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including the cortex (right side) and a slice covering the internal

capsule and the basal ganglia (left side). R: right, L: left.
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Table 1. Clinical data of the patients.

No  Age Sex  Duration Side FMHFT JHET JHET Lesion Site
(year) (month)  Affected Affected  Unaffected

1 67 F 7 L 66% 62 78 Centrum semiovale infarction
2 66 M 23 L 61% 50 76 Internal capsule infarction

3 56 F 6 R 66% 67 87 Basal ganglia hemorrhage

4 43 M 11 R 63% 60 73 Centrum semiovale infarction
5 65 M 7 R 63% 59 80 Centrum semiovale infarction
6 46 M 16 R 61% 54 87 Internal capsule infarction

7 48 M 22 R 58% 26 89 Basal ganglia hemorrhage

8 60 F 30 L 52% 12 80 Internal capsule infarction

9 65 F 21 L 52% 5 72 Internal capsule infarction

10 57 F 17 R 47% 0 75 MCA infarction

11 62 F 11 L 52% 0 73 MCA infarction

12 63 F 14 R 47% 0 68 Basal ganglia hemorrhage

13 74 F 11 L 46% 0 75 MCA infarction

MCA: middle cerebral artery, FMHFT: Fugl-Meyer hand function test, JHFT:

Jebsen hand function test.
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Fig. 3. VOI(Voxel of interest) analysis. Left graph shows one example

of good hemodynamic response function, contrast to that, right graph

shows poor hemodynamic response function.
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Fig. 4. The changes in the amplitudes of the motor evoked potentials
obtained by the motor cortex ipsilateral to the movement hand during
resting, simple, and complex finger movements in young and old aged

groups. * p < 0.05
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Dominant Hand Non-dominant Hand Dominant Hand Non-dominant Hand

Fig. 5. The group activation patterns on functional MRI in younger aged
group. This figure is representative of the group activation patterns on
functional MRI, while the subjects performed finger movement tasks
with the dominant or non-dominant hand in younger aged group. (A)
Cortical activation pattern during simple finger opposition movements
of the dominant (left picture) and non-dominant (right picture) hand
(corrected p < 0.05). Open circles indicate activation of the ipsilateral
dorsal premotor cortex. (B) Cortical activation pattern during complex
finger opposition movements of the dominant (left picture) and non-
dominant (right picture) hand (corrected p < 0.05). Open circles

indicate the activation of the ipsilateral dorsal premotor cortex.
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Fig. 6. The group activation patterns on functional MRI in older aged
group. This figure is representative of the group activation patterns on
functional MRI, while the subjects performed finger movement tasks
with the dominant or non-dominant hand in older aged group. (A)
Cortical activation pattern during simple finger opposition movements
of the dominant (left picture) and non-dominant (right picture) hand
(corrected p < 0.05). Open circles indicate activation of the ipsilateral
dorsal premotor cortex. (B) Cortical activation pattern during complex
finger opposition movements of the dominant (left picture) and non-
dominant (right picture) hand (corrected p < 0.05). Open circles

indicate the activation of the ipsilateral dorsal premotor cortex.
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Fig 9. Correlation between the changes on the ipsilateral

MEP

amplitudes and the hemodynamic response changes of the ipsilateral

premotor cortex on functional MRI during simple and complex

movements in younger aged groups.
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Fig 10. Correlation between the changes on the

150

ipsilateral MEP

amplitudes and the hemodynamic response changes of the ipsilateral

premotor cortex on functional MRI during simple and complex finger

movements in older aged groups.
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Abstract

Ipsilateral Activation of Primary Motor Cortex and Premotor Cortex on

Functional MRI and TMS in Healthy Volunteers and Stroke Patients

Woo-Kyoung Yoo

Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Chang Il Park)

Activation of the ipsilateral motor area might be a prognostic
indicator of the recovery of the hand function in stroke patients.
However, the use of the activation pattern of the ipsilateral primary
motor cortex and the premotor cortex, as a prognostic indicator of the
recovery of the hand function, has not been explored enough. In
particular, there is a paucity of reports on the use of transcranial
magnetic stimulation. This study examined 13 healthy right—handed
subjects (7 younger aged, 6 older aged) and 13 stroke patients. The

motor evoked potentials (MEPs) were recorded from the left Abductor
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Pollicis Brevis (APB) muscle by stimulating the primary motor cortex,
during finger movement, ipsilateral to the stimulated hemisphere. This
study measured the changes in the MEP amplitude during the
performance of various motor tasks of different complexity in both the
dominant and non-dominant hand. The motor tasks were (1) repetitive
opposition of the thumb and 3™ finger (simple movement), and (2)
repetitive sequential opposition of the thumb and 3", 5% 2°¢and 4™
finger (complex movement). Functional MRI was performed using a
1.5T Phillips scanner for all subjects with the same tasks. Than the
activated areas were analysed statistically after postprocessing
procedure. The hemodynamic response changes in the ipsilateral
premotor and primary motor area were compared with the changes in
the MEP amplitude. The ipsilateral premotor cortex was activated more
in the younger and older aged control groups, and the activity
increased upon the complexity and dominancy. In the primary motor
area, the activity increased only in the movement of the non—-dominant
hand. The ipsilateral finger movements produced changes in the
activity of the ipsilateral motor and premotor areas with a similar
pattern being observed on the functional MRI and TMS. The excitability
of the ipsilateral motor cortex, as measured by the degree of changes
in the MEP amplitudes, showed a good correlation with the degree of

the hemodynamic response changes in the voxel of interest (VOI) in
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the premotor cortex. In the stroke patients, complex movements
showed larger changes in the hemodynamic response function of the
ipsilateral premotor cortex. However, there were no changes in the
MEP amplitude during the complex hand movements. The lesioned
hemisphere was more activated in patients showing a good recovery of
the hand function. The primary motor area was activated symmetrically
and there were no significant differences between the good and poorly
recovered patients. The excitability of the ipsilateral motor cortex, as
measured by the degree of changes in the MEP amplitudes, was also
well correlated with the degree of the hemodynamic response changes
on the voxel of interest (VOI) in the premotor cortex, and was

negatively correlated with the Jebsen hand function test.

In conclusion, the changes of MEP amplitude during unilateral hand
movement had a relationship with the ipsilateral premotor cortex
activation, which showed different activation patterns according to the
hand recovery in stroke patients, and that might give us a clue in

determining prognostic value.

Key Words: functional MRI, transcranial magnetic stimulation, ipsilateral
primary motor cortex, ipsilateral premotor cortex, motor

evoked potential.
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