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What Is the Early/Mid-term Survivorship and Functional Outcome 

After Bernese Periacetabular Osteotomy in a Pediatric Surgeon 

Practice? 

George Grammatopoulos, Jeremy Wales, Alpesh Kothari, Harinderjit S Gill, 

Andrew Wainwright, Tim Theologis 

Abstract 

BACKGROUND: The Bernese periacetabular osteotomy (PAO) is a recognized joint-

preserving procedure. Achieving joint stability without creating impingement is 

important, but the orientation target that best balances these sometimes competing 

goals has not yet been clearly defined. Moreover, the learning curve of this 

challenging procedure has not been described. 

 

QUESTIONS/PURPOSES: The purposes of this study were (1) to determine the 10-

year survivorship and functional outcome after Bernese PAO in a single-surgeon 

series; (2) to review which patient, surgical, and radiographic factors might predict 

outcome after the procedure; and (3) to define the learning curve for target 

acetabular correction. 

 

METHODS: The first 68 PAOs performed for symptomatic hip dysplasia were 

retrospectively evaluated. None have been lost to followup with followup less than 2 

years. Endpoints for the lost to followup (n = 2) are at the time of when last seen. 

During the study period, the same surgeon performed 562 pelvic osteotomies 

(including Salter, Pemberton, Dega and Chiari) and 64 shelf acetabuloplasties. 

Bernese PAO was used only for symptomatic dysplasia (center-edge angle < 25° 

and nonhorizontal acetabular roof) in developmentally mature hips without evidence 

of major joint incongruence or subluxation. Most patients were female (n = 49 [60 

hips, 88%]); mean age at operation was 25 years (SD 7). Sixteen hips had previous 

hip procedures. The study's mean followup was 8 years (range, 2-18 years). Patient-

reported functional outcome was obtained using the WOMAC score (best-worst: 0-

96). Radiographic parameters of dysplasia (acetabular index [AI], center-edge angle 

[CEA], congruency, Tönnis grade, and joint space) were evaluated from preoperative 

and postoperative radiographs using computer software. 

 

RESULTS: The 10-year survival rate was 93% (95% confidence interval [CI], 82%-

100%); four patients underwent further surgery to the hip in the study period. The 

mean WOMAC was 12 (range, 0-54). Factors that influenced survival included joint 

congruency (100% versus 78%; 95% CI, 61%-96%; p = 0.03) and acetabular 



orientation correction achieved (AIpostoperative < 15° [100% versus 65%; 95% CI, 

43-88; p < 0.001] and CEApostoperative 20° to 40° [100% versus 71.9%; 52.8-100; 

p < 0.001]). Better WOMAC scores were seen if postoperative AI < 15° (7 versus 25, 

p = 0.005) and CEA between 20° and 40° (7 versus 23, p = 0.005) were achieved. 

The chances of obtaining acetabular correction within this range improved after the 

20(th) procedure (30% versus 70%, p = 0.008). 

 

CONCLUSIONS: This study reports excellent results after Bernese PAO in the 

hands of an experienced pediatric hip surgeon. We advocate cautious correction of 

the acetabular fragment. Future studies should concentrate on how to determine 

what the optimal target is and how to achieve it intraoperatively, minimizing the 

learning curve associated with it. 

 

LEVEL OF EVIDENCE: Level III, therapeutic study. 

INTRODUCTION 

Increased interest on the pathogenesis of osteoarthritis (OA) has highlighted the 

important contribution of native anatomy in the development of OA1-3. Therefore, it is  

widely accepted that a significant number of patients that were previously labelled as 

having primary (idiopathic) OA, are likely to have OA secondary to subtle anatomical 

abnormalities in either the acetabular (dysplasia), the femoral (pistol-grip), or both 

sides of the joint. Persistent acetabular dysplasia is thought to increase the 

concentration of joint forces (including shear) over a smaller acetabular surface area, 

leading to earlier joint degeneration4. Wiberg quantified femoral coverage by 

measuring centre-edge-angle (CEA) on pelvic radiographs and considered optimal to 

be >25°5. Other studies have reported CEA <22° predisposing to OA6,7.  

 

In an attempt to delay joint degeneration in patients with acetabular dysplasia, it has 

been considered logical to surgically restore the morphological abnormalities. In doing 



so, surgeons aim to improve biomechanics of the hip and delay, or prevent, joint 

degeneration. Both acetabuloplasty8 and acetabular re-orientation procedures 

(Bernese9, triple10, Birmingham11) have been described as joint-preserving surgical 

options in patients with symptomatic, dysplastic hips. Amongst those, the Bernese 

peri-acetabular osteotomy (PAO), first described in 1988, has been the one most 

widely used.      

 

Outcome following Bernese-PAO has only been reported by the innovator, and a 

limited number of high-volume, specialist surgeons across the world (Table 1)12-20. 

This reflects the complexity of the procedure but can also, potentially, create 

publication biases; hence more reports are needed. Ten-year outcome post-surgery 

is reported to be between 75-90%. Factors shown to affect outcome include: age, 

severity of hip dysplasia, degree of OA pre-surgery, hip congruency and achieved 

correction. Achieving optimal joint stability without creating impingement has also been 

reported to improve survival21. However, the optimal orientation target to achieve the 

best results has not yet been clearly defined. Furthermore, what the learning curve is 

for achieving one’s target reliably has not been described either.   

 

The aims of this study were: 

1. Determine the 10-year survivorship and functional outcome following Bernese-PAO 

in a single-surgeon series (who manages paediatric dysplasia and its young adult 

sequelae), from an English tertiary referral centre.  

2. Review which patient, surgical, and radiographic factors might predict outcome 

following the procedure.  



3. Identify what the learning curve to reliably achieve target acetabular correction is.  



METHODS 

This is a retrospective, IRB approved, consecutive case series study of Bernese-PAOs 

performed by the senior author (TT); a paediatric surgeon at the Nuffield Orthopaedic 

Centre (Oxford, UK) with an interest in young adult hip pathology. Between October 

1995 and January 2013, 68 Bernese-PAOs were performed in 57 patients. Over the 

same period the senior author performed a total of 562 pelvic osteotomies (including 

Salter’s. Pemberton’s, Dega’s, and Chiari’s) and 64 Shelf acetabuloplasties. The 

indication for a Bernese-PAO was the presence of a symptomatic, dysplastic 

(CEA<25° and non-horizontal acetabular roof), developmentally-mature hip without 

evidence of significant joint incongruence or subluxation.  

 

All procedures were performed with a modified Smith-Petersen approach using the 

technique previously described by Ganz9. Following the ischial, pubic, supra-

acetabular and retro-acetabular osteotomies, a Schanz screw was inserted in the area 

of the anterior inferior iliac spine and with the aid of laminar spreaders the acetabular 

segment was mobilised. Once desirable correction was achieved, the fragment was 

fixed in situ with 2 or 3 cannulated, fully threaded, cancellous screws. Desirable 

correction was primarily an acetabular index of 0° on the image intensifier, but also 

considering the resulting acetabular version. Procedures were performed with general 

and epidural anaesthesia. Post-operatively patients were anti-coagulated as per 

hospital protocol (low molecular weight heparin) and received physical therapy from 

the day after the procedure. They were allowed to partially weight bear (up to 25% 

body weight) for 6 weeks and gradually increased weight-bearing status to full over 

the next 4 weeks.  



 

 

Study Subjects 

 

The majority of Bernese-PAOs were performed in females (n=60, 88%). The mean 

age at surgery was 25.4 (range: 15 - 41) years old. Detailed patient demographics are 

provided in Table 2. Three patients (3 hips) had significant past medical history (1 x 

athetoid cerebral palsy, 1 x Marfan’s syndrome and 1 x polio). Sixteen hips had 

previously had some form of treatment for developmental dysplasia of the hip (DDH); 

2 had harness treatment as an infant, 3 had manipulation, closed reduction and spica-

cast treatment, 2 had arthroscopic assessment and debridement for labral pathology, 

and 9 had previous open hip reduction with femoral and/or pelvic osteotomies (6 

femoral and 5 pelvic). The mean length of follow-up was 7.7 years (range: 1.6  – 17.7, 

SD: 4.1). 

 

Outcome Data 

The WOMAC questionnaire22 and an overall satisfaction survey were sent to all 

patients. Patients that had undergone an arthroplasty procedure since the Bersese-

PAO were not asked to respond to the WOMAC questionnaire. The WOMAC consists 

of 24 questions in three categories quantifying pain, stiffness and physical activities of 

daily living (0 – 96; 0: best outcome). Patients with bilateral osteotomies were invited 

to answer both questionnaire and survey for each hip. For those patients who did not 

return the questionnaire, survival and functional outcome were established by 

telephone interview and general practitioner (GP) records. Fifty-four patients 

responded to the questionnaire (84%).  We were able to determine whether the patient  

had required further hip surgery for all but 2 patients who had emigrated and we were 



unable to locate them. The latter were treated as survivals up to the time of last follow-

up (successful withdrawals) or as failures thereafter (worst case scenario analysis).   

 

Radiographic Measurements 

Radiographic analysis was performed on pre-operative and post-operative antero-

posterior pelvic radiographs (Table 3). Post-operative radiographs were available for 

all patients, however, pre-operative radiographs were unavailable for the first 21 

patients that had their operation prior to 2004 when the hospital’s radiographic records 

transitioned from film to electronic. All measurements were made using a previously 

validated Matlab (Matlab R2009b, The MathWorks, Natick, MA, USA) software 

(HipMorf)23. The software allowed the users to click on each various, pre-determined, 

anatomical landmarks. Once all the landmarks have been identified, the software 

could then calculate acetabular index (CI) and CEA. Furthermore, pre-operative 

radiographs were assessed for hip joint congruency, femoral head roundness, joint 

space width and the degree of OA according to the Tönnis classification24. All 

assessments were performed by one author (JW), who was not aware of the status of 

the hip at follow-up. Inter-observer reliability was tested by the  second author (GG) 

assessing 10 pre-operative or post-operative radiographs. Inter-observer reliability 

testing was performed using inter-class correlation coefficient for scale data and 

Kappa analysis for ordinal data. Excellent inter-class correlation was identified 

between the observers (ICC: 0.84 to 0.99, p<0.001).     

Analysis 

Failure was defined as conversion to a hip arthroplasty procedure. Survival for the 

whole cohort was established at 8 years with conversion as the end-point. Survival 



was also calculated with lost to follow-up and those who were deemed to have failing 

PAOs post questionnaire analysis (WOMAC> 40), treated as failures, estimating the 

worst case survival.  

 

PAO survival and patient-reported functional outcome were established for different 

subgroups. Sub-analyses were performed dividing the hips based on hip congruency 

and amount of OA pre-operatively, and amount of correction achieved post-

operatively, as per radiographic measurements. Target post-operative radiographic 

parameters were defined as CEA 20 – 40° and AI 0 – 15°. In order to determine 

whether a learning curve to the procedure exists, and what that might be, we compared 

the orientation of the acetabular fragment achieved in the first 20 cases with the last 

20 cases and the group in-between (20-48). The cut-off level of 20 was chosen due to 

its previous reference as an important learning curve threshold in the treatment of 

dysplastic hips25 and the Bernese osteotomy by the innovator.20   

 

Statistical analysis 

Statistical analysis was performed using SPSS (version 22, IBM). Inter-group 

comparisons of non-normally distributed scale data were made using non-parametric 

tests (Mann-Witney U, Kruskal-Wallis, log-rank). Cross-tabulation and the chi-square 

test were used for categorical data. Survival analysis taking into account time to 

conversion to arthroplasty was performed using Kaplan-Meier survival analysis. 

Significance was considered when p < 0.05 were obtained.  

 



RESULTS 

To-date, 64 hips remain preserved, whilst 4 hips (6%) have been converted to a hip 

resurfacing or total hip replacement. The mean time to arthroplasty following the 

Bernese-PAO procedure was 7.4 years (range: 1.6 – 16.7). The 10 year-survival was 

92.6% (95%CI: 82.4 – 100%) (Figure 1). The mean WOMAC score was 12 (range: 0 

– 54). Four hips (3 patients) had WOMAC >40 and were hence considered as poorly 

functioning (Table 4). Accounting for lost to follow-up (n=2) and poorly functioning hip 

as failures, the 10-year survival was 86.3% (95%CI: 76.0 – 96.0%) (Figure 2). Twelve 

patients experienced transient neuropraxia of the lateral femoral cutaneous nerve, and 

twenty-three patients underwent elective removal of the screws. There were no major 

nerve complication (transient or permanent), nor any other significant surgical or 

medical complications (e.g. non-union, deep-vein thrombosis). 

 

Factors identified to influence 10-year survival included amount of acetabular 

orientation correction achieved post-operatively (AIpost-op<15° and CEApost-op20-40°), 

hip congruence and pre-operative Tönnis grade (Table 5).    

 

Functional outcome (WOMAC score) correlated moderately with the post-operative 

radiographic parameters measured for both AI (rho=0.5, p<0.001) and CEA (rho=0.5, 

p<0.001) (Figure 3). Significantly better WOMAC scores were seen with preoperative 

low Tönnis grade, joint space ≥3mm, hip congruency and postoperative  AIpost-op of  0-

15°, and  CEApost-op between 25-40°. A previous paediatric surgical intervention was 

not associated with inferior survival, nor functional outcome (Table 5). 

 



The CEApost-op correlated strongly with AIpost-op (rho=0.9, p<0.001), but no other 

parameter measured. The desired acetabular orientation (for both CEA and AI) was 

achieved in 40 hips (59%). With increasing experience with the Bernese-PAO, a 

greater proportion of patients had the desired acetabular orientation (p=0.008) (Table 

6).   

 



DISCUSSION 

As our understanding of young adult hip pathology improves, it is likely that the 

demand for joint salvage procedures, such as the Bernese-PAO will increase. Hence 

it is prudent to define outcome following such challenging procedures in various 

centres across the world and with differing set-up. This study reflects the experience 

of a paediatric surgeon with wide experience in pelvic procedures stemming from the 

management of various paediatric hip conditions, and his additional interests in 

dysplasia and cerebral palsy. Most other reports on outcome following PAO in the 

literature are from arthroplasty centres12,13,16-19 (Table 1); Matheney et al15 also 

reported on PAO outcome in the paediatric practice setting. Our 10-year survivorship 

results (92.6%, 95%CI: 82.4 – 100%) compare well with previous reports and 

emphasise the important role of the PAO in the management of the dysplastic hip.     

 

This study has a number of limitations. Firstly, this includes the lack of comparative 

pre-operative WOMAC scores, which would have allowed us to make valuable 

estimations of the overall functional improvement with surgery. Secondly, the lack of 

pre-operative radiographs for procedures performed before 2004, reduced our ability 

to include 21 patients in the pre-operative radiographic measurements. Thirdly, the 

lack of standardised lateral radiographs (i.e. faux profile views) and cross-sectional 

CT imaging pre- and post-operatively, prevented us from calculating anterior centre-

edge angle, pre- and post-operative anteversion/inclination of the acetabulum and 

combined anteversion. Such factors have been shown to have an effect on overall 

satisfaction and outcome. Lastly, due to the nature of the retrospective study we were 

unable to determine procedure survival for 2 patients and WOMAC scores in 6.   



The ten-year outcome following the Bernese-PAO is excellent and compares well to 

other reports. Possible reasons for these results is the younger age of the patients 

(25.4 years old, SD: 7) and the strict criteria employed by the senior author when 

offering the procedure. Patients with non-dysplastic, incongruent hips (e.g. following 

Perthe’s’ disease) and patients of older age have been shown to have inferior outcome 

following the procedure15. It is encouraging that most of the patients responded 

(n=50/54) reported on very good/excellent functional outcome, as per the WOMAC 

questionnaire, and 52 were either very or fairly satisfied with having undergone the 

procedure. Only 3 patients had a WOMACpain score more than 10, a criterion used as 

a failure in previous studies13,15.  Accounting for poorly functioning hips (WOMAC >40) 

as failures, the 10-year survivorship of 86.2% remains a satisfactory outcome and 

compares well with other studies. Furthermore, no significant complications were 

encountered following the procedure. In a recent multicentre-study, the rate for 

significant complications was reported to be 6%, emphasising the importance of 

expertise and experience required by the surgical team26.      

 

Both patient and surgical factors effected outcome. Similar to other reports13,15, hip 

morphological parameters innate to the patient (hip congruence) had an effect on 

outcome. However, timing of presentation and intervention, also had an effect. The 

lower the pre-op Tönnis grade, the better the outcome. Therefore, the lack of 

radiographic signs of OA and hip congruence are now essential criteria in the patient 

selection algorithm employed in our practice. The post-operative radiographic 

parameters, reflecting on acetabular orientation achieved, had an effect on survival 

and functional outcome, emphasising the importance of surgical experience.   



The correction of the radiographic dysplastic features (AI and CEA) was less in this 

series compared to others. Hartig-Andersen et al13 and Steppacher et al17 report on 

mean postoperative CEAs of 30° and 34° respectively, compared to 24° measured in 

our cohort. The cautious correction achieved in our cohort is an expected result and 

accurately reflects the practice and philosophy of the senior author who wished to 

avoid overcorrection; patients with dysplastic hips are at an increased risk of 

impingement following the osteotomy and if that were to occur, failure risk would 

significantly rise21. We would hence advise to err on the side of caution regarding the 

amount of correction achieved. Our experience and outcomes, reflecting on such a 

surgical practise, are satisfactory and would advocate it. Never-the-less, it is likely that 

with improved technology and pre-operative 3-dimentional imaging, patient-specific 

optimal correction will be the target in the future27.    

 

In common with other surgical procedures, a learning curve of 20 cases was 

demonstrated in achieving the desired orientation of the acetabulum. The difficulties 

associated with achieving the desired orientation of the acetabulum has been 

demonstrated in both arthroplasty and joint preservation surgery13,28-30. Duncan et al 

demonstrated a 51% accuracy in acetabular correction achieved when accounting for 

4 different parameters (AI, lateral and anterior CEAs and extrusion index)30. Given the 

significant contribution of the radiographic correction to the chances of success 

following Bernese-PAO, refined methods of reducing the learning curve and 

consistently obtaining optimal orientation are necessary. Furthermore, it emphasises 

the importance of such procedures being carried out in specialist centres, and such 

centres having the necessary training opportunities set in place in order to minimise 

the learning curve of future hip preservation surgeons.     



In conclusion, this study reports excellent results following the Bernese-peri-

acetabular osteotomy, with 10-year survival of 92.6% and 92% of the surviving hips 

reporting very good/excellent function. Patient and surgical factors influence outcome. 

Hence patients should be carefully selected and the amount of desired correction 

should be carefully considered. Lastly, the ability to achieve the desired correction 

requires a steep learning curve, reflecting on the importance of surgical experience on 

patient outcome.   
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LEGENDS 

Figure 1: Graph illustrating Kaplan-Meier survivorship curve with conversion to hip 

arthroplasty as the end point for whole cohort.   

 

Figure 2: Graph illustrating Kaplan-Meier survivorship curve as worse case scenario 

with conversion to hip arthroplasty, poor WOMAC score (<40) and lost to follow-ups 

treated as end points for whole cohort.   

 

Figure 3: Scatter-plot illustrating the effect of AI (A) and CEA (B) on WOMAC at 

follow-up. 
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