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Abstract
Background Pregnancy-related posterior pelvic girdle pain (PPGP) is a common cause of back pain and disability 
in the postpartum period. The objective of this study was to investigate the efficacy of orthotic support on pain, 
disability, and motor control in women with pregnancy-related PPGP.

Methods Eighty-four women with a clinical diagnosis of pregnancy-related PPGP participated in this randomized 
controlled trial (RCT). Participants were randomly allocated into three groups (with a ratio of 1:1:1): the pelvic support 
group, the lumbar support group, and the control group (patient-education leaflet). Pain severity, disability, effort 
during active straight leg raising test (ASLR), maximum isometric muscle force (hip flexion and trunk rotation), 
and joint position reproduction (JPR) of hip abduction were assessed as study outcomes. These variables were 
measured at four time points —before the intervention, immediately after the intervention, at the 4-week follow-up 
(at this time, the intervention period was terminated), and at the 5-week follow-up (one week after discontinuing 
the interventions)— to evaluate the possible effects of wearing support. Repeated-measures multivariate analysis 
of variance (MANOVA) was applied to determine the statistical significance between groups. Bonferroni post-hoc 
correction was used to identify significant differences between groups at different study time points.

Results There was a significant interaction effect for group × time for the study outcomes, including pain severity, 
disability, effort during ASLR, and maximum isometric muscle force between groups (p < 0.001), except JPR of hip 
abduction (p = 0.13). There were statistically significant differences in post hoc comparisons for pain intensity and 
effort during ASLR in lumbar support versus control condition and for maximum isometric muscle force in orthotic 
interventions versus control conditions immediately after the intervention (P < 0.008). Post hoc tests demonstrated 
statistically significant differences in orthotic interventions versus control conditions after 4-week and 5-week follow-
ups (P < 0.008). None of the interventions significantly changed the JPR of hip abduction compared to the control 
group (p > 0.008). The effect sizes for study outcomes were large, except for the JPR of hip abduction.
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Background
Pregnancy-related posterior pelvic girdle pain (PPGP) is 
one of the prevailing musculoskeletal conditions encoun-
tered during pregnancy and the postpartum period [1]. 
The prevalence of PPGP is approximately 30% after deliv-
ery [1]. The most common location of PPGP is between 
the posterior iliac crest and the gluteal fold, particularly 
near the sacroiliac joint [2]. The PPGP limits women’s 
functioning in all domains according to the International 
Classification of Functioning, Disability, and Health (ICF) 
[3]. The endurance capacity of involved women for per-
forming daily activities is also diminished [2]. PPGP can 
range from mild to severe and has been found to decrease 
tolerance for prolonged walking, sitting, or standing [4]. 
The exact mechanisms that lead to the development of 
PPGP remain unclear. Among many possible mecha-
nisms, hormonal and biomechanical changes related 
to PPGP have been identified [2]. A weak association 
between relaxin levels and pregnancy-related PPGP has 
been found [5]. Therefore, physiological alterations in the 
mechanics of sacroiliac joints may play an important role 
in pelvic girdle pain [6].

The sacroiliac joint (SIJ) plays a key role in transfer-
ring loads between the spine and lower extremities [7]. 
Optimal SIJ stability is attained through form and force 
closure parameters. Form closure depends on the SIJ 
structure, whereas force closure is generated by the mus-
cular system [7]. Effective form and force closures can 
control shear forces and stabilize the SIJ during load 
transfer activities [7]. During pregnancy, multiple fac-
tors have been shown to affect SIJ stability and poten-
tially contribute to PPGP. A significant reduction in 
lumbopelvic muscle strength, reduced force closure, and 
increased maternal weight occur during pregnancy [8]. 
After delivery, there is an increased demand for activi-
ties such as lifting and carrying the baby, which requires 
normal motor control behavior. Poor motor control and 
muscle strength deficits at the lumbopelvic area result in 
increased shear forces through the SIJ and can ultimately 
cause pain and disability in the postpartum period [9, 10].

Early treatments could prevent functional impairment 
in the lumbopelvic region and disabiliy in women experi-
encing PPGP. Several noninvasive treatment options are 
used to reduce SIJ symptoms. Such interventions include 
strengthening exercises and lumbopelvic supports [11, 

12]. Healthcare professionals recommend lumbopel-
vic support to relieve SIJ pain and improve comfort and 
function during the postpartum period [13]. The pelvic 
support is positioned caudal to the anterior superior iliac 
spine (ASIS) at the pubic symphysis level. The pelvic sup-
port applies external pelvic compression and can provide 
force and form closures, and neuromuscular control [14]. 
Lumbar support is similar to pelvic support regarding 
users’ satisfaction, comfort, and pain reduction in people 
with back pain [15]. The lumbar support may decrease 
mechanical loading on the lumbopelvic muscles, improve 
force closure over a broader area compared to pelvic sup-
port, and enhance load transfer through the SIJs. More-
over, lumbar support enhances motor control, such as 
proprioception and muscle force, by stimulating a larger 
area of cutaneous mechanoreceptors compared to pelvic 
support [16, 17]. Therefore, it can be speculated that sup-
port may improve PPGP symptoms and motor control 
more effectively than pelvic support.

The majority of previous studies focus on the short-
term results (such as immediate pain relief ) without 
evaluating the lumbopelvic supports’ long-term effects 
[13, 18, 19]. Further research is necessary to determine 
the orthoses’ long-term effects on the PPGP symptoms’ 
natural progression. There have been reports that some 
users may not use the lumbopelvic supports regularly 
because they feel uncomfortable or constricted [15]. 
This poor adherence could be underreported in the stud-
ies and lead to conflicting results in the literature on the 
benefits of lumbopelvic support in women with PPGP. 
Furthermore, the benefits of lumbopelvic support are 
often studied alongside exercise or physical therapy, mak-
ing it difficult to determine the sole efficacy of lumbopel-
vic support [13, 18]. Further research on the advantages 
of orthotic therapy for women with PPGP is necessary in 
light of the aforementioned issues.

Despite numerous studies on pelvic support in preg-
nant women, there is a scarcity of research focused on 
postpartum women with PPGP. Furthermore, these stud-
ies focused only on the effects of pelvic support applica-
tion on limited outcomes, so the generalizability of the 
results in promoting symptoms across women with PPGP 
remains to be determined. To our knowledge, no stud-
ies have investigated the efficacy of lumbar support for 
women with pregnancy-related PPGP. Thus, this study 

Conclusions For women with pregnancy-related PPGP, both lumbar and pelvic supports were beneficial for 
decreasing pain and disability symptoms. Lumbar support showed better results for managing PPGP than pelvic 
support.

Clinical trial registration Iranian Registry of Clinical Trials IRCT20150210021034N11. Date of registration: April 31, 
2021. Available at:  h t t p  s : /  / i r c  t .  b e h  d a s  h t . g  o v  . i r / t r i a l / 7 0 6 7 0
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aimed to examine the efficacy of lumbar support on pain, 
disability, and motor control in women with postpartum 
PPGP. The secondary aim was to explore the wash-out 
period following lumbar and pelvic support withdrawal. 
It was important to determine whether the effects of the 
lumbar and pelvic support on study outcomes are lasting 
or quickly revert to pre-intervention levels after removal. 
A one-week washout period was considered to assess the 
lasting impact of wearing pelvic and lumbar supports in 
this study. Studying the wash-out period is also essential 
for designing future crossover studies, ensuring proper 
switching of interventions and control of their possible 
carry-over effects.

Methods
Study design and participants
In this three-armed participant-blinded randomized con-
trolled trial (RCT), participants were recruited from the 
obstetrics and gynecology clinic of the Isfahan University 
of Medical Sciences (IUMS), Isfahan, Iran. The examiner 
prescreened trial candidates with self-reported preg-
nancy-related PPGPs. Participants with self-reported 
pregnancy-related PPGP were considered for the trial if 
they had positive diagnostic tests, including the active 
straight leg raising test (ASLR), posterior pelvic pain 
provocation, the Gaenslen test, and the Patric-Faber 
test [20]. It is recommended to use these tests together, 
as a combination of the tests could address various bio-
mechanical factors and pain responses related to pelvic 
girdle dysfunction [21]. Participants were subsequently 
assessed against both inclusion and exclusion criteria to 
determine their eligibility for the trial.

Inclusion criteria:

  – Primipara women who experienced natural 
childbirth at least one month prior.

  – Age between 18 and 45 years.
  – A pain score of at least 40 out of 100 mm on the 

visual analog scale (VAS) [22].
  – A score higher than 2 out of 5 on a 6-point Likert 

scale was given for perceived effort during the ASLR 
test on the painful side [23].

Exclusion criteria:

  – The presence of lower back or pelvic pain before 
pregnancy.

  – Limb length discrepancy.
  – Neurological diseases.
  – Congenital abnormalities in the spine, pelvis, and 

lower extremities.
  – History of any fracture or surgery in the pelvis or 

lower extremities.
  – Bilateral SIJ pain.

Enrollment in another investigative trial or using any 
other conservative treatment for pain relief during the 
study was not allowed. The Template for Intervention 
Description and Replication (TIDieR) checklist was 
used to ensure the standardized reporting of interven-
tions within the trial protocol [24]. Informed consent 
was obtained from all the participants in the study, in 
accordance with the standards of the Declaration of Hel-
sinki. This study adheres to CONsolidated Standards of 
Reporting Trials (CONSORT) guidelines.

Assignment, randomization, and blinding procedures
Eligible participants (n = 84) were randomly assigned to 
one of three study arms with an allocation ratio of 1:1:1: 
pelvic (narrower) support (n = 28), lumbar (broader) sup-
port (n = 28), or control group (patient-education leaflet) 
(n = 28). No protocol changes were made during the trial. 
The examiner generated a randomization sequence with 
a block size of six using random allocation software (ver-
sion 1.0, Saghaei M., Iran) to achieve balance in allocating 
participants to the study arms [25]. Whereas the exam-
iner was aware of the allocation group, the participants 
were unaware of group assignments at the allocation 
point.

Interventions
The interventions were described in the published study 
protocol [26] and are briefly outlined here. The pelvic 
support was an adjustable band (10–15 cm wide) secured 
with a Velcro strap just below the ASIS. (Fig.  1-A). The 
lumbar support consisted of a pelvic belt attached to the 
lumbar corset. Lumbar support had a 25 cm width anteri-
orly and extended from the xiphoid process to the pelvis. 
It had a 35 cm width posteriorly and extended from the 
thoracolumbar area to the gluteal prominences (Fig. 1-B). 
Participants in the intervention groups received lumbar 
or pelvic support. Each intervention was fitted and modi-
fied for participants by an orthotic practitioner, if neces-
sary. The control group received only a patient education 
leaflet. Patients in the intervention groups were advised 
to wear support for at least 4 h per day over the 4-week 
intervention period and then stop wearing support for 
one week. All participants were instructed to pursue 
daily activities as usual. They received personalized feed-
back and support from a certified orthotic practitioner by 
phone in case of technical issues.

Measures
The participants were assessed in the gynecology clinic 
at four time points: before the intervention (baseline), 
immediately after the intervention, at the 4-week fol-
low-up (at this time, the intervention period was ter-
minated), and at the 5-week follow-up (one week after 
discontinuing the interventions) to evaluate the possible 
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lasting effects of wearing support. The study flowchart is 
depicted in Fig. 2.

Outcomes
The pain severity (as the primary outcome) was assessed 
using a 100 mm VAS four times (from baseline to 5-week 
follow-up). The disability score was measured by the Per-
sian version of the Oswestry Disability Index (ODI) at 
baseline, after 4-week and 5-week follow-ups [27]. We 
prespecified several other outcomes, including effort 
during ASLR, maximum isometric muscle force (hip flex-
ion and trunk rotation force), and joint position repro-
duction (JPR) of hip abduction.

The effort score during ASLR was measured while the 
participant lying in the supine position. We asked her to 
raise her involved leg to the target position (20 cm above 
the examination table). Her perceived effort difficulty was 
indicated on a 6-point Likert scale ranging from 0 to 5, 
where 0 = no problem and 5 = unable to do [28].

To measure maximum isometric hip flexion force, 
a digital force gauge was attached to the metal bar and 
adjusted to be placed immediately above the ankle. The 

participant was asked to raise her involved leg and com-
press the force gauge probe [29]. The test was repeated 
3 times at a 20-second interval. The mean value was 
reported (Fig. 3-A).

To measure the maximum isometric trunk rota-
tion force, the participant sat on the chair with her feet 
resting on the floor. The force gauge was fixed between 
the sub-clavicular area and the chest diagonal strap at 
one side. The participant was asked to rotate her trunk 
toward the opposite side and exert isometric force on the 
force probe. The test was repeated 3 times at a 20-second 
interval. The mean value was reported. The test was per-
formed on the opposite side using the same procedure 
[30] (Fig. 3-B).

To measure maximum isometric hip external rota-
tion force, she was asked to sit upright on the chair with 
her hip and knee positioned in approximately 90° flex-
ion. A force gauge was secured between the medial side 
of her involved leg and the stabilization strap. She was 
instructed to pull her leg inward with maximal effort. 
The test was repeated 3 times at a 20-second interval. The 
mean value was reported [31] (Fig. 3-C).

Fig. 1 Study interventions: (A) pelvic support and (B) lumbar support
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JPR of hip abduction was measured while the partici-
pant standing with closed eyes on the uninvolved leg on 
a 10-cm-high wooden block. During the trial, the exam-
iner sat behind the participant and checked the refer-
ence position and target angle. The hip abduction angle 
was quantified using a large protractor attached in front 
of the participant on the wall. The participant randomly 
selected the target angle between 10° to 40° for 4 trials 
[32]. In the first trial, the examiner instructed the par-
ticipant on the “STOP” command to inform her of reach-
ing the target angle. The participant held her leg at the 
target angle for approximately 4 s to memorize it. Then, 
the examiner asked the participant to return her leg to a 
reference position of 0° by saying “Return” and holding 

the leg there for 3  s. Next, the participant was asked to 
actively reproduce the previous target angle 3 times [32] 
(Fig.  3-D). The movement was recorded using a Canon 
camera (EOS-500D, DS126231) placed behind the partic-
ipant at a distance of 2.5 m. The camera’s tracking angles 
were analyzed using Kinovea software (Version 0.9.2). A 
previously published article reports a complete list of the 
outcomes and how to evaluate them [26].

Other measures
To describe the study sample, we assessed various demo-
graphic and clinical variables, such as age, weight, height, 
body mass index (BMI), postpartum day, involved month 
in pregnancy, and duration of wearing support per day 

Fig. 2 Trial profile for screening, randomization, and disposition of participants
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Fig. 3 Outcomes were measured in this study: Maximum isometric hip flexion force (A), Maximum isometric trunk rotation force (B), Maximum isometric 
hip external rotation force (C), Joint position reproduction of hip abduction (D)
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(Participants were asked daily about the duration of sup-
port wear).

Statistical analysis
The optimal sample size was established by considering a 
power of 0.6, which had a minimum acceptable value for 
clinical trials [31], an effect size of 0.44 (Cohen d) for pain 
reduction with pelvic support in the prior study, and an 
α level of 0.1 due to small group sizes [33]. These calcu-
lations were performed using G*power software (version 
3.1, University of Düsseldorf ) and detailed in a published 
study protocol [26]. To consider an overall dropout rate 
of 10% (e.g., lost to follow-up), a sample size of 28 was 
required in each of the three study arms. All analyses 
were carried out using the Statistical Package for the 
Social Sciences (SPSS, Version 25). Analyses were con-
ducted on an intention-to-treat basis, handling missing 
data.

Repeated-measures MANOVA was performed to 
assess the hypothesized changes in variables from base-
line to the end of the study. Preliminary assumption 
testing was conducted to check for normality, linearity, 
univariate and multivariate outliers, homogeneity regres-
sion, multicollinearity and singularity, and homogeneity 
of variance-covariance matrices.

In this model, the interaction effects of group × time for 
the three groups and the various assessment times for the 
outcomes were particularly interesting. Whenever signif-
icant interaction effects were found, univariate post hoc 
tests with repeated measures were conducted to examine 
further interaction effects for the corresponding outcome 
between the groups and between the assessment times.

As the other outcomes were used in a confirmatory 
analysis and to control for type I error, alpha-Bonferroni 
adjustment was used for the post hoc between-group 
comparisons. Our study had six dependent variables to 

investigate; therefore, we divided 0.05 by 6, giving a new 
adjusted alpha level of 0.008. We considered our results 
significant only if the p values (sig.) were less than 0.008. 
In repeated-measures MANOVAs, eta squared values 
of 0.01–0.06 indicate a small effect, 0.06–0.14 a medium 
effect, and values above 0.14 a large effect of time×group 
[33]. In the post hoc between-group comparisons, the 
Cohen d values less than 0.2 indicate a small effect, 0.5–
0.8 a medium effect, and values above 0.8 a large effect 
[33].

Results
Eighty-four participants were eligible and completed 
their assigned trial with no early departures. The partici-
pants’ demographic and clinical characteristics are sum-
marized in Table 1, with no statistical differences among 
the groups at baseline. The interventions caused no seri-
ous adverse effects or injuries. All 84 participants com-
pleted all testing sessions.

Efficacy of interventions
Repeated-measures MANOVA revealed a significant 
interaction effect for group × time on pain: F3, 80 = 23.95, 
p < 0.001; Wilks’ Lambda = 0.27; partial eta squared = 0.47; 
disability score: F2, 81 = 19.18, p < 0.001; Wilks’ 
Lambda = 0.45; partial eta squared = 0.32. Table  2 shows 
the means and standard deviations of the outcomes 
and summarizes the results of the repeated-measures 
MANOVA of the group × time effects for each compari-
son between different time points. This analysis demon-
strated significant group × time effects for all dependent 
variables (p < 0.001) except for the JPR of hip abduction 
(P = 0.13).

Table 1 The participants’ demographic and clinical characteristics
Variables Pelvic support

group
M ± SD
(n = 28)

Lumbar support
group
M ± SD
(n = 28)

Control
group
M ± SD
(n = 28)

Total
M ± SD
(Min-Max)
(n = 84)

Age (year) 30.6 ± 4 30.3 ± 4.6 30.6 ± 5.3 30.5 ± 4.6
(18–41)

Weight (Kg) 70.22 ± 12.8 68.7 ± 11 73.8 ± 12.2 70.9 ± 12.1
(46.5–116)

Height (cm) 163.7 ± 6 162 ± 6 164.2 ± 5 163 ± 5
(146–175)

Body Mass Index (Kg/m2) 25.84 ± 4.1 25.72 ± 3.6 27.1 ± 4.9 26.6 ± 4.3
(18.2–44.2)

Postpartum time (day) 43.1 ± 7.4 47.5 ± 8.2 43.5 ± 8.1 44.7 ± 8.1
(31–59)

Involved month in pregnancy (month) 4.7 ± 1.7 4.8 ± 2.1 4.4 ± 2.1 4.6 ± 2
(1–9)

Duration of the wearing support per day (hour) 7 ± 2.8 5.8 ± 2.1 --- 6.4 ± 2.6
(4–12)
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Outcomes
The results of pairwise comparisons at different study 
time points for each outcome are summarized in Table 3. 
Additionally, the changes in the means within groups 
from baseline to 5-week follow-up for all outcomes are 
presented in Fig. 4.

The repeated-measures MANOVA results showed that 
the only significant difference in pain intensity imme-
diately after the intervention, as measured with the 
VAS, was ascribed to the lumbar support vs. the control 
(p < 0.001). There were statistically significant reduc-
tions in pain intensity in all three conditions after 4-week 
and 5-week follow-ups (p < 0.001). According to Cohen’s 
d, which ranged from 0.97 to 3.97, these effects were 
large. Within-group comparisons revealed a continued 
decrease in pain intensity during the follow-up period 
in the lumbar support group. However, it remained 
unchanged from the 4-week to 5-week follow-up in the 
pelvic support group. Pain intensity remained relatively 
stable during the study time points in the control group 
(Fig. 4A).

Results of disability score, as measured with the ODI, 
demonstrated that there was a statistically significant 
difference after a 4-week follow-up (pelvic support vs. 
control and lumbar support vs. control) (p < 0.001). 
There were statistically significant reductions in disabil-
ity scores in all three conditions after 5-week follow-up 
(p < 0.001). These effects were relatively large based on 
Cohen’s d, which varied from 0.74 to 3.3. The findings of 
within-group comparisons showed a growth trend from 

baseline to 5-week follow-up in the control group. How-
ever, there was a decreasing slope in disability scores in 
the lumbar support from baseline to 5-week follow-
up. The pelvic support scores decreased after a 4-week 
follow-up and then increased after a 5-week follow-up 
(Fig. 4B).

There were significant differences in the mean change 
in effort during ASLR, as measured with the Likert scale 
immediately after the intervention (lumbar support vs. 
control), after 4-week follow-up (lumbar and pelvic sup-
ports vs. control), and all conditions after 5-week follow-
up (P < 0.008). Per the Cohen’s d values, which varied 
from 0.61 to 3.75, these effects were medium to large. The 
findings of within-group comparisons showed that effort 
scores during ASLR reduced until the 4-week follow-up 
in the participants who used lumbar and pelvic support. 
However, the lumbar support group exhibited greater 
improvement in effort during ASLR after a 5-week fol-
low-up (Fig. 4C).

Differences between lumbar and pelvic supports vs. 
control groups were significant in the mean change in 
hip flexion force, as measured with a digital force gauge 
just after the intervention, after 4-week and 5-week fol-
low-ups (P < 0.001). The effect sizes were large (cohen d 
values ranged from 1.24 to 2.63). Within-group compari-
sons revealed that hip flexion force in the control group 
remained unchanged from baseline to 5-week follow-up. 
However, the two intervention groups did not differ from 
one another and behaved similarly to each other from 
baseline to 5-week follow-up. Both interventions showed 

Table 2 Means and standard deviations for all variables per group for study time-points and results of repeated-measures MANOVA
Variable Conditions Time-points Repeated-mea-

sures MANOVAT1
(M ± SD)

T2
(M ± SD)

T3
(M ± SD)

T4
(M ± SD)

Pain Pelvic support 6.2 ± 0.95 5.07 ± 1.01 3.6 ± 1.3 3.9 ± 2 Wilk’s Lambda = 0.27, 
F(3,80) = 23.95, 
p < 0.001*, ŋ2 = 0.47

Lumbar support 5.7 ± 0.96 4.42 ± 0.1 2.5 ± 0.92 1.8 ± 1.2
Control 5.6 ± 0.82 5.6 ± 0.82 5.6 ± 0.72 5.7 ± 0.7

Disability score Pelvic support 47.7 ± 14.8 ----- 32.6 ± 21.2 36.5 ± 27 Wilk’s Lambda = 0.45, 
F(2,81) = 19.18, 
p < 0.001*, ŋ2 = 0.32

Lumbar support 45.7 ± 13.5 ----- 20.7 ± 8 16.9 ± 11.5
Control 44.7 ± 13.1 ----- 53 ± 13.2 55.8 ± 12

Effort during 
ASLR

Pelvic support 4.5 ± 0.7 3.14 ± 0.8 1.8 ± 1.2 2.2 ± 1.8 Wilk’s Lambda = 0.23, 
F(3,80) = 28.68, 
p < 0.001*, ŋ2 = 0.52

Lumbar support 4.2 ± 0.9 2.92 ± 0.7 1.2 ± 0.7 0.6 ± 0.9
Control 3.7 ± 0.9 3.7 ± 0.9 3.6 ± 0.6 3.8 ± 0.8

Hip flexion force 
(N)

Pelvic support 53.2 ± 18 63.3 ± 18.8 67.7 ± 19.4 63.1 ± 20.4 Wilk’s Lambda = 0.46, 
F(3,80) = 12.58,
p < 0.001*, ŋ2 = 0.32

Lumbar support 48.5 ± 16.4 62.6 ± 18.8 68.1 ± 18.4 67.5 ± 18
Control 30.4 ± 12.4 30.4 ± 12.4 28.4 ± 12.7 27.3 ± 11.9

Trunk rotation 
force(N)

Pelvic support 41.4 ± 10 40.4 ± 9.4 40.6 ± 9.9 38.6 ± 9.9 Wilk’s Lambda = 0.25, 
F(3,80) = 25.75,
p < 0.001*, ŋ2 = 0.49

Lumbar support 37.8 ± 12.1 45.7 ± 11.6 50.7 ± 11.7 52.5 ± 12.2
Control 29.2 ± 5.7 29.2 ± 5.7 27.1 ± 5.6 26.1 ± 4.9

JPR of hip ab-
duction (d)

Pelvic support 3.1 ± 2.4 2.76 ± 2.4 2.9 ± 2 2.5 ± 2.8 Wilk’s Lambda = 0.88, 
F(3,80) = 1.67,
p = 0.13, ŋ2 = 0.06

Lumbar support 2.3 ± 2.1 2.8 ± 1.8 3.5 ± 2.7 3.6 ± 3.1
Control 3.5 ± 2 3.5 ± 2 3.4 ± 2.2 2.9 ± 2

MANOVA: multivariate analysis of variance; N: newton; d: degree; ŋ2: partial eta squared; M ± SD: mean ± standard deviation. *Indicates a statistically significant 
difference between groups (p < 0.05)
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Variable Time-points Conditions MD ± SE
(95%CI)

P value
(Cohen d)

Pain T1 PS vs. LS 0.46 ± 0.24
(-1.36 to 1.06)

0.18
(0.52)

PS vs. Control 0.57 ± 0.24
(-0.02 to 1.17)

0.06
(0.67)

LS vs. Control 0.1 ± 0.24
(-0.49 to 0.7)

1
(0.11)

T2 PS vs. LS 0.64 ± 0.25
(0.02 to 1.26)

0.04
(0.9)

PS vs. Control -0.57 ± 0.25
(-1.19 to 0.04)

0.08
(0.57)

LS vs. Control -1.21 ± 0.25
(-1.83 to -0.59)

< 0.001*

(2.02)
T3 PS vs. LS 1.07 ± 0.28

(0.38 to 1.75)
0.001*

(0.97)
PS vs. Control -2.03 ± 0.28

(-2.72 to -1.34)
< 0.001*

(1.9)
LS vs. Control -3.1 ± 0.28

(-3.79 to -2.42)
< 0.001*

(3.75)
T4 PS vs. LS 2.1 ± 0.38

(1.17 to 3.04)
< 0.001*

(1.27)
PS vs. Control -1.75 ± 0.38

(-2.68 to -0.81)
< 0.001*

(1.2)
LS vs. Control -3.85 ± 0.38

(-4.79 to -2.92)
< 0.001*

(3.97)
Disability score T1 PS vs. LS 2 ± 3.7

(-7.05 to 11.05)
1
(0.14)

PS vs. Control 3 ± 3.7
(-6.05 to 12.05)

1
(0.21)

LS vs. Control 1 ± 3.7
(-8.05 to 10.05)

1
(0.07)

T2 ------------- ------------- -------------
T3 PS vs. LS 11.85 ± 4.04

(1.96 to 21.74)
0.01
(0.74)

PS vs. Control -20.35 ± 4.04
(-30.24 to -10.46)

< 0.001*

(1.15)
LS vs. Control -32.21 ± 4.04

(-42.1 to -22.32)
< 0.001*

(2.95)
T4 PS vs. LS 19.64 ± 4.89

(7.66 to 31.61)
< 0.001*

(0.94)
PS vs. Control -19.28 ± 4.89

(-31.26 to -7.31)
0.001*

(0.92)
LS vs. Control -38.92 ± 4.89

(-50.9 to -26.95)
< 0.001*

(3.3)

Table 3 The results of pairwise comparisons at different study time-points for each outcome and repeated measures of ANOVA
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Variable Time-points Conditions MD ± SE
(95%CI)

P value
(Cohen d)

Effort during ASLR T1 PS vs. LS 0.21 ± 0.22
(-0.34 to 0.76)

1
(0.37)

PS vs. Control 0.78 ± 0.22
(0.23 to 1.34)

0.003*

(0.99)
LS vs. Control 0.57 ± 0.22

(0.01 to 1.12)
0.04
(0.55)

T2 PS vs. LS 0.21 ± 0.21
(-0.31 to 0.74)

0.97
(0.29)

PS vs. Control -0.53 ± 0.21
(-1.06 to -0.005)

0.04
(0.65)

LS vs. Control -0.75 ± 0.21
(-1.28 to -0.22)

0.003*

(0.96)
T3 PS vs. LS 0.64 ± 0.23

(0.06 to 1.21)
0.02
(0.61)

PS vs. Control -1.75 ± 0.23
(-2.32 to -1.17)

< 0.001*

(1.89)
LS vs. Control -2.39 ± 0.23

(-2.96 to -1.81)
< 0.001*

(3.68)
T4 PS vs. LS 1.53 ± 0.32

(0.73 to 2.33)
< 0.001*

(1.12)
PS vs. Control -1.6 ± 0.32

(-2.4 to -0.8)
< 0.001*

(1.14)
LS vs. Control -3.14 ± 0.32

(-3.94 to -2.34)
< 0.001*

(3.75)
Hip flexion force T1 PS vs. LS 4.76 ± 4.2

(-5.5 to 15.05)
0.78
(0.27)

PS vs. Control 22.87 ± 4.2
(12.58 to 33.15)

< 0.001*

(1.47)
LS vs. Control 18.1 ± 4.2

(7.81 to 28.38)
< 0.001*

(1.24)
T2 PS vs. LS 0.72 ± 4.53

(-10.36 to 11.8)
1
(0.03)

PS vs. Control 32.99 ± 4.53
(21.91 to 44.07)

< 0.001*

(2.06)
LS vs. Control 32.27 ± 4.53

(21.18 to 43.35)
< 0.001*

(2.02)
T3 PS vs. LS -0.42 ± 4.56

(-11.58 to 10.74)
1
(0.02)

PS vs. Control 39.28 ± 4.56
(28.12 to 50.44)

< 0.001*

(2.39)
LS vs. Control 39.7 ± 4.56

(28.54 to 50.86)
< 0.001*

(2.51)
T4 PS vs. LS -4.45 ± 4.58

(-15.66 to 6.76)
1
(0.22)

PS vs. Control 35.82 ± 4.58
(24.61 to 47.03)

< 0.001*

(2.14)
LS vs. Control 40.27 ± 4.58

(29.06 to 51.48)
< 0.001*

(2.63)

Table 3 (continued) 
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hip flexion force enhancement until the 4-week follow-up 
and reduction after the 5-week follow-up (Fig. 4D).

The results of repeated-measures MANOVA showed 
significant differences in the mean change in trunk 
rotation force, as measured with a digital force gauge 

immediately after the intervention (lumbar and pelvic 
supports vs. control) and all three conditions after 4-week 
and 5-week follow-ups (P < 0.001). Based on Cohen’s d, 
which ranged from 0.9 to 2.83, the effect sizes were large. 
Within-group comparisons revealed that trunk rotation 

Variable Time-points Conditions MD ± SE
(95%CI)

P value
(Cohen d)

Trunk rotation force T1 PS vs. LS 3.57 ± 2.58
(-2.74 to 9.88)

0.51
(0.32)

PS vs. Control 12.2 ± 2.58
(5.89 to 18.52)

< 0.001*

(1.49)
LS vs. Control 8.63 ± 2.58

(2.31 to 14.95)
0.004*

(0.9)
T2 PS vs. LS -5.36 ± 2.47

(-11.42 to 0.69)
0.1
(0.5)

PS vs. Control 11.2 ± 2.47
(5.15 to 17.26)

< 0.001*

(1.44)
LS vs. Control 16.57 ± 2.47

(10.51 to 22.63)
< 0.001*

(1.8)
T3 PS vs. LS -10.04 ± 2.52

(-16.21 to -3.88)
< 0.001*

(0.93)
PS vs. Control 13.56 ± 2.52

(7.39 to 19.72)
< 0.001*

(1.67)
LS vs. Control 23.6 ± 2.52

(17.44 to 29.77)
< 0.001*

(2.57)
T4 PS vs. LS -13.91 ± 2.54

(-20.14 to -7.69)
< 0.001*

(1.25)
PS vs. Control 12.49 ± 2.54

(6.27 to 18.72)
< 0.001*

(1.6)
LS vs. Control 26.41 ± 2.54

(20.19 to 32.63)
< 0.001*

(2.83)
JPR of hip abduction T1 PS vs. LS 086 ± 0.58

(-0.56 to 2.3)
0.42
(0.35)

PS vs. Control -0.34 ± 0.58
(-1.77 to 1.08)

1
(0.18)

LS vs. Control -1.21 ± 0.58
(-2.64 to 0.21)

0.12
(0.58)

T2 PS vs. LS -0.04 ± 0.56
(-1.41 to 1.32)

1
(0.01)

PS vs. Control -0.7 ± 0.56
(-2.07 to 0.66)

0.64
(0.33)

LS vs. Control -0.65 ± 0.56
(-2.02 to 0.71)

0.73
(0.36)

T3 PS vs. LS -0.53 ± 0.61
(-2.05 to 0.97)

1
(0.25)

PS vs. Control -0.42 ± 0.61
(-1.94 to 1.08)

1
(0.23)

LS vs. Control 0.1 ± 0.61
(-1.4 to 1.62)

1
(0.04)

T4 PS vs. LS -1.09 ± 0.72
(-2.86 to 0.66)

0.39
(0.37)

PS vs. Control -0.4 ± 0.72
(-2.16 to 1.36)

1
(0.16)

LS vs. Control 0.69 ± 0.72
(-1.07 to 2.45)

1
(0.26)

MD: mean difference; SE: standard error; JPR: joint position reproduction; T1: baseline; T2: immediate effect; T3: 4-week follow-up; T4: 5-week follow-up (wash-out 
period); CI: confidence interval; PS: pelvic support; LS: lumbar support. * Indicates a statistically significant difference between groups (p < 0.008)

Table 3 (continued) 
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force slowly decreased from baseline to 5-week follow-
up in the control and pelvic support groups. However, 
the lumbar support significantly improved more than the 
other groups from immediately after the intervention to a 
5-week follow-up (Fig. 4E).

The results revealed no significant differences in the 
JPR of hip abduction at any of the study time points 
between and within groups (P > 0.008).

Discussion
The efficacy of Lumbar support on pain, disability, and 
motor control in women with postpartum PPGP is being 
investigated for the first time in this RCT. The study 
demonstrated that lumbar and pelvic supports can be 
beneficial for women with PPGP. Lumbar support was 
more effective than pelvic support in improving dis-
ability, effort in ASLR, pain intensity, and trunk rotation 
strength.

Our results showed that participants in the lumbar 
(Cohen d = 3.97) and pelvic support (Cohen d = 1.2) 
groups reported significantly less pain intensity after 
the 4-week follow-up than women in the control group. 
These results align with the findings of Patil’s [13] and 

Mens et al.‘s [19] studies that reported women with PPGP 
could benefit from supportive pelvic belts to reduce 
pain in the postpartum period. Clinically significant 
results from our study found that lumbar support more 
effectively reduced pain intensity than pelvic support in 
women with PPGP. Our results showed that the lumbar 
support group experienced more pain relief than the pel-
vic support group after 4-week and 5-week follow-ups 
(Cohen d = 0.14). The small effect size in comparing pel-
vic and lumbar support suggests that women with PPGP 
may benefit from either option for pain relief. Using lum-
bar support may have a little advantage due to stimula-
tion of skin receptors or compression of the soft tissues 
around the spine and pelvic joint receptors compared to 
pelvic support [34]. Furthermore, it is possible that lum-
bar support has biomechanical effects on the lumbar area 
and reduces mechanical loading to the trunk muscles in 
daily living [35] more effectively than pelvic support.

Previous research has demonstrated that lumbopelvic 
supports that cover a larger region may provide more 
pain alleviation [13, 35], which is consistent with our 
findings. The current study, in our opinion, somewhat 
addresses the shortcomings of earlier research. Due to 

Fig. 4 The changes in mean within-group from baseline to each assessment point. A to F: primary and secondary outcomes. T1:baseline; T2:immediate 
effect; T3: 4-week follow-up; T4: 5-week follow-up (wash-out period)
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the absence of a comparative efficacy with the control 
group (no orthosis or placebo) [13] and another study 
investigating the effect of lumbopelvic support on a small 
number of participants (n = 16, with 8 women in each 
group) that may restrict the generalizability of their find-
ings [13].

PPGP impacts the ability of women to perform activi-
ties of daily living (ADLs) and their quality of life [36]. 
Considering disability score measurements in the PPGP, 
only one study has directly compared the efficacy of a 
belt intervention in the postpartum PPGP [13]. Patil et 
al. suggested that existing belts could provide more effi-
cient support for the abdomen and pelvic areas if some 
modifications were made to their structures. In this 
case, the participants involved have minimal or no dis-
comfort performing their daily activities [13]. The find-
ings showed that the lumbar (Cohen d = 3.3) and pelvic 
support (Cohen d = 0.94) groups had lower disability 
scores than the control group after four weeks. Lumbar 
support showed a significantly more clinically meaning-
ful improvement in enhancing ADL compared to pelvic 
support. This result has important clinical implications 
for improving decision-making regarding the treatment 
of women with PPGP. However, a more remarkable 
improvement was observed in the lumbar support than 
in the pelvic support group (Cohen d = 0.92) after the 
4-week intervention. This finding may have clinical rele-
vance since it suggests that participants may feel the lum-
bar is more comfortable when performing ADLs using 
broader support.

The Effort score during ASLR has been used as a clini-
cal parameter for the diagnosis and severity of PPGP 
[37]. The study’s results showed that the effort score dur-
ing ASLR improved when both lumbar (Cohen d = 3.75) 
and pelvic (Cohen d = 1.14) supports were used for the 
4-week intervention period. There was a greater reduc-
tion in the effort score during ASLR with lumbar support 
than with pelvic support (Cohen d = 1.12). A clinically 
significant difference between groups showed that the 
participant could perform the ASLR with less effort while 
wearing the lumbar support. This suggests that lum-
bar support may offer greater joint stability than pelvic 
support during hip flexion. It is generally believed that 
pregnancy is associated with pelvic misalignment and 
instability, which can be alleviated by using a belt [38]. 
Based on these results, lumbar support could stabilize 
the lumbar and pelvic joints more effectively than pelvic 
support. The lumbar support also improves muscle func-
tion for load transfer over the pelvic region, providing 
more stabilization than the pelvic support [39].

The results showed that lumbar and pelvic sup-
ports increased the maximum isometric hip flexion 
force immediately after the intervention and after the 
4-week follow-up. However, women in the control group 

exhibited limited hip flexion force. An explanation could 
be that involved women try to stabilize the pelvis with 
more muscle activity but cannot produce adequate mus-
cle force to raise their legs [29]. A previous study showed 
that using a pelvic belt positively impacted the ASLR 
and patients were able to raise their legs with no effort 
[8]. The lumbar and pelvic supports might increase pel-
vic joint stiffness, which requires unloading sensitized 
ligamentous structures. This stiffness improvement 
could produce more normalized motor responses dur-
ing the hip flexion test [29]. Clinically, both supports may 
enhance hip flexion force similarly, but lumbar support 
outperformed pelvic support in this test.

The lumbar support improved trunk rotation muscle 
force during the intervention and follow-up periods 
(Cohen d = 2.83), and pelvic support had less effect on 
trunk rotation muscle force (Cohen d = 1.6) after four 
weeks. The results indicated a significant difference in 
trunk rotation muscle force between the groups, suggest-
ing that lumbar support may be a more effective option 
for clinicians to improve trunk rotation muscle strength 
in women with PPGP. The following explanations for 
how the lumbar support could manage trunk movements 
have been proposed: improving proprioception, enhanc-
ing force closure muscle activity, and stiffening the trunk. 
The enhanced proprioception may stem from increased 
stimulation of cutaneous mechanoreceptors [16]. Aside 
from providing additional proprioceptive input, it has 
been suggested that lumbar support may also help regu-
late trunk movements and optimize lumbopelvic stabi-
lization for normal load transference through the pelvis 
[40]. Some authors suggest that lumbar supports increase 
trunk stiffness by making the entire spinal column more 
robust to perturbation [41]. Indeed, participants per-
ceived added support just after wearing lumbar support 
and increased confidence in undertaking trunk move-
ments [42].

The effect of orthotic interventions on proprioception 
in the PPGP has not been studied. In this study, pro-
prioception was assessed by measuring the JPR of the 
hip joint in the standing position. This variable proved 
to be more accurate and reliable in the abduction move-
ment of the hip joint than in the other movements [32]. 
Our findings revealed no clinically significant differences 
in the reproduction of hip joint abduction between the 
groups after the intervention or during the follow-up 
period. JPR measurement in a standing position on the 
symptomatic side might lead to asymmetrical shear load-
ing through the SIJ, making it unstable during load trans-
fer and aggravating the symptoms of PPGP [43]. Further 
research with different test positions or continuous use of 
supports for longer than a certain period might affect the 
JPR of the hip joint.
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Pain and proprioception share neural pathways in the 
central nervous system, and pain signals can disrupt pro-
prioceptive inputs, reducing accuracy in joint position 
sense and movement awareness [33]. Because women 
with greater pain scores were chosen for the study based 
on inclusion criteria, therefore the discussion should take 
into account the confounding effect of pain severity on 
the proprioception test. Perceived pain may lead to poor 
performance on proprioceptive assessments, not neces-
sarily due to deficits in proprioception but rather as a 
result of pain-related mechanisms that inhibit regional 
movements. This adopted inhabitation strategy can hin-
der motor control and reduce the effectiveness of rehabil-
itation. Mal-adaptive changes in sensorimotor functions 
necessitate a structured sensory and motor training 
approach to restore normal motor function.

We observed large effect sizes for all outcomes (except 
JPR of hip abduction) for both lumbar and pelvic sup-
ports after the 4-week intervention (Cohen’s d > 0.8). The 
clinical implications of the results suggest that the impact 
of both supports are clinically meaningful, although 
lumbar support showed a greater effect size than pelvic 
support. This trial demonstrated that lumbar support 
significantly alleviates pain, reduces disability, enhances 
effort during ASLR, and improves strength in trunk rota-
tor and hip flexor muscles in women with pregnancy-
related PPGP.

When treating lower back pain, it’s usual practice to 
prescribe lumbar support in addition to exercise [39]. 
Lumbar supports offer external stability, particularly for 
those with weak core muscles or challenges in activating 
their stabilizing muscles. The risk of relying is reduced 
when lumbar support is used in conjunction with an 
exercise program. Combining lumbar support with exer-
cise maximizes the advantages of both interventions, 
promoting a shift from extrinsic (orthosis-based) to 
intrinsic (muscle-based) lumbopelvic stability and func-
tional outcomes over time.

We designed this trial with a wash-out period to 
explore each orthotic intervention’s lasting effect (carry-
over of effect). Participants discontinued using support 
after the 4-week follow-up, and variables were assessed 
one week later. In the lumbar support group, variable 
improvements continued even after removing the sup-
port. Upon removal of the pelvic support, the pain inten-
sity remained unchanged. Moreover, disability, effort 
score during ASLR, and hip and trunk muscle force 
returned to their initial levels during the intervention. 
Therefore, a one-week wash-out phase might be more 
acceptable for future crossover studies using lumbar and 
pelvic supports.

The objective of the current study was to investigate 
the effectiveness of a single component of therapies for 
women with PPGP associated with pregnancy. Studies 

with PPGP rarely show consistent changes in motor con-
trol [44] and psychological factors could play a role in 
changing symptoms [45].

Some limitations were identified in this study, which 
could be used to improve the design of future large clini-
cal trials. First, we examined trunk rotators for gross 
trunk movement and ignored specific muscles in detail. 
Second, the hip joint reproduction error variable did 
not significantly change when supports were used in the 
intervention groups. A larger sample size or longer inter-
vention time is recommended for future studies. Third, 
the findings provide evidence only for the pregnancy-
related PPGP population and cannot be easily general-
ized to individuals involved in SIJ pain. Fourth there was 
no placebo in this study, psychological effects or partici-
pant expectations-related effects of lumbar and pelvic 
support cannot be definitively determined.

Despite these limitations, our study provides practi-
cal knowledge for treatment planning and clinical deci-
sions for women involved in pregnancy-related PPGP. 
Although pain tends to reduce even in the absence of 
intervention after a few months postpartum, the control 
group’s pain and disability scores did not improve during 
the natural course of PPGP. However, it appears that in 
order to manage deteriorating symptoms, early interven-
tion may be necessary for women who are involved.

Conclusions
The findings of the present study suggest improvements 
in pain, disability, and stabilizing muscle strength after 
orthotic interventions in women with pregnancy-related 
PPGP. Lumbar support showed superior effects to pel-
vic support for symptom improvement. Future research 
should further assess the effectiveness of PPGP orthotic 
intervention along with sensory-motor training and the 
timing of the interventions.
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