
of August 16, 2025.
This information is current as

Congenital Hemiparesis
Clinical Motor Function in Children with
of the Pyramidal Tracts Correlates with 
Diffusion Tensor MR Imaging Tractography

Barkovich and R.G. Henry
A.J.A.I. Bartha, D.B. Vigneron, S.W. Chung, D.M. Ferriero, 

O.A. Glenn, N.A. Ludeman, J.I. Berman, Y.W. Wu, Y. Lu,

http://www.ajnr.org/content/28/9/1796
https://doi.org/10.3174/ajnr.A0676doi: 

2007, 28 (9) 1796-1802AJNR Am J Neuroradiol 

http://www.ajnr.org/cgi/adclick/?ad=57975&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_august2025
https://doi.org/10.3174/ajnr.A0676
http://www.ajnr.org/content/28/9/1796


ORIGINAL
RESEARCH

Diffusion Tensor MR Imaging Tractography of the
Pyramidal Tracts Correlates with Clinical Motor
Function in Children with Congenital Hemiparesis

O.A. Glenn
N.A. Ludeman

J.I. Berman
Y.W. Wu

Y. Lu
A.I. Bartha

D.B. Vigneron
S.W. Chung

D.M. Ferriero
A.J. Barkovich

R.G. Henry

BACKGROUND AND PURPOSE: Children with congenital hemiparesis have greater asymmetry in diffu-
sion parameters of the pyramidal tracts compared with control subjects. We hypothesized that the
asymmetry correlates with the severity of hemiparesis and that diffusion metrics would be abnormal
in the affected tracts and normal in the unaffected tracts.

MATERIALS AND METHODS: Fifteen patients with congenital hemiparesis and 17 age-matched control
subjects were studied with diffusion tensor MR imaging tractography. Hemipareses were scored as
mild, moderate, or severe. We measured tract-specific diffusion parameters (fractional anisotropy,
mean, and directional diffusion coefficients) of the pyramidal tracts. We compared tract-specific
parameters and asymmetry between the right and left tracts of the differing severity groups and
control subjects.

RESULTS: We observed many different causes of congenital hemiparesis including venous infarction,
arterial infarction, and polymicrogyria. Clinical severity of hemiparesis correlated with asymmetry in
fractional anisotropy (P � .0001), transverse diffusivity (P � .0001), and mean diffusivity (P � .03). With
increasing severity of hemiparesis, fractional anisotropy decreased (P � .0001) and transverse diffu-
sivity (P � .0001) and mean diffusivity (P � .02) increased in the affected pyramidal tract compared
with controls. Diffusion metrics in the unaffected tract were similar to those in the control subjects.

CONCLUSION: Asymmetry in fractional anisotropy, transverse diffusivity, and mean diffusivity, as well
as the degree of abnormality in the actual values of the affected pyramidal tracts themselves,
correlates with the severity of motor dysfunction in infants and children with congenital hemiparesis
from different causes. This suggests that abnormalities detected by diffusion tensor MR imaging
tractography in the affected pyramidal tract are related to the functional ability of the affected pyramidal
tract, regardless of the etiology of motor dysfunction.

Congenital hemiparesis is a common subtype of motor dys-
function, affecting one third of patients with a clinical di-

agnosis of cerebral palsy.1 It can result from abnormalities that
occur in the prenatal or perinatal period, or both.1 Although
imaging findings are well described, most studies have failed to
show a statistically significant correlation between clinical se-
verity of motor dysfunction and MR imaging findings.2-6 Dif-
fusion tensor MR imaging (DTI) tractography is a noninvasive
method to segment specific white matter pathways, such as the
pyramidal tracts. Using DTI, the motion of water can be quan-
tified along 3 principal directions, where motion along the
direction with the greatest water displacement is represented
by the major eigenvalue (�1), and motion along directions
perpendicular to the major eigenvalue are represented by the
minor eigenvalues (�2 and �3).7 By quantifying the motion of
water along different directions, DTI provides information
about the microstructure and organization of white matter
and thus is an excellent method to study disorders of white
matter pathways. It is sensitive to microstructural changes,

even in the absence of abnormalities on conventional MR im-
ages. The pyramidal tract is especially amenable to study with
DTI tractography because of its organization, large size, and
the fact that few tracts cross it below the top of the lateral
ventricles.

Some preliminary work has shown that DTI is able to dis-
criminate between normal and abnormal pyramidal tracts in
children with congenital hemiparesis.8 To verify this observa-
tion, the diffusion characteristics of the pyramidal tracts of 15
children with congenital hemiparesis were measured, ana-
lyzed, and compared with those of 17 age-matched control
subjects to test the following hypotheses: 1) the asymmetry in
diffusion metrics of the pyramidal tracts correlates with the
clinical severity of motor dysfunction, and 2) diffusion metrics
are abnormal in the affected tracts and normal in the unaf-
fected tracts.

Materials and Methods

Patient Population
Fifteen patients with congenital hemiparesis (8 boys, 7 girls) and 17

age-matched controls (7 boys, 10 girls) underwent DTI. Age at MR

imaging was adjusted based on gestational age at the time of birth.

Our institutional review board approved the study, and informed

consent was obtained from the parent(s) or subject (if older than 18

years) after the nature of the procedure had been fully explained.

Fourteen patients with congenital hemiparesis underwent DTI as part

of a clinical MR imaging to evaluate their hemiparesis, and 1 patient

underwent DTI solely for this study.

Control subjects had normal neurodevelopment and motor func-
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tion and were undergoing clinical MR imaging for the following in-

dications: facial mass (n � 4), retinoblastoma (n � 2), family history

of arteriovenous malformation (n � 2), nasal mass (n � 1), macro-

cephaly (n � 1), nystagmus (n � 1), pineal cyst (n � 1), occipital skull

lesion (n � 1), congenital ventriculomegaly (n � 1), headaches (n �

1), and a family history of retinoblastoma (n � 1). One control sub-

ject underwent DTI solely for this study.

Clinical Assessment of Hemiparesis
Hemiparesis was defined as unilateral motor dysfunction associated

with at least 1 upper motor neuron sign. All patients had been evalu-

ated clinically by a pediatric neurologist for their hemiparesis. Be-

cause all patients were not evaluated by the same pediatric neurolo-

gist, a study pediatric neurologist who was blinded to the MR and DTI

results reviewed the records of the neurology clinic visit before the

MR imaging and assigned a clinical severity score. Patients were de-

fined as having mild congenital hemiparesis if they had mild motor

abnormalities in the absence of functional limitations; moderate

hemiparesis if motor deficits in the most affected limb were accom-

panied by functional limitations, including the need of assistive de-

vices such as braces or orthotics; and severe hemiparesis if there was

no functional use of the most affected limb.

MR Imaging
We performed DTI on 1.5T MR scanners (GE Signa, LX platform; GE

Healthcare, Milwaukee, Wis) by using a single-shot, multi-acquisi-

tion echo-planar sequence: TR, 8000 ms; TE, 98 ms; matrix, 256 �

128; FOV, 360 x180 mm; resolution, 1.4 x 1.4 mm in-plane; 3-mm

section thickness with no skip; and number of averages, 6. Images

were acquired in 14 minutes in the axial plane from approximately 28

section locations with diffusion gradients applied in 6 noncollinear

directions with a b-value of 1000 s/mm2 and a b-value of zero. All

subjects also had 3D SPGR T1-weighted images or 3D FSE T2-

weighted images of the entire brain acquired in the coronal plane (1.5

mm, skip 0), as well as axial and sagittal spin-echo T1-weighted im-

ages; 14 subjects also had dual-echo spin-echo T2-weighted images

acquired in the axial plane (4 mm, skip 2 mm).

DTI Processing and Tractography
DTI images were transferred off-line, and diagonalization of the dif-

fusion tensor9 was performed with use of our in-house software. Di-

rectional diffusivities were defined as parallel diffusivity being the

largest eigenvalue, and transverse diffusivity being the average of the

minor eigenvalues. We calculated the directionally averaged diffusion

or mean diffusivity (Dav) as the mean of all 3 eigenvalues, and we

calculated fractional anisotropy (FA) from the diffusion eigenvalues.9

We generated DTI fiber tracks by using an in-house software writ-

ten in Interactive Data Language (ITT, Boulder, Colo) and based on

the published deterministic fiber assignment by continuous tracking

algorithm (FACT).10 The fiber-tracking software can create DTI fiber

tracks, visualize the tracks in 3D, and perform quantitative analyses

on the delineated tracts. Fiber tracks were launched from starting

points in each voxel in the brain. Fiber track trajectories follow the

diffusion tensor’s primary eigenvector from voxel to voxel in 3D.

Tracking of the fiber trajectories was terminated when the fiber tracks

made a turn of greater than 41° between 2 successive voxels or if they

entered a voxel with fractional anisotropy less than 0.07. We chose

this FA threshold value because of lower FA values in the pediatric

brain and because of the possibility of reduced FA in the abnormal

pyramidal tracts.

To segment the pyramidal tract, we drew 3 filtering regions of interest

by using prior anatomic knowledge: the entire caudal cerebral peduncle,

posterior two thirds of the posterior limb of the internal capsule at the

level of the globus pallidus, and the precentral gyrus in the centrum semi-

ovale. The regions of interest were drawn on the b � 0 echo-planar image

because it was unknown to what extent the diffusivity of the tissues was

altered in the patients (which would therefore affect our ability to identify

the tracts on anisotropy and/or directionally encoded color maps). All

regions of interest were drawn by one of the authors (N.A.L.) who re-

mained blinded to the clinical evaluation of the patients, and were always

reviewed and approved by a pediatric neuroradiologist (O.A.G.), who

was also blinded to the clinical evaluation of the patients. Only fiber tracks

passing through all 3 filtering regions of interest were retained as the

delineated pyramidal tract. When the precentral gyrus could not be iden-

tified, a posterior quadrant region of interest (which encompassed the

posterior half of the right or left centrum semiovale) was drawn whenever

possible (eg, for the 3 patients with polymicrogyria). Extensive encepha-

lomalacia in 2 patients made it impossible to track rostral to the posterior

limb of the internal capsule (because of extremely low anisotropy values);

thus, we used the regions of interest of the cerebral peduncle and poste-

rior limb of the internal capsule to generate the tracks on the affected side.

Measurement of Tract-Specific Diffusion Metrics
We made weighted tract-specific measurements (FA, individual eigen-

values, and Dav) of the pyramidal tract for each side by averaging the

measurements in the voxels through which the fiber tracks pass from the

cerebral peduncle to the posterior limb of the internal capsule. The con-

tribution of the measurement of a voxel was weighted by the number of

fiber-trajectories passing through the voxel. For each patient, asymmetry

in weighted tract-specific diffusion measurements between the 2 pyrami-

dal tracts was calculated as the difference in measurements between the 2

sides divided by the measurement of the unaffected side, and was ex-

pressed as a percentage. In a similar fashion, we calculated the percentage

of asymmetry in weighted tract-specific diffusion measurements for each

control subject. The decision of which side to use as the “affected” in the

above formula for the control subjects was based on which side was the

affected side for their age-matched patients.

Statistical Analysis
We compared asymmetry in the DTI parameters (FA, Dav, transverse,

and parallel diffusivities) for the mild, moderate, and severe congenitally

hemiparetic group, and the control group by using one-way ANOVA.

Those DTI parameters with significant group effect were further analyzed

with use of the Student-Newman-Keuls test, correcting for multiple

comparisons. To compare diffusion parameters in the affected and un-

affected pyramidal tracts of the patients with the control subjects, we used

random effects modeling and generated normative linear curves of the

natural logarithm of diffusion parameters as a function of age for the

controls. We calculated Z-scores for the patients according to their devi-

ation (in root-mean-squared errors of the mean) from the normative

control curve. We performed statistical analyses using SAS 9.0 (SAS In-

stitute, Cary, NC) and JMP 5.1 (SAS Institute) using a statistical signifi-

cance level of 0.05.

Results

Clinical Results
Five patients had mild hemiparesis, 8 had moderate hemipa-
resis, and 2 patients had severe hemiparesis. Median age was
24.6 months among the patients and 20.2 months in the con-
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trol subjects. Marked variability in lesions was seen on con-
ventional MR imaging (Table 1). Abnormalities along the
course of the pyramidal tract were seen in 2 of 5 patients with
mild hemiparesis, 6 of 8 patients with moderate hemiparesis,
and in both patients who had severe hemiparesis. Three pa-
tients with mild hemiparesis had a normal MR imaging. Three
of the patients with moderate hemiparesis had unilateral
polymicrogyria involving the frontal and parietal lobes. One
patient with moderate hemiparesis had essentially normal MR
imaging with only a small focal dilation of the frontal horn in
the region of the caudate head ipsilateral to the side of the
clinical hemiparesis, and not involving the course of the pyra-
midal tract. The patients with severe hemiparesis had evidence
of unilateral perinatal arterial infarction with cystic encepha-
lomalacia of nearly the entire middle cerebral artery territory.
MR imaging findings in the control subjects included a cho-
roidal fissure cyst, a pineal cyst, nonspecific small frontal
periventricular white matter T2 hyperintensity, ventriculo-
megaly, an incidental 1-cm cerebellar vermian juvenile pilo-
cytic astrocytoma, and developmental venous anomalies. No
control subjects had any abnormalities along or adjacent to the
expected course of the pyramidal tracts.

DTI Tractography Results
The percentage of asymmetry in FA differed among the 4
groups (P � .0001) (Table 2). There was increasing FA asym-
metry with increasing severity of congenital hemiparesis (Fig
1). The patients with severe hemiparesis had the greatest
asymmetry in FA compared with those who had moderate
hemiparesis (�47% vs �18%, P � .0001), mild hemiparesis
(�47% vs �3%, P � .0001), and the control subjects (�47%
vs �0.3%, P � .0001). The percentage of asymmetry in FA was
greater in the patients with moderate hemiparesis compared
with the mild hemiparesis group (�18% vs �3%, P � .0001)
and the control subjects (�18% vs 0.3%, P � .0001). Mean
asymmetry in FA did not differ in the mild hemiparesis group
compared with the control subjects (P � .39).

There was a progressive decrease in FA values in the pyra-
midal tracts contralateral to the hemiparesis (ie, affected side)
with increasing severity of hemiparesis (P � .0001). Com-
pared with the control subjects, FA was lower in the affected
tracts in the patients with severe hemiparesis (P � .0001) as
well as in the patients with moderate hemiparesis (P � .0002)
(Fig 2A). The patients with mild hemiparesis did not have
significantly lower values of FA in the affected pyramidal tracts

Table 1: Characteristics and imaging findings of children with congenital hemiparesis

Case Gender
GA at Birth

(wks)
Age at MR

Imaging (mos)
Severity of

Hemiparesis
Hemiparetic

side Conventional MR Imaging Results
1 Male Term 7.32 Mild Right Normal
2 Female Term 10.84 Mild Left Normal
3 Male 27 20.46 Mild Right Normal
4 Female Term 97.23 Mild Right Focal volume loss in left posterior frontal PVMW and

caudate body with mild ex vacuo dilation of
lateral ventricle consistent with venous infarct

5 Female Term 125.6 Mild Left Focal T2 hyperintensity right posterior frontal PVWM
with mild ex vacuo dilation of lateral ventricle
consistent with venous infarct

6 Female 36 13.63 Moderate Right Small focal dilation of right frontal horn in region of
caudate head

7 Male Term 14.58 Moderate Left Volume loss in right posterior frontal PVWM with
evidence of prior hemorrhage and small right
thalamus, consistent with venous infarct

8 Female 37 17.25 Moderate Left Right parietotemporal encephalomalacia consistent
with MCA angular branch infarct; small right
thalamus; small right CP

9 Female Term 24.55 Moderate Left Right frontoparietotemporal polymicrogyria; small
right thalamus; small right CP

10 Female 37 32.17 Moderate Left Punctate T2 hyperintensity in right parietal PVWM;
thin posterior body & splenium of corpus callosum

11 Male Term 43.16 Moderate Right Left frontoparietal polymicrogyria; small left
thalamus; small left CP

12 Male Term 91.55 Moderate Right Encephalomalacia left paramedian frontal & parietal
lobes with ex vacuo dilation of lateral ventricle
consistent with ACA infarct; thin body & splenium
of corpus callosum; small left CP

13 Male Term 209.27 Moderate Left Right frontoparietal polymicrogyria; small right CP
14 Male Term 6.49 Severe Left Right frontoparietotemporal cystic encephalomalacia

with ex vacuo dilation of lateral ventricle
consistent with MCA infarct; small right deep gray
nuclei; small right CP

15 Male 37 59.98 Severe Left Right frontoparietotemporal cystic encephalomalacia
with ex vacuo dilation of lateral ventricle
consistent with MCA infarct; small right deep gray
nuclei; small right CP

Note:—GA indicates gestational age; PVWM, periventricular white matter; CP, cerebral peduncle; MCA, middle cerebral artery; ACA, anterior cerebral artery.
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compared with the control subjects. FA in the affected tracts
was also lower than FA in the unaffected tracts (P � .003) in
the patients. FA in the unaffected pyramidal tracts of the pa-
tients was similar to that in the control subjects.

The percentage of asymmetry in transverse diffusivity also
differed among the 4 groups (P � .0001) (Table 2). Asymme-
try in transverse diffusivity increased with increasing severity
of congenital hemiparesis. Asymmetry in transverse diffusivity
was highest in those children with severe hemiparesis com-
pared with those with moderate hemiparesis (75% vs 22%, P
� .0001), mild hemiparesis (75% vs 4%, P � .0001), and the
control subjects (75% vs �1%, P � .0001). The patients with
moderate hemiparesis also had greater asymmetry in trans-
verse diffusivity compared with those with mild hemiparesis
(22% vs 4%, P � .02) and the control subjects (22% vs �1%,
P � .0002). There was no difference in asymmetry in trans-
verse diffusivity between the patients with mild hemiparesis
and the control subjects (P � .45).

There was a progressive increase in transverse diffusivity of
the affected pyramidal tracts with increasing severity of hemi-
paresis (P � .0001). Compared with the control subjects,
transverse diffusivity was greater in the affected pyramidal
tract of the patients with severe hemiparesis (P � .0001) and in
the affected pyramidal tract of the patients with moderate

hemiparesis (P � .002) (Fig 2B). The patients with mild hemi-
paresis had similar transverse diffusivity values compared with
the control subjects. Transverse diffusivity was also greater in
the affected pyramidal tract compared with the unaffected py-
ramidal tract in the patients (P � .006). There was no signifi-
cant difference in transverse diffusivity of the unaffected py-
ramidal tracts in the patients compared with the control
subjects.

The percentage of asymmetry in Dav differed among the 4
groups (P � .03). There was an increase in Dav asymmetry
with increasing severity of congenital hemiparesis (Table 2).
The patients with severe hemiparesis had greater asymmetry
compared with those who had moderate hemiparesis (39% vs
7%, P � .02) or mild hemiparesis (39% vs 2%, P � .01), and
the control subjects (39% vs �2%, P � .003). There was a
trend toward greater asymmetry in Dav in the moderate hemi-
paresis group compared with both the mild hemiparesis group
and the control subjects, though this did not reach statistical
significance.

There was a progressive increase in Dav values of the af-
fected pyramidal tracts with increasing severity of hemiparesis
compared with the control subjects (P � .02). Dav was greater
in the affected pyramidal tract of the patients with severe
hemiparesis compared with the control subjects (P � .02) (Fig

Table 2: Comparison of mean percent asymmetry of diffusion parameters*

Subject Category Fractional Anisotropy Transverse Diffusivity Parallel Diffusivity Dav

Control 0.3% (3.8, �3.2) �1.3% (4.9, �7.5) �0.5% (2.6, �3.7) �1.9% (6.5, �10.3)
Mild hemiparesis �2.8% (3.6, �9.3) 3.6% (15.1, �7.9) �0.9% (4.8, �6.7) 1.6% (17.1, �14.0)
Moderate hemiparesis �17.7% (�12.6, �22.8) 21.5% (30.6, 12.4) �3.3% (1.2, �7.9) 6.6% (18.8, �5.7)
Severe hemiparesis �46.9% (�36.7, �57.1) 75.2% (93.4, 57.1) 7.2% (16.3, �2.0) 38.8% (63.4, 14.2)
P value P � .0001†‡ P � .0001†‡ P � .23† P � .03†‡

* 95% confidence intervals are listed in parentheses.
† P values are listed for one-way ANOVA analyses.
‡ P values �.05.

Fig 1. Color-coded representation of fractional anisotropy in
the pyramidal tracts of a control subject (A), a patient with
mild left hemiparesis (B ), a patient with moderate left
hemiparesis (C), and a patient with severe left hemiparesis
(D). Lower fractional anisotropy values are seen in the
affected pyramidal tract compared with the unaffected tract
of the patients with moderate and severe hemiparesis. The
patient with mild hemiparesis and the control subject show
no appreciable asymmetry. Although the entire tract is
shown from the level of the cerebral peduncle to the
centrum semiovale, the analysis was limited to that portion
of the pyramidal tract between the posterior limb of the
internal capsule (outlined in green) and the cerebral pedun-
cle (see Methods).
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2C). There was a trend toward increased Dav in the affected
tracts of children with moderate hemiparesis compared with
the control subjects, but this did not reach statistical signifi-
cance. The patients with mild hemiparesis did not have signif-
icantly greater values of Dav in the affected pyramidal tracts
compared with the control subjects. Dav values in the unaf-
fected pyramidal tracts of the patients were not statistically
different from those of the control subjects.

The percentage of asymmetry in parallel diffusivity did not
differ among the 4 groups (Table 2). There was no significant
correlation of parallel diffusivity in the affected tracts with
severity of hemiparesis (Fig 2D). There was no correlation of
asymmetry in diffusion properties with age in either the pa-
tients or control subjects, except for asymmetry in parallel
diffusivity, which decreased with increasing age. There were
no significant differences between the left and right sides of the
control subjects for FA, transverse diffusivity, Dav, or parallel
diffusivity.

Discussion
We observed a wide range of findings on conventional MR
imaging in our patients. These findings are similar to other
studies that show that the cause of congenital hemiparesis is
heterogeneous.3-5,11,12 In particular, we observed different
causes of hemiparesis within a severity group, as well as an

overlap of causes between different groups. These included
arterial infarcts in patients with moderate and severe hemipa-
resis, venous infarcts in patients with moderate and mild
hemiparesis, and absence of any obvious cause in patients with
moderate and mild hemiparesis. It is interesting to note that
one third of our patients with moderate hemiparesis had uni-
lateral polymicrogyria, which seems to be a common prenatal
cause of congenital hemiparesis.13

Despite the various causes of hemiparesis in our study (in-
cluding some patients with no obvious cause for their hemi-
paresis), we were able to demonstrate a strong correlation of
DTI metrics with the clinical severity of motor dysfunction.
This is exciting because previous studies that correlate imaging
findings with clinical hemiparesis are primarily limited to chil-
dren with arterial infarcts as the cause of their hemiparesis,
many of whom were diagnosed during the perinatal peri-
od.14-17 Our study, however, provides an MR imaging marker
that correlates with clinical motor function in infants and chil-
dren with many different causes of their congenital hemipare-
sis. Moreover, with the exception of 1 patient, our patients
were not diagnosed with a brain abnormality or ischemia dur-
ing the perinatal period, and thus the cause of their hemipare-
sis was not known at the time of their clinical presentation and
MR imaging. The observation that DTI correlates with motor
function is important clinically because it suggests that DTI

Fig 2. Comparison of diffusion parameters in affected and unaffected tracts of the patients with normative curves. Fractional anisotropy (A), transverse diffusivity (B), Dav (C), and parallel
diffusivity (D) are plotted against age for the patients with mild hemiparesis (circles), those with moderate hemiparesis (squares), and those with severe hemiparesis (triangles). Both affected
(solid symbol) and unaffected (open symbol) pyramidal tract diffusion values are plotted for each patient. Values are compared with the normative curves (dashed curve) of the natural
logarithm of the diffusion metric versus age (see Methods).
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can be used as an additional assessment of motor function.
This tool would be helpful to clinicians when evaluating in-
fants and young children, who can be particularly difficult to
examine in a clinical setting. In those cases, DTI could be per-
formed as part of the clinical MR imaging evaluation of their
hemiparesis, as in our study.

The ability of DTI to detect group differences in our heter-
ogeneous patient population indicates that the microstructure
within the pyramidal tracts differs between groups regardless
of the cause of the congenital hemiparesis. Moreover, our ob-
servation of abnormal diffusion metrics in the affected pyra-
midal tract and normal diffusion metrics in the unaffected
pyramidal tract suggests that the severity of motor dysfunction
is related to alterations in the microstructure of the affected
pyramidal tract. In particular, the water protons in the affected
pyramidal tract are characterized by an increase in water dif-
fusion perpendicular to the tracts, resulting in a decrease in
anisotropy. The increased transverse diffusivity and un-
changed parallel diffusivity have been previously associated
with wallerian degeneration in arterial infarcts16,18 and is
thought to reflect pathologic changes that involve loss of my-
elin, axonal loss, myelin debris, and inflammatory edema.19

However, our patient population includes patients without
arterial infarcts. Thus, other mechanisms must also result in
the observed diffusion pattern. Moreover, it appears that the
pattern on DTI, rather than the mechanism responsible for the
changes, is what correlates with clinical function.

A correlation between motor function and diffusion prop-
erties has been observed in adults with multiple sclerosis20 and
amyotrophic lateral sclerosis.21-23 These results have been at-
tributed to damage in the structure of the affected axons and
their surrounding myelin sheaths or the effects of the invasion
of inflammatory cells, or both. However, studies in children
with motor dysfunction are limited, and the mechanisms
causing the hemiparesis are quite different as well, so it was of
interest to investigate whether similar findings would be dis-
covered as in adult disorders.

A previous study on children with congenital hemiparesis
demonstrated a trend toward increasing asymmetry in FA and
transverse diffusivity with increasing severity of motor dys-
function, though the study was limited to 4 patients with mild
and moderate hemiparesis.8 Our study extends the previously
reported work to a larger group of children with varying se-
verity, as well as varying causes, of hemiparesis and demon-
strates statistically significant correlation of DTI metrics with
clinical severity of motor dysfunction when compared with
normal children. This study also establishes that, in addition
to asymmetry, the actual FA and transverse diffusivity metrics
are abnormal in the affected tracts and normal in the unaf-
fected tracts. Furthermore, the degree of abnormality in the
affected tracts correlates with the severity of hemiparesis. This
finding provides a future framework for analyzing such effects
in subjects with bilateral motor abnormalities of varying de-
grees of severity.

Our study supports the observation of Wieshmann et al24

that FA was more severely reduced in 3 adults with severe
hemiparesis (some with perinatal origin) compared with adult
control subjects. Our results are also in agreement with a study
by Khong et al,16 in which they studied children with hemipa-
resis caused by middle cerebral arterial infarcts and demon-

strated a correlation between FA asymmetry and motor func-
tion, which was attributed to wallerian degeneration along the
corticospinal tracts. Our study extends these observations to a
larger group of children with many different causes of their
hemiparesis, including malformations of cortical develop-
ment, and some who had hemiparesis with no obvious cause.
Moreover, our study also demonstrates a correlation of FA in
the affected tracts with the severity of hemiparesis and further
investigates the role of directional diffusivities. By demon-
strating a correlation of increased transverse diffusivity in the
affected tracts with increasing severity of hemiparesis, our
findings provide further insight into the microstructural alter-
ations of the affected tracts. In addition, our observations ap-
ply to a younger group of children, including infants, when
they are more likely to present clinically with signs of hemipa-
resis. Indeed, DTI tractography may prove helpful in the pre-
diction of long-term outcome in infants with motor dysfunc-
tion. In addition, DTI tractography may also be helpful in
studying other pediatric disorders, such as those involving the
visual system, which may also have many different causes and
outcomes. Future studies are needed to test these hypotheses.

Although the amount of diffusion asymmetry correlated
with the severity of congenital hemiparesis, we did not observe
a statistically significant difference between the patients with
mild hemiparesis and the control subjects. It is possible that
the difference between the children with mild hemiparesis and
the control subjects is too small to be detected by our sample
size, or that our technique was not adequately sensitive to
detect the changes. Further studies with higher signal-to-noise
ratio (ie, at higher field strength or with parallel imaging) or
with a larger group of patients would be necessary to deter-
mine whether more subtle abnormalities can be detected.

Another limitation of our study was that we only analyzed
the pyramidal tract from the cerebral peduncle to the posterior
limb of the internal capsule. This decision was made because
errors in DTI tractography result from the difficulty in resolv-
ing crossing fibers within a single voxel, which is more likely to
occur above the level of the posterior limb of the internal cap-
sule. Thus, by limiting our analysis to the most compact por-
tion of the pyramidal tract, we minimized potential contribu-
tions from other tracts. Studies with high angular resolution
diffusion imaging (HARDI) are currently under way in an
attempt to analyze the entirety of the pyramidal tracts in the
cerebrum.

Conclusion
In summary, we observed a significant correlation between the
severity of motor dysfunction and the degree of asymmetry in
diffusion metrics (FA, transverse diffusivity, and Dav) in in-
fants and children with congenital hemiparesis of many differ-
ent causes. There was a significant progressive decrease in FA
and a progressive increase in transverse diffusivity and Dav in
the affected pyramidal tracts with increasing clinical severity
of hemiparesis, whereas the unaffected tracts exhibited normal
diffusion metrics. Future studies will determine whether early
measurements of these parameters may be indicative of poten-
tial outcome and whether this technique is equally applicable
to other systems within the central nervous system.
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