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Introduction

Labor induction involves the stimulation of contractions be-
fore the spontaneous onset of labor, with or without ruptured 
membranes, whereas augmentation refers to the stimulation 
of spontaneous contractions considered inadequate because 
of failed cervical dilation and fetal descent. Labor induction 
and augmentation are the two most frequently conducted 
interventional procedures, and their use has been increasing in 
the past several decades. According to the National Center for 
Health Statistics, the incidence of labor induction in the United 
States has more than doubled from 9.5% in 1991 to 22.5% 
in 2006 [1]. At Parkland Hospital, up to 35% of labors involve 
induction or augmentation [2]. By comparison, at the Birming-
ham Hospital of the University of Alabama, labor induction 
and augmentation were performed in up to 20% and 35% of 
women, resulting in a total of 55% [2].

One reason for the increase in labor induction is the grow-
ing implementation of preventative measures derived from 
interventional studies for reducing the risks to the fetus. The 
implementation of these interventional procedures has led to 
a surveillance instrument that has become highly developed 
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by virtue of the technical progress in the medical sciences. 
An additional factor underlying the increase in labor induc-
tion is the aim of reducing apprehension and/or discomfort in 
pregnant women, particularly on the due date, because of the 
unpredictability of vaginal delivery. However, an important con-
sideration in the use of labor induction is that women with an 
unfavorable cervix commonly experience delayed pain follow-
ing labor induction, resulting in a failure of vaginal delivery and 
causing cesarean delivery to be inevitable [3,4]. For instance, in 
the United States, the use of labor induction resulted in cesar-
ean delivery increasing to a rate of 31.7% in the year 2007 [5]. 

South Korea has one of highest rates of cesarean deliveries 
worldwide [6]. Hence, an important issue is the determina-
tion of the factors leading to a successful labor induction for 
decreasing the incidence of cesarean delivery [7]. Additionally, 
the identification of indicators for evaluating the state of the 
cervix to determine the risk failure for labor induction is also an 
important concern, particularly for women with an insufficient 
ripening of the cervix. 

The Bishop score and length of the uterine cervix are consid-
ered good predictors of successful labor induction. The Bishop 
score, which was developed 50 years ago, was the first clinical 
index to allow assessment of the cervical state. As the Bishop 
score decreases, an increasingly unsuccessful induction rate 
is observed [8]. Recently, the cervical length as measured by 
transvaginal ultrasonography has come to be typically applied 
as a clinical index for predicting the success of labor induc-
tion. In particular, Iams et al [9]. found that cervical length as 
determined by transvaginal ultrasonography is meaningfully 
associated with premature labor pain, regardless of singleton/
twin pregnancy and the cervical length as determined by this 
method is routinely implemented to assess the cervical matu-
rity of fully pregnant women [9-12]. However, contrary to the 
findings of the early reports, some groups have argued the 
measurement of cervical length using transvaginal ultrasonog-
raphy can suffer from highly variable inter-observer differences, 
and is therefore not suitable as a predictive index for successful 
labor induction [13,14]. 

Cervical funneling is a condition that cause bulges in the 
amnion(and the endocervix) (Fig. 1), resulting in the closure of 
the exocervix [15] and thereby increasing the risk of premature 
birth [9,16]. However, although cervical funneling is associated 
with preterm labor and delivery, little is known about the as-
sociation between funneling and success in the induction of 
labor. However, the use of transvaginal ultrasonography for ex-
amining cervical incompetence is encompassing not only mea-

surements of length but also the funneling shape of the cervix, 
therefore allowing the potential association between cervical 
funneling and success in induction to be explored. 

In recent years, numerous studies have evaluated the use of 
transvaginal ultrasound examination for determining cervical 
length in predicting the outcome of labor induction. Based 
on various findings, the result of transvaginal ultrasonography 
for cervical length were concluded to likely be more objective 
than the Bishop score and have been shown to have reduced 
variability. Moreover, a favorable cervix tends to change from 
a closed shape to one produced by funneling, and is also a 
highly quite important factor for predicting successful vaginal 
delivery.

The study aims were to evaluate 1) the potential of cervical 
funneling as a predictor of successful labor induction, 2) the 
association of cervical funneling with an increased time from 
labor induction to vaginal delivery, and 3) to compare the pre-
dictive value of cervical funneling to the Bishop score and to the 
cervix length for predicting the successful induction of labor.

Materials and methods 

This research was prospectively carried out from July 1, 2011 
to August 31, 2013, on primiparous women who attempted 
vaginal deliveries at the National Health Insurance Service Ilsan 
Hospital, Korea. Among the patients undergoing labor induc-
tion, all women were included if they 1) were primigravida, 2) 
had a living singleton pregnancy, 3) were cephalic presenta-
tion, and 4) were gestational age between 35 and 42 weeks.

Indications for labor induction were according to accepted 

Fig. 1. Real transvaginal ultrasound of the cervix with funneling,functional 
cervical length (D1) showing funnel length (D2), and funnel width (D3).
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medical and obstetrical practices as well as Obstetrics: normal 
and problem pregnancies 6th edition [17], and are as follows: 
preeclampsia/gestational hypertension, postterm pregnancy 
more than 41 gestational weeks, premature rupture of mem-
branes, maternal diabetes, suspected fetal growth restriction, 
oligohydramnios (amnionic fluid index <5), maternal renal dis-
ease, personal maternal reasons such as distance from hospital 
or psychosocial indications and suspected fetal anomaly. In 
case of maternal personal reason, we induced labor only after 
39 gestational weeks and in premature rupture of membranes, 
we waited about 24 hours until spontaneous labor occurred.

The present protocol for labor induction was used in all preg-
nant women for vaginal delivery. Before labor induction, all 
patients underwent complete maternal clinical and obstetrical 
evaluations. Each pregnant woman was clinically evaluated by 
pelvic examination to measure the cervical dilatation, efface-
ment, consistency, and position and the fetal station. These 
five characteristics were measured by a single expert obstetri-
cian (EHK) and were then used to calculate the Bishop score [9]. 
Fetal head engagement in the maternal pelvic cavity was also 
assessed by pelvic exam at that time of admission in the deliv-
ery room. Engagement is the entrance of the fetal presenting 
part into the superior pelvic strait and the beginning of the 
descent through the pelvic canal [17]. 

The ultrasound IU22 (Philips, Bothell, WA, USA) was used in 
the present study. A 7-MHz vaginal probe was covered with a 
condom lubricated both internally and externally and inserted 
into the vagina to observe the cervical shape. Ultrasound 
scanning and pelvic examination were performed by only one 
expert (EHK) in order to reduce inter-observer variation. The 
vaginal ultrasonography probe, which was covered by a con-
dom, was inserted 3 cm away from the cervix, and the length 
between the internal and external os of the cervix in the lon-
gitudinal section was measured by the probe. The cervical lon-
gitudinal section was defined by the view of the cervical canal, 
and the cervical length was defined as the shortest value based 
on more than three measurements. 

Funnel width was defined as the length of an imaginary 
line drawn perpendicular to the longitudinal axis of the cervix 
(Fig. 1) [18]. In the context of these parameters, funneling was 
arbitrary defined as bulging of the membranes into endocervi-
cal canal and protruding at least 15% of the entire cervical 
length [A/(A+B)>0.15] (Fig. 1). We also evaluated the funneling 
shape and percentage if present, and calculated the correlation 
between induction success rate and funneling shape and per-
centage [funneling percentage=A/(A+B)] (Fig. 2).

For patients showing with cervical conditions favorable for 
labor induction, intravenous oxytocin (Oxytocin Jeil Inj 10 IU/
mL; Jeil Pharmaceutical Co., Yongin, Korea) 10 IU of diluted in 
1,000 mL of 5% glucose solution, starting with 16 mL/hr up to 
the maximal dose of 120 mL/hr) was used to achieve the active 
phase of labor according to our routine clinical protocol. Mean-
while, pregnant women with an unfavorable cervix were start-
ed with intravaginal prostaglandin E2 (dinoprostone 10 mg, 
Propess vag SR; Bukwang Pharmaceutical Co., Seoul, Korea) 
to induce cervical ripening, and received this treatment for up 
to 12 hours until the Bishop score became favorable (≥6), with 
complementary oxytocin subsequently used for labor induction.

We proposed that failed induction be defined as failure to 
generate regular contractions approximately every three min-
utes and cervical change after at least 24 hours of oxytocin or 
Propess SR administration according to Society of Maternal-
Fetal Medicine, and American College of Obstetricians and 
Gynecologists [19]. Amniotomy was performed as soon as 
cervical dilatation reached a mean of 5.0 cm. Cesarean delivery 
was performed for failed induction.

Statistical differences were evaluated by the student t-test. 
The adjusted odds ratio was obtained by multiple logistic re-
gression analysis. A P-value of <0.05 was judged as statistically 
significant.

Results

A total of 163 primigravida women who were admitted to the 
delivery room to undergo labor induction were recruited to this 
study. The patients’ demographic data including the medical 

Funnel
length

Funnel
width

A B

C

A+B
percentage funnelingA

Functional
length

=

Fig. 2. Cervical funneling was defined as bulging of the membranes 
into the endocervical canal and the bulging protruding at least 15% of 
the entire cervical length [A/(A+B)>0.15].
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charts were obtained from electronic medical records in the 
National Health Insurance Service Ilsan Hospital. The character-
istics of these patients are shown in Table 1. The mean gesta-
tional age at delivery was 38.3 gestational weeks. Of the total 
patients, 93 (57.1%) had cervical funneling. Further, 137 of 
the participants (84%) delivered vaginally, whereas 26 of the 
women (16.0%) had cesarean deliveries because of a failure in 
labor induction (Table 1). In this study, the indications of labor 
induction are shown in Table 2.

No differences in maternal age, gestational age, maternal 
body mass index (BMI), or neonatal body weight were ob-
served between the women with or without cervical funneling 
(Table 3). By contrast, cervical length, Bishop score, fetal head 

engagement at admission, rupture of membranes, period from 
labor induction to vaginal delivery, the duration of the second 
stage of labor, delivery within 12 hours after labor induction, 
and the cesarean delivery rate were significantly lower in the 
women with funneling as compared to those without funnel-
ing (cesarean delivery rate; 8.6% vs. 25.7%, P<0.01) (Table 4).

The funneling percentage was negatively correlated with the 
duration of labor; however, this correlation was not statistically 
significant (P=0.468) (Fig. 3). Based on the logistic regression 
analysis, successful labor induction was significantly associated 
with funneling, as well as the Bishop score and the cervical 
length (Table 5). However, in a multivariate analysis adjusted 
for maternal age, gestational age, pre-pregnancy BMI, fetal 

Table 1. Patient characteristics

Characteristics Value

Age (yr) 30.9±4.5

Gestational weeks 38.3±1.8

Bishop score 3.7±1.7 

Cervical length (mm) 25.1±7.9 

Cervical funneling 57.1

Cesarean section rate 16.0

Maternal weight gain during pregnancy (kg) 13.56±5.25

Baby body weight (g) 3,021±570

Engagement 81.6

Premature rupture of membrane 29.4

Values are presented as the mean±standard deviation or %.

Table 2. Indications of labor induction

Reason for induction n (%)

Oligohydramnios 12 (7.4)

Postterm 28 (17.2)

Preeclampsia/hypertension 24 (14.7)

Diabetes mellitus 7 (4.3)

Premature rupture of membrane 23 (14.1)

Personal maternal condition 35 (21.5)

Intrauterine growth restriction 22 (13.5)

Non-reassuring fetal distress 2 (1.2)

Maternal renal disease 5 (3.0)

Fetal anomaly 4 (2.4)

If women had more than 2 indications, we chose the one which 
was more essential.

Table 3. Comparison of demographics in patients with or without 
cervical funneling

Funneling
P-valueAbsent

(n=70)
Present 
(n=93)

Age (yr) 31.1±4.9 30.7±4.2 NS

Gestational age (wk) 38.3±1.8 38.3±1.7 NS

BMI before pregnancy (kg/m2) 22.2±4.2 21.9±3.9 NS

Cervical length (mm) 22.2±4.2 15.1±7.1 <0.01

Bishop score 3.0±1.7 4.1±1.6 <0.01

Fetal weight (g) 3,101±535 2,961±591 0.12

Values are presented as the mean±standard deviation.
NS, not significant; BMI, body mass index.

Table 4. Comparison of the delivery outcome

Funneling
P-valueAbsent

(n=70)
Present 
(n=93)

Engagement 50 (71.4 ) 83 (89.2) <0.01

Premature rupture of
membrane 14 (20) 34 (36.6) 0.02

Delivery time (min) 1,060±506 853±661 0.05

Duration of the second 
stage (min) 64±42 51±35 0.05

Delivery within 12 hours after
labor inductiona) 16/52 (30.8) 52/85 (61.2) <0.01

Cesarean delivery rate (%) 25.7 8.6 <0.01

Values are presented as n (%) or mean±standard deviation unless 
otherwise indicated.
a)Percentage calculated from number of women with vaginal delivery 
(n=52 for women without funneling, n=85 for women with funneling).
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engagement and premature rupture of membranes, cervical 
funneling but not the cervical length or Bishop score was sig-
nificantly associated with successful labor induction (odd ratio, 
2.70; 95% confidence interval, 1.02 to 7.10; P=0.04) (Table 5).   

 

Discussion

In recent years, labor induction and augmentation have be-
come a widespread convenience for pregnant women, their 
families, and medical teams. Indeed, Glantz [20] stated that 
about one-fourth of all labor was induced or augmented. La-
bor induction has become clinically widespread in South Korea 
to ensure labor occurs when the obstetricians is in residence. 
There can be no doubt that elective induction for the conve-
nience of the practitioner or the woman and her family has be-
come more prevalent [2]. This concern for inducing labor when 
the obstetrician is available has resulted from the gradual de-

crease in the number of newly created obstetricians/gynecolo-
gists per year. In addition, the existing medical doctors have a 
tendency to avoid delivery. However, as noted, a problem with 
labor induction and augmentation is the increased possibility 
of cesarean delivery, particularly in nulliparous women with an 
unfavorable cervix [3]. Clinicians have to be interested in which 
patients will have a successful delivery during labor induction, 
and therefore patients should be examined and assessed for 
the risk of cesarean delivery resulting from labor induction. The 
lack of attention in regards to successful labor induction, as 
well as potential variation between institutions in assessing it, 
could explain to a certain degree the high and varying rates of 
cesarean delivery following labor induction. For example, in the 
United States, Garcia et al. [21] reported that the proportion 
of cesarean deliveries in academic medical centers was 30% 
less than in community hospitals. Meanwhile, Nora et al. [22] 
reported the cesarean delivery rate in local hospitals was 2-fold 
greater than in public hospitals. According to the Korea Health 
Insurance Review & Assessment Service published annually, 
the cesarean delivery rate is very different in each hospital [7]. 
Indeed, the rate varies between doctors working even in the 
same hospitals, emphasizing the importance of identifying and 
studying factors that can be used to predict the success of la-
bor induction. 

For a number of decades, the Bishop score has been consid-
ered the standard index for determining cervical favorability 
and thus the likelihood of successful interventions. Even when 
the Bishop score suffers from wide inter-observer variation be-
cause of subjective decision making, it is more objective than 
cervical length because of the assessment of the cervical state 
using 5 different factors. However, many pregnant women 
have complained of pain after pelvic examination. Hence, a 
method resulting in less discomfort is needed. The cervical 
length as assessed by vaginal ultrasonography could offer one 
such possible option. However, in our study, the cervical length 
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Fig. 3. Correlation between the percentage of cervical funneling and 
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Table 5. Logistic regression analysis for successful vaginal deliverya)

Unadjusted Adjustedb)

OR 95% CI P-value OR 95% CI P-value

Funneling 3.69 1.49–9.06 <0.01 2.70 1.02–7.10 0.04

Bishop score 1.43 1.11–1.84 <0.01 1.24 0.91–1.70 0.17

Cervix length 0.94 0.89–0.99 0.02 1.01 0.95–1.09 0.57

OR, odds ratio; CI, confidence interval. 
a)We have conducted multivariate analysis and discussed the problem with statisticians; b)Adjusted for maternal age, gestational age, body 
mass index before pregnancy, engagement, and premature rupture of membranes.
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was not significant when adjusted for other factors. Our re-
sults are in agreement with previous studies [14,15], adding to 
a growing body of evidence contradicting the early contention 
that cervical length as evaluated sonographically can be used 
as a predictor of labor induction success [23-25].

Breiger et al. [26] first suggested that cervix funneling should 
be explored as a predictive marker in parturient women. How-
ever, the presence of cervical funneling had no correlation with 
the evaluated parameter of gestational age, and therefore the 
findings did not support cervical shape as a predictive marker 
of labor pain. However, Bayramoglu et al. [27] later reported 
that cervical funneling could predict the onset of natural labor 
pain within a week. The results showed that the group with 
cervical funneling had a higher success rate for labor induction 
than the group without cervical funneling. Of interest, cervical 
funneling was observed in 57.1% of the patients, which was 
higher than the 25% reported by Brieger et al. [26]. A possible 
explanation for this difference between studies is that no clear 
criteria had been established in the prior study with respect to 
the types of the cervical funneling. Hence, the incidence in this 
previous study might have reflected the subjective tendency 
of the observers. In the current study, the length was set at a 
minimum of 15% of the total cervical length. 

According to Peregrine et al. [28] and Pevzner et al. [29], the 
success rate of labor induction is high for multiparity, a BMI of 
<30, favorable cervix, and fetal body weight of <3,500 g. In 
the present study, the maternal age had a major impact on the 
success rate of labor induction, in addition to the Bishop score 
and cervical length. However, the pre-pregnant BMI and fetal 
body weight were not related to the success rate of induced 
labor in the present results, which is in agreement with previ-
ous findings [30]. 

Nonetheless, a limitation of the present study is its limited 
scope in terms of data and patient number. Further studies 
involving large-scale assessments are needed to demonstrate 
that funneling can be used as a predictor of successful labor 
induction. Other possible study limitations include the occur-
rence of the premature rupture of membranes. The manage-
ment of premature rupture of membrane at term continues 
to be controversial as a best practice has yet to be established. 
We waited until spontaneous labor and started labor induc-
tion about 24 hours, when the risk of chorioamnionitis ap-
pear to increase significantly [17]. Only if there was no labor 
which changed the uterine cervix, the cases were included 
in this study. An additional limitation was the broad range of 
gestational ages, which ranged from preterm to postterm. The 

number of risks that can occur in the delivery process can vary 
according to the gestational age.

In conclusion, this study showed that the presence of fun-
neling could be a predictor of successful vaginal delivery dur-
ing labor induction. In addition, the actual duration of labor, 
including the second stage, was decreased in the funneling 
group. Observation of cervical funneling by transvaginal ultra-
sound scanning might be more reliable and convenient than 
conventional methods such as the Bishop score and cervical 
length in predicting the success of labor induction. Further, the 
evaluation of funneling is easier to perform as compared to the 
other assessments and also results in less patient discomfort.
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