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Abstract

Purpose To investigate the level of agreement between

child self-reports and parent proxy-reports of the health-

related quality of life (HRQoL) in boys with Duchenne

muscular dystrophy (DMD) using both classical test theory

(CTT) and Rasch analysis.

Methods A total of 63 boys with DMD and their parents

completed the pediatric quality of life inventory version 4.0

child self-report and parent proxy-report of HRQoL,

respectively. The data were analyzed using both the CTT

(scale-score level) and Rasch analysis (item-level).

Results The intraclass correlation coefficient (ICC, scale-

score level) between children and parents showed good to

moderate agreement, although parents consistently under-

estimated their child HRQoL. In Rasch analysis (item-

level), 1 out of 8 items was significantly different between

children and parents in the physical health scale. Also, 3

out of 15 items were significantly different between those

two groups in the psychosocial health scale.

Conclusions By applying both scale-score and item-level

analyses, our study seeks to broaden the understanding of

the discrepancy of the ratings between child self-reports

and parent proxy-reports. The findings could provide

further information about the decision-making process

when selecting therapy and care programs.

Keywords Duchenne muscular dystrophy � DMD �
Health-related quality of life � HRQoL � Item difficulty �
Person ability � Rasch analysis

Introduction

Duchenne muscular dystrophy (DMD) is an X-linked progres-

sive disorder affecting only live male births [1]. DMD occurs in

1 out of every 3,500–6,300 births and is caused by an absence of

dystrophin, which is an essential protein found at the inner

surface of muscle fibers [1, 2]. Symptoms of DMD include

progressive and generalized muscle weakness, which leads to a

state of impaired physical functioning [3]. In early childhood,

boys with DMD may have frequent falls and experience diffi-

culty climbing stairs. Boys with DMD often become dependent

on a wheelchair for mobility at around 10 years of age [4–6].

These symptoms are detected in early childhood and cause

various functional difficulties that affect overall quality of life.

Quality of life (QoL) is defined by the World Health

Organization (WHO) as ‘‘an individual’s perception of

their position in life in the context of the culture and value

systems in which they live and in relation to their goals,

expectations, standards and concerns’’ [7]. As a distinct

component of QoL, health-related quality of life (HRQoL)

focuses on the impact of disease and treatment on disability

and daily functioning [8]. As the survival rates of life-

threatening conditions, such as DMD, have increased, the

focus of medical services has shifted to not only evaluating

treatment outcomes, but also HRQoL [9].

The HRQoL of children with disabilities can be mea-

sured through both child self-reports and parent proxy-
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reports. Parent proxy-reports can supplement child self-

reports of HRQoL [10], especially when a child is too

young or sick to complete the assessment. Research indi-

cates that parents can assume the values and preferences of

their child in parent proxy-reports [11]. Furthermore, this

research widely supports the idea that child self-reports and

parent proxy-reports provide complementary information

when measuring the HRQoL of the child [12–14]. How-

ever, many studies have reported discrepancies between

these reports [9], as parents of children with disabilities

tend to report lower HRQoL for their children than the

children do for themselves [15].

Lack of well-established statistical methods may be one

of the reasons for inconsistencies between child self-reports

and parent proxy-reports [12]. The Pearson correlation

coefficient (Pearson r) together with a t test is frequently used

to assess agreement between raters (i.e., children and par-

ents) [6, 12, 16]. However, these methods do not interpret

agreement within a single index. Pearson r tests consistency

of agreement between raters; a significant correlation indi-

cates that the rank orders between raters are consistent, but it

does not mean that the scores stay the same. In contrast, a

t test examines magnitude of agreement using mean differ-

ence between raters. Therefore, the results of both methods

could conflict each other. In other words, the mean scores of

child self-reports and parent proxy-reports could show a

good correlation even with a statistically significant mean

difference (p \ 0.05). Conversely, two reports could show a

poor correlation, even though the mean difference is not

statistically significant (p [ 0.05) [17]. The intraclass cor-

relation coefficient (ICC) can examine both consistency and

magnitude of the agreement between raters by assessing

overall variability based on individual differences [12, 14,

17]. However, the ICC is based on the scale-score level

agreement and does not provide information about agree-

ment at the item-level. A weighted kappa could assess

agreement on each response scale of an item, but only a

categorical scale can be applied [17].

The Rasch measurement model, which is based on item

response theory (IRT), can overcome these limitations by

applying item-level analysis to item difficulty and person

ability measures. Item difficulty indicates the estimated

level of difficulty assigned to each item by the respondents,

and person ability represents the estimated level of dis-

ability of the individual who responded to the item [18].

Previous studies that reported discrepancies between child

self-reports and parent proxy-reports of HRQoL were

limited in that they only applied the scale-score level

analysis (i.e., correlation, ICC, and t test) and did not

include item-level analysis (i.e., Rasch analysis) [9, 19].

Therefore, the purpose of this cross-sectional study is to

investigate the level of agreement between child self-

reports and parent proxy-reports of the child HRQoL using

both the scale-score and item-level analyses for boys with

DMD.

Methods

Participants

A total of 63 boys with DMD and their parents participated

in this study. Boys with DMD and their parents completed

a self-report and parent proxy-report of HRQoL, respec-

tively. The boys with DMD were 5–16 years old [mean age

10.2 (2.5)]. Three boys were nonambulatory. Participating

parents consisted of both mothers (41 %) and fathers

(38 %) from geographically diverse regions of the country

(21 % of our parent sample did not report their gender).

This study was approved by the University of Florida

Institutional Review Board. Written informed consent and

assent were obtained from the parent(s) and their child.

Instruments

The pediatric quality of life inventory version 4.0

(PedsQLTM 4.0)

The PedsQLTM 4.0 is a 23-item questionnaire that assesses

HRQoL [20]. It consists of a child self-report and parent

proxy-report. The domains of the PedsQLTM 4.0 are phys-

ical functioning, emotional functioning, social functioning,

and school functioning. Each of the subscale items is scored

on a 5-point scale (never = 100; almost never = 75;

sometimes = 50; often = 25; almost always = 0). The

total composite scale score is computed using the mean of

the four domains. Scale scores range from 0 to 100, with

higher scale scores indicating better HRQoL. The physical

functioning domain can be used as a single physical health

scale, and the other domains combined can be used as a

single psychosocial health scale. The PedsQLTM 4.0 self-

report and parent proxy-report established reliability and

validity using data from 963 children, including unaffected

and chronically ill children, and 1,689 parents [21].

Statistical analysis

Classical test theory approach (scale-score level)

The level of agreement between child self-reports and

parent proxy-reports was analyzed using a two-way ran-

dom model (absolute agreement, average measures) intra-

class correlation coefficient (ICC2,2); an ICC of 0.40 and

below indicates poor agreement; an ICC of 0.41–0.60

indicates moderate agreement; an ICC of 0.61–0.80 indi-

cates good agreement; and an ICC of 0.81–1.00 indicates
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excellent agreement [22]. Paired t test and the Pearson

correlation coefficient were used to examine the mean

agreement and consistency of the ratings between children

and parents. IBM’s SPSS version 21 was used for data

analysis. The a level was set at 0.05.

Rasch analysis (item-level)

In order to confirm if the data are a good fit for the Rasch

rating scale model, we used fit statistic to examine item and

person fit. Model misfit was determined with infit[1.4 and

outfit [2.0 mean square (MnSq) values and standardized

scores[2.0 [23]. The rating scale categories were evaluated

according to Linacre’s [24] suggested essential rating scale

characteristics for measure stability and measure accuracy:

(1) each category needs at least ten observations, (2) the

average measure of each category increases monotonically,

and (3) each category’s outfit MnSq value is no[2.0. Fol-

lowing the fit statistic test, data were analyzed for item dif-

ficulty and person ability measures. Item difficulty

represents the estimated level of difficulty assigned to each

item by the respondents, and person ability indicates the

estimated level of disability of the individual who responded

to the item [18]. Item difficulty and person ability are shown

as log-odds units or logits. Scatter plots of item difficulty and

person ability demonstrated the level of agreement between

child self-report and parent proxy-report for the physical

health and psychosocial health scale, respectively. The

scatter plots set child self-report as the X-axis and parent

proxy-report as the Y-axis with a 95 % confidence interval.

Winsteps version 3.74 was used for Rasch analysis.

Results

HRQoL mean scores and intraclass correlation

coefficient (ICC)

The agreement in the ICC between children and parents

was good on the physical health scale and moderate both

on the psychosocial health scale and on total composite

score (Table 1). Means of parent proxy-reports were sig-

nificantly lower than means of child self-reports in the

physical health scale, psychosocial health scale, and total

composite score (p \ 0.05). In other words, parents con-

sistently underestimated their child HRQoL. Also, both the

mean difference and the Pearson r were significant for all

three domains. This result indicated that the ratings of

children and parents were consistent in terms of rank order,

but they did not obtain the same score.

Rating scale categories

Both the physical health and psychosocial health rating of

children and parents met Linacre’s three essential criteria

for measure stability and measure accuracy. Each rating

Table 1 HRQoL mean scores and the level of agreement between children and parents

Boys with DMD Parents Pearson r [CIa] ICCb

Mean SD Mean SD

Physical health* 59.2 21.0 44.9 22.4 0.673 [0.51, 0.79] 0.713

Psychosocial health* 66.2 16.0 60.0 12.7 0.435 [0.21, 0.62] 0.563

Total composite score* 64.5 15.3 56.2 12.9 0.538 [0.33, 0.69] 0.626

* p \ 0.05
a Confidence Interval [25]
b Intraclass correlation coefficient B0.40 = poor-to-fair agreement, 0.41–0.60 = moderate agreement, 0.61–0.80 = good agreement, and

0.81–1.00 = excellent agreement [22]

Table 2 Rating scale categories in child self-reports of the physical

health scale

Category label Observed count Observed average Outfit MnSq

0 81 -0.58 1.25

1 50 -0.26 0.82

2 138 0.09 0.78

3 72 0.63 0.78

4 163 0.99 1.12

Table 3 Rating scale categories in parent proxy-reports of the psy-

chosocial health scale

Category label Observed count Observed average Outfit MnSq

0 57 -1.11 0.97

1 120 -0.40 1.03

2 321 0.34 1.03

3 276 0.91 0.91

4 170 1.52 1.06
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category had greater than ten observations, the observed

average measures of both scales advanced monotonically,

and the outfit mean squares were \2.0 for both scales and

for both raters. The rating scale analysis in child self-

reports of the physical health scale and parent proxy-

reports of the psychosocial health scale are presented as

examples in Table 2 and 3. The category characteristic

curves presented two patterns; category 1 and 3 did not

emerge as more probable than categories 0, 2, and 4, except

for parent proxy-reports of the psychosocial health scale

(Fig. 1). In contrast, all categories in parent proxy-reports

of the psychosocial health scale presented reasonable

probability (Fig. 2).

Fit statistics

Item fit

All items fit the Rasch model, both in the parent proxy-

reports of the physical health scale and in the child self-

reports of the psychosocial health scale. Conversely, 2 out

of 8 items showed high infit statistics in the child self-

reports of the physical health scale (taking a bath or

shower; doing chores around the house). In addition, 2 out

of 15 items showed high infit for the parent proxy-reports

of the psychosocial health scale (trouble sleeping; keep up

with school work).

Person fit

Four out of 63 (6 %) people misfit the Rasch model both in

the child self-reports and in parent proxy-reports of the

physical health scale. 8 out of 63 children (12 %) displayed

misfit in the child self-reports of the psychosocial health

scale; 5 out of 63 parents (8 %) misfit the Rasch model in

the parent proxy-reports of the psychosocial health scale.

Item difficulty of Rasch analysis in physical health

scale

The level of agreement between child self-reports and

parent proxy-reports of the physical health scale is pre-

sented in Fig. 3. The dashed line represents the 95 %

confidence interval (CI), and the identity line represents a

perfect agreement between children and their parents on

the difficulty of the items. One out of eight items was

located outside of the 95 % CI (low energy level). In other

Fig. 1 Category characteristic curves in child self-reports of the

physical health scale

Fig. 2 Category characteristic curves in parent proxy-reports of the

psychosocial health scale
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Fig. 3 Scatter plot of item difficulty in the physical health scale
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words, difficulty ratings between children and their parents

were significantly different for this item. Specifically,

parents rated the item ‘‘low energy level’’ lower than the

child did (i.e., parents perceive their child energy level to

be lower than that perceived by the child himself).

Person ability of Rasch analysis in the physical health

scale

The person ability as self-rated by the child and as proxy-

rated by the parent is plotted in Fig. 4. Values on the

identity line indicate that the child and his parent reported

the same value on the physical health scale. Values above

the identity line indicate that the parent rated the child

higher than the child rated himself. In contrast, values

below the identity line indicate that the parent rated the

child lower than the child rated himself. Only 1 out of 63 of

our parents (1.5 %) rated their child physical health higher

than their child did, while 14 of 63 (22 %) of our parents

rated their child physical health lower than their children

did. The 95 % CI expanded for the higher- and lower-

ability children, indicating that there was increased error at

the extremes of the scale.

Item difficulty of Rasch analysis in the psychosocial

health scale

The level of agreement between child self-reports and

parent proxy-reports of the psychosocial health scale is

presented in Fig. 5. Three out of 15 items were located

outside of the 95 % CI line. Parents rated two items higher

than their child did (not able to do things that other children

his or her age can do; keeping up when playing with other

children). Conversely, the parents rated the item ‘‘missing

school because of not feeling well’’ lower than their chil-

dren did (i.e., parents believe their child misses school

more frequently because of sickness than their child

reports).

Person ability of Rasch analysis in the psychosocial

health scale

The person ability as self-rated by the child and as proxy-

rated by the parent is plotted in Fig. 6. Five out of 63

parents (8 %) rated their child psychosocial health higher

than their children, while 10 out of 63 (16 %) parents rated

their child psychosocial health lower than their child did.

The 95 % CI expanded for the higher- and lower-ability
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children, indicating that there was increased error at the

extremes of the scale.

Discussion

This study explored the differences in perceptions on the

PedsQLTM 4.0 between child self-reports and parent proxy-

reports in boys with DMD using both classical test theory

(CTT, scale-score level) and Rasch analysis (item-level).

The CTT approach provided an overall agreement for each

scale of the PedsQLTM 4.0 (i.e., physical health scale), and

Rasch analysis provided evidence at the item-level of the

relationship between child and parent ratings. Analyses

through CTT determined that child and parent ratings for

the physical health scale showed good agreement, whereas

the psychosocial health scale showed moderate agreement.

In Rasch analysis, the item difficulty scatter plot in the

psychosocial health scale showed a slightly larger dis-

agreement than in the physical health scale. Also, the

person ability scatter plots for both the physical and psy-

chosocial health scales demonstrated that more parents

rated their child HRQoL significantly lower than their child

self-rating.

All scales met Linacre’s essential rating scale for mea-

sure stability and measure accuracy. However, based on the

category characteristic curves, we found three dominant

rating scales, which were 0, 2, and 4. Future studies could

consider collapsing the 5-point scale to a 3-point scale,

except for parent proxy-reports of the psychosocial health

scale; this scale showed reasonable probability for all rat-

ing scale categories and does not need to be collapsed.

Since the items did not radically misfit the Rasch model,

we had no strong rationale to remove or modify the items.

Future studies could explore the fit with larger sample

sizes. In addition, person misfit was not extraordinarily

high, suggesting that the sample fit the Rasch model rela-

tively well.

This is one of the first studies that has investigated the

level of agreement on HRQoL between child self-reports

and parent proxy-reports using both the scale-score and

item-level analyses. The findings indicate that child-parent

agreement of HRQoL is higher than a former study [6] of

boys with DMD that had previously shown moderate to

poor agreement (CTT approach). Our study has a larger

sample size and fewer nonambulatory boys than Bray’s,

which could explain the differing results. Moreover, Bray

used a single rater ICC value (ICC2,1), and this provided a

smaller ICC than the mean ICC of two raters’ ratings

(ICC2,2) [26], which was applied in our study. As previous

studies have shown, our study indicates that non-obser-

vable factors, such as emotional or social functioning,

demonstrate lower agreement than observable factors, such

as physical functioning [6, 12, 27].

Findings based on the ICC (CTT approach) were sup-

ported by the item difficulty scatter plot of Rasch analysis,

indicating better agreement in the physical health scale

than in the psychosocial health scale; that is, more items in

the psychosocial health scale (three items) fell outside the

95 % confidence interval compared to those in the physical

health scale (one item). In the physical health scale, the

item ‘‘low energy level’’ showed only a 0.48 logit differ-

ence between parents and children, with the item being

located near the CI line. In contrast, three items in the

psychosocial health scale showed larger difference ranges

from 0.85 to 1.27 logit between children and parents. Two

of these items were within the social functioning domain

(doing things that other children his or her age can do;

keeping up when playing with other children). Usually,

boys with DMD require significant effort in performing

many physical activities and may become tired more rap-

idly than their peers due to muscle weakness [28, 29]. Even

with such physical difficulties, our children perceived their

ability to keep up with their peers as less difficult than their

parents did. This discordance between parents and children

may exist because their ratings are based on different

reasoning processes, different response styles, and different

interpretations of items [30]. Also, a significant discrep-

ancy was observed between parents and children for

‘‘missed school because of not feeling well,’’ but both the

majority of children and parents responded ‘‘never’’ or

‘‘almost never,’’ which indicates general agreement.

In the person ability scatter plots, more parents rated

their child HRQoL significantly lower than their child rated

his HRQoL for the physical health scale (22 %) and psy-

chosocial health scale (16 %), which is consistent with

previous studies [15, 16]. The expansion of the CI was

likely due to having fewer child–parent dyads at the

extremes of the scale. Our results may indicate that parents

underestimate their child HRQoL, because they anticipate

a more negative effect from the disability than their child

actually experiences [12, 29]. Even though the findings

demonstrated that parents may not have enough knowledge

about their child non-observable functioning (i.e., emotion

and peer relationship), parents are regarded as a crucial

informant of their child, and they provide complementary

information to the child self-report [12]. Furthermore, a

parent proxy-report would be a useful source of informa-

tion when a child is too young or sick to complete a self-

report of HRQoL [10]. However, when a child is able to

report his/her own HRQoL, a child self-report is preferable

over a parent proxy-report to measure a child HRQoL since

HRQoL is based on the individual’s perception of daily life

[7].
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The Rasch measurement model may provide advantages

to investigate individual differences that may be over-

looked by the CTT approach. Although our sample size is

relatively small for the application of Rasch analysis, it is

regarded as a well-targeted sample of 63. This sample size

is enough to provide a stable item calibration with a ±0.5

logit and a 95 % confidence interval [31]. By investigating

the level of agreement between child self-reports and par-

ent proxy-reports at the item-level, our study seeks to

broaden the knowledge regarding the discrepancy of the

ratings between parents and children. Moreover, the find-

ings highlight the importance of sharing information

between child and parent and may provide further infor-

mation for health professionals when planning therapy

goals and interventions. Future studies should consider

conducting in-depth follow-up interviews with children, as

well as parents, regarding the items that showed discrep-

ancy between the two HRQoL reports. Additional factors

also need to be investigated, such as the child age, disease

severity, and parental health status, in order to determine

how child and parent factors could affect the level of

agreement between child self-reports and parent proxy-

reports.

Acknowledgments The project described here was supported by

Award Number K01HD064778 from the Eunice Kennedy Shriver

National Institute of Child Health and Human Development. The

content is solely the responsibility of the authors and does not nec-

essarily represent the official views of the Eunice Kennedy Shriver

National Institute of Child Health and Human Development or the

National Institutes of Health.

References

1. Emery, A. E. (1991). Population frequencies of inherited neuro-

muscular diseases: A world survey. Neuromuscular Disorders,

1(1), 19–29.

2. Mendell, J. R., Shilling, C., Leslie, N. D., Flanigan, K. M., al-

Dahhak, R., Gastier-Foster, J., et al. (2012). Evidence-based path

to newborn screening for Duchenne muscular dystrophy. Annals

of Neurology, 71(3), 304–313. doi:10.1002/Ana.23528.

3. Cyrulnik, S. E., Fee, R. J., Batchelder, A., Kiefel, J., Goldstein,

E., & Hinton, V. J. (2008). Cognitive and adaptive deficits in

young children with Duchenne muscular dystrophy (DMD).

Journal of the International Neuropsychological Society, 14(5),

853–861. doi:10.1017/S135561770808106X.

4. Chamberlain, J. S., & Rando, T. A. (2006). Duchenne muscular

dystrophy: Advances in therapeutics. New York: Taylor &

Francis Group.

5. Nereo, N. E., Fee, R. J., & Hinton, V. J. (2003). Parental stress in

mothers of boys with Duchenne muscular dystrophy. Journal of

Pediatric Psychology, 28(7), 473–484. doi:10.1093/jpepsy/

jsg038.

6. Bray, P., Bundy, A. C., Ryan, M. M., North, K. N., & Everett, A.

(2010). Health-related quality of life in boys with Duchenne

muscular dystrophy: Agreement between parents and their sons.

Journal of Child Neurology, 25(10), 1188–1194. doi:10.1177/

0883073809357624.

7. WHOQOL Group. (1993). Study protocol for the World Health

Organization project to develop a quality of life assessment

instrument (WHOQOL). Quality of Life Research, 2(2), 153–159.

8. Kaplan, R. M. (1985). Quality of life measurement. In P. Karoly

(Ed.), Measurement strategies in health psychology. New York,

NY: Wiley.

9. Upton, P., Lawford, J., & Eiser, C. (2008). Parent–child agree-

ment across child health-related quality of life instruments: A

review of the literature. Quality of Life Research, 17(6), 895–913.

doi:10.1007/s11136-008-9350-5.

10. Sherifali, D., & Pinelli, J. (2007). Parent as proxy reporting: Impli-

cations and recommendations for quality of life research. Journal of

Family Nursing, 13(1), 83–98. doi:10.1177/1074840706297789.

11. von Essen, L. (2004). Proxy ratings of patient quality of life:

Factors related to patient-proxy agreement. Acta Oncologica,

43(3), 229–234. doi:10.1080/02841860410029357.

12. Eiser, C., & Morse, R. (2001). Can parents rate their child’s

health-related quality of life? Results of a systematic review.

Quality of Life Research, 10(4), 347–357.

13. Eiser, C., & Morse, R. (2001). Quality-of-life measures in chronic

diseases of childhood. Health Technology Assessment, 5(4), 1–157.

14. De Civita, M., Regier, D., Alamgir, A. H., Anis, A. H., Fitzger-

ald, M. J., & Marra, C. A. (2005). Evaluating health-related

quality-of-life studies in paediatric populations: Some concep-

tual, methodological and developmental considerations and

recent applications. Pharmacoeconomics, 23(7), 659–685.

15. McClellan, C. B., Schatz, J., Sanchez, C., & Roberts, C. W.

(2008). Validity of the pediatric quality of life inventory for youth

with sickle cell disease. Journal of Pediatric Psychology, 33(10),

1153–1162. doi:10.1093/jpepsy/jsn036.

16. White-Koning, M., Arnaud, C., Dickinson, H. O., Thyen, U.,

Beckung, E., Fauconnier, J., et al. (2007). Determinants of child–

parent agreement in quality-of-life reports: A European study of

children with cerebral palsy. Pediatrics, 120(4), E804–E814.

doi:10.1542/peds.2006-3272.

17. Portney, L. G., & Watkins, M. P. (2009). Foundations of clinical

research: Applications to practice (3rd ed.). New Jersey: Pearson

Education.

18. Bond, T. B., & Fox, C. M. (2007). Applying the Rasch model.

New York: Taylor & Francis Group.

19. Cremeens, J., Eiser, C., & Blades, M. (2006). Factors influencing

agreement between child self-report and parent proxy-reports on

the pediatric quality of life inventory 4.0 (PedsQL) generic core

scales. Health and Quality of Life Outcomes, 4, 58. doi:10.1186/

1477-7525-4-58.

20. Varni, J. W., Seid, M., & Rode, C. A. (1999). The PedsQL (TM):

Measurement model for the pediatric quality of life inventory.

Medical Care, 37(2), 126–139.

21. Varni, J. W., Seid, M., & Kurtin, P. S. (2001). PedsQL (TM) 4.0:

Reliability and validity of the pediatric quality of life inventory

(TM) version 4.0 generic core scales in healthy and patient

populations. Medical Care, 39(8), 800–812.

22. Sheffler, L. C., Hanley, C., Bagley, A., Molitor, F., & James, M.

A. (2009). Comparison of self-reports and parent proxy-reports of

function and quality of life of children with below-the-elbow

deficiency. Journal of Bone and Joint Surgery-American,

91A(12), 2852–2859. doi:10.2106/Jbjs.H.01108.

23. Wright, B., Linacre, J., Gustafson, J., & Martin-Löf, P. (1994).
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