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Background. Induction of labour (IOL) is one of the most common procedures conducted in obstetric practice. Several scoring models
are used to predict the probability of successful IOL, most notably the modified Bishop score. Cervical length measured by transvaginal
ultrasound is gaining more attention as a potential measure of success of IOL.
Objective. To assess the role of transvaginal ultrasound measured cervical length (TVS-CL) in predicting the success of IOL.
Methods. A prospective observational study was conducted in the Pretoria Academic Complex. Patients admitted for IOL between 26and 41-weeks’ gestation were included in the study regardless of indication. Eligible patients had a modified Bishop score and TVS-CL
assessed prior to commencing IOL. IOL was conducted with either mechanical methods, medical methods or a combination thereof.
Results. We recruited 150 patients to the study. The modified Bishop score and TVS-CL were highly correlated (r=–0.74; p<0.0001). The
receiver operating characteristics (ROC) curve analysis and the area under the curve (AUC=0.671) highlighted the poor accuracy of
TVS-CL in predicting the success of IOLr compared with the Bishop score. The mean of the TVS-CL was 29.20 mm, with sensitivity of
51% and specificity of 83%.
Conclusion. TVS-CL is a poor predictor of success of IOL compared with the modified Bishop score. The Bishop score remains valid in a
resource-limited setting.
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Induction of labour (IOL) is one of the most common interventions
in obstetrics.[1] Globally, this procedure is performed in up to 20% of
pregnancies.[2] IOL refers to the use of mechanical or pharmacologic
measures to initiate labour.[1] IOL is indicated when benefits to the
mother or the fetus outweigh those of continuing the pregnancy,
such as post-dated pregnancy, pre-eclampsia or fetal growth
restriction.[1] IOL can be referred to as a ‘trial and error’ process.
Most studies use the criterion of delivery within 24 hours to define
the effectiveness of an intervention.[3] However, the success of IOL
should rather be defined based on the initiation of labour rather
than delivery, which is the endpoint of labour. Failed induction is
defined by the National Institute for Health and Care Excellence
(NICE) guidelines as failure to establish labour after one cycle of
treatment.[4]
Several scoring models are used to predict the probability of
successful IOL.[1] Widely, the modified Bishop score (henceforth
referred to as the Bishop score) is used to predict the success of IOL.
The Bishop score was first reported in 1964 and has been used since
then as a tool to predict the success of induction. There are limited
data regarding the role of the Bishop score to predict the success of
IOL.[5] In clinical practice, this method is limited by its subjectivity
and interobserver variability. Transvaginal ultrasound measured
cervical length (TVS-CL) has therefore been proposed as a better
predictor of the success of labour compared with the Bishop score.[6,7]
TVS-CL has been linked with the risk of preterm delivery.[8]
Cervical shortening as seen on sonar has been proposed as

representative of the process of cervical effacement.[8,9] Theoretically,
TVS-CL measurement could represent a more accurate assessment
of the cervix than digital examination because the supravaginal
portion of the cervix usually comprises about 50% of cervical
length, but this is highly variable among individuals. This portion is
difficult to assess digitally.[8,9] Moreover, ultrasonographic evaluation
of cervical characteristics causes less discomfort to patients.[8,9]
In experienced hands, TVS is more reproducible and less subjective
than digital exam or Bishop score.
The aim of the present study was to examine the value of preinduction TVS-CL in the prediction of success of IOL compared
with the clinically determined Bishop score.

Methods

A multicentre prospective observational study was conducted at
two tertiary referral hospitals; namely Kalafong Tertiary Provincial
Hospital and Steve Biko Academic Hospital, in Pretoria, South
Africa, to assess the accuracy of the TVS-CL in predicting the
success of IOL. An average of four patients are admitted daily for
IOL at these hospitals.
Patients between 26 and 41 weeks of gestation, with singleton
pregnancies in cephalic presentation, and hospitalised for
IOL, regardless of the indication, were recruited. Patients with
contraindication to a vaginal delivery, multiple pregnancies,
previous caesarean sections, or intrauterine fetal demise or fetal
congenital anomalies were excluded. Induction methods included
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mechanical induction with a cervical Foley catheter, medical
induction with misoprostol, or a combination of mechanical and
medical methods. The method of IOL was decided upon based
on the Bishop score and maternal characteristics such as grand
multiparity and indication of IOL (e.g. preterm pre-labour rupture
of membranes).
Patients who consented to participate in the study completed a
demographic questionnaire at enrolment into the study. TVS‑CL
was measured prior to the start of IOL. TVS-CL was measured
according to the International Society of Ultrasound in Obstetrics
and Gynaecology (ISUOG) guidelines.[10-12] The patient’s bladder was
emptied, the ultrasound probe was gently inserted into the patient’s
vagina and guided into the anterior fornix to obtain a sagittal, longaxis image of the entire cervix. Excessive pressure was avoided.
The image was enlarged so that the cervix occupied two-thirds (50
- 75%) of the screen, with both the internal and external os seen
clearly. The cervical length was measured along the endocervical
canal between the internal and external os. This process was
repeated to obtain three sets of image measurements and the
shortest best measurement was used. Registrars in the department
obtained the measurements. They received training on how to
perform a Bishop score and measure cervical length. Interobserver
variability was reduced by offering training to all registrars. Posters
on how to determine the Bishop score and measure the TVS-CL
were posted in the antenatal ward and sonar room as a reminder.
Images of the TVS-CL were audited by the principal investigator.
The Bishop score was evaluated at commencement of IOL.
Patients were re-assessed after 24 hours to determine their progress
of labour. The findings of cervical changes on clinical examination
were recorded. A Bishop score ≥8 was regarded as favourable and
a score <8 was unfavourable,[10] while TVS-CL <25 mm was noted
to be favourable and ≥25 mm was regarded as unfavourable.[11] A
favourable cervix indicates that a patient has a higher probability of
having a successful normal vaginal delivery, while an unfavourable
cervix means the contrary. The method of IOL was determined
using the Bishop score and maternal characteristics such as grand
multiparity and indication of IOL. The successful IOL was defined
as a patient being in active labour within 24 hours of initiation of
induction agents. Failed induction was defined as failure to establish
labour after one completed cycle of treatment.
A convenience sample of 150 participants were included in the
study. The correlation between the Bishop score and TVS-CL was
assessed using the Bishop score as the gold standard. The sensitivity,
specificity, and positive and negative predictive values (PPV
and NPV) were determined as well as the positive and negative
likelihood ratios (LR+ and LR–) of the TVS-CL at predetermined
cut-off values (< or >25 mm) for the prediction of success of IOL.
The accuracy of the performance of the TVS-CL was evaluated with
receiver operating characteristic (ROC) curves.
Ethical approval for this study was obtained from the University
of Pretoria, Faculty of Health Sciences Research Ethics Committee
(ref. no. 582/2018). Informed consent was obtained from the
patients prior to enrolment in the study.

Results

A total of 150 patients were recruited into the present study. The
characteristics of the patients are presented in Table 1.
The average (standard deviation (SD)) maternal age was 30.55
(6.45) years, the average (SD) mid-upper arm circumference was
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30.97 (4.16) cm, and the average (SD) estimated gestational age was
37.97 (1.84) weeks. Hypertensive disorders of pregnancy were the
most common indication of IOL (38%; n=57).
The average (SD) Bishop score was 6.61 (1.81), which is
unfavourable. Similarly, the average (SD) TVS-CL was 29.2
(7.60) mm, which was also unfavourable.
Table 1. Characteristics of the population (N=150)
Characteristics of patients
Age (years)
Gravidity
Parity
Gestational age (weeks)
Weight (kg)
Mid-upper arm circumference (cm)
Haemoglobin (g/dL)
Indications for IOL, n (%)
Post dates
HPT
PPROM or PROM
GDM
Prev IUD
IUGR
Others

Mean (Range; SD)*
30.55 (16 - 44; 6.45)
2.64 (1 - 8; 1.45)
1.25 (0 - 5; 1.19)
37.97 (32 - 42; 1.84)
81.31 (46 - 160; 19.82)
30.97 (21 - 46; 4.16)
11.57 (9 - 15; 1.14)
22 (14.7)
57 (38.0)
17 (11.3)
31 (20.7)
5 (3.3)
5 (3.3)
13 (8.7)

GDM = gestational diabetes; HPT = hypertension; IOL = induction of labour;
IUD = intrauterine fetal demise; IUGR; =intrauterine fetal growth restriction;
PPROM = preterm prelabour rupture of membranes; PROM = preterm rupture of membranes.
*Unless otherwise specified.

Table 2. Characteristics of the cervical findings (N=150)

Cervical length (mm)
Bishop score
Favourable,† n (%)
Unfavourable,† n (%)

Modified Bishop score,
mean (SD)*
17.4 (0.60)
6.61 (1.81)
61 (40.7)
89 (59.3)

TVS-CL,
mean (SD)*
29.2 (7.60)
57 (38)
93 (62)

TVS-CL = transvaginal ultrasound measured cervical length; SD = standard deviation.
*Unless otherwise specified.
†
A Bishop score ≥8 indicates a favourable cervix and a Bishop score <8 indicates an
unfavourable cervix. A TVS-CL <25 mm indicates a favourable cervix and a TVS-CL ≥25 mm
indicates an unfavourable cervix.

Table 3. Characteristics of IOL and obstetrics outcomes (N=150)
Characteristics of patients
Mode of induction
Medical
Mechanical
Both
Time to delivery (hours)
<24
>24
Mode of delivery
NVD
C/D
Indication of C/D
Fetal distress
Failed IOL
Cephalopelvic disproportion
Other
Birthweight (g), mean (range; SD)

n (%)*

67 (44.7)
2 (1.3)
81 (54.0)
111 (74.0)
39 (26.0)
97 (64.7)
53 (35.3)
27 (50.9)
18 (34.0)
6 (11.3)
2 (3.8)
3 060.57;
(1 719 - 4 310; 555.69)

IOL = induction of labour; NVD = normal vaginal delivery; C/D = caesarean delivery.
*Unless otherwise specified.
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and that ultrasound measurement of CL
does not contribute to the prediction of
successful vaginal delivery. On the contrary,
a study by Rane et al.[15] found that using the
TVS-CL to predict the success of IOL had
a sensitivity of 89%, which was superior
to the Bishop score that had a sensitivity
of 65%.[17] In addition, Pandis et al.[16]
demonstrated that CL performed better
than the Bishop score in the prediction of
vaginal delivery. These differing findings
might be attributed to the heterogenous
population studied and the study design.
In the present study, it is evident that
the supravaginal portion of the cervix is
difficult to assess digitally as the cervical
length was always longer on transvaginal

ultrasound as compared with effacement
measured digitally. While this has been an
argument for the use of TVS-CL, it has not
been consistently proven to be clinically
significant.[8,9,17]
Maternal characteristics in the present
study did not affect the outcome of IOL.
Observational studies indicate that obese
women are 1.6 times more likely to fail IOL
than women of normal body mass index.[18]
The findings in the present study indicate
otherwise probably owing to a small sample
size. This may suggest that there is a need
for further investigations on this topic,
especially in our population, where the fat
distribution (central v. pelvic-femoral) may
possibly be a factor.
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Half of the women (54%; n=81) were
induced with a combination of misoprostol
and mechanical induction with a cervical
Foley’s catheter. Despite most women
having an unfavourable Bishop score and
TVS-CL, 64% had a successful IOL. The
time from IOL to delivery was <24 hours in
74% (n=111) of the patients. The caesarean
delivery rate was 35.3%, with half of these
due to fetal distress. Moreover, only 34%
(n=18) of caesarean deliveries were due to
failed IOL.
The correlation between the TVS-CL
measurement and Bishop score is illustrated
in Fig. 1. There was a significant relationship
(r=–0.74; p<0.0001) between the TVS-CL
and the Bishop score. The area under the
ROC curve (AUC) was 0.0671 (Fig. 2). The
mean (SD) cervical length was 29.2 (7.60)
mm, with a sensitivity of 51% and specificity
of 83% based on the ROC analysis (Table 4).
About a quarter of women (26%; n=39)
had a favourable cervix indicated by the
TVS-CL threshold of 25 mm (Table 4). The
PPV was 51.28% and the NPV of 82.88%.
The LR+ is 3.00 and LR– is 0.59, meaning
that TVS-CL is a poor predictor for success
of IOL. Table 5 illustrates the factors
affecting success of IOL.
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Fig. 1. Correlation between the Bishop score and TVS-CL in predicting the success of IOL
(r= –0.74). (TVS-CL = transvaginal ultrasound measured cervical length; IOL = induction of labour).
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The main aim of the present study was
to evaluate the accuracy of TVS-CL in
predicting the success of IOL. Additionally,
the performance of TVS-CL was compared
with the Bishop score as a predictor of
the success of IOL. Although we found
that there was a high corelation between
the two tests, the findings of the present
study do not support the use of TVS-CL
as an independent predictor of the success
of IOL. We also showed that the Bishop
score is a better predictor of success of IOL
despite the known interobserver variability
for the Bishop score.
A study by Gonen et al.[13] demonstrated
that once the Bishop score was known, the
addition of the ultrasonographic variables
did not improve the ability to predict the
outcome of the IOL. Similarly, Groeneveld
et al.[14] also concluded that the Bishop score
is a predictor of successful vaginal delivery
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Fig. 2. ROC curve demonstrating the ability of TVS-CL to predict the success of IOL
(AUC 0.671). (ROC = receiver operating characteristic; AUC = area under the curve).

Table 4. Sensitivity, specificity, LR+, LR–, PPV, and NPV for Bishop score and TVS-CL
Modified Bishop score
TVS-CL

Sensitivity (%)
99
51

Specificity (%)
77
83

LR+
3.94
3.00

LR–
0.10
0.59

PPV
58.06
51.28

LR+ = positive likelihood ratio; LR− = negative likelihood ratio; PPV = positive predictive value, NPV = negative predictive value; TVS-CL = transvaginal ultrasound measured cervical length.
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Table 5. Factors affecting the success of IOL
Characteristics
GA (weeks)
≤37
>37
Obesity
MUAC ≤33 cm
MUAC >33 cm
Parity
Nullipara
>1
Indications of IOL
Postdate
HDP
PPROM/PROM
GDM
Other

Successful IOL, n (%)

Failed IOL, n (%)

OR

95% CI

p-value

22 (25.9)
63 (74.1)

10 (32.3)
21 (67.7)

0.77
1.36

0.30 - 1.80
0.56 - 3.34

0.4984

60 (70.6)
25 (29.4)

22 (71.0)
9 (29.0)

0.98
1.02

0.40 - 2.43
0.41 - 2.51

0.9684

22 (25.9)
63 (74.1)

11 (35.5)
20 (64.5)

0.63
1.56

0.26 - 1.53
0.65 - 3.80

0.3125

14 (16.5)
27 (31.8)
10 (11.8)
18 (21.2)
16 (18.8)

1 (3.2)
18 (58.1)
3 (9.7)
7 (22.6)
2 (6.5)

-

-

-

IOL = induction of labour; OR = odds ratio; CI = confidence interval; GA = gestational age; MUAC = mid-upper arm circumference; HDP = hypertensive diseases of pregnancy (gestational hypertension
and pre-eclampsia); PPROM = preterm prelabour rupture of membranes; PROM = preterm rupture of membranes; GDM = gestational diabetes.

One of the interesting findings from our study was that the Bishop
score was better than TVS-CL but still a poor predictive tool for the
success of labour. This finding highlights the question of whether
there is a role for these tools in modern obstetrics. Despite knowing
that a woman has an unfavourable cervix, it is unlikely to change
the management plan, more especially with a global consensus on
reducing primary caesarean delivery.[19]
Several groups have evaluated the usefulness of transvaginal
ultrasound in the prediction of successful IOL and all have reached
the same conclusion that CL is a good predictor of the duration of
labour. Yet, it remains unknown whether it is clinically useful, or
whether it could replace the Bishop score, or whether both methods
should be used together.[14,20] The American College of Obstetrics
and Gynecology (ACOG) recommends that the status of the cervix
be determined by the Bishop pelvic scoring system.[17] Currently,
transvaginal CL is not endorsed by ACOG as a method of assessing
the likelihood of success or failure of IOL owing to limited data.
Based on the findings from the present study, the Bishop score
appears to be superior to the CL measurement. The Bishop score
is a simple, cheap method; therefore, it is a very useful method in
low-resource settings where ultrasound machines are not widely
accessible. Considering the global consensus to decrease caesarean
sections in non-emergency cases, a trial of IOL must always be
considered.

Study strengths and limitations
The strengths of the present study are the pragmatic study
context, multicentre data collection and use of readily available
tools. The limitations of the study include the small sample size
and interobserver variability. We did put measures in place to
reduce interobserver variability in the present study. There is
controversy with the current findings on this subject as guidelines
are contradictory on whether or not transvaginal CL is useful in
predicting the success of IOL; thus, randomised control studies with
larger numbers of women are recommended for future research.

Conclusion

The present study showed that TVS-CL is a poor predictor for the
success of IOL compared with the modified Bishop score.
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