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Abstract

Background Patient-reported outcomes (PROs) are an

increasingly popular research tool used to evaluate the

outcomes of surgical intervention. If applied appropriately,

they can be useful both for disease monitoring and as a

method of assessing the efficacy of treatment. Many dis-

orders can lead to impingement in children and

adolescents, but it is not clear if any PROs have been

validated to evaluate outcomes in these populations.

Questions/purposes We performed a systematic review

of the literature to answer the following research questions:

(1) Which hip-specific PROs are used in pediatric popu-

lations with impingement? (2) What clinimetric evidence

exists for the use of these specific PROs in this population?

Methods We performed two systematic searches of three

databases (Medline, EMBASE, and Ovid All EBM

Reviews). The first search aimed to identify specific PROs

that have been applied to pediatric impingement populations.

The second search aimed to find clinimetric evaluations of

the PROs from the first search in this population.

Results We found six hip-specific PROs applied in

pediatric impingement: Harris Hip Score, modified Harris

Hip Score, Iowa Hip Score, Merle d’Aubigné Hip Score,

Hip Outcome Score, and Non-arthritic Hip Score. How-

ever, we found no papers validating any of these PROs in

this population. Furthermore, we found no papers validat-

ing any of these PROs in any pediatric population.

Conclusions A number of adult PROs have been applied

in pediatric impingement disorders without evidence of

validation in any pediatric population. Further work to

develop and validate a hip-specific pediatric PRO is

required.

Introduction

Femoroacetabular impingement (FAI), defined as abutment

of the femoral neck on the acetabular rim or labrum, is
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associated with pain and both cartilage and labral damage.

Common causes for this in children and adolescents

include deformities secondary to slipped capital femoral

epiphysis (SCFE) or Perthes disease. Labral damage can

also occur in patients with hip dysplasia. In many cases,

these disorders and resulting impingement are treated

surgically, so appropriate measures for evaluating the

effectiveness of surgery in these populations are

important.

Patient-reported outcomes (PROs) are an increasingly

popular research tool used to evaluate the outcomes of

surgical intervention. They can vary from generic mea-

sures such as the SF-36 [6] to population-specific

measures such as the Child Health and Illness Profile-

Adolescent Edition [20] to disease- or joint- specific such

as the Harris Hip Score [7]. The more specific scores

focus on questions regarding the hip including pain levels,

medication use, and the impact the patient’s hip health

has on their activity levels. Although PROs can be nar-

rowly defined to include only measures derived entirely

from patient responses, a more broad approach covering

measures that combine both patient responses and clinical

observations allows us to compare to previous work [12]

and helps to ensure that the results include all important

patient-involved measures.

The clinimetric properties of three hip-specific PROs

have been investigated in adult patients with FAI [12], but

it is unclear if similar clinimetric analyses have been

made for pediatric impingement populations. Because of

the wide range of reading ability, comprehension, and

maturity in pediatric populations, it is not immediately

apparent that PROs designed and validated in adult pop-

ulations may be used with pediatric patients. Because

PROs may be used in research studies to demonstrate

treatment effectiveness, it is critical that they are shown

to be valid for the populations being studied. As our

understanding of FAI has increased, the application of

treatment methods for this and other associated types of

hip impingement has also increased. With this there has

been an exponential increase in the number of publica-

tions on the subject [8] without a perceived increase in

the number of PROs validated for children and adoles-

cents. A systematic review of the use of PROs in pediatric

impingement disorders provides important information to

the orthopaedic community: it can confirm or refute the

existence of validated measures and may uncover evi-

dence of the quality of any validation.

Our research questions were: (1) Which hip-specific

PROs are used in pediatric populations with impingement

in the literature? (2) What clinimetric evidence exists for

the use of these specific PROs in this population? For the

purpose of this study we defined pediatric patients as those

aged 18 years or younger.

Search Strategy and Criteria

Literature Search

Two separate literature searches were performed in con-

sultation with a medical librarian. The first search was

intended to identify any PROs used in a pediatric popula-

tion with hip impingement disorders, and the second search

was intended to identify studies that assessed the clini-

metric properties of the PROs in a pediatric population

with the same disorders. In the first search, we combined

both subject headings and keywords for pediatric patients,

for impingement and associated disorders (such as Legg-

Calvé-Perthes disease and SCFE), and for PROs (such as

‘‘score’’ or ‘‘index’’) (Table 1). There were no language

restrictions. We used the Ovid interface to search Medline,

EMBASE, and the Ovid All EBM Reviews index. We

searched articles from the earliest available date in each

index to December 2013.

In the second search, we combined keywords for the

specific PROs found in the first search with subject head-

ings and keywords for clinimetric evaluation (‘‘validity’’,

‘‘repeatability’’, etc) and the same subject headings and

keywords for pediatric patients and impingement and

associated disorders used in the original search (Table 1).

Selection Criteria

For the first search, we included all studies of impingement

and associated disorders, which applied a hip-related PRO

after any surgical intervention except THA or hip resur-

facing. We included studies with subjects from 0 to

18 years of age. We excluded studies with fewer than five

subjects and mixed populations of adults and children and/

or adolescents.

For the second search, we included papers that evaluated

clinimetric properties of the PROs found in the first search

in pediatric populations with impingement and associated

disorders. We excluded studies with fewer than five sub-

jects and mixed populations of adults and children and/or

adolescents.

Data Abstraction

For both searches, independent review by two authors

(AGD, APC) was performed on titles and abstracts to

determine which papers would undergo full-text review.

Differences were resolved by consensus. Both authors also

independently reviewed the full-text articles with respect to

selection criteria, and differences were resolved by con-

sensus. All articles in foreign languages were translated
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appropriately to determine their potential for selection. The

first literature search resulted in 822 unique papers for title

and abstract review. After review by two authors, 88 papers

were selected for full-text review. Of these, 13 papers fit

the criteria and were included to obtain relevant PROs used

in these populations (Table 2; Fig. 1). The second

literature search using the six PROs obtained from the first

search produced 12 titles and abstracts for review. None of

those papers went on to full-text review, so no papers fit the

selection criteria and zero papers went on to analysis

(Fig. 2A). We modified the second search to look for any

papers that evaluated clinimetric properties of any of the

Table 1. Search term Boolean combinations for the first and second searches

First search

Impingement

terms

(Femoracetabular Impingement/ OR femoroacetabular impingement.ti,ab. OR cam lesion*.ti,ab. OR pincer lesion*.ti,ab. OR

(hip adj20 cam).ti,ab. OR (hip adj20 pincer).ti,ab. OR (impingement.ti,ab. AND (Femur Head/ OR Acetabulum/ OR Hip/

OR Hip Joint/ OR hip.ti,ab. OR acetabu*.ti,ab.)) OR Legg-Calvé-Perthes Disease/ OR perthes*.ti,ab. OR Femur Head

Necrosis/ OR (LCPD.ti,ab. AND hip.ti,ab.) OR epiphyses, slipped/ OR slipped capital femoral epiphyses/ OR SCFE.ti,ab.

OR SUFE.ti,ab.)

AND

General PRO

terms

(questionnaires/ OR self report/ OR index.ti,ab. OR indicies.ti,ab. OR tool.ti,ab. OR survey.ti,ab. OR score*.ti,ab. OR

survey*.ti,ab. OR tool*.ti,ab. OR questionnaire*.ti,ab. OR instrument*.ti,ab. OR Self Report/ OR Patient Satisfaction/ OR

patient reported outcome*.ti,ab. OR ‘‘Outcome Assessment (Health Care)’’/)

AND

Pediatric terms (Child/ OR Child, Preschool/ OR infant/ OR infant, newborn/ OR Adolescent/ OR child*.ti,ab. OR teenage*.ti,ab. OR

adolescen*.ti,ab. OR infant*.ti,ab. OR toddler*.ti,ab.)

Second search

Impingement

terms

(Femoracetabular Impingement/ OR femoroacetabular impingement.ti,ab. OR cam lesion*.ti,ab. OR pincer lesion*.ti,ab. OR

(hip adj20 cam).ti,ab. OR (hip adj20 pincer).ti,ab. OR (impingement.ti,ab. AND (Femur Head/ OR Acetabulum/ OR Hip/

OR Hip Joint/ OR hip.ti,ab. OR acetabu*.ti,ab.)) OR Legg-Calvé-Perthes Disease/ OR perthes*.ti,ab. OR Femur Head

Necrosis/ OR (LCPD.ti,ab. AND hip.ti,ab.) OR epiphyses, slipped/ OR slipped capital femoral epiphyses/ OR SCFE.ti,ab.

OR SUFE.ti,ab.)

AND

Specific PRO

terms

(‘‘harris hip’’.ti,ab. OR (‘‘HHS’’.ti,ab. AND (‘‘hip’’.ti,ab. OR ‘‘acetabul*’’.ti,ab. OR (‘‘femur’’ OR ‘‘femoral’’).ti,ab.)) OR

‘‘modified harris hip’’.ti,ab. OR (‘‘mhhs’’.ti,ab. AND (‘‘hip’’.ti,ab. OR ‘‘acetabul*’’.ti,ab. OR (‘‘femur’’ OR

‘‘femoral’’).ti,ab.)) OR ‘‘hip outcome score’’.ti,ab. OR (‘‘HOS’’.ti,ab. AND (‘‘hip’’.ti,ab. OR ‘‘acetabul*’’.ti,ab. OR

(‘‘femur’’ OR ‘‘femoral’’).ti,ab.)) OR (‘‘Merle d’Aubigne’’.ti,ab. AND (‘‘hip’’.ti,ab. OR ‘‘acetabul*’’.ti,ab. OR (‘‘femur’’

OR ‘‘femoral’’).ti,ab.)) OR ‘‘Non-Arthritic Hip Score’’.ti,ab. OR (‘‘nahs’’.ti,ab. AND (‘‘hip’’.ti,ab. OR ‘‘acetabul*’’.ti,ab.

OR (‘‘femur’’ OR ‘‘femoral’’).ti,ab.)))

AND

Clinimetric

terms

(‘‘reproducibility of results’’/ OR valid*.ti,ab. OR validity.ti,ab. OR reproducibility.ti,ab. OR responsiveness.ti,ab. OR

reliability.ti,ab.)

AND

Pediatric terms (Child/ OR Child, Preschool/ OR infant/ OR infant, newborn/ OR Adolescent/ OR child*.ti,ab. OR teenage*.ti,ab. OR

adolescen*.ti,ab. OR infant*.ti,ab. OR toddler*.ti,ab.)

Second search without impingement terms

Specific PRO

terms

(‘‘harris hip’’.ti,ab. OR (‘‘HHS’’.ti,ab. AND (‘‘hip’’.ti,ab. OR ‘‘acetabul*’’.ti,ab. OR (‘‘femur’’ OR ‘‘femoral’’).ti,ab.)) OR

‘‘modified harris hip’’.ti,ab. OR (‘‘mhhs’’.ti,ab. AND (‘‘hip’’.ti,ab. OR ‘‘acetabul*’’.ti,ab. OR (‘‘femur’’ OR

‘‘femoral’’).ti,ab.)) OR ‘‘hip outcome score’’.ti,ab. OR (‘‘HOS’’.ti,ab. AND (‘‘hip’’.ti,ab. OR ‘‘acetabul*’’.ti,ab. OR

(‘‘femur’’ OR ‘‘femoral’’).ti,ab.)) OR (‘‘Merle d’Aubigne’’.ti,ab. AND (‘‘hip’’.ti,ab. OR ‘‘acetabul*’’.ti,ab. OR (‘‘femur’’

OR ‘‘femoral’’).ti,ab.)) OR ‘‘Non-Arthritic Hip Score’’.ti,ab. OR (‘‘nahs’’.ti,ab. AND (‘‘hip’’.ti,ab. OR ‘‘acetabul*’’.ti,ab.

OR (‘‘femur’’ OR ‘‘femoral’’).ti,ab.)))

AND

Clinimetric

terms

(‘‘reproducibility of results’’/ OR valid*.ti,ab. OR validity.ti,ab. OR reproducibility.ti,ab. OR responsiveness.ti,ab. OR

reliability.ti,ab.)

AND

Pediatric terms (Child/ OR Child, Preschool/ OR infant/ OR infant, newborn/ OR Adolescent/ OR child*.ti,ab. OR teenage*.ti,ab. OR

adolescen*.ti,ab. OR infant*.ti,ab. OR toddler*.ti,ab.)

Terms followed by ‘‘/’’ were subject headings in Medline and were either mapped to relevant subject headings or searched as keywords in other

indices depending on subject heading structures. Terms with ‘‘.ti,ab.’’ appended were searched as keywords in both titles and abstracts. Asterisks

denote wild cards, and results include all possible endings for a term (eg, child* will return child, children, and childhood). Terms with ‘‘adj20’’

will return results where the two words listed are used in the title or abstract within 20 words of each other; PRO = patient-reported outcome.
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hip-specific PROs in any pediatric population (not limited

to impingement disorders). This modified second search

produced 26 papers for title and abstract review. None of

these papers fit the selection criteria, resulting in no papers

for analysis of clinimetric properties (Fig. 2B).

Clinimetric Analysis

The selected articles evaluating clinimetric properties of

hip-specific PROs in pediatric impingement populations

were to be analyzed by two authors (AGD, APC) based on

the criteria by Terwee et al. [22]. Specifically, the criteria

for evaluation were: content validity, internal consistency,

criterion validity, construct validity, reproducibility, lon-

gitudinal validity, responsiveness, floor and ceiling effects,

and interpretability.

Results

The following six hip-specific PROs were found to have

been used in studies of pediatric impingement populations:

(1) Harris Hip Score (HHS); (2) modified Harris Hip Score

(mHHS); (3) Iowa Hip Score; (4) Merle d’Aubigné Hip

Score; (5) Hip Outcome Score (HOS) (Activities of Daily

Living and Sports subscores); and (6) Non-arthritic Hip

Score (NAHS) [3, 5, 9–11, 14–16, 18, 21, 23, 25, 26].

Again, we found no papers validating any of these PROs

in this population. Furthermore, we found no papers vali-

dating any of these PROs in any pediatric population.

Discussion

PROs are important tools in determining the success of

interventions; ideally, they should be tested for validity in

each population. However, many scores are applied to new

populations (such as pediatric populations) without vali-

dation. We aimed to discover which hip-specific PROs are

used in pediatric populations with impingement and what

clinimetric evidence exists for the use of these specific

PROs in this population.

Limitations of this systematic review include our broad

search for impingement and associated disorders. The

lack of a concise and consistent term regularly used for

hip impingement in a range of childhood disorders may

have resulted in missing papers that might have been

Table 2. Summary of 13 studies using hip-specific PROs in pediatric populations with impingement or impingement disorders

Study Number PRO Age at baseline

(mean [range])

(years)

PRO

preoper

-atively?

Time to followup

(mean [range])

PRO at

followup?

Arora et al., 2013 [3] 26 (30 hips) Merle d’Aubigné Score 3 (10–16) No 20 months (4–48 months) Yes

Dean et al., 2001 [5] 50 (54 hips) Harris Hip Score 15 (9–18) Yes 4 years (2–10 years) Yes

Herman et al., 1996 [9] 21 (21 hips) Harris Hip Score 14 (boys),

12 (girls)

(no range)

No 3 years (no range) Yes

Kocher et al., 2005 [10] 42 (48 hips) Modified Harris

Hip Score

15 (6–18 y 11 m) Yes 17 months

(12–26 months)

Yes

Kumar et al., 2002 [11] 21 (22 hips) Harris Hip Score 8 (5–11) Yes 30 months (1–5 years) Yes

Muratli et al., 2003 [14] 14 (17 hips) Iowa Hip Score 7 (5–9) No Age at followup:

12 years (10–16 years)

Yes

Philippon et al., 2012 [15] 60 (65 hips) Modified Harris Hip Score 15 (11–16) Yes 3 years (2–5 years) Yes

Philippon et al., 2008 [16] 16 (17 hips) 1. Modified Harris

Hip Score

2. Hip Outcome Score

15 (11–16) Yes 16 months (1–2 years) Yes

Schneidmueller

et al., 2006 [18]

44 (47 hips) Merle d’Aubigné Score 13 (6–17) Yes 8 years (1–17 years) Yes

Sun et al., 2011 [21] 11 (12 hips) Harris Hip Score 14 (9–18) Yes 6 years (2–12 years) Yes

Tran et al., 2013 [23] 34 (41 hips) 1. Modified Harris Hip Score

2. Non-arthritic Hip Score

16 (11–18) Yes 14 months (1–2 years) Yes

Yoo et al., 2004 [25] 21 (21 hips) Iowa Hip Score 10 (6–15) Yes 7 years (3–15 years) Yes

Yoo et al., 2013 [26] 31 (31 hips) Iowa Hip Score 9 (4–15) Yes 20 years (15–28 years) Yes

PROs = patient-reported outcomes.
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included in the first search results, which might have

resulted in additional PROs. However, because we per-

formed the second search without the impingement and

disorder terms, we can be more confident that we did not

miss clinimetric evidence for the PROs searched in

pediatric populations, including impingement. We also

did not include all pediatric hip disorders in our search for

measures. We restricted our search to hip impingement

because this gave us the ability to focus on one disease

entity with relative consistency in treatment options,

namely open or arthroscopic osteoplasty. Including all hip

disorders in a pediatric population would lead to results

that were too heterogeneous in terms of disease processes,

patient demographics, and treatment options. Another

limitation is the strict inclusion of the 0 to 18 years age

range and the exclusion of mixed groups of pediatric and

adult subjects. The comprehension and intellectual

maturity of an 18-year-old patient may not differ greatly

from a 20-year-old patient; however, a choice of limit was

required, because age in some excluded studies ranged

from 13 up to 80 years [13]. The 0- to 18-year age cri-

terion covers a broad range of both intellectual and

emotional maturity and physical maturity, and we expect

that is the case for the studies we found using hip-specific

PROs; however, we were not able to categorize papers or

PROs based on these factors, which were either unre-

ported or unconnected to PRO outcomes. Finally, we have

included instruments that combine patient-reported and

clinician-reported measures (HHS, mHHS, Iowa Hip

Score, Merle d’Aubigné Hip Score). Several of these

scores have been identified as PROs previously in the

literature [12]. Although their status as true PROs may be

contentious, we chose the cautious approach of including

rather than excluding any patient-based measures in a

population where limited validated tools were expected.

Six hip-specific PROs were identified as having been

used to study pediatric hip impingement. To our knowl-

edge, none of these PROs were originally developed for

children or adolescents. We found a slightly different range

of hip-specific metrics used in pediatric impingement

populations than those found in adult populations of FAI

[12]. The Iowa Hip Score was not identified as having been

used in adult FAI populations, and the Western Ontario and

McMaster Universities Arthritis Index (WOMAC) was not

identified as being used in our review of pediatric

impingement populations. Otherwise, the adult PROs were

the same as those used in the pediatric populations. In adult

FAI, evidence of some clinimetric evaluation was found for

three PROs (HOS, NAHS, and WOMAC) in FAI popula-

tions [12]. Although it did not meet our inclusion criteria as

part of the first search, we found one hip- and pediatric-

specific PRO called the Children’s Hospital Oakland Hip

Evaluation Scale (CHOHES), which is a modification of

the HHS [2]. It has been validated only in a population with

avascular necrosis in sickle cell disease with a mean age of

25 years (range, 8–52 years) with no data on the effect of

age presented [2]. The only published application of

CHOHES that we could find was in a population with

osteonecrosis secondary to the treatment of developmental

dysplasia of the hip [17], which is not the population it was

validated in. Because of the broad inclusion of adults in the

original validation, and the limited range of disorders

validated, this measure does not currently fill the need for a

hip- and pediatric-specific PRO for use in impingement

conditions.

We found no research validating the use of six hip-

specific PROs that have been applied in pediatric hip

impingement, either in pediatric impingement disorders or

any pediatric population. In the 13 papers found in the first

search that used a hip-specific PRO in a pediatric

impingement population, there was no assessment or dis-

cussion of the effect of age in the use of the PRO. None of

the authors in any of the 13 papers found (six PROs) dis-

cussed the validity of applying these adult measures to

children and adolescents. One study did discuss the mHHS

having been developed for THA and that it has been

Medline: 723
EMBASE: 674
Ovid All EBM Reviews: 2
Total: 1399 Cita�ons

Duplicates: 577 

Title and Abstract Review: 822

Full Text Review: 88

Excluded Based on 
Title and Abstract 
Review: 734

Final Papers for Analysis: 13

Excluded Based on 
Full Text Review: 75

Total Number of PROs Found: 6

Fig. 1 The flowchart diagram shows the number citations at each

stage for the first search strategy. Terms for children and adolescents,

hip impingement and related disorders, and scores, surveys, and

indices were used in the search (Table 1). EBM = evidence-based

medicine.
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applied but not validated in hip arthroscopy [10], but again

did not mention validity issues related to patient age.

Despite including children who were younger than 7 years

old [10, 11, 18, 25, 26] in five studies using four of the six

PROs found (mHHS, HHS, Iowa, Merle d’Aubigné), the

papers reviewed indicated no issues in the administration

of these adult PROs (Table 2). Several papers directly

compared results from a PRO administered to pediatric

patients with results from adult studies using the same PRO

[5, 10, 16, 23, 26]. It is clear that a hip-specific PRO val-

idated for pediatric patients in a range of conditions,

including impingement, is needed to fill a gap in the range

of outcome measures available to clinicians and research-

ers. There are challenges in designing PROs for a pediatric

population (the child’s understanding of questions, under-

standing of their own disease, variations with age and

development [4]); however, it has been shown that children

as young as 5 years old can reliably and validly self-report

their health-related quality of life when asked to complete

an age-appropriate instrument, achieving both internal

consistency and external reliability (comparable to ado-

lescents) [24]. In contrast, the use of proxy reporting by

parents or caregivers has been shown to be unreliable [1,

19]. Appropriately developed and validated scores would

give these patients the ability to consistently and reliably

report their perspectives on their hip health. It is also clear

that education in appropriate use of hip-specific PROs in

research is needed so that researchers gain awareness in the

limits of validity of the instruments that are applied in

studies.

In this systematic review, we found six hip-specific

PROs that have been applied to pediatric impingement

populations but were unable to find any research vali-

dating these PROs in any pediatric population. This has

significant implications on the validity of the outcomes

reported in studies using these tools. Given that the pri-

mary aim of surgery for an impingement disorder is to

improve the quality of life for these patients, the lack of

validation in outcome measures may limit the validity of

conclusions based on these outcome scores and the ability

to compare outcomes between different studies. As such,

further work is required to develop and validate a hip-

specific PRO for children with impingement and associ-

ated disorders.
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