


O 
ptica! coherence tomography (OCT) is a 
fundamentally new type of optical imag
ing modality. OCT performs high reso
lution, cross-sectional tomographic 
imaging of the internal microstructure in 

materials and biological systems by measuring the echo 
time delay and magnitude of backscattered light. I 
Image resolutions of 1-15 !lm can be achieved, one to 
two orders of magnitude higher than conventional 
ultrasound. Imaging can be performed in situ and in 
real time. The unique features of this technology enable 
a broad range of research and clinical applications. 
ocr imaging has its roots in ultrafast optics and draws 
upon many optical technologies including white light 
interferometry, fiber optics, and Fourier transform 
spectrometry. 

An optical analog of ultrasound 
Optical coherence tomography imaging is analogous to 
ultrasound imaging except that it uses light instead of 
sound. In order to perform cross sectional or tomo
graphic imaging, it is first necessary to perform mea
surements of internal structure along a single axial or 
longitudinal direction. In OCT, measurements of dis
tance and microstructure are performed by measuring 
the echo time delay and magnitude of light which is 
backscattered from different microstructural features 
within the material or tissue. OCT images are essential
ly a two-dimensional or three-dimensional data set 
which represent the optical backscattering from a cross 
sectional plane or volume. For the purposes of illustra
tion, it is possible to visualize the operation of OCT by 
thinking of the light beam as being composed of short 
optical pulses. (See Figure I.) However, it is important 
to note that although OCT may 
be performed using short light 
pulses, most OCT systems oper-
ate using continuous wave, short 
coherence length light. 

The principal difference 
between ultrasound and optical 
imaging is the fact that the char
acteristic distance and time 
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sponds to a time resolution of approximately 30 fs. 
Direct electronic detection is not possible on this time 
scale. 

Thus OCT measurements of echo time delay require 
optical gating and correlation techniques. Although 
OCT imaging is analogous to ultrasound, the core tech
nology upon which it is based is quite different. 

Measuring ultrafast optical echoes 
The concept of using high speed optical echoes to per
form imaging in scattering systems such as biological 
tissue was first proposed by Michel Duguay in 1971, 
almost 30 years ago.2,3 Dr. Duguay demonstrated an 
ultrafast optical shutter using the Kerr effect to photo-
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scales for light and sound propa
ga tion are very different. The 
measurement of distances or 
dimensions with a resolution of 
100 11m, which would be typical 
for ultrasound, corresponds to a 
time resolution of approximately 
100 ns. Thus, one advantage of 
ultrasound is that echo time 
delays are on the several 
nanosecond time scale and are 
well with in the limits of elec
tronic detection . The echo time 
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delays associated with light are 
extremely rapid. For example, 
the measu rement of a structure 
with a resolution of 10 11m, 
which is typical in OCT, corre-

Fig u r e 2. Photographing light In fijaht. The Kerr Shuner can per form high speed optical gatina. A trans ient 
optical signal or image trevels through a Kerr medium placed between c,ossed POlarlzers Into a camera or Oth
er detector. A time de layed Intense light pulse Is used as a gate to I"duce birelrlnl!.e""e (the Kerr efle<:tl 
which opens the shutter. The Inset shows an ultrahigh Speed photograph of a short l iaht pU lse In mgh!. Tnese 
studies suggested the development of optical Imaging te<:M iques tlased on measuring e<:hoes of Ilf-hl. (From 
M.A. Duguay and A.f. Mattick. Applie<10ptlcs. 10, 2162. 1971). 
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graph pulses of light in flight. These photographs are 
the ultrahigh speed analog of strobe photography. (See 
Figure 2.) The Kerr shutter is actuated by an intense 
ultrashort light pulse which induces birefringence in an 
optical medium (the Kerr effect), placed between 
crossed polarizers. If the induced birefringence is elec
tronically mediated, the Kerr shutter can achieve 
picosecond or femtosecond opening times depending 
upon the gate or reference pulse duration. Since the 
optical signal or image which is transmitted through the 
Kerr shutter is detected by a slow detector (i.e., a cam
era), the signal is integrated with the transmission func
tion of the Kerr shutter in time. The shutter operates 
like a sampling gate and the delay between the gating or 
reference pulse and the transient optical signal is adjust
ed to detect optical signals with varying echo delays. 
Optical scattering limits the ability to image biological 
tissues, and Dr. Duguay postulated that a high speed 
shutter could be used to gate out unwanted scattered 
light and detect light echoes from the internal structure 
of tissue. 2 Thus, ultrahigh speed optical gating could be 
used to "see through" tissues and noninvasively image 
pathology. 

The Kerr shutter has as a disadvantage that it 
requires high intensity laser pulses to induce the Kerr 
effect. An alternate approach for high speed gating is to 
use nonlinear processes such as harmonic generation or 
parametric conversion.Hi Short pulses are used to illu
minate the object or specimen being imaged, and the 
backscattered light is upconverted or parametrically 
converted by mixing with a reference pulse in a nonlin 
ear optical crystal. The reference pulse is obtained from 
the same laser source delayed by a variable time delay. 
Nonlinear optical gating can measure the time delay 
and intensity of a high speed optical signal. The time 
resolution is determined by the pulse duration and the 
sensitivity is determined by the conversion efficiency of 
the nonlinear process. Optical ranging measurements 
have been demonstrated in biological tissues using fem
tosecond pulses and nonlinear intensity autocorrelation 
to measure structures such as the eye and in skin with 
axial resolutions of [5 flm.6 Sensitivities of 10.7 can be 
achieved; however, these sensitivities are insufficient to 
image biological tissues, which have strong optical 
attenuation due to scattering. 

Low cotterence interferometry and heterodyne detection 
Interferometric detection is a powerful approach for 
measuring the echo time delay of backscattered light 
with high sensitivity. These techniques are closely relat
ed to heterodyne detection in olJlical communications. 
OCT is based on the classic optical measurement tech
nique of low coherence or white light interferometry, 
first described by Sir Isaac Newton. More recently, low 
coherence interferometry has been used to characterize 
optical echoes and backscattering in optical fiber and 
waveguide devices .1-9 Low coherence interferometry 
was first used in biomedicine to perform precision mea
surements of eye length in [988.10 Since then, different 
embodiments of low coherence interferometery ver-
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Fig ..... 3. Low cOI>erence Interferometry Is a ctassicat eplical mea

SUrement techniqlJe first described bjI Sir lsaa<: Newton. If a low 

COI>erence light source Is used In a M ichelson interferometer. Interfer· 
ence Is on ly ObServed when the path lengths of the interferometer ",e 

matched to within the coherenca length . The interferometer measures 

the field rather than the Intensit y of the light beams ana logous to oP1~ 

cal heterodyne delection. A weak signal field E. Is muillpi led bjllhe 

strong refe<ence fie l" E,.. The reference arm delay of lhe Inter feron,... 
ler is scanned. prOdv<:ing a Doppler treQUenCy "",,ilted reference be"",. 

8a<:kscattered ecllOeS are measured bjI detecting tna Interferometer 
outpUt and demodulating at the Doppler rrequenc y. 

sions have been demonstrated for non-invasive high 
precision and high resolution ophthalmic biometry. 11, 12 

Low coherence interferometry measures the field of 
the optical beam rather than its intensity. The light 
source into the interferometer is directed onto a beam
spliller to produce a reference beam and a measurement 
or signal beam. (See Figu re 3.) The reference beam Er(t) 
is reflected from a reference mirror while the measure
ment or signal beam E/t) is backscattered from the tis
sue or material which is to be imaged. The output of the 
interferometer is the superposition of the electromag
netic fields from the reference beam which travels a giv
en path length, and the signal beam which is backscat
tered from the material or tissue. If the lengths of the 
two arms of the interferometer are lr and Is' then the 
output intensity from the interferometer wlll oscillate as 
a function Jll ::: lr - Is' 

If the light has a long coherence length (narrow 
linewidth ), then interference is observed for a wide 
range of relative path lengths because the signal and ref
erence fields will be correlated. However, if a low coher
ence light source is used, then interference is observed 
only when the path lengths of the reference and mea
surement arms are matched to within the coherence 
length of the light. The coherence length of the light 
determines the resolution with which optical echoes, 
and hence distance, can be measured. The magni tude 
and echo time delay of backscattered light can be mea
sured by scanning the reference mirror position and 
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Transverse Scanning coherence light source at 800 nm with 
10 fHn axial resolution . [u vivo OCT 
imaging of the human ret ina was 
demonstrated in 1993,13.14 and clinical 
studies in opht halmology began in 
1995. 15.]7 Since that time, numerous 
applications of OCT for both materials 
and medical applications have 
emerged. 18.22 At the same time, the res
olution and capabilities of OCT tech
nology have improved dramatically. 
OCT has the advantage th at it can 

achieve extremely high axial image res
olution independently of the transverse 
image resolution. (See Figure 5.) The 
axial resolution in OCT imaging is 
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~ determined by the coherence length of 
the light source and high axial resolu

20 Grey Scale or False Cotor Image 
tion can be achieved independently of 
the beam focusing conditions. The 
coherence length is the spatial width of 
the field autocorrelation measured by 
the interferometer. The envelope of the 
field correlatio n is equivalent to the 
Fourier transform of the power spec-

Figure 4. Optical cohererlee tomography (OCT) Image gerleratlorl. OCT Images are con· 

structed by performing meaSlJrements 01 the echo time delay and magnltIJde of 
backscattered light ove' a range of transverse poSitions. OCT images are two Or three 

dImensional data sets whIch represent the opt ical back scattering In a cross section Of 

volume of the material or tissue. Images are usually displayed on a log gray sca le Or 
false cOlor map. 

demodulating the interference signal from the interfer
ometer. Alterna tely, scanning the reference mirror 
Doppler shifts the light in the reference arm, so that the 
interferometer performs heterodyne detection of the 
backscattered optical signal. 

OCT can ach ieve high detection sensitivity because 
interferometry measures the field rather than the inten
sity of light. Weak backscattered optical signals arc effec
tively multiplied by the reference signal. Using optimum 
system design, near quantum limited detection can be 
achieved . The specifications of op t ical coherence 
tomography systems va ry widely acco rding to their 
design and data acquisition speed requirements. How
ever, typical OCT systems achieve detection sensitivities 
of 10.9 or 10.10 (-90 to - 100 dB) of the incident optical 
power. This is sufficient to detect optical signals from 
depths of 2-3 mm in most scattering biological tissues. 

Optical coherence tomography 
Optical coherence tomography performs cross sectional 
imaging by measuring the time delay and magnitude of 
optical echoes at different transverse positions. I (See Fig· 
ure 4. ) A cross sectional image is acquired by performing 
successive rapid axial measurements while transversely 
scanning the incident optical beam. The result is a two 
dimensional data set, which represents the optical reflec
tion or backscattering in a cross sectional plane th rough 
the material or tissue. Optical coherence tomography was 
first demonstrated in 1991.1 Imaging was performed ill 

vitro in the human retina and in atherosclerotic plaque as 
examples of imaging in transparent, weakly scattering 
media as well as in highly scattering media. This study 
used a fiber-optic Michelson interferometer with refer
ence arm scanning and a superluminescent diode low 

trum. Thus, the axial resolution is 
inversely proportional to the spectral bandwidth of the 
light source. The transverse resolution in OCT imaging 
is the same as for conventional optical microscopy and is 
determined by the focusing properties of an optical 
beam. The focused spot size is inversely proportional to 
the numerical aperture or the focusing angle of the 
beam. High transverse resolution can be obtained using 
a large numerical aperture; however, improving trans
verse resolution produces a decrease in the confocal 
parameter b or depth of focus. 

Figure 5 shows the relationship between focused spot 
size and depth of field for low and high numerical aper
ture focusing. Typically, OCT imaging is performed with 
low numerical aperture focusing be<:ause it is desirable to 
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Figure 6 . The reso lution limi t s of OCT. OCT cart achieve high axial 

reSO lutions independent of numerical aperture. Using low coherence 

interferometry. the axial resolut Ion Is Inversely proportional to the 
bandwidth of the light source. The transverse resolution Is deter· 

mined by the focused sPOt sl~e. n"" depth Of fOCUS IS determined by 
the confocal paramet er of the focused beam. 
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have a large depth of field and use low coher
ence interferometry to achieve axial resolu
tion (b > ilz). This feature is especially pow
erful fo r applications such as ophthalmic 
retinal imaging or catheter/endoscope imag
ing where the avai lable numerical aperture 
may be lim it ed. However, low nume rical 
aperture focusing yields a lowlransverse res
olution . Conversely, it is also possible to focus 
with high numerical aperture and improve 
transverse resolutions at the expense of 
red uced dep t h of focus. This operat ing 
regime is similar to conventional microscopy 
or confoca l microscopy, which has high 
transverse resol ution, but poor depth of field. 

Human skin - Ultrahigh resolution OCT 

Ullrahigb resolution optical coherence 
tomography 
The development of ultrashort pulse lase r 
technology enables OCT imaging at unprece
dented resolutions. The axial resolution is 
governed by the coherence length of the light 

Fl ..... 7. U ltrahllh resolution OCT Imele of human skin. ThlB Image has an axial 

resolution Of 2 um an(l a transverse reSOI .. tlon 01 6 11m. The Image (limensions are 
.1..1 x 1.8 mm. correSPOn(ling to 1100 ~ 600 pl~el •. No!e the presence of the 

lIweet Ilan(l a~ $piral $haped d..ct. 

source and is inversely proportional to the optical band
width. Superluminescent diodes (SLDs) are often used 
for OCT imaging and typically have lO-151Jm axial reso
lutions. In biomedical applications, this level of resolu
tion is sufficient to image the architectu ral morphology 
or glandular o rgan ization of tissues, but is insufficient to 
image individual cells or subcellular structures such as 
nuclei. Cellular level resolution is important for detecting 
early neoplastic (cancerous) changes as well as for appli
cations in biological microscopy. Ultrahigh resolution 
OCT would also improve sensitivity and specificity of 
diagnosis for ophthalmic diseases. 

Previous investigators have used broadband fluores
cence from an organ ic dye and from Ti:Ai10 , lo achieve 

resolutions of - 2 IJm in low coherence interferometry; 
however, OCT imaging was not possible because these 
sources have low power.n·2~ Retinal tomograms with a 
resolution of 8 IJm in free space at 800 nm were demon
strated by multiplexins spectrally displaced SLDs.25 

With the development of fem tosecond Kerr lens 
modeJocked (KLM) lasers, high resol utio n and high 
speed ocr imaging became possible. OCT image reso
hit ions of - 4 ~m were demonst rated using a KLM 
Ti:AI~03 laser light source at 800 nm.26 One of the 
advantages of short pulse lasers is that nonlinear optical 
processes such as self phase modulation, con tin uum 
generation, or Raman generation can be used to broad 
en optical bandwidths. Image resolutions of 6 IJm were 
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achieved using a KLM Cr:Forsterite laser al 
1300 nm by spectra lly broaden ing the out
put pulses in an opt ical fibe r.17,28 Imaging at 
longer wavelengths is advantageous for OCT 
beca use opt ical scattering is reduced and 
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Fl. u •• •. Two cycle pUlaes from, KLM Tl:A120 3 laser. Th,. f igure show. , 
collinear secOnd harmonic , .. tocOO'.elation of tile o .. tput from II state-of·the-art 

lemtosecond TI:A I,03 I,..". Note \I'at this Is an Intensity autocoHelation 01 the 
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from 650 nm to 1000 nm. Tna develOpment of new hlht source. base<! on fem--
t osecond lechnolOly )"el(ls a Q .. "'t .. m Improvement In OCT Imale re$Ol .. t lo". 

(From U. Morgner. et al .. Opl/cB L"l! er~. 24 . 411. 1999). 
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image penetration depths are improved. 
Stale of the art femtosecond T i:AI20 3 

lasers can now directly generate pulse dura
tions of - 5.S fS. 29.3O (See Figure 6.) These 
pulse durations correspond to only t\oJO 

optical cycles and have bandwidths of up to 
350 nm centered around 800 nm. These 
high performance lasers have been made 
possible through the development of dou
ble-chirped mirror technology, which yields 
extremely wide bandwidths and also lin
ea r izes the phase response (com pensates 
higher order dispersion ) in the lase r. ocr 
systems musl also be optimized to accom
modale these ultrabroad bandwidths. 

However, unlike ult rafast femtosecond 
time resolved meaSurements, where special 
care must be exercised to maintain the short 
pulse duration, OCT measurements depend 



on field correlations rather than intensity correlations. 
Thus, dispersion in the reference and signal paths of the 
interferometer must be precisely matched, but need not 
be equal to zero. Field correlation is preserved even if 
the pulse duration is long. Thus OCT systems can be 
implemented fiber optically. 

One of the major considerations in ultrahigh resolu~ 
tion OCT is the bandwidth of the optical components 
such as the fiber coupler and focusing lenses, and spe
cially designed components are required to support 
these large bandwidths. Bandwidths of - 260 nm can be 
supported to achieve a free space axial image resolution 
of 1.5 ~m. Accounting for the index of refraction, this 
corresponds to - I ~m in biological tissues.)1 

Figure 7 shows an example of an ultrahigh resolution 
OCT image of the skin. The ax.ial resolution is 2 ~m and 
the transverse resolution is 6 ~m. The image dimensions 
are 1.1 x 1.8 mm, corresponding to 1100 x 600 pixels. 
Because the axial and transverse resolutions are 
extremely fine, images have large pixel densities. Images 
can be beyond the resolution of a standard computer 
monitor and need to be viewed with panning and 
zooming. High numerical aperture focusing yields small 
spot sizes at the expense of reduced depth of field. 

Depth of field limitations may be overcome by borrow
ing a novel technique from ultrasound known as C-mode 
imaging. Multiple images aT(' acquired with the focusing 
set to different depths within the specimen. Each image is 
in focus over a depth range comparable to the confocal 
parameter. (See Figure 8.) The in-focus regions from each 
of the images are selected and fused together to form a sin
gle image, which has a greatly extended depth of field . Fig-

Xenopus laevis tadpole (African frog ) 

C-Mode Scanning OCT 

Fleu,. 8. Ultrahigh resolution ce llular OCT. This image ShOWS a 
Xenopus I .. evls tadoole (African feog) in vivo. Imaging was per· 
formed wilh 1 \1m axial an<:! 3 \1m transverse resolution. Ce ll s and 
nuclei are clearly vi s ible. Borrowing" technique from ullrasoun<:!. 
C-mode Imaging overcomes the depth of Ileid limitations associat
ed with high transverse resolut ion. Multiple Images are acquired 
with different depths of focus and then fused Into a sing le image 
with a /i.reaUy extended depth of field. The tOtal image area Is 
0.75 x 0.5 mm and consists of 1700 x 1000 pIxelS. (From W. 
Drex ler. ef al . . Optics Lellers. 24. 1221. 1999). 

Spectroscopic OCT 
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Flgur. 9. Amplitude versus spectroscopic Imaging. Conventional OCT 
detects the envelOpe of the Interferometer output which corresponds to 
the field enve lOpe of the l:Iackscattered Ilghl. Spectroscopically resolved 
OCT Can be performed l:Iy detecting and Signal processing the fUl l Inter· 
ference waveform. Optical spectroscopic Information Is mapped Into the 
Interference fringe frequency. Spectroscopic OCT Is thus analogous 10 

the cl"SSIC teChnIque 01 Fourier transform infrared spectrosCOpy. 
Because the full fringe d8t" is recorded . image sileS can exceed severa l 

tens of meg8!>";!e". 

ure 8 shows an example of C-mode imaging of a Xenopus 
laevis tadpole (African frog). Imaging was performed with 
1 ~m axial resolution and 3 ~m transverse resolution . The 
fused image covers an area of 0.75 x 0.5 mm and consists 
of 1700 x 1000 pixels. Because of the small focal spot size, 
the confocal parameter was only 40 ~m; however, using 
image fusion of eight images enabled imaging over a depth 
of 750 ~m. These ocr images show in vivo subcellular fea
tures. Tissue morphology, including the neural olfactory 
tract and pleomorphic mesenchymal cells, can be visual
ized. ocr can image nuclear and intracellular morpholo
gy as well as mitotic activity. 

Spectroscopic optical coherence tomography 
The availability of ultra broad band light sources not 
only yields dramatic improvements in OCT image reso~ 
lution, but also enables spectroscopic imaging. Because 
OCT is based on interferometry, there is a close connec
tion between OCT and classical Fourier transform 
infrared spectroscopy. (See Figure 9. ) In conventional 
OCT, the output of the interferometer is detected and 
demodulated to obtain the envelope of the interference 
signal. This envelope contains information on the mag
nitude and time delay of optical echoes. The "carrier" 
frequency of the interference is determined by the scan 
velocity of the interferometer delay, which produces a 
Doppler shift in the reference beam. Different wave
lengths of the light from the material or tissue will map 
or heterodyne to different intermediate or carrier fre
quencies. Spectroscopic analysis of the backscattered 
light can be performed by detecting the full interference 
signal, then processing using digital Fourier transform 
or wavelet transform techniques to extract the frequen
cy or wavelength content of the backscattered light. This 
technique has as an advantage that the spectroscopic 
information can be acquired at multiple wavelengths 
across the available bandwidth of the light source in a 
single measurement. The principle disadvantage of the 
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technique is that it requires large data sets (several tens 
of megabytes) to record the full fringe pattern associat
ed with each image and thus is only feasible with recent 
advances in computer processing and data storage. 

Spectroscopic OCT enables spectral information to 
be obtained at every cross sectional pixel in an image.32 

Figure 10 shows an example of a single axial scan where 
the spectrum of the backscattered light is displayed at 
different depths along the scan. It is possible to extract 
information from the spectra in order to analyze the 
backreflected light in a given wavelength band, in sever
al different wavelength bands simultaneously, or take 
ratios of different wavelength bands, etc. 

Figure II shows an ultrahigh resolution and a spec
troscopic OCT image of a Xenopus laevis tadpole in 
vivo. Imaging was performed with a bandwidth of 230 
nm, centered about 800 nm . The image had a I flm axial 
and 5 flm transverse resolution and covered an area of -
0.54 x 0.5 mm. The interferometric image data consists 
of 1000 x 10000 data points. In this image, the spectral 
center of gravity of the backscattered light was extracted 
and displayed. Both the magnitude of the backscattered 
signal as well as the spectral center of gravity will vary, 
so two-dimensional mapping is required to display the 
image. The spectroscopic OCT image is displayed in the 
Hue Saturation Luminance (HSL) color space so that 
the saturation gives the intensity of the signal, the hue 
gives the center of gravity of the spectrum, and the 
luminance is constant. The red hue in the spectroscopic 
OCT image indicates that the center of gravity of the 
backscattered spectrum is shifted to longer wavelengths, 
while a green hue indicates a shift to shorter wave
lengths. The spectroscopic OCT image clearly shows 
that longer wavelengths of light penetrate deeper into 
t issue, with less attenuation from scattering, as expected. 
The meJanocytes (which contain melanin ) appear 
bright red in the spectroscopic OCT image, and the pig-

Spectrum vs.depth 

Frequency 

FIC .... 10. SpectroscopiC traces verSus dePth. By using a windowed Fourier 
t ransform or wave let \ransf<l rm, Ihe spectrum of the backscattered light can 
be determined. Spectroscopic OCT requires broadband light sources. but has 
the advantage Ihat Ihe spectroscopic behavior at all wavelengthS in tha 
ava ilable bandwidth is Characterized In a s ingla measurement. In principle. 
spect roscopiC Information Is available at each axial and transverse pixel In 
an Imege. 
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ment layer below the cell layer is visible as a layer of red 
scatters. Some structures, such as the melanocytes in the 
upper layers, are better differentiated in the spectro
scopic OCT image than in the conventional OCT image. 

Summary 
OCT has a number of fea tures that make it attractive for 
a broad range of applications. First, imaging can be per
formed i,1 situ and nondestructively. Image resolutions 
of 10-15 !-1m are possible using standard technology, and 
ultrahigh resolutiohs of I flm may be achieved using 
state-of-the-art systems. High speed, real time imaging 
is possible with acquisition rates of several frames per 
second for 500 pixel images. OCT can be interfaced with 
a wide range of imaging delivery systems and imaging 
probes. OCT technology is fiber optically based and 
draws upon components developed for the telecommu
nications industry. Image information is generated in 
electronic form, which can be image processed as well as 
transmitted via network. 

OCT is a powerful imaging technology in medicine 
because it enables the real time, in situ visualization of 
tissue microstructure without the need to excisionally 
remove and process a specimen as in conventional biop
sy and histopathology. Nonexcisional "optical biopsy~ 
and the ability to visualize (issue morphology in real 
time under operator guidance can be used both for 
diagnostic imaging and to guide surgical interven
tion.18•22 In tissues other than the eye, optical scattering 
limits image penetration depths to 2 to 3 mm. However, 
because OCT is an optical technology, it can be inter
faced to a wide range of instruments such as endo
scopes, catheters, or laparoscopes, which enables the 
imaging of internal organ systems.22 ,33,34 OCT promises 
to have a powerful impact on many medical applica
tions ranging from the screening and diagnosis of neo
plasia to enabling new microsurgical and minimally 
invasive surgical procedures. 

OCT imaging with - I flm axial resolution is now 
possible using ultrabroad bandwidth femtosecond 
laser technology. High resolution OCT has important 
impl!cations for early cancer diagnosis as well as for 
applications such as ophthalmic imaging. The broad 
bandwidths available from short pulse light sources 
also enable spectroscopic OCT imaging. While conven
tional OCT only detects the envelope of the interfer
ence pattern, spectroscopic OCT is simila r to Fourier 
transform spectroscopy, detecting and processing the 
full interference pattern. This permits the spectrum as 
well as the time delay and magnitude of optical echoes 
to be characterized, enabling spectroscopic cross sec
tional imaging with micron scale resolution . Spectro
scopic OCT may be used analogously to staining in 
histopathology, to enhance image contrast and provide 
better differentiation of tissue pathologies. With fur
ther development, spectroscopic techniques hold the 
promise of enabling functional imaging, for example, 
cross sectional mapping of tissue oxygenation with 
micron level resolution. The ult imate availability of 
this new OCT technology for future clinical applica 
tions will depend on the development of low cost, 



compact, fe mtosecond la~rs or other sources of ultra
broad bandwidth light. 
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