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Abstract

Background: Assessing motor impairment in spastic cerebral palsy (SCP) is a key factor in
the treatment and rehabilitation of patients. We intend to investigate the correlation between
diffusion tensor imaging properties of sensorimotor pathways and motor function in SCP
using meta-analysis, and to determine specific white matter lesions that are closely related to
motor dysfunction in SCP.

Methods: We conducted a literature search of PubMed, Embase, Scopus, and Web of Science
databases to identify trials published from January 1999 to January 2019, that had evaluated
the correlation between fractional anisotropy (FA) and motor function scores in SCP.
Correlation coefficient (r) values were extracted for each study, and the extent of r was
quantitatively explored. The r values between FA within different sensorimotor pathways and
motor function scores were pooled respectively.

Results: Nineteen studies involving 504 children with SCP, were included. FA in both
sensory and motor pathways significantly correlated with motor function scores. However,
compared with the corticospinal tract and thalamic radiation, FA in the posterior limb of the
internal capsule (PLIC) correlated more strongly with gross motor function classification
system and upper limb motor function (r = -0.71, 95% CI -0.80--0.60; r = 0.73, 95% CI
0.60-0.82, respectively; P < 0.05).

Conclusions: FA within the PLIC is more closely related to motor dysfunction, and can
potentially be a biomarker for evaluating the degree of motor impairment in SCP.

Keywords: cerebral palsy; diffusion tensor imaging; fractional anisotropy; sensorimotor

pathways; motor function



Introduction

Cerebral palsy (CP) is a childhood-onset motor and posture disorder resulting from an early
non-progressive brain lesion, the most common subtype of which is spastic CP (SCP).!*
Assessing the degree of motor impairment allows development of management and treatment
strategy, and is therefore a key factor in the rehabilitation of patients.?

In previous studies, the Gross Motor Function Classification System (GMFCS) and
assessments of upper limb motor function (ULMF), such as the Assisting Hand Assessment
(AHA) have been frequently used to assess the degree of motor impairment in children with
bilateral and unilateral SCP because of good inter-rater reliability.*” However, it is important
to note that an individual’s performance will vary across the different assessment systems,
which pose a problem for the integrated analysis of motor function. Furthermore, the
accuracy of evaluation relies on the experience of assessors and the state of the assessed
children. It may be difficult to perform detailed clinical assessments during infancy.

As a non-invasive imaging technique, magnetic resonance imaging (MRI) can reveal
general anatomical positions and severity of brain lesions, as well as study the underlying
pathogenesis in SCP.> However, conventional MRI cannot be used to comprehensively
analyze variations in microscopic structure and is limited in the quantitative assessment of
motor impairment.® A more sensitive method is diffusion tensor imaging (DTI), which detects
microscopic structural white matter changes. As DTI metrics, fractional anisotropy (FA)
correlates significantly with the structural integrity of white matter, such as reduced myelin,
axonal count, and/or axonal integrity; and mean diffusivity (MD) reflects changes in cell

density and extracellular space.’ In studies of SCP using DTI, FA is the most frequently used



metric. Decreased FA reflects the severity of white matter damage. '

Further, several studies have explored the relationship between FA of sensorimotor
pathways and motor function. Some studies reveal that decreased FA of motor pathways such
as the corticospinal tract (CST) and posterior limb of the internal capsule (PLIC), is
associated with motor function scores.”!'? However, other studies have reported that
sensory pathways including the posterior thalamic radiation (PTR) and superior thalamic
radiation (STR), are more associated with motor function than are motor pathways in
SCP.#2426 However, several other studies did not find a significant correlation between FA of
sensorimotor pathways and motor outcomes.?”?° These conflicting findings may result from
underlying differences in types of CP and heterogeneous methodology. Thus, the tracts
associated with motor impairment have not been definitively identified, and it is not yet
known whether specific white matter tract lesions are more likely to be associated with
clinical motor deficits.

Therefore, in this study, we investigate the correlation between FA of sensorimotor
pathways and motor function scores through a meta-analysis. We also aim to determine if

specific white matter lesions are closely related to motor dysfunction in SCP.

Materials and Methods

This study was conducted according to Preferred Reporting Items for Systematic Reviews
and Meta-analyses.*°

Literature search

A literature search of relevant databases (PubMed, Embase, Scopus, and Web of Science) was



conducted to identify trials published from January 1999 to January 2019, using the keywords
“cerebral palsy” and “diffusion magnetic resonance imaging or diffusion MRI or diffusion
tensor imaging or DTI or tractography” and “fractional anisotropy or FA” and “motor
function”. Two investigators (HJ, with 15 years of pediatric radiology experience; and HL,
with 13 years of pediatric radiology experience) independently reviewed all identified studies.
References in identified articles were also reviewed. Disagreements were resolved by
discussion between the two review authors. If no agreement could be reached, the plan was
determined by a third author (JY, with 25 years of pediatric radiology experience).
Study selection
Inclusion criteria in the present meta-analysis were as follows: (a) data were acquired from
children who had been diagnosed with SCP by pediatric neurologists, following the definition
of CP established by the International Executive Committee, USA, 2006'; (b) DTI of the
brain had been performed; and (c) the relationship between FA of sensorimotor pathways and
motor function scores was investigated.

The following studies were excluded: (a) review articles, letters, comments, case reports;
(b) those that provided no relevant data; including studies that had analyzed the relationship
between FA and motor scores with change of treatment, the correlation between FA
asymmetry index and motor scores, or did not obtain the full data; and (c) studies that
reported duplicate patient data.
Quality Assessment and Data Extraction
The methodological quality of the included studies was independently assessed by two

observers using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2)



instrument.’! The information extracted from each publication included the following: authors,
publication year, nation of origin, sample size, patient age at MRI scan, study design, MRI
field, sensorimotor pathway, motor function score, and correlation coefficient. The motor
function assessment scales selected for SCP were selected according to the following
hierarchy of assessment scales: GMFCS > AHA > Box & Blocks test > Melbourne unilateral
upper limb assessment > Jebsen-Taylor test of hand function > Children’s Hand Experience
Questionnaire. For bilateral SCP, the data were pooled from both right and left hemispheres.
For unilateral SCP, the data were extracted from the ipsilateral hemisphere. In case of
disagreements regarding quality assessment, the two observers discussed each instance until a
consensus was reached.

Meta-analysis

In this meta-analysis, the r values for the correlation between FA within different
sensorimotor pathways (PTR, STR, CST, and PLIC), and the motor function scores were
pooled respectively. The r values were extracted for each study and the extent of r was
quantitatively explored. Because the range of r values is limited from -1 to 1, Fisher
transformation was used to convert r into an approximately normal distribution.*
Subsequently, the weighted summary r values were calculated using the Hedges-Olkin
method.*> Data heterogeneity was analyzed by using the Cochran Q statistic and the
inconsistency index (I?) value. I > 50% and P < 0.1 indicated high heterogeneity. A random
effects model was used to analyze combined data from the selected studies®?. Statistical
analysis was conducted to compare differences in r values among pathways. A subgroup

analysis by study design was performed to explore the extent of r. Meta-regression analysis



was performed to investigate the influence of age. Publication bias was assessed using Begg’s
test. All analyses were performed using the software STATA version 14 and Review Manager

5.3. P <0.05 was considered statistically significant.

Results

Literature Search

The detailed steps of the literature search are shown in Figure 1. The search initially yielded
140 potential studies after removal of duplicates. From these, a total of 89 articles were
excluded based on careful reading of abstracts; and these included studies of patients without
SCP, no correlation analyses, reviews, case reports, and animal model studies. An additional
32 articles were excluded after careful reading of the full-text because of non-relevant data, a
lack of sufficient information to calculate the correlation coefficients, and duplicate patient
data. Of these excluded studies, six were focused on the relationship between FA and motor
scores following changes in treatment, and 5 were focused on the relationship between FA
asymmetry and motor scores. Finally, 19 articles were included in this meta-analysis.

Data Extraction and Quality Assessment

The included studies involved a total of 504 patients with SCP (bilateral SCP: n = 223;
unilateral SCP: n = 281), aged 0-19 years. Five of the selected studies were prospective
studies; the rest were retrospective studies. Nine studies explored the correlation between FA
and the GMFCS in bilateral SCP, while 10 explored the correlation between FA and ULMF in
unilateral SCP. In five studies, motor function was assessed using the AHA, as well as the

Melbourne unilateral upper limb assessment and Jebsen-Taylor test of hand function - In



these studies, only the AHA data were extracted. The r values of all studies on sensory and
motor pathways were extracted for the meta-analysis. For three studies, the r values were
calculated using the reported r* values. Detailed information regarding the included studies is
presented in Table 1. Evaluations of the study design characteristics based on the QUADAS-2
tool are shown in On-line Figures 1 and 2.

Meta-Analysis

The summary r values for the correlation between FA within different sensorimotor pathways
and GMFCS are shown in Figure 2. After pooling 6 studies, the FA in PTR correlated with
GMECS (r = -0.51, 95% CI -0.63--0.37) and was not markedly heterogeneous (I> = 1%, P =
0.41). After pooling 6 studies, the FA in CST correlated with GMFCS (r =-0.43, 95% CI
-0.54--0.30) and was not markedly heterogeneous (I> = 41%, P = 0.13). However, compared
with the PTR and CST, the FA in PLIC most strongly correlated with GMFCS (r = -0.71, 95%
CI -0.80--0.60; P < 0.01) after pooling 5 studies, and was not markedly heterogeneous (I* =
36%, P=0.18).

The summary r values for the correlation between FA within different sensorimotor
pathways and ULMF are shown in Figure 3. After pooling 4 studies, the FA in STR correlated
with GMFCS (r = 0.53, 95% CI 0.40-0.64) and was not markedly heterogeneous (I = 10%, P
= 0.34). After pooling 6 studies, the FA in CST significantly correlated with ULMF (r = 0.53,
95% CI 0.40-0.65) and was not markedly heterogeneous (I> = 0%, P = 0.74). However,
compared with the STR and CST, FA in the PLIC most strongly correlated with ULMF (r =
0.73, 95% CI 0.60-0.82; P < 0.05) after pooling 4 studies, and was not markedly

heterogeneous (I = 0%, P = 0.72).



In the subgroup analysis by study design, FA in PLIC significantly correlated with the
GMFCS and ULMF in all the subgroups (On-line Table 1). In the meta-regression analysis,
no significant effect modification was found for age contribution (P > 0.05). The results of

Begg’s test indicated no significant publication bias (P > 0.05) (On-line Table 2).

Discussion

To our knowledge, this is the first meta-analysis to investigate the correlation between FA of
sensorimotor pathways and motor function scores in patients with SCP. After systematic
review and evaluation, we include results from 19 studies, of which 9 studies explore the
correlation between FA and GMFCS, and 10 studies explore the correlation between FA and
ULMF. This meta-analysis shows that FA of sensorimotor pathways significantly correlates
with motor function scores in SCP, and specific white matter tract lesions in the PLIC are
most closely related to motor dysfunction.

In the clinic, GMFCS and ULMF (AHA, B&B test, and CHEQ) scales are frequently
used to evaluate motor function dysfunction. In the DTI analysis, FA has been used as an
objective metric to evaluate the degree of white matter damage, and much research has
indicated that motor impairment in SCP is associated with decreased FA which indicates
brain white matter damage.'®*3¢ Therefore, the correlation between FA and motor function
scores has been widely investigated. However, these studies show significant heterogeneity
due to the underlying types of cerebral palsy and the different methodologies used. In
contrast to the other heterogeneous CP subtype studies; we included only SCP in this study.

We also analyzed bilateral and unilateral SCP, and the different sensorimotor pathways as a
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means to provide more convincing evidence. Thus, our results show no significant
heterogeneity in the correlation between FA and motor function scores.

In this meta-analysis, FA in both sensory and motor pathways significantly correlated
with GMFCS and ULMF. The CST, is the major projectional motor tract in close proximity to
the periventricular white matter and is vulnerable in most of the patients with SCP*’; notably;
CST lesions may interrupt the corticomotor circuit governing movement execution. Therefore,
CST was the first tract to be investigated for an association with motor function in SCP.!°
Based on DTI, a series of studies have indicated that the degree and extent of CST injury
correlates with motor impairment and functional reorganization of motor pathways, '+1215:18-21
On the other hand, Hoon et al.® reported that damage to the PTR, which connects the
thalamus to the posterior parietal and occipital cortices, was related to motor dysfunction in
children with SCP; also, a PTR injury decreased sensorimotor cortical connections and
attenuated the descending CST. Furthermore, the STR, which connects the thalamus to the
somatosensory cortex, was considered to be involved with upper limb function as well.?
Thus, we performed a comprehensive meta-analysis to enhance the interpretation of multiple
studies. Several studies also revealed there was significant correlation between FA of
sensorimotor pathways with normal appearance on conventional MRI and motor function
scores in SCPA!438 [t suggests that FA is a better measure than conventional MRI for
assessing the degree of motor impairment.

However, relative to other sensorimotor pathways, this study shows that motor function

scores are most strongly correlated with FA in the PLIC. The anterior two-thirds of the main

PLIC contain fibers of the CST and are commonly referred to as the CST at the internal
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capsule level. Indeed, the descending motor pathways of the PLIC also contain the
cortico-rubro-spinal and cortico-reticulo-spinal systems.”* The densely concentrated
descending motor axons and the vulnerability of white matter in the internal capsule level'**
indicate that the PLIC plays a very important role in motor dysfunction, than the entire CST
and other sensory pathways. Hence, we also investigated the correlation between MD of
sensorimotor pathways and motor function scores in SCP (On-line Figures 3 and 4). The
correlation for MD in PLIC was weaker than that for FA. In addition, for typical developing
children, the FA increases with age, and is most prominent in the early infant phase. Previous
studies revealed that FA within sensorimotor pathways in SCP infants were significant related
to motor function, but not related to age.'>*! Similarly, in the current meta-regression analysis,
no significant modification was found for age. Thus, our results suggest that specific white
matter lesions of the PLIC contribute to motor impairment, and the FA is suitable for
evaluation of the degree of motor impairment in SCP.

This meta-analysis has several limitations. First, the number of included studies was small,
and future studies might benefit from investigating a larger sample size. Second, the FA
asymmetry index was not included in this meta-analysis due to the heterogeneity of previous
studies, but it might offer additional insights into the potential unilateral patterns of injury.
Third, DTI metrics of thalamocortical projections were also associated with sensory
function.?*>*?® However, heterogeneous analysis methodologies and clinical measures are not
directly comparable, and the meta-analysis cannot be performed. Finally, although several
studies had longitudinal data, most included studies were retrospective and cross-sectional

cohort studies with unclear fidelity in predicting motor outcome at early developmental stage
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during infancy. In our future work, we plan to analyze more prospective studies investigating
the correlation between FA and follow-up motor function.

In conclusion, despite the limitations of the current meta-analysis, the broader clinical
implications are striking. Particularly, in two studies,'>!* the FA of the PLIC showed strong
correlation with the follow-up GMFCS, supporting the feasibility of early prediction of motor
outcomes in SCP. FA within the PLIC is more closely related to motor dysfunction, which

represents a potential biomarker for evaluating the degree of motor impairment in SCP.

Author Contributions

HJ and HL are joint first authors. The study was designed by HJ and JY. Data was extracted
by HJ and HL, and analyzed by XL, ZL, and TH. The first draft of article was prepared by HJ
and HL. JY, JL, and HH contributed to the critical revision of the manuscript and approved

the final version of the manuscript.

Declaration of Conflicting Interests
The authors have stated that they have no interests that could be perceived as posing a

conflict or bias.

Funding
This study was supported by the National Key Research and Development Program of China
(2016 YFC0100300), National Natural Science Foundation of China (81471631, 81771810

and 81171317), the 2011 New Century Excellent Talent Support Plan of the Ministry of



13

Education, China (NCET-11-0438), the Fundamental Research Funds for the Central
Universities (xjj2018265), and the Fundamental Research Funds of the First Affiliated

Hospital of Xi'an Jiaotong University (2017QN-09).

References

1. Rosenbaum P, Paneth N, Leviton A, et al. A report : the definition and classification of cerebral palsy
April 2006. Dev Med Child Neurol Suppl. 2007;109:8-14.

2. Kragelohmann I, Cans C. Cerebral palsy update. Brain Dev. 2009;31(7):537-544.

3. Hadders-Algra M . Early Diagnosis and Early Intervention in Cerebral Palsy. Front Neurol.
2014;5:185.

4. Graham HK, Rosenbaum P, Paneth N, et al. Cerebral palsy. Nat Rev Dis Primers. 2016;2:15082.

5. Boyd RN, Davies PSW, Ziviani J, et al. PREDICT-CP: study protocol of implementation of
comprehensive surveillance to predict outcomes for school-aged children with cerebral palsy. BMJ
Open. 2017;7: e01495.

6. Van Haastert IC, De Vries LS, Eijsermans MJC, et al. Gross motor functional abilities in
preterm-born children with cerebral palsy due to periventricular leukomalacia. Dev Med Child Neurol.
2008;50(9):684-689.

7.  Weinstein M, Green D, Geva R, et al. Interhemispheric and intrahemispheric connectivity and manual
skills in children with unilateral cerebral palsy. Brain Struct Funct. 2014;219(3):1025-1040.

8. Trivedi R, Agarwal S, Shah V, et al. Correlation of quantitative sensorimotor tractography with
clinical grade of cerebral palsy. Neuroradiology. 2010;52(8):759-765.

9. Wang S, Wu EX, Cai K, et al. Mild Hypoxic-lschemic Injury in the Neonatal Rat Brain: Longitudinal



14

10.

11.

12.

13.

14.

15.

16.

17.

Evaluation of White Matter Using Diffusion Tensor MR Imaging. AJNR Am J Neuroradiol.

2009:30(10):1907-1913.

Scheck SM, Boyd RN, Rose S. New insights into the pathology of white matter tracts in cerebral

palsy from diffusion magnetic resonance imaging: a systematic review. Dev Med Child Neurol.

2012:54(8):684-696.

Arrigoni F, Peruzzo D, Gagliardi C, et al. Whole-brain DTI assessment of white matter damage in

children with bilateral cerebral palsy: Evidence of involvement beyond the primary target of the

anoxic insult. AJNR Am J Neuroradiol. 2016;37(7):1347-1353.

Jiang H, Li X, Jin C, et al. Early Diagnosis of Spastic Cerebral Palsy in Infants with Periventricular

White Matter Injury Using Diffusion Tensor Imaging. AJNR Am J Neuroradiol. 2019;40(1):162-168.

Madhavan S, Campbell SK, Campise-Luther R, et al. Correlation between fractional anisotropy and

motor outcomes in one-year-old infants with periventricular brain injury. J Magn Reson Imaging.

2014;39(4):949-957.

Rose J, Mirmiran M, Butler EE, et al. Neonatal microstructural development of the internal capsule

on diffusion tensor imaging correlates with severity of gait and motor deficits. Dev Med Child Neurol.

2007;49(10):745-750.

Wang S, Fan GG, Xu K, Wang C. Altered microstructural connectivity of the superior and middle

cerebellar peduncles are related to motor dysfunction in children with diffuse periventricular

leucomalacia born preterm: a DTI tractography study. Eur J Radiol. 2014;83(6):997-1004.

Yoshida S, Hayakawa K, Yamamoto A, et al. Quantitative diffusion tensor tractography of the motor

and sensory tract in children with cerebral palsy. Dev Med Child Neurol. 2010;52(10):935-940.

Ye W, Zhang L, Gan Y, et al. Application of Diffusion Tensor Image in Spastic Diplegia. Chinese



15

18.

19.

20.

21.

22.

23.

24,

25.

Journal of Medical Imaging. 2016;24(11):810-814.

Holmstrom L, Lennartsson F, Eliasson AC, et al. Diffusion MRI in corticofugal fibers correlates with

hand function in unilateral cerebral palsy. Neurology. 2011;77(8):775-783.

Hodge J, Goodyear B, Carlson H, et al. Segmental Diffusion Properties of the Corticospinal Tract and

Motor Outcome in Hemiparetic Children With Perinatal Stroke. J Child Neurol. 2017;32(6):550-559.

Pannek K, Boyd RN, Fiori S, et al. Assessment of the structural brain network reveals altered

connectivity in children with unilateral cerebral palsy due to periventricular white matter lesions.

Neuroimage Clin. 2014;5:84-92.

Reid LB, Cunnington R, Boyd RN, Rose SE. Surface-based fMRI-driven diffusion tractography in the

presence of significant brain pathology: A study linking structure and function in cerebral palsy. PloS

one. 2016;11(8):e0162271.

Schertz M, Shiran SI, Myers V, et al. Imaging Predictors of Improvement from a Motor

Learning-Based Intervention for Children with Unilateral Cerebral Palsy. Neurorehabil Neural Repair.

2016;30(7):647-660.

Tsao H, Pannek K, Fiori S, et al. Reduced integrity of sensorimotor projections traversing the

posterior limb of the internal capsule in children with congenital hemiparesis. Res Dev Disabil.

2014;35(2):250-260.

Tsao H, Pannek K, Boyd RN, Rose SE. Changes in the integrity of thalamocortical connections are

associated with sensorimotor deficits in children with congenital hemiplegia. Brain Struct Funct.

2015;220(1):307-318.

Hoon AH, Jr., Stashinko EE, Nagae LM, et al. Sensory and motor deficits in children with cerebral

palsy born preterm correlate with diffusion tensor imaging abnormalities in thalamocortical pathways.



16

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Dev Med Child Neurol. 2009;51(9):697-704.

Rose S, Guzzetta A, Pannek K, Boyd R. MRI structural connectivity, disruption of primary

sensorimotor pathways, and hand function in cerebral palsy. Brain Connect. 2011;1(4):309-316.

Hasegawa T, Yamada K, Tozawa T, et al. Cerebellar peduncle injury predicts motor impairments in

preterm infants: A quantitative tractography study at term-equivalent age. Brain Dev.

2018;40(9):743-752.

Kuczynski AM, Carlson HL, Lebel C, et al. Sensory tractography and robot - quantified

proprioception in  hemiparetic children with perinatal stroke. Hum Brain  Mapp.

2017;38(5):2424-2440.

Weinstein M, Myers V, Green D, et al. Brain Plasticity following Intensive Bimanual Therapy in

Children with Hemiparesis: Preliminary Evidence. Neural Plast. 2015;2015:798481.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and

meta-analyses: the PRISMA statement. BMJ. 2009;339(7):1006-1012.

Whiting P, Rutjes AWS, Westwood M, et al. QUADAS-2: a revised tool for the quality assessment of

diagnostic accuracy studies. Ann Intern Med. 2011;155(8):529-36.

Chen L, Liu M, Bao J, et al. The correlation between apparent diffusion coefficient and tumor

cellularity in patients: a meta-analysis. PloS one. 2013;8(11):e79008.

Borenstein MH, Hedges LV, Higgin JPT, Rothstein HR.. Introduction to Meta-Analysis. In: John

Wiley and Sons, Ltd; 2009.

Haynes RL, Billiards SS, Borenstein NS, et al. Diffuse Axonal Injury in Periventricular Leukomalacia

as Determined by Apoptotic Marker Fractin. Pediatr Res. 2008;63(6):656-661.

Folkerth RD. Neuropathologic substrate of cerebral palsy. J Child Neurol. 2005;20(12):940-949.



17

36.

37.

38.

39.

40.

41.

Dammann O, Hagberg H, Leviton A. Is periventricular leukomalacia an axonopathy as well as an

oligopathy. Pediatr Res. 2001;49(4):453-457.

Resic B, Tomasovic M, Kuzmanicsamija R, et al. Neurodevelopmental Outcome in Children with

Periventricular Leukomalacia. Coll Antropol. 2008;32(1):143-147.

Mu X, Nie B, Wang H, et al. Spatial patterns of whole brain grey and white matter injury in patients

with occult spastic diplegic cerebral palsy. PloS one. 2014;9(6):e100451.

Lindenberg R, Renga V, Zhu LL, et al. Structural integrity of corticospinal motor fibers predicts

motor impairment in chronic stroke. Neurology. 2010;74(4):280-287.

Jaspers E, Byblow WD, Feys H, Wenderoth N. The Corticospinal Tract: A Biomarker to Categorize

Upper Limb Functional Potential in Unilateral Cerebral Palsy. Front Pediatr. 2016;3:112-112.

Murakami A, Morimoto M, Yamada K, et al. Fiber-tracking techniques can predict the degree of

neurologic impairment for periventricular leukomalacia. Pediatrics. 2008;122(3):500-6.



18

Figure Legends

Figure 1. Flow chart of search results. SCP, spastic cerebral palsy.

Figure 2. Forest plots of the summary correlation coefficient (r) with corresponding 95% Cls
for the correlation between FA within the posterior thalamic radiation (PTR). (A)
corticospinal tract (CST); (B) posterior limb of the internal capsule (PLIC); (C) gross motor

function classification system in patients with SCP.

Figure 3. Forest plots of the summary correlation coefficient (r) with corresponding 95% Cls
for the correlation between FA within the superior thalamic radiation (STR) (A) corticospinal
tract (CST); (B) posterior limb of the internal capsule (PLIC); (C) upper limb motor function
in patients with SCP.

On-line Figure 1. Risk of bias and applicability concerns summary for each included study

On-line Figure 2. Risk of bias and applicability concerns graph

On-line Figure 3. Forest plots of the summary correlation coefficient (r) with corresponding
95% ClIs for the correlation between MD within the posterior thalamic radiation (PTR) (A)
corticospinal tract (CST); (B) posterior limb of the internal capsule (PLIC); (C) gross motor

function classification system in patients with SCP.

On-line Figure 4. Forest plots of the summary correlation coefficient (r) with corresponding
95% CIs for the correlation between MD within the superior thalamic radiation (STR) (A)
corticospinal tract (CST); (B) posterior limb of the internal capsule (PLIC); (C) upper limb

motor function in patients with SCP.
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Tables

Table 1. Characteristics of the included studies

3 o AgeatMRI 5 © Sensort Motor
Study Year Country g N 'm @ motor P
& ©® mean(SD) A scores
pathway

Arrigonit? 2016 Italy 25 118331y R 30 CST GMFCS -0.52 <0.05
PTR GMFCS -0.50 <0.05
Hasegawa?’ 2018 Japan 8 35m P 15 CST GMFCS -0.33 >0.05
PTR GMFCS -0.28 >0.05
Jiang*2 2019 China 20 11.72.1)m R 3.0 CST GMFCS -0.73 <0.01
PLIC GMFCS -0.80 <0.01
PTR GMFCS -0.46 <0.01
Madhavan'® 2014 USA 8 12m P 3.0 PLIC GMFCS -0.94 <0.01
PTR GMFCS -0.80 <0.05
Rose'4 2007 USA 10 2504)m P 15 PLIC GMFCS -0.65 <0.05
Trivedi® 2010 India 39 8y R 15 CST GMFCS -0.48 <0.01
STR GMFCS -0.66 <0.01
Wang?® 2014 China 46 224(6.7)m R 3.0 CST GMFCS -0.42 <0.01
Yoshida'® 2010 Japan 34 22y R 15 CST GMFCS -0.10 >0.05
PLIC GMFCS -0.57 <0.01
PTR GMFCS -0.38 <0.05
Yel? 2016 China 43 28 (8) m R 3.0 PLIC GMFCS -0.72 <0.05
Holmstrom?8 2011  Sweden 15 124y R 15 PLIC B&Btest 0.61 <0.05
CST B&Btest 0.57 <0.05
Hodge®® 2017  Canada 28 103(@46)y R 15 CST AHA 0.61 <0.05
Kuczynski?® 2017  Canada 14 1237y R 30 STR AHA 0.57 =0.05
Pannek? 2014  Australia 50 1093B.2)y R 3.0 CST AHA 0.54% <0.01
STR AHA 0.53% <0.05
Reid? 2016 Awustralia 24 11.7(7)y R 3.0 CST AHA 0.58 <0.05
Schertz?2 2016 Israel 20 109(18)y P 30 CST AHA 0.19 >0.05
PLIC AHA 0.64 <0.05
Tsao?* 2013 Auwustralia 42  11.3(33)y R 3.0 STR AHA 0.35 <0.05
Tsao® 2014 Awustralia 40 115@1)y R 3.0 PLIC AHA 0.77*  <0.01
2014 Australia 40 11531)y R 30 STR AHA 065 <0.01
Weinstein’ 2014 Israel 14 106 (2.7)y R 30 PLIC CHEQ 0.76  <0.01
Weinstein®® 2015 Israel 12 1136)y P 30 CST AHA 056 >0.05

R, retrospective; P, prospective; CST, corticospinal tract; PLIC, posterior limb of the internal capsule; PTR,
posterior thalamic radiation; STR, superior thalamic radiation; GMFCS, Gross Motor Function
Classification System; AHA, Assisting Hand Assessment; CHEQ, Children’s Hand Experience
Questionnaire; B&B, Box and Blocks; r, correlation coefficient between sensorimotor pathways and motor
scores; r* values were calculated based on r? values.
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On-line Table 1. Subgroup analyses of the study design

k r 95% ClI b P value

FA and GMFCS
Retrospective

PLIC 3 -0.70 (-0.79, -0.57) 8.00 <0.001
Prospective

PLIC 2 -0.83 (-0.94, -0.54) 4.06 <0.001
FA and ULMF
Retrospective

PLIC 3 0.74 (0.61, 0.84) 754 <0.001
Prospective

PLIC 1 0.64 (0.23, 0.86) 281 0.005

PLIC, posterior limb of the internal capsule; GMFCS, Gross Motor Function Classification System; ULMF,
upper limb motor function.

On-line Table 2. Bias analysis in the meta-analysis

Publication bias

t P

FA and GMFCS

PTR -0.05 0.96

CST -0.48 0.65

PLIC -1.03 0.38
FA and ULMF

STR 0.18 0.88

CST -0.53 0.62

PLIC -1.39 0.30

CST, corticospinal tract; PLIC, posterior limb of the internal capsule; PTR, posterior thalamic radiation;
STR, superior thalamic radiation; GMFCS, Gross Motor Function Classification System; ULMF, upper
limb motor function.



