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BACKGROUND AND PURPOSE: Conventional MR imaging shows evidence of brain injury and/or malde-
velopment in 70%–90% of children with cerebral palsy (CP), though its capability to identify specific
white matter tract injury is limited. The great variability of white matter lesions in CP already
demonstrated by postmortem studies is thought to be one of the reasons why response to treatment
is so variable. Our hypothesis is that diffusion tensor imaging (DTI) is a suitable technique to provide
in vivo characterization of specific white matter tract lesions in children with CP associated with
periventricular leukomalacia (PVL).

MATERIALS AND METHODS: In this study, 24 children with CP associated with PVL and 35 healthy
controls were evaluated with DTI. Criteria for identification of 26 white matter tracts on the basis of 2D
DTI color-coded maps were established, and a qualitative scoring system, based on visual inspection
of the tracts in comparison with age-matched controls, was used to grade the severity of abnormal-
ities. An ordinal grading system (0 � normal, 1 � abnormal, 2 � severely abnormal or absent) was used
to score each white matter tract.

RESULTS: There was marked variability in white matter injury pattern in patients with PVL, with the
most frequent injury to the retrolenticular part of the internal capsule, posterior thalamic radiation,
superior corona radiata, and commissural fibers.

CONCLUSION: DTI is a suitable technique for in vivo assessment of specific white matter lesions in
patients with PVL and, thus, a potentially valuable diagnostic tool. The tract-specific evaluation revealed
a family of tracts that are highly susceptible in PVL, important information that can potentially be used
to tailor treatment options in the future.

The term cerebral palsy (CP) describes motor impairment at-
tributable to early injury to the developing brain, encompass-

ing pre-, peri-, and postnatal etiologies.1,2 Periventricular leu-
komalacia (PVL) refers to the most common brain injury in
premature neonates, related to the susceptibility of the periven-
tricular white matter to focal ischemic and/or infectious/inflam-
matory destructive processes occurring between 24 and 34 weeks
of gestation.3 A more diffuse noncystic injury to immature oligo-
dendrocytes is now increasingly recognized in infants discharged
from modern neonatal intensive care units.3,4 Associated abnor-
malities may include reductions in cortical gray matter, deep gray
matter and posterior fossa injury.5-7

Neuropathologic data reveal coagulative necrosis in the
periventricular white matter with diffuse glial injury or focal

injuries that can potentially cavitate.8-10 MR imaging tech-
niques, including MR imaging, diffusion-weighted MR imag-
ing (DWI), and diffusion tensor imaging (DTI), have been
established as the imaging techniques of choice for initial char-
acterization and follow-up of these patients.7,11-15 Typical MR
imaging findings in childhood show enlarged ventricular atria
and volume loss in periventricular white matter, often associ-
ated with T2 and fluid-attenuated inversion recovery (FLAIR)
hyperintense signal intensity and, more rarely, with cysts.15

However, assessment of injuries to specific white matter tracts
has been difficult with conventional MR imaging.

DTI has been well studied in normal brain develop-
ment16-18 and has been shown to improve detection of lesions
in the first years of life.19-21 Results have provided further un-
derstanding of pathogenesis and treatment in a range of neu-
rologic disorders by providing visualization of specific white
matter fiber tracts (see review by Horsfield and Jones22).23-27

Although injury to the corticospinal tracts is thought to be the
major determinant of motor impairment in children with
PVL, recent studies have shown that sensory pathways, includ-
ing the posterior thalamic radiation, may be affected instead
or, concurrently,28 indicative of the complexity of white mat-
ter involvement in PVL.29,30

Criteria for DTI-based identification of various white mat-
ter tracts at 26 locations were established and applied to 24
children with CP associated with PVL as well as in a group of
35 unaffected controls to further elucidate the diversity of
white matter tract injury involvement in PVL. A qualitative
scoring system, based on visual inspection of the white matter
tracts, was used to describe the status of the various white
matter tracts.
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Subjects and Methods

Patients
As part of an ongoing larger DTI study of childhood CP, 37 patients

with CP were consecutively scanned. Criteria for enrollment in the

study were the following: 1) children aged birth to 18 years, 2) diag-

nosis of CP, and 3) a clinically indicated brain scan (for diagnosis or

follow-up). This study focused on a subsample of 24 children born at

fewer than 37 weeks gestation with PVL diagnosed by neuroradiologic

review of conventional MR imaging. There were 14 boys and 10 girls

in this study group, ranging in age from 16 months to 13 years 3

months, with a mean age of 6 years. Gestational age at birth ranged

from 23 to 34 weeks (mean, 29 weeks). Most children had spastic

diplegia (18/24, 75%); 3, spastic quadriplegia; 2, hemiplegia; and 1,

ataxic CP with hypotonia.

Informed consent was obtained from the parents or guardians, and

the protocol was approved by the institutional review board. The DTI

research protocol was preceded by a conventional MR imaging with stan-

dard imaging protocol. A neuroradiologist not involved in the study in-

terpreted the conventional images, which were reviewed with the family.

Most patients (32/34) required sedation for the conventional clinical im-

ages and remained sedated for the DTI research images.

Normative data for age-matched controls were obtained from 35

children from our pediatric DTI de-identified data base (cmrm.med.

jhmi.edu). Controls were distributed in the age ranges of 12–23

months (5 toddlers), 2–3 years (11 children), 4 –5 years (5 children),

6 – 8 years (6 children), 10 years (2 children), and 12–15 years (6

teenagers).

Imaging Protocol
Data were obtained at a 1.5T scanner (ACS-NT; Philips Medical Sys-

tems, Best, the Netherlands). Initially, all patients had routine clinical

pulse sequences, including sagittal (4-mm section thickness, 1-mm

intersection gap) and axial (4-mm section thickness, no intersection

gap) T1-weighted (TR/TE, 297.07–598.87/10.5–13 ms), fat-saturated

axial T2-weighted (TR/TE, 3992.36 – 4524.67/110 ms), and FLAIR

(TR/TI/TE, 6000/2000/120 ms) sequences.

DTI was acquired following the clinical sequences and consisted

of a diffusion-weighted spin-echo pulse sequence with a single-shot

echo-planar imaging readout with TR ranging from 6.2 to 9.4 seconds

and TE of 80 ms. Fifty axial sections parallel to the anterior/posterior

commissure line were acquired, covering the entire brain. The maxi-

mal b-value was 700 seconds/mm2, used in a 30 different gradient-

direction scheme along with 5 reference images with minimal diffu-

sion-weighting.31 Spin-echo acquisition and sensitivity encoding

(SENSE) was used, with an 8-element phased-array coil, converted to

a 6-channel coil to be compatible with a 6-channel receiver, with a

SENSE reduction factor (R) of 2.5. FOV was adjusted to the brain size,

and the imaging matrix was changed within a range of 80 � 80 to 96 �

96, resulting in in-plane imaging resolution of 2.0 –2.5 mm. All im-

ages were zero-filled to a 256 � 256 matrix. Section thickness was set

to approximately the same as that in the in-plane resolution. Scanning

times varied from 4 minutes 18 seconds to 6 minutes 34 seconds per

sequence. Three repetitions were performed to increase signal inten-

sity-to-noise ratio.

3D-magnetization-prepared rapid acquisition of gradient echo

(MPRAGE) images were also obtained with the same section localiza-

tion, number, and thickness as well as the same FOV of DTI, TR/TE/

flip angle of 6.8 – 8.8/3.3–3.7 ms/8°, scan duration of 3 minutes, and

R � 2.5.

Postprocessing
All DTI acquisition datasets were transferred to a workstation and

corrected for bulk motion by using the automated imaging registra-

tion program.32 DTI postprocessing was performed by using DtiStu-

dio (free software available at http://cmrm.med.jhmi.edu) (H.J. and

S.M., Johns Hopkins University, Baltimore, Md) and included gener-

ation of fractional anisotropy (FA), vector maps, and color-coded

maps.33-35 The processing algorithm used assumed that the eigenvec-

tor associated with the largest eigenvalue represented the average

main fiber orientation of a particular pixel. In the color-coded maps,

colors were assigned according to the vector map as blue representing

superior-inferior orientation (through the axial plane); green, antero-

posterior orientation; and red, laterolateral orientation. Tracts with

oblique angles were represented with the appropriate mixture of these

basic colors. Color intensity was scaled proportional to FA values.

White Matter Tract Identification
White matter tract identification was performed by using the color-

coded maps, with specific criteria listed in Fig 1.35-39 Two- and 3D

representations of some of the tracts can also be found in our previous

publication in more detail.37

Although tracts were identified primarily by the color-coded

maps, MPRAGE was also used to supplement interpretation, espe-

cially for the corpus callosum, anterior commissure at the midsagittal

level, and the column and body (superior part) of the fornix. These

fiber tracts can be discretely identified by MPRAGE, which offers

higher resolution to assess their anatomy.

Structures that benefit the most from identification on color-

coded maps include projectional fibers such as the corona radiata,

anterior thalamic radiation, sagittal stratum, posterior thalamic radi-

ation, retrolenticular part of the internal capsule, and association fi-

bers such as the superior longitudinal fasciculus, inferior fronto-oc-

cipital fasciculus, uncinate fasciculus, and inferior longitudinal

fasciculus. These tracts cannot be individually identified on conven-

tional MR imaging because they are intermingled. Color-coded maps,

carrying orientation information, can separate individual tracts.

Other structures identified on conventional imaging such as the cor-

ticospinal/corticopontine tracts; medial lemniscus; middle, inferior,

and superior cerebellar peduncles; and cingulum also benefit from

more precise delineation on the color maps. Color maps reveal a

range of different colors in the inner architecture of the cerebral pe-

duncles and thalami, showing more details of these structures.

Scoring System
Once these tracts were identified on the basis of the protocol de-

scribed in Fig 1, an evaluation was completed by using all 3 orthogonal

planes of the interactive viewer in DTIStudio. An ordinal grading

system (0 � normal, 1 � abnormal, 2 � severely abnormal or absent)

was used by the primary study rater (L.M.N.) to score each tract.

Abnormalities of the white matter tracts were based on size reduction

on visual inspection in comparison with age-matched controls, in

whom white matter tracts were all scored 0. The recognition that a

significant decrease of diffusion anisotropy could lead to the appear-

ance of a smaller tract size and thus be scored as abnormal was con-

sidered in the interpretation. If size reduction of the tract was identi-

fied, the tract was scored as abnormal (score 1). A questionable

abnormality was conservatively scored as normal. A structure absent

or so abnormal that it could hardly be identified was characterized as

severely abnormal or absent (score 2).

To assess inter-rater reliability, 2 experienced neuroradiologists
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Fig 1. A, Description of the white matter tract identification protocol. Representative color-coded map or MPRAGE images are shown along with localization in a reference image (B).
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Fig 1 continued
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Fig 1 continued
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(D.L., W.Z.) scored the study data independently, masked to clinical

information on the patients. The 2 raters received instructions as

described in this article regarding the structures to be scored and the

control dataset. To establish intrarater reliability estimates for the

white matter tract grading, the primary rater (L.M.N.) repeated the

tract scoring, and observations at times 1 and 2 were compared. Per-

centage of agreement was used to rate intra- and inter-rater reliability

of this grading system.

Fiber Tracking
Fiber tracking was performed by using DTIStudio, which uses the

fiber-assignment continuous tracking approach.40 By combining in-

formation from FA and vector maps, this approach allows 3D recon-

struction of fibers in a continuous vector field. The threshold chosen

for FA was 0.15 and the angle threshold, 60°. These thresholds were

lower than those used in our previous articles36,40 due to partial vol-

ume effects between structures of the brain and the lower FA of white

matter in pediatric brains compared with those of adults. The initial

tracking was started from a region of interest drawn on the color-

coded orientation maps. A “brute force” approach41,42 was used, in

which fiber tracking was initiated from all pixels, and tracking results

that penetrated the region of interest were included. A multiple region

of interest reference scheme was used, including “AND” and “NOT”

operations: “AND” operation, restricting the tracking to only the fi-

bers that penetrate both regions of interest, and “NOT” operation,

excluding fibers within the respective region of interest.37,38

To demonstrate the variability of white matter tract injury in PVL,

we constructed 2 fiber tracts in 3 children. To demonstrate the rela-

tively preserved tracts in the posterior limb of the internal capsule, we

drew one region of interest on the posterior limb of the internal cap-

sule, yielding tracking of all the fibers penetrating this structure. To

illustrate injury to the posterior thalamic radiation, the major constit-

uent of the retrolenticular part of the internal capsule, which is often

severely affected in PVL, we drew 2 regions of interest. The first region

of interest was drawn in the coronal plane, cross-sectioning the retro-

lenticular part of the internal capsule, and the second region of inter-

est defined the thalamus. An AND operation selected the fibers pass-

ing through both regions of interest. For both the posterior limb of the

internal capsule and the posterior thalamic radiation reconstruction,

fibers that apparently were not related to the tracts of interest, such as

the corpus callosum and the anterior limb of the internal capsule,

were rejected by using a NOT operation.

Results
In this study sample of children with PVL, 19 tracts were
graded as abnormal by using the 0 –2 scoring system. The
qualitative examination revealed striking differences between
the posterior limb of the internal capsule and the retrolentic-
ular part of the internal capsule/posterior thalamic radiation
tracts, in terms of the frequency and degree of injuries.

Some examples of affected tracts and of the grading results,
including the corticopontine/corticospinal tracts, posterior
limb of the internal capsule, retrolenticular part of the internal
capsule, posterior thalamic radiation, inferior fronto-occipi-
tal/inferior longitudinal fasciculi, superior longitudinal fascic-
ulus, superior corona radiata, and the corpus callosum, are
shown in Fig 2. For the posterior limb of the internal capsule,
no example for score 2 (most severe) was found in this patient
population. Histograms of frequency of scores for the illus-
trated individual tracts are also shown in Fig 3.

As a visual support for the trajectories of the affected fibers,
the white matter tracts were reconstructed in 3D in three
7-year-old children, including 1 healthy control and 2 patients
with PVL (Fig 4). One of the patients (Fig 4B) displayed rela-
tive preservation of the fibers penetrating the posterior limb of
the internal capsule (score 0) and reduced fibers in the poste-
rior thalamic radiation (score 1). Figure 4C shows a second
child in whom the posterior thalamic radiation fibers are more
severely affected (score 2). In this example, it can be clearly
seen that the corona radiata is also affected (score 2).

Other white matter tracts that were frequently affected in-
cluded the corticopontine/corticospinal tracts and the corpus
callosum, whereas association fibers and limbic fibers (fornix
[left side: score 1 � 2 cases (8.3%)] and cingulum [right side:
score 1 � 2 cases (8,3%); left side: score 1 � 4 cases (16.6%)])
were relatively more preserved. In agreement with the lesions
seen in the retrolenticular part of the internal capsule and
posterior thalamic radiation, abnormalities of the corpus cal-
losum were most often seen along the body and splenium of
the corpus callosum. The tapetum, believed to be a part of
temporal commissural fibers, was affected in most patients as
well (right side: score 2 � 16 cases [66%], score 1 � 4 cases
[16.6%], score 0 � 4 cases [16.6%]; left side: score 2 � 18 cases
[75%], score 1 � 3 cases [12.5%], score 0 � 3 cases [12.5%]).

Prominent sensory tracts in the brain stem (medial lemnis-
cus) were all scored 0 in this population of patients (images
not shown). The cerebellar peduncles, which include sensory
and motor fibers, were affected in 8/24 patients (score 1,
33.3%).

Percentage agreement was used as a first step to rate inter-
rater reliability of this grading system. On a 3-point scale (0, 1,
2) percentage agreement between the 2 additional raters was
78%. Reducing the categories to a 2-point scale (normal/ab-
normal) improved inter-rater agreement to 84%. Both are ac-
ceptable. Percentage scoring agreement between the 2 raters
and the primary study rater ranged from 0.68 to 0.73 agree-
ment on the 3-point scale and 0.77– 0.79 on a normal/abnor-
mal rating scale. Intrarater reliability estimates for the primary
study rater (observations 1–2) were 86% agreement; intrarater
agreement improved to 91% on a 2-point scale (normal 0/ab-
normal 1). The percentage agreement reported represented an
average of comparisons across all white matter tracts scored.
In fact, with the 3-point qualitative scoring system, there was
90%–100% agreement among all 3 raters on selected tracts:
cerebral peduncles; middle cerebellar peduncles, sagittal view;
inferior fronto-occipital/inferior longitudinal fasciculus; su-
perior fronto-occipital fasciculus; posterior limb of the inter-
nal capsule; thalamus; uncinate/inferior fronto-occipital fas-
ciculus; and inferior cingulum.

Discussion
Despite a wide range of medical interventions in children with
CP, there is significant variability in outcome,43-46 related in
part to the heterogeneous nature of the underlying brain pa-
thology. Findings in this study demonstrate the utility of DTI
in characterizing injury in specific white matter tracts in chil-
dren with PVL, a capability beyond that possible on conven-
tional MR imaging.23,28,29,47

In this study, we used the DT-generated color-coded maps
to classify the status of major white matter tracts by using a
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Fig 2. A and B, Examples of the scoring system obtained from a 7-year-old healthy control (score 0) and patients with PVL (scores 1 and 2). See Fig 1 for abbreviations.
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3-grade system based on a qualitative visual assessment of each
individual white matter tract. The color-coded map, com-
bined with conventional T1-weighted images, allowed de-
tailed assessment of white matter anatomy of the patients. Our
results confirmed that, even in such a small sample, there is
high variability of injury to white matter.

Although qualitative evaluation of images carries a high de-
gree of subjectivity, it reflects the daily activity in neuroradiology.
The concept of using MR images of lesions in a scoring system has
been shown to add great benefit for classification and follow-up
studies.48-50 For valid scoring, it is imperative to know the normal
range of anatomic variations. This is a particularly difficult task in
children because normal anatomy changes during brain develop-
ment, especially within the first years of life. In addition, the DTI-
based color-coded maps are a relatively new technique, and ded-
icated training is needed for accurate differentiation between
normal and abnormal.

Images considered as normal in this study were found in
our control normative data base, including 35 age-matched
healthy children from 12 months to 15 years of age. It has been
an important present effort of our research group to obtain a
large pool of DTI control data during brain development for

reference purposes and to learn the normal variability of white
matter tracts in the healthy population in different stages of
neurodevelopment. Because of the current limitations in our
understanding of normal range, a qualitative grading system
including only 3 different grades (0 � normal, 1 � abnormal,
2 � severely abnormal or absent) was adopted as a first ap-
proach to more objectively score the white matter tracts. One
caveat of the present grading system is the potential insuffi-
cient sensitivity to lesion detection.

This study shows that multiple raters with guidelines can
score white matter tracts visualized on DTI with moderate
reliability. Although experienced neuroradiologists, the 2 rat-
ers participating in the reliability tests were given the criteria
described in this study for white matter tract identification and
scoring as well as the control data base, without formal train-
ing. Reducing the scoring to 2 categories (normal and abnor-
mal) improved agreement across raters and scoring consis-
tency of repeated observations within the primary rater
(intrarater agreement).

Of note, there was variability in the scoring agreement among
tracts—several tracts had 100% inter-rater agreement (cerebral
peduncles, inferior fronto-occipital/inferior longitudinal fascicu-
lus, superior fronto-occipital fasciculus). The lowest indexes for
both intra- and inter-rater reliability tests performed were seen
for the corpus callosum. This could be due to a wide variability in
shape and size among different sexes and ages and, perhaps, any
individual. This could also indicate that the color-coded maps,
enhancing contrast along the edges of the corpus callosum, might
have influenced its evaluation. Adding to what was discussed ear-
lier, the corpus callosum might be one opposite case of low spec-
ificity to evaluation on color-coded maps.

Using a 2-scale grading system shows superior reliability
results, and simply distinguishing between normal versus ab-
normal is important in both future clinical and research ap-
plications, with the idea that there is potential for a 3-scale
grading system as we ourselves learn how to read the color-
coded maps. Future studies including a larger number of pa-
tients with different degrees of severity might lead to a more
refined grading system.

In our previous publication,28 we reported 2 patients
with PVL whose corticospinal tracts and fibers penetrating
the posterior limb of the internal capsule were relatively
well preserved, whereas the posterior thalamic radiation
was severely affected. This was an unexpected observation
because the fibers in the corticospinal tract and fibers pen-
etrating the posterior limb of the internal capsule, which
are related to motor functions, were expected to be one of
the most affected tracts, whereas the posterior thalamic ra-
diation, which connects the thalamus and parietal/occipital
lobes and is mostly related to sensory function, was believed
to be relatively preserved. In the current study, we observed
that both the retrolenticular part of the internal capsule and
the posterior thalamic radiation, in which thalamocortical/
corticothalamic pathways are the major constituent, were
the white matter tracts bearing the most frequent and se-
vere injuries, replicating our previous report. These results
are consistent with a previously reported pattern of lesions
in PVL in postmortem data,51 and to the best of our knowl-
edge, DTI is the first in vivo imaging technique capable of
displaying such findings.

Fig 3. Histogram of frequency of scores for individual tracts. A, tracts predominately related
to motor pathways; B, tracts predominately related to sensory motor pathways; and C,
association and commissural fibers. L indicates left; R, right; CPT/CST, corticopontine/
corticospinal tracts; PLIC, posterior limb of the internal capsule; CP, cerebral peduncles;
RLIC, retrolenticular part of the internal capsule; PTR, posterior thalamic radiation; SCR,
superior corona radiata; IFO/ILF, inferior fronto-occipital/inferior longitudinal fasciculi; SLF,
superior longitudinal fasciculus; CC-genu, corpus callosum-genu; CC-body, corpus callosum-
body; CC-splenium, corpus callosum-splenium.
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Important constituents of the retrolenticular part of the
internal capsule/posterior thalamic radiation tracts, besides
the thalamic pathways and the optic radiation, are long corti-
cofugal pathways (most notably parieto-occipito-temporo-
pontine tracts) and cortico-cortical association tracts such as
the inferior longitudinal fasciculus and the inferior fronto-
occipital fasciculus. Among these fibers, the association fibers
were evaluated at different section levels (Fig 1) and were
found to be relatively preserved in most patients.

The pontine tracts pass through the cerebral peduncles and
are relayed to the middle cerebellar peduncles (corticoponto-
cerebellar pathway) at the pons. Involvement of the cortico-
pontine tracts in PVL is also possible, but the extent of abnor-
malities in the cerebral peduncles and the middle cerebellar
peduncles was not as severe as that in the retrolenticular part
of the internal capsule/posterior thalamic radiation.

It is also important to note that the corticospinal tracts
were also often affected in our patient population, though
the percentage of tracts scored as abnormal was higher for
the retrolenticular part of the internal capsule and posterior
thalamic radiation tracts than for the corticospinal tract.
We also cannot exclude the possibility that the current
grading protocol is not sensitive enough to specific loss of
motor pathways responsible for functional deficits (as dis-
cussed previously).

Injuries of the commissural fibers were also prevalent in
this patient population; this finding agrees with previous MR
imaging observations of patients with PVL.52-56 Among the
commissure fibers, the splenium of the corpus callosum and
tapetum were most severely affected and are believed to con-
tain commissural projections from the parietal, occipital, and
temporal lobes. Combined with severe atrophy of the retro-
lenticular part of the internal capsule/posterior thalamic radi-
ation, these results strongly suggest concentration of white
matter injuries in the parietal and occipital white matter.

One of the definite advantages of DTI
is the possibility of quantitative measure-
ment of tract diameters and tract-specific
DTI parameters27,29,36,57,58 that will be at-
tempted as a complementary study to the
present one. However, one potential
problem foreseen in these cases and pre-
viously discussed is partial volume effects
due to the small brain size.

A 3D reconstruction (Fig 4) was used
to visualize the fibers penetrating the pos-
terior limb of the internal capsule and the
posterior thalamic radiation. Although
this technique is very powerful to visually
understand the 3D trajectory of a tract of
interest, its usefulness in routine diagnosis
may be limited for several reasons. First,
the reconstruction is strongly dependent
on the location of the reference region of
interest used for tracking and on subjec-
tive tract editing. Establishing strict pro-
tocols for region of interest placement

could ameliorate these problems.36-38,58 However, establish-
ment of a protocol can be challenging in patients with PVL,
who often present with severe anatomic changes. Further-
more, the reconstruction results are affected by the 2 thresh-
olds (FA and angle) for termination criteria. Although this
effect could be potentially removed by using the same thresh-
olds for all subjects, FA values for the white matter change
during brain development,18 and the same FA threshold may
not result in equivalent reconstruction results for brains with
different ages, especially due to aforementioned partial vol-
ume effects. Therefore, use of 3D reconstruction may be lim-
ited for visual understanding of severe abnormalities found in
color maps. For routine clinical practice, our belief is that 2D-
based examination is an alternative suitable approach,
promptly available for straightforward interpretation without
extra processing time.

In summary, the variability in white matter injury in
motor and sensory pathways can be clearly demonstrated
with DTI. With the increased number of children studied
and acquisition of additional control data, this technique
will advance understanding of brain injury in children with
childhood neurologic disorders, including CP. Our evalu-
ation protocol is expected to be a guideline for routine clin-
ical evaluation of patients with CP. The evaluation results
provide clues to understand pathogenesis and may ulti-
mately lead to improvements in clinical classification and treat-
ment for children with CP and other neurologic disorders of
childhood by providing specific treatment options based on the
pattern of white matter injury.
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Fig 4. Examples of fiber tracking in 3 age-matched children.
AP indicates anteroposterior.
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