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ORIGINAL ARTICLE

Sonoelastography for the comparative assessment of cervical maturation
after different approaches to cervical preparation ahead of labor induction

O. G. Pekareva, E. S. Bregaa, A. I. Gusa, S. S. Lunkova, G. B. Dikkeb, D. M. Kochevc and G. T. Sukhikha

a“National Medical Research Centre of Obstetrics, Gynaecology and Perinatology named after academician V.I. Kulakov”, Ministry of
Healthcare of the Russian Ministry of Health, Moscow, Russia; bMedical Education Academy named after I.F. Inozemtsev, Saint
Petersburg, Russia; cPentcroft Pharma, Moscow, Russia

ABSTRACT
Aim: To compare the efficacy of different approaches to cervical preparation to labor induction
using the ultrasound cervical elastography.
Materials and methods: This prospective open-label study included 200 pregnant women aged
between 23 and 38 years eligible for labor pre-induction. Patients were divided into four groups
(n¼ 50 per group). In Group I, four osmotic Dilapan-S cervical dilators combined with two doses
of oral mifepristone (200mg each) 24 h apart were used. The dilators were inserted for up to
12h. In Group II, only the Dipalan-S dilators were used. In Group III, a Foley catheter was posi-
tioned intracervically for 12h. In Group IV, we used two doses of intracervical prostaglandin E2
gel (0.5mg each) 6 h apart. Cervical maturation was assessed using the Bishop scoring system
and the ultrasound cervicometry with the color mapping and calculation of SR ratio. At baseline,
all participants were also divided into three subgroups depending on the Bishop score before
the pre-induction. Subgroup ff (n¼ 66) included patients with the Bishop score between 0–2
points, subgroup B (n¼ 69) between 3–4 points, and subgroup � (n¼ 65) between 4–6 points.
Results: Our study showed that the efficacy of Dilapan-S combined with mifepristone for cer-
vical preparation to labor induction was higher than Dilapan-S, Foley catheter and intracervical
prostaglandin E2 gel. In this group, the Bishop score after the pre-induction was the highest
(11.4 (0.21) points versus 10.2 (0.2), 9.4 (0.3) b 9.67 (0.25) in Groups II, III and IV respectively
(p< .05 for all). The lowest SR values were also observed among the patients receiving the com-
bination of Dilapan-S and mifepristone: 1.23 (0.04) versus 1.63 (0.07), 1.7 (0.08) and 1.83 (0.1) in
Groups II, III and IV respectively (p< .05 for all). The sonoelastographic SR values in subgroups B
and C were statistically lower compared with subgroup A across all groups studied. Ultrasound
elastography of the cervix allowed to perform a more objective assessment of cervical matur-
ation compared with the Bishop scoring.
Conclusion: Dilapan-S combined with mifepristone had higher efficacy for cervical preparation
to labor induction compared with other approaches investigated.
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Introduction

Labor induction is a common obstetric procedure that
is currently used in one in four pregnant women [1,2].
Main indications for labor induction include pree-
clampsia, preexisting maternal comorbidities such as
hypertension or diabetes mellitus, preterm premature
rupture of fetal membranes, placental abruption, intra-
uterine growth restriction, oligohydramnios and over-
due pregnancy [3].

The odds of labor induction success largely depend
on the cervical maturation that is most commonly
assessed using the modified Bishop scale (1964) [4].
The Bishop score >10 points indicates that the cervix

has matured and is one of the criteria for elective
amniotomy and a clinical predictor of spontaneous
labor. The Bishop score between 0–6 points indicates
that the cervix has not yet matured.

Ultrasound measurement of the cervical length has
not demonstrated a high predictive value in determin-
ing the potential success of labor induction [5,6].
Conventional ultrasound cervicometry also cannot
assess the degree of cervical ripening, an important
contributor to the overall cervical maturation [7].
However, cervical stiffness can be objectively assessed
using the technique of ultrasound elastography, pro-
viding valuable predictions for the efficacy of labor
pre-induction and outcomes of induction [8–11].
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Our study aimed to compare the efficacy of differ-
ent approaches to cervical preparation to labor induc-
tion using the ultrasound cervical elastography.

Material and methods

This prospective open-label study included 200 preg-
nant women aged between 23 and 38 years who met
the following inclusion criteria: singleton gestation,
cephalic presentation, gestational age �37weeks and
the Bishop score between 0 and 6 points. The exclu-
sion criteria were: contraindication to cervical prepar-
ation; indications for Cesarean delivery; participant’s
refusal to undergo vaginal delivery; inability to com-
plete all planned study interventions; withdrawal of
consent to participate in the study; and participant’s
noncompliance with the study protocol.

Indications for pre-induction of labor included a
trend toward overdue pregnancy, large fetus, preexist-
ing comorbidities impacting the pregnancy course (i.e.
hypertension, kidney disease, pulmonary disease, anti-
phospholipid syndrome, diabetes mellitus), malignan-
cies requiring delivery before term, persistent
moderate preeclampsia resistant to medical manage-
ment, Rh D and/or ABO sensitization.

In Group I (n¼ 50), cervical preparation was carried
out using four osmotic Dilapan-S cervical dilators com-
bined with two doses of oral mifepristone (200mg
each) 24 h apart. The dilators were inserted for up to
12 h, starting at the time of the second mifepristone
dose. In Group II (n¼ 50), cervical preparation was per-
formed using four Dipalan-S dilators only for 12 h. In
Group III (n¼ 50), we used an intracervical Foley cath-
eter for 12 h. In Group IV (n¼ 50), we used two doses
of intracervical prostaglandin E2 gel (0.5mg each) 6 h
apart. Cervical maturation was assessed using the
Bishop scoring system and the ultrasound cervicome-
try before the start of pre-induction and 12 h after.

At baseline, all participants were divided into three
subgroups depending on the baseline Bishop score.
Subgroup ff (n¼ 66) included patients with the
Bishop score between 0–2 points, subgroup B (n¼ 69)
between 3–4 points, and subgroup � (n¼ 65)
between 4–6 points. In each subgroup, ten women

were randomly selected for ultrasound cervical elas-
tography at baseline and after the pre-induction.

Transvaginal ultrasound elastography was per-
formed using the Hitachi Preirus scanner with a 6MHz
probe, with results presented as a qualitative color
map [7,11]. A homogeneously green map indicated
cervical elasticity; a combination of green and blue
also indicated elasticity; blue coloring in the center
and green at the periphery indicated cervical elasticity
with localized zones of stiffness; finally, a homoge-
neously blue map indicated generalized cervical stiff-
ness. We also calculated the strain ratio (SR) between
the stiffness of the assessed tissue and the reference.
The primary outcome of our study was the change in
Bishop score and sonoelastographic cervical matur-
ation after the intervention.

Statistical data analysis was carried out using
Microsoft Excel and Statgraf (USA). Continuous varia-
bles are presented as a mean and standard deviation
(mean (SD)). Continuous variables were analyzed for
normality and compared using the Mann-Whitney test.
Categorical variables are presented as rates of obser-
vation and proportions (n, %). Categorical variables
were compared using Fisher’s v2 test. Differences were
considered statistically significant at p� .05.

Results

Our prospective open-label study included 200 preg-
nant women aged between 23 and 38 years (mean:
29.6 (3.38) years) at the gestational age between 259
and 284 days (mean: 276.4 (6.2) days). The mean age,
number of previous pregnancies and deliveries and
other characteristics (Table 1), the Bishop score and SR
values at baseline were not significantly different
between the groups (Table 2).

The use of Dilapan-S combined with mifepristone
resulted in a significantly higher Bishop score after
pre-induction compared with other methods in most
subgroups (Table 2). There was no significant differ-
ence in the post-intervention Bishop score between
the combination of Dilapan-S with mifepristone versus
Dilapan-S only in subgroups IB and IIB with the base-
line Bishop score of 3–4 points (11.2 (0.42) vs 10.3

Table 1. Baseline demographics.

Parameter

Group

I II III IV

Age, years [� (SD)] 29.4 (0.61) 29.9 (0.73) 29.9 (0.60) 30.2 (0.54)
Gestational age, days 281.5 281.1 281.2 282.2
Primigravidae (n/% ) 34/68 22/44 22/44 25/50
Multigravidae (n/% ) 16/32 28/56 28/56 25/50
Multigravidae multiparous (n/% ) 10/20 14/28 8/16 9/18
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(0.26), h > .05). However, the sonoelastographic SR
value after the pre-induction was significantly differ-
ent: 1.2 (0.05) versus 1.6 (0.09), respectively (p< .05).
The use of Dilapan-S only for pre-induction was more
efficacious than the Foley catheter and intracervical
gel with prostaglandin ð2. Higher Bishop scores in
Group I and II at baseline corresponded to lower val-
ues of SR and were not significantly different between
the groups. After the pre-induction, the values of SR
were lower in Group I versus Group II.

Our results showed that Dilapan-S is an efficacious
tool for cervical preparation to labor induction regard-
less of the baseline cervical maturation. The combined
use of Dilapan-S and mifepristone allowed to increase
the clinical efficacy of pre-induction.

In Group III, the extent of SR reduction after the
pre-induction was inversely proportionate to the cer-
vical maturation at baseline. We hypothesize that the
efficacy of the Foley catheter is relatively high in
women with the Bishop score of 3–6 points and low
in those with the Bishop score <2 points. Similar
trends were observed in Group IV.

Qualitative results of cervical elastography are pre-
sented in Figures 1 and S1–S3 (Appendix). In sub-
group IA, the elastographic color map of the cervix at
baseline was predominantly blue, reflecting the cer-
vical stiffness. After the pre-induction, the color map
of the cervix uniformly changed to green, indicating
an increase in elasticity. In subgroup IB, the baseline
elastographic cervical color map showed a combin-
ation of blue and green, with evidence of localized

stiffness around the external os. The rest of the cervix
had medium stiffness. After the pre-induction, the
color map of the cervix, including the internal and
external os, was predominantly green, reflecting the
increased softness/elasticity. Baseline sonoelastograms
in subgroup IC were dominated by the green and red
colors, indicating tissue softness/elasticity correspond-
ing to a high baseline Bishop score. After the pre-
induction, the color maps of the cervix including the
external os were mixed indicating tissue soft-
ness/elasticity.

In subgroup IIA, baseline cervical sonoelastogram
maps were dominated by the blue color along the
entire length, suggesting tissue stiffness. After the pre-
induction, the entire cervical color map changed to
green with several inclusions of blue, indicating the
overall cervical maturity with localized residual stiff
muscle fibers. Baseline cervical elastography in sub-
group IIB produced mainly green and light-blue maps,
with only a few portions of the external os mapping
as blue (i.e. having increased stiffness). After the pre-
induction, the cervical color map changed to green. In
subgroup IIC, cervical elastograms at baseline were
dominated by red and green, indicating tissue elasti-
city, and only the internal os area mapped as light-
blue, suggesting increased stiffness. After the pre-
induction, the color maps of cervix and internal os
became mixed, indicating soft/elastic tissues
(Supplementary Figure S1).

In subgroup IIIA, cervical sonoelastograms at base-
line indicated the presence of stiff, low-elasticity tis-
sues (Supplementary Figure S2). After the pre-
induction with the Foley catheter, the cervical color
map along the two-thirds of the cervical length mostly
changed to green. In subgroup IIIB, baseline cervical
sonoelastograms were primarily green with inclusions
of light-blue and blue. Only the internal os area
mapped as light-blue, suggesting the increased stiff-
ness. After the pre-induction, the overall color spec-
trum shifted toward the green, with blue and light-
blue disappearing. In subgroup IIIC, baseline sonoelas-
tograms were green with inclusions of red. After the
pre-induction, the red became more evenly distributed
between the green-colored sections, suggesting an
overall increase in elasticity.

Baseline sonoelastograms in patients in subgroup
IVff demonstrated tissue stiffness (Supplementary
Figure S3) – cervical maps were mostly colored blue.
After the prostaglandin ð2 gel use, the overall elasto-
gram color scheme shifted to a green spectrum, but
the blue persisted indicating the hard elastic tissue
status. In subgroup IVA, the change in the elasticity

Table 2. Cervical maturation and elasticity at baseline and
after the pre-induction.

Subgroup

Group

I II III IV

Bishop score, points [� (SD)]
Overall 3.5 (0.28) 3.5 (0.28) 3.5 (0.29) 3.5 (0.28)

11.4 (0.21) 10.2 (0.20)a 9.4 (0.30)a,b 9.7 (0.25)a

A 1.8 (0.13) 1.8 (0.13) 1.7 (0.15) 1.8 (0.13)
11.2 (0.41) 10.0 (0.33)a 8.1 (0.72)a,b 8.6 (0.52)a,b

ffl 3.4 (0.16) 3.3 (0.15) 3.4 (0.16) 3.4 (0.16)
11.3 (0.42) 10.3 (0.26) 9.9 (0.23)a

�
9.9 (0.23)a

�

� 5.4 (0.16) 5.3 (0.15) 5.4 (0.16) 5.4 (0.16)
11.7 (0.21) 10.3 (0.45)a 10.2 (0.2)a

�
10.5 (0.26)a

�

Based on sonoelastography, SR [� (SD)]
Overall 3.9 (0.33) 3.8 (0.36) 3.8 (0.35) 3.7 (0.34)

1.2 (0.04) 1.6 (0.07)a 1.7 (0.08)a 1.8 (0.1)a

A 6.1 (0.33) 6.4 (0.28) 6.1 (0.5) 6.2 (0.35)
1.4 (0.07) 1.9 (0.1)a 2.1 (0.1)a 2.5 (0.14)a,b

ffl 3.2 (0.26) 2.9 (0.23) 3.2 (0.12) 3.1 (0.2)
1.2 (0.05) � 1.6 (0.09)a 1.6 (0.09)a

�
1.6 (0.1)a

�

� 2.2 (0.09) 2.2 (0.12) 2.3 (0.09) 2.2 (0.13)
1.0 (0.04)

�# 1.4 (0.09)a
�

1.4 (0.1)a
�

1.4 (0.04)a
�

Note. Upper row corresponds to the baseline, lower row to after the pre-
induction (p< .05); aSignificant difference versus Group I (p< .05);
bSignificant difference versus Group II (p< .05); �Significant difference versus
subgroup A (p< .05); #Significant difference versus subgroup B (p< .05).
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index compared with other A subgroups across the
study was the lowest. This potentially highlighted the
lowest efficacy of cervical preparation using the intra-
cervical prostaglandin ð2 gel in women with the base-
line Bishop score <2 points.

Baseline sonoelastograms in patients in subgroup
IVB also demonstrated tissue stiffness. Cervical color
maps indicated the presence of stiff foci with the SR
of 3.1 (0.62). After the pre-induction with prostaglan-
din E2, a change in the color scheme toward the
green spectrum was also observed, indicative of the
change of cervical structure to elastic. However, the
change in the elasticity index was the smallest

compared with other subgroups. In subgroup IVC, cer-
vical maps had a mixed color scheme with the green
and red prevailing along the entire cervical length.
After the use of prostaglandin ð2 gel, the cervical elas-
togram color spectrum, including the internal os area,
remained mixed, however, the overall cervical elasti-
city increased.

Collectively, cervical sonoelastography showed that
only pregnant women in Group I had an increase in
cervical softness and elasticity. After the pre-induction,
the lowest SR values were observed in subgroups IA
and IB. Cervical elasticity also increased in sub-
group IIA.

Figure 1. Cervical sonoelastogram in patients in Group I at baseline (1) and after the pre-induction (2): (ff) Subgroup Iff (SR at
baseline and after pre-induction 6.10(0.33) and 1.42(0.07) respectively, p< .001); (ffl) Subgroup Iffl (SR 3.24(0.26) and 1.21(0.05)
respectively, p< .001); (�) Subgroup I� (SR 2.22(0.09) and 1.03(0.04) respectively, p< .001).
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Discussion

According to WHO, up to 25% of term deliveries in
developed countries involve labor induction [1]. In
developing countries, the proportion of labor induc-
tion is lower. In Russia, approximately 5% of deliveries
are induced [12]. The success of the procedure
depends on the initial ‘readiness’ of the cervix for
delivery and the techniques used to prepare the cer-
vix. Correct preparation of pregnant women to the
delivery allows to increase the chances of spontaneous
labor and significantly reduce the risk of a trau-
matic delivery.

The Foley and Atad catheters and osmotic dilators
were the first tools used for mechanical pre-induction.
In the last decades, the mechanical tools were partially
replaced by pharmacological interventions [13–15] but
remained within the clinical armamentarium due to
wide availability, low rates of adverse events and cost-
efficacy [16].

In a recent study, it was shown that the rate of
vaginal delivery was significantly lower after induction
in between 32þ0 and 33þ6 weeks versus 34þ0 and
36þ6 weeks (37.5 versus 75.3%, p¼ .03), which is asso-
ciated with the degree of cervical maturation [17].

Assessment of cervical maturation plays a critical
role in determining the most appropriate time for
labor induction. It was found that a combination of
mechanical and pharmacological methods of cervical
preparation is more effective than each method separ-
ately [18]. In addition to the conventional Bishop
score, there have been attempts to quantify cervical
maturity using medical imaging tools. A 2015
Cochrane systematic review compared different
approaches to cervical preparation in women eligible
for labor induction. The analysis included only two
randomized controlled studies of moderate quality
(n¼ 234) and did not show a significant difference in
the performance of the Bishop score and transvaginal
ultrasound [2].

As the cervix matures, the cervical softness
increases. Until recently, cervical softness has only
been evaluated manually. However, a study published
in 2007, for the first time, described ultrasound elas-
tography as a tool to quantify the cervical softness
before the labor induction [6]. Von Sch€oning et al.
have shown that ultrasound elastography has the
potential to complement conventional diagnostic tools
and improve labor outcomes. This method has dem-
onstrated a 72.7% sensitivity and 73% specificity in
predicting the start of spontaneous labor [5]. The max-
imum sensitivity (90%) and negative prognostic value
(93%) were obtained when the ultrasound

elastography was combined with the ultrasound cer-
vicometry, with the combination of the tools perform-
ing better than each individually [5]. According to
Swiatkowska-Freund, this technique also allows assess-
ing the inner stiffness of the cervix, which is hard to
evaluate manually. This parameter has been shown to
correlate with pregnancy outcomes and is a strong
predictor of preterm delivery and/or successful labor
induction [19].

Currently, there are two approaches to cervical
sonoelastography. The qualitative technique involves
tissue color coding on a sonoelastogram by the
degree of elasticity. The quantitative technique, in
contrast, involves the calculation of SR [8–11].

We observed that the prevalence of the blue spec-
trum on cervical sonoelastograms was indicative of the
cervical stiffness. These results were in line with the
observations of Weichert et al. who found that lower
cervical stiffness was more pronounced in women with
preterm versus term deliveries (4.0 versus 13.7;
p¼ .003). The threshold value of 4.57 demonstrated the
sensitivity of 82% and specificity of 66% [20].

Our study showed that cervical sonoelastography
allows an objective assessment of the cervical matur-
ity, specifically the degree of softening after pre-induc-
tion which is a strong predictor of labor induction
success. In Group I and II, the Bishop score after the
pre-induction was not significantly different, however,
the sonoelastography showed that the higher the cer-
vical stiffness before the pre-induction, the higher the
SR values after the pre-induction. A similar, but less
pronounced, trend was observed in Groups III and IV,
indicating the lower efficacy of the techniques used in
this study.

A Cochrane systematic review of 71 trials including
9722 women, published by Jozwiak et al., compared
the efficacy of mechanic and pharmacological
approaches to cervical preparation to delivery [21].
The comparison of mechanical approaches with pla-
cebo, no intervention and pharmacological
approaches (individually and in combination) showed
that the risk of hyperstimulation for osmotic dilators
was lower than for any route of prostaglandin admin-
istration (�R¼ 0.13; 95% CI: 0.04–0.48; 5 RCTs,
n¼ 538), and was associated with a reduction in
Cesarean delivery risk versus oxytocin (�R¼ 0.57; 95%
CI: 0.38–0.88; 3 RCTs, n¼ 325). No negative conse-
quences for the mother and fetus were observed.

Intracervical administration of prostaglandins has
been shown to have the shortest time to labor induction
but the highest rates of uterine hyperstimulation (25%).
At the same time, the use of Dilapan-S was not
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associated with hyperstimulation. Dilapan-S may be
the method of choice for women with a history of
Cesarean delivery and contraindication to pharmaco-
logical methods [22,23].

A Cochrane review of 10 studies including 1108
women demonstrated the efficacy of mifepristone for pro-
moting cervical maturation and/or inducing labor in the
third trimester within 48h [24]. This approach reduced
the need to augment labor with oxytocin and the rate of
Cesarean deliveries but increased the rate of instrumental
delivery. There is currently no consensus on the optimum
dose of mifepristone for labor induction, but the 200mg
dose is considered minimally effective [24].

Our study showed that the use of Dilapan-S allows
achieving the optimum cervical maturation within 12h
with a significant benefit of combining Dilapan-S with
mifepristone. This coincides with the results reported by
Baev et al. that the number of births within 24h was
73.9% in the Dilapan-Sþmifepristone group versus
43.1% in the Dilapan-S only group (p< .001), potentially
due to significantly more efficient cervical maturation
(Bishop score: 4.03±1.35 versus 3.10±0.58, respectively,
p< .001) [25].

Dilapan-S are dehydrated rods manufactured from a
patented Aquacry hydrogel placed inside the cervical
canal and gradually expand in size, exerting radial pres-
sure on the cervical canal. In addition to the mechanical
impact, it also promotes the synthesis of prostaglandins
that soften the cervix [26] and the neuroendocrine
Fergusson reflex facilitating the start of contractions [27].
Therefore, Dilapan-S has the benefits of high predictabil-
ity of effects, absence of side effects associated with the
use of pharmacological approaches and allergies.

Conclusions

Our study showed that the efficacy of Dilapan-S com-
bined with mifepristone for cervical preparation to
labor induction was higher than Dilapan-S, Foley cath-
eter and intracervical prostaglandin E2 gel. In this
group, the Bishop scope after the pre-induction was
the highest (11.4 (0.21) points and the SR value
was the lowest (1.23 (0.04)), In the Dilapan-S only
group, the values reached 10.2 (0.2) points and 1.63
(0.07), in the Foley catheter group 9.4 (0.3) points and
1.7 (0.08), and the prostaglandin E2 gel group 9.67
(0.25) points and 1.83 (0.1) and (p< .05 for all). The
sonoelastographic SR values in subgroups B and C were
statistically lower compared with subgroup A across all
groups studied. Ultrasound elastography of the cervix
allowed to perform a more objective assessment of cer-
vical maturation compared with the Bishop scoring.
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