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A Case Report

3-dimensional pelvic models based on magnetic resonance images (MRI) can be used to
investigate accuracy and specifics of changing pelvic alignment during pregnancy and af-
ter childbirth. Few studies have investigated changes of pelvic alignment during pregnancy
and after childbirth using three-dimensional pelvic models. This case report documents
the changes of pelvic alignment during late pregnancy and after childbirth using MRI-based
three-dimensional (3D) pelvic models. This was a longitudinal observation case report. A
woman was imaged with MRI at 28 and 39 gestational weeks, as well as 4 and 72 weeks
after childbirth. Greater internal, anterior, and downward rotation of both innominates at
week 39 was observed from that at gestation week 28. Decreased internal, anterior, and
downward rotation of both innominates at week 4 after child birth was observed compared
with that at gestation week 39. We report the first case in Japan of changes of pelvic align-
ment measured using an MRI-based 3D pelvic alignment model during pregnancy and after
child birth. This case suggests that the small changes of pubic area and greater separation
of anterior portions of sacroiliac joints. Internal, anterior, and downward rotation of both
innominates was observed in a Japanese primipara woman having no pelvic pain.
© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Excessive kyphosis and lumbar lordosis have been identified
as features of changes in posture during pregnancy. As preg-
nancy progresses, abdominal distension, and the load im-
posed upon the spine and pelvis by the gravid uterus in-
crease considerably [1,2]. The uterus shifts forward, changing
the center of gravity and orientation of the pelvis [1,2]. Width
of pubic symphysis (PS) increases during pregnancy and de-
creases after childbirth [3]. Morino et al. [4] found that pelvic
asymmetry changed during pregnancy and that it was associ-
ated with sacroiliac joint pain. Asymmetrical pelvic alignment
increases the tightness of the ligaments and muscles around
the sacroiliac joints (SIJ), and stress applied to the asymmetri-
cal SIJinduces pain [5]. Thus, measurement and assessment of
changes of pelvic symmetry during pregnancy and after child-
birth are crucial to investigating factors of pain.

Changes of pelvic alignment during pregnancy and after
childbirth have been reported; however, little attention has
been paid to the accuracy of measuring methods. A palpa-
tion meter (PALM) is one tool used to measure changes of
pelvic symmetry during pregnancy and after child birth. Pre-
vious studies show that the validity and reliability of PALM
are high [6,7]. However, accurate palpation requires experi-
ence and good technique. Computed tomography (CT) and
magnetic resonance imaging (MRI) are also utilized for pelvic
measurement. CT discovers bilateral inferior and superior pu-
bic symphyses, plane coordinates of bilateral highest points
of iliac crests and furthest lateral points of acetabular mar-
gins [8]. MRI discovers abnormalities in the pubic area during
pregnancy [9]. Although many previous studies have showed
changes and separation of the pubic symphysis [10-14], few
data are available on changes of sacroiliac joints [8,15,16]. We
assessed pelvic alignment and sacroiliac joints using a three-
dimensional (3D) pelvic model based on MRI in a pregnant
woman during gestational weeks 28 - 39, and at 4 and 72
weeks after childbirth. This is the first such case reported in
Japan.

Case presentation

Pelvic alignment of a healthy, 25 — year-old Japanese primipara
woman was observed at 28 and 39 gestational weeks, and at 4
and 72 weeks after childbirth (Fig. 1). She was pregnant with
her second baby (within the first 8 weeks) 72 weeks after the
first childbirth. She did not have any serious disease history
or difficulties in daily activity before or during pregnancy. She
had no serious orthopedic disorders, or neurological or physi-
ological diseases after childbirth. She did not complain of any
lower back or pelvic pain during pregnancy or after childbirth.
She gained 9 kg during pregnancy (before pregnancy, 52 kg;
maximum weight during pregnancy, 61 kg; weight 4 weeks af-
ter childbirth, 53 kg). Her height was 167 cm. She delivered her
baby by normal vaginal birth. The time of delivery was two
hours and 38 minutes after labor pains commenced. The new
baby did not have any physical problems, and weighed 2684 g.

She had no pain (numerical Rating Scale (NRS)=0) and her
pelvic girdle questionnaire (PGQ) score was 0 at 28 and 39 ges-
tational weeks, and at 4 and 72 weeks after childbirth. She
did not complain about lower back or pelvic pain during preg-
nancy or postpartum.

3D pelvic model

MRI (1.5T, thickness 2 mm, Toshiba Co.) were obtained at 28
and 39 gestational weeks, a month and 18 months after child-
birth. 3-dimensional (3D) bone models of the bilateral innomi-
nates and sacrum were produced using 3D-DOCTOR software
(Able Software Corp., Lexington, MA). A 3D surface model of
the pelvic girdle was created by segmenting the contours of
the innominates and sacrum using DICOM data of MRI images
with a slice thickness of 2 mm.

The number of polygons was reduced to 10,000 for both in-
nominates to standardize the polygon distribution between
the innominates and sacrum, and centroid coordinates of
each innominate and the sacrum were obtained using Geo-
magic Studio 2013 (Geomagic, Inc., USA). A local coordinate
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Fig. 1 - Protocol of observation and measurements. MRI was performed at 28 and 39 weeks pregnancy and 4 and 72 weeks
after childbirth. Pelvic girdle pain and activity limitations were investigated with NRS and PGQ at the same time (circle:
carries out). This case delivered at 40 weeks pregnancy. MRI: magnetic reasoning images, NRS: numeric rating scales of
pelvic pain, PGQ: pelvic girdle questionnaire, Pre: pregnancy, Post: postpartum period
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1. A three-dimensional surface model

MRI (pelvis)

3D pelvic model

2. Measurements of pelvic alignments

T

(3) A mirror plane

Fig. 2 - Processes of three dimensional pelvic model analysis. 1. A 3D surface model of the pelvic girdle was created by
segmenting the contours of the innominates and sacrum using DICOM data of MRI images with a slice thickness of 2 mm.
2. (1) The distance of the lateral anterior superior iliac spin (ASIS)(A), the posterior superior iliac spin (PSIS)(C), the narrowest
pubic symphysis (PS)(B), the superior PS and the inferior PS were measured with the measurement system in Geomagic
studio 2013. (2) Separation of the sacroiliac joints (SI joints) was analyzed using 3D-Joint Manager software (GLAB, Japan).
Areas of <4 mm between the surfaces of sacroiliac joints was colored. (3) A mirror plane was defined using both origins,
centroids, and ASIS and the right innominate was flipped on the mirror plane, and a best-fit algorithm was used to obtain
6°-of-freedom alignment of both innominates at each time point

system was embedded at the center of the sacrum. First, the
sacral midplane was defined using (1) the midpoint of the left
and right superior articular processes, (2) the center of the
sacral base, and (3) the center of the third sacral vertebra. Sec-
ond, the origin was defined by the intersection of the sacral
midplane and the cylindrical axis circumscribing the right and
left auricular surfaces. The Z (transverse)-axis was defined by
the line passing through the origin, perpendicular to the sacral
midplane, the Y (vertical)-axis by the line connecting the ori-
gin and the center of the sacral base, and the X (sagittal)-axis
was the cross-product of the Y and Z-axes.

The distance of the lateral anterior superior iliac spin
(ASIS), the posterior superior iliac spin (PSIS), the narrowest
pubic symphysis (PS), the superior PS and the inferior PS were
measured with the measurement system in Geomagic studio
2013. The surface trim system was used to decide accuracy of
target points.

A mirror plane was defined using both origins, centroids,
and ASIS and the right innominate was flipped on the mir-
ror plane, and a best-fit algorithm was used to obtain 6°-of-
freedom alignment of both innominates at each time point

(Fig. 2).

Separation of the sacroiliac joints (SI joints) was analyzed
using 3D-Joint Manager software (GLAB, Japan). Areas of <4
mm between the surfaces of sacroiliac joints was colored. We
observed changes of the colored gross areas during gestation
and one and eighteen months after childbirth.

Changes of pelvic alignments

Distances between the PSIS and inferior PSs increased from
28 to 39 gestational weeks. Those distances decreased 4 weeks
after childbirth. The distance between the ASISs, superior PSs,
and the narrowest PS decreased from 28 to 39 gestational
weeks. Those distances decreased even more from 4 to 72
weeks after childbirth. The ASIS and PSIS distances 72 weeks
after the first childbirth (the second child pregnancy com-
menced within 8 weeks) were greater than those at 28 weeks
of gestation and the distance of the sacroiliac joint and PS 72
weeks after the first childbirth were narrower than those at 28
gestational weeks (Fig. 3).

The width of the lateral ASIS changed slightly from 28 ges-
tational weeks to 72 weeks after childbirth (Fig. 3). The width
of the lateral PSIS increased about 3 mm from 28 gestation
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Pre-28 w Pre-39w Post- 4w Post- 72w

D distance of lateral PSIS

@ distance of lateral ASIS 2432 241.0

@ distance of superior pubic symphysis 71 6.1 5.1 4.5
@ distance of inferior pubic symphysis 10.6 14.0 10.6 5.0
® distance of narrow pubic symphysis 7.8 6.2 52 3.5
® Pelvic pain(NRS)/PGQ 0/0 0/0 0/0 0/0

(mm)

Fig. 3 - Width of lateral ASIS, PSIS and pubic symphysis as well as pelvic girdle pain. Changes in innominates rotation and
translation to the sacrum from 28 weeks gestation to 72 weeks after childbirth ((blue color (current period)). Additionally,
distances of lateral the posterior superior iliac spin (PSIS), the anterior superior iliac spin (ASIS), pubic symphysis and
sacroiliac (SI) joint were changed from 28 weeks pregnancy to 72 weeks after childbirth. Pelvic pain was not appeared
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Fig. 4 - Changes of innominate rotation and translation around the center of the sacrum. Three dimensional pelvic models:
The changes of pelvic alignments from 28 gestation weeks to 72 weeks after childbirth. To compare with each period (blue
color (current period) vs gray color (other periods)) .Numbers indicate left innominate translation and rotation angles to
right side. UT: upward translation, FT: forward translation, IT: inside translation, OT: outside translation, UR: upward
rotation, OR: outside rotation, FR: forward rotation, BR: backward rotation
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Fig. 5 - Changes in SI joints separation. Area of close distance of sacroiliac joints within 4mm. The separation of the left
sacroiliac (SI) joint decreased from 28 to 39 gestational weeks reaching a maximum 4 weeks after childbirth. The right side
SI joint separation increased from 28 to 38 gestational weeks. The separation of anterior portions of each sacroiliac joint

widened during pregnancy (see red quadrangle area)

weeks to 39 gestation weeks. The width of the PS showed a
small change (Fig. 3).

Both innominates rotated anteriorly, downward, and inter-
nally from 28 to 39 gestational weeks, and posterior, upward,
and external rotation appeared 4 weeks after childbirth. Both
innominates rotated slightly anteriorly, downward, and exter-
nally from 4 weeks to 72 weeks after childbirth (Fig. 3).

Asymmetry of pelvic alignment, comparing the left innom-
inate relative to the right innominate around the center of the
sacrum, and displacements of translation and rotation of both
innominates at each time point are shown in (Fig. 4). Rota-
tion of the left side was greater than that of the right side.
The left innominate was translated farther downward from
28 to 39 gestational weeks compared with that of the right
side. The left innominate was gradually translated anteriorly
after 28 gestational weeks compared to the right side. Down-
ward rotation of the left innominate increased from 28 ges-
tational weeks to 4 weeks after childbirth. The left anterior
pelvic tilt increased until 39 gestational weeks and decreased
after childbirth.

The separation of the left SI joint (<4 mm) decreased from
28 to 39 gestational weeks reaching a maximum 4 weeks af-
ter childbirth. The right side SI joint separation increased
from 28 to 38 gestational weeks (Fig. 5). The separation of
anterior portions of each sacroiliac joint widened during
pregnancy.

Over all, although the change of pubic area was small,
greater loosening of SI joints, especially their anterior por-

tions, and innominate rotation were observed. In addition,
changes in SI joints occurred asymmetrically.

Discussion

Anterior and sagittal pelvic alignments during pregnancy and
1 month after child birth changed [15]. PS separation, SI joint
replacement, and pelvic fracture are serious complications
that may occur during delivery [9,13]. Natural changes of
pelvic alignment during pregnancy and a month after child-
birth have been reported in several previous studies that em-
ployed palpation measurement [15,16]. This is the first report
to observe changes of innominate rotation and translation
and separation of SI joints during pregnancy and after child-
birth using MRI-based 3D pelvic models. Changes of innomi-
nate rotation and translation and separation of SI joints may
be due to the alignment pattern before pregnancy, as well
as laxity and habitual postures and/or movements. Morino
et al. [15] found that the anterior pelvis became significantly
wider as pregnancy progressed and the anterior width of the
pelvis a month after childbirth was wider than at 12 weeks
of pregnancy, although the posterior width did not differ sig-
nificantly [15]. The anterior width of the pelvis had not recov-
ered 1 month after childbirth and was still wider than at 12
weeks gestation [15]. Morino et al. [15] also showed that the
anterior pelvic tilt increased during pregnancy and decreased
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after childbirth [15]. Our results confirmed those of Morino
et al. [15]. The width of the ASISs a month after childbirth was
greater than that at 28 gestation weeks. Ji et al. [8] found the
distance between the two sides of the furthest lateral points
of the acetabular margins (FLAM) was significantly lower 1-
month postpartum than just after delivery. The width of PS
separation also illustrated a significant shortening a month af-
ter parturition. In the axis direction of the pelvis, images taken
one month postpartum revealed a significantly smaller trans-
lation of the PS, compared with images immediately postpar-
tum [8]. There were no significant changes in the distance be-
tween HICs or the PSS angle [8]. We found that the innomi-
nates showed downward rotation and abduction from 28 to
38 gestational weeks and upward rotation and adduction af-
ter childbirth. In addition, although the width of ASIS was only
slightly wider during the pregnancy, the area of closest dis-
tance of SI joints >4 mm in left SI joint increased from 28 ges-
tation weeks to 38 gestation weeks and became maximal a
month after childbirth. Thus, innominate rotation and SI joint
separation occur as natural changes of pelvic alignment in
pregnancy with no lower back or pelvic pain.

In this case, results showed asymmetrical innominate
alignment, as in a previous study [15]. The left innominate ro-
tated to a greater external angle than the right side. In ad-
dition, greater separation of the left SI joint was observed
compared with the right side. Yamaguchi et al. [16] found
that pelvic asymmetry of pregnant women and postpartum
women was greater than that of women who had never been
pregnant. The anterior width of the pelvis of pregnant women
was wider than that of women who had not borne children,
while the posterior width of pelvis (SI joints and the width of
PSIS) in pregnant women were narrower than those of women
who had never been pregnant [16]. Damen et al. [5] found
that asymmetrical ligament relaxation during pregnancy was
also associated with pelvic girdle pain in postpartum women.
However, asymmetrical changes of the pelvis may also occur
in non-symptomatic pregnancy. The degree of asymmetrical
changes may also be associated with pelvic girdle pain. Fur-
ther study is needed to investigate the association between
pelvic alignment changes and pain. In future studies, we will
compare pelvic alignment between women who experience
pain and those who do not, in order to determine the associa-
tion between pelvic alignment and PGP in pregnant and post-
partum women.

Patient consent

Informed consent for patient information to be published in
this article was obtained.
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