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Abstract

Background The evidence supporting continued use of

shelf acetabuloplasty in Legg-Calvé-Perthes disease

(LCPD) is not well-defined, and there is controversy

regarding the long-term benefits related to clinical and

functional improvement.

Questions/purposes Our goals were to determine whether

shelf arthroplasty for LCPD (1) prevents the onset of early

osteoarthritis; (2) improves pain, ROM, activity, and

functional outcomes; (3) maintains or improves femoral

head containment, sphericity, and congruency; (4) changes

the acetabular index; and (5) is associated with a low rate

of complications.

Methods We performed a systematic review of the

medical literature from 1966 to 2009 using the search terms

Perthes, shelf procedure, and acetabuloplasty. We excluded

reports using multiple/combined treatment methods and

those not clearly stratifying outcomes. Thirteen studies met

the criteria. There were no Level I studies, one Level II

prognostic study, five Level III therapeutic studies, and

seven Level IV studies. Mean followup ranged from 2.6 to

17.9 years.

Results Only one study reported progression to early

osteoarthritis in one patient. We found no evidence for

improvement in ROM and continued pain relief at long-

term followup. Mean decrease in lateral subluxation ratio

was 13% to 30%, demonstrating an improvement in fem-

oral head containment. Mean acetabular cover percentage

improved 16% to 38%, and mean acetabular and center-

edge angles improved 4� to 14� and 8� to 33�, respectively.

There were no reports of any major complications after the

procedure.

Conclusions While radiographic measurements indicate

improved coverage of the femoral head after shelf ace-

tabuloplasty for LCPD, available evidence does not

document the procedure prevents early onset of osteoar-

thritis or improves long-term function.

Introduction

Legg-Calvé-Perthes disease (LCPD) is predominantly

thought to involve an unexplained vascular insult to the

capital femoral epiphysis with resulting avascular necrosis

[1, 26, 54]. The exact etiology behind LCPD remains lar-

gely unknown [3, 22, 24, 62]. Biologic sequelae include a

chain of events with eventual revascularization leading to

biologic plasticity of the femoral head usually followed by
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femoral head shape change, flattening, and even subluxa-

tion in severe cases. These morphologic changes can be a

precursor to premature hip osteoarthritis [2, 7]. Although

considered primarily a problem of the femoral head,

acetabular dysplasia or retroversion has also been

reported [12].

The strategy of treating LCPD includes containment of

the femoral epiphysis within the acetabulum [15, 16]. The

concept of containment is to center the femoral head within

the acetabulum during the fragmentation and reossification

phase. This allows the acetabulum to serve as a mold

during the healing (revascularization) phase when the

biologically plastic femoral head [46] is at risk for sub-

luxation, hinge abduction, and permanent femoral head

deformation. Severity of femoral head deformity and joint

incongruity at skeletal maturity increase the risk of loss of

function long-term [51]. Containment can be achieved

nonoperatively or operatively. Nonoperative measures,

using either abduction casts or bracing, attempt to maintain

weightbearing and ROM in the contained, abducted posi-

tion [25, 41, 42, 45], but these orthoses require prolonged

treatment times and may not be tolerated well by the

patient, both physically and psychologically.

Surgical containment is intended to contain the femoral

head and promote a spherical femoral head at skeletal

maturity. Proposed methods include proximal femoral

varus osteotomy [19, 33, 37, 49, 55], innominate osteotomy

[19, 33, 37, 39, 47, 49, 55], and shelf acetabuloplasty with

or without proximal femoral osteotomy [27]. Innominate

osteotomy combined with a proximal femoral varus

osteotomy [8, 58] or triple pelvic osteotomy [28, 38] can

provide greater femoral head containment in patients with

more severe femoral head and/or acetabular deformity.

The shelf procedure is an acetabuloplasty intended to

promote eventual long-term congruency between the

uncovered femoral head and the opposing acetabulum. This

procedure involves increasing the superolateral support or

coverage of the femoral head by extending the acetabular

roof [50, 60]. The anatomy of the original acetabular roof,

and thus the intraarticular hyaline cartilage, remains

unchanged [53]. However, unlike redirectional pelvic

osteotomies in which the femoral head is centralized within

the original acetabulum and its hyaline cartilage, the shelf

acetabuloplasty increases femoral head coverage by

placement of a bone block, which does not contain hyaline

cartilage, in the ilium. Those supporting the procedure

argue addition of bone to the lateral rim supports the lab-

rum in abduction and prevents subluxation and abutment of

the femoral head against the superolateral margin of the

acetabulum with opening of the medial joint space,

so-called hinged abduction [13]. Those opposing the pro-

cedure question the basis of the surgery, including potential

to damage the lateral acetabular epiphysis [9], which

contributes a substantial amount to acetabular growth [31,

48], inadequacy of the small bony ledge to provide any

meaningful coverage, and lack of evidence that substanti-

ates improvement in functional outcomes or delay in the

onset of osteoarthritis. Thus, both the rationale for and

interpretation of the data reporting the effects of the pro-

cedure are controversial.

We therefore evaluated the literature related to shelf

acetabuloplasty in the treatment of LCPD to determine

whether the procedure (1) prevents the onset of early

osteoarthritis; (2) improves pain, ROM, activity, and

functional outcomes as determined by patient-centered

outcome measures; (3) maintains or improves femoral head

containment (with improved acetabular coverage and

center-edge [CE] angle), femoral head sphericity, and joint

congruency; (4) improves the acetabular index; and (5) is

associated with a low rate of complications.

Search Strategy and Criteria

We performed a systematic review of the literature to

assess the results of the shelf acetabuloplasty procedure for

LCPD using the PubMed, Embase, and Cochrane databases

(Fig. 1). The literature was searched utilizing the following

search terms: Perthes AND shelf OR acetabuloplasty. We

included only articles published between January 1966 and

November 2009. This search yielded 69 articles. The initial

search was performed by one author (JEH), results

imported into EndNote, and duplicates discarded. Two of

the authors (JEH, KDB) independently reviewed each title

and abstract of the search results and selected studies for

full review based on predefined inclusion and exclusion

criteria. In addition, references of all selected articles were

manually reviewed to ensure all possible articles were

considered.

Inclusion criteria were specified before starting the

search: (1) patients had a diagnosis of LCPD; (2) subjects

were between 2 and 16 years old; (3) patients were treated

with a shelf acetabuloplasty procedure; (4) the study had a

minimum of 10 patients; (5) the study included quantitative

clinical outcomes or radiographic outcomes or classifica-

tions (described below); (6) the study had Level I, II, III, or

IV evidence; and (7) the study was in English. Studies were

excluded if patients had previous surgeries or multiple

procedures/concomitant bony procedure(s) to the ipsilateral

lower extremity unrelated to the shelf acetabuloplasty or

the study included various treatment methods and did not

clearly stratify outcomes of the shelf acetabuloplasty

group. Of the 69 abstracts reviewed in our initial screening

(Fig. 1), 26 were discarded as duplicates, and the abstracts

of the remaining 43 studies were reviewed. Based on the

abstracts alone, 19 studies were included for full review.
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Six of these 19 studies were excluded, including four

studies reporting qualitative rather than quantitative data,

one that did not explicitly report any of the quantitative

clinical or radiographic results described below, and one

that was not an original research article. This left 13 studies

that met inclusion and exclusion criteria. After review of

the reference lists from the selected articles, one additional

study by Kuwajima et al. [29] was identified for inclusion

for a total of 14 studies [4, 9–11, 13, 14, 20, 23, 27, 29, 56,

57, 61, 63]. Of these, the two studies by Domzalski et al. in

2006 [10] and 2007 [11] appeared to use the same popu-

lation, as did the studies by van der Haven et al. [57] and

van der Geest et al. [56]. The data from both studies by

Domzalski et al. [10, 11] were included, as they reported

different quantitative measurements from the same group.

However, the study by van der Haven et al. [57] was not

included in the review, as it appeared to be a subset of the

same population described by van der Geest et al. [56]

without reporting different outcomes. The remaining

13 studies [4, 9–11, 13, 14, 20, 23, 27, 29, 56, 61, 63] were

performed at separate institutions without overlapping

patient populations. Although the study by Ghanem et al.

[14] included 16 of 30 patients that had undergone

concomitant femoral varus osteotomy, the remaining

14 patients did not have any concomitant procedures and

were included in this review.

We compiled a database for the 13 studies. Patient

demographics collected included dates of data collection,

number of patients, number of shelf acetabuloplasties

performed, proportion of male and female patients, age at

disease onset, age at operation, and length of followup.

Surgical techniques and variables included preoperative

arthrography, additional soft tissue procedures performed,

and postoperative rehabilitation protocol. All clinical

patient-centered outcome measures were recorded, which

included the Iowa hip score and the modified Sundt crite-

ria. The Iowa hip score employs a 100-point rating scale

with points allotted for freedom from pain, function, gait,

freedom from deformity, and motion [30]. The modified

Sundt criteria [52] rate clinical results as good (no symp-

toms, full ROM), fair (mild symptoms, hip motion

slightly restricted), and poor (symptomatic, hip motion

markedly restricted). Five standard radiographic mea-

surements based on biplanar plain radiographs were

recorded: percent acetabular coverage, acetabular angle,

CE angle, lateral subluxation ratio (width of the medial

joint space of the affected to unaffected hip), and femoral

head size ratio between the involved and normal hips.

These radiographic measures were reported at varying

time points of disease and treatment. Most studies

reported pre- and postoperative radiographic values

(including femoral head containment/acetabular coverage

or extrusion index, acetabular index, and CE angle).

Radiographic classification systems were also recorded

and included the classifications of Catterall [6], lateral

pillar [17], and Stulberg et al. [51].

Data collection periods ranged from 1940 to 2005, with

a total of 348 shelf acetabuloplasties performed (Table 1).

The majority of patients (84.7%) were male. The average

age at time of operation ranged from 8.0 to 10.2 years.

Length of followup was reported in all studies, with the

average ranging from 1.8 to 15 years; three of the

13 studies reported results with followup averaging longer

than 10 years [11, 27, 56]. Patients lost to followup were

not commonly reported in the studies included.

We identified no Level I studies of this technique. There

was one Level II prognostic study [11]. Five were Level III

therapeutic studies, comparing shelf acetabuloplasty to

proximal femoral varus osteotomy [10], Salter/innominate

osteotomy [20, 29], and nonoperative treatment [27, 61].

The remaining seven studies were Level IV case series

ranging from 18 to 43 patients.

Fig. 1 A flowchart shows the procedure for selecting the studies

included in this review.
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A systematic quality assessment for articles was

undertaken as described by Zaza et al. [65]. This method of

assessing study quality entails a checklist encompassing

five major areas of study design: a description of the

population and intervention, sampling, measurement, data

analysis, and interpretation of results. No summary score is

generated for this tool. Five of the 13 articles we reviewed

had some issue regarding their description of the popula-

tion or intervention used. The two most common problems

were descriptions of population. These studies either did

not provide enough information about inclusion or exclu-

sion criteria to decide whether the cases were consecutive

or the studies did not disclose the indications for surgical

intervention with a shelf arthroplasty. Sampling bias was a

problem in 11 of the articles; the entire available popula-

tion was not used in the majority of the studies. In five of

the studies, the selection and screening process was not

described at all. Six studies had an adequate description of

the exclusion criteria but still did not use all available

patients. Eight studies used solely or mostly radiographic

criteria to determine outcome. The surgical procedure was

adequately described in all studies. Only three studies

controlled for multilevel data by adjusting for confounders

or stratifying data, and less than 1
.
2 controlled for multiple

tests using statistical adjustment of Type I error rate. One

study reported a p value but did not report what statistical

test was used. Three-quarters of the studies employed sta-

tistical testing and adequately described their statistical

methods. Eleven (84.6%) had greater than 80% followup,

and the units of measurement were similar pre- and

postoperatively.

Results

We found no evidence the shelf procedure delayed onset

of osteoarthritis: the presence of osteoarthritis was

reported in only one study [27]. In that study, one patient

required THA at the age of 50 years for pain from

osteoarthritis.

Residual pain was reported in 0% to 14% of patients,

and full ROM was achieved in 14% to 67% of patients at

3.7 to 5.2 years postoperatively [13, 20, 23] (Table 2). Two

studies that reported on restriction of activities reported all

patients resumed activities without difficulty [20, 61].

Limited abduction at last followup was found in 33% to

45% of patients in two studies [13, 61], and residual hinge

abduction was reported in 0% to 16% of patients in two

other studies [23, 27].

Iowa hip scores at last followup ranged from 88.6 to

97.2 at an average of 2.6 to 17.9 years postoperatively [4,

14, 27, 56]. One study using Sundt criteria reported 14%

good and 86% fair results [20].

The radiographic data based on frontal plane imaging

suggested improvement in acetabular coverage of the

femoral head (Table 3). The mean change in acetabular

cover percentage improved between 16% and 38%. Simi-

larly, the mean change in acetabular angle improved

between 4� and 14�, and the CE angle improved between

8� and 33�. The lateral subluxation ratio decreased on

average between 13% and 30%. The femoral head size

ratio changed from �1% to 10%. In four studies [9, 14, 23,

56], comparison of these five radiographic parameters

between early postoperative and latest followup time points

was performed to assess incorporation or resorption of the

graft. These data showed an improvement in each of the

parameters; there were, however, negative changes in

acetabular angle and CE angle (from postoperative mea-

surement to latest followup) in two studies likely related to

graft resorption [14, 29]. Radiographic occurrence of sec-

ondary osteoarthritis was not reported in any of the

included studies.

Clinical complications were reported in four studies and

happened to be minor complications (Table 2) [4, 13, 14,

27]. Two of the studies reported a total of three cases of

graft resorption as a complication [4, 27], and one reported

a fracture through the graft. Additional subsequent surgery

for persistent symptoms included distal transfer of the

greater trochanter in two patients [14], epiphysiodesis of

the greater trochanter in one patient [14], femoral length-

ening in one patient [14], and valgus extension osteotomy

in one patient [13]. There were no major complications

reported.

Discussion

LCPD of the hip was described more than 100 years ago

[5, 32, 40, 59], and while we have furthered our under-

standing about the morphologic variations in the sequelae

of LCPD, the etiology of the condition continues to be an

enigma. Surgical containment is an accepted modality of

treatment intended to promote a spherical femoral head at

skeletal maturity. These containment methods, including

proximal femoral osteotomy with innominate osteotomy or

triple periacetabular osteotomy, have been advocated even

in severe stages (greater head involvement) of LCPD.

While the shelf acetabuloplasty with or without proximal

femoral osteotomy also continues to be used as a salvage

procedure in many centers, there is controversy regarding

the true utility of the shelf acetabuloplasty, particularly

related to its long-term benefits toward clinical and func-

tional outcomes. Our objectives were to determine whether

the shelf procedure (1) prevents the onset of early osteo-

arthritis; (2) improves pain, ROM, activity, and functional
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outcomes as determined by patient-centered outcome

measures; (3) maintains or improves femoral head con-

tainment (with improved acetabular coverage and CE

angle), femoral head sphericity, and joint congruency;

(4) improves the acetabular index; and (5) is associated

with a low rate of complications.

There are limitations with the literature and specific to

our study. First, the level of evidence regarding shelf

acetabuloplasty is low, with no prospective studies. This

means the studies were subject to considerable selection

bias without allowing for comparisons between alternative

treatments. Second, the quality of the studies was generally

low, with the majority of studies having sampling bias and

lacking adequate clinical outcome measurements and data

analysis measures. Third, we found no long-term studies

assessing the rate of development of arthritis. While

treatment of LCPD is aimed at containment of the femoral

head, the long-term goal of containment is to reduce the

progression to debilitating arthritis. The literature contains

no studies to show the procedure achieves this aim. It is

therefore important to recognize the perceived ability of

the shelf acetabuloplasty to prevent early arthritis is

unfounded. Fourth, the methods for pre- and postoperative

clinical assessment of shelf acetabuloplasty lacked con-

sistency across studies. More specifically, common clinical

variables such as pain, presence of a limp, ROM, and leg

length discrepancy were lacking in most studies. Again, it

is important to recognize the expectation of predictable

pain relief, improvement of ROM, and possible limb length

equalization may not be met after the shelf acetabuloplasty.

Fifth, while radiographic measurements such as acetabular

coverage, acetabular slope, CE angle, medial joint sub-

luxation, and femoral head size were more commonly

reported than clinical measures, they were still inconsis-

tently reported. The presumption that shelf procedure

always improved the radiographic outcomes in patients

with LCPD is not always true. Sixth, some studies ana-

lyzing radiographic outcomes had no preoperative values

[9, 23]. Despite these limitations, available evidence

(Table 3) suggests improvement of indexes calculated on

biplanar radiographs after shelf acetabuloplasty. It is

important to point out this is only an improvement of the

osseous coverage while the actual coverage and orientation

of the hyaline cartilage may remain unchanged. The

association between these radiographic results after shelf

acetabuloplasty and clinically important variables such as

resorption of the graft or premature arthritis is not clarified

by any of the studies included in this review. Seventh, the

included studies were heterogeneous in that they included

different outcome measures, sometimes none at all, various

lengths of followup, various postoperative protocols, and

surgeons whose techniques may vary. Our criteria only

required a 12-month followup, and studies with anyT
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quantitative clinical and radiographic outcome data were

included, resulting in a heterogeneous but comprehensive

review. Lastly, our review is systematic, and thus, every

study we picked was by predefined inclusion and exclusion

criteria; however, it is limited by its use of only studies in

the English language and by use of only studies represented

in the selected databases we used. As such, our review had

quality control inherent in the rigorous reviews of journals

represented by these groups but may not have the breadth

of information had we included other languages and

‘‘gray’’ literature.

The long-term goal of surgical intervention in the treat-

ment of LCPD is to prevent the development of early

arthritis. Whether this goal is achieved by the shelf proce-

dure is unknown, as our systematic review reveals a paucity

of long-term data. Only two studies [27, 56] had followup of

longer than 10 years, and only one study reported on the

development of arthritis in a single patient requiring THA.

The remainder of the studies had a followup that was inad-

equate to assess the effect of this procedure on the

development of arthritis [14, 27, 56]. Studies on the natural

history of LCPD describe the development of arthritis

decades after initial presentation, and children are often

asymptomatic despite asphericity of the femoral head on

radiographs [18, 21, 35, 36, 64]. Therefore, followup

decades after skeletal maturity would likely be required to

deem the procedure a potential improvement over other

modalities of treatment or nonoperative methods.

While one long-term goal of operative intervention in

LCPD is to prevent the onset of early arthritis, short-term

goals include minimization of hip irritability and restora-

tion of ROM. When the femoral head becomes deformed to

the point where it is not contained within the acetabulum,

abduction can lead to hinging on the lateral edge of the

acetabulum, also called hinge abduction [7, 43, 44]. While

our review revealed a paucity of studies that reported

clinical data, those that did report on clinical outcomes

described an improvement in pain, ROM, and return to

daily activities without difficulty. Full ROM may not

always be obtained, however, and limited abduction may

be a residual problem [13, 61]. Whether this postoperative

limited ROM in the abduction plane can lead to further

deformity of both the proximal femur and the acetabulum

and subsequent development of early degenerative changes

is unknown.

Radiographically, femoral head coverage improved after

shelf arthroplasty. The radiographic indexes described in

all studies were based on two-dimensional plain films.

These radiographic indexes describing acetabular coverage

of the femoral head suggest the shelf arthroplasty improves

containment of the femoral head. There were no data to

suggest any improvement in the sphericity or congruency

of the femoral head within the acetabulum, and no study

included any three-dimensional imaging. The radiographic

data suggest shelf acetabuloplasty improves acetabular

coverage of the femoral head in a frontal plane image

obtained via plain radiography.

Complications after shelf acetabuloplasty are relatively

uncommon. Graft resorption or fracture through the graft

are concerns after the shelf procedure, but the overall

incidence of these complications [4, 27] was relatively low

(about 1%) in the studies included. The graft must be

placed at the correct level to contribute to stability of the

hip and prevent resorption or fracture of the graft; if placed

too high, the graft may resorb with time, while placement

of the graft in too low of a position may lead to damage to

the femoral head [34]. With correct surgical technique in

which the shelf is optimally positioned and properly sta-

bilized in continuity with the subchondral bone of the

acetabular roof, these complications should be rare. In two

of the studies [13, 14], patients required subsequent pro-

cedures after the shelf acetabuloplasty to address restriction

in abduction.

In conclusion, shelf acetabuloplasty for LCPD is a

procedure that improves femoral containment as deter-

mined by two-dimensional plain radiography and is

associated with low complication rates. The long-term

benefit of shelf acetabuloplasty in preventing progression

to early osteoarthritis, however, is uncertain, and

improvements in pain and ROM are not well documented

in the literature. There is no literature to support or reject

the use of this surgical technique to prevent early devel-

opment of arthritis. More prospective comparative studies

are needed to determine whether this procedure provides a

long-term benefit to patients by creation of a congruent

joint space, continued containment of the femoral head,

and prevention of early osteoarthritis.

References

1. Atsumi T, Yoshihara S, Hiranuma Y. Revascularization of the

artery of the ligamentum teres in Perthes disease. Clin Orthop
Relat Res. 2001;386:210–217.

2. Bowen JR, Foster BK, Hartzell CR. Legg-Calvé-Perthes disease.
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early stage of Legg-Calvé-Perthes disease with special emphasis

on the remaining growth of the acetabulum: a preliminary report.

J Pediatr Orthop B. 2004;13:21–28.

24. Kallio P, Ryoppy S, Kunnamo I. Transient synovitis and Perthes’

disease: is there an aetiological connection? J Bone Joint Surg Br.
1986;68:808–811.

25. King EW, Fisher RL, Gage JR, Gossling HR. Ambulation-

abduction treatment in Legg-Calvé-Perthes disease (LCPD). Clin
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