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PATIENT-CENTERED OUTCOMES OF ORTHOPAEDIC SURGERIES IN
CHILDREN WITH CEREBRAL PALSY
Abstract
Rachel L. DiFazio
Advisor: Judith A. Vessey, Ph.D., CRNP, M.B.A., F.A.A.N
Purpose: The purpose of this study was to elucidate changes in parents’ perceptions of
health related quality of life (HRQOL), functional status, and caregiver burden in
children with severe cerebral palsy (CP) following extensive orthopedic surgery and to
determine the amount of nonmedical out-of-pocket expenses (NOOPEs) incurred during
hospitalization.
Background: CP is the most common cause of childhood physical disability. Children
with severe non-ambulatory CP have multiple complex medical problems and frequently
develop hip dislocations and neuromuscular scoliosis; these require extensive orthopaedic
surgical interventions to prevent progression. The surgical trajectory is costly, resource
intensive, and complications are common. Decision-making needs to extend beyond
anticipated physical and radiographic improvements to include patient-centered outcomes
including HRQOL, functional status, caregiver impact, and financial burden. Currently,
research on this second group of outcomes does not exist.
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Methods: A single group prospective cohort study (N=48) design was used to measure
changes pre- and post- surgery. NOOPEs were collected on a daily basis from parents
during their child’s hospitalization. A linear mixed-model regression analysis for
longitudinal data, incorporating serial patient measurements over one year, was used to
assess changes in HRQOL, functional status, and caregiver impact using measures
normed for this population (i.e., CPCHILD, ACEND). NOOPEs were calculated using
descriptive statistics.
Results: Significant declines in HRQOL and functional status were noted at six weeks
post-operative with return to baseline at three months. Long-term significant (p = .005)
improvements, however, were noted beginning at six months. Caregiver impact did not
change significantly over time. The total NOOPEs for the inpatient ranged from $59.00$6977.50 (Median = $479.30) with 1971.5 missed hours from work.
Conclusion: Children with severe CP who undergo extensive orthopaedic surgery and
their families experience improvements across a variety of patient-centered outcomes in
the long-term following surgery. Nursing has a critical role in assisting families in
decision-making around surgery and providing anticipatory guidance and support.
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CHAPTER 1
Overview of the Study
Introduction
Cerebral palsy (CP) is the leading cause of chronic physical disability in
childhood affecting 2 to 2.5 children per 1,000 live births (Standley, Alberman, & Blair,
2000). CP is a neuro-developmental condition that begins in early childhood and persists
throughout life. As such, the management of CP must be holistic and focus not only on
medical outcomes, but also patient centered outcomes such as health related quality of
life and function. CP is a clinical descriptive term, not an etiological diagnosis. There is
currently no laboratory test or histology to define its presence or absence. CP is defined
as:
a group of permanent disorders of the development of movement and posture,
causing activity limitations that are attributed to non-progressive disturbances that
occurred in the developing fetal brain or infant brain. The motor disorders of CP
are often accompanied by disturbances of sensation, perception, cognition,
communication, and behavior
(Rosenbaum, Paneth, Leviton, Goldstein, & Bax, 2007 p. 9).
The location of the lesion in the brain determines the location and the severity of the
physical involvement. Although CP is characterized by physical limitations, children with
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CP also often have other associated medical and developmental conditions due to the
underlying neurologic disorder. The overall incidence of CP based on severity is not well
documented, but it is estimated that 25% to 35% of all children with CP are severely
involved (Hallum & Krumboltz, 1993; Rang & Wright, 1989).
Recent improvements in neonatal care have not resulted in a decline in the overall
incidence of CP and, in fact, greater numbers of very preterm/very low birth weight
infants are surviving leading to an increase in the incidence of CP (Bhushan, Paneth, &
Kiely, 1993). Many of these children will require ongoing, complex care throughout their
lives. The average lifetime cost for one person with CP was estimated to be $921,000 (in
2003 dollars), in 2012 this would be $1,157,842.00 (US inflation calculator). While the
estimated lifetime costs, including direct and indirect costs, for all people born with CP in
the United States in 2000 will total 11.5 billion dollars (CDC, 2004); these costs are
sharply inflated for children with severe CP. The majority of these costs are related to
the child’s health care needs including surgical interventions.
Although impaired motor function is the hallmark of CP, children with CP have
varying degrees of functional ability and are classified according to the Gross Motor
Functional Classification System (GMFCS), a standardized system of classification based
on the child’s functional abilities and limitations. Classification is based on the child’s
self-initiated movement, with emphasis on sitting, transfers, and mobility. The GMFSC
has five levels: Level I – the child walks without limitations; Level II – the child walks
with limitations; Level III – the child walks using a hand-held mobility device; Level IV
2
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– the child uses self-mobility with some limitations and may require powered mobility,
and; Level V – the child is transported by a manual wheelchair. Within this
classification, an emphasis is placed on the child’s abilities rather than on their limitations
(Palisano, Rosenblaum, Bartlett, & Livingston, 2008).
Children who are classified as GMFCS IV-V are on the severe end of the CP
spectrum and have marked physical impairments. They have limited capacity to care for
themselves and all require ongoing, comprehensive caregiving throughout their lives
(Hallum, 1993; Stevenson, Pharoah, & Stevenson, 1997). While both healthy and during
hospitalizations, caring for a child with GMFCS IV-V CP, requires considerable
resources, and places excessive physical, psycho-social, and financial burdens on the
entire family (Brehaut et al., 2004; Murphy, Christian, Caplin, & Young, 2006).
Children with GMFCS Level IV-V CP virtually always require surgery, yet are at
a higher risk for post-operative complications and poorer outcomes than children without
CP (Murphy et al., 2006). Progressive orthopaedic deformities are frequently seen in this
population due the underlying brain abnormality that generally causes a combination of
spasticity and muscle weakness leading to contractures and hip subluxation/dislocation
and spinal deformity. Extensive orthopaedic surgical interventions are routinely
performed on these children to address the hip subluxation/dislocation and spinal
deformity. The goals of these extensive surgeries are to prevent or eliminate pain,
improve the child’s health related quality of life (HRQOL) and functional ability, and to
facilitate caregiving (Narayanan, 2006; Vitale et al., 2005).
3
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Many researchers (Abu-Rajab & Bennet, 2007; Herndon, Bolano, & Sullivan,
1992; Flynn & Miller, 2002) have identified the successful radiographic and range of
motion outcomes of extensive orthopaedic surgical interventions that correct hip and
spine deformities in children with severe non-ambulatory CP, yet there has been very
little evidence to support improved HRQOL and functional improvements in these
children (Vitale, 2005), and only a few older studies have reported on the subjective
changes in the caregivers’ lives, particularly in light of the financial burden (Brunner &
Baumann, 1994; Miller et al., 1997). These studies do not conclusively reveal
improvements in HRQOL and functional status.
Although traditional outcome measures such as radiographic findings, range of
motion measurements, and mortality are important outcome measures of surgical
interventions, they do not capture the entire array of possible outcomes that affect the
lives of the patients and their families. A focus on patient-centered and family-centered
outcomes will provide a much richer understanding of the effect of surgical intervention
on many aspects of the patient’s and families’ lives. These outcomes should include
HRQOL, functional status, caregiver impact, and financial burden.
Surgical interventions and post-operative care are costly, resource intense, and not
without complications. Despite the prevalence of CP and the frequency of surgery in this
population, the subjective improvements in the child’s and the family’s lives following
extensive orthopaedic surgical interventions remain unclear. This deficit of knowledge is
due in part to the difficulty in defining the concepts used in measuring subjective patient4
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centered outcomes. There has been a lack of valid and reliable instruments that are
sensitive enough to detect outcome differences between children with mild CP and
children with severe CP (Matsumoto et al., 2011). Increasing numbers of children are
surviving with severe CP and undergoing surgical interventions, therefore it is an
imperative to gain information regarding the patient-centered outcomes of extensive
orthopaedic surgical interventions that correct hip and spine deformities in children with
severe CP and their families. Nurses and other clinicians must seek health care solutions
that are patient-centered, humane, and respectful of the needs and preferences of the
patient and their family. This information can be used to inform patient management,
counsel families, and develop policy. These data can also be used as benchmarks for
future studies.
Statement of Problem
Recent technologic advances in medicine have contributed to the survival of
children with chronic health conditions including children with CP. These children are at
a significant risk for developing secondary conditions that require medical and surgical
interventions. Children with CP account for the highest incidence of disabling
conditions; therefore it is critical that nurses and other health care professionals assess not
only the physical outcomes, but also the psychosocial, and financial outcomes associated
with health care interventions in this population (Lollar, Simeonsson, & Nanda, 2000).
Results of these outcomes studies can be used to aid in determining the appropriate
treatment for individual patients, economic analysis, and policy development (Novak,
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Vail, & Bozic, 2008). Currently, there is little evidence documenting the more subjective
patient-centered outcomes of extensive orthopedic surgical interventions that correct hip
and spine deformities in children with severe CP.
Purpose
The purpose of this longitudinal study was to describe and explore changes over
time in parent perceived HRQOL in children with GMFCS IV-V CP and the impact on
caregivers before and after extensive orthopaedic surgery that correct hip or spine
deformities. An additional purpose was to describe the financial burden of
hospitalization by capturing the nonmedical out-of-pocket expenses incurred by families
during their child’s hospitalization.
Significance
Patient-centered care, a paradigm shift from disease-centered care, has gained
increasing importance as one of the key aims of the U.S. health care system and is being
supported by government agencies, patient advocacy groups and insurance companies.
The Institute of Medicine (IOM) in its landmark report, “Crossing the Quality Chasm: A
New Health Care System for the 21st Century” (2001) named patient-centered care as one
of the six dimensions of health care quality. The IOM defined patient-centeredness as:
….health care that establishes a partnership among practitioners, patients, and
their families (when appropriate) to ensure that decisions respect patients’ wants,
needs, and preferences and that patients have the education and support they need
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to make decisions and participate in their own care (Institute of Medicine, 2001 p.
40).
Patient centeredness also “encompasses qualities of compassion, empathy, and
responsiveness to the needs, values, and expressed preferences of the individual patient”
(IOM, 2001 p. 40). In 2005, the Center for Medicare and Medicaid Services included the
IOM’s six dimensions into their “Roadmap for Quality Improvement.” These two
documents emphasize the important role of the patient and their family as active
participants in their own healthcare. For patient-centered care to be effective, patients
and their families must be assisted with decision making by increasing their knowledge
of all possible treatment options including the risks and benefits of each, setting realistic
expectations, reducing uncertainty, and increasing participation of the patient and family
in decision making.
The mission of the National Institutes of Health (NIH) is directly addressed by the
proposed study, specifically “to seek fundamental knowledge about the nature and
behavior of living systems and the application of that knowledge to enhance health,
lengthen life, and reduce the burdens of illness and disability” (NIH, 2010). Extensive
surgical interventions are performed for children with severe CP in an attempt to enhance
and lengthen the child’s life and to decrease the burden of disability on both the child and
the family. Yet, we do not have substantive outcome data to support continuation of this
practice or to support the cost. Therefore, it is important to measure these outcomes and
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establish the knowledge needed to provide support for surgical intervention in this
population.
The public health goals of Healthy People 2020 are also addressed in the
proposed study. Healthy People 2020 is a set of national health objectives designed to
improve the health of all Americans. The four overarching goals of Healthy People 2020
include: 1) attain high-quality, longer lives free of preventable disease, disability, injury,
and premature death, 2) achieve health equity, eliminate disparities, and improve the
health of all groups, 3) create social and physical environments that promote good health
for all, and 4) promote quality of life, healthy development, and healthy behaviors across
all life stages (Healthy People, 2020). In addition, the Agency for Healthcare Research
and Quality (AHRQ) has identified people with disabilities as a priority population for
research (AHRQ, 2012). The proposed study addresses all of these overarching goals by
promoting the health and well-being of children with severe disabilities through the
evaluation of surgical interventions aimed at increasing quality and years of healthy life.
Outcomes research can be used to evaluate patient-centered care and the quality
of health care interventions. Outcomes research has gained increased attention due to
concern regarding rising health care costs, declining quality, and variability in clinical
practice. Historically, the focus of outcomes research has been on traditional, objective,
medical outcomes such as survival rates and physiologic measurements rather than on
patient-centered outcomes such as HRQOL, functional status, caregiver impact, and
financial burden. Traditional outcomes measured by radiographic changes, range of
8
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motion, and strength have been the primary focus of research within the field of
orthopaedics. Only recently, are researchers beginning to value the patient’s perspective
and are now developing instruments to measure patient-centered outcomes (Novak et al.,
2008). The instruments that will be used in the proposed study to measure patientcentered outcomes are new and promising. The results of this study will provide
information about patient- and family-centered outcomes of extensive orthopaedic
surgical interventions that correct hip and spine deformities in children with severe CP.
This information is currently unknown because researchers have not been able to collect
the data accurately in this population of children due to a lack of attention and availability
of reliable and valid instruments.
While survival and physiologic measurements are important and appropriate
medical outcome measures in certain situations, these traditional outcome measures do
not capture the impact of the intervention on the patient’s overall well-being. Surgical
interventions that are performed for children with CP are often done with the primary
goal of improving the child’s overall well-being, functional status, and HRQOL.
Therefore, traditional outcomes are often insufficient to assess surgical interventions in
which the primary surgical aim is to improve the patient’s overall well-being and
HRQOL (Bergman, Feldman, & Barkun, 2006). Not including the patient’s perspective
when possible and/or the parent proxy perspective in the overall evaluation of the
surgical intervention could lead to errors in the conclusions regarding the outcomes of the
intervention.

9
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In caring for children with CP, one of the most important questions to ask patients
when possible and their families is: “did that treatment help?” Vargus-Adams (2009)
conducted a study to determine which domains were important when evaluating the
effects of interventions in children with CP. Twenty-one youths with CP, 23 parents of
children with CP, and 39 health care professionals were included in this study. The 21
youths with CP did not have significant intellectual disability. Eight had severe physical
limitations and were non-ambulatory. All participants in this study were asked to identify
“the things you find most important to consider when you evaluate the effects of an
intervention for yourself/your child/your patient with CP.” Participants were then asked
to rank them in accordance to importance. Eight domains were identified as being
important for intervention evaluation and included; impairment (e.g. strength and
movement), general health (e.g. sleep and energy), gross motor skills (e.g. sitting and
transferring), self-care (e.g. eating and dressing), speech/communication (e.g. talking),
participation (e.g. taking part in activities), caregiver issues (e.g. ease of care) and quality
of life (e.g. self-concept and pain relief). Quality of life stood out as being most
important to all study participants; youths, parents, and physicians. This study reinforces
the need to evaluate patient-centered outcomes in children with CP and provides
researchers with a basic understanding of what is important to patient and their families.
This information can be used in the development of measurement tools/instruments.
Data collection methods for outcomes studies must be evaluated. Data for the
majority of the orthopaedic outcome studies were collected, often out of convenience

10
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from medical records in a retrospective manner. The researchers had no control over what
and how information was documented in the patient’s medical record (Keller, Rudicel, &
Liang, 1993). In reviewing the CP literature, the vast majority of the outcomes studies
conducted to evaluate surgical interventions in children with CP were completed
retrospectively. This method of data collection is not as reliable as is prospective data
collection due to the necessity to rely exclusively on previously documented data and/or
the memory of the patient or family. In order to minimize these problems the proposed
study will be conducted prospectively.
Considerable uncertainty remains regarding the indications, surgical technique,
and long term outcomes of extensive orthopaedic surgical interventions that correct hip
and spine deformities in children with severe CP. With the current economic downturn
and the rising cost of healthcare, difficult choices need to be made regarding how to
allocate scarce resources. Economic evaluation of health care interventions can be used
to help in the decision making process and to ensure that limited funds are being put to
their best use. Most policy makers and clinicians agree that it is impossible to pay for
every new treatment, surgical intervention or medication; therefore difficult choices have
to be made about how to most fairly allocate scarce resources (Benator, 2003). The
results of the proposed study can help to identify and describe the patient-centered
outcomes of extensive orthopaedic surgical interventions to correct hip and spine
deformities in children with severe CP. In turn, this information can be used to guide
decision making about who would benefit from surgical intervention and who would not.

11
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Nursing has always taken a holistic patient-centered approach to patient care and
to the evaluation of interventions and patient outcomes. This philosophical stance is
central to nursing and places nurses in a position to study patient-centered outcomes and
to be able to gain a deeper understanding of the effect of interventions on patients and
their families. Nurses and nurse practitioners who work with children with CP are often
faced with the task of helping parents make difficult decisions regarding the necessity of
surgery for their children. Parents must have a clear understanding of the risks and
benefits of the surgery in order to make an informed decision. Surgical discussions with
these families are often complicated by the fact that we do not have a clear understanding
of the post-operative outcomes of many of the surgical interventions that we recommend
for their child due to the lack of information and long term patient follow up. There is a
clear need for increased knowledge in this area to better inform and empower patients
and families in decision making regarding surgical interventions.
If patient-centered care is to be provided to patients, it is no longer acceptable for
researchers to focus on traditional medical outcomes, which reflect the providers’
viewpoint rather than the patients’ and their families’. Whenever possible, researchers
should attempt to capture the patient’s perspective in order to gain a more broad
understanding of the outcomes of the interventions. Future studies need to be conducted
in a prospective manner so that patient outcome data can be collected the same way for
all patients. In addition, longitudinal studies must be conducted to determine the long
term outcomes of surgical interventions. Since a cure does not currently exist for children
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with CP, patient-centered outcomes provide guidance to ensure that the highest quality of
care is provided to prolong life in a meaningful manner as judged by the patient and their
family.
Research Questions/Aims/Hypotheses
The research questions to be addressed by the proposed study are:
1. How do extensive orthopaedic surgical interventions that correct hip and spine
deformities influence the parents’ perception of HRQOL in a sample of children with
severe CP (GMFCS IV-V) post-operatively?


Aim: Determine how parents’ perceptions of HRQOL for children with severe
CP (GMFCS IV-V) changes over time from pre-operatively to six weeks, three
months, six months, and one year post-operatively by comparing the Caregiver
Priorities and Child Health Index of Life with Disabilities (CPCHILD©) total
composite and subscale scores.



Hypothesis: After surgery, there is an initial deterioration noted at six weeks
post-operatively and steady improvement noted at three months and six months
with return to baseline at one year post-operatively in parents’ perceptions of
HRQOL in children affected by severe CP after extensive orthopaedic surgery of
the hip and spine.

2. How do extensive orthopaedic surgical interventions that correct hip and spine
deformities impact the caregiver in a sample of children with severe CP (GMFCS IV-V)?

13
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Aim: Determine how caregiver impact changes over time by comparing the
Assessment of Caregiver Experience with Neuromuscular Disease (ACEND)
score pre-operatively and at six weeks, three months, six months, and one year
post-operatively.



Hypothesis: After surgery, there is initial deterioration noted at six weeks postoperatively and then only moderate improvement noted at the three months, six
months with return to baseline at one year post-operatively in caregiver impact in
caregivers of children with severe CP (GMFCS IV-V) after extensive orthopaedic
surgery of the hip and spine.

3. What are the estimated non-medical out-of-pocket costs incurred by families during
the hospitalization of a child with severe CP (GMFCS IV-V) following extensive
orthopaedic surgery that correct hip and spine deformities?


Aim: Estimate the nonmedical out-of-pocket costs incurred by families during
hospitalization after surgical intervention for a child with severe CP (GMFCS IVV) and calculate the total as a percentage of the family’s gross income.



Hypothesis: Nonmedical out-of-pocket expenses incurred by families of children
with severe CP who undergo extensive orthopaedic surgery that correct hip and
spine deformities represent 10% of the families’ gross annual income.

14
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Operational Definitions
The variables and concepts in this study are defined using the current literature.
For the purposes of this study, the following definitions were used:
1. Cerebral Palsy (CP): CP is defined as:
a group of permanent disorders of the development of movement and posture,
causing activity limitations that are attributed to non-progressive disturbances that
occurred in the developing fetal brain or infant brain. The motor disorders of CP
are often accompanied by disturbances of sensation, perception, cognition,
communication, and behavior (Rosenbaum, Paneth, Leviton, Goldstein, & Bax,
2007 p. 9).
CP is operationalized by measuring the child’s gross motor function using the Gross
Motor Function Classification System (GMFCS). The GMFCS is a standardized
classification system for gross motor function in children with CP. It is based on the
child’s self-initiated movements, with emphasis on sitting, walking and wheeled
mobility. Differences between levels of motor function are based on functional abilities,
the need for assistive technology, including mobility devices (such as walkers, crutches,
and canes), and wheeled mobility (Palisano et al., 1997). See figure 1 for a full
description.
2. Extensive Orthopaedic Surgical Interventions to Correct Hip and Spine Deformities:
Extensive orthopaedic surgical interventions to correct hip and spine deformities include:
15
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femoral and/or pelvic osteotomies done in conjunction with multiple soft tissue releases
and possibly botulinum toxin type A (Botox ®) and/or phenal injections and spinal
fusions with possible pre-operative and/or intra-operative halo traction. These surgeries
are highly invasive, take at least six hours to complete, cause significant post-operative
discomfort, and require approximately seven days of hospitalization post-operatively.
Additionally, these surgeries pose a high risk for post-operative complications.
3. Health Related Quality of Life (HRQOL): HRQOL is a multidimensional theoretical
construct consisting of three broad domains: physical, psychological, and social
wellbeing. The physical domain includes the impact of illness or surgery on functioning,
the psychological domain includes coping and adaptation, and the social domain
incorporates the individual’s relationship with family and friends. Role attainment,
ability to perform activities of daily living, participation in community life, interaction
with family and friends, and coping ability are also part of the multidimensional nature of
HRQOL (Berzon, 1998; Cooley, 1998; Taylor, Gibson & Franck, 2008). HRQOL will be
operationalized by using the Caregiver Priorities and Child Health Index of Life with
Disabilities questionnaire (Narayanan, 2006).
4. Functional Status: Functional status is a patient-centered outcome that represents the
level of actual performance or capacity to perform, both in the sense of self-care or being
able to fulfill a task or role at a given moment or during a given period (Wang, 2004).
Functional status is a component of HRQOL and will be operationalized by using the

16

DiFazio, Dissertation

Caregiver Priorities & Child Health Index of Life with Disabilities questionnaire
(Narayanan, 2006).
5. Caregiver Impact: Caregiver impact is a dynamic, multidimensional construct that
involves the subjective perception of the physical, psychological, social, and financial
strain that results from caring for a chronically ill family member (Chou, 2000; Hallum &
Krumboltz, 1993). Caregiver impact will be operationalized by using the Assessment of
Caregiver Experience with Neuromuscular Disease (ACEND) (Matsumoto et al., 2011).
6. Nonmedical Out-of-Pocket Expenses (NOOPEs): NOOPEs include costs that are
directly attributed to the child and family’s health care needs. These expenses are
necessary to sustain family life; they include such items as parent travel; food and
lodging; dependent care; diminished wages from parental employment; and incidental
expenses (DiFazio & Vessey, 2011; Difazio & Vessey, in press). Costs will be captured
using a daily Family Expense Diary.
Assumptions
There are several assumptions, based on the researchers’ clinical experience in
caring for children with CP following extensive orthopaedic surgical interventions that
correct hip and spine deformities. It is expected that this study will document that
immediately following surgery, children with severe CP will have an initial deterioration
in their HRQOL and functional status that then gradually improves by 1 year after
surgery; that the caregiver impact will be initially worse in the weeks following
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orthopaedic surgery and only improve moderately one year after the procedure since
these severely involved children will still be maximally dependent on parents and
caregivers for mobility and all activities of daily living (dressing, toileting, hygiene); and
that the out-of-pocket costs represent 10% of the family’s gross income.
Summary
Due to the steady rise in the incidence of CP and the increasing number of
children who are undergoing extensive orthopaedic surgical interventions, it is critical
that the healthcare team gain a better understanding of the long term, patient-centered
outcomes of surgical interventions. The proposed study will provide information about
the HRQOL, functional status, and caregiver impact before and after extensive
orthopaedic surgical interventions that correct hip and spine deformities in children with
severe CP. Surgical treatment is justifiable only if the outcome will improve the patient’s
status and the intervention is tolerable to the child and the family. Additionally, the
proposed study will provide a beginning understanding of the financial burden that
nonmedical out-of-pocket expenses place on families during the hospitalization of their
child following extensive orthopaedic surgical intervention to correct hip and spine
deformities. The information gained from this study can be used by nurses and other
health care providers to guide patient education, set realistic expectations for the children
and their families, and assist in surgical decision making. It can also be used to inform
policy development and resources allocation.
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CHAPTER 2
Review of the Literature
Introduction
A literature review was conducted to appraise the critical aspects of the current
knowledge and methodological approaches to the study of patient-centered outcomes in
children with severe cerebral palsy (CP). The current knowledge about the structure and
meaning of the concepts and how they differ from related concepts is discussed. Research
from diverse studies and reviews are integrated and analyzed critically. Contrasting
perspectives and viewpoints are provided. From the synthesis of these perspectives the
concepts of health related quality of life (HRQOL), functional status, caregiver impact
and financial burden were defined and operationalized with clarity, precision, reliability,
validity, feasibility and utility.
All relevant empirical and qualitative research studies have been included in this
review. Children with CP have not been well studied within the pediatric orthopaedic
community. Many of the articles written in the pediatric orthopaedic literature are older;
written in the 1990s and focus primarily on the radiographic and range of motion changes
following surgery with little if any attention to patient-centered outcomes including
health related quality of life (HRQOL), functional status, caregiver impact, and financial
burden . Although many of the articles cited in this proposal are older, they are seminal
papers in this area. The purpose of this review is to establish support for the evaluation
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of patient-centered outcomes in children with severe CP who undergo extensive surgical
intervention that correct hip and spine deformities.
Theoretical Basis
The International Classification of Functioning, Disability and Health (ICF) will
guide the proposed research study in the evaluation of patient-centered outcomes in
children with severe CP and their families before and after extensive orthopaedic surgical
interventions that correct hip and spine deformities (Figure 1).
Figure 1: The International Classification of Functioning, Disability and Health (ICF)

The ICF framework was endorsed by the World Health Organization in 2001 and
serves as a bio-psychosocial framework that will guide this study in the evaluation of the
impact of a health condition on human functioning. The ICF reflects a paradigm shift
from a purely medical model to an integrated model of human functioning and disability.
The ICF guidelines have important implications for outcomes measurement. The ICF
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extends outcomes of interest beyond physiological functioning and activity to personal
and environmental contextual factors that also contribute to the health and well-being of
an individual (Majnemer & Mazer, 2004). The ICF focuses on the individual’s level of
health rather than on the individual’s disabilities and acknowledges that every human
being, regardless of age, race, gender, or nationality can experience disability.
Therefore, the ICF can be used with all people within all societies (WHO, 2010).
Each of the components within the ICF framework is linked to one another by
multi-directional arrows indicating non-linear relationships between all of the aspects of
functioning (Rosenbaum & Stewart, 2004). The term disability is not a component of the
framework, but rather an umbrella term that describes the outcomes of the interactions
between health conditions (diseases, disorders, and injuries) and contextual factors
(environmental and personal factors). These outcomes can be conceptualized and
classified into three different domains/levels of functioning; 1) body functions/structure,
2) activities, and 3) participation. The first level, body functions/structure is the
physiological and psychological functions of the body system. The second level, activity,
represents functioning at the level of the whole person. While the third level,
participation, represents the person’s functioning in his/her complete environment. The
contextual factors that influence disability and function include both environmental
factors and personal factors. The environmental factors include family, social aspects,
and culture. The personal factors include gender, age, education, coping styles, and
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social background. Outcomes are based on the interaction between the health condition
and the contextual factors (WHO, 2010).
Caregivers and family members are essential aspects of the environment. The
family is the context in which the child develops and it is this environment that
contributes to the child’s ultimate well-being. Caregivers also play a critical role
especially in children with physical disabilities that require assistance with all activities
of daily living. Caregivers must be able to manage their child’s disability while
maintaining the practical and emotional requirements of day-to-day family living. Raina
et al. (2005) found that for some families the demands of meeting these tasks can be
detrimental to the caregiver and the family including physical health, family income, and
psychological health. Hospitalization and post-operative care of a child with a severe
disability will affect the primary caregiver and may affect the overall functioning of the
family. Therefore, it is critical to measure patient-centered outcomes when evaluating the
outcomes of surgical interventions.
The social and cultural environment must also be taken into consideration. The
attitudes, values, and beliefs of others may affect the child’s participation in daily
activities (Rosenbaum & Stewart, 2004). People involved in the care of children with CP
need to encourage participation as much as possible within the family structure and the
community to facilitate the health and well-being of the child. The social and cultural
environments highlight the importance of the role of the family in the child’s overall
health and the importance of the child within the family structure.
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The personal factors are made up of the individual’s gender, age, education,
coping styles, social background, lifestyle, and other factors that influence how disability
is experienced by the individual. In the broad sense, personal factors also include the
person’s choices, likes, and dislikes (Rosenbaum & Stewart, 2004). In children with CP,
interventions and therapy programs that address activity and participation can be geared
towards the child’s likes and dislikes. Children are more likely to perform better when
the goals are self-chosen and they are motivated to achieve them (Ketalaar, Vermeer,
Hart, van Petegem-Van Beek, & Helders, 2001). The ICF model allows for variations
and differences in treatment plans and celebrates the achievements of self-defined goals
that are accomplished in whatever way possible for the individual. The ICF deviates
from the traditional thinking of designing interventions and therapy programs that are
standard for all individuals. In children with severe CP and significant cognitive delays,
parents can provide valuable information about their child’s abilities and can participate
in the development of the treatment plan.
The ICF can be applied to the patient-centered outcome measures in the proposed
study. The health condition under investigation is GMFCS Level IV-V CP. Body
structure/function will be evaluated using the Gross Motor Function Classification
System, which will provide information about the child’s level of functioning. Activities
will be measured using physical examination of the child’s range of motion and scores on
the Caregiver Priorities and Child Health Index of Life with Disabilities (CPCHILD©)
and Assessment of Caregiver Experience with Neuromuscular Disease (ACEND).
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Participation will be measured using the CPCHILD and ACEND. These
measures will evaluate the child’s level of functioning and disability. Environmental
factors involving the child’s caregiver and family will be measured using the
demographic form and ACEND.

Personal factors including the family’s socio-

economic status will be measured using the demographic form and the Family Expense
Diary, which will capture all of the expenses incurred by the family during their child’s
hospitalization. In accordance with the ICF, the proposed study takes a bio-psychosocial
approach to the evaluation of surgical interventions in children with GMFCS Level IV –
V CP.
The ICF recognizes disability as a universal human experience and views it
holistically. The ICF can be used as a framework to guide social policy, clinical practice,
education, and research in the area of CP (Rosenbaum & Stewart, 2004). Research
studies involving children with CP should include the domains of activity and
participation as well as both the personal and environmental factors in order to capture
the complex interaction of these in the life experiences of children with CP and their
families. The proposed study incorporates all components of the ICF in the evaluation of
patient-centered surgical outcomes in children with GMFCS IV-V CP. After a description
of CP, each of the model components of the model components is explicated.
Cerebral Palsy (CP). Cerebral Palsy (CP) is a well-recognized neurodevelopmental condition that begins in early childhood and persists throughout life. CP
is not an etiologic diagnosis, but a clinical descriptive term. CP describes a large subset
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of children who have motor impairments stemming from various causes and who exhibit
a wide variety of clinical manifestations (Miller & Clark, 1998). CP was first described
in 1862 by an English orthopaedic surgeon named William Little. Little described a
group of children who displayed difficulty with crawling, walking, and grasping objects.
He noted that unlike other diseases affecting the brain, this condition did not worsen over
time. Little correlated the findings seen in young children with CP and associated them
with premature or complicated births. CP was initially called Little’s disease and for
several decades, healthcare workers, families, and researchers believed that CP was
caused by oxygen deprivation during complicated births. It is now known that birth
complications only account for approximately 5-10% of all children with CP. Other
causes of CP can be divided into three time periods; prenatal, perinatal and post natal.
Prenatal etiologies include prenatal exposure to maternal infections or toxins, congenital
malformations, genetic, Rhesus blood group incompatibility, and maternal health
problems such as renal disease or infections. Perinatal etiologies include anoxia due to
perinatal complications, premature delivery, and sepsis in the neonatal period. Postnatal
causes of CP include such things as infections in early childhood and any episodes of
hypoxia, including cardiopulmonary arrest, near drowning, choking, or suffocation.
Trauma from motor vehicle accidents, falls or child abuse can also result in CP (NINDS,
2009).
The term CP has been challenging to define and has undergone several revisions
by developmental pediatricians, neurologists, and orthopaedic surgeons. Following the
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International Workshop of the Definition and Classification of CP, held in Bethesada,
Maryland in 2004, the following definition of CP was proposed:
CP is a group of permanent disorders of the development of movement and
posture, causing activity limitations that are attributed to non-progressive
disturbances that occurred in the developing fetal brain or infant brain. The motor
disorders of CP are often accompanied by disturbances of sensation, perception,
cognition, communication, and behavior (Rosenbaum, Paneth, Leviton, Goldstein,
& Bax, 2007 p. 9).
Two important features to note in this definition are the fact that the lesion is nonprogressive and that the physical impairments may change over time. The clinical
management of a child with CP will be quite different from the clinical management of a
child with a progressive neurologic condition. A clear definition of CP is critical because
it is used as the basis for planning treatment and for determining the incidence and
prevalence of CP.
Incidence and Prevalence. CP is the leading cause of physical disability in
children with an incidence of 2 to 2.5 per 1,000 live births (Standley, 2000). The
incidence is higher in males than in females with the Surveillance of CP in Europe
reporting a M:F ratio of 1.33:1 (Johnson, 2002). The United Cerebral Palsy Foundation
estimates that 800,000 children and adults in the United States are living with CP. Each
year about 8,000 babies and infants are diagnosed with CP and the incidence is rising due
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to improved care in neonatal units. Improved neonatal care has resulted in lower
mortality and higher morbidity rates in very low birth weight babies (NIDNS, 2009).
Although the number of children diagnosed with CP is known, there is no epidemiologic
information regarding the rate of CP based on severity in the United States but it is
estimated that 25 - 35% of all children with CP could be classified as having severe CP
(Rang & Wright, 1989; Hallum & Krumboltz, 1993). Australia is currently the only
country with population data according to CP severity. Cohort data from 2,351 children
with CP living in Australia (1993-2003), indicate that at the age of 5 years the
predominant levels of gross motor function are GMFCS I – III (60%). Children with
GMFCS IV-V comprise 25.3% and 14.6% were reported as unknown
(http://cpaustralia.com.au/news/access_economics_report.pdf).
Although impaired motor function is the defining clinical characteristic of CP,
children with CP have varying degrees of functional ability. The clinical manifestations
and the severity of CP are dependent upon which part of the brain that is involved and
how much of the brain is involved. Several classification systems have been developed to
categorize children based on their physical impairments. CP can be classified according
to motor type, topographical distribution, and functional severity. The motor types are
categorized as spastic, dystonic, mixed, ataxic, or hypotonic. More than 85% of all
children with CP have spastic or mixed motor disorders. The topographical distributions
are described as spastic hemiplegia, spastic diplegia, and spastic quadriplegia, which is
also known as whole body involvement. Spastic hemiplegia is defined as unilateral
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involvement while spastic diplegia and quadriplegia are defined as bilateral involvement.
Children with spastic hemiplegia can all walk independently and most children with
spastic diplegia will be able to walk, but may require assistive devices. Those with
spastic quadriplegia can rarely walk (Graham & Selber, 2003). The classification of CP
according to motor type and topographical distribution remains controversial and has not
proven to be a reliable method for classification (Soo et al., 2006).
The Gross Motor Function Classification System (GMFCS) is the newest
classification system. GMFCS was initially developed in 1997 and is the most valid,
reliable, stable, and clinically relevant method for the classification and prediction of
motor function in children with CP between the ages of 2-12 years old (Rosenbaum,
Palisano, Bartlett, Galuppi, & Russell, 2008). The GMFCS was designed for use in
clinical practice and classifies children based on their functional abilities and limitations.
It has gained worldwide acceptance and is currently used almost exclusively to classify
children with CP. Since this classification system is relatively new, researchers before
the mid-2000s did not use the GMFCS classification system; rather children were
classified as mild, moderate ambulatory or severe non-ambulatory (Rosenbaum et al.,
2002; Wood & Rosenbaum, 2000). Because these classifications were less standard and
reliable, it is difficult to examine outcomes in children of different severities across
studies.
The GMFCS is a five level ordinal rating scale of the severity of CP based on
gross motor function and is prognostic of the child’s long term functioning (Figure 2).
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Distinctions between the different levels of severity are based on the child’s differences
in gross motor function with level I being the most able and level V being the most
limited (Rosenbaum et al., 2008). Children with GMFCS level I have close to normal
gross motor function but their speed, balance, and coordination are impaired. Children
with GMFSC level II are able to walk independently, but may have some difficulty with
running or jumping, and walking on uneven surfaces. Level III function requires
assistive devices such as crutches or a walker for ambulation and a wheelchair for long
distances. These children can usually propel a wheelchair independently. Children with
level IV function can stand for transfers, walk short distances with a walker, and use a
wheelchair as their primary source for mobility. Children with level V function have very
limited voluntary control of their movements. They lack head control, are unable to sit
independently, are unable to stand or walk and rely on others for all aspects of their care
(Palisano, 1997). Gross motor function plateaus between the ages of 3-5 years and
remains stable over time; therefore the GMFSC can be used not only to classify the
children, but also to predict long term motor function in children with CP (Rosenblaum et
al., 2008). The GMFCS will be used to classify the severity of CP in this study. Children
with level IV-V CP (severe, non-ambulatory) and their parents will be the population of
interest. These children have the greatest care requirements that will continue throughout
their lives.
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Figure 2. Gross Motor Function Classification System

Note. Reprinted with the permission from Graham, HK.
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Life Expectancy of Children with Cerebral Palsy. Statistics on CP are not
routinely collected; therefore there are limited data on the life expectancy in this
population (Strauss & Shavelle, 1998). Epidemiological research reports have reported a
high rate of mortality among people with CP compared to the general population (Eyman,
Grossman, Chaney, & Call, 1990). Reduced life expectancy in children with CP has been
found to be related the severity of the neurologic disorder and to the presence of other comorbities (Evans, Evans, & Alberman, 1990; Eyman et al., 1990; Hutton, Cook, &
Pharoah, 1994; Strauss & Shavelle, 1998). In addition, reduced life expectancy was
found in children living within their home residence as opposed to those living in
institutions or health care facilities (Straus & Kastner, 1996). The estimation of life
expectancy is essential for planning clinical care and for assessing the necessary future
resources needed for children with CP.
Hutton and Pharoah (1994) attempted to determine life expectancy in 1,251
children with CP who were identified through the Mersey Cerebral Palsy Register in the
United Kingdom. The researchers found that children with no functional limitations had
a 99% 20 year survival rate, while children with severe functional limitations had only a
50% 20 year survival rate. Other researchers have demonstrated similar findings.
Evans, Evans, and Alberman (1990) found that survival rates varied considerably
according to severity, but noted that even some of the most severely affected individuals
survived into adulthood. Hutton & Pharoah (2002) also supported the idea that survival
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in CP was determined by the child’s severity, number of functional disabilities, and by
birth weight.
Kudrjavcev, Schoenberg, Kurland, and Groover (1985) reported on a group of 64
children with CP living in Rochester, Minnesota and found that in the subgroup of 17
severely delayed children only 68% of the children survived to 5 years and only 54%
survived to 10 years. Tsirikos, Chang, Dabney, Miller, and Glutting (2003) conducted a
study to determine the rate of survival among 288 severely involved children with CP
who underwent a spinal fusion. The mean predicted survival rate was 11 years and 2
months following surgery. The number of days in the intensive care unit after a spinal
fusion and the severity of the pre-operative thoracic hyperkyphosis were the only two
significant factors affecting survival rates. Similar findings were found by Asher, Lai,
and Burton (2012) in a retrospective study of 110 children with neuropathic spine
deformity who underwent a spinal fusion. Survival following spinal surgery was 100% at
4 years, 98% at 5 years, 89% at 10 years, 81% at 15 years, and 56% at 20 years. Twentytwo patients (20%) died an average of 11.90 years post-operatively. Children who had
complications and required subsequent, unplanned spine surgery had similar survival
rates. Although this information is useful in counseling families who are considering
spinal surgery for their child, there are no available data indicating survival rates in
children with CP who did not undergo spinal surgery to correct their scoliosis. Therefore,
this study cannot be used to assess the impact of surgical correction on the child’s life
expectancy.
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Straus, Shavelle, Reynolds, Rosenbloom, and Day (2007) attempted to determine
if survival rates in CP increased over a 20 year period of time. The researchers analyzed
a database of 47,259 individuals living in California with CP from 1983 to 2002. The
researchers found that children with CP and severe disabilities had a demonstrable
increase in their life expectancy over the course of the 20 year study period with a 50%
decrease in mortality rate noted in the most severely involved. The most important risk
factors were mobility and feeding. Children with mild CP did not demonstrate a
significant improvement in life expectancy. The results suggest that there have been
improvements in the treatment and care of the most medically fragile children with CP.
Although survival rates in children with severe CP are highly unlikely to approach
rates for unaffected children, these studies demonstrate improved survival rates among
children severe CP. Since the majority of these children will live into adulthood, it is
critical that we plan for their survival and evaluate health care interventions that are
aimed at maximizing health and physical functioning, and improving HRQOL. Children
with severe CP will often develop progressive neuromuscular problems and will
frequently undergo surgical intervention; therefore researchers must evaluate the
outcomes of extensive orthopaedic surgical interventions in this population of children by
accounting for changes within the same patients evaluated over time.
Associated Medical Problems and Co-Morbidities. The lesion in the brain of a
child with CP is non-progressive; however, many of the clinical manifestations progress
over time leading to reduced health and functioning. Children with GMFCS IV-V CP
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have significant impairments in all developmental domains. In addition to orthopaedic
complications, these children have intellectual delays, communication and speech delays,
seizures, impaired vision and hearing, gastro-esophageal reflux, and disturbances of
sensation and perception. These clinical manifestations are all due to the underlying
brain disorder (Green & Hurvitz, 2007). Together, nutritional, respiratory and
gastrointestinal disorders lead to frequent hospitalizations resulting from aspiration
pneumonia or malnutrition. These co-morbidities often negatively affect the outcomes of
surgical interventions in children with CP and put them at greater risk for post-operative
complications (Murphy, Milo-Manson, Campbell & Fehlings, 2008).
Neuromuscular Disorders. Children with CP often have progressive
neuromuscular disorders due to a failure of the longitudinal growth of the skeletal
muscles. In order for muscles to grow normally, regular stretching of relaxed muscles
under conditions of physiologic loading is required. Due to spasticity, the skeletal
muscles in children with CP do not relax during activity; therefore they are unable to
grow normally. Additionally, these children have greatly reduced physiologic loading
attributable to their decreased level of activity often related to weakness and poor balance
(Graham & Selber, 2003).
The underlying musculoskeletal pathology not only leads to the development of
contractures, but also to torsion of the long bones, joint instability and premature
degenerative changes in the weight-bearing joints (Brown & Minns, 1989). Hip
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subluxation/dislocation and scoliosis are frequently seen in children with CP, especially
in children on the more severe end of the CP spectrum.
Hip Subluxation/Dislocation. Hip disorders are the second most common
musculoskeletal deformity in children with CP (Robin et al., 2009). Hip dislocation
affects approximately 60% of all children with GMFSC IV-V CP. The incidence is
directly related to the severity of the child’s CP. Children with less severe CP have a
decreased incidence of hip deformity (Lonstein & Beck, 1986). The hip of a child with
CP is often normal at birth, but over time the combination of muscle imbalance and bony
deformity can lead to progressive spastic hip dysplasia and subluxation/dislocation. Hip
contractures develop because of the strong hip flexors and adductors, which overpower
the abductors and extensors. The muscle imbalance leads to a shift in the center of
rotation from the femoral head to the lesser trochanter causing the femoral head to
dislocate out of the acetabulum. Persistent femoral anteversion is also a contributing
factor in hip dislocation in this population. Once the hip is dislocated, the femoral head
then may degenerate causing osteoarthritis and pain in early adulthood (Bagg, Farber, &
Miller 1993). Dislocated/subluxed hips are less mobile and may cause difficulty with
hygiene, sitting and caregiving (Cooperman, Bartucci, Dietrick, & Millar, 1987; Flynn &
Miller, 2002; Lonstein & Beck, 1986; Samilson, Tsou, Aamoth, & Green, 1972).
Surgical interventions are often performed to prevent hip subluxation/dislocation,
bony deformity, degenerative changes and pain (Flynn & Miller, 2002). Early detection
and preventive surgical intervention is advocated by Dobson et al. (2002) to prevent hip
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dislocation and the need for reconstructive and salvage surgery which are more invasive
surgical procedures and have poorer outcomes. Soft tissue lengthening is recommended
for children as soon as hip subluxation is noted and the migration index on x-ray is
between 25-60 percent. Surgical hip reconstruction is performed on children older than 4
years who have a migration index of 60 percent or greater on x-ray in order to prevent
bony deformity, degenerative changes and pain (Flynn & Miller, 2002).
The prevalence of hip subluxation/dislocation in children with GMFCS level IVV CP is estimated at 35% -55% (Dobson, Boyd, Parrott, Nattrass, & Graham, 2002). Soo
et al. (2006) conducted a retrospective study of 323 children with CP and various
GMFCS levels in an attempt to report the accurate incidence of hip displacement defined
as a migration index >30% and correlate it with the child’s GMFCS level. The sample
was generated through the Victorian Cerebral Palsy Register for the state of Victoria,
Australia. The children in the study were all born between the years of 1990-1992 and at
the time of the study had an average of 11 years of follow-up. Thirty-five percent of the
children were GMFCS level I, 16.4% were level II, 14.2% were level III, 16.1% were
level IV and 18% were level V. One hundred and fourteen (35.3%) of the children in this
study developed hip displacement. This represents a high incidence compared to the 0.2%
incidence of developmental dysplasia of the hip in the general population. None of the
children with GMFCS level I developed hip displacement. Whereas, 69% of the children
with GMFCS IV and 90% of children with GMFCS level V developed hip displacement
and underwent surgical intervention. The study found a strong correlation between hip

36

DiFazio, Dissertation

displacement and GMFCS level. The findings of this study indicate that the incidence of
hip displacement is linear, with the incidence of hip displacement increasing in direct
proportion to functional severity.
Lonstein and Beck (1986) reviewed 464 patients and found the incidence of hip
displacement to be 7% in ambulatory children and 60% in non-ambulatory wheel-chair
bound children with CP. Samilson et al. (1972) reviewed 1,013 institutionalized patients
with non-ambulatory CP and found 28% to have hip dislocations. Moreau et al. (1979)
examined 88 adult patients with severe CP and untreated hips to determine the natural
history. These researchers found that 41 patients (23.9%) had dislocated hips, nine
(10.2%) had subluxation, and eleven (12.5) had dysplasia. The remaining 42 patients had
stable hips with lower extremity contractures. Pain was reported in 11 of the 21 patients
with a hip dislocation. The degree of pain was related to the patient’s neurological
maturity. The hip dislocation was deemed painless in the less intelligent, bed-bound
patients. Decubitus ulcers were found in 9 of the patients with either dislocated or
subluxed hips and 10 of the patients with stable hips and contractures. One-third of the
patients with dislocated/subluxed hips presented problems with perineal care, but only
three were reported as extremely difficult by the nursing staff. Five of the patients with
stable hips also presented problems with perineal care. Decubitus ulcers and difficulty
with care were more associated with contractures than dislocations. Based on the results
of this study, the authors recommended that surgical treatment for the dislocated hip
should be performed on the neurologically mature patient.
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Hendron, Bolano, and Sullivan (1992) completed a retrospective chart review of
32 children (48 hips) with severe, non-ambulatory CP who developed subluxed or
dislocated hips and underwent surgical intervention between 1983 and 1988. The
purpose of the study was to evaluate the effectiveness of a combination of surgical
procedure including soft tissue releases and proximal femoral osteotomies to obtain and
maintain a reduced hip. The outcomes of the surgery were rated as good, fair, and poor
and were based on radiographic findings and presence or absence of pain when
documented in the patient’s medical record. The radiographic findings included center
edge angle, acetabular index, and percent coverage. Twenty eight hips (58%) were rated
as good, 15 (31%) were rated as fair and five (11%) were rated as poor at a mean follow
up of 34 months. The five hips that had a poor result were all reported to be painful in
the medical record, four hips had re-subluxed and one had re-dislocated. One of the stated
goals of the surgery in this article was to add to the quality of life of the children by
preserving sitting balance and preventing pain, yet very few of the charts that were
reviewed discussed pre-operative or post-operative pain and sitting issues. The
researchers found that the better located the hip is pre-operatively and the better the
reduction at the time of the operation, the better the final long term radiologic result. No
functional measures were reported in this study. The authors of this study advocated for
early surgical intervention to prevent hip dislocation. Once the hip has dislocated, the
surgical procedure has less of a chance of long term success and a greater chance of redislocation.
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A retrospective study completed by Stasikelis, Lee, and Sullivan (1999) of
seventy-nine children with CP who underwent hip osteotomies for subluxation or
dislocation was conducted in an attempt to identify a subgroup of severely involved
children in whom the risks of surgery outweighed the potential benefits. Femoral
osteotomies with soft tissue releases including adductor releases, hamstring lengthening
or achilles tendon lengthening were performed on all children. Twenty-five children also
required pelvic osteotomies. All children were casted post-operatively and underwent
physical therapy following cast removal. The mean age of the children in the study was 7
years and 4 months. Thirteen children were ambulatory, 66 were non-ambulatory, 3 had
tracheostomies and 16 had gastrostomies. All patients in the study had a least 1 year
follow up. Post-operative complications rates in this study were high. Twenty-five
percent of the patients in this study had complications of death, fracture, or decubitus
ulcer. Three children died; one at 1 week, one at 2 weeks, and one at 5 months after
surgery. There were a total of 25 fractures in sixteen patients. No significant trauma was
associated with causing the fractures. Five patients developed decubitus ulcers, which
were discovered at time of cast removal. Nineteen (29%) of 66 non-ambulatory patients
experienced post-operative complications, while only one (8%) of 13 ambulatory patients
had complications. The researchers concluded that the disease severity as indicated by the
child’s ambulatory ability and the need for a tracheostomy or gastrostomy were the main
indicators of complication risk.
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Although this study found a high percentage of post-operative complications in
children with severe neurologic involvement, these children often experience
complications such as fractures and decubitus ulcers without undergoing surgery.
Therefore, it is not safe to assume that without surgery, the children in the study would
have been complication free. The deaths in the study need to be weighed against the
risks of long term non-operative treatment (Stasikelis et al., 1999).
Noonan, Jones, Pierson, Honkamp, and Leverson (2004) evaluated 77 adults with
CP to determine if spastic hip displacement or osteoarthritis was associated with hip pain
and/or diminished function. Data were collected retrospectively from the chart including
medical history, functional level, pain, and use of analgesics. Hip range of motion,
degree of spasticity, presence of pressure ulcers, and scores from the Face, Legs,
Activity, Cry, and Consolability Behavior Scare were obtained. X-rays of the pelvis were
reviewed for presence of osteoarthritis, hip subluxation and hip dislocation. Twenty-three
(15%) of the 154 hips were dislocated, 18 (12%) were subluxed, and 35 (23%) had
osteoarthritis. Twenty-eight (18%) of the 154 hips were deemed painful while 69 (45%)
was considered to be not painful. There was no association between x-ray findings of
osteoarthritis, hip subluxation, hip dislocation, and hip pain. Based on these results, the
researchers recommended not to perform prophylactic hip surgery, but rather to wait until
the person is experiencing pain or contractures. They do not believe the surgical
treatment should be based solely on the presence of abnormal radiographic findings.
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To date, the research related to the hip disorders in children with CP focuses on
the prevalence and classification of hip disorders, the natural history, surgical indications,
surgical techniques, and surgical complications (Bagg, 1993; Flynn & Miller, 2002;
Lonstein & Beck, 1986; Robin et al., 2009). No study has addressed the children’s
HRQOL, functional status, caregiver impact, and expenses incurred by the family during
the child’s hospitalization following surgery.
Neuromuscular Scoliosis. Scoliosis is defined as a three dimensional, lateral
curvature of the spine measuring 10 degrees or greater as calculated by Cobb’s method
(Killian, Mayberry, & Wilkinson, 1999). Scoliosis frequently develops in children with
CP and is thought to be caused by an underlying neurologic impairment leading to
muscle imbalance. It is estimated that approximately 72% - 90% of all children with
GMFCS IV-V CP will develop scoliosis compared to 1-2% for idiopathic scoliosis in the
general population (Koop, 2009). Virtually all studies on the prevalence of scoliosis in
individuals with CP were conducted prior to the initiation of the GMFCS in clinical
practice, leading to difficulty in knowing prevalence rates according to the severity of
CP. However, it is known that increased incidence and severity of scoliosis is directly
proportional to the extent of child’s neurological impairment and inversely proportionate
to the child’s functional level (Bell, Moseley, & Koreska, 1989; Rinsky, 1990). Unlike
adolescent idiopathic scoliosis, spinal bracing in this population is often poorly tolerated
and has been shown to be ineffective in controlling the advancing spinal deformity
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(Boachie-adjei, et al., 1989; Miller, Temple, & Miller, 1996; Terjesen, Lange, & Steen,
2000).
Scoliosis in children with CP can often be severe and progressive leading to
decreased sitting tolerance, pain from impingement of the pelvis against the thoracic wall,
and possible cardiopulmonary complications from thoracic compression. Surgical
intervention with a spinal fusion is often recommended for children with GMFCS IV-V
CP when the curvature reaches 40 -50 degrees to prevent worsening of the curvature,
improve sitting ability, physical appearance, comfort, respiratory function, and ease of
care (Tsirikos, Lipton, Chang, Dabney, & Miller, 2008). Although these surgical
indications have been identified, surgery for scoliosis in this population has been long
debated (Mercado, Alman, & Wright, 2007; Watanabe et al., 2009). The severity of the
spinal deformity, generalized osteopenia from non-weight bearing, respiratory
compromise, intellectual disability, seizures, and malnutrition all contribute to the
complexity of the surgery and increase the risk for poor outcomes and complications
(Comstock, Leach, & Wenger, 1998).
Kalen, Conklin, and Sherman (1992) compared a group of institutionalized adults
with untreated scoliosis measuring 45 degrees or greater with a group of similar patients
with no scoliosis. The scoliosis group had more muscle contractures involving the pelvis
and hips and required more adjustments to their wheelchairs. However, there were no
differences in the incidence of decubiti, highest functional level achieved, or pulmonary
function between the groups. In addition, caregiver time did not differ between groups of
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patients with scoliosis and those without scoliosis. Twenty-six percent of the patients
who underwent spinal fusion died at an average age of 17 years versus 39% of the
untreated patients who died at an average age of 16 years.
Cassidy, Craig, Perry, Karlin, and Goldberg (1994) compared similar groups of
institutionalized patients. One group underwent scoliosis surgery while the other group
did not have surgery. No clinically significant difference was identified in pain,
pulmonary medication use or therapy, decubiti, function, or time for daily care. Askin,
Hallett, Hare, and Webb (1997) evaluated 20 patients with CP pre- and post- spinal
fusion to determine whether improving spinal alignment with a spinal fusion improved
the functional abilities of the children. Subjective assessment of cosmesis also was made.
Deterioration in activities of daily living was noted in the first six months following
surgery and return to baseline function was noted at one year post-operatively. No
functional gains were identified after one year. Seventy-five percent of the caregivers
were pleased with their child’s post-operative appearance, but no evaluation of the ease
of caregiving following surgery was performed in this study. Based on these results,
there is no evidence of significant functional gains following surgical intervention.
The reported complication rates remain high following spinal fusion in children
with CP with 81% reported by Lonstein and Akbarnia (1983) and 68% reported by
Comstock et al. (1998). Despite the high complication rates and limited evidence of
benefit to physical functioning and pain control, several researchers have found high
caregiver satisfaction following a spinal fusion due to improved sitting ability, physical
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appearance and ease of care (Cassidy, 1994; Comstock, 1998; Jones, Sponseller, Shindle,
& McCarthy, 2003; Lonstein & Akbarnia, 1983; Tsirikos, Chang, Dabney, & Miller,
2004). Sussman, Little, Maxwell Alley, and McCoig (1996) reported that all caregivers
who responded to their questionnaire would advise that their child should have surgery
again. Similarly, Bulman, Dormans, Ecker, & Drummond (1996) found that 92% of the
parents in their study were pleased with the results of the surgery and would recommend
surgery to other parents of children with CP.
Post-operative complications and risk factors for complications were reported by
Master, Son-Hing, Poe-Kochert, Armstrong, and Thompson (2011) in a retrospective
study of 131 patients with neuromuscular scoliosis who underwent a spinal fusion. These
patients all had a minimum of 2 year follow up. Forty-six major complications in 37
patients (48%) were reported, including 2 deaths. In addition, 37 minor complications in
29 patients were reported. Examples of major complications include permanent
neurologic deficit, symptomatic instrumentation failure, wound infection requiring
repeat surgery, dural tear, and respiratory depression/arrest. While minor complications
included temporary neurologic deficit, wound infection that resolved with antibiotics,
asymptomatic hardware failure, and respiratory complications that resolved with
increased oxygen alone. Factors associated with increased major complications were
preoperative curvature of >60 degrees and non-ambulatory status. Complications
associated with spinal fusions in the neuromuscular population are common. Based on
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the results of this study, operative intervention should be considered before the curve
progresses beyond 60 degrees.
In a study to determine the clinical outcomes and satisfaction associated with
spinal surgery in children with CP, Watanabe et al. (2009) retrospectively evaluated 84
patients/families of children with CP who underwent a spinal fusion. Parents were asked
to complete a questionnaire that assessed expectations, cosmesis, function, patient care,
quality of life, pulmonary function, health status, self-image, and satisfaction. Ninety-two
percent reported overall satisfaction with the surgery and 84% would undergo the surgery
again. Only 40% reported that the parent/caregivers quality of life (QOL) also improved.
Improvements were noted in sitting balance (93%), cosmesis (94%), and QOL (71%). As
with other studies, functional improvements were limited and the post-operative
complication rate was 31%. Despite the limited functional improvements and high
complication rates in this study; parents still reported an overall satisfaction with the
surgery. The limitation to this study is that it was completed retrospectively, an average
of 6.2 years post-operatively and the child’s pre-operative and post-operative status were
not compared.
Bohtz, Meyer-Heim, and Min (2011) conducted a retrospective study of caregiver
reported changes in HRQOL and radiographic findings before and after a spinal fusion in
50 patients with GMFCS IV-V CP. A modified version of the Caregiver Priorities and
Child Health Index of Life with Disabilities (CPCHILD) questionnaire was used to
measure HRQOL and x-ray measurements were completed. Significant improvements in
45

DiFazio, Dissertation

HRQOL were reported by parents and 91.7% were satisfied with the outcome of the
surgery. On average there was a 64.3% scoliosis correction. A correlation between
scoliosis correction and changes in HRQOL could not be established. One of the major
limitations of this study is that it was conducted retrospectively and the CPCHILD was
administered to the parent at the time of the child’s last follow up appointment.
Therefore, parents completed the pre-operative and post-operative questionnaires at the
same time which could lead to recall bias.
In summary, the evidence to support spine surgery in this population remains
limited and controversial. Additional work must be done in this area to understand better
the outcomes of extensive orthopaedic surgical interventions in this population in order to
fill the knowledge gap and appropriately identify children who would benefit from spinal
surgery.
Extensive Orthopaedic Surgeries that Correct Hip and Spine Deformities.
Children with GMFCS IV-V frequently develop progressive hip
subluxation/dislocation and scoliosis. Surgical interventions to correct or prevent these
deformities are performed frequently in this population. The two most common and
invasive surgeries performed to address these deformities include muscle lengthening
with femoral and/or acetabular osteotomies and spinal fusions (Narayanan, 2006). These
surgeries are usually performed on children between the ages of 5-25 years old. Some of
these surgeries are done for prophylactic reasons before the child experiences secondary
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complications related to the orthopaedic deformity, while other surgeries are performed
after the child begins to experience complications (e.g., pain, difficulty sitting).
These surgeries are classified as extensive orthopaedic surgeries because they
share common characteristics. They are highly invasive, take at least 6 hours to
complete, cause significant post-operative discomfort, and the length of hospitalization
stay is approximately 7 days. Additionally, these surgeries pose a high risk for postoperative complications including death.
In children with GMFCS IV-V CP, there is an increased risk for respiratory
complications due to abnormal hypo-pharyngeal tone or anatomic abnormalities of the
upper airway. In addition, these children have poor coughing mechanisms due to weak
respiratory muscles and are at greater risk for post-operative pneumonia (Tsirikos, 2010).
There is an increased risk for intra-operative and post-operative bleeding due to acquired
disorders of coagulation and side effects of selected anti-seizure medications such as
phenobarbital. Gastro-esophageal reflux and a poorly coordinated swallowing pattern
can lead to the development of post-operative aspiration pneumonia. Poor healing or
infection may result from inherent immunodeficiency and poor nutritional status. Many
children with severe CP are below the 25% percentile for weight and their nutritional
intake will further decrease immediately post- operatively (Sarwark & Sarwahi, 2007).
Learning and behavior difficulties also complicate the post-operative course. Children
with severe cognitive delays are unable to comply with pulmonary toileting, feeding, and
mobility (Tsirikos, 2010).
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Thus, extensive orthopaedic surgical interventions in children with severe CP and
multiple medical co-morbities place them at increased risk for severe and often lifethreatening post-operative complications. A well-coordinated multidisciplinary approach
is needed to assess and treat these patients. The team must also ensure that the benefits
of surgery outweigh the risks.
Health Related Quality of Life (HRQOL). Health related quality of life
(HRQOL) is an important outcome variable in determining the appropriateness of
interventions (Saigel & Tyson, 2008). HRQOL measures provide information on the
effects of chronic conditions on a person's day-to-day life and can aid in decision making
by focusing on the areas that are most important for the child and family functioning
(Narayanan, 2006). HRQOL is a multidimensional concept incorporating physical,
psychological, and social wellbeing. The physical dimension includes the impact of
illness on functioning, the psychological dimension includes coping and adaptation, and
the social dimension incorporates the individual’s relationship with family and friends.
Role attainment, ability to perform activities of daily living, participation in community
life, interaction with family and friends, and coping ability are also part of the
multidimensional nature of HRQOL (Berzon, 1998; Cooley, 1998; Taylor et al., 2008).
HRQOL has been defined as a subset of quality of life and is often referred to as the
value assigned to duration of life as modified by the impairments, functional status,
perceptions, and social opportunities that are influenced by disease, injury, treatment or
policy (Patrick, 1993). It has also been defined as “the physical, psychological, and
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social domains of health, seen as distinct areas that are influenced by a person’s
experiences, beliefs, expectations and perceptions” (Testa & Simonson, 1996 p. 835).
HRQOL measures can aid in decision making by focusing on the areas that are most
important for the functioning of the child and the family and in determining what
interventions are appropriate (Narayanan, 2006).
Generic Versus Disease Specific Measures of HRQOL. Currently, a gold
standard of measurement of HRQOL in children with cerebral palsy does not exist and
there is a limited number of HRQOL instruments to measure health outcomes in children
with or without chronic conditions. These measures are much less well-developed than
the measures used in adult outcomes research. Measuring HRQOL in children with CP
across all severity levels is particularly challenging since these children have a wide
range of functional abilities and a variety of associated medical conditions (Vitale et al.,
2005). There are two broad categories of instruments used for measuring HRQOL;
generic and disease- specific. A generic HRQOL instrument incorporates a
comprehensive array of domains of well-being which allows for screening in healthy
populations, comparisons across pediatric populations with chronic health conditions, and
benchmarking with healthy populations (Varni, Burwinkle, & Lane, 2005). The
disadvantage of a generic HRQOL measure is that they are not likely to be responsive to
changes in disease-specific symptoms (Guyatt, Feeny, & Patrick, 1993).
Disease-specific instruments are used to assess characteristics of a specific
condition such as diabetes, cerebral palsy, or asthma. These instruments focus on the
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specific disease and its treatment and may be more sensitive to specific clinical changes
in children with CP. The disadvantage of using these instruments is that it is impossible
to compare results across diseases or healthy populations (Varni et al., 2005).
Several researchers have attempted to measure HRQOL in children with CP
using generic measures including the Child Health Questionnaire (CHQ), the modified
Caregiver Questionnaire (SC), Pediatric Evaluation of Disability Inventory (PEDI) and
the Pediatric Outcomes Data Collection Instrument (PODCI). These measures all have
substantial limitations when used as HRQOL outcome measures in children with CP as
they are insensitive to detecting outcome differences in moderately to severely involved
children (Waters, Maher, Salmon, Reddihough, & Boyd, 2005). Studies using these
instruments have shown a significant “floor effect” in children with severe CP. That is,
parents reported that the questions asked about their child’s functioning were well above
their children’s abilities (Narayanan, 2006). In addition, several of these instruments
were not originally designed to measure HRQOL. The PODCI and the CHQ were
designed to measure functional status, which does not capture the multidimensionality of
HRQOL. Recent studies in children with CP revealed that functioning is only weakly
correlated with HRQOL, therefore studies using the PODCI and the CHQ are not good
indictors of the child’s overall HRQOL (Rosenbaum, Livinston, Palisano, Galuppi, &
Russell, 2007). Little is known about the HRQOL of children with CP especially in
children who are at the severe end of the spectrum, based on the results of studies
conducted using these generic measures (Arnaud et al., 2008).
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Four disease-specific instruments, the CP QOL-Child, the Caregiver Priorities and
Child Health Index of Life with Disabilities (CPCHILD), the PedsQL-CP module, and
the DISABKIDS, have been designed to measure the impact of having CP on a child’s
HRQOL (Table 1). All of the instruments had some level of child and family
involvement in the development of the questions. Three out of four of the measures have
both self-report and parent-proxy versions (Waters et al., 2009). The CPCHILD has only
a parent-proxy version because it was designed to measure HRQOL in children with
severe CP who are unable to self- report due to severe functional and cognitive
limitations. The CPCHILD is the newest of the disease-specific measures and is now just
beginning to be used to test the effectiveness of interventions on HRQOL in children with
severe CP (Narayanan, 2006).
Each of these measurement instruments focus on different aspects of the child’s
physical and psychological well-being. Analyses of these instruments reveal sound
psychometric properties with adequate reliability and validity. These four diseasespecific instruments are all relatively new and therefore, have not shown sensitivity to
change, meaning that they have not proven to detect clinically important health changes
over time (Waters et al., 2009).
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Table 1
Disease-Specific Measures of Health Related Quality of Life in Children with Cerebral
Palsy
Measure
CP QOL
Child

DISAB
KIDS

Age
Range
(Yrs.)
9-12
4-12

4-16
4-16

Respondent

Domains

Self-Report
Parent
Proxy

Self-Report
Parent
Proxy

No.
Items

Reliability

Validity

4:
Physical
wellbeing,
social
wellbeing,
emotional
wellbeing,
acceptanc
e by
others

52

SelfReport:
Not
completed

Self-Report:
Not completed

6:
Medicatio
n,
limitation,
emotion,
independe
nce, social
inclusion,
social
exclusion

37

Parent
Proxy:
Cronbach
Alpha
0.74-0.89
Test-Retest (0.760.89)

Parent Proxy:
Moderately
correlated
with the
KIDSCREEN
(r=0.30-0.57)
Moderately
correlated
with the
Global QOL
(r=0.18-0.58)
and global
health
(r=0.21-0.56)

SelfReport:
Internal
consistency
with
acceptable
results
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CPCHILD©

2-18

Parent
Proxy
Questionnai
re is used
only in
children
with severe
CP
(GMFCS
IV-V )

PedsQL-CP

2-18

Self-Report
Parent
Proxy

6:
36
personal
care,
positionin
g,
transfers
and
mobility,
communic
ation and
social
interaction
, comfort,
emotions
and
behavior,
health and
overall
QOL
7: daily
35
activities,
school
activities,
movement
and
balance,
pain and
hurt,
fatigue,
eating
activities,
speech
and
communic
ation

Parent
Proxy:
Internal
Consistenc
y

Parent Proxy:
Correlated
with related
instruments

Cronbach
Alpha
0.7 or > in
all domains
Test-retest
(0.88-0.96)

SelfReport:
Internal
consistency
Cronbach
Alpha
0.63-0.93

Parent Proxy:
Correlations
between the
CP module
and generic
core scale
were varied
ranging from
Parent
weak (0.14Proxy:
0.23)
Internal
moderate
consistency (0.40-0.43)
Cronbach
and significant
Alpha
90.52-0.84)
0.88-0.96

Self-Report Versus Parent Proxy Reporting of HRQOL. There has been great
debate in the pediatric outcomes literature regarding who is the most appropriate person
to assess a child’s HRQOL; some researchers believe that the child should be asked
directly, while others prefer to rely on the parents as proxy respondents. Some
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researchers believed that children lack the cognitive and language skills necessary for
self-report (Upton, Lawford, & Eisner, 2008). However, there is now mounting evidence
that children can self-report HRQOL reliably as long as their emotional level, cognitive
ability, and reading level are all taken into consideration (Riley, 2004). Pediatric selfreport is becoming the gold standard for measuring perceived HRQOL. That being said,
there are certain groups of children who are unable to accurately provide ratings of their
HRQOL due to their young age, severe intellectual impairments, medically unstable
condition, or significant communication disorders. In these cases, the only way to obtain
information about their HRQOL is by using parent proxy measures (Varni & Limbers,
2009).
Researchers have tried to assess the level of agreement between children and their
parents. Researchers proposed that if a high level of agreement existed then researchers
could use either the child or the parent’s response and if a low level of agreement existed
then the researchers would have to decide whose response would be most reliable and
appropriate for their specific study (Matza et al., 2004). Unfortunately, results of these
studies have shown varying degrees of agreement between the child self-report and
parent proxy report. Some studies reported high parent-child agreement (Guyatt et al.,
1993; Upton et al., 2008), while others reported low agreement (Vogels, Verrips, &
Verlook-Vanhorick, 1998; Eiser & Morse, 2001; Jokovic, Locker, & Guyatt, 2004).
Researchers hypothesized that the degree of child-parent agreement was related to
factors such as the child’s age, the domains that were being measured, and the child’s
54

DiFazio, Dissertation

health status. Studies examining these factors have often found inconsistencies between
parent proxy and child self-report. Studies focusing specifically on the child’s age found
greater parent-child agreement in older children (Saigal, Furlong, & Rosenbaum, 1995),
while others reported no significant age effects (Eiser & Morse, 2001). Higher parentchild agreement has been demonstrated in the assessment of the physical domains of
HRQOL including functioning, somatic diseases, and chronic illness rather than in the
emotional domains including social and cognitive functioning (Eiser & Morse, 2001).
Jokovik et al. (2004) reported that parents were more often aware of their child’s physical
abilities than their psychological abilities including their child’s relationships with peers
or how they were feeling about themselves. Some studies have demonstrated greater
child-parent agreement in sicker children (Eiser & Morse, 2001), whereas other studies
have found greater agreement between healthy children and their parents (Theunissen et
al., 1998).
Agreement between children and their parents varies considerably and further
research is needed to determine the factors that may affect the level of parent-child
agreement. It is important for researchers to discover where and how parent proxy and
child self-reports differ in order to better understand how accurate of an estimate of a
child’s HRQOL can be provided by a parent. This is particularly important in children
who are unable to self-report due to young age or physical and cognitive delays.
Without conclusive evidence, outcomes researchers must make the difficult
decision of determining whose HRQOL report should be considered; the child or the
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parent’s perception of their child’s HRQOL. Each seems to have certain advantages and
disadvantages. Since HRQOL is subjective, whenever possible it is best to obtain the
child’s self-report, but this is not always possible. Parent proxy measures may be the
only option in very young children or children with severe disabilities who are unable to
self-report. In these populations, the parents are able to provide a perspective that is
otherwise unobtainable (Matza et al., 2004). Although parent proxy measures may not be
ideal, the parents’ views of their child are extremely important to the health and wellbeing of both the child and the parent.
HRQOL Studies in Children with CP. Several researchers have attempted to
further define HRQOL and determine the best way to measure HRQOL in children with
CP. Some of the initial studies in this area were conducted to determine what constituted
HRQOL and if physical functioning played a major role in a child’s HRQOL. Table 2
highlights the most relevant studies conducted on HRQOL in children with CP. Early
researchers believed that functional status was critical in a child’s HRQOL and therefore
this became the main focus of early measurement instruments. This idea has since
proven not to be accurate. In a study by Schneider, Gurucharri, Gutierrez, and GaeblerSpira (2001) who compared parent-proxy measures of HRQOL and functional outcomes,
HRQOL was found to be a separate construct and not the primary contributing factor in a
child’s HRQOL. The majority of the children in this study had significant physical
disability, yet QOL issues did not correlate well with function. This dispels many of the
early beliefs about the contribution of physical functioning on HRQOL.
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Low HRQOL has been found in studies of children with CP. In a study of 177
children with varying degrees of CP, Vargus-Adams (2005) found significant deficits in
HRQOL as reported by their parents when compared to normative standards. When the
children were stratified by severity, a correlation between HRQOL and severity existed.
Parents of children who were more severely involved reported a lower HRQOL for their
child. In this same sample, HRQOL was found to be stable over time in all domains
except physical functioning, which decreased with time (Vargus-Adams, 2006). Although
these two studies claim to have measured HRQOL, the data were collected using the
Child Health Questionnaire which was designed to measure functional ability, not
HRQOL. This may be the reason that the findings are primarily related to physical
functioning and not the emotional status of the child.
Morrow, Hayen, Quine, Scheinberg, and & Craig (2011) examined the
relationship between child, parent proxy and physician proxy reporting of HRQOL using
the Health Utilities Index (HUI) 23. Fifty-nine children between the ages of 5-18 years
with various chronic illnesses, 59 parents, and 130 physicians participated. Eleven
children with GMFCS V were included in the study. Inter-rater agreement between the
patient, parent, and physician were lower for patients with CP than patients with other
chronic illnesses. The subjective aspects of the child’s HRQOL life were under-reported
by both parents and physicians in children with CP and the objective domains of the
instrument were on the lower end of the scale indication a floor effect. This brings into
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question whether or not the HUI 23 is an appropriate measure of objective HRQOL in
children with severe CP.
Parent proxy versus child self-report has been the focus of several studies. One
study conducted by Varni et al. (2005) attempted to determine if children with CP were
able to self-report their HRQOL using the Pediatric Quality of Life Inventory Version
4.0. Out of the 148 children in the study, 69 (47%) were able to self-report. Children
who were more severely involved reported lower levels of HRQOL and parent-child
agreement was lowest for emotional functioning.
A few studies are now beginning to use HRQOL as an outcome measure of
interventions. Cuomo et al. (2007) prospectively evaluated 57 ambulatory children with
CP to determine the impact of multilevel soft tissues surgery on the child’s HRQOL.
Parent proxy generic measures including the Pediatric Outcomes Data Collection
Instrument (PODCI) and the Pediatric Quality of Life Questionnaire (PedsQL) were used.
The study found significant improvements in the PedsQL total score and physical score at
12 months post-op on the parent proxy report. The child’s self-report showed no postoperative changes in perception of functional status, pain and happiness. These results
may indicate that the self-report measurement tools are not sensitive enough or diseasespecific enough to detect changes in the child’s self-report following surgery.
In an attempt to differentiate between the concepts of QOL and HRQOL,
Rosenbuam et al. (2007), evaluated self and proxy reports of QOL and parent proxy
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reports of HRQOL in 203 adolescents. The researchers found that QOL and HRQOL
were related conceptually, but were different constructs. The results of this study inform
researchers that HRQOL and QOL are unique constructs and should be measured
differently.
Disease-specific measures of HRQOL in CP are just beginning to be used in
studies. The CPHILD, a disease specific measure designed to measure effectiveness of
interventions in children with severe CP has only been used in one study. This study
conducted by Murphy et al. (2008), examined the effects of oral modafinil on parent
proxy HRQOL. The findings revealed declined HRQOL during the modafinil trial and
increased HRQOL during the placebo trial. These results may be difficult to generalize
due to the low sample size of 8 children, but this study demonstrated that the CPCHILD
has the ability to detect changes in HRQOL in children with severe cerebral palsy.
Pirpiris and colleagues (2006) attempted to determine the association between
function and HRQOL in children with mild to moderate CP by surveying parents using
the Pediatric Outcomes Data Collection Instrument (PODCI), the Pediatric Quality of
Life Questionnaire (Peds-QL) and the Gillette Functional Assessment Questionnaire.
The results of this study indicate that functional measures are not good predictors of
HRQOL and the children with poor functioning may report good social and emotional
well-being. One limitation of this study is that the study was conducted with children
with mild to moderate CP. Severely involved children with major functional limitations
were not included in the sample.
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Shelly et al. (2008) also tried to determine if an association existed between
function and QOL using both the parent proxy and self-report version of the diseasespecific Quality of Life – CP Questionnaire. Parents reported that functioning was
related to all domains of QOL except for access to services, while the children reported
that three domains of QOL were associated with function including feelings about
function, physical health and pain, and feelings about disability. The results of this study
will add to the growing knowledge of the differences between self and parent proxy
reports and also supports the idea that HRQOL is much more than physical functioning.
HRQOL research initially focused on describing HRQOL and differentiating it
from other related concepts such as QOL and functional status. The critical domains of
HRQOL were established and generic and disease-specific HRQOL measures were
created. The research has now begun to focus on HRQOL as an outcome measure for
nursing and medical interventions. The results of these studies will help to guide clinical
practice and policy development. The proposed study will use the CPCHILD to measure
HRQOL in children with GMFCS VI-V CP.
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Table 2
Summary of Health-Related Quality of Life Studies in Children with Cerebral Palsy
Researchers

Sample

Design/Aims

Measures

Findings

Schneider,
Gutucharri,
Gutierrez,
GaeblerSpira (2001)

30 caregivers of
children with
CP
children ages 515 years

Parent Proxy
Assess the
correlation
between
function and
HRQOL

Child Health
Questionnaire
(CHQ)

QOL issues did not
correlate well with
function – HRQOL
and function are
different constructs
that cannot be
inferred from one
another but they
may overlap

GMFCS
Classification
Mean GMFCS
= 2.5

VargusAdams
(2005)

177 children
with CP ages of
3 – 18 years
GMFCS
Classification
GMFCS 1 = 70
GMFCS 2 = 24
GMFCS 3 = 24
GMFCS 4 = 29
GMFCS 5 = 30

Varni,
Burwinkle.
Sherman,
Hanna,
Berrin,
Malcarne, &

18 children
with CP

Caregivers
Questionnaire
(CQ)
Wee-Functional
Independence
Measure
(WeeFim)

Parent Proxy
Describe the
relationship
between CP
severity and
HRQOL

Self-Report
Determine if
pediatric
patients with
CP can self-

Child Health
Questionnaire –
Parent Form
(CHQ-PF50)
Gross Motor
Functioning
Classification
System
(GMFCS)

Pediatric QOL
Inventory
Version 4.0

Lower QOL than
the general
population
Relationship exists
between severity of
CP and HRQOL
Deficits in HRQOL
were shown in the
physical functioning
and parental impact
domains
69 children were
able to self-report
Children with CP
reported lower
HRQOL than
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Chambers
(2005)

VargusAdams
(2006)

report their
HRQOL

177 children
with CP ages 3
– 18 years
GMFCS
Classification
GMFCS 1 = 70
GMFCS 2 = 24
GMFCS 3 = 24
GMFCS 4 = 29
GMFCS 5 = 30

Cuomo,
Gamradt,
Kim, Pirpiris,
Gates,
McCarthy,&
Otsuka
(2007)

57 ambulatory
children with
CP ages 4 – 18
years
undergoing
multilevel soft
tissue surgery
to correct
imbalance

Parent Proxy

healthy children
Parent-child
agreement was
lowest in emotional
functioning
Child Health
Questionnaire –
Parent Form
(CHQ-PF50)

Significant deficits
in HRQOL

Pediatric
Outcomes Data
Collection
Instrument
(PODCI)

Significant
improvement in the
PedsQL total score
and the physical
functioning score
for parent proxy
report at 12 months
post-op

data
collection at
baseline, at 3
months and 6 Gross Motor
months
Functioning
Classification
System
Examine
effect of time (GMFCS)
on HRQOL
outcomes
Parent proxy
and selfreports
Data
collected
preoperatively
and at 1 year
post
operatively
Impact of
multilevel
soft tissue
surgery in
ambulatory
CP

Pediatric
Quality of Life
Questionnaire
(PedsQL)
Gillette
Functional
Assessment
Questionnaire
(FAQ) Walking
Score

HRQOL was stable
over time in all
domains except
physical
functioning, which
decreased with time

No post-operative
change in the
child’s perception
of functional level,
pain and happiness
No post-operative
change in impact on
caregiver
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Rosenbaum,
Livingston,
Palisano,
Galuppi, &
Russell
(2007)

203 adolescents
with CP

Parent Proxy
(33.5%)

GMFCS
Classification
GMFCS 1 = 60
GMFCS 2 = 33
GMFCS 3 = 28
GMFCS 4 = 50
GMFCS 5 = 32

Self-Report
(66.5%)

Murphy,
MiloManson,
Best,
Campbell, &
Fehlings
(2008)

8 children with
CP between the
ages of 8-16
years

Parent Proxy

Pirpiris,
Gates,
McCarthy,
D’Astous,
Tylkowksi,
Sanders,
James,
Dorey,
Ostendorff,
Robles,
Caron (2006)

90 children
with CP
between the
ages of 8-16
years

GMFCS
Classification
GMFCS 3 = 1
GMFCS 4 = 6
GMFCS 5 = 1

GMFCS
Classification
Mean GMFCS
= 2.4

Quality of Life
Instrument for
People with
Disabilities self
Health Utilities
Index Mark 3
(HUI3) - proxy

Caregivers
Priorities and
Randomized Child Health
double blind Index of Life
AB/BA cross with Disabilities
(CPCHILD)
over trial
Effects of
oral
modafinil vs
placebo on
spasticity,
function and
QOL

Modified
Ashworth Score
(MAS)

Parent Proxy

Pediatric
Outcomes Data
Collection
Instrument
(PODCI)

Determine
association
between
function and
well-being
(HRQOL)

Pediatric
Quality of Life
Questionnaire
(PedsQL)

QOL and HRQOL
are related
conceptually, but
they are different
constructs and need
to be considered
separate dimensions
HUI3 explained
only a small
proportion of the
variance in QOL
scores
Decline in HRQOL
during modafinil
trial
Improvement
HRQOL during
placebo trial

Child’s function
was not correlated
with psychosocial
well-being
Functional
measures were good
at predicting
functional wellbeing but were
weak at predicting
psychosocial well
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Shelly,
Davis,
Waters,
Mackinnon,
Reddihough,
Boyd, Reid,
& Graham
(2008)

205 parents of
children with
CP between
ages 4-12 years
53 children
with CP ages 912 years with
CP
GMFCS
Classification
GMFCS 1 = 36
GMFCS 2 = 58
GMFCS 3 = 29
GMFCS 4 = 23
GMFCS 5 = 56

WhiteKoning,
Granjean,
Colver,
Arnaud
(2008)

204 parents and
professional of
children age 812 year olds
with CP and
intellectual
disabilities

Surveys of
parent and
children
Determine
association
between
function and
QOL
domains

Gillette
Functional
Assessment
Questionnaire
(FAQ) Walking
Score

being

Cerebral Palsy
Quality of Life
Questionnaire –
Parent Proxy
(CP QOLChild)

Parent Report: all
domains of QOL
were associated
with functioning
except access to
services

Cerebral Palsy
Quality of Life
Questionnaire
Child version
(CP QOLChild)

Child Self Report: 3
domains of QOL
(feeling about
function, physical
health and pain and
feelings about
disabilities) were
associated with
function.

Gross Motor
Functioning
Classification
System
(GMFCS)

Parent proxy
Professional
Proxy
Compare
parentprofessional
agreement of
QOL in
children with

KIDSCREEN
Questionnaire

Child with poor
functioning may
report good social
and emotional well
being
Mean parentreported score for
QOL were higher
than the
professional reports
in the psychological
domains and lower
in the social support
domain
Average parentprofessional
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CP

disagreement rate
was high (62%)

Assess
factors
associated
with low
child QOL
according to
parents and
professionals

Morrow,
Hayen,
Quine,
Scheinberg,
& Craig
(2011)

Parents,
children aged
5-18 years with
chronic
conditions and
physicians

Davis,
Mackinnon,
& Waters
(2011)

201 Parents of
children with
CP between
ages of 4-12
years
GMFCS
Classification
GMFCS 1 = 36
GMFCS 2 = 58
GMFCS 3 = 29
GMFCS 4 = 22
GMFCS 5 = 56

Examine
relationship
between
parent’s
psychosocial
distress and
reporting of
child’s
HRQOL
Explore
relationship
between
impairment
and QOL

Parents and
professional agreed
more often in
children with severe
impairments
High parental stress
is associated with
low parent –
reported child QOL
Morrow, Hayen,
Quine,
Scheinberg, &
Craig (2011)

Parents, children
aged 5-18 years
with chronic
conditions and
physicians

Cerebral Palsy
Quality of Life
Questionnaire
for Children
(CP QOLChild)

Parental
depression/distress
was weakly
negatively
correlated with all
domains of parent
proxy QOL.

Kessler 10
Gross Motor
Functioning
Classification
System
(GMFCS)

Parents of children
with greater
physical impairment
report greater
depression/distress.
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Functional Status. Functional status is defined as the level of activities
performed by an individual to achieve activities of daily living in numerous aspects of
life including physical, psychological, social, spiritual, intellectual, and role functioning.
The assessment of functional status originated in the field of rehabilitation and has been
used to determine the individual’s capacity related to their expected performance (Wang,
2004). Moinpour et al. (1988) defined functional status measurement as “any systematic
attempt to measure the level at which a person is functioning in a variety of areas, such as
physical health, quality of self-maintenance, quality of role activity, intellectual status,
social activity, attitude towards the world and toward self, and emotional status”
(Moinpour, McCorkle, & Saunders, 1988 p. 24). A similar definition of function status
was suggested by Leidy (1994) “one’s ability to provide for the necessities of life and
necessities include physical, psychological, social and spiritual needs” (Leidy, 1994 p.
197). Many of the definitions of functional status include many domains of function
rather than just physical functioning. In many conditions, such as CP, for which there is
no cure, maintaining or improving function is the long standing goal of interventions in
this population. Functional status is a patient-centered outcome and an important aspect
of HRQOL. Functional status will be measured in the proposed study using the
CPCHILD©.
Caregiver Impact. Caregiver impact is a dynamic, multidimensional construct
that involves the subjective perception of the physical, psychological, social, and
financial strain that results from caring for a chronically ill family member. As a
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subjective process, the perception of the impact varies among caregivers and changes
over time. The impact of caregiving is partially determined by the caregivers’ coping
strategies and their available resources including familial, social, and economic. Both
positive and negative aspects of caregiving exist, however when the negative aspects
outweigh the positive aspects, the caregiver may experience negative physical and
psychological effects of the chronic stress (Chou, LaMonagne, & Hepworth, 2000;
Hallum & Krumboltz, 1993).
Parental caregiving for a child with severe CP is an enormous responsibility.
These children have long-term functional limitations and medical needs that require a
high level of ongoing caregiving. Parents often have to assist their child with all activities
of daily living including feeding, dressing, bathing, and toileting due to their child’s
significant self-care deficits. Despite the potential effects on these caregivers, there are
limited published studies examining the impact of severe CP on the well-being and
caregiving abilities of parental caregivers. There are even fewer studies that evaluate the
effects of surgical interventions on parental caregivers. Studies of children with CP have
primarily focused on the physiological aspects of the condition itself rather than on the
caregiver impact.
The trend towards deinstitutionalization of children with disabilities has left
families as the primary source of long term care and assistance (Anderson, Dumont,
Jacobs, & Azzaria, 2007; Raina et al., 2004). There are an estimated 5.9 million children
in the United States with severe disabilities, and the majority of them are cared for at
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home (Perrin, 2002). The current health care system depends on parents being willing
and able to care for their disabled child throughout their entire life (Raina et al., 2004).
Without the involvement of the family members, the public long term care expenditures
would at least double. Although home-based care is cost-effective for the health care
system and the government, the increased reliance on family members (usually parents)
as caregivers can place them at risk of experiencing chronic stress and associated
morbidities (Hunt, 2003). Providing care to children with severe disabilities requires
extraordinary physical, emotional, social, and financial resources. Although many
caregivers of children with disabilities cope well, providing such a high level of care
overtime without adequate social and economic supports can become burdensome and
can have a negative impact on the caregiver’s quality of life (Raina et al., 2005).
Evidence suggests that lifelong caregiving for a child with disabilities is
associated with poor physical and psychological health in the caregivers (Brehaut et al.,
2004; Breslau, Staruch, & Mortimer, 1982; Cadman, Rosenbaum, Boyle, & Offord, 1991;
Wang & Barnard, 2004). In a Canadian population-based study, Brehaut et al. (2004)
compared the physical and psychological health of 468 caregivers of children with CP
with that of the general population of people living in Ontario, Canada. Parents of
children with CP experienced more back pain, migraine headaches, and
stomach/intestinal ulcers and reported a higher level of overall emotional distress
compared to other parents In addition, caregivers of children with CP had lower incomes
than did the general population of caregivers, despite the absence of differences in
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education between the two groups of caregivers. The results indicate that caregivers of
children with CP are more likely to experience psychological and physical health
problems than the general population of caregivers of healthy children. Measures of
psychological health showed greater reported distress, chronicity of distress, emotional
problems, and cognitive problems among caregivers of children with CP. Caregivers also
reported a greater likelihood of a variety of physical problems, including back problems,
migraine headaches, stomach/intestinal ulcers, asthma, arthritis/rheumatism, and pain.
Tong et al., (2008) provided additional support for the physical effects on
caregivers of children with physical limitations. In this study, Tong and colleagues
compared the rates of low back pain in parents of 31 children with CP and 27 children
with muscular dystrophy with 23 parents of children with non-physically disabling
endocrine disorders. The prevalence of low back pain (71.1%) in the caregivers of
children with CP and muscular dystrophy was higher than the prevalence (43.5%) in the
caregivers of children with endocrine disorders. The prevalence of having low back pain
was reported to be 80.3% when the child required physical assistance from the caregivers
for transfers; such would be the case with children with GMFCS IV-V CP. The
prevalence of low back pain was 40.5% when the child did not require physical assistance
with transfers, which is significantly lower than in the transfer group. The predictors of
low back pain in the caregivers included transferability of the child, mood of the
caregiver, and a history of low back pain in the caregiver.
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A qualitative study conducted by Murphy et al. (2006a) of 40 caregivers of
children with developmental disabilities living in Utah, found that 41% of the caregivers
reported that their health had become worse over the past year. Caregivers attributed
their worsening health to lack of time, lack of control and decreased psychological
energy. Parents in this study also expressed concern that their own health-related
limitations would interfere with their ability to care for their child in the future. All of
these studies support health effects on the caregivers of children with disabilities
including CP, a factor that must be taken into consideration when recommending major
surgery.
Many variables seem to be related to the degree of stress reported by the
caregivers of children with disabilities. Studies have suggested that the degree of
functional limitation in the affected individual can have a significant effect on the degree
of burden experienced by the caregiver. Individuals with severe functional limitations
need assistance with all activities of daily living and consume a great deal of the
caregivers’ time leading to increased caregiver burden (Chou et al., 1999). Raina et al.,
(2005) investigated the associations between caregiver characteristics, sources of
caregiver stressors, family functioning and informal social supports on the health and
well-being of 468 caregivers of children with CP. The researchers found that the child’s
behavior and caregiving demands significantly influenced the physical and psychological
health of the caregivers. The child’s behavior was the single most important child
characteristic that predicts the caregivers’ psychological well-being. Based on these
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results, the researchers concluded that interventions and preventive strategies should not
be geared only to the child, but also to the caregivers as their health statuses are
intrinsically linked.
Ketelaar, Vermmeer, van Petegem-van Beck, and Helders (2008) conducted a
similar study in parents of ambulatory children with CP that explored the relationship
between aspects of parental distress in the parenting role, the child’s functional
limitations, and the child’s behavioral difficulties. The results of this study indicate that
maladaptive behavior of the child contributes significantly to the stress that parents
experience in their parenting roles. Contrary to other studies (Chou et al., 1999), Ketelaar
et al., (2008) found that the child’s functional limitations were not related to the level of
parental distress. A limitation of this study is that children with severe, non-ambulatory
CP were not included. These children have greater self-care needs and may cause a
greater burden in the parental caregivers.
Parental caregiving for a child with disabilities can lead to psychological distress
in the caregiver. Breslau, Staruch, and Mortimer (1982) examined the psychological
effects of caring for a child with disabilities by comparing two indexes of psychological
distress in 369 mothers of children with cystic fibrosis, CP, myelodysplasia or multiple
handicaps with 456 mothers of healthy children. Mothers of children with disabilities
had higher scores on both the Depression-Anxiety scale and the Maternal Distress scale
than mothers of healthy children. The degree of psychological distress was not related to
the type of condition, but rather to the impact of the condition had on the child’s
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functioning. Again, it was noted that caregivers of children who are dependent on them
for activities of daily living experienced greater levels of distress than caregivers of
children with minimal to no functional limitations. In a study of parents of young adults
with severe physical disabilities, Hallum and Krumboltz (1993) found that mothers were
more frequently the primary caregivers of their child with disabilities and that mothers
reported greater caregiver stress than fathers. Mothers also reported having less time for
personal activities as a major contributing factor to the stress. Parents also were anxious
about their own future and the QOL of their child including their child’s future living
arrangements.
Parental caregiver QOL has also been the focus of several studies. In a recent
qualitative study, Davis et al., (2009) explored the QOL of 37 parental caregivers of
children between the ages of 3 to 18 years with GMFCS Levels I-V CP living in
Australia. Only about half of the study participants had children with significant
functional limitations and were classified as Level IV (n = 5) and Level V (n = 12). The
results reveal that caring for a child CP can have both positive and negative effects on the
parental caregivers. Caring for a child with CP affected many aspects of the caregivers’
life including physical well-being, social well-being, independence, family well-being
and financial stability. No differences in QOL were found among the subgroups of
patients including mothers and fathers, age groups or GMFCS level. Parents reported
difficulty in accessing funding and insufficient assistance from services. Of note is that
Australia has a universal health care system. One limitation in this study is that it used a
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generic QOL questionnaire rather than a disease-specific tool which may be more
sensitive to the specific concerns of parents of children with CP. Another study
compared the quality of life of the 46 caregivers of children with CP with 46 caregivers
of healthy children. The QOL in caregivers of children with CP was significantly lower
than parents of healthy children. Researchers also assessed the relationship between
QOL and the child’s functional status which was measured by the GMFCS scores. No
correlation was found between parental QOL and GMFCS scores. This study suggests
that poorer physical functioning does not decrease the parental caregivers’ QOL. These
results may be attributed to the unbalanced distribution of children with different GMFCS
levels. The GMFSC Levels of the children in the study were: level 1 = 3 (6%), level 2 =
7 (15.2%), level 3 = 19 (41.3%), level 4 = 14 (30.4%), and level 5 = 3 (6%) (Ones,
Yilmaz, Cetinkaya, & Caglar, 2005).
Only one study was identified that examined the caregivers QOL following an
intervention in children with CP. A prospective cohort study was conducted to evaluate
the effects of gastrostomy tube feeding on the QOL of 57 caregivers of children with CP
living in the United Kingdom. QOL was measured using the Short-Form 36 Health
Survey at six and twelve months following insertion of the gastrostomy tube. The
caregivers’ responses were then compared to normative data. The study demonstrated a
significant improvement in the QOL of caregivers after the insertion of a gastrostomy
feeding tube. Improvements were observed in mental health, role limitations due to
emotional problems, physical and social functioning, and energy/vitality at 6 months and
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at 12 months; caregivers reported improvements in social functioning, mental health,
energy/vitality and overall health (Sullivan et al., 2004).
The health and well-being of the caregivers is intrinsically related to the health
and well-being of those for whom they care (Murphy et al., 2006a). Poor caregiver
psychological and physical health is a problem unto itself and is also associated with
greater childhood disability, recurrent hospitalizations (Kelly & Hewson, 2000) and
unwanted out of home placements for their child (Llewellyn, Dunn, Fante, Tunbell, &
Grace, 1999).
Although studies indicate that caring for a child with CP leads to physical,
psychological, and financial stress in caregivers, greater knowledge is needed to better
understand the caregivers’ health related and financial needs. Currently, no studies exist
to examine changes in caregiver impact before and after extensive orthopaedic surgical
interventions that correct hip and spinal deformities in children with severe CP. This
study will address this issue and will use the ACEND to measure caregiver impact.
Surgery Related Financial Burden. Based on data from the U.S. Healthcare
Cost and Utilization Project Kids’ Inpatient Database, more than 5,600 surgical
procedures were performed on children with CP in 1997, and approximately 50% of these
procedures were orthopaedic although the percentage of these that would be classified as
extensive surgeries is unknown. All hospitalization (medical and surgical) for children
with CP accounted for nearly 50,000 hospital days and over $150 million in hospital

74

DiFazio, Dissertation

charges a year. Regardless of the cause, hospitalizations for children with CP results in
longer lengths of stay, higher charges, and more medical and surgical interventions than
for children without CP (Murphy et al., 2006b). Although this data is from 1997, it is the
most recent data related to hospitalization in children with CP. If adjusted to 2012
dollars, the amount would approximate $216 million (U.S. Bureau of Labor Statistics,
2012).
Families with children with disabilities have fewer financial resources during
times of high financial demands (Vessey, 2010). A study conducted in the United States
revealed that 40%, or 3,746,000 families with children with special health care needs
experience ongoing financial burden due to their child’s condition (Kuhlthau, Smith Hill,
Yucel, & Perrin, 2005). High financial family burden, which is defined as spending more
than 10 percent of the family income on health care, may lead to difficulty with paying
bills or even bankruptcy. (Banthin, Cunningham, & Bernard, 2008; Vessey, 2010). Due
to the financial concerns resulting from non- reimbursable costs, families may choose not
to seek medical care including non-emergent surgeries, and delay or fail to fill
prescriptions for medications and not follow through with recommendations for therapies
(Banthin et al., 2008).
Families with children with severe disabilities are significantly financially poorer
than families without children with disabilities. Sixty-seven percent of mothers are
unable to enter or maintain paid employment after the birth of a child with disabilities
(Dobson & Middleton, 1998). Mothers reported that they were unable to work because
75

DiFazio, Dissertation

of the increased care needs of their children (Curran, Sharples, White, & Knapp, 2001).
Caregivers of children with CP who were able to work were found to have lower incomes
than did the general population of caregivers despite absence of any significant difference
in educational levels in the two groups (Brehaut et al., 2004). Therefore, families with
children with disabilities have fewer financial resources during times of increasing
financial demands. Caring for a child with a disability has been show to cost three times
as much as caring for a non-disabled child (Dobson & Middleton, 1998). It is estimated
that the national cost of informal caregiving in 1997 including out-of -pocket health care
expenses, loss of employment, and loss of career development opportunities was $196
billion (Arno, Levine, & Memmott, 1999), which is $260.9 billion in 2009 based on the
consumer price index. Economic resources are one of the best predictors in determining
the impact of care giving. Insufficient income reduces the caregivers access to resources
that would make caring for a family member easier and financial expenses of caregiving
is one of the best predictors of caregiver burden (Fink, 1995).
With rising health care expenditures, an increased emphasis on the economics of
surgical intervention is needed. Surgical interventions in children with severe CP are
associated with frequent complications, lengthened hospitalizations and significant
financial costs to the families; they often result in unanticipated expenses, including
numerous nonmedical out-of-pocket expenses (NOOPEs). NOOPEs are expenses that
are non-reimbursable by third party payers and include things that are directly attributed
to the child’s health care needs including costs incurred during the child’s hospitalization
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(DiFazio & Vessey, 2011). These costs go far beyond the medical out-of-pocket (OOP)
expenses (e.g., drug co-pays, equipment) normally encountered in the child’s daily care
or associated with discharge home care following surgery (e.g., in-home therapy,
adaptive transportation). Consideration of these hidden costs as part of the total cost of a
child’s hospitalization highly inflates a family’s total OOP expenditures (Hayman et al.,
2001; Moore, 1999). This is significant as families with severely impaired children are
more likely to have fewer financial resources than other families. In addition, because
most extensive orthopaedic surgical interventions are performed at regional children’s
health care facilities families often need to travel long distances to receive their care.
There is a high potential for incurring significant NOOPEs often well in excess of a
thousand dollars for a one-week’s hospitalization (DiFazio & Vessey, 2011). Residual
medical OOP expenses and NOOPEs can result in financial burden which is amplified
when the child is hospitalized following extensive orthopaedic surgical interventions.
The magnitude and impact of surgical interventions on families’ economic wellbeing has not been described. In a recent single group prospective cohort study Difazio
& Vessey (in press) calculated the NOOPEs incurred by families and time lost from work
during their child’s hospitalization. Parents of children (n = 50) who underwent
orthopaedic surgery at a major tertiary-care children’s hospital reported all NOOPEs
incurred during their child’s hospitalization. Overall, the families in this sample were
well educated and middle to upper-middle class. The average length of hospitalization
for all families was 5.8 days (SD ± 1.7). The total amount of NOOPEs ranged from
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$17.00 - $4,745.00 (M= $736.21) per hospitalization with 2,096 missed hours from work.
On average, the total NOOPEs amounted to 1.43% of the families’ unadjusted yearly
income. Length of stay, gross family income, distance from the hospital, and
Hollingshead score are significant predictors of occurring increased expenses. Race,
orthopaedic diagnosis, elective versus emergency surgery, type of insurance, and
presence of co-morbidities were not significantly associated with total expenses. Based
on these findings, hospitalization is associated with numerous NOOPEs.
With the rising costs of health care, there needs to be an increased emphasis on
the economics of surgical intervention in relation to their clinical benefits. Surgical
interventions in children with severe cerebral palsy are associated with frequent
complications and significant financial costs to the families, the health care system and to
society. The magnitude and impact of surgical procedures in this population have not
been well described. In the setting of limited resources not all interventions can be
financed. This information will be useful in guiding resource allocation (Novak et al.,
2008).
Summary
The key concepts in the proposed study have been reviewed and measurement
issues have been described. The most relevant studies have been evaluated and critiqued.
This literature review supports the need for the evaluation of patient-centered outcomes
including HRQOL, functional status, caregiver impact, and financial burden for children
with severe CP who undergo extensive orthopaedic surgical intervention.
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CHAPTER 3
Methodology
Introduction
This chapter will present the setting, sample, instruments, study procedures,
analytic plan, and plan for the protection of human subjects. The aims of this descriptive
study were to: 1) determine how HRQOL for children with severe CP (GMFCS IV-V)
changes over time by comparing the Child Health Index of Life with Disabilities
(CPCHILD©) total composite and subscale scores pre-operatively and at six weeks, three
months, six months and one year post-operatively based on parents’ ratings, 2) determine
how caregiver impact changes over time by comparing the Assessment of Caregiver
Experience with Neuromuscular Disease (ACEND) sub-scale scores pre-operatively and
at six weeks, three months, six months, and one year post-operatively based on parents’
ratings, and 3) estimate the nonmedical out-of-pocket costs incurred by families during
hospitalization following surgical intervention for a child with severe CP (GMFCS IV-V)
and calculate the total nonmedical out-of-pocket expenses as a percentage of the family’s
gross annual income.
Study Design
A single group prospective cohort study design was used to measure the child’s
HRQOL and caregiver impact pre-operatively and at six weeks, three months, six
months, and one year post-operatively. These post-operative dates were selected based on
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expert opinion and are consistent with the clinical assessment period for post-operative
patients at Boston Children’s Hospital (BCH). No research evidence exists that clearly
defines the optimal timing for post-operative visits. These dates are also clinical decision
making points in the post-operative recovery period. At six weeks post-operatively, the
child is able to advance his/her activity and resume gentle range of motion and stretching
with physical therapy and at three months the child can often return to baseline activities.
At six months, the child should be performing at his or her baseline and exhibit improved
functioning at one year. Cost data capturing the nonmedical out-of-pocket expenses
incurred by families were collected prospectively on a daily basis from parents during
their child’s entire hospitalization.
Setting
The proposed study took place within the Department of Orthopaedics at BCH.
BCH is a 369 bed academic tertiary care referral center and a level 1 trauma center. The
Department of Orthopaedics within BCH was established in 1903 and is one of the first
comprehensive, multi-disciplinary programs in the nation for the care of children and
young adults with a wide range of developmental, congenital, neuromuscular and posttraumatic conditions of the musculoskeletal system. With over 87,000 outpatient visits
and 5,000 surgical procedures a year, BCH leads the nation in care of children with
musculoskeletal disorders. The Cerebral Palsy clinic, within the Department of
Orthopaedics provides multi-disciplinary, state-of-the-art evaluation and treatment to
over 1,800 patients a year with a variety of neuromuscular conditions. Access to patients
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for this study has been obtained from the Director of the Cerebral Palsy clinic and the
Director of the Department of Orthopaedics at BCH.
Sample
A longitudinal prospective cohort sample of 48 parents of children ages 3 - 25
years old with GMFCS level IV & V CP whose child required extensive orthopaedic
surgical interventions that correct hip and spine deformities was included in the study.
Power analysis indicated that a sample of 44 participants would provide 90% power to
detect a mean change of 10 points in the total CPCHILD at 6 months post-operatively
assuming a SD = 20 points (moderate clinical effect size = 10/20 = 0.50) using a paired ttest with a 2-tailed significance level of 0.05. Sample size was estimated using nQuery
Advisor (nQuery Advisor, 2008, Boston). Since data were collected over time at six
weeks, three months, six months, and one year post-operatively, subject attrition was
likely and oversampling by 20% was required. The power analysis set the sample at 44
participants and the final sample was 48, which is beyond the target goal.
Inclusion Criteria
1. Parent of a child between the ages of 3-25 years old with severe CP classified as
GMFCS level IV-V whose child is scheduled for extensive orthopaedic surgical
interventions to correct hip and spine deformities. This age range was selected
because it is the time period when extensive orthopaedic surgical interventions are
performed. Despite the wide chronological age range, children with GMFCS Level
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IV-V CP exhibit similar highly impaired development and all require total care
taking.
2. Parent who is the primary caregiver and cares for the child at home.
3. Parent who speaks and reads English.
4. Parent who is willing and able to give written consent to participate in the study.
Instrumentation
The key variables and related measures in this study are listed in Table 3.
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Table 3
Key Variables and Related Measures
Variable(s)

Measure

Scoring

Time to
Complete

Data Collection
Time Points

Background
Information
Child’s Health
Related
Quality of Life/
Functional
Status

Demographics
Worksheet
Caregiver
Priorities and
Child Health
Index of Life
with Disabilities
(CPCHILD)

Descriptive
Statistics
Score range 0 –
100, with 0 being
worst and 100
being best

5 minutes

Baseline

20
minutes

Baseline, six weeks,
three months, six
months, & one year
post-operatively

Caregiver
Impact

Assessment of
Domain scores
Caregivers
will be calculated
Experience with
Neuromuscular
Disease
(ACEND)

15
minutes

Baseline, six weeks,
three months, six
months, & one year
post-operatively

Financial
Burden related
to the Child’s
Hospitalization

Family Expense
Diary

Total costs will be
calculated for each
cost area

15
minutes
per day

Daily during child’s
hospitalization.

Lower
Extremity or
Spine Range of
Motion

Physical
Examination
Form

Range of motion
measurements

15
minutes

Baseline, six weeks,
three months, six
months, & one year
post-operatively

Radiographic
Findings

Radiographic
Form

Radiographic
measurements

10
minutes

Baseline, six weeks,
three months, six
months, & one year
post-operatively

83

DiFazio, Dissertation

The International Classification of Functioning, Disability and Health (ICF) were
used as a bio-psychosocial framework to guide this study. All aspect of the ICF was
measured. Figure 3 displays each of the components of the ICF and the instruments used
to measure each of the components.
Figure 3. International Classification of Functioning, Disability and Health
Measurement

Demographics Worksheet. A demographic worksheet was used to collect
background information about the family (Appendix D). Information related to the child
that was collected including: age, gender, racial and ethnic background, and highest level
of education. Information about the primary caregiver was also captured including:
relationship to the child, racial and ethnic background, gender age, amount of time spent
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caring for the child, work status of caregiver and highest level of education. Information
about family was collected including individuals who live in the household, number of
family members involved in care, number of caretakers involved in care outside of the
family, total household income, and insurance information.
Medical and Surgical History Form. A data collection form was created to
capture the child’s past medical and surgical history, underlying cause of CP, and social
history. In addition, information regarding the current surgical procedure was extracted
from the medical record including the pre-operative orthopaedic diagnosis, exact surgical
procedure, blood loss, post-operative complications, and length of hospitalization.
Caregiver Priorities and Child Health Index of Life with Disabilities
(CPCHILD©). The CPCHILD is a parent proxy disease-specific measure developed by
Narayanan (2006) to measure HRQOL in children with severe non-ambulatory CP. This
instrument was developed specifically to measure the effectiveness of interventions in
children with GMFCS level IV-V CP. The measure consists of 36 items which are
categorized into seven different domains: #1: activities of daily living (9 items); #2:
positioning, transferring & mobility (8 items); 3.) comfort and emotions (9 items); #4:
communication and social interaction (7 items); #5: health (3 items); and #6: overall
quality of life (1 item). The last domain #7 examines the importance of each item to the
child’s quality of life (36 items). Items are rated on a 6-point ordinal scale. For items
related to activities a “level of assistance” modifier is included, a 4-point ordinal scale
from independent (0) to total assistance (3). For items related to symptoms, a 3-point
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ordinal “level of intensity” scale was added with (0) being severe and (3) being none.
Scores are reported for each domain and in total with 0 being the worst and 100 being the
best (Narayanan, 2006).
Initial development of the questions was based on input from parents and
caregivers of children with severe cerebral palsy. Face validity was established by
allowing caregivers to rate the importance of each item on the questionnaire. The mean
importance was 3.63 on a 4 point scale. No items scoring below the threshold were
included. Content validity was established through a group of experts who worked with
children with CP. The panel members scored each item to reject or keep. Internal
consistency for each domain was high with a Cronbach’s alpha greater than 0.7 in each
domain excluding domain #7. Test-retest reliability was evaluated at two different
intervals at two weeks apart when the children were in stable health and demonstrated a
mean intra-class correlation coefficient of 0.85. Construct validity was evaluated using
known groups, comparing ambulatory and non-ambulatory children. Differences were
able to be detected between these two groups which confirmed its ability to discriminate
between groups. Convergent validity was established using different related measures
including the physical and psychosocial summary scores of the Child Health
Questionnaire and the caregiver assistance scales of the Pediatric Evaluation of Disability
Inventory.
The CPCHILD was tested for sensitivity to change following surgical
interventions that correct hip deformities in children with GMFCS IV-V CP. Parents of
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20 children who underwent hip surgery and parents of 20 children who did not undergo
hip surgery completed the CPCHILD at baseline and at one year. The total CPCHILD
scores for children who underwent surgical intervention had a 12.0% increase compared
to the controls who had an increase of 1.9% (p = 0.004). Significant improvements were
noted in 4 of 6 of the subscales. The standardized response mean was 0.95 and the effect
size was 1.32 (Narayanan personal communication, 2013).
The CPCHILD is a newly developed extremely promising tool to measure the
effectiveness of interventions in children with level IV-V CP. It has demonstrated the
ability to detect changes in HRQOL in children with severe CP who received oral
modafinil for spasticity reduction (Murphy, 2008). The CPCHILD is included as
Appendix E.
Assessment of Caregivers Experience with Neuromuscular Disease
(ACEND). The ACEND is a disease-specific instrument designed by Matsumoto et al.
(2011) to assess the caregiver impact experienced by parents who are raising children
severely affected by neuromuscular disorders. Initial development involved
administering validated general health measures and functional measures including the
Pediatric Evaluation of Disability (PEDI), Pediatric Outcomes Data Collection
Instrument (PODCI), and Gross Motor Function Measure (GMFM) to 61 parents of
children with neuromuscular diseases. Items were selected based on their applicability to
caregiver impact as well as score variability. Variability was determined by absence of
floor and ceiling effects. Significant floor or ceiling effects were deemed present when
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>60% of the respondents scored at the minimum or maximum. The instrument contains
41 impact items divided into two domains and seven sub-domains. Domain #1 includes
the physical impact with 4 sub-domains: # 1a: feeding/grooming/dressing (6 items), #1b:
sitting/play (5 items), #1c: transfers (5 items), and #1d: mobility (7 items). Domain #2
includes three sub-domains: #2a: time (4 items), #2b: emotions (9 items), and #2c:
finance (5 items). Respondents are asked questions about their child’s abilities and the
amount of help required from the parents. Parents answer on either 5 or 6-point ordinal
scales from “yes, without my help” to “No, I provide total help”. Scores were set so that
caregivers experiencing less intense caregiving impact received a higher score than those
receiving more intense caregiving impact.
Three additional questions were asked about the caregivers’ expectations of and
satisfaction with their treatment. Parents were asked to write a short narrative in response
to the following question, what were your expectations of the treatment? They then were
asked to report if the treatment met their expectations on a 5-point ordinal scale from
“never” to “always.” The third question was related to their satisfaction with the surgery.
Parents answered on a 6-point ordinal scale to rate their satisfaction from “Extremely
dissatisfied” to “Extremely satisfied.”
Face validity was established by asking 50 caregivers of children ages 5-18 years
old with neuromuscular disorders, who were mobility dependent, to rate the relevance
and clarity of each question on a 7-point ordinal scale with 1 being absolutely irrelevant
or unclear and 7 being absolutely relevant or clear. Sixty-seven percent of the children
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had CP. Caregivers’ overall mean relevance score was 6.21(SD = 0.37) and mean
individual items scores ranged from 5.83 (SD = 2.1 to 7.0). Overall mean clarity rating
was 6.68 (SD = 0.52) and mean individual item scores ranged from 5.56 (SD = 2.4 to
7.0). Items that were ranked as 4 or above were included. Impact scores were compared
across GMFCS levels to establish construct validity. Total and sub-domain scores
decreased significantly across GMFCS levels. Caregiver time and emotion scores were
similar among GMFCS IV and V patients and financial impact was similar across all
levels. Floor and ceiling effects were detected in the motor-based items for patients who
were classified as GMFSC Level III and IV. No floor or ceiling effects were noted in the
time, emotions, or finance domains. The ACEND is a promising neuromuscular disease
specific measure to quantify aspects of caregiver impact. The ACEND sub-scale scores
have been validated. Work is underway to validate the total score (Matsumoto et al.,
2011). This instrument has not been used to capture changes in caregivers caring for
their child following surgical interventions. The ACEND is included as Appendix F.
Family Expense Diary. A Family Expense Diary was designed for this study
using an evidence-based approach and includes information adapted from previous
related studies with oncology patients (Birenbaum & Clarke-Steffen, 1992; Leonard,
Brust, & Sapienza, 1992), expert professional opinion (DiFazio & Vessey, 2011), and
family input. The diary was field tested in families who were hospitalized following
orthopeadic surgery and found to be feasible. The Family Expense Diary was used to
capture the nonmedical out-of-pocket expenses (NOOPEs) incurred by families during
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their child’s hospitalization. The categories of expenses are listed in Table 4 and the
Family Expense Diary is included as Appendix G.
Table 4
Surgery Related Nonmedical Out-of-Pocket Expenses (NOOPEs)
Category

Description

Transportation

Travel to and from hospital, gas/mileage, rail, taxi, public
transportation, airplane, car rental, tolls, parking fees

Lodging

Hotel, motel, bed and breakfast, hospitality house, hospitalsponsored housing

Food

Hospital cafeteria, take-out foods, and restaurant meals eaten out
by parents and other family members while visiting or rooming in

Dependent Care

Babysitting, unplanned enrollment in daycare or after-school
programs, gifts for volunteer caregivers

Homemaking

Cleaning service, delivery charges for errands, pet sitting or kennel
services

Employment Status

Unpaid leave of absence, vacation time, number of days away
from work

Incidental Expenses

Telephone and internet costs, laundry and dry cleaning, toiletries,
OTC medications for parents. Specific food requests, toys or other
distractions for hospitalized child

Physical Examination: Hip. An orthopaedic specific physical exam of the
child’s lower extremities was performed at each data collection point in the outpatient
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clinic on children requiring hips surgery. The exam included: height, weight, leg lengths,
foot alignment, and range of motion to the hips including flexion, extension,
internal/external rotation, and abduction/adduction. Documentation of any fixed flexion
contractures was noted by the measuring hip flexion contractures, Ely test, Ober test, and
popliteal angles.
Physical Examination: Spine. An orthopaedic specific physical exam of the
child’s lower extremities was performed at each data collection point in the outpatient
clinic on children requiring spine surgery. The focus of the exam was on the presence of
a pelvic obliquity/windswept deformity. In addition, the child’s head control, sitting
balance and wheelchair positioning devices were also assessed. Due to the children
severe trunk weakness, measurement of shoulder height, scapular height, and paraspinal
prominence are not reliable measures in this population.
Radiographic Measures: Hip. Radiographic measurements were completed on
all patients pre-operatively and at follow up visits. Measurements for each patient
included: pelvic obliquity, migration index, Tonnis (acetabular index), and presence or
absence of a break in Shenton’s line.
Radiographic Measures: Spine. Radiographic measurements were completed
on all patients pre-operatively and at follow up visits. Radiographic measurements of the
spine included: Posterior Anterior (PA) Cobb angle, Lateral Cobb angle, and C-7 Coronal
Balance. Cobb angles were measured for the primary curve pattern.
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Study Procedures
The proposed study was reviewed and approved by the BCH Institutional Review
Board (IRB) and the Boston College (BC) IRB. After receiving approval from the
respective IRBs, the investigator presented information about the study at the monthly CP
team meeting to ensure that the nurses, nurse practitioners, physicians, research
assistants, and surgical schedulers all understood the study procedures. No recruitment
materials were used for this study, rather the PI identified patients who met the eligibility
criteria and flagged these patients in the computer system (EPIC). The study coordinator
was notified via the computer system of the patient’s clinic appointment and
hospitalization. The PI or the study coordinator met with the family in the clinic,
explained the study and obtained written and verbal informed consent. The parents were
all informed that they could ask questions along the continuum and discontinue
participation in the study at any time. Assent was unable to be obtained from the children
in the study due to their diminished intellectual ability.
At the time of the child’s pre-operative visit in the orthopaedic clinic, the PI or
study coordinator asked the parent to complete the following instruments; 1)
demographics worksheet (Appendix D), 2) CPCHILD (Appendix E), and, 3) ACEND
(Appendix F). The Family Expense Diary (Appendix G) was explained to the family at
the pre-operative visit, but not given to the family at that time. Radiographic
measurement and range of motion measurements were also collected
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On the day of the child’s surgery, while the child is in surgery, the parent was
given a copy of the Family Expense Diary and asked to keep a daily diary of all
nonmedical out-of-pocket expenses (NOOPEs) incurred during the child’s
hospitalization. Each day, study personnel checked with the family and asked them to
complete the diary. On the day of the child’s discharge from the hospital, the Family
Expense Diary was collected from the family by the study coordinator or the PI.
At six weeks, three months, six months, and one year post-operatively, the parents
were asked to complete: 1) CPCHILD (Appendix E) and 2) ACEND (Appendix F) in the
Cerebral Palsy Clinic. At all data collections points, parents completed the
questionnaires in a secluded room to protect their privacy. A hospital volunteer or staff
member was provided at this time to stay with the child. In addition, radiographic
measurements and range of motion measurements were collected.
A limited amount of data was abstracted by the investigator from the patient’s
medical record. This information was used to describe the study cohort. Medical data
included: height, weight, BMI, indications for surgery, type of surgery, dates of
admission and discharge, other diagnoses/conditions, treatments/surgeries that the patient
has undergone and surgery related readmissions.
Analytic Plan
Study data were collected and managed using REDCap (Research Electronic Data
Capture) electronic data capture tools hosted at Boston Children’s Hospital (Harris et al.,
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2009) REDCap is a secure, web-based application designed to support data capture for
research studies, providing: 1) an intuitive interface for validated data entry; 2) audit
trails for tracking data manipulation and export procedures; 3) automated export
procedures for seamless data downloads to common statistical packages; and 4)
procedures for importing data from external sources. Data were exported from REDCap
into SPSS for Windows 18 (SPSS Inc./IBM, Chicago, IL) for analysis. Descriptive
statistics were used to examine characteristics of the study population and data were
analyzed for general trends. Categorical demographic information (e.g. race, gender) was
reported as frequencies and continuous data (e.g. age) were reported using measures of
central tendencies.
For each variable, descriptive statistics were computed and data were examined
for normality, missing values, and outlying values. Diligent efforts were made to avoid
missing data including carefully monitoring changes in patient’s surgical dates and
follow up visits, contacting families who have missed their scheduled follow up
appointments, and working closely with the study team to monitor data. In regards to the
CPCHILD, if any value is missing, that item was removed from the analysis completely.
It was not treated as zero. The only exception was when a score of 5 had been selected
for frequency in the Comfort and Emotions section and the modifier has been left blank.
In this scenario, a total score of 7 for that item can be assumed, provided that the
respondent filled out the other items in the questionnaire (Narayanan, 2006).
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Data from the CPCHILD and ACEND were analyzed using a linear mixed
regression model analysis for longitudinal data incorporating serial measurements on the
same study participant over time. The repeated measures mixed models incorporated all
of the data from each subject individually; thus, there was no influence of missing values
or unbalanced data on the analysis. Analysis was completed using the total scores and
each of the sub-domain scores. Data from the narrative responses on the open-ended
question on the ACEND were analyzed using content analysis. Changes before and after
surgery and changes classified as improvement, remaining the same, or worsening were
all noted. Data from the Family Expense Diary was reported using descriptive statistics.
The mean, standard deviation, and range were computed for each category of expense as
well as the overall total expenditures. The total expenditures were expressed as a
percentage of the family’s gross income.
Protection of Human Subjects
Diligent efforts were made to protect the confidentiality of the study participants
and their data. Prior to entry into the study database, all data were de-identified to protect
confidentiality. Only research team members and members of the dissertation committee
had access to the data forms. All written records related to a subject’s involvement in the
study were stored in a separate locked research file in the orthopaedic research suite. A
subject’s identity on these records was indicated by a unique study ID number rather than
by name; the document linking the study ID with the subject’s name (Study ID
Assignment Log and consent form) was stored in a separate and secure location.
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Participant research data entered and stored electronically is identifiable only by study
ID. Any sharing of data (e.g. presentations or publications) will be done using the final
de-identified dataset.
All personal information was and will be kept confidential with the exception of
information indicating risk to a parent or a child’s safety. In these situations the BCH
Department of Orthopaedics social worker was provided for the participant. Referral to a
mental health professional at CHB was also offered to any parent experiencing emotional
discomfort during the study. If child abuse was suspected, the Child Protection Team at
BCH was notified and appropriate reporting occurred. No confidential information from
this study or other data within a patient’s medical record may be furnished to anyone
unaffiliated with BCH or the applicants’ dissertation committee without written consent,
except as required by law or regulatory agencies.
Risks to Subjects
Risks to the study participants were minimized as much as possible. The risk
related to participation is this study is felt to be minimal. The only additional risk to
patients enrolled in this research study is potential loss of confidentiality. All measures
to ensure patient confidentiality were employed. All treatment and procedures were
performed as part of the patient’s routine care and are not experimental in nature.
Participants may experience inconvenience related to the amount of time required
to complete the measurement instruments (approximately 45 minutes). Parents may also
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experience emotional discomfort when discussing topics related to their child’s health.
All efforts were made to keep study participants relaxed and comfortable for the duration
of the data collection (e.g., comfortable surroundings, snacks and beverages, child care).
There were no monetary costs to the participants. The additional time to complete the
surveys was compensated for by paying for parking and providing parents with $10.00
cash at each data collection point in the outpatient clinic. In addition, the parent received
a $10.00 meal voucher while their child was inpatient to compensate him/her for
completing the family expense diary. No adverse events were encountered during the
study.
Recruitment and Informed Consent.
Participants were recruited from the CP clinic at BCH. As previously described,
no recruitment materials were used for this study, rather the PI identified patients who
meet the eligibility criteria and flagged these patients in the computer system (Epic). The
study coordinator was notified via the computer system of the patient’s clinic
appointment. The PI or the study coordinator met the family in the clinic and explained
the study. If the participant agreed to participate in the study, two consent forms were
signed by the study participant and study coordinator or the PI. One form was given to
the family and one form was kept by the investigator. Participants had sufficient time
throughout the consent process to have all of their questions answered and any concerns
addressed. The parent was informed that he/she may ask any questions along the
continuum and discontinue participation in the study at any time. Each time the study
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participant was asked to complete a questionnaire, oral informed consent was reestablished and the participants were given the option to ask questions and to terminate
his or her participation in the study without recourse.
Study participants were informed that there will be no direct benefits from
participation in this study. However, the knowledge gained from this study is expected to
help to advance the care of children with severe CP and their caregivers and the goals of
both the National Institute of Health and Health People 2020. This knowledge could
assist families in the future who are making the difficult decision as to whether or not
their child should undergo extensive orthopaedic surgical interventions that correct hip
and spine deformities.
The study coordinators who were involved in this study were educated on basic
Responsible Conduct of Research (RCR), including the consent process and have
undergone the Collaborative Institutional Training Initiative (CITI) training. CITI
training provides research ethics education to all members of the research community.
Summary
This chapter described the proposed descriptive study aimed at evaluating patientcentered outcomes of extensive orthopaedic surgical interventions that correct hip and
spine deformities in children with severe CP (GMFCS IV-V). Information on the setting,
sample, instrumentation, study procedures, analytic plan, and protection of human
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subjects has been presented. The described methodology has been developed to answer
the research questions in Chapter 1.
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CHAPTER 4
Results
Introduction
This descriptive study examined parents’ perceptions of health related quality of
life (HRQOL), functional status, and caregiver impact in children with Gross Motor
Function Classification Scale (GMFCS) IV-V cerebral palsy (CP) before and six weeks,
three months, six months, and one year after extensive orthopaedic surgical interventions
that correct hip and spine deformities. The financial burden to families related to the
amount of non-medical out-of-pocket expenses (NOOPEs) incurred during their child’s
hospitalization was also examined. The results of the data analyses are presented in this
chapter.
Data Preparation
Data were exported from Research Electronic Data Capture (REDCap) into a
Microsoft Excel (Redmund, WA) spreadsheet for instrument scoring. Data were then
analyzed using SPSS for Windows v. 18 (SPSS Inc./Chicago, IL). Prior to statistical
analysis, data were examined for normality, missing values, and outlying values.
Missing values were replaced with estimated scores.
Characteristics of the Study Sample
Forty-eight families of children with GMFCS IV-V CP who underwent extensive
orthopaedic surgical interventions that correct hip or spine deformities participated in the
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study. Study participants have reached various time points in their post-operative course.
Therefore, the numbers of subjects per post-operative time point differs. Baseline data
were obtained on all 48 study participants, six week data were obtained on 40
participants, three month data were obtained on 33 participants, six months data were
obtained on 30 participants, and one year data were obtained on 19 participants.
Although the original intent of the study was to follow patients for six months following
surgery, a decline in the surgical volume during the second half of the recruitment phase
provided the opportunity to collect data beyond the six months’ time period resulting in
an unequal distribution of patients across the five data collection time points as noted.
Data from all families who have reached the one year post-operative time point have been
included in the study. Five of the families who reached the one year post-operative time
point were lost to follow up and therefore data does not exist for these families.
Six patients met the inclusion criteria for the study, but chose not to participate.
The majority (n = 5, 83%) of these families stated time constraints as the major reason for
not wanting to participate. One family expressed concern about a possible breach in
confidentiality. In addition, one family had to withdraw from the study because the
child’s mother who was the primary caregiver was diagnosed with cancer and the father
was too overwhelmed to continue participation in the study. Subject recruitment and data
collection occurred between February, 2010 and December, 2012. Table 5 provides the
demographic characteristics of the study population.
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Table 5
Demographic Characteristics of the Study Sample (N =48)
Demographic Variables
Gender
Male
Female
Ethnicity
Hispanic
Non-Hispanic
Race
White
Black
Asian or Pacific Islander
GMFCS
GMFCS IV
GMFCS V
Co-Morbidities*
Seizure Disorder
Hydrocephalus
Developmental Delays
Communication Impairment
Visual Impairment
Hearing Impairment
GE Reflux
Respiratory Insufficiency
Previous Surgeries*
G-Tube
Baclofen Pump
Tracheostomy
VP Shunt
Botox ®/Phenol Injections
Lower Extremity Soft Tissue Releases
Hip Osteotomies
Spinal Fusion
Eye Surgery
Cause of Cerebral Palsy
Low Birth Weight/Pre-term
Post-Natal Trauma

Child
n (%)

Caregiver
n (%)

27 (56)
21 (44)

5 (10)
43 (90)

5 (10)
43 (90)

6 (12)
42 (88)

43 (90)
3 (6)
2 (4)

43 (90)
3 (6)
2 (4)

Family
n (%)

19 (40)
29 (60)
30 (62)
8 (17)
45 (94)
35 (73)
27 (56)
5 (10)
28 (58)
11 (23)
25 (52)
4 (8)
3 (6)
7 (15)
34 (71)
15 (31)
11 (23)
2 (4)
8 (17)
13 (27)
6 (12)
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Post-Natal Asphyxia
2 (4)
Genetic Disorder
18 (37)
Maternal Complication
5(10)
Unknown
4 (8)
Surgery Type
Femoral and/or Pelvic Osteotomy
36 (75)
Spinal Fusion
12 (25)
Surgical Complications*
Wound Infection
0 (0)
Respiratory
17 (35)
Gastrointestinal
7 (15)
Pain
3 (6)
Pressure Ulcer
5 (10)
Seizures
12 (25)
Caregiver Education Level
Less Than High School
High School
Some College, Vocational or Associates Degree
College Degree
Post Graduate Degree
Caregiver Employment Status
Working Full Time
Working Part Time
Full Time Homemaker
Not Working Due to Child’s Health
Not Working Due to Other Reasons
Gross Family Income
Less than $10,000
$10,000 - $39,999
$40,000 - $69,000
$70,000 - $99,000
Greater than $100,000
Child’s Health Insurance
Medicaid Only
Private Only
Medicaid and Private
International
People Living in the Household
Biological Mother
Biological Father
Step Father
Adoptive Mother
Adoptive Father

4 (8)
9 (19)
13 (27)
11 (23)
11 (23)
12 (25)
11 (23)
10 (21)
12 (25)
3 (6)
6(12)
8 (17)
11 (23)
12 (25)
11 (23)
14 (29)
7 (15)
26 (54)
1 (2)
43(90)
35 (73)
3 (6)
3 (6)
3 (6)
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Siblings - Brothers
Siblings – Sisters
Other Adults

20 (42)
31 (65)
4 (8)

Note. *Percentages may not add up to 100% since participants may be classified into of
the categories or multiple categories.
The ages of the children ranged from 3.5 - 17.8 years with a mean of 10.7 years.
There were approximately equal numbers of male (n = 27, 56.3%) and female (n = 21,
43.8%) children in the study. The majority of the children were white and non-Hispanic
(n = 43, 89.6%). Although all of the children had severe CP, the majority (n = 29, 60.4%)
were classified on the more severe end of the CP spectrum as GMFCS V. According to
the World Health Organization’s BMI Classification (World Health Organization, 2006),
40 (83.3%) of the children are classified as underweight with a BMI of less than 18.5 (M
= 17.1, SD ± 5.06). The most common co-morbities in this cohort were developmental
delays (n = 45, 93.8%), communication impairment/nonverbal (n = 35, 72.9%), and
seizure disorders (n = 30, 62.5%). Many of the children had previous surgical
interventions with the most frequent interventions being gastrostomy tube placement (n =
25, 52.1%), botulinum toxin type A (Botox ®) and Phenol injections to their lower
extremities (n = 34, 70.8%), and lower extremity soft tissue releases (n = 15, 31.3%).
All children underwent extensive orthopaedic surgical intervention with 36 (75%)
children undergoing femoral and/or pelvic osteotomies for dislocated/subluxed hips and
12 (25%) children undergoing a spinal fusion for neuromuscular scoliosis. Out of the 36
children who had hip surgery, 28 (58.3) underwent primary hip surgery while eight (16.6)
underwent revision hip surgery. Both hips of all 36 patients were evaluated. Thirty-four
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(94.4%) of these children or 64 hips underwent varus derotational femoral osteotomies
and 13 (36.1%) of the children or 36 hips underwent pelvic osteotomies. More than half
of the children (n = 25, 61.1%) required both femoral and pelvic osteotomies and one
child required a femoral head resection. In addition, 13 (38.8%) had botulinum toxin
type A (Botox ®) and Phenol injections to their lower extremities, and 31 (86.1%) had
soft tissue releases to the lower extremities. Eleven children (30.5%) had an additional
minor procedure at the same time as their hip surgery.
Of the 12 children who underwent a spinal fusion for progressive neuromuscular
scoliosis, all had a posterior spinal fusion with 50% (n = 6) having correction to the
pelvis. Five children (41.6%) had intra-operative halo-femoral traction and two children
(16.6%) underwent a staged procedure with halo application followed by a posterior
spinal fusion several weeks later. In addition, five (41.6%) had an additional procedure at
the time of their spinal fusion such as botulinum toxin type A (Botox ®) injections or soft
tissue releases to their lower extremities.
The length of stay for the entire study population ranged from 4 - 55 days
(Median = 7, Interquartile Range = 6 -11.5). Thirty-three patients (69%) had
complications with respiratory and gastrointestinal issues being the most frequently noted
complication that prolonged hospitalization. Specific complications are listed in Table 5.
Intra-operative blood loss varied greatly from 50 - 3,000 cc (M = 607.81). Children who
underwent spinal surgery had a longer length of stay and had greater intraoperative blood
loss than children who underwent hip surgery.
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The caregiver reported that the biological parent was the child’s primary caregiver
for 45 (93.7%) of the children, while three (6.2%) of the caregivers were the adoptive
parent of the child. Age of the child’s caregiver ranged from 26.2 - 63.9 years (M =
42.02, SD = 8). Less than half (n = 22, 45.8%) of the caregivers had a college or post
graduate degree. The caregivers reported varying amounts of help from family members
and non-family members in caring for their child at home. Only three (6.3%) reported
having no help from family members, while 43 (20.6%) reported having two or more
family members that could provide assistance in caring for their child. Seventeen
(35.4%) reported having no one outside of the family who could help with the care of
their child, while 31 (64.5%) had one or more people outside of the family who could
help. The median number of people living in each of the households in addition to the
child was 3 (Range = 1 - 8). A full explication of caregiver demographics can be found
in Table 5.
Families traveled from 6.6 - 6,194.00 miles with a median of 52 miles to receive
care at Boston Children’s Hospital. Thirty families lived within the state, 16 families
lived out of state, and two families lived out of the country (Bermuda and Saudi Arabia).
All families had health insurance with many families having both private and public
sponsored insurance (Medicaid). Greater than 50% (n = 25, 52%) reported an income
less than $70,000.
The children who met the inclusion criteria, but whose families opted not to
participate in the study (n = 6) had similar demographic characteristics. The children’s
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ages ranged from 8.5 - 17.3 years with a mean of 13.5 years. Five (83%) were male, nonHispanic and were classified as GMFCS V. All of the children were white and had
similar co-morbidities and previous surgical histories. Half of the group underwent
femoral and/or pelvic osteotomies while the other half underwent a spinal fusion. These
families lived closer to the hospital than the study sample traveling on average 22 miles
from their home to the hospital.
Radiographic Measurements: Hips
Supine hip radiographs were completed on all of the children pre-operatively and
at the majority of the post-operative visits. The decision to obtain or not obtain an x-ray
was based on the surgeon’s preference and the caregiver’s report of the child’s level of
pain and functional ability. In some cases, follow up x-rays were not clinically indicated
and therefore not done in order to decrease the child’s radiation exposure. In addition, an
anterior posterior (AP) x-rays of the entire pelvis was not always obtained during the
post-operative visit. Rather, a unilateral x-ray of the operative hip was obtained which
precluded accurate measurement of pelvic obliquity in all of the children. Pelvic
obliquity was able to be measured on 31 patients with a pre-operative measurement of
27° and a post-operative measurement of 5°. A break in Shenton’s line was noted in 37
hips pre-operatively and only four hips post-operatively.
The Migration Index and the Acetabular Index are the most commonly used
measurement of hip lateralization and acetabular dysplasia in children with CP. Children
with a Migration Index greater than 40% and an Acetabular Index greater than 30° are
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considered to have a “at risk” hip and surgical intervention should be considered
(Hagglund, Lauge-Pedersen, & Persson, 2007). Table 6 displays the mean pre-operative
and post-operative x-ray measurements for the left hip and right hip.
Table 6
Pre-Operative and Post-Operative Hip Radiograph Measurements
Left Pren = 30
56

Left Postn = 28
15

Right Pren = 33
61

Right Postn = 32
15

Lateral Center-Edge Angle (°)

1

25

2

24

Tonnis Angle (°)

19

11

17

11

Migration Index (%)

Radiographic Measurements: Spine
Supine or sitting spine radiographs were taken on all children pre-operatively and
at the majority of the post-operative visits. All x-rays were taken in a sitting or lying
position because all of the children in this study were unable to stand for their x-rays. Xrays were not taken if they were not clinically indicated to decrease the child’s exposure
to radiation. Spinal curvatures with a Cobb angle greater than 40° before the age of 15
years old will continue to progress in children with neuromuscular scoliosis. A spinal
fusion is recommended in these children. Table 7 displays the mean pre-operative and
post-operative spine measurements for all 12 children who underwent a spinal fusion.
All children in this study had a posterior anterior Cobb angle greater than 40 degrees preoperatively.
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Table 7
Pre-Operative and Post-Operative Spine Radiographs
Spine X-Ray Measurement

Pre-Operative
n = 12

Post-Operative
n = 12

Pelvic Obliquity

27

5

Posterior Anterior Cobb Angle (°)

82

19

Lateral Cobb Angle -Thoracic Kyphosis (°)

44

31

Lateral Cobb Angle- Lumbar Lordosis (°)

-22

-35

C-7 Coronal Balance (cm)

1.7

1.8

Physical Examination: Hips
An orthopaedic specific physical exam was completed at baseline for all study
participants and at the majority of the post-operative time points. The post-operative
physical exam was unable to be obtained in many of the patients at the six week postoperative visit. This was due to the child’s level of post-operative pain, muscle spasms,
and lower extremity stiffness. The children who underwent hip surgery were
immobilized in casts and/or braces for at least six weeks following surgery and were
therefore not able to perform any range of motion exercises during this time period. For
many of these children, the first post-operative visit was the first time that the child was
allowed to move their legs for several weeks or months. This was often an extremely
painful experience for the children. Therefore, accurate measurements were often
difficult to and in some instances impossible to obtain at certain time points. Table 8
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displays the pre-operative and the one year post-operative range of motion measurements
in participants who underwent hip surgery.
Table 8
Physical Examination: Hips
Hip Measurement (degrees)

Hip Flexion

PrePostPrePostOperative Operative Operative Operative
Left
Left
Right
Right
108

112

106

109

Hip Extension

7

4

7

6

External Rotation in Flexion

51

53

60

51

Internal Rotation in Flexion

36

28

63

23

External Rotation in Extension

51

53

51

52

Internal Rotation in Extension

47

24

46

26

Abduction in Flexion

41

51

46

51

Adduction in Flexion

20

9

11

10

Abduction in Extension

30

45

32

44

Adduction in Extension

16

10

18

12

Popliteal Angle

65

32

66

28

Knee Flexion Contracture

13

4

12

4

110

DiFazio, Dissertation

Physical Examination: Spine
An orthopaedic specific physical exam was completed at baseline for all study
participants and at the majority of the post-operative time points. Again, due to the
child’s pain level and stiffness physical examinations were not able to be completed at all
post-operative time points. Shoulder height and paraspinal prominence were not obtained
as part of the physical examination because of the children’s trunk weakness, which
precludes accurate measurement. Less than half of the children (n = 5, 42%) had head
control pre-operatively which did not improve post-operatively. Sixty-six percent (n = 8)
of the children had a pelvic obliquity pre-operatively. This percentage decreased to 23%
post-operatively. Table 9 displays the pre-operative and the one year post-operative
lower extremity range of motion measurements for children who underwent a spinal
fusion.
Table 9
Physical Examination: Spine
Spine Exam (degrees)

PrePostPrePostOperative Operative Operative Operative
Left
Left
Right
Right

Hip Flexion Contracture

18

20

17

30

Hip Abduction in Flexion

43

40

43

50

Hip Adduction in Flexion

15

18

18

20

Popliteal Angle

73

50

80

55
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The results of this study thus far have focused on the demographic characteristics
of the study sample and the radiographic measurements and physical examinations both
pre-operatively and post-operatively. The results according to each of the research
question will now be presented.
Research Question 1: How do extensive orthopaedic surgical interventions that
correct hip and spine deformities influence the parents’ perception of health related
quality of life (HRQOL) in a sample of children with severe CP (GMFCS IV-V)
post-operatively?
The aim of Research Question 1 was to determine how parents’ perceptions of
HRQOL for children with severe CP (GMFCS IV-V) changes over time from preoperatively to six weeks, three months, six months and one year post-operatively by
comparing the Caregiver Priorities and Child Health Index of Life with Disabilities
(CPCHILD) total composite and subscale scores. It was hypothesized that after surgery,
there is an initial deterioration noted at six weeks post-operatively and steady
improvement noted at three months and six months with return to baseline at one year
post-operatively in parents’ perceptions of HRQOL in children affected by severe CP
after extensive orthopaedic surgical interventions that correct hip and spine deformities.
A linear mixed model regression analysis for longitudinal data incorporating
serial measurements in the same patient over time was used to analyze the results from
the CPCHILD, which measures HRQOL. As discussed in Chapter 3, a repeated
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measures mixed model incorporates the data from each subject individually by
accounting for within-subjects correlation. Therefore, the analysis is not influenced by
missing values or unbalanced data in which some patients do not have measurements for
all time points. The analysis was adjusted for confounding variables by including the
following covariates in the multivariate model: age, gender, BMI, GMFCS, and type of
surgery and was centered on average age and BMI. The covariates were selected because
they were considered to have potentially important influence on the dependent variable,
HRQOL (CPCHILD).
Based on clinical knowledge of the study population, older children and children
with higher GMFCS levels are usually more medically complex and have had more
surgical interventions than younger children and children with lower GMFCS levels.
Therefore, age and GMFCS were thought to potentially affect the CPCHILD score.
Underweight children may have more post-operative complications, but these children
may be easier to care for after surgery because they are smaller and the physical care may
be less demanding for the caregiver. Therefore, BMI was included as a covariate. Type
of surgery was also included as a covariate in the model as it was expected that the type
of surgery, hip surgery versus spine surgery, could affect the scores. Based on provider
expertise and antidotal evidence from parents, spine surgery involves a more extensive
and longer recovery than hip surgery.
Although expected to be significant, the five covariates; age (F = 0.10, p = 0.92),
gender (F = 0.39, p = 0.53), BMI (F = 0.68, p = 0.41), GMFCS (F = 0.15, p = 0.69), and
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type of surgery (F = 0.80, p = 0.77) were not significant predictors of the CPCHILD total
composite score in the multivariate longitudinal data analysis. The effect of time (F =
8.01, p ≤ 0.001) was the only significant predictor in the model and therefore, the only
covariate that influenced the score. From baseline to one year post-operative there was an
average 12 point increase from 45 to 56 in the mean CHCHILD© total composite score.
Table 10 displays the estimated marginal means for each of the CPCHILD
subscales and the total composite score adjusted for the five covariates and calculated at
the mean of two covariates; age and BMI. The adjusted p-value represents the
significance of change in mean score from baseline to one year postoperative. Mean
difference over time were determined to be significant at the 2-tailed α = 0.05 level.
Statistically significant changes in mean scores were noted from baseline to one year
post-operatively in the CPCHILD total composite score and the following three
subscales: 1) personal care/activities of daily living, 2) comfort, and emotions, and 3)
health. Significant changes were not noted in the following three subscales: 1)
positioning, transferring and mobility 2) communication and social interaction, and 3)
quality of life.
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Table 10
Estimated Marginal Means for the Caregiver Priorities and Child Health Index of Life
with Disabilities Questionnaire (CPCHILD) - Changes Over Time

Subscales

Baseline 6 Wks.
n = 48
n = 40

3 Mos.
n = 33

6 Mos.
n = 30

1 Yr.
n = 19

Adjusted
p-Value

Personal Care/ Activities of
Daily Living

36

37

40

43

44

.008*

Positioning, Transferring &
Mobility

33

28

38

41

38

.08

Comfort & Emotions

76

61

74

77

87

.03*

Interaction

46

41

47

51

47

.75

Health

54

53

56

55

62

.05*

Quality of Life

55

49

58

59

62

.19

Total CPCHILD Score

45

44

51

54

56

.005*

Communication & Social

Note: Adjusted for age, gender, BMI, GMFCS, and type of surgery
Calculated at the mean of age = 10.69 and BMI = 17.20
*mean difference is significant at the 0.05 level.
Figure 4 is a graph of the CPCHILD total scores across time for all of the study
participants. 95% confidence intervals are displayed. Again, the total score decreases at
6 weeks and slowly improves over time.
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Figure 4. CPCHILD Across Time for the Entire Cohort

CP Child Total Scores Across Time in Entire Cohort
100

CP Child Total Score

80

60

40

20

0
Baseline
(n = 48)

6 Weeks
(n = 40)

3 Months
(n = 33)

6 Months
(n = 30)

12 Months
(n = 19)

Although not part of the research questions, the decision was made to stratify the
children according to GMFCS levels in order to further evaluate the effect of GMFCS on
the CPCHILD total composite score over time. The linear mixed model analysis revealed
no mean difference between patients classified as GMFCS IV or GMFCS V in the
CPCHILD total composite score at baseline (p = 0.12), six weeks (p = 0.38), three
months (p = 0.57), six months (p = 0.94), and one year (p = 0.74). The two groups shared
a common slope (F = 1.66, p = 0.16) indicating that the changes in mean total scores
during the first year post-operatively were not significantly different between patients
classified as GMFCS IV and those classified as GMFCS V.
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Figure 5 illustrates the changes in mean score over time stratified by GMFC level
and adjusted for age, gender, BMI and type of surgery. As depicted in the figure, patients
in each group shared a similar post-operative trajectory with scores sharply declining at
six weeks post-operatively and increasing over time. In the GMFCS IV group, a
significant increase was noted at three months (p = 0.004), six months (p = 0.001), and
one year (p = 0.000) compared to six weeks. No significant change was noted from any
of these time points to the baseline score. In the GMFCS V group, significant increases
in scores were identified at six months and one year compared to baseline and six weeks.
Figure 5. CPCHILD Total Score Overtime Stratified by GMFCS Level
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As hypothesized, results indicate an initial decline in CPCHILD total scores at six
weeks post-operatively with continued improvement in scores over the first year postoperatively. Return to baseline was reported by parents at three months post-operatively,
which is sooner than hypothesized and sooner than several other studies have reported
(Askin, et al., 1997; Cassidy et al., 1994). Children with GMFSC IV CP and GMFC V
CP shared a common post-operative course, but no significant differences were noted
between the two groups.
Research Question 2. How do extensive orthopaedic surgical interventions that
correct hip and spine deformities impact the caregiver in a sample of children with
severe CP (GMFCS IV-V)?
The aim of Research Question 2 was to determine how caregiver impact changes
over time by comparing the Assessment of Caregiver Experience with Neuromuscular
Disease (ACEND) score pre-operatively and at six weeks, three months, six months, and
one year post-operatively. It was hypothesized that after surgery, there is initial
deterioration noted at six weeks post-operatively and then only moderate improvement
noted at the three months, six months, and one year post-operatively in caregiver impact
in caregivers of children with severe GMFCS IV-V CP after extensive orthopaedic
surgeries that correct hip and spine deformities.
Changes in caregiver impact were measured by the ACEND using a linear mixed
model regression analysis for longitudinal data incorporating serial measurements on the
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same patient over time. The linear mixed model was adjusted for the following five
covariates in the multivariate analysis: age, gender, BMI, GMFCS, and type of surgery.
The means were centered on the average age and BMI of the children. In this analysis,
GMFCS (F = 5.08, p = .03) and time (F = 3.88, p = .005) were found to be the only two
significant predictors of the ACEND total composite score in the multivariate analysis.
Gender (F = 7.82, p = .008), type of surgery (F = 3.53, p = .067), age (F = 0.429, p =
.516), and BMI (F = 0.43, p = .516) were not found to be significant predictors.
Table 11 displays the estimated marginal means for each of the seven subdomain
scores and the total ACEND score adjusted for the five covariates and centered on the
average age and BMI. No statistically significant change occurred overtime for any of
the subscale scores or the total composite ACEND score from baseline to one year postoperative. The adjusted p-value represents the significance of change in mean score from
baseline to one year post-operative. Significance was determined at the 2-tailed

=

0.05 level.
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Table 11
Estimated Marginal Means for the Assessment of Caregiver Experience with
Neuromuscular Disease Questionnaire (ACEND) - Changes Over Time

Subscales

Baseline

6 Wks.

3 Mos.

Feeding, Grooming, &
Dressing

15

13

14

18

17

.18

Sitting & Playing

42

42

42

45

45

.51

Transfer

14

11

14

11

11

.10

Mobility

16

12

13

15

13

.32

Time

55

54

52

59

60

.17

Emotion

53

50

48

57

53

.97

Finance

46

44

36

47

46

.92

34.5

32.2

31.6

36.1

35

.75

Total ACEND Score

6 Mos. 1 Yr.

Adjusted
p-Value

Note: Adjusted for age, gender, BMI, GMFCS, and type of surgery.
Calculated at the mean of age = 10.69 and BMI = 17.20
*mean difference is significant at the 0.05 level.
Additional work beyond the research question was completed in order to discover
whether ACEND total scores in children with GMFCS IV CP and GMFCS V CP were
significantly different from each other overtime. A pairwise comparison was completed
to examine differences between the groups. Univariate analysis indicated that the scores
are significantly different between GMFCS IV (F = 2.98, p = .021) and GMFCS V (F =
2.60, p = .040) children.
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Changes over time in mean ACEND total composite score during the first year
post-operatively were not significantly different between patients classified as GMFCS
IV and those classified as GMFCS V. Again, the two groups shared a common slope (F
= 1.65, p = 0.16) and patients in both GMFCS groups experienced similar post-operative
courses. In each of the groups, a steady decline occurred from baseline to three months
with small improvements noted at six months. Children with GMFCS V CP returned to
baseline at six months post-operatively, while children with GMFCS IV CP never
returned to baseline.
In children with GMFCS IV CP a significant decrease in the caregiver impact
mean score over time was noted at baseline compared to six weeks (p = .01) and 3
months (p = .004) and a significant increase was found from three months compared to
six months (p = .050) post-operative. Children with GMFCS V CP had significant
increases in ACEND total composite scores at baseline compared to six months (p =
.032), six weeks compared to six months (p = .017), three months compared to six
months (p = .006) and three months compared to one year (p = .055).
As part of the ACEND questionnaire, caregivers were asked to answers questions
regarding their expectations of and satisfaction with, their child’s surgical intervention.
Caregivers were able to report if their expectations were met on a scale from “never
being met” to “always being met.” Caregivers also had an opportunity to provide
narrative responses to an open ended question about their specific expectations of their
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child’s surgical intervention. Satisfaction with the surgical intervention was measured on
a scale from “extremely dissatisfied” to “extremely satisfied.”
Table 12 displays the results of the caregivers’ expectations of their child’s
surgical intervention according to each of the post-operative time points. Caregivers
reported that their expectations regarding the outcomes of their child’s surgery were
“often met” or “always met” an average of 46% of the time across all post-operative time
points. The majority of the caregivers reported that their expectations were “met
sometimes.” Narrative responses to the open ended question on the ACEND indicated
that the pre-operative expectations of the surgery were similar among all caregivers.
Responses were analyzed using content analysis and the following expectations occurred
repeatedly in the data; improved mobility/walking, decreased pain, increased ease with
activities of daily living, improved respiratory function, improved quality of life, and
improved overall health. Many of the parents also reported hoping that their child would
be able to walk after the surgery. Many of the caregivers’ comments were related to
expectations that would not only improve the child’s function, but also decrease caregiver
impact. Expectations of the surgery did not differ according to the surgeon.
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Table 12
Expectations of Extensive Orthopaedic Surgical Intervention
Were Your
Expectations
Met?

6 Weeks
n = 35
n (%)

3 Months
n = 33
n (%)

6 Months
n = 30
n (%)

1 Year
n = 19
n (%)

2 (6)

3 (9)

2 (7)

0 (0)

Occasionally

11 (31)

3 (9)

7 (23)

1 (5)

Sometimes

4 (11)

14 (42)

9 (30)

8 (42)

Often

13 (37)

8 (24)

6 (20)

6 (32)

Always

5 (14)

5 (15)

6 (20)

4 (21)

Never

Table 13 displays caregivers’ satisfaction with the surgical intervention across all
post-operative time points. Fifty-nine percent of the caregivers across all time points
reported being “very satisfied” or “extremely satisfied” with the surgery. If you included
those who were “somewhat satisfied” the percentage would increase to 88%.
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Table 13
Satisfaction with Extensive Orthopaedic Surgical Interventions

Were You Satisfied with
the Treatment?

6 Weeks
n = 35
n (%)

3 Months
n = 33
n (%)

6 Months
n = 30
n (%)

1 Year
n = 19
n (%)

Extremely Dissatisfied

1 (3)

1 (3)

0 (0)

0 (0)

Very Dissatisfied

1 (3)

1 (3)

4 (13)

1 (5)

Somewhat Dissatisfied

0 (0)

1 (3)

3 (10)

1 (5)

Somewhat Satisfied

9 (26)

13 (39)

7 (23)

5 (26)

Very Satisfied

15 (43)

10 (30)

11 (37)

9 (47)

Extremely Satisfied

9 (26)

7 (21)

5 (17)

3 (16)

In summary, deterioration was noted for all patients in the total composite
ACEND score from baseline to three months post-operatively. The score slightly
increased above baseline at six months post-operative and then decreased slightly at one
year post-operative. As expected, there was only minimal change overtime in the
caregiver impact following extensive orthopaedic surgery that corrects hip and spine
deformities in children with GMFCS IV-V CP. Due to their severe physical limitations,
children with GMFCS IV-V CP are dependent on their caregivers for all aspects of their
care both before and after surgery; therefore it is not surprising that a significant change
was not noted in the total composite ACEND score. Although there were no major
changes in the caregiver impact, approximately half of the caregivers reported that their
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expectations of the surgery were met and that they were very satisfied or extremely
satisfied with the surgery.
Research Question 3. What are the estimated non-medical out-of-pocket expenses
(NOPPEs) incurred by families during the hospitalization of a child with severe CP
(GMFCS IV-V) following extensive orthopaedic surgery that correct hip and spine
deformities?
The aim of Research Question 3 was to estimate the NOOPEs incurred by
families during hospitalization after surgical intervention for a child with GMFCS IV-V
CP and calculate the total as a percentage of the family’s gross income. It was
hypothesized that NOOPEs incurred by families of children with severe CP who undergo
extensive orthopaedic surgery that correct hip and spine deformities represent 10% of the
families’ gross income.
Forty-two (87.5%) of the 48 families whose children underwent extensive
orthopaedic surgical intervention completed the Family Expense Diary. Six families were
unable to complete the diary due to the stress of their child’s hospitalization. These
families reported feeling overwhelmed by the child’s condition and were not able to keep
accurate records of their daily expenses.
All NOOPEs were captured in six different expense categories on the Family
Expense Diary. Table 14 displays the ranges, means, medians, and interquartile ranges
for each of the expense categories and the overall total expense. The total NOOPEs for
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all families ranged from $59.00 - $6,977.50 (Median = $479.30, Interquartile Range =
237.29 – 935.99) per hospitalization. The average length of stay for these 42 families was
9.7 days (Interquartile Range = 5.75 – 9.25). Based on this information, families spend
approximately $107.90 per day on NOOPEs. The three expense categories that had the
highest reported expenses were food, lodging, and transportation.
Table 14
Non-Medical Out-Of-Pocket Expenses Incurred during Hospitalization by Category of
Expense (N = 42)
Category of Expense

Minimum Maximum Mean Median

Interquartile
Range

Transportation

0

2757

220

70

40 - 127

Lodging

0

3300

315

0

0 - 191

Food

39

3000

371

228

142 - 408

in the Home

0

495

39

0

0-0

Home Making

0

120

7

0

0-0

Incidental Expenses

0

325

60

29

6 - 92

Total Expenses

59

6977

1047

479

237 - 936

Care for Children or Others

Fifty-two percent (n = 22) of the families reported having a household income of
$70,000 or less per year. There was a median of 3.5 people (Range = 1 - 8) living in the
household in addition to the child who underwent surgery. The total NOOPEs accounted
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for on average 2.58% of the families’ unadjusted yearly income with the percentages
ranging from 0.04 - 19.5%. The median was 1.1%. Only one family spent greater than
10% of their gross annual income on NOOPEs during their child’s hospitalization.
Families traveled on average 271.99 (Range = 6.6 - 6194) miles from their homes
to the hospital to receive care. Two families lived out of the country; Bermuda and Saudi
Arabia. Costs for mileage were included in these totals and were calculated according to
the Internal Revenue Service Optional Standard Mileage rate for medical purposes which
are used to determine deductible costs for federal income tax purposes. The rate for 2011
was 19 cents per mile and the rate for 2012 was 23 cents per mile (Internal Revenue
Service, 2011, 2012).
The number of missed work hours during the child’s hospitalization also was
calculated for each family. These totals included parents, other family members, and
friends who took time off from work to care for the hospitalized child. The total number
of missed work hours across all families ranged from 0 - 282 (M = 49.94) hours.
Collectively, families missed 1,971.5 hours of work. Monetary costs related to lost hours
were not calculated as part of the total expenses for each family because of the
complexity of employment leave policies, (e.g., hourly vs. salaried, unpaid vs. paid leave
policies, earned time usage policies, etc.). The total hours lost from work for parents and
other family members/friends are reported in Table 15.
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Table 15
Hours Lost for Work (N = 42)
Hours

Minimum

Maximum

Mean

Median

SD

Mother

0

154

18

0

31

Father

0

128

24

13

31

Family Members/Friends

0

60

5

0

14

0

282

50

31

53

Total Combined
Hours Lost From Work

Table 16 displays the annual percentage of hours lost from work per year. For a
caregiver who was working full time he or she missed approximately 2.3% of his or her
yearly scheduled work hours during their child’s hospitalization. If the caregiver worked
part time he or she missed approximately 1.4% of his or her yearly scheduled work hours.
The caregiver’s spouse/partner lost fewer hours from work during the child’s
hospitalization, but combined this could create significant financial loss to the family.
Again, this only represents the time lost from work during the child’s hospitalization and
does not include the time needed to care for the child after discharge to home.
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Table 16
Annual Percentage of Hours Lost From Work Per Year
Caregiver

Minimum

Maximum

Median

Full Time

0.4%

7.5%

2.3%

Interquartile
Range
1.5% - 3.1%

Part Time

0%

2.7%

1.4%

0% - 1.8%

Minimum

Maximum

Median

Full Time

0%

6.1%

1.4%

Interquartile
Range
0.7% - 2.3%

Part Time

0%

1.4%

0.6%

0.25% -1.1%

Spouse/Partner

All families had some form of insurance to pay for the surgery. The majority of
the families (n = 26, 54.2%) had both private insurance and Medicaid. Some families (n =
7, 14.6%) had only private insurance, while 14 (29.2%) others had only Medicaid.
Surgery was paid for by the Embassy for one (2.1%) international patient.
All families incurred NOOPEs during their child’s hospitalization. Families spent
on average $1046.65 during their child’s hospitalization following extensive orthopaedic
surgical interventions which resulted in approximately 2.58% of their yearly income.
The majority of families (n = 33, 79%) reported missed hours from work due to their
child’s hospitalization. These figures represent only a small portion of the families outof-pocket expenses related to their hospitalization. In addition, due to their child’s
complex medical and surgical history, many of these children will undergo multiple
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surgeries in the course of one year, which will result in additional expenses for the
family.
Summary
This chapter presented the study findings including demographic characteristics
of the study sample and the results of the analyses for Research Questions 1, 2, and 3.
These questions explored the caregivers’ perceptions of their child’s HRQOL, functional
status, and caregiver impact before and after extensive orthopaedic surgical interventions
that correct hip and spine deformities in children with GMFCS IV-V CP.

The financial

burden of NOOPEs was also explored.
In summary, findings indicate that parents’ perceptions of their child’s HRQOL
improved from baseline to one year post-operatively with improvements noted in certain
aspects of the child’s life including personal care/activities of daily living, comfort, and
emotions, and overall health. In terms of the caregiver, no statistically significant
changes occurred overtime in caregiver impact from baseline to one year postoperatively. This indicates that the parents’ perceptions of the child’s care requirements
did not change following surgery. Although no major improvements were noted in the
caregivers’ lives, approximately half of the caregivers reported that their expectations of
the surgery were met and that they were very satisfied or extremely satisfied with the
outcome of the surgery. In terms of the financial burden, the total amount of NOOPEs
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for all families ranged from $59.00 - $6,977.50 (Median = $479.30, Interquartile Range
= 237.29 – 935.99). Chapter 5 will present a more in depth analysis of the results.
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CHAPTER 5
Conclusions and Discussion
Introduction
The objectives of this descriptive study were to determine: 1) how extensive
orthopaedic surgical interventions that correct hip and spine deformities influence the
parents’ perception of health related quality of life (HRQOL) in a sample of children with
severe cerebral palsy (CP) gross motor function classification system IV-V (GMFCS IVV) post-operatively, 2) how extensive orthopaedic surgical interventions that correct hip
and spine deformities impact the caregiver in a sample of children with severe CP
(GMFCS IV-V), and 3) what is the estimated the non-medical out-of-pocket (NOOPEs)
costs incurred by families during the hospitalization of a child with severe CP (GMFCS
IV-V) following extensive orthopaedic surgery. This chapter will summarize the study
findings, present and interpret the conclusions, and discuss the limitations. The
implications for clinical practice and future research will also be addressed.
Demographic Characteristics of the Study Cohort.
The demographic characteristics of the children in this study were compared to
population based studies in the literature and the ethnic and racial distribution of patients
seen in the CP clinic at Boston Children’s Hospital. Based on population studies, males
have an increased risk for developing CP with a male to female ratio of 1.33:1 (Johnson,
2002). These numbers are consistent with the findings from this study which included
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slightly more male than female participants. The distribution of the patients’ ethnic and
racial backgrounds in this CP clinic at Boston Children Hospital from August 2011 August 2012 was 12% black or African American, 68% white, 1% American
Indian/Alaskan, 5% Asian, 14% Hispanic or Latino. Researchers have reported that
black infants have a higher prematurity rate and an increased incidence of CP with 3.7
per 1000 black children compared to 3.2 per 1000 white children, yet the percentage of
white children seen in the CP clinic is much greater than the percentage of black children.
The differences are even greater when stratifying the children by functional limitations
with black children being at greater risk for having more severe functional limitations
than white children (Maenner, et al., 2012). However, in this study only three out of 48
(6.2%) of the children were black and in the entire CP clinic population only 12% of all
of the children were black. This number is less than expected based on previous work.
The children in the study had similar co-morbidities and past surgical histories as to what
is reported in the literature.
Research Question 1. How do extensive orthopaedic surgical interventions
that correct hip and spine deformities influence the parents’ perception of health
related quality of life (HRQOL) in a sample of children with severe CP (GMFCS
IV-V) post-operatively?
In this study, changes in HRQOL were measured by the Caregiver Priorities and
Child Health Index of Life with Disabilities (CPCHILD) before and six weeks, three
months, six months and one year after extensive orthopaedic surgical interventions that
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correct a hip or spine deformities in children with GMFSC IV-V CP. The results of this
study demonstrate a mean positive change over time from baseline to one year postoperatively in HRQOL (p = 0.005) and three of the six aspects of HRQOL: 1) personal
care/activities of daily living (p = 0.008), 2) comfort and emotions (p = 0.03), and 3)
health (p = 0.05). Changes in mean scores overtime were not noted in three of the
aspects of HRQOL: 1) positioning, transferring and mobility (p = 0.08), 2)
communication and social interaction (p = 0.75), and 3) overall quality of life (p = 0.75).
In addition, there was no significant change in HRQOL based on the child’s GMFCS
level.
Although age, gender, BMI, GMFCS, and type of surgery were initially expected
to be significant predictors of the CPCHILD total composite score and the subscale
scores, there were no statistically significant changes over time invariant and independent
of these five fixed factors. This means that these five covariates did not have an effect on
any aspect of the child’s HRQOL. These findings indicate that our assumptions related
to the importance of these covariates may have been mistaken and these covariates do not
influence HRQOL in children with GMFCS IV-V CP. The results of each of the
CPCHILD subscale scores will be discussed and interpreted in the following sections.
HRQOL: Personal Care and Activities of Daily Living Subscale. HRQOL as
measured by personal care and activities of daily living subscale of the CPCHILD
demonstrated an eight point increase from the pre-operative score of 36 to the one year
post-operative score of 44, which was found to be significant (p = .008). Extensive
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orthopaedic surgical interventions in children with severe CP are often performed to not
only improve the underlying deformity, but also to make activities of daily living easier
for the caregivers. Therefore, it is reassuring to know that parents reported improvements
in the child’s personal care and activities of daily living.
Improvements in personal care and activities of daily living following orthopaedic
surgery in children with CP have been documented in several research studies. In a
retrospective study of children with CP following hip surgery, 54% (n = 27) of the
caregivers reported difficulty with perineal hygiene pre-operatively, while only one
caregiver complained of difficulties post-operatively (Miller et al., 1997). Improved
bathing and dressing ability was noted by 73% (n = 16) of the caregivers whose child
underwent a spinal fusion (Dias et al., 1996) and improved overall management was
reported by 67% (n = 16) of the caregivers in a similar population of children who
underwent a spinal fusion (Bulman, 1996). A more recent study, revealed only margin
improvements in activities of daily living with only 26% (n = 21) of the caregivers
reporting improvement in perineal care and 40% (n = 31) reporting improvements in
dressing following a spinal fusion (Watanabe, et al., 2006). The results of this study
support the literature that extensive orthopaedic surgical interventions in children with
severe CP improve the caregivers’ ability to provide personal care and activities of daily
living to their children who are totally dependent on them for all aspects of their care.
HRQOL: Comfort and Emotion Subscale. The child’s level of comfort and
emotional status demonstrated the greatest change in mean score with an 11 point
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increase from a baseline score of 76 to a one year post-operative score of 87. Significant
change in this subscale (p = .03) is encouraging and provides support for the subjective
improvements following extensive surgical intervention that correct hip and spine
deformities in children with GMFCS IV-V CP. Communication barriers often make it
difficult to accurately assess comfort and emotions in this patient population, but it is
estimated that 25-89% of children with CP who have a dislocated/subluxed hip complain
of or demonstrate hip pain (Bagg et al., 1993; Brunner et al., 1994; Cooperman et al.,
1987; Moreau et al., 1979). Accurate estimates of pain in untreated neuromuscular
scoliosis are not reported in the literature, but pain is assumed to be present in children
with severe curvatures and is thought to be related to costopelvic impingement and
decubitus ulcers which result from sitting imbalance (Tsirikos et al., 2010). Two
retrospective studies have documented improvements in pain following hip surgery in
children with CP. Herndon et al., (1992) reported an 84% (n = 32) improvement in pain
following surgery, while Miller et al., (1997) had similar finding noting an 82%
improvement in pain.
Because pain is not the primary indication for performing a spinal fusion in a
child with neuromuscular scoliosis, it is difficult to find studies that accurately measure
pain before and after a spinal fusion. In two retrospective studies, telephone interviews
were conducted with caregivers to assess their overall satisfaction following a spinal
fusion in children with total body involvement CP. The results from these two studies
were almost identical with 86% (n = 22) (Dias, et al., 1996) and 85% (n = 60) (Comstock
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et al., 1998) of the caregivers reporting improvements in comfort following the surgery.
Although accurate measurement of comfort is difficult in children who are GMFCS IVV, caregivers often know when their child is comfortable or experiencing discomfort.
Therefore, in nonverbal children, the caregivers’ perception is often the best means to
measure comfort. Based on the results of this study, children experienced significantly
less pain post-operatively compared to pre-operatively. This study may more accurately
report the child’s comfort level than the other studies done previously since this study
was conducted prospectively and does not rely on the parent’s accurate recall of the
child’s comfort level before and at different time points following surgical intervention.
HRQOL: Health Subscale. A significant mean change over time was also noted
in the child’s overall health with parents’ reporting significant improvements from
baseline to one year postoperatively (p =. 05). Questions in this subscale evaluated not
only the parents’ subjective perception of their child’s overall health, but also included
questions related to the number of medications that the child takes and the frequency that
the child visits the doctor before and after surgery. Little evidence was found in the
literature to support changes in overall health following hip surgery in children with CP
and only a few studies addressed QOL following spine surgery in this population.
Since children with GMFCS IV-V CP have multiple associated medical problems
it is difficult to measure the wide array of health conditions that contribute to the child’s
overall health status. In the literature concerning treatment of spinal abnormalities,
researchers have reported attempts to measure specific aspects of the child’s overall
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health that are thought to deteriorate as scoliosis progresses such as pulmonary function
and sitting balance leading to an increased incidence of decubitus ulcers. Kalen et al.,
(1992) found no difference in pulmonary function or oxygen saturation (M = 80%)
between institutionalized patients with or without scoliosis and Cassidy et al., (1994)
found no difference in the use of pulmonary medications in adults with scoliosis who
underwent a spinal fusion compared to those who did not. In addition, both studies found
no difference in the incidence of decubiti in the groups of CP patients that they compared.
One retrospective study, Watanabe et al., (2009), contradicted these results and showed
improvement of pulmonary function and the child’s ability to breathe following a spinal
fusion. Thirty-five percent (n = 25) of the caregivers in the study reported respiratory
problems pre-operatively, while post-operatively this number decreased to 19% (n = 15).
In addition, the study found that although the number of co-morbidities did not change,
21% (n = 15) of the caregivers reported improvements.
Although the findings across the literature were inconsistent, the results of this
study document significant improvement overtime in the parents’ perception of their
child’s overall health with decreased need for medication and fewer visits to the various
physicians after surgery. These results may reflect the continued advancements in the
medical management of children with GMFCS IV-V CP and the Department of
Orthopaedics’ focus on the medical management of children prior to surgical
interventions. Children are now routinely evaluated by the coordinated care service to
ensure that all of their medical conditions are stabilized prior to surgery and
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recommendations are made for their medical management following surgery.
Interventions include such things as nutrition consult, G-tube placement, coughalator, and
bowel regime. This extensive pre-operative work-up and the initiation of interventions
prior to surgery may in part be why caregivers are reporting significant improvements in
overall health following surgery. Hopefully, these improvements will be sustained
beyond the one year post-operative time point.
Although specific questions about the child’s pulmonary function following
surgery were not asked in the CPCHILD, several parents spoke of the subjective
improvements in this area. One caregiver reported that her child no longer required
continuous positive airway (CPAP) at bedtime following a spinal fusion and one
caregiver subjectively commented on the decreased number of respiratory infections.
These are a major improvement in the lives of both the child and the caregiver and are
not reported in other studies.
HRQOL: Positioning, Transferring and Mobility Subscale. One of the primary
goals of extensive orthopaedic surgeries in children with CP is to improve positioning,
transferring and mobility (Cooperman et al., 1987; Flynn & Miller, 2002; Lonstein &
Beck, 1986; Samilson et al., 1972 Tsirikos et al., 2008). Improvements were noted in
positioning, transferring and mobility, but significant change over time (p = .08) was not
noted. Almost no evidence exists in the literature concerning the treatment of hip
disorders regarding post-op changes in positioning, transferring, and mobility. One
retrospective study asked caregivers to note any changes in sitting ability before and after
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hip surgery. Improvements were noted by 78% (n = 29) of the caregivers, whereas 22%
(n = 8) reported worsening or no change (Miller et al., 1997). This result provides only
limited support for improvement in positioning, transferring and mobility following hip
surgery.
Mobility gains following a spinal fusion for neuromuscular scoliosis remain
controversial and are a topic of great debate. Sitting balance is one of the outcomes that
is most often measured when evaluating mobility and function. Several researchers have
reported improvements in sitting balance (Dias et al., 1996; Watanabe et al., 2009), while
others; have reported minimal (Comstock et al., 1998) to no improvements (Jones et al.,
2003) based on retrospective caregiver reports.
Although seating balance is an important outcome measure, researchers have not
addressed other aspects of mobility such as: the child’s ability to get in and out of a bed, a
chair or a car; moving about in the home and outside; and visiting public places. These
issues are all addressed by questions asked in positioning, transferring and mobility
subscale of the CPCHILD. Studies that measure only seating balance provide a very
limited view of the child’s overall mobility. Since caregivers need to move the child
from one place to another it is important to understand how difficult this is and if surgery
improves the caregivers’ ability to move the child. Although improvements were noted,
no significant change was found. Caregivers will have to provide maximum assistance
with mobility both before and after the surgery.
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HRQOL: Communication and Social Interaction Subscale. It is not surprising
that there was minimal change in the mean score for the communication and social
interaction subscale of the CPCHILD. Questions in this subscale focus on the child’s
ability to understand, communicate and play. Surgical interventions would not
necessarily have a major influence on these activities. Head control may play a role in
affecting the child’s ability to communicate and interact, yet head control was not found
to improve following spine surgery in the literature (Tsirikos et al., 2003) and in this
study. One study which evaluated satisfaction following spinal surgery among education
professionals and physical therapists found increased cognitive abilities and alertness
following surgery with 57.1% (n = 28) of the educators and 35.1% (n = 94) of the
therapists reporting improvements.
As an anecdotal comment, one caregiver in this study reported that her son was
better able to use his communication board following a spinal fusion because he had
better head control, was able to sit straighter, and required less support from his arms
while sitting. Although a few subjective improvements were reported by caregivers,
overall the results of this study do not demonstrate significant change the parents’
perception of their child’s ability to communicate and interact over time following
extensive orthopaedic surgical interventions.
HRQOL: Quality of Life Subscale. Unfortunately, improvements in several
aspects of these children’s HRQOL were not sufficient to significantly change their
parent’s perception of their overall QOL (p = .19). This may be due to the interplay of
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their complex cognitive, psychosocial, and physical limitations. Lack of improvement in
QOL was somewhat unexpected especially in light of the fact that caregivers reported
improved comfort and overall health.
Few researchers have attempted to measure QOL before and after orthopaedic
surgery in children with severe cognitive and physical limitations. This may be due in
part to the difficulties surrounding the measurement of QOL in this population as
described in Chapter 2. Previous studies have focused on parents’ satisfaction with
surgery and whether or not their expectations were met, yet few researchers have
attempted to measure changes in QOL following surgery. Improvements in QOL (n = 60,
74%) had been reported in one retrospective study following spine surgery (Watanabe et
al., 2009). Again, this study may be subject to recall bias and may not accurately reflect
the caregivers perceptions of their child’s QOL over time. Researchers have not
adequately investigated this topic.
HRQOL: Children with GMFCS IV compared to GMFCS V CP. Parents of
children with GMFCS IV CP reported higher levels of HRQOL for their child than
parents of children with GMFCS V CP at all post-operative time points except for at the
six week post-operative time point when their scores were lower. The finding that
children with GMFCS IV CP scored lower at six weeks may be due to the fact that these
children may be able to help their caregivers in small ways such as standing for transfers,
prior to the surgery, but following the surgery the children lost temporary function and
were unable to help at all. Children with GMFCS V CP were less able to help their
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caregivers in all aspects of their care both before and after surgery so the caregivers may
not have noticed a significant decline in their child’s HRQOL from baseline to six weeks
post-operative since this functional level was considered baseline for their child.
Identifying a significant change between GMFSC levels IV-V CP was not
feasible due to the small sample size and lack of power. All 48 children did not have
CPCHILD scores throughout the five post-operative data points. All children had
baseline scores, but at the one year post-operatively, there were only 20 scores, GMFSC
IV (n = 8) and GMFCS V (n = 12). Based on this small sample size, the power is limited.
This analysis was not part of the research question, but was completed to try to begin to
understand if notable differences existed between the two groups of participants.
Although the CPCHILD was developed to measure change over time or following
an intervention, there are limited data to support its responsiveness to change. This is
one of the first prospective studies completed to evaluate change over time using a
reliable and valid instrument (CPCHILD) following surgery in children with GMFCS IVV CP. This study provides further evidence for this newly developed instruments’ ability
to detect change overtime and following an intervention. These data also provide support
for the effectiveness of extensive orthopaedic surgical interventions in improving overall
HRQOL and several specific aspects of HRQOL in children with GMFCS IV and
GMFCS V CP including personal care/activities of daily living, comfort and emotions,
and health.
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Research Question 2. How do extensive orthopaedic surgical interventions
that correct hip and spine deformities impact the caregiver in a sample of children
with severe CP (GMFCS IV-V)?
Changes in caregiver impact before and six weeks, three months, six months and
one year after extensive orthopaedic surgical interventions that correct hip and spine
deformities in children with GMFCS IV-V CP were measured using the Assessment of
Caregiver Experience with Neuromuscular Disease (ACEND). The estimated marginal
means were calculated for the ACEND total composite score and each of the seven
subscale scores. No significant mean change over time was detected in the ACEND total
composite score or any of the seven subdomain scores.
GMFSC level (F = 5.08, p = .030) was the only significant predictor of the
ACEND subscale scores and the ACEND total composite score. Age, gender, BMI,
GMFCS and type of surgery did not have an effect on the child’s ACEND subscale
scores or total composite score. Again, the assumption that these covariates would have
an effect on ACEND scores was not supported by this study.
Caregiver Impact: Feeding, Grooming and Dressing Subscale. The estimated
mean score for the feeding, grooming and dressing subscale at baseline was lower than
expected. In the original psychometric testing of the ACEND, children classified as
GMFCS IV had an average subscale score of 43.6 and children classified as GMFCS V
had an average subscale score of 20.8 (Matsumoto et al., 2011), while the children in this
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study scored much lower with an average baseline score of only 15.0 including children
with both GMFCS IV and V CP. This may be explained in part by the fact that the
feeding questions on the ACEND were all related to oral feeding versus feeding via a
gastrostomy tube. The majority (n = 25, 52.1%) of the children in this study had
gastrostomy tubes for feeding and therefore, the parents were unable to answer the
questions related to feeding, which lowered their total subscale score. In addition, the
questions related to the child’s ability to get dressed were geared towards children with
higher physical functioning and therefore the questions may have been at too high of a
level for children with GMFCS IV-V CP. A floor effect may have been noted in this
subscale and the changes related to feeding, grooming, and dressing pre-operatively and
post-operatively may not have been accurately captured.
There was only a two point increase from baseline to one year in the feeding,
grooming and dressing subscale, which did not represent a significant change from
baseline to one year post-operatively (p = .18). Again, this is not surprising since the
majority of the questions in this subscale were above the physical ability of the children
in this study. Minimal change was also noted in ability to eat in a retrospective study of
caregivers of children with spastic CP who underwent a spinal fusion. In a questionnaire
to assess the benefits of a spinal fusion, ability to eat and eating and digesting food were
among the least improved scores on the questionnaire as reported by the caregivers
(Watanabe et al., 2009).
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The caregivers’ ability to dress and undress their child is not frequently measured
in studies reported in the literature. In one study, researchers interviewed caregivers via
telephone and asked them about their perceptions of their child’s abilities following a
spinal fusion. The majority of the caregivers reported improved ability to dress their
child (n = 22, 73%), while six reported more difficulty (n = 22, 2%) (Dias et al., 1996).
Improvements in feeding, grooming and dressing following extensive orthopaedic
surgical interventions in children with GMFCS IV-V CP have not been well documented
in the literature and this study does not support significant changes in these areas
following surgery. Again, this may be due to the fact that the majority of the children in
this study were on the severe end of the CP spectrum and this instrument was not
sensitive enough to detect changes in children with severe CP.
Caregiver Impact: Sitting and Play Subscale. The mean scores on the sitting and
play subscale increased three points from baseline to one year post-operatively. The
questions on this subscale were related to the child’s ability to sit and reach and grab for
objects and play independently. Several researchers have focused on sitting balance as an
outcome measure in studies examining the benefits of a spinal fusion in children with
neuromuscular scoliosis. Sitting balance is critical in terms of the child’s ability to play or
use their hands. When they are out of balance, they require their hands to balance
themselves and are therefore are unable to manipulate objects in their environment.
Although improvements in seating balance are a goal of spinal fusions in children
with neuromuscular scoliosis, researchers have found varying results. In several
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retrospective studies, caregivers have reported improved seating ability (Dias et al., 1996;
Watanabe et al., 2009), while others reported marginal improvements (Comstock et al,
1998; Jones et al., 2003). Seating balance has not been a major focus of studies in the hip
literature in this population. A significant change over time was not noted in the parents’
perception of the child’s ability to sit and play in this study.
Caregiver Impact: Transfer Subscale. Although not significant, the mean scores
on the transfer subscale of the ACEND decreased from a baseline score of 14 to a one
year score of 11 indicating a decline in the caregivers’ ability to transfer the child in and
out of a bed, chair, bathtub or car. These questions are similar to the questions asked on
the CPCHILD. The scores for the positioning, transferring, and mobility subscale on the
CPCHILD did not decrease, but improved only slightly from baseline to one year postoperatively. Significant changes from baseline to one year post-operatively were not
found in the transfer subscale of both the ACEND and the CPCHILD. These results
further demonstrate that extensive surgical intervention in children with GMFCS IV-V
CP are unlikely to have a profound impact on the caregivers’ ability to move the child
from one location to another.
Caregiver Impact: Mobility Subscale. Scores on the mobility subscale of the
ACEND decreased three points from baseline to one year post-operatively. Questions in
this subscale examined the child’s ability to move around their environment. These
results indicate that many of the children experience more difficulty moving about their
environment following surgery, although a mean change over time was not significant (p
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= .327). An initial decline in mobility would be expected following surgery because
many of the children are immobilized, experience pain, and are stiff for the first three
months following surgery. It would have been expected that mobility would have
improved over time as the child recovered from surgery. It may be that the child’s
impairment is so severe that the best that can be hoped for is stabilization and no further
deterioration.
Caregiver Impact: Caregivers Time Subscale. This subscale focuses on the
child’s impact on the caregivers’ ability to attend social events, care for other family
members, spend time with their partner/spouse, and go on vacation. Scores on this
subscale initially decreased from a baseline score of 55 to the lowest score of 52 at three
months post-operatively. There was then an increase in mean score to 59 at one year
post-operatively. However, a significant mean change was not noted from baseline to
one year post-operatively (p = .179). Studies that have examined caregiver time have
focused on the time that it takes for the caregiver to provide direct physical care to their
child before and after surgery rather than the caregivers’ ability to meet their own needs
or needs of other family members. Surgery did not result in an increase in time that the
caregivers had for themselves.
Caregiver Impact: Caregivers Emotions Subscale. The caregivers’ emotions
subscale showed a decreased from a baseline mean score of 55 to a mean score of 48 at
three months post-operative with a steady increase to baseline at one year postoperatively. These results show that caregivers feel overwhelmed and stressed during the
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first three months following surgery. In addition, caregivers may experience
interruptions in their other activities during this time point. A mean change over time
was not detected (p = .976) and it was not surprising that these scores decreased
especially at the three month post-operative time point. Parents frequently report that the
care is the most intense during the first three months following surgery.
Caregiver Impact: Financial Impact Subscale. Scores on the financial impact
subscale decreased from 46 at baseline to 36 at three months post-operatively. The
change in mean score from baseline to three months was significant (p = .011). These
results indicate that during the first three months following surgery parents reported
financial concerns related to the costs of doctor’s visits, medications, travel to and from
the health care providers and lost household income including taking time off to care for
their child at home following surgery. Some of the financial concerns noted during the
first three months after surgery may be related to the NOOPEs incurred during the child’s
hospitalization. This provides further support for the need for nurses to identify families
in need of financial assistance and to help them to access available resources.
Caregiver Impact: Total Composite Score. The ACEND total composite score
showed no significant change from baseline to one year post-operatively. A decrease
from baseline was noted at six weeks and three months post-operatively with an increase
to baseline at one year post-operatively. The lack of significant change over time in the
mean ACEND total composite score indicates that surgery did not have a major impact
on the caregivers need to provide complete care to their child. This finding is not a total
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surprise as these children will always depend on their caregiver regardless of surgery, for
all aspects of their care, which can be very time consuming and stressful for the
caregiver.
Caregiver Impact: Expectations and Satisfaction. Three additional questions were
included in the ACEND questionnaire related to the caregivers’ expectations of and
satisfaction with their child’s surgical intervention. Forty-six percent of the caregivers’ in
this study reported that their expectations of surgery were “often met” or “always met.”
Their specific expectations were elicited through an open-ended question. These
expectations were primarily related to improving their child’s mobility/function,
decreasing pain, improving quality of life, and improving overall health. Parents
expected their children to do much better than they actually did following surgery. Many
of the parents had unrealistic expectations, which set them up for disappointment. For
example, one caregiver of a child who had minimal head control, severe cognitive delays,
and spasticity reported that she expected her son to walk with minimal assistance after his
hip surgery. This was clearly an unrealistic expectation. The caregiver was making the
assumption that the reason her son could not walk was because his hips were dislocated
not because he had neurologic impairment that would prevent him from ever walking. It
is critical for all members of the health care team to work closely with the child and their
caregiver in order to help them to set realistic expectations of the surgical intervention.
This will allow everyone to be working towards the same goal and prevent caregivers’
from being disappointed.
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Only one other study has prospectively evaluated caregiver expectations of
surgery both before and after a spinal fusion in children with severe CP. Jones et al.,
(2003) found that parents most consistently reported that they expected the child to look
better after the surgery. In addition, caregivers reported expectations for improved
comfort while sleeping, decreased pain, and improved self-attitude. None of the parents
in this study listed looking better as an expectation of the surgical procedure, but many of
them shared the expectation of decreased pain and improved comfort.
Although only 46% of the caregivers reported that their expectations were met, an
average of 59% of the caregivers across all time points reported being “very satisfied” or
“extremely satisfied” with the outcome of the surgery. If you include the caregivers who
reported being somewhat satisfied, the percentage would increase to 88% of all of the
caregivers across all time points. This finding is similar with other studies that have
examined caregiver satisfaction with extensive orthopaedic surgical interventions in
children with neuromuscular disorders. Caregivers of 105 children who underwent a
spinal fusion for neuromuscular scoliosis were retrospectively questioned regarding their
satisfaction with the surgery. Almost all of the caregivers (n = 102, 98%) were satisfied
with the outcome of the surgery and most likely would agree to the same management
again (Asher et al., 2012). Similarly, Bulman et al., (1996) found that 92% of the parents
in their study were pleased with the results of their child’s spinal fusion and would
recommend surgery to other parents of children with CP.
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Although only about half of the caregivers reported that their expectations of the
surgery were met, the majority (88%) reported that they were satisfied to some degree
with the outcomes of the surgery. The information garnered from this study provides a
starting point for future studies that further evaluate caregiver expectations in order to
help families to set realistic expectations for the surgery and ultimately be satisfied with
the outcome of the surgery. It may also provide nurses, physicians, physical therapist, and
other clinicians with information to help caregivers to begin to set realistic expectations
for their children following surgery.
Research Question 3. What are the estimated non-medical out-of-pocket
expenses (NOPPEs) incurred by families during the hospitalization of a child with
severe CP (GMFCS IV-V) following extensive orthopaedic surgery that correct hip
and spine deformities?
Increasing cost sharing and cost shifting to the consumer has led to rising out-ofpocket (OOP) health care expenditures for families. OOP expenses can be categorized as
medical or non-medical. Medical OOP expenses include such items as durable medical
equipment, prescription medications, and therapies, while non-medical out-of-pocket
expenses (NOOPEs) include travel, food, lodging, dependent care, diminished wages
from parental employment, and incidental expenses. NOOPEs are directly attributed to
the child and family’s health care needs and are necessary to sustain family life. NOOPEs
are rarely covered by health insurance plans and can significantly increase the total OOP
healthcare spending for families.
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A Family Financial Diary was used in this study to capture all NOOPEs incurred
by families during their child’s hospitalization following extensive orthopaedic surgical
intervention that correct hip and spine deformities. NOOPEs were reported in six
categories of expenses and in total. As reported in Chapter 4, the total amount of
NOOPEs ranged from $59.00 - $6,977.50 (Median = $479.30, Interquartile Range =
237.29 – 935.99). The median length of stay was 9.7 days (Interquartile Range = 5.75 –
9.25) which included the day of admission through the day of discharge. Families spent a
mean of $107.90 per day on NOOPEs.
The total amount of NOOPEs was approximately 2.58% of the families’ yearly
income. It was hypothesized that the amount of NOOPEs incurred during hospitalization
following extensive orthopaedic surgical intervention would represent 10% of the
families’ gross income, yet only one family spent over 10% of their income on NOOPEs.
This was a single, nonworking mother who travelled from out of the country for her child
to receive care and undergo surgery. Ten percent was selected in order to determine if
any of the families in the study met the federal tax code threshold for financial burden
defined as greater than 10% of the families’ income spent on OOP healthcare expenses.
There has been an increase in the number of families who are experiencing high financial
burden from 14.4% in 2001 to 19.1% in 2006. This means that approximately 1 in every
5 Americans has high financial burden related to health care spending (Cunningham,
2010).
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Children in this study all have complex healthcare needs. Although NOOPEs
represented only approximately 2.58% of the family’s yearly income these totals do not
include any of the medical OOP expenses such as durable medical equipment or
prescriptions and only accounted for NOOPEs associated with one hospitalization. This
amount may only represent the tip of the iceberg of OOP expenses for these families.
While this hospitalization did not meet the defined criterion of financial burden in all but
one of the families, financial burden could still be an issue for these families if all of the
OOP expenses for surgery and rehabilitation were included. In addition to this one
hospitalization, many of these children require multiple surgeries and hospitalization per
year. They also have other significant medical expenses such as co-pays for physician
visits, durable medical equipment, brace adjustments and therapies.
DiFazio and Vessey, (in press), conducted a study to test the feasibility of the
Family Expense Diary used in this research study. The total amount of NOOPEs
incurred by families during their child’s hospitalization following various orthopaedic
surgical interventions both planned and emergent was captured using the Family Expense
Diary. Based on input from families, the diary was edited slightly to improve data
collection.
The results from the feasibility study (Difazio & Vessey, in press) and this study
are very similar. The total amount of NOOPEs for the 50 families enrolled in the
feasibility study ranged from $17.00 - $4,745.00 (Median = $479.30). The families had
an average length of stay of 5.8 days and their average NOOPEs per day was $133.61.
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The families in the current study who had children with GMFCS IV-V CP and underwent
extensive orthopaedic surgical intervention had a longer length of stay and spent slightly
less money on average per day (M = $107.90). In addition, these families reported
slightly lower incomes with only 9 (21.4%) reporting incomes over $100,000 as
compared to 16 (32%) families of children enrolled in the feasibility study. A higher
percentage of the families’ income was represented by NOOPEs (2.58%) in families of
children with CP compared to other families (1.43%) in the feasibility study The results
from the feasibility study (Difazio & Vessey, in press) and this study are very similar. .
The fact that families with children with GMFCS IV-V CP spent less money per day on
NOOPEs following surgery compared to families with children without chronic
conditions may be due to the fact that these families have had multiple hospitalizations
and are more familiar with the hospital environment and available resources, and plan
accordingly.
Food. Families reported spending the highest amount of money on food with
each family spending approximately $371.20 during their child’s entire hospitalization.
This finding is not unexpected since the majority of the caregivers stayed at the bedside
with their child for the entire hospitalization and had to pay for their own food at either
the hospital cafeteria or at a local restaurant. In addition, several family members also
visited the hospitalized child resulting in increased food expenses.
The cost of food is a concern for many families and has been reported in other
studies. In a qualitative study conducted in England, 24 parents were interviewed about
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the financial cost related to their child’s hospitalization. One of the primary concerns for
these families was the cost of food not only for themselves, but also for their child that
requested special items not obtainable from the hospital (Callery, 1997). Another study
conducted in Switzerland, calculated NOOPEs for 15 families of children who were
hospitalized in the Pediatric Intensive Care Unit. Food was found to be one of the two
top categories of expense and was a concern for parents (Wasserfallen, 2006).
Lodging. Lodging accounted for the second highest category of expense with
families spending a mean of $315.39 per hospitalization. Lodging can be very expensive
and there is limited discounted housing available for families near the hospital.
Institutional policy only allows one caregiver to stay overnight at the bedside. This
means that other members of the family who were assisting with the child’s care during
the hospitalization were forced to either commute from home to and from the hospital on
a daily basis or stay at a local hotel. In some situations, especially for families from out
of state or out the country, the primary caregiver had to stay alone at the hospital to care
for their child due to the families’ inability to pay for others members of the family to
join them. This can create additional stress and fatigue on the caregiver at the bedside.
In a qualitative study, 20 parents were interviewed about the cost burden of having a
hospitalized child with congenital heart disease. Parents expressed concern about not
being prepared for the amount of money that was needed for lodging (Connor, Kline,
Mott, Harris, & Jenkins, 2010).
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Transportation. Transportation was the third highest category of expense. The
expense in this category ranged from $0.00 - $2,756.95 (SD ± $542.71). This large range
can be explained by the fact that some families lived locally and received transportation
to and from the hospital by a friend or other family member, while others had to fly from
out of state or out of the country and needed to pay for airline tickets and taxi rides.
Transportation was found to be the highest category of expenses in a similar study with
parents reporting a range of $1.90 - $3,180.00 (DiFazio & Vessey, in press). A study
conducted in England focused on the parental costs of neonatal visits in infants who were
hospitalized for more than 10 days. The study found that 88% of the mothers traveled to
the hospital daily and experienced many difficulties due to the expense and distance
(McLoughlin et al., 1993). For many families the cost of transportation can preclude
their ability to travel for care or surgical interventions.
Incidental Expenses. Although incidental expenses were not one of the highest
reported categories of expenses (M = $60.33), caregivers reported having to pay for
incidental expenses such as buying over the counter (OTC) medications, purchasing
additional clothing, and using the washing machine. Family members also often bought
gifts for their hospitalized child and siblings. Although the incidental expenses were low,
it may be helpful for nurses to recommend to families to bring extra clothing, OTC
medications, and the child’s favorite toys and books from home.
Care of Children or Others in the Home. Several families reported having to pay
for additional child care for their other children at home. Surprisingly, this category of
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expense was not one of the higher categories and ranged from $0.00 - $495.00 with a
mean of $38.81. Since the majority of the hospitalized children had siblings at home, the
amount for childcare was expected to be much higher. Since this was an elective surgery,
parents reported having time to plan for the hospitalization and arrange for family and
friends to provide childcare.
Homemaking. Homemaking expenses was the lowest category of expense with
people reporting a range of $0.00 - $120.00 with a mean of $7.00. In this study, parents
were asked to report only those expenses that occurred because their child was
hospitalized. They were told not to report expenses such a weekly house cleaning that
occur with or without the child being hospitalized. It is not surprising that with a planned
admission for an extensive orthopaedic surgery there were very few homemaking needs.
This may be due to the fact that the family had time to prepare for the hospitalization.
Many families in the United States are facing high levels of healthcare spending
with stagnant or declining incomes. Families in this study incurred an average of
$1,046.65 NOOPEs per hospitalization. These costs are not reimbursable and are often
unrecognized by health care workers, administrators, and policy makers. This study
provides further support in considering all categories of OOP spending when assessing
healthcare financial burden. Several similar studies have attempted to capture the
NOOPEs associated with the hospitalization of a child. Although the studies differ on the
measurement of income (gross versus net), population studied, year of the study, and
approaches to measurement, all families report stress associated with non-reimbursable
158

DiFazio, Dissertation

expenses related to their child’s hospitalization including NOOPEs. NOOPEs have
significant implications for nursing practice; these will be addressed in the implication
section.
Limitations
There are several limitations that need to be considered when interpreting the
results of this study. Since the study was conducted at one clinical site the results cannot
be considered representative of all children with GMFCS IV-V CP who undergo
extensive orthopaedic surgical interventions that correct hip and spine deformities. In
addition, the ability to generalize the findings will be limited due to the patients and
families who chose to opt out of the study. A control group of children who did not
undergo surgical intervention was not included in the study for comparison. A lack of
control group is due to the fact that the majority of children with CP who develop
progressive orthopaedic disorders including hip dislocations and neuromuscular scoliosis
routinely undergo surgical intervention. This is in part due to the institutional philosophy
of advocating for surgical interventions in this population of children. Therefore, it would
be difficult to find a comparative group of children whose family chose the non-operative
route of treatment and it is impossible to randomize since surgical treatment is the
standard of care.
The majority of the children who were included in this study had severe cognitive
and communication impairments making it impossible for them to self-report.
Therefore, parent proxy measures were the only way to obtain information about surgical
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outcomes in this population. In these situations, parents were able to provide a
perspective that is otherwise unobtainable (Matza, Swensen, Flood, Secnik, & Kline
Leidy, 2004). Some concerns exist when relying on parent proxy reports. Parents may be
negatively influenced by the burden of caregiving, stress, and the parent’s own mental,
physical and economic status (Eiser & Jenney, 2007). In addition, it is difficult to
determine if you are measuring the outcome for the parent or the child. Although these
controversies exist, parent proxy reports are the only way to obtain information about the
effects of surgical interventions on this subgroup of people who are unable to self-report.
The measurement instruments used in this study to measure HRQOL and
caregiver impact (CPCHILD and ACEND) are both relatively new. There is adequate
evidence of their reliability and validity, but there is limited evidence to support their
sensitivity to change over time or following interventions. This study will provide
additional data that can be used to further the psychometric properties of both
instruments.
Although loss to follow up is inevitable in cohort studies every attempt was make
to follow the study participants from baseline to one year post-operatively. Follow up
was challenging in several patients especially those who did not live in close proximity to
the hospital (e.g. Bermuda, Saudi Arabia, and Texas). The patients who did not follow
up at all post-operative time points may be different than those who consistently followed
up. It is possible that the patients that did not return to for their follow up appointments
were not experiencing any complications and were satisfied with the outcomes of the
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surgery. These families may have reported a high HRQOL while the families who
returned as scheduled may have had more complications and were less satisfied with the
outcomes of the surgery and reported lower levels of HRQOL.
Implications for Clinical Practice
The results of this study have numerous implications for clinical practice. Nurses
and nurse practitioners play a critical role in pre-operative teaching. As part of this
teaching, nurses must be able to provide families with objective data regarding the risks
and benefits of the surgery and the anticipated outcomes and post-operative course.
Providing this knowledge to families will help them to make an informed, shared
decision about the appropriate treatment for their child. This study begins to provide
outcome data for caregivers of children with GMFCS IV-V CP who are contemplating
hip or spine surgery for their child. Caregivers need to understand that not all aspects of
the child’s HRQOL will improve following surgery and that there will be a decline in the
child’s HRQOL in the first three months following surgery, this will then improve over
time. It is important for caregivers to anticipate and plan for the child’s decreased
HRQOL during the first three months following surgery, particularly in light of the
complications seen in the initial post-operative period. Caregivers may require extra
support and help at home during this time period from either health care professionals or
friends and family. They also need to understand that major changes in the amount of
time and intensity of caregiving will not change significantly following surgery.
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Children with GMFCS IV-V CP are dependent on their caregivers for all aspects of their
care and this will not change significantly following surgery.
As part of the pre-operative teaching, nurses should discuss with caregivers their
expectations of the outcomes of the surgery and how the surgery will both positively and
negatively affect both the child and themselves. Nurses should listen to the caregivers
and help them to set realistic expectations of the surgery based on valid outcomes data.
Nurses can address unrealistic expectations a priori even if not explicitly stated by the
caregiver by clearly explaining how the surgery will and will not improve the lives of the
child and caregiver. Helping caregivers to set realistic expectations will prevent them
from becoming disappointed or dissatisfied with their decision to pursue surgical
intervention for their child. On a larger scale, it may also help to prevent secondary
issues that can develop such as depression, anger, and mistrust of the health care team.
Collectively, if left unaddressed these unrealistic expectations can lead to an increase in
overall caregiver impact.
The financial burden related to hospitalization has not been well recognized by
nurses and other health care providers. This study’s results provides a starting point for
understanding the financial burden of hospitalization through the evaluation of the total
amount of NOOPEs incurred by families following surgery. In light of these findings,
nurses must recognize that hospital related expenses are a significant concern for
families. Nurses need to integrate formalized financial assessment and planning into the
preadmission evaluation and continue to assess for finial concerns throughout the entire
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hospitalization. Nurses must be able to identify families at risk and help them to access
resources in order to offset the costs associated with hospitalization. A formalized
assessment tool may help with this process; this should be used at the time of admission
and at specific time points throughout the hospitalization including any time that there is
a change in their expected post-operative trajectory. In the era of family-centered patient
focused health care, it is critical for all members of the health care team to be cognizant
of the financial issues facing families during their child’s hospitalization and to be proactive members of the inter-disciplinary team that needs to help families address this
issue.
These data should be used to influence various health care payment policies.
Throughout the course of this study, the eligibility criteria for out of state surgery
changed within the state Medicaid systems, which in some cases delayed the child’s
surgical intervention by months. This is particularly salient with the Medicaid changes
that are going to occur in the next several years under the Patient Protection and
Affordable Care Act, especially when there is increased emphasis on having complicated
surgeries performed at regional centers for excellence.
Implications for Future Research.
At the completion of this study, participants will continue to be followed in a
prospective manner until they have all reached their one year post-operative time point.
Continuing to follow the patients beyond six months will provide clinicians with a much
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greater understanding of the physical and psychosocial effects of extensive orthopaedic
surgical interventions on children with GMFCS IV-V CP and their caregivers over time.
A post-hoc power analysis was conducted to determine how many participants would be
needed to detect significant changes from baseline to one year. The power analysis
indicates that a sample size of N = 34 patients in the total study cohort will provide 80%
statistical power (Bonferroni-adjusted 2-tailed alpha = 0.05, beta = 0.20) for detecting a
mean change of 10 points in the CPChild total score from baseline to 12 months. This is
based on estimating a pooled standard deviation of 20 points for between-subject
variability (ie, moderate effect size = 10/20 points = 0.5) using a Greenhouse-Geisser Ftest in repeated-measures ANOVA with a compound symmetry covariance structure to
handle the correlated longitudinal data (version 7.0, nQuery Advisor, Statistical
Solutions, Saugus, MA). Based on this power analysis, 34 participants will be followed
until they reach the one year post-operative time point.
The HRQOL data captured by the CPCHILD will be used as a preliminary data
set for an international, multi-center prospective cohort study designed to measure the
impact of hip instability and the effectiveness of interventions for hip instability on
HROL as measured by the CPCHILD. Unni Narayanan, an Orthopaedic Surgeon at The
Hospital for Sick Children in Toronto, CA, is the primary investigator of this study and
the study is sponsored by the Pediatric Orthopaedic Society of North America. To date,
few studies have evaluated HRQOL, functional status, and caregiver impact before and
after surgery overtime in a prospective manner.
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Initial psychometric testing using classical test theory has been completed on the
CPCHILD and the instrument has been shown to be reliable and valid (Narayanan, 2006).
In order to further develop the psychometric properties of the CPCHILD, a Rasch
analysis will be completed to determine if the instrument is unidimensional in nature,
follows a hierarchical order in the way that the items define the underlying variable, and
exists along a continuum upon which the CPCHILD items can be ordered and children
experiencing various levels of HRQOL can be placed. That is, items and patients can be
calibrated to share a common scale to define item difficulty and patient ability using the
same metric or Rasch map. This information would provide researchers and clinicians
with a better understanding of the difficulty of the items on the CPCHILD and the
person’s ability level. The items on the CPCHILD should measure all levels of HRQOL.
A Rasch analysis will help to identify those items that are either too difficult or too easy
for children with GMFCS IV-V CP, thereby establishing a standard for gauging mastery
of certain tasks, areas requiring assistance and training and expectations.
This study began to evaluate the costs associated with extensive orthopaedic
surgical interventions in children with GMFCS IV-V CP. Only a very small portion of
the overall costs related to surgical intervention in this population were captured. A cost
effectiveness analysis could be completed to evaluate the full range of all direct and
indirect medical costs and NOOPEs in children with GMFCS IV-V CP who undergo
extensive orthopaedic surgical interventions. Data from this study can be used to evaluate
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the expected health gains and morbidity/mortality of the surgery in the cost-effectiveness
analysis.
Caregivers’ expectations of the surgery were captured in a narrative form in this
study at each of the time points. These narratives could be explored in greater depth to
better understand if caregiver expectations of the surgery were met over time and if they
changed during the course of the post-operative recovery period. This would allow
clinicians to help caregivers set realistic expectations of the results of the surgical
intervention.
Summary
This study is one of the first studies to embraces the International Classification of
Functioning, Disability, and Health model by holistically and prospectively examining
parent’s perceptions of their child’s HRQOL, functional status, and caregiver impact
before and after extensive orthopaedic surgical interventions that correct hip and spine
deformities. It also provides insight into a small portion of the families’ financial burden
related to hospitalization (NOOPEs). Previous work in this area has been retrospective
and limited to examining discrete elements of HRQOL and caregiver impact thus making
it difficult to fully understand the childrens’ and caregivers’ experiences before and after
extensive orthopaedic surgical intervention. The availability of the newly developed
instruments used in this study has allowed the exploration of the concepts in a more
formal, organized, and interrelated way. The data derived from this study will help
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nurses, physicians, and other healthcare professionals counsel families of children with
GMFCS IV-V CP who are contemplating surgery for their child. The decision to proceed
with extensive orthopaedic surgical interventions is difficult for many families’ due to
possible post-operative complications, pain, and unclear expectations of the outcome of
the surgical interventions. The results of this study will also help to inform clinic practice
beyond nursing and medicine including social services, center for families, and physical
therapy and provide data to be used in policy development around access and payment
issues.
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Appendix D. Demographics
Please complete the questions below by circling the correct number or filling in the blank
spaces

1. What is your relationship with the child?
1.
2.
3.
4.
5.
6.
7.

Biological Parent
Step Parent
Foster Parent
Adoptive Parent
Guardian
Professional Caregiver
Other (Please
Explain)____________________________________________

2. What is your child’s gender?
1. Male
2. Female
3. Which of the following best describes your child’s racial background?
1. White (not of Hispanic origin)
2. Black (not of Hispanic origin)
3. Hispanic
4. American Indian or Alaskan Native
5. Asian or Pacific Islander
6. Other or Unknown (Please
Specify)_____________________________________
4. Which of the following best describes the primary caregiver’s racial background?
1. White (not of Hispanic origin)
2. Black (not of Hispanic origin)
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3. Hispanic
4. American Indian or Alaskan Native
5. Asian or Pacific Islander
6. Other or Unknown (Please
Specify)_____________________________________
5. What is the age and date of birth of your child?
_______Years
Date of Birth _____/_____/______ (mm/dd/yyyy)
6. What is the gender of the primary caregiver?
1. Male
2. Female
7. What is the age and date of birth of the primary caregiver?
_______Years
Date of Birth _____/_____/______ (mm/dd/yyyy)
8. Who lives at home with the child most of the time? (circle all the apply)
1. Biological Mother
2. Biological Father
3. Stepmother
4. Stepfather
5. Foster Mother
6. Foster Father
7. Adoptive Mother
8. Adoptive Father
9. Brothers - if yes, how many? Older:________ Younger:________
10. Sisters - if yes, how many? Older:________ Younger:________
11. Other Adults – if yes, how many? ________
Who? ____________________
9. Who takes care of your child the most?
PleaseList:___________________________________
10. On average, how many days per week are you responsible for caregiving activities
for your child? ________Days per week
11. How many family members are involved in your child’s care?
1. None
2. One
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3. Two
4. Three
5. More
12. How many caretakers are outside of the family are involved in your child’s care?
(nurses, aides)
1.
2.
3.
4.
5.

None
One
Two
Three
More

13. Which of the following best describes the work status of the primary caregiver and
his/her partner?
Primary Caregiver

Partner

1.
2.
3.
4.

1.
2.
3.
4.

Working full time
Working part time
Full time homemaker
Not working due to my child’s health
child’s health
5. Not working for other reasons
reasons
6. Looking for work outside of the house
of the house

Working full time
Working part time
Full time homemaker
Not working due to my

5. Not working for other
6. Looking for work outside

14. What is the highest level of school that you have completed?
1.
2.
3.
4.
5.

Some high school or less
High school diploma/GED
Some college, vocational school or associates degree
College or University degree
Post graduate degree

15. What is the highest level of school that your partner has completed?
1.
2.
3.
4.

Some high school or less
High school diploma/GED
Some college, vocational school or associates degree
College or University degree
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5. Post graduate degree
16. What is the highest school grade that your child has completed? (circle only one)
1.
2.
3.
4.
5.
6.
7.
8.

Preschool
Kindergarten
1st Grade
2nd Grade
3rd Grade
4th Grade
5th Grade
6th Grade

9. 6th Grade
10. 7th Grade
11. 8th Grade
12. 9th Grade
13. 10th Grade
14. 11th Grade
15. 12th Grade
16. Ungraded

If ungraded, how many years of school attended? ___________Years

17. How far do you live from the hospital?____________Miles
18. Which income group comes closest to your total household income in the last year
from all sources, before taxes?
1.
2.
3.
4.
5.

< $10,000
$10,000 - $39,000
$40,000 - $69,999
$70,000 - $99,999
> $100,000

19. How will the child’s surgery and hospitalization be paid for?
1.
2.
3.
4.
5.
6.

Medicaid
Medicare
HMO/PPO
BC/BS & other private insurance
Workers compensation or other governmental payment
Self-pay
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Appendix E. Caregiver Priorities and Child Health Index of Life with Disabilities
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Appendix F. Assessment of Caregiver Experience with Neuromuscular Disease
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Appendix G. Family Expense Diary

Study Title:
Patient-Centered Outcomes of Orthopaedic Surgery in Children with Cerebral Palsy
Principal Investigator:
Rachel DiFazio, RN, PhD(c), CPNP
Beeper 2144

FAMILY EXPENSE DIARY
We realize that there are many costs that are hidden to health care providers and insurance
companies when you are caring for a hospitalized child. We would like to better understand these
costs so that we can develop appropriate support systems for you. We are interested in better
understanding the amount of money you are spending on nonmedical out-of-pocket expenses
during your child’s hospitalization. These expenses include such items as travel, lodging, food,
and child care. We would like you to keep a diary of your daily expenses while you child is
hospitalized. Your completed diary will be collected on the day of your child’s discharge.
General Instructions:
Please complete one Family Expense Diary for each day that your child is hospitalized for
surgery. Record all of the expenses that you incurred, purely as a result of your child being in the
hospital. Do not include expenses that you would have incurred even if your child was not in the
hospital. For example, do not include costs for a landscaping service or daycare if you would
have paid for them anyway. Feel free to write any additional comments at the bottom of each
page.
Someone from the research team will come to your room before your child is discharged to pick
up your completed forms. Please contact Rachel DiFazio, NP with any questions regarding the
study - Beeper 2144.
Thank you for your participation in this study.
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Family Expense Diary
Study ID #_______________

Date: _______________

PLEASE COMPLETE THESE ITEMS EVERY DAY
Transportation
a.
b.
c.
d.
e.
f.
g.

Taxi
Public transportation
Car rental (daily/hourly)
Parking
Tolls
Driving mileage
Airfare

Lodging During Hospitalization
a. Hotel/Motel/Bed and Breakfast
b. Hospitality House
c. Hospital Sponsored Housing (Devon Nicole,
Kent St., Ronald McDonald House)
Food
a. Breakfast
b. Lunch
c. Dinner
d. Snacks/Beverages
Care for Children or Others in the Home
a. Babysitting
b. Day care/Afterschool programs
c. Gift for volunteer caregivers
Homemaking
a. Cleaning service/landscaping
b. Pet sitting or walking/kennel fees
c. Delivery fees for errands

Amount
You Paid
$
$
$
$
$
Miles

Amount
Paid by
Hospital

Amount
You Paid
$
$
$
Amount
You Paid
$
$
$
$
Amount
You Paid

Amount
You Paid
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Family Expense Diary
Study ID #_______________
_______________

Date:

Employment
a. Number of hours lost from work – mother/guardian

Hours

b. Number of hours lost from work – father/guardian

Hours

c. Number of hours lost from work - other family members

Hours

Incidental Expenses
a. Telephone and internet costs

Amount You
Paid
$

b. Laundry and dry cleaning

$

c. Toiletries and OTC medications for parents

$

d. Specific food, toys or other distractions for hospitalized child

$

e. Please list any other incidental items purchased for hospitalized
child or other family members.
______________________________________________
______________________________________________
______________________________________________

$
$
$

Please let us know if there is anything else we should know about nonmedical-out-of-pocket
expenses related to your child’s hospitalization? Were there any expenses that you incurred that
were not already listed on this form (please describe the expense and how much you paid)?
__________________________________________________________________________________
__________________________________________________________________________________
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