IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS, VOL. 20, NO. 2, MARCH/APRIL 2014

0200204

Introduction to the Issue on Biophotonics

ELCOME to the IEEE JOURNAL OF SELECTED TOPICS
W IN QUANTUM ELECTRONICS (JSTQE) Issue on Biopho-
tonics! The Biophotonics field is an emerging biomedical tech-
nology that has opened up new horizons for transfer of state-of-
the-art techniques from the areas of quantum electronics, lasers,
fiber optics, and electro-optics to the life sciences and medicine.
This field continues to vastly expand with advanced develop-
ments across the entire spectrum of biomedical applications
ranging from fundamental “bench” laboratory studies to clin-
ical patient “bedside” diagnostics and therapeutics. Recently
developed innovative biophotonics technologies have made a
significant impact on biomedical research and public health,
since they provide advanced minimally invasive, cost-effective,
and rapid techniques for diagnostics, monitoring, and treatment
of a variety of diseases. Devices utilizing minimally invasive
biophotonics technology are rapidly finding their way into the
mainstream for early disease diagnosis and improved patient ac-
ceptance and comfort. In the papers included in this JSTQE Issue
on Biophotonics, you will be introduced to some of the latest
state-of-the-art developments in biophotonics. Some of these
developments include advanced optical imaging, microscopy,
and sensing techniques, which remain one of the most widely
employed biomedical technologies because of their advanced
features. Nonionizing radiation provides minimally invasive
tissue sensing and imaging in vivo with a high spatial reso-
lution in the micron, submicron, and nanometric range beyond
the diffraction limit. Recently, minimally invasive biophoton-
ics techniques have been developed as potential alternatives to
conventional medical methods for diagnostics, monitoring and
therapeutics of diseases, drug discovery, proteomics, and envi-
ronmental detection of biological agents. These techniques offer
a noncontact, effective, fast, and painless way for sensing and
monitoring various biomedical quantities. Clinical prospects in
biophotonics are vast including applications in both disease di-
agnostics and therapeutics areas. Moreover, the biophotonics
field has introduced opportunities for interdisciplinary research
between physicists and life scientists leading to the development
of novel laser, biomedical and fiber optics tools, and devices em-
ployed in the biophotonics areas.

The objective of this JSTQE Issue on Biophotonics is to
highlight recent progress and trends in innovative biophotonics
technology development. The papers published in this issue
cover a broad range of advanced biophotonics areas summarized
in the following sections:

1) bioimaging: optical coherence tomography and mi-
croscopy, nonlinear optical imaging, and novel multi-
modality imaging approaches;

2) biosensing: multifunctional biosensing, and novel bio-
sensing approaches;
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3) biophotonic science: mechanisms of light-cell and light-
tissue interactions, advanced modeling methods in bio-
photonics, and light induced biophotonics effects;

4) biophotonic technology: advanced technologies in bio-
photonic diagnostics and therapeutics, infrared technol-
ogy in biophotonics, and novel laser, biomedical and fiber
optics tools and devices in biophotonics.

These key research topics are highlighted as comprehensive
overviews of the current status and future trends, as well as orig-
inal results and recent developments in the field of biophotonics.

This issue contains 33 papers, including 18 invited and
15 contributed papers authored by well-established research
groups and promising scientists from all over the world. The
invited papers include extended reviews on recent biophotonic
developments and clinical applications in the areas of high-
resolution multispectral bioimaging, combined multifunctional
microscopy, nonlinear deep tissue imaging, single molecule
imaging, optical coherence elastography, cellular and molecu-
lar mechanisms of photobiomodulation, tissue optical clearing,
clinical ultrafast laser surgery, infrared laser nerve stimulation,
and novel tapered diode lasers for biophotonics. The contributed
papers cover a broad variety of key biophotonic research ar-
eas including recently obtained original results on multimodal
bioimaging and sensing, high resolution phase-sensitive mag-
netomotive optical coherence microscopy and elastography, and
laser-assisted typing of polymorphic human genes.

We hope you will find this JSTQE Issue on Biophotonics to be
an interesting and useful reference that will impact, stimulate,
and promote further advances in biophotonics.
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Champaign in 2005. Prior to beginning his doctoral work, he was a Research Scientist at the Air
Force Laser Laboratory, Brooks Air Force Base, San Antonio, TX, USA, where he was involved
in developing national (ANSI) and Air Force laser safety standards. Following the doctoral stud-
ies, he returned to the University of Illinois at Urbana-Champaign in 2000, where he is currently
holds a Bliss Professorship of Engineering, with appointments in the departments of electri-
cal and computer engineering, bioengineering, and medicine, and is Head of the Biophotonics
Imaging Laboratory, Beckman Institute for Advanced Science and Technology. He also holds an
appointment as the Director of a campus-wide Imaging at Illinois initiative. He is the author or coauthor of more than 200 invited
and contributed publications and has made more than 450 invited and contributed presentations. He is the holder of more than 30
patents filed or pending. His current research interests include the development of novel optical imaging technologies for biological
and medical applications, with particular emphasis on translating these to clinical applications in cancer detection and primary
care. Dr. Boppart is a Fellow of the Optical Society of America, The International Society for Optical Engineers, the American
Association for the Advancement of Science, and the American Institute for Medical and Biological Engineering. In 2002, he was
named one of the Top 100 Innovators in the World by Technology Review Magazine for his research in medical technology. He
received the IEEE Engineering in Medicine and Biology Society Early Career Achievement Award, and in 2009, was recognized
with the Paul F. Forman Engineering Excellence Award from the OSA for dedication and advancement in undergraduate research
education. In 2012, he received the international Hans Sigrist Prize for his research in diagnostic laser medicine.

Stefan Andersson-Engels received the M.Sc. degree in engineering physics and the Ph.D. degree
in physics from Lund University, Lund, Sweden, in 1985 and 1990, respectively. He was involved
in developing methods for tissue diagnostics based on optical spectroscopic techniques. He was
at McMaster University, Hamilton, ON, Canada, for one year, and was involved in tissue optics as
well as confocal and two-photon microscopy. In 1993, he joined Lund University as an Assistant
Professor, and became an Associate Professor in 1994 and a Full Professor in 1999. He is the
author or coauthor of more than 160 articles published in peer reviewed journals. His current
research interests include optical spectroscopy for biomedical and pharmaceutical applications
as well as interstitial photodynamic therapy of malignant tumors. Dr. Andersson-Engels has been
a co-organizer of several international conferences including the Gordon Conference on Lasers
in Biology and Medicine in 2000, the European Conference on Biomedical Optics in 2003, and
a series of biannual international summer schools in biophotonics at the Island Ven in Sweden.

Beop-Min Kim received the B.S. degree in mechanical engineering from Korea University, Seoul,
Korea, in 1989, and the M..S. and Ph.D. degrees in bioengineering from Texas A&M University,
College Station, TX, USA, in 1991 and 1996, respectively. He was a Predoctoral fellow with the
University of Texas, M.D. Anderson Cancer Center, Houston, and University of Texas Medical
Branch, Galveston from 1993 to 1996. From 1996 to 2001, he was with the Medical Technology
Program, Lawrence Livermore National Laboratory, Livermore, CA, USA, where he was the
Staff Scientist. From 2001 to 2009, he was an Assistant/Associate Professor with the Department
of Biomedical Engineering, Yonsei University, Korea, where he was also the Department Head
and the Director of the Institute of Advanced Biomedical Engineering. He is currently a Professor
in the Department of Biomedical Engineering, Korea University. He is the author or coauthor of
more than 50 papers in peer-reviewed journals and has made numerous presentations at major
national and international conferences and chaired many conferences on biophotonics in the
Asian and Pacific-rim region. His research interests include optical applications in neuroscience,
optical coherence tomography, and optical tweezers. Dr. Kim is currently a board member of the Optical Society of Korea (OSK)
and the Korea Society of Medical and Biological Engineering (KOSOMBE).




0200204

IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS, VOL. 20, NO. 2, MARCH/APRIL 2014

Lev T. Perelman received the M.S. degree in physics from Belarus University, Minsk, Belarus,
in 1982, and the Ph.D. degree in physics from the Institute of Physics, Minsk, in 1989. In 1992,
he joined the Massachusetts Institute of Technology, Cambridge, MA, USA, as a Postdoctoral
Fellow in medical physics and in 1995 was appointed a Principal Scientist and Group Leader
at MIT George R. Harrison Spectroscopy Laboratory. In 2000, he joined the faculty of Harvard
University, where he is currently a Full Professor with appointments in the Departments of
Medicine, Ob/Gyn and Reproductive Biology and Biological and Biomedical Sciences program.
He is also the Director of the Center for Advanced Biomedical Imaging and Photonics, Beth Israel
Deaconess Medical Center. He is the author or coauthor of more than 150 invited and contributed
publications and the holder of more than 20 patents, filed or pending. His current research interests
include application of optics to medicine and biology and include light-scattering spectroscopy,
surface-enhanced Raman spectroscopy, nanophotonics, laser ablation, optical imaging, and cancer
detection with light. Dr. Perelman served on the U.S. Department of Health and Human Services

Joint Working Group charged with setting up funding priorities in oncologic imaging in the U.S. for the past decade. He received
the Honorary Master of Medicine degree from Harvard University. He was a General Chair of the 2012 and is a Plenary Speaker
at 2014 Optical Society of America (OSA) Biomedical Optics and 3-D Imaging Congress. He was also a Keynote Speaker at 1997
Gordon Research Conference. He is an Associate Editor of the Biomedical Optics Express and the Nanophotonics journals.

Valery V. Tuchin received the M.S. degree in radio-physics and electronics, the Ph.D. degree
in optics, and Dr.Sc. from the Saratov State University, Saratov, Russia, in 1966, 1974, and
1982, respectively. He is currently a Professor and holds the Optics and Biophotonics Chair.
He is also the Director of Research-Educational Institute of Optics and Biophotonics, Saratov
State University, Russia, and the Head of the Laboratory on Laser Diagnostics of Technical and
Living Systems, Institute of Precision Mechanics and Control, Russian Academy of Sciences,
Saratov, Russia. He is a FiDiPro Professor of University of Oulu (Finland). He has authored more
than 400 peer-reviewed papers and books. His research interests include biophotonics, tissue
optics and laser medicine, tissue optical clearing, physics of optical and laser measurements,
biosensing, photonic crystal fibers, nanobiophotonics, and theranostics. Dr. Tuchin is a member
SPIE, OSA, and IEEE. He has been awarded Honored Science Worker of the Russian Federation
and SPIE Fellow; he is a Vice-President of Russian Photobiology Society. In 2007, he received the
SPIE Educator Award. He has been an organizer and coorganizer of several annual and biannual

international conferences and summer schools, including subconferences of SPIE BiOS (USA), SPIE Photonics Europe (Belgium),
PIBM (China), and Saratov Fall Meeting (SFM) (Saratov, Russia).




<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /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 PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


