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ABSTRACT

Young adult patients with symptomatic acetabular dysplasia and marginal secondary osteoarthritis can be faced with the decision to either 
undergo periacetabular osteotomy (PAO) to relieve symptoms and slow osteoarthritis progression or wait until progression to more advanced 
disease and undergo total hip arthroplasty (THA). The decision can be difficult, and contemporary literature to guide these decisions is 
sparse. Therefore, we retrospectively assessed complication rate, survivorship and patient-reported clinical outcomes [modified Harris Hip score 
(mHHS), UCLA Activity score] in two, consecutive cohorts of patients aged 18–40 years that underwent either PAO for symptomatic acetabular 
dysplasia (mean age 28.9 years) or THA for advanced secondary osteoarthritis (32.5 years). PAO patients were followed for a mean of 10.5 years 
(8–19) and THA patients for 11.9 (8–17) years. Between PAO and THA groups, there were no differences in overall complication rate (4.7% ver-
sus 4.7%), non-revision reoperation rate (5.9% versus 2.3%, P = 0.37) or end-revision rate [7 (8.2%) PAOs converted to THA at mean 10.8 years 
versus 3 (7.0%) THAs revised at 6.2 years, P = 0.80]. Latest scores remained significantly improved from baseline in both the PAO (mHHS 86.1 
versus 63.3, P < 0.001; UCLA 7.5 versus 6.9, P < 0.05) and THA (mHHS 82.6 versus 48.4, P < 0.001; UCLA 7.2 versus 4.6, P < 0.001) cohorts. 
Final scores were similar between groups (mHHS 86.1 versus 82.6, P = 0.46; UCLA 7.5 versus 7.2, P = 0.37). Clinical success [mHHS minimal 
clinically important difference (8) OR PASS (>70) at latest follow-up without end-revision] was achieved in 81.2% of PAO hips and 83.7% of 
THA hips (P = 0.72).

I N T R O D U C T I O N
Acetabular dysplasia is a condition of considerable prevalence 
found in as many as 50% of hips with early degenerative disease 
and is defined by insufficient acetabular coverage of the femoral 
head [1]. In addition to pain and variable hip instability, this mor-
phology has been directly associated with increased loading of 
the acetabular rim, local chondrolabral injury and frequent pro-
gression to more global secondary osteoarthritis—often by an 
early age [2, 3].

Despite the efficacy of modern hip arthroplasty in the treat-
ment of end-stage osteoarthritis, its use in younger patients 
may come with considerable lifetime risk of revision surgery 
and suboptimal long-term outcomes [4–6]. In skeletally mature 
patients without advanced secondary osteoarthritis, attempts 
can be made to improve the geometry of the native joint to allevi-
ate symptoms, slow degenerative change and delay the potential 
need for arthroplasty until an age at which long-term outcomes 
may be more favorable [7, 8].

The mainstay surgical treatment for achieving this goal 
remains the periacetabular osteotomy (PAO) first described by 

Ganz et al. [9, 10]. The PAO attempts to normalize acetabular 
coverage of the femoral head through a series of osteotomies that 
provide complete mobility of the acetabular fragment. Reori-
entation of the acetabulum relative to the femoral head is then 
performed, medializing the joint and compensating for version 
abnormalities and deficiencies in femoral head coverage. PAO 
has been shown to achieve not only short-term improvements 
in pain, function and quality of life [11–16] but also potentially 
significant prolongation of the time to eventual need for joint 
replacement [17–20]. Since the time of many of these studies, 
PAO surgery has evolved significantly [21–27]. While shorter-
term reports of contemporary PAO outcomes have demon-
strated good results, mid- to long-term data remain more limited 
[28]. THA surgery has similarly evolved, with modern fixation 
and bearing materials offering potential reductions in the high 
rates of wear and loosening-related failure historically associated 
with THA in younger, more active patients.

Patients with symptomatic acetabular dysplasia and marginal 
secondary osteoarthritis can be faced with the decision to 
either undergo PAO to relieve symptoms and slow osteoarthritis 
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progression or wait until progression to more advanced disease 
and undergo total hip arthroplasty (THA). Previously, we com-
pared outcomes of PAO (for symptomatic acetabular dysplasia) 
and THA (for advanced secondary osteoarthritis) in two cohorts 
of patients aged 18–40 years at minimum 2-year follow-up and 
found no difference in complication rates or patient-reported 
outcome scores between groups [29]. To date, however, there 
has remained a paucity of longer-term comparative outcome 
data for these contemporary surgeries by which decision-making 
might be better guided. Such data will provide additional infor-
mation regarding PAO safety, outcomes and survivorship rel-
ative to THA. The purpose of the current study was there-
fore to define and compare longer-term outcomes (minimum 
8-year follow-up) in these same two, previously established
cohorts.

M ET H O D S
Institutional review board approval was obtained for this study. 
A prospective institutional database was then retrospectively 
reviewed for all patients of a single surgeon who underwent 
either PAO for symptomatic acetabular dysplasia or THA for 
advanced secondary osteoarthritis between 2000 and 2009 at 
the age of 18–40 years. Out of the initially identified 130 PAO 
hips, 5 had prior ipsilateral pelvic or proximal femoral osteotomy 
and 25 were second-side surgeries in bilateral patients and were 
excluded. Out of the initially identified 69 THA hips, 2 had 
prior ipsilateral PAO and 12 were second-side surgeries and 
were excluded. Of the remaining 100 PAO hips (100 patients), 
85 (85%) had available minimum 8-year follow-up [mean 10.5 
(8–19) years]. Of the remaining 55 THA hips (55 patients), 43 
(78%) had minimum 8-year follow-up [mean 11.9 (8–17) years]. 
These 85 PAO and 43 THA patients were the focus of the current 
study.

Among PAO surgeries, one or more concomitant proce-
dure was performed in 72 (85%) cases. These included femoral 
head–neck osteochondroplasty (42 hips, 49%), labral repair or 
resection (9, 11%) and intertrochanteric osteotomy (2, 2%). 
All THAs were performed through a posterolateral approach. 
Cementless femoral and acetabular components were used in all 
cases and highly-crosslinked polyethylene liners in 96% of cases. 
Femoral heads were cobalt chrome (31%), alumina ceramic 
(42%) and biolox ceramic (27%).

A retrospective chart review was conducted for each patient 
to the latest follow-up, and all complications and reoperations 
were recorded. For the purpose of this study, complications 
reported were only those involving deviation from expected 
postoperative clinical course requiring pharmacological or sur-
gical intervention (‘major complication’). For both groups, rec-
ommended routine follow-up after the first postoperative year 
included 2-, 5- and 10-year clinical appointments. For patients 
between 5- and 10-year appointments or who had not been seen 
for more than 2 years since their 10-year appointment, every 
effort was made to obtain recent follow-ups—including by-mail 
and by-phone outcome questionnaires. In the THA group, the 
latest follow-up was by clinical appointment in 38% of patients 
and by phone in 62% of patients. In the PAO cohort, latest follow-
up was by clinical appointment in 44% of patients and by phone 
in 56% of patients.

Clinical outcomes were assessed using the modified Har-
ris Hip score (mHHS) and UCLA activity score, both of 
which were collected for every included patient at the latest 
follow-up for comparison with preoperative scores. In PAO 
patients that underwent reoperation for persistent symptoms 
or THA conversion, and in THA patients that underwent 
revision THA, scores collected prior to these re-interventions 
were instead assessed. The primary outcome measure, the 
mHHS, was additionally assessed relative to the minimal clini-
cally important difference (MCID) (mHHS improvement of 8) 
and patient-acceptable symptom state (PASS) (mHHS final
score >70) [30].

Pre- and postoperative radiographs were reviewed by a sur-
geon with experience in radiographic evaluation of the young 
adult hip, independently of the treating surgeon. For hips in 
the PAO cohort, pre- and postoperative measurements included 
Tonnis and lateral center edge angle (LCEA) on AP pelvic view, 
and anterior center edge angle (ACEA) on false profile view [31]. 
For hips in the THA cohort, postoperative acetabular compo-
nent abduction angles were measured [32]. Preoperative Tonnis 
grades in the surgical hip were assigned for all patients of both 
groups. All continuous radiographic measures were analyzed 
with intraclass correlation coefficients (ICCs). ICCs were cal-
culated using a two-way random model for single measurement 
with absolute testing. All measurements demonstrated high or 
very high agreement (ICC 0.96 for LCEA, 0.91 for Tonnis angle 
and 0.99 for ACEA).

Statistical analysis
Comparisons between treatment groups were performed using 
student t-tests for continuous variables (age, BMI, outcome 
scores) and chi-squared tests for categorical variables (sex, Ton-
nis Grade, clinical outcome states). A P-value <0.05 defined 
significance.

R E S U LTS
The final PAO group included 85 hips [age 29 (18–40) years, 
BMI 25 (18–34), 73% female] followed for a mean of 11.9 
(8–17) years and the final THA group 43 hips [age 32 (18–40) 
years, BMI 27 (18–35), 65% female] followed for 10.5 (8–19) 
years.

Consistent with the differed indications for each proce-
dure, at the time of index surgery, hips in the THA cohort 
were slightly older than those in the PAO cohort (32.5 ver-
sus 28.9 years, P = 0.004) and had significantly more extensive 
preoperative osteoarthritis as approximated by Tonnis Grade 
(P < 0.001). This was reflected in the THA cohort’s lower preop-
erative mHHS (48.4 versus 63.3, P < 0.001) and UCLA activity 
(4.6 versus 6.9, P < 0.002) scores, as compared with hips in the 
PAO cohort (Table I). 

In the PAO group, all radiographic measures of dysplasia 
improved significantly postoperatively. Mean LCEA improved
from 8.0∘ ± 9.2 to 29.4∘ ± 7.8 (P < 0.001), ACEA from 
6.8∘ ± 13.5 to 30.5∘ ± 9.8 (P < 0.001) and To ̈onnis angle from 
22.6∘ ± 8.6 to 6.3∘ ± 5.6 (P < 0.001). In the THA group, mean 
acetabular component abduction angle was 44.3o.

Complications were experienced at a rate of 4.7% in the PAO 
cohort (n = 4) and 4.7% in the THA cohort (n = 2). In the PAO 
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Table I. Preoperative patient characteristics

Variable  PAO (n = 85)  THA (n = 43) P-value

Age 28.9 (SD 7.5) 32.5 (SD 6.3) 0.004
BMI 25.4 (SD 3.7) 27.0 (SD 4.4) 0.02
Female  74%  64% 0.24
mHHS 63.3 (SD 10.5) 48.4 (SD 12.3) <0.001
UCLA 6.9 (SD 2.5) 4.6 (SD 2.0) <0.001
Tonnis  n (%)  n (%) <0.001
 Grade 0  26 (35)  –
 Grade 1  42 (57)  –
 Grade 2  5 (7)  19 (44)
 Grade 3  1 (1)  24 (56)

cohort, these included (i) one femoral deep vein thrombosis 
treated with inferior vena cava filter and long-term anticoagula-
tion, (ii) one wound hematoma requiring surgical evacuation, 
(iii) one acetabular fracture within 2 postoperative weeks that 
was open reduced and internally fixed in the third postoperative 
week (later converted to THA at 1.3 years due to osteoarthri-
tis (OA) progression) and (iv) one loss of acetabular reduc-
tion in a patient noncompliant with weight-bearing precautions 
and smoking cessation that required revision at 6 postoperative 
weeks (recovered without further sequalae but went on to con-
vert to THA at 19 years due to OA progression). In the THA 
cohort, complications included: (i) one hematoma requiring 
surgical evacuation and (ii) one deep infection within 6 postop-
erative weeks treated with surgical irrigation and debridement 
with head and liner exchange.

Five (5.9%) PAO patients underwent reoperation other than 
THA conversion, and one (2.3%) THA patient underwent 

reoperation other than THA revision (P = 0.37). Reoperations 
among PAO patients included: (1–4) four hip arthroscopies 
(one with femoral osteochondroplasty) at 1.8, 3.2, 5.2 and 
7.3 years and (5) one psoas tendon lengthening for psoas ten-
dinitis at 0.8 years. The one reoperation among patients in the 
THA group was a psoas tendon lengthening at 2.0 years.

By the latest follow-up, seven (8.2%) PAO patients had con-
verted to THA at a mean of 10.8 years (one due to the above-
noted failure of fixation at <6 weeks, and the remainder due to 
progression of joint degeneration and unsatisfactory function), 
and three (7.0%, P = 0.80) THA patients had undergone revi-
sion THA at a mean of 6.2 years (one for periprosthetic infection 
within 6 postoperative weeks, one for acetabular component 
loosening and one for wear with osteolysis) (Figs 1–2).

Outcome scores at the latest follow-up continued to reflect 
considerable improvements from preoperative baseline in both 
the PAO (mHHS 86.1 versus 63.3, P < 0.001; UCLA 7.5 ver-
sus 6.9, P < 0.05) and THA (mHHS 82.6 versus 48.4, P < 0.001; 
UCLA 7.2 versus 4.6, P < 0.001) cohort. The latest scores 
were not significantly different between PAO and THA groups 
(mHHS 86.1 versus 82.6, P = 0.46; UCLA 7.5 versus 7.2, 
P = 0.37). Clinical success at the latest follow-up defined as 
mHHS MCID (8) or PASS (>70) without reoperation for per-
sistent symptoms or end-revision was achieved in 81.2% hips 
in the PAO cohort and 83.7% of hips in the THA cohort 
(P = 0.72). (Table II) 

PAO hips that converted to THA (n = 7) had similar out-
come scores pre- and post-THA compared with hips in the 
THA-only cohort (n = 43). Pre-THA functional scores were 
very similar between groups (mHHS 48.5 versus 48.4, P = 0.98). 
Pre-THA UCLA Activity scores were slightly higher in those 

Fig. 1. PAO Cohort—Survival freee from THA conversion.
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Fig. 2. THA Cohort—Survival free from THA revision.

Table II. Clinical outcomes

Variable
PAO group 
(n = 85)

THA group 
(n = 43)

P-value 
(between 
groups)

mHHS
 Preoperative 63.3 (SD 10.5) 48.4 (SD 12.3) <0.001
 Postoperative 86.1 (SD 14.7) 82.6 (SD 22.9) 0.46
 change 23.1 34.2 0.002
 P-value (within 

groups)
<0.001 <0.001

 MCID (8) 67 (78.8%) 36 (83.7%) 0.51
 PASS (>70) 65 (76.5%) 30 (69.8%) 0.41
 MCID OR PASS 69 (83.7%) 36 (81.2%) 0.72

UCLA Activity Score
 Preoperative 6.9 (SD 2.5) 4.6 (SD 2.0) <0.001
 Postoperative 7.5 (SD 2.1) 7.2 (SD 2.2) 0.37
 change 0.6 2.6 0.004
 P-value (within 

groups)
<0.05 <0.001

 Categorical
 Preoperative
 8 to 10 30% 8% 0.007
 6 to 8 17% 14%
 6 or less 53% 78%
 Postoperative
 8 to 10 42% 35% 0.22
 6 to 8 13% 25%
 6 or less 45% 40%

with prior PAO, although this difference did not reach signifi-
cance (5.4 versus 4.6, P = 0.47). At a mean of 5.7 years (1–15) 

Table III. Clinical outcomes of THA (PAOs that converted to 
THA versus THA-only group)

Variable

THA Con-
version group 
(n = 7)

THA group
(n = 43)

P-value 
(between 
groups)

mHHS
 Preoperative 48.5 (SD 15.2) 48.4 (SD 12.3) 0.98
 Postoperative 92.6 (SD 9.4) 82.6 (SD 22.9) 0.41
 change 44.1 34.2 0.45
 P-value (within 

groups)
<0.001 <0.001

 MCID (8) (100%) 36 (83.7%) –
 PASS (>70) (100%) 30 (69.8%) –
 MCID OR PASS (100%) 36 (81.2%) –

UCLA Activity Score
 Preoperative 5.4 (SD 2.7) 4.6 (SD 2.0) 0.47
 Postoperative 6.6 (SD 2.4) 7.2 (SD 2.2) 0.68
 change 1.2 2.6 0.22
 P-value (within 

groups)
<0.05 <0.001

after THA conversion, hips with prior PAO had a mean mHHS 
improvement of 44.1 points (mean final score 92.6) [versus 
+34.2 points (mean final score 82.6) in the THA-only group; 
P = 0.45] and a mean UCLA improvement of 1.2 points (mean 
final score 6.6) (versus +2.6, mean final score 7.2 in the THA-
only group; P = 0.22). There were no complications or reoper-
ations following THA conversion in any of the seven converted 
hips at the latest follow-up. (Table III) 
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D I S C U S S I O N
Patients with acetabular dysplasia and marginal secondary 
osteoarthritis may be faced with the decision to either undergo 
PAO to relieve symptoms and slow osteoarthritis progression or 
wait until progression to more advanced disease and undergo 
THA. Despite the efficacy of modern hip arthroplasty in the 
treatment of end-stage osteoarthritis, its use in younger patients 
may come with a considerable risk of revision surgery and sub-
optimal long-term outcomes [4–6]. Younger age alone is an 
important factor when lifetime risk of revision is considered. 
Each additional revision comes with compounding risk of poor 
outcomes, complications and the possibility of bone stock loss 
complicating further surgery. PAO attempts to temper these risks 
by delaying the potential need for arthroplasty until an age at 
which long-term outcomes may be more favorable [7].

Although mid- to long-term outcomes have been reported for 
both procedures, comparative outcome data for young patients 
with hip dysplasia remain very limited. Furthermore, key refine-
ments of both THA [33] and PAO [21–27] have taken place 
since the time of the surgeries examined by many longer-term 
studies, which may limit the applicability of their findings to 
the modern patient. A recent meta-analysis of the contempo-
rary comparative PAO/THA literature found only four studies 
that compared outcomes at greater than 4-year mean follow-up 
(mean 5.8 years in these four studies) [34]. Across these, mean 
PAO cohort size was limited to 34 hips [14–62] and mean age at 
PAO surgery was >40 years.

Outcome comparisons between PAO and THA surgery 
are of greatest relevance to patients with marginal secondary 
osteoarthritis, of ages at which good PAO outcomes have been 
most reliably achieved (<40) [17, 35] and at which lifetime risk 
of revision and subsequent poor outcomes with THA are of 
most concern. The current study’s 85 PAO patients with limited 
osteoarthritis (92% Tonnis Grade <2) and a mean age of 29 years 
are representative of the population most likely to encounter this 
decision between PAO or later THA, and for which the poten-
tial benefit of PAO is theoretically greatest. While shorter-term 
PAO outcomes in similar populations have been encouraging 
[28], fuller confidence in the decision to pursue PAO is depen-
dent upon understanding how reliably satisfactory function is 
maintained up to the ages at which THA outcomes may be more 
predictable and lifetime revision risk is less. Specifically for these 
patients, this requires comparative data up to and beyond 10 
postoperative years.

The current study found that for patients in this young to 
middle-age, marginal OA population, modern PAO can reliably 
achieve durable improvements in pain, function and activity out 
to and beyond 10 postoperative years. Differences between PAO 
and THA groups at this interval were insignificant with respect 
to survival (end-stage revision rate 8.2% versus 7.0%, P = 0.80), 
function (postop mHHS, P = 0.46) and activity (postop UCLA, 
P = 0.37). Despite similar final scores between groups, mean 
score improvements were greater among THA hips due to their 
relatively advanced disease, poor function and low activity at the 
time of index surgery. This was an unavoidable and expected con-
sequence of the indications for favoring THA over PAO being 
chiefly those of disease severity. The more clinically valuable 

observation across these two cohorts was that the similarly sat-
isfactory postoperative function achieved in both was durable 
over the 10-year postoperative interval for which direct com-
parative data has to date been lacking. Compared to the scores 
we reported previously in these same two cohorts at a mini-
mum 2-year follow-up, scores in the current study were relatively 
unchanged with respect to both mHHS (PAO 86.5 versus 86.1 
at 11.9 years; THA 80.2 versus 82.6 at 10.5 years) and UCLA 
Activity (PAO 7.5 versus 7.5 at 11.9 years; THA 6.6 versus 7.2 
at 10.5 years).

These results are consistent with prior comparative stud-
ies which—although all at significantly shorter follow-up—
reported similarly insignificant differences between PAO and 
THA groups [36–38]. A recent meta-analysis including these 
studies [34] found this to be true at 5.8-year mean follow-up 
with respect to rates of overall complication [OR 2.14 (95% 
CI 0.58–7.96), P = 0.26], major complication [OR 2.56 (95% 
CI 0.60–10.98), P = 0.21] and end-stage revision [OR 0.95 
(95% CI 0.33–2.79) P = 0.93]. Postoperative WOMAC func-
tion scores were also similar between groups [standard mean 
difference −0.16 (95% CI −1.29–0.97), P = 0.78]. Postoperative 
WOMAC pain scores were higher among THA hips [standard 
mean difference −0.57 (95% CI −0.93–−0.21), P = 0.002], 
although this was likely a function of the more severe dis-
ease and pain seen preoperatively in the THA patients, as the 
authors themselves pointed out. Interestingly, postoperative 
UCLA Activity scores were significantly higher in PAO hips 
[standard mean difference 0.28, (95% CI 0.02–0.53), P = 0.03]. 
While the current study observed a similar difference in post-
operative UCLA Activity scores between PAO (7.5 ± 2.1) and 
THA (7.2 ± 2.2) hips, this difference did not reach statistical 
significance (P = 0.37).

This study has several limitations. Firstly, the two cohorts are 
not matched and differ in preoperative levels of pain and func-
tion, as well as the severity of disease and OA. However, we 
feel that with these two operations it is impractical to perform 
a randomized controlled trial since the indications are differ-
ent. THA has long been the accepted standard treatment for 
end-stage symptomatic disease of the hip because of its estab-
lished clinical efficacy and safety profile. Therefore, its inclusion 
in this study was more as a benchmark for the performance of 
PAO. The differing indication for either PAO or THA procedures 
also made a direct, matched comparison of dysplastic hips with 
similar disease characteristics impractical. A second limitation 
is whether the results for a single surgeon’s series from a single, 
high-volume institution could be generalized. Given the learning 
curve associated with the PAO, one must consider this limitation 
when interpreting our results.

Consideration of multiple patient and disease-specific fac-
tors is important for both the surgeon and patient in making 
a well-informed treatment decision. In patients with relatively 
preserved joint space, early cartilage disease on magnetic reso-
nance imaging and preserved hip range of motion, we prefer PAO 
surgery if the patient is healthy, well-conditioned and interested 
in joint preservation surgery. In patients with more advanced 
articular cartilage disease, extensive subchondral edema and/or 
cystic changes, early loss of hip range of motion, significant 
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comorbidities and less enthusiasm for joint preservation surgery 
we are more likely to advocate THA.

Until the lifetime risk of multiple revisions and suboptimal 
long-term outcomes in young THA patients are better under-
stood, the 10-year durability of satisfactory function achieved 
with PAO observed by the current study may further support 
a preference for PAO in a well-selected subgroup of patients 
with symptomatic acetabular dysplasia. Major complications 
with PAO were no more common than in the THA comparison 
group, and PAO surgery appeared to have no deleterious effect 
on subsequent THA outcomes in the subgroup of PAO hips that 
converted to THA during the study period.
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