, CL is a powerful predictor of vaginal
delivery in comparison to Modified Bishop’s score [33].

Our results were in disagreement with Khandelwal study [34]
on 62 nulliparous women who underwent IOL. In comparison
with CL (P = 0.004), in the prediction of the active phase of labor,
the Bishop score had a high significance (P-value < 0.0001).
For Bishop’s scores, the optimum cut-off point for predicting
IOL through 6 hours was > 4 having a 69% sensitivity and 79%
specificity. Likewise, CL better cut-off point for IOL prediction
in 6 hours was < 25 mm by 51% sensitivity and 70% specificity.
For predicting induction-to-delivery interval within 12 h, Bishop
scores (P = 0.001) were also superior to CL (P = 0.01). Also,
Bahadori [35] found a more significant correlation of Bishop
(0.001) than of CL (0.04) for predicting cervical ripening in
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12 hours. Cut off for Bishop score was 24 had a sensitivity and
specificity of 57.9% and 28.7% respectively, whereas cut off for CL
>19 mm had a sensitivity of and a specificity of 66.7% and 65%
respectively.

In the current study, PCA in failed IOL cases ranged from
78-110 with a mean value of 91.56%9.96 and in success IOL
cases ranged from 70-150 with a mean value of 108.35%£17.94.
A difference with a statistical significance was found between
both failed and successful induction finding concerning PCA (P <
0.05). PCA showed a positive correlation with successful induction
outcome.

To predict the success of IOL at a cut-off value of 99.0, PCA
presented sensitivity, specificity, and accuracy of 92, 89.0, and
89.0, respectively with PPV of 90 and NPV of 88. In addition, PCA
showed a negative significant correlation with induction time,
induction to delivery, and Vagiprost.

PCA > 99.5° CL < 34 mm, and a Bishop’s score > 5 were
suggested as cut-offs for the prediction of successful IOL by Al-
Adwy [17]. There was no significant difference among the AUC
of those three measurements. However, the PCA > 99.5° had
the highest sensitivity (91.84%), specificity (90.48), positive
prediction value (95.7%), negative prediction value (82.6%),
positive probability rate (9.64), in addition to negative probability
rate (0.09) comparing to the other two indicators.

The study conducted by Gokturk that included multi-variate
regression analyses of variables showed that multiparity, CL, PCA,
and Bishop’s score had a significant statistical prediction for the
success of IOL [36].

The CL and post PCA sensitivity, specificity, and accuracy to
predict successful induction were 94.0, 91.0, 91.0 respectively.
While both Bishop score and CL sensitivity, specificity, and
accuracy for predicting the success of induction were 90.0, 88.0, 89
respectively. In addition, the Bishop’s score and PCA’s sensitivity,
specificity, and accuracy for the prediction of successful induction
were 92.0, 89.0, 90 respectively.

Ahmed’s study on 200 pregnant women indicated IOL. Overall
sensitivity, specificity, ultrasound measures (CL and PCA) were
89.55, and 63.64 respectively, while sensitivity, specificity, of
bishop score, were 78.87, and 82.76, respectively [37].

Conclusion

Our data concluded that ultrasonographic cervical assessment
and Bishop’s score are good indicators of successful IOL but
sonographic parameters including CL and PCA seemed to be better
compared to the Bishop’s score in predicting the labor induction
finding especially when used combined. Overall, PCA showed the
best sensitivity and specificity as an indicator for IOL outcome
especially in the combination with CL measurement.
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