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Abstract

Background: Upper limb (UL) function in children with unilatar cerebral palsy (CP) may
vary largely depending on presumed timing, locateord extent of brain lesions. These
factors might exhibit a complex interaction and twnbined prognostic value warrants
further investigation. This study aimed to mapdesiocation and extent and assess whether
these differ according to presumed lesion timing &m determine the impact of structural
brain damage on UL function within different lesitiming groups.

Materials and methods. Seventy-three children with unilateral CP (meae 4@ years 2
months) were classified according to lesion timingalformations (N=2), periventricular
white matter (PWM, N=42) and cortical and deep gmegtter (CDGM, N=29) lesions.
Neuroanatomical damage was scored using a semtigiiame MRI scale. UL function was
assessed at the level of body function and actigitgl.

Results:. CDGM lesions were more pronounced compared to PW&ibns (p=0.0003).
Neuroanatomical scores were correlated with a higegree to UL function in the CDGM
group (=-0.39 to =-0.84) compared to the PWM group,$r0.42 to £=-0.61). Regression

analysis found lesion location and extent to expldb% and 65% (p<0.02) respectively, of the

variance in AHA performance in the CDGM group, loaly 24% and 12% (p<0.03) in the PWM
group.

Conclusions. In the CDGM group, lesion location and extent seémimpact more on UL
function compared to the PWM group. In childrenhwRWM lesions, other factors like
cortical reorganization and structural connectivitgy play an additional role.
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1. Introduction

Cerebral palsy (CP) is the most frequent causéitditood disability in which a brain
lesion causes motor dysfunctidn)n children with unilateral CP, upper limb (UL)
impairments such as spasticity, muscle weaknesssansory dysfunction result in activity
limitations which are expressed in difficulties wigrasping, releasing and manipulating
objects*® The heterogeneity of these impairments and agtivititations is large:* and may
strongly depend on the anatomical characterizatbrthe underlying brain lesion, i.e.
presumed timing, location and extént’

Brain lesions in children with unilateral CP aredeof classified into three broad
categories according to presumed lesion timingticar malformations (first and second
trimester), periventricular white matter (PWM) l@ss (from late second till early third
trimester) and cortical and deep grey matter (CDG&g)ons (around term age)Children
with PWM lesions have higher chances of developittgtter UL function than children with
CDGM lesions™? Nevertheless, there is a large heterogeneity\veritg of UL dysfunction
within each of these groupsA second possible neural correlate of UL functisresion
location/****>previous studies indicated that the UL is mostdirggl in case of damage of
subcortical structures, such as the basal garg®,{°* thalamu$®*?or the posterior limb
of the internal capsule (PLIE)* A third factor suggested to influence UL functigresion
extent. Three studies found that the severity sible extent was related with a more impaired
UL.293 Another study could not demonstrate that the degfavhite matter loss contributed
to the explanation of the variability in hand fuipot™*

Although some evidence exists for the role of pnesd timing, location and extent,
these factors might exhibit a complex interactidmle/their combined prognostic value has
not yet been investigated. Furthermore, the usguaiitative brain lesion classifications

hinders the detailed mapping of lesions in childreith CP. Recently, a visual semi-



quantitative scale was developed specifically foildcen with CP providing an in-depth
assessment of structural brain damage (locationeateht) on MRI (sqMRI scaléf:*® The
structure-function relationship was investigatedimlateral CP with PWM lesions using this
scale, but only into limited extent in children WIEDGM lesions>®Furthermore, there is a
paucity of data on the difference in location amxteet of brain lesions between different
timing groups and on the combined impact of theghmentioned neurological factors on UL
function assessed on the level of body functionastility.

The first objective of this study was to map brédsion locations and extent in
children with unilateral CP using the sqMRI scajeRtiori et al'®, and to assess whether this
differs between different timing groups. A secongective was to determine the relation
between lesion location and extent and UL functionthe different timing groups. The
insights of these results might contribute to adsgtrediction of UL outcomes for the child

and to a more individualized treatment planning.

2. Materials and Methods

2.1 Participants

Participants were recruited via the CP-care progodnthe University Hospitals Leuven.
Children with a predominant spastic type of conggninilateral CP were included if they
were aged between 4-15 years, able to comprehshohstructions and had a brain MRI scan
available. This scan included at least fluid-ategad inversion recovery sequences, taken
after the age of 3 years as described by Fiori. £ & be able to score the brain lesion with
the sgMRI scale. Children were excluded if they halistory of UL surgery or Botulinum
toxin-A injections during the last six months priortesting. The protocol was approved by
the Ethical Committee of the University Hospitalsuken and informed consent was obtained

from the parents.



2.2 Procedure

Clinical assessments were performed at the ClinMation Analysis Laboratory of the
University Hospitals Leuven using a standardizesd peotocol*” Children were assessed by
three physiotherapists routinely involved in thimichl evaluation of children with CP. Each
MRI was scored using the sqMRI scaf by one paediatric neurologist (EO) who was
blinded to the clinical outcome. In case a childl maultiple MRI scans available, the scan
closest to the clinical assessment was chdse? children, the scan was performed at least one
year before the UL clinical assessment, in 28 enstéime year and in 23 children, the scan was taken
least one year after the UL clinical assessiréotvever, all children were included as structurailip
damage is not expected to change after the agees tvhen the myelination process is compléted.

All children were also classified according to theiesumed lesion timingln case children
had multiple lesions that could be assigned to ntbee one group; they were classified

according to their predominant pattern taking toount their medical history.

2.3 Clinical assessment

General information such as age, sex, impaired, $nual Ability Classification
System (MACS)’ and Gross Motor Function Classification System (&) were collected.
At body function level, motor assessments includedcle tone, muscle strength and grip
strength. Muscle toneas evaluated with the Modified Ashworth Sé8lim eleven muscle
groups at the level of the shoulder, elbow, wrigl &and (total score; 0-44). Muscle strength
was determined using the ordinal rating scale afi€la and Worthinghaf in nine muscle
groups at the level of the shoulder, elbow and tw(tstal score; 0-45). Grip strength was
measured with the Jamar dynamometer as the metimeaf maximum contractions at each
side. Grip strength ratio of the impaired handhe hon-impaired hand was calculated to
eliminate the correlation between grip strength agef?* Sensory function was assessed by

evaluating two-point discrimination (TPD) and stegeosis:’ TPD was assessed with an



aesthesiometer® at the distal phalanx of the ifaeger. The minimal distance at which one
or two points could correctly be distinguished veasluated. Stereognosis was assessed by
tactile identification of six objects. For more aiét see Klingels et &. Interrater and test-
retest reliability of this protocol has been estiigd®’

At activity level, bimanual performance was asseésgeth the Assisting Hand
Assessment (AHA3*?® This test evaluates how effectively the impairednd is
spontaneously used during bimanual activities int@&s. Raw scores were converted to 0-
100 logit-based AHA units. Unimanual capacity wassessed with the Melbourne
Assessment of Unilateral Upper Limb function (MUBL)and the Jebsen-Taylor Hand
Function Test (JTHFT}*® The MUUL comprises 16 unimanual task®aw scores were
converted to a percentage score. During the JTHR&, time needed to complete six
functional tasks was recorded for the impaired haiee ABILHAND-kids questionnair&’
filled in by the parents, assessed manual perfocmauring daily activities. The raw sum
score was converted to a logit measure. All clinezales are found to be reliable and

valid 242°

2.4 Semi-quantitative MRI scale
The sqMRI scafé'™® consists of a graphical black and white templdtesino axial

slices and a simple scoring system. In a first,stie@ lesion was drawn onto the template.
Afterwards, a score was calculated for the perneultir, middle and cortico-subcortical
layers of the frontal, parietal, temporal and oitalplobe for both hemispheres separately.
Each layer was scored for each lobe (0-1) resuitirglobar score (0-3) and summed up to a
hemispheric layer score (0-4). Subsequently, aajylblemispheric score (0-12) could be
calculated from the sum of each layer for the gsdnal as well as contralesional

hemisphere. Damage to BG (lenticular and caudatéeus), PLIC, thalamus and brainstem



were scored directly from the MRI as either affdabe non-affected (global subcortical score,
0-5). These five structures will hereafter be neférto as subcortical structures. Scores of the
cerebellum and corpus callosum were left out dug¢heo number of missing values. The
ipsilesional and contralesional global total sc@@el7) was calculated as the sum of the
global hemispheric and global subcortical scoreadth respective hemisphere. Finally, the
sum of all these scores led to the total lesiobalgcore (0-40). High reliability and validity
has been demonstrat&t> A comprehensive description of the scale can baddn Fiori et
al*®

Lesion location was defined as damage to the fobed, three layers and five
subcortical structures. Lesion extent was deterchimg the ipsilesional global hemispheric,

ipsilesional global subcortical and ipsilesionailgdl total scores.

2.5 Statistical analysis

Descriptive statistics were used to document génamd clinical characteristics of the
participants and to map location and extent ofcstmal brain damage in the different timing
groups. Differences in clinical outcome as wellimdrain damage between the PWM and
CDGM group were investigated. Children with malfations were excluded because of the
small sample size (N=2). A paired t-test was usechdérmally distributed, continuous data or
a Wilcoxon rank sum test in case of non-normallgtrdbuted and ordinal data. For the
dichotomous scores of the scale, a Fisher Exac@hoSquare test was used. Correlation
coefficients were calculated between the scorapsiesional brain damage and all clinical
outcomes of UL function for the PWM and CDGM grouping Spearman’s ranky)rbiserial
(ro), rank biserial (k) or point biserial (g,) correlation coefficients depending on the type of
data. Also correlations between AHA performance andtralesional global scores were

calculated. Correlation coefficients <0.30 weresidered as little or no correlation, 0.30 to



0.50 a low, 0.50 to 0.70 a moderate, >0.70 a highGa90 to 1.00 a very high correlatifiA
Holm-Bonferroni correction was applied for multigiesting witha=0,05. Only correlations
significant after correction will be discussed. &y, a stepwise multiple regression analysis
was used to identify which scores explained theamae in AHA performance for both
groups based on lesion location and extent. Fdorebcation, the ipsilesional frontal,
parietal and temporal lobe, periventricular andcsutical layer and all subcortical structures
were entered in the regression model. For lesidangxthe ipsilesional global hemispheric
and subcortical scores were used. Two-sided 5% tvsignificance was used. Statistical
procedures were carried out with SAS Enterprised&@.1 (SAS Institute Inc., Cary, NC,

USA).

3. Results

3.1 Participants

Seventy-three children (43 males, 30 females; @fts#ided, 36 left-sided; MACS
=27, 11=33, 11I=13; GMFCS 1=61; 11=12) with congéal unilateral CP were included in the
study. Average age at time of clinical assessmeats10 years and 2 months (SD + 2 years
and 8 months), and at time of the MRI 10 years@antbnths (SD * 3 years and 10 months).
Two children had cortical malformations, 42 childrgresented with PWM lesions and 29
children were classified as CDGM lesions. For ady function and activity measures,
children with CDGM lesions performed worse thanldign with PWM lesions (p<0.003),

except for the ABILHAND-kids questionnaire (p=0.08ke Table SF, supplementary files).

3.2 Lesion characteristics in different timing groyps
In the PWM group, the frontal and parietal ipsilesional lobes wirelved in more

than 80% of the children, while the temporal andiital lobes were affected in half of the



children (see Figure 1A). The periventricular anididte white matter layer were affected in
almost all children, whereas the cortico-subcortiager was damaged in only 25% of the
children. Remarkably, 75% of the children had daenegat least one subcortical structure.
The PLIC was most commonly affected (62%) and #hsedamus and brainstem were often
involved (43% and 52% respectively) (see Figure.1lA)the CDGM group, 70% of the
children showed damage in all lobes, 80% in aletayand 75% in all subcortical structures
with only the caudate nucleus less frequently dad4§2%) (see Figure 1A).

Contralesional damage was seen in 52% and 34%eothiidren with PWM and
CDGM lesions respectively (see Figure 1B). In tNgNP group, contralesional damage was
most often seen in the frontal lobe (38%). The otbbes were damaged in 17% to 29% of
the children with PWM lesions. In the CDGM groumntralesional damage was more
equally distributed across the lobes in about 2%%echildren for each lobe. In both groups,
the periventricular and middle white matter layerevmost often affected (PWM, 45% and
43%; CDGM, 35% and 31% respectively). Only onecthilth PWM lesions showed damage
in the contralesional cortico-subcortical layers@lin the CDGM group, this layer was less
frequently affected (10%). Damage to contralesianadcortical structures was rare in both
groups.

Table 1 shows the statistical comparison of théagi®nal scores between the PWM
and CDGM group. For lesion location, damage toftbetal, parietal and temporal lobe, the
middle white matter and cortico-subcortical laypk@.001), was significantly more often
seen in the CDGM group compared to the PWM groulso Alamage to the lenticular
nucleus, caudate nucleus and thalamus was moreefnegn children with CDGM lesions
(p<0.001). For lesion extent, all global scoresewvalso significantly higher in the CDGM

group (p<0.0004).



3.3 Relation between lesion characteristics and upp limb function in different timing
groups
3.3.1 Sensorimotor outcome
Correlation analysis between lesion characteristitd motor function in th®WM group
revealed only a few significant correlations (sedl€ 2A). Low significant correlations were
found for muscle tone with damage to the PLIC dadamus ($=0.46 and $=0.46) and one
moderate correlation with the global subcorticalrec(k=0.52). No significant correlations
were found for muscle strength and grip strengtlnigher number of significant correlations
was found with sensory outcome. Correlation coigffits for 2PD were low, except for a
moderate correlation with the global subcorticabrec(k=-0.50). For stereognosis, mainly
moderate correlations were found with all subcaltistructures (§=-0.43 to f=-0.58),
except for the brainstem. Stereognosis was alsoerately correlated with the ipsilesional
global subcortical and ipsilesional global totabrec(k=-0.61 and &=-0.50 respectively).
Correlation analysis between lesion characterigtiu$ motor function in th€DGM
group (see Table 2B) revealed a much higher numbergoiifstant correlations. Muscle tone
correlated highly with damage to the parietal |dBEIC and thalamus £&0.70 to = 0.76).
For muscle strength, high correlations were founth wWamage to the frontal and parietal
lobes and the middle white matter layer, along wiité ipsilesional global total scorer
0.70 to =-0.79). For grip strength, high correlations wéyand with damage to the PLIC
(rp,=-0.77) and thalamusx-0.77). Furthermore, moderate correlations weuwmndofor 2PD
with all scores (=-0.46 to =-0.62), except for the temporal and occipital lobe
periventricular white matter layer and lenticularcleus. For stereognosis, low correlations
were found with damage to the lenticular nucleuslCPand thalamus, along with the

ipsilesional global subcortical and ipsilesionailgl total score {g=-0.40 to p,=-0.48).



3.3.2 Activity outcome
For all activity measures, only few and low cortielas were found in thBWM group. (see
Table 2A) The AHA and MUUL correlated significantlyith damage to thalamus,g#-0.44
and r,=-0.42 respectively). The AHA was further correthteith damage to the PLIC,(e-
0.49) and the MUUL with the global subcortical seofr.=-0.48). The JTHFT and
ABILHAND-kids questionnaire were not significantlgorrelated with structural brain
damage in this group. In t@DGM group significant correlations were found between all
neuroanatomical scores and all activity measumss Table 2B). Overall, highest correlations
were found with the AHA, while for the ABILHAND-k&l questionnaire correlations were
mainly moderate. For the AHA, high correlations &évund with damage to the frontal and
temporal lobe, all three layers, PLIC, thalamus brainstem, along with all global scores
(rop=-0.70 and y=-0.84). The MUUL was highly correlated with damagethe frontal lobe,
middle white matter and cortico-subcortical layé,. IC and thalamus, along with the
ipsilesional global total scores£0.70 to &-0.79). For the JTHFT, high correlations were
found with damage to the frontal lobe, PLIC andlahas (;,=0.72 to £=0.74). The
ABILHAND-kids questionnaire correlated highly wittlamage to the middle white matter
layer.

Finally, correlations between contralesional damews AHA scores were explored in
both groups. For both groups, there were no siamti correlations between AHA

performance and all contralesional global score§.(x1).

3.4 Regression analysis of bimanual performance
Regression analysis based on lesion location regetle PLIC as the only significant
predictor in the PWM group explaining 24% of theiaace in AHA performance (p=0.001).

For the CDGM group, the total amount of explainadance in AHA performance was 75%,



with the temporal lobe as the strongest contrib(R3=0.69, p=0.02). The frontal lobe further
contributed significantly to the explained variarf®8=0.06, p=0.05).

For lesion extent, only 12% of the variance waslarpd by the global subcortical
score (p=0.03) in the PWM group. For the CDQ@¥bup, the global hemispheric score

explained 65% of the variance in AHA performance(Q001).

4. Discussion

To the best of our knowledge, this is the firsdgtthat examined the impact of the interaction
of presumed lesion timing, location and extent obh function using a comprehensive
assessment at the level of body function and &gtivi a large representative sample of
children with congenital unilateral CP. The firghavas to map brain lesions and investigate
whether location and extent differed accordingrespmed lesion timing. Regarding location,
the PLIC and brainstem were equally damaged in lgotlups. Further, all lobes and the
middle white matter and cortico-subcortical laysrveell as the thalamus and the lenticular
and caudate nucleus were more often damaged idrehilwith CDGM lesions. Regarding
lesion extent, all global scores were significafitigher in the CDGM group compared to the
PWM group. Hence, these results indicate that COEdbns are more extended than PWM
lesions, which is in line with the study of Schetkal™* They quantified lesion volume using
voxel-based morphometry and showed that corticabliement is more pronounced in
children with CDGM lesions.

The second aim was to assess the relation betws&mllocation and extent with UL
function and to investigate whether this differegtviieen timing groups. Strikingly, more
significant and higher correlations were found footor and sensory function with all
neuroanatomical scores in the CDGM group compaveithié PWM group displaying fewer

and lower correlations. In the PWM group, mostlyndge to the PLIC and thalamus was



related with UL motor function. In the CDGM grougporrelations with these same brain
structures were revealed, although correlationfmoefits were much higher. The PLIC and
thalamus are known for their important roles inqessing sensorimotor signafs™ The
PLIC entails motor pathways, while all sensory infation first passes through the thalamus
before reaching the cortex. The importance of tiegrity of these structures for UL function
independent of lesion timing is in line with previostudies:**°*%*3n addition, regression
analysis revealed the PLIC as a significant preditd explain AHA performance in the
PWM group, which emphasizes the importance ofdtriscture for UL function.

Regression analysis further highlighted the difféied impact of lesion location on
UL function between both groups. In the PWM groaply 24% of the variance in AHA
performance could be explained by lesion locatiorantrast to 75% in the CDGM group.
Pagnozzi et al. also revealed a clearly higheramptl variance in AHA performance in the
CDGM group compared to the PWM grotfp.

Furthermore, lesion extent also seems to impactriare on UL motor function in
children with CDGM lesions. In the CDGM group, wauhd significantly high correlations
between UL motor function and all global scoresditidnally, 65% of the variance in AHA
performance was explained by the ipsilesional dldigaispheric score. Oppositely, in the
PWM group, only 12% of the variance in AHA performea could be explained by the global
subcortical score, which was the only global s¢bat correlated significantly with UL motor
function. Fiori et al. also found no correlatiorntweeen the global hemispheric score and UL
activity measures in children with PWM lesidfis.

In summary, our findings demonstrate that struttimain damage is a major
determinant of UL function in children with CDGMslens. The fewer and low correlations
as well as low explained variance show that thisuigh less the case for children with PWM

lesions. This indicates that other factors may laeenmportant in understanding UL function



in the PWM group. In these children, the use oebtmaging modalities might further clarify
the relation between brain lesion characteristind dL function. Diffusion tensor imaging
(DTI) is a more recent imaging technique that hesnbsuggested to be superior to structural
MRI in detecting more subtle brain abnormalities vifite matter> Additionally, DTI
parameters have already been proven to relate tdudttion in children with unilateral
CP*3 Thus, DTI might be a complementary neuroimagirghmégue in future studies for
children with PWM lesions. The type of cortical rganization may also be of further
importance which can be documented with the usérasfscranial magnetic stimulation
(TMS). It has been shown that children with PWMidaes have a higher potential for
contralesional reorganization than children with@ND lesions, which is known to impact on
UL function®333%Consequently, we hypothesize that the type of mtirgtion and structural
connectivity is more important in determining Ulnfition than structural brain damage based
on MRI images in children with PWM lesions as ha®rbrecently described by Jaspers et
al.**However, DTI also has limitations that need to besidered, such as being less accurate
in areas of crossing, kissing and fanning fifeend its difficulty to apply in children with
large lesions. In addition, TMS cannot be appliedchildren with epilepsy. Moreover, a
structural MR is still considered the gold starttigw underpin the clinical presentation and
thus, corroborate the diagnosis of €@wur results further confirm that the sqMRI scale ca
be easily used to describe location and extentafbesions in more detail in children with
unilateral CP. Secondly, we found evidence that fuale is suited for providing prognostic
information about UL function, but mainly in chielr with CDGM lesions. In addition,
automatization of the scale would further enhatselinical utility>’

Another interesting finding in the PWM group wag timore pronounced association
with sensory outcome compared to motor outcome. é¥ew significant low to moderate

correlations were found with damage to solely suipmal structures. This might be explained



by the fact that sensory pathways reach theiraartlestination sites only at the beginning of
the third trimester of pregnancy and may thus bgibass the lesioif:** This may offer an
explanation of why correlations with cortical stuwres such as the parietal lobe, which
encompasses the primary and secondary somatosarwstey were lacking in children with
PWM lesions. In the CDGM group, 2PD was correlatgth damage to the frontal and
parietal lobe. In these children, sensory pathwalysady reached their cortical destination
sites when the lesion occurs. Damage to the frartdlparietal lobes may thus impact more
on sensory outcome in this group. The caudate nsicdowed highest correlations with
sensory outcome in both groups. Brain activation tlié caudate nucleus has been
demonstrated during 2DP and decision-making t&&KsFiori et al. also found that the
caudate nucleus contributed significantly to theiateon in 2PD in children with PWM
lesions™® Overall, only low to moderate correlations wererfdtbetween sensory outcomes
and structural brain damage in contrast to motécarues. This might imply that the integrity
of structural and/or functional connectivity betweaultiple brain areas is more important for
these sensory functions than structural brain demBteyenheuft et &F indeed reported a
very high correlation between structural integrdf motor pathways and stereognosis.

P*%only found low correlations between structural aeetivity of motor

However, Tsao et &
and sensory pathways with both stereognosis and 2R is known on the functional
connectivity of sensory pathways. Papadelis etsafjgested an impaired somatosensory
processing network in children with spastic ©fEurthermore, functional MRI studies in
healthy adults revealed complex neural networksnduthe evaluation of stereognosis and
2PD** Further study is needed on the combined impacstnfctural and functional

connectivity on sensory function in children withilateral CP which might further elucidate

the relationship between brain damage and UL sgrmadcomes.



Despite the fact that clinical impairments wereadle unilateral, bilateral lesions were
seen in 52% and 34% of children with PWM and CD@&8idns respectively. Contralesional
damage was mainly found in the cortical areas aas rare in the cortico-subcortical layer
and subcortical structures. Bilateral brain damagehildren with unilateral CP has been
previously reported although frequencies were ligtariable®®° Correlations between the
contralesional global scores and AHA performanceewt significant for both groups. This
is in line with Holmefur et al, who already reported the lack of impact of bilater
abnormalities on UL function.

This study also warrants some critical reflectidbse to the small number of children
with malformations (N=2), no conclusions can be en&a this group. A further lack is that
we could not describe the impact of damage to thpus callosum and cerebellum due to the
exclusion of these structures. However, both thgu callosum and cerebellum have
recently been shown to relate to bimanual funéfiand manual dexterity respectively.
Hence, both structures need to be considered urefustudies. Moreover, the functional
evaluation and MRI-scan were not always perfornteth@ same age. The average age gap
included 2 years and 4 months (x 2 years 4 montHsjvever, there was no significant
difference regarding this time gap between the PVdhd CDGM group (p=0.14).
Furthermore, structural brain damage, visualizedidtl, is not expected to change after the
age of three when the myelination process is comgfé Finally, it must be acknowledged
that the scoring system of the sgMRI scale alsosaase limitations as it remains a semi-
guantitative assessment. Nevertheless, a high eegreeliability of the scale has been
demonstrated as well as validity in children witkV® lesions'** This study further
established the validity of the sgMRI scale in dreh with CDGM lesions and proved its

clinical utility in this target group.



5. Conclusion

Information on lesion location and extent from 8M&] scale combined with the knowledge
of lesion timing provides important prognostic infation, especially in children with

CDGM lesions. PWM lesions on the other hand, as®@ated with less brain damage and
are less related to UL function. Cortical reorgatian and structural connectivity may play
an additional role in the clinical outcome in thedeldren. This knowledge undoubtedly
contributes to a better prediction of UL functiaor thildren with congenital unilateral CP

and opens perspectives for individually tailorelatalitation.
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Figure 1. Percentage of ipsilesiona (A) and contraesional (B) damage in the PWM and
CDGM group. Abbreviations: PWMD, periventricular white matter; CDGM, cortical and
deep grey matter; F, fronta lobe; P, parietal lobe; T, tempora lobe; O, occipital lobe; PV,
periventricular layer; M, middle white matter layer; SC, subcortical layer; NL, lenticular
nucleus; NC, caudate nucleus; PLIC, posterior limb of the internal capsule; TH, thalamus; BS,

brainstem; *, significant after Holm-Bonferroni correction a=0.05



Table 1. Descriptive statistics and comparison of the |lgssonal scores between the

periventricular white matter and cortical and dgegy matter lesions

PWM (N=42)  CDGM (N=28) P-value
Ipsilesional lobes
F tot (0-3Y Me (P25-P75) 1 (1-1.5) 2.5 (1.0-3.0) 0.001*
P tot (0-3f Me (P25-P75) 1.5(1-2) 3.0 (2.0-3.0) 0.0002*
T tot (0-3)° Me (P25-P75) 0.5 (0-1.5) 3.0 (1.0-3.0) <0.0001*
O tot (0-3Y° Me (P25-P75) 0.25 (0-1.5) 1.0 (0.0-2.0) 0.04
Ipsilesional hemispheric layers
PV (0-4)° Me (P25-P75)  2.25 (1.5-3.0) 3.5 (2.0-4.0) 0.07
M (0-4)® Me (P25-P75) 1.5 (1.0-2.0) 3.0 (1.5-3.5) 0.0003*
SC (0-4Y Me (P25-P75) 0.0 (0.0-0.5) 2.5 (1.0-3.0) <0.0001*
Global (0-12)° Me (P25-P75) 3.25 (2.5-5) 9.0 (5.5-10.5) 0.0004*
Ipsilesional SS
Lenticular nc (0-1) <0.0001*
Intact N (%) 30 (71%) 6 (21%)
Damaged N (%) 12 (29%) 23 (79%)
Caudate nc (0-1) 0.002*
Intact N (%) 36 (86%) 15 (52%)
Damaged N (%) 6 (14%) 14 (48%)
PLIC (0-1)° 0.7
Intact N (%) 16 (38%) 5 (17%)
Damaged N (%) 26 (62%) 24 (83%)
Thalamus (0-1) 0.001*
Intact N (%) 24 (57%) 5 (17%)
Damaged N (%) 18 (43%) 24 (83%)
Brainstem (0-1 0.14
Intact N (%) 20 (48%) 8 (28%)
Damaged N (%) 22 (52%) 21 (72%)
Global (0-5)° Me (P25-P75) 2.0 (1.0-3.0) 4.0 (3.0-5.0) 0.0003*
Ipsilesional total
Global (0-17)° Me (P25-P75) 5.0 (4.0-7.0) 13.5 (9.0-15.0) 0.0003*

Abbreviations: Me, median; P, percentile; N, numbgchildren; F, frontal lobe; P, parietal lobe; tf€mporal
lobe; O, occipital lobe; PV, periventricular lay&t; middle white matter layer; SC, cortico-subocatilayer; nc,
nucleus; PLIC, posterior limb of the capsula inger8S, subcortical structurés;Wilcoxon rank sum test:
Fisher's exact test; PWM, periventricular white tagtCDGM, cortical and deep grey matter; *sigrafit after

Holm-Bonferroni correctiom=0.05



Table 2: Correlations between ipsilesional scores and clinical outcome for the PWM (2A) and CDGM group (2B)

Table 2A: PWM group (N=42)

Muscle tone Muscle Grip strength TPD Stereognosis AHA MUUL JTHFT ABI LHAND
strength -kids
Ipsilesional lobes
F tot (0-3) re=0.36 re=-0.33 r=-0.18 r=-0.31 r=-0.28 r,=-0.28 re=-0.28 re=0.43 re=-0.35
P tot (0-3) r=-0.01 re=0.04 r=0.09 r=-0.28 r=-0.11 re=0.12 re=0.07 re=0.03 re=-0.23
T tot (0-3) r=0.06 re=-0.06 re=0.09 r=-0.34 re=-0.39 rn,=0.14 re=0.00 re=0.07 re=0.03
O tot (0-3) r=0.21 re=-0.10 r=-0.03 r=-0.28 re=-0.31 r,= 0.02 re=-0.17 re=0.13 re=-0.04
Ipsilesional
hemispheric layers
PV (0-4) re=0.04 re=-0.10 r=0.05 r=-0.37 re=-0.36 r,=0.15 re=-0.01 re=0.07 re=-0.01
M (0-4) re=0.12 re=-0.07 r=0.08 re=-0.26 r=-0.36 r,=0.05 re=-0.02 re=0.09 re=-0.19
SC (0-4) re=0.39 re=-0.21 re=-0.07 re=-0.45* re=-0.31 rn=-0.14 re=-0.18 re=0.28 r=-0.33
Global (0-12) re=0.08 re=-0.14 re=0.09 r=-0.38 re=-0.39 r,= 0.07 re=0.01 re=0.08 re=-0.09
Ipsilesional SS
Lenticular nc (0-1) | ru=0.23 = -0.13 rp=-0.07 re=-024  rp=-0.53* o= -0.21 = -0.27 rp=0.27 rp=-0.19
Caudate nc (0-1) ry=0.03 ry=-0.01 rp=-0.21 rp=-0.47*  rp=-0.58* rob=-0.05 ry=-0.12 rp=0.03 ry=-0.07
PLIC (0-1) rp= 0.46* rp=-0.19 rp=-0.34 rp=-0.44*  rp=-043*  rpp=-0.49* rp=-0.32 rp=0.17 rp=-0.03
Thalamus (0-1) rep= 0.46* ry=-0.37 rp=-0.28 rp=-0.35 rrp=-050* rpp=-0.44* rp=-0.42* rp=0.30 ry=-0.31
Brainstem (0-1) = 0.32 = -0.15 ry=-0.19 rp=-0.31 rp=-0.32 Iob=-0.09 rp=-0.06 r,=0.08 rp=-0.01
Global (0-5) r=0.52* re=-0.41 re=-0.27 r<=-0.50* r=-0.61* rn,=-0.35 r=-0.48* r=0.41 re=-0.18
Ipsilesional total
Global (0-17) re=0.29 re=-0.30 re=-0.02 r=-0.44* r=-0.56* r,=-0.12 re=-0.22 r=0.25 re=-0.09

Abbreviations: PWM, periventricular white matter; CDGM, cortical and deep grey matter; F, frontal; P, parietal, T, temporal; O, occipital; PV, periventricular layer; M, middle white matter
layer; SC, cortico-subcortical layer; nc, nucleus; PLIC, posterior limb of the internal capsule; SS, subcortical structures; BS, brainstem; TPD, two-point discrimination; AHA, Assisting
Hand Assessment; MUUL, Melbourne Assessment of Unilateral Upper Limb Function; JTHFT, Jebsen-Taylor Hand Function Test; rs, spearman rank; ry,, biserial; ry, point biserial; ry,, rank
biserial; * and bold, significant after Holm-Bonferroni correction 0=0.05




Table 2B: CDGM group (N=29)

Muscle tone sl\t/:gnsgti Grip strength TPD Stereognosis AHA MUUL JTHFT AB I_I_K?(QN D
Ipsilesional lobes
F tot (0-3) r= 0.59* r=-0.79* re=-0.42 r=-0.62* r=-0.25 r,=-0.81* re=-0.79* r=0.74* r= -0.58*
P tot (0-3) r= 0.70* r=-0.70* r=-0.41 r=-0.53* re=-0.38 rp=-0.65* r=-0.51* re= 0.47 r= -0.54*
T tot (0-3) r= 0.65* r= -0.58* r= -0.54* re=-0.45 r=-0.25 rp=-0.84* re= -0.65* r= 0.65* r= -0.69*
O tot (0-3) r= 0.58* r=-0.53* re=-0.48 re=-0.30 re=-0.22 rp=-0.49 re=-0.53* re= 0.38 r—=-0.53*
Ipsilesiona hemispheric
layers
PV (0-4) r= 0.61* re= -0.64* re=-0.39 re=-0.50 re=-0.23 rp=-0.75* re= -0.58* re= 0.43 r=-0.57*
M (0-4) r= 0.68* re=-0.74* r= -0.64* r=-0.57* re=-0.38 rp=-0.76* r=-0.71* r=0.61* r=-0.70*
SC (0-4) r= 0.69* r= -0.66* r= -0.59* r—=-0.53* re=-0.33 rp=-0.77* re=-0.70* r= 0.59* r—=-0.67*
Global (0-12) r= 0.69* re= -0.69* r=-0.57* r= -0.55* r=-0.31 rp=-0.81* re= -0.69* r=0.57* r= -0.66*
Ipsilesional SS
Lenticular nc (0-1) rrp= 0.53* rrp=-0.53* rp=-0.52* rp=-0.32 rp=-0.48* rpp=-0.51* rrp= -0.60* rp= 0.67* rp=-0.58*
Caudate nc (0-1) b= 0.42 b= -0.47 o= -0.43 rrp= -0.58* o= -0.46 Ipb= -0.51 rrp= -0.57* rrp= 0.64* o= -0.40
PLIC (0-1) rp= 0.76* rrp= -0.68* rp=-0.77* rp=-0.53* rp=-0.40* rpp=-0.78* rp=-0.75* rp=0.72* rp=-0.64*
Thalamus (0-1) rip= 0.76* rrp= -0.68* rp=-0.77* rep=-0.53* rip=-0.40* fpb= -0.78* rrp=-0.75* rp= 0.72* rip=-0.64*
Brainstem (0-1) rrp= 0.63* rrp= -0.56* rp=-0.66* rp=-0.46* rp=-0.13 rpp=-0.70* rp=-0.67* rrp= 0.59* rp=-0.58*
Global (0-5) re= 0.54* r=-0.61* r= -0.54* r= -0.60* r= -0.45* rp=-0.77* r= -0.66* r=0.72* r= -0.49*
Ipsilesional total
Global (0-17) r=0.67* r=-0.72* r— -0.59* r—=-0.61* r=-0.39* rp=-0.83* re=-0.70* r= 0.60* r=-0.53*

Abbreviations. CDGM, cortical and deep grey matter; F, frontal; P, parietal, T, temporal; O, occipital; PV, periventricular layer; M, middle white matter layer; SC, cortico-subcortical layer; nc,
nucleus; PLIC, posterior limb of the internal capsule; SS, subcortical structures; BS, brainstem; TPD, two-point discrimination; AHA, Assisting Hand Assessment; MUUL, Melbourne
Assessment of Unilateral Upper Limb Function; JTHFT, Jebsen-Taylor Hand Function Test; r, spearman rank; r, biserial; ry,, point biserial; ry, rank biserial; * and bold, significant after Holm-

Bonferroni correction 0=0.05
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Highlights

PWM lesions have less structural brain damage compared to CDGM lesions
» Lesion location and extent are more strongly related to UL function in CDGM lesions
* ThesgMRI scaleisclinically useful, in particular in children with CDGM lesions



