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Quantitative comparison of cortical and deep grey matter in
pathological subtypes of unilateral cerebral palsy
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ABBREVIATIONS

CDGM Cortical or deep grey matter

CTD Children with typical develop-

ment

JTHFT Jebsen-Taylor Hand Function

Test

PWM Periventricular white matter

UCP Unilateral cerebral palsy

VBM Voxel-based morphometry

AIM The aim of this study was to quantify grey matter changes in children with unilateral

cerebral palsy (UCP), differentiating between cortical or deep grey matter (CDGM) lesions,

periventricular white matter (PWM) lesions, and unilateral and bilateral lesions.

METHOD In a cross-sectional study we obtained high resolution structural magnetic

resonance images from 72 children (41 males, 31 females, mean age 10y 9mo [SD 3y 1mo],

range 5y 1mo–17y 1mo) with UCP (33 left, 39 right hemiplegia; Manual Ability Classification

System level I n=29, II n=43; Gross Motor Function Classification System level I n=46, II n=26),

and 19 children with typical development (CTD; eight males, 11 females, mean age 11y 2mo

[SD 2y 7mo], range 7y 8mo–16y 4mo). Images were classified by lesion type and analyzed

using voxel-based morphometry (VBM) and subcortical volumetric analysis.

RESULTS Deep grey matter volumes were not significantly different between children with

CDGM and PWM lesions, with the thalamus, putamen, and globus pallidus being reduced

unilaterally in both groups compared with CTD (p≤0.001). Children with CDGM lesions

additionally showed widespread cortical changes involving all lobes using VBM (p<0.01).

Children with bilateral lesions had reduced thalamus and putamen volumes bilaterally

(p<0.001). The thalamic volume was reduced bilaterally in children with unilateral lesions

(p=0.004).

INTERPRETATION Lesions to the PWM cause secondary changes to the deep grey matter

structures similar to primary changes seen in CDGM lesions. Despite having a unilateral

phenotype, grey matter changes are observed bilaterally, even in children with unilateral

lesions.

Cerebral palsy (CP) is a heterogeneous group of non-pro-
gressive brain injuries manifesting primarily as motor
impairments. The diagnosis is made clinically, based on
common motor phenotypes: spasticity, dyskinesia, and
ataxia.1 Underlying the phenotype are heterogeneous path-
ological features, that relate to the timing and aetiology of
the insult: brain malformations originating in the first or
second trimester; white matter lesions, typically arising
early in the third trimester, most often in preterm children;
and grey matter lesions typically arising late in the third
trimester.2

Children with grey matter lesions have more severe
motor impairment than other subtypes,3 particularly when
both the thalamus and basal ganglia are involved.4 This
may be because of a reduced potential for plasticity within
thalamocortical projections compared with corticomotor
projections.5 Thalamic changes are not limited to children
with primary grey matter lesions; reduction in the thalamic
volume without morphological or organisational change is

also seen in children with periventricular white matter
(PWM) lesions.6,7

Unilateral CP (UCP) is a clinical subgroup caused by
either unilateral or bilateral lesions. Up to half of children
with UCP have bilateral lesions (primarily children with
PWM lesions), despite having unilateral clinical features.4,8

Quantitative assessment of grey matter using magnetic
resonance imaging (MRI) can be carried out using several
techniques. Application of such techniques to abnormal
brain images poses a significant challenge. Voxel-based
morphometry (VBM) is one approach, involving registra-
tion of participant brains to a standard space allowing
group wise analysis of grey matter within each voxel.9

VBM is most reliable where the grey-white interface is dis-
tinct, and signal to noise ratio is high, particularly the cor-
tex. Cortical motor and sensory as well as thalamic and
basal ganglia changes have been identified in children with
spastic diplegia using this technique.10 VBM is less reliable
in deep grey matter, particularly the thalamus, where the
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grey-white interface is less distinct.11 An alternative
approach is segmentation of specific structures using prob-
abilistic deformation of predefined structural templates.11,12

This technique relies on statistical mapping to predefined
models and, therefore, also becomes less reliable where
brain morphology is abnormal. Whole brain surface-based
parcellation techniques are often unable to process images
adequately with abnormalities interfering with cortical con-
tinuity, such as middle cerebral artery infarcts or schizen-
cephaly. One solution is to analyze only the subcortical
structures.11

The aim of the present study was to quantify differences
in both cortical and deep grey matter between subtypes of
UCP. It utilized automated techniques to quantify the
extent of grey matter change in children with UCP, and
specifically to compare subcortical structure volumes and
morphology between children with secondary subcortical
damage caused by PWM lesions and children with direct
subcortical damage from CDGM lesions. We hypothesized
that subcortical structures, in particular the thalamus,
would be reduced in volume similarly across all subtypes
of UCP, despite heterogeneous aetiology. To assess grey
matter changes in children with UCP, we employed two
techniques. To analyze cortical and subcortical differences
between groups we used VBM. For a more robust analysis
of the deep grey matter structures we additionally
employed volumetric segmentation analysis.

METHOD
Participants
Participants were identified through a population-based
research database, comprising of children with CP known
to the Queensland Cerebral Palsy and Rehabilitation
Research Centre, the Queensland Cerebral Palsy Register,
and Queensland CP Health Service, as well by advertising
to occupational therapists, physiotherapists, and paediatri-
cians at the Royal Children’s Hospital, Brisbane and in the
community. Participants included 72 children with UCP
(41 males, 31 females, mean age 10y 9mo [SD 3y 1mo],
range 5y 1mo–17y 1mo; 33 left, 39 right hemiplegia), all
of whom were recruited for clinical studies requiring base-
line MRI and clinical assessment before intervention.
Inclusion criteria were children with a diagnosis of UCP,
attending mainstream school and able to ambulate unaided.
All children were assessed by an occupational therapist
using the Gross Motor Function Classification System
(GMFCS)13 (I=46, II=26) and the Manual Ability Classifi-
cation System (MACS)14 (I=29, II=43). Nineteen CTD,
without brain pathology or indication for imaging were
also recruited for the MRI protocol (eight males, 11
females, mean age 11y 2mo [SD 2y 7mo], range 7y 8mo–
16y 4mo). The Jebsen-Taylor Hand Function Test
(JTHFT) was used to assess both dominant and impaired
hand function in 64 of the children with CP (30 left, 34
right hemiplegia). This is a unimanual measure of speed
and dexterity in everyday tasks where lower scores repre-
sent faster performance in seconds.14 The study was

approved by the Ethics in Human Research Committees at
the Royal Children’s Hospital, Brisbane and The Univer-
sity of Queensland, Brisbane (EHREC 41 and RCH 37).
All parents/guardians gave written informed consent, and
children gave verbal assent. Participants were given the
opportunity to attend a mock scanning before imaging.

Image acquisition
High-resolution structural images were acquired for each
participant using a 0.9mm3 isotropic 3D T1-weighted mag-
netization-prepared gradient-echo (MPRAGE) sequence in
a 3T MRI scanner (Siemens, Erlangen, Germany). The
acquisition parameters were: FOV 24 x 25.6 x 17.6cm, TR/
TE/TI 2300/2.26/900ms, flip angle 9°, with 0.9mm isotro-
pic resolution.

Image classification
Images were qualitatively assessed by a child neurologist
(SF) according to a qualitative system1 as either cortical or
deep grey matter lesions (CDGM), PWM lesions, brain
malformations, or miscellaneous. Each lobe and deep grey
matter structure in each hemisphere was then systemati-
cally assessed for abnormalities, allowing a classification of
each lesion as either unilateral (i.e. all abnormalities con-
strained to one hemisphere) or bilateral. For simplicity, we
use the terminology ‘dominant’ and ‘non-dominant’ hemi-
sphere, where the hemisphere contralateral to the side of
impairment is considered non-dominant (functional domi-
nance was not assessed in this study, and therefore what
we refer to as the dominant hemisphere is not necessarily
functionally dominant).

Voxel-based morphometry
Structural images were analyzed using FSL-VBM, con-
tained within FMRIB’s Software Library (FSL: http://
www.fmrib.ox.ac.uk/fsl).15 Brain extraction and grey matter
segmentation were performed, followed by non-linear reg-
istration to a study-specific grey matter template in stan-
dard space. Templates were created using equal numbers
of children with and without UCP, with a specific template
being created for each analysis. Registered grey matter
images were then modulated using the Jacobian of the
warp field, smoothed with an isotropic Gaussian kernel
(r=3mm). Output from each stage was visually assessed. A
voxel wise general linear model was employed to account
for age and sex. Voxels with significantly different grey
matter concentration between the children with UCP and
the CT were identified using a voxel wise permutation-
based independent-sample t-test within the model, using
the ‘randomize’ function within FSL. A similar model
was employed to identify voxels in which grey matter

What this paper adds
• Congenital white matter lesions affect grey matter volume.

• Deep grey matter nuclei volumes are similar across unilateral cerebral palsy
(UCP).

• Grey matter changes are evident bilaterally in UCP.
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concentration was related to JTHFT scores. All analyses
were adjusted for multiple comparisons across space using
threshold-free cluster enhancement (TFCE),16 considered
significant at corrected p<0.01. We use the terminology
‘grey matter concentration’, which refers to the likelihood
of a voxel containing grey matter, not a physical property
of the underlying grey matter.

Subcortical parcellation and analysis
Deep grey matter structure segmentation was performed
using FMRIB’s Integrated Registration and Segmentation
Tool (FIRST), contained within FSL.11 Two-stage regis-
tration to standard space was performed: 12 degrees of
freedom linear transformation followed by a second 12
degrees of freedom linear transformation using a subcorti-
cal mask. Segmentation was then carried out using training
data included within FSL, derived from 336 participants,
including children and adults with both typical and patho-
logical brains. Volumes of the thalamus, putamen, globus
pallidus and caudate were reported. Segmentations were
visually inspected in native participant space overlaid on
T1 images. Where minor errors were noted, segmentations
were manually corrected. Any hemisphere containing a
major anatomical error was excluded. To control for brain
size, total brain volume was calculated.17

Statistical analysis of deep grey matter volumes was per-
formed using STATSOFT Statistica, version 12, (StatSoft Inc.,
Tulsa, OK, USA). General linear models were employed
to account for age, sex and total brain volume. JTHFT
performance and deep grey matter volumes were compared
between unilateral and bilateral lesions, as well as between
lesion types. One-way analysis of variance (ANOVA) was
used to identify structures with significantly different vol-
umes between groups. Post-hoc analysis was then carried
out on significant structures to elicit differences between
groups and hemispheres, using Bonferroni correction. As

multiple hypotheses were being tested in this study, results
were considered significant at p<0.01. Relationships
between dominant and impaired JTHFT scores and deep
grey matter volumes were analyzed using a single general
linear model, built using forward stepwise analysis to
include only statistically significant variables.

RESULTS
Qualitative description of lesions
PWM lesions were observed in 53 out of 72 children
(73.6%). Lesions were unilateral in 32 children (60.4%)
and bilateral in 21 (39.6%). CDGM lesions were observed
in 17 children (23.6%). Fifteen of these participants
(88.2%) showed both cortical and subcortical damage, with
the remaining two having isolated subcortical damage.
Since this latter group was too small to allow for statistical
comparisons, the participants were grouped together in a
single cohort. The majority (88.2%) of these CDGM
lesions were unilateral, with two children having bilateral
involvement (11.8%). Brain malformations were observed
in two children (2.8%), and excluded from further analyses
because of insufficient numbers. Details are shown in
Table I, including abnormalities within the thalamus and
lentiform nucleus (comprising the globus pallidus and
putamen).

Hand function
JTHFT scores were not significantly different between
children with unilateral (n=21) and bilateral lesions (n=43)
(p=0.017; bilateral lesions dominant hand mean: 47.1 [95%
confidence interval (CI): 38.1–56.2], impaired hand mean:
187.2 [95% CI: 104.5–269.9]; unilateral lesions dominant
hand mean: 41.1 [95% CI: 36.6–45.6], impaired hand
mean: 262.8 [95% CI: 193.0–332.7]). JTHFT scores were
significantly different between children with PWM (n=47)
and CDGM lesions (n=15) (p=0.007; CDGM dominant

Table I: Participant characteristics, and number of participants with anatomical abnormalities within the thalamus and lentiform nucleus (putamen and
globus pallidus)

Hemiplegia

Lesion Age Sex
MACS
level

GMFCS
level

Anatomical abnor-
malities

Thala-
mus

Lenti-
form

Type Extent n Median Min Max M F I II I II L R L R

Comparison
group

None n/a 19 11.13 7.68 16.3 8 11 – – – – – – – –

Left BM n/a 1 10.01 10.01 10.01 – 1 – 1 – 1 – – – –
CDGM Bilateral 0 – – – – – – – – – – – – –
CDGM Unilateral 7 11.78 8.08 12.53 4 3 1 6 2 5 – 7 – 5
PWM Bilateral 11 10.61 5.09 16.97 7 4 6 5 10 1 – 5 – 3
PWM Unilateral 14 8.34 5.45 14.16 8 6 8 6 11 3 – 5 – 5

Right BM n/a 1 11.03 11.03 11.03 0 1 1 – 1 – – – – –
CDGM Bilateral 2 12.925 11.94 13.91 1 1 1 1 1 1 2 1 – –
CDGM Unilateral 8 10.415 5.67 17.05 4 4 1 7 3 5 8 – 6 –
PWM Bilateral 10 13.1 6.26 16.39 6 4 3 7 7 3 4 – 3 –
PWM Unilateral 18 9.675 5.98 15.91 11 7 8 10 11 7 14 – 12 –

BM, brain malformation; CDGM, cortical or deep grey matter lesion; PWM, periventricular white matter lesion; MACS, Manual Ability Clas-
sification System; GMFCS, Gross Motor Function Classification System.
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hand mean: 41.5 [95% CI: 32.3–50.7], impaired hand
mean: 376.9 [95% CI: 234.0–519.8]; PWM dominant hand
mean: 43.7 [95% CI: 38.7–48.7], impaired hand mean:
196.6 [95% CI: 142.0–251.2]). Post-hoc analysis showed
children with CDGM lesions had significantly higher
scores (higher impairment) in the impaired hand only
(p=0.010).

Voxel-based morphometry
The 70 included children with UCP were all satisfactorily
registered to respective group-specific templates: CDGM
(not separated into unilateral and bilateral because of
insufficient numbers), unilateral PWM and bilateral
PWM. Children with CDGM lesions (n=17) showed
widespread unilateral cortical and subcortical changes in
both left and right hemiplegia groups (p<0.01 corrected).
Cortical reduction in grey matter concentration in chil-
dren with left hemiplegia was observed in all four lobes
in the non-dominant hemisphere, and did not extend to
the dominant hemisphere. Deep grey matter changes were
also unilateral, involving the entire caudate as well as glo-
bus pallidus and medial thalamus. In children with right
hemiplegia (n=10, including two bilateral lesions) changes
were more pronounced, involving the majority of the cau-
date, putamen, globus pallidus and thalamus bilaterally, as
well as the dorsal anterior cingulate and posterior cingu-
late bilaterally.

Children with bilateral PWM lesions (n=21) showed
minor cortical involvement, with both left and right
hemiplegia groups showing reduced grey matter concen-
tration within the medial temporal cortex of the non-
dominant hemisphere. Children with left hemiplegia
(n=11) additionally showed reduced grey matter concen-
tration within the postcentral gyrus and precuneus. In
children with both left and right hemiplegia, deep grey
matter changes involved the entire caudate in the non-
dominant hemisphere as well as posterior and medial
thalamus bilaterally, more pronounced in the non-domi-
nant hemisphere.

Grey matter changes in children with unilateral PWM
lesions (n=32) only reached statistical significance in the
right hemiplegia group (n=18), showing significant reduc-
tion in grey matter concentration in the caudate bilaterally,
as well as unilateral changes in the posterior medial thala-
mus, putamen and extending into the insular cortex.

There were no regions for any analysis where grey mat-
ter concentration was lower in the CTD than in the chil-
dren with UCP. Results are shown visually in Fig. 1.

No voxels were identified where grey matter concentra-
tion significantly correlated with JTHFT scores for either
hand.

Volumetric analysis
Segmentation
From 72 children with UCP, two scans (2.8%) were
unable to be satisfactorily segmented, because of poor reg-
istration (n=1) or inaccurate segmentation (n=1). Both

excluded children had unilateral CDGM lesions and right
hemiplegia. Of the included children, 11 (15.7%) con-
tained unsatisfactory segmentations in the non-dominant
hemisphere, and therefore volumes in this hemisphere were
excluded (left hemiplegia: unilateral CDGM n=6, bilateral
PWM n=1; right hemiplegia: unilateral CDGM n=3, bilat-
eral PWM n=1). The caudate was slightly underestimated
bilaterally in seven children (10.0%) and unilaterally in 15
children (21.4%), 12 of which were on the non-dominant
side, and were therefore excluded from further analysis.
The thalamus was slightly overestimated bilaterally in one
child (1.4%) and unilaterally in the non-dominant hemi-
sphere in two children (2.9%). The putamen was slightly
underestimated bilaterally in one child (1.4%) and unilater-
ally in eight children (11.4%), all in the non-dominant
hemisphere. In total, 35 scans (50%) were deemed to be
entirely free from segmentation inaccuracies. All inaccurate
thalamus and putamen segmentations were manually cor-
rected (Fig. S1). Examples of included, corrected and
excluded segmentations are shown in Fig. 2. All CTD
were segmented appropriately with the exception of one
child (5.2%), for whom the caudate was slightly underesti-
mated bilaterally.

Raw volumes and 95% CI are given in the supplemen-
tary material before (Table SII) and after (Table SI) man-
ual corrections. Absolute and relative changes due to
manual correction are shown in Table SIII. Corrected
volumes with 95% CI adjusted for age, gender, and total
brain volume are shown in Fig. 3.

Unilateral versus bilateral lesions
Dominant hemisphere deep grey matter volumes were
significantly different between controls (n=19) and chil-
dren with unilateral (n=45) and bilateral (n=25) lesions
(p=0.008). Post-hoc analysis showed that compared with
controls, children with unilateral lesions had signifi-
cantly lower volume in the thalamus (p=0.004); children
with bilateral lesions had significantly reduced volumes
in the thalamus (p<0.001) and putamen (p<0.001). Chil-
dren with bilateral lesions had significantly reduced
volume in the thalamus (p<0.001) and globus pallidus
(p=0.006) compared with children with unilateral lesions
(volumes with 95% CI shown in Fig. 3). In a sub-
analysis of children with unilateral lesions, there was no
significant difference in deep grey matter volumes
between children with CDGM lesions and PWM
lesions in either the dominant (p=0.709; CDGM n=13,
PWM n=32) or non-dominant (p=0.068; CDGM n=4,
PWM n=32) hemispheres.

Non-dominant hemisphere deep grey matter volumes
were also significantly different between CTD (n=19) and
children with unilateral (n=36) and bilateral (n=23) lesions
(p=0.001). Post-hoc analysis showed children with both
bilateral and unilateral lesions had reduced volumes for all
structures compared with CTD (p<0.001 for all structures
and groups). Children with bilateral lesions had signifi-
cantly reduced volume in the thalamus (p<0.001) compared

Grey Matter in Subtypes of UCP Simon M Scheck et al. 971



with children with unilateral lesions. Volumes and 95% CI
are shown in Fig. 3.

CDGM versus PWM lesions
Dominant hemisphere deep grey matter volumes were
not significantly different between CTD (n=19), children
with CDGM lesions (n=15), and children with PWM
lesions (n=53) (p=0.099). Non-dominant hemisphere deep
grey matter volumes were significantly different between
CTD (n=19), children with CDGM lesions (n=6), and
children with PWM lesions (n=51) (p=0.001). Post-hoc
analysis showed that children with CDGM lesions had
reduced volumes compared with CTD in the thalamus
(p=0.001), putamen (p<0.001), and globus pallidus

(p<0.001); children with PWM lesions had reduced vol-
umes compared with CTD in the thalamus (p<0.001), pu-
tamen (p<0.001), and globus pallidus (p<0.001). Volumes
were not significantly different between children with
PWM and CDGM lesions for any structure. JTHFT
scores did not significantly correlate with volumes for any
structure.

DISCUSSION
The present study utilized two independent, automated
analysis techniques to quantify grey matter differences
between subtypes of UCP. Results showed that cortical
changes are minimal in children with PWM lesions, while
deep grey matter changes are not significantly different

Children with typical development (n=19)

Left hemiparesis: grey matter lesions (n=7)

Left hemiparesis: unilateral white matter lesions (n=14)

Right hemiparesis: unilateral white matter lesions (n=18)

0.00

0.01

p

Left hemiparesis: bilateral white matter lesions (n=11)

R L

Right hemiparesis: bilateral white matter lesions (n=10)

Right hemiparesis: grey matter lesions (n=10)

Figure 1: Results of voxel-based morphometry. Highlighted regions indicate significantly lower grey matter concentration within a voxel in participants
compared with controls with typical development. For display purposes, results are shown on templates created by combining all participants within
each group. Axial slices are taken at the levels shown.
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between CDGM and PWM lesions. In addition, we have
demonstrated that 39.6% of lesions are bilateral on MRI,
similar to previous studies (Cioni et al.:8 55% bilateral
[n=91]; Holmefur et al.:4 37% bilateral [n=27]). Children
with bilateral lesions had significantly reduced thalamic
volumes bilaterally compared with unilateral lesions. In
children with unilateral lesions, despite the dominant
hemisphere appearing qualitatively normal, mean thalamic
volume was reduced compared with CTD. These results
highlight the heterogeneity of grey matter changes that
underlie UCP, and the similarities between primary and
secondary deep grey matter nuclei changes.

The cohort for this study consisted of 73.6% PWM
lesions, 23.6% CDGM lesions, and 2.8% brain malforma-
tions. This is a greater proportion of PWM lesions than
previous studies (362–45%8), likely to be because of inclu-
sion of only children able to mobilize unaided (GMFCS
levels I and II). Results may therefore differ from children
with more severe hemiplegia. CDGM lesions were associ-
ated with significantly worse clinical outcomes than PWM
lesions, consistent with previous studies.3 Deep grey matter
nuclei volumes were not significantly different between
these two subtypes, despite the difference in aetiology. Dif-
fusion MRI has identified reduced integrity of the thalamic
radiations in children with CP, correlating with clinical
function.18 This relationship has been demonstrated in
children with UCP and PWM lesions, with preservation of
topographical organization of fibres within the thalamus.7

Lesions involving thalamic projections are the most likely
cause of secondary reduction in thalamic volume. Similar

changes have been observed in children with bilateral
impairment caused by PWM lesions.6 The pathophysiol-
ogy of these secondary changes to thalamic grey matter
differs from that occurring in CDGM lesions, where the
primary lesion directly impacts on the grey matter. Chil-
dren with bilateral PWM lesions also showed a reduction
in grey matter in the medial temporal lobe, posterior cin-
gulate and precuneus; all within the default mode network,
the most highly structurally and functionally connected
network within the brain.19 Further investigation into the
structural and functional connectivity of this network in
these children is warranted.

The difference in hand function between children with
unilateral and bilateral lesions did not meet statistical sig-
nificance, similar to previous findings.4

The population for this study was sufficiently large to
demonstrate several key findings; however, we could not
comment on the significance of observed changes in the less
common subtype of brain malformations. Adequate seg-
mentation of data for volumes within the non-dominant
hemisphere in children with CDGM lesions was limited
(n=6). The inability to adequately segment highly abnormal
brains is a technical limitation, which along with exclusion
of the caudate, may cause selection bias towards more typi-
cal brains. The requirement for manual correction in a
minority of participants was undertaken to minimize this
selection bias, at the cost of reduced reproducibility. Tha-
lamic volumes for controls were comparable with studies
using both manual20 and alternative automated techniques
(Freesurfer)21 in children of similar ages.

Thalamus

(a)

(b)

(c)

Caudate

Putamen

Globus pallidus

Figure 2: Samples of deep grey volume segmentation in children with unilateral cerebral palsy. (a) Samples of appropriate segmentation; (b) samples
of minor errors, which were manually corrected (arrowheads indicate underestimation, arrow indicates overestimation); (c) samples of segmentation
where only one hemisphere was able to be accurately segmented.
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CONCLUSION
The aetiology of brain injury resulting in UCP is hetero-
geneous. Lesions may appear unilateral or bilateral quali-
tatively on MRI, however, even in unilateral lesions, deep
grey matter nuclei may be impacted upon bilaterally. We
did not identify a significant difference in function
between bilateral and unilateral lesions. Lesions occurring
primarily in the PWM appear to cause secondary
changes to connected grey matter structures, particularly
the thalamus and basal ganglia, but may also extend to
cortical regions. These secondary changes result in simi-
lar volume reduction within the deep grey matter struc-
tures to those observed in children with primary CDGM
lesions. Children with primary CDGM lesions, however,
appear to have significantly worse clinical outcomes,
which may be because of more extensive cortical involve-
ment.
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SUPPORTING INFORMATION

The following additional material may be found online:

Table SI: Volumes of deep grey matter nuclei in children with

unilateral cerebral palsy, separated by lesion type.

Table SII: Volumes of deep grey matter nuclei in children

with unilateral cerebral palsy, separated by lesion type, before

manual correction of thalamus and putamen segmentations.

Table SIII: Relative and absolute changes to thalamus and pu-

tamen segmentation volumes with manual corrections.

Figure S1: Samples of manually corrected segmentations of

the thalamus and putamen.
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Figure 3: Volumes of deep grey matter nuclei structures in children with typical development (CTD) and children with unilateral cerebral palsy, sorted
by unilateral and bilateral lesions, and separately by lesion type (cortical or deep grey matter lesion [CDGM], periventricular white matter lesion [PWM]
or brain malformation [BM]). Vertical bars show 95% confidence intervals, corrected for age, sex, and total brain volume.
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