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Objectives: To explore factors affecting the efficacy of Bernese periacetabular osteotomy for the treatment of hip
dysplasia.

Methods: A retrospective study was conducted on 44 patients with hip dysplasia who underwent Bernese peri-
acetabular osteotomy with a modified Smith-Peterson approach between January 2017 and November 2019. Among
them, 40 were women and four were men. The average age was 31.2 � 9.4. Preoperative and postoperative imaging
parameters were measured. The acetabular top tilt angle, lateral central edge angle, acetabular abduction angle, fem-
oral head extrusion index, sphericity index of femoral head, Shenton line, Tonnis grade of osteoarthritis, joint congru-
ency, p/a ratio, acetabular anteversion angle, Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) scale scores, and modified Harris hip score (MHHS) were observed. MHHS were divided into three clinically
relevant categories: poor (<70 points), good (70–85 points), and excellent (86–91 points). Patient demographic data,
as well as preoperative and postoperative radiographic parameters, were subjected to univariate logistic regression
analysis. Multiple regression analysis was used to determine factors influencing postoperative MHHS.

Results: The follow-up time was 1.0–3.9 years after surgery, with an average of 1.6 years. By the last follow-up,
MHHS increased from 70 points before surgery to 91 points after surgery (P < 0.001), WOMAC pain score decreased
from 4 points before surgery to 0 points after surgery (P < 0.001). WOMAC functional score decreased (Preoperative:
18.0 [4.0]; Postoperative: 4.0 [0], P = 0.004). Six patients had sensory disturbance of the lateral femoral cutaneous
nerve, four of which recovered completely during follow-up. No other complications related to surgical approach, osteo-
tomy, acetabular displacement, acetabular fixation, and postoperative stage were found. There was no significant vas-
cular, nerve, or visceral injuries in any of the patients. On multiple regression analysis, the probability of the
postoperative modified Harris hip score of a hip joint with a preoperative lateral center edge angle ≥4.5� being classi-
fied as excellent was six times that of angles <4.5� (Exp[β]: 6.249, 95% CI: 1.03–37.85, P = 0.046). Regression
analysis of other factors found no significant correlation with postoperative functional scores.

Conclusion: Overall functional scores post-PAO significantly improved, and pain symptoms were significantly reduced.
Patients with a preoperative lateral center edge angle ≥4.5� had better joint function after surgery.
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Introduction

Developmental dysplasia of the hip (DDH) is character-
ized by insufficient coverage of the femoral head and an

upper lateral tilt of the acetabular joint surface, resulting in a
reduction in the contact area between the femoral head and
the acetabulum, thereby making the joint unstable and over-
loading the acetabular edge. The labrum and cartilage are
damaged as a result, and this eventually progresses to sec-
ondary osteoarthritis1–3. Ganz et al. reported in 1988 that a
new type of periacetabular osteotomy using the iliac-inguinal
approach was applied to treat DDH, specifically Bernese
periacetabular osteotomy (PAO). This technique overcomes
some of the shortcomings of traditional hip-preserving sur-
gery and has since become widely used worldwide and has
become one of the main methods of hip-preserving treat-
ment for DDH. For young patients with normal hip carti-
lage, PAO is the best surgical option to treat hip joint pain
and improve the mechanical load conditions related to dys-
plasia. It can resolve both biomechanical and structural
abnormalities of the hip joint in patients with DDH, correct
the pathological mechanism of the hip joint, relieve symp-
toms, maintain or improve the patient’s mobility, and delay
and prevent the occurrence of secondary osteoarthritis.
There is increasing evidence that Bernese periacetabular oste-
otomy can improve the protection of hip joints in patients
with DDH.

A study on the recovery of activity of patients during
the mid-term follow-up after PAO showed that 67% of the
patients had a good overall clinical effect and maintained a
high level of activity. In the middle stage after PAO, most
patients can return to a high level of activity, maintain an
active lifestyle, effectively relieve pain, and improve their
quality of life4. Although there is evidence that PAO can
achieve reliable deformity correction and improve functional
prognosis5, it is not clear which patients will benefit the most
from this surgery. The study by Petrie et al.6 showed that
patients with lower preoperative activity levels had higher
postoperative University of California Los Angeles (UCLA)
activity scores, and that history of ipsilateral surgery was a
predictor of changes in UCLA scores. PAO performed after
prior pelvic surgery is associated with improvements in pain
symptoms, function, radiographic correction, and early com-
plication rates, but the improvements observed at short-term
follow-up were smaller and more variable than those seen in
patients who had not undergone prior pelvic surgery7.
In addition, increased postoperative pain is a predictor of
longer postoperative recovery time8. If the postoperative ace-
tabular top tilt angle was less than 15� and the lateral central
edge angle (LCEA) was between 20� and 40�, a higher West-
ern Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) scale score would be obtained9. Despite the
growing use of PAO to treat symptomatic dysplasia of
the hip, the optimal selection criteria for surgery and factors
for functional recovery are still evolving. The main factors
affecting the effect and survival of PAO surgery are as fol-
lows: preoperative imaging results, postoperative imaging

results, demographic factors, and surgical complications.
Recent studies focus on assessing the medium- and long-
term outcomes of PAO. Some of them have identified several
predictors of surgical failure, including age older than
25 years, poor congruency, Tonnis grade of hip osteoarthritis
≥ grade 2, etc10.

Accurate acetabular correction is an important means
to improve hip joint function and relieve pain. In
repositioning the osteotomy fractures and increasing the cov-
erage of the femoral head while improving the load distribu-
tion of the entire joint, this correction process is a key part
of PAO surgery. However, a large number of studies do not
attempt to correlate deformity correction or imaging param-
eters with clinical results as neither the level of patient func-
tion nor the factors that influence clinical and functional
outcome are well-described. Based on the level of evidence
provided by existing studies, many factors affecting the effec-
tiveness of PAO surgery are not fully understood. We specu-
late that there are other demographic or imaging factors that
may affect hip joint function after PAO. Therefore, we col-
lected the demographic data of patients, observed changes in
imaging parameters before and after the operation, con-
firmed the functional recovery of the patients after the opera-
tion, and used regression analysis to identify factors that
affect the functional score after PAO. The purpose of this
study: (i) to evaluate the improvement of hip joint function
after PAO; (ii) to analyze the changes in the radiographic
parameters of patients after PAO; and (iii) to explore the fac-
tors that affect early functional recovery after PAO.

Materials and Methods

Inclusion and Exclusion Criteria
This was a single-center retrospective study. The inclusion
criteria: (i) patients with DDH aged 12–50 years whose
Tonnis grade of hip osteoarthritis were ≤2 and crown grade
of grade 1 and lateral center edge angle were <15�; (ii)
underwent PAO between January 2017 and November 2019;
(iii) changes in the imaging parameters and functional scores
of patients after PAO; (iv) factors that affect the functional
scores after PAO; and (v) a retrospective study. The exclu-
sion criteria were: (i) a history of hip joint trauma; (ii) an
existing nerve, muscle, or connective tissue disease; (iii) a
history of hip surgery; (iv) severe joint deformity; (v) hip
flexion and extension range of motion <90�; and
(vi) acetabular retroversion (positive cross sign).

Patient Data
The research objects were patients who underwent modified
Smith-Peterson (MSP) approach PAO to treat DDH in our
hospital between January 2017 and November 2019. During
this period, a total of 75 patients underwent Bernese PAO.
However, 16 cases wherein the iliac-inguinal approach was
used were excluded, five cases were lost to follow-up, eight
cases had incomplete imaging data, and there were two cases
of acetabular retroversion. The sample size estimation was
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based on the principle of 10 outcome events per variable.
Using an estimated incidence of excellent results of 77% in
the study patients5 and three influencing factors, we aimed
to enroll 40 patients and eventually enrolled 44, including 40
women and four men with a mean age of 31.2 � 9.4 (range,
12–49) years.

Surgical Procedure

Anesthesia and Position
The patient was positioned supine on a radiolucent table.
We typically used general anesthesia. The involved extremity
was prepared and draped free to the costal margin, medially
to the umbilicus, and posteriorly to the posterior third of the
ilium11.

Approach and Exposure
All the PAOs were performed by the same surgeon using an
MSP approach and a surgical technique that preserves the
abductor muscle. The procedure has been described in detail
previously12. An incision was made forward and downward
from the front of the iliac crest with a length of 15–18 cm.
The skin, subcutaneous tissue, and the deep fascia were cut
successively. The anterior superior iliac spine was chiseled.
The ligamentum inguinale and the starting point of sartorius
were pulled together toward the inside. The surgeon entered
through the lower segment from the fascia lata separation
between the tensor and sartorius while protecting the lateral
femoral cutaneous nerve. The upper segment was stripped
within the periosteum of the ilium. The origin of the rectus
femoris was incised and reflected and the iliac wall, as well
as the four sides of the body, the upper ramus of the pubic
bone, and the hip capsule were revealed. The interspace
between medial side of the hip capsule and the iliolumbar
tendon and neck of femur, and ischial ramus were revealed.

Osteotomy Steps of PAO
The specific osteotomy steps of PAO have been reported in
detail in previous literature5,11,13. The first step is an incom-
plete osteotomy of the ischium, starting from the inferior
acetabular groove (the posterior lower edge of the acetabu-
lum), using a 30� forked, angled bone chisel, and the osteo-
tomy depth is 2.0–2.5 cm. The second step is an osteotomy
of the pubic bone inside the iliac pubic eminence. In the
third step, osteotomy is performed above and behind
the acetabulum. The fourth step is the meeting, namely from
the inner side of the pelvis, wherein the first step ischial
insufficiency osteotomy line and the third step acetabular
osteotomy line are connected with an arc osteotome. The
osteotomy process is evaluated and corrected by
intraoperative X-ray fluoroscopy.

Acetabular Displacement and Fixation
After completion of osteotomy, the osteotomy block was
clamped by the acetabular reset forceps and rotated to a sat-
isfactory position with the acetabulum apex angle close to 0�

under perspective14. The acetabulum was mildly anteverted,
and the acetabular rotation center was unchanged or slightly
displaced and fixed with 4.5 mm pelvic screws. The site was
then flushed and sutured.

Postoperative Rehabilitation
Within 6 weeks after the operation, the affected limb was
allowed partial weight bearing. This weight bearing capacity
was gradually increased after 6 weeks. Furthermore,
3 months after surgery, the bone had healed, and complete
weight loading was permitted.

Radiographic Assessment
An independent observer used standard anterior and poste-
rior X-rays of both hips obtained before the operation and
during the clinical follow-up period at least 1 year after the
operation for radiographic measurements. Radiographic
parameters included: the acetabular top tilt angle (Tonnis
angle), lateral center edge angle (LCEA), acetabular abduc-
tion angle (ABA), femoral head extrusion index (EI), sphe-
ricity index of femoral head, Shenton line, distance from the
innermost surface of the femoral head to the ilioischial line,
osteoarthritis Tonnis grade15, joint congruency16, p/a ratio17

and corresponding acetabular anteversion angle (AAA). All
the above imaging parameters were measured on the stan-
dard anterior and posterior X-rays of both hips. The mea-
surement methods11,15 of imaging parameters are shown
in Fig. 1.

Acetabular Top Tilt Angle
Acetabular top tilt angle is the angle formed between a line
parallel to the weight-bearing surface of the acetabulum and
a horizontal line. Acetabula having an acetabular top tilt
angle of 0� to 10� were considered normal, whereas those
having an angle of >10� or <0� were considered to have
increased and decreased inclination, respectively. Acetabula
with increased acetabular top tilt angle were subject to struc-
tural instability, whereas those with decreased acetabular top
tilt angle were considered to be at risk for pincer-type
femoroacetabular impingement11.

Lateral Center Edge Angle (LCEA)
LCEA is formed by the line joining the center of the femoral
head to the lateral edge of the acetabulum and a vertical line
through the center of the head. LCEA was designed to assess
lateral coverage of the femoral head. Wiberg reported values
25� and above as normal, values between 20� and 25� to be
borderline, and values less than 20� are diagnostic of acetab-
ular dysplasia14.

Acetabular Abduction Angle (ABA)
ABA was measured by obtaining the angle between a line
drawn from the acetabular teardrop to the lateral acetabular
margin and a horizontal line between the teardrops. ABA is
an imaging parameter that reflects the coverage of acetabu-
lum to femoral head. Its normal range is 27� to 51�14,18. A
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normal ABA is very important to maintain the stability of
hip joint. In patients with DDH, the ABA is too large and
the acetabular cover to the femoral head is insufficient, so
the joint is unstable. Thus, subluxation or dislocation occurs
easily and osteoarthritis occurs prematurely.

Extrusion Index (EI)
The EI is the percentage of the femoral head that is not cov-
ered by the acetabulum. In normal hips, less than 25% of the
femoral head is uncovered but values greater than 25% are
often found in patients with acetabular dysplasia and can be
much higher in patients with femoral head subluxation or
dislocation19.

Sphericity Index of Femoral Head
The sphericity index of the femoral head is defined as the
ratio of the short axis to the major axis of the femoral head,
which reflects the spherical degree of the femoral head.

Shenton Line
Shenton line is a continuous line between the inner edge of
the femoral neck and the upper edge of the obturator. The
discontinuity of Shenton line indicates the existence of dislo-
cation of the femoral head.

Distance from the Innermost Surface of the Femoral
Head to the Ilioischial Line
The hip center can be classified as lateralized or not
lateralized on the basis of the position of the medial aspect
of the femoral head relative to the ilioischial line. The hip
center was considered to be lateralized if the medial aspect of
the femoral head was >10 mm from the ilioischial line, and
not lateralized if the medial aspect of the femoral head was
10 mm or less from the ilioischial line. The hip center of a
normal person should be not lateralized. The lateralized hip
center will lead to poor joint congruency and abnormal
stress distribution of hip joint.

Osteoarthritis Tonnis Grade
The degree of osteoarthritis present in each hip can be deter-
mined with use of the Tonnis classification system11. As
defined by Tonnis, grades of osteoarthritis range from 0 to
3, with Grade 0 indicating no signs of osteoarthritis; Grade
1, increased sclerosis of the head and acetabulum, slight
joint-space narrowing, and slight lipping at the joint mar-
gins; Grade 2, small cysts in the head or acetabulum,

A

B C

Fig. 1 Measurement method. (A) Line 1 is the teardrop connection,

Line 2 passes through the center of the femoral head and is

perpendicular to Line 1, Line 3 is the connection between the center of

the femoral head and the outermost point of the weight-bearing area of

acetabular sclerosis, and the angle formed by Line 2 and Line 3 is the

LCEA. Line 4 is the parallel line of the acetabular weight-bearing

surface, Line 5 is parallel to Line 1, and the angle formed by Line 4 and

Line 5 is the Tonnis angle. Line 6 is the line connecting the outer and

lower edges of the acetabulum, the angle formed by Line 6 and Line

1 is the acetabular abduction angle, and d is the distance between the

inner surface of the femoral head and the ilioischial line, which is used

to assess the position of the hip joint center. (B) X is the length of the

femoral head that is not covered by the acetabulum, Y is the transverse

diameter of the femoral head, and EI = X/Y ratio. Femoral head

sphericity index29: The ratio of the short axis (n) to the long axis (m) of

the femoral head. (C) Line 1 is the connection line between the outer

edge of the acetabulum and the anterior lower edge. The p/a ratio is

calculated by dividing p (the distance from the acetabular joint surface

to the edge of the posterior wall of the acetabulum) by a (the distance

from the acetabular joint surface to the edge of the anterior wall of the

acetabulum), and both are measured on the vertical bisector of Line

1. When the vertical bisector of Line 1 is located in the acetabular

fossa, the acetabular fossa is ignored. The acetabular articular surface

is used as a part of the circle to make the best-fit circle, and the

intersection of the trajectory of the circle and the vertical bisector of

Line 1 is taken as the point of p and a near-point.
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moderate joint space narrowing, and moderate loss of sphe-
ricity of the head; and Grade 3, large cysts in the head or
acetabulum, joint space obliteration or severe joint space
narrowing, severe deformity of the femoral head, or evidence
of necrosis.

Joint Congruency
Joint congruency was graded according to Yasunaga10 as
excellent if the radii of curvature of the acetabulum and the
femoral head were identical and joint space was maintained,
good if with curvature of femoral head and acetabulum not
identical but with preserved joint space, fair if the joint space
was partially narrowed, and poor if there was loss of joint
space. Poor joint congruency is one of the important causes
of early hip osteoarthritis10.

p/a Ratio and Corresponding Acetabular Anteversion
Angle (AAA)
AAA is a radiographic parameter that reflects the position of
the acetabulum along the sagittal plane, the normal range is
20� � 5�. Excessive AAA is an important cause of abnormal
biomechanics of hip joint in patients with DDH. Using the
method described by Koyama17, p/a ratio and corresponding
acetabular anteversion angle can be measured on the
anteroposterior pelvic radiograph.

Follow-Up and Assessment

Modified Harris Hip Score
Patients’ modified Harris hip scores (MHHS) were collected
before surgery and at least 1 year after surgery. MHHS is a
principal outcome measure used in the assessment of hip
joint function5. The MHHS system mainly includes three
aspects: pain, function, and functional activities. The score
distribution is as follows: 44 points for the pain part,
33 points for the function part, 14 points for the functional
activities part, and the total score of the MHHS is 91 points.
The lighter the pain and the better the functional recovery,
the higher the score. The surgery outcome of every patient
was divided into three clinically relevant categories based on
the results of MHHS: poor (<70 points), good (70–85
points), and excellent (86–91 points). The categories of
MHHS were used as the outcome measure to explore factors
affecting the efficacy of PAO12.

WOMAC Scale Scores
The WOMAC scale scores were collected prior to surgery
and at the last follow-up after surgery. It was used to assess
patients with hip osteoarthritis and the course of disease
using 24 parameters12. For each parameter the full score is
4. The WOMAC scale included three subscales for pain, stiff-
ness, and function. The three subscales included five, two,
and 17 parameters respectively, with a total score of
20 points, 10 points, and 68 points. The more severe the pain
and joint stiffness, the higher the score on the pain and stiff-
ness subscales. The number of function subscale parameters

that the patient cannot complete is proportional to the score
on the function subscale. The WOMAC scale was used as a
supplement for the MHHS to assess surgery outcome of
patients.

Statistical Methods
A Kolmogorov–Smirnov test was used to test the normal dis-
tribution of quantitative variables, including patients’ demo-
graphic data (age at surgery, follow-up time, body mass
index [BMI]), radiographic parameters (the acetabular top
tilt angle, LCEA, ABA, EI, sphericity index of femoral head,
p/a ratio, AAA), and scores (MHHS, WOMAC scale scores)
before and after surgery. Normally distributed measurement
data were expressed as mean � standard deviation (�X�S ).
The skew distribution measurement data were represented as
median (interquartile range) [M(IQR)]. A paired t-test was
performed to compare preoperative and postoperative radio-
graphic quantity variables that followed a normal distribu-
tion. Skewed distribution radiographic quantitative variables
used the Wilcoxon test. Categorical variables (Shenton line,
Tonnis grade of osteoarthritis, joint congruency) were
expressed as a percentage (%) and Fisher’s exact test was
used for preoperative and postoperative comparison. Patient
demographic data (age at surgery, follow-up time, BMI, gen-
der, side), as well as preoperative and postoperative radio-
graphic parameters (the acetabular top tilt angle, LCEA,
ABA, EI, sphericity index of femoral head, p/a ratio, AAA),
were subjected to univariate logistic regression analysis.
MHHS category was set as the dependent variable. If an
independent variable had a P value <0.1 in single-factor
logistic regression analysis, that variable was included in the
multiple logistic regression analysis. If an independent vari-
able with a P value <0.1 was a continuous variable, that inde-
pendent variable was used as the test variable. MHHS
category was also set as the state variable. The sensitivity was
the ordinate, 1-specificity was the abscissa, the Receiver
Operating Characteristic (ROC) curve was drawn, and the
Yoden index was used to find the best cut-off value and set
the sub-variable according to the best cut-off value of the
continuous variable and then incorporate it into the multiple
logistic regression analysis. Multivariate logistic regression
analysis was used to determine which variables were the
influencing factors of the functional score results, and
P < 0.05 was considered statistically significant. All the statis-
tical analyses were performed with SPSS software for Win-
dows (version 25.0; SPSS, New York, NY, USA).

Results

Follow-Up
Patients’ MHHS and WOMAC scale scores were collected
through on-site communication before surgery and at least
1 year after surgery. Due to the short postoperative time,
only five cases were lost to follow-up and we excluded them.
A final cohort of 44 patients was included in this study. The
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average age was 31.2 � 9.4. No cases of failed surgery were
found. The average follow-up time was 18 months (ranging
from 12 to 27 months). The general information of the
patients is shown in Table 1.

Radiographic Improvement
After operation, the radiographic parameters were signifi-
cantly improved (Table 2, Fig. 2). LCEA increased
(Preoperative: 10.7 � 7.2; Postoperative: 34.8 � 7.1,

P < 0.001), ABA (Preoperative: 48.0 [6.8]; Postoperative: 38.0
[6.8], P < 0.001), Tonnis angle (Preoperative: 23 [5.8]; Post-
operative: 9.5 [6.0], P < 0.001), EI (Preoperative: 28.4%
� 9.5%; Postoperative: 10.5% � 5.4%, P < 0.001), p/a ratio
decreased (Preoperative: 2.3 [1.5]; Postoperative: 1.6 [0.6],
P < 0.001) and corresponding AAA (Preoperative: 21.9
[14.6]; Postoperative: 15.3 [5.6], P < 0.001) were all
decreased, hip joint center shifted 2.3 mm medial
(P < 0.001). The Tonnis classification of postoperative hip
osteoarthritis was improved (0 or 1 grade, Preoperative:
95.5%; Postoperative: 97.7%, P < 0.001), and the joint con-
gruency after operation was better than that before operation
(excellent or good, Preoperative: 81.9%; Postoperative:
95.5%, P = 0.017). All the differences were statistically
significant.

Functional Evaluation

Modified Harris Hip Score (MHHS)
The MHHS was significantly improved (Preoperative: 70.0
[29.0]; Postoperative: 91.0 [3.8], P < 0.001) (Fig. 3, Table 3).
Hip joint function improved, and excellent results rate
reached 81.8%. A patient who underwent simultaneous inter-
trochanteric osteotomy achieving excellent results was
defined according to the MHHS.

WOMAC Scale Scores
The WOMAC pain subscale score decreased (Preoperative:
4.0 [7.0]; Postoperative: 0 [0], P < 0.001), and pain symp-
toms were alleviated. The WOMAC function subscale score
decreased (Preoperative: 18.0 [4.0]; Postoperative: 4.0 [0], P

TABLE 1 General data parameters of patients

Demographic parameters Value

Number of patients (hips) 44 (44)
Age at surgery ð�X�S, years) 31.2 �9.4 (12–49)
Follow-up time (M[IQR], years) 1.6 (1.4)
Gender (case [%])
Male 4 (9.1)
Female 40 (90.9)

Side (case [%])
Left 17 (38.6)
Right 27 (61.4)

BMI (M[IQR], Kg/m2) 22.8 (3.7)
Smoke (case [%]) 3 (6.8)
Drink (case [%]) 1 (2.3)
Femoral head sphericity index ð�X�S) 83.9% �7.2%

(7.06%–97.2%)
Prior hip trauma or surgery (case [%]) 0 (0)

Combined intertrochanteric
osteotomy (case [%])

1 (2.3)

BMI, body mass index.

TABLE 2 X-ray findings of patients before and after surgery

Radiographic parameters Preoperative value Postoperative value P value

LCEA ð�X�S,�) 10.7 �7.2 34.8 �7.1 <0.001
ABA (M[IQR],�) 48.0 (6.8) 38.0 (6.8) <0.001
EI ð�X�S) 28.4% �9.5% 10.5% �5.4% <0.001
Tonnis grade <0.001
Grade 0 22.8% 20.4%
Grade 1 72.7% 77.3%
Grade 2 4.5% 2.3%
Grade 3 — —

Tonnis angle [M[IQR],�) 23 (5.8) 9.5 (6.0) <0.001
p/a ratio (M[IQR]) 2.3 (1.5) 1.6 (0.6) <0.001
AAA(M[IQR],�) 21.9 (14.6) 15.3 (5.6) <0.001
Shenton line 0.496
Continuous 68.2% 75%
Discontinuous 31.8% 25%

Joint congruency 0.017
Excellent 29.5% 81.9%
Good 52.4% 13.6%
General 13.6% 4.5%
Poor 4.5% 0%

Hip joint center position (M[IQR], mm) 10.8 (4.4) 8.5 (3.4) <0.001

AAA, acetabular anteversion angle; ABA, acetabular abduction angle; EI, extrusion index; LCEA, lateral central edge angle.
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= 0.004) (Table 3), and the quality of daily life of the
patients improved.

Factors Influencing Postoperative MHHS
The general information of patients and the radiographic
parameters before and after operation were screened by uni-
variate logistic regression analysis. With the screening P-
value set to 0.1, it was found that only preoperative LCEA (P
= 0.073) and postoperative Shenton line (P = 0.084) had a
significant correlation with the outcome variables. The ROC
curve analysis was performed on the preoperative LCEA
(Fig. 4), and an optimal cut-off value of 4.5� was found by
the Youden index method. According to that cut-off value,
patients were divided into two subgroups: the preoperative
LCEA <4.5� group and the preoperative LCEA ≥4.5� group.
The postoperative Shenton line was included in the multiple
logistic regression analysis. The results showed that only pre-
operative LCEA and higher MHHS were significantly statisti-
cally significant. According to the multiple logistic regression
analysis, the probability of the postoperative MHHS of a hip
joint with a preoperative lateral center edge angle ≥4.5� being
classified as excellent is six times that of a hip joint with a
preoperative lateral center edge angle <4.5� (Exp[β]: 6.249,

95% CI: 1.03–37.85, P = 0.046, Table 4). No statistical corre-
lation was found between other imaging factors or demo-
graphic factors and a higher MHHS.

Subgroup Analysis of Postoperative MHHS Influencing
Factors

Age
According to age, the patients were divided into two groups:
≤30 years old group and >30 years old group. The indepen-
dent variables of the group ≤30 years old were screened by
univariate analysis. The screening P value was set to 0.1, the
only independent variable selected was preoperative EI (P
= 0.057), and preoperative EI had no significant effect on
postoperative MHHS grade. The independent variables of
the group >30 years old were analyzed by the same method,
and no statistically significant independent variables were
selected.

Gender
The patients were divided into male and female groups. In
the female group, the independent variables selected were
preoperative LCEA (P = 0.077) and postoperative Shenton
line (P = 0.081). The preoperative LCEA and postoperative
Shenton line were included in multiple logistic regression
analysis, and no significant statistical significance was found.

Follow-Up Time
According to follow-up time, the patients were divided into
two groups: follow-up time ≤2 years group and follow-up
time >2 years group. In the group with follow-up time
≤2 years, the independent variables selected were as follows:
preoperative Tonnis angle (P = 0.061), postoperative Tonnis
angle (P = 0.089), preoperative EI (P = 0.056). The above
variables were included in multiple logistic regression analy-
sis, there was no significant difference between the above
variables and MHHS grade. In the group of follow-up time
>2 years, the only independent variable selected was the
sphericity index of femoral head (P = 0.090), that is, the

A B

Fig. 2 Preoperative and postoperative X-ray

comparison. After operation, the

radiographic parameters were significantly

improved. ABA, Tonnis angle; EI, p/a ratio

and corresponding AAA were all decreased.

LCEA increased and hip joint center shifted

medially. The Tonnis classification of

postoperative hip osteoarthritis and the

joint congruency were improved.

Fig. 3 Comparison of preoperative and postoperative MHHS.

1824
ORTHOPAEDIC SURGERY

VOLUME 13 • NUMBER 6 • AUGUST, 2021
INFLUENCING FACTORS OF FUNCTION OF PAO



sphericity index of femoral head had no significant effect on
the MHHS grade.

Osteoarthritis Tonnis Grade
The independent variables selected from the group with
Tonnis grade 1 were preoperative LCEA (P = 0.008) and
preoperative AAA (P = 0.026). When the variables were
included in multiple logistic regression analysis, it was found
that only preoperative LCEA and MHHS grade had signifi-
cant statistical significance. According to the multiple logistic
regression analysis, for every additional unit of preoperative
LCEA, the probability of the postoperative MHHS being
classified as excellent was 1.2 times higher than that of the
original (Exp[β]:1.201, 95% CI: 1.050–1.374, P = 0.008). No
statistically significant independent variables were selected in
the group with Tonnis grade 0.

Joint Congruency
The independent variables selected from the good joint con-
gruency group were preoperative Tonnis angle (P = 0.052),
preoperative AAA (P = 0.089), and preoperative hip joint
center position (P = 0.085). When the above variables were
included in multiple logistic regression analysis, no signifi-
cant statistical significance was found between the variables
and MHHS grade. No statistically significant independent
variables were screened out in the excellent joint congruency
group.

Shenton Line
Shenton line divided the patients into two groups: continu-
ous Shenton line group and discontinuous Shenton line
group. No statistically significant independent variables were
screened out in the continuous Shenton line group. The only
independent variable of the discontinuous Shenton line
group screened out was preoperative AAA (P = 0.070), that
is, preoperative AAA had no significant effect on MHHS
grade.

Complications
Six patients had sensory disturbance of the lateral femoral
cutaneous nerve, manifesting as numbness in the
anterolateral area of the thigh, four of which recovered
completely during follow-up. A lateral femoral cutaneous
nerve injury is very common in PAO, but this is a purely
sensory nerve. This kind of nerve injury has no significant
effect on the function of hip joint and the effect of PAO
operation, so it does not need special treatment20. No other
complications related to the surgical approach, osteotomy,
acetabular displacement, acetabular fixation, and postopera-
tive stage were found. There were also no significant vascular
and nerve injuries nor visceral injuries found in any of the
patients.

Discussion

Radiographic and Functional Improvement After PAO
Compared with other hip-preserving surgeries for patients
with DDH, PAO can achieve the ideal positioning of the hip
joint rotation center and maintain the inherent stability of
the combination of acetabular fragments and residual pelvis,

TABLE 3 Comparison of clinical results of hip joint before and after surgery

Score Preoperative value Postoperative value P value

MHHS (M[IQR], score) 70.0 (29.0) 91.0 (3.8) <0.001
WOMAC (M[IQR], score)
Pain 4.0 (7.0) 0 (0) <0.001
Stiffness 0 (0) 0 (0) <0.001
Physical function 18.0 (4.0) 4.0 (0) 0.004

MHHS, modified Harris hip score; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

Fig. 4 ROC curve of preoperative LCEA.

TABLE 4 Results of multiple logistic regression analysis

Variables P value Exp(B) 95% CI

LCEA <4.5�/LCEA ≥4.5� 0.046 6.249 1.032–37.854
Postoperative Shenton line 0.300 0.444 0.061–2.037

LCEA, lateral central edge angle.
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allowing early postoperative weight bearing21,22. PAO can
effectively resolve both biomechanical and structural abnor-
malities of the hip joint in patients with DDH, maintain or
improve the patient’s mobility and quality of life, and delay
or prevent the occurrence of secondary osteoarthritis13,14,23.
This study demonstrated that the overall functional scores of
patients after PAO were significantly improved, pain symp-
toms were significantly reduced, and postoperative radio-
graphic parameters were significantly improved compared
with those performed before the operation, which is consis-
tent with the conclusions of other studies5,12,18. Since PAO
through an iliac-inguinal approach requires a wealth of expe-
rience as there are more pelvic vascular nerve plexuses, a
higher risk for severe intraoperative bleeding, and high inci-
dence of nerve damage, the MSP approach, which has a clear
anatomical structure and less damage to blood vessels and
nerves, less intraoperative bleeding, and the ability to treat
intra-articular lesions at the same time, is preferrable24,25.
Therefore, we switched to the MSP approach. Considering
that different surgical approaches may have an impact on
postoperative function, to facilitate comparison, only patients
who underwent the MSP approach were included in the
study.

Influencing Factors of Function After PAO
This study found that the functional score and pain levels
of patients after PAO were significantly improved. There
was a direct correlation between a larger preoperative LCEA
and better hip function after surgery. Especially in DDH
patients with osteoarthritis Tonnis grade 1, the effect of
preoperative LCEA on postoperative MHHS grade is more
obvious. No other demographic or imaging factors were
found to be associated with improved postoperative func-
tion scores. Although the number of reports regarding post-
operative function in PAO is gradually increasing, the
results regarding factors that affect postoperative function
are still inconclusive. Albers26 followed up patients after
PAO for more than 10 years and proved that LCEA <22�

after PAO was an independent risk factor for PAO surgery
failure. Based on this conclusion, Novais et al.12 studied fac-
tors influencing a postoperative LCEA of <22� after PAO.
The results showed that among demographic factors and
various preoperative imaging parameters, including age,
gender, BMI, and severity of acetabular dysplasia, preopera-
tive LCEA was the only independent factor related to post-
operative LCEA <22�. This indicates that developmental hip
dysplasia with small preoperative LCEA is more likely to be
under-corrected, which leads to failure of the operation.
However, there is a lack of relevant reports on the relation-
ship between preoperative LCEA and a patient’s postopera-
tive clinical function. To a certain extent, this study
explains the correlation between preoperative LCEA and
the patient’s PAO postoperative function, showing that
patients with preoperative LCEA ≥4.5� have better postop-
erative function. This phenomenon may be related to the

size and position of the contact stress area of the hip joint.
A study conducted by Kralj27 et al. proved that the peak
contact stress of the hip joint was related to prognosis post-
PAO. The contact stress area of the hip joint in DDH
patients increases sharply toward the lateral edge, and an
increase in LCEA can improve the lateral coverage of the
femoral head, reduce the size of the hip joint contact stress,
and change the location of the peak contact stress. This bet-
ter biomechanical status of a hip joint with LCEA ≥4.5�

before surgery may be the main reason for better postopera-
tive function.

Through univariate analysis, we found that after sur-
gery the Shenton line may be one of the factors that affect
function; however, there was no statistical significance in the
regression analysis, which may be due to our small sample
size. The study conducted by Fujii et al.28 showed that the
Shenton line was not a factor influencing the degree of intra-
articular lesions in patients with severe DDH. Therefore, fur-
ther research is needed to clarify the relationship between
the Shenton line and postoperative function.

Previous studies have shown that the Tonnis classifica-
tion of osteoarthritis is one of the imaging indicators that
affects postoperative function29. Patients with no arthritis or
only mild arthritis before surgery have better postoperative
function30. Beaule et al.30 found that a larger α angle
(>50.5�) before surgery indicates a lower postoperative
WOMAC function score. In addition, Petrie6 found that a
previous history of surgery involving the ipsilateral hip was
a predictor of postoperative UCLA score changes. Since there
were only two patients whose osteoarthritis Tonnis grade
was Grade 2 before the operation in our study and our
follow-up time was short, the degree of osteoarthritis did not
progress significantly, and therefore we could not observe if
the functional score was correlated with the Tonnis grade of
osteoarthritis. All the patients had no previous history of sur-
gery of the hip joint on the operative side and, therefore, we
could not verify this factor. Further, most patients lacked the
Dunn position X-ray required to measure the α angle, so we
did not consider the α angle as a variable.

Limitations of the Study
This study had certain limitations. First, our sample size was
small. Second, our study was a retrospective case study. This
type of study inherently has various sources of bias, includ-
ing selection bias, measurement and evaluation bias31, as well
as loss to follow-up. Finally, this was a short-term follow-up
study, and it did not provide medium- to long-term follow-
up results. Based on the level of evidence provided by exis-
ting studies, many factors that affect the effectiveness of
PAO were not fully understood. Finding out the factors
through a large sample of prospective randomized studies
will provide reference for the development and improvement
of this surgical technique.
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Conclusion
Overall functional scores post-PAO significantly improved
and pain symptoms were significantly reduced. In addition,

patients with preoperative LCEA ≥4.5� had better clinical
function after surgery.
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