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Abstract

Objective: To determine whether a soft cervix identified
by shear-wave elastography between 18 and 24 weeks of
gestation is associated with increased frequency of spon-
taneous preterm delivery (sPTD).

Materials and methods: This prospective cohort study
included 628 consecutive women with a singleton preg-
nancy. Cervical length (mm) and softness [shear-wave
speed: (SWS) meters per second (m/s)] of the internal
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cervical os were measured at 18-24 weeks of gestation.
Frequency of sPTD <37 (sPTD<37) and <34 (sPTD<34)
weeks of gestation was compared among women with and
without a short (€25 mm) and/or a soft cervix (SWS <25t
percentile).

Results: There were 31/628 (4.9%) sPTD <37 and 12/628
(1.9%) sPTD < 34 deliveries. The combination of a soft and
a short cervix increased the risk of sPTD<37 by 18-fold
[relative risk (RR) 18.0 (95% confidence interval [CI], 7.7—
43.9); P<0.0001] and the risk of sPTD <34 by 120-fold [RR
120.0 (95% CI12.3-1009.9); P <0.0001] compared to women
with normal cervical length. A soft-only cervix increased
the risk of SPTD <37 by 4.5-fold [RR 4.5 (95% CI 2.1-9.8);
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P=0.0002] and of sPTD <34 by 21-fold [RR 21.0 (95% CI
2.6-169.3); P=0.0003] compared to a non-soft cervix.
Conclusions: A soft cervix at 18-24 weeks of gestation
increases the risk of sPTD <37 and <34 weeks of gestation
independently of cervical length.

Keywords: Acoustic radiation force impulse; cervical stiff-
ness; dynamic elastography; preterm labor; short cervix;
ultrasound; progesterone.

Introduction

A short cervix identified before 24 weeks of gestation is
associated with a higher risk of preterm delivery (PTD)
[1-9]. Treatment with vaginal progesterone reduces the
incidence of PTD in these patients by 40% and in the neo-
natal morbidity and mortality of their offspring [10-16];
nevertheless, a considerable number of women will still
deliver preterm.

Other cervical characteristics, such as cervical soft-
ness, might be informative about the risk of PTD [17-19].
Changes in cervical softness are related to the visco-elastic
properties of the cervix that, in turn, are determined by the
collagen content and structure (e.g. reduced cross-links)
of the cervix and by the water content and concentration
of proteoglycans in the extracellular matrix [20-25]. Sund-
toft et al. [26] found that the collagen content of the cervix
in cervical biopsies was significantly lower in women who
had a short cervix or cervical incompetence in a preg-
nancy 1 year prior to the biopsy than in women who had
anormal cervix.

Ultrasound elastography has been used to estimate
the elastic properties of tissues [27-31]. Among different
elastography modalities [32], two methods are mainly
used: (1) quasistatic or strain elastography, where a
mechanical force is manually applied to create the dis-
placement of tissues; and (2) shear-wave elastography,
where an acoustic force creates a mechanical impulse that
generates tissue displacement in the form of shear-waves
[33, 34]. Elastography techniques have been used to evalu-
ate malignancies in the breast [35-40], prostate [41] and
thyroid gland [42, 43] in women with fibroids [44] as well
as in patients with liver disease [45].

Early attempts to sonographically assess cervical
elasticity were performed using strain elastography,
which suffered from a disadvantage: the mechanical
force required to displace the cervix could not be stand-
ardized [46]. Nevertheless, by using this technique,
investigators demonstrated that induction of labor was
more successful in women who had a “soft” cervix, and
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it established an association between strain in the cervix
and PTD [47-55].

Shear-wave elastography has overcome the limita-
tions of strain elastography by automatically generat-
ing an acoustic force to displace the cervix that can be
measured as speed in meters per second (m/s) or as an
indirect estimate of Young’s modulus of elasticity in kilo-
pascals [56-58]: the lower the shear-wave speed (SWS),
the “softer” the cervix. Previous studies using shear-
wave elastography yielded encouraging results [59, 60].
Indeed, Carlson et al. [61] showed that treatment of non-
pregnant cervices with prostaglandins, and induction of
labor with prostaglandins, reduced the SWS in the cervix.
Muller et al. [62] found that SWS was significantly reduced
in women who had symptoms of preterm labor and who
delivered preterm. Peralta et al. [63] reported that SWS in
the cervix of pregnant ewes was progressively reduced
during cervical ripening with dexamethasone. However,
the question of whether cervical softness in asymptomatic
women at the midtrimester can be used for the identifica-
tion of patients at risk of subsequent spontaneous preterm
birth is still unanswered.

Encouraged by these results, and our own early expe-
rience with strain elastography [52, 64], we addressed this
question by studying a cohort of unselected women with
shear-wave elastography in the midtrimester to determine
whether cervical SWS can provide clinically useful infor-
mation about the risk of subsequent spontaneous preterm
delivery (sPTD).

Materials and methods
Study design and participants

This study included an unselected cohort of 633 consecutive women
with a singleton pregnancy who underwent a vaginal ultrasound
examination for cervical length and shear-wave elastography
between 18 and 24 weeks of gestation. The study was conducted
at the Center for Advanced Obstetrical Care and Research (CAOCR)
of the Perinatology Research Branch (PRB) of the Eunice Kennedy
Shriver National Institute of Child Health and Human Development,
National Institutes of Health, U.S. Department of Health and Human
Services (NICHD/NIH/DHHS), which is housed at Hutzel Women’s
Hospital and Wayne State University (WSU) School of Medicine,
Detroit, MI, USA. All women were recruited onto protocols approved
by the Human Investigation Committee of WSU and the Institutional
Review Board of NICHD, and they provided written informed consent
to participate in this study.

Demographic characteristics, details of prenatal testing, labor
and delivery and neonatal outcome were recorded for each patient.
Gestational age was confirmed by ultrasound, and gestational age
at delivery was calculated and recorded for each participant. PTD
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was defined as spontaneous preterm labor and delivery <34 and
<37 weeks of gestation. Women found to have a short cervix on vagi-
nal ultrasound, defined as a cervical length <25 mm, were treated
with vaginal progesterone daily until 37 weeks of gestation or until
delivery [11, 12].

Ultrasound examination

The cervix was examined using a transvaginal 12-3 MHz ultra-
sound endocavitary probe (SuperSonic Imagine, Aix-en-Provence,
France), and the cervical length measured as previously suggested
[65, 66]. Three sonographers, each of whom had more than 3 years
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of experience in strain and shear-wave cervical elastography, per-
formed the cervical SWS and cervical length estimations [17].

To measure cervical SWS, cross-sectional images of the inter-
nal and external os were obtained by rotating the ultrasound probe
through 90° and adjusting the elastogram box to cover the entire cross-
sectional image of the cervix: cross-sectional cervical images allow
better alignment between the ultrasound probe and the region to be
studied [64, 67]. Minimal pressure was applied to the cervix while the
ultrasound probe was kept in a fixed position to ensure that the size of
the anterior and posterior cervical lips remained the same, while the
patient was asked to hold her breath for a very short period of time.

Elastography was initiated after the anatomical plane of the
internal (Figure 1) or external os (Figure 2) was identified, whereupon

Figure 1: Shear-wave elastography in a cross-sectional plane of the internal cervical os from two patients at 19 weeks of gestation.
(A) A non-soft cervix [shear-wave speed (SWS)=2.8 m/s (SWS 25 percentile=2.48 m/s)]; (B) a soft cervix with an SWS of 1.9 m/s (<25

percentile). High SWS is shown in blue and low SWSin red.

Figure 2: Shear-wave elastography in cross-sectional planes of the external cervical os from two patients at 21 weeks of gestation.
(A) A non-soft cervix [shear-wave speed (SWS)=2.3 m/s (SWS 25t percentile=1.72 m/s)]; (B) a soft cervix with an SWS of 1.6 m/s (<25
percentile). High SWS is shown in blue and low SWS in red.
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the system automatically generated an acoustic impulse and esti-
mated the SWS. Areas that were stiff had high SWS and appear in
blue, whereas soft areas had low SWS and appear in red on the elas-
togram [34]. SWS, expressed as m/s, was calculated using a circular
region of interest (Q-box) adjusted to include the entire cervix, and
the mean of three consecutive images was taken as the patient’s cer-
vical SWS. The obtained shear-wave speed values were specific for
those two regions of the cervix. Elastogram images were used only if
the standard deviation of the SWS within the region of interest was
<30% of the mean [62, 63]. Data from five patients failed to meet this
criterion, and they were excluded from the analysis, which was based
on 628 patients.

The 25", 50™ and 75" percentiles of SWS in the internal and
external cervical os were calculated for each gestational week in the
period spanning the study (1824 weeks). A “soft” cervix was defined
by an SWS <25 centile for gestational age at which elastography was
performed.

Statistical analysis

Least-square multiple regression was used to examine the effects of
ethnicity, maternal age, body mass index (BMI), obstetrical history
and cervical length (expressed as a continuous variable) on SWS.
Logistic regression was used to examine the effect of continuous
variables (BMI, maternal age) on the probability of having a short
or a soft cervix. Variance inflation factors (VIF) were estimated to
ensure that co-linearity among variables did not affect the reliability
of the estimation of the coefficients in the logistic regression model.
The effects of parity, prior PTD, cervical length dichotomized as short
(<25 mm) and not short (>25 mm), cervical softness dichotomized as
soft (SWS <25™ centile for gestational age) and not soft (SWS >25®*
centile for gestational age), and their interactions on the risk (inci-
dence) of sPTD <34 and <37 weeks were examined by fitting hierar-
chically nested log linear models to multi-way contingency tables of
the data. Relative Risks were estimated using the Poisson regression
model with robust estimation of the variance structure. Two-tailed
Fisher’s exact tests were used to compare simple differences between
proportions and 2 x 2 marginal tables. Values for statistics below the
5% significance level were accepted as statistically significant. The
analyses were carried out using the R statistical language and envi-
ronment (Www.r-project.org).

Results

Table 1 shows the demographic characteristics and other
relevant parameters for the 628 women who had an elas-
togram examination of the cervix. Most women were of
African-American ethnicity (571/628, 91.2%) and were non-
smokers (543/628, 86.5%); 43.9% of them (276/628) had a
BMI >30 kg/m?

Thirty-three percent (209/628) of the women were nul-
liparous, 19.9% (125/628) were in their first pregnancy and
13.4% (84/628) had only previous therapeutic abortion or
spontaneous miscarriage. The remaining 66.7% (419/628)
of the cases were multiparous: 303 (48.3%) had term
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Table 1: Demographic and other relevant statistics of the study
population.

Study population
(n=628)

24 (15-41)
28.9(15.2-59.3)
276 (43.9%)
571(91.2%)
85(13.5%)
125(19.9%)

84 (13.4%)

Mean age, years (range)

Mean body mass index (range)

Body mass index >30 kg/m?
African-American ethnicity (n)

Smokers (n)

First pregnancy (n)

Spontaneous miscarriages/therapeutic
terminations only prior to first delivery (n)
Multipara (n)

Prior history of preterm delivery TD (n)
No prior history of preterm delivery (n)

419 (66.7%)
116 (18.5%)
303 (48.2%)

Short cervix only (n) 13 (2.1%)
Soft cervix only (n) 150 (23.9%)
Short and soft cervix (n) 15 (2.4%)
Neither short nor soft cervix (n) 450 (71.7%)
Mean gestational age at delivery, weeks (range) 39 (23-41)
Delivery >37 weeks (n) 597 (95.1%)
Delivery 34-36.6 weeks (n) 19 (3.0%)
Delivery <34 weeks (n) 12 (1.9%)

3069 (634.3)
94 (15.2%)
23 (3.6%)

Mean birthweight, g (mean, SD)
Small for gestational age (n)
Low 5 min Apgar (<6) score (n)

SD =Standard deviation.

deliveries (TD), and 165/303 (54.4%) also had one or more
miscarriages; 116 (18.5%) had previous PTD, and 49/116
(42.2%) also had one or more previous miscarriages.

Table 2 shows the distribution of SWS at the internal
and external cervical os at each gestational age studied.
The three consecutive readings averaged to obtain each
patient’s SWS varied by 5%-7% of the overall mean. The
SWS decreased progressively with gestational age and
was significantly higher at the internal than at the exter-
nal cervical os at each gestational age. The SWS increased
significantly with cervical length, but not with maternal
age, BMI, smoking status or ethnicity. Eighty-six women
showed a soft internal and a soft external cervical os, and
six (6.9%) had sPTD <34 weeks of gestation. The SWS in
the external cervical os did not contribute to the predic-
tion of preterm delivery; therefore, a soft cervix was con-
sidered only in relation to the SWS observed in the internal
cervical os.

From the total number of 628 participants: 28 women
(4.5%) had a short cervix and 165 (26.3%) a soft cervix,
15 (2.4%) of them had a combination of a short and soft
cervix, and 450 (71.7%) had neither. Women with a short
cervix were twice as likely to have a soft cervix than
women who did not have a short cervix [15/28 (53.4%)
vs. 150/600 (25%); relative risk (RR) 2.1 (95% confidence
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Table 2: Shear-wave speed [SWS, meters/second (m/s)] in the internal and the external cervical os during the study period (18—-24 weeks of

gestation).
Weeks Internal cervical os (SWS m/s) External cervical os SWS (m/s)
10" 25t 50t 75" 95t 10" 25" 50t 75t 95t
18 (n=90) 1.97 2.60 3.29°2 3.99 4.62 1.41 1.91 2.46 3.02 3.52
19 (n=88) 1.88 2.48 3.142 3.81 4.41 1.38 1.84 2.36 2.88 3.35
20 (n=107) 1.79 2.36 3.00° 3.64 4.21 1.35 1.78 2.27 2.75 3.19
21 (n=99) 1.71 2.26 2.87° 3.48 4.02 1.32 1.72 2.18 2.63 3.04
22 (n=85) 1.64 2.16 2.74° 3.33 3.85 1.29 1.67 2.10 2.52 2.91
23 (n=61) 1.57 2.07 2.63? 3.19 3.69 1.26 1.62 2.02 2.42 2.78
24 (n=98) 1.50 1.98 2.522 3.06 3.54 1.24 1.58 1.95 2.33 2.67

3P <0.001 as compared to the mean SWS in the external cervical os.

interval, CI 1.5-3.1); P=0.002]; conversely, women with a
soft cervix were 3.2 times more likely to have a short cervix
than women who did not have a soft cervix [15/165 (9.1%)
vs. 13/463 (2.8%); RR 3.2 (95% CI 1.57-6.66); P=0.002]. The
probability of having a soft cervix increased significantly
with maternal age (P=0.02) but not with BMI (P=0.87);
a 10-year increase in maternal age was associated with a
1.4-fold increase in the probability of having a soft cervix.
The probability of having a short cervix did not vary sig-
nificantly with maternal age or BMI.

Interrelationships between cervical length,
cervical softness and past obstetrical history

Table 3 shows the distribution of cervical length and cervi-
cal softness according to past obstetrical history. The test
for heterogeneity of the data (counting separately those
women who had only a short cervix, only a soft cervix, a
short and soft cervix, or neither a short nor soft cervix) was
significant [chi-square (3?) =22.5, df=15; P=0.048]. These
results were related to the heterogeneous distribution of

soft cervices and the combination of short and soft cer-
vices, but not of cervices that were only short or neither
short nor soft, among these six groups of women (y?>=13.3,
df=5; P=0.021, and yx*=15.6, df=5; P=0.008, respec-
tively). The underlying associations were between cervi-
cal length and cervical softness and two factors: a prior
abortion and a prior PTD.

A higher proportion of women who had had only a
prior preterm delivery had a short and soft cervix than
those in their first pregnancy [4/49 (8.2%) vs. 0/125, RR
22.7 (95% CI 1.2-413.6); P=0.006] and women who had
prior TD [4/49 (8.2%) vs. 2/138 (1.5%), RR 5.6 (95% CI 1.1-
29.8); P=0.04]; the proportion of women who had only
a soft cervix was not significantly different among these
three groups of women [18/84 (21%) vs. 23/125 (18.4%) vs.
35/138 (25.4%), respectively; P=0.4]. The proportion of
short and soft cervices among women in their first preg-
nancy and women who had prior TD was also not signifi-
cantly different.

Table 4 shows the distribution of cervical length and
cervical softness among multiparous women stratified by
history of prior PTD. There were 419 multiparous women;

Table 3: Distribution of cervical length and cervical softness [shear wave speed (SWS, m/s)] according to past obstetrical history.

Cervix evaluation Past obstetrical history  Total

First Previous  Previous term Previous term Only previous  Previous spontaneous

pregnancy  miscarriages deliveries deliveries and spontaneous preterm delivery and

only only miscarriages  preterm delivery miscarriages
Short (€25 mm) 2 7 4 5 6 4 28
Soft [SWS (m/s) 23 23 37 42 16 24 165

<25t percentile]

Short+ soft 0 (5) 2 3 (4) 1) (15)
Neither 100 59 99 121 31 40 450
Total 125 84 138 165 49 67 628

Chi-square test for heterogeneity=22.5, df=15; P=0.048. The number in parentheses must be subtracted to obtain the total number of cases.
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Table 4: Distribution of cervical length and cervical softness among
mulitiparous women stratified by a history of prior preterm delivery.

History of prior Total

preterm delivery

Cervix evaluation

Yes No
Short (cervical length <25 mm) 10 9 19
Soft [shear wave speed (m/s) 40 79 119
<25 percentile]
Short + soft 5) 5) (10)
Neither 71 220 291
Total 116 303 419

The number in parentheses must be subtracted to obtain the total
number of cases.

of these, 116 (27.7%) had a prior PTD. Women who had a
short cervix were twice as likely to have a prior PTD than
women with a normal cervix [10/28 (35.7%) vs. 106/600
(17.7%), RR 2.0 (95% CI 1.2-3.42); P=0.009], and women
who had a soft cervix were 1.5 times more likely to have
had a prior PTD than women who did not have a soft
cervix [40/165 (24.3%) vs. 76/463 (16.4%), RR 1.5 (95% CI
1.1-2.1); P=0.03].

Factors affecting the risk (incidence)
of preterm delivery

Table 5 shows the proportion of women who had a short,
a soft and the combination of a short and a soft cervix,
or neither, and who delivered at term, between 34—
36.6 weeks and <34 weeks of gestation, stratified by parity
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and the type of prior pregnancy and delivery. Thirty-one
(4.9%; 31/628) women had a sPTD <37 weeks of gestation
(sPTD < 37) and 12 (1.9%; 12/628) had a sPTD <34 weeks of
gestation (sPTD < 34).

Six (21.4%) of the 28 women with a short cervix deliv-
ered preterm (four sPTD < 34); all six had a soft cervix,
four had prior abortion only and none had a history of
prior PTD. None of the 13 women who had only a short
cervix delivered preterm. Compared to women who had
neither a short nor a soft cervix, women with a short
cervix had a 9.6-fold increase in the risk of sPTD <37
[6/28 (21.4%) vs. 10/450 (2.2%) RR 9.6 (95% CI 3.9-25.2);
P <0.001] and a 64-fold increase in the risk of sPTD <34
[4/28 (14.3%) vs. 1/450 (0.2%) RR 64.3 (95% CI 7.4-556.2);
P <0.001].

Twenty-one (12.7%) of the 165 women with a soft
cervix delivered preterm (21 sPTD<37; 11 sPTD < 34); six
(28.6%) had a short cervix and four had a prior PTD. Com-
pared to women who had neither a short nor a soft cervix,
women with a soft cervix had a 5.7-fold increase in the risk
of sPTD <37 [21/165 (12.7%) vs. 10/450 (2.2%) RR 5.7 (95%
CI 2.8-11.9); P < 0.001] and a 30-fold increase in the risk of
sPTD < 34 [11/165 (6.7%) vs. 1/450 (0.2%) RR 30.0 (95% CI
3.9-230.6); P<0.001].

Ten (2.2%) of the 450 women who had neither a short
nor a soft cervix delivered preterm (nine PTD <37; one
PTD < 34).

Both cervical length and cervical softness had a sig-
nificant impact on the risk of sSPTD <37 and sPTD <34,
and there was an interaction between their effects on the
risk of sSPTD < 37 and sPTD < 34. Compared to a cervix that
was neither short nor soft, a soft cervix alone significantly
increased the risk of PTD < 37 by 4.5-fold [15/150 (10%) vs.

Table 5: Preterm deliveries stratified by cervical length, cervical softness and past obstetrical history.

Subgroup Delivery Total
no.
Cervix evaluation >37 weeks (n=597) 34-37 weeks (n=19) <34 weeks (n=12)
Short (€25 mm) Yes No Yes No Yes No
Soft [shear wave speed (m/s) <25 percentile] Both No Yes No Both No Yes No Yes No Yes No
1 First pregnancy 0 2 22 100 0 0 1 0 0 0 0 0 125
2 Previous miscarriages only 1 2 16 58 1 0 1 1 3 0 1 0 84
3 No previous preterm deliveries or miscarriages 1 2 31 96 1 0 1 3 0 0 3 0 138
4 No previous preterm deliveries and 2 2 35 121 0 0 3 0 1 0 1 0 165
miscarriages
5 Only previous preterm deliveries but no 4 2 11 28 0 0 1 2 0 0 0 1 49
miscarriages
6 Previous preterm deliveries and miscarriages 1 3 20 37 0 0 1 3 0 0 2 0 67
Total 9 13 135 440 2 0 8 9 4 0 7 1 628
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10/450 (2.2%) RR 4.5 (95% CI 2.1-9.8); P <0.0002] and the
risk of PTD < 34 by 21-fold [7/150 (4.6%) vs. 1/450 (0.2%)
RR 21.0 (95% CI 2.6-169.3); P<0.001]; a short cervix
alone did not significantly increase the risk of sPTD <37
[0/13 vs. 10/450 (2.2%); P=0.75] or of sPTD < 34 [0/13 vs.
1/450 (0.2%)], but a short and soft cervix increased the
risk of sPTD < 37 by 18-fold [6/15 (40%) vs. 10/450 (2.2%)
RR 18.0 (95% CI 7.7-43.9); P<0.0001], and the risk of
sPTD < 34 by 120-fold [4/15 (26.7%) vs. 1/450 (0.2%) RR
120.0 (95% CI 12.3-1009.9); P <0.001]. A short and soft
cervix also significantly increased the risk of sPTD <37
by four-fold [6/15 (40%) vs. 15/150 (10%) RR 4.0 (95%
CI 1.8-8.8); P=0.005] and the risk of sPTD < 34, 5.7-fold
[4/15 (26.7%) vs. 7/150 (4.7%) RR 5.7 (95% CI 1.9-17.3);
P=0.002], compared to a cervix that was only soft, and
also marginally increased the risk of sPTD < 37 compared
to a cervix that was only short [6/15 (40%) vs. 0/13; RR
11.4 (95% CI 0.7-184.3); P=0.08] but the increase in the
risk of sSPTD<34 did not reach statistical significance
[4/15 (26.7%) vs. 0/13; P=0.1].

Conversely, of the 31 sPTD<37 deliveries, eight
occurred in women who had never delivered before;
7/8 had prior miscarriages only and 6/7 had a soft cervix.

Of the 12 sPTD < 34 deliveries, 11 were associated with
a soft cervix (n=10), a prior PTD (n=1), or both (n=2). All
women who delivered prior to 34 weeks had either a soft
cervix or a prior PTD. All 12 women had been pregnant
before, but four had had only prior miscarriages.

Parity and prior obstetrical history

The risk (incidence) of sPTD <37 weeks was significantly
associated with past obstetric history (y?=11.5, df=5;
P=0.04) but the risk sPTD <34 weeks was not (}*>=6.98,
df=5; P=0.2).

There was a significant association between the risk
of sPTD <37 and parity (x>=12.6, df =6; P=0.0498) but
not between sPTD <34 and parity. The association was
attributable to the significantly higher risk of sPTD <37
among previously pregnant than first-time pregnant
women. Previously pregnant women had a 7.5 times
higher risk of sPTD < 37 than first-time pregnant women;
however, the incidence of sPTD <37 among this cohort
of first-time pregnant women was only 0.8% (1/125), and
the proportion of women who had a short cervix was
only 1.6 (2/125). Because both of these frequencies were
outliers, first-time pregnant women were not consid-
ered further and the analysis of the factors that affect
sPTD <37 and sPTD<34 was confined to previously
pregnant women.
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Delivery prior to 37 and 34 weeks of gestation

The risk of sPTD <37 weeks among previously pregnant
women was not affected by a previous miscarriage, irre-
spective of whether the woman also had a previous term
delivery or not. A history of a prior PTD increased the risk
of sPTD <37 by two-fold [10/116 (8.6%) vs. 21/512 (4.1%)
RR 2.1 (95% CI 1.0-4.3); P=0.05]. There was no difference
in the prevalence of history of previous preterm delivery
between sPTD <34 weeks and term deliveries [3/12 (25%)
vs. 106/473 (22.4%); P=1.0].

Cervical length and cervical softness
Delivery prior to 37 weeks of gestation

Among previously pregnant women, a soft cervix alone
significantly increased the risk of sPTD <37 compared to
women who did not have a soft cervix [14/142 (9.8%) vs.
10/361 (2.8%); P<0.001], and a combination of soft and
short cervix significantly increased the risk of sPTD <37
compared to women who had neither a short nor a soft
cervix [6/15 (40%) vs. 10/350 (2.9%); P <0.001] and com-
pared to women who had only a short cervix (6/15 vs. 0/11;
P=0.02), but a short cervix alone did not significantly
increase the risk of sPTD <37 compared to women who
did not have a short cervix [0/11 vs. 24/477 (5%); P=0.6].

Delivery prior to 34 weeks of gestation

Among previously pregnant women, a soft cervix alone
significantly increased the risk of sPTD <34 compared
to women who did not have a soft cervix [7/127 (5.5%)
vs. 1/361 (0.3%); P<0.001], and the combination of a
soft and a short cervix significantly increased the risk of
sPTD <34 compared to women who had neither a short
nor a soft cervix [4/15 (26.7%) vs. 1/350 (0.3%); P < 0.001]
but not compared to women who had only a short cervix
[4/15 vs. 0/11; P=0.1]. The diagnostic indices of soft and
short cervices are presented in Table 6. A short cervix
had a sensitivity of 33.3%, specificity of 96.1%, a positive
likelihood ratio (LR+) of 8.5, and a negative LR (LR-) of
0.7 for sPTD < 34, and a sensitivity of 19.4%, specificity
of 96.3%, an LR+ of 5.2, and an LR~ of 0.8 for sPTD < 37.
The combination of a short and a soft cervix had a sensi-
tivity of 33.3%, specificity of 98.2%, an LR+ of 18.5, and
an LR- of 0.7 for sPTD <34, and a sensitivity of 19.4%,
specificity of 98.4%, an LR+ of 12.7, and an LR- of 0.8
for sPTD < 37.
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Table 6: Prediction of spontaneous preterm delivery <34 weeks (12/628; 1.9%) and <37 weeks of gestation (31/628; 4.9%) with a short

cervix and the combination of a short and a soft cervix.

Sensitivity Specificity

Positive
predictive value

Negative Likelihood ratio Likelihood ratio
predictive value

=) (95% CI)

Short cervix (€25 mm) (n=28/628; 4.6% )
Spontaneous preterm delivery  33.3% (4/12) 96.1% (592/616)
<34 weeks of gestation (n=12)
Spontaneous preterm delivery  19.4% (6/31) 96.3% (575/597)
<37 weeks of gestation=31

Short and soft cervix [shear wave speed (m/s) <25™ percentile] (n=15/628; 2.4%)

Spontaneous preterm delivery 33.3% (4/12) 98.2% (605/616)
<34 weeks of gestationn=12
Spontaneous preterm delivery 19.4% (6/31) 98.4% (588/597)
<37 weeks of gestation n=31

14.3% (4/28) 98.7% (592/600) 8.5 (3.5-20.7) 0.7 (0.5-1)
21.4% (6/28) 95.8% (575/600) 5.2(2.3-11.9) 0.8 (0.7-1)
26.7% (4/15) 98.6% (605/613) 18.5(6.9-49.9) 0.7 (0.5-1.01)

40% (6/15) 95.9% (588/613) 12.7 (4.8-33.6) 0.8(0.7-0.97)

Cl=Confidence intervals.

Table 7: The association of a short and/or a soft cervix [odds ratios 95% confidence intervals (CI)] with spontaneous preterm delivery

<34 and <37 weeks of gestation.

Spontaneous preterm delivery

<34 weeks (n=12; 1.9%)

Spontaneous preterm delivery
<37 weeks (n=31; 4.9%)

All patients (n=628)
Short cervix (€25 mm) unadjusted (n=28)
Adjusted for previous preterm delivery and soft cervix
Variance inflation factors
Soft cervix unadjusted [shear wave speed (m/s) <25
percentile] (n=165)
Adjusted for previous preterm delivery and short cervix
Variance inflation factors
Short and soft cervix; adjusted for previous preterm
delivery (n=15)
Variance inflation factors

In women with normal cervical length (>25 mm; n=600)
Soft cervix unadjusted (n=150)
Adjusted for previous preterm delivery
Variance inflation factors

12.2(3.1-41.7) 6.2(2.1-16)
7.7 (1.8-29.6) 4.4 (1.4-12)
1.02/1.01/1.01 1.03/1.02/1.01
33.4 (6.4-613.7) 6.6 (3.1-15)
23.0 (4.2-428) 4.8(2.2-11.2)

1.01/1.02/1.01
26.8 (6.91-104.2)

1.02/1.03/1.01
14.4 (4.7-44.3)

1.0/1.0 1.0/1.0
22.1(3.9-418.8) 4.8(2.1-11.4)
16.8 (2.8-320.6) 3.7 (1.6-8.9)
1.0/1.0 1.01/1.01

In a logistic regression analysis (Table 7) in which all
patients were included, a short cervix, following adjust-
ment for previous PTD and a soft cervix, was an independ-
ent risk factor for sPTD <34 [OR 7.7 (95% CI 1.8-29.6)] and
for sSPTD <37 [OR 4.4 (95% CI 1.4-12.0)]. A soft cervix, fol-
lowing adjustment for previous PTD and a short cervix,
was an independent risk factor for sPTD<34 [OR 23.0
(95% CI 4.2-428)] and for sSPTD <37 [OR 4.8 (95% CI 2.2—
11.2)]. The combination of a soft and a short cervix follow-
ing adjustment for previous PTD was an independent risk
factor for sSPTD <34 [OR 26.8 (95% CI 6.91-104.2)] and for
sPTD <37 [OR 14.4 (95% CI 4.7-44.3)].

When only patients with a normal cervical length
were included in the regression model, a soft cervix,

following adjustment for history of previous PTD, was still
an independent risk factor for sPTD <34 [OR 16.8 (95% CI
2.8-320.6)] and for sPTD <37 [OR 3.7 (95% CI 1.6-8.9)].

Discussion
Principal findings

(1) SWS declines progressively with gestational age between
18 and 24 weeks of gestation and was significantly higher
at the internal than at the external cervical os at each ges-
tational age; (2) women with a soft cervix were 3.3 times
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more likely to have a short cervix and 1.5 times more likely
to have had a prior PTD than women who did not have a
soft cervix; (3) compared to a cervix that was neither short
nor soft, a soft cervix alone increased the risk of sSPTD <37
by 4.5-fold and the risk of SPTD < 34 by 21-fold; (4) the com-
bination of a short and a soft cervix increased the risk of
sPTD <37 by 18-fold and the risk of sPTD < 34 by 120-fold;
and (5) a soft cervix at 18-24 weeks of gestation increases
the risk of sPTD <37 and <34 weeks independently of cervi-
cal length and a history of previous PTD.

Results in the context of what is
known

A short cervix [4, 68-71], a prior PTD [72-74] and maternal
age [75, 76] are well-established risk factors for preterm
delivery. Preterm birth is a leading cause of perinatal
mortality and long-term disabilities [77, 78]. Vaginal pro-
gesterone reduces the risk of PTD in women who have a
short cervix with and without previous history of PTD [14,
79-82]. This study shows that a soft cervix, defined as an
SWS at the internal os <25 percentile for gestational age,
is a risk factor for sPTD independently of cervical length.

SWS increased linearly with cervical length, and
women with a short cervix were twice as likely to have a soft
cervix compared to those with a normal cervical length.
Consequently, there was a significant interaction between
the effects of cervical length and cervical softness on the
risk of sPTD <37 and sPTD < 34. The risk of sPTD <37 and
sPTD <34 were both greater for women who had a combi-
nation of a short and a soft cervix compared to women who
only had a soft cervix. Nevertheless, among women who
had neither a short cervix nor a history of a prior PTD, a soft
cervix alone significantly increased the risk of sPTD <37
and sPTD < 34 compared to women who did not have a soft
cervix. Thus, a soft cervix is an independent risk factor for
sPTD <37 and sPTD < 34 weeks regardless of the presence
of a short cervix or a history of prior preterm birth.

Our findings that a soft cervix is more prevalent with
advanced maternal age may explain why the risk of sSPTD
increases in these women [75, 76, 83]. The probability of a
woman having a soft cervix is 1.4 times greater than that
of a woman who is 10 years younger. Nevertheless, the
interaction between a soft cervix, maternal age and sPTD
is complex, and in our study, it was not associated with a
parallel increment in the prevalence of sPTD.

A novel finding in our study, among women with a
short cervix who were treated with vaginal progesterone,
was that those who delivered preterm had a soft cervix.
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Indeed, the risk of sPTD<37 was significantly higher
among women who had a combination of a short and
a soft cervix compared to women who had only a short
cervix [6/15 (40%) vs. 0/13, P=0.017].

A history of PTD increased the risk of sPTD even in
the absence of either a short or a soft cervix. This suggests
that a prior PTD might act as an independent factor apart
from a short or a soft cervix, suggesting that the cause of
recurrent sPTD in these patients might not be completely
related to a short cervix.

The evaluation of the elastic properties of the cervix
provides important information about the risk of preterm
delivery [84-86]. Shear-wave elastography, more reliable
than strain elastography, is less operator-dependent and
provides continuous estimates of the elasticity of the
cervix, such as the speed of propagation of the acoustic
impulse [46, 87]. The association between cervical ripen-
ing and SWE has been reported by several authors either
by analyzing the effect of prostaglandins in human cer-
vices [61] or steroids in experimental animals [63], or
by documenting cervical changes in women with clini-
cal symptoms of preterm labor [62]. In our study, SWS
in the internal cervical os predicted sPTD better than in
the external cervical os, probably because the alignment
and organization of the collagen network in this region
provides more reliable estimations of the velocity of
shear-wave propagation. Differences in the organization
of the collagen network in the cervix have been reported
by Reusch et al. [18], who evaluated the structure of the
cervix using non-linear optical microscopy after hyster-
ectomy; the authors showed a longitudinal alignment of
the collagen fibers near the endocervical canal and a cir-
cumferential arrangement near the edge of the cervix. The
authors also noted a more dense concentration of longi-
tudinal collagen fibers in the proximal part of the cervix.

Shear-wave elastography constitutes one alternative
to evaluate the characteristics of the cervix aside from
cervical length. The characteristics of the cervix might
vary among populations; therefore, we have suggested a
percentile cut-off value (25" percentile) of the SWS dis-
tribution instead of a fixed value to define a soft cervix.
This cut-off was found to be effective in the current study
for identifying patients with a soft cervix who are at risk
of preterm delivery, regardless of the presence of a short
cervix or a history of preterm birth.

Strengths and limitations

SWS was evaluated in a large group of asympto-
matic women following a specific protocol for cervical
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evaluation, and the frequency of sSPTD was carefully regis-
tered. The limitations of this study are that the frequency
of preterm birth, especially <34 weeks, was low. Because
all women who had a short cervix were treated with
vaginal progesterone, the study of the interaction between
a short and a soft cervix in non-treated patients was not
performed; however, with the current standard of treat-
ment, such a comparison might not be feasible. Neverthe-
less, because SWS was measured before treatment with
vaginal progesterone, treatment could not have affected
the associations between a short and a soft cervix and a
history of prior sPTD.

Conclusion

A soft cervix, defined as an SWS <25" percentile for gesta-
tional age at 1824 weeks of gestation, increases the risk of
sPTD <37 and <34 weeks independently of cervical length
and a history of previous PTD. The combination of a short
and a soft cervix is associated with a LR+, suggestive that
such a finding is clinically relevant to identify patients at
increased risk of sPTD.
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