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Prediction of motor outcomes and activities of daily
living function using diffusion tensor tractography
in acute hemiparetic stroke patients
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[Purpose] The efficacy of diffusion tensor imaging in the prediction of motor outcomes and activities

of daily living function remains unclear. We evaluated the most appropriate diffusion tensor parameters and meth-
odology to determine whether the region of interest- or tractography-based method was more useful for predicting
motor outcomes and activities of daily living function in stroke patients. [Subjects and Methods] Diffusion tensor
imaging data within 10 days after stroke onset were collected and analyzed for 25 patients. The corticospinal tract
was analyzed. Fractional anisotropy, number of fibers, and apparent diffusion coefficient were used as diffusion ten-
sor parameters. Motor outcomes and activities of daily living function were evaluated on the same day as diffusion
tensor imaging and at 1 month post-onset. [Results] The fractional anisotropy value of the affected corticospinal
tract significantly correlated with the motor outcome and activities of daily living function within 10 days post-
onset and at 1 month post-onset. Tthere were no significant correlations between other diffusion tensor parameters
and motor outcomes or activities of daily living function. [Conclusion] The fractional anisotropy value of the af-
fected corticospinal tract obtained using the tractography-based method was useful for predicting motor outcomes

and activities of daily living function in stroke patients.
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INTRODUCTION

Although the treatment strategies for stroke patients have
improved, these patients retain residual disabilities and re-
quire rehabilitation before returning to their communities.
However, it is difficult to predict the functional outcome of
rehabilitation in stroke patients. Therefore, a method that
can be used to predict the possibility of recovery in stroke
patients is required.

Recently, diffusion tensor imaging (DTI) has been
used as a novel method for predicting motor outcomes!™®).
However, the most appropriate DTI parameters and analy-
sis methodologies, such as the region of interest (ROI)- or
tractography-based method, remain unknown. Moreover,
the clinical efficacy of DTI as a predictor of the activities of
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daily living (ADL) function remains unclear. We addressed
these points in the present study.

SUBJECTS AND METHODS

Subjects

Twenty-five stroke patients (11 females, 14 males; mean
age 71.5 + 11.0 years; 16 ischemic strokes, 9 hemorrhagic
strokes) were analyzed. The inclusion criteria were: (1) the
first ever motor deficit resulting from stroke, (2) unilateral
paralysis, (3) a modified Rankin Scale score of 3—5 at the
time of admission, (4) collection of initial DTI data within
10 days post-onset, and (5) an absence of serious medical
complications during hospitalization. This study was ap-
proved by the Araki Neurosurgical Hospital ethical com-
mittee, and all patients provided written informed consent
(Approval number: 007).

Methods

DTI data were acquired by the 3-T MRI scanner (Phil-
ips Healthcare, Amsterdam, The Netherlands) using a
single-shot echo-planar imaging sequence. The acquisition
parameters were as follows: repetition time (TR)/echo time
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Fig. 1. Location of the ROIs in the corticospi-
nal tract in a normal healthy subject
The first ROI is set at the cerebral pe-
duncle and the second ROI is set at the
precentral gyrus.

(TE), 4500-5000/62 ms; motion probing gradient orienta-
tions (MPG), 16 axes; b-value, 1000 s/mm?2; number of
excitations (NEX), 2; bandwidth, 150 kHz; matrix size, 112
x 112; DTI voxel size, 2 mm X 2 mm x 3 mm; and section
thickness, 3 mm. The corticospinal tract (CST) was visual-
ized by DTI using FiberTrak software (Philips Healthcare,
Amsterdam, The Netherlands). The threshold for stopping
propagation was a fractional anisotropy (FA) of <0.15 and
an angle change of <27°. DTI data were acquired within 10
days (mean 5.0 + 3.3 days) post-onset. To image the CST,
an ROI was drawn as seeds on the cerebral peduncle and
another ROI was drawn as a target on the precentral gyrus
(Fig. 1). CST was visualized on both affected and unaffected
sides. DTI and clinical data were independently collected
by different researchers without knowledge of the other’s
findings.

The major DTI parameters, including FA, number of
fibers, and apparent diffusion coefficient (ADC), were ana-
lyzed. The FA and ADC values were obtained for all voxels
that comprised the CST (tractography-based method) and
each ROI on the axial sections (ROI-based method). The
number of fibers was analyzed as the asymmetry index (the
number of fibers on the affected side/the number of fibers on
the unaffected side).

The motor outcomes and ADL function were evaluated
on the same day as the DTI analysis and at 1 month post-
onset (mean 27.4 + 8.8 days), according to the Motricity
index (MI)?, Brunnstrom stage (BR), Barthel index (BI)'?,
and Functional independence measure (FIM)'). MI is com-
prised of items for the upper extremities (MI-UE) and lower
extremities (MI-LE). BR is comprised of items for the upper
extremities (BR-UE), fingers (BR-F), and lower extremities
(BR-LE).The total score and motor score (FIM-M) were
analyzed with respect to FIM.

The Spearman correlation test was used to determine the
relationship between the DTI parameters and clinical out-
comes. Statistical analyses were performed using the JSTAT
software (Sato, Japan). A p value < 0.05 was considered
statistically significant.

Table 1. Correlation between the FA value of the
affected CST and clinical outcome within
10 days postonset

Motor outcome I
MI-UE 0.57 *
MI-LE 0.66 *
BR-UE 0.66 *
BR-F 0.50 *
BR-LE 0.66 *
ADL function I,
BI 0.69 *
Bl-gait 0.60 *
FIM 0.66 *
FIM-M 0.65 *
FIM-gait 0.48 *

MI: motricity index; UE: upper extremity; LE:
lower extremity; BR: brunnstrom stage; F: finger;
ADL: activities of daily living; BI: barthel index;
FIM: functional independence measure; FIM-M:
motor items of functional independence measure
*p<0.05

RESULTS

There was a significant correlation between the FA value
of the affected CST and motor outcome (BR-UE, BR-F, BR-
LE, MI-UE, and MI-LE) within 10 days post-onset (Table
1). In addition, there was a significant correlation between
the FA value of the affected CST and ADL function (BI,
BI-gait, FIM-M, and FIM-gait) within 10 days post-onset.
However, there was either no significant correlation or a low
correlation coefficient value between other diffusion tensor
parameters (ADC and number of fibers) and function (data
not shown).

There was a significant correlation between the FA value
of the affected CST and motor outcome (BR-UE, BR-F, BR-
LE, MI-UE, and MI-LE) at 1 month post-onset (Table 2).
There was a significant correlation between the FA value of
the affected CST and ADL function (BI, Bl-gait, FIM-M,
and FIM-gait) at 1 month post-onset. However, there was
no significant correlation between other diffusion tensor
parameters (ADC and number of fibers) and function.

DISCUSSION

Regarding the relationship between DTI and motor out-
comes during the acute stage, Yamada et al. demonstrated
that the DTI findings strongly correlated with the symptoms
in subjects with a brain infarction!?. In addition, Taoka et
al. suggested that the degree of the fiber tract damage as
estimated by DTI correlated with the severity of Alzheimer
disease!?). In the present study, significant correlations were
observed between the FA value of the affected CST and both
the motor outcome (BR-UE, BR-F, BR-LE, MI-UE, and
MI-LE) and ADL function (FIM, FIM-M, FIM-gait, BI, and
Bl-gait) within 10 days post-onset. Therefore, our present
results also suggest the validity of DTI analysis.



Table 2. Correlation between the FA value of the
affected CST and clinical outcome at 1
month postonset

Motor outcome I
MI-UE 0.65 *
MI-LE 0.60 *
BR-UE 0.61 *
BR-F 0.60 *
BR-LE 0.69 *
ADL function I
BI 0.72 *
Bl-gait 0.65 *
FIM 0.71 *
FIM-M 0.68 *
FIM-gait 0.67 *

MI: motricity index; UE: upper extremity; LE:
lower extremity; BR: brunnstrom stage; F: finger;
ADL: activities of daily living; BI: barthel index;
FIM: functional independence measure; FIM-M:
motor items of functional independence measure
*p<0.05

Regarding the DTI parameters, Kwak et al. used the num-
ber of fibers, FA value, and ADC value!¥. Maeshima et al.
suggested that the FA value of the affected cerebral peduncle
could be used to predict the motor outcomes in patients with
intracerebral hemorrhage (ICH)!>. Kusano et al. reported that
in the cerebral peduncle, the ratio of FA between the affected
and unaffected sides correlated with the motor outcomes in
patients with ICH!®). Moreover, Zeng et al. reported that the
fiber number ratio correlated with the motor outcome at 6
months post ICH onset®. Some previous studies have re-
ported the efficacy of the FA ratio or fiber number ratio® '),
Other previous research using DTI analysis showed a change
in the CST in the unaffected hemisphere at an early stage of
intracerebral hemorrhage'¥), suggesting that the CST in the
unaffected hemisphere may not be a control for the affected
hemisphere. However, there is little evidence regarding the
efficacy of ADC. Although there are many previous reports
on DTI, the most appropriate DTI parameters and analysis
methodologies, such as ROI- or tractography-based method,
remain unknown. Murakami et al. reported that compared
with the tractography-based method, the ROI-based method
was less sensitive for predicting motor outcomes in patients
with periventricular leukomalacia!”. Son et al. reported that
the FA value of the CST was a useful functional prediction
tool in 2 infants with cerebral palsy'®. In this study, the FA
value of the affected CST significantly correlated with mo-
tor outcomes and ADL function in acute hemiparetic stroke
patients. Therefore, the FA value of the affected CST was
a clinically useful predictive parameter with respect to the
motor outcome and ADL function.

In this study, not only the motor outcome in the acute
stage but also the long-term motor outcome was investigated
using DTI. In previous studies, several authors demonstrated
that DTT analysis was useful for predicting the long-term
motor outcomes in patients with cerebral infarction!™),
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ICH®®), or cervical myelopathy!?). Puig et al. reported that
the ratio of the FA values in pons at 30 days post-onset
correlated with the degree of motor deficit at 2 years post-
onset?”). Maeshima et al. reported that the FA value of the
affected cerebral peduncle in patients with ICH was useful
for predicting the necessity of orthosis at discharge!). How-
ever, it remains unclear whether DTI analysis can predict
ADL function in acute hemiparetic patients. In this study,
there were significant correlations between the FA value
of the affected CST and both the motor outcome (BR-UE,
BR-F, BR-LE, MI-UE, and MI-LE) and ADL function (FIM,
FIM-M, FIM-gait, BI, and BI-gait) at | month post-onset.
These results suggest that DTT analysis can predict not only
the motor outcome but also the ADL function. A limitation
of this study was that only the CST was analyzed and the
observation period was only 1 month. Further studies on
other neural fibers and longer-term outcomes are required.
In conclusion, we provided novel evidence suggesting that
the FA value of the affected CST is a clinically useful param-
eter for predicting the motor outcome and ADL function in
hemiparetic stroke patients.

REFERENCES

1) Kunimatsu A, Aoki S, Masutani Y, et al.: Three-dimensional white matter
tractography by diffusion tensor imaging in ischaemic stroke involving the
corticospinal tract. Neuroradiology, 2003, 45: 532-535. [Medline] [Cross-
Ref]

2) Cho SH, Kim DG, Kim DS, et al.: Motor outcome according to the integ-
rity of the corticospinal tract determined by diffusion tensor tractogra-
phy in the early stage of corona radiata infarct. Neurosci Lett, 2007, 426:
123-127. [Medline] [CrossRef]

3) Jang SH, Bai D, Son SM, et al.: Motor outcome prediction using diffusion
tensor tractography in pontine infarct. Ann Neurol, 2008, 64: 460—465.
[Medline] [CrossRef]

4) PuigJ, Pedraza S, Blasco G, et al.: Acute damage to the posterior limb of
the internal capsule on diffusion tensor tractography as an early imaging
predictor of motor outcome after stroke. AINR Am J Neuroradiol, 2011,
32: 857-863. [Medline] [CrossRef]

5) Kwon YH, Jeoung YJ, Lee J, et al.: Predictability of motor outcome ac-
cording to the time of diffusion tensor imaging in patients with cerebral
infarct. Neuroradiology, 2012, 54: 691-697. [Medline] [CrossRef]

6) Cho SH, Kim SH, Choi BY, et al.: Motor outcome according to diffusion
tensor tractography findings in the early stage of intracerebral hemor-
rhage. Neurosci Lett, 2007, 421: 142-146. [Medline] [CrossRef]

7) Yoshioka H, Horikoshi T, Aoki S, et al.: Diffusion tensor tractography pre-
dicts motor functional outcome in patients with spontaneous intracerebral
hemorrhage. Neurosurgery, 2008, 62: 97103, discussion 103. [Medline]
[CrossRef]

8) ZenglJ, Zheng P, Xu J, et al.: Prediction of motor function by diffusion ten-
sor tractography in patients with basal ganglion haemorrhage. Arch Med
Sci, 2011, 7: 310-314. [Medline] [CrossRef]

9) Nam KS: Long-term outcome of motor function in a child with moyamoya
disease: a case report. J Phys Ther Sci, 2013, 25: 1647-1649. [Medline]
[CrossRef]

10) Wang Z, Wang L, Fan H, et al.: Adapted low intensity ergometer aerobic
training for early and severely impaired stroke survivors: a pilot random-
ized controlled trial to explore its feasibility and efficacy. J Phys Ther Sci,
2014, 26: 1449-1454. [Medline] [CrossRef]

11) Matsugi A, Tani K, Mitani Y, et al.: Revision of the predictive method im-

proves precision in the prediction of stroke outcomes for patients admitted

to rehabilitation hospitals. J Phys Ther Sci, 2014, 26: 1429-1431. [Medline]

[CrossRef]

Yamada K, Sakai K, Akazawa K, et al.: MR tractography: a review of its

clinical applications. Magn Reson Med Sci, 2009, 8: 165-174. [Medline]

[CrossRef]

13) Taoka T, Iwasaki S, Sakamoto M, et al.: Diffusion anisotropy and diffu-
sivity of white matter tracts within the temporal stem in Alzheimer dis-
ease: evaluation of the “tract of interest” by diffusion tensor tractography.
AJNR Am J Neuroradiol, 2006, 27: 1040—1045. [Medline]

12

N


http://www.ncbi.nlm.nih.gov/pubmed/12856090?dopt=Abstract
http://dx.doi.org/10.1007/s00234-003-0974-4
http://dx.doi.org/10.1007/s00234-003-0974-4
http://www.ncbi.nlm.nih.gov/pubmed/17897782?dopt=Abstract
http://dx.doi.org/10.1016/j.neulet.2007.08.049
http://www.ncbi.nlm.nih.gov/pubmed/18661560?dopt=Abstract
http://dx.doi.org/10.1002/ana.21444
http://www.ncbi.nlm.nih.gov/pubmed/21474629?dopt=Abstract
http://dx.doi.org/10.3174/ajnr.A2400
http://www.ncbi.nlm.nih.gov/pubmed/22015644?dopt=Abstract
http://dx.doi.org/10.1007/s00234-011-0972-x
http://www.ncbi.nlm.nih.gov/pubmed/17566651?dopt=Abstract
http://dx.doi.org/10.1016/j.neulet.2007.04.052
http://www.ncbi.nlm.nih.gov/pubmed/18300896?dopt=Abstract
http://dx.doi.org/10.1227/01.NEU.0000311066.03121.B8
http://www.ncbi.nlm.nih.gov/pubmed/22291772?dopt=Abstract
http://dx.doi.org/10.5114/aoms.2011.22083
http://www.ncbi.nlm.nih.gov/pubmed/24409040?dopt=Abstract
http://dx.doi.org/10.1589/jpts.25.1647
http://www.ncbi.nlm.nih.gov/pubmed/25276034?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.1449
http://www.ncbi.nlm.nih.gov/pubmed/25276029?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.1429
http://www.ncbi.nlm.nih.gov/pubmed/20035125?dopt=Abstract
http://dx.doi.org/10.2463/mrms.8.165
http://www.ncbi.nlm.nih.gov/pubmed/16687540?dopt=Abstract

1386 J. Phys. Ther. Sci. Vol. 27, No. 5, 2015

14)

15)

16)

17)

Kwak SY, Yeo SS, Choi BY, et al.: Corticospinal tract change in the unaf-
fected hemisphere at the early stage of intracerebral hemorrhage: a diffu-
sion tensor tractography study. Eur Neurol, 2010, 63: 149-153. [Medline]
[CrossRef]

Maeshima S, Osawa A, Nishio D, et al.: Diffusion tensor MR imaging of
the pyramidal tract can predict the need for orthosis in hemiplegic patients
with hemorrhagic stroke. Neurol Sci, 2013, 34: 1765-1770. [Medline]
[CrossRef]

Kusano Y, Seguchi T, Horiuchi T, et al.: Prediction of functional outcome
in acute cerebral hemorrhage using diffusion tensor imaging at 3T: a pro-
spective study. AINR Am J Neuroradiol, 2009, 30: 1561-1565. [Medline]
[CrossRef]

Murakami A, Morimoto M, Yamada K, et al.: Fiber-tracking techniques

18)

19)

20

=

can predict the degree of neurologic impairment for periventricular leuko-
malacia. Pediatrics, 2008, 122: 500-506. [Medline] [CrossRef]

Son SM, Park SH, Moon HK, et al.: Diffusion tensor tractography can
predict hemiparesis in infants with high risk factors. Neurosci Lett, 2009,
451: 94-97. [Medline] [CrossRef]

Nakamura M, Fujiyoshi K, Tsuji O, et al.: Clinical significance of diffusion
tensor tractography as a predictor of functional recovery after laminoplas-
ty in patients with cervical compressive myelopathy. J Neurosurg Spine,
2012, 17: 147-152. [Medline] [CrossRef]

Puig J, Blasco G, Daunis-I-Estadella J, et al.: Decreased corticospinal
tract fractional anisotropy predicts long-term motor outcome after stroke.
Stroke, 2013, 44: 2016-2018. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/20134168?dopt=Abstract
http://dx.doi.org/10.1159/000281108
http://www.ncbi.nlm.nih.gov/pubmed/23430171?dopt=Abstract
http://dx.doi.org/10.1007/s10072-013-1330-z
http://www.ncbi.nlm.nih.gov/pubmed/19556354?dopt=Abstract
http://dx.doi.org/10.3174/ajnr.A1639
http://www.ncbi.nlm.nih.gov/pubmed/18762518?dopt=Abstract
http://dx.doi.org/10.1542/peds.2007-2816
http://www.ncbi.nlm.nih.gov/pubmed/19111902?dopt=Abstract
http://dx.doi.org/10.1016/j.neulet.2008.12.033
http://www.ncbi.nlm.nih.gov/pubmed/22681619?dopt=Abstract
http://dx.doi.org/10.3171/2012.5.SPINE1196
http://www.ncbi.nlm.nih.gov/pubmed/23652266?dopt=Abstract
http://dx.doi.org/10.1161/STROKEAHA.111.000382

