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Abstract
Purpose The present systematic review assessed the level of
evidence for the association between relaxin levels and pregnancy-related pelvic girdle pain (PPGP) during pregnancy.
Methods PRISMA guidelines were followed to conduct
this systematic review. Electronic search was carried out
using six different databases. Observational cohorts, crosssectional or case–control studies focused on the association
between relaxin levels and PPGP during pregnancy were
included. Studies selection was conducted by two reviewers who screened firstly for titles, then for abstracts and
finally for full articles. Risk of bias was assessed using the
Newcastle–Ottawa scale and the quality of evidence by the
guidelines proposed by the Cochrane back review group.
Results 731 references were identified. Six articles met
the inclusion criteria and were considered for this systematic review. The main reason for the studies exclusion
was PPGP related to gynaecological reasons. Five studies
were case–control and one study was a prospective cohort.
Four studies were ranked as high while two were ranked as
low quality. Among the high quality studies, three found no
association between PPGP and relaxin levels.
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Conclusions Based on these findings, the level of evidence for the association between PPGP and relaxin levels
was found to be low. PPGP assessment and controlling for
risk factors were found to increase bias leaving uncertainty
in interpretation of these findings and a need for further
research.
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Introduction
Pregnancy-related pelvic girdle pain (PPGP) is a common
musculoskeletal disorder affecting approximately 20% of
all pregnant women [1]. Women who experience this disorder frequently present with reduced capacity for functional activities [2], and are three times more likely to have
post-partum depressive symptoms [3]. Although the aetiology of PPGP remains unknown, several studies suggest it
is linked to increased pelvic mobility leading to pelvic joint
instability and pain [4–6].
Validated biomechanical models of the pelvis support
the concept of the sacroiliac joint (SIJ) being stabilized by
active and passive structures surrounding the pelvis [7, 8].
For instance, it has been shown that pelvic ligaments, such
as the long dorsal, the iliolumbar and the sacrotuberous
play key roles in pelvic stabilization such as, preventing
excessive nutation and contranutation [9, 10]. Additionally,
active structures such as gluteus maximus, erector spinae,
the biceps femoris and the thoracolumbar fascia attach to
these ligaments and to the sacroiliac joint (SIJ) and contribute
to stabilization [10–12]. The sacrospinous and sacrotuberous ligaments also improve pelvic stability by providing
proprioceptive information regarding pelvic position [13].
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Consequently, some studies advocate the use of a pelvic belt
during pregnancy to structurally stabilise the pelvic girdle,
relative to the SIJ, as a useful intervention for reducing
PPGP symptoms [14, 15]. However, the effectiveness of
such intervention is still in debate [16].
Relaxation of the pelvic ligaments is a physical change
required during pregnancy and delivery. Such change
begins at the tenth to twelfth week of pregnancy [17] and is
considered to be a consequence of hormonal changes that
occur about the same time [18]. Relaxin, a peptide hormone of the insulin-like growth factor family, has been
associated with collagen remodelling in mammalians,
including guinea pig, mouse, and human [19–21]. Secreted
by the corpus luteum and placenta from early pregnancy,
this hormone level increases to a considerable level during
the first trimester, remaining steady at this level until late
pregnancy and then becoming serologically undetectable in
the first few days post-partum [22]. It is believed that
relaxin increases pelvic laxity, and predisposes separation
of the pubic symphysis, by altering the structure of collagen [23]. However, experimental studies have not shown a
direct relationship between high levels of relaxin and
increased pelvic mobility or peripheral joint mobility in
pregnant women [5, 24].
Debate exists within the literature regarding the potential role of the hormone relaxin in the manifestation of
PPGP. While some studies argue relaxin loosens the pelvic
ligaments and increases instability [17, 23, 25, 26] others
do not accept that such relationship has been proven [1,
27]. These conflicting arguments have created a need for a
systematic review to determine the level of evidence for
pregnant women with higher levels of relaxin being more
likely to develop PPGP. To our knowledge, no previous
systematic review has addressed this question.

Methodology
The review was conducted following the guidelines
described by the PRISMA Statement [28]. For more details
regarding to the methods of this systematic review, a
protocol developed prior to the research was constructed
and is available from the corresponding author upon
request.
Eligibility criteria
Inclusion criteria were
1.
2.

Observational studies such as cohort, cross-sectional
and case–control;
Studies focusing on the causal relationship between
PPGP and relaxin levels during pregnancy;
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3.

Study population: pregnant women in any stage of
pregnancy with no age limits.
No language restriction was imposed.

Exclusion criteria were
1.
2.

Randomised and literature review studies, as well as,
thesis and dissertations;
Studies unrelated to PPGP or where PPGP has not
been defined as a musculoskeletal disorder.

Information sources
The electronic search was carried out using the following
databases: Medline (1966 to July 2011), Amed (1985 to
July 2011), EMBASE (1988 to July 2011), Proquest (July
2011), Web of Science (July 2011) and Scopus (July 2011).
Search
A literature search was carried out to identify all available
published articles on the relation and/or association
between PPGP and relaxin levels. The identification of
terms used in the search and the search strategy were
developed in consultation with a health sciences librarian at
the University of Otago. The search terms were based on
keywords from previous publications as well as databasespecific search terms [subject terms, subject headings (SH)
and MeSh]. A string search was created adding ‘OR’ and
‘AND’ to combine the keywords and the subjects areas.
The keywords used related to relaxin and PPGP were
‘relaxin’ or ‘hormone’ or ‘reproductive hormone’ and
‘pelvic girdle pain’ or ‘low back pain’ or ‘pelvic pain’ or
‘peripartum pelvic pain’ or ‘posterior pelvic pain’ or
‘pelvic insufficiency’. Additionally, one author (DA)
scanned the reference lists of retrieved articles.
Study selection
All studies identified through the electronic search were
stored in Endnote" software (v.14 Thomson Reuters).
Duplicate results were identified and removed by the
principal investigator (DA). During screening by DA and
DCR all titles were identified through electronic search as
well as additional records identified through other sources.
At the second stage of selection of studies, summary and
full-text articles were screened, by the same two assessors
(DA and DCR), against the predetermined inclusion and
exclusion criteria. Titles, abstracts and manuscript were not
blinded for journal titles, authors and institutions, since
blinding has previously been shown not to affect the
study selection and data extraction [29]. If multiple
reporting from the same study was found, only one study
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was included with all others referenced. Disagreement
between the reviewers during the screening process was
determined by consensus. If consensus could not be reached
a third reviewer (MB) provided the majority opinion.
Data collection process
Data extraction from selected studies followed guidelines
proposed by the Cochrane Back Review Group [30]. This
was firstly performed by the principal investigator (DA)
and subsequently confirmed by DCR. The following data
were extracted: study design, year of the study, sample size
population, gestational period of the population, levels of
relaxin, type of assay used for measuring relaxin levels,
PPGP assessment description, statistical analysis, main
findings and conclusion.
Risk of bias in individual studies
The risk of bias in individual studies was independently
assessed by two authors (DA and DRC) using the Newcastle–Ottawa scale (NOS) for observational studies [31].
This instrument was developed for the assessment of case–
control and cohort studies. It has three main categories:
selection of the participants, comparability of the groups
and ascertainment of either the exposure (for case–control)
or outcome of interest (for cohort studies). A maximum
score of nine points was given for the study that fulfilled all
quality criteria. For the purpose of this review, studies with
five or more points were considered as high quality [32,
33].
The following criteria were used when assessing for risk
of bias in individual studies (Tables 2, 3). For both item 1
(selection for case–control studies) and 6 (outcome for
cohort studies), studies were awarded when pelvic pain
location and at least one specific test for PPGP were
described. The PPGP-specific tests considered as valid
were posterior pelvic pain provocation, active straight leg
raise, modified Trendelenburg, Patrick’s Faber and Menell’s tests. All these tests were accepted as having either
high sensitivity or specificity for sacroiliac or symphysis
joint pain [1].
Group comparability (both case control and cohort
studies) for history of low back pain (LBP), history of
PPGP during or after pregnancy, body mass index (BMI),
parity, smoking and stress levels were considered for personal factors and psychosocial factors. These factors have
been described as strong risk factors for developing PPGP
[34–38]. Studies controlling for one or more than one of the
above listed factors were awarded with one or two points,
respectively.
For item 6 (exposure for case control studies) and item 3
(selection for cohort studies) recognition was given to

studies that quantified relaxin levels using enzyme-linked
immunosorbent assay (ELISA) and presented its coefficients of variation and serum samples were blindly analysed. Studies measuring relaxin concentrations using
ELISA, without the above information described, or porcine radioimmunoassay were not awarded any point. This
quality assessment restriction was due to the high variability shown in studies using ELISA [39] and the considerable differences observed between porcine and human
relaxin levels during pregnancy [40].
Inter-rater reliability for assessment of risk of bias agreement between reviewers was measured by means of Kappa
analysis. For this, the Statistical Package for the Social Science (Version 16 SPSS Inc. IL, USA) was utilized.
Quality of evidence assessment
The quality of evidence for the relationship between PPGP
and relaxin levels was conducted by following the 2009
guidelines for systematic reviews proposed by the Cochrane Back review group [30]. Five levels of evidence were
considered:
•
•
•
•

High quality of evidence: a minimum of 75% of the
studies have same findings, direct and precise data and
no risk of bias was identified.
Moderate quality of evidence: 1 of the domains is not
met.
Low quality of evidence: 2 domains are not met.
Very low quality of evidence: 3 domains are not met.

Results
Study selection
In total, 731 references were extracted from all searched
databases. Among them, 189 were from ProQuest, 187
from Web of Science, 109 from Embase, 166 from Scopus,
77 from Medline and 3 from Amed. Removal of duplicates
resulted in 246 references. Following consensus, review of
titles and abstracts 239 references were excluded as they
did not meet the inclusion or exclusion criteria. The overall
research strategy and screening can be seen in Fig. 1. Two
studies, written by Kristiansson et al. [41, 42], used the
same group population, and consequently, only one study
was included in this review [41]. Therefore, a total of six
articles were included for this review.
Study characteristics
Table 1 shows the main characteristics of each study. Briefly,
five were case–control studies and one was a prospective
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731 records identified through
database searching
485 records excluded
246 records retained after duplicates

230 titles excluded, with
reasons:
-

Related to
gynecological pelvic
pain;
Not related to
pregnancy,
Not related to PPGP.

-

16 retained after
title screening
9 abstract excluded, with
reasons:
7 retained after
abstract

1 full article excluded,
with reasons:
-

Not related to
pregnancy period.

Same population
studied.
6 retained after article screening

Fig. 1 Selection process

cohort study. The oldest study dated 1986 and the most
recent, 2000 [39]. Clinical tests more often used were
modified Trendelenburg test [39, 43, 44], ASLR [39, 41],
sacrotuberous ligament palpation [41, 44] and symphysis
palpation [39, 44]. ELISA was used for measuring relaxin
levels in all studies, apart from [43], who used homologous
porcine radioimmunoassay. Intra and interassay coefficient
of variation were described in all studies, except for Albert
et al. [45]. The pregnancy period analysed among studies
varied considerably. The pregnancy period can be seen in
Table 1.
Risk of bias within studies
Prior to reviewer consensus inter-rater reliability for chosen
manuscripts was found to be fair (Cohen’s kappa: 0.38). The
quality scores of the studies are shown in Tables 2 and 3. Four
studies received five or more points [39, 41, 44, 45] and two
studies less than five [43, 46]. Thus, four out of six studies
were considered as high quality studies.
Results of individual studies
The results from individual studies can be seen in Table 4.
A positive association between relaxin levels and PPGP
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was found in two out of six studies [41, 43]. However, four
studies could not demonstrate any association between
PPGP and relaxin levels [39, 41, 44–46].
MacLennan et al. [43] were the first to publish such
association. For this study, participants were divided in two
different groups (control and PPGP group) and they were
assessed over two pregnancy periods: 6–26th and 27–42nd
weeks. According to this study, subjects with PPGP presented significantly higher relaxin levels (p = 0.02,
p \ 0.00005). Mean and standard deviations values were
only graphically described and no data tables were presented. Kristiansson et al. [41] also found a positive relationship between relaxin levels and PPGP in a prospective
study which followed pregnant women from early pregnancy until the 36th week. The authors found that women
who presented with pain at the symphysis and trochanteric
region presented significantly higher relaxin levels
(p = 0.04 and 0.02 respectively).
Conversely Petersen et al. [46] did not find any association between relaxin levels and PPGP (p value not
described). In this study, the PPGP group were subcategorised according to level of pain: slight, moderate and
severe. Pelvic girdle pain level was found not to be associated with levels of relaxin. Similarly, Hansen et al. [44]
could not demonstrate any association between relaxin
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Table 1 Study characteristics
Study

Design

Year

PPGP assessment

Relaxin assessment (intra and inter
assay CV)

Pregnancy period

1

MacLennan
et al.

Case–
control

1986

Modified Trendelenburg test

Homologous porcine
radioimmunoassay (11 and 9.5%)

6–42nd week

2

Petersen
et al.

Case–
control

1994

Presence or not of PPGP

ELISA (17 and 23%)

30th week

3

Kristiansson
et al.

Prospective
Cohort

1996

Pain drawing

ELISA (5 and 12%)

12–36th week and another
one in between

ELISA (2.7 and 4.5%)

30–38 weeks

ELISA (CV not presented)

32–33 weeks

ELISA (10% and 12/13/16%)

12 and 36th week

ASLR
P4
STL palpation
Symphysis palpation
Hip motion assessment

4

Hansen et al.

Case–
control

1996

Symphysis palpation
Modified Trendelenburg test
Iliopsoas muscle Palpation
SIJ palpation
STL palpation

5
6

Albert et al.
Björklund
et al.

Case–
control

1997

Case–
control

2000

Patrick test
Pain location
16 physical tests—not described
Palpation of lumbar spine, SIJ
and symphyseal joint
ASLR
Modified Trendelenburg

Table 2 Risk of bias for case–control studies based on Newcastle–Ottawa Quality assessment scale
Study

Selection
1

2

3

Comparability

Exposure

Total#

4

5

6

7

8

MacLennan et al.

B

B

C

B

C

C

A*

B

1

Petersen et al.

B

B

C

B

C

A*

A*

A*

3

Hansen et al.

A*

A*

A*

A*

A*

A*

A*

A*

8

Albert et al.

A*

A*

A*

A*

C

C

A*

A*

6

Björklund et al.

A*

A*

A*

A*

A*B*

A*

A*

A*

9

Selection: 1 is the case definition adequate? 2 Representativeness of the cases, 3 selection of controls, 4 definition of controls; comparability: 5
comparability of cases and controls on the basis of the design or analysis; exposure: 6 ascertainment of exposure, 7 same method of ascertainment for cases and controls, 8 non-response rate
#

Total score is calculated by the sum of asterisks (*)

Table 3 Risk of bias for cohort studies based on Newcastle–Ottawa Quality assessment scale
Study

Kristiansson et al.

Selection

Comparability

Outcome

Total#

1

2

3

4

5

6

7

8

A*

A*

A*

A*

A*B*

A*

A*

B*

9

Selection: 1 Representativeness of the exposed cohort, 2 selection of the non-exposed cohort, 3 ascertainment of exposure, 4 demonstration that
outcome of interest was not present at start of study; comparability: 5 comparability of cohorts on the basis of the design or analysis; outcome: 6
assessment of outcome, 7 Was follow-up long enough for outcomes to occur, 8 adequacy of follow-up of cohorts
#

Total score is calculated by the sum of asterisks (*)
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Table 4 Relaxin levels and study groups
Author

Control group
(n) or baseline

Relaxin levels
mean/median
(SD/range)

MacLennan
et al.

6–26th weeks (85)
27–42nd weeks (93)

Not clearly
stated

Petersen et al.

No pain (16)

343 (16)

Kristiansson
et al.

No pain (200)

Not clearly
stated

PPGP group
(n) or follow-up

Relaxin levels
mean/median
(SD/range)

6–26th weeks (127)
27–42nd weeks (158)

Not clearly
stated

Slight pain (59)
Moderate pain (8)

332 (20)
342 (16)

Severe pain (1)

381

Pain at symphysis

Not clearly
stated

Pain at trochanteric
region
Hansen et al.

Albert et al.

Björklund
et al.

\24th week (9)

1,087
(170–1,250)

24th week–delivery
(12)

551 (20–1,251)

Matched controls
(455)

Main findings

0.02

Relaxin levels are higher in
PPGP group

\0.00005
NS

No difference in relaxin
levels between groups

0.04

Positive correlation
between mean relaxin
levels and symphyseal
pain

0.02

\24th week

736
(278–1,251)

0.99

Chronic pain (8)

676 (568–781)

0.99

24th week–delivery

556
(278–1,251)

0.99

Chronic pain (20)

605
(154–1,163)

0.99

NS

No difference in relaxin
levels between groups

NS

No difference in relaxin
levels between groups

No difference in relaxin
levels between groups

Ex positive (3)

556 (403)

Ex positive (18)
Pelvic girdle syndrome
(125)

552 (286)

498 (244)

Symphysiolysis (44)

589 (348)

532 (283)

One-sided SIJ pain (118)

592 (323)

516 (256)

Double-sided SIJ pain
(168)

579 (305)

12th week (35)

1,233 (590)

12th week (11)

1025 (256)

36th week (36)

733 (323)

36th week (11)

725 (397)

36th week referral group
(19)

633 (358)

concentrations and PPGP (p = 0.99). Three groups were
retrospectively defined: control, chronic pain (patients who
presented with PPGP symptoms during pregnancy and
2 months after delivery) and ex-positive groups (patients
who presented with PPGP only during pregnancy).
Although they also measured relaxin levels after pregnancy, this systematic review is only comparing information relative to pre-partum period. Additionally, we
maintained the same group categories (control, chronic and
ex positive), as it was not possible to group their results.
Albert et al. [45] also found similar results. In their
study, PPGP group was subcategorized into four groups:
pelvic girdle syndrome, symphysiolysis, one-sided SIJ pain
and double-sided SIJ pain. PPGP group did not differentiate from controls in terms of relaxin levels p value not
described). Likewise, Björklund et al. [39] did not found
association between PPGP and relaxin levels (p = 0.927).
In this research the authors conducted a cross-sectional
and cohort study. Three groups were investigated: controls
and cases, from the cohort, and referral, from the cross-
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P value

sectional study. The latter group consisted of pregnant
women who were diagnosed with PPGP at the 36th week of
pregnancy. Pregnant women in the 12th week of pregnancy
were followed until the 36th week in the cohort study and
case and control groups.

Discussion
The aim of this systematic review was to determine the level
of evidence for a high level of relaxin during pregnancy
being associated with PPGP. Four out of six studies (66%)
did not find an association between levels of relaxin and
PPGP. As the level of quality (risk of bias) of these studies
varied widely from 3 to 9 out of a total possible score of 9 the
average quality of evidence for relaxin not being related to
PPGP was considered low. According to the 2009 Guidelines
for Systematic Reviews, high quality evidence can be considered when at least 75% of the studies have consistent
findings with none having a risk of bias [30].
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Apart from one study [46], the overall level of quality
score of the studies reporting no associations between
related relaxin levels and PPGP were considered high. One
of the main strengths of these studies was the physical
assessment conducted for the PPGP diagnosis. PPGP
assessment was clearly shown in Björklund et al. [39],
Hansen et al. [44] and Albert et al. [45] studies and they
comprised at least one physical test. In the latter study,
intertester reliability was conducted in all the tests [47].
Several studies have suggested that pelvic girdle pain
should be diagnosed by eliminating low back or gynaecological symptoms [1, 48, 49]. Thus, specific pain provocation and functional tests, as well as, pain location should
be demonstrated [50].
One study conducted by Petersen et al. [46] that did not
demonstrate association between PPGP and relaxin levels,
presented the highest risk of bias when assessing PPGP. In
this study, pregnant women were included in the PPGP
group if they presented with pain in the pelvic area causing
restriction in their daily activities. Moreover, a disability
scale categorised these women with slight, moderate and
severe disabling pelvic pain. However, neither the pain
location assessment criterion, nor the reliability or validity
for the disability index [51], was demonstrated. Valid,
reliable, sensitive and specific physical tests and a clear
demonstration about pain location are necessary when
assessing PPGP [52]. Studies which do not clearly perform
and/or describe these aspects can lead to misleading
conclusions.
Björklund et al. [39] and Hansen et al. [44] also controlled PPGP risk factors. Hansen et al. [44] controlled for
parity and Björklund et al. [39] for history of LBP, BMI
and parity. As risk factors for the development of PPGP are
numerous, they should be controlled when cause and effect
associations are investigated. Prior histories of LBP or
PPGP and strenuous work have been described as the
strongest risk factors for newly developed PPGP [53].
More recent studies also report that parity, BMI and
smoking can represent risk factors [36–38, 54]. Further bias
was identified in the Petersen et al. [46] and Albert et al.
[45] manuscripts relative to the control of personal and
psychosocial factors among cases and controls. Neither of
these studies demonstrated control of the history of LBP or
PPGP, parity, smoking, BMI or stress.
All studies which do not find a positive association
between relaxin and PPGP, measured relaxin concentrations by means of ELISA and all, apart from one [45],
described specific information with regard to its variability.
ELISA interassay and interassay coefficients of variation
among studies that did not relate relaxin to PPGP varied
from 2.7 to 23%, meaning low variability between samples
and assays. Interestingly, the only study which used a
radioimmunoassay with an antibody to porcine assay found

a positive association between relaxin levels and PPGP
[43]. Given that porcine relaxin has approximately 50%
homology in amino acid sequence, this might be the cause
of such result [55].
Conclusion
Three of four high quality studies could not find a positive
association between relaxin and PPGP. However, the
manner of assessing PPGP and controlling for risk factors
introduces bias leaving uncertainty in interpretation and a
need for further research. Such future research should
standardise assessment procedures for PPGP and, at a
minimum, uniformly control for stress and a history of LBP
and PPGP in study design.
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