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Updating of pelvimetry standards
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Clinical value of pelvimetry in modern obstetrics practices has never been established and normal
values are set since the middle of the twentieth century. The aim of this study was to describe current
dimensions of pelvis in a female French Caucasian population. A retrospective, bi-centric observational
study was conducted from August 2013 to August 2019 in two French departments of Obstetrics. We
included all Caucasian women who had a computed tomography pelvimetry during pregnancy. The
primary outcome was the values of the obstetric transverse diameter, obstetric conjugate diameter
and bispinous diameter. Five hundred and fifty-one CT pelvimetries were analyzed. The median
Obstetric Transverse Diameter (OTD) was 12.41 cm and the 3rd percentile was 11 cm. The median
Obstetric Conjugate Diameter (OCD) was 12.2 cm and the 3rd percentile was 10.5 cm. The median
Bispinous Diameter (BSD) in our data collection was 10.9 cm and the 3rd percentile was 9.3 cm. A
significant correlation coefficient between women'’s height and OTD, OCD and BSD was found. In our
study, the OCD and the BSD have not evolved since the middle of the twentieth century. The obstetric
transverse diameter was smaller than the standard currently used.

X-ray pelvimetry was introduced in the 1940s by obstetricians to predict the success of a vaginal delivery in cases
of suspected cephalopelvic disproportion or breech presentation’. Normal values have been established since the
middle of the twentieth century. These measures are not consensual. Modern obstetrics textbooks are based on
these ancient pelvic measurements of women of European origin, regardless of their ethnic variety?. Few teams
have published their reference values for judging pelvimetry’s normality. National college of French obstetrician-
gynecologists (CNGOF), in its recommendations for clinical practice in cases of breech presentation, notes that
the PREMODA study referred to the following values: an Obstetric Transverse Diameter (OTD) =12 cm, an
Obstetric Conjugate Diameter (OCD) >10.5 cm, a Bispinous Diameter (BSD) > 10 cm®. When analyzing the
literature about pelvic measurements, it is important to understand which parameter is considered to define a
normal value: is it the mean value of the distribution of the 3rd percentile? Actually, the 3rd percentile is used by
most authors to define normal value of pelvic diameters. According to Raia-Barjat et al., Neolithic pelvic’s dimen-
sions of the were approximately the same as those of the current basin, but they differ for certain dimensions like
the Obstetric Transverse Diameter which was smaller (118 mm vs 125 mm, p=0.02)*. Since the beginning of the
twentieth century, the average height of Europeans has increased by one centimeter per decade®. The hypothesis
of our study is that pelvic measurements have changed over time.

The baseline pelvic parameters currently used for the interpretation of radiological pelvimetries may no
longer reflect the pelvic measurements of French Caucasian parturients. The primary objective of this study
was to describe the current pelvic dimensions of Caucasian patients in France. The secondary objective was to
evaluate the correlation between height and different pelvic diameters.

Materials and methods
A retrospective, bi-centric observational study was conducted from August 2013 to August 2019 in the obstetrics
departments of the university medical centres in Besangon and Toulouse (France). We included all women who
underwent a computed tomography (CT) pelvimetry during pregnancy for any causes. Pelvimetries were identi-
fied by clinical coding process. Non-Caucasian women were excluded (when creating the patient’s obstetric file,
geographic’s origin was requested in consultation). Women with a history of pelvic fracture or constitutional
bone disease were excluded.

Pelvimetries were performed by a 64-channel CT scanner, in a supine position. CT-pelvimetry protocol
consisted in a scout-view acquired with a current of 60 mA/s and a tube voltage of 120 kV, and a low-dose
helical acquisition with the following parameters: peak tube voltage of 100 kV, tube current-time product of
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20-25 mA/s, detector collimation of 16 x 1.2 mm, reconstructed in 3 mm sections using the C filter (corre-
sponding to a moderately sharp reconstruction kernel), and iterative reconstruction (SAFIRE) with a pitch of
0.8 (Somatom Sensation’, Siemens Healthineers, Erlangen, Germany). The different obstetrical diameters of
the pelvis were measured by multiplanar reconstruction using an image communication and archiving system
(Carestream’, Carestream Health, Rochester, NY, USA), by radiologists from the University Medical Centres
of Besangon and Toulouse. On the axial oblique view through the pelvic inlet and on the mid-sagittal plane,
the recorded measurements were as follows OTD, OCD and BSD (Fig. 1). The acquisition included only the
pelvis. The OTD bisected the true conjugate (anatomical antero-posterior diameter, from the tip of the sacral
promontory to the upper border of the symphysis pubis). The OCD joined the edge of the promontory to the
posterior part of the pubis. The BSD connected the two sciatic spines (Fig. 1). Women’s height was determined
by self-reporting in centimeters.

The primary outcome was the values of the OTD, the OCD and the BSD. The secondary outcome measure-
ment was women’s height.

Data were extracted from women’s electronic and paper medical records. The criteria collected were mater-
nal and CT-pelvimetric characteristics. Maternal caracteristics we analysed were maternal age, weight before
pregnancy, height, body mass index (BMI) and primiparity in order to compare to others studies. We also col-
lected the history of scoliosis because this could be a bias. A retrospective analysis showed that patients with
degenerative lumbar scoliosis may have a higher pelvic incidence. In this study the sacral slope were lower for
patients with degenerative lumbar scoliosis, the scoliosis Cobb’s angle was correlated with pelvic tilt and the
thoracic kyphosis was correlated with sacral slope, and pelvic tilt®. The history of scoliosis could therefore have
an influence on pelvis measurements values or may influence obstetric dynamics.

Useful diameters for acceptance of vaginal breech delivery were studied: OTD, OCD and BSD.

Data were collected anonymously in a secured Excel spreadsheet. Missing data were not replaced. The 3rd,
10th, 50th, 90th and 97th percentile, mean and standard deviation were calculated for each diameters®. Pearson’s
correlation coefficients were calculated between women’s height and the different pelvic diameters. Diameter
distributions were presented by scatterplots and regression lines. The statistical study was carried out using R
software version 4.1.2".

This study was an observational trial using anonymized data from medical records. In both centres, women
were systematically informed that obstetric and neonatal data could be used for the evaluation of medical prac-
tices and were explicitly informed that they could signed an objective form. All participants provided written
informed consent. Our study was performed in accordance with relevant guidelines and regulations and in
accordance with the Declaration of Helsinki. The study protocol was approved by the Institutional Review Board
of the French College of Obstetricians and Gynecologists (CEROG n°2020-OBS-0406).

Results
During the study period, 624 women underwent a CT pelvimetry. Thirteen women were excluded because of a
history of pelvic fracture and sixty because of a non-Caucasian origin. Finally, 551 CT pelvimetries were analyzed.
These pelvimetries were performed at 36-37 weeks of gestation and were indicated for a breech presentation
(n=517/551, 94%) and for a cephalic presentation in case of history of road accident or lameness (n=34/551,
6%).

Maternal characteristics are summarized in Table 1. The women’s height had a normal distribution (Fig. 2).
CT pelvimetric measurements are presented in Table 2.

Measurements of the OTD, the OCD and the BSD followed a Gaussian distribution (Fig. 3). One hundred
and thirteen patients had an obstetric transverse diameter between 11 and 11.9 cm (20.5%).

A statistically significant correlation coefficient between height and obstetric transverse diameter was found:
r=0.3643 (95% confidence interval [0.2892; 0.4349], p <0.01), between height and obstetric conjugate diam-
eter: r=0.3924 (95% confidence interval [0.319; 0.4611], p<0.01) and between height and bispinous diameter:

Figure 1. Main pelvic diameters on a CT pelvimetry. OTD Obstetric transverse diameter, OCD Obstetric
conjugate diameter, BSD Bispinous Diameter, CM centimeters.
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Maternal age (years) 29.8+5.0
Weight before pregnancy (kg) 633+13.7
Height (cm) 164+9.7
BMI before pregnancy (kg/m?) 23.0+4.5
Primiparity 374 (68)
History of scoliosis 3(0.5)

Table 1. Maternal characteristics of Caucasian women (n=>551). Values are presented as mean * deviation
standard or number of cases (percentage). BMI body mass index, kg kilograms, cm centimetres.
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Figure 2. Women’s height distribution. CM centimetres.

3rd p 10th p 50th p 90th p 97th p Standard deviation Mean
OTD 11.00 11.50 12.41 13.50 14.00 0.77 12.47
OCD 10.50 11.00 12.20 13.60 14.25 1.01 12.27
BSD 9.30 9.70 10.90 12.24 13.26 1.04 10.97

Table 2. CT-pelvimetric results. Measurements are in centimeters. P percentile, OTD obstetric transverse
diameter, OCD obstetric conjugate diameter, BSD bispinous diameter.

r=0.1408 (95% confidence interval [0.0573; 0.2223], p<0.01). Trend lines of OTD, OCD and BSD distribution
as a function of height were drawn (Fig. 4).

Discussion

The current standards of interpreting of CT-pelvimetries no longer fully reflect the pelvic measurements of
women delivering in France. Through our series of 551 radiological pelvimetries, we were able to study the
distribution of pelvic measurements in two French Medical Centres over the last 6 years. The relevance of
pelvimetry is debated because there is no consensus on normal pelvic values. Currently, the only unanimous
indication of pelvimetry is breech presentation and there is no argument to recommend pelvimetry in the event
of delivery before 37 weeks of gestation’. In addition, pelvic measurements may depend on ethnic factors and
patient heights®®. Betti and Manica’s study showed that the relationships between the different pelvic measures
were different depending on ethnicity® For example, the ratio of anteroposterior diameter of the inlet (from
the sacral promontory to the dorsomedial superior pubis) to the mediolateral diameter of the inlet (maximum
distance between the linea terminalis) was higher in Asian, Sub-saharian and African populations compared to
European pelvis measurements?.

Maternal characteristics of our study were similar to Michel et al., Keller et al.” and Lenhard et al.® studies
in terms of age, height, weight and BMI. Regarding height, this corresponds to the French Women average''.
Women’s number with a history of scoliosis was negligible.

According to published data, the radiological pelvimetry values for accepting a trial of vaginal breech delivery
in French labours wards are: an OTD > 12 cm, an OCD >10.5 cm, a BSD > 10 cm' In our study, the OTD’s 10th
percentile was 11.5 cm, the 3th percentile was 11 cm and 20.5% of women had an OTD between 11 and 11.9 cm.
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Distribution of the Obstetric Transverse Diameter
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Figure 3. Obstetric transverse diameter, conjugate diameter and bispinous diameter measurements distribution
in centimeters. p percentile.

Thus, the limit of 12 cm used in the Premoda study appeared restrictive and the choice of the 3rd percentile
(11 cm) or the 10th percentile (11.5 cm) would be more relevant to define the threshold value. The distribu-
tion of these values observed in our study could also be explained by the non-Caucasian migration flows that
occurred during the second half of the twentieth century. Even if our population was Caucasian, it was difficult
to know the exact origins of the patients, because France is a mixed country. Pelvic width was smaller in African
and South-East Asian populations*®. Indeed, pelvic width and body mass index would be higher in populations
living in cold climates such as France due to thermal adaptation®. For example, Handa et al. compared pelvis
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Distribution of the OTD according to women's heights: scatterplot and regression line
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Figure 4. Distribution of obstetric transverse diameter, obstetric conjugate diameter and bispinous diameter
according size’s women scatterplot and regression line, crn centimeters.

measurements of white American women to African-American women and found a statistically significant differ-
ence in median transverse diameter (12.6+0.7 vs 11.8 0.7, p<0.001)"*. According to Nicholson and Sanderman
Allen', Michel et al.%, Keller et al.® and Lenhard et al.'® studies, the mean OTD would vary between 12.9 and
13.1 cm, and the 3rd percentile between 11.1 and 11.6 cm (Table 3). Demographic characteristics in our study
were similar to pelvimetry cohorts of these authors.
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Authors 3rdp | Mean
Nicholson and Sandeman Allen'* | 11.6 13.1
Michel et al.? 11.5 12.9
OTD Keller et al.’ 11.2 13.0
Lenhard et al.'® 11.1 12.9
Our study 11.0 12,5
Nicholson and Sandeman Allen | 10.2 12.1
Michel et al.® 106 | 124
OCD | Keller et al.’ 10.5 12.2
Lenhard et al.' 10.2 12.0
Our study 10.5 12.3
Nicholson and Sandeman Allen'* 89 | 105
Michel et al.? 9.6 11.0
BSD Keller et al.’ 9.7 11.2
Lenhard et al.'® 9.5 | 109
Our study 9.3 11.0

Table 3. Distribution of OTD, OCD and BSD values (in centimeters) according to different authors. P
percentile, OTD obstetric transverse diameter, OCD obstetric conjugate diameter, BSD bispinous diameter.

According to Schaal et al., the value currently considered normal for OCD is 10.5 cm and a pelvis would be
considered subnormal between 8.5 and 10.5 cm'®. The standard value of 10.5 cm currently used corresponded
to the 3rd percentile of our data. Our results were in agreement with Nicholson and Sandeman Allen'*, Michel
et al.?, Keller et al.” and Lenhard et al.! studies in which the mean OCD was between 12 and 12.4 cm and the 3rd
percentile was between 10.2 and 10.6 cm (Table 3). Conversely to the OTD, the OCD would not be correlated
with ethnicity according to Gabriel® and Handa et al. who did not find a statistically significant difference between
White and African-American women for the OCD (12.3 cm+ 1.1 vs 12.1 cm £ 1.0, p=0.25)"°.

According to Schaal et al., the BSD was considered normal if it was higher than or equal to 9.5 cm'®. Pelves
were considered subnormal between 8 and 9.5 cm'*'® and the mean value of the bispinous diameter was 10 cm'®.
For Nicholson and Sandeman Allen', Michel et al.%, Keller et al.®, Lenhard et al.!°, the 3rd percentile would
be between 8.9 and 9.7 cm and the mean between 10.5 and 11.2 cm (Table 3). In Shirley et al. study, the BSD’s
mean of 68 young nulliparous women of South Asian origin was similar (10.9+0.7 cm)'¢ and Handa et al. found
no statistically significant difference in BSD between White American women and African-American women
(10.5cm+0.8 vs 10.3 cm 0.9, p=0.15)".

Finally, the mean value and the 3rd percentile have not changed concerning the OCD and the BSD and the
3rd percentile is often taken as the threshold value of normality.

Regarding the correlation between height and different pelvic diameters, according to Gabriel and our data,
the OTD would be correlated with height®. Conversely to the OTD, the OCD would not be correlated with
height according to Gabriel®. In our study, height had a correlation on OCD (correlation coefficient 0.3924). In
Keller et al. study, the OCD and the BSD was correlated with height in a group of 743 women’. In our study, the
correlation between height and bispinous diameter was present, but weak. This information could be taken into
account during obstetric decisions for small patients, but it does no call into question the relevance of CT scans.

The main limitation of our study was that it was a retrospective study, which could lead to compendiums bias.
Then, pelvis studied are those of pregnant women and we can wonder if the measurements of the pelvis change
during pregnancy (which could also be the subject of another study). However, since pelvimetry is of interest
during pregnancy, particularly in cases of breech presentation, the clinical implication is more interesting in
pregnant women close to term.

Ethnicity could be a bias. In our obstetrics software, there were an item “nationality” and an item “geographic
origin”. So the doctor or midwifes directly inquired to the patient during medical consults. But as this is a ret-
rospective study, we are not sure that the question was systematically asked. It is possible that for some patients
the staff completed the geographical origin item without asking the question (Africa, Asia, Europe...). It could
be also difficult to classify women whose parents came from two different countries. Another limitation was a
possible inter-observer variability in the measurements because they were performed by different radiologists.
However, results followed a Gaussian distribution, which was consistent with the reliability of measurements.

The main strength of this study was the large cohort of CT-pelvimetries performed in two obstetric referral
centres and performed by trained radiologists. It represents the most contemporary update to the field, consid-
ering other studies are dated by over a decade. The most interesting result of our study is that 20.5% of women
had OTD between 11 and 11.9 cm. We can ask if we can really consider that 20.5% of women have a narrowed
pelvis or if current standards are too restrictive.
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Conclusion

In our study, the obstetric conjugate diameter, which would be a species characteristic has not evolved. The obstet-
ric transverse diameters were smaller than the currently used standard. Bispinous diameters has not evolved. It
would be interesting to evaluate the obstetrical prognosis according to these new values: a 3rd percentile at 11 cm
for OTD, at 10.5 for OCD, at 9.30 for BSD. For example, the limit of 12 cm used in the Premoda study to define
normal OTD appeared restrictive and the choice of the 3rd percentile (11 cm) or the 10th percentile (11.5 cm)
would be more relevant to define the threshold value.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.
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