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Prediction of the gait function using the 
nigrostriatal and corticoreticulospinal tracts of 
the affected hemisphere in a cerebral infarct
A diffusion tensor imaging study
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Abstract 
Prognosis predictability of the nigrostriatal tract (NST) and corticoreticulospinal tract (CRT) of affected hemisphere at early stage 
for gait function at chronic stage were investigated using diffusion tensor tractography (DTT) in patients with a cerebral infarction.

Thirty consecutive patients with middle cerebral artery (MCA) territory infarction were recruited. Functional ambulation category 
(FAC) was used to evaluate the gait function at chronic stage. Fractional anisotropy (FA) and tract volume (TV) of ipsilesional NST 
and ipsilesional CRT were determined to be DTT parameters at early stage.

FAC score at chronic stage showed strong positive correlations with TVs of ipsilesional NST and ipsilesional CRT at early stage 
(ipsilesional NST R = 0.786; ipsilesional CRT R = 0.821; P < .05). According to regression model, FAC score at chronic stage 
was positively related to TVs of ipsilesional NST and ipsilesional CRT at early stage (Adjusted R2 = 0.700, F = 34.905, P < .05). 
FAC score at chronic stage was associated more positively with TV of ipsilesional CRT (β = 0.532) than that of ipsilesional NST 
(β = 0.362).

Ipsilesional NST and ipsilesional CRT at early stage had prognosis predictability for gait function at chronic stage in patients 
with an MCA infarction. Moreover, ipsilesional CRT had stronger predictability than ipsilesional NST.

Abbreviations:  CRT = corticoreticulospinal tract, DTI = diffusion tensor imaging, DTT = diffusion tensor tractography, FA = 
fractional anisotropy,FAC = functional ambulation category, MCA = middle cerebral artery, NST = nigrostriatal tract, ROI = regions 
of interest, TV = tract volume.
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1. Introduction

Stroke is one of the major causes of adult disability, with gait 
dysfunction being one of the most serious disabling sequelae 
of stroke. Approximately 20 to 30% of stroke patients do not 
recover their ability to walk.[1,2] Gait dysfunction adversely 
affects mobility, activities of daily living, and health.[3] Therefore, 
a precise prediction of the prognosis of gait function at the 
early stages of stroke is clinically important because it could 
provide helpful information for establishing specific rehabili-
tation strategies and estimating the duration of rehabilitation.

Among the neural tracts for the motor function, the corti-
coreticulospinal tract (CRT) plays an important role in gait 
by controlling the axial and proximal muscles of the limbs.[4,5] 
Many studies reported the relationship between the gait func-
tion and CRT in stroke patients.[6-11] Previous studies suggested 
that the nigrostriatal tract (NST) is also involved in gait func-
tion by affecting voluntary movement through the basal ganglia, 

which control movement during gait.[12,13] The NST is one of the 
major dopaminergic pathways that originate from the substan-
tia nigra pars compacta in the midbrain and terminate at the 
dorsal striatum. A few studies reported the relationship between 
the severity of gait impairment and reduced dopamine avail-
ability in the nigrostriatal system in patients with Parkinson’s 
disease and multiple system atrophy.[14,15]

Developments in diffusion tensor tractography (DTT), 
which is derived from diffusion tensor imaging (DTI), enable 
a three-dimensional reconstruction and visualization of the 
NST and CRT.[16,17] A few studies attempted to demonstrate the 
prognosis predictability of the CRT on gait function of stroke 
patients using DTT.[8,11] By contrast, no study of the NST on this 
topic has been reported.

In this study, DTT was used to investigate the prognosis 
predictability of the NST and CRT of the affected hemisphere 
at the early stage for the gait function at the chronic stage in 
patients with a cerebral infarction.
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2. Methods

2.1. Subjects

Thirty consecutive patients with middle cerebral artery 
(MCA) territory infarction (15 men, 15 women; mean age 
56.93 ± 10.55 years; range, 34–68 years) were recruited accord-
ing to the following inclusion criteria: first-ever stroke; age: 20 
to 69 years; hemiparesis contralateral to infarct lesion; MCA 
territory infarct confirmed by a neuroradiologist; an inability to 
walk independently (functional ambulation category [FAC] ≤ 3) 
at the early stage (within 1 month after onset); gait function 
evaluation was performed at the chronic stage (more than three 
months after onset); DTI scanning was performed at the early 
stage; no prior history of head trauma, psychiatric, and neuro-
logical disease. This study was performed retrospectively and 
conducted in accordance with the guideline of the Declaration 
of Helsinki. All of the patients provided signed, informed con-
sent and the study protocol was approved by the institutional 
review board of the Yeungnam University Hospital (IRB num-
ber: YUMC 2021-03-014).

2.2. Gait function evaluation

The FAC scale was used to evaluate the walking ability at the 
chronic stage (mean: 7.65 ± 3.12 months) after stroke onset.[18] 
This 6-point scale is assessed to determine the levels of sup-
port needed during a 15 m walk.[9] The FAC was categorized 
as follows: 0 (nonfunctional ambulation); 1 (requires firm 
continuous support from one person); 2 (requires continu-
ous or intermittent support from 1 person); 3 (requires ver-
bal supervision or stand-by help); 4 (can walk independently 
except help on stairs and uneven surfaces); 5 (can walk inde-
pendently anywhere).[9] The reliability and validity of the FAC 
are well-established.[18]

2.3. Diffusion tensor imaging and tractography

The DTI data were obtained at the early stage (mean: 
12.43 ± 5.65 days) after stroke onset. DTI was performed 
using a sensitivity-encoding head coil on a 1.5 T Philips 
Gyroscan Intera (Hoffman-LaRoche Ltd., Best, Netherlands) 
scanner with single-shot echo-planar imaging and nav-
igator echo. Sixty-seven contiguous slices (acquisition 
matrix = 96 × 96; reconstruction matrix = 192 × 192; field 
of view = 240 mm × 240 mm; TR = 10,726 ms; TE = 76 ms, 
b = 1000 s/mm2, NEX = 1, and thickness = 2.5 mm) were 
acquired for each of the 32 noncollinear diffusion-sensitizing 
gradients. Eddy current image distortion and head motion 
effects were adjusted using affine multi-scale 2-dimen-
sional registration from the Oxford Centre for Functional 
Magnetic Resonance Imaging of Brain (FMRIB) Software 
Library (FSL: www.fmrib.ox.ac.uk/fsl).[19] The NST and 
CRT were assessed using a DTI Studio software (CMRM, 
Johns Hopkins Medical Institute, Baltimore, Maryland) 
based on the fiber assignment continuous tracking (FACT) 
algorithm. The NST was tracked by manually assigning the 
first regions of interest (ROI) on the substantia nigra at the 
midbrain on the fractional anisotropy (FA) map. The second 
ROI was located on the striatum on the FA map.[20,21] The 
CRT was reconstructed by placing the first and second ROI 
manually on the reticular formation of the medulla and the 
tegmentum of the midbrain, respectively.[16] Fiber tracking 
of the NST was started at the center of a seed voxel with 
FA > 0.1 and ended at a voxel with FA > 0.1 and a tract 
turning-angle <70° with an option of cut operation on the 
axial images (Fig.  1).[17,19] On the other hand, fiber track-
ing of the CRT was started at the center of the voxel with 
FA > 0.2 and ended at the voxel with FA of < 0.2 and a tract 
turning-angle < 60°.[7]

2.4. Statistical analysis

Statistical analysis was performed using SPSS 21.0 for Windows 
(SPSS, Chicago, IL). The Kolmogorov–Smirnov test and 
Shapiro–Wilk test were conducted to determine the normality 
of the FAC score at the chronic stage and DTT (FA, tract volume 
[TV]) parameters of the ipsilesional NST and the ipsilesional 
CRT at the early stage. The DTT parameters of the ipsilesional 
CRT did not satisfy normality (P < .05). According to the nor-
mality of the data, the Pearson correlation analysis was used to 
evaluate the significance of the correlations of the FAC score at 
the chronic stage with the DTT parameters of the ipsilesional 
NST and the ipsilesional CRT at the early stage of the patients. 
The correlation coefficient represents the strength of the rela-
tionship between two variables (0.10–0.29: weak correlation; 
0.30–0.49: moderate correlation; more than 0.50: strong cor-
relation).[22] Based on correlation analysis, multiple linear regres-
sion analysis was performed to evaluate the DTT parameters at 
the early stage as the independent variables that predicted the 
FAC score at the chronic stage as the dependent variable.

3. Results
Table 1 lists the results of correlation analysis between the FAC 
score at the chronic stage and DTT parameters of the ipsile-
sional NST and the ipsilesional CRT at the early stage. The FAC 
score at the chronic stage had no significant correlation with 
the FA values of the ipsilesional NST and the ipsilesional CRT 
at the early stage (P > .05). By contrast, the FAC score at the 
chronic stage showed strong positive correlations with the TVs 
of the ipsilesional NST and the ipsilesional CRT at the early 
stage (ipsilesional NST R = 0.786; ipsilesional CRT R = 0.821; 
P < .05). Table  2 lists the results of multiple linear regression 
analysis between the FAC score at the chronic stage and DTT 
parameters of the ipsilesional NST and the ipsilesional CRT at 
the early stage. The FAC score at the chronic stage was posi-
tively related with the TVs of the ipsilesional NST and the ipsile-
sional CRT at the early stage (Adjusted R2 = 0.700, F = 34.905, 
P < .05). Moreover, the FAC score at the chronic stage was 
associated more positively with the TV of the ipsilesional CRT 
(β = 0.532) than that of the ipsilesional NST (β = 0.362).

4. Discussion
DTT was used to examine the predictability of the ipsilesional NST 
and the ipsilesional CRT at the early stage for the gait function at 
the chronic stage in patients with an MCA infarction. The results 
can be summarized as follows. First, the FAC score at the chronic 
stage had strong positive correlations with the TVs of the ipsile-
sional NST and the ipsilesional CRT at the early stage. Second, the 
regression model showed that the FAC score at the chronic stage 
was positively associated with the TVs of the ipsilesional NST and 
ipsilesional CRT at the early stage. In particular, the FAC score at 
the chronic stage had a more positive relationship with the TV of 
the ipsilesional CRT than that of the ipsilesional NST.

The FA value represents the degree of directionality of water 
molecule diffusion and the integrity of white matter microstruc-
tures, including axons, myelin, and microtubules. Therefore, 
it reflects the fiber density, axonal diameter, and white matter 
myelination.[23,24] The TV indicates the volume of voxels within 
the neural tract representing the number of neural fibers.[24,25] 
The FAC score at the chronic stage showed strong positive 
correlations with the TVs of the ipsilesional NST and the 
ipsilesional CRT at the early stage. This indicates that the gait 
function at the chronic stage was closely related to the remain-
ing fiber number of ipsilesional NST and ipsilesional CRT at 
the early stage. These results suggest that the remaining fiber 
number of the ipsilesional NST and the ipsilesional CRT at the 
early stage could predict the gait function at the chronic stage in 
patients with an MCA infarction.

www.fmrib.ox.ac.uk/fsl
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Regarding the regression model, the TVs of the ipsilesional 
NST and the ipsilesional CRT at the early stage affected the FAC 
score at the chronic stage. In addition, the TV of the ipsilesional 
CRT at the early stage had a larger effect on the FAC score at 
the chronic stage than that of the ipsilesional NST at the early 
stage. Consequently, the remaining fiber number of the ipsile-
sional CRT at the early stage has more predictability on the gait 
function at the chronic stage than that of the ipsilesional NST at 
the early stage in patients with an MCA infarction.

The nigrostriatal dopaminergic projection was reported to 
facilitate the initiation of gait by increasing the excitability of the 
dopamine D1-expressing neurons through the direct pathway and 
reducing the tonic inhibition sent by the output from the basal 
ganglia to the mesencephalic locomotor region.[26] On the other 
hand, it could also help disinhibit the activity of the mesencephalic 

Figure 1. Results of diffusion tensor tractography for the nigrostriatal tract (NST) and the corticoreticulospinal tract (CRT). (A) T2-weighted brain magnetic 
resonance images at the time of diffusion tensor imaging scanning in representative patients with a middle cerebral artery territory infarction (patient 1:51-year-
old female with functional ambulation category [FAC] score 2 at the chronic stage, patient 2: 67-year-old female with FAC score 5 at the chronic stage). (B) 
The ipsilesional NST (red arrow) and the ipsilesional CRT (orange arrow) at the early stage in patient 1 have a lower tract volume than those in patient 2. The 
ipsilesional CRT (green arrow) at the early stage in patient 1 shows discontinuation at the lesion. By contrast, preservation of the integrity of the ipsilesional CRT 
at the early stage is observed in patient 2.

Table 1 

Correlations of the gait function at the chronic stage with 
diffusion tensor tractography parameters of the ipsilesional 
nigrostriatal tract and the ipsilesional corticoreticulospinal tract 
at an early stage.

  NST CRT

FA TV FA TV 

FAC 0.228 0.786 0.295 0.821
0.23 0.00* 0.11 0.00*

CRT = corticoreticulospinal tract, FA = fractional anisotropy, FAC = functional ambulation category, 
NST = nigrostriatal tract, TV = tract volume.
*Correlation is significant at P < .05.

Table 2 

Multiple linear regression analysis between the gait function at the chronic stage and diffusion tensor tractography parameters of the 
ipsilesional nigrostriatal tract and the ipsilesional corticoreticulospinal tract at an early stage.

Dependent
variable 

Independent
variable B se β t P VIF 

FAC NST TV 0.013 0.006 0.362 2.150 0.04* 2.744
CRT TV 0.001 0.000 0.532 3.160 0.00* 2.744

 Adjusted R2 = 0.700 F = 34.905 P = .00*  

CRT = corticoreticulospinal tract, FAC = functional ambulation category, NST = nigrostriatal tract, VIF = variation inflation factor, TV = tract volume.
*Statistically significant at P < .05.
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locomotor region by decreasing the excitability of the dopamine 
D2 expressing neurons through the indirect pathways.[27,28] As a 
result, input to the mesencephalic locomotor region controls the 
gait and posture through projects to the spinal motor neurons via 
the reticulospinal tract.[29] A few studies reported a relationship 
between the gait function and the nigrostriatal system in patients 
with neurological diseases.[14,15] Brooks et al reported that the 
severity and duration of the gait dysfunction were correlated with 
the loss of the nigrostriatal dopaminergic system in the putamen 
in patients with Parkinson disease and multiple system atrophy.[14] 
Ouchi et al used positron emission tomography to confirm that 
the reduction of walking cadence was associated with a dopa-
mine deficit in the nigrostriatal projection area, particularly the 
caudate in patients with Parkinson’s disease.[15]

A few studies reported the predictability of the CRT in 
stroke patients using DTT, but the results were controver-
sial.[8,11 Soulard et al reported that the walking score at 1 
month to 2 years after onset was correlated with the FA value 
of the ipsilesional CRT at the baseline (1 month after onset) 
in patients with a supratentorial infarction.[8] By contrast, Jun 
et al reported that the FAC score at 6 months after onset was 
not related to the FA value and TV of the CRT at 1 month 
after onset in patients with a supratentorial stroke (hemorrhage 
and infarction).[11] On the other hand, the above studies did not 
recruit only the patients who could not walk independently at 
the early stage of stroke, as in the present study. Consequently, 
to the best of the authors’ knowledge, this study is the first 
to demonstrate the predictability of both the ipsilesional NST 
and the ipsilesional CRT on the gait function in patients with 
cerebral infarction.

This study had some limitations. First, DTT analysis produced 
false-positive and false-negative results primarily due to crossing 
fibers or the partial volume effect.[30] Second, because this study 
was performed retrospectively, only the FAC score was used to 
evaluate the gait function. Third, although the NST and CRT are 
related to the gait function, there are other neural tracts, such 
as the corticospinal tract or cortico-pontocerebellar tract asso-
ciated with the gait function that could be affected by an MCA 
infarct. Fourth, the clinical features could be more severe than 
those in a general population of chronic ischemic stroke patients 
because the patients who visited the rehabilitation department 
of a university hospital were recruited in this study. Hence, fur-
ther prospective studies on various gait function evaluations and 
additional neural tracts related to the gait function considering 
the generality of the clinical features are needed.

In conclusion, DTT showed that the ipsilesional NST and the 
ipsilesional CRT at the early stage had prognostic predictability 
for the gait function at the chronic stage in patients with an 
MCA infarction. In addition, the ipsilesional CRT had stronger 
predictability on gait function than the ipsilesional NST. These 
results suggest that the ipsilesional NST and the ipsilesional 
CRT states on DTT at the early stage can be used to predict the 
prognosis of the gait function in patients with an MCA infarc-
tion. Nevertheless, further studies of various brain pathologies, 
including an intracerebral hemorrhage, will be needed.
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