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Background: Functional anteversion and inclination of the cup change as the 

pelvic sagittal inclination(PSI) changes.The purposes of this study were to 

investigate the chronological changes of PSI during a 10-year follow-up period 

after total hip arthroplasty (THA) and to report the characteristics of patients 

who showed a greater than  10°change in the PSI from the supine to the 

standing position.

Methods: The subjects were 70 patients who were followed up for 10 years 

after THA. PSI values in the supine and standing positions were measured by 

2D-3D matching using computed tomography images and pelvic radiographs. 

PSI values before THA and 1, 5, and 10 years after THA were compared in both 

the supine and standing positions.



Results: Supine PSI showed less than  5°of change, whereas standing PSI 

showed a significant decrease with time over the 10-year period. Although 43% 

of patients with less than  10°of difference in the PSI between the supine and 

standing positions before THA increased PSI posteriorly (reclining) more than 

10°in standing from the supine position at 10 years, no late dislocation was 

observed.

Conclusion: Supine PSI showed no significant change, but standing PSI showed 

a significant increase posteriorly with time over a 10-year period. However, this 

PSI change did not reach the level that it caused negative consequences such 

as late dislocation.The pelvic position in the supine position might still be a 

good functional reference position of the pelvis for aiming to achieve proper 

cup alignment at 10 years.
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Introduction

Previous studies suggested that the mean change in pelvic sagittal 

inclination (PSI) in both the supine and standing positions between before 

total hip arthroplasty (THA) and after THA was within about 5°early after 

THA.

However, there have been no longterm follow-up studies about the change 

in PSI after THA.

If the PSI in each position long after THA is different from that before THA, it 

can be a cause of sequelae due to functional malalignment of the cup. 

Because patients are getting older after THA, their risk of having some spinal 

diseases such as degenerative disc diseases,degenerative spondylolisthesis, 

and osteoporotic compression fractures is increasing.
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These spinal disorders and aging itself are related to PSI change, particularly 

in the standing position.

If the PSI in the supine position and in the standing position changes after 

THA,there is a concern that, even if the cup is placed in the target zone in

the pelvis in the supine position, the risk of posterior impingement and 

anterior dislocation may increase after THA for such atypica patients.

To improve the outcome of THA, it is important to appreciate the 

chronological changes of PSI long after THA.
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This was a retrospective review study of 101 consecutive patients who 

underwent THA , and the imaging data acquisition was performed in a 

prospective fashion.These patients were informed about the study that 

required anteroposterior (AP) radiographs of the pelvis in both the supine and 

standing positions at 1, 5, and 10 years after THA.Seventy patients completed 

10-year follow-up,There were 56 women and 14 men.

Computed tomography (CT) of the pelvis was also performed preoperatively for 

CT-based navigation THA. By matching CT imaging with pelvic radiographs, PSI 

at each time point (before THA and 1, 5, and 10 years after THA) in both the 

supine and standing positions was measured.

0307

Methods 



1. By using 3D viewer software , the multiplanar reconstruction (MPR) 

image of the pelvis was made from CT images.

2. The ratio of the vertical diameter to the horizontal diameter (VH ratio) 

of the pelvic foramen on the pelvic radiograph was measured.

3. To match the VH ratio on a DRR to that on a radiograph, the pelvis was 

sagittally rotated on the MPR. 
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Patterns of PSI changes from the supine position to the standing position 

were investigated in each time period. Pattern P was defined as the patients 

whose pelvises tilted posteriorly more than 10°from the supine position to 

the standing position. Pattern A was defined as the patients whose pelvises 

tilted anteriorly more than 10°from the supine position to the standing 

position at THA. Pattern N was defined as the remaining patients.
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Results

PSI in the standing position was significantly smaller than PSI in the supine 

position at each time point, except before THA (Table 1)。PSI in the supine 

position at 1 year after THA tilted significantly posteriorly from the PSI 

before THA, but the change in PSI in the supine position plateaued after 1 

year (Fig. 2)The mean change of PSI in the supine position between before 

THA and 10 years after THA was 2.9°±5.6°(-16.7 to 8.1). PSI in the 

standing position continued to decrease until 10 years after THA. The 

mean change of PSI in the standing position between before and 10 years 

after THA was 11.4 °± 13.2°(-45.0 to 15.0).
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The percentages of patients who showed pattern P at each time point was 

6% before THA, 6% at 1 year, 12% at 5 years, and 45% at 10 years (Fig. 3).

There were no significant differences in age, sex, and preoperative PSI in 

the supine or standing positions between type P and type C (Table 2)。In 

type P, PSI in the supine position at 1 year after THA tilted significantly 

posteriorly from the PSI before THA, but the change in PSI in the supine 

position plateaued after 1 year, and PSI in the standing position continued 

to decrease over the 10 years after THA (Fig. 4).In type C, PSI in the supine 

position was not changed over 10 years of follow-up after THA, and PSI in 

the standing position continued to decrease until 10 years after THA (Fig. 5)
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Discussion
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Cup malalignment can lead to postoperative complications including 

dislocation, implant loosening, and breakage or accelerated wear of the 

bearing parts . Functional cup alignment changes as PSI changes. Some 

patients show a large change in PSI from the supine position to the 

standing position, and even if the cup alignment is in a safe zone in the 

supine position, functional cup alignment in the standing position may go 

outside of the safe zone, which can lead to impingement and dislocation . 
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This study suggests that the pelvic position in the supine position is still a 

good functional reference position of the pelvis for aiming cup alignment. 

However, a further study with a larger number of subjects and a longer 

term follow-up may reveal a more serious clinical impact of chronological

changes in PSI.
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In conclusion, PSI in the supine position showed no significant changes,but 

PSI in the standing position showed a significant increase backward with 

time over a 10-year period. However, this PSI change did not reach the 

level of causing negative consequences such as late dislocation. The pelvic 

position in the supine position might still be a good functional reference 

position of the pelvis for aiming to achieve proper cup alignment at 10 

years.



19


