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Affection of Tumors Near Central Sulcus on Motor Cortex: Functional MRI Study

HUANG Sui-giao, LIANG Bi-ling, ZHANG Rong, LI Yong, ZHONG Jing-lian
( Department of Radiology, The Second Affiliated Hospital, SUN Yat- sen University, Guangzhou 510120, China )

Abstract: Objective
magnetic resonance imaging (MRI).

To explore affection of tumors near the central sulcus on motor cortex by functional
Methods
examinated by routine and functional MRI. Among them, 10 were metastases, 19 were gliomas, 8 were meningiomas,
Total 22 hand
The functional MRI was
performed using FFE- EPI sequence. The block design was used in this study. The task was given with five fingers
open and close in a rate of 1-2 H,.

Forty- six patients with brain tumor near the central sulcus were
3 were arterial- venal malformation (AVM), 4 were hemangiomas, and 2 were arachnoid cysts.
movement functional MRI in 15 healthy peoples were performed as comparing group.

Results The affection to the sensorimotor cortex (SM1) was more obvious for
tumors within 1 cm from ipsilateral SM1 than over 1 cm from ipsilateral SM1. The occurring rate of activation in
ipsilateral SM1 was lower, but there was not obvious difference in occurring rates of activation in contralateral SM1
and other non- primary motor cortex. The affection to the SM1 was more obvious for malignant tumors than for
benign tumors within 2 cm from ipsilateral SM1, in which the occurring rate of activation in ipsilateral SM1 was
loner, but the occurring rate of activation was raised in the contralateral supplementary motor area (SMA) and
cingulated motor area (CMA). The obvious affection to the SM1 was also shown in malignant tumors within 2 cm
from ipsilateral SM1 comparing the normal group, the occurring rate of activation in ipsilateral SM1 decreased.
Conclusion  The affection to motor cortex for tumors near the central sulcus depend mainly on the distance
between tumor and ipsilateral SM1 and property of tumors. The affection mainly includes decrease of ipsilateral SM1
activation and complemental increase of contralateral SMA and CMA activations in malignant tumors.
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Table 1 Clinical information of 46 intracranial tumors (cases)
Sex Age years Left Right . . .
Type Male Female Range Average  hemisphere hemisphere Benign Malignant  Resection
Metastasis 6 4 36-75 55.6 6 4 0 10 5
Gliomas 9 10 14- 56 35.2 6 13 6 10 16
Meningioma 3 5 36- 69 56.9 1 7 7 1 8
AVM 3 0 12- 26 21.3 1 2 3 0 2
Hemangioma 2 2 7-72 33.3 2 2 4 0 3
Arachnoid cyst 0 2 30- 62 46 1 1 2 0 2
1.1.2 15 field echo, FFE TR=3000 ms TE=
11 4 35~69 48.6 150 ms Flip 90° FOV 230x%230
22 fVIRI 96%96 128x128 4
1.2 mm 0
Philips Intera master 1.5 T 16
30 mT/m
150 mT/ m s 1.3.3 T.WiI fiVIRI
T,WI
1.3
1.3.1 T, T, - weighted 1.4
imaging T;- WI
T, T,- weighted imaging, T,WI 1 2Hz
FLAIR 5 mm - 80 1280
0.5 mm 20
12 1.5
Gd- DTPA 0.1~0.2 mmol/kg
1.3.2 MRI fMRI z Z- score
echo planar imaging, EPI fast T.WI
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1.6 fMRI
16.1 SM1 2
SM1
premotor cortex, PM 2.1 fMRI
supplementary motor area, SMA SM1
cingulate motor area, CMA 2 6
1.6.2 SM1
SM1 / 22 SM1 PM SMA
SM1 CMA SM1 100%
SM1 (22/122) SM1 81.8% 18/22 PM 54%
SM1 12/22 PM 27%(6/22) SMA 36% (8/
SM1 PM SMA CMA 22) SMA 9% (2/22) CMA 14%(3/22)
CMA
1.7 2.2 fMRI
SPSS 11.3 2.2.1
Chi- square 2
RxC 0=0.05
2
Table 2 The relationship between occupying lesions and cortex activation
T Size of SMIL PM SMA CMA Mini distance between Lesion
e lesion(cm) Ipsi- Contra- Ipsi- Contra- Ipsi- Contra- Ipsi- Contra- and MCAA (mm)
Metastasis 10 1.3-12.1(3.8) 8* 6 3 4 4 6 1 1 0-36.0 (14.2)
Gliomas 19 1.8-15(6.1) 14 10 5 7 13 5 3 3 0- 45.0 (11.99)
Meningioma 8 1.1-12.8(6.4) 7 3 2 1 5 1 2 0 2-44.0 (19.89)
AVM 3 5-12(8) 3 1 2 2 2 1 0 0 0-30.0 (11.27)
Hemangioma 4  1.6-6.2(3.5) 4 2 1 1 0 0 0 0 1.6-13.3 (7.37)
Arachnoid cyst 2 8.8-10.8(9.8) 2 1 1 1 1 0 0 0 13.9-26.0 (19.9)

AVM: arterial - venal malformation; MCAA: motor cortex activation; * The number of cortex activation area SMI  sensorimotor cortex; PM:
premotor cortex; SMA: Supplementary motor area; CMA: cingulate motor area; Ipsi- :Ipsilateral; Contra- : Contralateral; The same signs were used in
table 3 6

2.2.2 SM1 SM1

SM1 9 5

3 2 2
1 SM1
2 SM1 2
SM1
SM1 2
SM1 0~ 2.2.3
45 mm 14.1 mm 6 SMA
SM1 10 mm 15 CMA 2

1 10~20 mm 11 20mm 14
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1 2
Fig.1 The gliomas in right parietofrontal lobe
23 years old A: Axial T\WI; B: The distortion and
out- posterior shift of SM1 activation is shown in functional MRI. The
distance between tumor and SML1 is within 1 cm

Fig.2 The cystic meningioma in the right parietal lobe
Female, 55 years old A, B: Obviously anterior shift of SM1 is
shown in functional MRI.

Female
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Table 3  Affection to motor cortex activation in different distances from ipsilateral SM1
Distance n SML SMA CMA
Ipsi- Contra- Ipsi- Contra- Ipsi- Contra- Ipsi- Contra-
>2cm 14 13 5 4 3 8 6 0 1
1-2cm 11 11 6 4 4 4 2 1 0
<lcm 21 15 14 7 6 12 9 3 2
X 8.214 3.244 0.179 0.680 1.448 2.187 2.162 1.086
P 0.016 0.198 0.914 0.712 0.485 0.335 0.39 0.581
4 SM1 2 cm
Table 4  Affection to activation of motor cortices for benign and malignant tumors within 2 cm from ipsilateral SM1
Distance n smi PM SMA CMA
Ipsi- Contra- Ipsi- Contra- Ipsi- Contra- Ipsi- Contra-
Benign 15 15 7 6 3 7 4 2 0
Malignant 16 10 11 4 6 7 5 2 1
X 6.975 1.551 1.224 1.151 0.027 18.997 0.005 27.248
P 0.008 0.213 0.269 0.283 0.87 0.000 0.945 0.000
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Table 5 Comparison of motor cortex activations between tumors within 2 cm from ipsilateral SM1 and normal group

Distance n SML PM SMA CMA
Ipsi- Contra- Ipsi- Contra- Ipsi- Contra- Ipsi- Contra-
Tumor 32 27 20 11 10 16 11 4 2
Normal 22 22 18 12 6 8 2 3 0
X 3.788 2.333 2.169 0.099 1.721 4.560 0.015 1.428
P 0.052 0.127 0.141 0.753 0.322 0.033 0.903 0.232
6 SM1 2 cm
Table 6 Comparison of motor cortex activations between malignant tumors within 2 ¢cm from ipsilateral SM1 and normal group
Distance n SML PM SMA CMA
Ipsi- Contra- Ipsi- Contra- Ipsi- Contra- Ipsi- Contra-
Tumor 16 10 11 4 6 7 5 2 1
Normal 22 22 18 12 6 8 2 3 0
X 9.797 0.875 3.317 0.448 0.212 3.027 0.010 1.412
P 0.002 0.35 0.069 0.503 0.646 0.082 0.919 0.235
3 78 fVRI
Ogawa P BOLD
fMRI
fMRI
SM1
Positron Emission Tomography PET
Single Photo Emission Computed
Tomography SPECT Transcranial SM1 SM1
Magnetic  Stimulation TMS SM1 SMA
Magnetoencephalography MEG CMA
G-4l SM1 SM1
SM1
SM1 1cm 1cm
SML 2 cm
fMRI SM1

SMA CMA



457

SM1

SM1 SM1

SMA

[11-13] FandiO [14]
11 SM1 PM
SMA Liu ™
33 SM1  SMA
SM1
SM1 SM1
SM1 SM1 SM1
SMA SM1
SM1 SMA

SM1 SMA

SM1 1 cm
SMA CMA
SM1 1 cm

[l] DUNCAN P W, GOLDSTEIN L B, MATCHER D, et al.
Measurement of motor recovery after stroke: outcome

assessment and sample size requirements [J]. Stroke,
1992, 23(8):1084- 1089.

[21 NUDO R J. Recovery after damage to motor cortical
arers [J]. Curr Opin Neurobiol, 1999, 9(6):740- 747.

[B] ROUX F E, BOULANOUAR K, RANJEVA J P, et al.
Cortical intraoperative stimulation in brain tumors as
tool to evaluate spatial data from motor fMRI [J]. Invest
Radiol, 1999, 34(3): 225- 229.

[4] KRINGS T, SCHRECKENBERGER M, ROHDE V, et
al. FMRI and 18F FDG- position emission tomography
for presurgical planning:  comparison with electrical
cortical stimulation [J]. Acta Neurochir, 2002, 144(9):

889- 899.

[5]

(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

NISHIGAMA Y, YAMAMOTO Y, FUKUNAGA K, et
al.  Visualization of the motor activation area using
SPECT in neurosurgical patients with lesions near the
central sulcus [J]. J Nucl Med 2000, 41(3): 411- 415.

INOUE T, SHIMIZU H, NAKASATO N, et al.
Accuracy and of functional MRI for
identification of the central sulcus:

limitation
comparison with
magnetoencephalography in patients with brain tumors
[J]. Neuroimage, 1999, 10(6): 738- 748.

BOGOMDNY D L, PETROVICH N M, HOU B L, et al.
fMRI in the brain tumor patients [J]. Top Magn Reson
Imaging, 2004, 15(5): 325- 335.

MAJOS A, TYBOR K, STEFANCZYK L, et al. Cortical
mapping by fMRI in patients with brain tumors [J]. Eur
Radiol, 2005, 15(6): 1148- 1158.

OGAWA. S, LEE T M, NAGAK A S,
Oxygenation - sensitive contrast in MRI of rodent brain
of high magnetic field [J]. Magn Reson Med, 1990, 14
(1): 68-78.

OGAWA S, LEE T M, KAY A R, et al. Brain MRI
with contrast depeudent on blood oxygenation [J]. Pro
Natl Acad sci USA, 1990 87(24): 9868- 9872.
FELLNER C, SCHLAIER J, FELLNER F, et al. fMRI
of the motor cortex in healthy volunteers and patients

et al.

with brain tumors: qualitative and quantitative results
[J]. Rontgenpraxis, 1999, 52(1): 3- 14.

ROUX F E, BOULANOUAR K, IBARROLA D, et al.
fMRI and introperative brain mapping to evaluate brain
plasticity in patients with brain tumors and hemiparesis
[J]. J Neurol Neurosurg Psychiatry, 2000, 69(4): 453-
463.

CARPENTIER A C, CONSTABLE R T, SCHLOSSER M
J, etal.
structural lesions in the rolandic region: a classification
system [J]. J Neurosury, 2001, 94(6): 946- 954.
FANDINO J, KOLLIAS S S, WIESER H G.
Intraoperative  validation of fMRI and
reorganization patterns in patients with brain tumors

Patterns of fMRI activation inassociation with

cortical

involving the primary motor cortex [J].
1999,91(2):238- 250.

LIU W C, FELDMAN S C, SCHULDER M, et al. The
effect of tumour type and distance on activation in the
motor cortex [J]. Neuroradiology, 2005, 47(11): 813- 819.

J Neurosurg,



