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Measuring Neuroplasticity Associated with Cerebral Palsy
Rehabilitation

Aim
Determinerequired participant counts for a longitudinal rehabilitative study of
children with unilateral cerebral palsy (UCP)consideringchangesin cortical
thicknessof the impairedsensorimotorcortex,and fractionalanisotropy(FA)of
the more-affectedcorticomotortract.

Methods
PoweranalyseswerecalculatedusingR. Twosourcesof variancewere accounted
for: responseto therapy and measurementerror. Responseto therapy was
approximatedto have a standard deviation of 15%. Measurementerror was
calculatedby applyingidenticalanalysesto MRIdatasetsfrom five childrenwith
UCP,who were imaged 20 weeks apart without any intervention in-between.
Examplesof cortical thickness[1], ROI-seededtractography,and surface fMRI
driven tractography[2] are presentedin Figure1 (left). Therangeof effect sizes
investigated(Table1) were basedon publishedliterature. A standardalpha of
0.05wasused.

Results
At the lowest testedeffect sizes(Table1), after accountingfor expecteddata loss
due to behaviouraland image-processingissues,estimatedrequired participant
numberswere 101, 128 and 42 for cortical thickness,region-of-interest-based
tractography,and fMRI-seededtractography,respectively. Participant numbers
fell to 21 for fMRI-seededtractographywhen a more data-driven FAchangeof
1.5% was assumed,but this sample size may be too small to adequately
representthe highlyheterogeneousUCPpopulation. All valueswere sensitiveto
the probabilityof achievinga successfulscan(Figure1, right). Thesenumbersdo
not takeinto accountgeneralstudyattrition.

Conclusions
This study provides a number of hints to future rehabilitation trials utilising
neuroimaging:

ÅCorticalthicknessanalysesandstandardROI-driventractographyrequire large
scaletrials to achievemeaningfulstatisticalpower

ÅSmalland medium trials should considerharmonisingscanningprotocols to
allow the poolingof data

Å Fortractography,the specificmethodusedstronglydictatestrial power

Å For surfacefMRI driven tractography,cohort homogeneityis likely to be a
more influential factor in interpretation than statisticalpower

Å Improving successful-scan rates can drastically reduce required enrolee
numbers

Researchersare increasinglylooking to quantify brain changesin clinical trials of motor rehabilitation in
order to better understandhow behaviouraltraininginvokesclinicalimprovements, and/or to indexsubtle
brain changes. Poweranalysesare relied on to plan clinical-trial enrolmentnumbers, but basingtheseon
expected behavioural improvements may underpower neuroimagingmeasuresof brain change. We
provideanalysesthat allowresearchersto adequatelypowerMRIstudiesof neuroplasticity.
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CHANGE LOWER EFFECT SIZE UPPER EFFECT SIZE

ROI-Seeded Tractography 1%FA Increase. Optimisticfor 
very effective therapy. 
Demonstrated in healthy adults 
learning a motor task.

3% FA Increase. Unrealisticfor 
current therapies; used to 
match surface-fMRI 
tractography method range.

Surface fMRI Driven 
Tractography

1%FA Increase. Realistic
estimate for current therapies.

3% FAIncrease. Heavily 
Optimistic. Demonstrated in 
healthy adults learning a motor 
task.

Cortical Thickness 6% increase. Realistic estimate 
for current therapies. 

12% Heavily Optimistic 
estimate. Degree of life-long 
developmental adaptation in 
teenagers with CP.

Table 1: Effect size ranges investigated and justifications.

Figure 1: Exampleof cortical thickness(top), projected onto the pial surface; ROI-seededdiffusion
tractography(middle); and surface-fMRI seededtractography(bottom) in a singleparticipantwith UCP.
Note the higher anatomicalspecificityof the surface-fMRI seededmethod, relative to the ROI-seeded
method. Middle Column: Statisticalpower for each method at a range of effect sizes,assumingno
patient attrition. Three power thresholdsare illustrated, 80% (full line), 90% (dashedline) and 95%
(dotted line). RightColumn: Thenumberof childrenrequired to be scannedat both time points taking
into accounta variety of successratesof scanningand imageprocessing. Displayedare changesof 8%,
1%, and 1.5% in cortical thickness(top), ROI-seededtractography(middle) and surface-fMRI-seeded
tractography(bottom), respectively.


