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Previous studies have proposed that pelvic misalignment may be associated with stress urinary 
incontinence through a decrease in the contractile function of the pelvic floor muscles; however, 
this relationship remains unclear. This study aimed to clarify the relationship between low back 
pain, an indication of pelvic misalignment, and stress urinary incontinence at 3 months postpartum. 
We conducted a cross-sectional study of women who gave birth to full-term babies between July 
2008 and July 2009. Stress urinary incontinence was defined as urinary leakage when coughing, 
sneezing, or exercising. Low back pain was defined as pain between the ribs and gluteal sulcus in 
the preceding 2 months. Of the 228 subjects included in the study, the prevalence of stress urinary 
incontinence was 22.8% (n = 52). The prevalence of low back pain in the stress urinary incontinence 
group was significantly higher than that in the non-stress urinary incontinence group (78.8% [n 
= 41] vs. 57.4% [n = 101]; p = 0.005). Stress urinary incontinence was associated with older age, 
primiparity, vaginal delivery, and low back pain at 3 months.  In conclusion, low back pain was 
associated with stress urinary incontinence after adjusting for pregnancy and delivery factors, 
suggesting pelvic misalignment contributes to the development of stress urinary incontinence. We 
propose that including care for pelvic misalignment in pelvic floor muscle training, the treatment of 
choice for stress urinary incontinence, could be beneficial.

1. Introduction

The prevalence of urinary incontinence (UI) in women 
older than 20 years is as high as approximately 25%, 
and approximately 80% of these women have stress 
urinary incontinence (SUI) (1,2), defined as any 
involuntary loss of urine on effort or physical exertion 
(e.g., sporting activities), sneezing, or coughing (3). 
SUI impairs the affected person's quality of life (QOL) 
both psychologically and socially. Those affected 
may experience the fear of smelling like urine and of 
contamination of their clothes and they may restrict 
social activities, quit work, and experience depression 
(4,5) because SUI can occur suddenly in daily life.
 The main cause of SUI is urethral closure dysfunction 
due to stretching of the pelvic floor fascia, ligaments, and 
muscles by the increasing weight of the fetus, amniotic 
fluid, and uterus during pregnancy (6-8), and defects of 
the pelvic floor that may occur during vaginal delivery 
(9-11). Additionally, recovery of pelvic floor function 

following delivery is delayed in women who have 
delivered a baby for the first time at ≥ 35 years old (12). 
Thus, it is essential that patients receive appropriate 
treatment to promote the recovery of pelvic floor 
function and reduce SUI symptoms in the postpartum 
period.
 The pelvic floor includes the muscles, fascia, and 
ligaments that support the pelvic organs (bladder, 
uterus, and intestines). It is responsible for closing 
the urethra and anus to prevent involuntary leakage 
of urine and stool, respectively. Pelvic floor muscle 
training is recommended to improve its supportive and 
urethral closure functions by strengthening the pelvic 
floor muscles (13-15), which are the main muscles 
of the pelvic floor. In fact, 3 months of pelvic floor 
muscle training in the postpartum period can restore 
pelvic floor function and improve SUI (16). However, 
approximately 30% of women with SUI remained 
symptomatic even after undergoing pelvic floor muscle 
training (16). To improve the effectiveness of treatment 
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in the postpartum period, an additional approach is 
needed to reduce SUI symptoms.
 Pelvic misalignment may be a cause of decreased 
pelvic floor function because the pelvic floor muscles 
adhere to the pelvis. Increased secretion of relaxin 
during pregnancy alters the properties of the cartilage 
and tendons around the pelvis, resulting in loosening 
of the pubic symphysis and sacroiliac joints (17). 
In addition, the lax pelvis is exposed to the chronic 
load of the fetus, amniotic fluid, and uterus during 
late pregnancy. When this load is applied to one side 
of the pelvis or to an area that differs from the usual 
placement, the pelvis is distorted (18,19), and pelvic 
girdle pain and low back pain (LBP) occur during 
pregnancy and after childbirth (20). Considering the 
increased activity level of the pelvic floor muscles at 
rest and loss of motor control in patients with LBP 
(21-23), pelvic misalignment causes symptoms due to 
pelvic floor dysfunction, including SUI.
 The evaluation methods for pelvic misalignment 
include pelvic radiography, assessment of the postural 
alignment when standing, and manual examination (18-
22,24). However, these methods have the following 
shortcomings: radiography results in radiation exposure 
(24), and postural alignment evaluation and manual 
examination require special skills and a considerable 
amount of time (18-22). Thus, previous studies (21,22) 
that investigated the relationship between pelvic 
misalignment and SUI struggled with small sample 
sizes and/or no control of other pregnancy and delivery 
factors.
 LBP mainly results from pelvic misalignment 
because pelvic misalignment is associated with LBP 
among adults (24) and sacroiliac joint pain among 
pregnant women (25). Thus, we propose that LBP 
may be useful as an alternative indication of pelvic 
misalignment in a large sample questionnaire study. 
Although a study found that many women have LBP 
and SUI simultaneously 12 months after childbirth (26), 
the study did not evaluate the relationship between LBP 
and SUI after adjusting for pregnancy and delivery 
factors. It remains unclear whether LBP in postpartum 
causes SUI independently from pelvic floor damage 
caused by vaginal childbirth. Therefore, this study 
aimed to clarify the relationship between LBP and SUI 
at 3 months postpartum, when SUI and LBP were likely 
to persist for a long period of time (27,28), and adjust 
for factors relating to pregnancy and delivery.

2. Materials and Methods

2.1. Study design, participants, and procedure

We conducted a cross-sectional study among postpartum 
women at an obstetrics facility in Tokyo between 
July 2008 and July 2009. Women who gave birth 
to full-term babies were recruited while they were 

hospitalized immediately after delivery, regardless 
of their SUI history. The exclusion criteria were as 
follows: (1) stillbirth/neonatal death, (2) neurogenic 
bladder dysfunction, (3) mental illness, (4) difficulty 
in understanding Japanese, and (5) age < 20 years old. 
The study was conducted according to the guidelines of 
the Declaration of Helsinki and approved by the ethics 
committee of the institution. After obtaining consent 
for participating in the study, a researcher obtained 
the patients' demographic and obstetric data from 
medical records. The women answered a questionnaire 
regarding SUI and LBP that was delivered by mail at 3 
months postpartum.

2.2. Measurements

The Japanese version of the scored International 
Consultation on Incontinence Questionnaire-Short 
Form (ICIQ-SF) (29) was used to evaluate the presence, 
degree, and type of UI. The ICIQ-SF consists of four 
items: frequency of UI (0-5 points), amount of urinary 
leakage (0-6 points), effects of UI on daily life (0-
10 points), and subjective evaluation of UI symptoms 
(not included in the score). Higher scores indicated 
severe UI and a poor QOL. Women who answered 
that they had experienced "leakage when coughing or 
sneezing" or "leakage when moving or exercising" were 
diagnosed with SUI.
 The incontinence QOL questionnaire (I-QOL) (30) 
was used to examine disease-specific QOL. The I-QOL 
consists of a 22-item, 5-point scale (1-5 points) that 
represents the effects of UI on the patient's life. The 
score is converted to a maximum of 100 points (range, 
20-100 points). A lower score indicated that UI had a 
greater impact on daily living.
 We also included two of our own questions that 
asked about whether the women experienced LBP (yes 
or no) and the location of the LBP in the past 2 months. 
Based on the definition of the LBP as published in the 
Japanese Orthopaedic Association guidelines (31), LBP 
was defined as pain between the lowermost rib and 
gluteal sulcus.
 Demographic data (age, smoking history, height, 
weight before the current pregnancy, medical history, 
pregnancy history, and delivery) and information about 
the current pregnancy (weight gain during the pregnancy, 
complications, mode and duration of delivery, treatment 
during delivery, gestational age at delivery, birth weight, 
and baby's head circumference) were collected from the 
women's medical records.

2.3. Analysis

The Mann-Whitney U test, Chi-square test, or Fisher's 
exact test was used to compare the results of the women 
with and without SUI. Variables with a p-value of < 0.05 
in the univariate analysis and the number of deliveries 

24



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2022; 16(1):23-29. 25

SUI group were significantly higher than those in the 
non-SUI group (p < 0.01, Table 1). Among the women 
who delivered vaginally, the duration of the second 
stage of labor was significantly longer in the SUI group 
than in the non-SUI group (98.6 ± 102.9 vs. 66.9 ± 95.6 
minutes, p = 0.012). Infants born to women in the SUI 
group had significantly heavier birth weights than those 
born to women in the non-SUI group (3063 ± 403.7 vs. 
2944 ± 338.4 g, p = 0.028).
 The prevalence of LBP at 3 months postpartum 
was 142 (62.3%) in all the participants, and it was 
significantly higher in the SUI group than in the non-
SUI group (41 [78.8%] vs. 101 [57.4%], p = 0.005; 
Figure 2). Logistic regression analysis showed that SUI 
was associated with LBP at 3 months postpartum, age, 
multiparity, and vaginal delivery (AOR [95% CI]: 3.60 
[1.55-8.34], 1.14 [1.04-1.24], 2.39 [1.05-5.43], and 8.63 
[1.07-69.68], respectively) (Table 2).

4. Discussion

This study found that the prevalence of SUI and 
LBP at 3 months postpartum was 22.8% and 62.3%, 
respectively. In addition, the study showed that LBP was 
associated with SUI even after adjusting for pregnancy 
and delivery factors.
 The mean age in this study (35.1 and 33.7 years 

considered to be theoretically essential were included 
in the binary logistic regression analysis. The adjusted 
odds ratios (AORs) and 95% confidence intervals (95% 
CIs) were calculated for the presence of SUI. IBM 
SPSS Statistics for Windows, version 23.0 (IBM Corp., 
Armonk, NY) was used for the analysis. A p-value of < 
0.05 was considered statistically significant.

3. Results

Of the 286 women who participated in the study 
during their puerperal hospitalization, 234 responded 
to the questionnaire at 3 months postpartum (response 
rate: 81.8%). Of these women, 228 were included in 
the analysis after 6 women were excluded because 
they did not answer the questions on the subjective 
evaluation of their UI symptoms on the ICIQ-SF. Fifty-
two women (22.8%) answered that they had SUI at 3 
months postpartum. Among the 52 women with SUI, 
31 experienced UI "2 to 3 times a week," followed by 
"about once a day" in 11 (59.6% and 21.2%, respectively; 
Figure 1). Forty-nine women (94.2%) had moderate 
urinary leakage. The I-QOL score was significantly 
lower in the SUI group than in the non-SUI group (90.0 
± 10.7 vs. 97.3 ± 8.0, p < 0.001).
 The mean age (in years) and proportion of patients 
who delivered vaginally in the current pregnancy in the 

Figure 1. Severity of SUI.
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Table 1. Comparison of the differences in the demographic and obstetric data between the two groups

Demographic data
    Age (years)
    Smoking history
        Never
        Past smoker
        Current smoker
    Pre-pregnancy body mass index (kg/m2)
    Medical history (yes)
        Gynecological diseases
        Respiratory disorders
        Gastrointestinal disorders
        Orthopedic disease
        Urological disease
Current pregnancy
    Primigravid women
    Gestational weight gain (kg)
    Complications (multiple answers)
        Imminent preterm birth
        Preeclampsia
        Gestational diabetes
        Intrauterine growth retardation
        Imminent uterine rupture
        Placenta previa
    Delivery mode (vaginal delivery)
    Total duration of labor (minutes)
        First stage
        Second stage
    Treatment at delivery
        Induction
        Epidural birth
        Episiotomy
        Perineal tear
    Gestational age at delivery (days)
    Birth weight (g)
    Head circumference (cm)

Data are represented as the mean ± standard deviation or n (%), Mann-Whitney U test, or Fisher's exact test. Abbreviation: SUI, stress urinary 
incontinence.

non-SUI group (n = 176)

33.7 ± 4.8

163 (92.6%)
12 (6.8%)
  1 (0.6%)

  20.7 ± 2.7
  82 (46.6%)
  37 (21.0%)
  9 (5.1%)
14 (8.0%)
  6 (3.4%)
  5 (2.8%)

117 (66.5%)
   9.2 ± 3.2

  10 (43.5%)
    5 (21.7%)
  0 (0.0%)

    3 (13.0%)
    3 (13.0%)
  2 (8.7%)

124 (70.5%)
    322.3 ± 284.1
    251.4 ± 241.2
  66.93 ± 95.6

  47 (33.3%)
  5 (3.5%)

  76 (43.2%)
  50 (40.7%)
274.1 ± 8.6

  2943.9 ± 338.4
  33.1 ± 2.9

SUI group (n = 52)

35.7 ± 4.2

47 (90.4%)
5 (9.6%)
0 (0.0%)

  20.6 ± 4.1
27 (51.9%)
  8 (15.4%)
3 (5.8%)
5 (9.6%)

  6 (11.5%)
3 (5.8%)

29 (55.8%)
   8.6 ± 3.4

  4 (66.7%)
0 (0.0%)

  1 (16.7%)
  1 (16.7%)
0 (0.0%)
0 (0.0%)

50 (96.2%)
    388.3 ± 357.1
    288.4 ± 322.6
    98.56 ± 102.9

20 (39.2%)
5 (9.8%)

30 (57.7%)
22 (42.3%)
274.4 ± 8.0

  3063.3 ± 403.7
  33.5 ± 1.3

  p-value

0.006
0.691

0.739
0.511

0.157
0.588
0.219

< 0.001
0.294
0.812
0.012

0.396
0.078
0.785
0.762
0.757
0.028
0.227

Figure 2. Prevalence of LBP.

Table 2. SUI-related factors

Age (years)

Birth weight (g)
LBP at 3 months
Multiparas
Second stage 
(minutes)
Vaginal delivery

OR

  1.10
  1.00
  2.77
  1.57
  1.00
10.48

Abbreviations: LBP: low back pain, SUI: stress urinary incontinence, OR: odds ratio, AOR: adjusted odds ratio, 95% CI: 95% confidence interval. 
Logistic regression analysis. LBP at 3 months: 0 = none, 1 = yes; Multiparas: 0 = primipara, 1 = multiparas vaginal delivery: 0 = cesarean section, 
1 = vaginal delivery.

p-value

0.009
0.036
0.006
0.159
0.055
0.001

(95% CI)

(1.03-1.19)
(1.00-1.00)
(1.33-5.74)
(0.84-2.95)
(1.00-1.01)

  (2.46-44.69)

AOR

1.14
1.00
3.60
2.39
1.00
8.63

(95% CI)

(1.04-1.24)
(0.10-1.00)
(1.55-8.34)
(1.05-5.43)
(0.10-1.01)

  (1.07-69.68)

p-value

0.004
0.345
0.003
0.038
0.129
0.043
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in the SUI and non-SUI groups, respectively) was 
relatively higher than that of the average pregnant 
Japanese women at the time of delivery in 2018 
(1st, 2nd, and 3rd child: 30.7, 32.7, and 33.7 years old, 
respectively) (32). Although the prevalence of SUI and 
LBP generally increases with age (4), in this study, 
the prevalence of SUI and LBP (22.8% and 62.3%, 
respectively) was consistent with that found among 
postpartum Japanese women in previous studies (SUI: 
26.2% and LBP: 47.8%-71.8%) (33-35). Our results can 
be considered representative of the prevalence of SUI 
and LBP among general postpartum Japanese women.
 This study used LBP rather than postural alignment 
or manual examination as an indicator of pelvic 
misalignment because we prioritized the conduction of 
a survey in a group with a large sample size. In general, 
the origins of LBP are divided into five categories (31): 
the spinal cord and surrounding locomotor disease, 
neurofibromata in the spinal cord or cauda equina, 
visceral organ disease (e.g., renal or urinary tract stones 
and gynecological disease), vascular origin (aortic 
dissection etc.), and mental illness. Considering the 
following, we propose that most of the subjects in this 
study had LBP that derived from the spine: LBP of 
vascular origin only occurs in serious situations; the 
exclusion criteria for this study included neurofibromata 
and psychiatric disorders; all the subjects with a history 
of gynecological disease were undergoing treatment 
or had been treated; and pain related to gynecological 
illnesses was controlled. LBP derived from the spine is 
roughly divided into nervous system diseases, such as 
lumbar disc herniation and lumbar spinal canal stenosis, 
and myofascial LBP due to postural changes and pelvic 
misalignment. The postpartum pelvic alignment remains 
wider than that at 12 weeks of gestation, while postural 
changes during pregnancy disappear (25). Moreover, in 
this study, none of the subjects had a history of nervous 
system diseases such as lumbar disc herniation; thus, 
we concluded that the subjects' chief complaint of LBP 
appropriately represented pelvic misalignment.
 After adjusting for pregnancy and delivery 
factors, we found that LBP was associated with SUI. 
Considering that LBP represented pelvic misalignment, 
our results suggest that the decrease in pelvic floor 
function due to pelvic misalignment is a risk factor 
for the development of SUI. Pool-Goudzwaard et al. 
(21) speculated that the insufficient contraction of the 
pelvic floor muscles to ensure urethral closure when 
the intra-abdominal pressure increases is a cause of 
SUI in women with LBP. This is because the pelvic 
floor muscles are constantly activated to eliminate 
the pelvic instability caused by pelvic misalignment. 
Complex combinations of anterior-posterior, left-right, 
and twisting pelvic misalignments and pelvic instability 
during pregnancy and delivery may be triggers for SUI 
through decreased pelvic floor function.
 Multiparity and vaginal delivery were associated 

with postpartum SUI. Considering that pelvic floor 
muscle abnormalities occur after vaginal delivery (36) 
and the risk of SUI increases with parity (37), this result 
confirmed that pelvic floor dysfunction due to defects 
in the pelvic floor muscles causes postpartum SUI.
 Our findings from the I-QOL score that showed 
that SUI impairs the QOL of women were consistent 
with those of previous studies (5,38). Although many 
healthcare professionals have attempted to improve 
the effectiveness of pelvic floor muscle training by 
adding biofeedback tools, increasing the frequency 
and duration of training, and providing support to 
keep patients motivated in their training (e.g., group 
sessions) (15,16), there are still some limitations to 
pelvic floor muscle training including a high dropout 
rate and moderate cure rate. As LBP coexists with SUI 
in many postpartum women and SUI and LBP have a 
strong effect on postpartum daily life (38), our finding 
of the possibility of a relationship between pelvic 
misalignment and SUI would provide an alternative 
approach to the treatment of SUI in terms of correcting 
pelvic misalignment.
 This study had some limitations. First, it did not 
investigate whether subjects had any episodes of UI 
before the current pregnancy because we did not focus 
on the causal relationship between SUI and pelvic 
misalignment caused by the current pregnancy or 
delivery. Although this study included women who 
had pelvic misalignment or SUI regardless of their 
pregnancy or delivery information, this did not have an 
impact on the finding of a relationship between pelvic 
misalignment and SUI. Second, pelvic misalignment 
was not directly evaluated. The relationship between 
pelvic misalignment and decreased pelvic floor 
function/SUI is still under scrutiny. Nonetheless, this 
study revealed that LBP (pelvic misalignment) was 
related to postpartum SUI independent of the pelvic 
floor damage caused by pregnancy and delivery. Thus, 
we propose that further studies are required to reveal 
the mechanisms underlying SUI caused by pelvic 
misalignment. Finally, data were obtained more than 
10 years ago. Although it has been a long time since 
the data were collected, the method that was used to 
determine SUI using the ICQF-SF and to evaluate LBP 
based on the guidelines remain the standard methods to 
date. In addition, in Japan, there were no differences in 
the delivery circumstances between the present and 10 
years ago, such as the cesarean section rate (17.4% in 
2005 vs. 20.4% in 2017) (39) and average maternal age 
at birth of the first child (29.1 years old in 2005 vs. 30.7 
years old in 2019) (40). Therefore, it can be said that 
the results of this study fully reflect the current situation 
for postpartum women in Japan.
 In conclusion, our results showed that the prevalence 
of SUI and LBP at 3 months postpartum was 22.8% 
and 62.3%, respectively, and the prevalence of LBP 
in women with SUI was as high as 78.8%. Even after 
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adjusting for delivery factors, it became clear that 
postpartum SUI was associated with LBP. This suggests 
that the decrease in pelvic floor function due to pelvic 
misalignment, which is a potential cause of LBP, is 
associated with the development of SUI. In future, we 
propose that SUI can be improved more efficiently 
by including correction of pelvic misalignment in 
conventional pelvic floor muscle training.
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