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To determine the survival of slotted acetabular augmentation in adult dysplasia, we 
reviewed all cases operated on between 2002 and 2020 with clinical and radiological 
assessment and a 2.63 year minimum of follow-up. 

Twenty-three patients were included, with 91% of Crowe 1 hip dysplasia. Seven patients 
underwent THA at a mean 6.0 ± 3.5 years; 15 retained SAA without THA at a mean 9.5 
years’ follow-up; 1 was lost to follow-up. There was a significant improvement in PMA 
and HHS scores, with decreased pain. WOMAC and SF12 quality-of-life scores were 
moderate due to frequent pain. The patients with preoperative osteoarthritis showed 
little progression at seven years 'follow-up. 

We concluded SAA is a corrective treatment for residual hip dysplasia. Its goal is to 
normalize joint loading by increasing the contact area and improving the lever arm of the 
hip. Its postponed onset of osteoarthritis and reduced pain, thereby allowing to postpone 
THA. 

INTRODUCTION 

Hip dysplasia is a complex developmental process. It is an 
architectural abnormality that affects 4% of the Caucasian 
population and is responsible for hip osteoarthritis.1 There 
are several classifications of congenital hip dysplasia in 
adults, Crowe’s classification2 being the best known world
wide. Further measurements can be performed to stratify or 
grade the severity of hip dysplasia.3‑5 

Excessive hip-joint contact stress due to a small load-
bearing area is an essential factor in the early development 
of osteoarthritis.3 Surgical treatment for the dysplastic hip 
is increasingly rare in adults but can use various tech
niques: Chiari osteotomy six or extra-articular augmenta
tion of the acetabular roof. These procedures can relieve 
pain and postpone the development of osteoarthritis. Slot
ted acetabular augmentation (SAA) is a relatively simple 
method to increase congruent coverage of the femoral 
head. The principle consists of creating an extra-articular 
buttress, preventing further subluxation while potentially 
increasing the load-bearing area of the hip.6 But this kind 
of procedure is rarely used because of the good results of 
total hip arthroplasty. Thus, it seemed essential to assess 
this treatment. 
The main objective of this study was to determine the 

survival of SAA for the treatment of residual hip dysplasia 
in adults. 
The study hypothesis was that SAA enables total hip 

arthroplasty (THA) to be postponed. 

MATERIALS AND METHODS 

After approval from the Ethical Committee of our institu
tional Review Board (2019 / CE 16), a single-center retro
spective study was carried out, and all participants obtained 
informed consent. Survival of SAA was analyzed in 23 pa
tients undergoing SAA for hip dysplasia in our center from 
2002 to 2017; 2 patients received bilateral SAA. Between 
January and February 2020, patients were seen to know 
whether they had undergone hip arthroplasty and for clin
ical and radiological review. Indications for SAA were hip 
pain lasting more than six months secondary to acetabular 
dysplasia, despite non-operative treatment. 
This study included four men and 17 women, aged (mean 

± SD) 37 ± 8.6 years (range, 23-51 years) at the surgery. 
The mean body mass index (BMI) was 25.4 ± 4.2 (range, 
18.2-36.3). 
Dysplasia on the Crowe classification was grade 1 for 21 

patients and grade 2 for two patients. 12 SAAs were on the 
right and 11 on the left sides. 
Twenty-one hips had SAA. Two patients had associated 

femoral variation osteotomy. 2 patients had previous prox
imal femoral osteotomy.7 2 patients had a surgical history: 
1 triple Chiari osteotomy8 and 1 screw treatment of hip os
teochondritis. There was one intraoperative complication 
(partial sciatic motor palsy) in the patient with a screw 
treatment of hip osteochondritis in childhood. 
All patients were treated by the same SAA technique,6 

with an iliac graft to the upper edge of the acetabulum per
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Figure 1. Representation of the basic angles in the        
adult radiographic hip    

formed by three senior surgeons. After surgery, walking was 
authorized without weight-bearing for six weeks. 
Harris Hip Score (HHS)9 and Postel-Merle d’Aubigné 

score (PMA),10 Devane,11 and Charnley12 scores were cal
culated preoperatively and, at last, follow up. The SF-1213 

and WOMAC14 questionnaires were administered postoper
atively. 
Patient satisfaction was graded as very satisfied, satis

fied, moderately satisfied, or dissatisfied. 
Radiology measures were performed before surgery. The 

severity of hip dysplasia was assessed on: 

Osteoarthritis was analyzed on the Kellgren-Lawrence 
classification.17 

Preoperative characteristics were compared between the 
SAA groups with and without THA: gender, age at surgery, 
PMA, HHS, Devane and Charnley scores, and hip radiogra
phy (see Table 1). 
Statistics were computed using Stata software, version 

12 (StataCorp, College Station, TX, USA). All tests were 
two-sided; p-values<5% were considered statistically sig
nificant. The study sample was described by numbers and 
percentages for categorical data and by mean ± standard 
deviation and range continuous data with non-normal dis
tribution. Normality was assessed graphically and using the 
Shapiro-Wilk test. Means were compared between preop
erative and follow-up values on paired Student t-test. SAA 
survival was evaluated on Kaplan-Meier survival curves 
with interval to revision as an event, censored by date of 
the latest news. Log-rank tests were computed to compare 
survival between groups. 

RESULTS 

POPULATION 

The study population comprised 23 hips in 21 patients. 
Twenty-two hips were checked on follow-up. Figure 2 
shows the study flowchart. One patient was lost to follow-
up (see Figure 2). 7 of the 21 patients underwent THA. The 
15 SAA without subsequent THA were checked on clinical 
and radiological examination. Survival curves are shown in 
figure 3 (see Figure 3). 

SURGERY 

SAA survival in THA was 72.7% at five years, 36.4% at ten 
years, and 13.6% at 15 years. 
Seven hips underwent THA at a mean 6.0 ± 3.5 years 

(range, 1.2-12.6 years). Therefore, the following scores were 
evaluated for the 15 hips without THA, at a mean of 9.7 ± 
5.2 years (range, 2.6-17.4 years). 

SCORES 

• the slope of the lateral edge of the acetabular roof 
(HTE)15; 

• Wiberg’s center-edge (VCE) angle: VCE angle <20° is 
regarded as acetabular dysplasia4; 

• vertical-center-anterior (VCA) angle16; 
• femoral neck angle (CC’D). 

• Mean increase significantly in PMA score was 2.4± 3.9 
points, increasing from a mean 12.2 ± 3.1 /18 (“poor”) 
before surgery to 14.6 ±2.6 /18 (“fair”) after (p= 0.03). 
After surgery, functional results were good in 9 hips, 
fair in 4, and poor in 2. The pain component of the 
PMA score decreased significantly by 1.4 ±2.1 points 
(p=0.02), with a corresponding increase in walking 
distance. Joint ranges of motion were stable, with a 
mean 82.6-102° flexion. Walking stability increased 
with the abandonment of crutches when used. Pre
operative PMA scores were worse in patients without 
THA: 10/18 ± 2.7 (95% CI,7.5-12.5) in the SAA+THA 
group versus 12.2/18 ± 3.1 (95% CI, 10.5-13.9) in SAA 
without subsequent THA (p=0.13) (see Table 1). 

• Harris score improved, from a mean 59.4 ± 15.3/100 
(95% CI, 50.9-67.9] (“poor”) before surgery to 
68.6±16.6 /100 (95% CI, 59.4-77.8) (“good”) after 
(p=0.16). HHS pain score improved from 15.3 ± 
7.4(95% CI, 11.2-19.4) to 22.9 ± 12.9 (15.8-30.6) 
(p=0.12); the gait, activity and deformity components 
showed non-significant change except for extension, 
which increased from a mean 4 ± 5.1°(95% CI, 
1.2-6.8°) to 7 ± 5.3°(95% CI, 4.1-9.9°) (p=0.045) and 
internal rotation, with 23 ± 12.8°(95% CI, 15.9-30.1°) 
and 13.7 ± 6.7°(95% CI, 10-17.4°)respectively 
(p=0.0442). Range of motion was stable for flexion, 
with pre- and post-operative values 96 ± 24.1° (95% 
CI, 82.6-109°)and 94.7 ± 14.1° (95% CI, 86.9-102°) 
respectively(p=0.83); adduction, with 20 ± 7.6° (95% 
CI, 15.8-24.2°) and 20.7 ± 7.04°(95% CI, 16.8-24.6°) 
respectively (p=0.79); abduction, with 28 ± 11.6 
°(21.6-34.4°) and 28.7 ± 11.1 °(95% CI, 22.5-34.8°) 
respectively (p=0.79); and external rotation, with 23 
± 11°(17-29.1°) and 22.7 ± 10.5°(95% CI, 17-28°) re
spectively (p=0.92). There was a significant difference 
at baseline between the group with SAA without sub
sequent THA and the SAA+THA group for preopera
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Table 1. Comparison of the 22 SAAs followed up by clinical examination or telephone questionnaire with X-rays,                
and the 7 patients with subsequent THA.        

Characteristics SAA THA P-value 

Patients (n=) 
bilateral 
        Male (%) 
        Female (%) 
        BMI 
Age at surgery 
Type of surgery 
        SAA (n=) 
        SAA + variation (n=) 
        SAA + valgization (n=) 
preoperative PMA score 
        pain (/6) 
        mobility (/6) 
        walking (/6) 
        total (/18) 
preoperative Harris score (/100) 
preoperative Charnley score 
        A 
        B 
        C 
preoperative Devane score 
        5 
        4 
        3 
        2 
        1 
preoperative hip radiography 
        CC'D angle (°) 
        HTE angle (°) 
        VCE angle (°) 
        VCA angle (°) 
        bone matrix abnormalities (n=) 
        osteolysis zones (n=) 
        osteosclerosis (n=) 
        hypoplasia of acetabulum (n=) 

        Kellgren-Lawrence stage (n=) 
                Stage 0 
                Stage 1 
                Stage 2 
                Stage 3 
                Stage 4 

        Crowe stage (n=) 
                Stage 1 
                Stage 2 

13 
2 

3 (25%) 
10 (75%) 

26 
35.36 years 

10 
1 
1 

2.3 
5.5 
4.4 

12.2 
59.4 

9 (60%) 
6 (40%) 

0 

7 (46.7%) 
2 (13.3%) 
1 (6.7%) 

5 (33.3%) 

133.7 
21.3 
13.3 
13.8 

1 (6.7%) 
4 (26.7%) 

6 (40%) 
13 (86.7%) 

7 (46.7%) 
7 (46.7%) 
1 (6.7%) 

0 
0 

13 
2 

7 
0 

1 (14%) 
6 (86%) 

24 
42.6 years 

5 
1 
1 

1.71 
4.7 
3.6 
10 

44.2 

2 (28.6%) 
5 (71.4%) 

0 

1 (14.3%) 
1 (14.3%) 
1 (14.3%) 
4 (57.1%) 

131.3 
18.4 
17.3 

18 
1 (14.3%) 
2 (25.6%) 
3 (42.9%) 
5 (71,4%) 

2 (28.6%) 
1 (14.3%) 
3 (42.9%) 
1 (14.3%) 

0 

7 
0 

0.26 
0.11 
0.87 

0.22 
0.07 
0.1 

0.13 
0.048† 

0.21 

0.19 

0.84 
0.44 
0.76 
0.79 
0.98 
0.98 
0.74 
0.49 

0.2 

1.0 

†significant difference with p value < 0.05 

tive HHS score: 59.4 ± 15.4 (95% CI, 50.9-67.9) and 
44.2 ± 6.1 (95% CI, 29.3-59.1) respectively (p=0.052) 
(see Table 1). 

• No patient had pain at the iliac engraftment at the 
last follow-up. 

• Charnley’s score was stable: 9 SAA grade A (pain af
fected the unilateral hip) and 6 grade B (pain affected 
both hips) before surgery, and 7 grade A and 8 grade 
B after surgery (p=0.33) (see Table 2). There was no 
significant difference at baseline between the group 
with SAA without subsequent THA and the SAA+THA 
group for preoperative pain (p=0.21) (see Table 1). 

• Devane activity score was stable after SAA (p=0.23): 
seven SAA with a score of 5, two with four and one 
with three before surgery, and four with a score of 2, 

two with 4, four with three, and five with two after 
surgery (see Table 2). There was no significant dif
ference between the groups with SAA without sub
sequent THA and the SAA+THA group in preopera
tive Devane score (SAA+THA group: one patient with 
a score of 5, one with 4, one with 3, four with 2) 
(p=0.19) (see Table 1). 

• The mean SF12 quality of life score was 11.5 ± 2.2 
(range, 8-16) for the physical component, 17 ± 3.2 
(9-20) for the mental component, and 28.5 ± 3.6 
(range, 21-33) for the total score. 

• The mean WOMAC total score was moderate: 38.1 ± 
12.1 /100 (range, 7.3-52.1)). The pain component was 
8.6 ± 3.4 /20 (1-13), and the physical function compo
nent 27.9 ± 8.9 /68 (6-37). Stiffness was more severe: 
2.9 ± 1.3 /8 (1-5). 
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Figure 2. Flow-chart  

Figure 3. Kaplan-Meier survival estimate for SAA (in       
years)  

Satisfaction with surgery was mainly reasonable, with 
six patients very satisfied, six satisfied, three moderately 
satisfied, and four dissatisfied. There was a trend for dissat
isfaction in patients with a short interval (< 5 years) to THA. 
Hip angles were assessed on radiography before surgery, 

at one year and last follow-up for the 15 hips without THA: 
There was no significant difference between the groups 

with and without subsequent THA in preoperative hip an
gles (see Table 1). 

RADIOGRAPHIC ABNORMALITIES 

Of patients with THA, two were stage 0, one was stage 1, 
three were stage 2, and one was stage 4 before SAA. 
There was no progression for the other radiographic cri

teria: abnormalities of the bone matrix, presence of osteol
ysis zones, or osteosclerosis before or after surgery. There 
was no protrusion of the acetabulum on hip radiographs. 
(see Table 2) 
There were no significant differences in preoperative ra

diographic abnormalities between the group with SAA 
without subsequent THA and the SAA+THA group (see 
Table 1). 

DISCUSSION 

The study hypothesis was validated: SAA survival was 
72.7%, 36.4%, and 13.6% at 5, 10, and 15 years, respectively. 
Most patients were satisfied with their surgery; only four 
were not. Clinical scores (WOMAC, SF12) were moderate 
but were improved by the surgical procedure. Functional 
scores (PMA and HHS) improved significantly with SAA. Ra
diological evaluation showed no significant progression of 
osteoarthritis. 
Many hip-shelf procedures have been described. Long-

term results of conservative Chiari osteotomy for hip dys
plasia are available, as this procedure has been performed 
for 50 years. Kotz et al. reported conversion to THA in 32 
out of 80 hips (40%), at a mean interval between pelvic 
osteotomy and THA of 26 years (range, 13–41 years).18 

Migaud et al., in 89 hips undergoing conservative surgery 
(pelvic osteotomy with shelf19 or Chiari procedure), re
ported84% survival (95% CI,80% - 88%) at 10 years, and 
68% (95% CI, 54% - 81%)at 18 years.20 These studies were 
performed at least ten years ago, and the present study re
freshes the results. There were no significant differences 
between the group with SAA without subsequent THA and 
the SAA+THA group (see Table 1). 
SAA is a more recent technique, first described by Staheli 

and performed for 20 years now.6 Su et al.21 and Fong et 
al.22 reported that none of their 16 hips required conver
sion to joint replacement at a mean 6.6 years (1-12.3 years) 
and 4.1 years 'follow-up, respectively. However, these were 
short follow-ups that do not necessarily allow comparison 
of survival for SAA. 
The present functional results are consistent with those 

of Pompe et al.,23 who studied 14 hips with SAA and re
ported an increase in HHS from 60/100 to 93/100 at a mean 
four years’ follow-up, and of Su et al.,21 who reported a rise 
in HHS from 74.7 to 92.7 at a mean 6.6 years’ follow-up 
(range, 1-12.3 years) in 16 hips with SAA. The main im
provement was in pain, and these two studies considered 

• Follow-up radiographs were available for 15 SAAs 
without subsequent THA. 

• Based on the Kellgren-Lawrence classification, there 
was no radiographic difference between the preop
erative and the first-year evaluation. However, there 
were some differences between preoperative data and 
data at the follow-up consultation (see Figure 4): 

◦ of the 9 stage 0 SAAs, five remained stable, two 
progressed to stage 1, 2 were revised with THA 

◦ of the 9 stage 1 SAAs, 5 remained stable, 1pro
gressed to stage 2, 1 progressed to stage 3, 1 was 
revised with THA, and one was lost to follow-up. 

◦ Of the 4 stage 2 SAAs, only 1 remained stable, 
while the other three were revised with THA. 

◦ The 1 stage 4 SAA was also revised with THA. 
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Table 2. Evolution in pre and post-operative characteristics of the 15 SAAs without THA at the last followed up                  

Characteristics before after P-value 

PMA score 
        pain (/6) 
        mobility (/6) 
        walking (/6) 
        total (/18) 
Harris score (/100) 
Charnley score 
        A 
        B 
        C 
Devane score 
        5 
        4 
        3 
        2 
        1 
Hip radiography 
        bone matrix abnormalities (n=) 
        osteolysis zones (n=) 
        osteosclerosis (n=) 
        hypoplasia of acetabulum (n=) 
        
Kellgren-Lawrence stage (n=) 
                Stage 0 
                Stage 1 
                Stage 2 
                Stage 3 
                Stage 4 

2.3 
5.5 
4.4 

12.2 
59.4 

9 (60%) 
6 (40%) 

0 

7 (46.7%) 
2 (13.3%) 
1 (6.7%) 

5 (33.3%) 
0 

1 (6.7%) 
4 (26.7%) 

6 (40%) 
13 (86.7%) 

7 (46.7%) 
7 (46.7%) 
1 (6.7%) 

0 
0 

3.7 
5.7 
5.1 

14.6 
68.6 

7 (46.7%) 
8 (53.3%) 

0 

4 (26.7%) 
2 (13.3%) 
4 (26.7%) 
5 (33.3%) 

0 

1 (6.7%) 
4 (26.7%) 

6 (40%) 
13 (86.7%) 

5 (33.3%) 
7 (46.7%) 
2 (13.3%) 
1 (6.7%) 

0 

0.02† 
0.30 
0.09 

0.03† 
0.16 
0.33 

0.23 

1 
1 
1 
1 

0.06 

†significant difference with p value < 0.05 

Figure 4. Progression of Kellgren-Lawrence    
radiological stage   
The number of hips radiologically assessed before SAA and at the time of consultation. 
Arrows show the passage from one stage to another. 

SAA an effective treatment for painful residual dysplastic 
hip in adolescents and young adults. 
Unfortunately, there were several biases in the present 

study. First, hip dysplasia in adults is becoming rare be

cause of improvement in the management of childhood 
dysplasia. Risk factors are known, and an international sur
vey of pediatric orthopedic surgeons found a consensus in 
favor of clinical examination to diagnose developmental 
hip dysplasia in early infancy.24 Ultrasound enables earlier 
neonatal screening,25 with early treatment by Pavlik har
ness,26 for example. The present study was retrospective, 
and possible memory bias in the subjective evaluation of 
the quality of life is to be considered. 
Migaud et al.27 reported that conservative surgery 

(pelvic osteotomy with shelf19 or Chiari procedure) for con
genital dysplasia of the hip did not impair subsequent 
THA’s functional results or survivorship. Duncan et al.28 

drew the same conclusions from a systematic review of 10 
studies, including 1,167 patients with pelvic and/or femoral 
osteotomy but no SAA. 
We could imagine supplementing the present results by 

analyzing the influence of SAA on the functional and sur
vival scores of THA when this is subsequently performed. 
SAA is still a solution that can be proposed to a dysplastic 
patient. 

CONCLUSIONS 

The present patients were young in case of low-grade 
(Crowe stage 1 or 2) hip dysplasia. This kind of conservative 
surgery allowed them to recover the acceptable quality of 
life, less pain, conserved autonomy, and physical and occu
pational activity. These results encourage us not to aban
don SAA in luxating hip disease, even if total hip arthro
plasty is considered in the longer term. 
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