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Abstract

This review systematically examined features of changes in pelvic alignment during pregnancy and postpartum recovery, and clarified the
relationship between changes in pelvic alignment or posture and LBP or PGP.

Method: A literature search was performed to identify all published articles focusing on the association between posture, pelvic alignment,
and LBP or PGP during pregnancy and the postpartum period. Observational, longitudinal, cross-sectional, or case studies that focused on
changes in pelvic alignment or posture in pregnancy and postpartum recovery, as well as relationships between those changes and LBP or PGP
were included. Study selection was conducted by three reviewers. Overall risks of bias of each article were examined using the RoBANS.

Results: 1,974 studies were identified, but only 18 articles met the criteria for inclusion in this review. Ages ranged from 18 to 48. Most
studies had little risk of bias, according to ROBANS. These studies investigated how changes or the lack of change in posture and pelvic alignment
related to LBP or PGP.

Conclusion: Changes in pelvic alignment and posture during pregnancy may persist into the postpartum period. It was not possible to
conclude that changes in posture and pelvic alignment are related to LBP or PGP, as many of the studies we reviewed included small sample sizes,
and some studies used methods of low reliability. Thus, further study employing greater methodological stringency is required to resolve these
questions.

Keywords: Changes in pelvic alignment; Changes in posture; Pregnancy; Postpartum; Low back pain; Pelvic girdle pain

Abbreviations: LBP: Lower Back Pain; PGP: Pelvic Girdle Pain; BMI : Body Mass Index; SI Joint: Sacroiliac Joint; Robans: Non-Randomized
Studies; ASIS: Anterior Superior Iliac Spine; PSIS: Posterior Superior Iliac Spine; CT: Computed Tomography; MRI: Magnetic Resonance Imaging;
3D: Three-Dimensional; PS: Pubic Symphysis; AP: Antero-Posterior

Introduction

with increased disability scores, positive pain provocation tests,
increased symphyseal distention, asymmetric laxity of SI joints,
and hypermobility. Increased intra-abdominal pressure is also
related to PGP [7]. Changing posture and excess abdominal
area are natural occurrences in pregnancy [8]. Those changes
potentially cause LBP and PGP. Thus, accurate measurements of
pelvic alignment and posture related to LBP or PGP are crucial to

Lower back pain (LBP) and pelvic girdle pain (PGP) are
primary adverse consequences of pregnancy. Over 50% of
pregnant women suffer pain and ~30% of those complained
that PGP persisted >3 months after childbirth [1-3]. Risk factors
included history of LBP, previous PGP, trauma of the pelvis, and
increased body mass index (BMI) [4,5]. According to Spice et al.

[6], persistent PGP for 3 months after delivery was associated . .
manage persistent pain.
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Excessive lordosis and sacroiliac joint mobility have been
identified as possible sources of LBP and PGP. As pregnancy
progresses, abdominal distension, and the load imposed upon
the spine and pelvis by the gravid uterus increase considerably
[9,10]. The uterus shifts forward, changing the center of gravity
and orientation of the pelvis [9,10]. Lumbar lordosis may also be
increased. Several studies have reported an association between
pelvic alignment and PGP [4,11], specifically laxity of ligaments
around sacroiliac joints and resulting dysfunctions occurring
during pregnancy [12]. According to Aldabe et al. [13] increased
concentrations of the hormone, relax in, soften cartilage and
ligaments of joints, leading to pain; however, other experimental
studies found no relationship between high levels of relax in
and increased pelvic mobility and PGP in pregnant women [13].
Asymmetry of the pelvis is also likely to be one of the causes of
PGP [4]. Sacroiliacjoint (SIjoint) motion consisted of rotation and
translation of the sacrum relative to the ilium [14]. However, there
are few clinical criteria to evaluate changes in pelvic alignment
related to LBP and PGP during pregnancy and postpartum
recovery. This review sought to identify features of changes in
pelvic alignment and posture during pregnancy and postpartum
recovery that might be responsible for LBP and PGP.

Methods

This systematic review was carried out following PRISMA
guidelines [15]. Articles were researched from November in 2019
to February in 2021. Inclusion criteria were case, cohort and
cross-sectional or longitudinal studies, focused on observation
of changes in pelvic alignment or posture. Associations between
pelvic alignment or posture during pregnancy and postpartum
and LBP or PGP were also included. Healthy pregnant women
in any stage of pregnancy, without age limits were included. All
studies were written in English. Studies related to literature or
systematic reviews or clinical trials focusing on use of belts were
excluded. Studies including surgeries and traumatic injuries were
also excluded. Medline, PubMed, EMBASE, Cinahl, PEDro, and
Google scholar were searched. All published articles focusing on
the association between posture, pelvic alignment and LBP or
PGP in pregnancy and the postpartum period were identified.
Search terms were based on keywords of publications. A string
search was created adding ‘OR’ and ‘AND’ to combine keywords
and subject areas. Keywords included: ‘pregnant, ‘pregnancy’,
‘postpartum’, ‘after childbirth’, ‘puerperium’ and ‘pelvic alignment,
‘sacroiliac joint, ‘pubic symphysis’, ‘posture’ and ‘pelvic pain)
‘pelvic girdle pain) ‘low back pain’, or ‘back pain.’ Three authors
(AS, AA, TM) searched keywords in selected articles. Extracted
data included: study year, study country, study design, study aims,
sample sizes, measurements and gestational periods of study
populations, measurement instruments, planes of measurements,
outcomes, pain, main findings, and conclusions. Three authors
then examined the quality of selected articles with the risk of bias
assessment tool for non-randomized studies (RoBANS).
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Overall risks of bias of each article were examined with
RoBANS. This grading system is based on six domains: selection
of participants, confounding variables, measurement exposure,
blinding of outcome assessments, incomplete outcome data, and
selective outcome reporting [16]. Risk of bias was assessed as
high, low, or uncertain. ROBANS assesses reliability by examining
feasibility and validity [16]. Agreement between reviewers (inter-
tester reliability) was determined using Kappa analyses. Statistical
Package for the Social Science (IBM SPSS version 20 Inc, Illinois,
USA) was used for the analysis.

Result

1,974 studies were identified, but only 18 met all inclusion
criteria (Table 1). Five studies reported changes in pelvic
alignment during pregnancy and postpartum recovery [17-21].
Five studies focused on pelvic alignment after childbirth [22-26].
Five studies reported changes in posture during pregnancy [27-
31], while three observed changes in posture after pregnancy [32-
34]. Nine studies reported the relationship between changes in
pelvic alignments or posture and LBP or PGP [17,18,20,24-28,30].
One case study, two case-control studies, two cross-sectional
studies, and thirteen prospective, longitudinal studies were
included. 976 pregnant and postpartum women were covered
by studies included in this review and 324 were included as
controls. Participants ranged from 18 to 48 years. The period of
measurement was divided into three terms: 1. during pregnancy
(gestation weeks 10-37), 2. after delivery (from 12 hours to 37
months after delivery), and 3. from 12 weeks gestation to 46
months after delivery. Main outcomes were posture (kyphosis
and lordosis) and pelvic alignments (sacroiliac (SI) joints, inter-
pubic gap, sacral inclination, pelvic inclination, anterior superior
iliac spine (ASIS) and posterior superior iliac spine (PSIS) width).
Measurement instruments were computed tomography (CT) (1
study), X-ray (2 studies), ultrasound imaging (3 studies), magnetic
resonance imaging (MRI) (1 study), palpation meter (3 studies),
clinometer and electro-goniometer (3 studies), three-dimensional
(3D) motion capture (3 studies), metro skeletal analysis system (1
study) and a custom-made structured-light illumination scanner
(1 study)(Table 1).

Inter-rater reliability, which assesses variation between
reviewers, was almost perfect (K=0.86-0.91). Ten of 18 studies
had low risk of bias (number of lows: 5-6), eight studies had high
or uncertain risk of bias with regard to selection of participants,
confounding variables, blinding of outcome assessment,
incomplete outcome data, or selective outcome reporting (Table 2).
Sample size was small in most studies. In addition, measurements
differed between studies, precluding use of a meta-analysis. Three
studies included 100 - 200 participants; however, authors and
their institutions were the same in two studies [17,19,21]. One
of the three studies was a cross-sectional study and compared
participants [19]; thus, it did not observe how pelvic alignment

changed during and after pregnancy [19].
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Table 1: Characteristics of studies included in this review.

Author & Year | Country Design Nurfll_)er of Age, Mean(Sd) Period of Mea- Instru- Posture Parts of Mea-
Participants surements ment surement
a prospective 1;; %vvz'ei?g‘ilflt(::\fariy clinometer, kyphosis,
Bullock,1987 Australia longitudinal 34 range 15-35 y electro-go- | standing | lordosis, pelvic
up to 38 weeks(3 . RS
study . niometer inclination
times)

) a case-control 14 (control: within 24 hr after . L
Garagiola, 1989 USA study n=15) 24.1 delivery CT spine SIjoints, SP
Bullock-Saxton, . a pro.spec.tlve Study1:n=16, study1: 14-22 gw,30- clinometer, . kyp.hosm, _

1991 Australia | longitudinal Studv2:n=59 18.4-34.3, 38gw,6-12 weeks | electro-go- | standing | lordosis, pelvic
study yem= study2:18.6-38.2 after delivery niometer inclination
a prospective 9 (control: n= within 24hr after ultraso-
Scriven, 1995 UK longitudinal 42) T not mention delivery, follow up nograph supine Sp
study 37m graphy
head, shoul-
a prospective metrecom der, thoracic
Franklin1998 | USA | longitudinal 12 27.6(4.7) firstand third | - skeletal | o, g | &lumbar
trimester analysis spine, pelvic
study .
system tilt ,sacral base
angle, knee
a prospective ) .
Bjorklund, 1999 | Sweden longitudinal 49 median 29 12gw, 35gw and 5 ultraso supine sp quth and
m postpartum nography sift
study
. SP, signal
a prospective . . 2-5d postpartum, . o
Wurdinger, 2002 | Germany | longitudinal 19 (control: 26:5 (control: follow up after MRI supine mt§n51t1es of
n=11) 30) cartilage of the
study 12m .
pubic
head, thoracic
expert & pelvic
a prospective ) ) 18gw or less, vision stand- segment, hip
Gilleard, 2002 Australia longitudinal 9 (control: range28-40 24gw, 32gw, 38gw, motion ing and joint, thora-
n=12) (control:21-35) . o
study 8w postpartum analysis sitting co-lumbar,
system cervico-tho-
racic spine
a prospective ﬂrel)l(llge thoracic &
Kouhkan,2015 Iran longitudinal 30 (control: 25.4(0.7) 10gw, 21gw and pelvic standing lumbar curva-
n=18) 32gw L tures, pelvic
study inclinom- L
inclination
eter
3D spinal .
. . . ) thoracic &
Y00,2015 Korea |2 cross-section- | 19 (control: 20.54(3.45) 2nd and 3rd tri- d.lagn(.)stlc standing | lumbar curva-
al study(?) n=15) mester imaging tures
system
X-ray,
. o 3D trans
Aydin,2015 Turkey across-section- 86 28.4(5.7) within 3.6 hrafter perineal standing SP, SPL
al study delivery
ultrasound
imaging
a cus-
tom-made
every 2 weeks structured kyphosis
Michonski, 2016 Poland a case study 1 34 between 17gw and S standing YPROSIS,
light illu- lordosis
37gw -
mination
scanner
. 45 pregnancy, 6.6(1.8)m preg- . width of pel-
. a cross-section- 124 post- nancy, or 4.6(1.3) palpation . )
Yamaguchi, 2016 Japan 24.3(6.3) standing | vis, asymme-
al study partum, 177 m postpartum, meter
. . try, AWP, PWP
nulliparous nulliparous
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a prospective width of
. o 12hr and 1month . pelvis & PS,
Ji, 2018 Japan longitudinal 50 32.8(4.5), after delivery X-ray standing PS translation,
study
PSS angle
i width of
a prospective alpation elvis, pelvic
Morino, 2018 Japan longitudinal 168 31.0(4.7) 12gw, 36gw palp standing | P€V'® P
meter ante version,
study
asymmetry
electro-
. . . magnetic .
Bivid-Roig, 2018 Spain a case control 34 (control: 347(3.1) third trimester, motion standing lumbar s.pme,
study n=34) 8(3) w postpartum pelvis
capture
system
i . a prospective 8-16gw, 35-38gw, digital e
Opala-Berdzik, Poland longitudinal 13 27.9(2.9) 27-31.5w postpar- | inclinom- | standing sacral.mclma
2019 tion
study tum eter
a prospective width of pel-
Morino, 2019 Japan longitudinal 201 30.9(4.5) 12gw, 24gw, 36gw, | palpation standing VS anterior
1 m postpartum meter tilt, asymme-
study
try
SP: Symphysis Pubis, SPL: the Superior Pubic Ligament, Sl joint: Sacroiliac Joint
Table 2: Assessment of the risk of bias in non-randomized control studies using ROBANS.
Selection of Con_— Measurement Blinding of | Incomplete Selective Number
Author & Year Instrument . founding Outcome Outcome Outcome
Participants . of Exposure . of Lows
Variables Assessment Data Reporting
Aydin, 2015 X-ray, ultrasonog- low low low low low low 6
raphy
Ji, 2018 X-ray low low low low low low 6
Opala-Berdzik, digital inclinom- low low low low low low 6
2019 eter
Bullock, 1987 clmome.ter, elec- low low low low unclear low 5
tro-goniometer
Bullock, 1987 clmome.ter, elec- low low low low unclear low 5
tro-goniometer
Bjorklund, 1999 ultrasonography low low low low unclear low 5
Gilleard, 2002 motion analysis low high low low low low 5
system
Morino, 2018 palpation meter low low low low unclear low 5
Bivia-Roig, 2018 motion capture low low low high low low 5
system
Morino, 2019 palpation meter low low low low low unclear 5
Garagiola, 1989 CT low high low high low low 4
Bullock-Saxton, clinometer, elec- low low low high unclear low 4
1991 tro-goniometer g
Yamaguchi, 2016 palpation meter high low low low high low 4
Scriven, 1995 ultrasonography low high unclear low unclear low 3
Wurdinger, 2002 MRI unclear unclear low low unclear low 3
Yoo, 2015 3.D .spm:?\l diagnos- unclear low unclear unclear low low 3
tic imaging system
Kouhkan, 2015 ﬂe:xl.ble .ruler, pel- unclear high low low low high 2
vic inclinometer
a custom-made
Michonski, 2016 | structured light il- case study N/A N/A N/A N/A N/A N/A
lumination scanner
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Ten studies observed changes of pelvic alignment during
pregnancy and postpartum recovery [17-26] (Table 3). Small
changes in pelvic anteversion and greater changes in pelvic
asymmetry were found during pregnancy [17]. Although sacral

width and tilt of the pelvis were significantly greater during
pregnancy [20,21]. Pelvic tilt decreased after childbirth [21]. The
width of the pubic symphysis was 3-18.3 mm immediately after
delivery [22,23,26], and decreased during the following month

inclination did not change during pregnancy, anterior and posterior  [26].
Table 3: Changes in pelvic alignments.
autions Instrument LA R e T Period Parts Changes (Mean(Sd)) P Value
Year (Icc)
1.width of the sac-
. . roiliac joints(cm) )
Garagiola cT not described within 2.4-hr after 2 mean width of 1.0.30 (range,0.2-0.6) N/A
1989 delivery . 2.0.65 (range, 0.3-1.1)
the pubic symphy-
sis(cm)
Scriven, ultrasonog- . within 48hr of 1. inter-pubic 1.4.8 (range, 4.3-5.1)(con-
1995 raphy not described delivery gap(mm) trols) N/A
1.symphysis 1.3.4(0.8)—
Bjorklund, | ultrasonog- not described 12gw, 35gw, 5Sm width(mm) 4.8(1.6)— 2.8(1.2) 1.p<.01,
1999 raphy postpartum, 2.symphysis shift 2.0.3(0.6) > 0.9(1.1)- 2.p<.05,<.001
©) 0.7(0.7)
Wurdine- postpartum wom- 1. distance of 1. 6.0 (0.9)(postpartum),
or 200% MRI not described en vs nulliparous the inter-pubic 5.0(0.6)(the nulliparous 1.p=.0002-.005
! women gap(mm) group)
1.9.01(2.02)(3Dultra-
SP width: 1CC=0.97(0.95- 1.wide SP wi sound), 8.55(2.18)(X-ray)
0.98), Narrow SP dth(mm) 2.7.09(1.65)(3Dultra-
Aydin, X-ray, ultraso- . ’ within 36hr after 2.narrow SP sound), 6.70(1.77)(X-ray)
width:1CC=0.95(0.93-0.97), SPL X _ N/A
2015 nography delivery width(mm) 3.29.63(3.33)(3Dultra-
length: ICC=0.68(0.50-0.80), SP
height: ICC=0.85(0.78-0.90) 3.SPL length(mm) sound), 28.13(5.02)(X-ray)
ght: LL=0. ' ’ 4. SPL high(mm) 4.39.63(6.14)(3Dultra-
sound), 38.35(0.20)(X-ray)
1. wider in pregnant &
postpartum:25.0(2.3)
1. anterior pelvic (pre), 24.1(2.3)
. pregnant, postpar- w1dth(m'm) (post),23.6'(1.9)(nul) 1.p<.001
Yamagu- palpation not described tum. nulliparous 2. posterior 2. narrowest in pregnant: 2.p=.001-.016
chi, 2016 meter ’womgn pelvic width(mm) 8.2(2.1)(pre), 8.6(2.0) 3.p<.001
3. pelvic asymme- (post), 9.1(1.6)(unl) p=.009-.019
try(mm) 3. greater in pregnant &
postpartum:4.2(3.0)(pre),
3.7(3.2)(post), 2.8(2.4)(nul)
1. length of ante-
rior pelvis(mm)
. . anterior posterior pelvis: ICC 2. 'length quos- 1.23.0(29)25.4(2.6)
Morino, palpation L terior pelvis(mm) 2.10.8(3.8)— 11.8(3.5)
2,1=0.992(0.992-1.00) pelvic tilt: 12gw, 36gw ) N/A
2018 meter 1CC 2,1=0.998(0.992-1.00) 3.pelvic ante 3.2.56(4.72)—~ 4.59(5.36)
e ' ’ version(mm) 4.2.59(2.59)— 2.25(2.48)
4.pelvic asymme-
try(mm)
1.distance between 1. HIC: 164.9(21.4)—
HICs, FLAMs(mm)
s 164(21.6), FLAM:
within 12hr after 2.PS sepa- 1.p=.004,
. . . . 239.1(14.1)- 237(15.2)
Ji, 2018 X-ray not described delivery, 1m post- ration(mm) p<.001,
artum 3.PS trans- 2.79(2:0)> 6:5(1.4) 2.p=.029
p ation(mm) 3.4.1(1.6)~ 3.1 (1.2) P
4.PSS angle(*) 4.13.0(8.1)~ 13.5(7.9)
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1. anterior width

1. increased during
pregnancy and decreased
in 1m post:23.1(2.8)—~
24.0(3.2)—24.8(2.5)—
25.4(2.5)- 23.6(3.1)
2.increase between 12w
and30w, between 12w

date), 6m postpar-
tum

2.advanced—6m post:
unchanged: n=6(46%),
increased: n=3(23.1%),
decreased: n=4(30.8%)

of pelvis(cm) and 36w, no differenc- 1.p<.001,
. . anterior posterior pelvis 12gw, 248w, 30gw, 2. posteri.or width es between pregnancy p=.009-.026,
Morino, palpation length: ICC2,1=0.992(0.972- 36gw, 1m postpar- of pelvis(cm) and 1m post:10.7(3.6)— 2.p=.036,
2019 meter 0.999), anterior pelvic tilt: ICC ’ J 3. anterior 11.2(3.7)> 11.4(3.3)~ p<.001,
2,1=0.998(0.992-1.00) pelvic tilt(°) 11.7(3.6)—not described 3.p=.037,
4.pelvic asymme- 3.increased during preg- 4.not described
try(°) nancy and decreased by 1m
post:3.99(5.53)(12gw)—
5.29(5.33)(36gw)
4.increased in pregnancy,
no significant differences
between pregnancy and
postpartum(not described)
16.3(5.5)— 16.8(3.8)—
16.5(4.6)
early pregnancy(by 1.early—advanced:
Opa- . lind l6gw), adv(asnced lind ( unchangedd: n=8((61.50/3),
. igital incli- _ pregnancy(5-2w sacral inclination increased: n=3(23.1%), _
la-lzf(z)rgzlk, nometer 1CC3,3=0.91(SD 0.92) before the due °) decreased: n=2(15.4%) P=75

gw: Gestation Week, SP: Symphysis Pubis, SPL: the Superior Pubic Ligament, Sl joint: Sacroiliac Joint, PS: Pubic symphysis, PSS: The Pubic
Symphysial Surface, HIC: The Highest Point of lliac Crest, FLAM: the Furthest Lateral Points of Acetabular Margin

Eight studies observed changes of posture during and after
pregnancy [27-34](Table 4). Changes in spinal curvature during
pregnancy were inconsistent. Three studies concluded that
thoracic curvature and lumbar lordosis significantly increased
between the first and third trimesters [28,29,32]. However, two
other studies found no significant differences [27,33]. One study
reported that pelvic curvature reduced the anterior orientation

of the sagittal plane, and that the thoracolumbar spine was less

Table 4: Changes in posture.

third trimester.

extended, indicating flattened spine curvature [33]. Other studies
reported that kyphosis increased by +6-8 degrees from the first
to third trimesters [27,29,32]. In addition, the lumbar lordosis
angle increased by +7-9 degrees from the first to third trimesters
[27-29,31,32]. Yoo et al. [30] found that while thoracic curvature
increased significantly from the second to the third trimester,
lumbar curvature significantly decreased from the second to the

Author & Reliability Of )
Year Instrument Measurements Period Parts Changes (Means(Sd)) P Value
(Icc)
1';};‘()%0- 1. increased during pregnancy(+6.6 degree):
l4gw, 22gw 44.3(7.2)—47.8(8.1)=50.9(8.4)
. 2.lor- . ) 1. p=.000,
Bullock clinometer, electro-go- not described (every 8 weekly dosis(®) 2.increased during pregnancy(+7.2 de- 2.p=.000
1987 niometer interval up to 38 3. pelvic gree):26.7(8.8)—29.4(9.8)—33.9(10.9) 3' p=.057
weeks(3 times) ir-lclina- 3. 14gw—22gw:decreased , 22gw—3rd : increas e
tion(°) ed:5.8(3.3)—4.5(3.5)-5.1(3.1)
1.thoracic
& lumbar
angle(°) 1. increase in 3rd: thorac-
first trimester: 2.pelvic ic:31.6(9.4)—34.8(16.0) lumbar: 31.9(- 1.p<01
Franklin metrecom skeletal 1CC=0.40-0.88, 1stand 3rd tilt(®) 8.7)—37.8(-9.6) 2' <' 01
1998 analysis system third trimester: trimester 3.anterior/ | 2.increased in 3rd: Rt.:6.4(6.0)—10.0(9.5), Lt.: 3' p<.05
1€C=0.47-0.82 posterior 7.0(6.8)>11.2(7.6) P
displace- 3. decreased in 3rd: 81.2(20.7)—53.5(25.8)
ments at
head
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1.T1vs T2
p=.31, T1vsT3
. . p=.007,
1. increased in pregnancy(T1-T2:+10.3%, T2vsT3 p=.33
1 lumbr T1-T3:+15.7%, T2-T3:4.8%) 2 TlvsTé
AUt :46.9(2)-51.7(2.5)->54.3(2.3) '
present study: angles() 2.increased in pregnancy (T1-T2:+4.9% p=396,
Kouhkan flexible ruler, pelvic not described, 10gw, 21gw and | 2.thoracic ' L T1vsT3
R . . . T1-T3:416.7%, T2-T3:+11.2%):
2015 inclinometer previous studies: 32gw angles(°) p=.001,
1CC=0.88-0.97 3.pelvic in-  324(1.8)-34(1.6)~37.9(1.3) T2vsT3
clination(®) 3.increased in pregnancy(T1-T2:+27.2%, p=.025
T1-T3:+62.4%, T2-T3:+27.6%): 3.T1vsT2,
10.9(0.5)—13.9(0.4)—17.7(0.7) T1vsT3,
T2vsT3
p<.001
1.thoracic
curva- 1. significantly increased in the third trimes-
ture(®) ter(+0.97): 10.7 (2.1)>11.5(2.4) vs con-
3D spinal diagnostic 2nd and 3rd 2.Jumbar trol:10.6(2.9) 1.p<.01
Yoo, 2015 imaging system (with not described trimester curva- 2. significantly increased in the third trimes- 2.p<.01
markers) ture(®) ter(+1.02): 8.96(1.7)—9.98(1.9) vs con- 3.p<.05
3.preg- trol:7.3(1.3)
nancy vs 3. significant larger in 3rd trimester than control
control
Michonski a custom-made struc- every 2 weeks t{rlilgl:l)?:(sol)s 1.decreased after 27w (changes 7.4) :50.9(2.4)
tured light illumination not described between 17gw ; 2.increase in 21 w and decreased after not described
2016 scanner and 37gw Zlordosis 21w(changes 8.4) :58.1(2.1)
angles(°) AT
l.increased in pregnancy and larger in
postpartum than in early pregnancy: Stu
dy1:26.0(6.086)—34.79(7.714)—35.15(6.98), St
1.kypho- udy?2:34.45(8.698)—-34.79(7.714)
14-22 gw,30- sis(?) 2.increased in pregnancy and larger in post-
Bull- clinometer, electro-go- 38gw6-’12 2.lor- partum than early pregnancy: Study1:43.26 1.p<.05
ock-Saxton nion'qeter not described weeks' after dosis(°) (9.72)—49.54(8.721)—51.33(7.97), Study2: 2.p<.005
1991 - 3.pelvic 47.39(9.318)-45.87(8.10) 3.p<.001
delivery R . s
inclina- 3.decreased in pregnancy(not signifi-
tion(°) cant differences) and smaller in post-
partum than in late pregnancy: Study1:
2.29(4.79)>11(4.57)>0.63(4.48), Study?2:
2.13(3.49)—2.48(3.33)
standing
1.pelvic 1. larger in con-
segment trol:18.0(9.2)—15.0(7.2)—>16.0(8.2)—14.5(8.8)
2.thoracic | 2.no significant changes in during pregnancy: 6.
- . 18gw or less, segment 0(6.9)—5.5(4.6)—3.5(4.8)—>4.5(4.0)
. expert vision motion . Y . :
Gilleard analysis system (with ICC 2,1=0.86- 24gw, 32gw, 3.cervi- 3. no significant changes in during pregnancy: 5. p=.01,.003
2002 markers) 0.727 38gw, 8w post- | cothoracic 0(10.7)-3.0(6.5)—2.0(7.3)>1.0(7.3) o
partum spine 4. larger in control: :24.0(13.7)—20.0(11.2)-19.
4.thora- 5(11.9)-18.5(11.9)
columbar 5. no significant changes in during pregnancy:
spine: 1.0(6.5)—2.5(4.7)—1.5(5.3)=5.0(6.1)
5.head
NP electromagnetic 3rd trimester, 1.lumber
Bivid-Roig motion capture system not described 8(3) w after spine(®) 1.31.7(10.5)-33.9(9.3) not described
2018 ) ) ) 2.21.3(8.7)~22.7(7.6)
(with markers) delivery 2.pelvis(°)

gw: Gestation Week

The relationship between alignment changes and pain was
discussed in eight studies [17,18,20,24-28,30](Table 5). All
pelvic pain appeared during pregnancy and some persisted
after delivery. One study targeted women with severe PGP after
delivery [25]. Six studies reported a relationship between changes
in pelvic alignments and PGP [17,18,20,24-26]. Four studies found
that pelvic changes, including sacral inclination, the inter-pubic
gap and the distance between the anterior and posterior pelvis

was not significantly related to pain [18,20,25,26]. One study
concluded that the increase in pelvic asymmetry presented the
greatest risk of sacroiliac joint pain [17]. Another study found that
women with PGP that lasted more than a month demonstrated
a larger reduction in pubic symphysis (PS) translation than
recovered participants [26]. Two studies that focused on the
relationship between posture changes and LBP during pregnancy
found no significant relationship between LBP and posture in the
thoracic, lumbar, and pelvic areas [27,28].
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Table 5: Comparisons of women with and without LBP/PGP.

Pain at recruit-

5.8(3.1)—7.3(1.8) Associ-

ation between changes in

posture and LBP/PGP: not
described

Author & Year ment Prevalence of pain Comparisons Results P value
1.changes in pelvic
anteversion(12-36w):small- 1.p=.032
er in SIJP 2.p=.007
Morino, 2018 no pain 44.4% at 36w SIJP vs non-SIJP 2.changes in pelvic asymme- 3. odds ra-
try(12-36w):greater in SIJP | tio=1.133(95%-
3.pelvic asymmetry associ- | CI, 1.028-1.249)
ated with SIJP
. . . greater increase in SP width
Bjorklund, 1999 no pain 9% during pregnancy, 19% at 5m non-pain vs pain & larger SP shift in pain p<.05,<.001
postpartum during pregnancy
group
1. early pregnant vs no significant correlation
Opala-Berdzik, no pain 61.5% LBP at advanced pregnancy & | advanced pregnancy between LBP and sacral N/A
2019 38.5% at postpartum 2. 6m postpartum vs inclination at advanced
advanced pregnant pregnancy and postpartum
symptomatic inter-pubic gap: larger for
females(n=9) and in- the symptomatic fe-
Scriven, 1995 pubic pain 50% persistent PGP in follow up C(:lflgfadstt:;:(ff;; ilss r3n5a.l()e)s)(t2}?e;?1(fr:rncg§n1t(r)cl)(l)s_ p<.001
control(non-symp- (4.8(range 4.3-5.1) ) within
tomatic postpartum) 48hr of delivery
1.distance of the inter-pubic
gaps: larger in asymptom-
asymptomatic vs atic (6.0 (0.9)) & symptom-
Waurdinger, 6 of 19 post- symptomatic post- atic(6.0 (1.4)) postpartum
! partum women N/A o 1.p=.0002-.005
2002 . partum women vs than nulliparous(5.0(0.6)).
with severe PGP . o :
nulliparous women 2.no significant differences
between symptomatic and
asymptomatic
width of PS translation:
smaller in recovery than in
Ji, 2018 with PSP 27% PSP non-recovery PSP recovery vs PSP non-recovery: PSP recov- p=.029
non-recovery
ery:1.1(0.8), non-recov-
ery:1.8(1.2)
LBP: 62% experienced at
thelst and 2nd trimester,
. 1stvs 2nd vs 3rd 76%.experienced a.t t}.le
Bullock, 1987 no pain before 88.2% during pregnancy trimester in pregnan- 3rd trimester Assoaatlon N/A
pregnancy cy(by 36w) between changes in p(.)S'tuI‘e
and LBP/PGP :no significant
relationship between LBP
and posture
1.LBP(VAS)(cm)
:0.4(1.0)-1.6(1.6) no
Franklin, 1998 mixed 83% during pregnancy 1stvs 3rd trimester significant relationship p<.05
between changes in posture
and LBP
1.LBP VAS: significantly
increased in 3rd trimes-
ter 4.2(3.5)—4.8(3.7)
2.Pelvis VAS: significantly 1.p<.05
Yoo, 2015 not described N/A 2nd vs 3rd trimester | increased in 3rd trimester 2: p<:05

LBP: Low Back Pain, PGP: Pelvic Girdle Pain, SIJP: Sacroiliac Joint Pain, SP: Symphysis Pubis, PS: Pubic Symphysis, PSP: Pubic Symphysis
Pain, VAS: Visual Analog Scale
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Discussion

The purposes of this review were to clarify features of
changes in pelvic alignment in pregnancy and recovery, and to
find the relationship between changes in pelvic alignments or
posture, and LBP or PGP. Eighteen studies observed changes in
pelvic alignments and posture during pregnancy and postpartum
recovery. Most studies had low risk of bias; however, most also
had small sample sizes and used different measurements. Thus,
we could not employ meta-analysis. These studies investigated
how changes in posture and pelvic alignment related to LBP or
PGP. To the best of our knowledge, this is the first systematic
review of changes in pelvic alignment and posture to demonstrate
relationships with LBP and PGP resulting from pregnancy.
Anterior and posterior width and tilt of the pelvis and width
of the pubic symphysis (PS) were significantly greater during
pregnancy and decreased thereafter [18,22,24-26]. However,
sacral inclination did not change significantly during pregnancy
[20,27,32]. One study also concluded that upper body spinal
curvature was not significantly changed during pregnancy [33].
Other studies reported that kyphosis increased by +6-8 degrees
from the first to third trimesters [27,29,32]. In addition, the
lumbar lordosis angle increased by +7-9 degrees from the first to
third trimesters [27-29,31,32]. Most studies found that changes in
anterior and posterior pelvic width were not significantly related
to LBP or PGP [17,18,20,35]. One study assumed that great pelvic
asymmetry was associated with risk of PGP [17]. Alarge reduction
PS translation was also related to PGP [26].

Pelvic width increased during pregnancy regardless
of measurement extolments. Those extolments were used
differently depending on the measurement area. Pelvic anterior
and posterior alignments were measured with a palpation meter
in most studies [17,19,21] and PS and SI joint distances were
measured with ultrasonography or radiography [18,22-26]. Static
assessments involving palpation were not consistently reliable.
Studies focusing on inter-examiner and intra-examiner agreement
for assessing pelvic alignment, including ASIS, PSIS, and sacroiliac
anatomical landmarks using palpation had low reliability (ICC;
0.27~0.80, kappa; 0.18) and the degree to which they matched was
<50% (36-38). Some previous studies reported that correlation
coefficients and validity coefficients indicated moderate or poor
correlations [39,40]. However, assessments using palpation to
investigate the reliability of iliac crest height differences and
standing antero-posterior (AP) measurements of the pelvis
were high (ICC>0.9) [41]. Although clinicians were encouraged
to consider the palpation meter as a reliable alternative to
radiographic measurement of pelvic crest inequalities, palpation
meters are less accurate, providing an indirect estimate of true
leg length discrepancy in symptomatic patients (ICC 0.70) [41].
Clinician experience, palpation skills, including pelvic anatomical
knowledge, and symptomatic or asymptomatic populations affect
the results. Some studies in this review used palpation meters to
assess ASIS, PSIS, and AP of the pelvis [17,19,21]. While studies
should consider physician palpation skills, one study did not
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mention skills [19]. CT and MRI are useful to measure distance
of PS and SI joints as well as ligament injuries [42,43]. One study
examined the accuracy of 3D sonographic measurements of PS
distension in comparison with plain X-ray pelvic radiographs
and assessed inter performer reliability [23]. They found that
PS width, superior pubic ligament length, and PS height can be
reliably measured with 3D ultrasonography (ICC 0.66-0.7) [23].
Sonographic and radiographic assessments should be used to
observe minute changes in pelvic alignment. Clinometers, electro-
goniometers, flexible rulers, and motion capture were used to
measure changes in posture during pregnancy and recovery
[27-30,32-34]. Most studies found kyphosis and lumbar lordosis
increased during pregnancy [27-30,32]. However, one study
using motion capture concluded that there were no significant
differences in the position of the lumbar spine or pelvis among
pregnant women [34]. Another study using motion capture found
upper-body posture did not change significantly in pregnancy
[33]. Results of 3D analysis differed from those of manual
measurements. Two studies focused on the association between
posture and LBP and PGP using clinometers, electro-goniometers,
and metrecom skeletal analysis systems [27,28]. They concluded
that there was no significant relationship between LBP and
posture [27,28].

Generally, changes in posture and pelvic tilt during pregnancy
are regarded as natural risks for LBP and PGP. The prevalence
of LBP and PGP from the 24th week onward were 71.3% and
64.7% respectively [5]. However, changes in posture during
pregnancy had no significant influence on LBP or PGP. Bullock
et al. [27] observed changes in posture, including kyphosis and
lordosis angles, as well as pelvic inclination from early to late
pregnancy. They found that prevalence of LBP or PGP was 88.2%
and there was no significant association between changes in
posture and pain [27]. According to Franklin et al. [28], changes
in lumbar angle and pelvic tilt were not significantly related to
LBP, while those angles increased significantly from the first to
the third trimester. Most studies found that kyphosis and lordosis
increased during pregnancy and that these changes persisted into
postpartum recovery [32-34]. However, those changes are not
strongly related to causes of LBP or PGP [27,28,30]. Pelvic tilt,
ASIS width, PSIS width, PS width, sacral inclination, and pelvic
asymmetry were recorded from early pregnancy to recovery [18-
26]. Most studies found that those widths and angles increased
during pregnancy and decreased thereafter. Only 15% of pregnant
women increased sacral inclination angles and in 61% of patients,
those angles did not change in pregnancy [20]. Anterior width one
month after childbirth was greater than at 12 weeks gestation
[21] and in women who have not borne children [19]. As a result,
postpartum pelvic alignment may not recover completely. Natural
changes of pelvic width are not strongly related to LBP and PGP.
However, pelvic asymmetry and PS translation were significantly
related to persistent PGP in pregnancy and recovery [17,24,26].
The sacrum can move with respect to the ilium with six degrees
of freedom and the SI joint range of motion in flexion/extension is
about 3 degrees, whereas axial rotation is about 1.5 degrees [44].
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In women, the sacrum has higher mobility than in men [44,45].
The higher mobility of the SI joint during pregnancy may result
in pelvic asymmetry. Pelvic asymmetry occurs frequently as a
physiologic alteration that adapts the locomotor system and is
observed in healthy subjects with no evidence of any dysfunction
[46-49]. Saulicz et al. [50] reported that pelvic asymmetry was
present in 67.3 % of healthy women with no LBP or PGP. Adhia
et al. [51] concluded that women with SI joint pain exhibited
significantly different innominate movement patterns and trends
of rotation compared to those without pain. Thus, a close look
at asymmetrical changes may reveal alterations that cause pain,
although the pathology remains uncertain.

The strengths of this review include thoroughness of the
literature search, which examined multiple databases, adhering
to PRISMA and assessing studies examined for risk of bias.
This is the first systematic review of natural changes in pelvic
alignment and posture from pregnancy to postpartum recovery
and their association with LBP and PGP. However, various
measurements were used to quantify changes and some studies
used low-reliability or low-validity instruments or did not include
measurements at all. In addition, most studies had small sample
sizes. No study reported a priori sample size calculations. Thus,
it is difficult to compare changes and to verify the accuracy of
changes reported in the obstetrical literature. The other limitation
is that only English articles were examined in this review. Thus,
language limitations may affect the results.

Conclusion

This systematic review is inconclusive regarding the nature of
changes in pelvic alignment and posture and their association with
LBP or PGP during pregnancy and postpartum recovery. Included
studies had small sample sizes and used different measurements,
some of which depended upon low-reliability or low-validity
instruments. We could not unequivocally identify features of
changes in pelvic alignments and posture, although we confirmed
patterns of those changes. Changes in pelvic alignment and posture
during pregnancy may persist into postpartum recovery. Although
changes in posture are unrelated to LBP or PGP, asymmetric
changes in pelvic alignment may cause pain. Thus, asymmetric
changes should be carefully monitored to prevent persistent PGP.
Further studies of higher methodological quality are required to
confirm and extend the findings.
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