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Abstract
Background: Pelvic Girdle Pain (PGP) is a musculoskeletal pain that arises between the posterior iliac crest and gluteal 
fold, at the sacroiliac joint and also radiates posteriorly in the thigh. PGP give rise to very intense pain and disability than 
Low Back Ache (LBA). It is a common condition during pregnancy and post-delivery. Joint laxity increases pelvic rotation 
and lumbar lordosis which results in adaptive hip extensor muscle weakness. Hence the studies focus on identifying the 
lumbar lordosis and hip extensor strength of PGP. Aim of the Study: To identify the association between lumbar lordosis 
and PGP and to identify the association between hip extensor strength and PGP among post-partum women. Material 
and Methodology: Based on inclusion and exclusion criteria a total of 80 postpartum women were assessed based on the 
diagnostic criteria the women were divided into two groups. Group A consists of women with PGP and group B consists 
of women without PGP. Both groups were assessed for lumbar lordosis using flexicurve and hip extensor strength using a 
manual muscle tester. Data collected was analyzed using. Outcome Measure: Flexicurve to assess lumbar lordosis. Manual 
muscle tester to assess hip extensor strength. Result: The study showed that the mean lumbar lordosis was significantly 
higher in women with PGP than in women without PGP, p = 0.001. There was a 15.46° ± 6.91° higher angle observed in 
persons who had pelvic girdle pain compared to those who did not have pelvic girdle pain. The mean hip extensor strength 
for group ‘A’ (average of right and left side) was 12.74 ± 0.73kg, whereas it was significantly higher in group ‘B’. Conclusion: 
The study concludes that there is a positive association between lumbar lordosis and hip extensor weakness in pelvic 
girdle pain. 
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1.  Introduction
Pelvic Girdle Pain (PGP) is a musculoskeletal pain that 
arises between the posterior iliac crest and gluteal fold, at 
the sacroiliac joint and also radiates posteriorly in thigh 1. 
It also has signs and symptoms indicating pain originating 
from the Sacro-Iliac Joint (SIJ) and surrounding soft 
structures such as connective tissue and myofascial. 
The pain or discomfort must be reproducible by clinical 
tests1–3.

PGP give rise to very intense pain and disability 
than Low Back Ache (LBA)1. It affects the endurance 
capacity of walking, standing and sitting1. Many theories 
suggest that there could be an underlying reason for 

SIJ getting “displaced” or “fixated” and ending up in 
“positional faults”3. PGP can be classified into two type’s 
Specific PGP and Non-Specific PGP. Specific PGP is 
associated with specific pathological conditions such 
as infections, sacroiliitis, inflammatory arthritis, and 
fracture. Non-specific pelvic girdle pain has no identified 
pathoanatomical basis. It may occur due to factors such as 
hormonal, and biomechanical aspects, inadequate motor 
control and ligament stress, and increased shear force on 
pelvic joints and it can also arise during pregnancy or 
postdelivery1, 3.

PGP is a very well-known condition which occurs 
during pregnancy and post-delivery. Worldwide PGP 
is attributed to be 50% prevalent due to pregnancy4. 
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According to an epidemiological study, 20% of women 
during pregnancy develop Pelvic Girdle Pain and 
continued to have symptoms 3 years post delivery5. It has 
an incidence as high as 46% to 58%. Another study states 
that Pelvic joint pain due to pregnancy persists in 8.5% of 
women at least 2 years after childbirth2.

Pelvic Girdle Pain turns out to be chronic despite 
the absence of any pathoanatomical abnormalities, 
radiological abnormalities, or inflammatory conditions 
detected through blood screening3.

Pelvis is a structure which transfers the load to the 
trunk and the legs. Pelvic stability helps in reducing shear 
forces across the joints. Improper load on the pelvis leads 
to overload on the pelvic ligaments which in turn leads to 
PGP1. The recent theory states that lack of lumbopelvic 
motor control causes disturbance in the load transfer 
through the pelvis and it may cause peripheral nociceptive 
drive of symptoms3.

The loading of the spine and pelvis increases during 
pregnancy due to uterus loading. The changes that occur 
during pregnancy are laxity of pelvic ligaments, softening 
of the pubis symphysis, Line of Gravity (LOG) changes, 
and orientation of the pelvis5. Pelvic instability occurs due 
to mechanical and hormonal changes leading to a change 
in the soft structures to constant loading5. Hyperlordosis 
occurs due to a shift in COG as uterus loading happens 
in pregnancy. It in turn increases the load on the lumbar 
spine6. Hyperlordosis and weakness of core muscles may 
persist 6 months post-delivery and it may also lead to 
LBA7.

PGP does not occur from the joint alone; the other 
contributing factors are insufficiency of the pelvic 
muscles, strained ligaments, joint capsules, and muscle 
dysfunction which in turn can lead to affect the stability 
of the pelvis. In functional activities such as walking and 
standing, hip extensors play an important role than hip 
flexors, and knee muscles8. Hip muscle weakness can have 
an association with alteration in the knee, hip, pelvis and 
trunk kinematics9.

 Increased lumbar lordosis limits the spinal range 
of motion and causes hip extensor weakness. A further 
weakness of the hip muscles and pelvic instability 
increases the lumbar lordotic curve.

Muscle dysfunction can be an important factor for 
long-term PGP. In chronic PGP, it is diagnosed that there 
is an association between hip extensor muscle weakness 
and poor endurance in back muscles10, 11.

Pregnancy hormones cause laxity of the Sacroiliac 
joint and the alignment of the pelvis is affected. It leads 
to LBA and PGP. A detailed assessment is required to 
identify the risk of developing lumbopelvic disorders in 
women12. There is a scarcity of studies done on finding if 
lumbar lordosis and hip extensor muscle weakness result 
in Pelvic girdle pain. Identifying the association of lumbar 
lordosis and hip extensor strength with PGP is needed so 
that management strategies addressing these factors can 
be incorporated and long-term disability associated with 
PGP can be prevented.

The objectives of the research were:

•	 To identify the association between lumbar lordosis 
and pelvic girdle pain among post-partum women.

•	 To identify the association between hip extensor 
strength and pelvic girdle pain among post-partum 
women. 

2.  Methodology
Approval to continue with the research work was granted 
by the ethical board of our institution to assess the patients 
necessary for this research. The subjects were then given a 
brief introduction about the purpose of this research, the 
procedures to be undertaken, possible risks as well as the 
benefits. Upon the approval of the participants, a signed 
consent form was attained. The general condition of the 
patient was assessed.

Our Study is a case-control study. The study setting 
and the source of data were postnatal women taken from 
a maternity hospital in Bangalore. The duration of the 
study was 6 months. 80 postnatal women between the 
age of 20-35 years, 2 months to 2 years post delivery were 
taken in the study. The participants were divided into two 
groups i.e., Group A (subjects with pelvic girdle pain) and 
Group B (subjects without pelvic girdle pain) based on 
the diagnostic criteria. 

Active Straight Leg Raise test (ASLR) and Posterior 
Pelvic Pain Provocation (P4) test were used as diagnostic 
tests for PGP The subjects who tested positive for both 
diagnostic tests were considered for the case group (group 
A) and a subject who was not positive were considered for 
the control group (group B).

Both the group subjects were assessed to check 
lumbar lordosis using flexicurve and maximum voluntary 
isometric hip extension using Lafayette manual muscle 
tester device
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2.1  Diagnostic Criteria 
In the ASLR test, the subjects who scored 2 and above 
were considered positive13 and the P4 test was used to 
diagnose Pelvic girdlepain13–16. The test was said to be 
positive when the patient could feel the same pain in the 
gluteal area on the provoked side17, 18.

Outcome measures that were used were, flexicurve 
used to assess the lumbar lordosis and manual muscle 
tester used to assess voluntary isometric hip extension.

3.  Outcome Measures

3.1  Flexicurve
The measurement was taken with the participants in a 
standing position. The flexible ruler was placed over the 
lower back on the lumbar spinous process and shaped to 
fit the contours of the spinal curve. The instrument was 
carefully removed and the curvature was drawn on white 
paper. A vertical line was drawn to connect the T12 and 
S2 landmarks (total length of curvature/L line). First the 
maximum width was noted (H ) and then the middle of 
the lumbar curvature length was measured in centimetres.

The angle, theta(θ) will be determined by using these 
measurements

Angle (θ) = 4 X [arctan (2H/L)] where [θ] represents 
the degree of the lordotic curve19, 20. The range of 20-45 
degrees is considered normal21, 22.

3.2  Manual Muscle Tester (MMT)
Maximum voluntary isometric contraction for hip 
extensors was measured with the Lafayette MMT 
device. Before the test, the device was calibrated. The hip 
extension was tested in a prone position with the hip in 90 

degrees of flexion. The manual muscle tester device was 
placed above the popliteal fossa. A strap was placed over 
the pelvis to provide stabilization. The participant had a 
sling around the thigh. Participants were commanded 
to “pull the leg as hard as you can until I stop you after 
5 sec”.The therapist did not encourage the participants 
during the test. Two training repetitions were done and 
the next 3 repetitions’ mean was analyzed. Each time the 
participant held the activity for 5 secs and took 5-10 sec of 
rest. The values were determined for both legs8, 21.

4.  Results	

4.1  Statistical Analysis
It is inferred from Table 1 that the mean age of group 
‘A’ was 26.33 ± 3.15 years, and it was 26.33 ± 3.34 for 
group ‘B.’ There was an insignificant difference in the age 
between groups Z = 0.07, P = 0.942.

The mean BMI was 22.51 ± 2.40 for group ‘A’ and 23.45 
± 2.76 for group ‘B,’ and the difference was statistically 
insignificant between groups, Z = 1.39, P = 0.164.

It is inferred from Table 2 that, the mean ASLR score 
was 4.20 ± 1.34 for group ‘A’ and it was 0.45 ± 0.51 for 
group ‘B’; the mean difference in the score between 
groups was 3.75 ± 0.79. The difference in the ASLR score 
was statistically significant between the groups, z = 7.89, 
p = 0.001<0.05.

It is inferred from Table 3 that, the mean lumbar 
lordosis was significantly higher in group A, M = 64. 27° 
± 2.28° than in-group ‘B’, M = 48.81° ± 7.23°, t=12.91, 
p = 0.001. There was a 15.46° ± 6.91° higher angle was 
observed in group ‘A’ compared to group ‘B.’

The mean hip extensor strength for group ‘A’ (average 
of right and left side) was 12.74 ± 0.73kg, whereas it was 

Table 1. Basic characteristics of the study patients

Characters
Group A Group B Mann-Whitney ` U’ test

M S.D M S.D U Z P
Age
BMI

26.33
22.51

3.15
2.40

26.32
23.45

3.34
2.76

792.50
655.50

0.07
1.39

0.942
0.164

M- Mean, SD- standard Deviation, ‘U’- Mann Whitney value, Z- test statistics, P- probability.

Table 2. ASLR Score comparisons between groups

Outcome
Group A Group B

Differences
Mann Whitney ` U’ test

M S.D M S.D U Z P
ASLR 4.20 1.34 0.45 0.51 3.75 ± 0.79 0.000 7.89 0.001*

M- mean, SD- standard Deviation, ‘U’- Mann Whitney value, Z- test statistics, P- probability, * - significant.
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significantly higher in group ‘B’, M = 16.00 ± 0.50kg, t = 
23.38, p = 0.001<0.05.

There is a complex relationship between OR and RR. 
Table 4 indicates the values of different event rates. OR is 
considered to be higher than RR when the value of RR 
is more than 1.0 (Tables 4a-c). When the value of OR 
is similar to RR, the value can be interchanged and the 
outcome is said to be rare (typically <10%), irrespective 
of whether the risk is higher (Table 4a) in the exposed 
group as compared to the unexposed. When the event 
rates increase, the values diverge and they cannot be 
interchanged. 

The study showed that the mean lumbar lordosis was 
significantly higher for women with PGP than for those 
without PGP, p = 0.001. There was a 15.46° ± 6.91° higher 
angle was observed in persons who had pelvic girdle pain 
compared to those who did not have pelvic girdle pain. 
The mean hip extensor strength for group ‘A’ (average of 
right and left side) was 12.74 ± 0.73kg, whereas it was 
significantly higher in group ‘B’.

5.  Discussion
Musculoskeletal problems are common during 
postpartum. These problems are induced due to pregnancy 

hormones and physical changes that occur during 
pregnancy. Stress is placed on the spinal cord, pelvic girdle, 
and genital tract which gives rise to problems such as PGP, 
LBA, neurological compression, and joint disruption. 
This study aims at identifying the presence of PGP and 
to identify the association between lumbar lordosis and 
hip extensor strength with PGP. PGP is a pain that arises 
from the lumbosacral, sacroiliac and pubis symphysis 
joints. The pain is reproducible with provocation tests.  
PGP is known to affect the endurance capacity of women 
in walking and standing. It was reported that 63.8% of 
new mothers had decreased capacity for activity due to 
fatigue. Biomechanical changes in the posture such as 
an increase in lumbar curvature occur during pregnancy 
and some of the changes persist post-delivery. Studies 
have reported the presence of increased lumbar lordosis 
that persists up to 6 months postpartum. Low back pain 
and hip muscle weakness are also seen in postpartum 
due to incomplete recovery of abdominal muscles and 
impairment in neuromuscular control. Hence this study 
focuses on identifying lumbar lordosis and hip extensor 
strength as contributive factors to cause PGP.

The results show that women with PGP had reduced 
strength in hip extensor muscles than women without 
pelvic girdle pain.

Table 4. Relative Risk (RR) and Odds Ratio (OR)

  Groups
Bad

Outcomes
Good

Outcomes Total Risk odds Relative Risk (RR) Odd’s ratio (OR)
4(a)

Lumbard
GA 11 29 40 0.28 0.38

1.57 1.79GB 7 33 40 0.18 0.21
4(b)

RL
GA 22 18 40 0.55 1.22

2.75 4.89
GB 8 32 40 0.2 0.25

4 (c)

LL
GA 18 22 40 0.45 0.82

3.6 5.73
GB 5 35 40 0.125 0.14

Table 3. Comparison of Lumbar lordosis and hip extensor strength between groups

Outcome measures
Group A Group B

Difference
Paired sample test

M S.D M S.D f P
Lumbar lordosis 64.27˚ 2.28˚ 48.81˚ 7.23˚ 15.46˚±6.91˚ 12.91 0.001*

Hip Extensor in kgs:-
Right
Left

Total (Rt/Lt)

12.62
12.85
12.74

0.93
1.00
0.73

16.01
15.99
16.00

0.73
0.56
0.50

3.38 ± 1.23
3.14 ± 1.12
3.26 ± 1.52

23.38 0.001*

M- mean, S.D- standard deviation, t- paired sample, P- probability, *- significant.
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A study has reported that reduced strength in the 
transverse abdominis, pelvic floor muscles, internal 
oblique, and poor coordination of the lumbopelvic 
muscles are the common reasons for pelvic girdle pain. 
Lee and colleagues,2008, the study showed that overuse 
of the buttock muscles and external oblique muscles 
and reduced strength in transverse abdominis increases 
the shear stress of the Sacroiliac Joint (SIJ) which causes 
pelvic girdle pain23.

A case study done on postpartum runners has shown 
to cause LBA and hip pain and restriction in hip extension. 
The strength test showed weakness in the hamstring, 
gluteus medius, and gluteus maximus. This study showed 
that lumbar stabilization exercises and USI biofeedback 
were used to treat persons with hip pain and LBA. The 
exercises also proved to thicken the transverse abdominis, 
lower limb loading and pelvic control during running24. 
A study (Shefali) has shown that postpartum runners had 
strength impairments in hip extensors, hip abductors, 
pelvic floor muscles and abdominal muscles. Postpartum 
runners compensate on other structures for stability due 
to laxity. The study shows that Trendelenburg alignment 
results from hip muscle weakness and it has been studied 
for running injury risk. The study also reported alignment 
changes in the postpartum period such as dynamic knee 
valgus, increased lumbar lordosis, and thoracic kyphosis25. 

6.  Recommendations
•	 Additional research is indicated to investigate women 

with regional obesity around the abdomen with lum-
bar lordosis.

•	 The dynamic strength of the hip extensors can be 
assessed.

7.  Conclusion
The study concludes that there is a positive association 
between lumbar lordosis and hip extensor weakness in 
pelvic girdle pain. 
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