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Abstract: Objective: The aim of the current study was to assess the accuracy of sonographic cervical length 
measurement and cervical funneling in prediction of spontaneous onset of labor in term primigravid women. 
Methods: The study included primigarvid women pregnant at 37 weeks’ gestation of a singleton pregnancy. 
All recruited eligible women were subjected to a transvaginal sonographic cervical assessment (for length and funneling) at 37 
weeks’ gestation. All recruited women had the transvaginal scan repeated weekly till completed 41 weeks’ 
gestation. The endpoint was spontaneous onset of labor within 7 days of sonographic cervical assessment at 
different gestations. Results: A total of 208 primigravid women were recruited in the current study; of them 150 
women completed the study and were included in the final analysis. The mean age of included women was 24.3 ± 
3.6 years (range: 20 – 32 years). Sonographic cervical length was a significant predictor of spontaneous labor within 
7 days at all these gestations. There was a significant agreement between cervical funneling and spontaneous onset 
of labor within 7 days of recording funneling at different gestations. Conclusion: Sonographic cervical length 
measurement and cervical funneling seem to be significant predictors of spontaneous onset of labor at term 
pregnancy in nulliparous women. 
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1. Introduction 

There is no single parameter that can reliably 
predict the time of onset of labor at term pregnancy. 
Estimating the time of high likelihood of onset of 
labor at term may be of some value in certain 
circumstances. Social preparation of the woman for 
delivery as well as availability of an attending 
obstetrician may be of concern in some distant areas 
[1]. There has been growing and good evidence 
regarding the association between sonographic 
cervical status (including cervical length 
measurement and cervical funneling) and preterm 
labor in a relatively large number of published 
studies [2-3]. Moreover, sonographic cervical length 
measurement was shown to be of a reliable accuracy 
in prediction of successful induction of labor [4-6] and 
successful trial of vaginal birth after Cesarean section 
(VBAC) [7], when compared to the conventional or 
modified Bishop scores. A few relatively recent 
studies have shown a valid accuracy for sonographic 
cervical assessment in prediction of spontaneous 
onset of labor at term pregnancies [8-10]. The aim of 
the current study was to assess the validity of 
sonographic cervical length measurement and 
cervical funneling in prediction of spontaneous onset 
of labor at term pregnancy in a sample of Egyptian 
nulliparous women. 
2. Methods 

The current prospective study for accuracy of 
a diagnostic test was conducted at Ain Shams 
University Maternity Hospital during the period 
between August 2009 and March 2010. The study 
included primigarvid women pregnant at 37 weeks’ 
gestation of a singleton pregnancy, attending at the 
outpatient antenatal clinic of Ain Shams University 
Maternity Hospital. Women who had true labor 
pains, ruptured fetal membranes, non-vertex fetal 
presentation, previously-scarred uterus, fetal 
malformation or any maternal or fetal condition 
necessitating planned or Cesarean delivery were all 
not recruited in the study. 

All recruited eligible women were subjected to a 
transvaginal sonographic cervical assessment at 37 weeks’ 
gestation. Transvaginal sonography was performed using the 
5-MHz transvaginal probe of SonoAce X4 Ultrasound 
Machine (Samsung Medison Co., Ltd®, Seoul, Korea). The 
sonographic examination was performed after emptying 
woman’s bladder. The woman was asked to lie down in the 
lithotomy position. The probe is inserted into the vagina; the 
tip being 3 cm away from the cervical os to avoid distorting 
the shape or position of the cervical canal. Cervical length 
measurements were taken with the cervical canal being 
scanned in the midline sagittal plane. The length was 
measured as the distance between the internal os and the 
external os, with the whole length of the echogenic cervical 
canal mucosa being visualized, and the probe being pulled 
back to provide the best image with the lightest touch of the 
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probe. The internal os was identified as a dimple or a small 
triangle against the hypoechoic background of the amniotic 
fluid. Cervical length was measured three times; the average 
value of them was recorded. Cervical funneling was defined 
as a V-shaped or a U-shaped indentation of the internal os 
(Figure-1). In the presence of cervical funneling, the 
length of an associated funnel wasn’t included as 
part of the cervical canal length and the endocervical 
canal length measurement was taken from the apex of 
the funnel to the plane of the external os. 
Transvaginal sonographic scans were performed by 
one of three sonographers with at least 3-years 
expertise in obstetric cervical assessment. All 
recruited women had the transvaginal scan (for both 

cervical length measurement and assessment for 
funneling) repeated weekly till completed 41 weeks’ 
gestation. The time of spontaneous onset of labor was 
noted. Women who developed any indication for 
planned or timely delivery (e.g. pregnancy-induced 
hypertension or pre-labor rupture of the membranes) 
were excluded from the final analysis. Women who 
pass beyond completed 41 weeks’ gestation were all 
referred for induction of labor according to the 
protocol of Ain Shams University Maternity 
Hospital. The endpoint of the study was spontaneous 
onset of labor within 7 days of sonographic cervical 
assessment at different gestations. 
 

 

 
Figure-1 Cervical Funneling. Transvaginal scan showing cervical funneling V-shaped (left) – U-shaped (right) 
 

T-shaped cervical canal represents absence 
of funneling; Y-shaped represents first stage of 
funneling; and the V-shaped or U-shaped cervical 
canal represents a funneling completely extending 
over the cervical canal [12]. 
 
Sample Size Justification 

Data from a previous relevant study [8] showed 
that the rate of spontaneous onset of labor within 7 
days from the first cervical assessment was 8.6%. 
The sensitivity of cervical funneling in prediction of 
spontaneous onset of labor within 7 days was 82%. 
The rate of planned or Cesarean delivery in such 
women was estimated to be 25%. The drop-out rate 
was assumed to be 10%. Calculation according to 
these values to reach the least statistically-acceptable 
figure produced a minimal sample size of 208 
women.  
Statistical Methods 

Statistical analysis was performed using 
Microsoft® Excel® version 2007 and Statistical 
Package for Social Sciences (SPSS®) for Windows® 
version 15.0.Data were presented as range, mean and 
standard deviation (for numeric variables) and 

number (percentage) for categorical variables. 
Receiver operator characteristics (ROC) curves were 
constructed for estimating the association between 
cervical length measurement and spontaneous onset 
of labor before 7 days. Accuracy of both cervical 
length and cervical funneling in prediction of labor 
was presented in terms of sensitivity, specificity, 
positive and negative predictive values as well as 
likelihood ratios. Kappa () coefficient of agreement 
was used to estimate agreement between cervical 
funneling and spontaneous onset of labor. 
Significance level was set at 0.05. 
 
3.Results 

A total of 208 primigravid women were 
recruited in the current study; of them 150 women 
completed the study and were included in the final 
analysis. Figure-2 shows a flow-diagram of the study 
course. 

The mean age of included women was 24.3 ± 
3.6 years (range: 20 – 32 years). The mean weight 
was 67.3 ± 5.42 Kg (range: 58 – 82 Kg). The mean 
body mass index (BMI) was 23.2 ± 2.61 Kg/m2 
(range: 21.8 – 35.5 Kg/m2). The mean gestational age 
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at delivery was 38.6 ± 4.2 weeks (range: 37 – 41 
weeks). Of the included 150 women, 12 (8%) women 
delivered by completed 38 weeks, 25 (16.7%) 
delivered by 39 weeks, 56 (37.3%) delivered by 40 

weeks, 115 (76.7%) delivered by 41 weeks, while 35 
(23.3%) delivered beyond 41 weeks’ gestation 
(Figure-3). 
 

 

  
Recruited 

Women 
(n=208) 

  

      

   

 Drop-out 
[lost during 
follow-up] 

(n=23) 

 
 

      

   

 
Excluded 
Women 
(n=35) 

 Oligohydramnios (n=5) 
 Hypertension (n=12) 
 Spontaneous Prelabor 

Rupture of Membranes 
(n=18) 

 

      
      

 
Women who completed Study and were included in 

Final Analysis 
(n=150) 

112 (74.7%) delivered 
vaginally 
38 (25.3%) delivered by CS 

    
    

   
 Delivered at  

37 - < 38 weeks 
(n=12) 

9 (75%) delivered vaginally 
3 (25%) delivered by CS  

      

   
 Delivered at  

38 - < 39 weeks 
(n=13) 

10 (76.9%) delivered 
vaginally 
3 (23.1%) delivered by CS  

      

   
 Delivered at  

39 - < 40 weeks 
(n=31) 

23 (74.2%) delivered 
vaginally 
8 (25.8%) delivered by CS  

      

   
 Delivered at  

40 - < 41 weeks 
(n=59) 

45 (76.3%) delivered 
vaginally 
14 (23.7%) delivered by CS  

      

   
 Delivered beyond 

41 weeks 
(n=35) 

25 (71.4%) delivered 
vaginally 
10 (28.6%) delivered by CS  

 
Figure-2 Flow-Diagram of the Study Course 
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Figure-3 Bar-Chart showing Gestational Age at 
Delivery in Included Women 
 

Receiver operator characteristics (ROC) 
curves were constructed for estimating the 
association between sonographic cervical length and 
delivery within 7 days at 37, 38, 39 and 40 weeks’ 
gestations. Sonographic cervical length was 
significant predictor of spontaneous labor within 7 
days at all these gestations, as denoted by the 
significantly large area under the curves (AUCs) 
(Figure-4). Table-1 shows the best cutoff values of 
sonographic cervical lengths measured at different 
gestations with their measures of accuracy.  

There was a significant agreement between 
cervical funneling and spontaneous onset of labor 
within 7 days of recording funneling at different 
gestations (Table-2). Table-3 shows the accuracy of 
cervical funneling in prediction of labor at different 
gestations. 

 

  
at Completed 38 weeks 
AUC = 0.764, 95% CI (0.616 to 0.911), p=0.002 
(significant) 

at Completed 39 weeks 
AUC = 0.830, 95% CI (0.686 to 0.974), p<0.001 (highly 
significant) 

  
at Completed 40 weeks 
AUC = 0.779, 95% CI (0.623 to 0.936), p=0.001 
(significant) 

at Completed 41 weeks 
AUC = 0.774, 95% CI (0.673 to 0.876), p=0.002 
(significant) 

Figure-4 ROC Curves for Sonographic Cervical Length as Predictor of Spontaneous Labor within 7 Days  
AUC (95% CI) area under the curve and its 95% confidence interval 
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Table-1 Accuracy of Sonographic Cervical Length as Predictor of Spontaneous Labor within 7 Days 
Prediction of Labor within 7 days Cervical Length Sensitivity Specificity PPV NPV LR+ LR- 
At 38 weeks ≤ 29.3 mm 75% 83.3% 28.1% 97.5% 4.5 0.3 
At 39 weeks ≤ 27.8 mm 83.3% 84.1% 31.3% 98.3% 5.2 0.2 
At 40 weeks ≤ 25.3 mm 83.3% 80.4% 52.3% 98.2% 4.3 0.2 
At 41 weeks ≤ 24.2 mm 64.4% 65.7% 66% 52.3% 1.9 0.5 
PPV positive predictive value – NPV negative predictive value 
LR+ positive likelihood ratio – LR- negative likelihood ratio 
 
Table-3 Agreement between Sonographic Cervical Funneling and Spontaneous Labor within 7 Days 
Cervical Funneling in Prediction of Labor within 7 days  P 

At 38 weeks 0.792 
<0.001 

HS 

At 39 weeks 0.728 
<0.001 

HS 

At 40 weeks 0.684 
0.001 

S 

At 41 weeks 0.613 
0.021 

S 

 kappa coefficient of agreement  HS highly significant – S significant 
 
Table-2 Accuracy of Sonographic Cervical Funneling as Predictor of Spontaneous Labor within 7 Days 
Cervical Funneling in Prediction of Labor within 7 days Sensitivity Specificity PPV NPV LR+ LR- 
At 38 weeks 83.3% 92% 47.6% 98.4% 10.5 0.2 
At 39 weeks 80% 93.6% 71.4% 95.9% 12.5 0.2 
At 40 weeks 58.9% 94.7% 86.8% 79.5% 11.1 0.4 
At 41 weeks 43.5% 88.6% 92.6% 32.3% 3.8 0.6 
PPV positive predictive value – NPV negative predictive value 
LR+ positive likelihood ratio – LR- negative likelihood ratio 
 
4. Discussion 

The current study showed a significant 
association between each of sonographic cervical 
length measurement and cervical funneling, and 
spontaneous onset of labor within 7 days at different 
gestations (38 – 41 weeks’ gestation). The relatively 
low PPVs for some variables in the current study 
were explained by the innate weakness of the PPV 
(being unreliably low when the prevalence of the 
event is not high). The sensitivity of sonographic 
cervical length peaked at 39 and 40 weeks’ gestation, 
whereas the specificity peaked at 38 and 39 weeks’ 
gestation. The sensitivity of cervical funneling was 
rather high at 38 and 39 weeks’ gestation but dropped 
to relatively low levels at 40 and 41 weeks’ gestation. 
The specificity of cervical funneling was rather high 
at all gestations, however. 

A similar conclusion was reached by 
Bayramoglu et al., who conducted a similar study on 
93 Turkish pregnant women with similar 
characteristics (being nulliparous, at term, and of the 
same age group). They even proposed very close 
figures for the sonographic cervical length cutoff 
values [29.5 mm, 27.5 mm, 25.5 mm and 24.5 mm 

for 38, 39, 40 and 41 weeks’ gestations, 
respectively]. The predictive validity measures in this 
study were also comparable to those of the current 
study [8]. Rozenberg et al. compared the accuracy of 
Bishop score, sonographic cervical length and 
cervicovaginal fetal fibronectin in prediction of 
spontaneous onset of labor at term in 128 French 
women with singleton pregnancies at 39-40 weeks’ 
gestation. They concluded that both Bishop score and 
sonographic cervical length were significant 
predictors of spontaneous labor within 7 days; 
cervicovaginal fetal fibronectin was not, however [9]. 
These findings were in agreement with the results of 
the relatively large study conducted by Ramanathan 
et al. on 1571 British women, who found a 
significant association between shorter cervical 
length measured by transvaginal scan at 37 weeks’ 
gestation and delivery prior to 40 weeks’ gestation. A 
sonographic cervical length ≤ 20 mm at 37 weeks 
with associated with a nullified likelihood of delivery 
beyond 40 weeks’ gestation [10]. In a fourth study 
conducted on 149 Korean nulliparous women, long 
cervical length measured by transvaginal ultrasound 
scan at 37 weeks’ gestation (but not at 20-24 weeks’ 
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gestation) was significantly associated with higher 
risk of prolonged pregnancy [AUC = 0.702, 95% CI 
(0.582 to 0.712), p=0.002]. A sonographic cervical 
length ≥ 30 mm, in this study, was associated with 
prolonged pregnancy with a sensitivity of 78% and a 
specificity of 62%. They found a significant positive 
correlation between sonographic cervical length and 
gestational age at delivery [r=0.387, p<0.001] [1]. A 
quite different conclusion was reached in the study 
conducted by Vimercati et al. on 120 Italian 
nulliparous women. They found a significant 
association between cervical length and the risk of 
prolonged pregnancy, but at 39 weeks’ gestation and 
onwards. Sonographic cervical lengths measured at 
37-38 weeks’ gestation were not significant 
predictors in this study, however [11]. Meijer-
Hoogeveen et al. conducted a study on 162 Belgian 
nulliparous women for assessing the accuracy of 
sonographic cervical length (measured both in supine 
and upright positions) in prediction of labor at term. 
They found a significant association between cervical 
length at 37-38 weeks’ gestation and delivery prior to 
40 weeks’ gestation, but with low sensitivity and 
NPV (supine position: 46% and 40%, respectively; 
upright position: 53% and 40%, respectively). Two 
added observations were reported in this study. One 
is the comparison between cervical length measured 
in the supine and upright positions. The study showed 
a significant and strong positive correlation between 
the two measurements [r=0.9, p<0.001]; yet there 
was a significant difference between them; with the 
supine measurements being longer than upright ones 
[mean difference = 1.9 mm, 95% CI (0.8 to 3.2)]. The 
second observation was the inter-observer variation 
in sonographic cervical length measurements, which 
was found to be quite large [12]. This large inter-
observer variation may explain the variation in 
accuracy variables in different published studies. 
Several published studies have shown a significant 
association between cervical funneling and preterm 
labor [13-15]. Few studies regarding its accuracy in 
prediction of spontaneous labor at term were 
published, however. Bayramoglu et al. found a 
significant agreement between cervical funneling and 
spontaneous onset of labor within a 7-day period at 
37-40 weeks’ gestations [8]. Likewise, Arabin et al. 
found a significant association between cervical 
funneling and early spontaneous onset of labor [16]. 
Briger et al. published conflicting results regarding 
predictive value of cervical funneling in spontaneous 
onset of labor. They conducted a prospective study 
on 55 Chinese nulliparous women and found no 
significant association between cervical funneling at 
36-37 weeks and early onset of labor [17].  

Clinical implications of the results of the 
current and relevant studies may be categorized into 

three aspects. Firstly, identifying women with long 
sonographic cervical length may predict a high 
likelihood of prolonged pregnancy. Simple measures 
like sweeping of the membranes or even outpatient 
cervical ripening with prostaglandins may help 
decrease this likelihood in such women. Secondly, 
identifying women planned for elective CS who are 
unlikely to get into spontaneous onset of labor may 
help shifting the timing of elective CS to 38-39 
weeks’ gestation without concerns regarding the risk 
of unplanned or emergency CS. Thirdly, accurate 
prediction of onset of labor may help women arrange 
their social preparations for delivery, particularly 
those related to accessibility to specialized maternity 
centers. This latter benefit may be of major concern 
for women residing at distant rural areas in particular. 

In conclusion, sonographic cervical 
assessment (for length and funneling) seems to be a 
significant predictor of spontaneous onset of labor at 
term pregnancy in nulliparous women. 
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