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A b s t r a c t

BBaacckkggrroouunndd::  Assessment of the relationship between preoperative neurological deficits and diffusion tensor imag-
ing (DTI) parameters in patients with brain tumour within/adjacent to pyramidal tract and motor cortex. Evaluation
of the difference in fractional anisotropy (FA) and apparent diffusion coefficient (ADC) values in patients with low
and high grade gliomas. 
MMaatteerriiaall  aanndd  mmeetthhooddss::  20 patients with supratentorial brain tumours were divided into two groups: I with preop-
erative neurological deficits and II without preoperative neurological deficits. 8/20 tumours were classified as low
grade gliomas, 10/20 as high grade gliomas and 2/10 as metastases. All MR examinations were performed on a 3T
scanner. FA and ADC values were calculated for a precentral gyrus (PCG), a posterior limb of the internal capsule
(PLIC) and a pyramidal tract (PT) ipsilateral and contralateral to the tumour side. These values were compared
between patients with and without preoperative neurological deficits, with low and high grade gliomas.
RReessuullttss::  A statistical analysis revealed significant differences between patients with and without preoperative neu-
rological deficits in PCGs and PTs ipsilateral to the tumour side. Separate analysis conducted in the group with pre-
operative neurological deficits showed significant statistical differences only in terms of FA values comparing ipsi-
lateral and contralateral tumour side. No statistically significant difference was observed comparing FA and ADC
values ipsilateral and contralateral to the tumour side in the group without preoperative neurological deficits and
between patients with low and high grade gliomas.
CCoonncclluussiioonnss::  There is a relation between FA and ADC values and preoperative deficits in patients with brain tumour
adjacent/within the main white matter tracts. Tumour relation to the white matter tracts is more important than
the glioma WHO grade.
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Background

Diffusion tensor imaging (DTI) is a promising tech-
 nique for estimating the course, extent, and connec-
tivity patterns of the white matter structures in the
brain. Diffusion tensor imaging allows identification
and characte rization of white matter tracts as it pro-
vides a main eigenvector, which can be regarded as
the main fibre-orientation estimate within a voxel
[21,28,29]. It was found previously that a reconstruc-
tion result coincides well with known anatomy
[11,15,18,35,41]. It was also proven that DTI provides
information not only about correct white matter
tracts’ (WMTs) location but also about displacement,
disintegration, disruption, and widening due to
oedema or infiltration by tumour cells [4,10,36,40].

For evaluation of the magnitude and direction of
water diffusion measurements, the apparent diffu-
sion coefficient (ADC) and fractional anisotropy (FA)
are determined. ADC and FA help to characterize tis-
sue composition, physical properties of tissue con-
stituents, tissue microstructure and architectural
organization.

Due to inherent surgical treatment of brain
tumours, DTI has been used for pre- and postopera-
tive visualization of white matter tracts in patients
with space occupying lesions [3,8,9,13]. Knowledge
about integrity and location of the major white mat-
ter tracts is important to achieve the best treatment
result [1,4,10,22,23,25-27,32,34,38,42]. 

The aim of our study was to evaluate the rela-
tionship between preoperative neurological deficits
and DTI parameters and to assess DTI parameters
within the pyramidal tracts and motor cortex in
patients with low or high grade gliomas.  

Material and methods

MMaatteerriiaall

The analysed group comprised 20 patients with
supratentorial brain tumours (9 females, 11 males,
mean age 42.5 ± 15.5 years). Consecutive patients
had MR examinations at the Radiodiagnostics Depart-
 ment at Maria Sklodowska-Curie Memorial Cancer
Centre and Institute of Oncology, Gliwice Branch,
between April 2007 and May 2008. All patients
signed informed consent prior to the examination.
Patients tested fell into two groups. Group I consist-
ed of 7 out of 20 patients with neurological deficits
before surgery. Group II included 13 out of 20 pa -

tients who did not present any neurological deficits
before surgery. Preoperative neurological deficit was
defined as a hemiparesis according to Lovett’s scale.
All patients underwent surgical excision of the brain
tumour. Based on the histopathological examination
results, patients were assigned to either a low (8/20)
or high (10/20) grade glioma group. 2 out of 20 pa -
tients had metastases. All analysed tumours were 
at least adjacent or within the posterior limb of the
internal capsule (PLIC) or precentral gyrus (PCG). It
meant that between the tumour and PLIC or PCG
normal appearing brain tissue was not observed. 
So the border of the tumour was in the close vicini-
ty or within the reconstructed pyramidal tract. The
pyramidal tract was reconstructed between the pre-
central gyrus and posterior limb of the internal cap-
sule, as explained below. Different patterns of white
matter tract alterations within the PLIC and PCG by
the tumour were as sess ed according to a modified
scale proposed by Je llison et al. [10]. White matter
tracts might be deviat ed (type 1), oedematous (type 2),
infiltrated (type 3), destroyed (type 4) or un touched
(type 0) by tumour, as explained below. 

Information about the tumour location relative to
the pyramidal tract and precentral gyrus and the pre-
operative motor deficits are summarized in Table 1.

MMeetthhooddss

Magnetic resonance examinations were perform -
ed on a 3T scanner (Achieva, Philips) with a standard
head coil. 

CCoonnvveennttiioonnaall  MMRR  iimmaaggiinngg consisted of T1-SE
(TR/TE 450/13 ms, Thk/gap 5.0/1.0 mm, FOV 230 ×
230 mm, matrix 256/512), T1-3D TFE with CE (TR/ 
TE 6.4/2.3 ms, Thk/gap 1.0/0.0 mm, FOV 256 × 
256 mm, matrix 256/256), T2-TSE (TR/TE 3000/
80 ms, Thk/gap 5.0/1.0 mm, FOV 230 × 184 mm,
matrix 306/512), T2 FLAIR (TI = 2500 ms, TR/TE
9000/125 ms, Thk/gap 5.0/1.0 mm, FOV 230 × 182 mm,
matrix 217/512).

DDiiffffuussiioonn  tteennssoorr  iimmaaggiinngg was acquired with a sin-
gle-shot, spin-echo diffusion weighted echo planar
imaging (EPI) TR/TE 6911/60 ms, Thk/gap 1.9/0.0 mm,
FOV 224 × 224 mm, matrix 128 × 128, voxel size 2 × 2
× 2 mm. A diffusion gradient was applied along 
32 directions with b = 750 s/mm2 and additional meas-
urements without a diffusion gradient (b = 0 s/mm2)
were performed. FA maps and directional DTI colour
maps of the brain were generated and colour-coded

Fibre integrity and diffusivity of the pyramidal tract and motor cortex within and adjacent to brain tumour in patients 
with or without neurological deficits
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PPaattiieenntt    BBrraaiinn  ttuummoouurr HHiissttooppaatthhoollooggiiccaall  TTuummoouurr  llooccaattiioonn PPrreeooppeerraattiivvee  

((ggeennddeerr,,    llooccaattiioonn  ddiiaaggnnoossiiss,,  rreellaattiivvee  ttoo  PPLLIICC  mmoottoorr  

aaggee  [[yyeeaarrss]])) WWHHOO  ggrraaddee aanndd//oorr  PPCCGG,,  TTyyppeeaa ddeeffiicciittss

1 (M, 32) Thalamus left Gliomatosis, IV Adjacent, 0 None

2 (M, 33) Frontotemporal, insula left Astrocytoma fibrillare, II Adjacent, 1 None

3 (F, 37) Parietal right Astrocytoma fibrillare, II Adjacent, 0 None

4 (M, 20) Frontotemporal, insula right Astrocytoma fibrillare, II Adjacent, 0 None

5 (F, 22) Frontal right Astrocytoma fibrillare, II Adjacent, 0 None

6 (F, 18) Temporal, insula left DNET, I Adjacent, 1 None

7 (F, 30) Frontal left Astrocytoma anaplasticum, III Adjacent, 0 None

8 (M, 54) Frontotemporal, insula left Oligoastrocytoma anaplasticum, III Adjacent, 1 None

9 (F, 34) Frontotemporal, insula right Astrocytoma anaplasticum, III  Adjacent, 0 None

10 (M, 56) Temporal left GBM, IV Adjacent, 0 None

11 (M, 52) Parietal left Metastasis Adjacent, 0 None

12 (M, 42) Frontotemporal, insula left GBM, IV Adjacent, 1 None

13 (M, 72) Temporal, insula left GBM, IV Adjacent, 0 None

14 (F, 58) Frontotemporal left Astrocytoma fibrillare, II Within, 2/3 Hemiparesis 

(Lovett III), 

right arm and leg

15 (M, 42) Frontal left Astrocytoma fibrillare, II Within, 3 Hemiparesis

(Lovett IV), 

right arm

16 (M, 34) Frontotemporal right, insula Astrocytoma fibrillare, II Adjacent, 1 Hemiparesis

(Lovett IV),

left arm and leg

17 (M, 38) Frontal right Astrocytoma gemistocyticum Within, 3 Hemiparesis

partim protoplasticum, II/III (Lovett III), 

left leg

18 (M, 68) Frontoparietal right Astrocytoma anaplasticum, III Adjacent, 1 Hemiparesis

(Lovett IV),

left arm and leg 

19 (F, 46) Frontoparietal right Astrocytoma anaplasticum, III  Within, 3 Hemiparesis 

(Lovett IV),

left arm and leg

20 (F, 59) Frontal left Metastasis Within, 2 Hemiparesis

(Lovett II),

right arm and leg

TTaabbllee  II..  Clinical characterization of the analysed group

aType of tumour alteration of white matter tracts by Jellison et al. – modified, 0 – no alteration, 1 – deviated, 2 – oedematous, 3 – infiltrated, 4 – destroyed,

PLIC – posterior limb of the internal capsule, PCG – precentral gyrus
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as to the direction of greatest diffusivity. By conven-
tion, red codes were used for right to left direction;
green codes were used for anterior to posterior direc-
tion, blue codes were used for superior to inferior
direction. White matter tracts were identified on direc-
tional DTI colour maps with correlation of a neuro -
anatomical atlas. 

Fibre tracking was performed by placing two ROIs
(region of interest) on fractional anisotropy colour
coded maps: the first within the posterior limb of
the internal capsule (ROIPLIC) and the second encap-
sulating the precentral gyrus ROIPCG (Figs. 1A-C).
Software delivered by the producer of the MR scan-
ner was used to compute DTI parameters (FA, ADC)
and to reconstruct pyramidal tracts (PT) between
ROIPLIC and ROIPCG. Threshold values for fibre elonga-

tion were as follows: anisotropy level within voxel
lower than 0.2 and deflection between the largest
eigenvectors within neighbouring voxels greater
than 27 degree. FA and ADC values were calculated
for both hemispheres, ipsi- and contralateral side to
the tumour in the precentral gyrus (PCG), the poste-
rior limb of the internal capsule (PLIC) and a recon-
structed pyramidal tract (PT): FA_PCGipsi, FA_PCG-
cont, FA_PLICipsi, FA_PLICcont, ADC_PCGipsi,
ADC_PCG cont, ADC_PLICipsi, ADC_PLICcont). FA and
ADC values for PT were mean values from recon-
struction (FA_PTipsi, FA_PTcont, ADC_PTipsi,
ADC_PTcont). Mean FA and ADC values were tested
between patients with and without preoperative
neurological deficits, with low and high grade
gliomas. 

FFiigg..  11..  AA)) First ROI within posteri-
or limb of the in     ternal capsule.
BB)) Second ROI within precentral
gyrus. CC)) Reconstructed corti-
cospinal tract adjacent to brain
tumour.

AA
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SSttaattiissttiiccaall  aannaallyyssiiss

Continuous parameters with normal distribution
were presented as mean ± standard deviation (SD).
The normal distribution of parameters was tested
with the Shapiro-Wilk test. Mean differences were
tested between patients with and without neurolo -
gical deficits, with low and high grade gliomas. 
The significance of mean differences was tested
with Student’s t-test. Statistically significant p-lev-
els were assumed as < 0.05 (two-sided). Statistical
calculations and analyses were performed with Sta-
tistica PL software version 6.1 by StatSoft. 

Results

Fractional anisotropy and ADC values were com-
pared between patients with and without preope -
rative neurological deficits in PCGs, PLICs and PTs
ipsilateral to the tumour side. Statistical analysis
revealed significant differences of FA and ADC be -
tween patients with (Group I) and without (Group II)
preoperative neurological deficits in PCGs and PTs
ipsilateral to the tumour side. GroupI_FA_PCGipsi
vs. GroupII_FA_ PCGipsi (0.22 ± 0.04 vs. 0.29 ± 0.05;
p = 0.001), GroupI_FA_PTipsi vs. GroupII_FA_PTipsi
(0.47 ± 0.05 vs. 0.53 ± 0.03; p = 0.02), GroupI_ADC_
PCGipsi vs. GroupII_ADC_PCGipsi [(1.15 ± 0.13 vs.
0.94 ± 0.12) × 10-3 mm2/s; p = 0.004], GroupI_ADC_
PTipsi vs. GroupII_ADC_PTipsi [(1.06 ± 0.16 vs. 0.93 ±
0.11) × 10-3 mm2/s; p = 0.05] (Figs. 2-5). There was
no difference between FA and ADC values in PLICs
in both groups. We also conducted analysis separa -
tely in the group with and without preoperative
neurological deficits comparing FA and ADC values
ipsilateral and contralateral to the tumour side.
Results showed only significant statistical differenc -
es between hemispheres in the group with neuro-
logical deficits in terms of FA values: FA_PCGipsi 
vs. FA_PCGcont (0.22 ± 0.04 vs. 0.3 ± 0.03; 
p = 0.0009), FA_PLICipsi vs. FA_PLICcont (0.52 ± 0.07
vs. 0.61 ± 0.05; p = 0.02), FA_PTipsi vs. FA_PTcont
(0.47 ± 0.05 vs. 0.52 ± 0.02; p = 0.03) (Figs. 6-8). 
Other differences in terms of ADC values in both
groups and FA values in the group without deficits
were not signi ficant between both hemispheres. The
second aim of our analysis was to compare FA and
ADC values in PCGs, PLICs and PTs in both hemisphe-
res, ipsila teral and contralateral to the tu mour side,
between patients with low and high grade gliomas.

FFiigg..  22..  Mean FA values in PCG ipsilateral to 
the tu  mour side.

FFiigg..  33..  Mean FA values in PT ipsilateral to 
the tumour side.

FFiigg..  44..  Mean ADC values in PCG ipsilateral to 
the tumour side.
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For this comparison metastases were excluded. No
statistically significant difference was observed
between the low and high grade glioma groups.

Discussion

Diffusion tensor imaging based on anisotropy of
water diffusion is a method that enables detection
and reconstruction of white matter tracts in the
brain [2,12,14,19,20,24,37,43]. By using this MR tech-
nique one can indirectly (diffusion parameters) con-
clude about the influence of tumour presence on

surrounding tissues [16,30,31,33,39]. In our study we
reconstructed pyramidal tracts in the brain in the
vicinity and within gliomas and metastatic tumours.
The outcomes of our study showed that FA values
were significantly lower and ADC values were signi -
ficantly higher within ipsilateral tumour side PCGs
and PTs in patients with neurological deficits in
comparison to ones without them. One of the expla-
nations is the tumour relation to PTs and PCGs. Dif-
ferent patterns of white matter tract alterations
by neoplastic tumours exist with different FA devia-

FFiigg..  55..  Mean ADC values in PT ipsilateral to the
tumour side.

FFiigg..  66..  Group I with preoperative neurological
deficits – FA values in PCG ipsi- and contrala teral
to the tumour side.

FFiigg..  77..  Group I with preoperative neurological
deficits – FA values in PLIC ipsi- and contralateral
to the tumour side.

FFiigg..  88..  Group I with preoperative neurological
deficits – FA values in PT ipsi- and contralateral
to the tumour side.
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tions. Jellison et al. [10] proposed four patterns of
white matter tract alterations by neoplastic tu -
mours: deviated (type 1), oedematous (type 2), in -
filtrated (type 3), destroyed (type 4). In order to per-
form our analysis, another pattern was distin-
guished: untouched (type 0). Deviated WMT means
normal or only slightly decreased FA with abnormal
location, and/or direction resulting from bulk mass
displacement. Field et al. [4] suggested the cut-off
value for this pattern for FA as 25% decrease relative
to the homologous tract in the contralateral hemi-
sphere. Oedematous WMT demonstrates decreased
anisotropy but their location and orientation
remained normal. Infiltrated WMT shows signifi-
cantly reduced anisotropy with abnormal location
and/or direction but are still identifiable. Destroyed
WMTs are unidentifiable on colour coded maps and
show fractional anisotropy very low close to 0.
Untouched WMT means normal FA with normal
location relative to the homologous tract in con-
tralateral hemisphere. It meant that the tumour bor-
dered with the pyramidal tract. In patients with neu-
rological deficits, tumours encapsulated more often
analysed white matter tracts so the expected FA val-
ues were lower than in patients without neurologi-
cal deficits. However, a significant difference was not
observed in the PLICs ipsilateral to the tumour side.
These mismatched results might be explained by
a different tumour relation type within analysed
white matter tracts at the PCG and PLIC level.
Tumours were observed more often within the PCG
level (type 2, 3) whereas PLICs were more often adja-
cent (with no alteration or type 1). Furthermore, sig-
nificantly lower FA values measured ipsilaterally to
the tumour side within PCGs, PLICs and PTs were
obtained when comparing to FA values measured
contralaterally to the tumour side in the group of
patients with neurological deficits. These results
also coincide well with tumour alteration of white
matter tracts. 

Usefulness of DTI in patients with brain tumours
and neurological deficits is nowadays under re -
search. Stadlbauer et al. [38] examined 20 patients
with supratentorial gliomas of WHO grades II-IV
before surgery. In patients suffering sensory motor
deficits, the authors found significantly lower FA and
higher MD values in comparison with patients with-
out. Romano et al. [34] analysed white matter in the
tumour’s close proximity and showed that FA is sig-
nificantly lower and ADC significantly higher in com-

parison to contralateral normal appearing white
matter in patients with and without paresis taken
altogether. After dividing the group of patients into
those suffering with paresis or not, the authors
obtained similar significant differences in FA and
ADC values in symptomatic patients. Furthermore,
the authors proved in a multiple stepwise regression
that among fractional anisotropy (FA), apparent dif-
fusion coefficient (ADC), and fibre density index
(FDI), only the ADC values of white matter adjacent
to the tumour showed a positive correlation with the
clinical status. The authors concluded that an
increased ADC reflects reduction of the number of
fibres (reduced FDI) in symptomatic patients. It was
found previously by Lu et al. [17] that for high-grade
gliomas and metastatic brain tumours, mean diffu-
sivity and FA were useful in differentiating diseased
and healthy tissue. They found that mean diffusivity
increased significantly and FA decreased significant-
ly in the peritumoural signal-intensity abnormality
when compared with normal-appearing white mat-
ter (NAWM). Also, they reported that the peritu-
moural mean diffusivity of metastases was signi -
ficantly higher than that of high-grade gliomas,
whereas no significant difference was noted for per-
itumoural FA between these two tumour types.

For comparison, low and high grade glioma
group metastases were omitted. Even though no
statistical significant difference was observed
between low and high grade gliomas in terms of FA
and ADC values in PCGs, PLICs and PTs, it seems
that tumour relation to the white matter tracts is
more important than the gliomas’ WHO grade. On
the other hand, in the paper published by Goebell
et al. [5], the authors revealed that FA on the border
of glioma GII was significantly higher than in glioma
GIII, but such analysis was not the objective of our
study. According to those authors, that phenomenon
could be explained by preservation of major parts of
neuron fibres on the border of glioma GII. Such dif-
ferences were not noticeable within the centre of
the tumours. The authors also claim, in a different
paper, that FA and NAA (N-acetylaspartate) values
reflect the integrity of the neuron fibres and the
presence of neurons [6]. The highest values of FA
were reached from white matter on the contralate -
ral hemisphere to the tumour location; subsequent-
ly lower values were measured in the white matter
on the ipsilateral side than on the border of the
tumour range and finally the lowest values within
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the tumour core. Guzman et al. stated that both
high-grade gliomas and metastatic brain tumours
have higher ADC values in the perilesional oedema
than do low-grade gliomas, indicating a higher
water content and greater tissue displacement due
to vasogenic oedema, and probably secondary to
a more aggressive histological reaction [7].

Conclusions

There is a relation between FA and ADC values
and preoperative deficits in patients with brain
tumour adjacent/within main white matter tracts.
Tumour relation to the white matter tracts is more
important than the gliomas’ WHO grade.
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