Contents

1  Advanced Spectroscopy Technique for Biomedicine ................... 1
Jianhua Zhao and Haishan Zeng
1.1 IntroducCtion............oouuiiiiiiiii e 1
1.2 Components for Spectroscopy System ..............c..ooooeeeeennn. 2
1.2.1  Light Sources ..........ccooiiiiiiiiiiiiiiiii i 3
1.22  Optical FIbers ........oovviiiiiiiiiiiiiiiiiiiiiiiiiien 6
1.2.3  Spectrograph/Monochromator ............................. 9
1.2.4  Filters and Polarizers ..............coooviiiiiiiiienn... 10
1.2.5  Detectors ...oooinnuieii e 13
1.2.6  Spectroscopy System Calibration.......................... 19
1.3 Advanced SpectroscCopy SYStEMS . .....ceeeeiuuiiieeeiiiiiiieaannnn. 20
1.3.1  Real-Time Raman Spectroscopy System for
Skin Diagnosis ........ooiuiiiiii i 21
1.3.2  Real-Time Raman Spectroscopic System for
Endoscopic Lung Cancer Detection ....................... 27
1.3.3  In Vivo Confocal Raman Spectroscopy System........... 30
1.3.4  Other Advanced Spectroscopy Systems ................... 33
1.4  Applications of Raman Spectroscopy in Biomedicine ............. 35
1.4.1  Skin Cancer Diagnosis ..........covvuuieeiiiiiiieieannnnn. 35
1.4.2  Lung Cancer Diagnosis..........oovviuuieeiiiiiiieieennnnn. 37
1.43  Colon Cancer Diagnosis. ..........ooouueeeiiiiiiiieaaannn. 39
1.4.4  Oral Cancer Diagnosis ...........oovvuuiiiiiiiiiiiieennnn.. 40
1.4.5  Gastric Cancer Diagnosis .............oooeeeiiiiiiee... 41
1.4.6  Breast Cancer Diagnosis .........cccovvviiiieiiiinnieen... 43
1.47  Cervical Cancer Diagnosis ..........oovveeieeiiiniieen... 45
1.4.8  Other Applications............c.ceeeiiiiiiiiieieiiniiieee... 46
1.5 SUMMATY .ttt 47
References........ooouiiii 48

vii



viii Contents

2  Three-Dimensional Optical-Resolution Photoacoustic Microscopy... 55
Song Hu, Konstantin Maslov, and Lihong V. Wang
2.1 INtroduCtion........ooeeueeiiiiii e 55
2.2 Principle and System Design ...........oooiiiiiiiiiiiiiiiiiii 56
2.3 System Configuration ..............eeeeeiiiiiiiiiiiiiiiiie e, 58
2.4 System ALGNMENT..........uuuutuiititieeeeeeeeeeeeens 60
2.5  Typical Experimental Procedures .............cccoeiiiiiiiiniinnnn.. 61
2.6 Functional Imaging Design ............cccvviiiiiiiiiiiiiennnnns 63
2.6.1  Spectroscopic Measurement of Oxygen
Saturation of Hemoglobin.................................. 63
2.6.2  Photoacoustic Doppler Measurement of
Blood Flow VeloCity........ovvviiiiiiiiiiiiiiiiiiiiinnnn... 64
2.7 Laser SAfely .......uuuiiiiii e 66
2.7.1  Laser Safety for Ophthalmic Imaging [11,25] ............ 66
2.7.2  Laser Safety for Skin Imaging [25] ....................... 68
2.8 Recent Technical Advances............cccooiiiiiiiiiiiiiiiieennn. 69
2.8.1  New Scanning Mechanism................................. 69
2.8.2  Integration with Optical Coherence Tomography......... 71
2.9  An Example Application: Wound Healing Monitoring ............ 72
2,10 PeISPECLIVES . ..ttt ettt 74
References......oovnnuii i 75
3 Fluorescence Microscopy Imaging in Biomedical Sciences ............ 79
Yuansheng Sun and Ammasi Periasamy
3.1 IntroducCtion........oooeuiiiiiiiii e 79
3.2 Basics of Fluorescence and Fluorescent Probes .................... 80
3.3 Fluorescence Microscopy Techniques.......................ooooaet. 82
3.3.1  Widefield Epifluorescence Microscopy.................... 82
3.3.2  Single-Photon Excitation (SPE) Confocal Microscopy... 83
3.3.3  Two-Photon Excitation (TPE) Microscopy................ 84
3.34  FRET MICIOSCOPY «ooeveiiiiiiiiiiiiieeiiiieieaeeeeeaeaannn 86
3.3.5  Other Advanced Microscopy Techniques ................. 89
3.4  FLIM and Implementation of a TPE-TCSPC FLIM System....... 91
3.4.1 Overview of FLIM Techniques and Applications......... 91
3.4.2  Design of the TPE-TCSPC FLIM System................. 94
3.4.3  Measuring the Instrument Response Function
(IRF) of the TPE-TCSPC FLIM System .................. 96
3.4.4  Calibration of the TPE-TCSPC FLIM System
Using Fluorescence Lifetime Standards ................... 97
3.4.5  Verifying the TPE-TCSPC FLIM System for
FRET Studies Using FRET Standards..................... 98
3.4.6  Detecting Protein-Protein Interactions in
Living Cells with TPE-TCSPC FLIM-FRET ............. 99
3.5 Conclusion and Outlook .............ccceviiiiiiiiiiiiiiiiiina, 101

R OrENCES .. i 102



Contents

Spectral Imaging: Methods, Design, and Applications.................
Yuval Garini and Elad Tauber
4.1 IntroducCtion..........ooveuiiitiiii e
4.2  Imaging and SPECtrOSCOPY - .ceeennnnririeeeein e e iiieeeenn.
4.2.1 Imaging Fundamentals ...,
422 SPECIIOSCOPY - vvvvvvttteeeeeeeeteeeeeeteeeeeeeeeeeeeeeeeeees
4.3  Spectral Imaging System Configuration .................ccoouvnnn.
4.3.1  The Principles of Spectral Imaging Systems ..............
4.3.2  Spectral Imaging Challenge: Information
Versus Time ...
4.4 Optical Configurations and System Design .........................
4.4.1  Methods that Compromise Spectral Performance.........
4.42  Wavelength-Scan MethodS .............oovviiiiin...
4.43  Spatial-Scan Methods ..........ccooviiiiiiiiiiiiiii. ..
4.44  Fourier-Based Spectral Imaging ...........................
4.4.5  Full Spectral Images in a Single Shot .....................
4.4.6  Illumination-Scan Spectral Imaging .......................
4.5  System ReqUIr€ments ... ............uuuuuuunniiiiiiiiiiiinnnnns
4.5.1  System Configuration ............cceeviiiiiiiiiiiiiinnnn...
4.5.2  Acquisition Software Requirements .......................
4.5.3  Spectral Image AnalysiS..........cooeiiiiiiiiiiiiiii...
4.6 APPLCALIONS . ...
4.6.1  Observation of Combinatorial-Labeled Entities ..........
4.6.2  Observation of Mixed Stained Entities with
Known Stains .......coooviiiiiiii i
4.6.3  Observation of Spectra from Unknown Source ...........
4.7  Discussion and ConcluSions ............ccoeiieeiiiiiiiiinnneennnnnnn.
R erenCes . ..ottt
Optical Coherence Tomography: Technical Aspects ...................
Hrebesh M. Subhash and Ruikang K. Wang
5.1 IntroduCtion............iiieeiiiiiiii i
5.1.1  Advantages of OCT over Other Imaging Technologies...
5.2 Low-Coherence Interferometry ..................cooiiiiiiiiinnan.
5.3  OCT Principle of Operation ...............cccoouuuuuiiuuunnnnnnnnnn.
5.4  Practical Aspects of OCT System .............uuuuuuriununnnnnnnnnns
54.1 AxialResolution..............ccooiiiiiiiiiiiiiiiiiiia
5.4.2 Lateral Resolution .............ccoooiiiiiiiiiiiiiiiiiennn.
543 SensitivVity .oovviiiiiiiii
5.4.4  Selection of OCT Wavelength .............................
5.4.5 Optical Sources for OCT ...,
5.4.6  Scanning Modalitiesin OCT...............................
5.5 Different OCT Schemes ............cccovviiiiiiiiiiiiiiiiiiiniin.
5.5.1 Time-Domain OCT Systems ..........covvvveveeeeeennnn...

5.5.2  Frequency-DomainOCT ...................ooeiiiiiennn.

ix



Contents

5.6  Functional OCT ..ottt 195
5.6.1  Polarization-Sensitive OCT ..............coiiiiiiina. 196
562  Doppler OCT ....ooiiiiiii e 197
5.6.3  Optical Microangiography .............ccccoviiiiiieeann. 199
5.6.4  SpectroscopicOCT ......ooiiiiiiiiiiii 200
5.6.5 Second Harmonic OCT.........ccoooiiiiiiiiiiiiiiienn. 201
5.7  Application and New Trendsin OCT ...........cccoevviiiiiiinnnnn. 201
5.7.1  Medical Applications..........covviiiiiiiiiiiienennnnnnn... 201
5.7.2  Nonmedical Applications ...................coevveeee..... 202
573 NewTrendsin OCT ..........cciiiiiiiiiiiiiiiiiiiieen. 202
5.8 CoNCIUSION ...ttt 203
ReferenCes ... .coovn i 204
Confocal MICIOSCOPY ...ttt eeeeeeeees 213
Colin J. R. Sheppard and Shakil Rehman
6.1  Basic Principle of Confocal MicroSCOpy ...........uuuuvuvuuuunnnnn. 213
6.2 History of Confocal MiCTOSCOPY ....vvvvvriiiiiiiiiiiiiiiiiieeennnns 220
6.3  Design of Confocal MiCTOSCOPES ......uvvrriiiiiiiiiiiiiiieeieeennns 221
6.3.1 OverallLayout............ooooiiiiiiiii 221
6.3.2  SCANNING ..ooiiiiiiiiii 221
6.4  Confocal Techniques ............uuuuiiiiiiiiiiiiiiiiiiiiieenes 226
6.4.1  BasicModes ........cccooiiiiiiiiiiii 226
6.4.2  Spectroscopic and Nonlinear Methods .................... 226
6.4.3  Differential Phase Contrast......................ooeeeeenn. 227
6.4.4  Optical Beam-Induced Current (OBIC) ................... 227
6.5 Imaging Performance of the Confocal Microscope................. 227
6.5.1  ReSOIUtION . ..uuie et 227
6.5.2  Oil and Water Immersion .................cvviiiiiiinea... 229
6.6 ConClUSIONS.....oiiiiiit et e 230
R erenCes .. ot 230
Multiphoton Imaging ... 233
Shakil Rehman and Colin J.R. Sheppard
7% I 016 (e L1 o1 o) o 233
7.2 Principle of Multiphoton Process................oooiiiiiiiiiininn 235
7.3 Multiphoton Imaging Modes ..............ccooiiiiiiiiiiiiiiiinnnnn. 237
7.3.1  Two-Photon Excited Fluorescence (TPEF)................ 238
7.3.2  Second Harmonic Generation (SHG)...................... 239
7.3.3  Third Harmonic Generation (THG)........................ 241
7.3.4  Coherent Anti-Stokes Raman Scattering (CARS) ........ 243
7.3.5 Laser Sources in Nonlinear Microscopy................... 244
7.4 A Multiphoton Imaging System Design .................cccvvuun 246
741 SystemDesign .......coovviiiiiiiiiiiiiiiiiiiiiiie 246
7.42  Optical Parts ... 248
743  APPLCAtION. ...ttt 249
7.5 CONCIUSION .. .uuttet et e 251

R CrENCES ...t 252



Contents Xi
8  EndomiCroSCOPY ..........uuuuunni e 255
Tomasz S. Tkaczyk
8.1  Introduction: Context and Application Needs ...................... 255
8.2  Design Requirements and System Components .................... 258
8.2.1  Key Operational Parameters ..................coooeunnnnn. 258
8.2.2  Individual Components for Endomicroscopy ............. 264
8.3 APPHCAONS ..ttt e 282
8.3.1  EndOCYtOSCOPY «uuuuneeee e 282
8.3.2  Fiber-Optic Endomicroscopy ..........ccoovuuuuuunnnnnnnn. 284
8.3.3  Scanning Fiber-Optic Endomicroscopy ................... 284
8.3.4  Nonlinear EndomicroScopy .........cooovuuuuuuuunnnnnnnnn. 287
8.3.5  Optical Coherence Tomography ................cccouvunnn. 289
8.4 SUMMATY....ooiiititt s 290
References.....coovn e 291
9  Multimodal Biomedical Imaging Systems .........................o.ee. 297
Rongguang Liang
9.1 Biomedical Optical Imaging Techniques:
Advantages and Limitations ............ccoeviiiiiiiiiiiiiiiiiiiann 298
9.1.1  Transillumination Imaging ................................. 298
9.1.2 Reflectance Imaging...................ooiiiiiiiii.LL. 298
9.1.3  Polarization Imaging .....................L L 299
9.1.4  Fluorescence Imaging .................c.eiiiiiiiiinnaa. 299
9.1.5 Confocal Imaging..............ccoviiiiiiiiiiiian. 299
9.1.6  Optical Coherence Tomography ........................... 300
9.1.7  Multiphoton Imaging ..., 301
9.1.8  SPECLIOSCOPY .- vvvveeeeeiee e 301
9.2 Multimodal Optical Imaging Systems and Applications ........... 302
9.2.1  Multimodal Area Imaging Systems........................ 303
9.2.2  Multimodal Imaging Systems Combining
Area Imaging and Scanning Imaging Modalities ......... 305
9.2.3  Multimodal Point Scanning Systems ...................... 306
9.2.4  Multimodal SPectroSCOPY .....ccevvuurireeirinnieieeennn. 308
9.2.5 Multimodal Multiphoton Imaging Systems ............... 310
9.2.6  System Combining Optical and X-Ray
Imaging Techniques ..., 312
9.2.7  Other Multimodal Imaging Systems....................... 313
9.3  Development of Multimodal Imaging Systems ..................... 314
9.3.1 Multimodal Imaging System Combining
Polarized Reflectance, Fluorescence,
and OCT Imaging..........vvueiiiiiiiiiiieenns 316
9.3.2 Fluorescence Imaging ...................ooviiiiiiiinnn.. 317
9.3.3  Polarization Imaging ....................iiii. 327

9.3.4  Design of OCT Imaging Systems.......................... 331



xii

10

Contents

9.4  Multimodal Imaging System for Dental Application............... 334

9.4.1 Introduction to Detection of Dental Caries................ 334

9.4.2  Light SOUICE ....vviitiiii e 336

0.4.3  DeECLOT .ottt 337

9.4.4 Tumination Path ... 338

9.4.5 DetectionPath ... 339

9.4.6 Optical Design .........ooviiiiiiiiiii e, 340

9.47  Applications in Caries Detection .......................... 343

References.....ooounn e 346

Multimodal Diffuse Optical Imaging...............................ooe 351
Xavier Intes, Vivek Venugopal, Jin Chen, and Fred S. Azar

10.1 INtroduction..........euuiiiiiiii e 351

10.2  Tissue Optics for Diffuse Optical Imaging..............ccceevvvenn. 352

10.3  InStrumentation ...........coovvinuiiieieiiie e e 355

10.3.1 Continuous Mode.........ccveiiiiiiiiiiiiiiiiiiieen. 355

10.3.2 Frequency Domain ................ooeviiiiiiiiiinnnn.... 356

10.3.3 TimeDomain ...........oooiiiiiiiiiiiiiiiiiiiiii e 357

10.3.4 Ad Hoc Instrument Design Optimization ................. 358

10.3.5 Safety/Regulatory Considerations ......................... 360

10.4 Diffuse Optical Tomography...........c.c.evviiiiiiiiiiiiiiieeinnnn. 361

1041 TRheOTY..ooviiiii i 361

10.4.2  Use of A Priori Information................................ 362

10.5 Combining Diffuse Optical Imaging with Other Modalities ....... 364

10.5.1 Magnetic Resonance Imaging.............................. 364

10.5.2 Computer Tomography ..., 366

10.5.3 Ultrasound .......oooiiiiiiiiiii 366

10.5.4 Positron Emission Tomography (PET) .................... 368

10.6  ConClUSION .. ..ottt e 370

R erenNCes .. ot 370



2 Springer
http://www.springer.com/978-3-642-28390-1

Biomedical Optical Imaging Technologies
Design and Applications

Liang, R. (Ed.)

2013, XV, 382 p., Hardcover

ISBN: 878-3-642-28390-1





