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properties. The KOOS-Child is evaluated in one study and 
has acceptable psychometric properties. The use of adult 
PROMs in children causes problems in comprehensibility.
Conclusion The Pedi-IKDC is an adequate PROM for 
children with knee ligament injuries. It is valid, reliable and 
responsive. The KOOS-Child might be an alternative PROM 
for the Pedi-IKDC, but has only been evaluated in one study. 
The clinical relevance of the present systematic review is that 
adult versions of PROMs are not recommended in children 
and adolescents.
Level of evidence III.

Keywords Patient-reported outcome measures · PROMs · 
Knee ligament injury · Paediatric · Pedi-IKDC · KOOS-
Child
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Abstract 
Purpose The aim of this systematic review was to present 
an evidence-based overview of psychometric properties of 
patient-reported outcome measures (PROMs) for children 
with knee ligament injury.
Methods A systematic search of literature was performed 
in PubMed, EMBASE and Cochrane databases. The inclu-
sion criteria were diagnostic studies evaluating psychometric 
properties (validity, reliability, responsiveness) and compre-
hensibility of PROMs as well as studies including children 
(age < 18 years) with knee ligament injury. The systematic 
review was performed following the PRISMA statement.
Results Ten studies were included. Eight studies evaluated 
psychometric properties of PROMs, and two studies analysed 
comprehensibility of PROMs. The Pedi-IKDC has been 
evaluated in four studies and has acceptable psychometric 
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PedsQL  Pediatric Quality of Life Inventory
PRISMA  Preferred Reporting Items for System-

atic Reviews and Meta-Analyses
PROMs  Patient-reported outcome measures
RR  Responsiveness ratio
SANE  Single assessment numeric evaluation
SD  Standard deviation
SDC  Smallest detectable changes

Introduction

Knee injuries in children are rare, but the incidence increases 
with the rise in sports participation [13, 26]. This epide-
miological trend has also been described for injuries of the 
anterior cruciate ligament (ACL), with an increase in ACL 
reconstructions in the paediatric and adolescent patient pop-
ulation from 36.1–49.2 per 10.000 to 40.0–53.7 between 
2007 and 2011 [5, 26]. This increase in number of paediat-
ric knee injuries warrants objective evaluation by patient-
reported outcome measures (PROMs).

PROMs are the patient’s perceived health condition and 
treatment results [3]. Despite being developed for research 
purposes, clinicians use PROMs to enhance clinical manage-
ment of individual patients by observing complaints over the 
time and evaluation of treatment results [1]. PROMs offer 
the advantage of preventing observation bias of subjective 
assessment of symptoms and quality of life by the clini-
cian [1]. PROMs are also used for the evaluation of different 
clinical practices, quality assessment and registries [11].

There are two types of PROMs: disease-specific and 
generic PROMs [1]. Disease-specific PROMs focus on 
symptoms and impact on function of a specific condition [1]. 
Generic PROMs measure general aspects such as self-care 
and mobility [1]. PROMs concerning musculoskeletal condi-
tions often target adult populations but are also being used 
in paediatric populations [19]. Problems arise with the use 
of adult PROMs in children, since psychometric properties 
were determined in an adult population. Furthermore, data 
suggested a lack of comprehensibility when the (adult) Knee 
injury and Osteoarthritis Outcome Score (KOOS)—a fre-
quently used PROM in knee injuries—was used in children 
[20]. As a result, a KOOS-Child was developed as PROM 
for children with knee injuries between 10 and 16 years of 
age [20]. The adult International Knee Documentation Com-
mittee Subjective Knee Form (IKDC), which assesses the 
patient’s perspective on knee injuries, has also been modified 
in a child version [12]. PROMs in children with knee injuries 
need to be valid (does the PROM measure what it intends to 
measure?), reliable (does the PROM produce similar out-
comes on repeated measurements in similar conditions?), 
responsive (does the PROM detect changes over time?) and 
comprehensible (do the children understand the PROM?).

The aim of this systematic review is to present an over-
view of psychometric properties and methodological quality 
of PROMs developed for children with knee ligament injury. 
The hypothesis is that specific paediatric PROMs have better 
psychometric properties and comprehensibility in children 
compared to adult PROMs. To our knowledge, there is no 
previous systematic review on the psychometric properties 
of PROMs in children with knee ligament injury. Such an 
overview will facilitate clinicians to make evidence-based 
selection of PROMs for children in daily practice.

Materials and methods

This systematic review was performed following the Pre-
ferred Reporting Items for Systemic Reviews and Meta-
Analysis (PRISMA) statement [16].

Protocol

A systematic review protocol was made and registered 
at the International Prospective Register of Systematic 
Reviews (PROSPERO). The protocol can be accessed at 
http://www.crd.york.ac.uk/PROSPERO/display_record.
asp?ID=CRD42016047318. This protocol provides the 
methods of this systematic review, including the search, 
inclusion and exclusion criteria and outcome.

Eligibility criteria

Studies were eligible if they met the following criteria:
Studies including children and adolescents (< 18 years) 

with ligament injury of the knee. Excluded were adults 
(> 18 years of age) and studies involving patients with non-
ligament knee injuries.

Reported psychometric properties as defined in the COS-
MIN criteria: validity (both content and construct validity), 
reliability (test–retest, measurement error), responsiveness 
and interpretability (including floor and ceiling effects) 
[24]. The secondary outcome is children’s comprehensibil-
ity (addressing the meaning of words and phrases) of the 
PROM.

Diagnostic studies, including cohort studies and cross-
sectional studies. The minimum level of evidence was 4 
(case–control studies). Papers written in English, Dutch or 
German were included.

Search strategy

At 9 September 2016, an independent information special-
ist searched PubMed (Medline), EMBASE and Cochrane 
databases. All published articles up to 9 September 2016 
were considered eligible. Search items included synonyms 

http://www.crd.york.ac.uk/PROSPERO/display_record.asp%3fID%3dCRD42016047318
http://www.crd.york.ac.uk/PROSPERO/display_record.asp%3fID%3dCRD42016047318
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of the keywords “knee”, “ligament injury”, “paediatric”, 
“adolescent”, “questionnaire”, “validity”, “reliability” and 
“responsiveness”. The electronic search strategy is shown 
in Appendix 1.

Study selection

Two independent researchers (MD and BvG) screened the 
abstracts for eligibility. A full-text version was reviewed of 
these eligible studies. All references of these studies were 
screened for additional eligible articles. Any disagreements 
between the reviewers were resolved by discussion. In case 
of non-consent, a third reviewer was involved (RJ). The 
PRISMA flow chart is presented in Fig. 1.

The following PROMs were evaluated in the included 
studies:

• Pedi-IKDC, including a Danish translation (Paediatric 
International Knee Documentation Committee Subjec-
tive Knee Form) [2, 10, 12, 18]

• IKDC (International Knee Documentation Committee 
Subjective Knee Form) [9, 21]

• KOOS-Child (Knee injury and Osteoarthritis Outcome 
Score for Children) [19]

• KOOS (Knee injury and Osteoarthritis Outcome Score) 
[20]

• SANE (single assessment numeric evaluation) [22]
• Marx Activity Scale [23]

* addi�onal record iden�fied by searching through Google Scholar

Records iden�fied through 
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Addi�onal records iden�fied 
through other sources

(n = 1)*

Records a�er duplicates removed
(n = 462)

Records screened
(n = 462)

Records excluded
(n = 414)

Unrelated ar�cles or no 
children: 414

Full-text ar�cles assessed 
for eligibility

(n = 48) Full-text ar�cles excluded (n= 38)

Age of par�cipants: 33

No analysis of psychometric
proper�es: 2

No PROMs: 1

Studies included in 
qualita�ve synthesis

(n = 10)

Fig. 1  “Flow chart of study selection according to the PRISMA statement” asterisk additional record identified by searching through Google 
Scholar
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Patient‑reported outcome measures

The Pedi-IKDC is a modified version of the original IKDC, 
developed for children. The Pedi-IKDC contains 18 items 
[12]. Based on the original IKDC, the measurement is a 
knee-specific outcome score for symptoms, function and 
sport activities in patients with a variety of knee conditions 
[21]. The validity, reliability and responsiveness of the 
IKDC have been established in the adult population [21].

The KOOS-Child is the first paediatric PROM designed 
to evaluate self-reported knee function [19, 20]. The KOOS-
Child includes sports- and knee-related quality of life sub-
scales. It addresses five domains including: pain, other 
symptoms, activities of daily living, sports and recreation 
and knee-related quality of life [20].

The SANE consists of only one question, grading the 
knee from 0 to 100 points [22]. The SANE rating is a quali-
tative assessment of symptoms and function. It evaluates 
work, sports and activities of daily living allowing patients 
to weigh the importance of each knee-related activity to their 
needs and interests [22].

The Marx Activity Scale consists of four questions 
regarding the frequency of running, cutting, decelerating 
and pivoting in the past year [23]. The Marx Activity Scale 
has been previously validated in sports medicine in an adult 
population [23].

Data collection process

One author (MD) extracted all relevant data. The data 
included specific details of the PROM, population, age, 
sex, injuries, interventions, study methods, follow-up period 
and outcomes of interest to the review question and research 
objectives.

Methodological quality

The methodological quality of the measurement properties 
was assessed by two independent reviewers (MR and MvdS), 
using the COSMIN checklist [25]. A methodological qual-
ity score for each measurement property was obtained by 
registering the lowest rating of any item within the property 
(worse score counts) [25]. Scores were defined as poor, fair, 
good or excellent. Disagreement between the reviewers was 
resolved through discussion.

Quality of psychometric properties

The assessed psychometric properties of the PROMs were 
validity, reliability, responsiveness, interpretability and com-
prehensibility. The definitions by Terwee et al. [24] were 
used to determine the quality of the PROM. Scores were 

defined as positive rating “+”, indeterminate rating “?” or 
negative rating [24].

Results

Study characteristics

The characteristics of the 10 included studies are presented 
in Table 1. The number of patients ranged between 30 and 
673, with age ranging from 10 to 18 years. Seven of eight 
included quantitative studies were cohort studies [8, 12, 18, 
19, 21–23]. Two of 10 studies had a qualitative design [9, 
20].

Methodological quality

Appendix 2 shows the scores on the different items accord-
ing to the COSMIN criteria. Table 2 presents the overall 
scores of methodological quality of the individual studies, 
according to worse score counts. The methodological qual-
ity of content validity ranged from poor to excellent and 
construct validity from poor to good. The reliability and 
responsiveness scores scored poor or fair.

Psychometric properties

Appendix 3 shows the results of the psychometric properties 
of each PROM per study. Table 3 presents the results of the 
quality of the psychometric properties based on positive, 
negative or indeterminate ratings according to Terwee et al. 
[24]. If determined, reliability of the investigated PROMs 
was rated positively. In the eight studies investigating valid-
ity, six times a positive rating was found and three times 
validity was not confirmed. Also responsiveness yielded 
mixed results, namely one positive and two indeterminate 
ratings. The Pedi-IKDC and Marx Activity Scale had signifi-
cant ceiling effects in contrast to the KOOS-Child.

Comprehensibility

The comprehensibility of PROMs by children (IKDC and 
KOOS) was evaluated in two studies [9, 20]:

Iversen et al. [9] determined the comprehensibility of 
the IKDC among 30 children aged 10–18 years. Children 
had difficulty comprehending the adult IKDC. Therefore, 
adjustment was necessary, resulting in the development of 
the Pedi-IKDC [9].

Örtqvist et al. [20] evaluated the comprehensibility of the 
KOOS in 34 patients with a mean age of 14 years. Eleven 
of the 34 patients had an ACL injury. The (adult) KOOS 
was not well understood by children, and modifications 
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were deemed necessary. This led to the development of the 
KOOS-Child [20].

Discussion

The most important finding of the current systematic 
review was that specific paediatric PROMs need to be used 

in children. The most frequently studied PROM was the 
Pedi-IKDC, which has been evaluated in four studies [2, 
10, 12, 18]. It has acceptable psychometric properties. The 
KOOS-Child has been evaluated in one study and appears 
to be valid and reliable. In general, a greater variety of 
psychometric properties has been tested in the Pedi-IKDC 
or KOOS-Child, compared to the IKDC, SANE or Marx 

Table 1  Study characteristics

ACL anterior cruciate ligament, PCL posterior cruciate ligament, MCL medial collateral ligament, LCL lateral collateral ligament, SD standard 
deviation, (Pedi-) IKDC (Paediatric) International Knee Documentation Commee Subjective Knee Form, KOOS-(Child) Knee injury and Osteo-
arthritis Outcome Score (-Child), SANE single assessment numeric evaluation, SD standard deviation, IQR interquartile range, NA not applicable

Study Study design Num-
ber of 
patients

Age, years Female, number 
(%)

Type of injury Type of PROM Follow-up

Boykin [2] Cross sectional 135 15.3 (IQR 
13.1–17.2)

55 (40.7) ACL Pedi-IKDC NA

Iversen [9] Qualitative 30 10–18 15 (50) Knee injuries, 
not specified

IKDC NA

Jacobsen [10] Prospective 
cohort

99 14 (range 10–18) 49 (49.5) ACL (56) Danish Pedi-
IKDC

4 months (range 
3–12 months)ACL and MCL 3

Non-ligament 
injury 40

Kocher [12] Prospective 
cohort

589 14.6 (SD 2.5) 301 (51.1) ACL 129 Pedi-IKDC Non-operative 
17 days (range 
3–67 days); 
Post-operative 
7.6 months 
(SD 
7.5 weeks)

PCL 4
MCL 13
LCL 2
Non-ligament 

injury 441
Oak [18] Cohort 100 15.9 (SD 1.4) 64 (64) ACL 18 (post-

op)
Pedi-IKDC NA

ACL injury 15
MCL injury 1 Adult- IKDC
PCL injury 1
LCL 1 (post-op)
Non-ligament 

injury 64
Örtqvist [19] Prospective 

cohort
115 13 (SD 1.9) 64 (55.7) ACL injury 19 KOOS-Child 3 months

PCL injury 1
Non-ligament 

injury 95
Örtqvist [20] Qualitative 34 14 (range 10–16) 17 (50) ACL injury 11 KOOS NA

Non-ligament 
injury 23

Schmitt [21] Cohort 673 14.2 361 (53.6) Ligament sprain, 
reconstruction, 
or avulsion 83

IKDC NA

Non-ligament 
injury 590

Shelbourne [22] Cohort 766 < 18 NA ACL injury 
(post-op)

SANE NA

Shirazi [23] Cohort 62 14.6 23 (37.1) Knee injury, not 
specified

Marx Activity 
Scale

NA
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Activity Scale. The use of adult PROMs might cause prob-
lems concerning comprehensibility.

The limited comprehensibility of the adult IKDC and 
KOOS by children led to the development of the Pedi-
IKDC and KOOS-Child by using cognitive interviews [9, 
20]. Iversen et al. [9] concluded that younger children had 
difficulty using five-point responses [9]. Children expe-
rienced the most difficulty in understanding the items 
“current” and “prior” function [9]. Children also had dif-
ficulty in comprehending as well as answering the adult 

IKDC [9]. Therefore, modifications concerning directions 
(time frames), definitions and formatting were needed to 
ensure comprehensibility and validity in children [9]. In 
contrast to the comprehensibility of the IKDC, most chil-
dren understood how to use the 5-point Likert response 
scale in the KOOS [19]. However, many children found the 
instructions confusing and found several items irrelevant 
[20]. Örtqvist et al. [20] also concluded that modifica-
tions of the KOOS were necessary for comprehensibility. 

Table 2  Methodological quality of individual studies according to the COSMIN checklist (worse score counts) [25]

Iversen et al. [9] are not included in this table, since no psychometric properties are determined, but the focus was on comprehensibility
(Pedi-) IKDC (Paediatric) International Knee Documentation Commee Subjective Knee Form, KOOS-(Child) Knee injury and Osteoarthritis 
Outcome Score (-Child), SANE single assessment numeric evaluation

PROM Study Methodological quality of psychometric properties

Validity Reliability Responsiveness

Content validity Construct 
validity

(Test–retest) 
Reliability

Measurement 
error

Pedi-IKDC Boykin [2] Poor
Jacobsen [10] Poor Fair Fair Fair
Kocher [12] Fair Fair Fair Poor
Oak [18] Fair

IKDC Schmitt [21] Poor
KOOS-Child Örtqvist [19] Good Poor Poor Fair
KOOS Örtqvist [20] Excellent
SANE Shelbourne [22] Poor
Marx Activity Scale Shirazi [23] Poor

Table 3  Quality of psychometric properties according to checklist Terwee et al. [24]

Iversen et al. [9] are not included in this table, since no psychometric properties are determined
(Pedi-) IKDC (Paediatric) International Knee Documentation Commee Subjective Knee Form, KOOS-(Child) Knee injury and Osteoarthritis 
Outcome Score (-Child), SANE single assessment numeric evaluation
+ = positive rating
− = negative rating
? = indeterminate rating

PROM Study Quality of psychometric properties

Validity Reliability Responsiveness Interpretability

Content 
validity

Construct 
validity

(Test–retest) 
Reliability

Measure-
ment error

Floor and ceiling effect

Pedi-IKDC Boykin [2] −
Jacobsen [10] + + + +
Kocher [12] − + + ? −
Oak [18] +

IKDC Schmitt [21] +
KOOS-Child Örtqvist [19] + + + ? +
KOOS Örtqvist [20] +
SANE Shelbourne [22] −
Marx Activity Scale Shirazi [23] + −



1971Knee Surg Sports Traumatol Arthrosc (2019) 27:1965–1973 

1 3

Modifications concerning instructions, item and response 
format, mapping and layout were made [20].

Most articles included in this review determined psycho-
metric properties of the Pedi-IKDC [2, 10, 12, 18]. Overall, 
they presented good reliability and an acceptable validity 
and responsiveness. One needs to note the significant ceiling 
effect in the study by Kocher et al. [12]. This has recently 
been confirmed in a study on normative data of the Pedi-
IKDC by Nasreddine et al. [17]. The psychometric proper-
ties were similar among the different studies. Irrgang et al. 
[7, 8] have demonstrated that the outcome of the Pedi-IKDC 
was similar to the outcome of the IKDC in an adult popula-
tion. In summary, the Pedi-IKDC is a well-studied PROM in 
children with knee ligament injuries and shown to be valid, 
reliable and responsive.

The (adult) IKDC is commonly used as PROM in clini-
cal studies to evaluate the patients’ perspective on treatment 
results in children [6, 14]. The IKDC has only been evalu-
ated in a paediatric population in one study by Schmitt et al. 
[21]. The authors described a good construct validity of the 
adult IKDC if used in a paediatric population. However, the 
methodological quality of this study is poor and no other 
psychometric properties were assessed [21]. Furthermore, 
the known concerns on comprehensibility of the IKDC in 
children warrant the use of the Pedi-IKDC in paediatric and 
adolescent populations.

The KOOS-Child was the first PROM for children with 
knee injuries designed to evaluate self-reported knee func-
tion. It was developed due to problems concerning com-
prehensibility of the adult KOOS by children [19, 20]. The 
original KOOS has not been evaluated in a paediatric pop-
ulation. The KOOS-Child has only been evaluated in one 
study by Örtqvist et al. [19] and appears to be valid and reli-
able, although the methodological quality of the subscales 
in reliability was poor. There were no significant ceiling or 
floor effects [19]. This current review shows comparable 
psychometric properties of the KOOS-Child to the original 
adult KOOS [4, 19]. The KOOS-Child might be an alter-
native for the Pedi-IKDC for children with knee ligament 
injuries.

The SANE consists of only one question, grading the 
knee from 0 to 100 points, and addresses symptoms, func-
tions, daily activities and psychological factors [22, 27]. 
Only one study reported the methodological quality of 
SANE in children, but merely addressed construct validity 
[22]. The methodological quality of this study was poor, and 
the construct validity had a negative rating [22]. The present 
review does not recommend to the use of SANE as PROM 
for children with knee ligament injuries.

The Marx Activity Scale is a validated scale to evaluate 
activity level for adults in sports medicine [15, 23]. One 
study was included in the current review evaluating the 
test–retest reliability of the Marx Activity Scale in children 

[23]. The test–retest reliability was high, but the methodo-
logical quality of this study was poor. There was also a sig-
nificant ceiling effect of 53.2%. The scale was less reliable 
in patients younger than 14 years, possibly related to the 
problems concerning comprehensibility. No information 
was available on validity and responsiveness in a paediatric 
population [23]. In summary, the Marx Activity Scale has 
not yet been shown to be an adequate PROM to evaluate 
activity levels in children.

The interpretation of this systematic review has some lim-
itations. The overall methodological quality of the included 
studies was poor, according to the COSMIN criteria. One 
needs to consider that the overall quality according to COS-
MIN is determined by the lowest score counts. This influ-
ences the quality ratings. For example, the study by Örtqvist 
et al. [19], nearly all items scored “excellent” but only one 
item scored “poor”. As a result, the overall quality assess-
ment of this study is “poor” according to the COSMIN cri-
teria. Methodologically, the worst count method is valid. 
In daily practice however, it might neither be desirable nor 
possible for validation studies to achieve an excellent score 
on all items. There are no valid alternative rating systems for 
the COSMIN criteria available for rating PROMs.

Another limitation is that patients with a variety of knee 
injuries were included in this systematic review. The out-
comes are therefore not solely based on children with liga-
mentous injury. It must be noted however that the majority 
of included children in the 10 studies did have a ligamentous 
injury. Therefore, the current review is the best available 
evidence-based approach to choose a PROM for children 
with knee ligament injury.

A potential source of bias in young children is the fact 
that parents are often involved in explaining questions even 
though they are not allowed to answer for the patients [12, 
21, 23]. Children’s self-reports are not equal to reports by 
proxy respondents [21]. Therefore, a parent’s report of func-
tion cannot be substituted for the child’s report [21]. In stud-
ies concerning PROMs in children, one needs to consider 
this “proxy-problem” to be a potential bias.

Future studies regarding the psychometric properties of 
PROMs in children are necessary to determine age-specific 
outcome measurements. The current systematic review pro-
vides an evidence-based overview of the current value of 
PROMs for children with knee ligament injuries and can 
be used to select paediatric PROMs in the clinical setting.

Conclusion

The Pedi-IKDC is an adequate PROM for children with 
knee ligament injuries. It is valid, reliable and responsive. 
The KOOS-Child might be an alternative PROM for the 
Pedi-IKDC, but has only been evaluated in one study. The 
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clinical relevance of the present systematic review is that 
adult versions of PROMs are not recommended in children 
and adolescents.
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