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ABSTRACT  

Introduction: In patients with low back pain, radiographic 

parameters that most highly correlate with patient-reported 

outcomes are focal i.e, rotatory subluxation, regional i.e, loss of 

lordosis and global i.e, sagittal malalignment. Recently, the 

literature has also confirmed the impact of spinopelvic 

alignment on patient reported outcomes. For the further 

measurement of lumbo-pelvic alignment following parameters 

are assessed i.e. lumbar lordosis, pelvic incidence, sacral 

slope and pelvic tilt. The present study aims evaluate gender 

wise differences in lumbo-pelvic alignment in patient with 

chronic low backache.  

Material and Methods: The present study was performed on 

patients with clinical symptoms of chronic low back pain. 

Parameters studied are Lumbar Lordosis, Pelvic Incidence 

angle, Pelvic Tilt and Sacral Slope. Data obtained was 

arranged as mean or percentage as required. 

Results: In present study, In Group I, the mean value of 

lumbar lordosis amongst males was 29.64 ± 9.69 and that 

amongst females was 30.71 ± 9.06 with the p value of 0.639. 

In Group II, the mean value of lumbar lordosis amongst males 

was 32.79 ± 7.86 and that amongst females was 35.04 ± 7.22 

with the p value of 0.256.  In Group I, the mean value of pelvic 

incidence amongst males and females was 52.69 ± 11.86 and 

52.52 ± 11.17 respectively. In Group II, the mean value of 

pelvic incidence amongst males and females was 54.00           

± 11.13 and 55.72 ± 10.45 respectively. In Group I,               

the mean  value of  pelvic tilt  amongst  males and females was    

 

 
 

 
13.74 ± 8.78 and 13.81 ± 7.95 respectively. In Group II, the 

mean value of pelvic tilt amongst males and females was 14.42 

±4.75 and 12.44 ± 4.69 respectively.   

Conclusion: The present study found no significant difference 

in the lumbar lordosis, pelvic tilt and sacral slope between 

males and females with chronic low back pain. Parameters of 

the sagittal plane were extracted as being associated with low 

back pain too. But with respect to the literature and 

inconsistency of different multivariate analysis approaches, 

those parameters also might to some extent be affected by 

aging and degeneration. 
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INTRODUCTION 

Low Back pain is usually described by the length of time for which 

symptoms persist: Acute low back pain lasts less than 6 weeks. 

Sub-acute low back pain lasts between 6 to 12 weeks and chronic 

low back pain persists for more than 12 weeks.1 For those, whose 

conditions have transitioned from acute to chronic pain (pain 

persisting) for 3 months or longer, there are often few physical 

abnormalities.2 These patients adjust the sagittal alignment not 

only by spinal inclination, but also by pelvic rotation or even hip 

and knee flexion to maintain a static horizontal gaze with the least 

expenditure of energy.3-5 Pain can arise from the intervertebral 

disc in which case, greatest pain provocation will be associated 

with  movements  and  functions in the sagittal plane. Lumbar pain  

can also arise from afflictions within the zygapophyseal joint 

mechanism, which will produce the greatest pain provocation 

during three-dimensional movements due to maximal stress to 

either the synovium or joint cartilage. Finally, patients can 

experience pain associated with irritation to the dural sleeve 

dorsal root ganglion or chemically irritated lumbar nerve root. Pain 

can also arise from muscle.6 

Radiographic parameters that most highly correlate with patient-

reported outcomes are focal i.e, rotatory subluxation, regional i.e, 

loss of lordosis and global i.e, sagittal malalignment.7 These 

complex deformities are often associated with spinal degenerative 

diseases  such  as  arthrosis and central or foraminal stenosis and  
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can lead to pain and radiculopathy.8 Recently, the literature has 

also confirmed the impact of spinopelvic alignment on patient 

reported outcomes.7,9 For the further measurement of lumbo-

pelvic alignment following parameters are assessed i.e. Lumbar 

Lordosis, Pelvic Incidence, Sacral Slope and Pelvic Tilt. 

Lumbar lordosis is an important factor in decreasing longitudinal 

stiffness, improvement of muscle movement and control of 

different mechanical tensions in the lumbar spine. The normal 

curvature of the lumbar spine is visible in the sagittal plane. The 

average Lumbar Lordosis angle in male 59.30 and in female 60.01 

by using Cobb’s angle technique.10 

Pelvic tilt is defined as angle between the vertical line and the line 

joining the midpoint of sacral plate and the axis of the femoral 

head. Pelvic incidence is defined as the angle between the 

perpendicular to the sacral plate and the line joining the mid-point 

of the sacral plate and the axis of the femoral neck. Sacral slope is 

defined as the angle between the horizontal line and the sacral 

plate.11 Spinopelvic harmony12 describes the relationship between 

spinal and pelvic parameters and introduces the more generalised 

concept of balance. It has been reported that chronic low back 

pain and lumbar degenerative diseases are associated with a 

reduction in sacral slope and increase in pelvic tilt.123 So, the 

Lumbo-pelvic parameters including lumbar lordosis, pelvic 

incidence, pelvic tilt and sacral slope is useful to find out the 

reasons of low back pain on standing radiographs.14 The present 

study aims evaluate gender wise differences in lumbo-pelvic 

alignment in patient with chronic low backache. 
 

MATERIALS AND METHODS 

The present study was performed on 64 patients with clinical 

symptoms of chronic low back pain and 64 X-rays of normal 

populations already present in department of radiology of SGT 

Hospital having age between 19–70 years. The patients were 

divided into two groups Group I involved patients with chronic low 

back ache and Group II enrolled Normal Subjects. The present 

study was designed to find any gender differences in lumbo-pelvic 

alignment  in patients with chronic low backache. Pelvic incidence 

is the angle between superior endplate of S1 and line joining hip 

axis to center of superior endplate of S1. Pelvic tilt is the angle 

between vertical line and line joining hip axis to center of superior 

endplate of S1. Sacral slope is defined as the angle between 

superior endplate of S1 and horizontal line. The controls were 

included if there was no diagnosis dealing with back pain 

complaints, no serious back pain history for 2 years, and no back 

pain at all in the last 6 months. Patients who were fulfilling the 

inclusion criteria were selected and designated as sample. All 

subjects had a standing left lateral radiograph including the spine 

and pelvis from which sagittal spinopelvic alignment was 

assessed. All films were obtained with the subject standing with 

arms crossed and knees fully extended with adequate lateral view 

of overlapping femoral heads and visualization from above the C7 

vertebral body to the sacral endplate. Parameters studied are 

Lumbar Lordosis, Pelvic Incidence angle, Pelvic Tilt and Sacral 

Slope. Data obtained was arranged as mean or percentage as 

required. 
 

Table 1: Gender distribution of the patients 

Gender GROUP I GROUP II 

Frequency Percentage Frequency Percentage 

Male 34 53.2% 37 57.8% 

Female 30 46.8% 27 42.2% 
Total 64 100% 64 100% 

 

Table 2: Age distribution of the subjects 

 Group I Group II 

Age Range Frequency Percentage Frequency Percentage 
19-30 27 42.2 45 70.3 

31-40 17 26.6 18 28.2 
41-50 8 12.5 1 1.5 

51-60 11 17.2 0 0 

61-70 1 1.5 0 0 
 

Table 3: Mean variable values amongst males and females in Group I 

Gender Pelvic Incidence 
(Mean ± SD) 

Pelvic Tilt 
(Mean ± SD) 

Sacral Slope 
(Mean ±SD) 

Lumbar Lordosis 
(Mean ± SD) 

Male 52.69 ± 11.86 13.74 ± 8.78 40.21 ±  9.58 29.64 ± 9.69 

Female 52.52 ± 11.17 13.81 ± 7.95 39.71 ± 10.79 30.71 ±  9.06 

P value 0.950 0.975 0.840 0.639 
 

Table 4: Comparison amongst gender in group I 

Gender N Std. Error Mean 

Pelvic incidence  Male 34 1.899 
 Female 30 2.007 

Pelvic tilt  Male 34 1.406 

 Female 30 1.427 
Sacral slope  Male 34 1.534 

 Female 30 1.938 
Lumbar lordosis  Male 34 1.551 

 Female 30 1.627 
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RESULTS 

From the table1, it is inferred that there were a total of 34 (53.2%) 

males in Group I and 37 (57.8%) males in Group II. In Group I and 

Group II, there were 30 (46.8%) and 27 (42.2%) females 

respectively.  

From table 2, in Group I, there were 27 subjects (42.2%) who 

were aged between 19-30 years. There were 26.6% (n=17) 

subjects between 31-40 years. There were 8 subjects (12.5%) 

subjects between 41-50 years of age. There were 11 subjects 

between 51-60 years of age. Least number of subjects were 

between 61-70 years i.e. 1.5%. In Group II, there were maximum 

number of subjects that were aged between 19-30 years. There 

were 45 subjects (70.3%) in this age group. There was only one 

subject who was aged between 41-50 years of age. There were 

18 subjects (28.2%) who were aged between 31-40 years of age. 

The  table 3 shows the mean value of variables amongst subjects 

in Group I. The mean value of pelvic incidence amongst males 

and females was 52.69 ± 11.86 and 52.52 ± 11.17 respectively. 

On applying t test, the p value was 0.950. There was no significant 

difference in the pelvic incidence between males and females. 

The mean value of pelvic tilt amongst males and females was 

13.74 ± 8.78 and 13.81 ± 7.95 respectively. On applying t test, the 

p value was 0.975. There was no significant difference in the 

pelvic tilt between males and females. The mean value of sacral 

slope amongst males was 40.21 ± 9.58 and that amongst females 

was 39.71 ± 10.79 with the p value of 0.840. Hence there was no 

significant difference in the sacral slope between males and 

females. The mean value of lumbar lordosis amongst males was 

29.64 ± 9.69 and that amongst females was 30.71 ± 9.06 with the 

p value of 0.639. Hence there was no significant difference in the 

lumbar lordosis between males and females.  
 

Table 4 shows the standard error amongst males and females in 

Group I. The standard error in pelvic incidence amongst males 

was 1.899 and amongst females were 2.007. The standard error 

in pelvic tilt amongst males was 1.406 and females were 1.427. 

The standard error in sacral slope amongst males and females 

was 1.534 and 1.938 respectively. The standard error in lumbar 

lordoisis amongst males and females was 1.551 and 1.627 

respectively. Table 5 shows the mean value of variables amongst 

subjects in Group II. The mean value of pelvic incidence amongst 

males and females was 54.00 ± 11.13 and 55.72 ±10.45 

respectively. On applying t test, the p value was 0.541. There was 

no significant difference in the pelvic incidence between males 

and females. The mean value of pelvic tilt amongst males and 

females was 14.42 ± 4.75 and 12.44 ±4.69 respectively. On 

applying t test, the p value was 0.109. There was no significant 

difference in the pelvic tilt between males and females. The mean 

value of sacral slope amongst males was 40.24 ± 9.69 and that 

amongst females was 35.28 ± 7.83 with the p value of 0.037. 

Hence there was a significant difference in the sacral slope 

between males and females. The mean value of lumbar lordosis 

amongst males was 32.79 ± 7.86 and that amongst females was 

35.04 ± 7.22 with the p value of 0.256. Hence there was no 

significant difference in the lumbar lordoisis between males and 

females. Table 6 shows the standard error amongst males and 

females in Group II. The standard error in pelvic incidence 

amongst males was 1.806 and amongst females were 2.089. The 

standard error in pelvic tilt amongst males was 0.770 and females 

were 0.938. The standard error in sacral slope amongst males 

and females was 1.572 and 1.567 respectively. The standard error 

in lumbar lordosis amongst males and females was 1.275 and 

1.444 respectively. 
 

Table 5: Mean variable values amongst males and females in Group II 

Gender Pelvic Incidence 

(Mean ± SD) 

Pelvic Tilt 

(Mean ± SD) 

Sacral Slope 

(Mean ± SD) 

Lumbar Lordosis 

(Mean ± SD) 

Male 54.00 ± 11.13 14.42 ± 4.75 40.24 ± 9.69 32.79 ± 7.86 

Female 55.72 ± 10.45 12.44 ±4.69 35.28 ± 7.83 35.04 ±7.22 

P value 0.541 0.109 0.037 0.256 
 

Table 6: Comparison amongst gender in Group II 

 Parameters    Gender N Std. Error Mean 

PI           Male 37 1.806 
Female 27 2.089 

PT Male 37 .770 
Female 27 .938 

SS Male 37 1.572 

Female 27 1.567 
LL Male 37 1.275 

Female 27 1.444 

 

DISCUSSION 

LBP is a work-related musculoskeletal disorder that causes 

substantial economic losses to individuals as well as to the 

community.15  

Chronic low back pain (CLBP) has a high morbidity with high 

social and economic effects. Pathology in any segment of the 

trunk or lower leg can disturb the global postural equilibrium, 

resulting in compensatory changes in other segments. Low back 

pain (LBP) is an important clinical, social, economic and public 

health problem affecting the population indiscriminately. The 

studies done all over the world show that the prevalence of 

chronic lower back pain is increasing. This increase in the 

prevalence is a concern for worry because it is a condition 

responsible for substantial social impact and an important source 

of demand for health services.16 In Indian context the 

epidemiological study on back pain in various occupational groups 

are not widely available. Current treatments are inadequate for 

many patients. With current therapies many patients fail to 

achieve adequate relief for chronic pain.17 The present study was 

designed to determine the importance of lumbo-pelvic alignment 
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in patient with chronic low backache and to find any differences in 

lumbo-pelvic alignment. The age distribution of patients in this 

study was, majority of the subjects were between 19- 30 years of 

age. The least number of subjects were between 61-70 years of 

age. In Group I, there were 26.6% (n=17) subjects between 31-40 

years. There were 8 subjects (12.5%) subjects between 41-50 

years of age. There were 11 subjects between 51-60 years of age. 

In Group II, there was only one subject who was aged between 

41-50 years of age. There were 18 subjects (28.2%) who were 

aged between 31-40 years of age. In a study conducted by J. 

Schroeder et al (2013)92 the age of the subjects with chronic lower 

back pain was similar to that of this study. They also enrolled 

subjects more than 19 years of age. They divided the subjects into 

two groups, one was more than 40 years of age and the other less 

than 40 years of age. The age range was also similar to a study 

conducted by Emmanuelle Chaleat-Valayer et al,18 in which 

subjects between 18-60 years were included in the study.  

In present study, there were a total of 34 (53.2%) males in Group I 

and 37 (57.8%) males in Group II. In Group I and Group II, there 

were 30 (46.8%) and 27 (42.2%) females respectively. There were 

majority of males subjects in our study. This was in accordance 

with the study conducted by Emmanuelle Chaleat-Valayer et al.18 

There were 111 males and 87 females in their study. 

In present study, In Group I, the mean value of lumbar lordosis 

amongst males was 29.64 ± 9.69 and that amongst females was 

30.71 ± 9.06 with the p value of 0.639. In Group II, the mean 

value of lumbar lordosis amongst males was 32.79 ± 7.86 and 

that amongst females was 35.04 ± 7.22 with the p value of 0.256. 

Hence there was no significant difference in the lumbar lordosis 

between males and females. The results of this study were 

comparable to the study conducted by Schroeder et al19 who 

found that the spine was significantly flatter for the older male 

patients compared to the male controls with the p value of 0.013. 

Gelb D20 and Takeda N21reported an age related decrease in 

lumbar angle which means with age, there is flatter lordosis.  

In this study, in Group I, the mean value of pelvic incidence 

amongst males and females was 52.69 ± 11.86 and 52.52 ± 

11.17 respectively. In Group II, the mean value of pelvic incidence 

amongst males and females was 54.00 ± 11.13 and 55.72 ± 

10.45 respectively. There was no significant difference between 

males and females in both the groups.  In present study, in Group 

I, the mean value of pelvic tilt amongst males and females was 

13.74 ± 8.78 and 13.81 ± 7.95 respectively. In Group II, the mean 

value of pelvic tilt amongst males and females was 14.42 ±4.75 

and 12.44 ± 4.69 respectively. There was no significant difference 

in the pelvic tilt amongst males and females in both the groups.  

But studies conducted by Jackson RP et al,22 Rajnics et al23 and 

Barrey et al24 show a significantly larger pelvic tilt in subjects of 

low back pain. 

In our study, in Group I, The mean value of sacral slope amongst 

males was 40.21 ± 9.58 and that amongst females was 39.71 ± 

10.79. In Group II, The mean value of sacral slope amongst males 

was 40.24 ± 9.69 and that amongst females was 35.28 ± 7.83. 

There was no significant difference between the males and 

females in both the groups as the p value was more than 0.05.  

Based on a previous literature review25,it was found that there are 

three main risk factors for recurrent and chronic LBP: (1) history of 

LBP with associated limitations and treatments, (2) dissatisfaction 

at work and (3) poor general medical condition. Other risk factors 

such as socioeconomic and employment status, psychological 

status and physically demanding work are also suggested. 

Although psychosocial and environmental factors seem important 

in predicting recurrence and chronicity in LBP, morphological and 

postural factors can also potentially influence the occurrence of 

LBP.  

It is recommended for patients with non-specific chronic low back 

pain to remain physically active as long periods of inactivity will 

adversely affect recovery.26 A variety of different types of exercise 

have been explored to treat chronic low back pain, including low-

to-moderate intensity aerobic exercise,27,28 high intensity aerobic 

exercise,29,30 core stabilization and muscular strength exercises31-

36 and flexibility programmes.37-39  

However, the most effective form of exercise as a method of 

rehabilitation for non-specific chronic low back pain is unknown40,41 

reflecting its complexity162and more research is required.42 

Physical activity (PA) to increase aerobic capacity and muscular 

strength, especially of the lumbar extensor muscles, is important 

for patients with CLBP in assisting them to complete activities of 

daily living.43 However, different exercises have been found to 

result in varying levels of effectiveness in reducing lower back 

pain.44 In addition, too much or too little PA can be associated with 

low back pain,45, suggesting that PA as an intervention for low 

back pain is complex. 

Sagittal spino-pelvic alignment plays a very important role in 

spinal biomechanics. Differences in spinal curvatures in erect 

posture require changes in the ventro-dorsal position of the spine 

(i.e., the position of the spine in the mid-sagittal plane).46 When 

the spine is situated closer to the line of gravity (more ventral 

position), a smaller PI and spinal curvatures is needed to keep an 

economic upright posture. When the spine is situated further back 

from the line of gravity (more dorsal position), a higher PI and 

spinal curvatures is needed to maintain an economic upright 

balance.46 As biomechanical overloading of the spine is known to 

cause and worsens several spinal disorders, sagittal spino-pelvic 

alignment has been studied extensively in the past two decades 

and referential values are described in both asymptomatic adults 

and children. 

 

CONCLUSION 

The present study found no significant difference in the lumbar 

lordosis, pelvic tilt and sacral slope between males and females 

with chronic low back pain. Sagittal spinopelvic balance in modern 

humans is achieved when spinal curvatures and pelvic/sacral 

orientation are aligned in the same manner. In a well-aligned 

spine, the line of gravity falls close to the acetabulum. Pelvic 

incidence significantly influences the sagittal spinal geometry, 

specifically lumbar lordosis in healthy modern humans. 

Parameters of the sagittal plane were extracted as being 

associated with low back pain too. But with respect to the 

literature and inconsistency of different multivariate analysis 

approaches, those parameters also might to some extent be 

affected by aging and degeneration. 
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