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Abstract: There are many methods for cervical ripening. At present, FCB and prostaglandins, including PGE2 and 
PGE1, are the two major methods. We conducted a meta-analysis to compare the efficiency and safety of cervical 
ripening and labor induction between the two methods. We performed a systematic literature search of Medline, 
web of science, and Cochrane library. The risk ratio (RR) with a 95% confidence interval (95% CI) was calculated 
using fixed-effect models or random-effect models. Eighteen randomized controlled trials were included in this 
meta-analysis with 3,437 patients. 1,711 participants received FCB and 1,726 participants received prostaglandins 
(PGE2: 1240, PGE1: 486). The FCB group and prostaglandins group had a similar risk of caesarean section, vaginal 
delivery in 24 h or less, 5 min Apgar score less than 5, and arterial cord pH level less than 7.10. The FCB group had 
a higher risk of oxytocin augmentation and the prostaglandins group had a higher risk of neonatal ICU admission. In 
conclusion, FCB may be safer for cervical ripening despite a higher risk of oxytocin augmentation or use.
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Introduction

Labor induction is one of the most common 
obstetric interventions, occurring in approxi-
mately 20% to 30% of all deliveries in devel-
oped countries [1]. With an unfavorable cervix, 
exogenous oxytocin alone leads to a longer 
induction to delivery [2]. Some women have an 
unfavorable cervix at the start of induction, and 
have a higher risk of caesarean section [2]. 
Therefore, cervical ripening is necessary in 
these cases. At present, ripening of the cervix 
is an obbligato part of the induction process for 
an unfavorable cervix.

An ideal method for cervical ripening is still not 
known. There are various methods for cervical 
ripening, including mechanical and pharmaco-
logical methods. The mechanical method was 
the first method used for cervical ripening and 
labor induction, and is still widely used today 
[3]. Foley catheter balloon (FCB) is the main 
mechanical method. FCB is inserted in order to 

modify the cervical condition by dilating the cer-
vix, but may limit uterine contractions. In 1977, 
some investigators [4] declared that the FCB 
had less of a contribution to cervical ripening 
than the prostaglandins because of its much 
slower action. The prostaglandins, including 
prostaglandin E2 (PGE2) such as dinoprostone 
and prostaglandin E1 (PGE1) such as misopros-
tol, are the major pharmacologic methods. 
PGE2 given vaginally and intracervically has 
been proven to be an effective agent [5]. In 
addition, PGE1 has also been shown to be an 
effective agent [6]. At present, various random-
ized controlled trials have compared the effica-
cy and safety of FCB with prostaglandins for 
cervical ripening, but few have attempted to 
review and summarize them.

Twenty-seven randomized controlled trials 
(RCTS), which compared prostaglandins with 
FCB alone or in combination with extra amniotic 
saline solution infusion (EASI) and/or intrave-
nous oxytocin (IVO), were included in a meta-
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analysis in 2010 [7]. The author concluded that 
FCB and prostaglandins result in similar cesar-
ean delivery rates, FCB has a higher risk of oxy-
tocin use and/or augmentation for labor induc-
tion, and prostaglandins carry a higher risk of 
contraction abnormalities. Since that meta-
analysis study was published 5 years ago, there 
have been more randomized controlled trials 
published. We undertook the meta-analysis to 
compare the clinical outcomes between FCB 
and PGE2 or PGE1 alone.

Materials and methods 

Article search

We conducted the previous studies according 
to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guide-
lines. We searched all randomized controlled 
trials by the following terms: ((((((balloon dilata-
tion [Title/Abstract]) OR catheterization [Title/
Abstract]) OR Foley [Title/Abstract]) OR extra-
amniotic saline [Title/Abstract])) AND (((Pros- 
taglandins [Title/Abstract]) OR Prostanoids 
[Title/Abstract]) OR “Prostaglandins” [Mesh])) 
AND ((random* [Title/Abstract]) OR (“Rando- 
mized Controlled Trials as Topic” [Mesh] OR 
“Randomized Controlled Trial” [Publication Ty- 
pe])). These articles were searched in Medline, 
web of science, and Cochrane Library electron-
ic databases.

tion, vaginal delivery in 24 h or less, and oxyto-
cin augmentation or requirement) and neonatal 
outcomes (ICU admission, 5 min-Apgar score 
less than 5, and Arterial cord pH level less than 
7.10).

Methods of meta-analysis

The meta-analysis was carried out using the 
Review Manager software package (RevMan, 
version 5.3; The Nordic Cochrane Center, Co- 
penhagen, Denmark). We analyzed the dichoto-
mous outcomes by calculating the risk ratio 
(RR) with a 95% confidence interval (95% CI). 
Pooled estimates were calculated fixed effect 
models (Mantel-Haenszel) or random effects 
models (Der Simonian & Laird). Heterogeneity 
between trials was measured by Q-test. P value 
< 0.1 or I2 > 50% indicated significance in the 
analysis of heterogeneity. The fixed-effect 
model was used when the Q-test indicated no 
heterogeneity between the included studies. 
The random-effect model was used when het-
erogeneity was presented between RCTS. A 
Funnel plot and Egger test were performed to 
test the potential publication bias of the includ-
ed studies. The criteria used to assess the 
methodological quality included Random 
sequence generation, allocation concealment, 
blinding of participants and personnel, incom-
plete outcome data, selective reporting and 
other biases.

Figure 1. Flow diagram of our method of evidence, the remaining 18 random-
ized controlled trials were included in this meta-analysis.

Selection criteria

Only RCTS that appeared in 
English-language publica-
tions that compared FCB 
alone, and PGE2 or PGE1 
on their efficacy and safety 
in cervical ripening and 
labor induction were includ-
ed in this meta-analysis. 
Studies were excluded if 
they combined FCB with 
other methods, if they used 
other balloon devices, if 
they had no relevant out-
comes, or if they only ap- 
peared in abstracts. 

Outcomes of interest

The interesting clinical out-
comes included maternal 
outcomes (caesarean sec-
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Table 1. Baseline characteristics of included trials comparing FCB to PGE2

Study and year N FCB Maternal age 
(y)

Gestational 
age (WK) Cervical situation Situation of fertility

F P Size/ML F P F P
Edwards et al 2014 185 191 16/30 ml 28.0 26.9 39.1 39.2 F: Number of cervical dilation 1 cm or less: 138 F: Nulliparous number: 106

P: Number of cervical dilation 1 cm or less: 157 P: Nulliparous number: 127
Jozwiak et al 2012 107 119 NR/30 ml 30.5 31.7 39.1 39.8 F: Number of baseline Bishop score 1 or less: 51 F: Nulliparous number: 77

P: Number of baseline Bishop score 1 or less: 47 P: Nulliparous number: 83
Henry et al 2013 50 51 16/30 ml 32.7 32.9 40.8 40.6 F: Baseline Bishop score: 2.7 F: Nulliparous number: 45

P: Baseline Bishop score: 2.9 P: Nulliparous number: 46
Jozwiak et al 2011 411 408 16 or 18/30 ml 30.9 30.6 40.1 40.0 F: Number of baseline Bishops score 1 or less: 151 F: Nulliparous number: 268

P: Number of baseline Bishop score 1 or less: 137 P: Nulliparous number: 263
Cromi et al 2011 132 132 18/50 ml 31.8 31.0 39.9 39.8 F: Baseline Bishop score: 2 F: Nulliparous number: 92

P: Baseline Bishop score: 2 P: Nulliparous number: 89
CE Pennell et al 2009 107 113 16/30 ml 27 27 40 40 F: Unfavourable cervix F: Nulliparous number: 107

P: Unfavorable cervix P: Nulliparous numeber: 113
M.I. Al-Taani 2004 72 75 18/50 ml 27.7 27.1 39.4 39.5 F: Initial Bishop score: 2.56 F: Number of parity: 7.7

P: Initial Bishop score: 2.61 P: Number of parity: 7.4
A. Moini et al 2003 35 35 22/30 ml 22.4 23.1 40.6 40.63 F: Baseline Bishop score: 3.9 NR

P: Baseline Bishop score: 3.29
S. Nir omanesha et al 2002 45 44 14/30 ml 23.9 24.0 40.7 40.8 All Baseline Bishop score less than 5 F: Number of parity: 0.52

P: Number of parity: 0.45
Anthony C. et al 1998 77 72 14/30 ml 26.3 26.3 38.3 38.4 F: Baseline Bishop score: 2.8 F: Number of parity: 0.5

P: Baseline Bishop score: 2.4 P: Number of parity: 0.4
N = number; y = year; wk = weekend; NR = not reported; *All the patients in both groups; FCB = foley catheter balloon; P = prostaglandins E2.
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Table 2. Baseline characteristics of included trials comparing FCB to PGE1

Study and year Number FCB Maternal  
age (y)

Gestational 
age (WK) Cervical situation The situation of fertility

F P Size/ML F P F P
A.T. OWOLABI et al 2005 60 60 18/30 ml 31.1 29.6 40.3 40.7 F: Baseline Bishop score: 3.4 F: Nulliparous number: 13

P: Baseline Bishop score: 3.4 P: Nulliparous number: 11
ANTHONY C et aL 2001 58 53 16/30 ml 25.1 25.9 NR F: Baseline Bishop score: 3.0 F: Percentage of nulliparous: 76%

P: Baseline Bishop score: 2 P: Percentage of nulliparous: 71.10%
E.O. Ugwu et al 2013 45 45 16/30 ml 28.9 27.1 40.7 40.2 F: Baseline Bishop score ≤ 5 F: Nulliparous number: 20

P: Baseline Bishop score ≤ 5 P: Nulliparous number: 19
Chung et al 2003 54 49 16/30 ml 26.5 26.3 40.0 39.8 F: Number of Baseline Bishop score ≤ 2:13 F: Nulliparous number: 33

P: Number of Baseline Bishop score ≤ 2:12 P: Nulliparous number: 33
Marta Jozwia et al 2014 56 64 NR/30 ml 31.0 32.3 39.1 39.8 F: Number of Baseline Bishop score ≤ 1:21 F: Nulliparous number: 37

P: Number of Baseline Bishop score ≤ 1:25 P: Nulliparous number: 41
Greybush et al 2001 71 65 24/50 ml NR 38.3 38.2 F: Baseline Bishop score ≤ 5 F: Percentage of nulliparous: 63.40%

P: Baseline Bishop score ≤ 5 P: Percentage of nulliparous: 67.70%
O.Gelisen et al 2005 100 100 18/50 ml 24.4 25.9 41 41 F: Baseline Bishop score: 1.8 F: Nulliparous number: 47

P: Baseline Bishop score: 1.6 P: Nulliparous number: 46
A. ADENIJI et al 2005 46 50 16/30 ml 30.5 30.2 40.2 39.9 F: Number of Baseline Bishop score ≤ 1:1 F: Nulliparous number: 20

P: Number of Baseline Bishop score ≤ 1:1 P: Nulliparous number: 26
N = number; y = year; wk = weekend; NR = not reported; *All the patients in both groups; FCB = foley catheter balloon; P = prostaglandins E1.
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Results

Included studies

Of the 117 studies found through the literature 
search, 84 articles were excluded based on 
their titles and abstracts. One article was 

excluded as the full article was not found, five 
articles were excluded because they were 
repeats, and nine studies were excluded 
because they had no relevant outcomes. The 
remaining 18 randomized controlled trials were 
included in this meta-analysis (Figure 1) [8-25]. 
These studies included 3,437 patients with an 

Figure 2. Risk of bias summary: review of authors’ judgements about each risk of bias item for each included study.

Figure 3. Maternal outcome: Caesarean section, The outcomes of pooled statistical estimation for caesarean sec-
tion in this analysis were not significantly different between the two groups, and subgroup analysis showed a similar 
result. M-H, Mantel-Haenszel, CI, Confidence Interval.
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FCB group, n=1,711 (49.8%) and prostaglan-
dins group, n=1,726 (50.2%). In the prostaglan-
dins group, there was a PGE2 group, n=1,240 
(71.8%) and PGE1 group, n=486 (28.2%). The 
study and patient characteristics are summa-
rized in Tables 1 and 2. The risk of bias in each 
study included in our meta-analysis is indicated 
in Figure 2.

Maternal outcomes

In the 18 randomized controlled trials, 17 stud-
ies reported the number of caesarean sections. 
A pooled RR and its 95% CI were calculated 
with a random model because of the high het-
erogeneity between studies (I2=72%, P hetero-
geneity < 0.00001). The outcomes of pooled 

Figure 4. Maternal outcome: Oxytocin augmentation or required, the results exhibited that women who received a 
Foley catheter balloon had a higher risk of oxytocin augmentation or requirement than women who received prosta-
glandins. Subgroup analysis revealed a similar statistical outcome. M-H, Mantel-Haenszel, CI, Confidence Interval.

Figure 5. Maternal outcome: Vaginal delivery in 24 h or less, there was no significant difference between women 
who had a Foley catheter balloon and those who had prostaglandins, and the subgroup analysis showed similar 
results. M-H, Mantel-Haenszel, CI, Confidence Interval.
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statistical estimation for caesarean section in 
this analysis were not significantly different 
between the two groups (RR=0.94, 95% CI= 
0.75 to 1.18, P=0.59), and subgroup analysis 
showed a similar result (Figure 3). 10 studies 

reported the number of oxytocin augmentation 
or requirement. The results of heterogeneity 
tests were P heterogeneity < 0.00001 and 
I2=0.84%. Therefore, a random model was 
used to calculate the pooled results and the 

Figure 6. Neonatal outcome: Neonatal ICU admission, the risk of neonates being admitted to ICU was higher in the 
prostaglandins group than the FCB group. Subgroup analysis also indicated higher risk of neonates admitted to ICU 
in the PGE2 group than in the FCB group. M-H, Mantel-Haenszel, CI, Confidence Interval.

Figure 7. Neonatal outcome: 25 min Apgar score less than 5, there was no significant difference in the proportion of 
5 min Apgar score less than 5 between the FCB group and prostaglandins (RR=0.72, 95% CI=0.41 to 1.25, P=0.24). 
Subgroup analysis showed similar outcomes. M-H, Mantel-Haenszel, CI, Confidence Interval.
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results exhibited that women who received a 
Foley catheter balloon had a higher risk of oxy-
tocin augmentation or requirement than women 
who received prostaglandins (RR=1.34, 95% 
CI=1.18 to 1.52, P < 0.00001). Subgroup anal-
ysis revealed a similar statistical outcome 
(Figure 4). The number of vaginal deliveries in 
24 h or less was reported in only six articles. As 
the studies have an obvious heterogeneity 
(I2=81%, P heterogeneity < 0.0001), we used a 

erogeneity (I2=0%, P heterogeneity =0.93), so 
we used a fixed model to analysis the datum. 
According to the results, the risk of neonates 
being admitted to ICU was higher in the prosta-
glandins group than the FCB group (RR=0.77, 
95% CI=0.64 to 0.91, P=0.003). Subgroup 
analysis also indicated higher risk of neonates 
admitted to ICU in the PGE2 group than in the 
FCB group (RR=0.73, 95% CI=0.60 to 0.89, 
P=0.002) (Figure 6). The proportion of a 5 min 

Figure 8. Neonatal outcome: Arterial cord pH level less than 7.10, No significant difference was observed in the pro-
portion of arterial cord pH level less than 7.10 between the FCB group and prostaglandins group. Subgroup analysis 
also showed no difference between the two groups (M-H, Mantel-Haenszel, CI, Confidence Interval).

Figure 9. Funnel plots of neonatal ICU admission (RR: Risk ratio; SE (log [RR]): 
standard error of the natural logarithm of the Risk ratio).

random model to analysis 
the datum and according to 
the analysis, there was no 
significant difference bet- 
ween women who had a 
Foley catheter balloon and 
those who had prostaglan-
dins (RR=1.08, 95% CI= 
0.79 to 1.48, P=0.61), and 
the subgroup analysis sho- 
wed similar results (Figure 
5).

Neonatal outcomes

Thirteen articles mention- 
ed the proportion of neo-
nates admitted to the neo-
natal intensive care unit. 
There was no obvious het-
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Apgar score less than 5 was reported in ten 
studies. The heterogeneity between studies 
was not significant (I2=0%, P heterogeneity 
=0.57), so a random model was used to calcu-
late the pooled results. There was no signifi-
cant difference in the proportion of 5 min Apgar 
score less than 5 between the FCB group and 
prostaglandins (RR=0.72, 95% CI=0.41 to 
1.25, P=0.24). Subgroup analysis showed simi-
lar outcomes (Figure 7). Seven RCTs compared 
the proportion of an arterial cord pH level less 
than 7.10. We used a fixed model to analysis 
the datum with no significant heterogeneity 
among the studies (I2=0%, P heterogeneity 
=0.88). No significant difference was observed 
in the proportion of arterial cord pH level less 
than 7.10 between the FCB group and prosta-
glandins group (RR=0.83, 95% CI=0.56 to 
1.23, P=0.36). Subgroup analysis also showed 
no difference between the two groups (Figure 
8).

Publication bias

We evaluated the possibility of publication bias 
using a funnel plot. The funnel plot for Arterial 
cord pH level less than 7.10 did not reveal 
asymmetry, indicating no evidence of publica-
tion bias, but it did reveal asymmetry suggest-
ing that there is publication bias present in 
terms of neonatal ICU admission and 5 min 
Apgar score less than 5 (Figure 9). 

Discussion

In this meta-analysis of randomized controlled 
trials with 3,437 patients, women who received 
FCB and prostaglandins had similar efficacy in 
their caesarean sections and vaginal deliveries 
in 24 h or less, and there was no difference in 
the safety indicated by a neonatal 5 min Apgar 
score less than 5 and an arterial cord pH level 
less than 7.10. However, women who used FCB 
had a higher risk in the rate of oxytocin aug-
mentation or requirement than the women who 
used prostaglandins, and there was an increase 
in the rate of neonates admitted to ICU with the 
prostaglandins group compared the FCB group. 

Our analysis demonstrated that the proportion 
of cesarean sections was similar between the 
two groups, and the subgroup analysis showed 
the same result between the FCB group and 
PGE2 or PGE1 groups. Similar to our findings, 
the previous meta-analysis [7, 26, 27] noted 

that the risk of cesarean section was similar 
among the FCB group and PGE2 group. 
Cesarean section is an effective measure to 
solve dystocia and save maternal and fetal 
lives, and it is not a shortcut to delivery. In fact, 
cesarean delivery is a form of factitious trau-
ma, so it is not unlikely for complications to 
occur. For parturient, the women who undergo 
a caesarean delivery have a higher puerperal 
infection rate and more blood loss than the 
women who undergo a vaginal delivery. In the 
process of recovery after caesarean section, 
intestinal adhesion, intestinal obstruction, pel-
vic inflammatory disease, and endometriosis 
are possible. For newborns, the newborns 
delivered vaginally have a lower risk of wet lung 
disease than the newborns born via cesarean 
delivery. According to our results, there is a 
high rate of cesarean delivery in both the FCB 
group and prostaglandins group, so control of 
the rate of cesarean sections is still a challenge 
for obstetricians.

A recent meta-analysis [7, 27] demonstrated 
the increased need for oxytocin augmentation 
or requirement in the FCB group as compared 
to the PGE2 group, and our meta-analysis and 
subgroup analysis confirmed the difference. 
However, Boulvain M and colleagues [27] 
reported a different result; they found that 
there was no difference between the FCB group 
and PGE2 group. When using oxytocin for labor 
induction, a drug allergy could occur. Ankylosing 
uterine contractions are likely to occur, which 
can result in precipitate labor and even hyster-
orrhexis after using oxytocin. In the process of 
strengthening contractions, fetal distress, 
arrested labor and other abnormal situation 
may occur, and then termination of the preg-
nancy is urgently required by caesarean sec-
tion or obstetric forceps. As a consequence, we 
need to be careful when using oxytocin. 

It was reported that there was increased risk in 
the FCB group as compared to the PGE2 group 
in terms of vaginal delivery not being achieved 
in 24 hours or less [26, 27]. However, Zvi Vaknin 
could not confirm the difference [7], and in our 
meta-analysis, there was no significant differ-
ence between the women who received FCB 
and prostaglandins in terms of vaginal delivery 
in 24 hours or less, and the subgroup showed 
no significant difference between the FCB 
group and PGE2 or PGE1 groups. The time of 
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normal delivery is between 4 to 24 hours. If the 
delivery time is more than 24 hours, it is called 
prolonged labor. When the production of labor 
is too long with continuous uterine contrac-
tions, the muscle of the uterus will lengthen 
and become thin after contraction and recov-
ery for a long time, and the risk of hysterorrhex-
is increases. After a long time of delivery and 
throe, the puerperal will feel very tired and even 
become exhausted. After the delivery, it is more 
likely that uterine atony will occur, which usually 
results in postpartum hemorrhage. In addition, 
the puerperal have a high probability of infec-
tion, such as intrauterine infections and even 
more serious infections. Additionally, at the 
peak period of uterine contractions, the fetal 
circulation of the blood is interrupted for a short 
period of time. If the labor time becomes too 
long, it may result in fetal hypoxia. Moreover, 
the probability of pneumonia, sepsis and other 
complications may increase for the newborns. 
Based on our meta-analysis, in both the FCB 
group and prostaglandins group, the proportion 
of vaginal deliveries completed in 24 hours or 
less is not very satisfactory. Therefore, dealing 
with prolonged labor times is still a challenge 
for obstetricians. 

There was no significant difference between 
the two groups in the neonatal outcomes 
including the proportion of 5 min Apgar score 
less than 5 and the proportion of arterial cord 
pH level less than 7.10 in this meta-analysis, 
which was consistent with the previous com-
parative study trials [7, 26, 27].

In addition, our analysis indicated the risk of 
neonatal ICU admission was increased in the 
prostaglandins group as compared to the FCB 
group, and the subgroup analysis noted that 
the PGE2 increased the risk of neonates being 
admitted to ICU as compared to the use of FCB. 
In contrast, previous reviews [7, 26, 27] have 
suggested no difference between the two 
groups.

Considerable heterogeneity was observed with 
respect to maternal outcomes, including pro-
portion of caesarean sections, oxytocin aug-
mentation or requirement, and vaginal delivery 
in 24 h or less. This implied that there was no 
homogeneity between the two groups, and it 
was difficult to offer the exact pooled effect 
data. To solve this problem, we used a random-
effect model in which the fixed effect could 

transform into random effect. Subgroup analy-
sis could also be used to address the issue. 
Statistical heterogeneity is usually a result of 
the clinical or methodologic multiformity in the 
included studies in terms of the researcher, 
patients, study design and the definitions of 
outcomes. More specifically, first the research-
ers had a diversity of judgements in the face of 
the same condition. Second, the difference in 
the participant inclusion criteria such as age, 
gestational age, baseline Bishop Score, body 
mass index, parity, previous mode of delivery is 
noted. Some of the included studies reported 
the body mass index (BMI), but the other stud-
ies did not stratify the results based on the 
BMI, and Rodney K Edwards et al. [8] had 
attested that a lower BMI was more effective 
than a higher BMI for labor induction. Fertility 
was reported in all included studies, but they 
also did not stratify the results based on parity, 
which could influence the proportion of cesar-
ean deliveries. Additionally, the previous mode 
of delivery could influence the proportion of 
cesarean delivery and vaginal delivery in 24 
hours or less. Third, there is a difference 
between the trials in the FCB sizes and the 
preparations and dosages of prostaglandins. In 
the 18 RCTS, 14 studies used a Foley catheter 
balloon volume of 30 ml and 4 used 50 ml. 
Levy R and Delaney Shad proved that a higher 
volume FCB was more effective than one of 
lower volume [28, 29]. The higher dose prosta-
glandins are associated with an increased risk 
of tachysystole, which influence the maternal 
and neonatal outcomes [30]. Fourth, the defini-
tions of outcome, such as measurement of 
Bishop Score, are different. Additionally, the 
management protocols of the delivery rooms 
and obstetric decisions are diverse among the 
included trials. Therefore, it is not surprising to 
observe significant heterogeneity in maternal 
outcomes.

Our meta-analysis also had certain limitations 
that could not be ignored. First, there were 
many other mechanical methods, such as 
extra-amniotic saline infusion and luminaria, 
but our analysis did not include any other 
mechanical methods. Second, we may have 
failed to search all relevant randomized con-
trolled trials for inclusion in our meta-analysis. 
Third, it was not possible for all relevant out-
comes, such as the change in Bishop Score, 
which assessed the efficacy of cervical ripen-
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ing, and postpartum complications, which 
assessed the safety of cervical ripening, to be 
collected for analysis because there were only 
a few studies that reported outcomes. Fourth, 
the studies we searched were confined to 
English-language articles. Fifth, the type of 
intervention which is masked or blinded in 
some RCTS include in our meta-analysis is 
impossible, so the awareness of patients and 
investigators may bring about inherent bias. 
Sixth, we did not try to get in touch with the aca-
demic leaders of the included trials to verify the 
quality of RCTS and gain the relevant outcomes 
which were unpublished, as it has been a long 
time since the studies were published. 

The shapes of the funnel plots for neonatal ICU 
admission and 5 min Apgar score less than 5 
showed evidence of publication bias. The vary-
ing quality of the studies may be the potential 
reason why the studies with lower quality and 
smaller samples are more rigorous than the 
high-quality studies in term of outcomes analy-
sis. On the other hand, they are more likely to 
cause greater intervention and produce false 
positive results. Additionally, the heterogeneity 
between the studies, false appearance and 
opportunity can all give rise to asymmetry. On 
the other hand, positive results are easier to 
publish and we only included the published 
studies. Therefore, some publication bias is 
inevitable, and we have attempted to search as 
many studies as possible. 

In summary, the findings of the meta-analysis 
indicated that FCB and prostaglandins for cer-
vical ripening and labor induction had similar 
risks of cesarean deliveries. The two methods 
result in a similar proportion of vaginal deliver-
ies in 24 h or less. According to the analysis, 
the FCB had a high risk of oxytocin augmenta-
tion or use, and the subgroup analysis indicat-
ed the same result. In terms of neonatal out-
comes, the prostaglandins for cervical ripening 
had a higher risk of neonatal ICU admission, 
and the subgroup analysis noted that PGE2 
was associated with a higher risk of newborns 
being admitted to ICU compared to FCB. 
Additionally, FCB and prostaglandins had no 
difference in risk of 5 min Apgar score less than 
5 or arterial cord pH level less than 7.10. Based 
on the meta-analysis, FCB seemed to be the 
safer method for cervical ripening despite the 
higher risk of oxytocin augmentation or use.
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