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Methods

Using SPINEPARA software, we measured the pelvic sagittal parameters including P,

PT, and PSI in 61 patients with Crowe llI/IV DDH. Both PSI and PT represent the pelvic

tilt state, and the difference between their values is 2y (PT = PSI + 2y). The regression
equation between Pl and PT at one year after THA was established. By substituting 2y, the
relationship between Pl and PSI was also established. The Bland-Altman method was used
to evaluate the consistency between the PSI calculated by the linear regression equation
(ePSI) and the actual PSI (aPSI) measured one year postoperatively.

Results

The mean PT and PSI changed from preoperative values of 7.0° (SD 6.5°) and -8.0° (SD 6.7°),
respectively, to 8.4° (SD 5.5°) and -4.5° (SD 5.9°) at one year postoperatively. This change
shows that the pelvis tilted posteriorly following THA. In addition, when lumbar-pelvic
alignment rebalanced, the linear regression equation between Pl and PT was PT = 0.45 x

PI - 10.5°, and PSI could be expressed as PSI = 0.45 x PI - 10.5° - 2y. The absolute difference
between ePSl and aPSI was less than 5° in 55 of 61 patients (90.16%).

Conclusion

The new PI created by the positioning of the acetabular component significantly affects
the PSI when lumbar-pelvic alignment changes and rebalances after THA in patients with
Crowe lil/IV DDH.

Cite this article: Bone Joint J 2025;107-B(2):149-156.

Correspondence should be
sent to C. Zhao; email:
zhaocg9hospital @163.com

©2025 Du et al. Introduction (THA).? Pelvic sagittal inclination (PSI) is the
gﬁj}f&fﬂgg%%%g o782. The anterior pelvic plane (APP), as described by angle between the APP and the vertical line, which
A DiGioia et al,! serves as an essential reference influences the functional anteversion and inclina-
2025;107-B(2):149-156. plane for surgeons during total hip arthroplasty tion of the acetabular component.! Developmental

THE BONE & JOINT JOURNAL 149



150 H. DU, H. QIAO, Z. ZHAI ET AL

Vertical line  APP

Line parallel to the APP

Vertical line

PSI = 15°

Fig. 1

The positional relationships of pelvic sagittal inclination (PSI), pelvic tilt
(PT), £y, and pelvic incidence (Pl). £y is defined as the angle between
the line from the midpoint (O) of the bilateral femoral head to the
midpoint of the sacral endplate (C) and the APP. Pl is defined as the
angle between the line connecting O to C and the vertical line of the
sacral endplate.

dysplasia of the hip (DDH) encompasses a broad spectrum
of abnormal hip development, ranging from mild acetabular
dysplasia without hip dislocation to severe dysplasia, disloca-
tion, and femoral head migration. Treatment of DDH ideally
starts from infancy.” When THA is required to treat patients
with untreated DDH and Crowe type III/IV dislocation,* there
are significant anatomical abnormalities of the pelvis charac-
terized by excessive tilt.** Selecting the appropriate acetabular
position and orientation for component placement becomes a
significant challenge. Suboptimum acetabular component posi-
tion and orientation increases the risk of complications, such as
dislocation, impingement, limitations in range of motion, and
accelerated acetabular component wear, as shown in previous
reports.®” Other studies have shown that following periacetab-
ular osteotomy or THA, patients with DDH experience posterior
tilt of the pelvis and sagittal lumbar-pelvic alignment under-
goes rebalancing, which may alter the anteversion angle of the
acetabulum.'®'* However, the precise PSI following this rebal-
ancing has not been reported. If surgeons were able to predict
the PSI in Crowe type III/IV DDH patients before placing the
acetabular component, it could assist them in optimizing the
implant’s position and orientation.

In addition to PSI, another important parameter used to
describe sagittal pelvic alignment is pelvic tilt (PT), a commonly
used parameter in spinal surgery.!* PT shares the same radiolog-
ical significance as PSI and the difference between them lies in
an anatomical parameter: the angle £y. This angle is formed by
the line connecting the midpoint of the hip axis to the centre of
the sacral endplate and the APP, as illustrated in Figure 1. It can
be measured for any individual patient with suitable computer
software tools.'
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Table I. Characteristics of 61 patients with developmental dysplasia of
the hip.

Variable Crowe type lll Crowe type IV p-value
Unilateral Bilateral Unilateral Bilateral

Patients,n 17 18 19 7

Sex, n 0.205*

Female 17 16 15 7

Male 0 2 4 0

Mean age, 53.5(14.1) 46.7 (11.8) 47.8(14.6) 51.6 (11.7) 0.433t

yrs (SD)

Mean BMI, 23.2 (2.4) 24.7 (3.5) 22.9(2.7) 23.4(3.1) 0.276t

kg/m? (SD)

*Fisher's exact test.
tAnalysis of variance.

Pelvic incidence (PI), as described by Legaye et al," is the
most important anatomical parameter to describe the sagittal
lumbar-pelvic alignment. Geometrically, PI = PT + SS, where
SS represents a dynamic measurement of the mobility of the
lumbosacral-pelvic junction. The importance of PI, PT, and SS
in lumbar-pelvic balance and alignment has been extensively
studied.'”™" Furthermore, studies on spinal sagittal alignment
have consistently revealed a linear relationship between PI and
PT across different populations, highlighting the strong depen-
dency of PT on PI.?*> Recognizing the crucial role of PI and
PT in evaluating lumbar-pelvic balance and alignment, many
arthroplasty surgeons are now beginning to pay attention to
these parameters.?3-2

In THA for patients with Crowe type III/IV DDH, the hip
joint centre of rotation, which has been displaced cranially
due to the anterosuperior dislocation of the femoral head, is
moved caudially with the aim of restoring the centre of rotation
to as close to the normal anatomical position as possible.?™°
As a result, a new PI is generated postoperatively. The new or
proposed centre of rotation for the acetabular component can be
simulated using software preoperatively.' If a linear correlation
exists between PI and PT postoperatively when a rebalanced
lumbar-pelvic relationship has evolved, it might be possible to
estimate PT based on a preoperative simulated new PI and then
calculate the specific value of PSI using the individual £y.

The objectives of our study were to determine the changes in
angle of PSI and PT following THA in patients with Crowe I11/
IV DDH, to analyze the relationship between PI, PT, and PSI
in these patients, and develop a practical method to predict the
degree of postoperative pelvic posterior tilt. This method will
assist surgeons in optimizing the planned position and orienta-
tion of the acetabular prosthesis for patients undergoing THA
for Crowe type I1I/IV DDH.

Methods

Definition of angles. PT reflects the sagittal position of the hip
relative to the middle of the sacral endplate. A larger PT value
indicates more posterior tilt of the pelvis, while a smaller PT
value indicates more anterior tilt. Both PT and PSI are used
to represent the sagittal tilt of the pelvis, with £y represent-
ing the difference between them (PT = PSI + Z£v) (Figure 1).
The definitions of APP, PSI, PT, £y, PI, and SS are shown in
Supplementary Table i.
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Table Il. Values of pelvic sagittal parameters at different timepoints after total hip arthroplasty.

Variable Preoperatively 1 week p-value* 3 mths p-value* 6 mths p-value* 1yr p-value*
Patients, n 61 61 61 61 61

Mean measurement, ° (SD)

PI 44.4 (10.5) 42.4(10.2) <0.001 42.4(10.2) <0.001 42.4(10.2) <0.001 42.4(10.2) <0.001
PT 7.0 (6.5) 4.8 (6.5) <0.001 5.4 (6.7) <0.001 6.3 (6.3) 0.147 8.4 (5.5) 0.009
PSI -8.0 (6.7) -8.1(6.3) 0.783 -7.5(6.1) 0.075 -6.6 (5.8) < 0.001 -45(5.9) <0.001
Change in PT N/A -2.2(3.5) <0.001 -1.7(3.5) < 0.001 -0.8 (4.1) 0.147 1.3(3.8) 0.009
Change in PSI N/A -0.1(1.8) 0.783 0.5(2.1) 0.075 1.4(2.8) <0.001 3.5(3.2) <0.001

*Paired t-test.

N/A, not applicable; PI, pelvic incidence; PSI, pelvic sagittal inclination; PT, pelvic tilt.
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Fig. 2

Changes in pelvic tilt (PT) and pelvic sagittal inclination (PSI) at different
timepoints. Compared with the preoperative values, PT and PSI showed
an upward trend at one year after total hip arthroplasty.

Patient selection. Approval for this study was provided by our
institutional ethics committee. Informed consent was waived
for this retrospective study. No identified characteristics were
shown here. The clinical data of patients diagnosed with DDH
at our hospital between September 2008 and September 2022
were retrospectively collected. The inclusion criteria were:
patients with unilateral or bilateral Crowe type III/IV DDH;
with no known lumbar spine disease; who underwent primary
THA; who possessed complete preoperative and postoperative
standing pelvic anteroposterior radiographs and supine pel-
vic CT scan data; and who had follow-up for a minimum of
12 months post-surgery. Exclusion criteria were any revision
THA for DDH and a history of significant lumbar deformity or
surgery, as these factors could influence the final lumbar-pelvic
rebalancing. Revision THA patients (n = 4) were excluded
because there may be more soft-tissue/bone loss compared to
primary THA. Nine patients with less than 12 months of post-
operative follow-up were also excluded. Following exclusions,
a total of 61 patients were identified and included in the study.
Overall, 36 patients had unilateral high dislocation, ten
patients had contralateral Crowe I/II hips, and 26 had contra-
lateral normal hips. There were 25 patients with bilateral high
dislocation DDH, with six undergoing one-stage bilateral
THA and 19 undergoing interval THA at two to five months
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Table lll. Comparison of pelvic tilt and pelvic sagittal inclination
between one year and one week postoperatively of patients with
developmental dysplasia of the hip following total hip arthroplasty.

Variable Crowe type lll Crowe type IV

Unilateral Bilateral Unilateral Bilateral
Mean change in 3.3 (2.9) 3.8(3.2) 3.1(2.9) 4.6 (2.6)
PT/PSI,° (SD)

PSl changes over 2/17 (11.76) 6/18 (33.33) 2/19(10.53) 2/7 (28.57)
6.25° n (%)

PSI, pelvic sagittal inclination; PT, pelvic tilt.

postoperatively. For bilateral cases, the time of completion of
the second THA was considered the starting point for moni-
toring changes in PT during the follow-up. The demographic
characteristics of patients with DDH are shown in Table I. No
significant differences were found in terms of sex, age, or BMI
across all patient groups. Consistent with previous literature,*'
the majority of our DDH cases were female.

Measurement and calculation of PT/PSI. The patients’ 3D
pelvic models were reconstructed using supine pelvic CT data
and our engineers developed a software program, SPINEPARA,
to assess and generate predictive data. The patients’
acetabulums or femoral heads were matched by fitting spheres
(Supplementary Figure a). The centres of the fitting spheres cor-
responded to the hip joint centre of rotation, and the software
automatically outputted the patients’ PI values (PI is a fixed
anatomical parameter that is consistent in the standing, sitting,
and supine position). Because the true acetabulums were dis-
sociated from the femoral heads in patients with Crowe type
III/TV DDH, we employed the centres of the femoral heads to
represent the hip joints. After THA, the acetabular component
and the femoral head formed concentric spherical structures, so
their centre of rotation were consistent. In this study, we chose
to match the acetabular components for postoperative analysis
as the components are easier to identify on the pelvic models.
Using our previously published inverse cosine function algo-
rithm,'¢ standing PT and PSI were measured and calculated via
standing pelvic anteroposterior radiographs (Supplementary
Figure b).

Clinical evaluation. The Harris Hip Score (HHS) was used
to assess the hip function both preoperatively and at the final
follow-up.* The patient’s pain was measured using the visual
analogue scale (VAS). Pain was rated on a scale from 0 to 10,
where 0 indicated no pain and 10 represented unbearable or the
worst imaginable pain.
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Changes in pelvic sagittal parameters at different timepoints in a 58-year-old female patient. a) An anteroposterior pelvic radiograph taken

before total hip arthroplasty (THA). b) A digitally reconstructed lateral radiograph showed the pelvic incidence (Pl) and £y one week after THA.

c) Anteroposterior pelvic radiograph taken one week after THA. d) Anteroposterior pelvic radiograph taken one year after THA. The actual pelvic
sagittal inclination (aPSl) and actual PT (aPT) represent the PT and PSI calculated by the inverse cosine function algorithm. The equational PT (ePT)
was calculated by the equation PT = 0.45 x PI - 10.5°, and the ePSl was calculated by the equation: 0.45 x Pl - 10.5° - £y. With the Pl measured at
35.7°, the calculated ePT was 5.6°, and with £y at 12.9°, the calculated ePSI was -7.3°. Compared to one week post-THA, the aPSI of this patient

increased by 9.2° at one year. APP, anterior pelvic plane.

307 PT=0.45xPI-10.5 20
T 25 < 15
3 3
2201 2 101
— @©
© 15 =
2 2 51
o 10 8
- 2]
8 8_ 0 T T T T T T T T T 1
o 5 c 25" 30+35 40 45 50 55 °60 65 70
@ @ 54
g{ 0 T T T T T T T T T 1 >
o 25 ,30 35 40 45 50 55 60 65 70 2.0
c -b -
3 o
£-10 4 &-15

-15 Postoperative Pl (°) -20 - Postoperative PI (°)

a b
Fig. 4

Graph showing the correlation between pelvic incidence (PI) and pelvic tilt (PT), as well as between Pl and pelvic sagittal inclination (PSI). a) A linear
regression equation between Pl and PT. r = 0.82; p < 0.001. b) No linear relationship was found between Pl and PSI. r = 0.26; p = 0.045.

Establish the equation of Pl and PT/PSI and assess its
accuracy. Pearson’s correlation coefficient test was employed to
assess the linear relationship between PI and PT/PSI. To evalu-
ate the accuracy of the equation, a Bland-Altman plot was cre-
ated to show the distribution of the differences between the PSI
as measured (ePSI) and the PSI calculated by the inverse cosine
function algorithm (actual PSI; aPSI) of the 61 patients.

Statistical analysis. Continuous variables were summarized
using means and SDs. Categorical variables were analyzed
using Fisher’s exact test. Analysis of variance (ANOVA) was
used to compare the mean age and BMI across the different
groups. The preoperative and postoperative PT and PSI were
compared using paired 7-tests. Due to the relatively small sam-
ple size of Crowe III/IV DDH patients with one-year follow-up,
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the significance level was set at p < 0.01 to achieve a higher
statistical power. All analyses were conducted using SPSS v.
26.0 (IBM, USA).

Results

Changes in pelvic parameters after THA. The mean values
of PI, PT, and PSI at different timepoints are shown in Table II.
PT exhibited a significant reduction at one week and three
months postoperatively compared to the preoperative values (p
< 0.001, paired #-test). However, PT then gradually increased
over time and surpassed the preoperative value by one year (p =
0.009, paired z-test). No significant difference was observed in
PSI at one week (p = 0.783) and three months postoperatively
(p = 0.075, paired #-test). However, PSI showed a significant
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Bland-Altman plot describing the difference between the pelvic sagittal
inclination (PSI) calculated by the equation (ePSl) and the PSI calculated
by the inverse cosine function algorithm (aPSl) of the 61 patients. The
absolute difference between ePSl and aPSI was less than 5° in 55 of 61
patients (90.16%).

increase at six months and one year after the operation com-
pared to the preoperative level (p < 0.001, paired #-test). The
trends of PT and PSI are illustrated in Figure 2.

Previous studies reported that a change in acetabular antever-
sion greater than 5° is considered clinically significant, and
each 5° change in PSI corresponds to a 4° change in acetabular
anteversion.*>*¢ PSI changes greater than 6.25° (5/0.8 = 6.25)
are of significance. The changes in PT/PSI one year postopera-
tively compared to those at one week following THA in patients
with DDH, and the proportion exceeding 6.25°, are presented in
Table III. Among the 61 patients studied, 12 (19.67%) exhibited
a change in PSI greater than 6.25°. Notably, patients with bilat-
eral DDH demonstrated the most significant changes in PT/PSI
values, as shown in Figure 3.

Correlation analysis. Simple linear regression analysis was ap-
plied to the PI, PT, and PSI values one year postoperatively. The
analysis revealed a significant correlation between PI and PT,
with a Pearson correlation coefficient of 0.82 (p < 0.001). The
regression equation was PT = 0.45 x PI - 10.5°, with a determi-
nation coefficient of R* = 0.681 (Figure 4a). No significant linear
correlation was observed between PI and PSI, with a Pearson
correlation coefficient of 0.26 (p = 0.045) (Figure 4b).
Verification. Figure 3d shows the difference between ePSI and
aPSI. The Bland-Altman plots show the differences between
the ePSI and the aPSI (Figure 5). The absolute difference be-
tween ePSI and aPSI was less than 5° in 55 out of 61 patients
(90.16%).

Clinical outcomes. The mean HHS score improved significant-
ly, increasing from 38.5 (SD 9.7) preoperatively to 92.5 (SD
4.1) at final follow-up. Correspondingly, the mean VAS score
decreased significantly, from 4.7 points (SD 1.8) to 0.5 points
(SD 0.6) (p <0.001, paired ¢-test). No patients required revision
THA during the follow-up period.

Discussion

There have been few studies investigating changes in the
sagittal alignment of the pelvis after THA. Among those

VOL. 107-B, No. 2, FEBRUARY 2025

studies, the prevailing consensus suggests a posterior tilt of
the pelvis after THA,'>%” but also that these changes are unpre-
dictable.*® Studies specifically studying the change in PSI after
THA in patients with DDH are rare, and their conclusions are
consistent in reporting a posterior PT postoperatively.'>!* PSI
plays an important role in determining the anteversion and
inclination of the acetabular component. Studies show that as
the PSI increases by 5°, the acetabular anteversion angle will
also increase by about 4°, which may cause impingement
between the acetabular and femoral components and further
cause an increase in the marginal load of the acetabular pros-
thesis. 32 Consequently, variations in PSI may increase
the risk of complications, including dislocation, impingement,
limited range of motion, and accelerated acetabular wear.*>*
If the individual value of PSI can be predicted when lumbar-
pelvic alignment rebalances and reaches its new position
following THA, the change in PT can be compensated for when
the acetabular component is positioned at operation.* However,
in patients with DDH, particularly those with Crowe type 111/
IV, this compensation may assume greater significance and
complexity, with resulting changes to the PI.

Moving the centre of rotation of the hip caudally during THA
in patients with high-grade DDH results in changes to the PI
and more complex changes to the PSI. Patients with Crowe type
III/IV DDH, characterized by marked hip dislocation, exhibit
a compensatory anterior tilt of the pelvis due to insufficient
support for the anatomical acetabulum.***’ In this study, we
included 61 patients. Their preoperative PT and PSI were 7.0°
(SD 6.5°) and -8.0° (SD 6.7°), respectively. Our previous study
has shown that the PT and PSI of healthy adults were 13.3°
(SD 4.2°) and 3.5° (SD 7.6°), respectively.'® The decrease in
PT and PSI indicates that patients with Crowe type III/IV DDH
have a compensatory anterior PT. At one week following THA,
PT decreased significantly, whereas PSI did not. This could be
attributed to the fact that THA caused a downward shift of the
midpoint of the hip axis, while the pelvis had not tilted posteri-
orly significantly at that timepoint. From three months postop-
eratively, PT and PSI gradually increased and stabilized by one
year. This confirms that the pelvis had tilted posteriorly, and the
lumbar-pelvic alignment rebalancing has been achieved by one
year. At the last follow-up, the PSI of unilateral Crowe type III,
bilateral Crowe type III, unilateral Crowe type IV, and bilateral
Crowe IV type DDH patients increased by 3.3°, 3.8°, 3.1°, and
4.6°, respectively, compared to one week after surgery. In our
study, two of seven bilateral Crowe type IV patients and six
of eighteen bilateral Crowe type III patients experienced a PSI
change of more than 6.25° compared to one week after THA.
We acknowledge that postoperative PT primarily affects the
starting point of hip joint motion rather than the overall range of
motion. However, when performing THA for high-grade DDH,
if the acetabular component is placed with a different antever-
sion angle relative to the APP, the likelihood or risk of ante-
rior instability and posterior impingement may vary depending
on the initial acetabular component anteversion, as the pelvis
tilts posteriorly during the first year. Therefore, in cases with
bilateral Crowe type IV DDH, particular attention needs to be
paid to acetabular component placement and anteversion, as
proposed by Wang et al.**



154 H. DU, H. QIAO, Z. ZHAI ET AL

We attribute posterior PT following THA to two main factors.
First, THA aims to restore the hip to as normal an anatom-
ical position as possible and relieve hip joint pain, and most
patients demonstrated posterior PT postoperatively. Second,
THA altered the relative positional relationship between the hip
joint’s axis of rotation and the centre of gravity of the trunk. The
control of spinopelvic balance and alignment primarily involves
the hips, the pelvis, and the upper half of the body trunk, which
collectively undergo anterior and posterior tilting around the
femoral head. In healthy young adults, the gravity line is 9 mm
anterior to the axis of hip rotation. However, in patients with
high-grade DDH, there is superior and anterior dislocation of
the native femoral head, and the gravity line is relatively poste-
rior to the axis of hip rotation. To compensate, these patients
may exhibit anterior PT to bring the centre of gravity closer to
the axis of hip rotation. Following THA, the anatomical posi-
tion of hip joint is restored. Consequently, the centre of rotation
of the hip joint now lies behind the gravity line, prompting a
posterior tilt of the pelvis to bring the centre of gravity closer
to the hip joint’s centre of rotation. Compared to our findings,
Zhang et al'® investigated the change in the height and width
ratio (H/W) of the obturator foramina before and after THA
in patients with bilateral Crowe type IV DDH. They observed
postoperative pelvic posterior tilt, similar to our results. Taki et
al'? compared the changes in pelvic tilt angle (PA) in standing
and supine positions before and after THA over several years.
They found that the mean PA change was 3.9° in the standing
position and 2.7° in the supine position one year after surgery.
A unique feature of our study is that we can calculate a specific
PSI value for each patient when the lumbar-pelvic alignment is
rebalanced. Previous studies reported the trends and variations
of PT but did not provide the specific values of PSI, which are
crucial to determining the functional anteversion and abduction
of the acetabular component. Furthermore, if we can preoper-
atively predict the PSI of the rebalanced lumbar-pelvis, it will
be of great value in choosing the optimum orientation of the
acetabular component.

Previous studies have shown a linear correlation between PI
and PT in healthy individuals or specific patient populations.
For example, Yamato et al* studied the spine-pelvic parame-
ters of 184 asymptomatic elderly individuals and found that the
linear regression equation for optimal PT = 0.47 x PI - 7.5°.
Similarly, Sudhir et al*' studied the spine-pelvic parameters of
101 asymptomatic adults and found a linear correlation between
PT and PI with the equation PT =-0.739° + 0.347 x PI. Lafage
et al*? analyzed the sagittal spinal radiological parameters of 179
spinal deformity patients and found that PT = 1.14° + 0.71 x PI
- 0.52 x (maximal lumbar lordosis) - 0.19 x (maximal thoracic
kyphosis). By considering the linear correlation between PI and
PT, PT and PSI are equivalent by £y, and PI can be simulated
preoperatively; the parameters PI, PT, and £y were therefore
introduced in our study to try to predict the postoperative rebal-
anced PSI by establishing a mathematical relationship between
PI and PSI. A similar linear regression relationship exists
between PI and PT in our patients one year after THA. That is
PT = 0.45 x PI - 10.5°, with a Pearson correlation coefficient
of 0.82 (p < 0.001). Although the Pearson correlation coeffi-
cient between PI and PSI was only 0.26 and no linear regression
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equation could be established between PI and PSI, the mathe-
matical relationship between PI and PSI can still be expressed
by introducing £y, i.e. PSI=0.45 x PI - 10.5° -£y.

Why is the linear correlation between PI and PT signifi-
cant but the linear correlation between PI and PSI is not? The
significant linear relationship between PI and PT following
the rebalancing of lumbar-pelvic alignment can be explained
by the following two factors. First, the patients studied were
relatively young (mean age 49 years) and had no obvious
underlying lumbar spine diseases, so the lumbar-pelvis could
fully compensate for each other. Second, the inverse cosine
function method we employed in our study demonstrated both
high accuracy and high reliability. Our previous study reported
that the difference between the PSI values calculated using the
inverse cosine function method and the mean actual PSI values
was 2.62° (SD 2.56°), which surpassed the 4.04° (SD 3.39°)
margin observed with the deep learning framework algorithm
proposed by Jodeiri et al.* The reason for the poor correla-
tion between PI and PSI was that /v is not constant, but rather
varies among individuals. Therefore, both PT and £y must be
included to establish a mathematical relationship between PI
and PSI. The predictive accuracy of the mathematical model
was further studied through reliability analysis. Results showed
that the difference between the absolute values of ePSI and aPSI
was less than 5° in 90.16% of patients, indicating that the math-
ematical equation has a high predictive value.

At THA for DDH, different surgeons may choose different
positions for the acetabular component. Some surgeons opt for
placement on the posterosuperior aspect of the true acetabulum,
while others choose to position the acetabular component on the
superior portion of the true acetabulum. As a result, surgeons
may produce varying new PI values postoperatively for the same
patient.?’-%% This means that surgeons need to adopt different
compensations when orientating the acetabular component.
For instance, as shown in Figure 3, the patient’s preoperative
PSI was -18.5° and the ePSI was predicted to increase to -7.3°
one year after surgery based on the new PI generated. Thus,
subtracting about 9° from the acetabular anteversion angle as
compensation was needed intraoperatively, as an 11.2° PSI
change corresponds to approximately a 9° change in antever-
sion. Achieving this intraoperative adjustment in component
anteversion may not be so technically challenging, particularly
with the use of navigated instrumentation. We believe it is of
crucial importance to preoperatively simulate and predict the
change in PSI when the pelvis reaches a rebalanced state post-
operatively, especially in patients undergoing bilateral THA for
bilateral high dislocation and the aim of achieving anatomical
placement of the acetabular components with optimum func-
tional anteversion.

This study has several limitations. First, the sample size
of this study was relatively small, with only 61 patients. This
limitation is due to the rarity of the high-grade DDH, which
makes it difficult to obtain a larger sample size. However, we
carefully categorized the cases into subgroups (such as unilat-
eral vs bilateral, and Crowe type III vs IV) and made efforts
to identify potential risk factors. In the future, we hope to
conduct studies with larger sample sizes or multicentre collab-
orations to further clarify and validate our findings. Second, the
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inverse cosine function method used in this study may initially
appear complex, but its reliability and validity have been previ-
ously confirmed. Further confirmatory studies by others may
lead to its general acceptance. Finally, we used the standing
pelvic anteroposterior radiographs and supine pelvic CT data
combined with the inverse cosine function algorithm to calcu-
late the patient’s PSI. However, PSI is best studied through
lateral standing radiographs, which are not routinely taken
during follow-up after THA. Therefore, we recommend that
surgeons conduct lateral pelvic radiographs in supine, sitting,
and standing positions as part of the routine imaging examina-
tions for Crowe type III/IV DDH patients, both preoperatively
and postoperatively, as suggested by Yang et al.’

In summary, this study proposes a method to predict the PSI
when lumbar-pelvic alignment has rebalanced in patients with
Crowe type III/IV DDH after THA. When planning the acetab-
ular component position, surgeons should also plan for acetab-
ular component orientation that takes into account subsequent
lumbopelvic realignment through the mathematical equation
PSI=0.45 x PI-10.5° - £y. The calculated and predicted value
of PI simulated before surgery can predict the PST when lumbar-
pelvic alignment has rebalanced following THA for Crowe III/
IV DDH patients. This may lead to fewer complications and
improve patient outcomes.

A Take home message

') - After total hip arthroplasty, Crowe type Ill/IV developmental
dysplasia of the hip patients will have pelvic posterior tilt and
lumbar-pelvic rebalance.

- A linear correlation exists between pelvic incidence (PI) and pelvic tilt

at the lumbar-pelvic rebalanced stage.

- The new Pl which could be simulated before surgery could predict the

pelvic sagittal inclination at the rebalanced stage.

Supplementary material

XW The descriptions of spinopelvic parameters and the

e detailed process of calculating pelvic tilt and pelvic
sagittal inclination.
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