
POSTER PRESENTATION Open Access

Optical imaging of motor cortical activation using
functional near-infrared spectroscopy
Nicoladie D Tam1*, George Zouridakis2

From Twenty First Annual Computational Neuroscience Meeting: CNS*2012
Decatur, GA, USA. 21-26 July 2012

Functional near-infrared spectroscopy (fNIRS) is an
optical imaging technique that allows real-time monitor-
ing of the oxy-hemoglobin (oxy-Hb) and deoxy-hemo-
globin (deoxy-Hb) levels in brain tissues in a
noninvasive fashion [1,4,6]. The characteristic absorption
spectra of oxy-Hb and deoxy-Hb recorded on the scalp
can be used to detect the oxygen demands of the under-
lying brain tissues in the cerebral cortex. This allows
real-time detection of brain activation based on meta-
bolic events (neural hemodynamics). Brain imaging
using fNIRS has many advantages over fMRI (functional
magnetic resonance imaging), as it can detect changes
in both oxy- and deoxy-Hb levels simultaneously,
whereas an increase in fMRI BOLD (blood-oxygen level
dependent) signal only accounts for a decrease in
deoxy-Hb levels by an increase in regional cerebral
blood volume (rCBV). Additionally, the multi-channel
fNIRS signals can be sampled at much higher frequency
(in KHz) even though a hemodynamic response may
occur at a much slower rate than the sampling fre-
quency. This high temporal resolution is particularly
important for capturing dynamic movement activity,
such as the high frequencies that result from maximal
effort (ME) movements [2]. The latter necessitates the
use of fNIRS over fMRI.
The present study uses multi-channel fNIRS to corre-

late brain activation patterns obtained from the motor
cortex with volitional motor execution in healthy
human subjects, in an attempt to identify brain-derived
command signals that can be used to control a wheel-
chair. Ultimately, these signals will provide the necessary
input to a portable neuroprosthetic device, which will

act as a brain-computer interface (BCI) and will enable
mobility and navigation for quadriplegics.
In our experiment, subjects were asked to perform

directional left-right, forward-backward hand move-
ments while recording fNIRS signals from the motor
cortex. Our results show that movement execution cor-
responds to hemodynamic changes seen in both the
oxy- and deoxy-Hb signals. The movement is best
represented by the summation of oxy- and deoxy-Hb
signals, and reflects the total change in hemoglobin con-
centration (total-Hb), which is a more representative
measure of rCBV changes [3] than BOLD rCBV [5].
Intended movement direction is correlated with differen-
tial changes in these signals, and depends on the specific
location of the motor area. Thus, neural activation in
the motor cortex can be identified uniquely by the spa-
tiotemporal profiles of localized oxygen delivery, oxygen
extraction, and blood flow. These findings provide evi-
dence of the correlation between volitional limb move-
ment direction and motor cortical activation profiles
obtained by fNIRS, and support the possibility of a
potential BCI neuroprosthetic device for brain-con-
trolled navigation of a wheelchair.

Author details
1Department of Biological Sciences, University of North Texas, Denton, TX
76203, USA. 2Departments of Engineering Technology, Computer Science,
and Electrical and Computer Engineering, University of Houston, Houston,
TX, 77204, USA.

Published: 16 July 2012

References
1. Calderon-Arnulphi M, Alaraj A, Slavin KV: Near infrared technology in

neuroscience: past, present and future. Neurol Res 2009, 31(6):605-614.
2. Colier WNJM, Quaresima V, Brattelli G, Cavallari P, van der Sluijs M, Ferrari M:

Detailed evidence of cerebral hemoglobin oxygenation changes in
response to motor activation revealed by a continuous wave
spectrophotometer with 10 Hz temporal resolution. Proc SPIE 1997,
2979:390-396.

* Correspondence: nicoladie.tam@unt.edu
1Department of Biological Sciences, University of North Texas, Denton, TX
76203, USA
Full list of author information is available at the end of the article

Tam and Zouridakis BMC Neuroscience 2012, 13(Suppl 1):P27
http://www.biomedcentral.com/1471-2202/13/S1/P27

© 2012 Tam and Zouridakis; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

http://www.ncbi.nlm.nih.gov/pubmed/19660190?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19660190?dopt=Abstract
mailto:nicoladie.tam@unt.edu
http://creativecommons.org/licenses/by/2.0


3. Deply DT, Cope M, van der Zee P, Aguirre GK, Wray S, Wyatt J: Estimation
of optical pathlength through tissue from direct time of flight
measurement. Phys Med Bio 1998, 33:1433-1442.

4. Hoshi Y: Towards the next generation of near-infrared spectroscopy.
Philos Transact A Math Phys Eng Sci 2011, 369(1955):4425-4439.

5. Huppert TJ, Hoge RD, Diamond SG, Franceschini MA, Boas DA: A temporal
comparison of BOLD, ASL, and NIRS hemodynamic responses to motor
stimuli in adult humans. Neuroimage 2006, 29(2):368-382.

6. sPellicer A, Bravo Mdel C: Near-infrared spectroscopy: a methodology-
focused review. Semin Fetal Neonatal Med 2011, 16(1):42-49.

doi:10.1186/1471-2202-13-S1-P27
Cite this article as: Tam and Zouridakis: Optical imaging of motor
cortical activation using functional near-infrared spectroscopy. BMC
Neuroscience 2012 13(Suppl 1):P27.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Tam and Zouridakis BMC Neuroscience 2012, 13(Suppl 1):P27
http://www.biomedcentral.com/1471-2202/13/S1/P27

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/22006899?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16303317?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16303317?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16303317?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20580625?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20580625?dopt=Abstract

	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


