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Abstract

Background Recently, the authors of two prospective

multicenter observational studies recommended surgery to

improve head sphericity in older children, whereas large

retrospective observational studies suggest that surgery

does not improve head sphericity in older children. Thus,

the treatment for Legg-Calvé-Perthes disease (LCPD)

remains controversial.

Questions/purposes Using a meta-analysis we asked

whether femoral varus osteotomy (FVO) or Salter innom-

inate osteotomy (SIO) resulted in better radiographic head

sphericity at the end of the disease process as compared

with nonsurgical modalities.

Methods We systematically searched the literature using

the key concepts LCPD, operative treatment, and nonop-

erative treatment. Of 160 abstracts, 57 full-text studies

were reviewed and 14 papers chosen for meta-analysis.

Subgroup analyses were performed to assess the impact of

age and stage of disease. The odds of a spherical head after

operative compared with nonoperative treatment were

calculated to measure effect size for each study and a

pooled odds ratio (OR) calculated.

Results Head sphericity improved (OR, 1.29; 95% CI,

1.05–1.60) by FVO or SIO as compared with patients treated

nonoperatively. In children younger than 6 years, it did not

alter femoral head sphericity (OR, 1.02; 95% CI, 0.45–2.36);

children 6 years of age and older were more likely to have

better femoral head sphericity from surgical treatment than

nonoperative treatment (OR, 2.05; 95% CI, 1.28–3.26).

Conclusions The data suggest FVO or SIO in patients with

LCPD disease who are older than 6 years of age during or

before the fragmentation phase should be considered.

Level of Evidence Level III, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Legg-Calvé-Perthes disease (LCPD) is a childhood hip dis-

order characterized by idiopathic osteonecrosis of the

femoral epiphysis that is likely related to its tenuous blood

supply. Attributed to Waldenström [48], the stages of LCPD

include necrosis/initial, fragmentation, reossification/heal-

ing, and residual. LCPD is associated with substantial hip

pain and dysfunction both during the disease process as well

as later in adulthood in 39% to 70% of patients at 22 to

47 years followup [36, 41, 46]. Although morbidity appears

to be related to the morphologic changes that are present in

the final and healed stage of the disease [15], emphasis is on

radiographic features that may predict asphericity of the

femoral head [6, 16, 25, 44]. Whereas the Catterall [6],

Salter-Thompson [44], modified Elizabethtown [25], and

lateral pillar [16, 19] classification schemes are used during
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the disease process, classifications by Stulberg et al. [46] and

Mose et al. [38, 39] are generally used to describe the final

femoral head shape. The Stulberg classification has become

the primary method of quantifying end-result radiographic

outcomes at skeletal maturity. It consists of five classes that

can be categorized into three groups: spherical congruency

(Classes I and II), aspherical congruency (Classes III and

IV), and aspherical incongruency (Class V). Although the

ultimate goal is to maintain spherical congruency, the opti-

mal treatment remains elusive.

The natural history of LCPD in very young children

(younger than 6 years) appears to be less severe with 65%

of them going on to develop spherical femoral heads as

compared with the natural history in older children (older

than 8 years) in whom only 12% develop spherical femoral

heads [24]. Catterall [5] suggested age and head-at-risk

signs were the keys to predicting head sphericity at skeletal

maturity in patients with LCPD. This view has since been

challenged and several studies have reported that age and

lateral subluxation are more important [22, 40, 42]. More

recently it has been suggested that age along with amount

of head collapse as judged by the modified lateral pillar

classification are better prognostic indicators of head

sphericity at skeletal maturity [18]. In addition, many

authors suggest the stage at which surgery is undertaken

directly affects femoral head sphericity [2, 6, 14, 16, 20,

21, 23, 26, 27, 31, 33, 35, 37, 47]. Although multiple

treatment modalities are available, their effects on the

natural history of the disease are unclear.

Several retrospective studies [4, 5, 13], one of which

included 371 patients and specifically addressed patients

older than 8 years of age [1], have found no clear benefit to

operative versus nonoperative treatment groups with

respect to head sphericity. However, recently two large

([ 300 patients in each study) prospective multicenter

observational studies [18, 50] have recommended surgery

for older patients. Despite this, the role of surgery in

treating older patients still remains unclear.

We therefore asked whether (1) either a femoral varus

osteotomy or Salter innominate osteotomy results in better

radiographic head sphericity at the end of the disease process

as compared with nonoperative treatment modalities; and

(2) age of onset of LCPD or stage of disease process at sur-

gery affected the risk of having an aspherical head.

Search Strategy and Criteria

Medline and EMBASE databases were searched using the

key concepts of ‘‘operative treatment’’, ‘‘nonoperative

treatment’’, and ‘‘Perthes’’. All three search results were

merged using the AND function to minimize nonapplicable

studies (Appendices A, B). The Journal of Children’s

Orthopaedics was searched using the PubMed database for

the term ‘‘Perthes’’. All searches were performed in March

2010. All abstracts were reviewed and studies that were non-

LCPD-related or were nontreatment-related were eliminated

yielding a set of studies that was obtained and reviewed for

the inclusion and exclusion criteria. All searches were lim-

ited to English language publications and an age limit of 0 to

18 years. Any studies that included children with neuro-

muscular, metabolic, or other hip disorders were also

excluded. Publication dates were not restricted. The Medline

(Appendix A) and EMBASE (Appendix B) searches yielded

141 potential studies after duplicates were removed. A Pub-

Med search of the Journal of Children’s Orthopaedics for the

keyword ‘‘LCPD’’ yielded an additional 19 studies for a total

of 160 papers (Fig. 1).

Title, abstract, and article reviews were conducted in a

nonblinded fashion by two independent reviewers (NS,

RV) both of whom are fellowship-trained pediatric ortho-

paedic surgeons. Disagreement in final article selection was

Fig. 1 The flowchart outlines the study selection process from 160

potential publications to the 14 included in the primary analysis.
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resolved by consensus. Data sets with multiple publications

were removed such that only the single largest data set was

included. Levels of evidence were assigned based on the

schema used by The Journal of Bone and Joint Surgery

(www.ejbjs.org) with a modification to the Level II (pro-

spective observational studies) and Level III (case-

comparative or case-control) studies. The Level II and III

studies were further divided into a and b in which the

former included studies in which a nonclinical process was

used to decide on the type of intervention in all patients

treated during the study period. This yielded a group of

studies (IIa and IIIa) that is quasirandomized for treatment

based on period, referral center, or center of treatment. The

rationale for this is to minimize selection bias usually

present in retrospective studies.

Of the 160 abstracts reviewed, 57 articles were reviewed

in full, and of these, 18 reported the use of either a femoral

varus osteotomy (FVO) or a Salter innominate osteotomy

(SIO) with respect to radiographic outcomes including the

Stulberg classification, Mose sphericity, or Mose concen-

tric templates and a comparative nonoperative group

(Table 1). Four of these 18 were eliminated to remove

duplicated data sets secondary to multiple publications

leaving 14 studies for the overall analysis (Fig. 1). How-

ever, the duplicated data sets were maintained for subgroup

analysis in the event that the chosen study did not provide

stratification as is the case for Cooperman and Stulberg [7]

and Evans et al. [9].

The primary outcome measure collected was radio-

graphic sphericity at final followup. A spherical head was

represented by Stulberg I and II, Mose spherical, and Mose

concentric templates within 2-mm classifications, whereas

an aspherical head was represented by Stulberg III, IV, and

V; Mose flattened and irregular; and Mose concentric

templates [ 2 mm classifications. Where multiple classi-

fications were used, the Stulberg classification was chosen

over the Mose classification system. All count data were

collected by two independent reviewers (NS, RV). Dis-

agreements in counts were resolved by consensus.

There were three Level IIa and two Level IIIa studies

leaving five studies for subgroup analysis of Level IIa and IIIa

studies only. The primary analysis of Level IIa and IIIa studies

with patients treated during or before the fragmentation phase

included three studies. Because each of these three studies

presented data in various age groupings, multiple meta-anal-

yses were performed to assess not only the overall effect of

operative versus nonoperative treatment on radiographic head

sphericity, but also the effects of intervention within certain

age groupings. Considering that the study by Lahdes-Vasama

et al. [32] was a Level III study, the analyses were performed

with and without its incorporation. We excluded patients

with \ 50% head necrosis from the study by Wiig et al. [50] in

the meta-analysis because the Stulberg outcomes for these

patients were not tabulated by treatment type.

An odds ratio with 95% CI was calculated comparing

FVO and SIO groups. Heterogeneity was tested using the

Table 1. Eighteen studies met the inclusion/exclusion criteria before removal of four studies as a result of data set duplication

Year Study Type Phase data

extractable

Treatments Level of

evidence

1978 Barer [3] rcc No Salter, caliper, casts/braces IIIb

1984 Bowen et al.* [4] rcc No Various methods IIIb

2008 Castaneda et al. [5] rcc Yes Nonop, varus IIIb

1986 Cooperman and Stulberg� [7] rcc No Various methods IIIa

1988 Evans et al.� [9] rcc Yes Brace, varus IIIb

1993 Fulford et al. [10] prosp No Caliper, varus IIIa

2009 Glard et al. [11] rcc Yes Varus, nonop IIIb

1997 Grasemann et al. [12] rcc No Varus, Thomas splint IIIb

2003 Grzegorzewski et al.* [13] rcc No Cast, brace, op IIIb

2004 Herring et al. [18] prosp Yes Various methods IIa

2004 Kamegaya et al. [28] rcc Yes Varus, brace IIIb

1983 Klisic� [30] rcc No Various methods IIIb

1997 Lahdes-Vasama et al. [32] rcc Yes Thomas splint, varus IIIa

1991 Leitch et al. [34] rcc No Nonop, varus, Salter IIIb

1985 McElwain et al. [37] rcc Yes Nonop, varus IIIb

2005 Rowe et al. [43] rcc Yes Brace, varus IIIb

1995 Wang et al.* [49] rcc No Various methods IIIb

2008 Wiig et al. [50] prosp Yes PT, brace, varus IIa

* Overlapping data sets resulting from multiple publications; �overlapping data sets resulting from multiple publications; rcc = retrospective

case comparative; prosp = prospective; nonop = nonoperative; op = operative; PT = physiotherapy.
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chi-square and I2 tests. A pooled odds ratio (OR) was

calculated using an inverse variance, fixed-effect model

and a Z-test was performed to assess for an overall effect

using Review Manager 5 (The Cochrane Collaboration,

Copenhagen, Denmark). The primary analysis was done for

Level II and III studies. Subgroup analyses were performed

using the same statistical tests on all Level IIa and IIIa

studies. Additional subgroup analyses were performed to

assess for effect on sphericity by various age groupings as

well as on patients treated during or before the fragmen-

tation phase. The pooled OR represents the odds of having

a spherical head at the end of treatment in patients treated

by operative means (either FVOs or SIOs) as compared

with those treated nonoperatively.

Results

Surgery appeared more likely to be associated with a

spherical head at skeletal maturity than nonoperative

treatment in patients with LCPD when pooling all data

without stratifying for risk factors such as age of onset or

stage of disease. Analysis of the 14 Level II and III studies

yielded a pooled OR for a spherical head at skeletal

maturity in operative versus nonoperative cases of 1.29

(p = 0.02; 95% CI, 1.05–1.60) (Fig. 2).

Surgery does not appear to be more likely associated

with a spherical head at maturity than nonoperative treat-

ment when analyzing patients treated during or before

fragmentation (OR, 1.29; p = 0.06; 95% CI, 0.99–1.68)

(Fig. 3); however, when a subgroup of the patients treated

during or before fragmentation consisting of only Level II

and IIIa studies is performed, surgery does appear to be

more likely associated with a spherical head at maturity

than nonoperative treatment (OR, 1.46; p = 0.02; 95% CI,

1.06–2.01) (Fig. 4). We substituted data from the Evans

et al. [9] study for the data from the Cooperman and

Stulberg [7] study because the Cooperman and Stulberg [7]

study did not contain necessary data for subgroup analysis.

Age-stratified analysis of the Level II and IIIa studies

shows that surgery does not appear to be more likely

associated with a spherical head at maturity than

Fig. 3 Forest plot of odds ratios for Level II and III studies with data on

cases treated during or before fragmentation stage with a table of

summarized data and tests for heterogeneity reveals operative treatment

does not increase likelihood of femoral head sphericity. Events = num-

ber of cases in treatment group that resulted in a spherical femoral head;

Total = number of cases in the treatment group.

Fig. 2 The forest plot of odds ratios for all Level II and III studies

with a table of summarized data and tests for heterogeneity shows that

operative treatment results in a higher likelihood of femoral head

sphericity. Events = number of cases in treatment group that resulted

in a spherical femoral head; Total = number of cases in the treatment

group.
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nonoperative treatment in patients younger than age

6 years (Table 2; see Appendix C for forest plots).

Although there is clearly no improved femoral head

sphericity after surgery in those younger than age 6 years,

the interval from 6 to 8 years of age is a gray zone with

only a trend toward benefit, whereas when analyzing all

children older than 6 years or older than 8 years, there is

clearly an improvement in head sphericity after surgery.

Discussion

The best treatment of LCPD remains unknown, although in

two recent prospective studies, surgery in certain sub-

groups yielded a higher likelihood of a spherical head than

nonoperative treatment [18, 50]. The goals of our meta-

analysis were to determine whether (1) either a FVO or

SIO results in better radiographic head sphericity at the end

of the disease process as compared with nonoperative

treatment modalities; and (2) age of onset of LCPD or stage

of disease at the time of treatment affected the risk of

having an aspherical head.

Limitations of this meta-analysis are severalfold. First,

only English language papers were used and the search was

limited to the Cochrane databases, Medline, and EMBASE.

Although some recommend including other databases, a

recent publication [45] examining meta-analyses in

orthopaedics suggests that searching the Cochrane dat-

abases, Medline, and EMBASE provides a 97% recall rate

and that expansion to Web of Science or Cumulative Index

to Nursing and Allied Health Literature does not improve

the recall rate. Second, the analysis is based solely on

nonrandomized studies. This is a major limitation but as a

result of the relatively low incidence of LCPD, such trials

become extremely difficult. Third, it is difficult to take into

account the various effect modifiers and confounders such

as age at onset, age at treatment, preoperative ROM, stage

of the disease process at the time of treatment, extent of

head involvement, extent of head collapse at the time of

treatment, sex, femoral head extrusion, and subluxation on

the effect of the treatment type. The ideal situation would

include having deidentified raw data sets available such

that more extensive subgroup analyses would be feasible.

Despite the lack of such data sets, a subgroup analysis on

the effect of age, one of the greatest effect modifiers for

femoral head sphericity in LCPD, was possible and is

presented in this review. Fourth, nonblinded retrospective

data can often contain bias information skewing the find-

ings of such an analysis. The creation of the ‘‘a’’ type study

is an attempt to minimize different forms of bias including

selection bias, confounding by severity, and confounding

by indication. This could also account for the moderate to

high amount of heterogeneity seen in the analyses. The

heterogeneity is low when the ‘‘a’’ type studies were ana-

lyzed alone perhaps indicating that the results of the final

subgroup analysis (Level II and IIIa only) may be most

relevant. Fifth, only published data were used for this

analysis and as such, such stratification by age or stage of

disease at the time of surgery was not possible in all of the

studies. As a result of this, the subgroup analyses involve a

limited number of patients. For this reason also, we were

unable to assess the effect of surgery on head sphericity in

patients older than 8 years. The 6- to 8-year age range

appears to be a gray zone and additional data may have

provided a more suiting conclusion on the effect of surgery

on femoral head sphericity in this age range. Furthermore,

multiple comparisons were not adjusted for; however, we

believe the questions asked were relevant and the

Fig. 4 Forest plot of odds ratios for Level II and IIIa studies with data on

cases treated during or before fragmentation stage with a table of

summarized data and tests for heterogeneity shows that operative

treatment results in a higher likelihood of femoral head sphericity.

Events = number of cases in treatment group that resulted in a spherical

femoral head; Total = number of cases in the treatment group.

Table 2. Meta-analytical results for operative versus nonoperative

per Stulberg in Perthes disease with age stratification

Ages Level II and IIIa studies Level II studies only

OR 95% CI p value OR 95% CI p value

All ages 1.46 1.06–2.01 0.02 1.42 1.02–1.98 0.04

6 years and

older

2.05 1.28–3.26 0.003 1.93 1.18–3.16 0.009

Younger than

8 years

1.54 0.96–2.46 0.07 1.51 0.92–2.49 0.11

Younger than

6 years

1.02 0.45–2.36 0.96 1.02 0.42–2.46 0.97

6 to 8 years 4.00 0.64–25.02 0.14

OR = odds ratio.
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conclusions of this study are in keeping with current

thoughts on LCPD [17, 29]. Also, this study uses femoral

head sphericity as a surrogate for long-term health of the

hip. Although Stulberg et al. [46] and McElwain et al. [37]

demonstrated a clear correlation between femoral head

sphericity and radiographic and functional outcomes, long-

term functional outcome studies comparing operative and

nonoperative treatments would yield a more direct answer

to this question. Finally, head involvement, whether by the

Catterall [6] or the modified lateral pillar [19] classifica-

tion, was not incorporated into this study. Although it is

possible that they have substantial bearing on femoral head

sphericity, it was not possible to perform a subgroup

analysis based on this factor.

Although the overall pooled ORs when all studies are

included show that surgery increases the likelihood of fem-

oral head sphericity, the subgroup analyses performed based

on age yields more relevant findings with patients older than

age 6 years showing a higher likelihood of femoral head

sphericity when treated surgically and those aged 6 to

8 years showing only a trend toward improved femoral head

sphericity. Based on the lack of an effect size in those

younger than 6 years as well as those between 6 and 8 years,

it would seem that children older than 8 years would have the

largest effect size on femoral head sphericity from surgery.

Age appears to be an important factor in terms of altering the

natural history of LCPD. Long-term radiographic outcome

studies have stressed the importance of age at onset as an

important prognostic factor [5, 35, 44] and multiple thera-

peutic studies [8, 12, 17, 50] have alluded to the importance

of age at onset and treatment. It would appear that the older

children (older than 6–8 years) are less likely to have a

spherical femoral head [7, 10, 12, 17, 50] and it is this same

cohort that appears to benefit from surgery. Wiig et al. [50]

showed that surgery in the form of a proximal FVO was

better than physiotherapy or bracing in patients 6 years of

age or older with greater than 50% head involvement,

whereas children younger than 6 years with greater than

50% head involvement did not appear to benefit from the

surgery. Meanwhile, Herring et al. [18] reported improved

femoral head sphericity by FVO or SIO in patients older than

8 years of age who were classified with a lateral pillar B or

B/C border hip in comparison to those treated by bracing,

ROM, or no treatment.

The Level IIa and IIIa studies revealed patients under-

going FVO or SIO during or before the fragmentation

phase have better femoral head sphericity at the end stage

of LCPD than those undergoing nonoperative treatment

(OR, 1.46; p = 0.02; 95% CI, 1.06–2.01). The primary

analyses (all Level II and III studies and all patients despite

stage at treatment) revealed similar results (OR, 1.29;

p = 0.02; 95% CI, 1.05–1.60). Interestingly, when ana-

lyzing all Level II and III studies treated during or before

fragmentation, the beneficial effect of surgery was lost (OR,

1.29; p = 0.06; 95% CI, 0.99–1.68). This would imply that

the stage at treatment is not an important prognostic factor.

Axer et al. [2] reported on 70 patients undergoing varus

osteotomy and showed that of patients who had surgery in

the early/necrotic phase, only 9% had poor femoral head

sphericity as per the Mose methods, whereas 14% of those

during the intermediate/fragmentation phase had poor

sphericity and 56% of those treated in the late/reossifica-

tion/regeneration phase had poor sphericity. Jani and Dick

[23] reported a better Catterall [6] outcome distribution in

patients treated immediately with a varus derotation oste-

otomy (VDRO) as opposed to waiting for risk factors to

appear. Joseph et al. [26] reported a multivariate logistic

regression analysis on 97 patients undergoing a VDRO.

They found that if surgery was performed during or after

late fragmentation, the OR of femoral head asphericity was

16.58 (p \ 0.01; 95% CI, 2.6–103.13) as compared with

surgery performed during or before early fragmentation.

These and multiple other studies [2, 6, 14, 16, 20, 21, 23, 26,

27, 30, 31, 33, 35, 47] have found better femoral head

sphericity when surgery has been performed at an earlier

stage. Despite our findings, we also believe stage at treat-

ment is crucial in terms of altering the natural history of the

disease. One possible explanation for why the inclusion of

all Level II and III studies resulted in a loss of effect is that

the ‘‘b’’-type studies incorporated some level of con-

founding by indication or confounding by severity in that

the surgically treated patients were older [5, 11] or had more

severe disease [12], both of which are factors associated

with aspherical femoral heads.

The data from this meta-analysis suggest a FVO or SIO

improves femoral head sphericity in children older than

8 years. Although surgery does not appear to alter the

natural history of the disease in those younger than 6 years,

children aged 6 to 8 years remain in a gray zone in which

the role for surgery is less obvious. Herring et al. [18]

included a skeletal age analysis that revealed a cutoff of

skeletal age of 6 years for improvement by surgery. It is

quite possible that skeletal age rather than chronological

age is a more important or consistent prognostic factor for

improved radiographic outcomes. Further studies should

incorporate skeletal age correlations with their findings.

Furthermore, it is important that future studies include

skeletal age at presentation and at surgery, pertinent active

radiographic classification systems that can differentiate

disease stage (modified Elizabethtown and modified lateral

pillar), quantification of head involvement (modified Cat-

terall or Salter-Thompson), end-stage radiographic

classification systems that can be correlated to long-term

outcomes (Mose and Stulberg), and validated functional

outcome scores to better understand the physical impact or

effects of our interventions.
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Appendix A

Database: Ovid MEDLINE1 1950 to the present with

daily update search strategy

1. osteotomy.mp.

2. operat$.mp.

3. shelf.mp.

4. distract$.mp.

5. surg$.mp.

6. arthrodiastasis.mp.

7. arthrodiatasis.mp.

8. fixat$.mp.

9. 1 or 2 or 3 or 4 or 5 or 6 or 8 or ‘‘9’’.mp.

10. nonoperative.mp.

11. nonsurgical.mp.

12. non-operative.mp.

13. non-surgical.mp.

14. abduction.mp.

15. bedrest.mp.

16. splint.mp.

17. brace.mp.

18. orthosis.mp.

19. orthoses.mp.

20. physical therapy.mp.

21. physiotherapy.mp.

22. 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or

19 or 20 or 21

23. 9 and 22

24. perthes.mp.

25. coxa plana.mp.

26. 24 or 25

27. 23 and 26

28. limit 27 to English language

29. limit 28 to ‘‘all child (0 to 18 years)’’

Appendix B

Database: Ovid EMBASE search strategy

1. osteotomy.mp.

2. operat$.mp.

3. shelf.mp.

4. distract$.mp.

5. surg$.mp.

6. arthrodiastasis.mp.

7. arthrodiatasis.mp.

8. fixat$.mp.

9. 1 or 2 or 3 or 4 or 5 or 6 or 8 or ‘‘9’’.mp.

10. nonoperative.mp.

11. nonsurgical.mp.

12. non-operative.mp.

13. non-surgical.mp.

14. abduction.mp.

15. bedrest.mp.

16. splint.mp.

17. brace.mp.

18. orthosis.mp.

19. orthoses.mp.

20. physical therapy.mp.

21. physiotherapy.mp.

22. 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or

19 or 20 or 21

23. 9 and 22

24. perthes.mp.

25. coxa plana.mp.

26. 24 or 25

27. 23 and 26

28. limit 27 to English language

29. limit 28 to ‘‘all child (0 to 18 years)’’
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Appendix C

Forest plots of subgroup analyses for age groups and levels

of evidence suggest that operative treatment may result in

more spherical heads in children older than 6 years

All ages Levels IIa and IIIa

All ages, Level IIa only

6 + , Levels IIa and IIIa

6 + , Level IIa only
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\ 8, Levels IIa and IIIa

\ 8, Level IIa only

\ 6, Levels IIa and IIIa

\ 6, Level IIa only

6–8, Level IIIa study
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