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Quality of Life of Children with Lower Limb Deformities: A Systematic
Review of Patient-reported Outcomes and Development of a Preliminary

Conceptual Framework

Abstract

Background: Lower limb deformities have a substantial impact on the quality of life (QOL) of
children. This systematic review was conducted to identify as follows: (a) QOL concepts in existing
literature specific to pediatric patients with lower limb deformities; (b) parent-reported outcome and
patient-reported outcome (PRO) instruments used to measure QOL in pediatric patients with lower
limb deformities; and (c) determinants of QOL in pediatric patients with lower limb deformities.
Methods: MEDLINE, EMBASE, CINAHL, and PsycINFO were searched from the inception
to January 2016. Studies were included if they (1) had patients with lower limb deformities; (2)
included children 18 years of age or under; and (3) measured QOL using a PRO or parent-reported
outcome of instruments. Results: Of the 938 publications identified in the search, 10 studies used
a total of 24 PRO or parent-reported outcome instruments to measure 1 or more aspects of QOL
of pediatric patients with lower limb deformities. Three overarching health concepts (physical,
psychological, and social health) and 15 subconcepts were identified. Five studies looked at
determinants of QOL including type of deformity, severity of deformity, complications postsurgery,
stage of treatment, and type of treatment. Psychological health was measured in 10 studies, social
health in 7 studies, and physical health in 6 studies. The most frequently measured subconcepts were
physical function, psychological distress, and social function. Conclusion: Existing parent-reported
outcome and PRO instruments measure 3 QOL concepts in children with lower limb deformities.
There were no validated PRO instruments specifically designed to measure QOL of children with
lower limb deformities.

Level of Evidence: This was a systematic review of level III studies.

Keywords: Conceptual framework, lower limb deformities, patient-reported outcomes, quality of
life, systematic review

Dissatisfaction with appearance and/or
function, along with the complex surgical
procedures, can have impacts on quality of
life (QOL).[212:13]

Introduction

Lower limb deformities describe a range
of conditions that may be congenital or
acquired. Congenital lower limb deformities

include limb reduction defects, angular

deformities, and rotational deformities.
Acquired lower limb deformities
may result from trauma or infection
resulting in malunions, nonunions, or

bone defects. Depending on the type of
deformity, treatment options may include
reconstructive or ablative surgery combined
with the use of prosthetics and orthotics.
Distraction osteogenesis principles for limb
lengthening are increasingly being applied
to treat lower limb deformities.”! Lower
limb deformities often cause difficulties
in physical functioning, leading to
discomfort, pain, and gait disturbance.[!%!!]

It has been well-recognized that the focus
of any treatment should not only be on
physical health but also on mental health
and social well-being;!'¥ thus, clinical
outcomes need to be complemented by
patient-centered outcomes to evaluate
interventions.['>1®) Having a patient-reported
outcome (PRO) instrument to measure QOL
in children with lower limb deformities is
crucial for understanding the extent to which
their condition affects their QOL, as well
as evaluating the success of treatment and
tailoring treatment plans to address patient
concerns, preferences, and needs.”-*
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The aims for this systematic review were to identify the
following: (a) QOL concepts studied in existing literature
specific to children with lower limb deformities; (b) PRO
instruments used to measure QOL in children with lower
limb deformities; and (c) determinants of QOL in children
with lower limb deformities as studied in the existing
literature.

Methods

We conducted our review under the guidance of a
medical librarian and followed the PRISMA statement./*
MEDLINE, EMBASE, CINAHL, and PsycINFO databases
were searched from inception of each to January 2016 (full
search strategy available from HC).

The following inclusion criteria were used: (1) study
population included patients with lower limb deformities;
(2) mean age for participants was 18 years or under;
and (3) study used a PRO or parent-reported outcome
instrument to measure one or more aspects of QOL,
including any ad hoc PRO instruments. For the purpose
of this study, lower limb deformities included lower limb
reduction defects, lower limb length discrepancy, and
associated angular and rotational deformities. Isolated
knee, foot and ankle conditions without any limb length
discrepancy or limb deformity were not classified as lower
limb deformity for this study. Exclusion criteria were as
follows: (1) studies where children with other health
conditions were included in the sample, and the results
for the lower limb deformities sample were not presented
separately; (2) studies that included conditions that
could likely affect the lower limb (such as osteogenesis
imperfecta, skeletal dysplasia, bone tumors, and multiple
exostoses), but results for lower limbs were not presented
separately; (3) mean age for the sample was over 18 years;
and (4) publication was a review paper, an abstract or a
letter to editor.

Titles and abstracts were independently screened by two
reviewers (HC, CF). A third reviewer (AC) was consulted
to reach consensus when required. Two reviewers
independently inspected the full text of the articles that
had been deemed potentially applicable and extracted data
from those that met the inclusion criteria. References of
included publications were inspected for additional papers.
No quality assessment was performed since our goal was
to identify PRO instruments used and health concepts
measured for children with lower limb deformities.

An original copy of each instrument was obtained. Each
instrument was examined to generate a list of health
concepts and subconcepts measured. This list was compared
with the health concepts and subconcepts as measured
by the publication included in our systematic review.
Similar subconcepts were categorized into one overarching
subconcept. For example, physical activities, walking,
recreational activities, transfer and basic mobility, stiffness,

and sports were grouped under subconcept physical
function (PF). These subconcepts were further categorized
into 3 major health concepts (physical, psychological, and
social health). In the aforementioned example, PF was
classified under the concept physical health along with pain
and general health (GH).

We also collected the following data on determinants of
QOL from the studies included in this systematic review:
name of the determinant, direction of its relationship with
the health subconcept, and whether this relationship was
statistically significant (i.e., P < 0.05). However, we report
only on the determinants that were reported to have a
statistically significant relationship with QOL subconcepts
in that study.

Results

Our search identified 938 publications [Figure 1].
Five publications met our inclusion criteria. A citation
review added 5 additional publications, for a total of 10
publications [Table 1].121%1226321 QOL was measured using 30
parent-reported outcome or PRO instruments [Appendix 1].
Three instruments (CDI, PedsQL, and STAI) were used as
more than one version (i.e., short/long, different age groups,
general/specific  diagnoses). For example, two versions
(regular and short form) of CDI were used, two versions
of PedsQL (core and neuromuscular module) were used,
and the STAI was used in 2 papers as Form C and Form
Y. Consolidating multiple versions left 27 instruments,
of which 1 was an interview,?® and 2 were nonvalidated
questionnaires.>'% Thus, considering only distinct, validated
questionnaires, QOL was measured using 24 different
instruments [Table 2]. Out of the 24 instruments, 14 were
patient-reported, 7 were parent-reported, and 3 were both
patient- and parent-reported instruments. Two studies used
only patient reports,**?] 6 studies used both patient- and
parent proxy-reportsi>1%122%31 while 2 studies used parent
reports only.[?73%

Of these 24 instruments, only 2, AAOS Lower
Limb  Outcomes  Questionnaire.’®)  Lower Limb
Questionnaire,*” were lower limb specific. However,
the Lower Limb Questionnaire was not specific to the
pediatric population, and the Lower Limb Questionnaire
was only parent-reported. Four instruments (PedsQL,
CHQ PF-28, PODCI, and Kidscreen) measured multiple
aspects of health.

We found that most studies included in our systematic review
used the same concepts and subconcepts as the original
instrument with slight modifications in language. The concepts
and subconcepts from the instruments identified were used
to develop a preliminary conceptual framework [Figure 2].
Three health concepts identified were physical, psychological,
and social health, with 15 subconcepts.

Five studies examined the determinants of QOL for
children with lower limb deformities [Table 3].[10:26:27:3032]
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Figure 1: PRISMA flow diagram

Five determinants that were reported to significantly affect
the QOL were type of deformity, severity of deformity,
complications postsurgery, stage of treatment, and type of
treatment.

Physical health

Physical health was measured by 10 instruments in 6/10
studies using 3 subconcepts?®?72%321 including PF, GH,
and pain. The most frequently measured subconcept was
PF, measured in 6/6 studies, using 9 instruments. GH was
measured in 3/6 studies, using 4 instruments.?*3!32 Three
studies measured pain using 5 instruments.?*?’321 PF in
children with lower limb deformities was found to be lower
than the normative population in 4 out of 6 studies.?*%

Determinants of physical health reported in 3
studies?73% were type of deformity, type of treatment,
and stage of treatment. Lee et al. looked at the parental

>
b !
% i e Did not discuss lower limbs separately
B (43)
i t o Did not use PROMs to measure QOL (4)
; e Did not discuss lower limb deformity (4)
1
: e T e S S T e
Studies included in qualitative synthesis Additional records identified through back
(n=5) referencing
(n=5)
—
Y
g Studies regarding diseases that only affect the lower limbs
3 (n=10)
©
£
~—/

perspectives of their child’s limb length discrepancy
and found that children with idiopathic leg length
discrepancy (LLD) experienced less pain and better
global functioning as compared to children with
posttraumatic LLD.?” The authors defined idiopathic
limb length discrepancy as limb length discrepancy
without identifiable causes (i.e., not infection, tumor,
vascular diseases, congenital anomaly, Legg—Calve—
Perthes disease, and neurofibromatosis). PF was found
to be more affected in the surgery group in comparison
with the nonsurgery group for children undergoing limb
lengthening surgery for achondroplasia.’®! In a study of
52 patients who underwent external fixator treatment for
their lower limb deformities, Montpetit et al. found that
PF was better preoperatively compared to mid-distraction,
whereas at 3 months after frame removal, PF was better
than at mid-distraction.%
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Table 1
Age range

23

PRO used

Type of comparison Average length of

Sample Type of

Study design  Type of deformity Gender (%)

Author year
country

follow-up (months)

sample

intervention
Ilizarov leg
lengthening

size

(years)

Dutch

16-67 months
postsurgery

Not applicable

6-17

Male (14/26)

Leg length

Prospective
study

Ramaker 2000

Sweden

self-inventory

Female (12/26)

discrepancy (17
congenital,

for depression
assessment,

5 infection, 3

Zung depression

scale for

fracture, 1 unknown)

Chhina, et al.:

adolescents,

Spielberger test
for state and

trait anxiety,

Systematic review of quality of life of children with lower limb deformities

not validated

in-house

questionnaire
CHQ PF-28

Not applicable

Published norms
from CHQ

Not applicable
QOL: Quality of life, LLD: Lower limb deficiency, CHQ: Child Health Questionnaire, SD: Standard deviation, PRO: Patient-reported outcome, PHBQ: Post Hospitalization Behavior

5-18 76

Male (49/76)

Limb length
discrepancy

Prospective

study

Vitale 2006

USA

Female (27/76)

Questionnaire, RCMAS: Revised Children’s Manifest Anxiety Scale, PF: Physical function, CAPE: Children’s Assessment of Participation and Enjoyment, OSIQ: Offer Self-Image

Scale Questionnaire, PARS III: Personal Adjustment and Role Skills Scale III, CBCL: Child behavior checklist

Psychological health

All 10 studies included in this systematic review measured
psychological health using 21 instruments measuring 8
subconcepts, making it the most frequently studied concept.
These subconcepts were emotions, psychological distress,
cognition, satisfaction with appearance, self-esteem,
treatment expectations, coping, and behavior. Psychological
distress was the most frequently studied subconcept,
measured in 8/10 studies using 11 instruments,[1%:12.26.2829.31.32]
Emotions were measured in 4 studies wusing 4
instruments.?6272%3% Cognition was measured in 4 studies
using 5 instruments.?*?311 Satisfaction with appearance
was measured in 2 studies using 2 instruments.?’?
Behavior was measured in 4 studies using 5 instruments.
[2123132] Self-esteem was measured in 6 studies using 6
instruments.[122627:2231.321 Coping and treatment expectations
were measured in 1 study each using Kidcope®! and
PODCIL,?7 respectively.

Three studies reported that psychological distress levels
were normal in children and adolescents with lower limb
deformities both pre-['*!2l and post-operatively.>'Y Another
study found psychological distress preoperatively to be
higher in children undergoing leg lengthening surgery
when compared to children undergoing cosmetic ear
surgery as well as a control group of school children.B"
More aggressive behavior and thought-related problems
were reported in children undergoing limb lengthening for
LLD compared to children in the control group using the
Child Behavior Checklist.B!] Patients with LLD were also
found to have lower self-esteem and more psychological
distress preoperatively compared to a control group of
school children and more emotional and cognition issues™”]
compared to the normative population. Conversely,
2 studies found behavior to be normal in children with
lower limb deformities.>'?) A study involving 45 children
with lower limb deformities found that the behavior of
these children, as measured by the parent-reported Post
Hospitalization Behavior Questionnaire, was within the
normal range.” Bond et al. found that children with lower
limb deformities awaiting limb reconstruction surgery
had normal behavior as measured by the parent-reported
Personal Adjustment and Role Skills Scale as compared to
healthy children.!?!

Determinants of psychological health investigated in 3
studies!'**3%  were complications postsurgery, type of
treatment, and stage of treatment. Significantly higher
self-esteem was found in patients with achondroplasia
who underwent limb lengthening versus nonsurgical
patients.”)  Fewer complications postlimb lengthening
surgery was associated with higher self-esteem compared
to children who experienced more complications
postsurgery.?! Emotional functioning scores were higher
3 months following frame removal versus preoperatively,
suggesting improved QOL in children undergoing external

Journal of Limb Lengthening & Reconstruction | Volume 3 | Issue 1 | January-June 2017
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Number
of studies
that

with
appearance
2

distress

Constructs measured
Behavior Cognition Coping Emotions Psychological Self-esteem Satisfaction Treatment

Table 2: Contd...
Peer

relation/

School Family

Social

health function

Physical Pain General

function

Type of
report

Name of the
instrument

Chhina, et al.: Systematic review of quality of life of children with lower limb deformities

Table 3: Determinants of quality of life

Determinant Construct where relationship
with determinant was
statistically significant

Severity of deformity Social?

Complications Psychologicall®

postsurgery

Type of deformity Physical,?” social health*?!

Stage of treatment Physical, social,
psychological*3!

Type of treatment Physical, psychological health

used this
instrument

expectations

fixator treatment for their lower limb deformities.*! There
was no difference found in the levels of psychological
distress pre- versus post-operatively in children and
adolescents after Ilizarov leg lengthening.!'”

Social health

11

Social health was studied in 7/10 studies using
10 instruments.l'226272-321  The subconcepts measured
were family, peer relations (PRs), school, and social
function (SF). SF was the most frequently measured
subconcept in 6/7 studies using 8 instruments.!!2262-32
Five studies measured the subconcept family using
5 instruments.['>2¢273132) Some aspects of family measured
in these studies were family activities, family cohesion,
family conflicts, parental satisfaction, and family finances.
The subconcepts PRI'>#T and school3!! were measured in
2 studies each. PR included aspects such as bullying, social
acceptance from peers, support from friends,?” and PRs.['?

SF was found to be significantly lower than the normal
population in children with LLDPY and congenital lower
limb deficiencies.?” However, Bond et al. found SF to
be normal in children with lower limb deformities as
compared to the normal reference population.'”) Lower
limb deformities had no effect on family as measured
by the Family Environment Scale.'” The Child Health
Questionnaire (CHQ) showed significant effects on families
of children with an LLD.PY In terms of PR, there was no
significant difference between the study population and
normative scores, as measured by the parent-reported
Personal Adjustment and Role Skills Scale.'” Children
with lower limb deformities were not found to have
significantly different scores relative to a control group of
school children in academic performance at school.*!

friends
2

Determinants found to be significantly related to social
health in 2 studies®**? included severity of deformity, type of
deformity, and stage of treatment. SF was found to be better
3 months postframe removal as compared to preoperatively
in children undergoing treatment with an external
fixator for their lower limb deformities.®” Children with
nonidiopathic lower limb deformities scored significantly
lower than children with idiopathic lower limb deformities
on the subconcept family, suggesting higher impact on
parental emotions and family activities as measured by

N/A

PHBQ: Post Hospitalization Behavior Questionnaire, CHQ: Child Health Questionnaire, RCMAS: Revised Children’s Manifest Anxiety Scale, LLD: Lower limb deficiency, N/A: Not available,
OSIQ: Offer Self-image Questionnaire, CAPE: Children’s Assessment of Participation and Enjoyment, PARS III: Personal Adjustment and Role Skills Scale 111, CBCL: Child behavior checklist

Number of
nstruments
measuring this
sub-concept
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i Physical Function

Physical Health General Health

Emotions

Psychological
Distress

Cognition

| Satisfaction with

FE— e
Psychological | \ppeargnce
Quality of Life | Health |
Self-esteem
 Treatment

expectations

Coping
Behaviour
Social Function

Peer Relations

Social Health |

School

Family

Figure 2: Preliminary conceptual framework

the CHQ-Parent form.’?! This study also found that a limb
length discrepancy of 2 centimeters or more had a negative
impact on SF, parental emotions, and family activities.?*?

Discussion

This systematic review was conducted to synthesize the
available evidence on the assessment of QOL of children with
lower limb deformities using PRO instruments. We found that
there were no validated PRO instruments specifically designed
to measure QOL of children with lower limb deformities.

The existing instruments that are widely used in pediatric
orthopedics either measure the physical/functional aspects of
the lower limb and are developed for an adult population®?!
or are not lower limb specific.? QOL of children with
lower limb deformities has been measured using either a
genericl%3? or a parent-reported QOL instrument.?” More

recently, Fabricant ef al. have modified and validated the
Scoliosis Research Society instrument for assessing QOL of
adults with lower limb deformities.®> In spite of this, there
is still a need for patient-reported QOL questionnaire for
children and adolescents with lower limb deformities.

We identified one instrument for parents of children with
LLD.?7 The content for this 34-item questionnaire was
generated from a literature review and interviews with 58
parents of children aged 6-20 years. This questionnaire
measures parental satisfaction, effect of LLD, preferred
treatment, parent’s mood, and concerns and parental
expectations regarding the treatment. There is currently
limited psychometric information (content validity and
internal consistency only) about the performance of this
questionnaire. More research is needed that looks at other
scale characteristics, for example, test-retest reliability,
construct validity, or responsiveness.3¢37

Giving voice to children to express their concerns about their
life with lower limb deformities is important in developing
an instrument to measure their QOL. The assumption
that children are unreliable respondents about their QOL,
due to lack of linguistic, reading, and cognitive skills, is
increasingly being challenged.’® In general, good agreement
has been found between child and parent reports for domains
of physical activity, functioning and symptoms, but for
emotional and social domains, poor agreement has been
found.P”! Discrepancies known as cross-informant variance!*”’
between parent’s and patient’s own perspective of QOL has
been consistently documented in several studies of QOL in
both children with chronic health conditions and healthy
children."#?! Hence, both children and parent proxy-reports
should be incorporated to completely understand the complex
and multidimensional construct of QOL.[34

Our systematic review identified determinants reported
to have a statistically significant relationship with some
aspect of QOL of children with lower limb deformities.
However, there could be a number of other factors not
identified in these previous studies that influence the QOL
of these children. Social support, family functioning,
self-perceptions of appearance, school, behavior, athletics,
and social competence are some of the determinants
affecting the self-esteem of children with limb deficiencies
in general.®! As such, there is a lack of information
on determinants of QOL of children with lower limb
deformities in the existing literature. Hence, future studies
need to specifically aim at collecting information on
determinants of QOL for this specific population.

We identified that 24 instruments used to measure QOL
in children with lower limb deformities measured a wide
range of concepts (3 concepts and 15 subconcepts). This
variation indicates the lack of consensus on subconcepts
important for assessing QOL for these children. Even for
the most frequently measured subconcept of psychological
distress, there were 11 different instruments used. The
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heterogeneity in instruments used for QOL measurement
also highlights the potential difficulty encountered while
generalizing results across studies. Furthermore, there are
other previously identified challenges while conducting
PRO research with children and adolescents which makes
outcome assessment and generalization of the results more
challenging in general.l*) Some of these challenges are due to
developmental differences in various age groups, age-related
vocabulary, and comprehension of health concepts®*®! which
makes outcomes assessment and generalizing the results
more challenging in general. Outcomes assessment is further
complicated in lower limb deformities due to the lack of
a universally accepted classification system for assessing
lower limb deformities. However, the classification system
developed by the Limb Lengthening and Reconstruction
Society (LLRS-AIM classification) has been introduced to
address this deficiency.[*”)

Hence, we aim to develop a new patient-reported QOL
instrument, which has been systematically developed by
following international guidelines for PRO development,*¢37
psychometrically tested and is clinically meaningful.
Development of a PRO instrument is an iterative process
with the first step being the development of a preliminary
conceptual framework of concepts and subconcepts
important to the target population.”! We used the preliminary
conceptual framework derived from our systematic review
to inform our interview guide for qualitative interviews
with children with lower limb deformities and their parents.
We have established an international multidisciplinary
collaboration involving five centers across Canada, Ethiopia,
India, and the USA to develop our QOL questionnaire.
Our qualitative phase is well under way with 37 interviews
conducted to date. Our qualitative phase also consists of
novel methodologies such as photo elicitation interviews to
overcome linguistic barriers of our young patient population.
Item generation and scale development will be followed
by cognitive debriefing interviews with children from the
five participating centers. Expert opinion will be obtained
from our established multidisciplinary collaborative team
which consists of orthopedic surgeons, nurses, occupational
therapists, physiotherapists, psychologists and experts in
the field of PRO development, and QOL studies. Expert
opinion from members of relevant specialist societies will be
sort. Field testing, psychometric analysis, and cross-cultural
validation will be done across all five participating centers.
Following the ISPOR PRO, good research practices
guidelines and acknowledging the challenges associated
with using one outcome assessment for both children
and adolescents, we aim to develop age-appropriate
questionnaires.*®  We  will develop separate QOL
questionnaires for age groups 8—12 years and 13—18 years.

Once developed, this PRO instrument could be used to measure
the success of various treatment options for children with lower
limb deformities to aid clinical decision-making, including type
and timing of surgery, and patients/parent counseling.

Conclusion

Existing parent-reported outcome and PRO instruments
measure 3 QOL concepts in children with lower limb
deformities. There were no validated PRO instruments
specifically designed to measure QOL of children with
lower limb deformities.
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Appendix 1: Complete list of patient-reported outcome
instruments

Number All PRO instruments used by 10 final papers

1 AAOS lower limb outcomes

2 CBCL/4-18

3 CHQ PF-28

4 CAPE

5 CDI

6 CDI short

7 CFSEI-2, form B

8 Dutch self-report inventory for
children (depression questionnaire for children)

9 FES - form R

10 Fast Performance Test on Intelligence I and
11 (SPIQ)

11 I think [ am

12 Interview (not validated)

13 Kidcope

14 Kidscreen-52

15 OSIQ

16 PedsQL version 4.0 core scale

17 PedsQL NMM 3.0

18 PARS III

19 PODCI

20 PHBQ

21 Questionnaire (not validated)

22 RCMAS

23 Rosenberg self-esteem

24 Satisfaction (unvalidated)

25 SF-36

26 Specific LLD questionnaire (valid)

27 STAIC

28 STAI - form Y

29 Youth self-report

30 Zung depression scale for adolescents

PRO: Patient-reported outcome, CAPE: Children’s Assessment
of Participation and Enjoyment, CHQ: Child Health
Questionnaire, PF: Physical function, OSIQ: Offer Self-Image
Scale Questionnaire, PARS III: Personal Adjustment and Role
Skills Scale I1I, PODCI: Pediatric Outcomes Data Collection
Instrument, RCMAS: Revised Children’s Manifest Anxiety Scale,
LLD: Lower limb deficiency, FES: Family Environment Scale,
CBCL: Child behavior checklist, PHBQ: Post Hospitalization
Behavior Questionnaire

Definitions of psychometric terms

Validity: Validity is the degree to which evidence and
theory support the interpretations of the test scores for
proposed uses of the test. (Standards for Educational and
Psychological Testing 2014, page 11).

Content validity: Content validity is the degree to which
the content of a test reflects full domain of the construct
being measured. Various things examined under content
validation are item content, conceptual and operational
definition of the construct, response format and phrasing,
sequence of items or stimuli, instructions to the respondents,
temporal parameters such as time frame, time limits,
administration and scoring methods, and instructions.

Internal consistency reliability: Internal consistency
reliability is the degree to which items of a test are
consistent with each other. It is the degree to which
difference in person’s response to one item on the test are
consistent with the difference in responses to other items.

Test-retest reliability: Test-retest reliability is the degree to
which person’s responses to items on a test are consistent
between two separate administrations of the same test. The
time interval between the two administrations should be
such that the construct being measured remains unchanged.

Construct validity: Construct validity refers to the degree
to which test scores can be interpreted as reflecting a
particular psychological construct.

Responsiveness: Responsiveness, also known as sensitivity
to changes, is the ability of the test to measure small
changes in the construct being measured that are clinically
important.
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