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Introduction
Premature birth (PTB) refers to the live birth before 37 weeks of 

gestation and is considered the principal cause of perinatal mortality 
and morbidity and one of the most important causes of long-term 
morbidity and increased health costs [1, 2]. About 70% of all PTBs occur 
spontaneously (not induced for clinical reasons) [3]. History of PTB, 
black race, short cervix, low body mass index (BMI), comorbidities and 
positive fetal fibronectin test are known risk factors for sPTB [3, 4].

Regarding the role of cervix in pregnancy, cervical incompetence 
can be associated with pregnancy loss or sPTB. Ultrasonographic 
analysis of the cervix by itself including cervical length (CL), 
funnelling, mean acoustic attenuation [5], cervical inconsistency index 
[6], cervical glandular area [7], dynamic changes and elastoscan of the 
cervix are considered as markers evaluated for assessment of cervical 
incompetence [8]. On the other hand, some predicting models of sPTB 
used CL in combination with clinical and laboratory markers to predict 
the probability of PTB [9, 10].

In recent years, investigations proposed uterocervical angle 
(UCA), measured by transperineal or transvaginal ultrasound as a 
novel predictor for sPTB in singleton and twin pregnancies. UCA is 
defined as the angle between the lower uterine segment and the cervix. 
It’s been shown to be wider in pregnancies complicated by sPTB [11].  
According to this theory, the widening of UCA represents a more 
linear and direct anatomical relationship between the uterine outlet 
and the cervix, but an acute angle results in an anatomical geometry 
that decreases the force on cervix [12].

But current data about this marker are not sufficient and prospective 
studies with standard methods have been strongly recommended 
to diminish heterogeneity and achieve more reliable conclusion [11, 
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13]. So, we conducted this study to evaluate the association between 
uterocervical angles (anterior and posterior) in the first and second 
trimesters and occurrence of PTB. On the other hand, we evaluated 
the association between mean differences of first and second trimester 
UCA and the occurrence of PTB.

Materials and Methods
This prospective and observational study was conducted between 

April 2019 and April 2020 in Shohada-ye-Tajrish hospital (Tehran, 
Iran) affiliated with Shahid Beheshti University of Medical Sciences. 
The study protocol was approved by the institutional review board and 
ethical committee of the University. Pregnant women who were referred 
to our radiology department for routine first trimester pregnancy 
ultrasound examinations and meet the inclusion criteria were included. 
Written informed consents were signed by all participants.

The inclusion criteria were:

1. Singleton pregnancy
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2. Gestational age (GA) of 14 weeks  

3. Intact membranes

4. Ages between 18 to 50 years and

The exclusion criteria were as follows:

1. Refusal to sign informed consent or continue the study at any 
stage 

2. Inability to follow the participant until delivery

3. Being in active labor at the time of examination 

4. History of the previous manipulation of cervix

5. History of preterm labor

6. Undergoing the preterm labor regarding the clinical 
indications (preeclampsia, intrauterine growth restriction (IUGR), 
placental abruption and so on)

7. Pregnancy problems such as poly or oligohydramnios, fetal 
anomaly, miscarriage or uterine infections

Patients’ demographic information, obstetric history and 
pregnancy data were recorded in their first visit. All participants 
underwent the transvaginal ultrasound examination of the cervix in 14 
weeks of gestation and then in 28 weeks and include anterior UCA and 
posterior uterocervical angle (posterior UCA).

For drawing the anterior UCA, the first line is drawn from the 
internal to the external os, and then the second angle line is drawn 
through the anterior wall of the lower uterine segment, the angle 
between these lines is considered as anterior UCA. In presence of 
funneling, the first line of UCA was drawn in the same way, but the 
second line was drawn from the internal os to the lower half of the 
lower segment of the uterus. For drawing the posterior UCA, the first 
line is drawn from internal os to external os, and then the second line 
is drawn along the posterior wall of the lower segment of the uterus. 
The angle between these lines is equivalent to posterior UCA. UCAs’ 
differences are also calculated by subtraction of two angles (Figure1). 

All examinations were performed by an attending radiologist with 
3 years of experience using a 6-9 MHz vaginal transducer (Philips 
Healthcare, Affiniti 50 ultrasound machine). 

Participants were followed up to delivery. If the mother returned 
to our center for her labor, the delivery data was recorded and if they 
didn’t, the outcome of the pregnancy and gestational age were asked 
during a phone call. Labor before 37w was considered as preterm labor.

Statistical analysis

All quantitative data are presented as means ±SD. An independent 
student t-test was used for comparison of the mean of parametric 
data between these two groups. Descriptive data were applied for the 
investigation of frequencies among patients’ group. The Chi-Square test 
was used to compare percentages or frequencies of data between the 
groups. Pearson correlation test was used to examine the relationship 
between quantitative variables and Spearman correlation test was 
applied to examine the ranking variables. The effect of an independent 
variable on the level of dependent variables was also investigated using 
multiple linear regressions. ROC curve was provided to measure 
sensitivity and specificity of UCA values. Data were analyzed using 
SPSS software (IBM SPSS, Version 22), and a p<0.05 was considered 
as significant.

Results
In the beginning 234 mothers were enrolled in the study. During the 

follow-up period 18 mothers were excluded (6 participants underwent 
preterm labor because of clinical indications and 12 women refused to 
return for the follow up studies)

Finally, a total of 216 mothers with a mean age of 27.92 ± 4.64 years 
were included in the study. Thirty-one mothers (14.4%) exhibited 
spontaneous preterm birth (PTB group), while 185 (85.6%) mothers 
had normal birth (term group).

There was no significant difference between the PTB and term 
groups regarding the mean body mass index (BMI) and maternal age. 
The frequent distribution of parity, number of abortions and smoking 
habits of mothers didn’t show significant differences between groups 
(Table 1).

The mean of anterior UCA and posterior UCA in preterm group 
was significantly more than term group at the same trimester (p<0.001) 
(Table 2).

The mean difference of first and second trimester anterior UCA 
was significantly higher in the PTB group (p<0.001) but no significant 
difference was noted between the groups regarding the mean difference 
of first and second trimester posterior UCA between two groups 
(p=0.54, Table 2).

According to the receiver operating characteristic (ROC) curve, 
the cut-off value for anterior UCA at first trimester exam in predicting 
preterm delivery had 96.8% sensitivity and 80% specificity in 95.5º (area 
under the receiver operating characteristic curve (AUC): 0.937, 95% CI, 
0.89-0.98). The best cut-off value for anterior UCA at 28th week scan in 
predicting preterm delivery was 105.5º (sensitivity: 90.3%, specificity: 
94.1%, AUC: 0.951, 95% CI, 0.89-1.003). This cut-off for posterior 
UCA at first scan in predicting preterm delivery with sensitivity: 
90.3%, specificity: 86.5%, AUC: 0.926, 95% CI, 0.87-0.98, was 96.5º. 
The More predictable cut-off value in predicting preterm delivery 
by posterior UCA second scan was 104.5º with 90.3% sensitivity and 
92.4% specificity (AUC: 0.925, 95% CI, 0.84-1.003) (Figure 2).Figure 1: Anterior uterocervical angle (UCA) and Posterior UCA in a schematic 

picture on the left and anterior UCA in an ultrasound picture on right.
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The Pearson correlation analysis revealed a significant and negative 
relationship between anterior and posterior UCA at first and second 
trimesters and gestational age at birth. Higher mean values of anterior 
and posterior UCA at first and second trimesters were significantly 
associated with lower gestational age (p<0.001).  

Pearson correlation analysis between mean difference of the first 
and second anterior and posterior UCA values and gestational age 
showed while higher mean difference of the first and second anterior 
UCA was significantly associated with lower gestational age at birth (r 

= -0.284 and p<0.001), no significant association was observed between 
the mean difference of first and second posterior UCA and gestational 
age at birth (r = 0.001, p = 0.986).

Discussion
In this study, we evaluated the association of anterior and posterior 

UCA for occurrence of PTB. To our knowledge, this is the first study 
that evaluated the mean of anterior and posterior UCA either at first 
or second trimesters and we found that it was significantly higher in 
women with preterm deliveries than those with normal deliveries. Our 
study demonstrated that anterior UCA in the second trimester is the 
best predictor of preterm delivery with a cut-off value of 105.5º. Also, 
the mean difference of first and second trimester anterior UCA was 
higher in PTB group. 

The cervix has a complex physiological and anatomical role in the 
normal pregnancy and it has an essential role in the pathophysiology of 
the labor [14]. As the pregnancy advances pressure of the pelvic organs, 
amniotic fluid and the growing fetus on the internal os increases and 
it can affect cervical function. It could be stated that a blunt angle 
between the cervix and the uterus will result in more direct anatomical 
relationship between them and gives more direct force on the internal 
os that results in expansion of the internal os.  Conversely, sharper 
angle between the cervix and the uterus will decrease the pressure 
transferred to the internal os and cervix [15-17]. It’s been reported 
that as pregnancy advances anterior UCA angle changes that could be 
related to the increase in the size of the pregnancy products [18].

Some retrospective studies suggested the anterior UCA as a 
predicting marker for the PTB. In a retrospective control case-
control study Sochacki-Wojcicka et al. showed that median anterior 
UCA in pregnancies with PTB was wider than control group in the 
first trimester (preterm group: 115.5º control group: 85º) and second 
trimester (preterm group: 126º and control group: 91.5º) and the 
differences were statistically significant (P <0.05) [18]. Dziadosz et 
al. reported that UCA ≥95º was associated with PTB (<37 weeks 
of gestation) with the sensitivity of 80% and a UCA ≥105º with the 
sensitivity of 81% predicted PTB (<34 weeks of gestation) when the 
angles were measured during the second trimester (between 16 0/7-
23 6/7 weeks) [19]. Considering the anterior UCA measured in the 
second trimester, our results are in line with aforementioned studies. 
In our study the mean anterior UCA in preterm group (115.4º) was 
significantly wider than the normal group (94.4º) and the best cut-off 
value for anterior UCA in predicting preterm delivery was 105.5º with 
the sensitivity of 90.3%, and specificity of 94.1%. Lynch et al conducted 
a study on 114 women with twin pregnancy and concluded that UCA 
greater than 110º is related with PTB. However, second trimester UCA 
has a low likelihood ratio. Our study is performed in a prospective 
manner and doesn’t have some limitations of the retrospective studies. 
There is a potential for information and selection bias in retrospective 
studies. One of the limitations of these studies on this subject is that 
measurements are performed on stored images that mainly have been 
taken for the measurement of the CL. Therefore, some images are not 
optimal for the evaluation of UCA and some cases should be excluded. 

Prospective studies showed the same results and proposed the 
association between wider angle and PTB. Farràs Llobet et al.in a 
prospective cohort study on 1453 singleton pregnancies measured the 
anterior UCA in singleton pregnant women between 19 and 22.6 weeks. 
The investigation showed that the model provided by a combination of 
CL, anterior UCA and history of SPTB is the best one in predicting the 
PTB (area under the curve: 0.64 and 95% CI: 0.55-0.72) They conclude 

  Preterm 
group

Term group P-value

Number  31 185  
Maternal age 
(Years)

 28.0±3.7* 27.9±4.7 0.858

BMI (kg/m2)  24.3±2.3* 23.8±2.8 0.289
Number of parities 0 26 (83.9%) 115 (62.2%)  
 1 5 (16.1%) 50 (27.0%) 0.08
 2 0 15 (8.1%)  
 3 or more 0 5 (2.7%)  
Number of 
abortions

0 28 (90.3%) 153 (82.7%)  

 1 3 (9.7%) 29 (15.7%) 0.74
 2 or more 0 (.0%) 3 (1.6%)  
Smoking history Hookah+Cigarettes 0 (.0%) 1 (.5%)  
 Cigarettes 1 (3.2%) 6 (3.2%)  
 Hookah 0 (.0%) 1 (.5%) 0.95
 Non-smoker 30 (96.8%) 177 (95.7%)  

Table 1: Comparison of demographics, party, number of abortions and smoking 
history between preterm and term groups.

 Preterm 
group

Term 
group

P-value

First trimester anterior UCA 108.4±9.0* 89.6±8.2 <0.0001
Second trimester anterior UCA 115.4±8.7 94.4±8.3 <0.0001
First trimester Posterior UCA 106.3±9.2 87.3±11.6 <0.0001
Second trimester Posterior UCA 110.4±20.1 92.7±10.2 <0.0001
Anterior UCA difference 7.0±4.2 4.7±1.6 0.008
Posterior UCA difference 4.0±1.0 5.3±1.0 0.723
*Values are expressed as mean± standard deviation

Table 2: Comparison of anterior uterocervical angles (UCA) and posterior UCA in 
preterm and term group.

Figure 2: Receiver operating characteristic (ROC) curves for the anterior and 
posterior UCA for the prediction of spontaneous preterm birth.
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that mid-trimester UCA is a poor index for prediction of PTB [20]. 
Khamees also reported a cross-sectional prospective article on 167 high 
risk women. A UCA more than 105º was related to higher risk of PTB 
[21].

In another prospective cohort study Sawaddisan et al. reported that 
UCA in the sPTB group (123.4º) was significantly wider than those 
with term birth (104.3º) while the measurements were performed 
between 19.5-24 weeks of gestation. According to the ROC analysis 
curve the optimum UCA cut-off value was ≥110º, (sensitivity: 83.3% 
and a specificity: 61.2%, positive predictive value: 16.7% and negative 
predictive value: 97.5%) [22].

The main strength of our study was the measurement of posterior 
UCA and also the serial measurement of the posterior UCA and 
anterior UCA in the first and second trimesters and evaluation and 
comparison of the association of the angles and PTB in each trimester. 
On the other hand, the difference of the same angle in the first and 
second trimester was calculated and its association with the PTB was 
evaluated as an indicator of changes during the time. Another strength 
for this study is its prospective nature while the most of the previously 
performed studies are retrospective and therefore have limitations [13].

Limitations
We have several limitations in our study, first of all the gestational 

age at birth as the final outcome of the pregnancy was evaluated by a 
phone call in some cases and we had to rely on the mothers’ answers. 
The second limitation was that we just considered some factors that 
affect the PTB and we know that more known factors exist that we 
didn’t consider. Another limitation is that we didn’t measure the 
cervical length that could be used in different manners of combination 
and comparison with UCA in predation of PTB.

Conclusion
Anterior and posterior UCAs measured in the first and the second 

trimester has the potential to serve as predicting markers for the sPTB. 
Between the aforementioned markers, anterior UCA when measured 
in the second trimester is more valuable (the best AUC for SPTB). 
Moreover, difference between UCAs in first and second trimesters can 
have a remarkable negative relation in occurring sPTB. Further studies 
considering more risk factors of sPTB and adding the value of cervical 
length are needed.
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