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Preoperative functional MRI of motor 
and sensory cortices: how imaging can 
save vital functions

  review

Clinical importance
The ability to visualize brain activity and to deter-
mine which parts of the brain are responsible for 
which cognitive processes has revolutionized the 
neurosciences [1–3]. The use of blood oxygen level-
dependent (BOLD), functional MRI (fMRI) in 
the clinical setting benefits patients insomuch as 
it allows neurosurgeons to be aware of and to 
navigate the precise location of patient-specific 
eloquent cortices and any structural anomalies 
that may have developed from a tumor [4–6]. This 
anatomic/functional preview facilitates the cre-
ation of more effective patient-specific treatment 
plans [7]. Before the use of fMRI, the preoperative 
location of eloquent cortices and their relation-
ship to the lesion was determined based on the 
historical localization of function and perform-
ing intraoperative mapping using direct cortical 
stimulation, which unfortunately has several 
drawbacks. First, this procedure requires a cra-
niotomy. Should intraoperative mapping reveal a 
relationship of the eloquent cortex to the lesion 
than is different from what was assumed using 
historical data, an adjustment of the operative 
plan and possible expected complications may 
ensue. Furthermore, patients sometimes have dif-
ficulty cooperating with task performance during 
cortical stimulation, especially when attempt-
ing to map higher functions, such as language. 
As a result, operations can be terminated early 
because of inadequate intraoperative mapping 
results that might have been foreseen and avoided 
with a reliable preoperative mapping technique 
such as fMRI. A lack of preoperative functional 

information may also cause a lesion to be unnec-
essarily deemed inoperable [8]. In addition, map-
ping is restricted to the exposed surface of the 
brain and as a result the cortex in the deep sulci 
cannot be mapped. Lastly, invasive mapping pro-
cedures, such as cortical stimulation, do not aid 
the neurosurgeon in presurgical risk assessment 
and patient counseling [7].

Preoperative fMRI, however, by defin-
ing eloquent motor, language and/or memory 
areas, allows a surgeon to optimize periopera-
tive planning to maximize tumor resection [4–6] 
while minimizing damage to surrounding areas. 
Planning a surgical resection relies heavily on 
the anatomic location of a tumor relative to the 
eloquent cortices. However, the locations of the 
functional cortices vary with individuals and may 
be affected by the lesion itself and/or associated 
cortical reorganization and thus may not match 
the predicted anatomic locations [8,9]. fMRI 
allows for the clarification of anatomy in specific 
patients and detection of any irregularities. These 
details may become even more important when 
the eloquent cortices are infiltrated by a tumor 
(Figure 1) [8,9].

In addition, fMRI data can help a surgeon 
decide either for or against resection by provid-
ing information about tumors in high-risk loca-
tions (e.g., involving Broca’s area, Wernicke’s 
area) without invasive mapping, sparing the 
patient awake anesthesia and associated potential 
complications. If a surgeon decides to perform 
surgery, fMRI may help the surgeon to choose 
the best trajectory for resection, such as taking a 

Blood oxygen level-dependent functional MRI (fMRI) has been used to enhance the understanding of 
neuroanatomy and functions of the brain and is becoming an accepted brain-mapping tool for clinicians, 
researchers and basic scientists alike. fMRI has an ever-growing list of clinical applications, including 
presurgical mapping of motor, language and memory functions, and has no known risks as a noninvasive 
procedure. fMRI data gives the neurosurgeon the opportunity to make more informed decisions regarding 
the approach to the tumor and the necessity for invasive mapping procedures. This article reviews the 
applicability of fMRI to clinical neurosurgical practice, describes the optimization of paradigm design and 
delivery for motor and sensory mapping and illustrates artifacts and other clinically relevant pitfalls 
of fMRI.
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more posterior approach to bypass an important 
functional area. Other benefits of using fMRI 
before surgery include gathering data to guide 
intraoperative direct cortical stimulation or other 
mapping procedures, and decreasing the opera-
tion time. fMRI can also aid the neurosurgeon in 
deciding whether or not to perform ‘awake map-
ping’ in patients due to undergo tumor resection. 
Awake mapping is used to identify essential areas 
of higher cortical function (e.g., language func-
tion) adjacent to a tumor to be resected by the 
use of direct cortical stimulation. This procedure 
is complicated and time consuming and involves 
bringing the patient out of deep anesthesia fol-
lowing craniotomy and exposure of the surface of 
the brain. To identify language function, in this 
setting, the brain is stimulated while the patient 
is undergoing language testing and the areas of 
speech arrest or other language dysfunction are 
deemed essential language areas. If fMRI can 
unequivocally identify that the patient’s domi-
nant language areas are contralateral to the lesion 
to be resected, the neurosurgeon may decide 
to forego awake mapping and direct cortical 
stimulation [7].

Theoretic basis
fMRI uses deoxyhemoglobin as an endogenous 
contrast agent to create functional maps derived 
from changes in cerebral blood flow, cerebral 
blood volume and cerebral metabolic rate of 
oxygen [1,2,10,11]. This occurs secondary to an 
increase in neuronal activity and the changes 

in these vascular parameters together yield the 
BOLD effect. The BOLD effect is a phenome-
non resulting from an overshoot in the amount of 
diamagnetic oxyhemoglobin (from the increase 
in cerebral blood flow in response to task-related 
demand) relative to the paramagnetic deoxy
hemoglobin (from the increase in oxygen con-
sumption). As the deoxyhemoglobin is diluted 
by the overshoot in diamagnetic oxyhemoglobin, 
the fMRI signal actually increases in the active 
area. Therefore, fMRI signal is derived from the 
relative differences in the magnetic susceptibility 
of these two states of hemoglobin [1,2,10,11].

Relevant anatomy
Motor function is organized topographically 
within the precentral gyrus in a pattern referred 
to as the homunculus while sensory function is 
topographically organized in a similar manner 
in the sensory gyrus. A brief review of basic anat-
omy of the motor and sensory system facilitates 
the discussion of paradigm selection. The motor 
and sensory systems both have topographic orga-
nizations that are mapped to specific locations 
of the cortex [12–14]. The foot and leg are rep-
resented along the interhemispheric fissure, the 
hand is lateral to that of the foot and leg, and 
the tongue and face are lateral to that of the 
hand (Figure 2). 

Voluntary movement is performed through 
a network of different motor areas: the primary 
motor cortex (M1), the supplementary motor 
area (SMA), the lateral premotor cortex and the 

Figure 1. Glioblastoma of the right parietal lobe. The large tumor displaces the normal anatomy, 
making identification of the precentral (motor) gyrus difficult or impossible. Functional MRI clearly 
identifies the motor gyrus (yellow and red dots) and the relationship to the tumor.
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superior parietal lobules. The M1 area is involved 
in actually performing movement. The SMA is 
involved in motor planning and organization [12–
18]. The SMA is located in the superior frontal 
gyrus and consists of two parts: the rostral pre-
SMA and the caudal SMA proper. The pre-SMA 
functions in cognitive tasks and language. The 
SMA proper – anatomically closer to primary 
motor and sensory areas – is involved in sensory, 
motor planning and word articulation [12–18].

Paradigm design
Paradigms, task designs that elicit neuronal 
activity, are used to produce fMRI maps of cere-
bral function. Paradigms are either event related 
or block design. Event-related paradigms bet-
ter mirror the hemodynamic response but their 
limitations include long acquisition times, low 
statistical power and complicated statistical sig-
nal analyses. Block-design paradigms are able to 
detect subtle BOLD signal changes across time 
and are able to reduce artifacts from physiologi-
cal variations in signal [15,19]. Block-design para-
digms are more commonly used in the clinical 
setting.

In the preoperative setting, the most com-
monly requested fMRI examinations are lan-
guage and motor/sensory related. Paradigms 
often help neurosurgeons and neurologists offer 
the best care to patients. They frequently provide 
physicians with critical information, which can 
facilitate the evalutation risk/benefit ahead of 
neurosurgery and other treatments. Appropriate 
paradigm selection has two requirements: clini-
cal evaluation of the patient’s deficit(s) and the 
inspection of the anatomic images to determine 

the proximity of the lesion to the eloquent cortex 
[15]. Several factors must be considered, includ-
ing a patient’s handedness and clinical ability. 
Most motor tasks suitable for fMRI are limited 
to a few areas of the body [15].

Common paradigm designs include block-
design and event-related paradigms. To acquire 
meaningful results a patient typically per-
forms the fMRI task (the ‘ON‘ state) three- to 
ten-times, with breaks (‘OFF‘ states) between 
each ON state [5,15]. When performing a block 
paradigm patients alternate between ON and 
OFF periods of equal or unequal duration (non-
periodic task delivery). For example, to identify 
the hand motor area, a block paradigm might 
consist of alternating finger tapping and rest-
ing periods, each lasting 20 s [5,20]. Nonperiodic 
task delivery often proves effective in decreasing 
noise from the scanner, heartbeat and breath-
ing [5,21]. In event-related paradigms a patient 
performs a single event, such as swallowing or 
clenching a fist, with an ON period that has 
a shorter duration than that of a block design 
and an OFF period that is the same duration. 
This type of paradigm is used to investigate 
neuronal or hemodynamic response to a specific 
single event [15,20]. In event-related paradigms, 
statistical power for the events being measured 
is compromised because these designs typically 
require more images to regain the same accu-
racy obtained with a block paradigm [20,22]. The 
advantage is that the hemodynamic parameters, 
such as the time to peak, full of width half maxi-
mum and return to baseline, can be estimated 
in a way that is not possible with block designs 
[22]. Although of theoretical importance, the 

Figure 2. Localization of the different parts of the motor gyrus using functional MRI. The location of the foot homunculus is 
seen in red, the hand in green and face/tongue in blue, respectively.
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possible advantages of the temporal profile of the 
hemodynamic response obtained through event-
related designs is usually not clinically applicable 
and therefore of limited clinical importance. In 
our experience, block design is also easier for 
patients who may have impaired function or 
cognitive capacity to comply with and perform 
an event-related design. 

Baseline tasks for the rest period should be 
chosen carefully because the goal is to maxi-
mize the contrast of neural response between 
rest and activity periods. For example, a baseline 
task in which a patient passively views nonsense 
objects has been shown to improve the detection 
of signal in the Broca’s area when performed 
alongside sentence generation tasks [23].

There is currently no standardization of 
paradigms to be used for all clinical scenarios. 
A helpful list of suggested paradigms with 
recommendations and comments that are 
continuously updated is available on the web-
page of the American Society of Functional 
Neuroradiology [101].

Patient preparation & monitoring
Task familiarity before imaging is important to 
ensure accurate fMRI responses. Accuracy is 
improved through the use of detailed instruc-
tions and reassurance during task performance. 
Patients should arrive early to receive an expla-
nation of the fMRI procedure and the timing 
of the paradigms. It is essential to practice the 
paradigm with the patient prior to placing the 
patient in the scanner. This is vital especially 
in patients with neurological deficits, such as 
weakness, deafness or cognitive disorders, which 
often compromise the optimal performance of 
the necessary paradigm while in the scanner.

Paradigms may also need to be modified 
to better suit the patient’s neurologic limita-
tions [5,6,15]. For example, if the neurosurgeon 
is interested in the location of the hand motor 
homunculus but the patient is paralyzed, asking 
the patient to tap his/her fingers will not yield 
a useful fMRI result. In such a scenario a sen-
sory paradigm may be substituted, which will 
entail sensory stimulation of the patient’s hand 
thereby circumventing the patient’s motor defi-
cit. Sensory paradigms can identify the sensory 
cortex or can be used to determine the location 
of the motor cortex in paretic patients. A sen-
sory paradigm may include brushing, squeezing 
or touching the patient’s foot or hand [6,15]. In 
terms of analyzing the data, one is almost always 
able to infer the location of the motor homuncu-
lus from the sensory fMRI results. Even without 

motor homunculus fMRI activation during a 
sensory paradigm, the location of the motor 
gyrus can often be deduced from the sensory 
information (Figure 3).

It is important to properly position the patient 
in the scanner and to properly select the scan-
ning plane. Regardless of the paradigm used, 
it is important that it is designed to minimize 
any type of unwanted head or body motion to 
achieve ideal results. For example, a toe paradigm 
should be performed with no ankle motion, and 
a tongue paradigm should be performed with a 
closed mouth [9,15,24]. Monitoring motor tasks 
is easy although methods such as video moni-
toring or using squeeze balls to monitor motor 
response are occasionally used [15].

Sensory & motor mapping
Functional mapping of the sensory and motor 
systems is more reliable than language map-
ping. The somatosensory cortex is located in 
the postcentral gyrus just posterior to the cen-
tral sulcus, while the motor cortex resides in 
the precentral gyrus just anterior to the central 
sulcus. Direct electrocortical stimulation can 
be used to identify the central sulcus during 
surgery. fMRI provides useful information 
before surgery that can be used to modify surgi-
cal planning, guide electrocortical stimulation 
mapping and predict the risk of motor and/or 
sensory functional loss. fMRI mapping of the 
central sulcus has proved resistant to potentially 
limiting artifacts from head motion, patient 
anxiety and abnormal vasculature. fMRI map-
ping also aids in identifying the foot and leg 
motor cortex, which can be difficult to iden-
tify by electrocortical stimulation mapping [7]. 
Sensory and motor mapping often entails sim-
ple paradigms that use the previously described 
ON/OFF method [5,6].

Mapping of the motor cortex involves finger, 
toe and/or tongue movement paradigms help 
identify the relative locations of the lesion and 
regions of the motor homunculus [15]. Paradigms 
chosen should determine the position of the 
lesion with regard to the different areas of the 
motor strip. For lesions close to the midline, leg 
or foot paradigms are used [5,15] because the foot 
and leg motor areas are represented along the 
interhemispheric fissure. 

Data analysis, correction  
& interpretation
fMRI data analysis seeks to determine active 
areas. This is done through identification of 
voxels in the brain with statistically significant 
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changes in the MRI signal from baseline to acti-
vation [6]. The goal is to pinpoint voxels that 
show changes in signal related to the paradigms 
performed (the timing of the ON/OFF periods) 
[6,15]. However, when interpreting fMRI data or 
planning an operation based on such data, it is 
essential to understand that artifacts do exist 
and can occasionally lead to spurious results [25].

The accuracy of fMRI results has been vali-
dated by a variety of techniques. When com-
pared with results of the sodium amobarbital 
procedure (also known as the Wada test), fMRI 
for language lateralization has shown excellent 
concordance with determination of hemispheric 
dominance [26]; however, fMRI for memory 
function is currently limited owing to promi-
nent susceptibility artifacts from the bone–air 
interface in the temporal bones, which often 
overwhelms the BOLD fMRI signal in the tem-
poral lobes and hippocampi. Studies have also 
shown that data collected by both intraoperative 
electrocorticography and direct cortical stimu-
lation are comparable to those collected by 
fMRI motor mapping [27–29]. Dropout artifact 
may truncate the magnitude of the response; 
however, what little signal remains is almost 
always correct in its localization of the motor 
gyrus (Figure 4).

Coregistration of neuronavigational 
systems
After analyzing the fMRI data and determining 
active voxels in a functional MR image, these 
low-resolution data (typically 64 × 64 matrix) 
are coregistered onto high-resolution anatomical 
images (typically 256 × 256 matrix) to reveal the 
precise location in the brain in which these sig-
nal changes occurred. The coregistered images 
are downloaded to the neurosurgical naviga-
tional system in the operating room and these 
images allow the surgeon to view the relation-
ship of the lesion to the adjacent eloquent cortex 
in real time intraoperatively. Using the coregis-
tered data, the neurosurgeon can also visualize 
the 3D relationship between the lesion and the 
adjacent eloquent cortices during the resection 
itself, allowing for more precise patient-specific 
functional localization [7,23,27–30].

One of the problems with coregistration of 
fMRI data to neurosurgical navigational sys-
tems is that of brain shift. However, the majority 
of the brain mapping done by direct cortical 
simulation to corroborate the BOLD fMRI data 
is done directly after the craniotomy and prior to 
commencement of the tumor resection. Hence, 
the brain shift encountered following resection 
of a large volume of tumor is avoided. In this 

Figure 3. Patient with a left parietal glioblastoma. The patient’s motor function was significantly 
compromised, which precluded the use of an active motor paradigm. Nevertheless, the location of 
the precentral (motor) gyrus could be deduced using a passive sensory functional MRI paradigm, 
which did not include any activity by the patient.
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scenario, brain shift is limited to the usually 
mild protrusion of the swollen brain through 
the craniotomy.

Artifacts & other pitfalls in 
clinical fMRI
fMRI has limitations that at times can make 
it difficult to acquire consistent, accurate and 
meaningful data. The BOLD signal comprises 
three components: true neuronal activity, sus-
ceptibility artifacts that can create false-positive 
or false-negative signals, and neurovascular 
uncoupling effects that can create false-negative 
signals on the fMRI map.

Holodny and colleagues first described neuro
vascular uncoupling in a patient with glioblas-
toma involving the left precentral gyrus, with 
muted fMRI activation of the left motor cor-
tex [31]. The BOLD fMRI effect is based on 
an intact vasculature, which is capable of the 
normal neurovascular response. In malignant 
gliomas, the tumor neovasculature is abnormal 
and lacks the normal neurovascular response to 

various stimuli. Hence, this abnormal tumor 
neovasculature does not respond in the normal 
manner to an increase in neuronal activity (e.g., 
due to finger tapping), which leads to a muted 
BOLD fMRI response [30]. In addition, in a 
malignant tumor, which exhibits hypoxia, the 
baseline blood flow may already be maximal 
that will preclude and further increase in blood 
flow (the basis of the BOLD fMRI response) 
owing to an increase in neuronal  activity. 

Artifacts from various sources can affect the 
results of fMRI data. Head motion can inadver-
tently move voxels of a high signal intensity to 
locations of low signal intensity [32]. This often 
leads to false-negative/false-positive results. 
Whereas types of motion can be compensated 
for by software, the stimulus-correlated motion 
(e.g., when the patient bobs his/her head in time 
with a finger-tapping paradigm) often cannot be 
compensated for because the artifactual signal 
looks deceptively similar to the real fMRI signal.

The MR sequence used to acquire fMRI data 
(usually the echoplanar imaging sequences) is 

Figure 4. Left frontal glioblastoma. Notwithstanding the presence of motion artifact, prior 
surgery and abnormal tumor neovasculature the location of the ipsilateral motor gyrus is clearly 
depicted by functional MRI. The signal activation outside the brain is probably caused by motion 
artifact.
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used to maximize the subtle difference in sus-
ceptibility between oxyhemoglobin and deoxy-
hemoglobin. An unfortunate consequence is 
that susceptibility artifacts from both endo
genous and exogenous sources are also magni-
fied, which leads to a compromise of the BOLD 
fMRI signal. These false-negative results can 
lead to inaccuracies and need to be acknowl-
edged for the purpose of neurosurgical plan-
ning. In patients without prior surgery, suscep-
tibility artifacts are usually located at air–tissue 
interfaces, near cavities, or near moving tissues 
(Figure  5) [23]. Susceptibility artifacts pose an 
even larger issue for patients who have previ-
ously had neurosurgery. Staples, titanium plates 
and residue from skull drills increase the risk of 
susceptibility artifacts and may affect the accu-
racy of the fMRI data [25]. Hence, it is impor-
tant to interpret fMRI signals in the context 
of these susceptibility artifacts, understanding 
that the lack of signal or maps in this region 
is uninterpretable as there are no useful signals 
in these regions. Another issue encountered in 
preoperative mapping is the problem of ‘vas-
cular point spread’. It is essential to remember 
that BOLD fMRI identifies changes in the 
oxyhemoglobin/deoxyhemoglobin ratios in 
the blood vessels, rather then neuronal activ-
ity. Therefore, BOLD fMRI depicts signals 
from the microvasculature near the active area 
as well as signal from venules and large drain-
ing veins [5,15,25]. The BOLD activation of the 
microvasculature accurately depicts the site of 
neuronal firing; however, BOLD activation also 
identifies draining veins at some, rather small, 
distance from the area of actual neuronal fir-
ing. In interpreting BOLD fMRI studies for 
neurosurgical planning one tends to be more 
inclusive in identifying possible eloquent areas 
adjacent to tumors, tending to err on the side of 
false-positive rather than false-negative results. 
This approach highlights possible eloquent areas 
adjacent to the area of resection and maximizes 
the attention of the operating neurosurgeon to 
these areas. In our experience, this conserva-
tive approach (in general as well as in the ques-
tions of the contribution of draining veins to 
the BOLD fMRI signal) has served us well in 
guiding neurosurgery and limiting damage to 
eloquent cortices adjacent to brain tumors. 

Similarly, there is no consensus currently on 
the optimal threshold to use to interpret the 
preoperative BOLD fMRI data, as the extent 
of eloquent cortices as well the laterality indices 
can change with different statistical thresholds. 
As in the above paragraph, we tend to be more 

inclusive when interpreting BOLD fMRI data 
for the presurgical patient. We tend to lower 
the statistical threshold to include more areas of 
possible activation on our BOLD fMRI maps, 
thinking that false-positive errors are preferable 
to false-negative errors in preoperative mapping. 
Needless to say, our colleague neurosurgeons are 
clearly aware of and appreciate our strategy in 
erring on the side of maximizing patient safety.

Cortical plasticity/reorganization
Brain plasticity or cortical reorganization refers 
to the transfer of function to a different area of 
the brain, often the opposite hemisphere, in the 
setting of an insult to the brain, for example, 
the growth of a brain tumor. Cortical reorgani-
zation is thought to occur when an area of the 
brain is no longer able to complete its function 
therefore causing another area of the brain to 
attempt to compensate in an effort to maintain 
function [8,32]. It is likely that the details of the 
injury, the type of injury (e.g., tumor vs stroke), 
the extent of brain damage and the function 
affected greatly determine the resultant pattern 
of interhemispheric or intrahemispheric com-
pensation [5,8]. For example, when a primary 
motor area is damaged, other areas (such as the 
SMA) may start to play a larger role in normal 
motor function and movement execution [16]. 
Studies have shown that in normal humans the 
SMA does in fact activate temporally before M1 
[33,34]. The SMA was shown to assume a larger 
role in motor planning and movement execu-
tion, classically thought of as an M1 function, 
in patients with tumors for whom high-grade 
tumors were affecting normal M1 function. 
The mechanism by which such reorganization 
occurs in the motor strip is being investigated 
but may involve a decrease in the ipsilateral 
functional activity and increased activity in the 
contralateral hemisphere [5,32].

Applications in treatment & therapy
It has been suggested that neuroimaging could 
be used to develop new methods of therapy for 
movement disorders and pain management 
and to better understand existing methods 
[35,36,102]. This is currently being explored in 
deep brain stimulation, where electrodes are 
implanted deep within the brain in an attempt 
to relieve the patient’s neurological problem, 
such as Parkinson’s disease, chronic pain, 
tremor or dystonia [37]. Although each patient 
must be considered individually before deep 
brain stimulation therapy, overall stimulation 
of the tissue that is dorsal, lateral and posterior 
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neurologic diseases [6,41]. The ability of fMRI 
to provide individualized care for patients is an 
exciting prospect [42].

Future perspective
In the near future, essentially all brain tumor 
neurosurgery will be guided by imaging. 
This will include fMRI and diffusion tracto
graphy to help identify areas to be avoided by 

to the centroids of the subthalamic nucleus is 
thought to have the best therapeutic results [38]. 
Advanced neuroimaging techniques, including 
fMRI [39] and diffusion tractography [40], have 
been proposed to improve the localization of 
these small structures, the location of which 
varies in different individuals. fMRI may ulti-
mately facilitate the prediction of both posi-
tive and negative effects of treatment of these 

Figure 5. T2*-weighted images, which are used for the functional MRI data. These images demonstrate signal drop out in areas 
of hemorrhage and prior surgery.
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the neurosurgeon as well as molecular mark-
ers (e.g., new PET tracers) that will identify 
those areas of the tumor that are necessary to 
resect. Current neurosurgical navigational sys-
tems allow all of this multimodal information 
to be loaded onto a neurosurgical navigational 

computer and visualized during brain tumor 
surgery. With increased use and understand-
ing of the technique, fMRI-guided presurgi-
cal planning concerning atypical anatomy 
(e.g., disruptions caused by tumors and tumor 
neovasculature) will improve and become 

Executive summary

Clinical importance
�� The use of functional MRI (fMRI) in the clinical setting allows neurosurgeons to identify the location of patient-specific eloquent cortices 

adjacent to brain tumors for the purpose of preoperative planning and to make intraoperative mapping more efficient.

Theoretic basis
�� fMRI uses deoxyhemoglobin as an endogenous contrast agent to create functional maps derived from changes in cerebral blood flow, 

cerebral blood volume and cerebral metabolic rate of oxygen.
�� The blood oxygenation level-dependent effect is a phenomenon resulting from an overshoot in the amount of diamagnetic 

oxyhemoglobin relative to the paramagnetic deoxyhemoglobin.

Relevant anatomy
�� Motor function is organized topographically within the precentral gyrus in a pattern referred to as the homunculus, while sensory 

function is topographically organized in the sensory gyrus.
�� Voluntary movement is performed through a network of different motor areas: the primary motor cortex (M1), the supplementary motor 

area, the lateral premotor cortex and the superior parietal lobules.

Paradigm design
�� Paradigms are task designs that elicit neuronal activity and are used to produce fMRI maps of cerebral function.
�� Appropriate paradigm selection has two requirements: clinical evaluation of the patient’s deficit(s) and the inspection of the anatomic 

images to determine the proximity of the lesion to the eloquent cortex.
�� Common paradigm designs include block-design and event-related paradigms.

Patient preparation & monitoring
�� Accuracy is improved by providing detailed instructions and reassurance during task performance.
�� Paradigms may also need to be modified to better suit the patient’s neurologic limitations.

Sensory & motor mapping
�� fMRI mapping of the central sulcus has proved resistant to potentially limiting artifacts from head motion, patient anxiety and abnormal 

vasculature.
�� Mapping of the motor cortex involves finger, toe and/or tongue movement paradigms, which help to identify the relative locations of 

the lesion and regions of the motor homunculus.

Data analysis, correction & interpretation
�� When interpreting fMRI data or planning an operation based on such data, it is essential to understand that such artifacts exist and can 

occasionally lead to spurious results.

Coregistration of neuronavigational systems
�� Using the coregistered data, the neurosurgeon can also visualize the 3D relationship between the lesion and the adjacent eloquent 

cortices during the resection.

Artifacts & other pitfalls in clinical fMRI
�� fMRI has limitations that at times can make it difficult to acquire consistent, accurate and meaningful data.
�� While types of motion can be compensated for by software, the stimulus-correlated motion often cannot be compensated for because 

the artifactual signal looks similar to the real fMRI signal.

Cortical plasticity/reorganization
�� Brain plasticity or cortical reorganization refers to the transfer of function to a different area of the brain in the setting of the growth of 

the brain tumor.

Applications in treatment & therapy
�� It has been suggested that neuroimaging could be used to develop new methods of therapy and pain management and to better 

understand existing methods.

Current & future research
�� Current research with fMRI is revealing future applications for enhanced use in presurgical planning and areas of 

treatment/rehabilitation.
�� fMRI is also proving to be an important tool in the studies of cortical plasticity as well as in the clinical setting.

Summary
�� fMRI is important to the understanding of brain mechanisms, function and structure as well as to the localization of critical motor, 

speech and cognitive function.
�� It has many advantages when compared with other methods of neuroimaging and functional mapping.
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more reliable  [102]. In addition, fMRI is also 
proving to be an important tool in studies of 
cortical plasticity, as well as in the clinical set-
ting, providing neurosurgeons with valuable 
information that may influence their decision 
on whether or not to perform surgery [5,6]. 
Another area of active fMRI research relevant 
to neurosurgical planning is the body specificity 
of fMRI data and how an individual’s move-
ment habits, experiences and medical history 
affect the results of motor imagery fMRI [42]. 
This 2009 study concluded that because the 
imagination of movement is most likely to be 
envisioned based on the way than an individ-
ual would normally perform a motion, motor 
imagery, fMRI results reflects one’s lifestyle, 
including handedness, movement, habits and 
patterns [43].

Conclusion
fMRI is important to the understanding of brain 
mechanisms, function and structure as well as 
to the localization of critical motor, speech and 

cognitive function. It has many advantages when 
compared with other methods of neuroimag-
ing and functional mapping: it is noninvasive, 
it does not entail the use of radioactive isotopes, 
it is easily repeatable and it has no known risks 
[2]. The use of fMRI use in presurgical mapping 
tasks, such as locating motor, sensory, language 
and/or memory functional areas in relation to 
a lesion, is becoming increasingly widespread 
and accepted [4]. Current research is investigat-
ing other exciting uses of the technique, such as 
more patient-specific functional mapping.
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