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SP01
A case control pilot study assessing nociceptive
flexion reflex in females with cerebral palsy
C HAGEN1, E BOYER1, R SUMMERS2, L LYKKEN1,
C BARNEY3, F SYMONS4

1Gillette Children’s Specialty Heath Care, St. Paul, MN, USA; 2University of
Minnesota, St. Paul, MN, USA; 3Gillette Children’s Specialty Healthcare,
University of Minnesota, St. Paul, MN, USA; 4University of Minnesota,
Minneapolis, MN, USA

Background and Objective(s): Despite the prevalence of chronic
pain in cerebral palsy (CP), little work has been done to assess
the small-fibers conducting nociceptive signals. In this pilot
investigation we aimed to test the feasibility of using a contact
heat evoked potentials stimulator (CHEPS) to non-invasively
assess nociceptive evoked potentials in participants with CP.
This indirectly provides a measure of the functionality of the
human thermal and nociceptive pathways that mediate sensory
and pain perception. These evoked potentials can be quanti-
fied via the nociceptive flexion reflex (NFR) and objectively
measured with surface electromyography (sEMG). This
exploratory study aimed to (1) establish the feasibility of test-
ing the NFR using a CHEPS in individuals with CP, and
(2) examine any differences in NFR between individuals with
CP and typically developing controls to generate future
hypotheses.
Study Design: Case-control study.
Study Participants & Setting: Individuals with CP (n=10; M
age=20.66 years, SD=2.36) and age matched controls (n=10;
M age=20.51 years, SD=2.22) participated at an independent
specialty rehabilitation hospital. Participants with CP had mild
or no cognitive impairment and were ambulatory. As there are
known sex differences in pain evoked potentials, females were
recruited for this pilot.
Materials/Methods: One participant with CP was unable to
complete the protocol and was excluded from the analyses. A
CHEPS (Medoc, Israel) was used to deliver rapid heat stimu-
lation. The stimuli were applied repeatedly to the distal volar
forearm and the distal lateral lower leg. Participants were
asked to rate their pain after each stimulus. Surface EMG
electrodes were placed on the biceps femoris and biceps bra-
chii muscles. The rectified mean and peak EMG were
obtained from 90 to 150 ms after stimulation to quantify the
NFR. Z-scores were calculated relative to the 5 to 65 ms pre-
stimulus data. Data were averaged across trials.
Results: Preliminary results indicate no significant difference in
mean sEMG Z-scores for CP (M=1.92 Hz, SD=0.62) com-
pared to controls (M=2.37 Hz, SD=1.23; t[18]=1.02, p=0.32).
There was also no difference in peak sEMG Z-scores for CP
(M=9.08 Hz, SD=2.27) compared to controls (M=10.99 Hz,

SD=2.79; t[18]=1.68, p=0.11). However there was a medium
effect size for mean EMG (d=0.45) and large effect size for
peak EMG (d=0.75) indicating reduced physiologic response
in CP. There was no significant difference in the numeric
pain ratings of females with CP (M=2.71, SD=1.59) and con-
trols (M=2.70, SD=0.90; t[12.51]=0.20, p=0.84; d=0.09).
Conclusions/Significance: Results indicated the feasibility of this
approach in females with CP (90% completed the protocol).
Initial findings suggest that subjective pain experiences from
CHEPS are similar between females with CP and TD con-
trols while physiologic responses, as quantified by NFR, may
be attenuated in females with CP.

SP02
Contributing factors and self-management of
fatigue in adolescents and adults with cerebral
palsy
L BRUNTON1, P MCPHEE2, J GORTER3

1CanChild Centre for Childhood Disability Research, Western University,
London, ON, Canada; 2CanChild Centre for Childhood Disability Research,
McMaster University, Hamilton, ON, Canada; 3CanChild, McMaster
University, Hamilton, ON, Canada

Background and Objective(s): Fatigue is a common symptom
associated with cerebral palsy (CP); it has been estimated that
up to 40% of adolescents and adults with CP experience fati-
gue that impacts their quality of life and daily activities. The
purpose of this study was to explore the self-reported factors
that generate fatigue and to describe fatigue self-management
strategies from the perspectives of adolescents and adults with
CP.
Study Design: This study was a secondary data analysis of the
text responses to the open-ended questions on the Fatigue
Impact and Severity Self-Assessment (FISSA) using a conven-
tional content analysis approach.
Study Participants & Setting: Data from a convenience sample
of 159 participants (mean age 22.4 years, SD=9.6 years) across
all Gross Motor Function Classification System (GMFCS)
levels who previously participated in two larger studies about
fatigue were included in this study. Participants were recruited
to the initial studies from outpatient programs at local reha-
bilitation programs and through advertisements with a local
charity organization for individuals with CP.
Materials/Methods: Participants were able to contribute multi-
ple answers to each question. The responses to the questions
were collated across participants and coded using inductive
line-by-line coding then grouped together to generate larger
categories for each question. Frequency counts associated with
each category were then summarized descriptively by GMFCS
level for all questions and by topographical distribution (uni-
vs bilateral involvement) for the question about contributing
factors.
Results: The most commonly reported contributors to fatigue
included: activity-related factors (27%), general demands of
life (17%), sleep/rest (15%), general health concerns (14%),
CP-related factors (11%), mental health concerns (9%) and
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environmental factors (4%). Specifically, individuals in
GMFCS levels I to III experienced the most fatigue from
activity related factors, individuals in GMFCS level IV from
general demands of life and CP-related factors and those in
GMFCS level V from CP-related factors. The top five strate-
gies participants reported to manage fatigue included rest or
relaxation (27%), sleeping or napping (19%), changing or lim-
iting their activities (9%), being physically active (7%), or
using specific adaptations or assistive devices (7%). The pro-
portion of respondents who contributed to the ‘demands of
life’, ‘sleep and rest’ and ‘mental health concerns’ themes clo-
sely matched the proportions of individuals with unilateral or
bilateral involvement in the study (27% and 73% respec-
tively). Individuals with bilateral involvement contributed
more responses to the ‘being related to CP’ (92%), ‘other
health issues’ (83%) and ‘environmental’ (85%) factors. Indi-
viduals with unilateral involvement contributed more
responses than expected to the ‘activity-related’ theme (35%).
Conclusions/Significance: Results from this study suggest that
there are potentially modifiable factors, including activity level
and sleep that significantly contribute to fatigue for persons
with CP; these could form the basis of interventions targeted
at the prevention and management of fatigue.

SP03
Withdrawn by Author

SP04
Physical status, functional mobility and balance
of ambulant adults with cerebral palsy and
spastic diplegia more than 25 years after an
orthopedic interval surgery approach
J DU TOIT1, M EKEN2, M SAYWOOD3, N LANGERAK4,
R LAMBERTS1,3

1Stellenbosch University, Cape Town, Western Cape, South Africa; 2Division
of Orthopaedic Surgery, Stellenbosch University, Cape Town, Western Cape,
South Africa; 3University of Cape Town, Cape Town, Western Cape, South
Africa; 4Neuroscience Institute and Division of Neurosurgery, University of
Cape Town, Cape Town, Western Cape, South Africa

Background and Objective(s): Currently, little is known about the
physical status of adults with cerebral palsy (CP), who have
been treated with an orthopaedic Interval Surgery Approach
(ISA) in childhood. The main aim of this study was to deter-
mine the physical status, functional mobility and balance of
ambulant adults with CP and spastic diplegia who have been
treated with orthopaedic interventions following ISA and living
in a developing country. Secondly, to investigate differences in
these outcomes for adults with CP classified in different Gross
Motor Function Classification System (GMFCS) levels and
matched TD adults. Lastly, to determine association between
these outcomes and personal characteristics.
Study Design: Case-control comparative study.
Study Participants & Setting: Twenty-eight adults with CP (13
male; age: mean [SD] = 39y 2mo [7y 8mo]; GMFCS level I/
II/III: 39%/43%/18%), who received orthopaedic treatment

based on ISA more than 25 years ago, and 28 TD adults (13
male; age: 38y 4mo [7y 10mo]) matched for sex, age, socio-
economic-status and body mass index (BMI) participated in
the study. All examinations and performance tests were com-
pleted at the Sport Science Institute of South Africa, by a CP-
specialized orthopedic surgeon and physiotherapist.
Materials/Methods: Physical examination included passive range
of motion (PROM), muscle strength (handheld dynamometry),
selectivity and muscle tone assessments of lower extremities.
Standing balance was assessed using the Clinical Test for Sen-
sory Integration for Balance (CTSIB), and functional mobility
and dynamic balance were assessed using a Timed-Up-and-
Go (TUG) test.
Results: PROM and muscle strength were reduced in adults
with CP compared to TD adults in the majority of movement
directions of lower extremity (p<0.05). Selectivity was
impaired across all movement directions (p<0.01), and most
notable in adults with CP classified in GMFCS level III. Mus-
cle tone was increased in adults with CP compared to TD
adults (p<0.05), but was similar across the different GMFCS
levels. Balance between adults with CP and TD peer were
most notably different between GMFCS level III and TD,
while TUG was slower all GMFCS groups compared to TD.
Associations were found between TUG time and muscle
strength, GMFCS level and BMI (p<0.05).
Conclusions/Significance: The physical status (PROM, strength,
muscle tone, selectivity), balance and TUG time in adults
with CP treated with ISA is substantially poorer than in TD
adults. Impairments in most cases tended to increase with
GMFCS level. The association found with TUG time, suggest
that a training program focusing on strength, balance and
weight loss can possibly result in improved daily life activities
and getting out of a chair. The findings this study can be used
to design effective interventions, that aim to improve or main-
tain a strength, balance and PROM while losing weight and
with this promoting health aging in adults with CP.

SP05
The impact of environmental factors on
workplace participation of transition-aged young
adults with brain-based disabilities: a scoping
review
S SHAHIN1, M REITZEL2, B DI REZZE3, S AHMED4,
D ANABY4

1McGill University, Saint-Bruno de Montarville, PQ, Canada; 2McMaster
University, CanChild, Hamilton, ON, Canada; 3McMaster University,
Hamilton, ON, Canada; 4McGill University, Montreal, PQ, Canada

Background and Objective(s): Transition-aged young adults with
brain-based disabilities experience poorer employment out-
comes when compared to peers without a disability. The
International Classification of Functioning, Disability and
Health (ICF) places importance on the environment in
explaining participation in different life domains, including
work. Thus, this scoping review aims to synthesize existing
evidence on the impact of the environment on workplace par-
ticipation of young adults with brain-based disabilities.
Study Design: A scoping review.
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Study Participants & Setting: Not applicable.
Materials/Methods: Arksey and O’Mally’s (2005) methodology
for scoping reviews was applied to conduct a search of peer-
reviewed studies published between January 1995 and June
2018. Five databases were included to cover a range of
research areas including health, social and rehabilitation
sciences: OVID MEDLINE, EMBASE, PsychINFO, PubMed
and CINHAL. Two independent reviewers systematically
selected English-written empirical studies that explored the
environmental impact on open and competitive work partici-
pation in individuals aged 18 to 35 years old with acquired or
congenital brain-based disabilities. Studies whose participant’s
main diagnosis was a mental health diagnosis, and studies with
a focus on health and safety recommendations, vocational
rehabilitation and work re-integration programs were
excluded. Consensus was reached through a discussion.
Finally, Elo and Kyng€as’ (2008) categorization process was
used to organize findings into the environmental domains of
the ICF; Products and technology & natural environment,
Supports and relationships, Attitudes, and Services, systems
and policies.
Results: Thirty-one articles met the inclusion criteria. All
aspects of the ICF environmental domains had an impact on
the workplace participation of transition-aged young adults
with a variety of brain-based disabilities (e.g., cerebral palsy,
spina bifida, intellectual disability, traumatic brain injury).
The majority of the studies, 77%, highlighted the importance
of services and supports at the institutional and organizational
levels of the workplace, including policies, in the employment
and inclusion of this group, without clear strategies to over-
come existing barriers. Sixty-eight percent of the studies
explored the impact of social support from family, friends,
employers and colleagues, 55% discussed the importance of a
physically accessible workspace and assistive technology, and
11% focused on attitudes of colleagues and employers on
workplace participation.
Conclusions/Significance: Environmental factors at the organiza-
tional and institutional level appear to be critical in fostering
workplace participation in this population. Findings can
inform the development of guidelines and processes for imple-
menting and reinforcing support services and regulations at
the workplace.

SP06
Transition to adulthood outcomes in young
people with spinal cord injuries: risk and
protective factors
K DEANE PHD1, L NICHOLSON MA2, J CWIK BA3,
S MUKHERJEE MD4, L VOGEL MD5, K ZEBRACKI PHD6

1Shriners Hospitals for Children Chicago, Chicago, IL, USA; 2Loyola
University Chicago, Chicago, IL, USA; 3University of Colorado, Chicago, IL,
USA; 4Shriners Hospitals for Children-Chicago, Northwestern University
Feinberg School of Medicine, Chicago, IL, USA; 5Shriners Hospitals for
Children Chicago, Rush Medical College, Chicago, IL, USA; 6Shriners
Hospitals for Children-Chicago, Northwestern University Feinberg School of
Medicine, Chicago, IL, USA

Background and Objective(s): Pediatric-onset spinal cord injury
(SCI) is a life-altering event that can present significant

physical and psychological challenges. These challenges can
be particularly pronounced as young people transition to
adulthood, though specific factors predicting successful transi-
tion are still unclear. Thus, the objective of this study is to
longitudinally examine factors associated with transition out-
comes for young people with SCI.
Study Design: This study is part of a longitudinal study exam-
ining psychosocial variables among young people following
SCI. Caregivers and young people with SCI completed stan-
dardized questionnaires at two distinct time points (adoles-
cence and young adulthood).
Study Participants & Setting: The study was conducted at one
pediatric multi-site specialty U.S. healthcare system. Adoles-
cent patients aged 13 to 18 years and then later at age 22 to
28 years with a pediatric-onset SCI (n=40) and their caregivers
(n=40) were recruited for the study (T1 M age=16.2y; T2 M
age=24.5y]. Majority of participants were male (57.5%),
White (70%), and had paraplegia (63%). Etiologies included
motor vehicle injuries (47.2%), medical (25%), violence
(11.1%), falls (8.3%), and sports (8.3%).
Materials/Methods: Injury information was gathered from med-
ical records. Adolescent predictor measures included: Revised
Children’s Manifest Anxiety Scale (RCMAS), Pediatric Qual-
ity of Life Inventory (QoL), and Children’s Assessment of
Participation and Enjoyment (CAPE). The same participants
completed the following outcome measures: Rotterdam Tran-
sition Profile (RTP), Satisfaction with Life (SWL) Scale, and
PROMIS Neuro-QoL questionnaires, including Companion-
ship, Emotional Support, and Ability to Participate in Social
Roles and Activities (APSRA) scales.
Results: Independent-samples t-tests revealed that participants
with tetraplegia reported significantly lower functioning on
the RTP, lower companionship, and lower APSRA than those
with paraplegia. Using linear regressions adolescent involve-
ment in social activities (i.e., diversity and intensity) is predic-
tive of increased RTP totals, satisfaction with adult providers
in promoting positive transition, SWL, emotional support,
companionship, and APSRA in young adulthood. Young peo-
ple’s social difficulties (PedsQL) also significantly predicted
lower RTP, SWL, and APSRA. Additionally, lower adolescent
emotional QoL and RCMAS worry predicted lower SWL,
and APSRA, while RCMAS physiological anxiety predicted
lower RTP. Higher caregiver depression at T1 predicted
lower young adult T2 SWL, Emotional Support, Companion-
ship, and APSRA.
Conclusions/Significance: The initial results of this study identify
a number of adolescent emotional, social, and demographic
variables that predict transition outcomes in young adulthood.
Involvement in social activities in adolescence appears to be
protective for these young people. In contrast, satisfaction
with adult healthcare providers ensuring a smooth transition
between the two systems was predicted by patient anxiety and
reduced social interaction, suggesting the need for additional
support for these patients. Patients with tetraplegia and anxi-
ety, and whose caregivers experienced higher depressive symp-
toms emerged as particularly vulnerable to difficulties in
transition, suggesting the importance of addressing caregiver
depression and increased prevention and advocacy efforts for
these at-risk individuals.
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SP07
Visualize to realize: visual feedback
supplemented power training for adolescents and
adults with cerebral palsy
B CORR1, H REELFS1, S BAKER1, H BERGWELL1,
M TREVARROW1, R HOFFMAN2,3, N MOREAU4,
M KURZ2,3

1Munroe-Meyer Institute, University of Nebraska Medical Center, Omaha,
NE, USA; 2Department of Physical Therapy, Munroe-Meyer Institute,
University of Nebraska Medical Center, Omaha, NE, USA; 3Center for
Magnetoencephalography, College of Medicine, University of Nebraska
Medical Center, Omaha, NE, Omaha, NE, USA; 4LSUHSC-New Orleans, New
Orleans, LA, USA

Background and Objective(s): It has been established that power
training can result in a change of muscle architecture and rate
of force production in children with cerebral palsy (CP).
Translation of this intervention to the clinic poses a problem
as children with CP have limited experience with high-velocity
based movements, and pediatric physical therapists struggle to
know if they are providing adequate challenge for patients.
This study aims to enhance this knowledge through the
instrumentation of standard clinical equipment to provide tan-
gible, visual feedback to participants and therapists regarding
the velocity of their movement during power training. We
hypothesize that participants who perform power training
with visual feedback (VFB) of their movement velocity will
demonstrate greater improvements in power production than
those who perform the power training without visual feedback
(NFB).
Study Design: Cohort.
Study Participants & Setting: A cohort of adolescents and adults
with CP (n=17; age=17.0 � 4.1 years, GMFCS I–IV) were
recruited to participate in a physical therapy study at an aca-
demic medical center. Participants were randomly assigned to
either train with visual feedback of the velocity of their perfor-
mance or training without visual feedback.
Materials/Methods: Both groups underwent 24 (8 weeks;
3 days-a-week) high-velocity leg press power training sessions
performed on a Total Gym�. The sled was instrumented with
a custom-built linear transducer system that measured move-
ment velocity in real-time. For training, the target load was
initially 40% of the 1-repetition maximum (1RM) and pro-
gressed towards 80% by the final week. Participants per-
formed 6 sets of 5 maximum-effort repetitions, each as fast-
as-possible both unilaterally and bilaterally. For the VFB
group, the velocity of the leg press performance was displayed
on a monitor and included a target velocity that was manipu-
lated by the therapist. Muscular performance changes were
assessed using the percent change of the pre-post training
bilateral 1RM leg press and peak power.
Results: Visual feedback greatly enhanced power training out-
comes. Statistical analysis confirms this observation by show-
ing that the Pre/Post percent change for peak power
production of the VFB group was significantly greater than
the NFB group (VFB=55.0�11%; NFB=12.5�10%; p=0.020).
Nevertheless, the change score for the 1RM was similar
between the respective groups (VFB=49.8�7.60%;
NFB=53.6�9.21%; p=0.787).

Conclusions/Significance: These results are the first to show that
real-time feedback of movement velocity results in greater
therapeutic changes in leg power production, but a similar
change in muscular strength. This suggests that knowledge of
velocity for the participant and therapist during power train-
ing is a key ingredient for ensuring optimal challenge and
teaching power production to adolescents and adults with CP.

Basic Science - Brain/Muscle/
Genetics

SP08
Altered DNA methylation profiles in blood and
satellite cells from individuals with spastic CP
K ROBINSON1, A MARSH2, E CROWGEY1, S LEE1,
R AKINS3

1Nemours - Alfred I. duPont Hospital for Children, Wilmington, DE, USA;
2Genome Profiling LLC, University of Delaware, Newark, DE, USA; 3Nemours
- Alfred I. duPont Hospital for Children, University of Delaware, Wilmington,
DE, USA

Background and Objective(s): Spastic cerebral palsy (CP) is a
leading cause of physical disability that often develops prena-
tally; however, early postnatal diagnosis remains challenging,
and a reliable biomarker platform to identify affected individ-
uals does not currently exist. Previous studies have established
that stress on a developing fetus can alter DNA methylation
patterns and that these patterns can remain stable over time.
We therefore sought to determine if children with spastic CP
have specific methylation patterns that distinguish them from
a non-CP cohort.
Study Design: A case-control study design using consecutive
sampling was employed following IRB approval and informed
consent/assent.
Study Participants & Setting: DNA was isolated from de-identi-
fied blood samples (CP n=16, age=14.7 � 3.3, control n=16,
age=15.0 � 2.2) and cultured satellite cells that were isolated
from surgical explants of skeletal muscle (CP n=6, age=15.3 �
2.7, control n=6, age=13.9 � 1.7) from participants undergo-
ing orthopedic surgery at the Nemours – Alfred I. duPont
Hospital for Children.
Materials/Methods: DNA libraries were prepared from methyl-
sensitive restriction endonuclease (MSRE) fragmented geno-
mic DNA using HpaII to cleave CpG sites. Next generation
sequencing was performed on an Illumina 910 platform, and
FASTQ data files were processed via a commercial bioinfor-
matics pipeline and software platform (Genome Profiling,
LLC). The proportion of methylation for each CpG site was
determined for each sample cell population.
Results: Approximately 1.5 million CpG sites were identified
across the samples. DNA methylation analysis of the 32 blood
samples indicated significant differential methylation between
the CP and control cohorts at 6588 CpG sites. Analysis of the
12 satellite cell populations indicated significant differential
methylation at 1880 CpG sites (FDR-corrected p<0.05). Of
these, 19 distinct CpG sites were significantly hypermethy-
lated and 13 were significantly hypomethylated in the CP
cohort in both the blood cell and muscle cell samples.
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Conclusions/Significance: DNA methylation patterns differed in
the CP and non-CP cohorts in both peripheral blood and
satellite cells. Early-life stress associated with the onset of CP
may have resulted in DNA methylation changes in both
hematopoietic stem cells and muscle stem cells, and some of
these changes may have persisted into adolescence. Studies are
ongoing to evaluate the methylation status of the 32 differen-
tially methylated sites identified across the two tissue types for
their presence earlier in life and their potential utility as
biomarkers for spastic CP.

SP09
An effective approach for high-resolution 3D MRI
reconstruction on highly motion-corrupted
neonatal data
S SAHA1, A PAGNOZZI2, J GEORGE3, P COLDITZ4,
S ROSE5, D BRADFORD5, R BOYD4, K PANNEK6,
J FRIPP7

1CSIRO, Doncaster East, Victoria, Australia; 2The Australian e-Health
Research Centre, Brisbane, Queensland, Australia; 3Queensland Health; The
University of Queensland, Brisbane, Queensland, Australia; 4The University
of Queensland, Brisbane, Queensland, Australia; 5CSIRO, Brisbane,
Queensland, Australia; 6Health and Biosecurity, The Australian e-Health
Research Centre, CSIRO, Brisbane, Queensland, Australia; 7CSIRO, Herston,
Queensland, Australia

Background and Objective(s): Precise volumetry and quantifica-
tion of the cortical grey matter in preterm neonates could be
associated with later neurodevelopmental outcomes. While
single-shot fast-spin echo T2 MRI sequences provide a
method to minimize motion-induced artefacts, the thick slice
acquisitions prevent accurate characterisation of the anatomi-
cal details. Reconstruction of a high-resolution 3D, motion-
free image from these 2D acquisitions is essential for the
investigation of developmental anomalies. In this work we
investigated a method for 2D slice to 3D MRI reconstruction
on motion-affected preterm neonatal T2-HASTE images
acquired at 30 weeks and 40 weeks postmenstrual age (PMA),
which combines the existing Brain Toolkit (BTK) toolbox and
a novel approach for rejecting motion-affected slices in the
structural MRI.
Study Design: Feasibility study in a subset of a prospective
cohort study.
Study Participants & Setting: Infants born <31 weeks gesta-
tional age (GA) were enrolled as part of the study. A total of
20 participants from this cohort (14 male) were recruited to
test the feasibility of this method, including 13 at 30 weeks
and 7 at 40 weeks PMA.
Materials/Methods: Infants were scanned using a 3T Siemens
Trio, utilizing an MR compatible incubator equipped with a
neonatal head coil (LMT Lammers Medical Technology,
L€ubeck, Germany). T2-HASTE sequence brain MRIs at
30 weeks and 40 weeks of PMA were acquired (axial, coronal
and sagittal slices of 1.8 mm thickness for each participant). A
slice was detected as ‘motion-affected’ if it appeared signifi-
cantly darker in intensity, compared to the adjacent slices, in
an automated algorithm. Motion-affected slices were replaced
by interpolated anatomy derived as the mid-point between the
two adjacent slices.

Results: Qualitative findings from N=20 datasets identified
70% successful reconstructions with no artefacts and 30%
with significant artefacts affecting the image quality. The lat-
ter cases revealed that the outlier-detection failed, leading to
dark slices in the high-resolution image (n=1), checkboard
artefacts due to poor image normalisation (n=4) and the T2
sequences not being aligned well, leading to blurry output
images in n=1 case.
Conclusions/Significance: This work demonstrates the feasibility
of generating high-resolution MRIs in preterm infants, even
in motion-affected scans, with the combination of existing and
additional outlier-detection approach. This allows for the pre-
cise quantification of brain measures (such as the grey matter),
which could be associated with long-term motor and cognitive
outcomes. Future work will investigate alternative motion-
detection and anatomical interpolation methods to increase
the usability of motion-corrupted neonatal scans.

SP10
Automated segmentation of subcortical grey and
white matter segmentation in children with
cerebral palsy
A PAGNOZZI1, R BOYD2, D BRADFORD3, S ROSE3

1The Australian e-Health Research Centre, Brisbane, Queensland, Australia;
2The University of Queensland, Brisbane, Queensland, Australia; 3CSIRO,
Brisbane, Queensland, Australia

Background and Objective(s): The deep grey matter (DGM),
internal capsule and corpus callosum may be severely
impacted in children with cerebral palsy (CP). Automated seg-
mentation of these structures can quantify the extent of atro-
phy and assist disease diagnosis, however the task remains
difficult due to severe injury resulting in extreme variations
from healthy anatomy, and the presence of iso-intense lesions.
In this study, we present a pathology-robust, patch-driven
approach for the segmentation of the DGM and corpus callo-
sum, and investigate if the volumes of these structures are
associated with motor, cognitive, communication and visual
function.
Study Design: Cross-sectional study.
Study Participants & Setting: This novel automated approach
was applied to children with unilateral CP (N=91; 51 male, 40
female, mean age of 11y 5mo [SD 3y 1mo], Manual Ability
Classification System level I=38, II=53).
Materials/Methods: Automated segmentation of the DGM (cau-
date, basal ganglia and thalamus), anterior and posterior limbs
of the internal capsule, and the genu, body and splenium of
the corpus callosum, was performed on 3T T1 MPRAGE
MRI sequences using a novel patch-based method that
accounted for periventricular lesions and ventricular enlarge-
ment. Multivariable regression was used to associate the pre-
dictive MRI measures (DGM, internal capsule and corpus
callosum volumes) and covariates (participant age and sex)
with several clinical outcomes, including measures of motor,
cognitive, communicative and visual function. These models
were trained on a 75% partition of the data (n=68) and vali-
dated on the remaining unseen 25% (n=23).
Results: The accuracy of the automated DGM and corpus cal-
losum segmentations were validated on a subset (n=23) with
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severe brain injury, compared to manually drawn contours by
a clinician. Significant correlations between MRI-derived sub-
cortical grey and white matter volumes were observed with
the Assisting Hand Assessment (r=0.42, p=0.01), the Strength
and Difficulties Questionnaire (r=0.41, p=0.007), the Vocabu-
lar subtest from the Wechsler Intelligence Scale for Children-
III (r=0.44, p=0.004) and the Test for Visual Perception
(r=0.52, p<0.001).
Conclusions/Significance: Due to the prevalence of periventricu-
lar leukomalacia and ventriculomegaly in this cohort, these
findings highlight the importance of quantifying the volumes
of the DGM, internal capsule and corpus callosum when char-
acterising brain structure from structural MRI. These ana-
tomies are significantly correlated with multiple clinical
scores, demonstrating the feasibility of predicting outcomes
from MRI alone for children with CP, which can help to
guide clinical decision making.

SP11
Clinically-calculable striatal and thalamic injury
on MRI can predict dystonic cerebral palsy
following neonatal hypoxic-ischemic
encephalopathy
K CHINTALAPATI, B MIAO, B ARAVAMUTHAN
Washington University School of Medicine, St. Louis, MO, USA

Background and Objective(s): Basal ganglia and thalamic injury
are established predictors of motor disability following neona-
tal brain injury. Standardized MRI assessment scales can be
used to gauge injury, but these still largely require subjective
consensus evaluations from trained experts and may not be
easy to implement in clinical practice. Furthermore, the injury
patterns underlying dystonic cerebral palsy (CP) are less clear
given that existing studies on this are often plagued by lack of
standardized MRI injury quantification, expert dystonia phe-
notyping, or homogenous CP etiology. Our goal was to deter-
mine a quantitative and clinically facile method to predict the
development of dystonic CP based on MRI injury patterns
following neonatal hypoxic-ischemic encephalopathy.
Study Design: Case-control study.
Study Participants & Setting: Children who underwent thera-
peutic hypothermia for moderate to severe neonatal hypoxic-
ischemic encephalopathy at St. Louis Children’s Hospital
between 1/1/2010 and 12/31/2015 (N=243). Cooling criteria
included a gestational age ≥35 weeks, evidence of peripartum
distress, and the presence of moderate to severe encephalopa-
thy or seizures within 6 hours of age.

Materials/Methods: Medical records were screened through
5 years of age for pediatric neonatal neurology or pediatric
movement disorders specialist documentation of dystonia with
or without co-morbid spasticity, hypertonia not otherwise
specified as dystonia or spasticity (NOS), or typical motor
development. Brain MRIs done between days 4 and 5 of life
were examined (n=21 in this initial analysis). The striatum,
thalamus, and a region of cerebrospinal fluid at the circle of
Willis were traced on apparent diffusion coefficient (ADC)
axial images within the Epic electronic medical interface using
integrated GE clinical image viewing software. The minimum
ADC values in the striatum and thalamus were normalized to
the average ADC value at the circle of Willis for all images.
These normalized ADC values were compared between chil-
dren identified as having hypertonia NOS, dystonia, or typical
motor development.
Results: Normalized ADC values in the striatum or thalamus
were significant and absolute classifiers of children who went
on to develop expert-identified dystonia with receiver operator
characteristic areas under the curve of 1.0 (95% CI 1.0–1.0,
p<0.01). A normalized ADC cutoff of 0.7 provided 100%
specificity and sensitivity for classifying dystonia in this set of
21 participants.
Conclusions/Significance: MRI analysis requiring only basic neu-
roanatomical knowledge and the use of clinically-integrated
imaging software can reliably predict which children will go
on to develop dystonia following neonatal hypoxic-ischemic
encephalopathy in a small subset of children followed from
birth at a single tertiary care center. This measure may serve
as a useful prognostication adjunct and help establish the
appropriate vigilance for dystonia following neonatal brain
injury.

SP12
Epigenetic marks at the ribosomal DNA promoter
in skeletal muscle are negatively associated with
degree of impairment in cerebral palsy
E PONT�EN1, R FERNANDEZ-GONZALO2, J PINGEL3,
P ST�AL4, F VON WALDEN1

1Karolinska Institutet, Stockholm, Stockholms Lan, Sweden; 2Karolinska
Institutet, Huddinge, Stockholms Lan, Sweden; 3Department of
Neuroscience, University of Copenhagen Denmark, Copenhagen,
Hovedstaden, Denmark; 4Laboratory of Muscle Biology, Integrative Medical
Biology, Ume�a University, Ume�a, Vasterbottens Lan, Sweden

Background and Objective(s): Cerebral palsy (CP) is the most
common motor impairment in children. Skeletal muscles in
individuals with CP are typically weak, thin and stiff. If epige-
netic changes at the ribosomal DNA (rDNA) promoter is
involved in this dysregulation is unknown.
Study Design: Cross-sectional, basic science study.
Study Participants & Setting: Open muscle biopsies were taken
during surgery in children and adolescents with CP, who due
to elbow flexion contractures were planned for biceps tendon
lengthenings (n=19, mean age 15y, range 9–18y, GMFCS I–
V; 9/2/0/4/4, MACS I–V; 3/7/4/1/4). Control muscle was
harvested from age-matched typically developing donors (TD)
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post-mortem following accidental deaths (n=10, mean age
15y, range 7–21y).
Materials/Methods: Methylation of the rDNA promoter was
analyzed using the Agena Epityper Mass array and gene
expression by qRT-PCR.
Results: Biceps muscle ribosome biogenesis, as indicated by
45S pre-rRNA abundance, was suppressed (–24%, p<0.05) in
CP as compared to TD. Average methylation of the rDNA
promoter was not different between CP and TD, but with a
larger variation in CP (mean 21.6 SD 6.9 vs mean 19.1 SD
3.3). Within the CP group, more affected children (GMFCS
IV–V, MACS IV–V) had significantly lower degree of methy-
lation as compared to less affected children (GMFCS I–II,
MACS I–II). Moreover, the degree of methylation was inver-
sely correlated to the flexion contracture of the elbow joint
(r=0.57, p<0.05) in the CP group, but not related to age (r=–
0.14, p=0.62) or 45S pre-rRNA levels (r=0.30, p=0.34) in
either group.
Conclusions/Significance: We observed a negative correlation
between rDNA promoter methylation and degree of muscle
contracture in the CP group. This could imply that better
neural input and more voluntary muscle movements is needed
for promoter methylation to develop.

SP13
Skeletal muscle myonuclear domain does not
differ between ambulatory children with cerebral
palsy and children with typical development
S DENNIS1, P HENRICKSEN1, A RUDOFSKI1, B SHIEH1,
C YOUNG1, S DAYANIDHI2
1Northwestern University, Chicago, IL, USA; 2Shirley Ryan AbilityLab,
Northwestern University, Chicago, IL, USA

Background and Objective(s): Skeletal muscle myofibers have
multiple myonuclei that increase with muscle growth during
early postnatal development. The source of these new myonu-
clei are satellite cells (SC), i.e. muscle stem cells required for
muscular growth, repair and regeneration. Even ambulatory
children with cerebral palsy (CP) have poor muscle growth
leading to contractures and weakness. Importantly, SC num-
ber is reduced in contractured muscles. Currently the time-
line/mechanisms of this SC loss and its role in muscle growth
impairment is unclear. We wanted to test the hypothesis if SC
number are reduced from birth in children with CP leading to
reduced number of myonuclei and impaired muscle growth.
The objective of this study was to compare myonuclear
domain (myofiber area/myonuclear count) in muscles previ-
ously shown to have reduced SC number in ambulatory chil-
dren with CP versus TD.
Study Design: Cross-sectional study.
Study Participants & Setting: Participants were recruited prior
to surgery from a large, urban, academic medical center. Par-
ticipants were 5 adolescent children with CP (GMFCS I, II)
undergoing muscle lengthening surgery, and 5 with TD
receiving ACL reconstruction. Parental consent and age
appropriate assent was obtained from all participants.
Materials/Methods: Gracilis muscle biopsies were sectioned and
stained (DAPI, Laminin) for myofibers and myonuclei.

Previously, we showed these muscles had a 70% reduction in
SC number. Fluorescence microscopy was used for manual
quantification of myofiber count, myonuclear number, and
myonuclear domain. Regression analysis and a t-test were per-
formed on the data. Myonuclear domain for TD and CP
groups was calculated as (myofiber count x myofiber area) per
nuclei count.
Results: Average myonuclear number (MN) per myofiber and
myonuclear domain (MD) were not different between groups
(MN: CP=2.60 � 1.04, TD=1.98 � 0.50, p=0.26; MD: CP=
1815 � 579, TD=2426 � 2054, p=0.54). In this age range we
did not observe an increase in MN with age or myofiber area.
Conclusions/Significance: Our results indicate myonuclear char-
acteristics are not different between groups. Therefore, SC
contributed myonuclei in ambulatory children with CP during
postnatal development and suggests muscle stem cell number
in contractured muscles are not reduced from birth.

SP14
Inflammatory responses are significantly altered
through adulthood in a clinically translatable rat
model of cerebral palsy
Y KITASE1, E CHIN2, C BURKHARDT3,
S RAMACHANDRA4, C LENZ5, A HOON6,
S ROBINSON7, L JANTZIE8

1Division of Neonatology, Pediatrics, Johns Hopkins School of Medicine,
Baltimore, MD, USA; 2Kennedy Krieger Institute, Baltimore, MD, USA;
3Johns Hopkins University, Glen Rock, PA, USA; 4Johns Hopkins University,
Baltimore, MD, USA; 5Johns Hopkins University, Kennedy Krieger Institute,
Sparks Glencoe, MD, USA; 6Phelps Center for Cerebral Palsy and
Neurodevelopmental Medicine, Baltimore, MD, USA; 7Johns Hopkins
Children’s, Baltimore, MD, USA; 8Johns Hopkins University School of
Medicine, Kennedy Krieger Institute, Baltimore, MD, USA

Background and Objective(s): Cerebral palsy (CP), the most
common sensorimotor impairment of childhood, often results
from perinatal brain injury (PBI). While studies in humans
have shown aberrant inflammatory signaling and altered
peripheral immune responses in children with CP, the time
course or chronicity of the proinflammatory changes are
unknown. Here using an animal model of CP, we studied
peripheral immune reactivity in adulthood with the goal of
establishing whether immune changes persist long-term. We
hypothesized that isolated peripheral blood mononuclear cells
(PBMCs) would be hyperresponsive and primed for inflamma-
tion through the lifespan.
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Study Design: Basic science studies.
Study Participants & Setting: This preclinical laboratory investi-
gation was conducted in a rat model of CP secondary to PBI
from chorioamnionitis. We previously have reported the
abnormal gait with spasticity, deficits in cognition, impaired
executive function, diminished motor inhibition and impaired
social interactions using this translational platform.
Materials/Methods: Pregnant Sprague-Dawley rat dams under-
went a laparotomy at preterm equivalent (embryonic day 18
[E18]). To induce chorioamnionitis, uterine arteries were
occluded for 60 minutes followed by intra-amniotic injection
of lipopolysaccharide (LPS, 4 lg/sac). Shams underwent
laparotomy only, with equivalent duration of anesthesia.
Laparotomies were then closed, and the rat pups were born at
term. PBMCs were isolated from both male and female off-
spring at young adult (postnatal day 60 [P60]) and middle age
equivalent (P120) timepoints. PBMCs were then subsequently
stimulated in vitro with LPS. The primary outcome measure
was a secreted inflammatory protein profile analysis performed
using a clinical biomarker platform. Statistical differences were
identified using a Student’s t-test, or one-way ANOVA with
Bonferroni correction where p<0.05 was considered significant
(n=6–8/group)
Results: PBMCS from adult rats with CP secondary to
chorioamnionitis are hyper-reactive and secrete significantly
more interferon gamma (0.44�0.31 vs 1.42�0.27 pg/mL,
p<0.05), IL-10 (1.12�0.38 vs 3.82�0.49, p<0.001), IL-6
(121.6�22.4 vs 228.4�34.6 pg/mL, p<0.05) and MCP-1
(193.3�63.7 vs 689.1�168.8 pg/mL, p=0.05) following LPS
challenge at P60. Notably, PBMCs from adult rats with CP
secreted significantly more TNFalpha following LPS stimula-
tion at both P60 (96.2�14.5 vs 225.4�41.05, p<0.05) and
P120 (2.39�0.50 vs 33.5�4.64 pg/mL, p<0.0001).
Conclusions/Significance: Adult rats with CP have aberrant
immune cell priming consistent with sustained peripheral
immune hyper-reactivity (SPIHR). These changes are dynamic
and are concomitant with increased pro-inflammatory signal-
ing throughout the lifespan. The consequences of sustained
inflammation throughout crucial periods of development are
multifold. However, further study is warranted to establish
mechanistic relationships between increased inflammatory net-
work signatures in CP, persistent immune sensitization and
brain injury.

SP15
A feasibility study of a novel early participation-
focused physiotherapy intervention for preterm
infants in a regional Australian context
C MOBBS1, A SPITTLE2,3, L JOHNSTON4

1The University of Queensland, Toowoomba Hospital Queensland Health
Australia, Toowoomba, Queensland, Australia; 2University of Melbourne,
Melbourne, Victoria, Australia; 3Murdoch Children’s Research Institute,
Melbourne, Victoria, Australia; 4The University of Queensland, Brisbane,
Queensland, Australia

Background and Objective(s): Early physiotherapy intervention
for preterm infants is beneficial for improving motor and cog-
nitive outcomes in early childhood, however most studies have

been conducted in major metropolitan settings. Additionally,
participation-focused interventions have been effective for
older children, though no studies to date have used a partici-
pation-focused approach with preterm infants. Our aim was
therefore to evaluate the feasibility of a novel early physio-
therapy intervention for preterm infants called PreEMPT:
Preterm infant Early intervention for Movement and Partici-
pation Trial in a regional Australian setting.
Study Design: Prospective, assessor-blinded, randomised, con-
trolled feasibility trial.
Study Participants & Setting: Infants born <35 weeks and their
caregivers, residing <2 hours from a regional Australian hospi-
tal.
Materials/Methods: Of 40 eligible infants, 16 were randomised
to standard care (SC: n=8) or PreEMPT (n=8) following con-
sent and baseline assessment at term equivalent age. Pre-
EMPT participants received 14-weeks of weekly alternating
clinic or telehealth physiotherapy, which involved participa-
tion-focused, goal-directed gross motor intervention for
infants and parent enablement training to enhance infant-par-
ent dyads. Participants in SC received 1 to 2 clinic physiother-
apy sessions between 0 to 3 months corrected age (CA). Post-
intervention infant assessments included General Movements
assessment (3mCA), Test of Infant Motor Performance
(4mCA), Alberta Infant Motor Scale (4, 6, 8mCA), Neurosen-
sory Motor Developmental Assessment (4, 8mCA) and Bay-
ley-III (8mCA). Parental well-being was measured using the
Hospital Anxiety and Depression Scale. Social status was rated
using the Australian Bureau of Statistics Index for Relative
Socio-economic Advantage and Disadvantage (IRSAD). Feasi-
bility was examined using: recruitment rate, session atten-
dance, parent-reported satisfaction and treatment preferences.
Results: Follow-up rates were 14/16 at 4 months, 13/16 at
6 months and 10/16 at 8 months. Mean assessment attendance
was 3.8/5 sessions for PreEMPT (range 2–5) and 4.8/5 ses-
sions for SC (range 4–5) groups. Mean treatment attendance
was 7.3/14 sessions for the PreEMPT group (range 0–12),
which was equivalent for face-to-face (3.9/7; range 0–6) and
telehealth sessions (3.4/7; range 0–6). Families in SC attended
on average 1.8/2 face-to-face treatment sessions (range 1–2).
Most (n=12/16) lived in highly disadvantaged socio-economic
areas (IRSAD deciles 1–5) and 10/16 lived >25 km from hos-
pital. Main reasons parents attributed to treatment non-atten-
dance were maternal mental health (22 sessions), infant illness
(13 sessions) and family relationship breakdown (8 sessions).
There were no differences in infant or parent outcomes at 4,
6 or 8 months (p>0.05) as expected given the study was
focused on feasibility and not powered to detect between-
group differences. Following intervention, most parents (10/
12; 5 each group) agreed/strongly agreed that physiotherapy
had benefitted their child and family.
Conclusions/Significance: Early post-discharge physiotherapy for
preterm infants in regional Australia is beneficial according to
families but logistically challenging. Future research on early
interventions for preterm infants in regional settings may ben-
efit from lower intensity or duration and additional parent
psychosocial support. Telehealth was accepted equally well to
face-to-face intervention in the hospital setting.
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SP16
Accurate and rapid automated detection of
cramped-synchronized general movements in a
large cohort of NICU infants
A JEANVOINE, J KNEBEL, M NELIN, B SOWERS,
N MAITRE
Nationwide Children’s Hospital, Columbus, OH, USA

Background and Objective(s): Early detection of neuromotor dis-
orders in the neonatal intensive care unit (NICU) can allow
targeted evaluation of infants and parent support. Prechtl’s
general movements assessment (GMA) allows visual recogni-
tion of movement patterns that, when cramped synchronized
(CS) have high specificity in predicting neuromotor disorders.
However, challenges inherent to various healthcare settings
and to the rigorous GMA training process have hindered uni-
versal adoption in the newborn period. Our team focused on
developing an automated tool to accurately read GMA in the
NICU near term equivalent age. We hypothesized that a
combination of pressure sensor technology and machine learn-
ing could develop an easy, rapid tool for clinical use.
Study Design: Prospective observational study with a simulta-
neously obtained derivation and validation cohort.
Study Participants & Setting: In a large tertiary care NICU, we
consecutively recruited 375 infants. Included infants were 36
to 44 weeks postconceptional age regardless of diagnosis
(range was extreme prematurity to mild jaundice). Excluded
infants were on ventilators or had orthopedic conditions pre-
cluding movement.
Materials/Methods: We simultaneously recorded supine infants
in their NICU beds moving for ~2 minutes on a flexible fab-
ric pressure sensor mat and on standard video. Masked obser-
vers with advanced GMA training classified the videos. The
mat allowed collection pressure data with spatial and time
coordinates in a 32X32 matrix. To classify mat data, we con-
sidered features extracted from automatic machine-learning
tools, and in parallel, clinician-designed features such as calcu-
lated pressure centers and distances. Periods of rest were sub-
tracted from recordings via a filter for variability of
movement. Because we predicted categorical outcome (CS vs
not) with labeled data, the following models were compared:
Linear Support Vector Machine (SVM), Kneighbors, Ensem-
ble and SVM classifiers.
Results: Video GMAs were coded as 34% normal writhing,
62% poor repertoire and 4% CS. Algorithms using computer-
generated features rapidly differentiated normal from abnor-
mal movements with 98% sensitivity and 97% specificity.
However, they were unable to differentiate PR from CS
movements more than random chance. Using a supervised
learning method with a Leave-one-out cross-validation model
and the set of 40 clinician-designed features, we were able to
differentiate CS movements from all others (Table 1). SVM
had the best fit in allowing a clinically meaningful readout.
The user interface leveraging this set of features and model
was then validated in clinical practice and allowed a readout
<15 minutes after data collection in the NICU.
Conclusions/Significance: A pressure sensor mat with a practical
interface and a machine learning algorithm with clinician-
designed features, rapidly identifies those infants with CS

movements who could most benefit from neuroimaging and
close neurodevelopmental surveillance.

SP17
Are Spanish physical therapists using evidence-
based assessment tools for early cerebral palsy
detection? Findings from a national survey
�A HIDALGO-ROBLES1, J MERINO-ANDRES1,
F FERN �ANDEZ-REGO2, V PALEG3

1Toledo PedPT Research Lab, Toledo Physical Therapy Research Group,
Faculty of Physical Therapy and Nursing, University of Castilla-La Mancha,
Toledo, Castilla-La Mancha, Spain; 2Physical Therapy Department. University
of Murcia, Lorca, Murcia, Spain; 3MCITP, Silver Spring, MD, USA

Background and Objective(s): Evidence-based assessment tools
such as magnetic resonance imaging, Pretchl’s Qualitative
Assessment of General Movements (GMA) and Hammersmith
Infant Neurological Examination (HINE) are highly recom-
mended for early and accurate diagnosis of ‘high-risk of cere-
bral palsy’ or cerebral palsy (CP). Physical Therapy plays an
important role in the management of high-risk infants, opti-
mizing infant motor and cognitive plasticity, preventing sec-
ondary complications and enhancing caregiver well-being.
Therefore, the knowledge, training and clinical implementa-
tion of tools with high sensitivity for CP should be general-
ized in the profession. This study includes the results from a
national survey to Spanish Physical Therapists to know the
current use of GMA and HINE for high-risk of CP detection.
Study Design: This study is a national, cross-sectional, online
survey.
Study Participants & Setting: 177 Spanish Physical Therapists,
from 16 of the 17 Autonomous communities in Spain,
responded to the questionnaire. Most of them worked in Early
Intervention (56%) and had a Master’s degree (53%). 75 par-
ticipants were members of the Spanish Pediatric Physical
Therapy Society (42%), and 79 were not members of any
association or professional group (45%).
Materials/Methods: An online structured questionnaire was
available from June 2019 to October 2019. Physical Thera-
pists were contacted through National Associations and Physi-
cal Therapy Organizations, including the Spanish Pediatric
Physical Therapy Society.
Results: More than half of the Physical Therapists (57%) did
not follow any standardized protocol, procedure or reference
guide for the referral of infants with high-risk of CP. Never-
theless, there were 173 participants (98%) who believed that
developing standardized clinical guidelines of good practices
in the management of CP would be useful in Spain. 29% and
28% of the participants were familiar with GMA and HINE,
of which 17% had received training on GMA, and 9% on
HINE. According to this, assessment procedures most used
for high-risk children under 1-year-old did not include GMA
either HINE (sixth and fifth most used). 51% of the
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respondents had never used GMA or HINE with infants
under 1-year-old, compared to 15% and 14% who had used
them sometimes, and 6% who administrated GMA or HINE
almost always. Besides, 79% of the participants were not
familiar with the use of HINE and GMA optimal scores.
Conclusions/Significance: These findings may indicate that evi-
dence-based tools as GMA and HINE are not yet being
implemented by most Spanish Physical Therapists, and high-
risk of CP detection could be mainly based on low-evidence
assessment tools. There are challenges in Spain for the use of
evidence-based assessments, which could support prompt
referral to diagnostic-specific early intervention for infants and
their families.

SP18
Diagnostic accuracy of the combination of
neurological assessment at term equivalent age
and General Movements assessment at 3 months
to predict 2-year cognitive outcome in infants
born very preterm
J GEORGE1, R WARE2, M CHATFIELD3, K PANNEK4,
S ROSE5, P COLDITZ6, R BOYD6

1Queensland Health; The University of Queensland, Brisbane, Queensland,
Australia; 2Menzies Health Institute Queensland, Griffith University,
Brisbane, Queensland, Australia; 3QCPRRC, Faculty of Medicine, The
University of Queensland, Brisbane, Queensland, Australia; 4Health and
Biosecurity, The Australian e-Health Research Centre, CSIRO, Brisbane,
Queensland, Australia; 5CSIRO, Brisbane, Queensland, Australia; 6The
University of Queensland, Brisbane, Queensland, Australia

Background and Objective(s): Children born prematurely score
on average 12 points lower in IQ than their term born peers.
Early, accurate identification of those children at risk of
adverse cognitive outcomes is critical to enable structured
surveillance and early commencement of targeted interven-
tions. A combination of the Hammersmith Neonatal Neuro-
logical Examination (HNNE) at term equivalent age (TEA)
and the General Movements assessment (GMs) at 3 months
corrected age (CA) is strongly associated with cognitive out-
come at 2 years CA in infants born very preterm. We exam-
ined the predictive accuracy of this combination of tests.
Study Design: Prospective cohort study.
Study Participants & Setting: Ninety-five infants born
<31 weeks gestational age (58 male, median gestational age at
birth 28 weeks 4 days) underwent the HNNE at TEA, a GMs
assessment at 3 months CA and cognitive outcome assessment
at 2 years CA using the Bayley Scales of Infant and Toddler
Development, 3rd edition (Bayley III).
Materials/Methods: The GMs assessments were classified as
0=normal fidgety, 1=abnormal fidgety or 2=absent fidgety
movements. A linear regression model was employed to calcu-
late the predicted Bayley III cognitive composite score for each
child. These predicted scores were then compared with each
child’s actual Bayley III cognitive outcome score using a cut off
of <80 to calculate diagnostic accuracy statistics (Fig 1).
Results: The mean (standard deviation; SD) of the Bayley III
cognitive outcome was 95 (15). Predicted cognitive outcome =
64.4 – (10.01 x 3-month GMs score) + (1.33 x TEA HNNE

score). The SD of variation unexplained by model was 13.7.
Sensitivity was 42% (95% confidence interval CI=15–72),
specificity 100% (95% CI=94–100%), positive predictive value
83% (95% CI=34–100%) and negative predictive value 92%
(85–97%).
Conclusions/Significance: In this cohort, the 100% specificity of
the model shows that all children with an actual cognitive out-
come >80 were identified by the model. This low false positive
rate is an essential feature for a screening tool. The positive pre-
dictive value says that 83% of children who the model predicted
to have a Bayley cognitive outcome below 80 actually did have
an outcome below 80. Low sensitivity was expected as the indi-
vidual components of the model predict an outcome of cerebral
palsy more strongly than neurodevelopmental outcomes. The
relatively low sensitivity means that the model is not suitable
for identifying children who will have an actual Bayley cognitive
outcome score below 80 at their 2-year assessment.

SP19
Prediction of motor outcomes at 2 years from the
PPREMO toolbox
J GEORGE1, R WARE2, M CHATFIELD3, S FIORI4,
A GUZZETTA4, K PANNEK5, S ROSE6, P COLDITZ7,
R BOYD7

1Queensland Health, The University of Queensland, Brisbane, Queensland,
Australia; 2Menzies Health Institute Queensland, Griffith University,
Brisbane, Australia; 3QCPRRC, Faculty of Medicine, The University of
Queensland, Brisbane, Queensland, Australia; 4Stella Maris Scientific
Institute, Department of Developmental Neuroscience, The University of
Pisa, Pisa, Italy; 5Health and Biosecurity, The Australian e-Health Research
Centre, CSIRO, Brisbane, Queensland, Australia; 6CSIRO, Brisbane,
Queensland, Australia; 7The University of Queensland, Brisbane, Queensland,
Australia

Background and Objective(s): Preterm born infants are at
increased risk of deficits and delays in motor development.
Early identification of children at risk of adverse motor out-
comes enables referral to targeted early interventions and
prognostic counselling for families. The combination of early
neonatal neurological testing, term equivalent age MRI deep
gray matter score and the 3-month General Movements
assessment (GMs) is strongly associated with 2-year motor
outcomes in infants born very preterm. The aim is to evaluate
the predictive accuracy of this combination of tests.
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Study Design: Prospective cohort study.
Study Participants & Setting: Eighty-three infants born
<31 weeks gestational age (49 male, median gestational age at
birth 28 weeks 6 days) underwent neurological assessment using
the Hammersmith Neonatal Neurological Examination
(HNNE) at a median 31 weeks 6 days, an MRI at term equiva-
lent age, a GMs assessment at 3 months corrected age (CA) and
motor outcome assessment at 2 years CA using the Bayley Scales
of Infant and Toddler Development, 3rd edition (Bayley III).
Materials/Methods: The optimality score for the reflexes sub-
scale (range 0.5–4.5; higher scores better) of the HNNE was
utilised. A structural MRI scoring system was applied to the
structural MRI and the deep gray matter subscale score was
utilised (Kidokoro 2014, George 2017). The 3-month GMs
assessments were classified as 0=normal fidgety, 1=abnormal
fidgety or 2=absent fidgety movements. A linear regression
model calculated the predicted Bayley III motor score for each
child. Each child’s predicted scores were compared with their
actual Bayley III motor score. A cut-off of <85 on the Bayley
III motor composite score was used to calculate diagnostic
accuracy statistics (Fig 1).
Results: The mean (standard deviation; SD) of the HNNE
reflexes subscale was 2.43 (1.00), median (IQR) deep gray
matter MRI score was 0 (0–1), 5% of infants were scored as
having absent fidgety movements and the mean (SD) Bayley
III motor outcome was 98 (15). The predicted motor outcome
= 93.50 – (11.41 x 3-month GMs) – (6.23 x TEA MRI deep
grey matter score) + (3.51 x HNNE reflexes score). The SD
of variation unexplained by model was 12.0. Sensitivity was
40% (95% confidence interval CI=12–74), specificity 99%
(95% CI=93–100%), positive predictive value 80% (95%
CI=28–100%) and negative predictive value 92% (84–97%).
Conclusions/Significance: Specificity of the combined tools was
excellent, indicating a very high probability that the tool accu-
rately identifies children who will achieve a motor score >85.
The negative predictive value was high; 92% of those with
predicted scores >85, went on to have actual motor outcomes
>85. The relatively low sensitivity (40%) suggests it is not
appropriate to use the model to predict a Bayley III motor
outcome <85. The low sensitivity was expected as it is well
documented that the individual components of the model pre-
dict cerebral palsy better than motor outcome.

SP20
Systematic review of clinical assessment tools
used between birth and 6 months to predict
motor and cognitive delay in at risk preterm
infants at 2 years corrected age
R CAESAR1, R BOYD2, P COLDITZ2, G CIONI3
1The University of Queensland, Sunshine Coast, Queensland, Australia; 2The
University of Queensland, Brisbane, Queensland, Australia; 3The University
of Pisa, Pisa, Toscana, Italy

Background and Objective(s): This systematic review evaluates
accuracy of clinical tools used <6 months corrected age (c.a)
to predict motor and cognitive delay (not cerebral palsy [CP])
in at-risk preterm infants at 24 months c.a.
Study Design: Systematic review of diagnostic accuracy.
Study Participants & Setting: A comprehensive search was con-
ducted in six databases for studies that met the following cri-
teria: preterm infants born ≤32 weeks and/or ≤1500 g, clinical
assessment tools with strong psychometric properties adminis-
tered as index tests ≤6 months c.a and valid, reliable and stan-
dardised reference tests for cognitive and/or motor delays (not
CP) at 24 months c.a.
Materials/Methods: The methodological quality of included
studies was evaluated using the Quality Assessment of Diag-
nostic Accuracy Studies-2. Predictive analysis included calcula-
tion of sensitivity and specificity, interpretation of SROC
curves and meta-analysis.
Results: Six assessments were identified in 10 studies: the Gen-
eral Movement Assessment (GMs), the Bayley Scales of Infant
and Toddler Development (Bayley III), Prechtl’s Neurological
Examination, the Neurobehavioural Assessment Scale (NBAS),
the Neurobehavioural Assessment of the Preterm Infant
(NAPI) and the Hammersmith Infant Neurological Examina-
tion (HINE). Prevalence of motor delay was 13.8% and cog-
nitive delay was 11.7%. Methodological quality was variable
with all studies having low risk of bias in the index test
domain. Only the HINE and GMs demonstrated useful pre-
dictive validity. The HINE has excellent predictive accuracy
for severe motor delay (3 and 6 months; sensitivity 93%,
specificity 100%) but limited ability to predict milder delays.
GMs can predict both motor and cognitive outcomes with
good predictive accuracy for mild, moderate and severe delays
(Fidgety age; DOR 2.51, SROC curves 0.8 to 0.9).
Conclusions/Significance: To our knowledge this is the first sys-
tematic review to evaluate accuracy of clinical tools used
<6 months c.a to predict motor and cognitive delay (not CP)
in at risk preterm infants at 24 months c.a. The HINE has
the highest predictive accuracy for severe motor delay. GMs
have the best predictive accuracy for mild to moderate motor
and cognitive delays with equivalent predictive validity for
motor and cognitive dysfunction in this at-risk population.
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Gait and Balance

SP21
Effect of Xbox kinect on balance in spastic
hemiparetic children
M ATA1, E ELNEGMY2, Y SALEM3

1CUNY-Brooklyn College, Brooklyn, NY, USA; 2Cairo University, Cairo, Al
Qahirah, Egypt; 3University of North Texas Health Science Center, Fort
Worth, TX, USA

Background and Objective(s): The use of virtual reality in reha-
bilitation has gained attention in the last few years. The pur-
pose of this study was to examine the effects of virtual reality
using Xbox Kinect on balance in children with spastic hemi-
plegic cerebral palsy.
Study Design: Intervention study, RCT, random sample.
Study Participants & Setting: Thirty children with spastic hemi-
plegic cerebral palsy aged 6 to 12 years old were assigned ran-
domly to a control group and an experimental group.
Materials/Methods: Both groups continued to receive their tra-
ditional physical therapy intervention. Children in the experi-
mental group received additional training using the X-
Box One Kinect training. Children were evaluated before and
after three months of treatment using the pediatric balance
scale.
Results: The results of this study showed that the two groups
were comparable before intervention. Post-intervention results
showed that children in the experimental group showed statis-
tically significant improvements (p>0.05) as compared to chil-
dren in the control group.
Conclusions/Significance: The results of this study supported
by the existing literature conclude that the use of Xbox Kinect

as a form of virtual reality training can be helpful for improv-
ing balance in children with spastic hemiparetic cerebral palsy.

SP22
Factors affecting subjective symptoms of
idiopathic pes planovalgus deformity in children
and adolescents
J MIN1, S KWON2, K SUNG1, K LEE1, C CHUNG1,
M PARK1

1Seoul National University Bundang Hospital, Seongnam-si, Kyonggi-do,
Republic of Korea; 2Ajou University Department of Mathematics, Suwon-si,
Kyonggi-do, Republic of Korea

Background and Objective(s): Idiopathic pes planovalgus (PV) is
one of the most common foot deformities in children and
adolescents. There is a discrepancy between subjective symp-
toms and radiographic severity of idiopathic planovalgus
deformity. Measuring subjective symptoms in patients with
pes planovalgus need a quantitative scoring system, which can
be assessed by tools such as Oxford ankle foot questionnaire
for children (OxAFQ-c). Therefore, the purpose of this study
is to evaluate the affecting factors on symptoms of idiopathic
planovalgus.
Study Design: Retrospective study.
Study Participants & Setting: All consecutive patients ≤18 of
age who have visited the clinic for evaluation of pes planoval-
gus deformity, and have completed the OxFAQ were included
in the study.
Materials/Methods: OxFAQ completed by each patient and
their parents were collected. The anteroposterior (AP) talo-
first metatarsal, lateral talo-first metatarsal, and hallux valgus
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angles (Figs 1 and 2) were measured on weight-bearing radio-
graphs taken within 1 month upon completion of OxFAQ.
Independent variables were age, sex, radiographic indices and
the dependent variable was OxFAQ scores. Multiple regres-
sion model was utilized for statistical evaluation.
Results: Overall, 123 patients were enrolled in this study,
and 246 standing foot radiographs were evaluated along
with scores in each domains of the OxFAQ. The factors
affecting physical domain scores in child OxFAQ were
female sex (p=0.047), AP talo-first metatarsal angle
(p=0.033). Age ≥10 years old was a statistically significant
factor affecting all domains of the OxFAQ other than phys-
ical domain score in both child and parent questionnaire
(Table).
Conclusions/Significance: Although pes planovalgus deformity is
three-dimensional, forefoot abduction component of the
deformity should be more heavily assessed, for it is more clo-
sely related to subjective symptoms. Also, in female patients
with more severe AP talo-first metatarsal angle, an aggravation
of symptoms as patients age should be expected by physicians
dealing with pes planovalgus deformity.

SP23
Instrumented gait analysis for the clinical
management of children with cerebral palsy: a
scoping review
Y SALEM1, R STATES2, E GODWIN3, L HOFFECKER4,
J KRZAK5, M MCMULKIN6, A BODKIN7

1University of North Texas Health Science Center, Fort Worth, TX, USA;
2Long Island University, Brooklyn, NY, USA; 3Long Island University, VA NY
Harbor Health Care System, Brooklyn, NY, USA; 4University of Colorado,
Boulder, CO, USA; 5Midwestern University, Shriners Hospitals for Children-
Chicago, Downers Grove, IL, USA; 6Shriners Hospital for Children Spokane,
Spokane, WA, USA; 7Children’s Hospital Colorado, Aurora, CO, USA

Background and Objective(s): Instrumented Gait Analysis (IGA)
has been used for several decades with children with cerebral
palsy (CP) for management of gait deviations and to help
guide decision making about intervention strategies. This
scoping review provides clinicians and clinical researchers with
a resource that summarizes the roles of IGA for the clinical
management of children with CP. This review was undertaken
in preparation for development of a clinical practice guideline
(CPG) on this topic.
Study Design: This is a scoping review.
Study Participants & Setting: Children with CP.
Materials/Methods: The scoping review began with a literature
search with 4 key inclusion criteria: (1) original peer-reviewed
research study; (2) population included children with CP; (3)
used IGA to investigate gait; and (4) available in English. The
following databases were included in the search: PubMed,
Cochrane Database, AACPDM listing of systematic reviews,
PROSPERO, and National Guidelines Clearinghouse. Once
studies were identified, titles, abstracts, and full articles were
screened for inclusion. The included studies were then classi-
fied into nine categories. To describe the methodological
characteristics of the existing literature about IGA and how it
has been used for the clinical management of children with
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CP, frequencies (percentages) of the categories were then cal-
culated.
Results: A total of 1296 citations were screened, and 599
research studies met our inclusion criteria and were included
in this review. Analysis of included studies showed a wide
range of prospective and retrospective designs analyzing myr-
iad clinically important features of gait. The most common
study designs were those that developed/evaluated the clini-
metric properties of quantitative metrics of gait kinematics or
kinetics or that identified specific atypical gait characteristics
of children with CP. Also common, were studies using IGA
measures to quantify the outcomes of intervention trials. The
least commonly reported categories included studies that eval-
uated the cost-effectiveness or cost-benefits of IGA.
Conclusions/Significance: This scoping review describes the spec-
trum of existing peer-reviewed research on IGA for children
with gait dysfunction related to CP and forms the basis to
begin developing CPGs about the use of IGA for the clinical
management of children with CP. A substantial body of peer-
reviewed research was identified and characterized. Additional
steps such as stakeholder surveys and quality assessment of the
literature are in progress.

SP24
Kinematic analysis of static balance and
temporal and spatial characteristics of gait in 2-
to 3-year-old preterm and full-term infants
Y NOMURA1, H SATO2, K KAMIDE3, M OOKA4,
M KEMMOCHI4
1Kitasato University Hospital, Rehabilitation Department, Sagamihara,
Kanagawa, Japan; 2Kitasato University, School of Allied Health Sciences,
Sagamihara, Kanagawa, Japan; 3Meisei University, Faculty of Education,
Hino, Tokyo, Japan; 4Kitasato University, Pediatrics, Sagamihara, Kanagawa,
Japan

Background and Objective(s): Children born preterm have
reduced temporal and spatial characteristics of gait, e.g., stride
and step lengths, compared with those born at term, even
among children younger than the adjusted age of 2 years who
can walk independently. However, whether the decline in
walking ability improves with growth or persists is unclear.
This study aimed to compare temporal and spatial characteris-
tics of gait (e.g., cadence, stride length, and step length) and
balance while walking between children born prematurely and
those born at term.
Study Design: Cross-sectional study.
Study Participants & Setting: Adaptation criteria were preterm
birth and ability to walk before the age of 6 years. Exclusion
criterion was the inability to walk independently. Participants
were 9 preterm infants (4 males and 5 females) and 9 age- and
sex-matched full-term infants. The study was approved by the
local Ethics Committee, and parents gave consent for their
children to participate in the study.
Materials/Methods: To measure walk cycle, a pressure sensor-
type mat, Walk Way, was placed at the center of a 7 m walk.
Each participant was instructed to walk from the starting posi-
tion to the target. Static balance was measured on the floor
and mat for 30 seconds. In the standing position, each upper

limb was naturally relaxed on the side of the body and the legs
were 10 cm apart. In static balance, the sway around the cen-
ter of gravity was measured using a sway meter (on the floor)
and 10-cm-thick cushion mat (on the mat). During measure-
ment, a tablet was placed on a table at the participant’s eye
level to keep the head as still as possible. In statistical analysis,
time ratio between cadence and stance was used as the time
factor for the walking variable, whereas stride and balance
variables were used as the distance factor. Walking distance
coefficient was corrected for height. Mann–Whitney U test
was performed to compare balance and gait between both
groups, and significance level was set to <5%.
Results: In the preterm and full-term groups, median height was
94.2 and 94.5 cm, weight was 12.0 and 14.0 kg, cadence was
158.7 and 153.8 steps/min, standing time was 60.0% and 59.0%,
stride length was 63.6 and 61.4 cm, stride length was 31.0 and
34.4 cm, step length was 9.0 and 7.3 cm, total trajectory length
was 5950.4 and 7848.2 mm, external area was 2273.0 and
1482.0 mm2, respectively; maximum tremor severity between the
left and right legs on the floor was 95.0 and 58.0 mm, that around
the floor was 68.0 and 58.0 mm, that on the mat was 73.0 and
97.0 mm, and that around the mat was 70.0 and 92.0 mm, respec-
tively. None of these differences were significant.
Conclusions/Significance: The two groups of children exhibited
no differences in temporal or spatial characteristics of gait,
balance ability, or physique, probably because of the lack of
differences in physique and the fact that gaze was fixed during
measurement.

SP25
Stochastic resonance stimulation improves
control of balance during walking in children
with cerebral palsy: a pilot study
A SANSARE, H REIMANN, A BEHBOODI, S LEE
University of Delaware, Newark, DE, USA

Background and Objective(s): While traditional rehabilitation
interventions in cerebral palsy (CP) are motor-centric, a
promising sensory-centric intervention is application of
stochastic resonance (SR), which uses random, sub-sensory,
electrical noise to improve the sensitivity of sensory receptors
to differentiate weak sensory signals. While SR has shown
promising results by improving postural sway during standing
balance in children with CP, it is not known if similar
improvements can be attained to enhance control of walking.
The objective of this pilot study was to investigate the imme-
diate effects of electrical SR stimulation application on the
control of balance during walking in children with CP and
with typical development (TD).
Study Design: Pilot RCT.
Study Participants & Setting: Three children with CP (2 hemi-
plegic, 1 diplegic, GMFCS I–II, age 11.3�3 years, 2 males)
and 3 age-matched TD children (age 11.6�4 years, 1 male)
were recruited via consecutive sampling in a university labora-
tory setting. The inclusion criteria were age 8 to 18 years,
ability to walk unassisted for at least 2 minutes, absence of
lower limb surgery or injury within past 1-year and adequate
cognitive skills.
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Materials/Methods: Electrical SR stimulation was applied to the
muscles and ligaments of ankle joint via an electrical white
noise signal generated by custom software driving four Biopac
stimulators (Fig 1). Once the sensory threshold for SR stimu-
lation during walking was determined, each participant walked
at their preferred speed for 2 minutes on a self-paced tread-
mill for five bouts at different SR intensity levels (no stimula-
tion, 25, 50, 75, and 90% of sensory threshold). Subject-
specific optimal SR intensity, identified from these 4 intensi-
ties (25,50,75,90) as the one that results in maximum improve-
ment in the primary outcome measure, was used for statistical
analysis. Center of pressure (COP) and center of mass (COM)
data were collected using instrumented motion capture and
treadmill force plates. The root mean square of COP-COM
divergence in medio-lateral direction during single stance of
the most affected side (Aff SS), previously used to assess
dynamic balance while walking, served as the primary out-
come measure, while that during double stance (DS) and sin-
gle stance of less affected side (Less_aff SS) served as
secondary outcome measures. Statistical analysis using a
repeated measures ANOVA was implemented, with group
(CP and TD) as the between-subject factor, and no SR stimu-
lation and optimal SR intensity as the within-subject factor.
Results: Results reveal that the main effect for stimulation con-
dition was statistically significant during 2 out of the 3 phases
of gait, with the stim group showing improved COP-COM
distance during Aff SS (F=10.563, p=0.03) and DS (F=20.00,
p=0.01), and a similar trend for Less_aff SS (F=5.786, p=0.07)
(Fig 2). These effects were classified as large (partial eta
square= 0.7, 0.8, 0.5 for Aff SS, DS and Less_aff SS respec-
tively). Neither the main effect for group nor the group-by-
stimulation interaction were significant (Table 1).
Conclusions/Significance: Our findings indicate that a sensory-
centric modality like SR stimulation may be effective in
improving control of balance during walking in children
with CP. While the results need to be considered prelimi-
nary due to the small sample size, a large effect size was
detected, which indicates promise for further exploration of
effects of SR during walking and its rehabilitation potential
in CP.

SP26
The natural progression of knee flexion in gait
over repeated assessments in bilateral cerebral
palsy
R O’SULLIVAN1, F HORGAN2, H FRENCH2

1Central Remedial Clinic/Royal College of Surgeons in Ireland, Dublin,
Ireland; 2Royal College of Surgeons in Ireland, Dublin, Ireland

Background and Objective(s): Crouch gait, defined as excessive
knee flexion in stance phase, is one of the most common
pathological gait patterns associated with bilateral cerebral
palsy (CP). A recent systematic review (O’Sullivan, 2018) sug-
gested that, in the absence of surgical intervention, the natural
history of crouch gait is to increase over time. However, of
the five included studies, four reported increased knee flexion
over time based on two assessments only and only one single
participant case study (Butler, 2016) highlighted periods of
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improvement and worsening of crouch over eight gait analy-
ses. The objective of this study was to examine the change in
knee flexion in stance over multiple gait analyses in individuals
with bilateral CP in the absence of surgical intervention.
Study Design: Observational cohort study.
Study Participants & Setting: Thirty-four participants with
bilateral CP (Gross Motor Function Classification System
[GMFCS] I–III) were assessed in a gait laboratory at 6-
monthly intervals to a maximum of 6 visits. Those with 3 or
more assessments were included for analysis
Materials/Methods: Knee flexion at mid-stance (KFMS) for was
extracted at each analysis allowing the inter-assessment change
in KFMS to be calculated. The Spearman rank correlations
between the inter-assessment changes in KFMS and changes
in height and weight, age at assessment, sex, GMFCS level,
previous surgery and initial value of KFMS were calculated.
Those variables demonstrating a significant correlation
(p<0.05) were then included in a random coefficients regres-
sion model.
Results: Figure 1 shows KFMS versus age at each time point.
Most participants (79%, n=27) demonstrated instances of both
increase and decrease in knee flexion over time, 3 participants
(9%) demonstrated consistent increase in KFMS and 4 partici-
pants (12%) demonstrated a decrease across all included anal-
yses.

Spearman rank correlations found that the inter-assessment
change in KFMS was significantly correlated with age (rho=–
0.27, p<0.01) and sex (rho=0.22, p=0.01). A random co-effi-
cients regression model found that age best predicted the nat-
ural inter-assessment variability in KFMS as follows: Change
in KFMS (degrees) = 7.21–0.22(age).
Conclusions/Significance: The current results suggest that the
majority of individuals with CP are likely to demonstrate peri-
ods of natural increase and decrease in KFMS over time and
may demonstrate net improvement over time. This natural
variation in knee flexion angle during gait appears to be most
associated with age and younger participants demonstrated lar-
ger inter-assessment variation in KFMS. This has implications
for individual surgical planning in CP, particularly in younger
individuals, and suggests that a pattern of change in knee flex-
ion should be established over repeated analyses before consid-
ering intervention. This natural variation in KFMS also needs
to be considered in the interpretation of potential improve-
ments in this variable following intervention.

SP27
Withdrawn by Author

Medical and Pain

SP28
Bedtime Stories: An exploratory sequential mixed
methods study of the reasons for, experience and
impact of sleep disturbance for children with
cerebral palsy and their parents
S PETERSEN1, D REDDIHOUGH2, S LIMA3, A HARVEY4,
F NEWALL5

1RMIT University, Royal Children’s Hospital Melbourne, Murdoch Children’s
Research Institute, Bundoora, Victoria, Australia; 2Murdoch Children’s
Research Institute, Royal Children’s Hospital, Parkville, Victoria, Australia;
3Bendigo Health, The University of Melbourne, Bendigo, Victoria, Australia;
4Murdoch Children’s Research Institute, Parkville, Victoria, Australia; 5The
Royal Children’s Hospital, The University of Melbourne, Melbourne, Victoria,
Australia

Background and Objective(s): Current evidence suggests that
sleep problems are common in children with cerebral palsy
(CP) and are frequently reported in the clinical setting.
Empirical evidence about best practice sleep management in
this cohort does not exist. This study aimed to explore the
frequency and type of sleep problems in children with CP, the
experiences of the children and their parents regarding sleep
problems, and their impact on the children and their parents.
Study Design: An exploratory sequential mixed methods
design.
Study Participants & Setting: Participants were parents or care-
givers of children aged 6 to 12 years with CP from Victoria,
Australia.
Materials/Methods: This study had three phases: (1) qualitative
scoping interviews, (2) a quantitative online survey using vali-
dated sleep assessment tools, and (3) follow up qualitative
interviews. Qualitative data analysis was performed using the
thematic analysis technique described by Braun and Clark
(2006). The results of each phase of the study were used to
inform the design of the subsequent phase.
Results: Phase One consisted of qualitative semi-structured
interviews with nine parents. Thematic analysis identified two
major themes: Seeking Solutions and Having to Survive. The
key finding of this phase was that parents were asking for help
with sleep problems, but often did not receive effective advice
or treatment. Phase Two resulted in 126 complete data sets.
Sleep problems were reported by 46% of the children in the
cohort. The parents of children with a high score on a sleep
assessment tool (indicating a sleep problem for the child) had
a higher mean score than parents of children without sleep
problems (mean difference: 12.1 [95% CI:9.2–15.0],
[p<0.005]). This indicates that parent sleep is affected by child
sleep. Parents found finding effective sleep solutions challeng-
ing. Phase Three thematic analysis of qualitative semi-struc-
tured interviews with 19 parents identified seven major
themes: (1) My Child Doesn’t Fit into the Box, (2) A
Mother’s Ears are Always On, (3) Sleep Disturbance is like
Water Torture, (4) Sleep is One of Many Spot Fires, I Put it
on the Back-burner, (5) Luck, Money or Jumping Up and
Down, (6) There is Never One Silver Bullet and (7) Help:
The Earlier the Better. The key finding for this phase was
that parents of children with CP often described their child’s
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needs as different to those provided by health systems and ser-
vices. This difference created significant challenges when seek-
ing health solutions.
Conclusions/Significance: The mixed methods interpretation of
the three phases of research resulted in six main findings: (1)
finding effective sleep solutions can be challenging, (2) sleep
problems are prevalent and persistent but are often untreated,
and sleep is not a priority for parents or healthcare providers,
(3) sleep problems have a significant negative impact on par-
ent sleep and daily life, (4) sleep problems are often complex,
(5) sleep problems can improve, and (6) overnight care is often
the responsibility of mothers. The three phases of this study
triangulated to present a multi-dimensional understanding of
the research problem, for which there was little previous evi-
dence. These data will be used to make important changes to
clinical practice.

SP29
Characterizing pain phenotypes in cerebral palsy
M PETERSON1, L MARRA1, H HAAPALA2, E HURVITZ3

1University of Michigan, Ann Arbor, MI, USA; 2Physical Medicine &
Rehabilitation, University of Michigan, Ann Arbor, MI, USA; 3Michigan
Medicine/University of Michigan, Ann Arbor, MI, USA

Background and Objective(s): Chronic pain is the most com-
monly reported physical symptomology of cerebral palsy (CP)
throughout the lifespan, and yet pain is perhaps the least
understood comorbidity of CP. Pain perception may arise
from nociceptive, neuropathic, or nociplastic (central nervous
system augmented pain processing) mechanisms. Although
chronic pain is common in CP across the lifespan, the contri-
butions of these mechanisms to the pain experienced by adults
with CP is unknown. The aim of this study was to identify
pain phenotypes among adults with CP based on putative
mechanisms, and compare phenotypes in terms of pain inten-
sity, anxiety and depressive symptoms, self-reported physical
functioning, and perceived stress.
Study Design: Prevalence study with an ecological study
design.
Study Participants & Setting: Survey data was collected from
n=71 adults with CP who presented to the University of
Michigan Health System (mean age = 39.3�16.2; 43 females,
28 males).
Materials/Methods: The median of 6 on the fibromyalgia survey
(0–31) was used to classify patients into negative (≤6) or posi-
tive (>6) for nociplastic pain centralization (PC). The painDE-
TECT Score (0–38) was used to classify patients as negative
(≤12) or positive (>12) for neuropathic pain. These binary
thresholds were then used to cross-classify each patient into
one of four possible pain mechanism categories.
Results: Twenty-eight adults with CP (39.4%) were classified
as nociceptive (-neuropathic/-nociplastic), 24 (33.8%) were
classified as high nociplastic, 8 (11.3%) were classified as neu-
ropathic, and 11 (15.5%) were classified as combination neu-
ropathic/nociplastic. Analysis of variance results indicated that
subgroups differed significantly on average scores on the Brief
Pain Inventory (BPI) pain intensity scale, the Perceived Stress
Scale, and on PROMIS measures of anxiety and depression;

the nociceptive pain subgroup reported lower pain and emo-
tional distress compared with the other groups. Neither sex
nor age distribution differed by pain phenotype. Hierarchical
regression results showed that scoring positive for nociplastic
pain predicted significantly worse self-reported depression and
perceived stress above and beyond the effects of pain intensity
(BPI; all p<0.05); in contrast, scoring positive for neuropathic
pain type did not significantly predict any HRQOL outcomes
after accounting for pain intensity.
Conclusions/Significance: Findings suggest that type of pain is
variable among adults with CP, and may arise through multi-
ple mechanisms. Although nociceptive pain is common in CP,
pain arising from neuropathic and/or nociplastic mechanisms
correlates with poorer HRQOL outcomes compared to pain
that arises from purely nociceptive mechanisms. Our data also
show that nociplastic pain status contributes unique variance
to HRQOL above and beyond the effects of pain intensity.
Assessment of putative pain mechanisms could provide new
insight into the pain experience in adults with CP and inform
interventions to address pain and other symptoms in CP.

SP30
Clinical pain ratings in cerebral palsy: a
retrospective ‘big data’ approach
E CHIN1, X YE2, C LENZ3, C CAMPBELL4,
E STASHINKO1, A HOON5, L JANTZIE6, S ROBINSON7

1Kennedy Krieger Institute, Baltimore, MD, USA; 2Johns Hopkins University
School of Medicine, Baltimore, MD, USA; 3Johns Hopkins University,
Kennedy Krieger Institute, Sparks Glencoe, MD, USA; 4Johns Hopkins
Bayview Medical Center, Baltimore, MD, USA; 5Phelps Center for Cerebral
Palsy and Neurodevelopmental Medicine, Baltimore, MD, USA; 6Johns
Hopkins University School of Medicine, Kennedy Krieger Institute, Baltimore,
MD, USA; 7Johns Hopkins Children’s, Baltimore, MD, USA

Background and Objective(s): Population-based studies have
identified that the prevalence of chronic pain is higher in
older than younger children with cerebral palsy (CP), but
information on pain in adults with CP is lacking. We seek to
understand the association between pain and age persists
throughout the lifespan.
Study Design: Retrospective review based on an anonymized
database extract of selected fields from electronic medical
records.
Study Participants & Setting: Retrospective medical records of
individuals with a diagnosis of CP with at least one documented
numeric 0 to 10 clinical visit pain rating at Johns Hopkins
Broadway or Bayview campuses between 1/1/2003 and 6/30/
2019 were reviewed. Abstracted data include sex, clinical visit-
associated pain scores with corresponding ages, and ICD 9/10
codes used to diagnose CP. Coexisting diagnoses, medication,
and surgical history were not available in this extract.
Materials/Methods: Each individual’s most recent clinical pain
rating was collected. A multivariate logistic regression model
was used to identify factors (sex, age, and CP subtype [quadri-
plegic vs diplegic vs hemiplegic] as described by ICD 9/10
diagnosis) associated with the presence of pain (rating >0)
Results: 3,176 individuals were included in this analysis (see
Table). 19% (95% CI 17–20%) demonstrated a most recent
pain rating >0. Of positive pain ratings, median (IQR) of pain
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ratings was 5 (4–8). Only age at visit was significantly corre-
lated with pain ratings (OR 1.04 [1.03–1.05)/year; p<0.001)
against a hypothesis of no effect. Prevalence reached 37%
(95% CI 30–44%) by the 6th decade of life (Fig). Male sex
(OR 0.73 [0.50–1.07]) and CP subtype (diplegia vs hemiplegia
OR 1.47 [0.87–2.56]; quadriplegia vs hemiplegia OR 1.01
[0.58–1.77]) did not reach significance.
Conclusions/Significance: Prevalence of reported current pain in
individuals with CP appears to increase into adulthood. Sin-
gle timepoint clinical ratings may underestimate pain preva-
lence (Lenz 2019 AACPDM). Caution is needed in
interpreting findings from bulk clinical pain ratings without
standardized assessment protocols or detailed information on
covariates.

SP31
Growth in children from 6 to 180 months of age
with unilateral and bilateral cerebral palsy
M RUIZ BRUNNER1, E CUESTAS2, F HEINEN3,
A SCHROEDER3

1Instituto de Investigacion en Ciencias de la Salud (Conicet- Universidad
Nacional de Cordoba), Facultad de Ciencias M�edicas de la Universidad
Nacional de Cordoba (UNC), C�ordoba, Argentina; 2Instituto de Investigaci�on
en Ciencias de la Salud (Conicet- Universidad Nacional de Cordoba),
Catedra de Pediatr�ıa, Hospital Misericordia de la Facultad de Ciencias
M�edicas de la Universidad Nacional de C�ordoba (UNC), Cordoba, Argentina;
3University Hospital of Munich (LMU), Hauner Children0s Hospital-
Department of Pediatric Neurology- Developmental Medicine and Social
Pediatrics, Munich, Bayern, Germany

Background and Objective(s): To compare growth patterns dur-
ing infancy, childhood and adolescence in children diagnosed
with unilateral and bilateral cerebral palsy (CP) subtypes and
how growth differs between children born preterm versus
term, with versus without dysphagia and levels of gross motor
function (GMFCS).
Study Design: Cross-sectional study with retrospective data.
Study Participants & Setting: Data were collected from medical
records of 410 children with CP 6 to 180 months of age
including participants in a consecutive series sample treated at
a Pediatric University Hospital between January 2010 and
June 2019. 21 children with endocrine, metabolic or genetic
disorders were excluded. Finally 1573 measurements were
available from 389 children with CP.
Materials/Methods: Length, weight, and head circumference
were measured and z-scores were calculated at 6, 12 and
18 months of age, and from 24 to 180 months of age respec-
tively. Main effect models were used to evaluate z-score
changes with full adjustment. The magnitude of difference in
growth gain from the reference group (unilateral CP) was
expressed as the b coefficient with 95% CI. Linear mixed
effect models were used to examine growth, GMFCS, dyspha-
gia and preterm birth by diagnosis of CP.
Results: Of the 389 children, 105 had unilateral CP and 284 had
bilateral CP. Decreases in mean z-scores for length, weight and
head circumference were associated with bilateral CP subtype (b
[95% CI]=–0.953 [–1.145, –0.761]; –0.999 [–1.176, –0.807]; –
0.708 [–0.964, –0.452], p<0.001, respectively) in main effect
models. This association remained significant after including
interaction terms. Lower height-for-age was associated with
GMFCS III to V and dysphagia (b [95% CI]=–0.943 [–1.129, –
0.756] p<0.017; –0.545 [–0.785, –0.303] p<0.00). Children with
bilateral CP, GMFCS level III to V and dysphagia have 2.85
more chances of having a lower z-score of height-for-age com-
pared to children with unilateral CP.Weight-for-age was associ-
ated with GMFCS III to V and dysphagia (b [95%CI]=–1.449 [–
10.526, –0.677] p<0.048; –0.629 [–1.189, –0.068] p=0.028). Chil-
dren with bilateral CP, GMFCS level III to V and dysphagia
have 2.98 more chances of having a lower z-score of weight-for-
age. Head circumference-for-age in children with CP from
6 month to 24 month was associated with GMFCS III to V and
dysphagia (b [95% CI]=–0.954 [–1.201, –0.708]; –0.630 [–0.954,
–0.305]; p<0.001 respectively). Children with bilateral CP,
GMFCS level III to V and dysphagia have 2.15 more chances of
having a lower z-score of head circumference-for-age. Term and
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preterm birth was not associated with weight or height gain from
6 months to 180 months of life in children with CP. After
132 months, children with term birth drop down presenting
z-scores for weight and height-for-age close to preterm children.
Conclusions/Significance: Children with unilateral CP tend to
grow similar to their typically developing peers. Reduced
growth in children with bilateral cerebral palsy was strongly
associated with GMFCS levels III to V and dysphagia but not
with preterm birth. Close to puberty, children born at term
drop down their z-scores and present a similar growth to pre-
term children.

SP32
Impact of etiology in children with cerebral palsy
(CP) and medically intractable epilepsy (MIE)
undergoing hemispherotomy/hemispherectomy
J PINDRIK1, H JOHNSON2, A OSTENDORF3,
N ROSENBERG4, J LEONARD5, A SHAIKHOUNI5
1Nationwide Children’s Hospital, The Ohio State University Department of
Neurosurgery, Columbus, OH, USA; 2Nationwide Children’s Hospital,
Columbus, OH, USA; 3Nationwide Children’s Hospital, The Ohio State
University Department Pediatrics & Neurology, Columbus, OH, USA;
4Physical Medicine and Rehabilitation, Ohio State University, Columbus, OH,
USA; 5Nationwide Children’s Hospital, The Ohio State University Department
of Neurosurgery, Columbus, OH, USA

Background and Objective(s): Patients with cerebral palsy (CP)
and medically intractable epilepsy (MIE) arising from hemi-
spheric perinatal vascular insults or malformations of cortical
development (MCD) often require treatment with functional
hemispherotomy (FH) or anatomic hemispherectomy (AH).
Investigations of seizure and functional outcomes in children
with CP and MIE following epilepsy surgery, and the poten-
tial impact of etiology on outcomes, have been limited. This
study compares epilepsy and functional outcomes between
pediatric patients with vascular versus dysplastic etiologies of
CP and MIE following FH/AH.
Study Design: This intervention and prognostic type research
was conducted as a retrospective cohort study.
Study Participants & Setting: This study incorporated a consec-
utive series of pediatric participants with CP and MIE under-
going FH or AH at the authors’ institution (academic
children’s hospital with Level 4 accreditation from the
National Association of Epilepsy Centers) from 07/01/2015 to
12/01/2019. Only participants with CP and MIE due to peri-
natal vascular insults or MCD and with adequate post-opera-
tive follow-up were analyzed.
Materials/Methods: Electronic medical records and functional
assessments were reviewed retrospectively for epilepsy out-
comes (Engel classification) and functional outcome measures
(Pediatric Functional Independence Measure, WeeFIM). Data
were summarized using descriptive statistics. Discrete and
continuous variables were compared using chi-square and
independent two-sample t-tests, respectively, with a signifi-
cance level of a=0.05.
Results: Among 18 participants (mean age at surgery, 8.9 years
� 4.1 years; range 1.2–16.2 years) with vascular (7/18, 39%)
and dysplastic (11/18, 61%) etiologies of CP and MIE, 12/18

(66.7%) experienced post-operative seizure freedom (Engel
Class I), with mean follow-up 21.8 � 12.6 months (range 2.0–
48.4 months]). Seizure freedom rates in the vascular etiology
cohort (6/7, 85.7%) exceeded those of the MCD group (6/11,
54.5%) without meeting significance (p=0.171). Physical medi-
cine & rehabilitation (PMR) admission and functional assess-
ments were completed for 15/18 (83%) of participants, split
comparably between vascular (7/15, 47%) and dysplastic (8/15,
53%) cohorts. Length of stay during PMR admission differed
between vascular (13.1 � 3.9 days) and MCD (18.6 � 6.8 days)
groups without achieving significance (p=0.085). Mean changes
in WeeFIM from pre-operative evaluation to PMR admission
(vascular, –35.3 � 13.2; MCD, –34.5 � 25.0), PMR admission
to discharge (vascular, 18.7 � 9.0; MCD, 20.8 � 11.4), and pre-
operative evaluation to clinic follow-up (vascular, –18.4 � 22.9;
MCD, –3.6 � 19.3) did not differ between groups.
Conclusions/Significance: Epilepsy and functional outcomes fol-
lowing FH/AH did not differ significantly between vascular
and dysplastic etiologies of CP and MIE in this study, poten-
tially limited by sample size. Further multi-institutional and
prospective studies are required to support or refute these
findings and determine the impact of etiology on outcomes
following FH/AH in children with CP and MIE.

SP33
Malignancy risk due to medical imaging in
children with cerebral palsy
B JIVRAJ1, L JOHNSON2, J SO3, S MILLER4,
A AARVOLD5, J BONE6, A SANDHU7, K MULPURI8,
B GRAEBER9

1South Tees Foundation Trust, Middlesbrough, England, UK; 2University of
British Columbia, Centre for Hip Health and Mobility, BC Children’s Hospital,
Vancouver, BC, Canada; 3BC Children’s Hospital, Vancouver, BC, Canada;
4BC Children’s Hospital, Department of Physical Therapy, University of
British Columbia, Vancouver, BC, Canada; 5Southampton General Hospital,
Southampton, England, UK; 6Department of Obstetrics and Gynaecology,
University of British Columbia, Vancouver, BC, Canada; 7Department of
Obstetrics and Gynecology UBC, Vancouver, BC, Canada; 8Department of
Orthopaedics, University of British Columbia, Department of Orthopaedic
Surgery, BC Children’s Hospital, Vancouver, BC, Canada; 9BC Children’s
Hospital, Department of Radiology, University of British Columbia,
Vancouver, BC, Canada

Background and Objective(s): All radiation exposure is associated
with increased risk of cancer. Risk is greater in children due
to their increased organ sensitivity and longer life expectancy.
Children with cerebral palsy (CP) often have medical co-mor-
bidities and secondary musculoskeletal problems that necessi-
tate the use of medical imaging. The purpose of this study
was to estimate lifetime risk of malignancy from medical x-ray
exposure in children with CP.
Study Design: Retrospective cross-sectional study.
Study Participants & Setting: Participants were selected from a
database of children with CP treated in an orthopaedic clinic
in a Canadian children’s hospital. Patients born in the year
2000 were selected first with the aim for 18 years of follow
up. Participants born in subsequent years were then selected.
Patients born before January 2000 were excluded due to
incomplete records of electronic images.
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Materials/Methods: Using the Picture Archiving and Communi-
cation System (PACS), the dates, modality, body part and
view of each image for each patient was collected. In addition,
the dose area product (DAP) for radiographic images and
computed tomography dose index (CTDI) for CT scans were
obtained through PACS. Effective dose (ED) was then calcu-
lated using conversion coefficients based on anatomic regions.
When DAPs and CTDIs were unknown, ED was estimated
using cohort averages for DAP and CTDI. Cumulative EDs
were compared to Health Protection Agency (HPA) standards
to calculate estimated lifetime risk of malignancy (ELRM)
from the radiation. Results were categorized into a lifetime
attributable risk classification based on Public Health England
categories.
Results: A total of 45 patients (F=21, M=24) were included,
with nine in each of the five Gross Motor Functional Classifi-
cation System (GMFCS) levels. There was a mean of 44 irra-
diating images per patient (range: 4–175) between January
2000 and April 2019, with an average follow up period of
17.3 years. The most common images were of the pelvis,
spine, lower leg (including the knee), and chest. There were
71 CT scans completed with 76% (54/71) being of the head.
The mean cumulative ED was 9.81 mSv (range 0.09–48.83)
with a mean ELRM of 0.13% (range 0.004–0.70). When per-
forming subgroup analysis on GMFCS levels I to V, the mean
ELRMs were: 0.11%, 0.14%, 0.13%, 0.10% and 0.16%.
Cumulative radiation exposure placed zero children in the
‘negligible’ category, one in ‘minimal,’ six in ‘very low,’ six-
teen in ‘low’ and twenty-two in ‘moderate’ categories for life-
time risk of developing radiation-related malignancy.
Conclusions/Significance: The lifetime attributable risk of malig-
nancy as a result of medical radiation exposure in a cohort of
children with CP was not negligible. This finding raises an
important question of whether children with CP are being
overexposed to radiation. Clinicians and surgeons should con-
sider re-evaluating their threshold for imaging in this patient
population.

SP34
Orthopaedic manifestations of transverse myelitis
in children
A HARIHARAN1, J HOWARD1, R COOK2, J CHOI2,
K NEAL2, E LOVELESS2, M SHRADER3

1Nemours/A.I. duPont Hospital for Children, Wilmington, DE, USA;
2Nemours, Wilmington, DE, USA; 3Nemours/Alfred I duPont Hospital for
Children, Wilmington, DE, USA

Background and Objective(s): Transverse myelitis (TM) is a rare,
immune-mediated, inflammatory disorder of the spinal cord
with a heterogeneous presentation associated with sensory,
motor, and autonomic dysfunction; of idiopathic and acquired
causes. Neurologic sequelae associated with TM typically
include bladder dysfunction, lower limb/truncal weakness and/
or spasticity. Accordingly, orthopedic manifestations are con-
sidered common, with many requiring surgical intervention.
Despite this, studies describing orthopedic deformities associ-
ated with TM are non-existent. The purpose of this study was
to describe the types and frequencies of orthopaedic

manifestations of TM in children to help inform providers
who care for this population.
Study Design: Retrospective case series.
Study Participants & Setting: Children with a confirmed diag-
nosis of TM presenting to an academic Children’s Hospital,
and had been referred to an orthopedic surgeon, were
included.
Materials/Methods: A retrospective chart review was conducted
for all pediatric patients with TM presenting over a 15 year
period (2004–2019). Demographics, orthopedic manifesta-
tions, operative/non-operative treatments, and complications,
were recorded. Descriptive statistics were used for data report-
ing.
Results: 119 patients were identified with TM, 37 of whom
had seen an orthopaedic surgeon. Twenty of these 37 chil-
dren (54%) were female. The mean age at diagnosis was
6.9 years (0.4–16.2 years). By etiology, 23 were idiopathic
(62%), 10 infectious (27%), 3 (8%) inflammatory/autoim-
mune, and 1 (3%) vascular causes. Topographic patterns
included: quadriplegic in 17 patients (49%), paraplegic in 13
(37%), hemiplegic in 3 (9%), triplegic in 1 (3%), and mono-
plegic in 1 (3%). The mean age at presentation was 8.4 years
(0.7–16.6 years). With respect to the types of orthopedic
manifestations encountered, scoliosis was present in 13
(20.6%), gait abnormalities, foot deformities, and upper
extremity deformities in 7 (11.1%) for each, spasticity, con-
tractures, and fractures in 6 (9.5%) for each, hip displacement
in 3 (4.8%), and pain in 2 (4.8%) children. For treatment, 35
(95%) had physical/occupational therapy, 31 (84%) were
braced for their respective orthopaedic problem, and 14
(35%) underwent operative intervention. Surgical procedures
included: tendon lengthenings in 8 (35%), scoliosis correction
in 7 (30%), fracture management in 4 (17%), hip reconstruc-
tion in 2 (9%), and foot reconstruction in 2 (9%). Addition-
ally, 4 patients had baclofen pump placement for spasticity
management. Post-operative complications occurred in 26%
of cases, most commonly due to infection and implant-related
concerns.
Conclusions/Significance: This is the first report in the literature
describing the types and frequencies of orthopaedic manifesta-
tions associated with TM in children, 35% of which required
operative intervention(s). Understanding the breadth of mus-
culoskeletal burden incurred in TM can help in developing
surveillance programs to identify and treat these deformities
in a timely manner.

SP35
Self- versus proxy reported pain in children with
cerebral palsy
A BURMAN RIMSTEDT1, G H €AGGLUND1,
A ALRIKSSON-SCHMIDT1, T CZUBA2

1Lund University, Lund, Skane Lan, Sweden; 2Lund University, Department of
Clinical Sciences, Lund, Skane Lan, Sweden

Background and Objective(s): Pain is one of the most common
secondary conditions in individuals with cerebral palsy (CP).
Pain is subjective and self-reports of pain are considered the
gold standard. At times, proxy-reports are needed e.g., if the
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individual has comorbid intellectual disability or is unable to
communicate. The aim of this study was to assess if the preva-
lence of pain in children and adolescents with CP differed
based on source of report.
Study Design: This was a prevalence study, using a cross-sec-
tional design based on register data.
Study Participants & Setting: All children and adolescents with
CP enrolled in the nationwide Swedish follow-up program for
CP (CPUP) were included; 3,783 children (58% males), 1 to
18 years of age, across all Gross Motor Function Classifica-
tion System (GMFCS) levels.
Materials/Methods: Logistic regression was used to regress
source of reporting (self or proxy) on the presence of general
pain adjusted for age, sex, GMFCS and Communication
Function Classification System (CFCS) levels, including mar-
ginal effects between source of reporting and adjusted covari-
ates.
Results: The pain item was self-reported in 45%, proxy-
reported in 51%, and information was missing in 3% of the
cases. Pain was reported in 44% of those who self-reported
and in 41% of those who proxy-reported (p=0.04). The logis-
tic regression showed that the average marginal effects of
proxy versus self-reported pain were lower among children at
GMFCS level IV (–0.14, 95% CI –0.17 to –0.03) and CFCS
level I (–0.09, CI –0.16 to –0.01) and higher at CFCS level III
(0.11, CI 0.00–0.22). There were no statistically significant
differences in average marginal effects related to age, sex or
the other GMFCS and CFCS levels between proxy and self-
reporting.
Conclusions/Significance: Pain was more often reported by those
who self-reported. However, after adjusting for age, sex, and
GMFCS and CFCS levels, the proportion of reported pain
was almost equal between self and proxy-reporting. If the self
and proxy reported groups were not significantly different on
relevant factors that might be associated with pain, the results
indicate that the proxy reported pain is line with self-reported
pain in children with CP.

SP36
Withdrawn by Author

Ortho - Hip/Knee

SP37
A review of radiology reports from hip
surveillance X-Rays completed in community
hospitals
S MILLER1, J COATES2, K MULPURI3
1BC Children’s Hospital, Department of Physical Therapy, University of
British Columbia, Vancouver, BC, Canada; 2BC Children’s Hospital,
Vancouver, BC, Canada; 3Department of Orthopaedics, University of British
Columbia, Department of Orthopaedic Surgery, BC Children’s Hospital,
Vancouver, BC, Canada

Background and Objective(s): Hip surveillance for children with
cerebral palsy (CP) aims to identify hip displacement at an
early stage. Migration percentage (MP), measured from
antero-posterior (AP) pelvis radiographs, is the accepted radi-
ological measure used to monitor hip displacement with a
referral to orthopaedics recommended once the MP exceeds
30%. In British Columbia, a large Canadian province span-
ning almost 1 million square kilometers, children enrolled in
the provincial hip surveillance program often receive imaging
in their local community hospital. Here we present a review
of radiology reports of pelvis x-rays completed in community
hospitals as part of hip surveillance.
Study Design: Retrospective cohort study.
Study Participants & Setting: The radiographs of 960 children
enrolled in a provincial hip surveillance program were
included. All AP pelvis radiographs done as part of hip
surveillance between September 2015 and December 2019
were reviewed. Images were excluded if MP was measured
from non-specific images of the hips and pelvis (e.g. abdomi-
nal x-ray showing hips and pelvis).
Materials/Methods: MPs measured from all radiographs com-
pleted as part of the Child Health BC Hip Surveillance Pro-
gram and recorded in the program’s database were reviewed.
Corresponding radiological documentation and reported MP
(where present) were also retrieved and analyzed. In addition,
to further evaluate the effectiveness of radiology reports in
identifying hip displacement, all reports for images completed
at community hospitals or clinics that prompted a referral to a
pediatric orthopaedic surgeon were reviewed.
Results: A total of 1849 radiographs were included in the
review. Of these, 69.3% (1282) were completed at the pro-
vince’s only dedicated children’s hospital and 30.7% (567)
were completed at 64 different hospitals or clinics throughout
the province. In considering the images completed at the chil-
dren’s hospital, 17.6% (225/1282) of radiographs had a
reported MP for both hips and 7.3% (93/1282) for only one
hip. When compared to the values measured by the program
coordinator, 89.5% (486/543 hips) of the MP values were
within 10%. Only 3.9% (22/567) of the radiographs com-
pleted at community hospitals had a reported MP value for
one or both hips with 85.7% (30/35 hips) of MP values mea-
suring within 10% of the value measured by the program
coordinator. There were 46 radiographs completed at commu-
nity hospitals that had MP values >30% and resulted in a
referral to a pediatric orthopaedic surgeon after review by the
Hip Surveillance Program team. MPs of the displaced hips
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measured between 31% and 100%. MP was measured for 2
radiographs (3 hips) with 59% of reports noting lateral uncov-
ering. Acetabular index was measured or commented on in
41% of reports. Seven reports stated normal or unremarkable
findings (range of MP 31–55%). Three reports recommended
additional images.
Conclusions/Significance: Reporting of MP on AP pelvis radio-
graphs completed for hip surveillance was rare, particularly in
the community setting. Community reporting of MP and lat-
eral uncovering was inadequate to allow for detection of hip
displacement from radiological reporting alone. When imple-
menting hip surveillance guidelines for children with CP, con-
sideration should be given to who is reviewing images and
ensuring appropriate referral to orthopaedics.

SP38
Establishing surgical indications for hamstring
lengthening and femoral derotational osteotomy
in ambulatory children with cerebral palsy using
the Delphi technique-early learning
J MCCARTHY1, J DAVIDS2, A VAN CAMPENHOUT3,
H GRAHAM4, K PIERZ5, R KAY6, B SHORE7,
W SHRADER8, H CHAMBERS9, T THEOLOGIS10,
T NOVACHECK11, U NARAYANAN12, E RUTZ13

1Cincinnati Children’s Hospital, Cincinnati, OH, USA; 2Shriners Hospitals for
Children - Northern California & UC Davis, Sacramento, CA, USA; 3UH and
KULeuven, Leuven, Vlaams-Brabant, Belgium; 4Royal Children’s Hospital
Melbourne, Parkville, Victoria, Australia; 5Connecticut Children’s Medical
Center and University of CT School of Medicine, Hartford, CT, USA;
6Children’s Hospital Los Angeles, Los Angeles, CA, USA; 7Boston Children’s
Hospital, Boston, MA, USA; 8Thomas Jefferson University, Wilmington, DE,
USA; 9University of California San Diego, San Diego, CA, USA; 10University
of Oxford, Oxford, England, UK; 11Gillette Children’s Specialty Healthcare,
St. Paul, MN, USA; 12Sick Kids Toronto, Toronto, ON, Canada; 13The Royal
Children’s Hospital, Parkville, Victoria, Australia

Background and Objective(s): Surgical procedures have been
shown to improve the gait and physical functioning of chil-
dren with cerebral palsy (CP); however, substantial variation
exists in the clinical and patient-level factors that influence the
decision to perform surgery. This variation likely leads to
both under- and over-use of these procedures. Our hypothesis
is that it is feasible to use expert orthopedic surgeon opinion
through a Delphi technique, to establish consensus for surgi-
cal indications ambulatory children with CP.
Study Design: This study used established consensus methodol-
ogy (Delphi) to identify indications for hamstring lengthening
(HL) and femoral derotational osteotomy (FDO) in ambula-
tory children with CP.
Study Participants & Setting: This study was conducted by
researchers at 15 tertiary referral centers around the world.
We formed a 15-member panel, combined total of over
310 years of experience in the surgical management of chil-
dren with CP, all centers used 3-D motion analysis. No par-
ticipants dropped out from the study.
Materials/Methods: We created a structured format for catego-
rizing the indications and used this to created open ended
questions regarding the surgical indications for MHL and
FDO. The Delphi method consisted of 3 rounds of review.

An anonymous electronic survey was created in REDcap using
a Likert 5 level scale. Consensus was awarded when at least
80% of experts agreed to either the top or bottom two Likert
scales.
Results: A total of 104 questions were surveyed, there was con-
sensus on 53 questions. Indications for HL included a short-
ened hamstring during gait as determined by computer
modeling techniques or evaluation of excessive knee flexion.
Consensus for consideration of FDO was reached when the
IR was greater than 15 degrees on instrumented 3-D motion
analysis, or a femoral neck angle (anteversion) of greater than
30 degrees and internal rotation of greater than 60 degrees.
Conclusions/Significance: Surgical indications have a high degree
of variation between surgeons and institutions, uniform surgi-
cal indication guidelines for children with CP has the poten-
tial to decrease unneeded procedures and improving the care
of children with CP. Consensus among world experts with
decades of experience is a powerful initial step towards
decreasing variation and finding best practices for orthopedic
care in children with CP.

SP39
Hip SPICA casting is not necessary after hip
reconstruction in children with cerebral palsy
D FRUMBERG1, A TAGAWA2, L SILVEIRA3,
A SKINNER2, A VASCONCELLOS4, S DE5, J RHODES5

1Yale University, New Haven, CT, USA; 2Children’s Hospital Colorado,
Aurora, CO, USA; 3University of Colorado, Aurora, CO, USA; 4University of
Colorado Anschutz Medical Campus, Aurora, CO, USA; 5Children’s Hospital
Colorado, University of Colorado, Aurora, CO, USA

Background and Objective(s): Post-operative immobilization fol-
lowing hip reconstruction remains controversial for children
with cerebral palsy (CP). Hip SPICA casting was traditionally
used to protect surgical alignment and fixation but may confer
a burden to patients and their families and may negatively
impact their perioperative quality of life. This study aims to
identify safety and efficacy of hip reconstructive procedures
without using hip SPICA casting.
Study Design: Retrospective study.
Study Participants & Setting: An ICD-9 search was used to
identify patients diagnosed with CP who underwent Varus
Derotational Osteotomy (VDRO) with or without acetabulo-
plasty at our institution from 1995 to 2018. This initial search
yielded 233 patients (122 male), with 436 surgical hip recon-
structions for data abstraction and analysis. Of the 436 hips,
357 hips were immobilized in a hip SPICA cast post-opera-
tively, while 79 hips were treated only with abduction wedge
pillow.
Materials/Methods: All anatomic classes of CP and all levels of
the gross motor function classification scale (GMFCS) were
included. Minor and major complications, non-union, delayed
union, infection, unplanned reoperation, and fracture were
recorded for 1-year post-operatively. Anatomic medial proxi-
mal femoral angle (aMPFA), acetabular index (AI), and migra-
tion percentage index (MP) were used to assess radiographic
alignment at completion of surgery, at 6 weeks post-opera-
tively, and at 1 year post-operatively.

100 Abstracts

 14698749, 2020, S3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

cn.14662 by T
exas W

om
an'S U

niversity, W
iley O

nline L
ibrary on [17/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Results: There was not a statistically significant difference in
BMI (p=0.57), sex distribution (p=0.70), or median follow-up
time (p=0.314) between the abduction wedge pillow and
SPICA cast group. The abduction wedge pillow group con-
sisted of 2 GMFCS I, 4 GMFCS III, 11 GMFCS IV and 28
GMFCS V, while the SPICA cast group consisted of 9
unknown GMFCS, 4 GMFCS I, 7 GMFCS II, 14 GMFCS
III, 28 GMFCS IV, and 126 GMFCS V. Rates of complica-
tions were consistent among groups with no statistically sig-
nificant difference in instances of delayed unions (p=0.10),
subluxations (p=0.55), infection prevalence (p=0.25), or non-
unions (p=1.00). There was no statistically significant differ-
ence between groups in neither infection prevalence nor type
of infection (p=0.09). Additionally, there was no statistically
significant difference in aMPFA (p=0.44), AI (p=0.19), or MP
(p=1.00) at 1 year follow up.
Conclusions/Significance: This analysis reveals that the radio-
graphic and clinical results of patients treated with an abduction
wedge pillow immobilization following hip reconstruction were
not inferior to those treated with hip SPICA casting. A post-
operative protocol that excludes hip SPICA casting following
hip reconstruction is safe and may lessen the burden of surgery
for patients with CP and their families.

SP40
Natural history of patella alta in patients with
cerebral palsy
J MIN1, S KWON2, K SUNG1, K LEE1, C CHUNG1,
M PARK1

1Seoul National University Bundang Hospital, Seongnam-si, Kyonggi-do,
Republic of Korea; 2Ajou University Department of Mathematics, Suwon-si,
Kyonggi-do, Republic of Korea

Background and Objective(s): Patella alta (PA), a vertical and
proximally displaced patella due to weakened patella tendon,
is reported in 61 to 93% of ambulatory patients with cerebral
palsy (CP), and commonly co-exists with crouch gait. PA
impairs lever arm needed for knee extension, worsening
ambulatory function in patients and causing muscle fatigue
and patellofemoral pain due to excessive retro-patellar stress.
Only a few studies were conducted on natural history of PA
in CP patients. Also, there has only been a few studies

conducted to make reference for patellar height in CP patients
using Koshino-Sugimoto (KS) method. Therefore, we aim to
describe the change of PA in CP using KS ratio and assess
risk factors contributing to the progression of PA.
Study Design: A retrospective cohort study.
Study Participants & Setting: Consecutive CP patients who have
visited our institute from May 2003 to December 2019 who
are aged ≤18 years, follow up for more than 2 years, and have
taken at least two lateral knee radiographs were included in
the study. Exclusion criteria included inadequate radiographs
of either invisible patella, inadequate rotation, or radiographs
taken after interventional procedures on patella.
Materials/Methods: Reliability testing was conducted by three
of the authors before measurements were done. After imple-
mentation of inclusion and exclusion criteria, KS index of
both knee radiographs were measured in each patient. A linear
mixed model was implemented to compensate for non-univer-
sal protocol. Fixed effects were set as sex and GMFCS level,
with laterality as random effect.
Results: Total of 222 CP patients were included. KS index was
measured on 652 lateral knee radiographs. The mean age of
patients at initial assessment was 8.7�3.1 years, with an aver-
age of 7.9�4.1 years of follow-up. Reference values of KS
index of CP patients between age 4 and 18 years are presented
according to GMFCS levels (Table 1). In all GMFCS groups,
KS index decreased as patients age (p<0.0001) (Fig 1, Table 2).
In groups where KS index increased, as in progressed PA,
GMFCS levels IV (p=0.0045) and V (p=0.0040) were statisti-
cally significant risk factors.
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Conclusions/Significance: Our findings of change in KS index
warrant that PA improves as patients age in all GMFCS levels.
However, in patients in GMFCS levels IV and V, progressive
PA is expected, and should be paid more attention to.

SP41
Remodeling of femoral head deformity after hip
reconstructive surgery in patients with cerebral
palsy
J MIN1, S KWON2, K SUNG1, K LEE1, C CHUNG1,
M PARK1, K YOUN3

1Seoul National University Bundang Hospital, Seongnam-si, Kyonggi-do,
Republic of Korea; 2Ajou University Department of Mathematics, Suwon-si,
Kyonggi-do, Republic of Korea; 3DIDIM, Seoul, Seoul-t’ukpyolsi, Republic of
Korea

Background and Objective(s): Hip displacement is common in
non-ambulatory patients with cerebral palsy (CP). Hip dis-
placement eventually causes pain and hinder caregiving and
therapeutic weight bearing that is crucial to quality of life. It
has been noted by previous studies that reduction of displace-
ment through hip reconstructive surgery (HRS) which
includes femoral variation and derotational osteotomy
(FVDO) either with or without pelvic osteotomies improves
both pain frequency and intensity. Radiologic improvements
in sphericity have been studied, but there has been a lack of
quantitative evaluation. In this study, we quantitatively
assessed the extent of improvement in hip sphericity after
HRS and identify involved factors.
Study Design: Retrospective cohort study.
Study Participants & Setting: The study was conducted at a ter-
tiary referral center for CP. All patients who were diagnosed
of CP, and underwent HRS either with or without pelvic
osteotomies were included.
Materials/Methods: Preoperative and postoperative migration
percentage (MP), femoral neck-shaft angle (NSA), and
sphericity using Moss circle method were assessed along with
their age at surgery, GMFCS, performance of Dega pelvic
osteotomy, and status of triradiate cartilage. Multiple regres-
sion analyses were performed to depict the risk factors affect-
ing femoral head remodeling after HRS.
Results: Overall, 108 patients were enrolled in this study, and
642 anteroposterior hip radiographs were evaluated. Mean fol-
low-up period was 5.2�3.2 years. The average preoperative MP
was 58.3�31.7% which was improved to 9.1�15.6% at last fol-
low-up. Neck-shaft angle improved from 156.5�11.5� to
126.0�18.5�. Sphericity improved from 82.3�8.5% to
89.1�9.0%. In our study, factors affecting femoral head
sphericity were preoperative MP (p=0.005), immediate

postoperative MP (p=0.032), and performance of Dega osteot-
omy (p=0.046). With 1% increase in preoperative MP, spheric-
ity deteriorated by 0.08% (95% CI 0.03–0.14%) at last follow-
up.
Conclusions/Significance: Hip sphericity improves with HRS.
Preoperative MP, quality of reduction and acetabular coverage
are the influencing factors in femoral head remodeling.
Therefore, surgeons should plan intervention early before hip
displacement progresses; and during HRS, a definite reduction
and coverage should be obtained. Hip sphericity after HRS
has been quantitatively assessed using Moss circle method.
Surgeons should plan intervention early before hip displace-
ment progresses; and during HRS, a definite reduction and
coverage should be obtained.

SP42
Screw anterior distal femoral hemi
epiphysiodesis in children with cerebral palsy,
knee flexion contractures and crouch gait: a
retrospective case control study
J MCCARTHY1, J LONG2, D LARON3

1Cincinnati Children’s Hospital, Cincinnati, OH, USA; 2Cincinnati Children’s
Hospital Medical Center, Cincinnati, OH, USA; 3Shriners Portland, Portland,
OR, USA

Background and Objective(s): In children with cerebral palsy
who demonstrate hamstring tightness and crouched gait,
increasing attention is being paid to less invasive methods of
correction. Guided growth principles represent one such
approach, and in tandem with a serial extension casting proto-
col, provide an alternative method of addressing these con-
tractures.
Study Design: A consecutive case series patients undergoing
anterior screw hemiepiphysiodesis (AE) were entered into the
study. The study was performed at a tertiary referral center.
Study Participants & Setting: Ten patients with anterior screw
hemiepiphysiodesis, hamstring lengthening and serial exten-
sion casting (AE group), and 19 patient with hamstring
lengthening and serial extension casting (NAE group) alone
were included. Exclusion criteria was follow less than 1 year,
or knee flexion contracture less than 10 degrees.
Materials/Methods: Pre and post-operative popliteal angle and
knee flexion contracture where measured on physical exam;
the posterior distal femoral angle (on radiographs); and kine-
matic parameters (knee extension in stance, knee range of
motion and pelvic tilt) were assessed using 3-D motion
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analysis. A paired one tail t-test was used to assess significance
between method and pre-post op measures. A p-value of <0.05
was considered significant.
Results: Follow up was a mean of 15 months for both groups,
and age was similar for both groups. All clinical measures,
including knee flexion contracture, popliteal angle, knee
extension in stance and knee range of motion improved signif-
icantly for both groups (p<0.05) between pre and post-opera-
tive measures, but the magnitude improvement was larger for
the AE group. Between the groups KFC improving by 22.6°
vs 9.5° (p<0.05); popliteal angle improving 29.5° vs 13.7°
(p<0.05); knee extension in stance 27.2° versus 18.3° (p=0.54);
and knee range of motion 13.8 vs 6.0 (p=0.56); in the AE ver-
sus the NAE groups, respectively. Pelvic tilt worsened in both
groups but the difference between the AE and NAE was not
significant. The posterior distal femoral angle was measured
in 18 of 20 AE knees on lateral x-ray. Mean extension of 20.9
degrees was noticed on an average of 26 months follow up
(p<0.05). No surgery related complications were identified but
knee pain was present in 4 of 10 pts (5/20 knees), but only
one directly attributed to the screws.
Conclusions/Significance: Anterior hemiepiphysiodesis results in
significant improvement in knee extension, compared to pre-
operative measurements and compare to hamstring lengthen-
ing alone, but increase pelvic tilt can occur, and this technique
may be associated with knee pain. Anterior hemiepiphysiodesis
is a surgical option that is a low risk procedure and can pro-
vide improvements in knee extension, immediate weight bear-
ing and less involved rehabilitation.

SP43
Severe hip subluxation in non-ambulatory
cerebral palsy; What factors lead to lasting
success of reduction?
K CARROLL1, W MOSS1, B MACWILLIAMS1,
M TALMAGE1, M MCMULKIN2, G BAIRD3, A STOTTS4,
A THORMAN5

1Shriners Hospitals for Children, SLC, UT, USA; 2Shriners Hospital for
Children Spokane, Spokane, WA, USA; 3SHC-Spokane, Spokane, WA, USA;
4University of Utah, SLC, UT, USA; 5University of Utah, Shriners Hospital for
Children-SLC, SLC, UT, USA

Background and Objective(s): Up to 80% of non-ambulatory
children with spastic CP suffer progressive hip subluxation or
dislocation which may lead to pain, seating imbalance and
hygiene issues. These children are commonly medically frag-
ile, so determination of factors that lead to lasting hip stability
after reconstruction is critical. Surgery usually includes varus
rotational osteotomy (VRO) and soft tissue releases (STR);
additional procedures such as pelvic osteotomy (PO) and cap-
sulorrhaphy can increase blood loss, operative time and com-
plication rate. We studied the impact of various factors on the
survivorship of hip reconstruction in patients with > 50% ini-
tial migration percentage (MP).
Study Design: Intervention study, case-control study.
Study Participants & Setting: Non-ambulatory CP children with
greater than 75% MP at onset from SHC-SLC, SHC-Spo-
kane and Primary Children’s Hospital who underwent hip
preservation surgery.

Materials/Methods: 147 non-ambulatory children with CP
underwent surgical reconstruction of 246 hips. 167 hips had
initial MP over 50%, and an average follow-up of 6.3 years (2–
16y). Stepwise regression model to assess age, sex, initial MP,
capsulorrhaphy, STR and PO was used to determine effects on
final MP. Pelvic osteotomy consisted of Dega or Pemberton
techniques. Survivorship was defined as a final MP of <25%.
Results: Regression analysis showed that only PO and initial
MP affected survivorship. 98 hips with initial average MP of
75.7% had PO while 62 hips with initial average MP of 65%
did not have PO. Final average MP after hip reconstruction
with PO was 21% while the final MP without PO was 36%
(p<0.0001). 69/98 PO hips met survivorship criteria compared
with only 31/62 without PO (2.4 odds ratio, p=0.0094).
Seventy PO hips were matched for all factors except capsulor-
rhaphy, 23/35 hips with capsulorrhaphy met final survivorship
criteria compared to 25/35 without capsulorrhaphy despite
matched initial MP. A matched group of 14 hips without PO
(7 with capsulorrhaphy and 7 without) suggest that capsulor-
rhaphy done without PO may benefit outcomes, but differ-
ences failed to reach significance and the cohort was small.
Conclusions/Significance: Pelvic osteotomies, combined with
VRO and STR, gave the best survivorship (final MP<25%) in
severely subluxated hips in non-ambulatory CP children. This
suggests that the added risk of PO (blood loss and increased
operative time) during hip reconstruction has value in this frag-
ile patient population. Reducing the risk of recurrence of defor-
mity and the need for a second complex hip reconstruction is
highly valuable. Although capsulorrhaphy has been suggested
for high degrees of MP, our data does not show a significant
benefit if a concomitant PO is done. The addition of reshaping
PO is highly significant in the long-term survivorship of hip
reconstruction on non-ambulatory children with CP.

SP44
Three-dimensional ultrasound for quantifying
lateral hip displacement in children with
cerebral palsy: a validation study
R KAY1, J NOBLE2, L JOHNSTON3, S KEEVIL1,
M KOKKINAKIS4, D REED5, M GOUGH5,
A SHORTLAND6

1Guy’s and St Thomas’ NHS Foundation Trust, King’s College London,
London, England, UK; 2Guy’s and St Thomas’ NHS Foundation Trust, London,
England, UK; 3King’s College London, London, England, UK; 4Evelina London
Children’s Hospital, King’s College London, London, England, UK; 5Evelina
London Children’s Hospital, London, England, UK; 6King’s College London,
Guy’s and St Thomas’ NHS Foundation Trust, London, England, UK

Background and Objective(s): Hip dysplasia is the second most
common orthopaedic problem in children with cerebral palsy.
Radiographic screening is routinely adopted to monitor hip
development in these children to allow for timely interven-
tion. Reimer’s migration percentage (RMP) is the most com-
mon index used to quantify hip displacement. Our goal was to
assess the validity of a new index, lateral head coverage
(LHC) derived from 3D ultrasound assessment. We hypothe-
sised that LHC would be inversely correlated with RMP.
Study Design: This study was a prospective validation study.
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Study Participants & Setting: 22 participants, 15 male, aged
between 4 and 15 years were recruited prospectively for the
study. Participants were identified from paediatric orthopaedic
clinics at a tertiary level teaching hospital. The inclusion crite-
ria stipulated that the participants must have a diagnosis of
cerebral palsy, be aged between 2 and 16 years, had a 2D
radiograph of the hips as part of their routine clinical manage-
ment within the last 2 months, and not have undergone bony
surgery to the acetabulum.
Materials/Methods: Each participant had a 3D ultrasound
assessment within 2 months of their clinically acquired planar
radiograph. RMP and LHC were measured by the same asses-
sor. The reliability of LHC investigated by 3 assessors across
10 images. A paired t-test was used to assess similarity
between the two measurement techniques, RMP and LHC.
The reliability of LHC was assessed using intra class correla-
tion coefficients.
Results: LHC was strongly correlated with RMP (r=0.83
p<0.001). LHC was found to have similar between assessor
reliability to RMP (ICC=0.97).
Conclusions/Significance: This is an initial validation of the use
of 3D ultrasound in monitoring hip development in children
with cerebral palsy. The results show that LHC is comparable
to RMP in estimating hip dysplasia with similar levels of relia-
bility to the X-ray.

Other Developmental Disorders

SP45
A collective case study of inclusion in
mainstream community programs for children
with autism
S THOMPSON-HODGETTS1, S PHELAN2, J RYAN3,
D NICHOLAS4, A MCKILLOP3

1Department of Occupational Therapy, Faculty of Rehabilitation Medicine,
University of Alberta, Edmonton, AB, Canada; 2Department of Occupational
Therapy, University of Alberta, Edmonton, AB, Canada; 3Faculty of
Rehabilitation Medicine, University of Alberta, Edmonton, AB, Canada;
4Faculty of Social Work, University of Calgary, Edmonton, AB, Canada

Background and Objective(s): Inclusion is often understood as a
mindset where people feel a sense of belonging regardless of

ability or disability. Inclusive communities improve emotional,
social and academic outcomes, develop friendships and skills,
and improve tolerance of diversity for all. Inclusive communi-
ties support broad societal benefits, such as decreased stigma
associated with disability and difference. Children with autism
participate in fewer community-based programs than their
peers, often attributed to child and/or family factors such as a
lack of finances, perceived competence, and emotional and
social functioning. Social-ecological factors influencing inclu-
sion are often ignored. The objectives of this study were: (1)
to compare how parents of children with autism versus pro-
gram staff define inclusion in community programs, and (2) to
identify social-ecological facilitators and barriers to inclusion
in community programs for children with autism.
Study Design: Collective case study.
Study Participants & Setting: Data are from semi-structured
interviews with parents whose child participated in community
programs and corresponding community program leaders; a
textual analysis of policies and practices extracted from pro-
gram documents (guides, websites, registration forms, mission,
vision and value statements, inclusion policies); and observa-
tion field notes. All of these programs and participants were
from greater Edmonton, Alberta, Canada.
Materials/Methods: Cases were anchored around four main-
stream community programs (dance, swimming, cycling, day
camps) that all identified as inclusive. Cases were analyzed
individually, followed by a cross-case analysis, through an iter-
ative process of coding, categorizing, and constant compara-
tive analysis, informed by grounded theory techniques.
Results: Eight parents (seven mothers, one father) with a child
with autism (mean age=7y; range 3–10y), and 10 program staff
were interviewed. One program was perceived as an exemplary
example of inclusion by parents and program staff, whereas
three programs were perceived as exemplary by program staff,
but not by parents. Parents primarily viewed inclusion as an
overarching philosophy that supports social belonging, whereas
staff primarily discussed practices related to accommodations
and aide support, more in line with current conceptualizations
of integration. Analysis revealed one overarching theme, ‘It’s a
philosophy, not a practice or policy’, and three sub-themes,
‘Experience with autism decreases stigma’, ‘Open communica-
tion is key’, and ‘Resources can help, but also hinder inclusion’.
Conclusions/Significance: Our data suggest that programs that
identify as inclusive are not always experienced as such by par-
ents of children with autism, particularly when they are not
perceived to demonstrate a philosophy that embraces diversity
and ability. This research may increase reflection of one’s own
and organizational assumptions of autism and of current
inclusive practices and policies, to facilitate understanding and
inclusion of children with autism in community programs.
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SP46
A prospective, cross-over survey study of child-
and proxy-reported quality of life according to
spinal muscular atrophy type and medical
interventions
M HALANSKI1, M WEAVER1, R HANNA2, S HETZEL3,
K PATTERSON4, A YUROFF5, S SUND2, M SCHULTZ6,
M SCHROTH2

1University of Nebraska Medical Center, Children’s Hospital of Omaha,
Omaha, NE, USA; 2University of Wisconsin School of Medicine and Public
Health, Madison, WI, USA; 3University of Wisconsin - Madison Department
of Biostatistics and Medical Informatics, Madison, WI, USA; 4University of
Wisconsin-Madison Physical Therapy Program, Mesa, AZ, USA; 5University
of Wisconsin, Madison, WI, USA; 6AveXis, Middleton, WI, USA

Background and Objective(s): Spinal muscular atrophy (SMA) is
an autosomal-recessive, progressive neuromuscular disease
associated with extensive morbidity. Children with SMA have
potentially increased lifespans due to improved nutrition, res-
piratory support, and novel pharmaceuticals. Objectives of this
study were to report on the quality of life and family experi-
ence for children with SMA with attentiveness to patient- and
proxy-concordance and to stratify quality of life reports by
SMA type and medical interventions using different patient
reported outcome measures.
Study Design: Prospective, cross-over survey study.
Study Participants & Setting: 58 children (26 SMA Type I, 23
SMA Type II, 8 SMA Type III, 1 SMA Type IV) and their
family caregivers at a free-standing Midwestern children’s hos-
pital participated in the study.
Materials/Methods: Twenty-eight families completed the 25-
item PedsQLTM 3.0 Neuromuscular Module (NMM). Forty-
four participants completed the 36-item PedsQLTM Family
Impact Module (FIM) and 47 completed the Caregiver Priori-
ties and Child Health Index of Life with Disabilities
(CPCHILDTM) questionnaire over the study period.
Results: The PedsQLTM FIM was sensitive enough to demon-
strated significant differences between SMA types I and II in
functioning domains including physical, emotional, social, and
family relations (p<0.03). Child self-report and proxy-report
surveys demonstrated significant differences between SMA
types in the communication domains (p<0.003). Children self-
reported their QOL higher than proxy report of child QOL.
Gastrostomy tube (p=0.001) and ventilation support (p=0.029)
impacted proxy-reported QOL perspectives, while nusinersen
use did not. Spinal surgery was associated with improved par-
ental QOL and family impact (p<0.03).
Conclusions/Significance: The measurement and monitoring of
quality of life for children with SMA and their families repre-
sents an implementable priority for care teams. The
PedsQLTM FIM appeared to be a sensitive measure without
floor effect in this population.

SP47
Assessment of motor function in patients with
Duchenne Muscular Dystrophy
A JESUS1, P MITCHELL1, R SUTYLA1, I LEE1,
S REBECCA2

1University of Virginia, Crozet, VA, USA; 2University of Virginia,
Charlottesville, VA, USA

Background and Objective(s): Duchenne Muscular Dystrophy
(DMD) is a commonly inherited genetic muscular disorder.
With the development of new treatments that slow disease
progression, functional rating scales are integral in monitoring
effectiveness of treatments. We aimed to assess the correla-
tions and distributions of commonly used functional scales
and describe the potential utility of each.
Study Design: Cross-sectional study.
Study Participants & Setting: 27 males with DMD (ages 5–
38 years) were recruited in an academic medical center mus-
cular dystrophy clinic to take part in a questionnaire study
evaluating quality of life.
Materials/Methods: Data is collected for this study through
questionnaires, interview, and medical record review during
clinic visits. Functional scales obtained include the Brooke
Upper Extremity Functional Rating Scale and the Vignos
Scale of Lower Extremity Function, 6- and 10-point scales
respectively, which are quick to administer and have good
interrater reliability. The Egen Klassifikation (Fig 3) rates
overall functional ability in the non-ambulatory stage of
DMD, though the administration time is longer. Correlations
were computed using nonparametric spearman correlation
coefficients. All statistical significance tests were 2-sided with
a significance level of a=0.05.
Results: Scores in all three functional scales increased with age,
with a correlation with age of 0.75 (p<0.0001) for the Brooke
scale, 0.63 (p=0.0005) for the Vignos scale, and 0.70
(p=0.0001) for the Egen Klassifikation. The three scales corre-
lated well between each other, with a correlation of 0.94
(p<0.0001) between the Brooke and Egen, 0.69 (p=0.0001)
between the Brooke and the Vignos, and 0.69 (p=0.0001)
between the Vignos and the Egen. These scales also corre-
lated with other patient characteristics, such as a negative cor-
relation between the Egen with forced vital capacity (–0.68,
p=0.0007). The scores of the participants were relatively
evenly distributed for the Brooke and the Egen scales (Figs 1
and 2). However, over half of the participants scored a 9 on
the Vignos, with no participant scoring 4 to 8 or 10 (Fig 3).
Scores 4 to 8 describe participants who walk unassisted but
cannot climb stairs, those who cannot rise from a chair, and
those who walk or stand with long leg braces; a score of 10
describe those ‘confined to bed’.
Conclusions/Significance: The Brooke and Egen scales, both
scales of upper extremity function, correlate well with each
other, demonstrating that a quick single-point scale can be
appropriate in describing a patient’s upper extremity func-
tional status, though it does not provide specifics of fine
motor capabilities included in the Egen. Although the Vignos
scale correlates with age and with the other commonly used
functional scales, the distribution of scores demonstrates that
some of the scores are inapplicable to this patient population
and could be updated. The Brooke scale provides a helpful
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single-point reference for assessing disease progression. The
Vignos scale could be improved to better reflect the typical
progression of lower extremity function, which is critical in
guiding patient care, treatment, and research initiatives. More
research should evaluate the sensitivity of these tools to
change and their utility in documenting the progression of
walking unassisted to using a wheelchair exclusively in patients
with DMD.

SP48
Improved motor function in children with AADC
deficiency treated with eladocagene exuparvovec
(PTC-AADC): compassionate use study
P WUH-LIANG HWU1, Y CHIEN1, N LEE1, S TSENG1,
A CONWAY2, M PYKETT2, C TAI1
1National Taiwan University Hospital, Zhongzheng District, Taipei, Taiwan;
2PTC Therapeutics, South Plainfield, NJ, USA

Background and Objective(s): Aromatic L-amino acid decarboxy-
lase (AADC) deficiency is a rare inherited disorder caused by
mutations in the AADC gene. Resulting neurotransmitter
deficiencies impede typical motor development. As current
treatments yield little improvement, gene therapy has been
proposed to improve motor function. This study evaluated the
efficacy and safety of PTC-AADC, a recombinant adeno-asso-
ciated virus containing human cDNA encoding the AADC
enzyme, in children with AADC deficiency for up to 5 years
post-treatment.
Study Design: This was an observational study evaluating data
from a single-arm, investigator-initiated, compassionate-use
trial.
Study Participants & Setting: The trial enrolled children
>2 years of age with AADC deficiency (n=8) from Taiwan.
Materials/Methods: Enrolled children received bilateral intra-
putaminal PTC-AADC (total dose, 1.8x1011vg). Primary effi-
cacy endpoint was the proportion achieving key milestones at
5 years using the Peabody Developmental Motor Scale, Sec-
ond Edition (PDMS-2), compared with historical control
(n=82). Secondary endpoints included changes from baseline
in PDMS-2, Alberta Infant Motor Scale (AIMS), and Com-
prehensive Developmental Inventory for Infants and Toddlers
(CDIIT) scores and body weight, and neurological examina-
tion findings. Pharmacodynamic endpoint was putaminal 18F-
DOPA uptake on positron emission tomography (PET).
Safety endpoints included treatment-emergent adverse events
(TEAEs) and viral shedding. Mean follow-up duration was
62.5 months.
Results: At baseline no enrolled patients had full head control,
could sit unassisted, or stand or walk with support. Five years
post–PTC-AADC, 4 of 8 patients exhibited full head control
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and could sit unassisted (p=0.0002 vs control), while 2 could
stand with support (p=0.045 vs control) (Table). Mean
PDMS-2, AIMS, and CDIIT total scores (all p<0.0001) and
mean body weight (p=0.027) increased from baseline to
5 years. The number of patients with hypotonia and move-
ment disorders decreased in the first year after PTC-AADC.
Mean putaminal 18F-DOPA PET uptake increased as early as
month 6 and continued through 5 years (p=0.0134). All
patients experienced ≥1 TEAE; none considered PTC-AADC
related and most of mild/moderate intensity. Eight patients
experienced 9 possibly/probably treatment-related dyskinesia
episodes, generally in the first few months and resolving
within 4 months. Seven patients experienced ≥1 serious AE,
none PTC-AADC related. No deaths occurred during the
study (1 died after the 60 month study period). No viral shed-
ding was detected in blood.
Conclusions/Significance: Children with AADC deficiency
achieved sustained improvements in motor function after
PTC-AADC, along with rapid and maintained increased
putaminal dopamine production. No new safety signals were
identified.

SP49
Intracranial hypertension in pediatric patients
receiving nusinersen for spinal muscular atrophy
M BALDWIN1, W MARKS2, S ACORD2

1Cook Childrens’ Medical Center, North Richland Hills, TX, USA; 2Cook
Children’s Medical Center, Fort Worth, TX, USA

Background and Objective(s): Nusinersen is an intrathecally
delivered antisense oligonucleotide approved by the FDA for
treatment of Spinal Muscular Atrophy (SMA). SMA is an
autosomal recessive condition marked by the absence of
SMN1 protein and varying amounts of less functional but
similar SMN2 protein. Nusinersen is delivered via lumbar
puncture in 4 loading doses over 2 months followed by main-
tenance doses every 4 months thereafter. Side effects for
nusinersen are class specific and include thrombocytopenia,
coagulopathy, and glomerulonephritis. We started noticing
increased opening pressures on lumbar puncture and have
been trending this phenomenon. Hydrocephalus has since
been added to the medication insert for nusinersen.
Study Design: This is an ongoing review of patients with SMA
receiving nusinersen.

Study Participants & Setting: Patients with SMA receiving
nusinersen administration via lumbar puncture in a single ter-
tiary center.
Materials/Methods: Patients underwent lumbar puncture with
or without sedation per standard protocol. Opening pressures
were obtained in the normal course of the procedure prior to
nusinersen administration.
Results: Forty patients have received nusinersen in our pro-
gram since it was commercially approved. We noticed that
some patients had rapid flow of CSF leading to assessment of
opening pressure. Since then it has become a standard part of
our practice. Twenty-one patients (current age 2–22y) are cur-
rently receiving ongoing therapy via lumbar puncture (avg 9
doses, min 4, max 12). Eleven (52%) have had increased open-
ing pressures on lumbar puncture (31–53 cm water) with
onset from 5th to 12th dose. Ages of affected patients range
from 2 to 15 years. There is no correlation between type of
SMA (Type 1=1 [4%], Type 2=7 [33%], Type 3=3 [14%]) or
BMI and increased intracranial pressure. Interestingly, males
(n=9, 91%) have been diagnosed with increased intracranial
pressure more than females. Limitations include older patients
in the practice with Ommaya reservoirs (n=8) and short length
of time phenomenon has been observed. Thus far, no papille-
dema or changes on MRI have been seen although one patient
was started on Diamox prophylactically due to pressure
>50 cm water.
Conclusions/Significance: Opening pressures need to be moni-
tored in patients receiving nusinersen via lumbar puncture.
Ophthalmology evaluation and neuroimaging may be indi-
cated in selected patients.

SP50
Is the use of technology feasible to provide a
home exercise program for young people with
arthrogryposis?
M GAGNON1, G MARINO MERLO2, J COLLINS2,
R YAP2, C ELFASSY1, R HAMDY3, L VEILLEUX1,
N DAHAN-OLIEL1

1McGill University, Shriners Hospital for Children-Canada, Montreal, PQ,
Canada; 2Shriners Hospital for Children-Canada, Montreal, PQ, Canada;
3Shriners Hospitals for Children-Canada, McGill University Faculty of
Medicine, Montreal, PQ, Canada

Background and Objective(s): Arthrogryposis multiplex congenita
(AMC) is characterized by joint contractures associated with
limited joint range of motion (ROM) and muscle weakness
leading to functional limitations in daily activities. Exercises
have the potential to limit the recurrence of contractures by
maintaining ROM and muscle strength. However, lack of reg-
ular follow-up and distance between young people and spe-
cialized health care centres make regular exercise programs
difficult to implement. To overcome this challenge, telereha-
bilitation, a telecommunication technology, can be used to
deliver rehabilitation services remotely. This pilot study aims
to: (1) evaluate the feasibility of using telerehabilitation to
provide a home exercise program (HEP) for young people
with AMC; (2) assess the effectiveness of the HEP. We
hypothesize that (1) telerehabilitation will be a feasible

Scientific Posters 107

 14698749, 2020, S3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

cn.14662 by T
exas W

om
an'S U

niversity, W
iley O

nline L
ibrary on [17/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



approach to deliver a HEP; (2) participants will achieve indi-
vidualized goals.
Study Design: Case series study.
Study Participants & Setting: Young people between the ages of
8 and 21 years old presenting with a clinical diagnosis of
AMC at a pediatric orthopaedic hospital, able to communicate
in English or French, and living in Canada were included in
the study. Those who had cognitive deficits or underwent a
surgery within the last 6 months were excluded. Out of a list
of 114, 43 young people were eligible, from whom we were
able to approach 27 using consecutive sampling. Eleven con-
sented to participate. To date, 6 young people (4 males,
mean=16.2 years) from four Canadian provinces completed
the HEP.
Materials/Methods: At baseline, participants completed stan-
dardized questionnaires to evaluate pain, function and physical
activity. Rehabilitation therapists measured ROM using a vir-
tual goniometer and used the Goal Attainment Scale (GAS) to
identify personalized goals. This information was used to
develop a 12-week individualized HEP, with follow-ups every
3 weeks to monitor and adjust the HEP as needed. At the end
of the 12-weeks, participants completed the same question-
naires, as well as a satisfaction questionnaire. Descriptive
statistics (non-parametric) were used to evaluate feasibility and
effectiveness.
Results: Preliminary results indicate that participants would
like to use telerehabilitation again and five (83%) reported on
the cost-effectiveness of this approach. A compliance rate of
66% (1.97x/week) to the HEP was observed. Median GAS
score for the HEP was 65.49 and for individual goals was
53.1, indicating improvements in muscle endurance, strength,
transfer and use of the upper limbs in activity. Two partici-
pants (33%) reported increasing their weekly physical activity.
Conclusions/Significance: Preliminary results demonstrate that
telerehabilitation is a feasible approach to provide HEP to
participants of different functional levels across Canada. HEP
is effective for different individualized goals. This modality
can be expanded to young people with other chronic condi-
tions.

SP51
Withdrawn by Author

SP52
Prevalence of pressure injuries in individuals
with myelomeningocele
J STOCKMAN1,2, M BENDT3, A ALRIKSSON-SCHMIDT4

1Habilitation Center Nyk€oping, Region S€ormland and Lund University, Sk�ane
University Hospital, Department of Clinical Sciences Lund, Orthopedics,
Lund, Sweden; 2Tystberga, Sodermanlands Lan, Sweden; 3Department of
Neurobiology, Care Sciences and Society, Karolinska Institutet, Solna,
Stockholm, Stockholms Lan, Sweden; 4Lund University, Lund, Skane Lan,
Sweden

Background and Objective(s): Myelomeningocele (MMC) is a
birth defect associated with reduced motor/sensory control,
executive dysfunction, bladder/bowel control, and respiration.

There is also an increased risk of scoliosis, epilepsy, and pres-
sure injuries (PIs). PIs can cause sepsis and result in premature
death. Little is known about the prevalence of PIs in individu-
als with MMC. Study aims were to investigate (1) how many
participants reported PIs (currently-previous 4 weeks); (2)
how many of the participants using orthoses in the lower
extremities reported PIs; (3) the associations between PIs and
sex, age, type of MMC, incontinence (bladder and bowel),
sensory control, use of orthoses, muscle function level (MFL),
and walking ability.
Study Design: This was a prevalence study, with a retrospective
cross-sectional study design.
Study Participants & Setting: Individuals with MMC in Sweden
can choose to participate in a combined registry and follow-
up program called the Myelomeningocele Follow-up Program
(MMCUP). MMCUP provides a structured way of systemati-
cally organizing prospective multidisciplinary care for individ-
uals with MMC. The healthcare providers examine function
and health according to a follow-up schedule based on age.
All children with MMC or lipoMMC born in Sweden in 2007
or later have been prospectively followed by pediatric neurolo-
gists and nurses since the neonatal period, and data have been
recorded including orthopedic surgery interventions. Children
with MMC who have immigrated to Sweden, born 2007 to
2019, have been followed similarly since their arrival. The
study included all participants in the MMCUP with data
available in the data forms of interest.
Materials/Methods: This was a retrospective cross-sectional
study based on data from the Swedish MMCUP. Data were
extracted from four data forms from the latest MMCUP-
examinations. Data were presented as frequencies (n [%]) and
analyzed with chi-square and logistic regression.
Results: Of the 419 participants, 101 (24.1%) reported PIs. In
those participants who had orthoses on the lower extremities,
PIs were reported in 31.3%. Statistically significant associa-
tions were found between PIs and sensation (v² [1, n=149]
=7.65, p=0.01), use of orthoses (v² [1, n=288]=5.50, p=0.02),
MFL (v² [4, n=243]=17.80, p<0.01) and walking ability (v² [5,
n=251]=16.74, p=0.01). PIs increased with age (OR=1.03, CI
1.01–1.04).
Conclusions/Significance: PIs are common in individuals with
MMC. Individuals using orthoses on the lower extremities
appear to be at an increased risk. PIs are also more common
at reduced sensation, higher MFL, reduced walking ability
and at older ages.
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Physical Activity and Physical
Therapy

SP53
CAMP: climbing, activity, music, physical therapy,
and parents – effectiveness of an ICF-based pilot
intervention for infants and toddlers with CP
K LEVENGOOD1, L PIETRUSZEWSKI1, R BYRNE2,
M LIGHTFOOT1, S BURKHARDT1, M NEEL1,
N BATTERSON1, N MAITRE1

1Nationwide Children’s Hospital, Columbus, OH, USA; 2Cerebral Palsy
Foundation, Columbus, OH, USA

Background and Objective(s): Infants and toddlers with cerebral
palsy (CP) are an underserved population within communities
with limited resources to guide motor development. Early tar-
geted intervention critically maximize neuroplasticity. A pilot
camp model was developed to deliver a multi-modal interven-
tion using the ICF model, address activity level goals by
improving participation with enhanced environmental factors;
music therapy provided a neural scaffold and gravity-assists
allowed new motor patterns to emerge. The community set-
ting was a local rock climbing gym; fun, evidence-based activi-
ties included balance challenges, mobility (creeping or
ambulation), and rock climbing. Peers without CP promoted
a social and inclusive environment. Parents participated and
were taught infant learning principles.
Study Design: Qualitative research (observational study).
Study Participants & Setting: 10 children mean (SD) corrected
age 22.9 (10.2) months, range 10 to 36 months, participated
in 1 of 2, week-long camps and were identified through con-
venience sample via the early CP program at Nationwide
Children’s Hospital. Inclusion criteria for children with CP
(or high-risk for CP) were full head control and healthy
enough to tolerate a daily 3 to 4 hour camp; siblings within
the age range were also recruited but not included in the anal-
ysis.
Materials/Methods: Daily schedule included music and partici-
pation games, mobility (crawling/ambulation), balance, and
climbing. Individualized plans were designed by research staff
using principles of active motor learning, facilitation, and
appropriate challenge level. For mobility, children were placed
in supportive harnesses to offload body weight; counterweight
was reduced as skills progressed. Four functional levels were
determined pre-camp (day 1) based on Gross Motor Func-
tional Measure (GMFM); GMFM was also administered post-
camp (day 5). Music therapists facilitated motivation and pat-
terning during mobility, with task-specific songs created to
provide rhythmic structure and auditory reinforcement of
movement. Daily motor goal levels 0 (no progress) to 3 (suc-
cessfully completes goal-directed action) were measured.
Music support levels needed for activity ranged from 0 (maxi-
mal) to 3 (minimal). GMFM scores, motor goal, weight and
music support levels were compared by paired T-test with
bootstrap analysis (due to small sample size), with alpha=0.05.
Results: A 1-week climbing camp intervention significantly
increased motor measures (goal level, gravity support,
GMFM, all p<0.05) in infants and toddlers with CP (Table 1).

Music therapy support level with mobility also demonstrated
significantly less support was required to engage and pattern
(p=0.04).
Conclusions/Significance: Involvement in a multi-modal commu-
nity-based climbing camp can improve functional motor abil-
ity in young children with CP. Future directions include
expanding to a multi-center comparative effectiveness project.

SP54
Effectiveness of the serial casting method to
correct the rigid and severe equinus deformity in
children with cerebral palsy
B MOREIRA1, L SALOM ~AO2, A SILVA2, T GOMES2,
L OLIVEIRA2, L RHODEN2, R CARVALHO2, I SERPA3

1The Sarah Network of Rehabilitation Hospital, Brasilia, Distrito Federal,
Brazil; 2Sarah Network of Rehabilitation Hospital, Sao Luis, Maranhao,
Brazil; 3Instituto Universit�ario Italiano de Ros�ario, Rosario, Santa Fe,
Argentina

Background and Objective(s): A severe and rigid equinus defor-
mity is a common indication for surgical treatment in children
with cerebral palsy (CP). However, surgery performed in the
early stages of development is associated with a high recur-
rence rate and a risk of over-lengthening. This study aimed to
evaluate the effectiveness of the serial casting method to cor-
rect the rigid and severe equinus deformity in children with
CP.
Study Design: A triple-blind randomized clinical trial.
Study Participants & Setting: The study was conducted at a
rehabilitation referral center with 30 children who had spastic
CP and an equinus gait pattern. Inclusion criteria were age
between 3 to 8 years, GMFCS I and II, and lack of dorsiflex-
ion of the foot more than 80 degrees or –10° to neutral with
the knee extended. Participants with spasticity of foot inver-
tors, hamstrings, and hip flexor-adductor muscles, and those
who had undergone previous treatment for spasticity or sur-
gery were excluded.
Materials/Methods: Participants were randomly assigned to
serial casting group or control group in a ratio of 1:1 to com-
pare the serial casting method with the natural history of
equinus deformity. Intermittent casts were applied and chan-
ged every 2 weeks until ≥5° of dorsiflexion with the knee in
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extension. The primary outcome measure was the range-of-
motion test (ROM). Secondary assessment included the Modi-
fied Tardieu Scale-R1 (MTS), Modified Ashworth Scale
(MAS), Edinburgh Visual Gait Scale (EVGS), Gross Motor
Function Measure (GMFM-88), and Functional Assessment
Questionnaire (FAQ) at baseline, post-cast, 3-month, and 12-
month follow-up.
Results: Mean values of ROM before (–26.3�8.9°) and after
(12.0�5.6°) serial casting group were significantly different
(p<0.0001) while mean values in the control group were simi-
lar before (–21.6�7.9°) and after (–22.0�9.2°) the 12-month
period (p=0.83). Mean ROM values at the end of the 12-week
period of the serial cast group (12.0�5.6°) and the control
group (–22.0�9.2°) were also significantly different
(p<0.0001). Significant effects were also found for MTS-R1
(p<0.001), MAS (p=0.001), EVGS (p=0.001), GMFM-88
(p=0.005), and FAQ (p<0.001) at the 9-month follow-up com-
pared to baseline values.
Conclusions/Significance: The study demonstrates the efficacy of
the serial casting method in the treatment of severe and rigid
equinus deformity in children with CP between 3 and 8 years
old. The static correction was followed by a better foot posi-
tion for walking and also improved gross motor function mea-
sures and gait function. The results remained stable at
9 months post-intervention.

SP55

Fuzzy, funny and fun! A thematic analysis of the
experiences of children with cerebral palsy and
their families in a goal-directed cycling program,
‘Let’s Ride a Bike’
E ARMSTRONG1, B GOODLICH2, R BOYD3, C CARTY1,
M KENTISH4, S HORAN2

1Griffith University, South Brisbane, Queensland, Australia; 2Griffith
University, Southport, Queensland, Australia; 3The University of Queensland,
Brisbane, Queensland, Australia; 4Children’s Health Queensland, South
Brisbane, Queensland, Australia

Background and Objective(s): The ‘Let’s Ride a Bike’ random-
ized controlled trial (RCT) for children with CP reported
clinically meaningful and significant improvements in gross
motor function following 8 weeks of adapted-cycling, func-
tional-electrical stimulation (FES) cycling and goal-directed
training. This qualitative study aimed to capture of the experi-
ences of the trial participants to provide insights on program
feasibility, engagement, perceived barriers and facilitators to
participation.
Study Design: Qualitative study using an inductive thematic
analysis.
Study Participants & Setting: Participants included children
with CP aged 6 to 18 years, Gross Motor Function Classifica-
tion System (GMFCS) levels II to IV, and their caregivers
who participated in the ‘Let’s Ride a Bike’ RCT at a tertiary
children’s hospital in Australia.
Materials/Methods: Children and families voluntarily partici-
pated in semi-structured interviews at the end of the RCT.
Interview questions were directed at children, and/or parent
proxies. The thematic analysis followed six recursive steps,
embedding trustworthiness criteria to instill confidence in the

analysis. Interviews were recorded and transcribed after data
collection was complete and coded independently by two
investigators using NVivo 12. Codes were systematically ana-
lyzed and organized into themes by two investigators using
mind maps. Data-excerpts were checked to ensure they
formed coherent patterns and a third investigator reviewed the
final themes in detail.
Results: 17 interviews were conducted with 29 participants (11
children: 3 male; 7–14 years, GMFCS II=6, III=4, IV=7; 18
primary caregivers). Four major themes emerged: facilitators
and challenges to program engagement; perceived outcomes;
the FES-cycling experience; and previous participation in
cycling. ‘Therapist’s connection with participants’, ‘cycling is
fun’ and ‘participant driven goal setting’ were major facilita-
tors to engagement, while ‘getting there’ and ‘taking time off
school’ were challenges. Participants positively linked
improved physical function to greater independence and par-
ticipation in life activities. Participants were very positive
about cycling outdoors. The FES-experience was ‘fun and
challenging’, and participants had mixed feelings about elec-
trode ‘stickiness’ and the FES sensation. Previous cycling par-
ticipation was limited by access to appropriate bikes.
Conclusions/Significance: This study identified facilitators and
challenges to participant engagement that hold practical rele-
vance for researchers and clinicians. Parents were willing to
overcome challenges of ‘getting there’ and ‘busy life sched-
ules’ if they were motivated for their child to achieve func-
tional outcomes and saw value in the program for their
children. Consideration should be given to program location,
appointment timing and accessibility to ensure program con-
venience. When prescribing adapted bikes and FES-cycling
programs, environmental and personal factors must be consid-
ered.

SP56
Is adapted cycling training achievable in children
with cerebral palsy with poor motor function?
C DUSSAULT-PICARD1, B SINCLAIR2, A POULIOT-
LAFORTE2, A PARENT3, J LACHAPPELLE4, M LEMAY5,
L BALLAZ5

1Universit�e du Qu�ebec �a Montr�eal (UQAM), Laval, PQ, Canada; 2Centre de
Recherche du CHU Sainte Justine, Montreal, PQ, Canada; 3Universit�e du
Qu�ebec �a Montr�eal (UQAM), Montr�eal, PQ, Canada; 4�Ecole Victor-Dor�e,
Montr�eal, PQ, Canada; 5Centre de Recherche du CHU Sainte-Justine,
Montr�eal, PQ, Canada

Background and Objective(s): Children with CP stand with lower
muscle strength, as well as poor cardiorespiratory fitness com-
pared to their typically developing peers. In ambulatory chil-
dren with poorer gross motor function (GMFCS II–IV), these
infirmities lead to low walking capacities. Indeed, body weight
is an important contributor to the work load during walking
and highly contributes to early exhaustion, which limits their
maximal walking distance. Locomotion impairments of chil-
dren with CP promote physical health deconditioning by lim-
iting opportunities of physical activity. Considering
Verschuren’s recommendation, cycling exercise could be a
promising approach to improve cardiorespiratory fitness. The
objectives of this study were (1) to assess if tricycle cycling
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exercise is in accordance with Verschuren’s recommendations,
in terms of intensity and duration, and (2) to report if muscle
weakness and gross motor function could impact training fea-
sibility.
Study Design: Pilot study.
Study Participants & Setting: Thirteen children with spastic
CP, who were able to ride a tricycle (Trivel, Montr�eal,
Canada) were included (aged 5–11 years; GMFCS level II–
IV). A 9-week training program (2 sessions/week) was imple-
mented on stationary tricycle in a school for children with
motor disabilities (Victor-Dor�e, Montreal, Canada).
Materials/Methods: Intervals training with standardized encour-
agements were planned for each session. Intensity and dura-
tion of exercise were evaluated during each session. Lower
limbs isometric muscle strength (LMS) was assessed before
training.
Results: Cycling time was 18.0�2.3 min (GMFCS
II=19.4�1.5 min; GMFCS III and IV=16.8�2.3 min,
p=0.018). The %HRR during cycling bouts was 45.2�9.8%
(GMFCS II=41.1�11.0%; GMFCS III and IV=48.6�7.7%,
p=0.046). LMS correlates significantly with cycling time
(r=0.879, p=0.0001), cycling cadence (r=0.747, p=0.003) and
cycling power (r=0.764, p=0.002). No complaint of pain or
injury related to the cycling training was reported by the par-
ticipants or their parents.
Conclusions/Significance: This research demonstrated the poten-
tial of tricycle training to promote cardiorespiratory health fit-
ness in children with CP with low motor function. Tricycle
cycling exercise is more challenging for children with lower
gross motor functional level, which influences the activity
duration and intensity. Inferior cycling performance in chil-
dren with GMFCS III and IV may correspond to an early
fatigue during the exercise. Outcomes support the interest of
using tricycle for daily locomotion in adapted environments
e.g. school, home, streets, for poor walkers to prevent physical
health deconditioning.

SP57
Mental health benefits of physical activity in
young people with cerebral palsy: a scoping
review
J STAROWICZ1, K PRATT1, L BRUNTON2

1Western University, London, ON, Canada; 2Western University, CanChild
Centre for Childhood Disability Research, London, ON, Canada

Background and Objective(s): Young people with cerebral palsy
(CP) are at an increased risk of developing psychological dis-
orders compared to young people who are developing typi-
cally. Although physical activity (PA) may be an effective
treatment strategy for this issue, as evidenced by numerous
studies in the general population, few studies have examined
the relationship between PA and mental health for children
with CP and no studies have synthesized the results to assist
with recommendations for PA prescription.
Study Design: Scoping review.
Study Participants & Setting: This scoping review included
studies examining the mental health benefits of interventions

measuring PA in any form in young people with CP aged 2 to
18 years.
Materials/Methods: This study uses the Arksey & O’Malley
methodological scoping review framework to map the docu-
mented mental health benefits associated with PA interven-
tions for young people with CP. The search for articles was
conducted in February 2019 using the CINHAL, Medline,
and PsycINFO databases including all literature available to
date.
Results: The scoping review involved an initial screening of
240 titles. After 3 stages (title, abstract, and full manuscript
review), 18 articles remained. Articles that had no measured
PA or mental health component or did not present results for
young people with CP were excluded. A data extraction form
was used to document the relevant information from all
included full manuscripts. The majority of studies measured
the effects of PA on quality of life (QOL), while a variety of
physical activity interventions were conducted. Nine studies
found that PA can improve total QOL and/or specific sub-
scales of QOL measures. However, several other studies did
not find any significant effects of PA on QOL. Three studies
(two swimming/aquatic interventions and one cycling exer-
game intervention) found that the interventions were highly
enjoyable for participants and are particularly feasible in this
population. No studies specifically assessed mental health
symptoms of anxiety and/or depression.
Conclusions/Significance: The results of this review highlight the
need for more research regarding the mental health benefits
of PA in young people with CP. There are currently no stud-
ies that investigate whether PA can benefit specific aspects of
mental health, such as anxiety or depression, in this popula-
tion. Some studies have found that PA can benefit QOL or
aspects of QOL, however, this was not a consistent finding.

SP58
Mobility devices for children with physical
disabilities – Use, effectiveness and satisfaction
B GUDJONSDOTTIR1, S GUDMUNDSDOTTIR2

1University of Iceland, Reykjavik, Hofuoborgarsvaoio, Iceland; 2H�ask�oli
�Islands, Reykjavik, Hofuoborgarsvaoio, Iceland

Background and Objective(s): Children with physical disabilities
commonly use mobility devices, such as walkers and wheel-
chairs. Yet, there is a lack of studies on the use and effective-
ness of mobility devices on activities and participation, and
more research is needed on how satisfied children with physi-
cal disabilities and their families are with mobility devices and
how they are serviced. The objectives of the study were to
examine the use and effectiveness of mobility devices among
children with physical disabilities and the satisfaction with
their mobility devices and related services.
Study Design: A quantitative cross-sectional study design.
Study Participants & Setting: Those eligible to participate in
this study were all children with physical disabilities aged 6 to
18 years, who used mobility devices (walkers, manual and/or
powered wheelchairs), and their parents needed to understand
Icelandic. The children’s medical diagnosis was cerebral palsy,
spinal muscular atrophy, Charcot-Marie-Tooth disease, spina
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bifida or Duchenne disease. This study took place in Iceland,
where health care is publicly funded, meaning that residents
are insured by the state. It was done in collaboration with the
Icelandic Disability Alliance, an umbrella organisation of 43
associations of people with disabilities and the Icelandic
Health Insurance, a state institution which provides assistive
devices to those who need them. The members of these insti-
tutions were involved in the development of the research pro-
tocol.
Materials/Methods: Web-based survey was sent to parents of
children with physical disabilities. The use and effectiveness of
mobility devices were measured with a questionnaire designed
for this study. The satisfaction with the properties of the
devices and related service was measured with the 12 item
Quebec user evaluation of satisfaction with assistive technol-
ogy (QUEST) 2.0.
Results: Response rate was 61.8% (n=34). Most of the children
used mobility devices associated with school and social life.
For the majority (around 80%), mobility devices had a posi-
tive effect on activities and participation; negative effects were
minor. Analysis indicated overall satisfaction across all items
in Quest. There was no significant difference in participants’
satisfaction with each item of the QUEST 2.0 questionnaire
between types of mobility devices with p ranging from 0.16 to
1.00, supported by 95% confidence intervals. No significant
difference was in participants’ satisfaction between properties
of the device and the related service (walkers p=0.47, manual
wheelchairs p=0.08, and powered wheelchairs p=1.00) The
majority were satisfied with the size, safety and effectiveness
of their mobility device but less satisfied with the weight and
adjustments. Most participants were satisfied with the service,
except the follow-up.
Conclusions/Significance: The results can be used to guide
healthcare workers when providing mobility devices and pro-
mote improvements in services where it is needed. Further
research is needed to facilitate evidence-based practice when
providing mobility devices.

SP59
Social and ecological determinants of physical
activity for young people with cerebral palsy
G GORTON1, J OLIPHANT2

1Shriners Hospitals for Children - Springfield, Springfield, MA, USA;
2Walden University, Minneapolis, MN, USA

Background and Objective(s): Physical inactivity is a leading
cause of morbidity and mortality, increasing the risk for poor
physical, social, and mental health. However, fewer than 20%
of U.S. young people meet physical activity (PA) guidelines;
young people with disabilities are even less active. PA is influ-
enced by personal, family, social, organizational, community,
and environmental factors acting within a social-ecological
framework. To what extent is not well understood. The pur-
pose of this study was to determine the extent to which social
and ecological factors are associated with participation of
young people with CP in PA using the PA for people with a
disability model (PAPDM) as the theoretical framework.
Study Design: Cross-sectional survey.

Study Participants & Setting: Convenience sample of 465 young
people (242 males, 181 females, 42 not reported) with CP,
GMFCS I (142), II (99), III (50), IV (72), V (58), age 12 to
17 years and one parent of each young person recruited from
a national pediatric specialty health care system within the
continental U.S.
Materials/Methods: Postal letters and emails were sent to par-
ents of 6,040 eligible young people. Participants completed
validated, web-based questionnaires assessing parent and
young people participation in PA, physical function, cognitive
function, fatigue, pain, strength, peer and family relationships,
self-esteem, persistence, companionship, instrumental and
emotional support, and characteristics of the natural and built
environment. Latent variables for personal, family, social,
organizational, community and environmental factors were
constructed using exploratory and confirmatory factor analy-
sis. Direct and indirect relationships among constructs were
analyzed using structural equation modeling.
Results: The response rate was 8.9%. The sample of young
people from 44 U.S. States closely reflected 2017 Census esti-
mates for age, race, ethnicity, and geographic distribution,
and the reported prevalence of CP for sex and GMFCS level.
The measurement model explained 5 to 88% of the variance
of 2 to 6 measured indicators per latent construct for per-
sonal, family, social, organizational, community and environ-
mental factors. The final structural model explained 53.1% of
the variance in young people PA with adequate model fit
(CFI=0.928; TLI=0.922; RMSEA=0.027; SRMR=0.061). PA
stage (B2=0.427), parent PA level (B2=0.142), and activity
capacity (B2=0.105) exhibited direct effects on young people
PA. Self-confidence (B2=0.631), PA stage (B2=0.427), persis-
tence (B2=0.387), athletic competence (B2=0.348), activity
capacity (B2=0.256), and positive friendship experiences
(B2=0.215) exhibited the strongest total effects.
Conclusions/Significance: Study findings validate the PAPDM.
Complex relationships among constructs within a social-ecolo-
gical framework explain PA of young people with CP. Self-
confidence, persistence, athletic competence, parental PA, and
close friendship experiences are modifiable factors that may
promote PA. Personal, family and social factors are important
for participation in a behavior that promotes health and well-
being in a population at risk for social exclusion, stigma, and
chronic health conditions.

SP60
The effect of performance-focused swimming
training on gross motor function in young people
with Cerebral Palsy, GMFCS IV: A longitudinal
study using single case experimental design and
meta-analysis
I DUTIA, M CONNICK, E BECKMAN, L JOHNSTON,
P WILSON, A MACARO, S TWEEDY
The University of Queensland, Brisbane, Queensland, Australia

Background and Objective(s): Non-ambulatory young people
with cerebral palsy (CP) are less physically active than their
ambulant peers, and are at risk of gross motor decline during
adolescence. Emerging evidence indicates that this decline
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may be arrested through regular physical activity, however this
premise is yet to be investigated scientifically. The aim of this
study was to evaluate the effect of performance-focused swim-
ming training on gross motor function in non-ambulatory
young people with CP.
Study Design: Single case design: concurrent multiple-baseline
design across participants.
Study Participants & Setting: Two males (aged 15 and 16 years
with spastic quadriplegic CP) and one female (aged 16 years
with dyskinetic CP), all GMFCS IV, volunteered to partici-
pate. Participants were living in the local area, were not regu-
larly physically active at the time of enrolment and had not
previously engaged in performance-focused swimming train-
ing. All testing and training occurred at the University of
Queensland.
Materials/Methods: This study used an extension of a concur-
rent multiple-baseline design across participants and com-
prised 5 phases. Participants initially commenced a baseline
phase (A1), then proceeded to the first intervention phase (B1)
at differing time points (at 10 weeks, 16 weeks, 22 weeks for
participants 1, 2 and 3 respectively). The B1 phase was a 16-
week ‘performance-focused’ swimming training program,
which comprised land-based and swimming training, and was
delivered by a team of therapists and swim coaches. This was
followed by a 5-week maintenance phase, A2, during which
there was no training; before another 16-week training phase,
B2. Participants then completed a final 5-week maintenance
phase, A3. Gross motor function (GMFM-66) was measured
repeatedly during all phases. Data were compared between
each A and B phase using interrupted time-series simulation
(ITSSIM) analysis, to calculate a standardised mean difference
effect size. A random-effects meta-analysis model was used to
aggregate effect size estimates across participants.
Results: Meta-analysis results show increases in GMFM-66
score on intervention introduction: in transition A1 to B1, and
in transition A2 to B2. The increase in transition A1 to B1
was significant and the effect size was large (d=1.77, CI=1.05–
2.49, p<0.001), however the increase in transition A2 to B2
was non-significant, the effect size was small and the confi-
dence interval included zero (d=0.44, CI=–0.24 to 1.12,
p=0.20). The data show decreases in GMFM-66 score on
intervention withdrawal: in transition B1 to A2, and in transi-
tion B2 to A3. Decreases were significant (B1–A2 p=0.005,
B2–A3 p=0.01) and effect sizes were large in both cases (B1–
A2 d=–1.27, CI=–2.15 to –0.38) (B2–A3 d=–1.48, CI=–2.62 to
–0.34).
Conclusions/Significance: This study generated Level II evidence
demonstrating that performance-focused swimming training
can enhance gross motor function in non-ambulatory adoles-
cents with CP. The intervention appears to be an age-

appropriate activity which elicits meaningful therapeutic bene-
fit and successfully fosters long-term engagement for partici-
pants. This is an important finding, as results show that
training must be continued to maintain benefits. Long-term
engagement in performance-focused training may prevent
gross motor declines which occur in this population, however
further research is required in this area.

SP61
What physical parameters are important for
performance in RaceRunning?
E HJALMARSSON1, R FERNANDEZ-GONZALO2, L
BARRERO SANTIAGO3, A PALMCRANTZ4, E PONT�EN5,
O KVIST6, J PINGEL7, F VON WALDEN5

1Karolinska Institutet, Sollentuna, Stockholms Lan, Sweden; 2Karolinska
Institutet, Huddinge, Stockholms Lan, Sweden; 3Karolinska Institutet,
Universidad Europea Miguel de Cervantes, Valladolid, Castilla y Leon, Spain;
4Karolinska University Hospital, Bromma, Stockholms Lan, Sweden;
5Karolinska Institutet, Stockholm, Stockholms Lan, Sweden; 6Karolinska
Institute, Karolinska University Hospital, Stockholm, Stockholms Lan,
Sweden; 7Department of Neuroscience, University of Copenhagen Denmark,
Copenhagen, Hovedstaden, Denmark

Background and Objective(s): The RaceRunner, a three-wheeled
running bike, enables individuals with cerebral palsy (CP) to
propel themselves forward in a running-like motion with
enough intensity to promote training adaptations. The influ-
ence of physiological parameters on RaceRunning (RR) per-
formance is currently not well understood. The purpose of
the study was to investigate correlations between physical
parameters and RaceRunning performance.
Study Design: Cross-sectional study.
Study Participants & Setting: Sixty-two individuals (mean age
22y, range 9–45y, 32 males/30 females) with CP (Gross Motor
Function Classification System, GMFCS I–V; 2-28-12-23-2)
took part in the study.
Materials/Methods: All study participants completed a 6-min
RaceRunning test. Before the test, selective motor control
(SMC) of ankle dorsi-flexion, passive range of motion and
spasticity of hip, knee and ankle were assessed. Thickness of
thigh and calf muscles were measured with ultrasound. Heart
rate was monitored throughout the test and blood lactate was
measured before and directly after the test.
Results: Performance on the 6-min RR test was influence by
GMFCS but was independent of age. Correlations (r>�0.500,
p<0.01) were detected between the 6-min RR test performance
and spasticity in extensor muscles of hip and knee, SMC of ankle
dorsiflexion, muscle thickness of thigh and calf muscles of the less
affected limb. Average and maximum heart rate, as well as lactate
correlated positively to performance on the 6-min RR test.
Conclusions/Significance: Spasticity in extensor-muscles of hip and
knee and poor selective motor control in ankle effects RaceRun-
ning performance negatively. Skeletal muscle mass is an impor-
tant factor for RaceRunning performance. Our findings stress
the need for optimization of physical exercise regimes for indi-
viduals with CP in order to stimulate maintenance of skeletal
muscle mass and function enabling full performance.
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Spasticity Management

SP62
Botulinum Toxin-A for paediatric hypertonicity
management: Current Australian practice
S O’FLAHERTY1, K STEWART2

1Sydney Children’s Hospital Randwick Australia, Randwick, New South
Wales, Australia; 2The Children’s Hospital at Westmead, The University of
Sydney, Westmead, New South Wales, Australia

Background and Objective(s): Botulinum Toxin-A (BoNT-A)
injections are an established aspect of standard care in the
management of focal hypertonicity and have been adminis-
tered in Australian children and adolescents for more than
20 years. The original indication was for lower limb spasticity
in children with cerebral palsy. This has expanded to manage-
ment of upper limb hypertonicity to improve hand function,
head and neck and paraspinals to manage abnormal posturing
and also to manage pain, drooling and ease burden of care.
This study explored the current Australian clinical practice in
administration of BoNT-A management of Paediatric hyper-
tonicity.
Study Design: National cross-sectional survey.
Study Participants & Setting: All Australian Paediatric Rehabili-
tation consultants – from the 8 Paediatric Rehabilitation units
providing intramuscular BoNT-A to children and adolescents
to manage hypertonicity - were identified (n=35).
Materials/Methods: All identified injectors were emailed a link
to an online REDCap survey. The survey explored injector
experience, patient numbers, injection frequency, procedural
sedation and support methods, dose ranges and dose modifica-
tions.
Results: Complete responses were obtained from 31 respon-
dents with a mean of 11 years injecting experience (range 1 to
24 years), treating a mean of 118 patients per year (range 0 to
275). There was a range of injection frequency (3 months to
years). Procedural sedation and/or analgesia was used by 97%
- nitrous oxide (used by 84%), general anaesthetic (84%),
local anaesthetic cream (84%), CoolSense (45%), Buzzy Bee
(30%) or Propofol (7%) – and 60% used injecting support - a
Child Life Therapist and/or an assistant to hold the patient.
The maximum total Botox� units used ranged from 300 to
450 (mean 400, SD 20.37), with a maximum total Botox�

units per kilogram range of 12 to 20 (mean 16, SD 1.64).
Average upper limb Botox� minimum and maximum doses
(units/kg/muscle) was 1 and 5 respectively (SD 1.04 and 5.84).
Average lower limb Botox� minimum and maximum doses
(units/kg/muscle) were 1.6 to 7.8 Units respectively (SD 0.73
and 4.23). Respondents indicated they made dose modifica-
tions based on responses to previous courses, previous adverse
events, history of aspiration and/or dysphagia, the presence of
dystonia and for GMFCS V patients.
Conclusions/Significance: BoNT-A usage clinical practice in
managing hypertonicity in paediatric patients in Australia
shows high usage of sedation/anaesthesia, high consistency in
total maximum doses used and variability in maximum dose/
kg/muscle used in upper and lower limbs.

SP63
Case Series: Evaluation of outcomes of
individuals with inability to aspirate from
intrathecal baclofen pump catheter access port
L KRACH1, F SYMONS2, C BARNEY3

1Gillette Children’s Specialty Healthcare, St. Paul, MN, USA; 2University of
Minnesota, Minneapolis, MN, USA; 3Gillette Children’s Specialty Healthcare,
University of Minnesota, St. Paul, MN, USA

Background and Objective(s): Intrathecal Baclofen (ITB) is used
for the treatment of spasticity. It involves an implanted pump
connected to a catheter that delivers baclofen to the intrathe-
cal space. It can be challenging to troubleshoot issues related
to the system. The objective of this study is to describe the
clinical outcomes of patients with attempted catheter access
port aspirations that yielded no return of cerebrospinal fluid
(CSF).
Study Design: Case series of a subgroup of participants
enrolled in a prospective study of individuals with cerebral
palsy and spasticity in which CSF was obtained at various
time points to evaluate for biomarkers of pain and correlate
with behavioral pain scales.
Study Participants & Setting: 36 individuals who underwent
ITB pump implantation from mid-2013 through mid-2017
and agreed to be part of a prospective study evaluating pain
biomarkers. The study occurred at a specialty health care cen-
ter for children with disabilities.
Materials/Methods: After participants agreed to be in the study,
CSF samples were obtained at the time of their ITB pump
implantation and subsequently at clinic follow up via catheter
access port aspiration. This report is a focused review of clini-
cal findings of the subgroup from which CSF could not be
obtained by catheter access port aspiration.
Results: Eleven patients (30.5%) with ITB pumps who were
participating in the study had no return of CSF on attempted
catheter access port aspiration. Practitioners performing the
aspirations were very experienced in this procedure; they also
identified four individuals (11.1%) where they were not confi-
dent that they had successfully entered the catheter access
port. Of the 11 in which no CSF could be aspirated, six went
to surgery with one each of the following findings: catheter
kink at dura, subdural catheter, notation of multiple catheter
issues (crimping, kink), and catheter issue at connection to
pump. Two had replacement of all hardware (pump and
catheter). A seventh is scheduled for surgery. All patients who
went to surgery achieved good tone control post-operatively
on significantly lower doses of ITB than had been pro-
grammed to be delivered prior to the surgery. Another indi-
vidual experienced an episode that presented like withdrawal
and symptoms improved with programmed ITB boluses;
dosage is still increasing 5.5 years after implant. Three
patients continue to have steadily increasing doses 2.5+ years
after implant.
Conclusions/Significance: When ITB pump catheter access port
aspirations are performed there appears to be a high associa-
tion between inability to aspirate CSF and catheter problems
that interfere with baclofen delivery to the intrathecal space.
This association was confirmed at surgery in six individuals
with a seventh scheduled for surgery. The remaining four
continue with dose increases 2.5 to 5.5 years after
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implantation. This is a concern as reports indicate that doses
typically stabilize in a functioning system by 1 year post
implant. It is also concerning that these experienced practi-
tioners were not confident that they were in the access port
when attempting aspiration in an additional four cases. Cathe-
ter access port aspirations can assist in the evaluation of the
ITB system during troubleshooting.

SP64
Changes of mass of muscle after botulinum toxin
injection in children with spastic hemiplegic
cerebral palsy
D JANG1, J KIM2, D LEE2

1Department of Rehabilitation Medicine, Incheon St. Mary’s Hospital,
College of Medicine, The Catholic University of Korea, Houston, TX, USA;
2Department of Rehabilitation Medicine, Incheon St. Mary’s Hospital,
College of Medicine, The Catholic University of Korea, Bupyeong-gu,
Inch’on-jikhalsi, Republic of Korea

Background and Objective(s): The purpose of the present study
was to evaluate the muscle mass changes after botulinum toxin
type A (BoNT-A) injection in children with spastic hemiplegic
cerebral palsy (CP).
Study Design: Prospective observational study.
Study Participants & Setting: Children who were diagnosed
with hemiplegic CP with spastic equinus gait in the affected
side aged between 2 and 18 years were prospectively enrolled
for the study.
Materials/Methods: The participants were injected with BoNT-
A on the affected lower extremity. The lean mass was mea-
sured by Dual-Energy X-Ray absorptiometry at baseline,
4 weeks, and 12 weeks after injection. In consideration of the
physiological increase of muscle mass during development, the
ratios of lean mass of the injected leg to the total body and
the injected to the non-injected leg were analyzed, respec-
tively.
Results: A total of 15 children with hemiplegic CP were
recruited. Four weeks after injection, the lean mass of the
injected leg tended to decrease, but after 12 weeks, it signifi-
cantly increased compared to after 4 weeks. The lean mass of
non-injected leg increased significantly after 4 and 12 weeks,
respectively, compared to the baseline measurement. The ratio
of the lean mass of the injected leg to the total body was sig-
nificantly reduced 4 weeks after injection. However, after
12 weeks, muscle loss was significantly recovered. Similarly,
the ratio of the lean mass of the injected leg to the non-
injected leg also decreased after 4 weeks but increased again
after 12 weeks.
Conclusions/Significance: The present study showed that muscle
mass of the injected-leg decreased for a short time after
BoNT-A injection in children with hemiplegic CP but recov-
ered 12 weeks later. This suggests that BoNT-A injections
used in children with CP can be used safely because they do
not result in significant muscle atrophy in the long term.

SP65
Complications of intrathecal Baclofen pump in
children with spastic cerebral palsy. Comparative
analysis of patients weighting more or less than
20 kg at the time of implantation
G DE COULON1, F CANAVESE2, A TABAR3

1University Hospital Geneva, Presinge, Geneve, Switzerland; 2Hospital CHU
Estaing, Clermont Ferrand, Auvergne, France; 3University Hospital of Geneva,
Geneva, Switzerland

Background and Objective(s): The purpose of this study was to
investigate the incidence of complication in paediatric spastic
cerebral palsy (CP) patients less than 20 kg of weight at the
time of intrathecal baclofen pump (ITB) implantation, and to
compare it with spastic CP patients heavier than 20 kg when
ITB implantation
Study Design: Retrospective.
Study Participants & Setting: We retrospectively reviewed all
pediatric patients with spastic CP treated at our Institution
from January 2002 to January 2018, requiring ITB implanta-
tion. 27 consecutive children recorded, of which 8 underwent
ITB implantation with weight below 20 kg (Group A), and 19
with weight above 20 kg (Group B).
Materials/Methods: We looked for demographic and clinical
data of both groups: sex, age, disability score according to
GMFCS level, surgical procedure (subfascial or epifascial
implantation of ITB), incidence and nature of complications.
The indication for implantation of an ITB pump was func-
tional impairment caused by treatment-refractory, generalized
spasticity and a modified Ashworth score greater or equal to
3.
Results: All 27 consecutive children with ITB implantation
were recorded, of which 17 were GMFCS V (8 in Group A
and 9 in Group B; 63%), 8 were GMFCS IV, 1 was GMFCS
III, and 1 was GMFCS II (all Group B). Mean age at the time
at ITB implantation was 7.4 � 3.2 years (range 3–13) and
11.5 � 4.9 years (range 6–20y) in Groups A and B, respec-
tively. Eight patients (6 males, 66.7%) weighted less than
20 kg (16.2 � 2.4 kg, range 12–19 kg) at the time of ITB
implantation and were included Group A, and 19 patients (13
males, 76.5%) weighted more than 20 kg (28.8 � 14.7 kg,
range 20–76 kg) at the time of ITB implantation and were
included in Group B. Overall, the majority of adverse events
associated with intrathecal baclofen infusion consisted of
catheter problems requiring surgery. Pump removal was due
to battery withdrawal. No surgical site infections were
recorded. Overall, 7 out of 27 patients (25.9%) developed a
complication and required a second operation. In particular 2
patients were in Group A (2/8; 25%) and 5 were in Group B
(3/19; 26.3%). In Group A (<20 kg) one patient with severe
opistotonos had catheter dislodgment from the spine and
required revision; the second patient required catheter revision
due to pump malfunction. In Group B (>20 kg) one patient
required revision of the scar at the level of the spine
19 months after pump implantation, no infection was found
and the patient was eventually treated by corticosteroid cream.
The second patient required catheter exchange due to mal-
function; the new catheter was placed on the convex side of
the scoliosis deformity. The third patient required catheter
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revision due to disconnection. Two adverse events, CSF sero-
mas with dorsal and ventral location, were also recorded and
resolved spontaneously in Group A patients.
Conclusions/Significance: Our results show similar outcomes and
low rate of complications in all patients with spastic cerebral
palsy, regardless of the body weight. In our cohort of 27
patients with implantation of 37 pumps (10 pumps change
because battery withdrawal) did not encounter any case of sur-
gical site infection related to pump implantation. All proce-
dures were performed by a single surgeon and all devices but
two underwent subfascial implantation. It is possible that
these factors may have positively contributed to decrease the
rate of surgical site infections. In conclusion, subfascial
implantation of ITB pump in spastic CP patients weighting
less than 20 kg seems to be as safe and effective as it is in
heavier (>20 kg) pediatric patients with spastic CP.

SP66
Dosing from a phase 3, pivotal study of
abobotulinumtoxinA injection in upper-limb
muscles in pediatric patients with cerebral palsy
J OLESZEK1, A TILTON2, J CARRANZA3, N DURSUN4,
M BONIKOWSKI5, E DABROWSKI6, B REGNAULT7,
M DELGADO8

1University of Colorado School of Medicine, Aurora, CO, USA; 2LSUHSC and
Children’s Hospital of New Orleans, New Orleans, LA, USA; 3Hospital San
Jos�e Celaya, Celaya, Guanajuato, Mexico; 4Kocaeli University Faculty of
Medicine, Department of Physical Medicine and Rehabilitation, Istanbul,
Turkey; 5MCN Zag�orze Neurorehabilitation Dep, J�ozef�ow, Mazowieckie,
Poland; 6Beaumont Health, Oakland University School of Medicine, Grosse
Pointe, MI, USA; 7Ipsen, Les Ulis, Ile-de-France, France; 8University of Texas
Southwestern Medical Center and Texas Scottish Rite Hospital for Children,
Dallas, TX, USA

Background and Objective(s): We report dosing data from a
phase 3 pivotal study of repeat, upper limb abobotulinum-
toxinA (aboBoNT-A) injections in children with CP.
Study Design: NCT02106351 was a double-blind, repeat treat-
ment (up to 4 cycles) study.
Study Participants & Setting: Children (2–17 years) with CP
and spasticity in ≥1 upper-limb treated at 32 specialist clinics
across Europe, America and the Middle East.
Materials/Methods: In the first cycle, children were randomized
to aboBoNT-A 8U/kg, 16U/kg or low 2U/kg control dose
groups. Doses were divided between the primary target mus-
cle group (PTMG; elbow or wrist flexors) and additional mus-
cles tailored to clinical presentation. The PTMG could
change in cycles 2 to 4; children allocated to the 8U/kg and
16U/kg groups in Cycle 1 continued with their dose unless
changes were required to manage efficacy/tolerability (min
2U/kg, max 16U/kg). Additional injections into the lower
limbs were permitted during cycles 2 to 4 (max total body
dose of 30U/kg or 1000U, whichever was lowest). AboBoNT-
A exposure was analyzed by the individual muscles treated,
regardless of whether they were selected as PTMG; dose
ranges (min-max) are presented across all 4 cycles for the 8U/
kg and 16U/kg groups.
Results: 212 children were randomized, of which 210 received
≥1 aboBoNT-A injection. Per the protocol, the elbow and

wrist flexors were the most commonly injected upper limb
muscles. Across all 4 cycles, the brachialis was injected in
89.5% of children (dose range 0.8–6U/kg), the brachioradialis
in 83.8% (0.4–3U/kg), the flexor carpi ulnaris in 82.4% (0.5–
3U/kg) and the flexor carpi radialis in 79.5% (0.5–4U/kg).
The next most frequently injected muscle was the pronator
teres, which was targeted in 70.0% of children (0.3–3U/kg).
Other frequently injected upper limb muscles were the adduc-
tor pollicis (54.3%, 0.3–1U/kg), pronator quadratus (44.8%,
0.1–2U/kg), flexor digitorum superficialis (39.0%, 0.5–4U/kg),
flexor digitorum profundus (28.6%, 0.5–2U), flexor pollicis
brevis/opponens pollicis (27.6%, 0.3–1U/kg) and biceps
(27.1%, 0.5–6U/kg). The most frequently injected lower limb
muscles (cycles 2–4) were the gastrocnemius/soleus/tibialis
posterior (45.5%, 1.1–14U/kg), the hamstrings (20.8%, 1.6–
10U/kg) and the hip adductors (7.9%, 2–8U/kg). AboBoNT-
A was generally well-tolerated at these doses. Muscular weak-
ness was reported in 4.3% of children in the 8U/kg group and
5.7% in the 16U/kg group.
Conclusions/Significance: These data provide information on the
dose ranges used during this phase 3 study, which were well-
tolerated. In line with the protocol, most children received
injections into the elbow and wrist flexors. However, there
was a wide variety of other upper-limb muscles injected as
physicians tailored injection patterns. Once permitted by the
study protocol, half (50%) of children also received simultane-
ous injections into the lower limb.

SP67
Effect of single event multi level chemoneurolysis
with abobotulinumtoxina on energy expenditure
and walking efficiency in children with cerebral
palsy
N LEE1, H KIM2, A NEWELL1

1Columbia University Irving Medical Center, New York, NY, USA; 2Columbia
University Medical Center/New York Presbyterian Hospital, New York, NY,
USA

Background and Objective(s): Current studies show that children
with cerebral palsy (CP) have increased energy expenditure
and reduced walking efficiency, thought to be due in part to
increased spasticity in muscles. The purpose of this study is to
determine whether a reduction in spasticity after single event
multi-level chemoneurolysis (SEMLC) would have a positive
effect on walking efficiency, oxygen consumption (VO2), gait
parameters and quality of life.
Study Design: This was a prospective study that looked to
enroll 15 to 17 pediatric patients with spastic, diplegic cere-
bral palsy. The study consisted of four visits. Participants were
evaluated by the Principal Investigator and consented by the
study team during the first visit. The second visit consisted of
the baseline measurements of oxygen consumption, 6 minute
walking test, Cerebral Palsy Quality of Life (CPQOL), range
of motion and degree of spasticity. At the end of the baseline
assessments, participants underwent SEMLC procedure. At 1-
month and 3-months post-SEMLC, participants returned to
complete the same assessments that had been completed at
baseline.
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Study Participants & Setting: Ambulatory children, aged 6 to
17 years old, with spastic diplegic CP of GMFCS levels I to
III were the target population for this study at a large aca-
demic medical center. Injections visits were either done under
sedation or in outpatient clinic.
Materials/Methods: VO2 was evaluated using a wearable
Cosmed K5 device during a 6 Minute Walking Test
(6MWT), while a GaitRite Mat was used to collect data on
gait velocity and cadence. A Polar Heart Rate monitor and
the Comsed K5 were used to record pre-, during and post-
6MWT oxygen consumption and HR. Rate of Perceived
Exertion (RPE) was also monitored throughout the test. Com-
pletion of the 6MWT ended with a 5-minute cool-down.
Modified Ashworth Scale and Modified Tardieu Scale were
used to measure spasticity in addition to range of motion.
Participants and their caregivers completed the CPQOL.
Results: Eight participants completed the study: GMFCS I
(n=1), GMFCS II (n=6), GMFCS III (n=1). Dosing of Dys-
port ranged from 500 to 1000 units (11.0–23.1 units/kg).
Average VO2 of all participants increased 11.2% between the
pre- and 1-month post-SEMLC (0.7 ml/kg/min) and 7.9%
between the pre- and 3-month post-SEMLC visit (0.6 ml/kg/
min). Gait cadence scores improved 4.8% between pre- and
1-month post-SEMLC (+4.8 steps/min), and 1.4% between
pre- and 3-month post-SEMLC (+1.4 steps/min). Gait veloc-
ity improved 14% between pre- and 1-month post-SEMLC
(+11 cm/sec) and 6.8% between pre- and 3-month post-
SEMLC (+5.3 cm/sec). 6MWT distance increased between
pre- and 1-month (+44 m, 18%) and pre- and 3-months
(+34.5 m, 14%).
Conclusions/Significance: Preliminary results show improvement
in gait velocity and cadence at both the 1 and 3-month post-
SEMLC assessments. We expected to see a decrease in VO2,
but the opposite was observed; however, this may be inter-
preted as a positive outcome with consideration of improved
gait velocity and cadence. Improved walking efficiency allowed
participants to cover longer distances, which increased VO2
demands. Upon completion of study, full analysis will be done
including secondary outcomes of quality of life and range of
motion.

SP68
Efficacy and safety of abobotulinumtoxinA in
pediatric lower limb spasticity: 2nd interim
results from a phase IV, prospective,
observational, multicenter study
M GORMLEY1, E DABROWSKI2, A TILTON3,
A CHRISTIAN4, S EVANS5, P MAISONOBE6, S WIETEK7

1Gillette Children’s Specialty Healthcare, St. Paul, MN, USA; 2Oakland
University School of Medicine & Beaumont Hospital, Royal Oak, MI, USA;
3LSUHSC and Children’s Hospital of New Orleans, New Orleans, LA, USA;
4Good Shepherd Rehabilitation Hospital, Allentown, PA, USA; 5Children’s
Hospital of Philadelphia, Philadelphia, PA, USA; 6Ipsen, Boulogne-Billancourt,
Ile-de-France, France; 7Ispen, Cambridge, MA, USA

Background and Objective(s): AbobotulinumtoxinA (aboBoNT-
A) is approved in the US for treatment of pediatric lower limb
spasticity (PLLS) in children aged 2 to 17 years. Treatments

and goals need to be individualized according to patient
needs. The primary objective was to assess subject-centered,
function-related goal attainment (T-Score) after repeated abo-
BoNT-A injections. Long-term safety was also assessed for up
to 18 months. A first interim analysis included efficacy results
from treatment cycle 1; here we present updated data after as
many as 5 cycles, including safety results.
Study Design: This is a phase IV, prospective, observational,
multicenter study.
Study Participants & Setting: Patients with PLLS, between ages
2 and 17 years, were enrolled. Eligible patients were recruited
from the investigators’ clinical practices. Patients may have
been previously treated with any botulinum neurotoxin
(BoNT).
Materials/Methods: This phase IV study was designed to collect
real-world data on the clinical use of aboBoNT-A in patients
with PLLS. Prescription decisions were made prior to, and
independent from, study enrollment. Functional goals (utiliz-
ing the T-score) were identified at baseline by patient/parent/
caregiver in consultation with investigators. Adverse events
were reported.
Results: This second interim analysis included 201 patients, of
which 78.1% (n=157) had received prior BoNT treatment. At
time of enrollment, 69.2% were aged 2 to 9 years. The cumula-
tive T-score for the total population was 51.6 (SD 9.69). By the
last treatment assessment, mean T-score for the total popula-
tion was 48.1 (8.08); BoNT-na€ıve (n=44) had a T-score of 52.1
(3.58) versus 47.5 (8.47) in BoNT–non-na€ıve; in patients aged 2
to 9 years, T-score was 46.7 (8.31) versus 52.1 (6.41), respec-
tively, in patients aged 10 to 17 years. In the safety population
(n=243), 44 TEAEs were reported in 26 patients (10.7%); most
were mild to moderate, with 1 reported as severe. Pain in
extremity, limb discomfort, muscle swelling, and myalgia
reported in 3 patients were deemed treatment-related. No
reported TEAEs led to study drug withdrawal or death. Most
TEAEs reported were due to otitis media, pharyngitis strepto-
coccal, upper respiratory tract infection, and falls (2).
Conclusions/Significance: Goal attainment outcomes reflect over-
achievement (T-score slightly larger than 50.0) for the overall
PLLS population. AboBoNT-A was well tolerated, with a low
incidence of TEAEs. These results further support aboBoNT-
A as an effective treatment option with a positive risk-benefit
profile for pediatric patients with lower limb spasticity.

SP69
Intrathecal baclofen dosing changes after spinal
fusion surgery
W TRUONG1, K DEFOE2, J ATKINSON3,
J STANSBURY1, A SINNER1

1Gillette Children’s Specialty Healthcare, St. Paul, MN, USA; 2St. Olaf
College, Northfield, MN, USA; 3University of Minnesota, Minneapolis, MN,
USA

Background and Objective(s): Studies have shown that intrathecal
baclofen (ITB) relieves symptoms of spasticity and some dys-
tonia, while improving quality of life. Spinal surgery is com-
mon in this population and seems to be safe in the presence
of the catheter. However, there is little written about how
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baclofen dosing changes after such surgery. Objective of this
study is to evaluate the need for changes in ITB dosing fol-
lowing a spinal fusion surgery in pediatric neuromuscular sco-
liosis patients with emphasis on the direction of baclofen dose
adjustments and predisposing factors for those changes.
Study Design: Retrospective case control study.
Study Participants & Setting: Neuromuscular scoliosis patients
with cerebral palsy (CP) and an ITB pump who receive a
spinal fusion surgery at a tertiary referral center for CP.
Materials/Methods: Patients were divided into three groups
based on the difference in ITB dose from hospital admission
to discharge after spinal fusion surgery: (1) increased, (2)
decreased, or (3) remained constant. Multivariate and univari-
ate analyses were performed to identify demographic, preoper-
ative factors, and postoperative factors that predisposed
patients to each group.
Results: From 2014 to 2019, 841 spinal fusions were per-
formed, with 186 not having CP, 602 did not have an ITB
pump and 4 opted out of research leaving 49 patients for

analysis. Thirty were male (61.2%) and 19 were female
(38.8%). All but one of the patients had a GMFCS score of
IV or V and most had a 20 mL pump (85.7%) instead of a
40 mL pump. While most of the patients had no change in
ITB dose from hospital admission to discharge (71.4%), some
required a decrease (16.3%) or an increase (12.3%) in dose.
Factors that were significantly associated with a change in the
ITB dose from hospital admission to discharge included sex,
type of ITB pump, and duration of hospital stay. Specifically,
fewer of the patients requiring an increase in dose were males,
those requiring a decrease in dose were more likely to have a
40 mL pump instead of a 20 mL pump, and patients that
required an increase in ITB dose had a longer hospital stay on
average as compared to those that required a decrease or no
change. Three catheters were revised during surgery and they
all had the same dose after surgery.
Conclusions/Significance: The main findings from this retrospec-
tive chart review were that (1) most patients did not require a
change in their baclofen dose between hospital admission and
discharge, (2) those who had an increase in ITB dose were
usually discharged from the hospital at a later date for unclear
reasons, (3) patients with a larger pump more commonly
needed a decrease in dose, (4) revision of the catheter did not
change baclofen dosing postop.

SP70
Management of upper extremity with botulinum
toxin a and occupational therapy: factors
influencing treatment outcome in children with
cerebral palsy
N DURSUN1, C CEKMECE2, T GOKBEL2, E DURSUN2

1Kocaeli University Faculty of Medicine Department of Physical Medicine
and Rehabilitation, Istanbul, Turkey; 2Kocaeli University, Kocaeli, Turkey

Background and Objective(s): In children with cerebral palsy
(CP) having upper extremity hypertonia combination of Botu-
linum toxin type A (BoNT-A) and occupational therapy (OT)
is found to be more effective than OT alone in reducing
impairment, improving activity level and goal achievement.
The aim of this study was to analyze the factors affecting
treatment outcome of an integrated approach of BoNT-A and
OT in these children.
Study Design: Prospective, observational study.
Study Participants & Setting: 26 patients with unilateral CP (16
males/10 females, mean age 7.6�3.7y), rehabilitation clinic
university hospital.
Materials/Methods: Demographic and clinical properties includ-
ing Gross Motor Functional Classification System (GMFCS)
and Manual Ability Classification System (MACS) levels of
children with unilateral CP were recorded. Patients were
assessed regarding presence of learned nonuse/unilateral
neglect, sensorial deficits, type and degree of hypertonia, mus-
cle contracture in upper extremity. Passive and active range of
motion (ROM) about elbow, wrist joints and fingers were
recorded. Spasticity grade was assessed by Modified Ashworth
Scale (MAS) and Tardieu Scale. All children received an indi-
vidualized BoNT-A treatment with respect to treatment
objectives and an individualized intensive OT program for
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3 weeks. Assisting Hand Assessment (AHA) was used to evalu-
ate the treatment outcome, and logistic regression analysis
was performed to define the predictors of treatment outcome.
Results: Statistically significant improvement was obtained in
AHA score (p<0.001) with a mean change from baseline as
11.2�7.6 after treatment. Presence of cognitive dysfunction
(p=0.002), baseline GMFCS level (p<0.001), baseline spasticity
grade (p=0.001), baseline voluntary motor function (p=0.001),
type of hypertonia (p=0.022) were found to be predictors of
treatment outcome but not unilateral neglect and baseline
MACS level of the patient.
Conclusions/Significance: The results of this study showed that
in children with unilateral CP, a significant improvement was
achieved in AHA with a combined treatment of individualized
BoNT-A and OT.

Surgical Prep/Post-op

SP71
ENGAGE: Engaging families in the implementation
of surgical plans of care for children with
complex cerebral palsy undergoing orthopedic
surgery
E CASTO1, L BASTIANELLI1, J PALFREY2, L GLADER1,
J BERRY3, N EMARA1

1Boston Children’s Hospital, Boston, MA, USA; 2Boston Children’s Hospital,
Harvard Medical School, Boston, MA, USA; 3Harvard Medical School,
Boston, MA, USA

Background and Objective(s): Children with complex cerebral
palsy undergoing orthopedic surgery have increased periopera-
tive clearance needs. The family advisory council for the
ENGAGE project identified a need for more family engage-
ment, and streamlined communication between family, medi-
cal providers, and anesthesia for child-specific care
coordination. The objectives were (1) to engage families
throughout perioperative process as experts of their child; (2)
to examine how a surgical shared plan of care increases com-
munication between families, complex care providers, sur-
geons, and anesthesia; (3) to examine the role of a complex
care provider on care coordination.
Study Design: Prospective quality improvement project on the
effects of shared surgical plans of care on case coordination in
the perioperative period.
Study Participants & Setting: 20 families with children undergo-
ing orthopedic surgery between 04/2019 and 12/2019 at a
free-standing children’s hospital were enrolled in the
ENGAGE project.
Materials/Methods: Each patient underwent a comprehensive
health assessment with a complex care provider, who followed
the family throughout the perioperative process. A surgical
shared plan of care was created at time of visit with the family
to identify studies, specialist visits, and family/home needs, and
the responsible party for each task. This plan was shared with
the family, surgeon team, and anesthesia; a copy was embedded
within the child’s electronic medical record. A team of complex
care providers met weekly to review and identify outstanding
perioperative tasks listed in the surgical shared plan of care. A

team member would meet with the family at their post-opera-
tive visit for a qualitative interview with standardized questions;
qualitative interviews were also completed with medical staff
including surgeons, anesthesia, and case management.
Results: Each patient required an average of 6 hours (range 2–
10 hours) of preparation time by a complex care provider. 20
specialist referrals and recommendations, and 15 studies were
completed prior to surgery. At least one surgery was not can-
celled as a result of the preoperative preparation. Qualitative
interviews with 12 medical staff, including surgeons, identified
high satisfaction rates and felt better prepared in moving for-
ward with surgery. Families have also been satisfied with the
process, and felt more heard and supported due to the
increased communication and coordination. At least half felt
less stressed due to less last-minute scramble to complete nec-
essary tasks in order to be cleared for surgery. As a result of the
initiative: (1) orthopedic surgeons increased their referral rate
to a complex care comprehensive health assessment prior to
surgery by 50%, (2) case management were able to begin prior
authorizations for equipment and other weeks ahead of surgery,
(3) weekly review of patients ensured all tests and studies were
completed prior to surgery and action plans created.
Conclusions/Significance: Families of children with medical com-
plexity who have recently undergone orthopedic surgery high-
lighted the challenges they face when preparing for surgery,
and how more engagement and care coordination can improve
their experience. Improved communication and coordination
with the help of a surgical shared plan of care improved
preparation for surgery, reducing cancelled surgeries. Further
work in the ENGAGE project is necessary to evaluate long-
term systems management.

SP72
Factors influencing blood loss and associated
changes in laboratory values after single-event
multilevel surgery and hip reconstructive surgery
in patients with cerebral palsy
J MIN1, S KWON2, K SUNG1, K LEE1, C CHUNG1,
M PARK1

1Seoul National University Bundang Hospital, Seongnam-si, Kyonggi-do,
Republic of Korea; 2Ajou University Department of Mathematics, Suwon-si,
Kyonggi-do, Republic of Korea

Background and Objective(s): Lower limb procedures for cere-
bral palsy (CP) often cause intra-operative bleeding and
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changes in laboratory values associated with blood loss. The
purpose of this study was to evaluate blood loss and its affect-
ing factors and to investigate related changes in laboratory
values after orthopedic lower limb procedures in patients with
CP.
Study Design: Retrospective cohort study.
Study Participants & Setting: The study was conducted in a ter-
tiary referral center for CP. 1188 consecutive patients with
CP who had undergone single-event multilevel surgery
(SEMLS) and hip reconstructive surgery (HRS) were
included.
Materials/Methods: Hemoglobin/hematocrit levels and related
laboratory indices before and after surgery were collected.
The Gross Motor Function Classification System (GMFCS)
levels, body mass index (BMI), valproate intake, and surgery
types were noted. Surgeries were further categorized into
SEMLS with/without bony procedures and unilateral or bilat-
eral HRS. Multiple regression analyses were performed to
depict the risk factors for blood loss, transfusion, and changes
in laboratory values after surgery.
Results: Mean age at the time of surgery was 12.3 (standard
deviation [SD] 7.9) years. There was an average decrease of
2.0 mg/dL in hemoglobin levels with an average preoperative
hemoglobin level of 13.7 (SD 1.3) mg/dL and that 2 days
after surgery of 11.7 (SD 1.9) mg/dL. In total, 70 patients
received a transfusion. In the regression model, the type of
surgery (unilateral HRS, p<0.0001; bilateral HRS, p<0.0001)
and BMI (p=0.0006) were found to affect hemoglobin levels
postoperatively. The frequency of transfusion was significantly
affected by the type of surgery (unilateral HRS, p=0.0079;

bilateral HRS, p<0.0001) and the addition of Dega pelvic
osteotomy (p<0.0001). Preoperative albumin levels also
affected blood loss (p=0.0069). In the HRS group, the admin-
istration of valproate affected the decrease in hemoglobin
levels (p=0.0461).
Conclusions/Significance: The identified risk factors in this study
were the type of surgery, low BMI, preoperative albumin
levels, and administration of valproate. These findings warrant
that patients with CP undergoing bilateral HRS with con-
comitant Dega osteotomy should be monitored with more
care postoperatively.

SP73
Fascia iliaca pain block results in lower overall
narcotic usage and shorter hospital stays than
epidural anesthesia after hip reconstruction in
children with cerebral palsy
D LARON1, J MCCARTHY2, J KELLEY3

1Shriners Portland, Portland, OR, USA; 2Cincinnati Children’s Hospital,
Cincinnati, OH, USA; 3Cincinnati Children’s, Cincinnati, OH, USA

Background and Objective(s): Cerebral palsy (CP) represents a
wide spectrum of neurodevelopmental conditions caused by
injury to the developing brain in the perinatal period. Muscle
imbalances and spasticity can lead to hip contractures, sublux-
ation, hip dislocation, sitting imbalance and pain. Subluxation
and dislocation often requires reconstruction in order to con-
tain the hips and avoid future pain and imbalance. Children
with severe involvement (GMFCS IV–V) have a worse prog-
nosis due to the progressive nature of subluxation to frank dis-
location. Reconstruction may involve musculotendinous
lengthening or myotomies, femoral osteotomies, or pelvic
osteotomies and it can be difficult to control the pain in the
perioperative period. This study aims to evaluate the use of a
fascia iliaca block (FICNB) pain protocol in controlling post-
operative pain following hip reconstruction.
Study Design: This is a retrospective, non-randomized review
of patients with CP GMFCS IV/V who underwent hip recon-
structions between January 2017 and March 2019 by a single
senior surgeon. During this timeframe, we transitioned clini-
cally from an epidural pain protocol (January 2017–December
2017, n=22) to a FICNB protocol (January 2018–March 2019,
n=39). Preoperative demographics, co-morbidities, surgical
and postoperative pain data were collected. Data collection for
patients receiving epidural protocol was done using retrospec-
tive chart review, for which consent waiver was obtained; par-
ticipants receiving FICNB protocol were recruited
prospectively.
Study Participants & Setting: Consecutive participants of any
age, sex, or race diagnosed with CP (GMFCS IV or V) with
hip subluxation or dislocation who underwent hip reconstruc-
tion from January 2017 to March 2019 were included.
Materials/Methods: This is a retrospective study of patients
with CP who underwent hip reconstruction by a single senior
surgeon between January 2017 and March 2019. Age at the
time of surgery was 8.5 � 4.6 years. Both groups were of sim-
ilar ages, weights and underwent similar index procedures.
We recorded age, weight, overall OR time, FLACC (Face,
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Legs, Activity, Cry, Consolability) scores on PODs 0, 1, 2,
and 3, narcotic doses given, overall narcotic (mg) used, and
length of stay.
Results: Pain scores were similar between groups on POD #0,
2, and 3 but were statistically improved on POD#1 (1.8 � 1.3
vs 3.1 �1.4, p<0.001). Total number of narcotic doses (7.9 �
4.4 vs 10.7 � 2.3, p=0.004), and total Mg given (18.3 � 11.8
vs 24.7 � 12.3, p<0.05), and Mg per kilogram given (0.77 mg/
kg � 0.42 vs 1.11 mg/kg � 0.36, p=0.001) were less for the
fascia iliaca group versus the epidural group. The OR proce-
dural time (which includes anesthesia time for blocks/epidu-
rals) was lower in the block group (4.6 hours � 1.2 vs
5.7 hours � 1.1, p=0.0002). Overall hospital stays were lower
in the fascia iliaca group (3.4 days � 1.5 vs 4.1 days � 1.0,
p<0.05).
Conclusions/Significance: This study demonstrates that in the
setting of hip reconstruction in children with CP, patients that
received preoperative fascia iliaca blocks used a lower amount
of narcotics, required fewer rescue doses and ultimately had a
shorter hospital length of stay than those undergoing epidural
anesthesia. Preoperative fascia iliaca blocks promote decreased
postoperative opioid use and are associated with decreased
intraoperative time and shorter hospital stays which may
decrease overall costs and risks to the patient.

SP74
Peri-operative management of children with
spinal muscular atrophy
M HALANSKI1, A STEINFELDT2, S SUND2,
K PATTERSON3, S HETZEL4, R HANNA2, M SCHROTH2,
B MULDOWNEY5

1University of Nebraska Medical Center, Children’s Hospital of Omaha,
Omaha, NE, USA; 2University of Wisconsin School of Medicine and Public
Health, Madison, WI, USA; 3University of Wisconsin-Madison Physical
Therapy Program, Mesa, AZ, USA; 4University of Wisconsin - Madison
Department of Biostatistics and Medical Informatics, Madison, WI, USA;
5Univeristy of Wisconsin, Madison, WI, USA

Background and Objective(s): Current multi-disciplinary man-
agement of children with SMA often requires the surgical
management of spinal deformities. We present the outcomes
of our peri-operative experience treating these children around
the time of their spinal surgery and share our neuromuscular
perioperative protocol.
Study Design: A retrospective chart review was performed to
evaluate all children with SMA types 1 and 2; that underwent
thoracolumbar spinal deformity correction (posterior spinal
fusion or growing rod insertion) from 1990 to 2015.
Study Participants & Setting: Twelve SMA 1 and 22 SMA 2
patients were included in a single center.
Materials/Methods: Electronic medical records were reviewed to
assess pre-operative, intraoperative, and postop variables. T-
tests, Wilcoxon Rank Sum, Fisher’s Exact tests were performed
as appropriate. P-values <0.05 were considered significant,
however p-values were also adjusted using the Benjamini-
Hochberg adjustment to control any false discovery.
Results: Type I patients tended to be smaller and had a higher
percentage (36% vs 4.5%) of ASA class 4 patients. Preopera-
tive TPN was utilized in 75% of type 1 and 18% type 2

patients. A difficult intubation was experienced in roughly one
quarter of the patients (20% SMA I, 27% SMA II). Approxi-
mately two hours of anesthetic time were required in addition
to the actual surgical time regardless of SMA type. Postopera-
tive courses were similar for both types with all patients
admitted to the ICU and the majority remaining intubated
following surgery. ICU length of stays averaged 6 (4.0–7.5)
days for type 1 and 3 (3–5) days for type 2 (p=0.144). Average
post-operative length of stay was (8 [7–9] vs 7 [6–8]) p=1.0.
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Conclusions/Significance: Children with type 1 and 2 SMA have
similar hospital courses and can be safely surgically treated with
proper perioperative management. The surgical team should
consider perioperative TPN and NIPPV, anticipate difficult
intubations, anticipate longer than usual anesthetic times, and
potentially longer ICU stays in caring for these children.

SP75
Reasons for delayed treatment for spastic hip
instability: results of parents’ survey
V KENIS
The H. Turner Institute for Children’s Orthopaedics, Saint-Petersburg, Saint
Petersburg City, Russia

Background and Objective(s): Hip subluxation and dislocation is
one of the most important orthopedic problems in children
with cerebral palsy. Medical, social and economic impact of
spastic hip instability is very high. Despite the programs for
prevention there are still patients with spastic hip dislocation
and end stage painful osteoarthritis. Parents should be
involved in the surveillance program and decision making
regarding treatment for spastic hip. Active participation of
parents is an important part of this program.
Study Design: Ecological study.
Study Participants & Setting: Parents of 100 patients were inter-
viewed anonymously.
Materials/Methods: Parents of 50 patients operated for hip dis-
location (Grade V according Robin and Graham classification)
were interviewed anonymously (filling of the proposed form).
Control group (50 persons) included parents of children oper-
ated for hip subluxation (MP<40%).
Results: From 100 questionnaires, 86 were eligible for analysis.
71% of parents agreed with the statement that the child was
operated for hip dislocation too late. 64% delegated responsi-
bility for delay to the healthcare professionals, 27% accepted
their own responsibility. 60% parents of children with disloca-
tion delegated overall responsibility for health issues to health-
care professionals, in contrast to only 29% in control group.
Meanwhile the majority of patients in the dislocation group
were informed about it at least 3 years before surgery. In the
same group were convinced that physicians did not provide
them with proper information regarding their condition.
Conclusions/Significance: Parents and healthcare professionals
can have different opinions regarding necessity of hip surgery
for children with spastic hip. Our study demonstrates that
there is a gap between information provided by healthcare
professionals and acceptance of the information by parents. It
is important to recognize potential biases and find the ways to
overcome them in order to minimize late consequences of
delayed surgery. From the prospective of parents with hip dis-
location surgery was mostly accepted as ‘the last resort’. It
should be taken into account when discussing to the parents.
More clear information should be provided for the parents as
well as ‘parents surveillance’ should be organized along with
patients surveillance.

SP76
Revealing utilization of outpatient services for
children with cerebral palsy after single event
multi-level surgery
K GREVE1, A BAILES1, J LONG1, J MCCARTHY2,
J VARGUS-ADAMS3, B ARONOW1, A MITELPUNKT4

1Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, USA;
2Cincinnati Children’s Hospital, Cincinnati, OH, USA; 3Cincinnati Children’s,
University of Cincinnati College of Medicine, Cincinnati, OH, USA; 4Division
of Biomedical Informatics, Cincinnati Children’s Hospital Medical Center,
Cincinnati, OH, USA

Background and Objective(s): Children with cerebral palsy (CP)
have single event multi-level orthopedic surgery (SEMLS) to
improve alignment. Following SEMLS, children require out-
patient visits with several medical providers to return to base-
line function. There is a lack of research to inform patterns of
outpatient care following SEMLS. The aim of this study was
to characterize outpatient visits for children with CP 1 year
post SEMLS and examine differences between number of vis-
its and specialties by surgical burden and ambulatory status.
Study Design: Retrospective cross-sectional study.
Study Participants & Setting: Thirty-five children with CP
underwent SEMLS at a large pediatric academic medical cen-
ter between 10/2017 and 6/2018 (mean age 10 [3.65 SD]
years, 43% males, 66% White, 94% Non-Hispanic, and
Gross Motor Function Classification System [GMFCS] levels
I–V [8.5%, 20%, 23%, 40%, and 8.5% respectively]).
Materials/Methods: Data were extracted from the medical
record and confirmed by researchers. Frequencies and per-
centages were reported for outpatient visits across specialties
1 year post SEMLS. A Wilcoxon Rank Sum Test examined
differences between number of visits and specialties by surgi-
cal burden (Low: soft tissue and/or single osteotomy, High:
bilateral or multiple unilateral osteotomies) and ambulatory
status (ambulatory: GMFCS levels I–III, non-ambulatory:
GMFCS levels IV–V).
Results: Thirty-five children had 985 unique outpatient visits
over 1 year and a mean of 6 (3.37 SD) specialties. Most fre-
quent visits were therapy (52%), orthopedics (17%), and radi-
ology (13%). Fifteen percent of visits were unrelated to
SEMLS, including pediatric rehabilitation (4%), neurology
(3%), lab draws (2%), complex care clinic (2%), ophthalmol-
ogy (2%), otolaryngology (1%), and neurosurgery (1%).
Majority of surgeries were high burden (71%) with a mean of
5 (2.28 SD) procedures. Fifty-one percent of children were
ambulatory. There were no statistically significant differences
between number of visits and surgical burden (p=0.27) or
ambulatory status (p=0.36) over 1 year. A statistically signifi-
cant difference was found for number of specialties by ambu-
latory status (p<0.001) with non-ambulatory children visiting a
greater number of specialties; however, no differences were
found for surgical burden (p=0.12).
Conclusions/Significance: Children with CP see many providers
1 year post SEMLS. Most outpatient visits are for therapy,
however, 15% of visits are not directly related to SEMLS.
Children who are non-ambulatory do not necessarily have
higher surgical burden, but they see a greater number of spe-
cialties than children who ambulate. Surgical burden and
ambulatory status may not capture the complexity of each
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patient. Unveiling use of outpatient services for children with
CP 1 year post SEMLS supports the need for coordinated
care. The high number of therapy visits warrants more
detailed investigation. Results from this study contribute to
the understanding of outpatient services after SEMLS.

SP77
Tranexamic acid use decreases transfusion rate
in children with cerebral palsy undergoing
proximal femoral varus derotational osteotomy
E COMPTON1, R GOLDSTEIN1, A NAZARETH1,
S SHYMON2, L ANDRAS1, R KAY3

1Children’s Orthopaedic Center, Children’s Hospital Los Angeles, Los
Angeles, CA, USA; 2Department of Orthopaedic Surgery, Harbor-UCLA
Medical Center, Los Angeles, CA, USA; 3Children’s Hospital Los Angeles,
Los Angeles, CA, USA

Background and Objective(s): Previous studies have demon-
strated that the use of intra-operative tranexamic acid (TXA)
is safe in cerebral palsy (CP) patients undergoing proximal
femoral varus derotational osteotomy (VDRO), but were
underpowered to determine if TXA has an effect on transfu-
sion rates or estimated blood loss (EBL). The purpose of this
study was to investigate if intra-operative TXA administration
alters transfusion rates or EBL in CP patients undergoing
VDRO surgery.
Study Design: Retrospective cohort study.
Study Participants & Setting: Consecutive CP patients undergo-
ing a VDRO at a tertiary care center.
Materials/Methods: We conducted a retrospective review of 390
CP patients who underwent VDRO surgery between January
2004 and August 2019 at a single institution. Patients under-
went additional bony and soft tissue procedures as indicated.
Patients with pre-existing bleeding or coagulation disorders
were excluded, as well as those without sufficient clinical data.
Patients were divided into two groups: those that received
intra-operative TXA and those that did not.
Results: Of 390 patients (mean age 9.4 � 3.8 years; mean � s-
tandard deviation), 80 received intravenous TXA intra-opera-
tively (TXA group) and 310 did not (No-TXA group). There
was no significant difference in mean weight at surgery
(p=0.25), Gross Motor Function Classification System level
(p=0.99), American Society of Anesthesiologist classification
(p=0.50), pre-operative feeding status (p=0.16), or number of
procedures performed (p=0.12) between the two groups. The
overall transfusion rate was lower in the TXA group (13.8%;
11/80) than in the No-TXA group (25.2%; 78/310) (p=0.04).
The intra-operative transfusion rate was similar between the
two groups (TXA: 10.3% vs No-TXA: 7.5%; p=0.53), but the
post-operative transfusion rate was significantly lower in the
TXA group (7.5%; 6/80) than the No-TXA group (18.4%;
57/310) (p=0.02). The EBL was slightly lower in the TXA
group, although this did not reach significance (TXA: 142.9 �
113.1 mL vs No TXA: 177.4 � 169.1 mL; p=0.09). The stan-
dard deviation was greater in the No-TXA group due to more
extreme EBL outliers. The percentage of blood loss based on
weight was similar between the two groups (TXA: 9.2% vs
No TXA: 10.1; p=0.40).

Conclusions/Significance: The use of intra-operative TXA in CP
patients undergoing VDRO surgery lowers overall transfusion
rate and post-operative transfusion rate.

Testing and Validation

SP78
A new approach for the assessment of postural
control while standing in childhood
E BEANI1, G MARTINI1, N MAZZANTINI1, G CIONI2,
G SGANDURRA2

1IRCCS Fondazione Stella Maris, Pisa, Toscana, Italy; 2IRCCS Fondazione
Stella Maris, Department of Clinical and Experimental Medicine, University
of Pisa, Pisa, Toscana, Italy

Background and Objective(s): Children with neurodevelopmental
disorders may have problems in maintaining postural stability
if compared to their typically developing peers. The assess-
ment of postural stability is sometimes performed with some
technical platforms but mainly in adults; however, existing
data in literature, in particular in developmental age, are very
few. The aim of this work is to assess postural control while
standing with an innovative system, the Virtual Reality Reha-
bilitation System (VRRS, Khymeia) in children.
Study Design: Case series.
Study Participants & Setting: A total of 51 children (age range
4–15 years) have been selected by voluntary participation
within an inclusive skating school. Participants have been
divided in three groups: 29 typically developing (TD), 9 with
cerebral palsy (CP), and 13 with special educational needs
(SEN). The assessment has been conducted during their skating
training sessions thanks to the portable VRRS system (tablet).
Materials/Methods: All participants have been tested with a
technological assessment tool, that is the stabilometric balance
of the VRRS for the evaluation of the ability of maintaining
standing static balance connected to the tablet; moreover, TD
and SEN were tested also with Movement ABC-2nd edition
test to quantify their motor and coordination abilities. A mul-
tivariate ANOVA and a correlation analysis have been carried
out.
Results: All VRRS values about distances were different among
the three groups (p<0.05). The CP group had significantly
higher scores than the two other groups. Moreover, in the
TD and SEN groups there were a significant relationship
between the parameter ‘distances’ at the VRRS test and the
M-ABC scores (Total and Balance Section percentile). The
present findings suggest that the amount of oscillations, i.e.
the variation of the center of pressure (COP) while the partic-
ipant is in standing position, has a relationship with the clini-
cal picture: in fact, CP children have more and wider
oscillations than SEN and TD children and SEN children
have more and wider oscillations than TD children.
Conclusions/Significance: The stabilometric balance of the VRRS
system is a tool able to assess postural control in children and
its results comply with those obtained from clinical assess-
ments. Moreover, the VRRS system (tablet and stabilometric
balance) is suitable for being administered also in a non-clini-
cal environment.
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SP79
Associations between Canadian occupational
performance measure change scores and
cerebral palsy functional classification system
severity levels
C LYU1, E RUSSEL2, L WOO3

1Los Angeles County Department of Public Health, Huntington Beach, CA,
USA; 2Los Angeles County Department of Public Health, Burbank, CA, USA;
3Los Angeles County Department of Public Health, Children’s Medical
Services, California Children’s Services, Medical Therapy Program, El Monte,
CA, USA

Background and Objective(s): The Canadian Occupational Per-
formance Measure (COPM) is a patient/family-driven assess-
ment tool to identify problems and measure changes in
perception of occupational performance over the course of
therapy intervention. The Gross Motor Function Classifica-
tion System (GMFCS), the Manual Ability Classification Sys-
tem (MACS/Mini-MACS), and the Communication Function
Classification System (CFCS) are five-level classification sys-
tems that describe gross motor function, manual performance
in daily activities, and everyday communication function,
respectively, in children with cerebral palsy. We examined the
relationships between the tools, specifically whether changes
in COPM performance and satisfaction scores differ by
GMFCS, MACS/Mini-MACS, and CFCS levels. Our findings
may have noteworthy implications for practice and future
research studies in the field of pediatric rehabilitation.
Study Design: Prognosis, retrospective cohort study, consecu-
tive sampling.
Study Participants & Setting: This is a retrospective cohort
study using consecutive sampling of all children who received
therapy at outpatient California Children’s Services Medical
Therapy Units (MTUs) throughout Los Angeles County
(LAC), had a diagnosis of cerebral palsy, and a COPM com-
pleted between July of 2017 and June of 2018. There were a
total of 1,162 participants in this study.
Materials/Methods: We extracted demographics and COPM,
GMFCS, MACS/Mini-MACS, and CFCS data collected from
routine patient therapy evaluations. Our outcomes were
whether the change in performance or satisfaction scores were
clinically significant (defined as change scores ≥ 2; yes/no).
We used multiple logistic regression models to determine sta-
tistical significance and magnitude of associations between the
outcomes and severity levels, adjusting for other factors such
as age, sex, and length of time between initial and re-assess-
ment on the COPM.
Results: Patients were between the ages of 1 and 18 years and
there were slightly more males than females. Both age and
GMFCS levels were associated with clinically significant
COPM performance change scores (p=0.04 and p<0.01,
respectively) but not with clinically significant satisfaction
change scores. MACS/Mini-MACS levels were associated with
clinically significant COPM performance change scores
(p<0.01) but not with clinically significant satisfaction change
scores. CFCS levels were associated with both clinically signif-
icant COPM performance (p<0.01) and satisfaction change
scores (p=0.02).
Conclusions/Significance: The results suggest that regardless of
gross motor or manual ability function severity level therapists

can impact patient and family satisfaction. However, this may
be dependent on a child’s ability to communicate in real-life
situations. Future studies could include identifying the types
of services (e.g., direct intervention, referrals, patient/family
education, environmental adaptations) that impact patient/
family satisfaction.

SP80
Psychometric properties and clinical implications
of the general movement optimality score using
rasch analysis
V BARBOSA1, E SMITH2, C EINSPIELER3

1University of Illinois Health, Chicago, IL, USA; 2University of Illinois at
Chicago, Chicago, IL, USA; 3Medical University of Graz, Graz, Steiermark,
Austria

Background and Objective(s): The General Movement Assess-
ment (GMA) is a reliable assessment of the integrity and func-
tion of the young CNS and the most recommended
assessment for identifying a high risk for cerebral palsy. In
addition to the global categorization of general movement
patterns, the general movement optimality score (GMOS)
offers a more detailed assessment of movements at both pre-
term and term ages. Information on the psychometric proper-
ties of the GMOS, however, is limited. We aim to explore the
psychometric properties and clinical implications of the
GMOS using Rasch analysis. Rasch transforms ordinal data
(i.e., ratings with non-equal intervals) into a linear measure
with equal-interval units called logits. It does so by taking into
consideration both the level of item difficulties and person
abilities on the same scale. Therefore, an infant’s score for
any given item is assumed to be a logarithmic function of the
difference between the particular infant ability and particular
item difficulty.
Study Design: Retrospective secondary data analysis.
Study Participants & Setting: 383 infants born between 26 to 42
gestational weeks with various medical complexities and neu-
rodevelopmental risk factors (i.e., preterm birth, perinatal
asphyxia at term, parental concerns, or healthy control group)
were videotaped between 27 to 45 weeks post menstrual age
in hospitals, outpatient clinics, and community centers.
Materials/Methods: Videos were scored on both the global
GMA categories (normal, poor repertoire, cramped-synchro-
nized or chaotic), as well as on the 21 GMOS items which
look at amplitude, speed, spatial range, proximal and distal
rotations, onset and offset, tremulous and cramped compo-
nents of the upper and lower extremities. The GMOS data
was analysed retrospectively with uni- and multidimensional
Rasch models. GMOS raw scores were transformed into logit
measure, examining the item fit and scale functioning for each
item and infant in the study. Next, descriptive statistics and
ANOVAs were used to explore the implications of the Rasch
results to clinical practice, including understanding class com-
position.
Results: The GMOS best fits a unidimensional model with
three different classes of infants, with all but two items
(tremulous movements of the upper and lower extremities)
contributing to the infants’ separation into three different
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groups. Rating scale functioned well for the 19 remaining
items. Item difficulty hierarchy varied depending on infants’
class. No floor effect and no gaps between item difficulty esti-
mates were found. Ceiling effect was found for class 3 only.
Class composition revealed the unique GMOS performance
among infants with different outcomes; it was not different
based on infants’ age of testing, but was so based on cranial
ultrasound, concurrent GMA, and outcomes at 2 years of age.
Item order and item location differed by class.
Conclusions/Significance: The GMOS has strong psychometric
properties which allows a quantitative measure for quality of
movement distinguishing infants with different functional
motor performance and outcomes. The GMOS can confi-
dently be used to quantify quality of movement, grade motor
performance, study individual developmental trajectories,
including improvement or deterioration in movement pat-
terns, and assist with early diagnosis of neuromotor problems.

SP81
Reliability of a progressive lateral step up test
and its relationship with physical activity in
children with cerebral palsy
T BATSON1, H SINGH2, C ZHANG1, G COLQUITT3,
C MODLESKY1

1University of Georgia, Athens, GA, USA; 2University of Alabama at
Birmingham, Birmingham, AL, USA; 3Georgia Southern University,
Statesboro, GA, USA

Background and Objective(s): Children with cerebral palsy (CP)
have low levels of physical activity which is consistent with a
number of comorbidities, such as cardiometabolic disease.
Deficiencies in lower body functional muscle strength logi-
cally are a central contributor to the low physical activity in
children with CP; however, studies demonstrating this rela-
tionship are lacking. The purpose of this study was to assess
the reliability of a progressive lateral step up test (LSUT) for
the assessment of lower body functional muscle strength and
to determine its relationship with physical activity in children
with CP.
Study Design: Cross-sectional.
Study Participants & Setting: Thirty five children with spastic
CP (5–11y) who could ambulate independently or with an
assistive device (i.e., Gross Motor Function Classification Sys-
tem I, II or III) and 21 typically developing children in the
same age range and between the 5th and 95th sex- and age-
based percentiles for height and body mass participated in the
study. Testing occurred in a university setting.
Materials/Methods: A LSUT was completed to assess functional
muscle strength of the more affected lower limb in children
with CP and the nondominant lower limb in typically devel-
oping children. The test consisted of 3 trials in which children
performed lateral stepping onto a step as many times as possi-
ble in 20 seconds. Each trial corresponded with an increase in
step height (i.e., 10, 15 and 20 cm). A composite score was
calculated based on step height and the number of steps com-
pleted. Steps requiring assistance received a lower score. To
assess test-retest reliability, the LSUT was completed again
on a separate day in 20 children with CP. An accelerometer-

based activity monitor was worn on the ankle of the more
affected limb of children with CP and the nondominant limb
of typically developing children for 4 days (3 weekdays and 1
weekend day) to assess physical activity.
Results: Compared to typically developing children, children
with CP had a 69% lower LSUT score (p<0.05). The test-ret-
est reliability associated with the LSUT was excellent in chil-
dren with CP (r=0.95, p<0.05) and there was no difference
between tests (p=0.475). Compared to typically developing
children, children with CP had 43% lower total physical activ-
ity counts (p<0.05). There was a moderate positive relation-
ship between LSUT score and total physical activity counts in
children with CP (r=0.533, p<0.05), but a significant relation-
ship was not detected in typically developing children
(r=0.220, p=0.337).
Conclusions/Significance: The findings suggest that the progres-
sive LSUT described in the present study is a reliable measure
of lower body functional muscle strength in children with CP.
In addition, lower body functional muscle strength may be an
important determinant of physical activity participation in
children with CP.

SP82
Reliability of the Danish version of the challenge
advanced motor skills test in children with
cerebral palsy
K NORDBYE-NIELSEN1, F WRIGHT2, T MARIBO3,
O RAHBEK4, B MØLLER-MADSEN1

1Aarhus University Hospital, Aarhus N, Midtjylland, Denmark; 2Bloorview
Research Institute and University of Toronto, Canada, Toronto, ON, Canada;
3Aarhus University, Denmark, Aarhus C, Midtjylland, Denmark; 4Aalborg
University Hospital, Denmark, Aalborg, Nordjylland, Denmark

Background and Objective(s): The Challenge is a newly devel-
oped observational tool assessing advanced gross motor func-
tion of ambulatory school-aged children with cerebral palsy
(CP) (1). Translation and related reliability of the Challenge
into a non-English language has not yet been studied. The
aim of this study was to investigate the reliability of the Dan-
ish version of the Challenge for assessing gross motor func-
tion in ambulatory children with CP. The objectives were to
evaluate: (1) inter-rater reliability among physiotherapists
from live assessments, live versus video assessments and video
versus video assessments (2) same day test-retest assessments
and (3) minimal detectable change (MDC).
Study Design: Measurement study, cross sectional design.
Study Participants & Setting: The Challenge was translated
(back-translation process) into Danish. Assessment took place
with children participating after parents’ consent, recruited
from outpatient clinic (Central Region Denmark). Inclusion
criteria were: (1) confirmed diagnosis of CP; (2) Gross Motor
Function Classification System (GMFCS) level I or II; (3)
aged 5 to 18 years; and (4) understanding and able to follow
Danish instructions.
Materials/Methods: Live performance rating was conducted
with three independent assessors in pairs of two (raters A, B
and C) who scored 45 participants (26 males and 19 females;
mean age [SD] 10y 9mo [4y]). Fifteen also had their
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assessments video recorded for subsequent inter-rater video
reliability evaluation by two assessors (raters B and D). For
test-retest reliability evaluation, 22 children were assessed
twice (morning and afternoon of same day) blinded ratings by
assessor A. The Challenge Best Total score (/100) was used in
all reliability analyses. Assessors were physiotherapists who
had undergone training and had scoring of Challenge online
video-scoring approved by its developer.
Results: Inter-rater reliability was excellent for live assessments
(n=45): ICC: 0.998 (95% CI 0.997–0.999), live versus video-
recorded assessments (n=15): ICC: 0.990 (95% CI 0.972–
0.996), and video versus video assessments (n=15): ICC: 0.994
(95% CI 0.983–0.998). Test-retest reliability (n=22) was also
excellent with an ICC of 0.989 (95% CI 0.974–0.995).
MDC90 calculated from the test-retest data was estimated as
5.0 points.
Conclusions/Significance: This study showed the Danish version
of the Challenge had the same excellent reliability as the origi-
nal English language version (1). Reliability estimates in this
study evaluated inter-rater reliability and test-retest reliability
for live-testing as well as inter-rater reliability for Challenge
assessments from live- and video scoring. After passing crite-
rion-based training, physiotherapists can reliably score the
Challenge from either live or video-recorded assessments. We
found a MDC90 of 5.0 points, which appears clinically realistic
as a target signifying a child’s advanced motor skill progress.

SP83
Sensitivity of the means-end problem solving
assessment tool (MEPSAT) for discriminating
among infants with varying levels of motor delay
A BARALDI CUNHA1, I BABIK2, N KOZIOL3,
R HARBOURNE4, S WESTCOTT MCCOY5, S DUSING6,
J BOVAIRD7, M LOBO1

1University of Delaware, Newark, DE, USA; 2Boise State University, Boise,
ID, USA; 3Nebraska Center for Research on Children, Youth, Families &
Schools, University of Nebraska-Lincoln, Lincoln, NE, USA; 4Duquesne
University, Pittsburgh, PA, USA; 5University of Washington, Seattle, WA,
USA; 6Virginia Commonwealth University and Children’s Hospital of
Richmond, Richmond, VA, USA; 7University of Nebraska-Lincoln, Lincoln, NE,
USA

Background and Objective(s): Means-end problem-solving
(MEPS) tasks can serve as early indicators of infants’ cognitive
development and delays in performance and learning of
MEPS in at-risk infants have been highlighted (Clearfield
et al., 2015; Cunha et al., 2018). The Means-End Problem-
Solving Assessment Tool (MEPSAT) was recently developed
for early assessment of MEPS. The purpose of this study was
to verify whether the MEPSAT is sensitive to distinguish
developmental trends and differences among infants with vary-
ing levels of motor delay.
Study Design: Diagnostic study. A convenience sample was
enrolled from a larger randomized controlled trial (Harbourne
et al., 2018).
Study Participants & Setting: Thirty infants with motor delays,
7 to 16 months of corrected age (Mean=10.4,
SD=2.4 months), able to sit with support of their arms for
3 seconds, and not demonstrating means-end learning at the

first visit participated in this study. They were enrolled in a
longitudinal randomized controlled trial (Harbourne et al.,
2018). These infants were further classified by the severity of
their motor delay (n=10 mild; n=10 moderate; and n=10 sev-
ere) based on a scale incorporating Gross Motor Functional
Classification System (GMFCS) level (Palisano et al., 1997,
2007), distribution of motor deficit, and active movement
observed (Harbourne et al., 2018).
Materials/Methods: Children were assessed across 5 visits at
their homes (baseline and 1.5, 3, 6, and 12 months later). At
each visit, they engaged in a MEPS task: pulling a towel to
retrieve a distant, supported toy. The MEPSAT was used to
score from videos, resulting in two outcomes: (1) means-end
learning (whether successful MEPS was demonstrated); and
(2) level of means-end performance (0–9-interval scale). Linear
mixed modeling was applied to evaluate developmental trends
and differences between typically developing infants and those
with motor delays.
Results: The interaction between time and severity was not sig-
nificant for either outcome. However, there was a significant
main effect of severity for means-end learning (F[2,26]=4.22,
p=0.026) and level of means-end performance (F[2,27]=9.07,
p=0.001). The means-end learning trajectory of infants with
severe motor delay differed significantly from those with mild
(b=3.98, SE=1.37, p=0.007) or moderate motor delay (b=2.96,
SE=1.42, p=0.048). There were significant differences between
all group combinations for the level of means-end perfor-
mance, with the less severely delayed group always out-per-
forming the more severely delayed one (mild vs moderate:
b=1.96, SE=0.95, p=0.048; mild vs severe: b=4.03, SE=0.95,
p<0.001; and moderate vs severe: b=2.07, SE=0.95, p=0.037).
Conclusions/Significance: The MEPSAT was sensitive to identify
differences in MEPS among infants with varying levels of
motor delay. The MEPSAT might be a simple, effective, and
sensitive tool for screening early problem-solving delays and
for evaluating change across time in infants with a range of
developmental abilities.

SP84
The How, What, When and Where of infant
participation – Towards a clearer understanding
of the constructs and content of infant
participation: a Delphi study
C MOBBS1, A SPITTLE2,3, L JOHNSTON4

1The University of Queensland, Toowoomba Hospital Queensland Health
Australia, Toowoomba, Queensland, Australia; 2University of Melbourne,
Melbourne, Victoria, Australia; 3Murdoch Children’s Research Institute,
Melbourne, Victoria, Australia; 4The University of Queensland, Brisbane,
Queensland, Australia

Background and Objective(s): Participation, attendance and
involvement in life situations, is considered the ultimate health
outcome. Recent advances in defining this important construct
have been widely adopted, though much of our theoretical
and empirical knowledge of participation is based on older
children and adults. We conducted a Delphi survey study to
gain consensus from expert opinion on what participation
looks like for infants.
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Study Design: 3 round Delphi survey study.
Study Participants & Setting: Invitations to participate in the
study were emailed to health professionals and/ or researchers
with expertise in infants: (1) authors who had published on
participation of young children (as identified in a recent sys-
tematic review), (2) members of the Australasian Academy of
CP and Developmental Medicine and (3) through the net-
works of a state health service. Snowball sampling was encour-
aged. Participants were eligible to participate if they had two
or more years of experience working with infants.
Materials/Methods: In Round 1, respondents answered open-
ended questions on: (1) Describing infant participation; (2)
Participation Attendance – what type of life situations an
infant might attend and how this might change over time; (3)
Involvement – how an infant might demonstrate their involve-
ment and how this might change over time; (4) Similarities
and Differences in the participation of infants and toddlers
and preschool aged children, and school aged children; (5)
parental role (6) assessment and (7) intervention for participa-
tion. The responses from Round 1 underwent content analy-
sis, and combined with items identified in a recent systematic
review, were rated in Rounds 2 and 3. Items reaching ≥85%
agreement were deemed to have reached consensus.
Results: Respondents were 35 researchers/clinicians from 5
countries (mean [SD] 18 [10] years experience). In describing
infant participation, 29 items were proposed with 16 reaching
consensus. Respondents agreed the participation constructs of
attendance and involvement in a life situation describe infant
participation. For Attendance, respondents proposed 26 differ-
ent life situations an infant might attend, with consensus that
an infant would be more likely to attend a greater variety as
they approached 12 months (5 items reaching consensus for
0–3 months vs 16 items for 10–12 months). For Involvement,
respondents proposed 10 items with 7 reaching consensus,
suggesting high level of certainty regarding how infants might
demonstrate their involvement. Respondents were not able to
reach consensus on any of the proposed differences in partici-
pation between infants and toddlers/pre-schoolers (18).
Regarding parental role, 29 of the 34 proposed items reached
consensus, suggesting respondents agreed with the extent and
variety of ways infant participation is mediated by parents. In
the Assessment category, respondents were not able to reach
consensus regarding the 18 assessments proposed, despite
some of the proposed assessments being specifically designed
to assess infant participation. Respondents were only able to
reach consensus on 3 of 27 proposed intervention approaches/
strategies.
Conclusions/Significance: Consensus exists for the constructs of
infant participation including the range of life situations
infants might attend, and how an infant is involved. Further
research is needed regarding infant participation assessment
and intervention.

SP85
The pediatric evaluation of disability inventory-
patient reported outcome software interface:
Initial investigation of usability and reliability for
young people with neurodevelopmental
disabilities
J KRAMER1, A SCHWARTZ2

1University of Florida, Gainesville, FL, USA; 2Boston University, Arlington,
MA, USA

Background and Objective(s): Most patient reported outcome
measures (PROMs) cannot be modified to reduce the visual-
perceptual, motor, and cognitive demands that pose an acces-
sibility challenge for young people with neurodevelopmental
disabilities (DD). The Pediatric Evaluation of Disability
Inventory-Patient Reported Outcome (PEDI-PRO) is a
PROM designed for transition age young people with DD
ages 14 to 22 years; it measures perceived performance of
Daily Activities, Social/Cognitive, and Mobility functional
skills. Previous research established that young people with
DD interpreted the PEDI-PRO items in the intended man-
ner. This study evaluated the usability and accessibility of the
PEDI-PRO accessible software interface. Research Aim 1
(RQ1) Evaluate the usability of the PEDI-PRO software in
clinical contexts. Research Aim 2 (RQ2) Establish the reliabil-
ity and acceptability of the PEDI-PRO user interface with
transition age young people with DD.
Study Design: RQ1: Survey methodology: cross-sectional.
RQ2: test-retest design.
Study Participants & Setting: RQ1:We recruited clinicians across
the US through professional networks. A total of 14 clinicians
(OT=12, PT=2) administered the PEDI-PRO in diverse practice
contexts (School-based=9, outpatient=4, other setting=1) to 39
young people with DD ages 14 to 22 years. RQ2: Convenience
sample of young people with DD recruited through schools and
agencies in a large metropolitan area. 54 young people completed
the PEDI-PRO: mean age=19.7 years, SD=1.7 years; 60% male;
64% Caucasian; 64% intellectual disability.
Materials/Methods: RQ1: Clinicians administered the PEDI-
PRO to three young people, and then completed the System
Usability Survey (SUS). SUS scores range from 0 to 100, with
higher scores indicating greater usability; the accepted indus-
try standard for usability is a mean score of >68. RQ2:
Research staff administered the PEDI-PRO software two
times, 1 to 2 weeks apart. Items were counterbalanced across
testing occasions. Young people also completed a question-
naire about the features of the PEDI-PRO. We used a Rasch
rating scale model to obtain domain scores from the Likert
response scale, then used ICC consistency model (3,1) to
investigate the reliability of scores across testing occasions;
ICCs >0.75 indicate fair reliability.
Results: RQ1: SUS rating M=84 (SD=11.68) exceeded industry
standards. RQ2: Daily Activities: ICC=0.83. Social/Cognitive:
ICC=0.85. Mobility: ICC=0.81. Almost all young people
reported they ‘liked’ the accessibility features, including inter-
face images, button sounds, item read-aloud audio, and rating
category choices with images: Range=84–98%.
Conclusions/Significance: Clinicians and young people with DD
found the interface easy to use and accessible. Our results
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provide initial evidence that the PEDI-PRO user interface
produces stable scores during a time period in which func-
tional performance is not expected to change. PROMs that
incorporate technology, such as the PEDI-PRO, can provide
access to PROMs for young people with DD and address the
underrepresentation of this population in the evaluation of
rehabilitation and healthcare outcomes.

Therapy - Speech/Swallow/
Cognition

SP86
Anamnesis questions to identify dysphagia and
aspiration in Argentinian children with cerebral
palsy
M RUIZ BRUNNER1, M CIERI1, E CUESTAS2

1Instituto de Investigacion en Ciencias de la Salud (Conicet- Universidad
Nacional de Cordoba), Facultad de Ciencias M�edicas de la Universidad
Nacional de Cordoba (UNC), C�ordoba, Argentina; 2Instituto de Investigaci�on
en Ciencias de la Salud (Conicet- Universidad Nacional de Cordoba),
Catedra de Pediatr�ıa. Hospital Misericordia de la Facultad de Ciencias
M�edicas de la Uiniversidad Nacional de C�ordoba (UNC), Cordoba, Argentina

Background and Objective(s): Dysphagia and aspiration are com-
mon problems in children with cerebral palsy (CP); during
the clinical assessment it is relevant to identify these disorders.
The aim was to analyze the relationship between questions
with dysphagia and aspiration in the last month in children
and adolescents with CP.
Study Design: Cross-sectional study.
Study Participants & Setting: Children with CP aged 2 to 18 years
were included. Sequential sampling from 9 rehabilitation and ther-
apeutic centers from four provinces of Argentina was performed.
Of 242 children with a diagnosis of CP, 23 children with endo-
crine, metabolic or genetic disorders were excluded.
Materials/Methods: Semi-structured surveys to parents were
conducted and diagnosis of dysphagia and aspiration in the
last month was identified. A bivariate risk analysis was per-
formed to determine the degree of association between ques-
tions and oral-respiratory disorders with OR calculation with
(95% CI). Sensitivity, specificity, positive predictive value
(PPV) and negative (NPV) were calculated with (95% CI).
Statistical significance was predefined as p<0.05. Data were
analyzed using STATA 13.0.
Results: 219 children were studied, 130 males (59%). Mean age
10 years [SD 4.96]. Gross Motor Function Classification Sys-
tem level I, 42; II, 23; III, 27; IV, 45; V, 82. 37 (24%) chil-
dren presented with dysphagia and 16 (10%) with aspiration
in the last month. Difficulty eating was associated with dys-
phagia OR 26.1 (7.3–38.4, p<0.001), and aspiration OR 4.2
(1.2–18.8, p<0.01). Those who do not report a difficulty in
eating will not present dysphagia with sensitivity 91% (76–
98), specificity 70% (61–78), PPV 46% (34–59) and NPV
96% (90–99); and will not present aspiration with sensitivity
75% (48–93), specificity 59% (50–67), PPV 17% (9–28) and a
NPV 95% (88–99). Difficulty in drinking was associated with
dysphagia OR 13.2 (5.1–35.1, p<0.001) and aspiration OR 4.2
(1.2–18.8, p<0.01). Those who do not report a difficulty in

drinking will not have dysphagia with sensitivity 73% (56–86),
specificity 83% (75–89), PPV 57% (42–71) and NPV 91%
(84–96); and will not present with aspiration sensitivity 75%
(48–92), specificity 75% (67–82), PPV 25% (14–40) and NPV
96% (91–99). Food consistency modification was associated
with dysphagia OR 8.7 (2.7–36.1, p<0.001). Those who do
not need to modify consistencies will not have dysphagia with
sensitivity 86% (67–96), specificity 59% (50–68), PPV 34%
(23–46) and NPV 94% (87–98); and will not present aspira-
tion with sensitivity 54% (25–81), specificity 51% (42–60),
10% (4–19) and NPV 92% (83–97). Needing help to eat was
associated with dysphagia OR 7.2 (2–38.27, p<0.005). Those
who do not need help to feed themselves will not have dys-
phagia with sensitivity 81% (54–96), specificity 34% (26–42),
PPV 12% (7–20) and NPV 94% (83–99); and will not present
aspiration with sensitivity 81% (54–96), specificity 34% (26–
42), PPV 2% (7–20) and NPV 94.0% (83–99).
Conclusions/Significance: Children whose families report that
they do not have difficulty eating and drinking do not consume
modified consistencies of foods and do not need help to feed
themselves, are less likely to have dysphagia and aspirations.
Difficulty eating and drinking, food consistency modification
and needing help to eat can help identify risk of dysphagia.

SP87
Cognitive and learning profiles of school-aged
children with cerebral palsy
J WOTHERSPOON1, K WHITTINGHAM1, J SHEFFIELD2,
R BOYD2

1The University of Queensland, South Brisbane, Queensland, Australia; 2The
University of Queensland, Brisbane, Queensland, Australia

Background and Objective(s): Research suggests nearly half of all
children with cerebral palsy (CP) experience intellectual
impairment, affecting academic and occupational outcomes.
This study aimed to assess cognitive and academic functioning
in children with CP aged 8 to 12 years.
Study Design: Population-based cohort study.
Study Participants & Setting: 85 participants (male n= 57;
GMFCS I=32, II=16, III=10, IV=7, V=6, unknown=11, mean
age 9 years 3.4 months, SD 1 year 9.8 months) with a diagno-
sis of CP were administered a comprehensive assessment pro-
tocol at a child health research centre.
Materials/Methods: Measures assessed nonverbal and verbal
intelligence (Ravens Coloured Progressive Matrices [RCPM],
Peabody Picture Vocabulary Test [PPVT]) and academic
achievement (Wechsler Individual Achievement Test). One-
sample t-tests were used to compare participants’ results with
population means.
Results: 31 (39.24%) participants were assessed to be within a
range consistent with intellectual impairment based on prior
diagnosis or RCPM score. 17 (21.52%) were unable to complete
the RCPM due to intellectual impairment and 14 (17.72%)
obtained scores ≤70, two SD below the population mean. PPVT
scores, a measure of receptive vocabulary and verbal intelligence,
were significantly below the population mean (M=91.95,
SD=25.35) t(61) = –2.50, p=0.015. Academic achievement scores
(n=61) were significantly below population means (M=100,
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SD=15) for word reading (M=85.34, SD=19.85), t(60) = –5.77,
p<0.001; spelling (M=82.98, SD=20.07) t(59) = –6.53, p<0.001;
numerical operations (M=74.28, SD=21.52) t(59) = –9.26,
p<0.001; and academic composite (M=81.61, SD=16.90), t
(58) = –8.36, p<0.001. After excluding participants assessed to be
within the range of cognitive impairment, scores remained signif-
icantly below the population mean for word reading (M=91.09,
SD=16.85), t(45) = –3.59, p=0.001; spelling (M=89.00,
SD=17.29) t(45) = –4.31, p<0.001; numerical operations
(M=80.51, SD=18.43) t(44) = –7.09, p<0.001; and academic
composite (M=86.84, SD=14.68), t(44) = –6.01, p<0.001.
Conclusions/Significance: Assessment of this cohort of school-
aged children with CP confirms earlier research that close to
half of children with CP may experience cognitive impairment.
Nonverbal reasoning and numeracy scores were lower than
verbal intelligence, spelling and word reading scores, with all
below population means. This suggests many children with CP
will experience academic challenges, even in the absence of
intellectual impairment. Screening for specific learning disabil-
ities including dyscalculia should be considered for school-
aged children with CP experiencing academic delays.

SP88
Pre-speech and early speech development of
young children diagnosed with cerebral palsy
H LONG1, D OLLER1, K ROMER2, L FRIENER3,
W WARNER4, D SPENCE4, L RHODES5

1University of Memphis, Memphis, TN, USA; 2Campbell Clinic, Memphis,
TN, USA; 3LeBonheur Children’s Hospital, Memphis, TN, USA; 4University of
Tennessee Health Science Center, LeBonheur Children’s Hospital, Campbell
Clinic, Memphis, TN, USA; 5University of Tennessee Health Science Center,
LeBonheur Children’s Hospital, Memphis, TN, USA

Background and Objective(s): Motor speech impairments are
common among those diagnosed with cerebral palsy (CP).
Canonical babbling—i.e., producing consonant-vowel syllables
—is a robust milestone of typical speech development occur-
ring between 7 and 10 months of age. The purpose of this
study was to measure emergence of babbling in children diag-
nosed with CP and compare to typical development and
included reduplicated babbling (RB) (i.e., repeated syllables
such as [baba] or [dada]), and variegated babbling (VB) (i.e.,
combined syllables such as [bada] or [daba]). The early speech
onset of the first word was also evaluated. We hypothesized
that children with CP showed delays in all three stages com-
pared to typically developing (TD) children.
Study Design: Case-control study.
Study Participants & Setting: Purposive sampling was used to
recruit 24 children (12 F) diagnosed with CP (mean CA:
36mo, range: 20–59mo) and their parents. Families were
recruited from the neuromuscular registry of the CP clinic at
the regional children’s hospital and word of mouth. Conve-
nience sampling was used to recruit 24 age- and sex-matched
TD children (12 F; mean CA: 36mo, range: 18–58mo) via
word of mouth, social media, and online crowdsourcing.
Materials/Methods: Parents were asked questions about their
child’s speech development using the LENA Developmental
Snapshot, a developmental screener and parent questionnaire
assessing children’s early speech and language developmental

milestones. Three specific questions from this questionnaire were
selected to assess whether children had produced RB (typical ages
of onset: 6–9mo), VB (9–12mo), and first word (9–12mo).
Results: The two-tailed Fisher’s exact test was selected to ana-
lyze differences between the children. 100% of TD infants
reached all three pre-speech and early speech milestones. The
children with CP showed significant delays in reduplicated
babbling, with 67% of the CP group having reached the RB
stage (Fig 1, p=0.004), significant delays in the emergence of
variegated babbling, with only 54% of the group having
reached the VB stage (Fig 2, p<0.001), and significant delays
in the emergence of first words, with only 54% of the CP
group having produced their first word (Fig 3, p<0.001).
Conclusions/Significance: With a significant difference in the
emergence of all three pre-speech and early speech milestones in
children with CP compared to the TD group, using early indica-
tors for speech impairment in CP is an important consideration
for speech referrals and prognosis for speech development.
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SP89

What is most frequent diagnoses in children with
swallowing disorders?
M TANRIVERDI, €O C�ALIM, O €OZTURAN
Bezmialem Vakıf University, _Istanbul, Turkey

Background and Objective(s): Over the past two decades, the
definition of the state of health has been expanded from a dis-
ease-based condition to one that includes the impact of the
disease on an individual’s ability to function. The World
Health Organization identified the International Classification
of Functioning, Disability, and Health (ICF) as a potential
framework for coding functional status and establishing a
common, standardized language to describe and study health
and health-related domains. The ICF could have significant
benefits working with children with feeding and swallowing
problems. We aimed to investigate the most frequent diag-
noses in children with swallowing disorders.
Study Design: Retrospective clinical study.
Study Participants & Setting: A total of 80 children with swallow-
ing disorders (age range 1mo–15y, 45 males, 35 females) were
recruited in university hospital, swallowing disorders clinic.
Materials/Methods: The children’s data were scanned from the
files and physical-clinical examination applied in the clinic.
We performed flexible fiber-optic endoscopic swallowing
(FFES) study. And some clinical scales evaluating oral motor
dysfunction were performed. The assessments were carried
out by a doctor and therapist.
Results: The mean�SD age of children were 33.74�36.60
months, and birth weight was 2712.50�897.37 (min–
max=1840–4750) grams. When asked what diagnosis they fol-
lowed and by which doctor/unit they were sent: 33 (41.3%)
were from child neurology, 9 (11.3%) were from child gas-
troenterology, and 38 (47.5%) were from others. The most
frequent diagnosis were: (1) cerebral palsy (n=11, 13.75%), (2)
equally; epilepsy, syndromic disorders, esophageal atresia,
multiple influences (n=10, 12.5%), (3) prematurity (n=9,
11.25%), (4) feeding disorder (n=8, 10%), (5) down syndrome
(n=7, 8.75%), and (6) neuromuscular disorder (n=5, 6.25%),
respectively. 50% of children were fed orally, 23 of (28.75%)
with nasogastric probe (NG), and 17 of (21.25%) with percu-
taneous endoscopic gastrostomy tube (PEG). The mean of
penetration-aspiration rating from FFES was 4.27�2.38 (min–
max=1–8).
Conclusions/Significance: Swallowing evaluation and manage-
ment of disorders is very important in rehabilitation. Consid-
ering the safety window, we suggest that regular controls of
the swallowing function to prevent the development of prob-
lems and to direct the rehabilitation.

Therapy - Trunk Control and
Upper Extremity

SP90
A repeat dose of pediatric constraint induced
movement therapy
H ROBERTS1, A SHIERK2, N CLEGG3, D BALDWIN3,
L SMITH3, M DELGADO4

1Scottish Rite Hospital for Children, Texas Woman’s University, Denton, TX,
USA; 2Scottish Rite Hospital for Children, Texas Woman’s University, Dallas,
TX, USA; 3Scottish Rite Hospital for Children, Dallas, TX, USA; 4University of
Texas Southwestern Medical Center and Texas Scottish Rite Hospital for
Children, Dallas, TX, USA

Background and Objective(s): Pediatric Constraint-Induced
Movement Therapy (P-CIMT) and Hand Arm Bimanual
Therapy (HABIT) are two intensive therapeutic approaches
that have consistently demonstrated the ability to help chil-
dren with hemiparetic cerebral palsy (hCP) gain increased
functional skills and movement (Novak et al.; 2013, Hoare
et al.; 2019). Knowledge from repeated doses of P-CIMT is
limited and it is unclear what effect multiple doses of P-
CIMT has on children with hCP. In the consensus report,
Eliasson et al. 2013, encouraged further research of repeated
doses of P-CIMT with the same design. The aim of the study
was to determine the efficacy of repeat doses of P-CIMT in
children with hCP.
Study Design: Prospective case series.
Study Participants & Setting: A total of 11 children with hCP
(age range 5–15 years, 6 male, 5 female, MACS 1=2, MACS
2=8, and MACS 3=1) participated in P-CIMT camp between
2012 and 2019. CIMT camp consists of 10 days of group
intervention including 50 hours of wearing a constraint while
participating in repetitive, shaped activities and a transfer
package including 10 hours of bimanual training. Participants
were recruited from a pediatric orthopedic hospital in south-
western United States.
Materials/Methods: The annual P-CIMT camp was kept consis-
tent with the utilization of both camp and training manuals,
at least 1:1 interventionists, and the same leadership. The
Assisting Hand Assessment (AHA), was conducted pre, post,
and 6 months following P-CIMT camp. The AHA assessed
baseline bimanual ability and changes of assisting hand usage
during bimanual activities. A repeated measures ANOVA was
used to examine how participants changed on the AHA during
their first and second camp session.
Results: The mean interval between first and second treatments
was 564 days. Most children were MACS Level 2 (8). AHA
mean score at baseline of the first treatment 55.93 (SD 12.78),
the AHA score post camp treatment 1 66.53 (SD 12.85). The
second treatment mean AHA score 58.13 (SD 12.8), and post
66.53.
Conclusions/Significance: Overall, there was a significant biman-
ual functional improvement effect as determined by the AHA,
in both dose 1 and dose 2 of P-CIMT. Scores improved from
pre to post, F(1, 28) = 74.81. p<0.001, n2=0.73. The test for
interaction between session and time (AHA pre 1 to AHA pre
2 and AHA post 1 to AHA post 2) was not significant, p=0.49,
indicting there was not a difference between year 1 and 2 in
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how children changed in AHA score. However, the results
demonstrate a trend toward a carryover effect between P-
CIMT doses in AHA improvement; however, not statistically
significant. This may be due to the mean time between the
repeated doses was almost 18 months. Overall, the results
demonstrate a wear-off effect 18 months post P-CIMT inter-
vention that is reversed with repeated treatments. Future
research may look further into this clinically important
improvement and timing of repeat doses of P-CIMT.

SP91
Adaptive arm training for children with
hemiparesis as a result of acquired brain injury
T CAMPOS, K FRIEL
Burke Neurological Institute, White Plains, NY, USA

Background and Objective(s): Perinatal infarction can cause neu-
rological deficits affecting one side of the body (e.g. disabling
hemiparesis) in children. Disuse of a limb during postnatal
development can stunt the activity-dependent structural and
functional development of the motor system. A lack of evi-
dence highlights the critical need to devise and study proto-
cols that aim to enhance motor recovery for children with
chronic impairment. Bimanual training has been shown to
lead to greater gains in arm function compared with practice
with the paretic arm alone. Aim 1: provide limb training in
children with hemiplegia from cerebral palsy (CP) and/or
acquired brain injury (ABI) using a bimanual-to unimanual
training approach. We hypothesize that child-friendly upper
limb bimanual-to-unimanual training will lead to improved
motor outcomes on the Assisting Hand Assessment (AHA),
Jebsen-Taylor Test of Hand Function (JTTHF), and Box and
Blocks test (BBT). Aim 2: improve the understanding of the
pattern of recovery of isolated joint movements in the pedi-
atric population with hemiplegia following CP/ABI. We
hypothesize that individuals receiving device-based bimanual-
to-unimanual training will show improvement in active range
of motion across upper limb joints.
Study Design: Pilot feasibility study.
Study Participants & Setting: Children (n=15, 11 males, age:
11.53�4.43y) with CP or chronic hemiplegia diagnosis as a
result of ABI. This study is part of the Burke-Blythedale Pedi-
atric Neuroscience Research Collaboration and is based in
Blythedale Children’s Hospital, Valhalla, NY.
Materials/Methods: Studying the feasibility of a robotic device
called the Bimanual Arm Trainer (BAT, developed at NYU
Rusk & Mirrored Motion Works). Upon enrollment children
complete baseline testing, enter 9 week control period imme-
diately followed by pre-testing and 9 weeks of robotic training
(18 sessions total: 2 sessions/week, 45 minutes each). Post
testing occurs upon immediate completion of 18th session.
BAT employs mirrored motion, combines motivational fea-
tures with modern technology and a therapeutic method that
links the movement of the arms to retrain the brain. The
device provides bimanual-to-unimanual training of simultane-
ous shoulder external rotation and elbow extension, and inde-
pendent training of pronation, supination and grasp and
release of each hand. Range of motion and speed are recorded

during training and feedback and motivation are provided
through age-appropriate gaming modules.
Results: Preliminary analysis of the primary outcome measures
has shown that bimanual hand and arm use has improved
(AHA, p<0.01), skill of the affected upper limb (BBT; p<0.05),
and hand dexterity (JTTHF; p<0.05) have also significantly
improved.
Conclusions/Significance: Training with this device has provided
clinically meaningful and statistically significant improvements
in dynamic upper limb function and improved skill and dex-
terity of the affected upper limb. Analysis of kinematic data is
ongoing. No adverse events to report.

SP92
Does prematurity impact trunk control and early
reaching behavior?
N SILVA SATO1, A BARALDI CUNHA2, G ANTONIO1,
E TUDELLA1

1Universidade Federal de Sao Carlos, Sao Carlos, Sao Paulo, Brazil;
2University of Delaware, Newark, DE, USA

Background and Objective(s): The level of trunk control is
strictly related to the sitting ability, which both are associated
with better reaching performance (Rochat & Goubet, 1995;
Harbourne et al., 2013). Preterm (PT) infants often present
delays in the level on segmental trunk control (Greco et al.,
2019), sitting ability (Valenti et al., 2019) and reaching perfor-
mance (Heathcock et al., 2008). However, these behaviors
have been studied separately in infancy (Hadders-Algra et al.,
2007; Toledo et al., 2011). This study aimed to verify the
level of trunk control and reaching performance in PT infants
while sitting into two positions at 6 to 8 months of corrected
age compared to their full-term peers.
Study Design: Prospective cohort study.
Study Participants & Setting: Twenty infants born preterm [PT,
(Mean=35.3; SD=0.9 weeks of gestational age [GA]), and 36
infants born full-term (FT; Mean=39.4; SD=1.3 weeks of GA)
at 6 to 8 months of age (corrected age for prematurity), with
adequate birth weight for GA, participated in this study.
These infants were recruited from health care centers and
maternity hospital through volunteer sampling.
Materials/Methods: Infants were assessed via 3 in-lab visits: (1)
at 6 months, (2) at 7 months, and (3) at 8 months of age. At
each visit, the Segmental Assessment of Trunk Control
(SATCo) was performed to determine the level of segmental
trunk control. A reaching assessment was also performed,
where the infants were positioned on a bench into two sitting
positions: (1) in ring and (2) at 90° of flexion of hips, knees
and ankles. They were encouraged to interact with toys pre-
sented at infants’ chest level for 2 min in each position. An
accurate manual support to the trunk was provided according
to the SATCo in each visit. All assessments were video-
recorded. Kinovea 0.8.21 and the Qualisys Track Manager
software were used to analyze the total reaching frequency.
Descriptive analysis for level of trunk control and a mixed
model ANOVA for total reaching frequency were performed.
Results: The PT infants presented lower level of trunk control
than FT infants across time, respectively (upper thoracic vs
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low thoracic at 6 months; low thoracic vs upper lumbar at
7 months; upper lumbar vs total trunk control at 8 months).
There was a significant difference for group versus time inter-
action (F[2,177]=3.154; p=0.04). PT infants (Mean=9.85;
SD=0.87) presented higher reaching frequency when com-
pared to FT infants (Mean=6.78; SD=0.61) at 8 months visit
(p=0.00; d=4.08), but no differences between both sitting con-
ditions.
Conclusions/Significance: PT infants presented lower level of
trunk control over time, however, they presented higher num-
ber of reaches at 8 months visit compared to FT infants. The
sitting positions did not influence reaching performance. This
study might provide insights for clinicians for understanding
the level of trunk control, importance of reaching behaviors
for exploration and play, and considering these behaviors as
strategies for early intervention.

SP93
Improved sitting balance in children with
cerebral palsy: body functions to activity and
participation
M AKYUZ1, N DURSUN2, T GOKBEL3, C CEKMECE3,
E DURSUN4

1Kocaeli University, Bursa, Turkey; 2Kocaeli University Faculty of Medicine
Department of Physical Medicine and Rehabilitation, Istanbul, Turkey;
3Kocaeli University, Kocaeli, Turkey; 4Kocaeli University, Kocaeli, Istanbul,
Turkey

Background and Objective(s): The aim of this study is to evalu-
ate the changes in activity and participation domains of the
International Classification of Functioning (ICF) in children
with Gross Motor Function Classification System (GMFCS)
levels IV and V cerebral palsy (CP) who received integrated
botulinum toxin-A (BoNT-A) injections in to the lower limb
(s) with a treatment goal of improved sitting balance.
Study Design: Prospective, observational study.
Study Participants & Setting: 29 patients with CP (mean age
6.7�3.8y), rehabilitation clinic university hospital.
Materials/Methods: The primary outcome measures were the
mean changes from baseline at post-treatment week 10 to 12
of the Child and Adolescent Scale of Participation (CASP)
Caregiver Priorities & Child Health Index of Life with Dis-
abilities (CPCHILD). Other outcome measures were Goal
Assessment Scale (GAS), Modified Ashworth Scale (MAS),
Tardieu Scale (TS) and a semi-structured interview to parents
and patients.
Results: Statistically significant improvements in CASP
(p<0.001) and CPCHILD (p<0.001) were obtained at post-
treatment week 10 to 12. Mean GAS T score was 56.9 at
post-treatment week 10 to 12. Expected goal attainment was
achieved in all patients on body parts and function domain of
ICF and in 93.1% of patients on activity domain. The semi-
structured survey revealed some other unforeseen improve-
ments on activity and participation levels of the child and
quality of life of the family.
Conclusions/Significance: The results of this prospective, obser-
vational study showed that the functional improvements in sit-
ting balance by the integrated BoNT-A treatment provides

positive effects on activity and participation levels of the
patient and quality of life patients and their families.

SP94
Relationships between proprioception, unilateral,
bilateral and functional performance changes
after an intensive upper extremity training in
children with unilateral cerebral palsy
V FLAMAND1, M PAQUET2, M DEMERS3,
C PIQUEMAL2, M THERRIEN2, C MERCIER4

1Universit�e Laval, CIRRIS, Quebec City, PQ, Canada; 2Universit�e Laval,
Qu�ebec, PQ, Canada; 3Universit�e Laval, L�evis, PQ, Canada; 4Center for
interdisciplinary Research in Rehabilitation and Social Integration (Cirris),
Laval University, Quebec City, PQ, Canada

Background and Objective(s): In children with unilateral cerebral
palsy, the deficits in bimanual performance are often beyond
the deficits of hand dexterity on the affected side. Further-
more, sensory deficits (e.g. proprioception) are less extensively
studied than motor deficits, but are also a factor limiting
upper extremity (UE) function. Intervention studies have
shown that intensive training of the UE is effective for
improving both unilateral and bilateral performance, and even
functional performance. However, the relationships between
changes in unilateral skills, bilateral coordination, propriocep-
tion and performance in self-chosen functional activities are
not well understood. The main objective of the study was to
test the associations between changes of these four variables
after an intensive training targeting the UE in young people
with unilateral cerebral palsy.
Study Design: Prospective cohort study.
Study Participants & Setting: Eleven children with unilateral
cerebral palsy (mean age 8.8 � 1.3 years; MACS levels
between I and III; 4 females), in an institutional setting.
Materials/Methods: Participants were evaluated pre and post
intervention, which consisted of an intensive training of the
UE performed in a local rehabilitation center following camp-
based models. Training involved different manual play and
functional activities actively engaging the more affected hand.
Outcome measures included the Jebsen Taylor Test of Hand
Function (JTTHF) for unilateral skills of the more affected
upper extremity, the Assisting Hand Assessment (AHA) for
bimanual performance, the Arm Position Matching task of the
KINARM Exoskeleton Lab for proprioception of the more
affected upper extremity, as well as the Canadian Occupa-
tional Performance Measure (COPM) for functional perfor-
mance. To conduct the analysis, Spearman correlation
coefficients were used with a statistical significance threshold
set at 0.05.
Results: Main results are that both the initial total score of the
JTTHF for the more affected hand and the initial scale score
of the AHA were correlated to the amount of change in the
performance score of the COPM after the intervention (r=–
0.76, p=0.03 and r=0.72, p=0.5, respectively). Also, there was a
trend toward an association between the initial AHA score
and the Arm Position Matching task (variability measurement)
of the more affected arm (r=–0.60, p=0.096). There was also a
trend toward an association between the amount of change in
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the AHA score and the amount of change in the Arm Position
Matching task of the more affected arm (r=–0.67, p=0.077).
Conclusions/Significance: Our results point towards both better
initial unimanual function and better initial bimanual skills
being associated with a larger improvement in performance in
self-chosen functional activities after the intervention. Also,
improvement in proprioception of the more affected arm
might be associated with a larger improvement in bimanual
performance, but this needs to be confirmed in a larger sam-
ple.

SP95
Rotational movement between trunk and pelvis
during rolling in preterm, very low birth weight,
and full-term infants
H SATO1, Y NOMURA2, H SATO3, M KEMMOCHI4
1Kitasato University, School of Allied Health Sciences, Sagamihara,
Kanagawa, Japan; 2Kitasato University Hospital, Rehabilitation Department,
Sagamihara, Kanagawa, Japan; 3Kitasato University School of Allied Health
Sciences, Sagamihara, Kanagawa, Japan; 4Kitasato University, Pediatrics,
Sagaminara, Kanagawa, Japan

Background and Objective(s): Rotational movement of body seg-
ments during rolling is considered an indicator of infant’s
physical development. The key movements pointed out are
rotation with trunk extension or flexion movement and with-
out rotational or with rotational movement between the trunk
and pelvis. This study aimed to compare the difference of the
movement patterns among preterm, very low birthweight
(preterm) at 12 months of corrected age, and full-term infants
at 12 months of age using wearable motion sensors.
Study Design: Cross-sectional study.
Study Participants & Setting: Overall, 19 preterm infants with-
out neurological disorders (12 males, 7 females) were recruited
from a university hospital. We also recruited 20 full-term
infants (10 males, 10 females) from a general pediatric outpa-
tient clinic.
Materials/Methods: Wearable motion sensors were attached on
the front surface of the infant’s trunk (sternum) and the pelvis
(lower abdomen). The examiner placed the infant on a mat in
a supine position with the infant’s trunk and pelvis as flat as
possible. Further, the examiner encouraged the infant to roll
over by attracting his or her attention. After computing
trunk–pelvis orientation data obtained via the sensors, the
movement pattern was classified into ‘flexion’ or ‘extension,’
depending whether the trunk has moved in the flexion–exten-
sion direction at the beginning of the rolling, and ‘no roll’ or
‘roll,’ depending whether the rotational angle of the trunk has
exceeded 20 degrees. Gross motor development was also
assessed using the Alberta Infant Motor Scale.
Results: No difference was found in height, body weight, and
gross motor development between the preterm and full-term
infants at 12 months of age. The flexion pattern during roll-
ing was mainly found in full-term infants (15 of 20 infants,
75%) but less commonly in preterm infants (7 of 19 infants,
37%, p<0.05). This indicates that 12 of 19 preterm infants
(63%) exhibited the extension pattern. Furthermore, most
infants in both groups exhibited the rotational, rather than the

no rotational, movement pattern between the trunk and pelvis
(79% in preterm, 75% in full-term).
Conclusions/Significance: Preterm infants tended to exhibit trunk
extension movement pattern during rolling. The flexion pat-
tern of movement between the trunk and the pelvis during
rolling from supine to prone could be achieved by elevation of
either the trunk or the lower limbs, both of which required
antigravity activity of the ventral muscles. This result might
suggest that the preterm infants have delayed ventral trunk
muscle maturation compared to the full-term infants, even if
they were already at 12 months of corrected age.

SP96
The relationship between bimanual performance
and self-care in children with cerebral palsy
aged 8 to 12 years
A BURGESS1, R BOYD1, J ZIVIANI2, M CHATFIELD3,
L SAKZEWSKI1
1The University of Queensland, Brisbane, Queensland, Australia; 2School of
Health and Rehabilitation Sciences, The University of Queensland, Brisbane,
Queensland, Australia; 3QCPRRC, Faculty of Medicine, The University of
Queensland, Brisbane, Queensland, Australia

Background and Objective(s): To explore the relationship
between bimanual performance and self-care for children aged
8 to 12 years with cerebral palsy (CP) with respect to other
factors which may determine self-care.
Study Design: Cross-sectional study.
Study Participants & Setting: 74 children with CP (unilateral
CP n=30 [41%], bilateral CP n=44 [59%]; 48 [65%] males;
median age 9.7 years [25th, 75th centiles=9.1, 10.7 years])
were recruited at a tertiary referral centre in a population
based study. Children were classified Manual Ability Classifi-
cation System (MACS) level I=30 (40%), II=28 (38%), III=16
(22%); 21(28%) had intellectual impairment.
Materials/Methods: Self-care was measured using the Pediatric
Evaluation of Disability Inventory – Computer Adaptive Test
(PEDI-CAT) Daily Activities (DA) domain. The Assisting
Hand Assessment (AHA) and the Both Hands Assessment
(BoHA) measured bimanual performance for children with
unilateral and bilateral CP respectively. Other measures
include the Raven’s Coloured Progressive Matrices, Behavior
Rating Inventory of Executive Functions (BRIEF - beha-
vioural regulation), Conners 3–Parent Short Form (inatten-
tion). A theoretical model of determinants of self-care was
hypothesized and represented as a causal diagram. Linear
regression was used to estimate the effect of bimanual perfor-
mance upon self-care. Potential confounding was addressed by
adjusting for variables identified by the directed acyclic graph
(DAG) as being in a confounding relationship. Analyses used
http://dagitty.com/ and Stata 16.0.
Results: The DAG (published at dagitty.net/mOowPEn) iden-
tified the minimal adjustment set of variables for estimating
the total effect of bimanual performance on self-care as age,
cognition, behaviour self-regulation, and attention span.
Higher BoHA and AHA scores were associated with higher
PEDI-CAT-DA scaled scores. An increase of 10 BoHA logits
and 10 AHA logits were associated with an increase of 1.7 and
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1.2 (p<0.001) PEDI-CAT-DA scaled scores respectively. For
children assessed using the BoHA the full model accounted
for 68% of the variance (F[5, 30]=15.9, p<0.001) of self-care
and cognition was the only variable of those in a confounding
relationship which was significant (p=0.001). For children
assessed using the AHA the full model accounted for 40% of
the variance (F[5, 18]=4) in self-care, and there were no signif-
icant effects on self-care by other variables; cognition had no
effect on self-care for those children assessed using the AHA
(p=0.99). There was a strong association between cognition
and bimanual performance for both the AHA (0.6, 95% CI
0.3, 0.9, p<0.001) and BoHA (0.4, 95% CI 0.2, 0.6, p<0.001).
Conclusions/Significance: Bimanual performance was significantly
associated with higher self-care scores. Associations between
self-care and the AHA and BoHA differed, such that the rela-
tionship for each was examined separately. The model using
the BoHA accounted for more variation in self-care than the
model in which the AHA was used as a measure of bimanual
performance. Cognition was significantly associated with
bimanual performance, for both the AHA and BoHA.
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