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Functional Magnetic Resonance Imaging (fMRI) is a powerful 
non-invasive technique for imaging BOLD (Blood Oxygenation 
Level Dependent) signal changes that is due to changes in brain 
hemodynamics responses associated to local neuronal activity to 
identify activated brain regions [1,2]. This technique allows researchers 
in laboratory environment to investigate the BOLD signals to determine 
the activated brain reigns for different stimuli or the processing of 
various cognitive tasks [3,4]. Furthermore, fMRI can be used in clinical 
applications to determine the brain abnormalities in population of 
subjects with neurological disease. 

Our knowledge about brain functions comes from task-state studies 
in the presence of external stimuli that the neural activity and subject 
responses are measured for analysis. However, the brain is very active 
in resting-state without any stimuli. Recent findings that have been 
proven very valuable in the clinical area of fMRI applications, involves 
investigation of brain fluctuations at resting condition and their 
results demonstrate that spontaneous modulation of the BOLD does 
not produce randomly. Spontaneous modulations in BOLD signal are 
structured in spatial patterns that make correlated networks between 
various brain regions. The analysis of brain fluctuations in BOLD signal 
usually involves spatial patterns of correlated activity across regions 
of interests that are known as resting state connectivity networks. 
After data acquisition and preprocessing [5], there are two important 
data analysis techniques for studying the resting state functional 
connectivity: seed-based correlations approaches that are based on 
calculating the correlation between extracted regions of interests to 
identify spatial pattern of spontaneous activity and ICA (Independent 
Component Analyses)-based approaches that use all brain voxels 
activity to separate brain functional networks that are correlated with 
spontaneous component of BOLD signal (to account for non-neural 
noise with considering maximally independent spontaneous BOLD 
fluctuations) [4,6-8]. Functional connectivity approaches are divided 
into resting state and task state studies [4,9,10]. 

There are several motivations to use functional connectivity in resting 
state with respect to task- state. Some of them are discussed here:

• In resting state functional connectivity MRI same data can be
used for studying the various systems in human (example: language 
and motor studies), but in task state functional connectivity MRI for 
each one of the systems, a different experiment must be designed. 

• Energy consumption in resting state is one-fifth of the body’s
energy that most of it, is used to support of ongoing neuronal signals 
[11-15]. In contrast, the increasing neuronal metabolism (consumption 
energy) in task-state is usually small (<5%) in compared to large resting 
energy consumption [14]. Therefore, most of our knowledge about the 
difference between normal and pathological populations comes from 
minor component of brain functional activity.

• One of the most common motivations for using resting state
functional connectivity MRI is that it makes a scientist to use broader 
samples of patients in different diseases. Because in task state functional 
connectivity MRI, most of the patients could not do the experiment 
correctly in fMRI scanner.

• The results in different studies demonstrate that the signal to
noise ratio in resting state studies is better than task based approaches. 
In task state approaches when subjects focus to do behavioral task, 
the task related fluctuations account only for 20% of the total BOLD 
activity. This means that may be less than 20% of the fluctuations of 
BOLD signals are discarded as desired signal (more than 80% of the 
signals are noise) [4,16-18]. In contrast, the ongoing spontaneous 
BOLD modulations are focused on resting state functional connectivity 
MRI, so the most of the signals are used as desired signals. 

• In resting state functional connectivity MRI, the important
advantage is that it may ignore the parameters that may make problems 
to interpretation of the task. In task state functional connectivity MRI, 
controlling the different parameter of the experiment for example, 
the state of the subject, controlling conditions, and the level of disease 
across the subjects, are very hard.

In contrast, there are some disadvantages for functional 
connectivity MRI that are discussed in the following:

• It is not yet clear that there are individual differences in brain
activity across sleep state and wake state. So, resting state fMRI 
sometimes may be dull for most of the subjects so the subjects sleep in 
the fMRI tunnel. Control of this, is difficult. 

• If we want to study the special brain network, like auditory
network, we have to study the task state fMRI.

• There are poor acknowledge about the neural interactions and
their relation to individual skill. So we have to study the task related 
fMRI to characterize the nature of functional networks in distributed 
brain regions to define the structural network.

• For multi subject analyses, brain default energy is directly related
to the subject mental state, like tired or excited, and etc. So, the control 
of this parameter is impossible in functional connectivity analysis 
but in task related experiments we can study the difference between 
two different states. For example, in schizophrenia disease, working 
memory task is used. So we can study the difference between baseline 
period and stimuli presentation period (block design paradigm, [19].

• The last problem is that there is no control on the patient’s
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memory while they don’t think about a special thing in resting state 
functional connectivity MRI.

Conclusions
fMRI is a noninvasive modality with high spatial resolution with 

respect to other imaging modalities for studying the brain functions 
which can be used in clinical environment. Fluctuation in BOLD 
signals in resting state functional connectivity MRI can provide good 
signal to noise ratio to detect the functional networks in the brain, 
can be observed under anesthesia, and broader sampling of patients. 
Spontaneous modulation of BOLD signals are generated in different 
condition of subjects on fMRI tunnel, awake, sleep, excited, or sedated 
[20-22]. Most of previous studies focused on the investigation of brain 
functional connectivity during resting state when subjects are awake. 
If there are individual differences during the awake state, it can be a 
reason to observe the individual difference during the various state 
of the subjects, sleep or sedation state. This is an important area of 
research that there is no clear response for it. If there is the individual 
difference during the various state of the subjects, how we can control 
subjects to stay in same state across resting state data collection.

References

1. Logothetis NK (2003) The underpinnings of the BOLD functional magnetic
resonance imaging signal. J Neurosci 23: 3963-3971.

2. Daliri MR, Behroozi M (2012) fMRI: Clinical and Research Applications. OMICS 
J Radiology 1: e112.

3. Daliri MR (2012) Predicting the cognitive states of the subjects in functional
magnetic resonance imaging signals using the combination of feature selection 
strategies. Brain Topogr 25: 129-135.

4. Fox MD, Raichle ME (2007) Spontaneous fluctuations in brain activity observed 
with functional magnetic resonance imaging. Nat Rev Neurosci 8: 700-711.

5. Behroozi M, Daliri MR (2012) Software Tools for the Analysis of Functional
Magnetic Resonance Imaging. Basic and Clinical Neuroscience 3: 71-83.

6. Bartels A, Zeki S (2004) The chronoarchitecture of the human brain--natural
viewing conditions reveal a time-based anatomy of the brain. Neuroimage 22:
419-433.

7. Beckmann CF, DeLuca M, Devlin JT, Smith SM (2005) Investigations into

resting-state connectivity using independent component analysis. Philos Trans 
R Soc Lond B Biol Sci 360: 1001-1013.

8. Kiviniemi V, Kantola JH, Jauhiainen J, Hyvärinen A, Tervonen O (2003)
Independent component analysis of nondeterministic fMRI signal sources.
Neuroimage 19: 253-260.

9. Horwitz B (2003) The elusive concept of brain connectivity. Neuroimage 19:
466-470.

10. Rogers BP, Morgan VL, Newton AT, Gore JC (2007) Assessing functional
connectivity in the human brain by fMRI. Magn Reson Imaging 25: 1347-1357.

11. Ames A 3rd (2000) CNS energy metabolism as related to function. Brain Res
Brain Res Rev 34: 42-68.

12. Attwell D, Laughlin SB (2001) An energy budget for signaling in the grey matter 
of the brain. J Cereb Blood Flow Metab 21: 1133-1145.

13. Lennie P (2003) The cost of cortical computation. Curr Biol 13: 493-497.

14. Raichle ME, Mintun MA (2006) Brain work and brain imaging. Annu Rev
Neurosci 29: 449-476.

15. Shulman RG, Rothman DL, Behar KL, Hyder F (2004) Energetic basis of brain 
activity: implications for neuroimaging. Trends Neurosci 27: 489-495.

16. Fox MD, Greicius M (2010) Clinical applications of resting state functional
connectivity. Front Syst Neurosci 4: 19.

17. Fox MD, Snyder AZ, Zacks JM, Raichle ME (2006) Coherent spontaneous
activity accounts for trial-to-trial variability in human evoked brain responses.
Nat Neurosci 9: 23-25.

18. Fox MD, Snyder AZ, Vincent JL, Raichle ME (2007) Intrinsic fluctuations within 
cortical systems account for intertrial variability in human behavior. Neuron 56: 
171-184.

19. Behroozi M, Daliri MR, Boyaci H (2011) Statistical Analysis Methods for the
fMRI Data. BCN 2: 67-74.

20. Fukunaga M, Horovitz SG, van Gelderen P, de Zwart JA, Jansma JM, et al.
(2006) Large-amplitude, spatially correlated fluctuations in BOLD fMRI signals 
during extended rest and early sleep stages. Magn Reson Imaging 24: 979-
992.

21. Peltier SJ, Kerssens C, Hamann SB, Sebel PS, Byas-Smith M, et al. (2005)
Functional connectivity changes with concentration of sevoflurane anesthesia. 
Neuroreport 16: 285-288. 

22. Vincent JL, Patel GH, Fox MD, Snyder AZ, Baker JT, et al. (2007) Intrinsic
functional architecture in the anaesthetized monkey brain. Nature 447: 83-86.

http://www.ncbi.nlm.nih.gov/pubmed/12764080
http://www.omicsgroup.org/journals/fmri-clinical-and-research-applications-2167-7964.1000e112.pdf
http://www.ncbi.nlm.nih.gov/pubmed/22130788
http://www.ncbi.nlm.nih.gov/pubmed/17704812
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=8&ved=0CHQQFjAH&url=http%3A%2F%2Fbcn.iums.ac.ir%2Fbrowse.php%3Fa_id%3D285%26slc_lang%3Den%26sid%3D1%26ftxt%3D1&ei=cyWWUrzxHY6ErQfCn4CwDg&usg=AFQjCNFnWfwlss0E4yJcPUeNXwI1T7AGEg&bvm=bv.57155469,d
http://www.ncbi.nlm.nih.gov/pubmed/15110035
http://www.ncbi.nlm.nih.gov/pubmed/16087444
http://www.ncbi.nlm.nih.gov/pubmed/16087444
http://www.ncbi.nlm.nih.gov/pubmed/12814576
http://www.ncbi.nlm.nih.gov/pubmed/12814595
http://www.ncbi.nlm.nih.gov/pubmed/17499467
http://www.ncbi.nlm.nih.gov/pubmed/11086186
http://www.ncbi.nlm.nih.gov/pubmed/11598490
http://www.ncbi.nlm.nih.gov/pubmed/12646132
http://www.ncbi.nlm.nih.gov/pubmed/16776593
http://www.ncbi.nlm.nih.gov/pubmed/15271497
http://www.ncbi.nlm.nih.gov/pubmed/20592951
http://www.ncbi.nlm.nih.gov/pubmed/16341210
http://www.ncbi.nlm.nih.gov/pubmed/17920023
http://bcn.iums.ac.ir/browse.php?a_code=A-10-1-78&sid=1&slc_lang=en
http://www.ncbi.nlm.nih.gov/pubmed/16997067
http://www.ncbi.nlm.nih.gov/pubmed/15706237
http://www.ncbi.nlm.nih.gov/pubmed/17476267

	Title

	Corresponding author
	Conclusions
	References

