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Abstract: Novel transvaginal ultrasound (TVU) markers have been proposed to improve 

spontaneous preterm birth (sPTB) prediction. Preliminary results of the cervical consistency index 

(CCI), uterocervical angle (UCA), and cervical texture (CTx) have been promising in singletons. 

However, in twin pregnancies, the results have been inconsistent. In this prospective cohort study 

of asymptomatic twin pregnancies assessed between 18+0–22+0 weeks, we evaluated TVU derived 

cervical length (CL), CCI, UCA, and the CTx to predict sPTB < 34+0 weeks. All iatrogenic PTB were 

excluded. In the final cohort of 63 pregnancies, the sPTB rate < 34+0 was 16.3%. The CCI, UCA, and 

CTx, including the CL was significantly different in the sPTB < 34+0 weeks group. The best area 

under the receiver operating characteristic curve (AUC) for sPTB < 34+0 weeks was achieved by the 

CCI 0.82 (95%CI, 0.72–0.93), followed by the UCA with AUC 0.72 (95%CI, 0.57–0.87). A logistic 

regression model incorporating parity, chorionicity, CCI, and UCA resulted in an AUC of 0.91 with 

a sensitivity of 55.3% and specificity of 88.1% for predicting sPTB < 34+0. The CCI performed better 

than other TVU markers to predict sPTB < 34+0 in twin gestations, and the best diagnostic accuracy 

was achieved by a combination of parity, chorionicity, CCI, and UCA. 

Keywords: spontaneous preterm birth; twin pregnancy; cervical consistency index; uterocervical 

angle; cervical texture; cervical length 

 

1. Introduction 

Preterm birth remains a significant problem in obstetrics responsible for more than 70% of 

neonatal and infant deaths and affecting about 1 in 10 pregnancies [1,2]. In twin pregnancies, the rate 

of preterm birth is almost ten times higher than in singletons [3]. Antenatal care programs aspire to 
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prevent spontaneous PTB (sPTB,) and therefore its consequences. The current standard of care for sPTB 

screening in singletons entails mid-gestational transvaginal ultrasound (TVU) cervical length (CL) 

measurement, [4] and prevention consists of vaginal progesterone for those at increased risk [5]. In 

twins, CL has a low sensitivity; hence, women at risk are not being identified [6,7]. Moreover, at 

present, there is no useful intervention to prevent sPTB in twins, but this could be due to the 

misidentification of women at risk [8]. 

Additional TVU markers, including funnelling and sludge, have been evaluated in twins but 

with limited success [9]. Recently, the cervical consistency index (CCI) outperformed CL in high-risk 

singleton pregnancies [10]. The CCI measures the maximum deformability of the cervix during a 

standard TVU examination [11]. Overall, the CCI has a clear inverse linear relationship with 

gestational age (GA) and is reproducible and effective in the prediction of sPTB [12], but so far, it did 

not show any clinical utility in a small prospective twin study ((area under the receiver operating 

characteristic curve (AUC) = 0.488 to predicting sPTB before 34+0 weeks) [13]. 

Another novel ultrasound marker that has been evaluated in singletons is the uterocervical angle 

(UCA) [14,15]. Once again, initial results indicate that UCA, either alone or combined in a prediction 

model, can serve as an effective predictor of sPTB in singletons [16]. One retrospective study in twins 

showed that an UCA > 110° was associated with an odds ratio (OR) 15.7 (7.2–34.4) for sPTB before 

32+0 weeks [17]. 

Finally, the quantitative analysis of cervical texture (CTx) of standard TVU cervical grayscale 

images was independently associated with sPTB before 37+0 weeks in singletons [18]. This promising 

approach is also feasible in twins, albeit with limited success in predicting sPTB [19]. 

The purpose of this prospective study was to evaluate the novel TVU markers CCI, UCA, and 

CTx alongside standard CL measurement at mid-pregnancy in asymptomatic twin gestations, to 

predict sPTB before 34+0 weeks. 

2. Experimental Section 

This prospective cohort study recruited women with twin pregnancies who had a TVU 

assessment between 18+0 and 22+6 weeks as part of a study on the role of the Arabin pessary in the 

prevention of sPTB between October 2016 and January 2019. Ultrasound examination was done by 

ultrasound examiners trained in measuring the CL (CLEAR program from the Perinatal Quality 

Foundation; https://clear.perinatalquality.org/). Analyses of all images were done off-line. 

Gestational age was calculated on the basis of the crown-rump length measurement of the larger twin 

in the first trimester for spontaneous pregnancies. In pregnancies resulting from in vitro fertilization, 

gestational age was defined using the date of conception in fresh cycles or embryonic age in frozen-

thawed cycles. Information on baseline demographic characteristics and obstetric history were 

prospectively collected. Perinatal outcomes were retrieved from hospital files. 

sPTB was defined as spontaneous preterm delivery or induction of labour because of preterm 

rupture of membranes. Women were excluded from the study if treatment to prevent sPTB (cervical 

cerclage or cervical pessary) was instituted or if a fetal abnormality was diagnosed on ultrasound. 

Moreover, women were excluded from the analysis if they delivered preterm because of a medical or 

fetal indication (e.g., caesarean delivery or induction of labour because of pre-eclampsia, fetal growth 

restriction), if they were lost to follow-up, or if the ultrasound images did not meet the quality criteria 

described below. As part of institutional care, the NICE guidelines were followed to start low dose 

aspirin for pre-eclampsia prevention, and dichorionic pregnancies were advised to deliver by 37+0–

38+0 weeks while monochorionic pregnancies were advised to deliver by 36+0–37+0 weeks [20]. This 

study was nested in a larger study, which was approved by the local Ethics Committee Research 

UZ/KU Leuven (ECD S58820). All participants provided informed consent for TVU. 

Image Acquisition and off-Line Analysis 

For TVU image acquisition, a Voluson E8 or E10 (GE Medical Systems, Zipf, Austria) equipped 

with a vaginal probe with a frequency of 2–10 MHz was used. A set of images was acquired with the 

woman in lithotomy position after emptying her bladder. Firstly, a sagittal view of the cervix without 
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exerting any pressure with the transducer was obtained, as described previously [21], upon which 

the cervical canal and the internal and external cervical os were clearly seen. This image was used for 

the CL and UCA measurement, and to assess for funnelling or sludge presence. A second image was 

then saved without any speckle reduction imaging or cross beam imaging post-processing to do the 

CTx analysis. Additionally, a video clip in which pressure was applied softly and progressively on 

the cervix until no further compression of the anteroposterior diameter could be observed. The technique 

used to apply the maximum compression was done as described by Parra-Saavedra et al. [11]. The images 

were downloaded from the medical imaging software and stored in a research imaging server for off-

line analysis. Quality criteria to consider an image were: (1) the entire cervix seen and (2) the cervical 

canal not inclined more than 45° over the horizontal plane. All measurements were done blinded to 

the pregnancy outcome and measurement methods are depicted in Figure 1: 

 Standard CL (straight-line) measurement in mm [21]. 

 CCI measurement expressed as a percentage [11]. A straight cervical length was traced to align 

with the longitudinal axis of the cervix at the posterior vaginal wall. Then the midpoint of this line 

was calculated, and the anteroposterior diameter was measured perpendicular to this line with (AP’) 

and without (AP) pressure. Then the cervical consistency index was calculated with the following 

formula: 

CCI = (AP′/AP) × 100 (1) 

 UCA calculated by measuring the angle between the straight anterior myometrial wall line and 

cervical length tracing [15]. 

 CTx was done as described using a machine learning algorithm [18]. 

 TVU cervical funnel analysis with and without fundal pressure and defined as protrusion of the 

amniotic membranes into the cervical canal. The longest and widest funnel length were taken at the 

internal os [21]. 

 TVU amniotic fluid sludge presence defined by the presence of hyperechogenic free floating 

particulate matter, in the proximity of the internal cervical os [21,22]. 

 

Figure 1. Example images of (a) Transvaginal ultrasound cervical length (straight-line) in mm. (b) 

Cervical consistency index measured as the ratio of the anteroposterior diameter with and without 

*
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pressure and expressed as a percentage, CCI = (AP′/AP) × 100. (c) Utero-cervical angle calculated in 

degrees. (d) Cervical texture analysis. (e) Cervical funnel analysis, the longest and widest funnel at 

the internal os in mm. (f) Presence of amniotic fluid sludge (*). 

The endpoint was the ability to predict sPTB before 34+0 weeks, and the secondary endpoint was 

the ability to predict sPTB before 37+0 weeks, compared to that of sonographic CL. 

Data distribution was assessed using the Shapiro–Wilk test of normality. The statistical 

significance of differences in continuous data was calculated using Student’s t-test or Mann–Whitney 

U-test for normally and non-normally distributed data, respectively, and in categorical data using 

the Chi-square test or Fisher’s exact test as appropriate. Group analysis of continuous variables with 

a normal distribution was performed using ANOVA for multiple comparisons. Simple liner 

regression determined the strength of association between the TVU markers and the GA at delivery 

as indicated by Pearson’s correlation coefficients. A stepwise logistic regression was used to identify 

correlates with sPTB before 34+0 weeks. 

Receiver operating characteristic (ROC) curves with regard to predicting sPTB before 34+0 and 

before 37+0 weeks were drawn, and AUC with 95% CI was calculated. Sensitivity, specificity, positive 

and negative likelihood ratios (LR+ and LR−) with their 95% CI with regard to predicting sPTB < 37+0 

and < 34+0 gestational weeks were calculated for the optimal cut-off point. The optimal cut-off is the 

one corresponding to that point on the ROC curve situated farthest from the reference line. 

An a priori total sample size of 57 was calculated, of 38 controls and 19 cases. At the time of 

setting up the study, no twin CCI data was available, and the sample size was based upon a previous 

publication of CCI in high-risk singletons [10] that noted an AUC for CL of 0.51 and CCI of 0.73 and 

keeping account for the wide variety of AUCs published for the prediction of PTB in twins using CL 

[23,24]. This calculation included a type I error of 0.05, power of 0.90 with an allocation ratio of 2 and 

an anticipated sPTB rate of >20%. 

3. Results 

Initially, 121 women were screened, 9 declined transvaginal evaluation, and a total of 112 

women underwent a TVU assessment at the time of the routine second-trimester scan. Of these, 63 

women were included in the analysis. Flowchart summarizing the inclusion of women is presented 

in Figure 2. 

  

Figure 2. Flowchart summarizing the recruitment of women. Abbreviations: sPTB, spontaneous 

preterm birth; MC, monochorionic; TOP, termination of pregnancy. 

Demographic details, cervical markers, and pregnancy outcomes according to gestational age at 

birth are shown in Table 1. All pregnancies were dated early between 74–91 days of gestation, and 

most women, 66.7% (42/63), used prophylactic low dose aspirin. The cohort had no PTB risk factors 

with regards to prior sPTB between 16 and 34 weeks, uterine abnormalities, or any conisation/cervical 

Excluded (n = 49)
•Pessary (n = 9) or cerclage (n = 0) placement 
•Image criteria not met (n = 6)
•MC twin complication (n = 2)
•Iatrogenic PTB or TOP (n = 30)
•Lost to follow up (n = 2)

Women screened
n = 112

Data analyses done
n = 63

sPTB < 34 weeks 
[n = 16 (16.3%)]

Delivery ≥ 37 weeks
[n = 36 (57.1%)] 

sPTB < 37 weeks 
[n = 27 (27.6%)]
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procedures. Conception by in vitro fertilization was noted in 13.9% (5/36) of the women delivering at 

term and was higher in the sPTB < 37+0 and < 34+0 groups, respectively 25.9% (7/27) and 31.3% (5/16), 

but this difference was not significant (p = 0.25). Nulliparity (p = 0.02) and a lower body mass index 

(BMI) at booking (p = 0.01) in the sPTB groups were the only cohort characteristic that was statistically 

different between the groups. Analyses could not be done in 5/63 UCA images, all due to retroflexion, 

and in 18/63 CTx images, mostly due to post-processing settings (16/18). 

Table 1. Demographic and pregnancy characteristics. 

 
Total 

n = 63 

TB 

n = 36 

sPTB < 34 w 

n = 16 

sPTB < 37 w 

n = 27 
p-Value † 

Maternal Age (Years) 31.2 ± 4.9 31.5 ± 5.2 29.9 ± 2.8 31.4 ± 5.6 p = 0.79 

Caucasian Ethnicity 95.2% (60/63) 94.4% (34/36) 93.8% (15/16) 96.3% (26/27) p = 0.92 

BMI (kg/m2) 23.7 ± 4.9 24.6 ± 5.8 22.3 ± 2.4 22.4 ± 2.4 p = 0.01 

Smoker 7.9% (5/63) 8.3% (3/36) 6.3% (1/16) 7.4% (2/27) p = 0.95 

Spont. Conception 57.1% (36/63) 77.8% (28/36) 62.5% (10/16) 66.7% (18/27) p = 0.57 

Nulliparous 31.7% (20/63) 30.8% (8/36) 62.5% (10/16) 44.4% (12/27) p = 0.02 

Dichorionicity 63.5% (40/63) 72.2% (26/36) 43.8% (7/16) 51.9% (14/27) p = 0.09 

GA at Scan (Days) 138 ± 17 135 ± 24 140 ± 4 141 ± 5 p = 0.48 

Cervical Length (mm) 35.9 ± 5.7 37.3 ± 5.1 32.5 ± 6.6 34.2 ± 6.2 p = 0.02 

CCI (%) 69.6 ± 10.3 74.7 ± 8.6 60.8 ± 8.0 63.1 ± 8.5 p < 0.01 

UCA (°) 105.7 ± 16.8 98.5 ± 10.8 116.8 ± 20.3 114.7 ± 18.8 p < 0.01 

CTx Score − 7.8 ± 3.2 − 6.9 ± 3.2 − 10.6 ± 3.6 − 8.9 ± 2.8 p = 0.09 

Funnelling (%) 47.6% (3/63)  12.5% (2/16) 11.1% (3/27) p = 0.10 

Sludge (%) 3.2% (2/63) 2.8% (1/36) 6.3% (1/16) 3.7% (1/27) p = 0.83 

Antenatal Complications 

GHT/Preeclampsia 1.6% (1/63) 2.8% (1/36)    

GDM 3.2% (2/63) 5.6% (2/36)    

sIUGR 4.8% (3/63) 2.8% (1/36) 12.5% (2/16) 7.4% (2/27) p = 0.39 

Received Progesterone  4.8% (3/63) 2.8% (1/36) 6.3% (1/16) 7.4% (2/27) p = 0.68 

Received Betamethasone 39.7% (25/63) 16.7% (6/36) 93.8% (15/16) 70.4% (19/27) p < 0.01 

Delivery Outcomes 

GA at Delivery (w d) 35 w 2 d ± 25 d 37 w 3 d ± 4 d 30 w 1 d ± 24 d 32 w 4 d ± 27 d p < 0.01 

Birth Weight-Largest (g) 2312 ± 623 2683 ± 298 1490 ± 459 1882 ± 629 p < 0.01 

Birth Weight-Smallest (g) 2131 ± 616 2506 ± 270 1333 ± 463 1711 ± 627 p < 0.01 

Spontaneous Labor 58.7% (37/63) 27.8% (10/36) 100% (16/16) 100% (27/27) p < 0.01 

Induced Labor 20.6% (13/63) 36.1% (13/36)    

Vaginal Delivery 52.4% (33/63) 50.0% (18/36) 50.0% (8/16) 55.5% (15/27) p = 0.89 

Elective Caesarean 19.0% (12/63) 33.3% (12/36)    

Emergency Caesarean 28.6% (18/63) 16.7% (6/36) 50.0% (8/16) 44.4% (12/27) p = 0.02 

Data are given as mean ± SD or n (%). In UCA 5/63 and CTx 18/63 could not be analysed; † two-way 

ANOVA or Chi-square test. Abbreviations: TB, term birth; sPTB, spontaneous preterm birth; BMI, 

body mass index; GA, gestational age; CL, cervical length; CCI, cervical consistency index; UCA, 

uterocervical angel; CTx, cervical texture score; GHT, gestational hypertension; GDM, gestational 

Diabetes Mellitus; sIUGR, selective intrauterine growth restriction; SD, standard deviation. 

The rate of sPTB before 34+0 weeks was 16/63 (16.3%) and 27/63 (27.6%) delivered before 37+0 

weeks. The CL (p = 0.01), CCI (p < 0.01), UCA (p < 0.01) but not the CTx, funnelling, or sludge were 

significantly different between term and sPTB before < 34+0 and < 37+0 weeks. The distribution and 

correlation plots of the ultrasound derived markers are shown in Supplementary Figure S1 and their 

correlation with GA in Supplementary Figure S2. Multivariate logistic regression of the four novel 

ultrasound markers showed that only CCI (p = 0.03; OR 0.15 (0.07–0.35)), and UCA (p < 0.01; OR 1.08 

(1.02–1.14)) were independently associated with sPTB before 34+0 weeks. Sensitivity, specificity as 

well as positive and negative likelihood ratios for the prediction of sPTB before 34+0 and 37+0 are given 

in Tables 2 and 3, respectively. 
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Table 2. Discriminative performance of the UCL, CCI, UCA, and CTx measurements with regard to 

predicting spontaneous preterm birth < 34+0 weeks, with optimal cut-off based on the receiver 

operating characteristic curve given. 

 Cut-Off 
Sensitivity 

(95% CI) 

Specificity 

(95% CI) 

LR + 

(95% CI) 

LR − 

(95%CI) 

dOR 

(95% CI) 

CL < 29 mm (p = 10) 31.3 (11.0–58.7) 93.6 (82.5–98.7) 4.90 (1.32–18.22) 0.73 (0.52–1.03) 6.7 (1.37–32.25) 

 < 35 mm 62.5 (35.4–84.8) 70.2 (55.1–82.7) 2.10 (1.17–3.75) 0.53 (0.28–1.03) 3.9 (1.19–12.9) 

CCI < 60% (p = 10) 40.0 (16.3–67.7) 91.5 (79.6–97.6) 4.70 (1.53–14.46) 0.66 (0.43–1.00) 7.2 (1.67–30.78) 

 < 64% 86.7 (59.5–98.3) 65.9 (50.7–79.1) 2.055 (1.63–3.97) 0.20 (0.05–0.75) 12.6 (2.52–62.77) 

UCA > 130° (p = 10) 40.0 (16.3–67.7) 91.5 (79.6–97.6) 4.70 (1.53–14.46) 0.66 (0.43–1.00) 6.7 (1.06–25.92) 

 > 103° 68.8 (41.3–88.9) 73.8 (57.9–86.1) 2.63 (1.43–4.81) 0.42 (0.20–0.90) 6.2(1.76–21.89) 

CTx − 13.5 (p = 10) 27.3 (6.0–60.9) 88.2 (72.5–96.7) 2.32 (0.61–8.80) 0.82 (0.56–1.21) 2.8 (0.52–15.2) 

 − 11.0 72.7 (39.0–93.9) 38.2 (22.2–56.4) 1.18 (0.75–1.84) 0.71 (0.25–2.05) 1.65 (0.37–7.37) 

Abbreviations: CL, cervical length; CCI, cervical consistency index; UCA, utero-cervical angle; CTx, 

cervical texture; LR, likelihood ratio; CI, confidence interval; dOR, diagnostic odds ratio. +, positive; 

−, negative. 

Table 3. Discriminative performance of the CL, CCI, UCA, and CTx measurements with regard to 

predicting spontaneous preterm birth < 37+0 weeks, with optimal cut-off based on the receiver 

operating characteristic curve given. 

 Cut-Off 
Sensitivity 

(95% CI) 

Specificity 

(95% CI) 

LR + 

(95% CI) 

LR − 

(95%CI) 

dOR 

(95% CI) 

CL <29 mm (p = 10) 22.2 (8.6–42.3) 94.4 (81.3–99.3) 4.00 (0.87–18.30) 0.82 (0.66–1.02) 4.9 (0.89–26.33) 

 < 36 mm 51.8 (31.9–71.3) 72.2 (54.8–85.8) 1.87 (0.98–3.54) 0.67 (0.43–1.04) 2.8 (0.98–7.99) 

CCI <60% (p = 10) 30.8 (14.3–51.8) 94.4 (85.5–99.9) 5.54 (1.28–23.97) 0.73 (0.56–0.96) 7.6 (1.45–39.40) 

 < 68% 76.9 (56.3–91.0) 75.0 (57.8–87.8) 3.08 (1.68–5.63) 0.31 (0.15–0.64) 10.0 (3.06–32.67) 

UCA >130° (p = 10) 23.1 (8.9–43.7) 100 (89.1–100)  0.77 (0.62–0.95)  

 > 105° 65.4 (44.3–82.8) 84.4 (67.2–94.7) 4.18 (1.78–9.81) 0.41 (0.24–0.71) 10.2(2.92–35.61) 

CTx −11.3 (p = 10) 20.0 (5.73–43.7) 96.0 (79.7–99.9) 5.00 (0.61–41.28) 0.83 (0.66–1.05) 6.0 (0.61–58.71) 

 −8.5 60.0 (36.1–80.9) 64.0 (42.5–82.0) 1.67 (0.88–3.14) 0.62 (0.34–1.15) 2.7 (0.79–8.95) 

Abbreviations: CL, cervical length; CCI, cervical consistency index; UCA, utero-cervical angle; CTx, 

cervical texture; LR, likelihood ratio; CI, confidence interval; dOR, diagnostic odds ratio. +, positive; 

−, negative. 

CL had a low sensitivity even if the most optimal cut off for this cohort was chosen, while for 

the prediction of both sPTB before 34+0 and 37+0, the CCI had the best performance. Specifically, the 

AUC for sPTB < 34+0 prediction was 0.57 (95% CI, 0.34–0.79) for the CL, 0.82 (95% CI, 0.72–0.92) for 

the CCI, 0.72 (95% CI, 0.57–0.87) for the UCA, and 0.63 (95% CI, 0.47–0.79) for the CTx. For the 

prediction of sPTB < 37+0, the AUC was 0.63 (95% CI, 0.49–0.77) for the CL, 0.82 (95% CI, 0.72–0.92) 

for the CCI, 0.76 (95% CI, 0.63–0.88) for the UCA, and 0.63 (95% CI, 0.47–0.79) for the CTx ( Figure 3). 

 

Figure 3. Receiver operating characteristic (ROC) curves for the cervical length (CL), cervical 

consistency index (CCI), utero-cervical angle (UCA), and cervical texture (CTx) and with regard to 

predicting spontaneous preterm birth (sPTB) before 34+0 and before 37+0 weeks. 
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A logistic regression model resulted in an AUC of 0.91 with a sensitivity of 55.3% and specificity 

of 88.1% for predicting sPTB before 34+0 if parity, chorionicity, CCI, and UCA were used. 

4. Discussion 

This study indicates that CCI is superior to other TVU markers for the prediction of sPTB < 34+0 

(AUC 0.82; 95% CI, 0.72–0.92). Secondly, both CCI and UCA were independently associated with 

sPTB. When combining parity, chorionicity, CCI and UCA an AUC of 91.6% was reached. 

Our study is the first to assesses the CCI, UCA, and CTx concurrently in a single prospective 

twin cohort using a standardized TVU approach. There are two main limitations of this study. All 

analysis was done off-line, which can lead to overestimating its performance. When analyses of 

images and measurements are done in real-time, there will be time and technical constraints. 

Moreover, several images had to be excluded due to insufficient quality criteria, especially in cases 

where there was retroflexion of the uterus. Consequently, these measurements cannot be performed 

in all women, as previously reported for CCI [10,25]. 

We observed a linear relationship between the GA at delivery and the CCI (R2 0.3444), which is 

in agreement with the initial publication from Parra-Saavedra et al. [26]. Moreover, others have 

shown that the CCI positively correlates with the cervical elastography strain ratios, albeit only in 

singletons [27]. Ultimately the CCI was the strongest independent marker for sPTB < 34+0 and < 37+0 

in this study. This stands in contrast to the only other publication that noted a limited role of a single 

mid-trimester CCI measurement in the prediction of sPTB (AUC 0.538) [28]. The value of the CCI has 

already been reported in low- [11,25] and high-risk [10] singletons. In these studies, it has been shown 

to be a reproducible and reliable sPTB predictor. The key concern is that the CCI is difficult to 

measure in real-time and that the force exerted by the operator is unstandardized. The second concern 

has already been addressed under experimental conditions where it has been shown that the change 

in force applied did not result in significant strain differences, implying that the CCI should be 

reproducible and robust in a clinical setting [12]. Real-time measurement could easily be achieved 

with a pre-programmed ratio calculator, and therefore, future studies should explore this marker as 

one variable in a predictive model. 

Another biomechanical sPTB marker that has shown promise is the UCA [15]. In this cohort, the 

UCA was another strong independent marker of sPTB with good discriminatory value for sPTB < 34+0 

weeks. This is in line with a previous retrospective twin study [17]. The UCA unfortunately also has 

some limitations, as with the CCI, namely that in a uterus with retroflexion it is not possible to do a 

measurement. Interestingly, in our cohort, none of the women where the measurement could not be 

done due to retroflexion delivered before < 34+0. It would be worthwhile to reproduce this observation 

in a larger study. The benefit of combining CCI and UCA is that if one of them could not be done due 

to technical limitations, the other was possible. 

In singletons, there is a clear linear correlation between the CL and GA at delivery [29]. CL is a 

widely accepted marker for the prediction of sPTB especially in high risk pregnancies [30]. Our data 

supports previous findings in twin pregnancies that there is also a linear correlation between CL and 

GA, and therefore could be utilized as a sPTB marker [23]. Nevertheless, similar to recent reports, the 

prediction accuracy in our twin cohort remains limited, mainly due to low sensitivity [31]. Probably, 

CL shortening is most likely a “late” gross structural finding whilst the CCI reflect an earlier change 

in cervical microstructure and water concentration [32]. 

Consequently, it is sensible to search for other markers of early microstructural cervical changes. 

Quantitative ultrasonography of B-mode images has recently been introduced to indirectly evaluate 

the cervical collagen microstructure through speckle texture characterization and greyscale analysis. 

Quantitate CTx analysis has already been shown to be predictive of sPTB< 37+0 in singletons [18]. A 

preliminary twin study noted a 69% sensitivity and 70% specificity for the prediction of sPTB [19]. 

Our data could not confirm this. Possible explanations may be that the algorithm used was created 

on a singleton population hence not applicable to our twin cohort. Alternatively, the results were 

influenced by the high number of excluded images. Future studies should focus on reproducibility 
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and easier acquisition protocol and then applying optimal algorithms before this could be seen as a 

potential tool to use in sPTB prediction. 

We also made some unexpected observations. In this cohort, a lower BMI was more frequently 

seen in the sPTB groups, but ultimately, the BMI in all groups was within the normal range. 

Multiparity was seen more frequently in the sPTB groups. However, none had a previous history of 

sPTB. Funnelling was only observed in three women, and they all delivered < 37+0, two of them at < 

34+0. The presence of sludge was only seen in two women. Lastly, selective intrauterine growth 

restriction (sIUGR) was much more prevalent in the sPTB< 34+0 group. These factors could potentially 

be used in future prediction models in combination with the CCI and UCA. 

The strengths of this study include its prospective nature and the stringent quality criteria used 

for image analysis. The multimodal approach of the biomechanical cervical assessment allows for a 

more comprehensive “non-invasive” overview of the cervix. This was done through TVU, which is 

widely used and accepted by most women. This study adds to the emerging data that the CCI, and 

potentially the UCA, can have a role in sPTB prediction in twins. 

Next to earlier named limitations, we acknowledge that this is only a small and single center 

study. Our population included mainly “low-risk” Caucasian women, and the novel methods used 

may be more difficult to implement reliably and in a broader setting. 

The mechanism of sPTB in a multiple pregnancy is likely to be different from that in singletons. 

The heterogeneous nature of sPTB will need the incorporation of multiple markers or risk factors to 

correctly identify the patients at risk and the subsequent correct preventative intervention. For 

instance, maybe a structurally very short and “soft” cervix could benefit from a cerclage, while a long 

and “soft” cervix could benefit more from progesterone, and those with a long and extended cervix 

could maybe benefit from a pessary. 

5. Conclusions 

Mid-trimester CCI performed better than other TVU-derived biomechanical markers to predict 

sPTB < 34+0 in twin gestations, but its biggest shortcoming is that it is not yet a readily implementable 

clinical tool. Furthermore, in view of the moderate sensitivity and specificity of all these markers, this 

study highlights that a single parameter will not be enough to predict sPTB in twins accurately. The 

discriminative capacity of different models using pre-programmed measurements should be 

validated in a larger study. Lastly, future research should focus on the technical constraints of these 

novel markers so that they could be incorporated into daily practice. 

Supplementary Materials: The following are available online at www.mdpi.com/2077-0383/9/6/1784/s1. Figure 

S1: Distribution plots with density line indicated of the ultrasound derived markers at mid trimester with 

correlation plots between respective markers. Figure S2: Plot of the ultrasound derived markers at mid trimester 

against the gestational age at delivery. Goodness of fit indicated by R2 values. 

Author Contributions: Conceptualization, J.v.d.M., J.D., and M.P.; data curation, J.v.d.M., I.C., F.R., X.P.B.-A., 

and L.L.; formal analysis, J.v.d.M.; investigation, J.v.d.M., I.C., F.R., and L.L.; methodology, J.v.d.M., J.D., and 

L.L.; project administration, J.v.d.M.; software, X.P.B.-A.; supervision, J.D., M.P., and L.L.; writing—original 

draft, J.v.d.M.; writing—review and editing, J.v.d.M., I.C., J.D., M.P., and L.L.All authors have read and agreed 

to the published version of the manuscript. 

Funding: JvdM is funded with support of the Erasmus + Programme of the European Union (Framework 

Agreement Number: 2013-0040). This publication reflects the views only of the author, and the Commission 

cannot be held responsible for any use which may be made of the information contained therein. 

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the 

study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to 

publish the results. 

  



J. Clin. Med. 2020, 9, 1784 9 of 10 

 

References 

1. Chawanpaiboon, S.; Vogel, J.P.; Moller, A.-B.; Lumbiganon, P.; Petzold, M.; Hogan, D.; Landoulsi, S.; 

Jampathong, N.; Kongwattanakul, K.; Laopaiboon, M.; et al. Global, regional, and national estimates of 

levels of preterm birth in 2014: A systematic review and modelling analysis. Lancet Glob. Heal. 2018, 7, 37–46, 

doi:10.1016/s2214-109x(18)30451-0. 

2. Zeitlin, J.M.A.; Delnord, M.; Zhang, W.H. European Perinatal Health Report: Health and Care of Pregnant 

Women and Babies in Europe in 2010. Available online: 

https://www.tno.nl/media/1975/european_perinatal_health_report_2010.pdf (accessed on 13 May 2020). 

3. Brubaker, S.G.; Gyamfi, C. Prediction and Prevention of Spontaneous Preterm Birth in Twin Gestations. 

Semin. Perinatol. 2012, 36, 190–194, doi:10.1053/j.semperi.2012.02.003. 

4. Gynecologists Committee on Practice Bulletins-Obstetrics TACoO. Practice bulletin no. 130: Prediction and 

prevention of preterm birth. Obstet. Gynecol. 2012, 120, 964–973. 

5. Romero, R.; Conde-Agudelo, A.; da Fonseca, E.; O’Brien, J.M.; Cetingoz, E.; Creasy, G.; Hassan, S.S.; 

Nicolaides, K.H. Vaginal progesterone for preventing preterm birth and adverse perinatal outcomes in 

singleton gestations with a short cervix: A meta-analysis of individual patient data. Am. J. Obstet. Gynecol. 

2018, 218, 161–180, doi:10.1016/j.ajog.2017.11.576. 

6. Conde-Agudelo, A.; Romero, R. Predictive accuracy of changes in transvaginal sonographic cervical length 

over time for preterm birth: A systematic review and metaanalysis. Am. J. Obstet. Gynecol. 2015, 213, 789–801, 

doi:10.1016/j.ajog.2015.06.015. 

7. Iams, J.D.; Goldenberg, R.L.; Meis, P.J.; Mercer, B.M.; Moawad, A.; Das, A.; Roberts, J.M. The length of the 

cervix and the risk of spontaneous premature delivery. National Institute of Child Health and Human 

Development Maternal Fetal Medicine Unit Network. N Engl. J. Med. 1996, 334, 567–572. 

8. Dodd, J.M.; Grivell, R.; Obrien, C.M.; Dowswell, T.; Deussen, A.R. Prenatal administration of progestogens 

for preventing spontaneous preterm birth in women with a multiple pregnancy. Cochrane Database Syst. 

Rev. 2017, doi:10.1002/14651858.cd012024.pub2. 

9. Conde-Agudelo, A.; Romero, R. Prediction of preterm birth in twin gestations using biophysical and 

biochemical tests. Am. J. Obstet. Gynecol. 2014, 211, 583–595, doi:10.1016/j.ajog.2014.07.047. 

10. Baños, N.; Julia, C.; Lorente, N.; Ferrero, S.; Cobo, T.; Gratacós, E.; Palacio, M. Mid-Trimester Cervical 

Consistency Index and Cervical Length to Predict Spontaneous Preterm Birth in a High-Risk Population. 

Am. J. Perinatol. Rep. 2018, 8, 43–50, doi:10.1055/s-0038-1636993. 

11. Parra, G.; Vergara, F.; Navarro, E.; Parra-Saavedra, M.; Gömez, L.; Barrero, A. Prediction of preterm birth 

using the cervical consistency index. Ultrasound Obstet. Gynecol. 2011, 38, 44–51, doi:10.1002/uog.9010. 

12. Maurer, M.M.; Badir, S.; Pensalfini, M.; Bajka, M.; Abitabile, P.; Zimmermann, R.; Mazza, E. Challenging 

the in-vivo assessment of biomechanical properties of the uterine cervix: A critical analysis of ultrasound 

based quasi-static procedures. J. Biomech. 2015, 48, 1541–1548, doi:10.1016/j.jbiomech.2015.02.038. 

13. Rosen, H.; Stratulat, V.; Aviram, A.; Melamed, N.; Barrett, J.; Glanc, P. Midtrimester cervical consistency 

index measurement and prediction of preterm birth before 34 and 37 weeks in twin pregnancies. Ultrasound 

Obstet. Gynecol. 2019, doi:10.1002/uog.21927. 

14. Dziadosz, M.; Bennett, T.-A.; Dolin, C.; Honart, A.W.; Pham, A.; Lee, S.S.; Pivo, S.; Roman, A. Uterocervical 

angle: A novel ultrasound screening tool to predict spontaneous preterm birth. Am. J. Obstet. Gynecol. 2016, 

215, 376, doi:10.1016/j.ajog.2016.03.033. 

15. Sochacki-Wójcicka, N.; Wojcicki, J.; Bomba-Opoń, D.; Wielgos, M. Anterior cervical angle as a new 

biophysical ultrasound marker for prediction of spontaneous preterm birth. Ultrasound Obstet. Gynecol. 

2015, 46, 377–378, doi:10.1002/uog.14801. 

16. Sepúlveda-Martínez, A.; Diaz-Moreno, F.; Muñoz, H.; Valdés, E.; Parra-Cordero, M. Second-Trimester 

Anterior Cervical Angle in a Low-Risk Population as a Marker for Spontaneous Preterm Delivery. Fetal 

Diagn. Ther. 2016, 41, 220–225, doi:10.1159/000447588. 

17. Knight, J.C.; Tenbrink, E.; Onslow, M.; Patil, A.S. Uterocervical Angle Measurement Improves Prediction 

of Preterm Birth in Twin Gestation. Am J Perinatol. 2018, 35, 648–654. 

18. Baños, N.; Perez-Moreno, A.; Julià, C.; Murillo-Bravo, C.; Coronado, D.; Gratacos, E.; Deprest, J.; Palacio, M. 

Quantitative analysis of cervical texture by ultrasound in mid-pregnancy and association with spontaneous 

preterm birth. Ultrasound Obstet. Gynecol. 2018, 51, 637–643, doi:10.1002/uog.17525. 



J. Clin. Med. 2020, 9, 1784 10 of 10 

 

19. Fiset, S.; Martel, A.; Glanc, P.; Barrett, J.; Melamed, N. Prediction of spontaneous preterm birth among twin 

gestations using machine learning and texture analysis of cervical ultrasound images. Univ. Toronto Med. J. 

2019, 96. 

20. Gibson, J.L.; Castleman, J.S.; Meher, S.; Kilby, M.D. Updated guidance for the management of twin and 

triplet pregnancies from the National Institute for Health and Care Excellence guidance, UK: What is new 

that may improve perinatal outcomes? Acta Obstet. Gynecol. Scand. 2019, 99, 147–152, doi:10.1111/aogs.13785. 

21. Kagan, K.O.; Sonek, J. How to measure cervical length. Ultrasound Obstet. Gynecol. 2015, 45, 358–362, 

doi:10.1002/uog.14742. 

22. Romero, R.; Kusanovic, J.P.; Espinoza, J.; Gotsch, F.; Nhan-Chang, C.L.; Erez, O.; Kim, C.J.; Khalek, N.; 

Mittal, P.; Goncalves, L.F.; et al. What is amniotic fluid ‘sludge’? Ultrasound Obstet. Gynecol. 2007, 30, 793–

798, doi:10.1002/uog.5173. 

23. Conde-Agudelo, A.; Romero, R.; Hassan, S.S.; Yeo, L. Transvaginal sonographic cervical length for the 

prediction of spontaneous preterm birth in twin pregnancies: A systematic review and metaanalysis. Am. 

J. Obstet. Gynecol. 2010, 203, 128–112, doi:10.1016/j.ajog.2010.02.064. 

24. Hester, A.E.; Ankumah, N.-A.E.; Chauhan, S.P.; Blackwell, S.C.; Sibai, B.M. Twin transvaginal cervical 

length at 16–20 weeks and prediction of preterm birth. J. Matern. Neonatal Med. 2017, 32, 550–554, 

doi:10.1080/14767058.2017.1384806. 

25. Baños, N.; Murillo-Bravo, C.; Julià, C.; Migliorelli, F.; Perez-Moreno, A.; Ríos, J.; Gratacos, E.; Valentin, L.; 

Palacio, M. Mid-trimester sonographic cervical consistency index to predict spontaneous preterm birth in 

a low-risk population. Ultrasound Obstet. Gynecol. 2018, 51, 629–636, doi:10.1002/uog.17482. 

26. Parra-Saavedra, M.A.; Gonce, A.; Masoller, N.; Gratacos, E.; Palacio, M. OP08.03: Tranvaginal 

ultrasonographic measurement of cervical consistency index (CCI) throughout gestation in twin pregnancy. 

Ultrasound Obstet. Gynecol. 2012, 40, 79, doi:10.1002/uog.11464. 

27. Sung, K.U.; Nam, S.M.; Kim, G.E.; Jung, Y.J.; Lee, J.H.; Kim, Y.-H.; Kwon, J.Y. OB08: A comparison analysis 

between cervical elasticity and cervical consistency index at mid-trimester. Sci. Cen. J. 2018, 104, 204. 

28. Rosen, H.; Stratulat, V.; Aviram, A.; Melamed, N.; Okby, R.; Barrett, J.; Glanc, P. 461: Prediction of preterm 

birth in twin pregnancies by single mid-trimester cervical consistency index measurement. Am. J. Obstet. 

Gynecol. 2018, 218, 278, doi:10.1016/j.ajog.2017.10.397. 

29. Silva, S.V.L.; Damião, R.; Fonseca, E.B.; Garcia, S.; Lippi, U.G. Reference ranges for cervical length by 

transvaginal scan in singleton pregnancies. J. Matern. Neonatal Med. 2010, 23, 379–382, 

doi:10.3109/14767050903177169. 

30. Crane, J.; Hutchens, D. Transvaginal sonographic measurement of cervical length to predict preterm birth 

in asymptomatic women at increased risk: A systematic review. Ultrasound Obstet. Gynecol. 2008, 31, 579–

587, doi:10.1002/uog.5323. 

31. Pagani, G.; Stagnati, V.; Fichera, A.; Prefumo, F. Cervical length at mid-gestation in screening for preterm 

birth in twin pregnancy. Ultrasound Obstet Gynecol. 2016, 48, 56–60. 

32. Rechberger, T.; Uldbjerg, N.; Oxlund, H. Connective tissue changes in the cervix during normal pregnancy 

and pregnancy complicated by cervical incompetence. Obstet. Gynecol. 1988, 71. 

 

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution 

(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


