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Crowe 分類 III/IV の発育性股関節形成不全患者において	
臼蓋コンポーネントの位置は人工股関節全置換術後の 	

pelvic sagittal inclination のバランス再調整に有意な影響を及ぼす
Acetabular component position significantly influences the rebalancing of 
pelvic sagittal inclination following total hip arthroplasty in patients with 

Crowe type III/IV developmental dysplasia of the hip
By H. Du, MD*, H. Qiao, MD, PhD, Z. Zhai, MD, PhD, J. Zhang, MD, PhD, H. Li, MD, PhD, Y. Mao, MD, PhD,  

Z. Zhu, MD, PhD, J. Zhao, MD, PhD, D. Yu, MD, PhD, and C. Zhao, MD, PhD**

目　的：
発育性股関節形成不全（DDH）に対する人工股関節全置換術

（THA）後の腰椎骨盤矢状面アライメントは，posterior pelvic tilt
（PT）により変化する．腰椎骨盤アライメントのバランス再調
整後の pelvic sagittal inclination（PSI）の個々の値は不明であ
る．異なる集団では，PT と pelvic incidence（PI）に線形回帰関
係が示されている．PSI と PT は個々で一定の角度∠γを介
して互いに直接的に関係している．本研究の目的は，Crowe 分
類 III/IV の DDH 患者において，術後に腰椎骨盤アライメン
トのバランスが再調整されると，THA 時に臼蓋コンポーネン
トの位置合わせにより得られた新たな PI も PT/PSI と線形回
帰関係を示すかどうかを検討することである．

方　法：
SPINEPARA ソフトウェアを用いて，Crowe 分類 III/IV の 
DDH 患者 61 例における PI，PT，PSI を含む骨盤矢状面パラ
メータを計測した．PSI と PT はいずれも骨盤が傾斜した状
態を示し，その値の差は∠γ（PT＝PSI＋∠γ）である．THA 
後 1 年の時点に PI と PT 間の回帰方程式が成立した．∠γを
代入すると PI と PSI 間でも関係が成立した．Bland-Altman 
法を用いて，線形回帰方程式により算出した PSI 計算値

（ePSI）と術後 1 年時に計測された PSI 実測値（aPSI）の一致
度を評価した．

結　果：
平均 PT および PSI はそれぞれ，術前の 7.0°（標準偏差［SD］ 
6.5°）と−8.0°（SD 6.7°）から，術後 1 年の時点で 8.4°（SD 5.5°）
と−4.5°（SD 5.9°）に変化した．この変化は THA 後に骨盤が後
方に傾斜した状態を示している．さらに，腰椎骨盤アライメン
トのバランス再調整後の PI と PT 間の線形回帰方程式は PT
＝0.45×PI−10.5°であり［Pearson 相関分析］，PSI は PSI＝
0.45×PI−10.5°−∠γと表すことができた．61 例中 55 例

（90.16%）で ePSI と aPSI 間の絶対差が 5°未満であった．［対
応のある t 検定，Fisher 正確検定，分散分析（ANOVA）］

結　論：
Crowe 分類 III/IV の DDH 患者において，THA 後に腰椎骨盤
アライメントが変化し，バランスが再調整されると，臼蓋コン
ポーネントの位置合わせで得られた新たな PI は PSI に有意
な影響を及ぼす．
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Aims:
Sagittal lumbar pelvic alignment alters with posterior pelvic tilt 
(PT) following total hip arthroplasty (THA) for developmental 
dysplasia of the hip (DDH). The individual value of pelvic 
sagittal inclination (PSI) following rebalancing of lumbar-
pelvic alignment is unknown. In different populations, PT re-
gresses in a linear relationship with pelvic incidence (PI). PSI 
and PT have a direct relationship to each other via a fixed indi-
vidual angle ∠γ. This study aimed to investigate whether the 
new PI created by acetabular component positioning during 
THA also has a linear regression relationship with PT/PSI when 
lumbar-pelvic alignment rebalances postoperatively in patients 
with Crowe type III/IV DDH.

Methods:
Using SPINEPARA software, we measured the pelvic sagittal 
parameters including PI, PT, and PSI in 61 patients with Crowe 
III/IV DDH. Both PSI and PT represent the pelvic tilt state, and 
the difference between their values is ∠γ (PT=PSI+∠γ). The 
regression equation between PI and PT at one year after THA 
was established. By substituting ∠γ, the relationship between 
PI and PSI was also established. The Bland-Altman method 
was used to evaluate the consistency between the PSI calcu-
lated 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 ad-
dition, when lumbar-pelvic alignment rebalanced, the linear 
regression equation between PI and PT was PT = 0.45×PI−10.5°, 
and PSI could be expressed as PSI = 0.45×PI−10.5°−∠γ. The 
absolute difference between ePSI and aPSI was less than 5° in 
55 of 61 patients (90.16%).

Conclusion:
The new PI created by the positioning of the acetabular com-
ponent significantly affects the PSI when lumbar-pelvic align-
ment changes and rebalances after THA in patients with Crowe 
III/IV DDH.
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The positional relationships of pelvic sagittal inclination (PSI), pelvic tilt 
(PT), ∠γ, and pelvic incidence (PI). ∠γ 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. PI is defined as the 
angle between the line connecting O to C and the vertical line of the 
sacral endplate.

Table i. Characteristics of 61 patients with developmental dysplasia of 
the hip.

Variable Crowe type iii 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, 
yrs (SD)

53.5 (14.1) 46.7 (11.8) 47.8 (14.6) 51.6 (11.7) 0.433†

Mean BMI, 
kg/m2 (SD)

23.2 (2.4) 24.7 (3.5) 22.9 (2.7) 23.4 (3.1) 0.276†

*Fisher's exact test.
†Analysis of variance.

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.3 When THA is required to treat patients 
with untreated DDH and Crowe type III/IV dislocation,4 there 
are significant anatomical abnormalities of the pelvis charac-
terized by excessive tilt.4,5 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.6–9 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.10–14 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.15 PT shares the same radiolog-
ical significance as PSI and the difference between them lies in 
an anatomical parameter: the angle ∠γ. 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.16

Pelvic incidence (PI), as described by Legaye et al,15 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.17–19 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.20–22 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.23–26

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.27–30 
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.16 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 ∠γ.

The objectives of our study were to determine the changes in 
angle of PSI and PT following THA in patients with Crowe III/
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 III/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 ∠γ represent-
ing the difference between them (PT = PSI + ∠γ) (Figure 1). 
The definitions of APP, PSI, PT, ∠γ, PI, and SS are shown in 
Supplementary Table i.




