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Purpose: We investigated the difference in injury of the corticospinal tract (CST) and the spinothalamic tract (STT) in patients with putaminal hemorrhage, using diffusion tensor tractography (DTT).
Methods: Thirty one consecutive patients with PH and 34 control subjects were recruited for this study. DTT scanning was performed at
early stage of PH (7-63 days), and the CST and STT were reconstructed using the Functional Magnetic Resonance Imaging of Brain (FMRIB) Software Library program. Injury of the CST and STT was defined in terms of the configuration or abnormal DTT parameters was
more than 2 standard deviations lower than that of normal control subjects.
Results: Among 31 patients, all 31 patients (100%) had injury of the CTS, whereas 25 patients (80.6%) had injury of the STT: the incidence of CST injury was significantly higher than that of STT (p< 0.05). In detail, 20 (64.5%) of 31 patients showed a discontinuation of
the CST in the affected hemisphere; in contrast, 14 patients (45.2%) of 31 patients showed a discontinuation of the STT in the affected
hemisphere. Regarding the FA value, 6 (19.4%) of 31 patients and 2 (6.4%) of 31 patients were found to have injury in the CST and STT,
respectively. In terms of the fiber number, the same injury incidence was observed in 11 patients (35.5%) in both the CST and STT.
Conclusion: The greater vulnerability of the CST appears to be ascribed to the anatomical characteristics; the CST is located anteriorly to
the center of the putamen compared with the STT.
Keywords: Stroke, Putaminal hemorrhage, Corticospinal tract, Spinothalamic tract, Diffusion tensor tractography.

topic in patients with PH.

INTRODUCTION

In the human brain, the CST is involved in control of movements
The putamen is the most common area of spontaneous intracere-

of distal extremities, particularly fine-motor movements of the

bral hemorrhage (ICH), comprising 48-67% of all spontaneous

hand.4 The spinothalamic tract is responsible for pain and body

ICH.1 Hemiplegia and hemisensory deficit, the main clinical fea-

temperature.5,6 In addition, the STT has been considered as the neu-

tures following putaminal hemorrhage (PH)2, are related to the ana-

ral tract for the pathogenesis of central pain following brain injury.7

tomical characteristics of the putamen, in which the neural tracts

Considering the anatomy of the CST and STT around the putamen,

for sensori-motor function, such as the corticospinal tract (CST)

because the CST is located closer to the center of the putamen than

and the spinothalamic tract (STT) are located near the putamen. In

the STT, we hypothesized that the CST might be more vulnerable

planning the scientific rehabilitation strategy for stroke patients,

than the STT in patients with PH.3

3

precise elucidation of the presence or severity of neural injury is

In this study, using diffusion tensor tractography (DTT), we at-

mandatory because the physiatrist can assume the recovery mecha-

tempted to investigate the difference in injury of the CST and STT

nism, the recovery course and the final outcome based on the infor-

in patients with PH.

mation on the neural injury. However, little is known about this
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days after onset) using a 6-channel head coil on a 1.5 T Philips Gy-

METHODS

roscan Intera (Philips, Ltd, Best, The Netherlands) with single-shot

1. Subjects
Thirty one patients with ICH (males: 22, females: 9, mean age: 48.8

echo-planar imaging (EPI). For each of the 32 non-collinear, diffu-

years, range: 27 to 64 years) and 34 age-sex matched normal healthy

lel to the anterior commissure-posterior commissure line. Imaging

control subjects (21 males, 13 females; mean age, 42.8 years, range:

parameters were as follows: acquisition matrix= 96 × 96, recon-

27 to 64 years) with no history of neurological or psychiatric disor-

structed to matrix=192×192, field of view=240 × 240 mm2, TR=

der were recruited for this study. Thirty one consecutive patients

10.398 ms, TE =72 ms, parallel imaging reduction factor (SENSE

with ICH were recruited according to the following criteria: (1) first-

factor) =2, EPI factor= 59, b =1,000 s/mm2, NEX=1, slice gap = 0

ever stroke, (2) age: 20-65 years, (3) DTI scanning was performed at

mm and a slice thickness of 2.5 mm.

sion-sensitizing gradients, 67 contiguous slices were acquired paral-

early stage of ICH: 1-10 weeks after onset, and (4) hemorrhage con-

Eddy current-induced image distortions were removed using af-

fined at the level of the basal ganglia, and confirmed by a neuroradi-

fine multi-scale two-dimensional registration at the Oxford Centre

ologist. This study was conducted retrospectively and was approved

for Functional Magnetic Resonance Imaging of Brain (FMRIB)

by the institutional review board at our hospital.

Software Library (FSL: www.fmrib.ox.ac.uk/fsl).8 DTI-Studio software (CMRM, Johns Hopkins Medical Institute, Baltimore, MD,
USA) was used for evaluation of the CST and STT.9 For reconstruc-

2. Diffusion tensor imaging
DTI data were acquired at an average of 23 days after onset (7-63

tion of the CST, the first ROI was placed on the anterior blue por-

Figure 1. Results of diffusion tensor tractography (DTT) images of the corticospinal tract (_CST) and the spinothalamic tract (STT). (A) Discontinuation of integrity of the CST and the STT. (B) Decreased fiber numbers of the CST and the STT. (C) DTT images of the CST and STT in control subjects.
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tion of the upper pons on the axial image of the color map, and the

mined using Pearson’s correlation test. The significant level of the p

second ROI was placed on the anterior blue portion of the lower

value was set at 0.05.

pons on the axial image of the color map. For analysis of the STT,
10

the first ROI was placed on the postero-lateral medulla on an axial

RESULTS

slice, and the second ROI was placed on the ventro-postero-lateral
nucleus of the thalamus on the axial image of the color map.11 Fiber

Data on demographic and DTT parameters of the patients and con-

tracking was started at the seed voxels with a fractional anisotropy

trol subjects are summarized in Table 1. Of 31 patients, all 31 pa-

(FA) > 0.2 and ended at the voxels with a fiber assignment of > 0.2

tients (100%) had injury of the CST, whereas 25 patients (80.6%) had

and a tract turning-angle of < 60 degrees. DTT parameters (frac-

injury of the STT: the incidence of CST injury was significantly

tional anisotropy [FA] and fiber number) of the CST and the STT

higher compared with that of the STT (p < 0.05). In detail, 20 (64.5%)

were measured in both hemispheres. DTT parameters showing a

of 31 patients showed a discontinuation of the CST in the affected

deviation of more than two standard deviations of that of normal

hemisphere; in contrast, 14 patients (45.2%) of 31 patients showed a

control values were defined as injury, and discontinuation of the

discontinuation of the STT in the affected hemisphere. Regarding

CST and STT was defined as an injury.

the FA value, 6 (19.4%) of 31 patients and 2 (6.4%) of 31 patients were

The hematoma volume was measured on T2-weighted MRI im-

found to have injury in the CST and STT, respectively. In terms of

ages through a picture-archived communication system (PACS,

the fiber number, the same injury incidence was observed in 11 pa-

Marotech, Korea) at the time of DTI scanning. Maximum width

tients (35.5%) in both the CST and STT (Table 2). On the other hand,

(X), length (Y), and height (Z) of the lesion were measured at the lev-

no correlation was found between the hematoma volume, and FA

The
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Table 2. Distribution of patients according to injury types between the
corticospinal tract and spinothalamic tract                       
(n= 31)
CST (%)

STT (%)

Total injury incidence

31 (100)

25 (80.6)

Discontinuation

20 (64.5)

14 (45.2)

3. Statistical analysis
SPSS software (v.15.0, SPSS, Chicago, IL, USA) was used for data
analysis. The chi-square test was used for determination of the dif-

Injury of FA

6 (19.4)

2 (6.5)

ferences in incidence of injury between the CST and STT. Correla-

Injury of FN

11 (35.5)

11 (35.5)

tions between the hematoma volume, and FA value and fiber number of the CST and the STT in the affected hemisphere were deter-

Normal

0 (0)

6 (19.4)

CST: corticospinal tract, STT: spinothalamic tract, FA: fractional anisotropy, FN: fiber number.

Table 1. Demographic and diffusion tensor tractography data of the patients and control subjects

Age (yr)
Sex (male/female)
Duration after onset (day)

Patient group (n= 31)

Control group (n= 34)

48.8 (± 9.9)

42.8 (± 10.5)

22/9

21/13

22.7 (± 15.8)

Hematoma volume (mV)

4.12 (± 2.90)

Fractional anisotropy

Affected

Unaffected

   Corticospinal tract

0.46 (± 0.07)

0.55 (± 0.03)

0.57 (± 0.02)

   Spinothalamic tract

0.47 (± 0.04)

0.51 (± 0.03)

0.51 (± 0.03)

Affected

Unaffected

   Corticospinal tract

642.8 (± 497.6)

1,710.8 (± 344.6)

1,873.0 (± 206.6)

   Spinothalamic tract

672.3 (± 395.7)

1,443.1 (± 368.8)

1,378.3 (± 197.8)

Fiber number

Values indicate mean (± standard deviation).
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because this study was conducted retrospectively, we could not con-

DISCUSSION

firm the final outcome of these neural tracts at chronic stage. ThereIn the current study, using DTT, we investigated the characteristics

fore, further studies recruiting larger numbers of patients and follow

of injury of the CST and STT in 31 consecutive patients with PH in

up DTT at chronic stage should be encouraged.

terms of presence of discontinuation on DTT and DTT parameters
(the FA and fiber number). We found that the total incidence of in-
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