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Introduction

Labor needs to be induced in a variety of  clinical settings. Post‑dated 
pregnancy, pre‑eclampsia, fetal growth restriction, intrauterine 
death, and intrahepatic cholestasis of  pregnancy are a few common 
indications needing labor induction.[1] Bishop score was the 
traditional method for predicting successful vaginal delivery till its 

modification by Calder.[2,3] Modified Bishop score (MBS) is used 
nowadays. It is based on pre‑induction favorability of  the cervix 
and is assessed manually. Its components are cervical dilation (in 
centimeters), length of  the cervix (in centimeters), cervical 
consistency (soft or firm or medium), cervical position (posterior 
or mid or anterior), and fetal station. The score is between 0–13. 
An MBS of  9 or more favors successful induction. A score of  4 
or less means an unripe cervix and the need for cervical ripening.[3] 
However, this method is subjective and irreproducible. Many 
researchers have shown a poor correlation between MBS and labor 
outcomes. In 1986, O’Leary and Ferrell proposed an ultrasound 
scoring system and evaluated this system against the MBS.[4] This 
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scoring system evaluated the thickness and contour of  the lower 
uterine segment, and the length and dilation of  the cervix using 
transabdominal ultrasound. A full bladder required to assess the 
cervix adequately may falsely lengthen the cervix by opposing the 
anterior and posterior lower uterine segments. It may also conceal 
a shortened or funneled cervix. High BMI, shadowing from fetal 
parts and the need for lower frequency transducers also make 
interpretation of  transabdominal ultrasound difficult for assessing 
the cervix. In contrast, a transvaginal ultrasound is performed with 
an empty bladder. Cervical length determination by transvaginal 
sonography (TVS) is more objective and reproducible. Thus, it 
can be a better method for the prediction of  successful induction 
of  labor as the supra‑vaginal portion of  the cervix comprises 
about 50% of  the cervical length[5,6] and it is very difficult to 
assess digitally in a closed cervix. However, some anatomic or 
technical difficulties may be encountered while doing TVS too. 
Focal myometrial contraction can obscure the internal os and 
make the cervix appear longer on vaginal sonography. Similarly, 
endocervical mucus or polyps may appear to separate the anterior 
and posterior borders of  the endocervical canal and make the 
cervix measure shorter. Technically minimal pressure on the cervix 
falsely elongates the cervical length measurement.[7] Transvaginal 
sonographic assessment of  the cervix should be done taking care 
of  these technical difficulties and by following standard protocol. 
The availability of  ultrasound in all district hospitals makes it easier 
for all primary‑level health givers to utilize it in predicting induction 
of  labor in their setup.

Aims and Objectives

The aim of  the study was to determine whether transvaginal 
ultrasound could predict the outcome of  induction of  labor 
better than the MBS.

The objectives included comparing the predictive value of  
MBS and TVS in successful induction of  labor and obtaining 
the cut‑off  score of  MBS and mean cervical length by TVS for 
prediction of  successful induction of  labor.

Materials and Methods

A prospective observational study was conducted after obtaining 
ethical clearance from the Institutional Ethics Committee and in 
accordance with the Helsinki Declaration.

A sample size of  100 was calculated based on a previous study by 
Agrawal et al.[8] (Sensitivity 93.24 vs. 67.57%, Specificity 73.08 vs. 
65.38%) and according to the formula:
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* Se = Sensitivity, Sp = Specificity, Prev = Prevalence/Incidence 
of  outcome Type I error (α) = 5% Z1‑α/2 = 1.96, d = Precision.

Inclusion criteria
Pregnant women with a singleton pregnancy with a live fetus 
in need of  induction of  labor with no contraindications for 
vaginal delivery.

Exclusion criteria
Patients with known allergies to prostaglandins, having a 
contraindication to vaginal delivery like placenta previa or a 
history of  uterine surgeries like previous lower segment cesarean 
section and myomectomy were excluded. Pregnant patients with 
cardiac diseases were also excluded.

A total of  100 pregnant women who fulfilled the inclusion criteria 
were enrolled after written informed consent over a period of  one 
year. Baseline characters such as age, gestational age, and indication 
for induction were noted. Cervical length was measured by TVS. An 
ultrasound machine of  the Samsung H60 model with a TVS probe 
frequency of  5–7.5 MHz was used. Women were examined in a dorsal 
lithotomy position with an empty urinary bladder. A clean TVS probe 
covered by a condom was inserted into the vagina. Once the cervical 
canal was identified the probe was withdrawn slightly so there was 
no pressure of  the tip of  the probe on the cervix. A sagittal plane 
through the cervix was identified where the external cervical os, the 
cervical canal, and the internal os were visible. The image was enlarged 
so that the cervix occupied at least 2/3rd of  the image. The length 
of  the cervix was measured from the internal to the external os as a 
straight line. Three measurements were obtained in the absence of  
uterine contraction and mean measurement was noted. Then digital 
examination was performed by the attending obstetrician for cervical 
consistency, length, dilatation, position, and station of  the presenting 
part as described in the MBS. Cervical length noted by TVS and MBS 
was noted in proforma. Induction of  labor was carried out according 
to standard protocol. Prostaglandins were used as per indication of  
induction, which was done within 1 h of  cervical assessment. The 
labor induction was considered successful if  there was an onset of  
uterine contractions and cervical dilatation within 24 h of  induction.

Statistical analysis
The statistical analysis was done using Microsoft Excel 2013 and 
SPSS statistical and multivariate analysis software, version 2021. 
Descriptive statistics were used to measure central tendency. Receiver 
operating characteristic curves (ROC) were used to calculate and 
compare the cut‑off  points for cervical length and MBS. The 
diagnostic accuracy of  both measurements was done by comparing 
the area under the ROC curves. Two‑sided P values were reported 
throughout, P < 0.05 was considered statistically significant.

Results

Mean Maternal age (Years) was 25.33 ± 3.58 [Table 1].

Mean Gestational age (weeks) was 38.41 ± 2.23 [Table 2].
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Most common indication for Induction of  Labour was 
Intrahepatic Cholestasis of  Pregnancy [Table 3].

A total of  92 (92.0%) of  the participants had no obstetric 
complications. Eight (8.0%) of  the participants had post‑partum 
hemorrhage as an obstetric complication. Seventy‑eight (78.0%) 
of  the participants had no medical complications. Two (2.0%) of  
the participants had chronic hypertension. Thirteen (13.0%) of  the 
participants had hypothyroidism. Three (3.0%) of  the participants 
had anemia. Two (2.0%) of  the participants had beta‑thalassemia 
trait. Two (2.0%) of  the participants had thrombocytopenia.

The mean Cervical Length on TVS (cm) was 2.59 ± 0.47 [Table 4].

The mean MBS was 4.54 ± 1.14 [Table 5].

A total of  87% of  the participants had successful induction 
of  labor. Sixty‑two (62.0%) of  the participants had vaginal 
delivery. Thirty‑eight (38.0%) of  the participants had undergone 
LSCS. Thirteen (34.2%) of  the participants had failed 
induction as an indication for LSCS. Sixteen (42.1%) had fetal 
distress. Nine (23.7%) of  the participants had non‑progress 
of  labor. The mean Induction‑Active phase Interval was 
17.61 ± 11.63 h [Table 6].

T h e  m e a n  I n d u c t i o n ‑ D e l i v e r y  I n t e r v a l  w a s 
19.65 ± 10.90 h [Table 7]. The skewness of  the data was 1.43, 
and it suggested that the data was positively skewed, thus 
suggesting it was not normally distributed. The kurtosis of  the 
data was 3.8, and it suggested that the data was not normally 
distributed. Shapiro–Wilk test for the data was significant (P = 
<0.001), suggesting that the data was not normally distributed. 
There appeared to be more than one mode/peak in the data, 
thus making it multimodal. Since the data was multimodal (had 
more than one peak), it appeared that the data was not normally 
distributed (did not follow a bell‑shaped curve). The mean (SD) 
of  cervical length on TVS (cm) for vaginal delivery and LSCS was 
2.50 (0.46) and 2.75 (0.45), respectively. There was a significant 
difference between the two groups in terms of  cervical length on 
TVS (cm) (W = 647.500, P = <0.001), with the median cervical 
length on TVS (cm) being highest in the LSCS group.

The variable cervical length on TVS (cm) was not normally 
distributed in the two subgroups of  the variable Successful 
Induction [Table 8]. Thus, non‑parametric tests (Wilcoxon–
Mann–Whitney U Test) were used to make group comparisons. 
There was a significant difference between the two groups in 
terms of  cervical length on TVS (cm) (W = 358.500, P = <0.001), 
with the median cervical length on TVS (cm) being the highest 
in the failed induction group. The mean (SD) of  MBS in the 
vaginal delivery and LSCS group was 4.71 (1.11) and 4.26 (1.16), 
respectively. There was no significant difference between the 
groups in terms of  MBS (W = 1401.500, P = 0.101).

The diagnostic efficacy of  cervical length measurement by TVS 
was more than MBS (70% vs. 46%) [Table 9].

The area under the Receiver operating characteristic 
curve (AUROC) for cervical length on TVS (cm) predicting 
Successful Induction vs failed Induction was 0.803 (95% CI: 
0.71–0.897), thus demonstrating good diagnostic performance. It 
was statistically significant (P = <0.001). At a cutoff  of  cervical 
length on TVS (cm) ≤2.58, it predicted successful induction with 
a sensitivity of  62% and a specificity of  96% [Figure 1].

Table 4: Distribution of Participants in terms of Cervical 
length on TVS (cm) (n=100)

Cervical Length on TVS (cms)
Mean (SD) 2.59 (0.47)
Median (IQR) 2.6 (2.32–2.81)
Range 1.8–4.44

Table 5: Distribution of Participants in terms of MBS 
(n=100)

Modified Bishop Score
Mean (SD) 4.54 (1.14)
Median (IQR) 5 (4‑5)
Range 2‑7

Table 6: Distribution of Participants in terms of 
Induction ‑Active Phase Interval (Hours) (n=64)

I‑A lnterval (hours)
Mean (SD) 17.61 (11.63)
Median (IQR) 15 (10‑21.25)
Range 4‑63

Table 1: Showing distribution of participants according to 
maternal age

Age Group (Years) n=100
18–25 53 (53%)
26–30 45 (45%)
31–35 2 (2%)

Table 2: Showing distribution of participants according to 
gestational age

Gestational Age (Weeks) n=100
<28 1 (1%)
28–33+6 5 (5%)
34–36+6 11 (11%)
>37 83 (83%)

Table 3: Indications for induction of labor
Indication(s) n=100 95%CI
IHCP† 32 (32%) 24.0–43.4%
Post‑dated Pregnancy 27 (27%) 19.4–38%
PROM 14 (14%) 8.4–23.4%
Oligohydramnios 23 (23%) 15.9–33.6%
GDM 3 (3%) 0.8–9.4%
Others 7 (7%) 3.2–14.8%
†IHCP‑ Intrahepatic cholestasis of  pregnancy
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The area under the receiver operating curve (AUROC) for 
MBS predicting successful induction vs failed induction 
was 0.6 (95% CI: 0.49–0.711),  thus demonstrat ing 
poor diagnostic performance. It was not statistically 
significant (P = 0.127) [Figure 2].

At a cutoff  of  MBS ≥6, it predicts successful induction with a 
sensitivity of  29% and a specificity of  100%. The mean birth 
weight was 2.85 ± 0.53 kg. The mean (SD) of  APGAR (1 Minute) 
was 7.93 (1.34). The median (IQR) of  APGAR (1 min) was 
8.00 (8–9). The APGAR (1 min) ranged from 3 to 10.

Discussion

Pre‑induction counseling and explaining the chances of  
successful inductions are very important for primary care 
physicians. Ultrasound assessment of  the cervix can help primary 
care physicians in predicting the likely outcome of  induced labor 
as an alternative to clinical digital examination. Studies have 
explored possible relationships between cervical length, internal 
cervical os shape, and assessment of  the angle between the 
cervical axis and the wall of  the inferior segment of  the uterus.[9] 
The assessment of  the cervix should always be done immediately 
before applying prostaglandins to prevent the effect of  these 
chemicals on the cervical tissue.[10] In our study, both cervical 
length by TVS and cervical assessment by MBS were proved 
to be complementary tools for the prediction of  successful 
induction of  labor. Cervical length by TVS had better sensitivity 
at a cutoff  of  2.58 cm. MBS had better specificity (cutoff‑6). The 
best parameter in terms of  positive predictive value was MBS. 
The best parameter in terms of  negative predictive value and 
diagnostic accuracy was cervical length on TVS.

A study to find out the effectiveness of  assessment of  cervical 
length by transvaginal ultrasonography in predicting preterm 
delivery between 22 weeks and 24 weeks of  gestation, concluded 
that TVS was an efficient tool in assessing the risk of  preterm 
delivery in patients with short cervix.[11] In another study 
comparing cervical length by TVS and MBS it was found that 
cervical length and Modified Bishop’s score were complementary 
tools for predicting successful induction of  labor, but TVS 
had better specificity and positive predictive value at cutoff  of  
2.8 cm.[12] One study showed that cervical length measurement by 
TVS at the cutoff  of  2.8 cm was a better predictor of  successful 
induction of  labor.[13] However, another showed that cervical 
length measurement by TVS at the cutoff  of  2.7 cm was a better 
predictor of  successful induction of  labor.[14] A study compared 
TVS with Modified Bishop scoring in 100 women. At cut‑off  
scores of  ≥4, the TVS cervical Score performed better than the 
MBS (sensitivity 93.24 vs. 67.57%, Specificity 73.08 vs. 65.38%). 
Two components of  MBS, namely cervical length and station 
demonstrated significant and independent prediction of  the 
likelihood of  failure of  induction and risk of  operative delivery.[15] 
Though cervical length was superior in predicting the success of  
labor induction compared to the Bishop score, the sensitivity for 
cervical length was not significantly in the higher range.[16] This 
may be because only the latent phase of  labor can be correlated 
with cervical length, not the active phase. Hence latent phase of  
the labor will be longer in women with longer cervical length.[17] 
Women with a shorter cervical length of  less than 2.7 cm can be 
counseled that delivery will possibly occur earlier after induction, 
compared to those with longer cervix.[18] Parity, estimated fetal 
weight, maternal BMI, and strength of  uterine contractions 
are other factors influencing the duration of  the latent phase, 
active phase, and induction delivery interval. Other predictors 

Table 8: Success of induction based on cervical length by 
TVS

Cervical 
length on 
TVS

Successful induction Wilcoxon–Mann–
Whitney U test

Yes No W P
Mean (SD) 2.51 (0.48) 2.85 (0.29) 358.500 <0.001
Median (IQR) 2.4 (2.25–2.65) 2.88 (2.66–3)
Range 1.8‑4.44 2.02–3.32

Table 9: Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) of modified bishop 
score and cervical length measured by TVS

Variable Sensitivity Specificity PPV NPV Diagnostic Accuracy
Cervical Length on TVS (cms) 61.8% (50–73) 95.8% (79–100) 97.9% (89–100) 44.2% (30–59) 70% (60–79)
Modified Bishop Score 28.9% (19–40) 100% (86–100 100% (85–100) 30.8% (21–42) 46% (36–56)

Table 7: Distribution of Participants in terms of 
Induction ‑Delivery Interval (Hours) (n=64)

I‑D lnterval (hours)
Mean (SD) 19.65 (10.90)
Median (IQR) 18 (11–26)
Range 3–67

Figure 1: Receiver operating Characteristics curve 1 for TVS
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for favorable induction of  labor have been investigated in recent 
times like the Tetrapolar pencil probe, cervical elastography, 
biomarkers like fetal fibronectin, and insulin‑like growth factor 
binding protein‑1.[19‑21]

Conclusion

Many pregnant women require induction of  labor. Many factors 
influence the choice of  opting for vaginal delivery. Both MBS 
and transvaginal cervical length measurement are good predictors 
of  successful induction of  labor. Cervical length assessment by 
TVS could be used as a better alternative to the MBS in settings 
where the appropriate equipment and expertise are available. 
However, MBS retains its place in assessing pregnant patients 
for favorability for induction of  labor.

Abbreviations used
1. MBS‑ Modified Bishop Score
2. TVS‑ Transvaginal Sonography
3. LSCS‑Lower Segment of  Caesarean Section
4. BMI‑ Body Mass Index
5. IHCP‑ Intrahepatic Cholestasis of  Pregnancy
6. SD‑ Standard deviation
7. IQR‑ Intra‑Quartile Range
8. ROC‑ Receiver Operating Characteristic Curve.

Limitations of study
It was a hospital‑based study with a small sample size, so the 
results could not be generalized.
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