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Abstract

Introduction Some patients opt to undergo conversion to

a THA for continued pain or progression of hip arthritis

after periacetabular osteotomy. Whether patients are at

greater risk for postoperative complications, revision THA,

poor clinical outcomes, or compromised radiographic

results after periacetabular osteotomy is debatable.

Questions/purposes When compared with a matched

cohort of patients who underwent THAs for developmental

dysplasia of the hip (DDH) without previous periacetabular

osteotomy, we asked whether a THA after a periacetabular

osteotomy has (1) a higher complication rate, (2) a higher

likelihood of resulting in revision THA, (3) comparable

improvements in Harris hip score, and (4) comparable

radiographic results.

Patients and Methods A multicenter retrospective review

of 562 patients undergoing 645 periacetabular osteotomies

was performed. Twenty-three hips in 22 patients underwent

a THA after periacetabular osteotomy. The patients were

matched for age, sex, and BMI with 23 hips in 23 patients

with DDH undergoing THA without a history of periace-

tabular osteotomy. Minimum followup for both groups of

patients was 2 years (mean, 10 ± 4 years and 6 ± 4 years,

respectively). Comparisons were made to answer the study
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questions based on a retrospective review from prospec-

tively maintained registries of clinical and radiographic

information at two participating centers.

Results With the numbers available, there was no dif-

ference in complication or revision rates between the two

groups (p = 0.489 and 1.000, respectively); however, a

post hoc power analysis showed our study was under-

powered to detect a difference in the rate of postoperative

complications or revision THA. There was marked

improvement in Harris hip score with THA after periace-

tabular osteotomy (p \ 0.001) and THA for DDH

(p \ 0.001), but there was no difference (p = 0.265) in the

Harris hip score at final followup between either group.

The acetabular component was placed at a mean of 17�
more retroversion during THA after periacetabular osteot-

omy compared with THA for DDH (p = 0.002).

Conclusions This study did not detect any differences in

the clinical outcomes in patients undergoing THA after

periacetabular osteotomy done with a modern abductor-

sparing approach when compared with a matched cohort

undergoing THA for DDH. However, even with patients

tallied across two high-volume centers during nearly

15 years, our study was underpowered to detect potentially

important differences between the THA after periacetabu-

lar osteotomy group and the THA for DDH group. The data

in this report are suitable as pilot data for future studies and

for systematic reviews. Larger multicenter studies are

needed to understand how the technical challenges of THA

after periacetabular osteotomy affect postoperative com-

plications and revision THA.

Level of Evidence Level III, therapeutic study.

Introduction

Developmental dysplasia of the hip (DDH) is recognized as

a cause of pain and limitation that predisposes patients to

early arthritic changes [16]. Symptomatic patients with

DDH may benefit from joint preservation. A periacetabular

osteotomy improves pain and function in the majority of

these patients [7]. It also improves the mechanics of the

hip, protects the labrum, provides symptomatic pain relief,

and may prevent the development of osteoarthritis. Despite

its reported benefits, some patients will undergo THA after

periacetabular osteotomy for continued pain and progres-

sion of hip arthritis [19].

Previous surgery may compromise the results of hip or

knee arthroplasty. High tibial osteotomy, unicompartmen-

tal arthroplasty, and knee arthroscopy have been shown to

compromise the results of subsequent TKA [1, 3, 9–11, 14,

15, 23]. Furthermore, previous femoral osteotomies and

acetabular or femoral fractures make performing a THA

more difficult and compromise the results of subsequent

THA [2, 6, 12, 13, 22]. One study reported the results of 41

patients who underwent THA after periacetabular osteot-

omy with a mean followup of 6 years [17]. It was the

authors’ impression that the previous periacetabular oste-

otomy did not alter the surgical outcome of the THA based

on an improvement of the mean Merle D’Aubigné and

Postel score from 11 to 17. Their study, however, lacked a

comparison group of patients with THAs without a previ-

ous periacetabular osteotomy. Therefore, we compared the

outcomes of a group of patients who underwent THA after

periacetabular osteotomy with those of a group of matched

patients who underwent THA for DDH. We asked: When

compared with a matched cohort of patients with THAs

done for DDH without a previous periacetabular osteot-

omy: (1) does THA after periacetabular osteotomy have a

higher complication rate, (2) does THA after periacetabular

osteotomy have a higher likelihood of resulting in revision

THA, (3) does THA after periacetabular osteotomy have

comparable improvements in Harris hip score (HHS),

and(4) does THA after periacetabular osteotomy have

comparable radiographic results?

Patients and Methods

Institutional review board approval from the participating

centers was obtained before initiation of this study. A

retrospective review of all patients undergoing a Bernese

periacetabular osteotomy with an anterior capsulotomy, if

indicated, and without adjunctive femoral osteotomy

between 1994 and 2008 was performed at two centers

(Mayo Clinic, Rochester, MN, USA, and Washington

University, St Louis, MO, USA). Six hundred forty-five

periacetabular osteotomies were performed on 562 patients

at these institutions. Thirty hips in 29 patients underwent

THA after a previous periacetabular osteotomy (5%); these

patients were considered potentially eligible for our study.

It is likely that others have undergone conversion to THA

elsewhere, so the proportion of patients undergoing con-

version may be higher than 5%, but records regarding any

such patients were not available for review. Twenty-three

(77%) of these 30 hips had a periacetabular osteotomy

performed through a modified Smith-Petersen approach.

Seven (23%) of the 30 hips had an abductor takedown and

were excluded from our analysis because their clinical

outcomes were compromised owing to postoperative the

abductor muscle weakness related to the approach. The

THA after periacetabular osteotomy group (Fig. 1) was

matched for diagnosis (DDH), age within 1 year, sex, and

BMI within 2 points. Fifty-two hips were available for

matching. The first available match, without a history of

periacetabular osteotomy and a minimum 2 years of fol-

lowup after THA, was chosen for the control group
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(Table 1). All of the hips undergoing periacetabular oste-

otomy before the THA were classified as Crowe Grade I,

while 22 of the 23 hips (97%) undergoing THA for DDH

were classified as Crowe Grade I and one was Crowe Grade

II requiring autograft augmentation. No patients with a

history of periacetabular osteotomy required removal of

hardware before or during THA. All patients had place-

ment of a press-fit acetabular component and fully coated

or proximally coated press-fit femoral implant. All patients

in both groups had adjunctive screw fixation of the ace-

tabular component at the time of the THA.

Minimum followup for all patients in both groups was

2 years (mean, 10 ± 4 years in the group with THA after

periacetabular osteotomy and 6 ± 4 years in the group

with THA for DDH). The mean time from periacetabular

osteotomy to THA was 5 ± 3 years, ranging from 1 to

10 years. There was a difference (p \ 0.001) in final

clinical followup between the two groups.

Operative records for all patients who had THAs were

reviewed for intraoperative complications, blood loss, and

any technical difficulties. THA after periacetabular oste-

otomy was performed through an anterolateral approach in

three hips (17%) and a posterolateral approach in 20 hips

(83%). THA without periacetabular osteotomy was per-

formed through a lateral approach in four hips (17%), an

anterolateral approach in seven hips (30%), and a pos-

terolateral approach in 12 hips (52%). Harris hip scores

(HHS) were calculated using the clinical examination

records and patient-completed questionnaires. Radiographs

were reviewed (DFA, LS, PS) before and after periace-

tabular osteotomy, if necessary, and before and after THA

for both groups. The radiographs obtained before and after

periacetabular osteotomy were reviewed and the Tönnis

angle, anterior center-edge angle, and lateral center-edge

angle were reviewed for acetabular correction [8, 21].

Radiographs obtained before and after THA were reviewed

to evaluate for component positioning, loosening, or evi-

dence of impending component failure on the anterior-to-

posterior pelvis and shoot-though lateral views [4, 5, 24].

Followup for patients having a THA at our institution after

the first year is every 5 years, therefore none of the patients

who underwent a THA after periacetabular osteotomy is

considered lost to followup at the time of this retrospective

review. Contact with patients outside their routine sur-

veillance is restricted by our institutional review board for

all retrospective studies.

All values are reported as the means ± standard devi-

ations (SD) where applicable. Comparisons of patient-

reported outcomes were performed using a t-test. Com-

parisons of complication and revision rates between groups

were performed using a two-sided Fisher’s exact test.

Analysis of head size variations were performed using a

chi-square analysis. A two-tailed post hoc power analysis

showed 86% statistical power to detect an 8-point differ-

ence in HHS (our primary outcome measure for

distinguishing between the THA after periacetabular

Fig. 1A–F (A) An anterior-to-posterior radiograph of the pelvis

shows DDH with a 20� Tönnis angle and 10� lateral center-edge

angle. (B) An anterior-to-posterior view of the pelvis after periace-

tabular osteotomy shows the acetabular correction with a 10� Tönnis

angle and 25� lateral center-edge angle. (C) An anterior-to-posterior

radiograph of the pelvis shows conversion to THA after periacetab-

ular osteotomy on the patient’s right and without periacetabular

osteotomy on the patient’s left. (D) A shoot-through lateral view of

the hip shows acetabular anteversion. (E) A shoot-through lateral

radiograph of the hip after periacetabular osteotomy shows overcor-

rection with acetabular retroversion. (F) A shoot-through lateral view

of the hip shows conversion to THA with resection of the anterior

wall and correction of the acetabulum to a more anteverted position.
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osteotomy and THA for DDH groups) assuming a SD of 10

points and an a error of 5%. However, a two-tailed post

hoc power analysis showed only 23% statistical power to

detect an 8% difference in complications with an a error of

5% indicating that our study was underpowered to make

conclusions regarding complications given the small sam-

ple size.

Results

Ten of the 23 hips (44%) were retroverted after periacetab-

ular osteotomy and at the time of THA. Intraoperatively, six

hips with a previous periacetabular osteotomy (26%) had

difficult exposures and dislocations secondary to retrover-

sion of the acetabulum ultimately requiring trimming of the

anterior wall in one case or a deficient posterior wall that

required bone grafting in another. The mean Tönnis angle

before periacetabular osteotomy was 26� ± 8�, the mean

anterior center-edge angle was 1� ± 15�, and the mean lat-

eral center-edge angle was 4� ± 9�. The mean Tönnis angle

after periacetabular osteotomy was 15� ± 11� (p = 0.001),

the mean anterior center-edge angle was 28� ± 23�
(p \ 0.001), and the mean lateral center-edge angle was

20� ± 15� (p \ 0.001). There was no difference in blood

loss or operative time (p = 0.597 and 0.155, respectively)

between the groups (Table 1). There was an increase in

femoral head size from 28 mm or less in THA for DDH to

32 mm or more in THA after periacetabular osteotomy

(Table 2).

With the numbers available, there were no differences in

the proportion of patients experiencing a major complica-

tion between the study groups (p = 0.489). A total of three

complications involving operative intervention (13%) were

identified in the THA after periacetabular osteotomy group

and none in the THA for DDH group. Two (7%) patients in

the THA after periacetabular osteotomy group sustained

dislocations. One patient had multiple recurrent disloca-

tions 1 year after THA attributable to extraarticular bony

impingement requiring multiple closed reductions and

subsequent revision THA. Another had a dislocation

attributable to polyethylene liner wear 11 years after THA

and underwent revision THA. Both patients had the pri-

mary THA performed through an anterolateral approach.

One additional patient with THA after periacetabular

osteotomy had a superficial wound-healing problem (3%)

and underwent reoperation.

The proportion of patients undergoing revision THA

between the two groups was not different (p = 1.000).

However, the reasons for revision THA were different

between groups. There were four total postoperative revi-

sion THAs. Two patients who had THAs after

periacetabular osteotomy (7%) underwent revision THAs

for dislocation as described above. One patient who had

THA for DDH (3%) underwent revision THA for aseptic

loosening of the acetabular component. Another patient

who had THA for DDH (3%) underwent revision THA for

problems related to a metal-on-metal articulation.

With the numbers available, there were no differences

between the mean HHS for the patients who had THA after

periacetabular osteotomy and those who had THA for DDH

at latest followup (93 ± 7 and 95 ± 10, respectively;

p = 0.265). The mean HHS for patients who had THA

after periacetabular osteotomy increased by 26 points from

67 ± 17 preoperatively to 93 ± 7 at final followup

(p \ 0.001). The mean HHS increased 44 points for

patients who had THA for DDH, from 51 ± 15 preopera-

tively to 95 ± 10 at final followup (p \ 0.001). There was

a 16-point difference in the mean preoperative HHS

(p = 0.004).

There was no difference in acetabular component

abduction (p = 0.677), but there was a difference in ace-

tabular component anteversion (p = 0.002) between the

two groups. The acetabular component was placed in 17�
more retroversion during THA after periacetabular osteot-

omy. The mean acetabular component abduction angle on

Table 1. Demographics at THA

Demographic THA after periacetabular

osteotomy (n = 23)

THA for DDH

(n = 23)

p value

Age at THA

(years)

38 ± 11 38 ± 10 0.992

Sex (male:female) 6:17 6:17

1.000

Height (cm) 167 ± 11 162 ± 17 0.218

Weight (kg) 81 ± 20 73 ± 21 0.202

BMI (kg/m2) 29 ± 6 28 ± 7 0.591

Operative time

(minutes)

151 ± 65 174 ± 40 0.155

Blood loss

(mL)

630 ± 383 741 ± 655 0.579

Values are mean ± SD; DDH = developmental dysplasia of the hip.

Table 2. Femoral head size

Head size

(mm)

THA after periacetabular

osteotomy

THA for DDH

22 1 3

28 5 16

32 13 3

36 3 1

40 1 0

DDH = developmental dysplasia of the hip; p = 0.005; chi-

square = 15.01.
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the anterior-to-posterior pelvis radiograph was 44.7� ± 6.6�
and mean acetabular component anteversion on the shoot-

through lateral radiograph was 26.3� ± 9.8� for patients

with THA after periacetabular osteotomy. The mean ace-

tabular component abduction angle was 45.6� ± 7.2� and

mean acetabular component anteversion was 36.0� ± 8.2�
for patients with THA for DDH.

Discussion

The results of periacetabular osteotomy in patients with

DDH have been good to excellent at mid- to long-term

followup [19]. A select group of patients with DDH,

however, will require THA after periacetabular osteotomy,

usually for progression of arthritis or unremitting symp-

toms. THA in patients with DDH often is more complex

than in patients with osteoarthritis, and one would expect

greater complexity after periacetabular osteotomy and

potentially more complications and worse clinical out-

comes. Parvizi et al. [17] reported that a previous

periacetabular osteotomy does not compromise the results

of subsequent THA; however, that study lacked a com-

parison group of patients without previous periacetabular

osteotomy. We compared patients undergoing THA for

DDH with patients undergoing THA after a previous

periacetabular osteotomy. We found no differences in the

proportion of patients experiencing a major complication

or revision THA (p = 0.489 and 1.000, respectively), in

mean postoperative HHS at latest followup (93 ± 7 and

95 ± 10, respectively; p = 0.265), and in acetabular

component abduction (p = 0.677) between the study

groups. However, the acetabular component was placed in

17� more retroversion during THA after periacetabular

osteotomy (p = 0.002).

There are several limitations to our study. Comparisons

were made to answer the study questions based on a ret-

rospective review from prospectively maintained registries

of clinical and radiographic information at the two partici-

pating centers. However, even with patients tallied across

two high-volume centers during almost 15 years, our study

was underpowered to detect potentially important differ-

ences between the THA after periacetabular osteotomy

group and the THA for DDH group. Second, retrospectively

analyzed data have several potential limitations including

the fidelity of the record, loss to followup, and selection

bias. We used a systematic approach to patient selection and

a high-fidelity electronic medical record to minimize any of

these inadvertent biases. Third, THAs were performed by

13 different orthopaedic surgeons, all fellowship-trained in

total joint arthroplasty but each with differing approaches to

the THA. Fourth, we estimate 5% of periacetabular oste-

otomies will require conversion to THA at 5 years. This

represents a potential underestimation of the periacetabular

osteotomy conversion rate and is subject to patient and

clinician reporting. However, because of the perceived

difficulties of conversion to THA and because the institu-

tions included in this study are tertiary referral centers,

patients who might require a THA most likely would return

to the institution where the periacetabular osteotomy was

performed. Finally, there was an important difference in

followup duration. Patients in this study undergoing THA

for DDH had less time to clinical followup than did the

patients who had THA after periacetabular osteotomy. One

potentially would expect to see differences in hip scores

favoring those with less followup, but despite the differ-

ences in followup, the hip scores were comparable.

There were no differences in the proportion of patients

experiencing a major complication or revision THA

between the study groups (p = 0.489 and 1.000, respec-

tively). Two patients underwent revision THA for

instability after THA after periacetabular osteotomy. One

patient had multiple recurrent dislocations 1 year after

THA because of extraarticular bony impingement requiring

multiple closed reductions and subsequent revision THA.

Another patient had a dislocation owing to polyethylene

liner wear 11 years after THA and underwent revision

THA. The shorter followup for patients who had THA for

DDH may be responsible for this difference. The revision

THAs in the patients who had THA for DDH were related

to acetabular cup loosening and problems with a metal-on-

metal bearing. The lack of failures on the acetabular side in

patients with THA after periacetabular osteotomy supports

the thought that the periacetabular osteotomy fragment

maintains its blood supply and allows porous acetabular

components to ingrow.

There was no difference in the mean postoperative HHS

at latest followup between the study groups (93 ± 7 and

95 ± 10, respectively; p = 0.265). A two-tailed post hoc

power analysis showed 86% statistical power to detect a

difference in HHS, our primary outcome measure. There

was a difference of 16 points in the mean preoperative

HHS at the time of THA after periacetabular osteotomy

compared with THA for DDH (p = 0.002). One possible

explanation is that THA was recommended earlier for the

patients who had THA after periacetabular osteotomy

because of sensitivity to hip pain resulting in the initial

periacetabular osteotomy as opposed to patients with DDH

without prior pain requiring operative intervention before

THA. Another explanation is that patients with less dis-

ability may actually achieve higher postoperative HHS,

thus benefiting the THA after periacetabular osteotomy

group. In our study, 14 hips were rated excellent; eight

were rated good, and one was rated fair. This is comparable

to 43 of 45 hips ranging from good to excellent reported by

Parvizi et al. [17].
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There was no difference in the mean acetabular compo-

nent abduction (p = 0.677), but the mean acetabular

component anteversion was decreased by 17� (p = 0.002) in

the THA after periacetabular osteotomy group. The surgeon

must be meticulous regarding acetabular positioning that

may be compromised or complicated during THA after

periacetabular osteotomy. This is highlighted by the one

patient with THA after periacetabular osteotomy who had

multiple recurrent dislocations because of impingement. In

our study, 10 of the 23 hips (44%) were retroverted after

periacetabular osteotomy and at the time of THA. We did not

review all 645 radiographs for retroversion after periace-

tabular osteotomy and therefore cannot comment on whether

retroversion leads to hip deterioration. Hip impingement

resulting from iatrogenic retroversion is associated with

persistent pain and worse outcomes after periacetabular

osteotomy [18, 20]. The high number of retroverted hips in

the patients who had THA after periacetabular osteotomy

underscores the fact that careful attention to fragment posi-

tion during periacetabular osteotomy is critical to

satisfactory long-term results after periacetabular osteot-

omy. In our series, as opposed to that of the Parvizi et al. [17],

acetabular retroversion presented difficulties at the time of

surgery. Trimming the anterior wall was performed to place

the acetabular component in the proper position and bone

graft was used with a deficient posterior wall. Awareness of

potential acetabular structural abnormalities present at the

time of THA led to acceptable radiographic positioning of

the acetabular component comparable to THA for DDH.

With the numbers available, our study was underpowered

to detect a difference in the proportion of postoperative

complications or revision THAs between the two groups;

however, our study was sufficiently powered to detect a

difference in HHS and radiographic component position.

Our results are consistent with those of Parvizi et al. [17] who

retrospectively reviewed 41 patients (45 hips) after THA for

failed periacetabular osteotomy at a mean of 6 years from

periacetabular osteotomy to THA. There were two revision

THAs for aseptic loosening in their series. Both revisions

(for acetabular and femoral loosening) occurred at 5 and

9 years after the index THA. They reported good to excellent

results according to the Merle D’Aubigné and Postel scores

of 39 of 45 hips; six had fair or poor results and the group

included patients who had previous surgery (10 patients)

and/or a diagnosis other than DDH alone (five with previous

neurologic disease, three had slipped capital epiphyses, and

one had Legg-Calvé-Perthes disease). In addition, 24 THAs

were done through a transtrochanteric approach indicating

the complexity of their cases. They reported that more than
1
.
2 of their patients had acetabular retroversion after peri-

acetabular osteotomy and before THA but posterior

undercoverage was not reported as a problem at the time of

THA. In our series, as opposed to that of Parvizi et al. [17],

acetabular retroversion presented difficulties at the time of

surgery. Trimming of the anterior wall was performed to

place the acetabular component in the proper position and

bone graft was used for a deficient posterior wall. We found

no difference in the mean acetabular component abduction

(p = 0.677) and a 17� decrease in mean acetabular compo-

nent anteversion with THA after periacetabular osteotomy

(p = 0.002). Matta et al. [13] retrospectively reviewed eight

patients after THA after periacetabular osteotomy through an

anterior approach with a mean of 8 years from periacetabular

osteotomy to THA. The only complication was an intraop-

erative calcar fracture which healed uneventfully. All

patients who had THA after periacetabular osteotomy in the

series of Matta et al. [13] had improved functional scores at a

mean followup of 2 years. No direct comparison was made

to a control group by Parvizi et al. [17] or Matta et al. [13].

With the numbers available in our study, THA in

patients after periacetabular osteotomy offers major

improvements in function with acceptable complication

and revision rates when compared with THA for DDH in

patients without prior periacetabular osteotomy. A THA

after a periacetabular osteotomy presents several chal-

lenges at the time of surgery and requires preparation and

awareness to decrease complications and improve patient

outcomes. Acetabular retroversion must be addressed

intraoperatively, if encountered, and care must be taken to

avoid acetabular component retroversion. However, even

with patients’ experiences tallied across two high-volume

centers for almost 15 years, our study was underpowered to

detect potentially important differences between the

patients who had THA after periacetabular osteotomy and

those who had THA for DDH. Our data are suitable as pilot

data for future studies and for systematic reviews. Larger

studies are needed to understand how the technical chal-

lenges of a THA after periacetabular osteotomy affect the

postoperative complication and revision rates.
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