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Abstract 
Objectives: To determine intra- and inter-observer reproducibility of the ultrasound measure-
ment of pelvic inlet in the first trimester of pregnancy. Methods: Transabdominal pelvic ultra-
sound was performed to measure the pelvic inlet anteroposterior diameter using a 2D probe in 
twelve Chinese women having a singleton pregnancy. Scans were performed in the first trimester 
by three sonographers. The pelvic inlet anteroposterior diameter was defined as the distance be-
tween the anterior surfaces of the sacral promontory and the superior medial border of the pubic 
bone most adjacent to the pubic symphysis. Intra-observer repeatability was determined and 
analysis of variance was performed to assess inter-observer measurements. The bias between any 
two sonographers’ measurements was assessed by calculating the 95% confidence interval for the 
mean difference between sonographers paired measurements. Results: Intra-observer reproduci-
bility was 0.71 cm. Analysis of variance indicated that there was no significant difference between 
sonographers’ measurements (p = 0.46). The bias between two sonographers’ measurements 
ranged from 0.05 to 0.32 cm. Conclusion: It is technically feasible to measure the pelvic inlet di-
ameter using ultrasound (USG) at the first trimester. High inter-observer reproducibility can be 
achieved. Further studies are required to establish the potential role of this technique and the 
measurement of the pelvic inlet diameter in prediction of labor outcome. 
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1. Introduction 
Cephalopelvic disproportion or contracted maternal pelvis is one of the major causes of arrest of progress or ob-
structed labor. It is associated with significant maternal and perinatal morbidities [1]. Several modalities have 
been proposed to measure the maternal pelvic size antenatally in order to predict labor outcome. None however, 
has yet been found to be useful in routine practice. Clinical pelvimetry, estimation of pelvic adequacy by digital 
examination, can be performed easily at the bedside. However, physical examination is subjective, and is diffi-
cult to be standardized; digital examination only allows assessment of the diagonal conjugate of the inlet instead 
of the true inlet. Other assessment modalities include X-ray pelvimetry and Magnetic Resonance Imaging (MRI) 
pelvimetry. Whilst X-ray pelvimetry allows for better determination of pelvic dimension, a Cochrane systematic 
review concludes that there is insufficient evidence to support its routine use in women with fetuses in cephalic 
presentation [2]. MRI produces a high-quality image allowing accurate measurement of the bony pelvis. One 
prospective study has demonstrated how MRI could be used to identify women at risk for caesarean section by 
identifying women with abnormalities on pelvimetry [3]. MRI has also been used to provide improved selection 
of the route of delivery at term for fetuses in breech presentation, resulting in significant reduction in the emer-
gency caesarean section rate in the study group compared to the controls without compromising neonatal out-
come [4]. Nevertheless, the cost of MRI, routine availability and patient’s willingness to undergo a scan limit its 
application in routine clinical practice. 

Ultrasound has potential advantages over MRI and X-rays as it is readily available at the bedside, allows 
viewing at different angles and does not carry the risk of radiation exposure to the fetus and the mother. Its role 
in assessing the maternal pelvis however has been very limited mainly because of the poor imaging quality. 
With the recent advances in ultrasound technology, the differentiation between different tissues is much better 
and the limitation may be overcome. 

In this study we developed a technique to measure the pelvic inlet, and assessed the intra-observer repeatabil-
ity and inter-observer reproducibility with measurements using this technique. 

2. Methods 
Women with singleton pregnancy in the first trimester (11 - 13 weeks and 6 days of gestation) were invited to 
undergo a transabdominal ultrasound examination of the pelvic inlet between November 2010 and December 
2010. Women who consented to participate were examined in a supine position using a 2D probe with a sector 
angle of 107 degrees and a GE V8 ultrasound machine. The scans were performed by 3 sonographers (A to C) 
who all had 3 or more years of experience performing obstetric ultrasound scan. At the onset of the examination 
the ultrasound probe was placed in the sagittal position just below the umbilicus, and then gradually moved 
downwards to the pubic symphysis. The sacral promontory was identified as the point where the lumbar vertebra 
and the sacrum meet on the sagittal plane. The anterior surface of the sacral promontory was fixed as the post-
erior landmark which appears in the left lower part of the image. The superior medial border of the pubic bone 
where most adjacent to the pubic symphysis on either left or right side was used as the anterior landmark instead 
of the inter-pubic disc as it was not clearly identifiable on ultrasound. The distance between these two landmarks 
was regarded as the pelvic inlet anteroposterior diameter (Figure 1). Measurements were performed by the three 
sonographers for all patients. Sonographers were instructed to capture a new image on each measurement occa-
sion. Sonographer A was instructed to perform three consecutive scans and measurements on each patient for 
assessment of within sonographer repeatability. All measurements were taken at a single examination for the 
same patient with no break. The measurement results were blinded to the sonographer during the examination by 
placing a non-opaque cutout template on the screen over the region where measurements were displayed. 

Intra-observer repeatability was assessed by calculating the repeatability coefficient [5]. The repeatability 
coefficient quantifies how much the absolute difference between measurements on a subject would be expected 
to differ by on 95% of occasions. A one way analysis of variance (ANOVA) was firstly performed on the re-
peated measurements to estimate the within subject standard deviation (SDWS). The repeatability coefficient 
was determined using the formula 2  × 1.96 × SDWS. 

Analysis of variance was performed to determine if a significant difference existed between inter-observer 
measurements. The mean of the paired difference (bias) and 95% confidence interval (CI) were determined and 
Bland Altman plots were created for each pair of sonographers [6]. The intraclass correlation (ICC) was used to 
measure the reliability of the sonographers’ measurements. 
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Figure 1. Ultrasound image of the pelvis showing the pelvic inlet diameter measurement. 

 
The statistical package for social sciences for Windows version 17.0 (SPSS, Inc, Illinois, USA) and Excel 

2003 (Microsoft Corporation, USA) were used to perform statistical and graphical analysis of all data. A “p” 
value of 0.05 or lower was considered statistically significant. The study was approved by the Institutional Eth-
ics Review Board. 

3. Results 
Twelve Chinese women having a singleton pregnancy agreed to participate in the study. The median maternal 
age at estimate date of confinement was 32.5 years (Interquartile range (IQR): 20 to 38 years) and 5 (41.7%) 
were nulliparous. The number of women assessed who were in their 11th and 12th week of gestation was 3 and 
9 respectively. 

Pelvic inlet measurements were successfully recorded in all 12 women using the reported measurement pro-
tocol. Figure 1 shows a typical example of the type of image obtained by sonographers when measuring the 
pelvic inlet diameter. The pelvic inlet diameter measurements ranged from 9.9 to 14.96 cm. Table 1 presents the 
minimum, maximum, mean and standard deviation (SD) values for the pelvic inlet diameter for each of the three 
sonographers performing the scans. 

Intra-observer reproducibility for sonographer A was 0.71 cm. Table 2 and Figures 2(a)-2(c) present the 
comparison of the inter-observer agreement between the pairs of sonographer measurements. ANOVA showed 
that there is no significant difference in measurement between sonographers (p = 0.46) and the ICC was 0.76. 
The bias between any two pairs of sonographers ranged from 0.05 to 0.33 cm. 

4. Discussion 
Prediction and identification of women who are able to achieve a successful vaginal delivery remains a question 
for obstetricians. One reason for failure to have a vaginal delivery is an inadequate pelvis. Unrecognised cepha-
lopelvic disproportion can lead to a failed instrumental delivery and or second stage caesarean section which 
imposes high morbidity to both the fetus and the mother. Keller et al. showed that the obstetric conjugate was 
lower in women with cephalopelvic disproportion compared to those who had a vaginal delivery [7]. Mari et al. 
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Table 1. Descriptive statistics for pelvic inlet diameter for each of the three sonographers. 

 Pelvic inlet diameter (cm) 

Sonographer Minimum Maximum Mean SD 

A 11.31 14.50 12.49 0.75 

B 10.14 14.96 12.38 1.29 

C 9.90 14.27 12.23 0.89 

 
Table 2. Descriptive statistics for all possible pairs of sonographer pelvic inlet diameter measurements. 

Sonographer pairs 
Pelvic inlet diameter differences (cm)  

Minimum Maximum Mean (95% CI) SD 

A and B −2.01 2.02 0.05 (−2.09 to 2.19) 1.09 

A and C −1.57 2.45 0.33 (−1.86 to 2.52) 1.12 

B and C −0.31 1.75 0.28 (−0.87 to 1.42) 0.58 

 
also demonstrated that the percentage of patients requiring caesarean section for dystocia was significantly 
higher in women with an obstetric conjugate of less than 12 cm (50% vs 7.1%, p < 0.001) [8]. Although not all 
pelvic plane diameters can be measured by ultrasound, measurement of the pelvic inlet may provide obstetri-
cians with more information in determining the likelihood that a woman will have a successful vaginal delivery. 

Ultrasound is now routinely and widely used in modern obstetric practice. However despite its wide spread 
availability, the role of ultrasound to assess the pelvic inlet size has not been evaluated. Our analysis indicates 
that experienced sonographers could achieve good intra-observer repeatability when measuring the pelvic inlet. 
The inter-observer reproducibility was also high as the ICC was 0.86 (95% CI 0.73 - 0.93). The reproducibility 
was similar to the intra-observer and inter-observer reliability of pelvic inlet diameter measurements achieved 
by MRI pelvimetry in previous studies [7] [9]. Our study demonstrated that the inter-observer agreement is 
promising and that our proposed method of measuring pelvic inlet of pregnant women in the first trimester is 
clear and sufficiently simple that sonographers were able to perform with the minimal of instructions. Further 
studies are however needed to determine 1) whether an intra-observer repeatability of 0.71 cm is clinically ac-
ceptable and 2) whether routine ultrasound pelvimetry will reliably identify women with an inadequately sized 
pelvic inlet. 

There are some limitations with our study. Firstly, we did not perform imaging of the pubic symphysis di-
rectly as the pubic symphysis is difficult to visualize using ultrasound. We used the superior medial border of 
the pubic bone as the landmark instead of the pubic symphysis for the measurement. As a result the anteroposte-
rior diameter might be slightly longer than the measurements obtained using X-ray, CT or MRI as the measure-
ment is not a straight line from the sacral promontory to the pubic symphysis. Mari et al. also demonstrated that 
the measurement of pelvic inlet using ultrasound was possible. Their study method was similar to our study ex-
cept that the pubic bone was identified before the identification of the sacral promontory [8]. This study showed 
that the mean ultrasonic pelvic inlet measurement was longer than the mean radiographic pelvic inlet measure-
ment at 36 weeks of gestation. However, there was a positive correlation between the pelvic inlet measurement 
using ultrasound and X-ray [8]. Therefore, the use of ultrasound in pelvic inlet measurement should still be use-
ful provide that suitable reference curves are established. Secondly, we did not compare individual sonographers’ 
measurements of the pelvic inlet diameter with other measurement modalities such as MRI. Thus the difference 
in the pelvic inlet diameter using ultrasound and other imaging modalities cannot be determined. Thirdly, our 
sample size is small. A larger cohort would be needed to establish the normal reference ranges as well as robust 
and clinically useful criteria for the identification of women with cephalopelvic disproportion. 

Pelvic inlet measurement using ultrasound in the first trimester is easier as the ultrasound beam might be ob-
scured by fetal bony parts or engaged fetal head in later gestation. During the late first trimester, the gravid uterus 
occupies the whole pelvic cavity and displaces the bowels away. The amniotic fluid provides a very good me-
dium for the transmission of ultrasound waves to the sacrum. The fetal bones are also less ossified in the early 
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(a) 

 
(b) 

 
(c) 

Figure 2. (a) Sonographer A versus sonographer B. (b) Sonographer B versus so-
nographer C. (c) Sonographer A versus sonographer C. Pelvic inlet diameter in-
ter-sonographer difference between plotted against the mean of pairs of measure-
ments with the mean difference (───) and 95% limits of agreement (- - - - ) indi-
cated. 
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gestation so that it is possible to obtain a good image of the sacrum as the landmarks of the pelvic inlet. Al-
though there was no study to evaluate whether the pelvic inlet diameter altered during the antenatal period, a 
study did show that the pelvic inlet measurements were stable before and after delivery [10]. Thus we can post-
ulate that the pelvic inlet diameter does not change during the antenatal period. The pelvic inlet diameter in our 
studied Chinese women ranged from 9.9 to 14.96 cm (mean 12.36 cm) which is comparable to the previous 
study with the measurement of 10.7 to 15.1 cm (mean 12.9 cm) at 28 weeks of pregnancy and 10.7 to 15.1 cm 
(mean 12.77 cm) at 36 weeks of pregnancy [8]. True conjugate of the pelvic inlet is the most important diameter 
of the pelvic inlet since it is the shortest distance between the sacrum and the pubic symphysis. It is one of the 
determining factors of fetal head engagement. Also, the pelvic inlet diameter was found to be significantly 
smaller for patient with fetal pelvic disproportion compared to those who can achieve spontaneous vaginal deli-
very [5]. 

5. Conclusion 
In conclusion, it is technically feasible to measure the pelvic inlet diameter using USG at the first trimester. 
High inter-observer reproducibility can be achieved. Further studies are required to establish the potential role of 
this technique and the measurement of pelvic inlet diameter in prediction of the labor outcome. 
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