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Functional magnetic resonance imaging (fMRI) was used to characterize relevant functional areas adjacent
to the tumor what has important implications for surgical intervention. The aim of our study was to evaluate
the functional areas of Broca and Wernicke responsible for production and understanding the speech which are
very important from the point of view patients quality life using different variants of analysis available in the SPM
package. Brain activity imaging with FWE controlling seems to be more appropriate than this with un uncorrected
thresholds in clinical diagnostic. However analysis in the SPM should be carried out with great care taking into
consideration that results can be influenced by parameters used in statistical approaches.
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1. Introduction

Functional magnetic resonance imaging (fMRI) utiliz-
ing the blood oxygenation level- dependent (BOLD) [1]
contrast has become an important research and clinical
tool to study the normal and diseased with tumor hu-
man brain. Neurosurgery in functionally relevant brain
structures carries a high risk for surgery induced post-
operative neurological deficits. For preoperative patients
resection of brain tumours aims to remove as much of
the changed tissue as possible while preserving essential
brain functions simultaneously. Therefore, very impor-
tant is the precise spatial relationship between the lesion
and adjacent tissue (anatomical pathways) as well as in-
clude potential areas of activity brain. For this reason
fMRI studies for localizing and areas of the human brain
that govern e.g.: sensorimotor cortex, occipital, language
or DMN (Default Mode Network) [2, 3] are increasingly
used in preoperative and postoperative diagnostics.

We focused on activations of speech areas - Broca
linked with speech production and Wernicke responsible
for understanding the speech because language areas are
particularly important for patients. The aim of our study
was to evaluate the functional areas located close to the
lesions using different variants of analysis available in the
SPM package.

Data acquired during course of fMRI require to simul-
taneously perform thousands of statistical tests to detect
brain activity across a hundred thousand brain regions
The need for appropriate multiple comparisons correc-
tion to quantify the like hood of obtained false positives
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has been pointed out in many articles [4–6]. The most
common metrics are the family-wise error rate (FWER),
defined as the probability of obtaining at least one false
positive in a family of tests, and the false discovery rate
(FDR), defined as the proportion of false positive among
all rejected tests. Either the FWER controlling proce-
dure or FDR and also both together can be involved
in analysis. Bright discussion regarding the appropriate
multiple comparisons correction in the analysis of large
data sets such as genetics, imaging and economic is served
in [5]. In this paper an impact of some aspects of statis-
tical analysis in practical research application of fMRI in
pre- and postoperative diagnostic is presented.

2. Materials and methods

2.1 Subjects and fMRI Data Acquisition

Three preoperative patients with tumors (menin-
gioma) and five postoperative (3 with astrocytoma (WHO
II–III) and 2 with meningioma) were included in the
study, comprising 3 females (a mean age 20.7 � 3.8)
and 5 males (a mean age 35 � 7.4). Scanning was per-
formed at the Helimed Diagnostic Imaging Center in
Katowice as part of normal clinical work using a 1.5T
MAGENTOM Aera scanner (Siemens, Erlangen, Ger-
many), equipped with a 20-channel head-neck coil. The
protocol included: 1) Ultrafast Gradient Echo 3D se-
quence (3D T1-MPRAGE, resolution 1 � 1 � 1 mm3,
TE/TR = 2.67 ms/1900 ms, TI = 1100 ms, slice thickness
1.0 mm, FOV = 250�250mm2, matrix size 256�256, 192
axial slices; 2) fMRI images (EPI SE sequence, resolution
3 � 3 � 3 mm3, TE/TR = 50 ms/3140, TI = 1100 ms,
slice thickness 4.0 mm, FOV = 1320�1320 mm2, matrix
size 384� 384, 36 axial slices per volume, covering both
hemispheres).
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2.2 Experimental paradigm

In this post- and preoperative study we applied the
same 2 paradigms. All paradigms to stimulate Wernicke
and Broca areas were created and controlled by using the
PsychoPy software program [7]. The software provides
real time stimulus presentation, and accurate synchro-
nization with the MR imager. Paradigms with classic
blocked design composed of 5 active and 6 rest blocks -
collected 110 volumes. The first paradigm (I) consisted of
associating activities with a displayed noun e.g. a chair-
sit. The second paradigm (II) was to generate words
beginning with the letter (A-Anna, alligator,...).

2.3 Data analysis

Before data analysis, the DICOM format was trans-
formed into other formats Neuroimaging Informatics
Technology Initiative (NIfTI) file format [8]. Next steps
was ‘manual coregistration’ which was the point 0 set-
ting in Anterior Commissure (AC). The commissure has
become key landmarks, because Talairach chose them to
determine the standard alignment of the brain for their
famous atlas. To align a scan Talairach space, a brain
has to be set so that the anterior commissure (AC) and
posterior commissure (PC) are on a horizontal line. It
is relatively easy to see on most structural scans. All
the preprocessing were carried out using the statistical
parametric mapping SPM12 (). The pre- and postoper-
ative imaging time series of each subject was ‘realigned’,
‘slice timing’, ‘coregistration’, ‘segmentation’, ‘normal-
ization’ and ‘spatial smoothing’. All images were spa-
tially normalized into the Montreal Neurological Institute
(MNI) [9]. Moreover analysis using mask allowing for
show activations in areas that expected was performed.
To prepare mask images of speech areas (Broca and Wer-
nicke) used WFU Pickatlas for SPM. Mask was generated
for both hemispheres. Localization of active areas were
made using functional atlases and [10, 11] and Talairach
Client [12].

In SPM analysis the approach of spatial smoothing is
commonly used and is justified by the fact that fMRI
data inherently show spatial correlations due to func-
tional similarities of adjacent brain regions and the blur-
ring of the vascular system [13]. Our statistical images
were performed for fixed Gaussian kernels with width
FWHM of 6 mm and extent threshold 0 voxels. These
parameters were applied because provided the most sen-
sible results as discussed in [14].

3. Results and discussion

Representative results of optimization of fMRI analy-
sis of language areas in the studied patients are shown
in Figs. 1 and 2 and Table I. Areas involved in language
comprehension and production centred around the syl-
vian fissure of the dominant cerebral hemisphere, usually
referred to as Broca (BA44, BA45) areas and Wernicke
(BA 22) area could be found.

Figure 1 displays two different approaches Wernicke’s
activations in the same brain plane. After spatial nor-
malization and manual coregistration of the point 0 into
AC Wernicke area signal intensity is higher and localized
in another coordinates than before and artifacts disap-
pear in the postoperative box after resection astrocytoma
(WHO III) in left temporal lobe. It follows from our
studies that special attention should be paid to the man-
ual coregistration method and normalization (which are
rarely used in clinical practice) for diseased brain with tu-
mor because these procedures can enhance the reliability
and repeatability of studies [9, 15].

Fig. 1. Images of activations on Wernicke significance
level p   0.001 for extent threshold 0 voxels. a) point
0 no setting in AC, b) position AC set in structural
and functional images. Significance level p   0.001 for
extent threshold 0 voxels.

Figure 2 shows comparison of images of Wernicke activ-
ity in representative preoperative patient obtained when
the T -maps were performed using an uncorrected thresh-
old (p   0.0001 and 0.001) and with threshold designed
to the FWE controlling procedure (p   0.0001 and
0.00005) in form of glass brain (Fig. 2a) and 2c)) as well
as anatomical coronal slice (Fig. 2b) One can see large
irregularly, oval shaped area in left lobus parietalis diag-
nosed as atypical meningioma which can induce reloca-
tion or disappearance of active areas (Fig. 2b). More-
over it is clearly that the choice of threshold value has a
marked impact on which voxels are deemed active. The
use of FEW controlling procedure allows to locate brain
activity more accurately. In so-called glass brain (see
Fig. 2a) all activations (from whole brain) that exceed
the specified significance level are drawn. Analysis with
FWE (0.00005) seems to be the most approciate for pre-
sented imaging cases of activation on Wernicke area. The
another alternative imaging setting in focusing analysis
to certain pre-specified region of interest could be per-
formed what is illustrated in Fig. 2c. This substantially
reduce the burden of multiple comparison correction by
limiting the number of voxels of interest but there is the
risk of “data dredging” and uncovering biased results that
will not be reproducible. However use of masking as well
as normalization in patients with lesions is still contro-
versial and is the subject of much work lately [9, 15].

Comparison of impact of FWE controlling procedure
on the amount of activations for statistic images obtained
with Gaussian kernel widths (FWHM of 6) and extent
threshold 0 voxels is listed in Table I. It should be noted
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Fig. 2. Imaging of activations on Wernicke area ob-
tained for kernel 6 significance level p   0.001, p  
0.0001, p   0.00005 for 0 voxels. Activations presented
on a) glass brain, b) anatomy coronal slice and c) with
Wernicke mask. After the manual coregistration (set
point in point AC) and normalization.

TABLE I

The obtained activations of brain in BA44, BA45 and
BA 22 areas for both hemispheres (left (L) and right (P))
for paradigm II in the studied postoperative patients for
significance level p   0.001 where +/- means activity/no
activity and ` indicates dominant hemisphere.

no correction FWE correction
Wernicke Broca Wernicke Broca
L P L P L P L P

1 ` + + ` ` – + `

2 + ` – ` – + – +
3 ` + ` + ` – ` –
4 – ` – – – – – –
5 ` + ` – – – + –

that some results adjustment to control FWE do not re-
veal all brain activities that are clearly visible performing
T- maps with a reasonable uncorrected threshold (e.g.,
p   0.001). This means that analysis in the SPM should
be carried out with great care in view of the diagnostic
purpose.

4. Conclusions

fMRI method is a proper tool to assist with trou-
bleshooting pre- and postoperative diagnostics which can
explain neurological symptoms diseases of patients (e.g.
disorders in the meaning of speech) and allows to plan
surgery in order to reduce as much as possible neuro-
logical damage and next to monitor the postoperative
patients. An appreciate selection of parameters in the
analysis of SPM allows increase of diagnostic value of
fMRI studies.
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