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Purpose: The pelvic tilting exercise is a well recognized rehabilitation maneuver. However, little information is available on 
the changes of lumbar segmental motion during pelvic tilting. This study was conducted to measure the kinematics of the 
pelvic tilting exercise on the supine and prone positions via fluoroscopy.

Methods: A total of 10 female subjects were enrolled. During anterior, neutral, and posterior pelvic tilting, radiographs 
were taken  in each exercise via fluoroscopy (ARCADIS Orbic, Siemens, USA).  Images were sent to the picture archiving 
communication system (PACS), and the digitized  images were analyzed using LabVIEW software (National  Instruments, 
USA). Lumbosacral  lordosis and the  intervertebral body angle,  intervertebral disc angle, and intervertebral displacement 
were analyzed. 

Results: The  results  of  lumbar  kinematic  analysis  during  three  tilting  postures  in  the  supine  and  prone  positions 
demonstrated that lumbosacral lordosis and the intervertebral body angle and  intervertebral disc angle were significantly 
higher when the pelvis was tilted anteriorly (p>0.05). However, there was no significant difference between anterior and 
neutral tilting in the intervertebral disc angle at the L3/4 level in the prone position (p>0.05), and there was no significant 
difference among tilting positions in intervertebral body displacement in the prone  position (p>0.05).

Conclusion: This study provides scientific evidence about the pelvic tilting exercise  in  lumbosacral segmental motion. 
Depending on the pelvic tilting exercise, kinematic changes were demonstrated in both positions, especially in the supine 
position. It is suggested that the supine position is effective for mobility, but it should be used carefully for the LBP (Low 
back pain) patient with hypermobility.  
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I. Introduction

Both anterior and posterior pelvic rotation while lying down are 

common positions in which pelvic movements are assessed and 

utilized in the rehabilitation setting.1 The patients recognize 

their painless range of motion during the pelvic tilting exercise, 

and they have confidence in new movement. Therefore, the 

pelvic tilt can be done in several different positions as a starting 

position, and it is an essential motor control skill for lumbar 

stability.2

Pelvic tilts are often recommended to develop support for 

the low back, abdominals, sacroiliac joints, and adjacent 

structures. The posterior pelvic tilt is believed to reduce lumbar 

lordosis, and the anterior pelvic tilt increases lumbar lordosis.3 
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During posterior pelvic tilting, both the lower fibers of the rectus 

abdominals and the gluteals are worked, and reduced lumbar 

lordosis from posterior pelvic tilting is reported to have some 

advantages. It facilitates the supply of metabolites to the 

posterior annulus fibrosus,4,5 reduces the load on apophyseal 

joint surfaces,5,6 and relieves the posterior annulus fibrosus from 

compressive stress.7,8 It may also activate the abdominal muscles, 

relieve paraspinal muscle spasm, and improve lumbopelvic 

control.9 The anterior pelvic tilt is actually a quite normal 

postural position. However, excessive anterior pelvic tilting 

beyond the “normal” range is a result of weakness in the 

abdominal muscles and tightness in the iliopsoas.3

The pelvic tilting exercise is performed in various non- 

weight bearing and weight bearing positions.10 In the early stage 

of LBP (Low Back Pain) management, the prone or supine 

position is preferred,  which are non-weight bearing positions. In 

particular, the prone position forms a closer kinematic chain 

than the supine position. The recommended position for the 

pelvic posterior tilting exercise is with slight knee and hip flexion 

in the supine position, which facilitates easy performance in the 

acute stage, and then the patient is trained in the sitting and 

standing positions.9

Previous study regarding pelvic tilting assessed the 

relationships between pelvic tilting and lumbar lordosis or 

muscle contraction while standing.3,11 Although the pelvic 

tilting exercise is an accepted rehabilitation maneuver to check 

the range of painlessness, few studies have examined the 

relationship between the pelvic tilt and kinematics.3,12,13 It is 

difficult to determine segmental movement during motion due 

to limitations in measuring equipment, but fluoroscopy can 

measure intersegmental motion during movement with low 

radiation. The purpose of this study was to evaluate the 

kinematic changes of the lumbar spine according to anterior, 

neutral, and posterior pelvic tilting in healthy subjects using 

fluoroscopy.

II. Methods

1. Subjects 

Ten healthy female college students without neurological or 

musculoskeletal disease volunteered for this study. The exclusion 

criteria included previous spinal problems and current medical 

treatment for spinal pain and pregnancy. 

The principal objectives and radiologic risks of this study 

were explained to each subject, and they signed an informed 

consent form before the study. This protocol was conducted in 

accordance with the ethical standards of the Declaration of 

Helsinki. 

2. Procedure

Subjects were instructed on how to perform the pelvic tilt by one 

physical therapist. For the anterior pelvic tilt, subjects were 

instructed to rotate the pelvis anteriorly. For the neutral spine 

position, the pelvis was in a comfortable, relaxed position. For 

the posterior pelvic tilt, subjects were instructed to rotate the 

pelvis posteriorly, so that the lumbar spine became flat.  First, the 

subject performed the pelvic tilting exercise in the supine 

position with relaxed 30° hip flexion and 75° knee flexion, and 

then they performed the pelvic tilting exercise in the prone 

position. Subjects practiced each pelvic tilting exercise three 

times in preparation.

3. Data acquisition and analysis

After practice, the x-ray tube was pointed at each subject's 

lumbar spine from L3 to the superior end plate of the sacrum in 

the sagittal plane, and the radiographs were taken during each 

exercise via fluoroscopy (ARCADIS Orbic, Siemens, USA). 

Images were sent to the picture archiving communication 

system (PACS), and the digitized images were analyzed using 

LabVIEW software (National Instruments, USA). 

For kinematic analysis, lumbosacral lordosis, and the 

intervertebral body angle, and intervertebral body displacement 

were analyzed based on previous study (Figure 1).14-16 Lumbosacral 

lordosis was defined as the angle between the midplane lines of 

L3 and the superior end plate of the sacrum. The intervertebral 

body angle was defined as the angle between adjacent midplane 

lines. The intervertebral disc angle was defined as the angle 

between the line of the adjacent cephalic vertebral inferior end 

plate and the adjacent caudal vertebral superior end plate. The 

angle was counted as positive if the wedge opened ventrally. The 

intervertebral body displacement was defined as the distance 

between the perpendicular projections of the vertebral body 

center points to the bisectrix. When the center point of the 

cranial vertebra was positioned more anteriorly than the caudal 

vertebra, it was expressed as a positive value. To account for 
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Mean±SD (n=10)

Age (years) 21.7±3.1

Weight (kg) 52.1±3.3

Height (cm) 157.4±1.9

Table 1. General characteristicsvariations in magnification and stature, the intervertebral body 

displacement was divided by the mean depth (mean of superior 

endplate and inferior endplate) of the cranial vertebra.17 

Figure 1. Measurement of intervertebral body angle, 
intervertebral disc angle, and displacement. The 
intervertebral body angle was defined as the angle 
between adjacent midplane lines. The intervertebral disc 
angle was defined as the angle between the line of the 
adjacent cephalic vertebral inferior end plate and the 
adjacent caudal vertebral superior end plate. The 
intervertebral body displacement was defined as the 
distance between the perpendicular projections of the 
vertebral body center points to the bisectrix.

4. Statistical analysis

All data are expressed as mean±standard error. Comparisons 

among the three exercises regarding lumbosacral lordosis, 

intervertebral body angle, intervertebral disc angle, and 

intervertebral body displacement were analyzed via repeated 

measures of one-factor analysis. PASW 18.0 for Windows was 

used throughout, and statistical significance was accepted for 

p-values of <0.05.

III. Results

Table 1 indicates demographic data of the subjects. All 

participants tended to be similar in age, weight, and height. 

The results of lumbar kinematic analysis during three tilting 

postures in the supine and prone positions demonstrated that 

lumbosacral lordosis and the intervertebral body angle and 

intervertebral disc angle were significantly higher when the 

pelvis was tilted anteriorly. This trend was predominantly 

demonstrated at the caudal level. Regarding lumbosacral 

lordosis and the intervertebral body angle and intervertebral disc 

angle in the supine position, the mean value was highest in 

anterior tilting and lowest in posterior tilting, and there were 

significant differences between anterior, neutral, and posterior 

tilting (p<0.05)(Figure 2A, 2C, 2E, 2G). 

In regard to lumbosacral lordosis and the intervertebral body 

angle and intervertebral disc angle in the prone position, the 

mean value was highest in anterior tilting and lowest in posterior 

tilting. There were significant differences among anterior, 

neutral, and posterior tilting in lumbosacral lordosis and the 

intervertebral body angle (p<0.05)(Figure 2B, 2D). In terms of 

the intervertebral disc angle in the prone position, the mean 

value was highest in anterior tilting, followed by neutral and 

posterior tilting at L4/5 and L5/S1. However there was no 

significant difference between anterior and neutral tiling at the 

L3/4 level (p>0.05)(Figure 2F). In terms of the intervertebral 

body displacement in the prone position, the mean value was 

highest in anterior tilting, but there was no significant difference 

among the tilting positions (p>0.05)(Figure 2H).

IV. Discussion

The pelvic tilting exercise is a well accepted rehabilitation 

maneuver,18 but little information is available on changes of 

lumbar segmental motion during pelvic tilting.3,12,13 In this 

study, significant kinematic changes among three tilting 

postures were found in lumbosacral lordosis and the 

intervertebral body angle and intervertebral disc angle in the 

prone and supine positions. 

Although a significant difference was found among the three 

tilting positions in intervertebral body displacement in the 
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Figure 2. Results of lumbar spine kinematics depending on anterior, neutral, and posterior tilting in supine 
and prone positions
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supine position, no significant difference was found between the 

postures in the intervertebral body displacement in the prone 

position.

Physiological lumbar lordosis has a protective effect on the 

structures through an equal distributing force across the spinal 

column, and it is correlated to whole sagittal alignments.19,20 

Decreased lumbar lordosis is found in LBP patients21 and the 

elderly,22 and greater lordosis is demonstrated in a person with 

weakness of the abdominal muscles.23 In this study, lordosis was 

greater in anterior pelvic tilting, followed by neutral and 

posterior pelvic tilting in both positions. The difference between 

anterior and neutral tilting was 18.3° in the supine position and 

11.5° in the prone position. The difference between neutral and 

posterior tilting was 25.4° in the supine position and 21° in the 

prone position. Levine et al.12 reported that adopting a maximal 

anterior pelvic tilt increased lumbar lordosis by an average of 

10.8°, and adopting a maximal posterior pelvic tilt decreased 

lumbar lordosis by an average of 9° in the standing position. 

Differences from the previous study may be due to individual 

variables12 and the postures. The results of this study support the 

idea that pelvic tilting affects lumbar lordosis. 

In our study, the intervertebral body and disc angle de-

monstrated the same trends, and they were increased during 

anterior tilting and decreased during posterior tilting. In 

addition, the caudal level demonstrated a greater intervertebral 

body and disc angle than the cephalic level during anterior, 

neutral, and posterior tilting, except the intervertebral disc angle 

at L4/5 during posterior tilting in the supine position. The 

vertebral body and intervertebral space are a trapezoidal shape 

and different in size.24 The posterior height of the intervertebral 

disc is less than its anterior height, and the anterior height of the 

vertebral body at L5 was higher than its posterior height. These 

properties affected the intervertebral body angle and 

intervertebral disc angle.25 In our study, the lumbar spine was 

flattened, which decreased the intervertebral disc angle during 

posterior tilting in both the supine and prone positions. This 

permitted more spaces in the posterior intervertebral region, and 

the stress or compression of nerves may be decreased, and disc 

pain could be reduced.26 The intervertebral disc angle during 

posterior tilting in the supine position demonstrated that the 

L4/5 level was lowest, which means the inferior endplate of L4 is 

parallel to the superior endplate of the L5 level. On the other 

hand, the intervertebral angle at L5/S1 was greatest in supine 

position but not as much as in the prone position. De 

Carvalho17 et al. reported lumbar spine and pelvic posture 

between standing and sitting. They found that the intervertebral 

disc angle was decreased at all lumbar levels, except between 

L5/S1, when lordosis is flattened by sitting. Another study 

suggested that the L5/S1 joint was not significantly affected by 

the pelvic tilt in a standing position3. The results of previous 

studies were different from our study because of different 

postures.

The greater displacement of the intervertebral body chages 

instant axis of motion and is ineffective for loading 

distribution.24 In our study, the intervertebral displacement was 

significantly higher during anterior tilting, followed by neutral 

and posterior tilting, in supine position, but there was no 

significant difference between the three tilting motions in the 

prone position. Frobin et al.16 also demonstrated that di-

splacement decreases in extension and increases in flexion, and 

the amount of displacement is close to zero. The anterior tilting 

in the supine position showed greater displacement than that in 

the prone position. Thus, the pelvic tilting exercise in the supine 

position is not recommended for patients with hypermobility, 

and the prone position is safer than the supine position for those 

patients 

Limitations of the study were that only healthy young 

women participated in the study, and the small sample size and 

muscle contribution were not considered. Further studies will be 

required to analyze weight bearing conditions, such as sitting 

and standing, or functional posture on pelvic tilting.

This study provides scientific evidence about the pelvic 

tilting exercise in lumbosacral segmental motion. Depending on 

the pelvic tilting exercise, kinematic changes were demonstrated 

in both positions, especially in the supine position. It is 

suggested that the supine position is effective for mobility, but it 

should be used carefully for the LBP patient with hypermobility. 

In addition, the prone position is more stable for patients with 

hypermobility.
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