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Introduction

Since its inception in 1964, the Bishop score [1] has
remained the gold standard for assessing cervical favora-
bility for labor induction [2]. In contemporary practice,
induction of labor is done for about 20% of term pregnan-
cies [3]. Transvaginal ultrasonic measurement of cervical
length has been shown to be a better predictor of shorter
induction to delivery interval when compared to Bishop
Score by some investigators [4-7] but this is disputed by
others [8-11]. A recent meta-analysis concludes that trans-
vaginal sonography (TVS) is not demonstrably superior to
the Bishop Score and calls for further research [2].

Parity is a strong predictor of successful induction fol-
lowing labor induction at term [12, 13]. Cervical length
by TVS but not Bishop score has been shown to be an
independent predictor of cesarean delivery following
labor induction at term in nulliparas [14]. 

A prospective study was performed to compare TVS of
cervical length and Bishop score in predicting labor
induction outcome at term in a mixed population of nul-
liparas and multiparas. This information is useful for
women contemplating labor induction to help manage
their expectations of the induction process.

Material and Methods

Women from 37 to 42 weeks of gestation with a singleton
fetus, intact membranes and cephalic presentation were
recruited when they presented to the induction bay of the deliv-
ery suite for labor induction. Recruitment was carried out by the

investigators. Women with intrauterine fetal death or known
gross fetal anomaly were excluded. 

Recruitment took place from January 2003 to October 2005.
Two hundred and fifty-three women were approached. One
woman declined TVS. Another woman with a previous cesarean
scar opted for elective cesarean delivery after TVS but before
commencement of labor induction. Two other women who were
preterm (at 35 and 36 weeks of gestation) were mistakenly
recruited. These four women were excluded. We had previously
reported on tolerability of TVS versus digital assessment for
Bishop score in this group of 249 women and we used all-cause
cesarean delivery as the primary outcome measure [13]. Eigh-
teen women delivered by cesarean section for non-reassuring
fetal status within 24 hours of labor induction were excluded for
this analysis [5] these women were excluded as having non-
reassuring fetal status soon after induction of labor likely due to
a pre-existing condition e.g., uteroplacental insufficiency. We
felt such cases were potential confounders in the analysis of
assessment methods of cervical favorability for labor induction.
Following these exclusions, 231 women were left for the final
analysis. 

We defined successful labor induction as vaginal delivery
within 24 hours of labor induction [15]. Cesarean delivery indi-
cated by failure to progress after labor induction that took place
within 24 hours of labor induction was considered as a failed
induction, as failure to progress could be considered a failure of
current methods of labor induction to overcome an unfavorable
cervix. All other deliveries after 24 hours of commencement
were also considered to be failed labor inductions. 

Women were categorized into two groups based on their
parity: nulliparas (no previous births) and multiparas (at least 1
previous birth). We further defined short stature as maternal
height of < 150 cm, post date as gestational age > 40 weeks and
categorized maternal age into under 35 years old and 35 years
and above to assess the effect of these parameters on successful
labor induction.

Study women were asked to empty their bladder before TVS.
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Ultrasound was performed in a specially equipped room sepa-
rate from the induction bay. The sagittal image of the entire cer-
vical canal was acquired sonographically as previously
described [16]. Measurement of cervical length was made from
the internal os to external os in a straight line [17]. The cervi-
cal images were acquired three times in succession and cervical
length was measured for each image. The shortest length of the
three obtained was used for analysis [5]. Funneling was defined
as funnel shape appearance at the internal cervical os due to
dilatation of the internal os of at least 5 mm as detected by TVS.
Ultrasound findings were concealed from providers.

The ultrasound examination was performed by investigators
who had at least a year’s experience with sonography.  Sonog-
raphy was performed using a Toshiba Eccocee or Toshiba
Capasee ultrasound machine (Toshiba Medical Systems, Tokyo,
Japan) with a 6 MHz endovaginal probe. 

The Bishop score was obtained by induction bay providers
blinded to the ultrasound findings.

The method of labor induction was decided upon by
providers. Labor was induced by dinoprostone (3 mg) pessary
or amniotomy in our institution as previously described [13].
Universal electronic fetal monitoring was performed at labor
induction.

After dinoprostone pessary insertion, a planned assessment
was made after six hours and depending on cervical favorabil-
ity, another dinoprostone pessary (maximum 2 doses in 24
hours) might be inserted or amniotomy performed. The women
were then assessed again after six hours: if the cervix remained
unfavorable and immediate delivery was not indicated, the
women usually rested overnight for the induction to be repeated
the following morning. If labor induction was by amniotomy,
oxytocin was given within two hours depending on contrac-
tions. When labor was established, vaginal assessment was done
at least every four hours. 

The study was approved by our institution review board and
written consent was obtained from participants. This study was
done at a university hospital conducting about 5,000 deliveries
per year.

Data was entered into a statistical software package SPSS
version 13.0 (SPSS Inc., Chicago IL) and GraphPad Instat soft-
ware (GraphPad Software Inc., San Diego CA) was also used
for data analysis. The Student’s t test was used to analyze
means, Fisher’s exact test was used for categorical datasets, rel-
ative risk (RR) and its 95% confidence interval (CI) were cal-
culated using GraphPad Instat. Sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV)
(and their 95% confidence interval, CI) and likelihood ratio of
a test were obtained using GraphPad Instat. A receiver operat-
ing characteristic curve was used to determine the best cut-off
for cervical length and Bishop score for successful labor induc-
tion, and area under the curve was derived. Multiple logistic
regression analysis to determine independent predictors of suc-
cessful labor induction was performed and all variables with
crude p < 0.05 were included in the analysis; p < 0.05 at 2-tailed
was taken as a significant level.

Results

Data from 231 women were analyzed. Labor induction
was successful (vaginal delivery within 24 hours of com-
mencement of induction) in 157/231 (68%) comprising
149 spontaneous vaginal deliveries and eight vaginal
instrumental deliveries. Seventy-four women failed
induction comprising 11 women who were delivered by

cesarean section for failure to progress within 24 hours
and another 63 women (37 vaginal deliveries: 24 sponta-
neous and 13 instrumental vaginal deliveries and 26
cesarean sections: 19 for failure to progress and 7 for
fetal distress) who delivered more than 24 hours after
induction. Table 1 showed the characteristics and out-
comes of 231 study women stratified according to vaginal
delivery within 24 hours of labor induction (successful
induction). 

Receiver operating characteristics (ROC) curve indi-
cated that the best cut-off for cervical length as predictor
for successful labor induction was ≤ 20 mm (sensitivity
54%, specificity 81%, PPV 86% and NPV 45%). The
optimal cut off for Bishop score was a score of ≥ 6 (sen-
sitivity 57%, specificity 69%, PPV 80% and NPV 43%).
Although cervical length ≤ 20 mm had better positive and
negative predictive values for successful labor induction
than Bishop score ≥ 6, their 95% confidence intervals
overlapped. ROC area under the curve analyses and
Fisher’s exact test both showed that cervical length and
Bishop score were useful predictors of successful labor
induction. Cervical length of ≤ 20 mm had better predic-
tive values for success of induction compared to Bishop
Score ≥ 6 (Table 2).

Table 1 also shows the interaction of sonographic find-
ings and pre-induction clinical variables on successful
labor induction. On univariate analysis parity, cervical
length, funneling at the internal cervical os, maternal age,
Bishop score and mode of induction were all associated
with successful induction. After adjustment, controlling
for the significant variables stated above, only parity ≥ 1
[(adjusted odds ratio (AOR) 12.4; 95%, CI 5.6-27.3; p <
0.001)], cervical length ≤ 20 mm (AOR 5.6; 95% CI 2.3-
13.8; p < 0.001) and labor induction by amniotomy (AOR
6.5; 95% CI 1.3-32, p = 0.023) were independently asso-
ciated with successful labor inductions.

We performed a further analysis stratified by parity.
Among nulliparas and multiparas, the PPVs and NPVs
for successful labor induction again favored cervical
length ≤ 20 mm compared to a Bishop score ≥ 6 (Table
3) though their 95% CIs overlapped. For short cervical
length ≤ 20 mm in nulliparas, the PPVs and NPVs for
successful labor induction were 69% and 77%, respec-
tively as compared to 98% and 21% among the multi-
paras.

Discussion

Our finding added to the available evidence [4-7] that
TVS is better than Bishop score in predicting successful
labor induction. Our study had also shown that Bishop
score was no longer independently associated with suc-
cessful labor induction once parity, cervical length and
mode of labor induction were taken into account in a
multivariate logistic regression model as has previously
been demonstrated [12].

The cut-offs for cervical length of ≤ 20 mm and Bishop
score ≥ 6 by ROC for predicting vaginal delivery within
24 hours determined in this analysis is identical to that
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reported in our previous report on all-cause cesarean
delivery as outcome which has also found sonographic
cervical length but not Bishop score to be an independent
predictor [13]. This finding suggests that cervical length
is a reliable independent predictor over a range of defini-
tions of failed inductions with consistent cervical length
cut-offs.

In this analysis, funneling at the internal cervical os on
ultrasonic assessment was not an independent predictor of
cesarean delivery in contrast to an earlier finding [6]  due
to the strong and dependent association between funneling
and short cervical length (p < 0.001) within our study. 

Multiparity [12, 18] and mode of induction [1, 10] as
anticipated were significant predictors for successful
labor induction after adjusted analysis. 

Our data indicated that there was a distinct difference
in the interpretation of cervical length as a predictor of

Table 1. — Characteristics. Number (%) or mean ± standard deviation.

Successful labor induction Failed labor induction Crude Adjusted Odds Ratio (AOR)
n = 157 n = 74 p value (95% confidence interval) and p value

Age (years) 30.5 ± 4.9 29.7 ± 4.3 p = 0.26
≥ 35 years 32 (82.1) 7 (17.9) p = 0.04 AOR 1.2 (0.4-3.4): p = 0.73
< 35 years 125 (65.1) 67 (34.9)
Parity 1.4 ± 1.2 0.4 ± 1.0 p < 0.001
Nulliparas 42 (42.4) 57 (57.6) p < 0.001 AOR 12.4 (5.6-27.3): p < 0.001
Multiparas 115 (87.1) 17 (12.9)
Ethnicity
Malay 105 (69.5) 46 (30.5) p = 0.57
Chinese 29 (72.5) 11 (27.5)
Indian 19 (52.8) 11 (47.2)
Others 4 (100) 0 (0)
Height (cm) 156 ± 6 156 ± 6 p = 0.84
< 150 cm 20 (76.9) 6 (23.1) p = 0.38
≥ 150 cm 136 (67.3) 66 (32.7)
Gestation age (weeks) 39.9 ± 1.2 39.9 ± 1.4 p = 0.77
> 40 weeks gestation 69 (63.3) 40 (36.7) p = 0.16
≤ 40 weeks 88 (72.1) 34 (27.9)
Indications for induction of labor‡
Diabetes mellitus 63 (74.1) 22 (25.9) p = 0.24
Prolonged pregnancy 54 (66.7) 27 (33.3)
Non reassuring fetal status§ 26 (66.7) 13 (33.3)
Hypertension 19 (52.8) 17 (47.2)
Others 16 (72.7) 6 (27.3)
Cervical length (mm) 21 ± 9 26 ± 7 p < 0.001
Cervix > 20 mm 73 (54.9) 60 (45.1) p < 0.001 AOR 5.6 (2.3-13.8): p < 0.001
Cervix ≤ 20 mm 84 (85.7) 14 (14.3)
Funneling at internal cervical os
No 116 (63.0) 68 (37) p = 0.001 AOR 1.3 (0.4-4.3): p = 0.69
Yes 41 (87.2) 6 (12.8)
Bishop score 6.0 ± 1.8 4.8 ± 1.4 p < 0.001
Bishop score ≤ 5 68 (57.1) 51 (42.9) p < 0.001 AOR 1.3 (0.6-3.0): p = 0.47
Bishop score ≥ 6 89 (79.5) 23 (20.5)
Mode of labor induction
Vaginal dinoprostone 104 (59.1) 72 (40.9) p < 0.001 AOR 6.5 (1.3-32.0): p = 0.023
Amniotomy 53 (96.4) 2 (3.6)
Induction to delivery interval (hours) 9.5 ± 5.2 34.0 ± 13.1 p < 0.001
*Successful labor induction defined by vaginal delivery within 24 hours of labor induction.
†Multivariate logistic regression analysis using all variables with crude p < 0.05. Adjusted odds ratio shown where variable is used in the model.
‡Total of 263 indications as 30 women had 2 indications and one had 3 indications listed for induction of labor.
§Non reassuring fetal status included oligohydramnios, suspected intrauterine growth restriction, reduced fetal movement and suboptimal umbilical artery Doppler or
cardiotocograph.

Table 2. — Comparison of transvaginal sonography for
cervical length ≤ 20 mm and Bishop score ≥ 6 for predicting
successful labor successful induction (vaginal delivery within
24 hours) in 231 women. 95% confidence interval within
brackets (95% CI).

Prediction of vaginal delivery within 24 hours of induction of labor*
Cervical length Bishop score

≤ 20 mm vs > 20 mm Score > 5 vs Score ≤ 5

Relative risk RR 1.6 (1.3-1.9): RR 1.4 (1.2-1.7):
and p value p < 0.001 p < 0.001

Sensitivity 54% (45%-61%) 57% (49%-65%)
Specificity 81% (70%-89%) 69% (57%-79%)
Positive predictive value 86% (77%-92%) 80% (71%-86%)
Negative predictive value 45% (37%-54%) 43% (34%-52%)
Likelihood ratio 2.8 1.8
Area under receiver operator 0.68 (0.61-0.75): 0.70 (0.63-0.77):

characteristics curve p < 0.001 p < 0.001
*Eighteen cesarean deliveries indicated by fetal distress within 24 hours of labor induction
censored and excluded from analysis.
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successful labor induction at term between multiparas
and nulliparas. The PPV of short cervical length ≤ 20 mm
for successful labor induction of 98% (95% CI, 90-
100%) in multiparas was very high: 98% of these women
might deliver vaginally within 24 hours. However, in con-
trast, the NPV was only 21% (95% CI, 12-33%) which
was very poor: even with long cervical length > 20 mm,
79% were expected to deliver vaginally within 24 hours.
Among nulliparas, short cervical length ≤ 20 mm had a
PPV of 69% (95% CI 53-82%) and a NPV of 77% (64-
87%). This implied that 69% of nulliparous women with
a short cervix might expect vaginal delivery within 24
hours of labor induction and 77% of nulliparas with a
long cervix might encounter failure to deliver vaginally
within 24 hours. 

A previous study has shown TVS cervical length < 27
mm to have a sensitivity of 76% and specificity of 75.5%
for predicting successful labor induction and vaginal
delivery in nulliparas [14]. Our sensitivity and specificity
at 69% and 77%, respectively, for cervical length ≤ 20
mm in predicting successful labor induction among nul-
liparas were comparable to the earlier study.

A potential problem with the use of TVS cervical
length in assessing cervical favorability for labor induc-
tion is the different cut-offs suggested by previous studies
ranging from 24 mm to 30 mm for the cervical length [4,
5, 7, 14]. Our study cut-off at 20 mm is similar to 18-20
mm cut-off of a recent large study [19].

Interestingly, a recent randomized study comparing
TVS assessment and Bishop score to guide pre-induction
cervical ripening with prostaglandins has shown a reduc-
tion in prostaglandin use with TVS without affecting the
success rate of labor induction [20]. 

Previous studies have also shown that TVS is better tol-
erated compared to digital assessment for Bishop score
[10, 13, 21].

Conclusion

TVS for cervical length may be a better alternative to
assess favorability for labor induction for nulliparous
women in the office setting provided expertise and ultra-
sound equipment are available. Multiparas respond well
to labor induction regardless of cervical favorability.
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