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Abstract

Background
Bernese periacetabular osteotomy (PAO) is an effective treatment for patients with developmental
dysplasia of the hip (DDH). PAO has been widely used in China, but few follow-up outcomes have been
reported in the international community. Moreover, the risk factors affecting patient-reported outcomes
have not been discussed in recent studies. In this study, patient-reported outcomes after PAO were
reported, and risk factors affecting patient-reported outcomes were analyzed.

Methods
Patients who underwent PAO for DDH from January 2014 to January 2020 were selected as the study
subjects, and 79 hips were included in the analysis after screening (71 patients, with an average follow-up
time of 2.98 years). The Harris Hip Score (HHS) and International Hip Outcome Instrument-12 (iHOT-12)
were used to assess hip function and patient quality of life. A HHS < 80 was de�ned as symptomatic hips,
that is, an adverse outcome; otherwise, it indicated preserved hips. Multivariate logistic regression
analysis was used to predict the risk factors in�uencing the patient-reported outcomes, and receiver
operating characteristic (ROC) curve analysis was performed on the risk factors to determine their
sensitivity, speci�city and cutoff value.

Results
Clinical outcome analysis demonstrates marked improvements in patient-reported outcomes. The
multivariate logistic regression analysis showed that when the postoperative LCEA was > 38°, adverse
outcomes were much more likely. However, a Tönnis angle of -10°-0 was a protective factor. In addition,
hips with fair or poor joint congruency were 7.794-fold more likely to develop negative outcomes. The
ROC curve analysis showed that the optimal thresholds for the LCEA and Tönnis angles used to predict
outcomes after PAO were 38.1° and − 9°, respectively. The patients with a postoperative LCEA < 38.1° had
a success rate of 83%. In contrast, the success rate was 32% for patients with a postoperative LCEA > 
38.1°. In addition, while the patients with a postoperative Tönnis angle of -9°-0 had a success rate of 70%,
and those with a Tönnis angle of 0–10° had a success rate of 65%; the success rate of a Tönnis angle
<-9° was only 10%.

Conclusions
Our results demonstrate marked improvements in patient-reported outcomes. Among hips with
preoperative excellent or good joint congruency treated by experienced surgeons who obtain the proper
postoperative LCEA and Tönnis angles, good patient-reported outcomes can be expected.
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Introduction
Developmental dysplasia of the hip (DDH) refers to inadequate coverage of the femoral head by the
acetabulum due to abnormal structural development of the hip, which leads to subluxation or complete
dislocation of the hip(1, 2). It has been reported that the disease has a high prevalence in Asia and the
United States, with 1-1.5 DDH children affected per 1000 newborns(3). The disease is characterized by
hidden onset and slow early progression, then accelerated progression when the disease reaches a
certain stage, leading to advanced secondary osteoarthritis and, ultimately, a total hip replacement (THR)
(4). Among THR recipients, DDH patients account for approximately 20% ~ 40%, ranking second in
among those with THR(5). The age of onset of DDH symptoms is 20–40 years old. If THR is
administered immediately after symptom onset, then DDH patients may face revision and other problems
in the many decades after the operation, which can seriously affect the health of the patient(6). THR is
not an ideal choice for young patients and patients whose expected survival time is several times longer
than the prosthesis life span. However, early hip preservation surgery and correction of abnormal hip
morphology can relieve pain symptoms, delay the progression of osteoarthritis, and delay or even prevent
the need for a THR.

Periacetabular osteotomy (PAO), �rst used by Ganzs, is one of the most commonly used hip-conserving
surgeries for DDH(7). PAO not only corrects the lateral, anterior coverage, forward and backward tilt, and
inward and outward displacement of the acetabulum but also ensures continuity of the posterior column
of the pelvis and provides satisfactory correction of the acetabulum in DDH patients, thereby delaying hip
osteoarthritis and THR, rendering it fully applicable to young patients(8).

This surgery has been widely used in many countries, and some follow-up results have con�rmed the
e�cacy of PAO(9–21). China was one of the countries to adopt PAO early, but there are few follow-up
studies on PAO, making current PAO studies important. In addition, we found that short-term follow-ups
after PAO mostly addressed patient-reported outcomes with no discussion of risk factors affecting
patient-reported outcomes(10, 12–15, 18, 19). Considering the current situation, this study retrospectively
analyzed the data of DDH patients treated with PAO, observed the standard anteroposterior radiograph of
the pelvis before and after PAO, and measured the lateral center-to-edge angle (LCEA), acetabular
coverage ratio, sharp angle and Tönnis angle. Intensive follow-up was conducted from August to
September 2020, and the quality of life of the patients was assessed through the Harris Hip Score (HHS)
and International Hip Outcome Tool-12 (iHOT-12). The purpose of this study was to evaluate the short-
term e�cacy of PAO for DDH, analyze the risk factors affecting patient-reported outcomes, and propose
measures to improve patient-reported outcomes.

Materials And Methods
General information
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After approval by the Institutional Review Committee, patients who underwent PAO for DDH in the First
A�liated Hospital of Guangzhou University of Chinese Medicine from 2014 to January 2020 were
selected as study subjects. The diagnosis of DDH was determined by highly quali�ed physicians through
radiographic evidence and symptoms. The inclusion criteria were: (1) "Y" cartilage closure; (2)
radiographic evaluation was lower than Tönnis grade 3; (3) younger than 55 years old; (4) complete
follow-up data; (5) all DDH patients who met these criteria underwent PAO. The exclusion criteria were as
follows: (1) isolated acetabular retroversion, neuromuscular or connective-tissue disorder, Legg-Calve-
Perthes disease, or DDH combined with other diseases, such as Legg-Calve-Perthes disease or acetabular
retroversion; (2) Tönnis grade 3 or other hip trauma; and (3) patients with no follow-up due to interrupted
communication.

Preoperative and postoperative examination

Before PAO, the functional activity of the hip and quality of life of the patient were evaluated by HHS and
iHOT-12, and a standard anteroposterior radiograph of the pelvis was routinely taken. After PAO, the HHS
and iHOT-12 ratings were evaluated, and a standard anteroposterior radiograph of the pelvis was taken.

Outcome Measures

The HHS and iHOT-12 were used to evaluate the joint activity, pain, and quality of life in preoperative and
postoperative patients with PAO. HHSs can be divided into four grades: excellent (≥90), good (80-89), fair
(70-79), and poor (<70) and include measures of pain, function, joint movement, limb deformity, etc. In
this study, adverse outcomes were de�ned through HHSs. According to previous studies(22, 23), a HHS <
80 is de�ned as symptomatic hips, that is, an adverse outcome; otherwise, the score indicates preserved
hips. From August to September 2020, all included patients were administered a questionnaire.

The LCEA, acetabular coverage ratio, sharp angle and Tönnis angle were used to evaluate the
radiographic correction degree during the PAO. LCEA, acetabular coverage ratio, sharp angle and Tönnis
angle were measured by Digimizer software (version 5.4.6) before and after the PAO. DDH is generally
believed to exist with an LCEA<20°(24, 25), acetabular coverage ratio < 75%(26), sharp angle>40°(27)and
Tönnis angle>10°(28). In addition, according to previous studies(24, 25), the preoperative LCEA was
graded as follows: LCEA<5°, 5°< LCEA<20°, and LCEA>20°. According to Wells et al.(21), a postoperative
LCEA was graded as 20° < LCEA<38° and LCEA >38°. There is no uniform standard for the range of
correction for the Tönnis angle after PAO. According to the experience of the surgeons involved with this
study, the postoperative Tönnis angle was within the appropriate range at 0±10°. Therefore, we graded
the postoperative Tönnis angle as 0 < Tönnis angle <10°, -10°< Tönnis angle <0 and Tönnis angle <-10°.
All of these indicators were measured and observed by three authors, and the �nal results were averaged.

The Tönnis classi�cation of hip osteoarthritis(29, 30) was divided into four grades: 0 (no signs of
osteoarthritis), 1 (slight narrowing of the joint space, slight lipping at the joint margin, and slight sclerosis
of the femoral head or acetabulum), 2 (small cysts in the femoral head or acetabulum, moderate
narrowing of the joint space, and moderate loss of sphericity of the femoral head), and 3 (large cysts,
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severe narrowing or obliteration of the joint space, severe deformity of the femoral head, and avascular
necrosis). Joint congruency(31) was described by excellent (radii of curvature of the acetabulum and
femoral head identical and joint space maintained), good (curvature of the femoral head and acetabulum
not identical, but joint space preserved), fair (joint space partially narrowed), and poor (loss of joint
space). Hips with excellent or good joint congruency were considered an acceptable outcome.

Statistical Analysis

Continuous variables are expressed as the means and standard deviations, and categorical variables are
expressed as numbers and percentages. When preoperative and postoperative radiographic parameters
and patient-reported outcomes were analyzed, a t-test was used when they conformed to a normal
distribution; the Wilcoxon signed-rank test was used when they did not conform to a normal distribution.
Multivariate logistic regression analysis was used to conduct statistical analysis on the included
parameters to predict the risk factors in�uencing the outcome, and receiver operating characteristic (ROC)
curve analysis was performed on the risk factors to determine their sensitivity, speci�city and cutoff
value. P < 0.05 was considered statistically signi�cant, and all data were statistically analyzed with SPSS
Software version 23.0 (IBM).

Results
A total of 71 patients (19 male and 52 female) were included in the analysis. The mean follow-up time
was 2.98 ± 1.31 years. The mean age and BMI were 30.93 ± 11.14 years old (range, from 10 to 54 years
old) and 21.10 ± 1.77, respectively (Table 1). In this group, the operative time was 1.40–6.75 h, and the
average operative time was 2.99 h.

Table 1
Patient Characteristics

Characteristic*  

Number of patients (hips) 71 (79 )

Age†(yr) 30.93 ± 11.14(10 ~ 54)

Females (no. [%]) 52(73.2%)

Time to latest follow-up(yr) 2.98 ± 1.31

Height‡(m) 1.58 ± 0.10

Weight‡( kg) 53.27 ± 8.98

BMI‡(kg/m2) 22.21 ± 1.73

*BMI = body mass index. †The values are given as the mean and the standard deviation, with the
range in parentheses. ‡The values are given as the mean and the standard deviation.
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Patient-reported Outcomes
The changes in patient-reported outcomes were signi�cantly different between the �nal follow-up and the
preoperative results. The patients reported a mean improvement from a 60.90 ± 21.35 preoperatively to a
81.37 ± 7.45 at the last follow-up (P < 0.001) on the HHS scale and from 61.34 ± 26.10 to 87.00 ± 19.79 (p 
< 0.001) on the iHOT-12 scale (Table 2). In addition, the comparison between the HSS of the preserved hip
group (86.02 ± 3.29) and the symptomatic hip group (74.06 ± 5.99) was statistically signi�cant (P < 
0.001). By comparing the follow-up times of the preserved hip group and those of the symptomatic hip
group, we found that the difference was not statistically signi�cant (Table 3), which indicated that the
difference in the follow-up time between the two groups did not lead to bias in the HHS-based results.

Table 2
Patient-Reported Outcomes

Characteristic Mean (SD) P Value

Preoperative Postoperative

HHS† 60.90 ± 21.35 81.37 ± 7.45 <0.001

iHOT-12* 61.34 ± 26.10 87.00 ± 19.79 <0.001

†Harris Hip Score. *International Hip Outcome Tool-12.

Table 3
Patient-Reported Outcomes at Latest Follow-up

  Mean (SD) P Value

Preserved (n = 47 hips) Symptomatic (n = 32 hips)

HHS 86.28 ± 3.25 74.16 ± 5.80 <0.01

Time to the latest follow-up(yr)* 3.16 ± 1.30 2.69 ± 1.23 0.113

*Time of Patient-Reported Outcomes obtained at the latest follow-up.

Radiographic Parameters Outcomes
The preoperative distribution of Tönnis Classi�cation of Hip Osteoarthritis was a Tönnis grade 0 of 10
hips, Tönnis grade 1 of 50 hips, and Tönnis grade 2 of 19 hips. In the latest postoperative follow-up, 2
hips advanced to Tönnis grade 1 from Tönnis grade 0, 5 hips advanced to Tönnis grade 2 from Tönnis
grade 1, and 1 hip advanced to Tönnis grade 3 from Tönnis grade 2. The progression of 79 hips in terms
of Tönnis grade is shown in Fig. 1.

After PAO, the hips were classi�ed according to a HHS < 80, and a total of 47 preserved hips and 32
symptomatic hips were documented. The statistical results showed that 34 preserved and 7 symptomatic
hips were in the LCEA range of 20°-38°, and 12 preserved and 25 symptomatic hips had an LCEA > 38° (p 
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< 0.001). After PAO, the 30 preserved and 16 symptomatic hips and the 17 preserved and 8 symptomatic
hips had a Tönnis angle of -10°-0, and only 8 symptomatic hips had a Tönnis angle of <-10° (P < 0.001).
There were 9 preserved hips and 22 symptomatic hips with poor or fair joint congruency before PAO (P < 
0.001), while there were only 5 preserved hips and 11 symptomatic hips with poor or fair joint congruency
after PAO (P = 0.01). The changes in the other radiographic parameters were not statistically signi�cant
(Table 4).



Page 8/17

Table 4
Patient Characteristics of Cohort

Radiographic parameters No. P
Value†

Preserved (n = 47
hips)

Symptomatic (n = 32
hips)

Preoperative radiographic
parameters

     

Acetabular coverage ratio < 75% 46 29 0.358

Sharp angle > 40o 44 31 0.900

LCEA     0.239

< 5o 16 9  

5o-20o 26 15  

> 20 o 5 8  

Tönnis angle > 10o 46 31 1.000

Joint congruency poor or fair 9 22 0.000

Postoperative radiographic
parameters

     

Acetabular coverage ratio > 75% 47 32 1.000

Sharp angle < 40o 40 31 0.186

LCEA     0.000

20o-38o 34 7  

> 38o 12 25  

Tönnis angle     0.001

0o-10o 30 16  

-10o-0o 17 8  

<-10o 0 8  

Joint congruency poor or fair 5 11 0.010

†Based on univariable comparisons between preserved and symptomatic hips.

The radiographic parameters were greatly changed before and after PAO. The acetabular coverage ratio
improved from 0.58 to 0.90 (P < 0.001), the sharp angle improved from 48.09 to 33.81 (P < 0.001), the
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LCEA improved from 8.77 to 37.60 (P < 0.001), and the Tönnis angle improved from 22.71 to 0.60 (P < 
0.001, Table 5).

Table 5
Radiographic Correction

Characteristic Mean (SD)* P Value†

Preoperative Postoperative

Acetabular coverage ratio 0.58 ± 0.14 0.90 ± 0.08 <0.001

Sharp angle(°) 48.09 ± 4.93 33.81 ± 5.01 <0.001

LCEA(°) 8.77 ± 13.06 37.60 ± 8.46 <0.001

Tönnis angle(°) 22.71 ± 9.44 0.59 ± 7.02 <0.001

* The values are given as the mean and the standard deviation. †Based on univariable comparisons
between Preoperative and Postoperative outcome.

Risk factors were predicted based on multivariate logistic regression analysis. This study included age,
sex, BMI, preoperative and postoperative LCEA, acetabular coverage ratio, sharp angle, Tönnis angle and
joint congruency in the risk factor analysis. The results showed that the LCEA, Tönnis angle and
preoperative joint frequency had a signi�cant in�uence on the outcome, and the remaining factors were
not signi�cantly different. When the postoperative LCEA was > 38°, the risk of an adverse outcome was
16.573-fold higher (odds ratio [OR]: 16.573; 95% CI: 2.912 to 94.323; P = 0.002; Table 6). However, a
Tönnis angle of 10°-0 was a protective factor (odds ratio [OR]: 0.083; 95% CI: 0.012 to 0.554; P = 0.010). In
addition, hips with fair or poor joint congruency were 7.794 times more likely to develop negative
outcomes (odds ratio [OR]: 7.794; 95% CI: 1.909 to 31.816; P = 0.004).

Table 6
The Multinomial Logistics Regression Analysis

Variable OR (95% CI) P Value

Postoperative LCEA*   0.007

< 20o   1.000

> 38o 16.573(2.912–94.323) 0.002

Postoperative Tönnis angle†   0.037

<-10o   0.999

-10o -0o 0.083 (0.012–0.554) 0.010

Preoperative Joint congruency poor or fair 7.794 (1.909–31.816) 0.004

* The statistical results of < 20° and > 38° in Postoperative LCEA were compared with 20°-38°.†The
statistical results of <-10°and − 10°-0 in Postoperative LCEA were compared with 0–10°.
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The ROC analysis showed that the AUC of the postoperative LCEAs and Tönnis angles was 0.75 and 0.64
(Table 7), respectively. The multinomial logistic regression analysis demonstrated that the LCEA and
Tönnis angle were good predictors of outcomes in patients with DDH, revealing that the patient-reported
outcomes may be determined by the postoperative LCEAs and Tönnis angles. The optimal cutoff values
revealed by the ROC analysis for the postoperative LCEAs and Tönnis angles were 38.1 and − 9,
respectively (Fig. 2, Table 7). The cutoff for the LCEA had a speci�city and sensitivity of 75% and 78%,
respectively. The patients with a postoperative LCEA < 38.1 had a success rate of 83% (7 of 42). In
contrast, the success rate was 32% (12 of 37) for patients with a postoperative LCEA > 38.1. In addition,
while the patients with a postoperative Tönnis angle of -9°-0 had a success rate of 70% (16 of 23), and
patients with a Tönnis angle of 0–10° had a success rate of 65% (30 of 40), the success rate of a Tönnis
angle <-9° was only 10% (1 of 10).

Table 7
Prognostic Values of Postoperative Tönnis angle and LCEA

  Cutoff value AUC Speci�city/Sensitivity No./Total (%)*

Tönnis angle -9 0.64 98%/28%  

Success rate        

0–10°       30/46 (65%)

-9°-0       16/23 (70%)

<-9°       1/10 (10%)

LCEA 38.1 0.75 75%/78%  

Success rate        

<38.1°       35/42 (83%)

>38.1°       12/37 (32%)

* Preserved hips in the interval/All hips in the interval (%)

Discussion
DDH has a high incidence in China, with an incidence of 2.9% in Taiwan(32). If left untreated, joint wear
gradually increases and eventually a THR is required(4). Therefore, hip preservation is a good choice for
young patients with DDH. The purpose of hip preservation is to alleviate pain symptoms, slow the
progression of osteoarthritis, and delay or even prevent the need for a THR by correcting the hip
malformations. Compared with THR, PAO is an ideal choice for young people with symptomatic DDH(33,
34). Current follow-up results con�rmed the e�cacy of PAO(9–21). China was one of the countries to
adopt PAO early, but there are few follow-up studies on PAO in the international community. Therefore, we
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followed patients with DDH after PAO to observe the short-term e�cacy of PAO and to predict the factors
that affect patient-reported outcomes.

Our study was one of the largest short-term follow-up studies analyzing patient-reported outcomes after
PAO performed to alleviate symptomatic DDH. We analyzed the factors that in�uenced patient-reported
outcomes after PAO. In this retrospective study, we found that patients who underwent PAO in our study
had good postoperative radiographic parameters and outcome improvement as indicated by patient
reports. Additionally, the patients’ progression of Tönnis grade was not obvious. Our data suggest that
while hips with fair or poor joint congruency preoperatively and an oversized postoperative LCEA were
correlated with unsatisfactory patient-reported outcomes, the proper postoperative Tönnis angle was a
positive factor for good patient-reported outcomes. When the LCEA and Tönnis angle was 38.1° and − 9°,
respectively, these are two critical values affected patient-reported outcomes.

In a study of 123 hips followed for a mean of 4.3 years after PAO, Trumble et al.(18) reported that 102
hips were preserved, 7 hips required a THR, and 6 subsequent intertrochanteric osteotomies were
performed. The patients reported a mean improvement from 65 points preoperatively to 89 points at the
latest follow-up, based on HHSs. The latest follow-up radiographic severity of osteoarthrosis, assessed
according to Tönnis grade, progressed in only 6 hips. Although this study on PAO revealed good
outcomes, only a simple follow-up was performed, and risk factors were not explored in depth. In another
prospective, multicenter cohort of 391 hips followed for a mean of 2.6 years after PAO, Clohisy et al.(10)
reported that age, sex and BMI were predictive factors of certain outcome measures. This study
suggested that the strongest predictors of successful outcomes were female sex, increased age, and a
high BMI. In addition, pain, hip function, and quality of life improved after PAO. In our study, 79 hips after
PAO performed to alleviate DDH were followed for a mean of 2.98 years, and 32 hips were considered
symptomatic. According to the Tönnis grade, DDH progressed in only 8 hip joints. This study showed that
sex, age and BMI had no effect on the outcome measures, which may be related to it being a single-center
study and including only a limited number of hips.

Wells et al.(20) and Matheney et al.(35) reported that poor or fair preoperative joint congruency is a risk
factor for failure, which was consistent with our �ndings. Another study by Wells et al.(21) analyzed the
outcomes of 154 hips followed for an average of 10.3 years and found that excessive postoperative
femoral head coverage (LCEA > 38°) was a predictor of failure. Additionally, Albers et al.(9) reported 165
hips after PAO and found that improper acetabular reorientation may accelerate osteoarthritis
progression in patients with DDH, and proper acetabular reorientation without introducing
femoroacetabular impingement (FAI) improved hip survivorship. To our knowledge, while there have been
no other studies to indicate how radiographic parameters can be corrected to obtain favorable outcomes,
the current studies showed that an LCEA of > 38° may increase the risk of adverse outcomes. We
speculate that the cause of the adverse outcomes may be associated with excessive acetabular
coverage, which increases the chance of secondary FAI(9, 21). Additionally, the correction of the
postoperative Tönnis angle after PAO was unclear. According to the experience of the surgeon, a Tönnis
angle of 0 ± 10° is in an acceptable range and was achieved in these surgeries. Our multivariate logistic
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regression analysis found that a Tönnis angle of 10°-0 was a protective factor. Furthermore, considering
the results of ROC analysis, our study suggest that a Tönnis angle of -9°-0 may result in better outcomes
(Table 7). Not only there is no previous study to support this result, but different surgeons may have
different understandings of the correction of the Tönnis angle; therefore, larger multicenter, prospective
studies are needed to verify and explain why a postoperative Tönnis angle of -9°-0 is a predictor of
successful outcomes.

Our study had some limitations. First, compared with prospective and multicenter studies, the level of
evidence in this retrospective and single-center studies is insu�cient. All patients underwent surgery by
experienced PAO surgeons, which may limit the generalizability of this study. Second, we included 8
patients for analysis who underwent bilateral PAO, which may have affected the results. Third, patients
were subjectively selected for inclusion in a retrospective study, which can lead to bias. While we cannot
eliminate possible selection bias, strict inclusion criteria can help with drawing signi�cant conclusions.
Last, we only have the parameters of anteroposterior radiographs, but not the relevant parameters of frog-
leg and false-pro�le radiographs.

Considering these limitations, our study presents novel �ndings. Short-term follow-up results in the past
were mostly reports of patient-reported outcomes, and few studies included baseline or preoperative
radiographic parameters in the multinomial logistic regression analysis for the prediction of risk factors.
In contrast with these short-term follow-up results, our study not only performed an analysis of the impact
of postoperative radiographic parameters on patient-reported outcomes but also performed ROC analysis
on the postoperative LCEAs and Tönnis angles to determine their cutoffs.

Taken together, our results demonstrate marked improvements in patient-reported outcomes after PAO.
Among hips with excellent or good joint congruency preoperatively treated by experienced surgeons who
obtained the proper postoperative LCEAs and Tönnis angles, good patient-reported outcomes can be
expected; the early symptomatic hip rates were low. Continued expansion and follow-up of this study will
provide a higher level of clinical evidence to further determine how to improve patient-reported outcomes
of PAO. Future studies should pay attention to comparing more postoperative radiographic parameters
between asymptomatic and symptomatic hips to determine whether these parameters can be used as
factors for predicting failure and as a reference value for PAO.
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Figures

Figure 1

The progression of osteoarthritis according to the Tönnis classi�cation.
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Figure 2

ROC curve of postoperative LCEA and Tönnis angle.


