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high Definition optical coherence Tomography 
(hD-ocT) opens a window on in vivo cellular 
imaging through the skin

OCT: TeChNOlOGy aNd CurreNT sTaTus.
In vivo imaging of body tissues at the cellular level, and 
in a clinical setting, is challenging since the widely used 
imaging modalities such as X-ray, CT, MRI, nuclear 
medicine and ultrasound cannot achieve the necessary 
spatial resolution, at least under reasonable conditions. 

Early experimental techniques such as Photo Acous-
tic Tomography (PAT) gave the first indications that 
it might be possible to show cellular details of body 
tissue in vivo using harmless optical techniques. Since 
then, in vivo imaging of the skin and the epithelium 
using such optical techniques has developed consider-
ably. There are now several commercially available sys-
tems using various imaging technologies which cover 
a range of resolution from 1 µm to 20µm and higher. 
[Figure 1]. Of the methods shown in Figure 1, Reflec-
tance Confocal Microscopy (RCM) and Optical Coher-
ence Tomography (OCT) are becoming increasingly 
popular in dermatology. Using the so-called “blood-
water” window in the Near Infrared (NIR) region of 
the spectrum these techniques overcome the inher-
ent resistance of the skin to the penetration of many 
kinds of radiation. RCM has a resolution of 1 µm (thus 
coming close to that of standard light microscopy).  
The penetration depth of RCM is 200 µm, which is 
deep enough to visualize the epidermis and papillary 
dermis, but not for the reticular dermis.

TeChNOlOGIes used IN OCT:  
TIMe dOMaIN versus FOurIer dOMaIN
Optical Coherence Tomography has now a track-
record of more than 20 years development and 
has been used in many formats and applica-
tions. The first successful commercial launch of 
OCT technology occurred around 2000 with the 

introduction by the Zeiss company of an OCT system for  
ophthalmological applications. 

OCT can be considered as a basic technology plat-
form to which several add-on methods such as polar-
ization or Doppler can be included. These add-ons are 
based on the use of different physical parameters of low 
coherent light waves which are reflected by cells, fibers 
and structures in the tissue. Using the fundamental 
properties of light it is possible to carry out OCT either 
in the time domain (TD), which is an interferometry-
based approach or in the Fourier domain (FD) which is 
spectrometric. Both approaches have their own advan-
tages and limitations. Currently the Fourier Domain 
is generally preferred because of the relative ease and 
convenience of the design and manufacture of the 
equipment. The limitation of FD lies in its step-by-
step image acquisition system. The recently launched 
high definition OCT system, the HD-OCT SKINTELL® 
system from Agfa HealthCare uses a combination of 
parallel time-domain interferometry and adaptive 
optics. This combination results in a constant homog-
enous high resolution of 3 µm in all directions and 
dimensions, thus allowing visualization of cells such 
as keratinocytes and melanocytes in the epidermis of  
the skin.

applICaTIONs FOr hd-OCT IN skIN paThOlOGy
HD-OCT images have many similarities with those 
obtained by 3D radiological systems including tomo-
graphic capabilities, scan and “en-face” views. The final 
image from HD-OCT systems resembles a combination 
of ultrasound and microscopy images [Figure 2]. 

The high resolution of 3 µm that is provided by 
OCT allows a simultaneous examination at the cellular 
and the morphological level. Cellular entities can be 
identified and distinguished, which has the potential 
of improved guidance of the taking of clinical skin 
biopsies and facilitating treatment follow-up. 

In fact, in the long run there is the possibility that 
HD-OCT could become a virtual in vivo biopsy tool 
thus replacing the need for skin biopsies which can be 
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“ ....HD-OCT could become a virtual in vivo 
biopsy tool, thus replacing the need for

 skin biopsies....”
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uncomfortable for the patient. HD-
OCT can be used for the whole spec-
trum of skin pathologies ranging from 
inflammatory diseases (including 
allergies) to neoplastic skin diseases 
—which are traditionally classified as 
either melanoma or non-melanoma —  
as well as the pre-cancerous condition 
of actinic keratosis. The increase in the 
number of people without adequate 
skin protection who are exposed to the 
sun or to tanning devices means that 
the incidence of skin cancers is on the 
rise worldwide. 

Basal Cell CarCINOMa (BCC): 
advaNTaGes OF hd-OCT
Although melanoma is the type of skin 
cancer that is most well-known to the 
general public, in fact Basal Cell Car-
cinoma (BCC) is the most widespread 
[1,2,3]. Its incidence is still increasing, 
with a lifetime risk in Caucasians cur-
rently being estimated as 33% [4]. In 
consequence, this is the most costly 
type of skin cancer [5]. In contrast 
to the well-established systems that 
exist in many countries for screening 
melanoma, the screening and investi-
gation of non melanoma skin cancers 
(NMSC) is still in its infancy. Out of 
all NMSC cases, approximately 80% 
are BCC and the remainder are cases 
of squamous cell carcinoma, SCC. 
Because of the lack of non-invasive 
methods which can replace or guide 

biopsy, a large proportion of the diag-
noses of BCC are made without being 
based on histology [6]. In fact, the 
location and hidden nature of most 
BCCs mean that a biopsy may not 
always be taken. A patient with pri-
mary BBC has a 50% chance of devel-
oping a second primary BCC within  
five years [4]. 

Overviews of non-invasive methods 
for melanoma [7] and NMSC [8-10] 
describe a variety of possible imaging 
technologies, ranging from simple and 
digital dermoscopes, through (HF)
US and in vivo confocal microscopy 
(RCM), to OCT and HD-OCT. All of 
these methods have some limitation 
or another, either in resolution, field 
of view, depth or display capabilities. 
These result in either limited sensitiv-
ity or specificity as compared to the 
gold standard method, which is biopsy. 
Only RCM, with its resolution of 1 µm 
and depth of 200 µm; OCT (resolution 
of approximately 10 µm and depth 1-2 
mm) and HD-OCT (resolution of 3µm 
in all directions, depth 1 mm) compete 
with biopsy [11] [Table 1]. 

Through the use of diagnostic 
algorithms which can lead to the dis-
crimination of subtypes of BCC and 
differentiate the condition from other 
skin cancers, RCM and HD-OCT can 
provide cellular imaging and com-
pete diagnostically with histology 

[1,12,13]. However RCM has a limited 
depth penetration and only shows “en-
face” images whereas HD-OCT goes 
down to 570 µm depth and allows 
simultaneous visualization of scan and 
en-face images just as in standard 3D 
radiological imaging. 

Consequently HD-OCT looks set 
to allow for the first time a virtual in 
vivo biopsy which could guide the tak-
ing of biopsies and ultimately replace 
the painful biopsy procedure. Table 
1 compares the capabilities of RCM, 
HD-OCT and MB-OCT (Multi Beam 
OCT) in the in vivo BCC in the skin. 

In the not too distant future, it is 
likely that dermatologists will have at 
their disposal an arsenal of imaging 
technologies just as broad as that which 
radiologists currently have for the  
examination of even the most  
inaccessible regions of the body. 
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FigUre 2. HD-OCT images of a nodular BCC,  
compared to histopathology. 
Images courtesy of Dr. M.A.L.M. Boone, Erasmus 
Hospital, ULB Brussels Belgium.

FigUre 1. A ruby spot on the forearm of the first author imaged with different in vivo non-invasive  
imaging techniques. 
This figure shows the relationship between lateral resolution and penetration depth for the various  
imaging technologies.
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Table 1. Overview of methods in the diagnosis of BCC. ( RCM: reflectance conmfocal microscopy. HD-OCT: high definition optical coherence tomography.  
MB-OCT: multi beaam optical coherence tomography. Table courtesy of Dr M.A.L.M. Boone, ULB, Brussels,  Belgium).

Optical coherence 
tomography (OCT) is 
a fundamentally new 
type of optical imag-
ing modality per-
forming high-resolu-
tion cross-sectional 
tomographic imaging 
of the internal micro-
structure of biologic 
systems by measur-
ing backscattered or 
backreflected light. 
The unique features 
of the technology 

enable a broad range of research and clinical applications. 
OCT imaging is somewhat analogous to ultrasound B 

mode imaging except that it uses light instead of sound. 
in essence OCT performs imaging by measuring the echo 
time delay and intensity of backscattered or backreflected 
light from internal microstructures in tissue.

With the newly launched Skintell system, Agfa 
HealthCare have now introduced a commercially  
available implementation of the technology. The new 
equipment is a non-invasive system with high penetra-
tion depth, which can potentially replace expensive and 
time-consuming biopsies. 

The fast and user-friendly system provides high  
quality imaging in three modes. These are: 

•  Slice mode, which gives a perspective similar to that 
obtained with  ultrasound, with a true optical resolu-
tion of 3 μm in real time, and typical skin cell size of 
10 to 20 μm.

•  En face mode gives the usual perspective - but  
parallel to the surface in real time.

•  High speed 3D mode, where there is is no movement 
in the image, and the cuts are made with micrometer 
precision. A typical 3D image contains about 1 GB of 
information and takes only one second toacquire .
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OCT: a non-invasive, high quality and rapid imaging technology for dermatological investigations


