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Background: The purpose of this study was to evaluate the age-related change in pelvic sagittal incli-

nation in the standing position after total hip arthroplasty (THA). This study hypothesized that the rate of

progression of posterior tilt is not constant.

Material and methods: We measured sacral slope and pelvic tilt in 36 patients who were followed up for

more than 10 years after unilateral primary THA.

Results: The posterior pelvic tilt in the standing position progressed significantly in the first year after

THA and then progressed slowly. However, there was a tendency to accelerate again for those older than

75 years. Posterior pelvic tilt tended to progress rapidly after surgery in patients with femoral neck

fractures and subchondral fractures of the femoral head.

Conclusions: In patients older than 75 years and those with fragility fractures, postoperative pelvic tilt in

the standing position tends to be greater, suggesting that the use of a large head or dual mobility system

should be considered.

© 2022 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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Background in some cases, while in others, it progresses rapidly in the early

postoperative period. In other cases, posterior PT progresses

In the field of total hip arthroplasty (THA), the influence of hip-
spine relationships has recently attracted attention [1—3]. The
placement of an acetabular component based on the hip-spine
relationship has been recommended [1,2,4]. However, these rec-
ommendations are based on the condition at the time of surgery
and do not consider long-term changes.

Previous studies [5,6] have suggested that pelvic sagittal
inclination in the standing position after THA increases posteri-
orly over time. Pelvic reclination of 10° will lead to functional
anteversion of the acetabular cup of approximately 7° [7] and
increase the risk of anterior dislocation. Ideally, the degree and
risk of future pelvic inclination should be predicted preopera-
tively, and a surgical plan to account for it should be developed
[6,8—11].

In patients undergoing long-term follow-up after THA, pos-
terior pelvic tilt (PT) in the standing position progresses slowly

* Corresponding author. Katsura Kagawa, MD, Department of Orthopaedic Sur-
gery, Toyama Prefectural Central Hospital, 2-2-78 Nishinagae, Toyama-shi, Toyama
930-8550, Japan. Tel.: +1 76 424 1531.

E-mail address: Omitsu2001@gmail.com

https://doi.org/10.1016/j.artd.2022.03.021

slowly initially but then more rapidly after a period of time. In
this study, age-related changes in pelvic sagittal inclination were
evaluated based on the hypothesis that the rate of progression
of posterior PT in the standing position after THA is not
constant.

Material and methods

This study was approved by the author’s institutional review
board, and informed consent was obtained from all patients.

Thirty-six patients were followed up for more than 10 years
after unilateral primary THA in our department between February
2004 and October 2010. There were 2 men and 34 women with a
mean age at surgery of 60.0 + 10.8 years (range, 38-85 years). There
were 29 patients with osteoarthritis, 1 patient each with idiopathic
osteonecrosis of the femoral head, femoral neck fracture, or femoral
head fracture, and 2 patients each with osteonecrosis of the femoral
head after femoral neck fracture or subchondral fracture of the
femoral head.

Preoperative sacral slope (SS) and PT in the supine and standing
positions were measured to evaluate the difference in preoperative
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Figure 1. Measurement of pelvic sagittal inclination in the standing position. PT, pelvic
tilt; SS, sacral slope.

pelvic sagittal inclination between supine and standing postures. SS
and PT in the standing position were measured using lateral spi-
nopelvic radiographs. SS was defined as the angle formed by the S1
endplate and a horizontal line. PT was defined as the angle between
the anatomic pelvic plane (APP) and the coronal plane [12—14]. The
APP is defined by the plane connecting the anterior superior iliac
spines and the most anterior aspect of the pubic tubercle. On
imperfect lateral spinopelvic radiographs, the superior end of the
APP intersects the horizontal midpoint between the left and right
anterior superior iliac spines [2] (Fig. 1). SS and PT in the supine
position were measured using a digitally reconstructed radiograph
of the spinopelvic sagittal view of preoperative computed
tomography.

Spinopelvic lateral radiographs in the standing position were
taken at each follow-up time after THA. SS and PT in the
standing position were measured to evaluate secular changes of
pelvic sagittal inclination in the standing position. Posterior PT
was defined by positive values, and anterior PT by negative
values.

Data are expressed as mean + standard deviation. Spearman's
rank correlation coefficients and Wilcoxon signed-rank tests were
used for postoperative evaluation of SS and PT. P values < .05 were
considered significant. All statical analyses were performed using
Statcel, the Useful Addin Forms on Excel-4th ed.

Results

The mean postoperative follow-up period was 11.8 + 2.0 years
(range, 10-16 years).

The mean changes of SS and PT in the standing position before
THA and the last observation were —7.4° + 4.5° (-15.9° to 1.0°)
and —-9.5° + 5.4° (-21.7° to 0.6°), respectively. Posterior PT in the
standing position progressed significantly in the first year after THA
(mean change of SS = —-3.2° + 3.3°/ly and mean change of
PT = —5.0° + 4.0°/y) and then more slowly (mean change of
SS = —0.41° + 0.40°/y and mean change of PT = —0.42° + 0.41°/y)
(P =.0.018). There was a clear positive correlation between SS and
PT in the standing position (P =.0035) (Figs. 2 and 3).

There was no clear correlation between the change in posture
from standing to supine positions before surgery and the degree of
posterior tilt progression after surgery (Fig. 4).

When postoperative changes of pelvic sagittal inclination in the
standing position after THA were examined based on the age at
surgery, there was a tendency for posterior tilt to progress at an
accelerated rate in patients older than 75 years (Fig. 5).

In the 12 patients aged 76 years or older (range, 77-95 years)
at the last observation, the mean change of SS in standing posi-
tion over the first year postoperatively was —1.8° + 2.1° (-6.5°
to —0.4°). The mean change between surgery and when they
reached 75 years of age was —2.6° + 2.7° (-7.5° to —0.5°). The
mean change between surgery and the last observation was —8.0°
+ 4.3° (—14.2° to —1.0°) (Fig. 6). To evaluate the average annual
change in tilt, 3 phases were defined: phase 1, from preoperative
stage to 1 year postoperatively; phase 2, from 1 year post-
operatively to 75 years of age; and phase 3, from 75 years of age
to the last observation. The mean annual change of SS in the
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Figure 2. Postoperative changes of pelvic sagittal inclination in the standing position after THA. The preoperative value is used as the reference (0°). Standing PT, pelvic tilt in
standing position; Standing SS, sacral slope in the standing position. There was a clear positive correlation between SS and PT in the standing position. P =.0035, Spearman’s rank

correlation coefficient.
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Figure 3. A 60-year-old woman at the time of surgery with unilateral dysplastic hip arthropathy. The posterior pelvic tilt in the standing position progressed significantly in the first
3 months after THA and remained at a constant angle thereafter. By the age of 73 years, 13 years after surgery, the posterior pelvic tilt in the standing position was 3.5° in SS and 5°
in PT. (a) Change of SS in the standing position. (b) Anteroposterior (AP) radiographs of the pelvis in the standing position. (c) Lateral spinopelvic radiographs in the standing

position. Line, S1 endplate line; dotted line, anatomical pelvic plane (APP).

standing position averaged —1.8° + 2.1°/y (-6.5° to —0.4°) in
phase 1; —0.2° + 0.1°/y (—-0.5° to 0) in phase 2; and —0.8° + 0.5°/y
(—1.7° to —0.1°) in phase 3 (Fig. 7). The annual change of the SS in
the standing position was significantly greater in phase 1 (P =
.012) and phase 3 (P =.015) than in phase 2. The posterior PT after
THA progressed significantly in 2 phases, the early postoperative
period and after the age of 75 years (Fig. 8).

Posterior PT progressed rapidly after surgery in cases with
femoral neck fracture or fragility fracture of the femoral head
(Figs. 5 and 9).
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Discussion

Previous studies [5,6] have suggested that pelvic sagittal incli-
nation in the standing position after THA increases posteriorly over
time. Suzuki et al. [6] reported that in 77 hips that underwent pri-
mary THA, age and a decrease in lumbo-lordotic angle were asso-
ciated with the progression of posterior PT in the standing position
over 5 years postoperatively. In addition, Kyo et al. [ 10] reported that
in 124 patients who underwent primary THA, the mean change of
pelvic sagittal inclination from the preoperative supine position to

o
=

Final postoperative posterior tilt(° )

**
s $
*
-5 ‘
* e 0 o *
. *
*
-10 **,
. * .
o
-15 *
20 * g
25
15 -10 5 0 5 10

Before THA  Standing PT—Supine PT(° )

Figure 4. Scattergram of preoperative postural changes and postoperative final posterior tilt. There was no clear correlation between preoperative postural changes and the degree
of posterior tilt progression after surgery. Standing PT, pelvic tilt in the standing position; Supine PT, pelvic tilt in the supine position; Standing SS, sacral slope in the standing
position; Supine SS, sacral slope in the supine position. P = .16 (SS), P = .36 (PT), Spearman’s rank correlation coefficient.
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Figure 5. Postoperative changes in pelvic sagittal inclination in the standing position over time. The preoperative value is used as the reference (0°). There was a tendency for the
posterior pelvic tilt to progress at an accelerated rate in patients older than 75 years. The posterior pelvic tilt progresses at an accelerated rate in the cases with femoral neck fracture

(case A) and fragility fracture of the femoral head (case B).

the standing position 1 year postoperatively was 9.5° posterior. The
degree of posterior tilt was related to vertebral compression frac-
tures, degenerative spondylolisthesis, and narrowing of the inter-
vertebral disc space, indicating a relationship between posterior PT
in the standing position and lumbar alignment.

On the other hand, it has been reported that spinopelvic align-
ment, so-called spinopelvic harmony, breaks down with age [15,16].
Yukawa et al. [17] reported in a cross-sectional study of healthy
Asians that spinopelvic alignment begins to fail rapidly after the age
of 70 years, and the pelvis begins to tilt posteriorly. Although there
are no reports on differences in changes of spinopelvic alignment
between normal subjects and those with hip deformities, in this
study, the posterior PT after THA tended to progress significantly
during 2 phases, the early postoperative period and after the age of
75 years. The latter phase generally coincided with the period when
spinopelvic harmony is said to be disrupted. This suggests a rela-
tionship between the accelerating progression of posterior PT after
75 years of age and the disruption of spinopelvic harmony. It is
difficult to prevent the progression of posterior PT after THA, and

o

'
N

'
()]

mean change of degrees(® )
o A

-10

Before THA

1 year after

we believe that long-term systemic care after THA, including
osteoporosis treatment and exercise therapy for postural mainte-
nance, is important to prevent osteoporotic vertebral compression
fractures and spinal deformities due to age-related degeneration,
which have been suggested to be associated with the progression of
posterior PT.

Miki et al. [9] reported that it is difficult to avoid edge loading
and impingement when posterior PT increases by more than 20°
postoperatively. Abdel [18] stated that the use of a dual mobility
system is effective in patients with a high risk of postoperative
dislocation due to spinal deformity. In this study, patients aged 75
years or older and patients with fragility fractures tended to have a
greater postoperative progression of posterior PT, suggesting that
the use of a large head or dual mobility system in THA should be
considered.

The limitation of this study is that it does not include an eval-
uation of spinal alignment, such as lumbo-lordotic angle. The main
reasons for this are that the L1 upper-end plate was not included in
the imaging range of lateral spinopelvic radiographs in the standing
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Figure 6. Longitudinal changes in pelvic sagittal inclination in the standing position (SS in the standing position) in patients older than 76 years at the last observation (N = 12). The
preoperative value is used as the reference (0°). The average age at the last observation was 83 years.
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Figure 7. Annual change (acceleration) of posterior pelvic tilt in the standing position in patients older than 76 years at the last observation (N = 12). The average age at the last
observation was 83 years. The annual change in the standing SS was significantly greater in phase 1 and phase 3 than in phase 2. *P < .05, **P = .272, Wilcoxon signed-rank test.

position at each follow-up, and sagittal radiographs of the entire
spine often were not taken at each follow-up, making it impossible
to evaluate changes over time. However, the findings that posterior
PT after THA tended to progress significantly in 2 phases, during
early postoperative period and after the age of 75 years, are sig-
nificant in terms of predicting changes in tilt with aging after THA.
It is important to understand that preoperative planning and
postoperative care must consider not only the patient's condition at
the time of surgery but also long-term postoperative changes as the
patient ages.
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Conclusions

The rate of progression of posterior PT in the standing position
after THA was not constant and tended to be faster in the early
postoperative period and in patients older than 75 years. The
postoperative progression of posterior PT tended to be greater in
patients aged 75 years or older and in patients with fragility frac-
tures, suggesting that the use of a large head or dual mobility
system should be considered. To prevent osteoporotic vertebral
compression fracture and degenerative spinal deformity, long-term
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Figure 8. A 71-year-old woman at the time of surgery with unilateral dysplastic hip arthropathy. Posterior pelvic tilt in the standing position progressed in the first year after THA
and remained almost constant thereafter, but the posterior tilt rapidly progressed after 76 years of age, 5 years after surgery. By the age of 81 years, 10 years after surgery, the
posterior pelvic tilt in the standing position was 11.9° in SS and 10.9° in PT. (a) Change of SS in the standing position. (b) AP radiographs of the pelvis in the standing position. (c)
Lateral spinopelvic radiographs in the standing position. Line, S1 endplate line; dotted line, APP.
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Figure 9. A 78-year-old woman at the time of surgery with a fragility fracture of the femoral head. The pelvic sagittal inclination in the standing position temporarily tilted forward
after THA, but the posterior pelvic tilt progressed drastically after 2 years. By the age of 89 years, 11 years after surgery, the posterior pelvic tilt in the standing position was 12.6° in
SS and 16.0° in PT. (a) Change of SS in the standing position. (b) AP radiographs of the pelvis in the standing position. (c) Lateral spinopelvic radiographs in the standing position.

Line, S1 endplate line; dotted line, APP.

systemic care after THA surgery, including osteoporosis treatment
and exercise therapy to maintain posture, is important.
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