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SUMMARY: The Mexican government passed a new reform of article 11 of the General Law in 2014 regarding Women's Access
to a Life Free of Violence, which states that a cesarean section may not be performed if a vaginal birth is viable. Césasearese
excessively indicated in Northen Mexico, using the diagnosis of cephalopelvic disproportion due to a narrow pelvis. thenergly,
no standardized morphometry of the female pelvis in a Mexican population to establish adequate diagnostic parameter. Our study
measures the pelvic diameters of the birth canal using abdominopelvic computed tomography (CT). Two hundred and ninety CT from
Mexican women between the ages of 18 and 50 were collected and 3D reformatted in order to morphologically measure the pelvic
diameters of clinical relevance. Measurements were conducted by two diagnostic imaging specialists. The mean and stdodard devia
of the measured diameters were: anatomical conjugate diameter (AC12%Em, the obstetric conjugate diameter (OCD) ¥D28
cm, diagonal conjugate diameter (DCD) 12@98 cm and Interspinous distance (ISD) 180118 cm. Significant differences were
found in all four mean diameters in between the 20—29 age groups versus the >40, as well as between the 30-39 groupd@ersus the
Our study shows that as Mexican women get older, the mean pelvic diameters become narrower.
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INTRODUCTION

In the last two decades, unjustified cesarean birtliscreased risk of placenta previa, placenta accreta and
have increased in Northeastern Mexican middle and higplysterectomy in subsequent pregnancies (Cardenas, 2002;
income women (Puentes-Rosast al., 2004). Penn & Ghaem-Maghami, 2001), and surgical wound
Approximately 18.5 million cesareans are performeithfection, necrotizing fasciitis and endometritis after
annually around the world, of which half are considerecesarean section (Cardenas).
unnecessary (Gutierrezt al, 2012). Correct indications
for obstetric interventions are essential in order to reduce  The indications for a cesarean are: dystocia, previous
maternal and perinatal mortality (Rozenhel@l, 2007). cesarean section, fetal distress and abnormal presentations
When these are performed in unnecessary cases, bes(@@npercet al; Tita, 2012). Dystocia is the most common
the additional costs generated to the health system, it ¢gadication for cesarean with a prevalence varying from 40
cause negative effects on the health of the mother a¥dto 50 % (Lenharét al, 2009; Tita), and is also the most
newborn (Camperet al, 2007; Puentes-Rosas$ al). common maternal problem (Alijahabal, 2014) associated
These include complications such as a higher incidencewith increased maternal and fetal morbidity and mortality
preterm birth and neonatal death (Villetr al, 2007), (Lenhardet al, 2010; Rozenholet al).
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There are several types of dystocia, the mostcommon A sample size (with prior calculation) of 290
is cephalopelvic disproportion (Lenhastlal, 2010). This abdominopelvic CT (simple or contrasted) of Mexican
occurs when there is a discrepancy between the fetal sizemen with an age range between 18 and 50 years (mean
and the size of the maternal pelvis (Korhoeeal, 2014). 37.50:8.46) were analyzed. The studies were conducted
Its diagnosis is crucial in order to determine if the pregnandetween January and June 2014. Any CT from patients with
should be interrupted surgically and it is carried out by structural lesion of the pelvis and its components such as
subjective clinical evaluation which estimates the size of thilauma, primary or secondary neoplasms, infections and/or
pelvic cavity through a digital examination of the bony pelmalformations, as well as patients with a diagnosis of
vis (Cunninghanet al.,, 2001). This clinical pelvimetry has pregnancy, were excluded. The CT scans were obtained from
been reported to have limited value in identifying women délhe Department of Radiology and Imaging database from
risk of dystocia (Rozenhokt al) and is prone to subjectivity patients who needed the image study for other purposes. No
(Tita), reason why a more objective and reliable method jmtient was radiated for the purposes of this study.
needed (Lenharet al, 2009, 2010).
The morphometries of the pelvises were performed
Different imaging studies have been used foin the 3D integration work station (Centricity RIS-i 4.2
pelvimetry to identify the small pelvic diameters, exampleBlus [General Electric, Milwaukee, WI]) using
include: ultrasound (Daghight al, 2013), X rays (Harper reconstructions and were stored in an independent
et al, 2013; Korhoneet al, 2014), computed tomography workstation. The equipment used to obtain the images was
(CT) (Lenhardet al, 2009, 2010) and magnetic resonanca General Electric Light Speed VCT 64-slice CT (Gene-
(Huerta-Enochiaet al, 2006; Korhonert al, 2014; Sporri  ral Electric, Milwaukee, WI) from the Department of
et al, 2002). CT has been described as the study with tRadiology and Imaging; this CT model is able to
most accurate and reliable picture for high quality pelvimetrgontinuously scan with a thickness of 2.5 mm. To better
(Herrmanret al, 1990; Lenhareét al, 2009, 2010). In most visualize the images a multiplanar reformatting program
patients it indicated that a caesarean section for cephalopelvias used, Volume Rendering (software number: 12HW
disproportion, it is not based with a pelvimetry based on d#.6_SP1-1-1V40 H H64_G_GTL), to subsequently
imaging study (Santin, 2011). make a reconstruction of the bony with focus primarily
from the T12/L1 level to the neck of the femur, establishing
The morphometric characteristics of the pelvic cavita plane thickness of 0.625 mm using the algorithm "Bone
are important to be described, so the obstetrician can identfyus". The reconstructed images were then transmitted to
and diagnose cephalopelvic disproportion of a narrow pelvike workstation "Advantage Workstation AW 4.4" (Gene-
and correctly indicate a cesarean (Santin). The variations in tfe Electric, Milwauke, WI) with a linear precision of 0.01
pelvic parameters of Mexican women have not been reportatin. Calibration of the workstation was predetermined by
in the literature, so it is important to compare these with othéne manufacturer.
populations as well as associate any differences regarding age.
The reconstruction of the CT did not intervene in
The aim of our study was to determine normal valuesny way with the normal protocols of realization, storage
for the anatomic conjugate diameter (ACD), the obstetrand delivery of the study results to the patient or physician
conjugate diameter (OCD), the conjugate diameter diagorralquesting the scan. The CT scans were evaluated by two
(DCD) and the interspinous distance (ISD) using reformatteddiologists for compliance with the exclusion criteria. The
CT in a Mexican population and determine whether themge of the patients was obtained from the physician’s order
are significant differences in these parameters regarding dgethe CT. Access to patient’s records was not necessary.
groups.
The CT scans were divided by age groups with the
following ranges: 18-29 years (n= 60), 30-39 years (n=

MATERIAL AND METHOD 90) and age >40 (n= 140), resulting in three study groups
(Table I).
An anatomical, retrospective, observational, transver- For each TC, the following morphometry

sal, descriptive and comparative study was conducted @valuations were performed:

collaboration between the Department of Human Anatomy,

Faculty of Medicine of the Universidad Auténoma of Nuevd.. Anatomical conjugate diameter (ACD). Distance
Leon (U.A.N.L.) and the Department of Radiology and Imagindyetween the center of the sacral promontory and the upper
University Hospital "Dr. José E. Gonzalez" of theA.N.L. border of the pubic symphysis (Fig. 1a).
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Fig. 1. Images of the pelvis by three-dimensional reconstruction of a CT scan where the measurement technique anatomic
conjugate diameter (a), obstetric conjugate diameter (b) and conjugate diameter diagonal (c) is observed.

Table I. Distribution of patients involved in the study The mean and standard deviation for each
according to age ranges. measurement is determined by groups. Two-tailed student t
Group Age (years) Number of patients (n) Test was used to determine the significance of differences
18-29 60 between age groups (p <0.05). All results are plotted and
30-39 90 included in tables.
>40 140
Total 290

The ability to replicate measurements is essential for
any morphological study, reason why intra- and inter-

2. Obstetric conjugate diameter (OCD). Distance betwe&RSETVer error test were made. Each scan was measured a
cond time, two weeks later by the first author. The

the center of the sacral promontory and the posterior bor%éif
of the symphysis pubis (Fig 1b) ifferences between the two sets of measurements were used

in order to calculate a percentage of error (intraobserver
riability) using a Student's pairwise t test for estimating
significance of these results. Finally, in order to assess

3. Conjugate diameter diagonal (DCD). Distance betweé]
the center of the sacral promontory and the lower border
the symphysis pubis (Fig. 1c).

4. Interspinous distance (ISD). Distance extending betwe
the medial edge of an ischial spine and the medial borde
the contralateral ischial spine (Fig. 2).

The ISD was measured using a posterior plane of t
3D pelvis; the ACD, OCD and DCD were measured in
sagittal section of the 3D pelvis. All measurements a
reported in centimeters and were stored in a database
subsequent statistical analysis.

Statistical analysis Statistical analysis was obtained using
the computer program SPSS version 21.0 for Windows X
The sample size was determined with a hypothesis test §
difference of two means or with one mean as reference val
The D value was set at 1.96 (95 % two-tailed confidencgig o images of the pelvis by three-dimensional reconstruction of

interval), and z3 value at 0.84 (power of 80 %) obtainingACT scan where the measurement technique is observed the
sample of 290 CT scans from the calculations. interspinous diameter.
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the interobserver error, a randomized sample of 50 scans  The significance of differences (p = <0.05) between

was selected and re-measured 2 weeks later by the saaeh age group for each of the evaluated parameter is shown

person as the first time. The results were compared inralable IV. Significant differences was established between

database with Student’s pairwise t test. the 18—-29 group against tkd0 group, as well as between
the 30—39 group against td0 group, for all parameters.

Ethical considerations This study was approved by the Ethics

and Research Committees of the Faculty of Medicine of the

U.A.N.L. with the registration code "AH15-002". There were Taple IV, Statistical significant difference in the comparison

no financial or commercial gains in the completion of this petween the mean results of each diameter between the

study. The authors declare no conflict of interest. different age groups.
Parameter Comparison Group P
ACD 1829 vs 30-39 0.30
RESULTS 18-29 vs 40 0.001*
30-39 vs > 40 0.007*
oCD 18-29 vs 30-39 0.19
In this study, the mean length for the ACD, OCD, 18-29 vs 240 <0.001~
DCD and ISD for Mexican women was calculated using 290 30-39 vs 240 0.005+
CT scans. DCD 18-29 vs 30-39 0.38
18-29 vs >40 0.001*
The overall mean of each diameter obtained from the 30-39 vs 240 0.003~
. . . 18-29vs 30-39 0.48
290 samples is shown in Table Il. The mean of each diameter 18229 vs >40 0.030*
divided by age groups is shown in Table Ill. The 18-29 years 30-39 vs ;40 0.016*

of age grouP.%resengZL;he widest dlan:e:]ers . 4ACD: Anatomic conjugate diameter. OCD= Obstetric
pf’irame'ter,s' with the 40— _age group with the I']arroweS‘tconjugate diameter. DCD= Conjugate diameter Diagonal.
diameters in each of the studied parameters. ISD= Interspinous diameter. * Statistically significant.

Table 1. Overall morphometric results of the different
pelvic diameters in women. A sample of 290 CT scans.

Diameter Mean + SD (cm)

ACD 11.65+0.99

oCD 11.7340.98 DISCUSSION

DCD 12.49+0.98

ISD 10.41+0.78
ACD= Anatomic conjugate diameter. OCD= Obstetric There are few studies in the literature that analyze
conjugate diameter. DCD= Conjugate diameter Diagonal. normal pelvic diameters in the general population (Lenhard
ISD= Interspinous diameter. et al, 2010), as most of these are determined in pregnant

women during labor (Daghight al; Harperet al.; Huerta-
Enochiaret al; Korhoneret al, 2010; Lenharet al, 2009;
Table Ill. Morphometric results of the pelvic diameters classifiegpgrriet al, 1997, 2002). More importantly, no study has

by age group. established a difference in these parameters regarding age.
Parameter Group Age (years) Mean+SD (em)  Our study identified that there are significant differences in
ACD 18-29 11.95+1.04 all these parameters regarding age.
30-39 11.78+0.99
=40 11.43+0.94 We determined the normal values for the pelvic
ocb 18-29 12.07:+:1.02 parameters ACD, OCD, DCD and ISD, using CT because
30-39 11.86+0.89

they are the most important for diagnosing cephalopelvic

=40 11.51+0.96 disproportion. DCD and ISD are usually the ones subjectively
DCD 18-29 12.78+1.07 ined by f Ination during lab

30-39 12.6440.90 examined by finger palpation during labor.

>40 12.26+0.96 ] ]
ISD 18-29 10,560 80 The OCD and the ISD are the most studied pelvic

30-39 10.55+0.78 parameters in the literature. As reported in other populations,

>40 10.29+0.80 the OCD varies between 10.7 and 12.5 cm (Dagleigi;

Huerta-Enochiarmt al; Lenhardet al, 2009, 2010; Spdrri

ACD= Anatomic conjugate diameter. OCD= Obstetric conjugate diameter. .
DCD= Conjugate diameter Diagonal. ISD= Interspinous diameter. €t al, 1997, 2002) and ISD varies between 9.6 cm and 10.8
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cm (Harperet al; Huerta-Enochiaet al; Lenhardet al.,  different stages of life and bone remodelers (Morales-Avalos

2009,2010; Sporriet al, 1997, 2002). The results obtainedet al, 2014).

in Iranian, American, German and Swiss populations coinci-

de with ours (Table V). Korhonest al (2010), studied the It is very important to determine the morphometric

ACD in 100 Finnish women in their third trimester ofparameters of the pelvis in our population due to the excess

pregnancy using MRI and found values between 11.8 cm aimdvrongly indicated cesarean. Knowing these parameters can

12 cm, which are very similar to those of our study resultsaid in diagnosing cephalopelvic disproportion and correctly
indicate the best type of birth during the different stages of

In the literature there are no data of variations in thediée.

diameters according to age. Our study showed that pelvic

diameters narrow with increasing age; women in the group We determined the normal values for the pelvic

>40 years, presented significantly smaller diameters than otlgarameters: ACD, OCD, DCD and ISD using CT, and found

age groups (Table I1I). We recognize that a limitation of thithat the mean for each of the diameters is higher than that

study is that the medical history of each patient involved ieported in the current literature is cataloged as narrow pel-

unknown. These differences may be related to physiologioas. We also demonstrated that younger women are more likely

and endocrine changes, nutritional factors, the amount atedhave wider pelvic diameters, which may narrow with

intensity of physical activity undertaken by individuals aincreasing age, especially after the afd0.

Table V. Comparison of results obtained from studies of different populations in morphometric pelvic parameters.

Study n Age Method Parameter Results (cm)
(years)
Hossein et al. (2013) 200 Pregnant 15t0 40 UsS OCD Vaginal Birth
Iran (25-35 SDG) 12.527+0.83 (10.5-14.4)
Caesarean section
11.27040. 85 (9.6-13.5)
Harper et al. (2013) 426 non-pregnant - Rx ISD Percentiles / Medium
USA (Postpartum) 90"= 12 cm, 10"=9-10 cm
Huerta et al. (2006) 18 Pregnant - NMR OCD 10.7-14.5(12.016)
USA (37-38 SDG, three days ISD 10.3-12.9(11.822)
and 3 months postpartum)
Lenhard et al. (2009) 25 non-pregnant - CT OCD 11.8+0.2
Germany ISD 10.8+£0.3
Lenhard et al. (2010) 63 non-pregnant - CT OCD 12.0+0.9
Germany (1 week postpartum) ISD 10.9+£0.7
Sporri et al. (2002) 48 Pregnant 22to 35 NMR OCD Vaginal Birth
Switzerland (37 SDG) 11.9+£0.9
Caesarean section
10.8+£0.9
ISD Vaginal Birth
10.4+1.5
Caesarean section
9.6+1.1
Sporri et al. (1997) DCP
11.3+0.9
oCcb Vaginal Birth
781 non-pregnant 11.8+0.7
Switzerland (296 days postpartum) 241035 NMR DCP
10.3+£0.9
ISD Vaginal Birth
10.8+0.5
;3:;’;?;1“’ (2010) 100 pregfgn ;};Ng)rn - 9044 NMR ACD 12 em (11.8-12)

ACD= Anatomic conjugate diameter. OCD= Obstetric conjugate diameter. DCD= Diagonal conjugate diameter. ISD= Interspineus 8istaltrasound.
NMR= Nuclear magnetic resonance. Rx= Plain radiographs. CT= Computed tomography.
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VAZQUEZ-BARRAGAN, M. A; GARZA-BAEZ, A.; MORALES-AVALOS, R.; MARTINEZ-GONZALEZ, B.; JACOBO-BACA,

G.; PINALES-RAZO, R.; QUIROGA-GARZA, A.; DE LAFUENTE-VILLARREAL, D.; ELIZONDO-RIOJAS, G.; ELIZONDO-

OMANA, R. E. & GUZMAN-LOPEZ, S. Pelvimetria mediante Tomografia Computadorizada reformada en 290 pelvis femeninas.
Variaciones morfométricas de acuerdo a la ebteid]. Morphol., 34(1p91-297, 2016.

RESUMEN: EI Gobierno mexicano aprob6 una nueva reforma del articulo 11 de la Ley General del 2014, relativa al acceso de
las mujeres a una Vida Libre de Violencia, que establece que una cesarea no se puede realizar si un parto vaginakgsaviablpoL.o
cesarea son indicados excesivamente en el norte de Mexico, con el diagnéstico de desproporcion céfalo-pélvica debmlthaaina estr
de la pelvis. Actualmente, no existe una morfometria estandarizada de la pelvis femenina en una poblacién mexicanacgara estable
parametros de diagnostico adecuado. Nuestro estudio mide los didmetros pélvicos del canal de parto mediante tomografiz@danpudot
(TC) abdomino-pélvica. Se usaron 290 TC de mujeres mexicanas entre 18 y 50 afios, los que fueron reformateados en 3D para medir
morfolégicamente los diametros pélvicos de relevancia clinica. Las mediciones fueron realizadas por dos especialistati@n diagno
por imagen. La Media y DE de los diametros medidos fueron: diametro anatémico conjugado (DA¥D)99 &8, diametro obstétrico
conjugado (DOC) 11,2%,98 cm, diametro diagonal conjugado (DDC) 12398 cm y distancia interespinosa (DIE) 1&@.78 cm.

Se encontraron diferencias significativas en las Medias de los cuatro didmetros entre los grupos de 20-29 afios de &ad4ente a
afos, asi como entre los grupos de 30-39 afios frente a los >40 afios. Nuestro estudio muestra que a medida que lasanaggres mexic
avanzan en edad, los diametros pélvicos medios son mas estrechos.

PALABRAS CLAVE: Pelvimetria ; Ceséarea; Desproporcién céfalo-pélvica; Tomografia compudotarizada reformateada;
Morfometria; México.
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