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Abstract

Background Patient- and parent-reported outcome mea-

sures (PROMs) are increasingly used to evaluate the

effectiveness of surgery for congenital hand differences

(CHDs). Knowledge of an existing outcome measure’s

ability to assess self-reported health, including psychoso-

cial aspects, can inform the future development and

application of PROMs for CHD. However, the extent to

which measures used among children with CHD align with

common, accepted metrics of self-reported disability

remains unexplored.

Questions/purposes We reviewed studies that used

PROMs to evaluate surgery for CHD to determine (1) the

number of World Health Organization-International Clas-

sification of Functioning, Disability and Health (WHO-

ICF) domains covered by existing PROMs; (2) the pro-

portion of studies that used PROMs specifically validated

among children with CHD; and (3) the proportion of

PROMs that targets patients and/or parents.

Methods We performed a comprehensive review of the

literature through a bibliographic search of MEDLINE1,

PubMed, and EMBASE from January 1966 to December

2014 to identify articles related to patient outcomes and

surgery for CHD. We evaluated the 42 studies that used

PROMs to identify the number and type of WHO-ICF

domains captured by existing PROMs for CHD and the

proportion of studies that use PROMs validated for use

among children with CHD. The most common instruments

used to measure patient- and parent-reported outcomes after

reconstruction for CHD included the Prosthetic Upper

Extremity Functional Index (PUFI), Disabilities of the Arm,

Shoulder, and Hand questionnaire, Childhood Experience

Questionnaire, and Pediatric Quality of Life Inventory.

Results Current PROMs that have been used for CHD

covered a mean of 1.3 WHO-ICF domains (SD ± 1.3).

Only the Child Behavior Checklist and the Piers-Harris

Children’s Self-Concept Scale captured all ICF domains

(body functions and structures, activity, participation, and

environmental factors). The PUFI, the only PROM vali-

dated specifically for children with congenital longitudinal

and transverse deficiency, was used in only four of 42

studies. Only 13 of the 42 studies assessed patient-reported

outcomes, whereas five assessed both patient- and parent-

reported outcomes.
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Conclusions The PROMs used to assess patients after

CHD surgery do not evaluate all WHO-ICF domains (ie,

body structure, body function, environmental factors, and

activity and participation) and generally are not validated

for children with CHD. Given the psychological and

sociological aspects of CHD illness, a PROM that

encompasses all components of the biopsychosocial model

of illness and validated in children with CHD is desirable.

Level of Evidence Level III, therapeutic study.

Introduction

Congenital hand differences (CHDs) affect approximately

one in every 600 newborns [59]. More than 10% of these

children have partial or complete absence of the hand and

functional losses are substantial [9]. Furthermore, children

and their parents invariably experience considerable psy-

chological stress from the appearance of the involved limb.

Previous studies demonstrate that parents of children with

CHD frequently mourn the loss of their expectations for

their unborn child, and children with CHD have difficulty

coping with the functional and aesthetic manifestations of

these conditions [12, 30]. In this context, patient- and

parent-reported outcome measures (PROMs) that can

accurately and efficiently capture these experiences could

provide important insight into the effect of CHDs on a

child’s psychosocial functioning and development.

Many large series have reported substantial improve-

ment in objective outcomes after surgery for CHD [29, 36,

48, 53, 54, 61–63]. However, the ultimate measure of

success depends on more than the traditional measures of

strength, sensibility, ROM, and time to task completion [1,

65]. In 2001, the World Health Organization developed the

International Classification of Functioning, Disability, and

Health (WHO-ICF) by which self-reported health can be

considered and classified and consists of four domains: (1)

body structure; (2) body function; (3) environmental fac-

tors; and (4) activity and participation [28]. Its purpose is to

create an integrated biopsychosocial model of health status

that accounts for environmental, sociodemographic, and

psychological factors and to standardize descriptions of

health and health-related status [79]. The biopsychosocial

concept is a scientific model developed in the 1970s to

account for the complex interplay of both medical and

social factors that affect one’s health status [27]. The tra-

ditional biomedical model may be an effective way of

measuring patient-reported outcomes but is limited by an

inability to capture factors beyond the patient or disease

process. Furthermore, because the biopsychosocial model

categorizes self-reported health into discrete components,

the ICF provides a clarifying framework for systematically

reviewing the content of patient-reported outcome

measures [51]. The use of a specific PROM can be assessed

by examining the correlation between survey items and

domains of this conceptual model [70].

The importance of patient and parent perspectives

regarding disability and health status have been increas-

ingly recognized, and PROMs are commonly used to

evaluate the effectiveness of surgery for many conditions

[6, 13, 18, 47, 60, 68]. However, prior research suggests

that children’s experiences are not consistently elicited

during clinical care, and providers more often engage

parents during routine encounters [74, 75]. In turn, children

may report feeling unheard and disconnected from provi-

ders [17, 32, 69] and, as a result, parent and child

perceptions of outcomes, risks, and satisfaction are often

discordant [24, 39, 57]. Therefore, understanding the extent

to which child and parent perception of outcomes are

captured is critical to develop effective and appropriate

treatment plans.

To date, the extent to which PROMs are applied toward

children with CHD is unclear, and the degree to which

specific instruments accurately capture psychosocial func-

tioning and disability is unknown. Understanding the

ability of existing PROMs to assess such outcomes is

critical to refine and improve these methods for future

work. The purpose of this study is to determine (1) the

number of WHO-ICF domains covered by existing

PROMs; (2) the proportion of studies that used PROMs

specifically validated among children with CHD; and (3)

the proportion of PROMs that target patients and/or

parents.

Search Strategy and Criteria

We performed a bibliographic search of MEDLINE1,

PubMed, and EMBASE from January 1966 to December

2014 to identify articles related to patient outcomes after

surgery for CHD. We used the phrases and keywords

‘‘brachydactyly’’, ‘‘brachysyndactyly’’, ‘‘camptodactyly’’,

‘‘cleft hand’’, ‘‘clinodactyly’’, ‘‘congenital hand anoma-

lies’’, ‘‘congenital hand differences’’, ‘‘congenital hand

abnormalities’’, ‘‘congenital clasped thumb’’, ‘‘finger mal-

formation’’, ‘‘hand malformation’’, ‘‘hand anomaly’’,

‘‘hand deformities, congenital’’, ‘‘mirror hand’’, ‘‘pediatric

hand anomalies’’, ‘‘pediatric hand conditions’’, ‘‘pediatric

hand deformities’’, ‘‘polydactyly’’, ‘‘radial deficiency’’,

‘‘radial longitudinal deficiency’’, ‘‘radial dysplasia’’,

‘‘syndactyly’’, ‘‘thumb deficiency’’, ‘‘thumb duplication’’,

‘‘thumb hypoplasia’’, and ‘‘thumb malformation’’. We

conducted a title and abstract search to identify appropriate

articles using the following a priori criteria: original paper

with primary patient outcomes; human subjects; English

language publication published between January 1966 and
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December 2014; treatment included surgery for CHDs; and

patient age at the time of surgery 0 to 18 years old.

Additionally, we performed a manual reference check of

the retrieved articles to capture additional references not

initially captured by the original search. We excluded

articles from review if they reported investigations of

nonoperatively managed congenital hand differences,

lacked patient- or parent-reported outcomes, or were from

non-English language citations.

Data Extraction and Analysis

For our search, we used the selection process outlined by

the Preferred Reporting Items for Systematic Reviews and

Meta-analyses (PRISMA) guidelines (Fig. 1). Our primary

literature search identified 10,385 citations. Ultimately, 42

studies, including 1429 patients from 12 different coun-

tries, met inclusion criteria. Of these, 39 were cohort

studies [2, 3, 5, 11, 12, 14–16, 19, 21–23, 26, 31, 33–35,

37, 38, 41, 44–46, 48, 50, 52, 56, 58, 62, 64, 66, 71–73, 76–

78, 80, 82], two were cross-sectional studies [7, 43], and

one was a case-control study [4].

After formal article review, two reviewers (JMA, RSB)

independently extracted data from each study. These data

included: study type, level of evidence, type of CHD,

sample size, patient demographics, procedure performed,

length of followup, domains and results of surgeon-gen-

erated ad hoc questionnaires, type, timing, and results of

any patient- or parent-reported outcomes measure, clinical

examination findings (when available), and ICF domain

comparison for validated PROMs (Table 1).

Surgeon-generated ad hoc questionnaires were used in

36 studies. Most commonly, surgeon-generated question-

naires assessed satisfaction, appearance, function, social

implications, psychosocial well-being, task performance,

and pain. Objective outcomes measures most commonly

evaluated included ROM, grip and pinch strength, tests of

Records Iden�fied Through 
Medline Search

(n = 3903)

Records Iden�fied Through 
PubMed Search

(n = 2365)

Full-text Ar�cles Assessed 
for Eligibility

(n = 56)

Records Excluded 
During Title/Abstract 
Review (n = 10,329)

Full-text Ar�cles Excluded Due 
to Inappropriate Study 

Design, Lack of Self-reported 
Data, Lack of Surgical 

Interven�on
(n = 14)

Studies Included in 
Qualita�ve Synthesis

(n = 42)

Records A�er Duplicates Removed 
(n = 10,385)Id

en
�fi

ca
�o

n
Sc
re
en

in
g

Records Screened 
(n = 10,385)

El
ig
ib
ili
ty

In
cl
ud

ed

Records Iden�fied Through 
Embase Search

(n = 8125)

Fig. 1 This flowchart represents the primary database search including number of articles retrieved and excluded from review using PRISMA

guidelines.
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hand function (eg, Jebsen-Taylor, dexterity), sensibility,

contour, and radiographic appearance (Table 2; Appendix

1 [Supplemental materials are available with the online

version of CORR1]).

Results

The PROMs identified in this study covered a mean of 1.3

WHO-ICF domains (SD ± 1.3). These domains include

body functions and structures, activity, participation, and

environmental factors. Body functions and structures were

assessed by 12 of 19 validated measures, whereas 11

captured activity, 11 captured participation, and only six

captured environmental factors. Only the Child Behavior

Checklist [14] and Piers-Harris Children’s Self-Concept

Scale [4] captures all four ICF domains. Nine PROMs

evaluated only one ICF domain.

Of the 19 validated PROMs used in the 42 studies, only

the Prosthetic Upper Extremity Functional Index (PUFI)

has been validated specifically in the CHD population

(children with congenital longitudinal and transverse defi-

ciency) [7, 8, 22, 48]. Only the ABILHAND-Kids

Questionnaire, Disabilities of the Arm, Shoulder and Hand

(DASH), Pediatric Outcomes Data Collection Instrument,

PUFI, and QuickDASH were developed specifically for use

in patients with orthopaedic/upper extremity pathology [7,

8, 22, 26, 35, 44, 48, 72]. The remaining PROMs were

developed and validated as generic adult or pediatric out-

comes measures. Validated PROMs were used to assess

radial longitudinal deficiency (n = 5), microvascular free

toe-to-hand transfer (n = 3), all congenital anomalies (n =

2), thumb duplication (n = 2), and macrodactyly (n = 1)

(Table 2). The PUFI was used in four studies, the DASH

was used in three studies, and the Childhood Experience

Questionnaire and Pediatric Quality of Life Inventory were

both used in two studies. The remaining instruments were

used once.

Patient-reported outcomes measures were used in 13 of

the 42 studies. Seven of these 13 studies used more than

one instrument and a single study used six different

PROMs. Parent-reported outcomes measures were used in

six of the 42 studies. Both patient- and parent-reported

outcomes were reported in five of the 42 studies.

Discussion

Congenital hand differences profoundly affect a child’s

physical and psychological development. Although prior

research has largely focused on outcomes using objective,

functional measures, PROMs capture and quantify the

experience of the patient and parents. Ideally, PROMs used

to study treatments for CHD would assess psychosocial

aspects of the illness as well as symptom intensity and

magnitude of disability. In other words, the PROM would

address all the WHO-ICF domains. Our purpose was to

determine the number of WHO-ICF domains covered by

PROMs used in the study of treatments for CHD, the

proportion of studies that use PROMs specifically validated

among children with CHD, and the proportion of PROMs

that target parents, patients, or both.

Our study has several limitations that should be noted.

First, CHDs are relatively uncommon, and few studies

specifically use PROMs when reporting outcomes for these

rare conditions. Additionally, the quality of our findings

relies on the quality of the studies included, and these

studies vary in the way in which instruments were

administered and the study samples that were included.

Therefore, we cannot aggregate our data to examine sum-

mary effects. Our search only included published articles;

other sources such as conference proceedings or unpub-

lished data are not reflected in this review. In this way,

there may be newer instruments under development that

remain heretofore unexplored but may subsequently

emerge to be important measures for future study.

Our review identified that current PROMs used to

evaluate patients after surgery for CHD do not fully capture

important disability domains as defined by the WHO-ICF

framework. This finding likely results from a limited

recognition of the impact of psychosocial function on

overall health and well-being among those who create

survey instruments relevant for children with CHD.

Although this four-part model may only provide a broad

framework for conceptualizing disability, it likely offers a

better overall assessment of how a child with a CHD

functions in daily life as compared with alternative mea-

sures that focus only on body function/structure or

activities. Psychosocial function is highly relevant for

children with CHD [42, 81]. In fact, Franzblau et al. [30]

found that 58% of children and 40% of parents reported

stress related to their CHD. The authors found that 58% of

this stress resulted from social interactions, 46% resulted

from emotional reactions, and 27% resulted from hand

appearance. These factors may be more reliably assessed

using a measure designed using the WHO-ICF framework.

To this end, disability measures can provide a better

assessment of the true outcomes of surgery. Therefore,

consideration for each component is important to under-

stand how children and their families experience life with

CHD and what elements of disability can and should be

addressed with surgery.

Most PROMs we found are not validated for children

with CHD. To address the lack of disease-specific items of

many of the generic PROMs outcomes instruments, sur-

geon-generated questionnaires are frequently used.
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Table 2. Summary of validated PROMs administered to patients or parents

Name of survey Number

of times

used

Construct(s) measured ICF domain(s) Number

of items

Validated

for CHD

Prosthetic Upper Extremity

Functional Index

4 Manual ability Activity 38 Yes

Disabilities of the Arm,

Shoulder, and Hand

questionnaire

3 Upper extremity function and

disability

Body functions and structures,

activity, participation

30 No

Childhood Experience

Questionnaire

2 Positive and negative social

experiences

Participation, environmental

factors

20 No

Pediatric Quality of Life

Inventory

2 Physical health, emotional

functioning, social functioning,

school functioning

Activity, participation,

environmental factors

23 No

QuickDASH 1 Upper extremity function and

disability

Body functions and structures,

activity, participation

11 No

Piers-Harris Children’s Self-

Concept Scale

1 Behavior, intellectual and school

status, physical appearance and

attributes, anxiety, popularity,

happiness, satisfaction

Body functions and structures,

activity, participation,

environmental factors

80 No

Hospital Anxiety and

Depression Scale

1 Depression and anxiety Body functions and structures 14 No

Rosenberg Self Esteem

Inventory

1 Self-esteem Body functions and structures 10 No

Birleson Depression Scale 1 Depression Body functions and structures 18 No

State Trait Anxiety Inventory 1 Anxiety Body functions and structures 20 No

Self-Image Profile 1 Positive and negative self-image,

sense of difference, self-esteem

Body functions and structures 25 No

Indicators of Parental

Adjustment to Congenital

Disfigurement

1 Behavioral responses to the baby

by the parents

Participation, environmental

factors

6 No

The Perceived Competence

Scale

1 Child’s subjective sense of

functional competence in

comparison with his or her peers

Activity, participation 20 No

General Health Questionnaire 1 Maternal anxiety and depression Body functions and structures 28 No

The Child Behavior Checklist 1 Quantity and quality of children’s

friendships, social competence,

behavioral problems

Body functions and structures,

activity, participation,

environmental factors

113 No

ABILHAND-Kids

Questionnaire

1 Manual ability Activity 74 No

Impact on Participation and

Autonomy Questionnaire

1 Autonomy indoors, autonomy

outdoors, family role, social

relationships, work and

educational opportunities

Activity, participation,

environmental factors

31 No

Pediatric Outcomes Data

Collection Instrument

1 Upper extremity function, transfer

and basic mobility, sports and

physical function, pain, comfort,

happiness with physical

condition and global function

Body functions and structures,

activity

86 No

Medical Outcomes Study 12-

Item Short-Form Health

Survey

1 Physical functioning, role

limitations due to physical

problems, bodily pain, general

health perceptions, vitality,

social functioning, role

limitations due to emotional

problems, mental health

Body functions and structures,

activity, participation

12 No

PROMs = patient- and parent-reported outcome measures; ICF = International Classification of Functioning, Disability and Health; CHD =

congenital hand difference.
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Although these measures provide greater detail regarding

outcomes specific to CHD such as web space creep, scar-

ring, and difficulty with specific tasks (eg, buttoning shirts,

using scissors), the use of surgeon-generated ad hoc

instruments can be problematic. Their frequent use is

understandable given that high-quality outcomes measures

are extremely complex and require statistical expertise and

clinical experience for both creation and application [55].

Surgeon-generated questionnaires are often developed to

answer a specific clinical question in the setting of scant

resources with a limited emphasis on proper development

or validation [10]. If one is to report survey instrument

findings, ensuring that the instrument has been validated in

the population of interest is an important component of

confident data reporting. Furthermore, the ad hoc nature of

these instruments generally limits their ability to be used

more broadly across other samples and centers for com-

parability [25]. For example, in our review, only four

instruments have been used more than once. As such, it

remains difficult to synthesize data across studies using

different instruments given the lack of standardized

outcomes.

In our review, the majority of PROMs focused on par-

ent-, not patient-reported outcomes for several possible

reasons. First, proposed age guidelines for PROMs depend

on instrument complexity and the availability of trained

assistants for children who may have difficulty reading the

material or interpreting a question [20]. In children who are

cognitively impaired or otherwise unable to understand

survey items, validated parent-proxy reports are available,

and many studies record only parent-reported outcomes

data. However, discrepancies between child- and parent-

reported outcomes have been noted in previous studies

with parents either overestimating or underestimating the

impact of CHD on their children [2, 3, 8, 10, 40, 44, 55].

One possible way to evaluate the reliability of a proxy

report is to administer the exact same PROM in a parallel

fashion to both the parental proxy and the child. The cor-

relation between survey responses can be assessed by

examining the response means, SDs, and an intraclass

correlation coefficient ([ 0.7 is considered to be a marker

of answer reliability). Second, determining the most

appropriate metrics for this unique patient population

remains challenging. For example, many outcomes instru-

ments are designed to measure recovery from an injury or

some other alteration from a ‘‘nondiseased’’ physical state.

Children with CHD have no ‘‘normal’’ baseline with which

to compare their current physical and psychological con-

dition. This limitation is further compounded by the

substantial adaptability among pediatric patients [4]. In

other words, the degree to which a child is affected by a

CHD may evolve over time as the child learns to adapt and

cope. As such, existing instruments may inadequately

measure clinically meaningful differences in long-term

outcomes. Lastly, control groups are rarely included in

these studies and comparisons with normative data col-

lected during instrument development are typically used.

No instruments are available that have been validated in

children younger than 5 years of age.

An instrument that captures all the important aspects of

biopsychosocial functioning for children with CHD and

their families and that is feasible and efficient to administer

remains elusive. An ideal PROM for children with CHD

would include disease- and age-relevant questions across

the full scope of the four WHO-ICF domains. These

questions can be based on the comprehensive and brief ICF

Core Sets for Hand Conditions developed in 2012 by the

multidisciplinary WHO International Consensus Group

[67]. The relevance of the survey questions in these Core

Sets has been demonstrated [49] and the use of these items

allows for a direct content comparison to other measures

[28]. Using these categories (eg, emotional functions [body

functions], structure of upper extremity [body structures],

fine hand use [activities and participation], support and

relationships [environmental factors]), a survey may be

developed that comprehensively examines the health and

well-being of children with CHD. Finally, future studies

could explore the need to validate and refine parent-proxy

versions that could be used for children who are unable to

complete self-reported measures as a result of age or

cognitive difficulties.

In conclusion, our systematic review revealed broad

heterogeneity in the available PROMs used to capture

outcomes among children who have undergone surgery for

CHD. Given the profound psychological and sociological

sequelae of CHD, a PROM that comprehensively evaluates

all biopsychosocial components of disability and is vali-

dated for use among children with CHD will improve our

ability to measure the effectiveness of treatment and

quality of care.
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