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Objective: To investigate the association of muscle function 
and subgroups of low back pain (no low back pain, pelvic 
girdle pain, lumbar pain and combined pelvic girdle pain 
and lumbar pain) in relation to pregnancy.
Design: Prospective cohort study. 
Subjects: Consecutively enrolled pregnant women seen in 
gestational weeks 12–18 (n = 301) and 3 months postpartum 
(n = 262).
Methods: Classification into subgroups by means of mechan-
ical assessment of the lumbar spine, pelvic pain provocation 
tests, standard history and a pain drawing. Trunk muscle 
endurance, hip muscle strength (dynamometer) and gait 
speed were investigated.
Results: In pregnancy 116 women had no low back pain, 
33% (n = 99) had pelvic girdle pain, 11% (n = 32) had lumbar 
pain and 18% (n = 54) had combined pelvic girdle pain and 
lumbar pain. The prevalence of pelvic girdle pain/combined 
pelvic girdle pain and lumbar pain decreased postpartum, 
whereas the prevalence of lumbar pain remained stable. 
Women with pelvic girdle pain and/or combined pelvic gir-
dle pain and lumbar pain had lower values for trunk mus-
cle endurance, hip extension and gait speed as compared to 
women without low back pain in pregnancy and postpartum 
(p < 0.001–0.04). Women with pelvic girdle pain throughout 
the study had lower values of back flexor endurance com-
pared with women without low back pain.
Conclusion: Muscle dysfunction was associated with pelvic 
girdle pain, which should be taken into consideration when 
developing treatment strategies and preventive measures.
Key words: low back pain, pelvic girdle pain, lumbar pain, mus-
cle function, gait, pregnancy, postpartum.
J Rehabil Med 2008; 40: 304–311

Correspondence address: Annelie Gutke, Department of 
Medicine and Health Sciences, Division of Physiotherapy, 
Linköping University, SE-581 83 Linköping, Sweden. E-mail: 
annelie.gutke@ihs.liu.se
Submitted November 29, 2006; accepted December 3, 2007

INtRoDuctIoN

Identification of subgroups of patients with low back pain 
(LBP) has been recommended in order to develop specific 
treatment strategies (1). LBP is a common complication of 
pregnancy and a subgroup of LBP, pelvic girdle pain (PGP), is 

often related to pregnancy, whereas pregnancy seems to have 
little impact on the subgroup of patients with pain of lumbar 
origin (2). PGP is experienced between the posterior iliac 
crest and the gluteal fold, predominantly near the sacroiliac 
joints, and can radiate to the posterior thigh. Pain can also be 
experienced in conjunction with, or exclusively in, the sym-
physis (3). Functionally, women with PGP often complain of 
increased pain when walking (4, 5). Women with PGP have 
a different clinical presentation from that of women with 
lumbar pain (5–7). In order to identify possible differences 
in management, both subgroups need further investigation in 
relation to pregnancy.

According to guidelines, PGP classification requires exclu-
sion of lumbar causes (3). Several tests for examination of the 
lumbar spine in pregnancy have been described (6–8), but the 
test reaction in terms of pain or stiffness is not specific enough 
to exclude intervertebral disc pathology, probably the most 
common structural source of non-specific LBP (9). Based on 
current knowledge and existing guidelines (3, 10), a clinical 
evaluation of pregnancy-related LBP should include pelvic pain 
provocation tests and a neurological examination, take known 
characteristics of PGP and lumbar pain into account and be 
sufficient to identify discogenic pain and red flag conditions.

Low endurance of back and hip muscle has been reported 
postpartum in women with longstanding PGP and lumbar pain 
(5). It was indicated that muscular dysfunction may be an im-
portant factor in persistent problems. It is unknown whether 
the reported dysfunction was developed due to longstanding 
problems or whether the women already had muscular dysfunc-
tion early in pregnancy.

In a theoretical model, a self-locking mechanism of the pel-
vic joints based on the principles of form and force closure was 
described (11). Force closure refers to the compressive forces 
needed sufficiently to stabilize the closely fitting sacroiliac 
joint (SIJ) surfaces making up the form closure. When the mus-
cular capacity and the tension of the ligaments are inadequate, 
decreased compression across the SIJ will occur, insufficient 
stability will follow, and optimal load transfer between the 
back and legs will be compromised (12). In pregnancy the dy-
namic stability of the pelvis may be altered due to hormonally 
induced ligament laxity. Back extensors (13), abdominals (14) 
and hip extensors (13) are important muscles of force closure 
and stabilizing exercises improve muscle function, pain and 
functioning in women with PGP (15, 16). the hypothesis of 

ASSocIAtIoN BEtWEEN MuScLE FuNctIoN AND LoW BAcK PAIN IN 
RELAtIoN to PREGNANcY

Annelie Gutke, PhD1, Hans Christian Östgaard, MD, PhD2 and Birgitta Öberg, PhD1

From the 1Department of Medicine and Health Sciences, Division of Physiotherapy, Linköping University, Linköping and 
2Department of Orthopedic Surgery, Sahlgrenska University Hospital, Mölndal, Sweden



305Muscle function in pregnancy-related low back pain

muscular dysfunction in PGP requires investigation of muscle 
function in pregnancy.

the aim of this study was to investigate the association of mus-
cle function and subgroups of LBP (no LBP, PGP, lumbar pain 
and combined PGP and lumbar pain) in relation to pregnancy.

MEthoDS
Study participants
the Swedish antenatal healthcare system serves nearly 100% of the 
country’s pregnant women. our cohort comprised all pregnant women 
consecutively registered at 2 antenatal care clinics in a community of 
26,000 people. Swedish-speaking women who were expected to have 
a normal pregnancy (as determined by midwives) were approached 
for participation between gestational weeks 12 and 18. Participants 
received written and verbal information about the study from their 
midwife before giving oral consent. Women were excluded if they 
had a systemic locomotor system disease, verified diagnosis of spinal 
problems in the previous 2 months, or a history of fracture, neoplasm, 
or spinal, pelvic or femur surgery. the regional ethics committee ap-
proved the study (ö 414-00). Between August 2001 and September 
2003 a cohort of 457 pregnant women attended the 2 antenatal care 
clinics in the community, and 308 were included in the study (17% 
declined participation, Fig. 1). Seven women were unable to perform 
any muscle tests in pregnancy and therefore excluded from this 
analysis, but were kept in the cohort for the postpartum analysis. At 
the evaluation between weeks 12 and 18, 116/301 (39%) women were 
classified as having no LBP and 185/301 (61%) as having some form 
of LBP. The women with LBP were classified into 3 subgroups: PGP 
(99/301, 33%), lumbar pain (32/301, 10%) and combined PGP and 
lumbar pain (54/301, 18%).

Assessment
All participants completed questionnaires and were physically 
evaluated by one physiotherapist (AG) at a primary care clinic dur-
ing gestational weeks 12–18 and again 3 months after giving birth. 
The questionnaires included background data and questions about 
household/leisure activity levels (17) (table I).

Classification into subgroups of low back pain
Participants were assigned to one of 4 groups based on the type of 
pain experienced: no LBP, PGP, lumbar pain, and combined PGP and 
lumbar pain (combined pain). Participants were assigned to the no 
LBP group if they had no subjective LBP complaint or fewer than 2 
positive pelvic pain provocation tests and no lumbar pain or change in 
range of motion from repeated movements, according to the Mechani-
cal Diagnosis and Therapy (MDT) classification (18). Assignment to 
the 3 LBP groups was made following examination by a specialized 
physiotherapist (AG). the examination included a standard history 

table I. Characteristics for the women at the evaluation between gestational weeks 12–18 and at 3 months postpartum

Variables 
total 
n = 301

No low back 
pain 
n = 116

Lumbar pain 
n = 32

Pelvic girdle 
pain 
n = 99

combined pain 
n = 54

During pregnancy
Age (years), median (range) 29 (17–44) 29 (20–39) 30 (19–37) 28 (18–44) 28 (17–41)
Gestational week at inclusion, median (25,75 percentile) 15 (14–16) 15 (14–16) 15 (14–16) 15 (14–16) 15 (14–16)
BMI, median (25,75 quartile) 24 (22–27) 24 (22–27) 24 (22–26) 24 (23–28) 25 (23–28)
Parity, median (range) 1 (0–4) 1 (0–4) 0.5 (0–2) 1 (0–4) 1 (0–3)
urine leakage, n (%) 60 (20) 22 (19) 1 (3) 19 (19) 18 (33)
Fulltime employment, n (%) 153 (51) 65 (56) 20 (64) 44 (45) 24 (45)
Activity level last 6 months, n (%) 
0–3 = household, gardening, light physical activity 
4–6 = the above + exercise at increasing intensity

207 (69)
93 (31)

77 (67)
38 (33)

25 (78)
7 (22)

67 (68)
32 (32)

38 (70)
16 (30)

Low back pain before first pregnancy, n (%) 119 (40) 30 (26) 24 (75) 36 (36) 29 (54)
Post-partum n = 262 n = 176 n = 27 n = 45 n = 14
Weight of newborn (grams), mean (SD) 3689 (542) 3682 (520) 3770 (436) 3642 (656) 3777 (624)
Delivery method caesarean, n (%) 21 (8) 11 (6) 2 (7) 5 (11) 3 (21)
BMI, median (25, 75 quartile) 25 (22–28) 24 (22–28) 26 (24–28) 26 (24–30) 25 (24–27)

combined pain: combined pelvic girdle and lumbar pain.
BMI: body mass index; SD: standard deviation.

Fig. 1. Enrolment at evaluations between gestational weeks 12 and 18, 
and at 3 months postpartum.

382

75 not 
fulfilling
inclusion
criteria

457 pregnant

20 obstetric reasons
22 miscarriages
13 insufficient Swedish
20 >18 weeks gestation

19
excluded

1 rheumatoid arthritis
2 pelvospondylitis 
1 Crohn's disease 
1 arthrosis
1 Scheuermann’s disease
1 fractured spine
1 fractured pelvis 
1 coccyx surgery 
1 disc surgery 
1 congenital hip luxation 
1 spondylolisthesis 

7 not able to perform any muscle test 
(excluded only from muscle analysis
in pregnancy)

363

62 no 
consent

301 analysed 
in pregnancy 

27
excluded

19 no 

2 miscarriages
3 interrupted pregnancy 

9 (8 moved + 1 travelling)
1 could not be reached
1 aortic surgery 
1 preterm
4 not able to perform any muscle test 
6 filled in questionnaire at home

262 analysed 3 
months postpartum

308 partus

consent
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that focused on characteristics of lumbar pain (18) and PGP (2, 4, 6), 
mechanical assessment of the lumbar spine based on the MDt pro-
tocol, pelvic pain provocation tests (distraction test, posterior pelvic 
pain provocation test bilaterally, Gaenslen’s test bilaterally, compres-
sion test, sacral thrust) (19), the active straight leg raising test (20), 
neurological examination (muscle testing, reflex testing in the lower 
extremities, sensation and the straight leg raising test) and a hip rota-
tion range-of-motion test. Pain location was indicated by participants 
on a pain drawing. the procedures and the 5 pelvic pain provocation 
tests are described in a previous publication (19).

criteria for PGP were 2 or more positive pelvic pain provocation 
tests, the absence of centralization or peripheralization phenomena 
during repeated movement assessment (18, 21) and no lumbar pain 
or change in range of motion from repeated movements according to 
the MDT classifications. PGP onset was during pregnancy or within 
3 weeks after delivery (4).

Lumbar pain was classified based on change in pain and/or a change 
in range of motion from repeated movements or different positions 
of the lumbar spine or based on experience of centralization and peri-
pheralization phenomena during examination and fewer than 2 positive 
pelvic pain provocation tests.

Participants in the combined pain group had 2 or more positive pelvic 
pain provocation tests as well as a change in pain and/or a change in range 
of motion from repeated movements/different positions of the lumbar 
spine or experienced centralization and peripheralization phenomena.

In order further to analyse the possible association between muscle 
function and PGP, analyses based on the course of PGP were carried 
out. the analysed subgroups were: (i) no PGP in pregnancy or postpar-
tum (n = 87), (ii) no PGP at first evaluation in pregnancy-week 12–18, 
but developed PGP later in pregnancy or postpartum (n = 9), (iii) PGP 
in pregnancy but no PGP postpartum, i.e. recovered (n = 55), and (iv) 
PGP both in pregnancy and postpartum (n = 18).

Physical functioning
We assessed muscle function with the identical procedure in pregnancy 
and in postpartum as follows: the gait test (modified from Ljungquist 
et al. (22)), maximal voluntary isometric hip extension (Fig. 2), and 
isometric endurance of back flexors (modified from McQuade et al. 
(23)). At the evaluation 3 months postpartum, a test of isometric en-
durance of back extensors (24) was added. this test was considered 
inappropriate in pregnancy due to the pressure on the lower abdomen. 
Pain intensity was rated on a visual analogue scale (0–100 mm) before 
and after each test.

For various reasons certain muscle tests were sometimes inappropri-
ate (e.g. participants reported discomfort during tests in the prone posi-

tion due to pregnancy, they felt sick, premature uterine contractions, 
there was a risk that discogenic problems would become worse, pain, 
and the subject’s lack of time). Pain as the reason for not participating 
in the tests in pregnancy was at most 2/54 (4%) in the combined pain 
group and postpartum 1/27 (4%) in the lumbar pain group.

Back flexors. To test isometric endurance of back flexors, participants 
laid supine with arms crossed over the chest, hands on the opposite 
shoulders, hips bent, and knees and feet apart. Participants were 
asked to nod and continue to lift their head and shoulders until the 
inferior angle of the scapula was lifted from the couch, and maintain 
the position as long as possible (modified from McQuade et al. (23)). 
We recorded the number of seconds that the position was maintained 
for a maximum of 120 sec.

Back extensors. to measure the isometric endurance of the back ex-
tensors, participants lay prone with their arms crossed and the trunk 
horizontal off the couch. The pelvis was fixed to the couch by straps 
and the lower legs were held in place by the tester (modified from 
Biering-Sörensen (24)). the time that this position was maintained 
was recorded in seconds and the test was discontinued after a maxi-
mum of 120 sec.

Hip muscles. Maximal voluntary isometric hip extension (Fig. 2) was 
measured with a dynamometer (chatillon cSD 500 strength dynamom-
eter, Ametek, Largo, FL, USA) with a fixed sensor. Each participant 
held a sling around the thigh at the distal end of the femur and pulled 
in hip extension. Participants were instructed to “pull as hard as you 
can until I stop you after 5 sec”. No encouragement was given during 
the tests. Participants started with the right leg. two training repetitions 
were performed and the mean of the next 3 repetitions was analysed. 
Each repetition consisted of 5 sec of activity and 5–10 sec of rest. the 
same procedure was repeated on the left side.

Gait. Activity limitation when walking was studied in a gait test (modi-
fied from Ljungquist et al. (22)). The participants were asked to walk 
barefoot for a distance of 20 m “at a comfortable speed” on a horizontal 
indoor floor. The “natural customary walking speed” is considered to 
result in the least mechanical and physiological expenditure (25). the 
time (in sec) it took to travel 20 m was recorded.

Reliability. the reliability of the hip muscle extension test was inves-
tigated in a pilot study (n = 20). Spearman’s rho was 0.82 for the right 
leg and 0.88 for the left leg; the intercorrelation coefficient (model 
2) was 0.87 for the right leg and 0.85 for the left leg. the measure-
ment error was 53 N on the right leg and 50 N on the left leg. the 
measurement error was 15% of the range of hip extension values. In 
a small unpublished study, the above classification protocol was reli-
ability tested on 31 pregnant women (mean age 28 years, range 20–36; 
median gestational week 26, range 13–38) with some type of LBP, 
by 2 independent examiners, specialized in LBP. Agreement between 
examiners for the 3 syndromes (lumbar pain, PGP, combined pain) was 
87% (27/31), giving a substantial kappa coefficient of 0.79.

Statistics
In analyses of continuous parametric variables for the 4 groups, a 
one-way ANoVA was performed. In analyses of non-parametric data 
on a nominal level, the χ2 test was used, and for data on an ordinal 
level the Kruskal-Wallis test for multi-group comparisons was used. 
correction for multiple analyses was made using the Bonferroni cor-
rection. General Linear Model analyses were performed to evaluate 
the association between muscle test results and classification group 
when controlling for pain intensity. 

The power to detect a 20% difference in back flexors was 52% (preg-
nancy) and 39% (postpartum); for back extensors it was 69% and for 
hip extensors it was 94%. Statistical significance was accepted at alpha 
level 0.05. the statistical software package used was SPSS 11.0.Fig. 2. the hip extension test, left side.
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RESuLtS

At the postpartum evaluation, 41 of the women had delivered 
but were not included in the analysis (Fig. 1). out of those 41 
women 19 declined to participate due to a lack of time, feeling 
too tired or without giving a reason. Postpartum, 262 women 
remained for analysis (Fig. 1). the 41 women not included in 
the postpartum analysis did not differ from the 262 women in 
the analysis regarding age, parity, body mass index (BMI), 
back pain before first pregnancy, whether LBP impeded work, 
exercise frequency or muscle function. The 41 women were 
less active (p = 0.03) than the 262 women in the analysis.

Postpartum one-third of the women (86/262, 33%) had 
LBP, with the subgroups as follows: PGP (45/262, 17%), 
lumbar pain (27/262, 10%) and combined PGP and lumbar 
pain (14/262, 6%).

Back flexors

Early in pregnancy, the women with PGP had lower endurance 
of back flexor muscles as compared to the women without LBP 
(mean difference 17.9 sec, p = 0.001, table II). Postpartum, the 
women with combined PGP and lumbar pain had lower endur-

ance of back flexor muscles compared with the women without 
LBP (mean difference 33 sec, p = 0.01, table III).

Back extensors 
the women with PGP had lower endurance of back extensor 
muscles compared with the women without LBP (mean dif-
ference 28.3 sec, p < 0.001, table III).

Hip muscles 

the women with PGP and those with combined PGP and 
lumbar pain had lower values for maximal voluntary iso-
metric hip extension muscle strength (mean difference range 
45–59 N for both legs in pregnancy; p = 0.001–0.04 table II) 
and for the right leg postpartum (mean difference 45–73 N, 
p = 0.03, table III) compared with the women without LBP. 
No pattern was found regarding dominant pain side and hip 
muscle results.

Gait

the women with PGP walked at a slower speed compared with 
the women without LBP both in pregnancy (mean difference 

table III. Muscle test results postpartum in the 4 groups based on type of low back pain: no low back pain, lumbar pain, pelvic girdle pain and 
combined pelvic girdle pain and lumbar pain (combined pain). Values are given as mean (95% confidence interval)

 
1 
No low back pain
n = 176

2 
Lumbar pain 
n = 27

3 
Pelvic girdle pain 
n = 45

4 
combined pain 
n = 14 Group comparison* 

Back flexor endurance, sec n = 166 n = 20 n = 44 n = 12
53.0 (47.4–58.6) 56.5 (38.1–74.9) 41.8 (30.9–52.7) 20.0 (9.7–30.3) 1–4, p = 0.01 

2–4, p = 0.03
Back extensor endurance, N n = 162 n = 17 n = 36 n = 9

79.0 (73.7–84.4) 59.8 (42.9–76.7) 50.7 (39.1–62.3) 56.3 (30.9–81.7) 1–3, p < 0.001
hip extension right, N n = 172 n = 24 n = 44 n = 14

256 (242–270) 265 (219–311) 211 (186–237) 183 (156–210) 1–3, p = 0.03 
1–4, p = 0.03

hip extension left, N n = 173 n = 24 n = 44 n = 14
239 (224–254) 261 (209–313) 217 (189–244) 185 (148–222) ns

Gait speed, m/sec n = 171 n = 21 n = 44 n = 12
1.33 (1.31–1.36) 1.27 (1.18–1.36) 1.26 (1.21–1.30) 1.28 (1.21–1.36) 1–3, p = 0.03

*p-values from ANoVA. All original 2-tailed p-values were multiplied by 6 (Bonferroni correction), Significant comparisons are shown. ns: not significant.

table II. Muscle test results in pregnancy in the four groups based on type of low back pain: no low back pain, lumbar pain, pelvic girdle pain and 
combined pelvic girdle pain and lumbar pain (combined pain). Values are given as mean (95% confidence interval)

1 
No low back pain 
n = 116

2 
Lumbar pain 
n = 32

3 
Pelvic girdle pain 
n = 99

4 
combined pain 
n = 54

Group 
comparison* 

Back flexor endurance, sec n = 100 n = 27 n = 83 n = 40
52.6 (45.9–59.3) 40.1 (28.4–51.9) 34.7 (28.9–40.5) 41.0 (30.7–51.4) 1–3, p = 0.001

hip extension right, N n =307112 n = 31 n = 91 n = 49
275 (254–295) 220 (186–253) 221 (200–242) 216 (188–244) 1–3, p = 0.001 

1–4, p 0.006
hip extension left, N n = 111 n = 31 n = 90 n = 49

254 (233–275) 217 (182–251) 209 (187–230) 204 (177–232) 1–3, p = 0.02 
1–4, p = 0.04

Gait speed, m/sec n = 112 n = 31 n = 92 n = 53
1.33 (1.30–1.36) 1.31 (1.24–1.39) 1.24 (1.20–1.29) 1.25 (1.20–1.30) 1–3, p = 0.008

*p-values from ANoVA. All original 2-tailed p-values were multiplied by 6 (Bonferroni correction). Significant comparisons are shown.
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0.09 m/sec, p = 0.008, table II) and postpartum (mean differ-
ence 0.07 m/sec, p = 0.03, table III).

Pregnancy to postpartum

the women with PGP in early pregnancy as well as postpartum, 
had lower endurance of back flexor muscles compared with the 
women without LBP (table IV).

Pain

the general linear model analyses showed an association 
between classification group and trunk muscle endurance, hip 
extension muscle strength (bilateral in pregnancy and right leg 
postpartum), and gait speed (Table V). There was no significant 
difference in pain intensity between before and after the tests, 
which implies that the muscle tests did not cause increased 
pain. When controlling for pain differences before and after 
each test, the explanation of the association between muscle 
function and classification group did not improve. Thus the 
lower values in the tests of those women with some type of 
LBP could not be explained by an increase in pain during 
tests. Nor was there any improvement in the explanation when 
controlling for pre-test pain intensity (Fig. 3).

DIScuSSIoN

The main findings of this study were that the women with PGP 
and/or combined PGP and lumbar pain had lower muscle func-
tion in trunk endurance and hip extension muscle strength as 
well as slower preferred gait speed compared with the women 
without LBP. The findings were seen early in pregnancy as well 
as postpartum. the women with PGP throughout the study had 
lower back flexor muscle endurance than the women who did 
not have LBP at any evaluation. the result strengthens the 
hypothesis that there is an association between muscle dysfunc-
tion and women who develop or have persistent PGP. 

the studied cohort is representative considering the preva-
lence of LBP. Women with mild symptoms who nevertheless 
fulfilled the criteria for PGP and/or lumbar pain were classified 
in our study. It has been estimated that the overall prevalence 
of LBP in relation to pregnancy increases by 20% when women 
with mild symptoms are included (26). 

One weakness of the study is the small size of the lumbar 
pain subgroup and the postpartum combined pain subgroup 
and thereby the statistical power of some of the muscle tests. 
thus no conclusions can be drawn regarding the lumbar pain 

table IV. Results from General Linear Model analyses in pregnancy 
and postpartum. The independent fixed factor was the subgroups of the 
cohort. In crude model 1 the association between muscle test results 
and the subgroups was analysed. In adjusted model 2 the difference 
in pain between before and after each test was added as covariate. In 
adjusted model 3 the pre-test pain intensity was added as covariate. 
The significant associations are shown

 
crude 
model 1 
p-value

Adjusted 
model 2 
for pain 
difference

Adjusted 
model 3 
for pre-test 
pain

In pregnancy
Dependent Back flexor
Fixed factor: subgroups of LBP 0.002 0.001 p = 0.014
Dependent hip extension, right
Fixed factor: subgroups of LBP < 0.001 < 0.001 p = 0.014
Dependent hip extension, left
Fixed factor: subgroups of LBP 0.006 0.006 ns
Dependent Gait 
Fixed factor: subgroups of LBP 0.004 0.005

 
ns

Postpartum
Dependent Back flexor
Fixed factor: subgroups of LBP 0.007 0.008 p = 0.017
Dependent Back extensors
Fixed factor: subgroups of LBP < 0.001 < 0.001 ns
Dependent hip extension, right
Fixed factor: subgroups of LBP 0.002 0.004 p = 0.031
Dependent Gait 
Fixed factor: subgroups of LBP 0.019 0.020 ns

LBP: low back pain; ns: not significant.
Subgroups of LBP: no LBP, lumbar pain, pelvic girdle pain, combined 
pelvic girdle and lumbar pain.

table V. Muscle test result in pregnancy. The cohort divided based on the course of the classification of pelvic girdle pain. Values are given as 
mean (95% confidence interval)

1 
No PGP/no PGP 
n = 87

2 
No PGP/PGP 
n = 9

3 
PGP/no PGP 
n = 55

4 
PGP/PGP 
n = 18 Group comparison* 

Back flexor endurance test, sec n = 74 n = 7 n = 45 n = 16 1–4, p = 0.03
52.5 (44.6–60.5) 26.8 (0.3–53.3) 41.5 (32.3–50.7) 27.8 (17.1–38.5)

hip extension, right, N n = 83 n = 9 n = 51 n = 16 ns
270 (247–294) 256 (207–305) 230 (201–260) 226 (171–281)

hip extension, left, N n = 82 n = 9 n = 50 n = 17 ns
247 (224–270) 252 (191–312) 210 (180–240) 217 (158–277)

Gait speed, m/sec n = 83 n = 9 n = 53 n = 15 ns
1.33 (1.29–1.36) 1.34 (1.22–1.46) 1.25 (1.19–1.31) 1.29 (1.20–1.40)

1: no PGP in pregnancy or postpartum (n = 87).
2: no PGP at first evaluation in pregnancy-week 12–18, but developed PGP later in pregnancy or postpartum (n = 9).
3: PGP in pregnancy, but no PGP postpartum, i.e. recovered (n = 55).
4: PGP both in pregnancy and postpartum (n = 18).
*p-values from ANoVA. All original 2-tailed p-values were multiplied by 6 (Bonferroni correction), significant comparisons are shown.  
ns: not significant. PGP: pelvic girdle pain.
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group or potential difference between PGP and lumbar pain. 
however, despite the low power for some tests there was a 
difference between women with PGP (in some tests women 
with combined pain) and women without LBP that suggest an 
association between muscle dysfunction and at least the sub-
group of women with PGP in pregnancy. the dropouts in the 
separate tests are not expected to influence the results, since 
the reasons for not performing a test were mostly not related 
to the LBP per se but rather to pregnancy itself. Participants 
were asked to indicate spinal or pelvic pain location and its 
pain intensity (Figs 3 and 4). the women with no LBP could 
experience pain in other locations as the neck or thoracic spine. 
this may have weakened the comparison of subgroups and may 
have resulted in an underestimation of the difference.

Pelvic pain provocation tests are often used to identify PGP 
(5, 6, 27). Most authors identify and exclude women with 
lumbar pain by means of a neurological test and/or a test of 
spinal range of motion, but the test reaction in terms of pain 
or stiffness is not specific. Using the pelvic pain provocation 
tests within the context of the standardized mechanical assess-
ment of the lumbar spine as in the present study is of higher 
diagnostic value than pain provocation tests alone (28).

No study was found that had investigated muscle function 
in pregnant women with LBP and thereby the comparison is 
with studies on non-pregnant persons with LBP. Several stud-
ies suggest an association between non-pregnancy-related SIJ 
pain and decreased stability of the pelvis due to dysfunction 
of the muscles contributing to force closure of the pelvic 
joints (12–14, 29, 30). When performing poorly on the back 
extensor muscle endurance test, defined as less than 58 sec, 
the odds ratio for developing LBP was reported to be 3.4 (31). 
the women with PGP in our study had mean endurance values 

below 58 sec, indicating that these subgroups might be at higher 
risk. Back extensors are reported to be important muscles for 
force closure of the SIJ (13) and low isometric endurance of 
the back extensors has been suggested as part of the aetiology 
of non-specific non-pregnancy-related LBP (5, 24, 31) as well 
as persistent combined PGP and lumbar pain (5). It has been 
proposed that the relationship is non-linear and that those 
performing the poorest are at greatest risk for back pain (31). 
the difference in back extensor endurance between women 
with PGP and women without LBP in our study strengthen 
the hypothesis of muscle dysfunction in PGP.

Likewise, our results from the back flexor muscle endurance 
test indicate that poor muscle function is associated with PGP 
in pregnancy. Early in pregnancy the women with PGP had 
below the cut-off point of 40 sec that has been proposed for 
discriminating between spinal pain and back-healthy persons 
(22). this indicates that muscle dysfunction is an early de-
tectable prerequisite for developing PGP. Although only one 
comparison between women with persistent PGP and women 
with no LBP throughout the study was significant, the trend 
of lower values for PGP was consistent (table IV). there was 
a tendency for women with moderate back flexor muscle en-
durance in early pregnancy to recover from PGP, while those 
with the poorest back flexor muscle endurance more often 
developed or had persistent symptoms (table IV). the trunk 
muscle endurance test was discontinued after 120 sec. that is 
shorter than in other studies (22, 24), but was considered the 
most appropriate in pregnancy as well as 3 months postpartum. 
the ceiling effect (i.e. the proportion of women reaching the 
maximum test time) was 6 and11% (pregnancy and postpartum, 
respectively) for back flexors and 17% for the back extensor 
test postpartum. however, our conclusions did not change when 

Fig. 3. Pre-test pain intensity on a 100-mm visual analogue scale (VAS) at evaluation (A) between gestational weeks 12 and 18 and (B) at 3 months 
postpartum. Pain intensity was regarded as an ordinal scale. The median value, the quartiles and the range of values are shown.
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the analysis was performed without those women reaching the 
maximum time.

Studying muscle function while walking confirmed the gait 
difficulties previously reported by women with PGP (4, 5). Even 
early in pregnancy, the women with PGP walked at a slower 
speed than the women without LBP. the gait speed was below the 
cut-off level of 1.3 m/sec that has been proposed to differentiate 
between patients with LBP and healthy persons (22).

Muscle function was investigated 3 years postpartum in a 
study with similar subgroups as in the present study (5). the 
reported increased difficulty in walking among women with 
persistent PGP or combined pain is supported by the gait test 
in the present study. the women with persistent combined pain 
in the study by Noren et al. (5) had significantly reduced back 
extensor endurance compared with the women with PGP or 
lumbar pain. the women with combined pain in our study had 
a mean value below 58 sec, but the difference did not reach a 
significant level, which may be due to the small groups. The 
disparity in findings between the 2 studies may also be caused 
by our shorter follow-up.

Muscle test result was associated with classification of LBP 
in the general linear model analyses. When adding the pain 
difference between before and after each test no further expla-
nation of the association between classification and muscle test 
result was seen. We also wanted to study whether pre-test pain 
intensity could further explain the association. When adding 
pre-test pain intensity to the model no improvement in the 
explanation was seen, which implies that pre-test pain intensity 
did not further explain the association. Consequently, the expla-
nation for the difference in test results between women without 
LBP and those with PGP and/or combined pain must mainly be 
differences in muscle function. Additionally, we do not state 
that women with PGP have muscle weakness, but rather that 
they could not perform the test as well as the women without 
LBP, and that the result was not explained by pain intensity. 
Further studies are needed to understand the cause.

In the present study, many of the women with PGP at the 
first evaluation had a short duration of their current symptoms, 
suggesting that the muscle dysfunction was present before pain 
onset. the combined effect of the muscle dysfunction identi-
fied in this study and the hormone-induced increased ligament 
and joint capsule laxity in pregnancy may increase the risk of 
insufficient force closure of the pelvis (12), resulting in pain. 
the present study suggests that one of the components probably 
required for developing PGP, i.e. muscle dysfunction, can be 
identified early in pregnancy.

the mechanism to explain the association between muscle 
function and LBP in relation to pregnancy is not clear. the 
clarification of background mechanism needs multidiscipli-
nary research, not only in mechanical, but also taking into 
consideration hormonal pathophysiology, although the role 
of individual hormone variations and pregnancy-related LBP 
is as yet uncertain. In that way it enables appropriate preven-
tion and therapy.

the idea that impaired stability is due to altered force closure 
of the pelvis has been converted into treatment strategies for 

PGP with specific stabilizing exercises (32). The strategy has 
been shown to decrease symptoms of PGP during pregnancy 
(16) as well as afterwards (27). Back extensor muscle endur-
ance as well as hip muscle strength has shown significant im-
provement after exercise therapy in muscle function as well as 
in pain intensity and function (27). Although there were some 
differences in test performance in the now mentioned study by 
Stuge et al. and the present study, the results of the back exten-
sor test at baseline postpartum were similar. the hypothesis of 
muscle dysfunction in women with PGP is supported by our 
new findings, irrespective of having PGP in early pregnancy 
or having persistent PGP postpartum. 
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