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Objective: To evaluate the diagnostic performance of uterocervical angle (UCA) and UCA 
with cervical length (CL) in predicting preterm delivery in threatened preterm labor.
Methods: A multicenter prospective observational cohort study was conducted in 160 preg-
nant women having threatened preterm labor at Srinagarind and Udonthani Hospitals in 
Thailand between March 2019 and June 2020. Researchers measured UCA and CL by 
transvaginal ultrasonography. Medical records were reviewed for patient characteristics, and 
patients were followed up until the date of delivery to assess for the outcome of preterm birth. 
The cut-off point of UCA was determined from receiver operating characteristic curve analysis. 
The sensitivity, specificity, likelihood ratio, positive and negative predictive values (PPV and 
NPV) of UCA and of UCA with CL for predicting preterm birth were determined.
Results: The incidence of preterm birth in women having threatened preterm labor was 27%. 
The sensitivity, specificity, PPV and NPV of UCA ≥110.97 degrees for predicting preterm birth 
were 65.1%, 43.6%, 29.8% and 77.3%, respectively. The sensitivity, specificity, PPV and NPV of 
UCA ≥110.97 degrees with CL <3.4 centimeters for predicting preterm birth were 48.8%, 68.4%, 
36.2% and 78.4%. The specificity and NPV of UCA with CL were higher than for UCA alone.
Conclusion: With adequate sensitivity and high NPV, UCA by TVS can be supplemented 
with CL measurement in threatened preterm labor management to increase the diagnostic 
performance for predicting preterm birth.
Keywords: uterocervical angle, cervical length, preterm birth, threatened preterm labor

Introduction
Preterm birth is one of the most important obstetric problems. According to the 
American College of Obstetricians and Gynecologists (ACOG), preterm delivery 
accounts for 70% of early neonatal deaths and 25–50% of infant deaths aged less 
than one year.1 In the United States, the prevalence of preterm birth is 12%,2 which 
is similar to the number in our center. The World Health Organization reports that 
about a half of all preterm births are due to spontaneous preterm labor.1

Threatened preterm labor is labor pains with the absence of cervical changes 
occurring before 37 weeks of pregnancy.3 Around 25–30% of threatened preterm 
labor progresses to preterm delivery.4 Data from our center, a university hospital in 
the northeast of Thailand, that was collected in 2018 showed the number of 
pregnancies presenting labor pain at a gestational age less than 37 weeks was 431 
patients. Of these, 286 patients (66.36%) were categorized as threatened preterm 
labor and 52 of these 286 patients (18.18%) had a preterm birth.
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Currently, there are no guidelines for the management 
of threatened preterm labor. In Thailand, a vaginal or 
speculum examination is performed for any pregnancy 
less than 37 weeks of gestation with suspected labor pain 
to evaluate cervical dilatation and assess for preterm and 
threatened preterm labor. Although ACOG does not 
recommend using tocolytic drugs in pregnancies present-
ing with labor pain and cervical dilatation <2 cm5, one 
study suggested that in pregnancies with labor pain and 
cervical dilatation <3 cm that did not receive tocolytic 
agents, 21.2% of births were preterm, 14.7% of newborns 
required admission to the neonatal intensive unit and 10 
neonates died.6 An effective tool to differentiate false 
labor pains from the early stages of preterm labor is 
needed.

Data from several studies suggest that preterm labor 
can be predicted by assessing cervical conditions such as 
cervical length (CL),7–9 and fetal fibronectin.6,9 These are 
recommended by ACOG as part of preterm labor manage-
ment. Recently, several techniques for assessing threatened 
preterm labor such as sonoelastography,10,11 acoustic 
radiation force impulse or shear wave velocity,12 and 
fetal adrenal gland biometry have been published,13 how-
ever, these techniques require advanced technology and 
are unsuitable for general use. Another novel cervical 
assessment is measurement of the uterocervical angle 
(UCA) by transvaginal ultrasonography (TVS), which 
has been reported as a high-performance screening tool 
for predicting preterm birth during the second trimester of 
gestation.14,15 In addition, the UCA has been shown to 
become more acute following insertion of a vaginal pes-
sary to prevent preterm birth in patients at risk for sponta-
neous preterm birth.16,17 It is a simple, inexpensive 
method that is safe for both the fetus and mother. 
However, there is no prior evidence of the use of UCA 
measurement in the management of threatened preterm 
labor.15,18,19 Therefore, the purpose of this study is to 
evaluate whether UCA measured by TVS can predict the 
risk of preterm birth in threatened preterm labor and to 
identify associated factors of preterm birth in threatened 
preterm labor.

Materials and Methods
Study Design
A multicenter prospective observational cohort study was 
conducted and reported according to the Standards for 
Reporting of Diagnostic Accuracy Studies (STARD).20

Participants and Settings
Women with threatened preterm labor, who were admitted 
to either the labor room at Srinagarind Hospital between 
March 2019 and June 2020 or the labor room at Udonthani 
Hospital between September 2019 and March 2020, were 
counseled and invited to participate in this study.

Eligibility criteria included diagnosis with threatened 
preterm labor (defined as a condition which is in regular 
uterine contractions occur at least 1 time in 10 minutes and 
persist for more than 30 minutes before completion of 37 
weeks of gestation without dilatation of the cervix3,21), 
a singleton gestation, and aged more than 18 years. 
Women were excluded from the study if they had placenta 
previa, any contact bleeding pathologies including endo-
cervical polyp, infection, and bleeding tumors, and if the 
image after performing TVS was considered suboptimal 
due to inappropriate anatomy; the anteriorly lower uterine 
segment or the cervical canal was excessively compressed 
by any masses. Women were also excluded from analysis 
if they withdrew from the study, if the delivery outcome 
could not be obtained, and if they experienced medically 
indicated preterm birth including severe intrauterine 
growth restriction, prolonged preterm premature rupture 
of membranes, preeclampsia with severe features and non- 
reassuring fetal status.

Sample Size
The sample size was calculated by using the diagnostic 
study formula22 as follows: and n4Studies application. 
Based on a sensitivity of 80%,14 an error of 0.18, and 
a prevalence of 0.12, the sample size was 160 patients.

Test Methods
After obtaining the consent of participants, demographic 
data were collected via antenatal medical record review. 
Transvaginal images were obtained with GE Logiq C5 
Premium and GE Voluson P6 Ultrasound Machine with 
7.5–10 MHz transvaginal probe. The UCA is a TVS marker 
which defines the angle between the lower uterine segment 
and the cervical canal (Figure 1). After obtaining an appro-
priate view of the cervix, the anterior uterine wall is visua-
lized. The internal and external cervical ora, including the 
isthmus, are identified and a line between them is drawn. 
A second line is drawn parallel to the lower aspect of the 
anterior uterine wall, passing through the internal cervical 
os. The angle created by the two lines at the internal os is the 
UCA.9 All UCA and CL measurements were done by 
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obstetricians or residents (researchers) that were trained and 
assessed for reliability. Analysis of the intraclass correlation 
coefficient showed that inter-rater reliability was greater 
than 0.75. Researchers measured and recorded UCA and 
CL three times with real-time angle calculation by the ultra-
sound device, then the mean of these values was 
calculated.23 The UCA and CL data were concealed from 
hospital ward staff. The participants were treated and fol-
lowed up until delivery according to the hospital’s protocol. 
Pregnancy and neonatal outcomes were collected by medical 
record review and telephone interview.

Analysis
STATA version 10.0 was used for statistical analysis. The 
demographic data were reported by frequency, percentage, 
mean with standard deviation and 95% confidence interval, 
and median with interquartile range (IQR). Preterm birth 
was defined as <37 weeks for reference. The diagnostic 
performance of different cut-off values of UCA, CL, and 
UCA with CL were analyzed and receiver operating char-
acteristic (ROC) curves were developed to determine an 
optimal UCA cut-off value for the best prediction of preterm 
birth outcome. The Kolmogorov–Smirnov test was used to 
determine the distribution of data. For possible associated 
factors of preterm birth, the Student’s t-test for comparison 
of means was used for normally distributed continuous 
variables. The Wilcoxon Rank sum test was used for non- 
normally distributed continuous variables. When p value 
from bivariate analysis <0.2, then multivariable adjusted 
analysis were calculated. Logistic regression analysis, 
Pearson’s Chi-square and Fisher exact test were used for 
comparison of discrete data. A p value <0.05 was defined as 
statistically significant.

Ethical Consideration
Written informed consent was obtained from all partici-
pants and they were fully informed about the study. 
Institutional review board approval and institutional ethics 
committee approval was given to the study which was also 
reviewed by the Khon Kaen University Ethics Committee 
for Human Research based on the Declaration of Helsinki 
and the ICH Good Clinical Practice Guidelines 
(HE611466) and The Ethical Review Committee for 
Research in Human Subjects Udonthani Hospital (I062/ 
2562). The study was registered with the Thai Clinical 
Trials Registry (TCTR20200719002).

Results
Demographics
There were 160 patients in this study. Of these 160 
patients, 121 patients (75.6%) were from Srinagarind 
Hospital and 39 patients (24.4%) were from Udonthani 
Hospital. There were no cases of failure to measure 
UCA. The demographic characteristics are shown in 
Table 1. The mean age of patients was 29.1 years (standard 
deviation, SD = 6.1 years). One hundred and seventeen 
patients had term births, while 43 patients had preterm 
births. There were no statistical differences between the 
two groups in patient characteristics. The median CL of 
the preterm group was significantly shorter than that of the 
term group by 0.4 cm (p = 0.03). The median UCA was 
113 degrees in both groups (p = 0.93); however, the widest 
UCA of the preterm group was more than the widest UCA 
of the term group.

The Use of UCA as a Screening Tool for 
Preterm Birth
The incidence of preterm birth was 27%. The optimal UCA 
cut-off point for predicting preterm birth from the ROC 
curve was 110.97 degrees (Figure 2). Of the 43 patients 
with preterm birth, 28 patients (65.1%) had UCA ≥110.97 
degrees. Of the 117 patients with term birth, 51 patients 
(43.6%) had UCA <110.97 degrees. The sensitivity, specifi-
city, positive predictive value (PPV) and negative predictive 
value (NPV) for UCA ≥110.97 degrees preterm birth screen-
ing were 65.1% (95% confidence interval (CI); 0.49–0.79), 
43.6% (95% CI; 0.34–0.53), 29.8% (95% CI; 0.21–0.40), 
and 77.3% (95% CI; 0.65–0.87) respectively (Table 2). The 
area under the ROC curve was 0.50.

Figure 1 UCA by TVS.
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The Use of CL as a Screening Tool for 
Preterm Birth
The optimal CL cut-off point for predicting preterm birth 
from the ROC curve was 3.4 centimeters (Figure 2). The 
diagnostic performance of CL <3.4 cm for predicting pre-
term birth had sensitivity, specificity, PPV and NPV of 
72.1%, 46.2%, 33% and 81.8%, respectively.

The Use of UCA and CL as a Screening 
Tool for Preterm Birth
Table 3 shows the performance analysis of using both UCA 
≥110.97 degrees and CL <3.4 cm for preterm birth predic-
tion. The data indicate that the use of both UCA ≥110.97 
degrees and CL <3.4 cm increased the positive predictive 
value (PPV) and positive likelihood ratio (PLR) for the 
prediction of preterm birth to 36.2% and 1.54, respectively.

A logistic regression analysis of UCA alone demon-
strated that UCA values were not different between the 

preterm birth and term birth groups (p = 0.93), while the 
same analysis of CL revealed the groups to have different 
CL values (p = 0.03) (Table 1).

Discussion
This is the first prospective observational cohort study to 
investigate the diagnostic performance of TVS-UCA mea-
surement in pregnancy with threatened preterm labor as 
a predictor for preterm birth. Our findings revealed that the 
use of UCA from TVS ≥110.97 degrees as a predictor for 
preterm birth in threatened preterm labor patients had 
sensitivity and specificity of 65.1% and 43.6%, respec-
tively. In reviewing the literature about the evaluation of 
TVS-UCA as a screening tool for preterm birth (<37 
weeks), one study reported that TVS-UCA >95 degrees 
and UCA >105 degrees, measured in the second trimester, 
were significantly associated with preterm birth <37 weeks 
and preterm birth <34 weeks, respectively.14 The TVS- 

Table 1 Patient Characteristics

Variables Outcomes (N) p-value

Term (N=117) Preterm (N=43) Total (N=160)

Age (mean, SD) 28.8 (5.7) 30.1 (6.9) 29.1 (6.1) 0.219

Hospital 0.528

- SNH (%) 90 (76.9) 31 (72.1) 121 (75.6)

- UDH (%) 27 (23.1) 12 (27.9) 39 (24.4)
UCA (median, IQR) 113.4 (105.9,120.9) 113.3 (97.8,124) 113.4 (104.9,122) 0.929

GA at TVU (median, IQR) 35+1 (33+2,36+3) 34+0 (32+0,34+5) 35+0 (33+0,36+3)

CL (median, IQR) 3.4 (2.6,4) 3 (2.5,3.5) 3.2 (2.5,3.9) 0.032*
BMI at conception (median, IQR) 20.3 (18.4,22.9) 21 (18.9,23.6) 20.4 (18.4,23) 0.409

BMI at delivery (median, IQR) 24.5 (22.8,27.7) 24.7 (22.5,27.5) 24.6 (22.8,27.7) 0.873

Parity 0.491

- Nulliparous (%) 67 (57.3) 22 (51.2) 89 (55.6)

Prior spontaneous preterm 8 (6.8) 4 (9.3) 12 (7.5) 0.735
Prior dilatation and curettage (D&C) 9 (7.7) 2 (4.7) 11 (6.9) 0.729

Prior cervical conization 0 (0) 1 (2.3) 1 (0.6) 0.269

Prior LEEP 0 (0) 0 (0) 0 (0)
Abnormal Pap 2 (1.7) 0 (0) 2 (1.2) > 0.999

Smoking 1 (0.9) 1 (2.3) 2 (1.2) 0.467

Gestational diabetes mellitus 16 (13.7) 6 (14) 22 (13.8) 0.964
Hypertension 5 (4.3) 2 (4.7) 7 (4.4) > 0.999

Route of delivery 0.748

- Normal labor (%) 82 (70.1) 29 (67.4) 111 (69.4)

- Cesarean section (%) 35 (29.9) 14 (32.6) 49 (30.6)

Cesarean section 0.515

- Primary (%) 24 (66.7) 7 (50) 31 (62)
- Repeated (%) 11 (30.6) 7 (50) 18 (36)

Note: *Statistically significant at an alpha level of 0.05.
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UCA of >95 degrees in that study had a sensitivity of 80% 
and specificity of 53%,14 both of which are higher than in 
this study. These results seem to be consistent with other 
research in first and second trimester pregnancies that 
found UCA was a useful screening tool for predicting 
preterm delivery.15,18 The NPV of UCA >110.97 degrees 
in our study was 77.3% (range 65.3%-86.7%), which 
implies that a UCA <110.97 degrees in pregnancies with 
threatened preterm labor has low likelihood of preterm 
birth.

TVS-CL is a commonly used cervical marker in pre-
term birth prediction in both second and third 

trimesters.8,9,14,24,25 Data from the current study found 
that the diagnostic performance of TVS-CL was higher 
than TVS-UCA. However, the combination of both para-
meters could increase the accuracy of cervical condition 
assessment for preterm prediction. While the sensitivity of 
TVS-UCA with TVS-CL decreased, the specificity was 
higher. This finding could be applicable for diagnosis, 
further study is needed. Determination of the TVS-UCA 
is easy to perform without additional cost from TVS-CL 
measurement. We propose that the high NPV of TVS-UCA 
with TVS-CL means it could be used in clinical practice in 
threatened preterm labor management to support the jud-
gement of admission and use of tocolytic agents.

The mean UCA (113.4 degrees) in the current study 
was more than that reported in earlier studies. A previous 
prospective cohort analysis that studied threatened preterm 
labor between the 20th and 31st weeks reported an average 
UCA of 103 degrees and the mean UCAs in the preterm 
and term groups did not differ significantly (P = 0.924).26 

Another prospective study recorded TVS-UCA with TVS- 
CL as a routine screening between the 18th and 23rd weeks 
of gestation. The mean UCA in the second trimester was 
101.7 degrees (95% CI: 87–116.4) in the spontaneous 
preterm deliveries and 103.6 degrees (95% CI: 101.1–-
106.2) in the deliveries at term.27 This implies that TVS- 
UCA depends on the gestational age at the time of study 
and it increases with advanced gestational age.

The cut-off value of TVS-UCA (110.97 degrees) from 
the current study is different from previous studies14,15 that 
used cut-off values at 95 and 105 degrees. This might 
result from differences in trimesters and participant’s char-
acteristics. Our participants were in threatened preterm 
labor and mostly in the third trimester. Cervical shape 
and length gradually change from the first to the third 
trimesters. The mean CL has been reported to shorten 
from 38.30±7.28 mm at 20 weeks to 37.03±4.82 mm at 
28 weeks gestation.28 The UCA is also suspected to 
change with the gestational age; however, normal values 
of UCA in the third trimester have not been reported.

Table 2 Odds Ratios and Associated 95% Confidence Intervals 
for Independent Predictors of Preterm Birth in Logistic 
Regression Model (N=160)

Variables Odds 
Ratio

95% CI p-value

CL<3.4 cm 1.92 0.58–6.42 0.29

UCA≥110.97 degrees 1.21 0.34–4.28 0.77

UCA≥110.97 degrees and 
CL<3.4 cm

1.22 0.26–5.80 0.80

Table 3 Diagnostic Performance of Uterocervical Angle and Cervical Length for Prediction of Preterm Delivery

Parameters Sensitivity Specificity PPV NPV PLR NLR ROC 
Area

UCA ≥110.97 degrees 65.1% (49.1–79.0) 43.6% (34.4–53.1) 29.8% (20.8–40.1) 77.3% (65.3–86.7) 1.15 0.8 0.544

CL <3.4 cm 72.1% (72.1–56.3) 46.2% (36.9–55.6) 33% (23.6–43.4) 81.8% (70.4–90.2) 1.34 0.61 0.591

UCA≥110.97 degrees and 
CL<3.4 cm

48.8% (33.3–64.5) 68.4% (59.1–76.7) 36.2% (24.0–49.9) 78.4% (69.2–86) 1.54 0.75 0.586

Figure 2 The receiver operating characteristic (ROC) curve between UCA and CL 
and preterm birth.
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This study has some limitations. The sample size of 
this study was calculated to determine the sensitivity of 
UCA, therefore a larger sample size would be needed to 
identify the difference between TVS-UCA of preterm and 
term birth groups. This caused a non-normal distribution 
of UCA and CL values in this study and non-parametric 
statistics were necessary to conduct the analysis. This 
study did not categorize preterm birth into early preterm 
birth and late preterm birth. Therefore, it might not be 
possible to compare the results with previous studies that 
focused on TVS during the second trimester of pregnancy.

Conclusion
With adequate sensitivity and high NPV, the TVS-UCA 
measurement can be considered as a useful tool for pre-
dicting preterm birth in threatened preterm labor. 
Moreover, both UCA and CL can be used to predict 
risks for preterm birth and support clinicians’ decisions 
on using tocolytic agents in threatened preterm labor.
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