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     Abbreviations 

   BCC    Basal cell carcinoma   
  FLIM    Fluorescence lifetime imaging   
  MM    Melanoma   
  MPT    Multiphoton tomography   
  NADH    Reduced nicotinamide adenine dinucleotide   
  NADPH    Reduced nicotinamide adenine dinu-

cleotide phosphate   
  NIR    Near infrared   
  SHG    Second harmonic generation   
  UV    Ultraviolet   

       Multiphoton laser microscopy or tomography 
(MPT) associated to fl uorescence lifetime imaging 
(FLIM) is one among the very few noninvasive 
imaging methods enabling an in vivo optical 
biopsy. Thanks to its spatial resolution similar to 
that of histopathology at high power magnifi cation 
(<1 μm lateral, <2 μm axial) [ 1 ] and to the possible 
use of colour coding of the fl uorescence decay 
time [ 2 ,  3 ], this technique enables the morphology 
of the tissue to be immediately recognizable. 

 MPT is an optical imaging system that excites 
fl uorescence from the tissue through the simul-
taneous absorption of two or more photons 
of infrared light [ 4 ]. Whereas for conventional 

 confocal fl uorescence microscopy, fl uorophores 
are excited by absorption of individual photons 
in the visible or ultraviolet spectrum, MPT exci-
tation entails the simultaneous absorption of two 
or more photons of longer wavelength. This pro-
cess requires a high intensity of excitation light 
and is confi ned to the tightly focused excitation 
spot. The longer wavelength infrared radiation 
undergoes less scattering than visible light and 
can thus facilitate high resolution imaging deeper 
into biological tissue [ 1 ,  4 – 13 ]. 

 MPT can exploit autofl uorescence of intrinsic 
tissue fl uorophores, i.e. naturally occurring mole-
cules that can be imaged using MPT without the 
need for exogenous contrast agents. Fluorophores 
are integral components of the molecules to which 
they confer the characteristic autofl uorescence. 
They include NADH (reduced nicotinamide ade-
nine dinucleotide), NADPH (reduced nicotin-
amide adenine dinucleotide phosphate), fl avines, 
keratin, melanin, elastin, collagen, porphyrin, tryp-
tophan, cholecalciferol and lipofuscin [ 1 ,  4 – 13 ]. 
After energy absorption, fl uorophores can then 
emit energy in turn, generating a visible signal at 
defi ned and characteristic wavelengths, different 
from those of absorption. The quantity and the 
wavelength of the emitted energy depend on 
the chemical characteristics of the fl uorophore, on 
its environment and particularly on the type of the 
surrounding molecules [ 14 – 16 ]. 

 Effi cient MPT excitation usually requires ultra-
short femtosecond laser pulses, which are also 
able to produce the nonlinear effect of second har-
monic generation (SHG). The SHG signal comes 
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from periodic structures such as collagen and is 
characterized by an emission wavelength corre-
sponding to half of that of the incident photon; this 
particular signal allows the visualization of dermal 
collagen bundles and their distinction from cellu-
lar components and elastin fi bres [ 1 ,  5 ,  6 ]. With 
MPT bidimensional images are acquired which 
correspond to optical sectioning parallel to the tis-
sue surface (reported to a defi ned xy- plane). 
Pictures obtained at various depths, called z-stacks, 
can be acquired by sequentially modifying the 
depth of the focal plane in the tissue, reaching lev-
els of 200 μm measured from the departure point 
at the skin surface [ 8 ,  10 ,  13 ]. Grey scale images 
are generated, reproducing the fl uorescence inten-
sity in different tissue components (Fig.  9.1a ).

9.1       Excitation Wavelength 

 By modulating the excitation wavelength, differ-
ent skin structures can be selectively excited, 
obtaining an enhancement of their morphology. 
When exploring the skin, a wavelength of 760 nm 
is fi rst chosen for a proper imaging of epidermal 
structures [ 8 ,  10 ,  13 ]. When reaching the dermo- 
epidermal junction, the excitation wavelength has 

to be increased up to 800–820 nm, for  selective 
melanin imaging. By this wavelength, most kerati-
nocytes progressively become invisible. On the 
contrary, since melanin has an absorption spec-
trum that decreases from the UV region to NIR, 
with a selective excitation wavelength of 800 nm 
[ 17 – 19 ], melanin and melanin- containing cells 
(melanocytes and melanin-containing keratino-
cytes) will appear as single cells in the basal layer 
showing intense fl uorescence. This characteristic 
can be employed to recognize melanocytes and 
melanin granules in cell cultures (Fig.  9.2 ).

   A wavelength of 800 nm is generally employed 
to adequately visualize the extracellular matrix of 
the dermis. At this wavelength, collagen fi bres 
that generate the SHG signal are selectively 
excited, whereas at 760 nm, dermal autofl uores-
cent components such as elastin are enhanced in 
the image.  

9.2     Fluorescence Lifetime 
Imaging 

 Fluorescence lifetime imaging (FLIM) is based 
on the measurement of the decay rate of the 
 fl uorescence signal following a short pulse of 

a b

  Fig. 9.1    On the  left  ( a ), multiphoton tomography    inten-
sity image of healthy epidermis. In ( b ) pseudo-colour- 
coded fl uorescence lifetime image of the same epidermal 
area, where  red-coloured  melanocytes, characterized by a 

short lifetime decay time, are well distinguishable from 
 green-coloured  keratinocytes with a medium lifetime 
value. Pseudo-colour scale: 0–2,000 ps       
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excitation light [ 11 ,  15 ,  19 ]. This represents an 
additional technique for use in combination with 
MPT (MPT/FLIM), further improving the under-
standing of skin morphology in detail. Further 
discrimination between fl uorophores can be 
gained using multispectral FLIM, which is based 
on the analysis of multiple emission spectral 
channels [ 20 – 22 ]. 

 Whereas MPT conventionally relies on the 
assessment of the intensity of endogenous fl uores-
cence emitted by fl uorophores in the skin, FLIM 

provides additional information based on the con-
trast generated by differences in the decay rate 
of the fl uorescence intensity, not only providing 
morphological information but also a quantita-
tive assessment of metabolic changes in living tis-
sue. Since FLIM is immune to intensity artefacts, 
it enables a more robust numerical description 
of the images than intensity imaging [ 2 ,  20 – 22 ]. 
Images presented in this chapter are obtained by a 
FLIM system, developed jointly by the Photonics 
Group of the Imperial College of London and 

a b

c d

  Fig. 9.2    Multiphoton tomography intensity images. 
Melanin imaging and excitation wavelength. In a melano-
cyte cell culture, by a 720-nm excitation wavelength ( a ), 
cells and melanin granules are not recognizable; ( b ) at 

760 nm, both melanocytes and melanin granules are 
clearly visible; ( c ,  d ) by increasing the excitation wave-
length to 780 and 800 nm, melanin granules are enhanced, 
but melanocyte bodies fade ( c ) and are not more visible ( d )       
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JenLab GmbH (Jena, Germany), which has been 
incorporated into the commercially available 
 DermaInspect ® (JenLab GmbH, Jena, Germany). 
The distribution of fl uorescence lifetimes within 
an image is visualized through a histogram that 
plots the fl uorescence lifetime ( x -axis) against 
the number of corresponding pixels occurring 
at that lifetime ( y -axis). Pseudo- colour images 
are generated, where each image pixel contains 
information about its fl uorescence decay time cor-
responding to a specifi c colour. Thus, four dimen-
sional data sets are generated, where the tissue is 
not only studied according to its structure in the 
 x -,  y - or  z -axis but also according to the fl uores-
cence dynamics of its components corresponding 
to different states or metabolic characteristics of 
the tissue [ 2 ,  20 – 22 ]. Besides essential informa-
tion on fl uorescence decay rates, false colour cod-
ing, enhancing image contrast and providing a 
more user-friendly visualization method permits 
the immediate  identifi cation of cellular, subcellu-
lar or extracellular structures in the image. As an 
example, when employing a 0–2,000 scale, kerati-
nocytes, exhibiting fl uorescence decay time values 

around 1,000 ps, are represented in the blue-green 
range, whereas melanocytes, with medium to short 
fl uorescence decay time, are coded in the yellow-
red range (Fig.  9.1b ) [ 23 ]. Fluorescence lifetime 
scale intervals may be varied according to the need 
for enhancing particular structures or cells belong-
ing to a certain typology or to identify subcellular 
particles. Figure  9.3  shows upper melanoma lay-
ers represented by two different scales. On the left, 
employing a 0–2,000 colour scale, melanoma cells 
are coloured red, corresponding to short-lifetime 
values, and this permits the immediate categori-
zation into melanin- containing cells; on the right, 
short-lifetime values are expanded employing a 
0–400 scale, enabling the enhancement of intra-
cellular structures.

9.3        Application Fields 

  Cell Cultures . The MPT/FLIM technique has 
numerous applications in dermatology. Morpho-
logic and metabolic characteristics of different 
cell types can be studied employing cell cultures, 

a b

  Fig. 9.3    On the  left  ( a ),  upper  melanoma    layers repre-
sented by a 0–2,000 ps pseudo-colour scale. Melanoma 
cells, displaying short lifetime values, are shown in 
 orange  and are immediately recognizable. On the  right  
( b ), a 0–400 ps scale is employed to increase the contrast 
inside cell components and to recognize the characteris-
tics of the cytoplasm. Images presented in this chapter 

were obtained by a FLIM system, developed jointly by the 
Photonics Group of the Imperial College of London and 
JenLab GmbH (Jena, Germany), which has been incorpo-
rated into the commercially available  DermaInspect ® 
(JenLab GmbH, Jena, Germany) and were calculated 
using the software SPCImage (Becker & Hickl GmbH)       
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where isolated cells can be examined out of the 
tissue environment. Fibroblast cultures are 
widely used as an experimental model to study 
the expression of specifi c genes or the effect of 
drugs with potential chemotherapeutic activity 
and to check the mutagenicity and carcinogenic-
ity of different substances. Using MPT/FLIM, a 
precise and rapid assessment of the morphologic 
and metabolic changes fi broblasts undergo after 
exposure to various environmental factors can be 
achieved without the need of cell processing and 
staining [ 24 ] (Fig.  9.4 ).

    Healthy Skin and Skin Ageing.  Healthy epider-
mis shows a homogenous distribution of cells 
which are divided by thin nonfl uorescent intercel-
lular spaces [ 7 – 13 ,  23 ,  25 ]. Since nuclei are defi -
cient in autofl uorescence signals, they appear as 
dark areas inside the fl uorescent cytoplasm 
(Figs.  9.1a  and  9.5 ). The stratum corneum shows 
strong keratin-based fl uorescent hexagonal- shaped 
large fl at cells. At a depth of about 20 μ from the 
skin surface, we fi nd the stratum granulosum, 
where keratinocytes appear as large, oval cells with 
autofl uorescence in the cytoplasm and dark nuclei. 
Melanin blotches inside the keratinocytes may be 
unique, involving a large part of the cytoplasm and 
sparing the nucleus, or may be organized in multi-
ple spots, conferring a granular appearance to the 

keratinocyte. Sometimes the melanin blotch forms 
a cap over the nucleus, which is not recognizable 
because of the horizontal optical section of the 
sample. Stratum spinosum cell diameter decreases 
and cell density increases going more in depth 
towards the basal layer. At 50–100 μ from the skin 
surface, we fi nd the basal layer with brightly fl uo-
rescent small polygonal keratinocytes and dark 
nuclei. At the    dermo-epidermal junction, we fi nd 
dark round/oval-shaped areas, interrupting the 
basal layer, corresponding to the top of the dermal 
papillae, where we can appreciate the presence of 
fi bres [ 23 ].

   The morphology and the metabolic states of 
healthy skin can be assessed in vivo, according to 
skin site and age. In fact, cell diameter and 
 density vary according to epidermal cell depth 
and skin site [ 23 ]. In the elderly, epidermal cells 
show morphologic alterations, presenting irregu-
lar shape, size and intercellular distance and a 
decreased number at the basal layer (Fig.  9.5d ). 
The modifi cations of the metabolic activities 
characteristic of the ageing process are refl ected 
by variations in FLIM values, which increase at 
both the upper and lower layers in elderly sub-
jects [ 23 ]. Further efforts are needed to increase 
knowledge on variations the epidermis undergoes 
according to environmental infl uences, for use as 

a b

  Fig. 9.4    On the  left  ( a ), a 3-day old fi broblast culture; on the  right  ( b ), a 1 month old culture stimulated with ascorbic 
acid where the fi bres produced by the fi broblast are clearly visible as  red  (short-lifetime) fi laments       

 

9 Multiphoton Laser Microscopy and Fluorescence Lifetime Imaging for the Assessment of the Skin



94

a reference for the study of different pathological 
conditions. 

 For the evaluation of the dermis, the excita-
tion wavelength is switched to 800–820 nm. Two 
kinds of signals are generated by dermal fi bres: 
autofl uorescence signals from both collagen 
and elastin fi bres and SHG signals from col-
lagen fi bres [ 6 ]. Separation of these signals can 
be accomplished by an optical fi lter that can be 
inserted into the beam path and which excludes 

the SHG component of the signal when excit-
ing at up to 800–820 nm. When employing the 
fi lter eliminating the SHG signal, collagen fi bres 
only contribute to the signal with their modest 
 autofl uorescence component, thus fading and 
enabling the recognition of fi bres containing 
elastin. The latter appear as fi ne-curled fi bres 
with a nonhomogeneous calibre (Fig.  9.6 ).

   Skin ageing and pathological skin conditions 
of the dermis bring about morphological changes 
in the dermal collagen and elastin fi bre network. 

During the ageing process, fi bre tension and 
morphology and network pattern, as assessed by 
MPT, change [ 26 ]. Employing in vivo autofl uores-
cence and SHG imaging, a relationship between 
morphological characteristics of human dermis 
assessed by MPT and age was demonstrated [ 27 ]. 
Investigating facial skin specimens from patients 
of different ages by MPT imaging, Lin et al. 
observed that in young individuals, autofl uores-
cence and SHG signals are interspersed in the 

papillary dermis. Conversely, in the elderly, SHG 
signals can only be detected in the uppermost part 
of the dermis, whereas large amounts of fl uores-
cent elastic fi bres, corresponding to solar elastosis, 
are found in the dermis [ 28 ]. The trend of decreas-
ing SHG signals and increasing autofl uorescence 
signals is correlated with the histological fi ndings 
of the decrease in collagen fi bres and the increase 
in elastic fi bres with increasing age. 

 MPT/FLIM is a procedure holding great promise 
for increasing diagnostic accuracy of skin tumours. 

a

c d

b

  Fig. 9.5    ( a – c ) Pseudo-colour FLIM    stack of healthy epi-
dermis. ( a )  Upper  epidermal layers of a young subject, ( b ) 
 lower  epidermal layers, ( c ) dermo-epidermal junction and 
( d )  upper  epidermal layers in an elderly subject. In ( a ), 

keratinocytes show regular contours and intercellular dis-
tance, whereas in ( d ) cells present morphologic altera-
tions and a shift of the fl uorescence decay time towards 
higher values ( blue-coloured keratinocytes )       
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  Basal Cell Carcinoma  (BCC). BCC represents 
the most frequent skin tumour. Besides the diag-
nostic diffi culties for superfi cial lesions which 
lack sensitive dermoscopic criteria, the identifi ca-
tion of tumour boundaries, and consequently of 
the excision margins, represents practical prob-
lems in the daily dermatological routine. The 
use of MPT alone has already proved effective 
in identifying some diagnostic aspects of BCC. 
Investigating BCC specimens by MPT, histo-
pathological features characteristic of BCC, such 
as elongated cells, nuclei polarization and periph-
eral palisading, can be recognized in the images 
[ 29 ,  30 ]. Lin et al. achieved a discrimination of 
BCC from normal dermal stroma by MPT imag-
ing of formalin-fi xed specimens of nine nodular 
type BCCs [ 31 ]. BCCs appeared as clumps of 
autofl uorescent cells with large nuclei and periph-
eral palisading. By FLIM implementation and 
valuable information about time- resolved analy-
sis of the fl uorescence signal, further criteria are 
added for diagnostic purposes and tumour margin 
assessment. Using a multidimensional nonlinear 
laser imaging approach to visualize  ex vivo  sam-
ples of BCC, Cicchi et al. observed a blue-shifted 
 fl uorescence emission, a higher fl uorescence 

response at 800 nm excitation wavelength and 
a slightly longer mean fl uorescence lifetime in 
BCCs [ 32 ]. A wide-fi eld (single photon excitation) 
study by Galletly et al. employing FLIM, imaged 
unstained excision biopsies of 25 BCCs with 
FLIM following excitation of autofl uorescence 
with a 355 nm pulsed ultraviolet laser [ 3 ]. A sig-
nifi cant reduction in mean fl uorescence lifetimes 
between areas of BCC and those of surrounding 
uninvolved skin was demonstrated. Investigating 
BCC by MPT, Seidenari et al. identifi ed specifi c 
descriptors, which were never observed in healthy 
skin but were present in all BCCs [ 30 ]. Further 
examination of BCC by MPT/FLIM revealed that 
some of these features correspond to traditional 
histopathological diagnostic criteria, such as 
aligned elongated monomorphous cells, periph-
eral palisading of tumour cells and typical tumour 
nests, whereas others, such as ‘blue cells’ and 
‘phantom islands’, cannot be recognized in fi xed 
and stained specimens (Fig.  9.7 ) [ 33 ]. ‘Blue cells’ 
correspond to basaloid cells showing fl uores-
cence lifetime values higher than those of normal 
keratinocytes. The biological signifi cance of the 
lifetime modifi cations in cancer cells is thought 
to be due to a shift from oxidative metabolism to 

a b

  Fig. 9.6    MPT/FLIM: pseudo-colour-coded fl uorescence 
lifetime imaging (pseudo-colour scale 0–2,000 ps). Enhance-
ment of elastin fi bres by inserting a fi lter for SHG signals 
originating from collagen fi bres. A nevus at a depth of –60 μ. 

( a ) Collagen fi bres ( white arrows ) appear as thick  red  fi la-
ments inside the dermal papillae; ( b ) after fi ltering SHG sig-
nals, elastin fi bres appear as tiny blue (long-lifetime) 
fi laments; melanocytes surround the papillae ( triangle )       
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glycolysis associated to variations in the amount 
of free and bound NADH [ 14 ]. Thus, FLIM imag-
ing may represent a method to measure the oxida-
tive stress and/or preferential metabolic pathway 
in living tissues [ 14 ]. ‘Phantom islands’ are gen-
erated by shifting the excitation wavelength to 
800–820 nm. In this way, keratinocytes and BCC 
cells almost disappear, whereas the visualization 
of fi bres is enhanced. Short-lifetime red (colla-
gen) fi bres tightly embrace the basaloid longer 
lifetime blue cell nests, corresponding to empty 
spaces (‘phantom islands’) (Fig.  9.7 ). Employing 
the MPT/FLIM technique, the separation between 
healthy skin and the tumour mass is achieved in 
all cases, making this technique a consistent tool 
for the defi nition of tumour margins.

    Melanocytic Nevi . Common nevi, which are 
characterized by a proliferation of typical melano-
cytes, in single cells or in aggregates, are benign 
lesions which are clinically relevant as their appear-
ance may be very similar to malignant melano-
cytic lesions. By MPT/FLIM, specifi c descriptors, 
referring both to cytology and architecture, enable 
their diagnosis [ 34 ]. Melanin-containing keratino-
cytes are recognizable in FLIM images as long-
lifetime cells containing short-lifetime spots or 
blotches (red to yellow in the 0–2,000 ps pseudo-

colour scale) characterizing melanin, whereas 
epidermal melanocytes in the upper and the lower 
layers appear as tiny short-lifetime cells, which are 
smaller than keratinocytes presenting a well vis-
ible small nucleus and homogeneously distributed 
melanin (Fig.  9.8a ). At the dermo-epidermal junc-
tion level, the tips of the dermal papillae, appear-
ing as roundish structures surrounded by a regular 
orange boundary of melanin-containing keratino-
cytes and melanocytes, are visible. ‘Edged papil-
lae’ are characterized by a well-demarcated rim of 
orange cells surrounding a dark space containing 
fi bres or cells, whereas ‘non-edged papillae’ lack a 
well-defi ned boundary (Fig.  9.9 ). Junctional nevus 
cell nests appear as aggregates of short- lifetime 
cells rising from the periphery of the papillae 
(Fig.  9.9 ). In compound nevi, short-lifetime ‘der-
mal cell clusters’ are also  visible (Fig.  9.8b ). By 
MPT/FLIM a regular architecture is generally 
observable in benign melanocytic lesions.

     Melanoma . Melanoma (MM) is a lethal  cancer. 
Despite a high cure rate for thin melanomas, 
advanced melanomas have a poor prognosis. 
Thus, early identifi cation of melanoma represents 
a crucial end point for physicians. Due to its high 
resolution, MPT/FLIM holds a great potential for 
improving MM diagnosis [ 19 ,  35 ]. 

a b

  Fig. 9.7    On the  left  ( a ), basal cell carcinoma nests con-
stituted by ‘ blue cells ’; on the  right  ( b ), ‘phantom islands’, 
i.e. basal cell carcinoma nests disappearing at an excitation 

wavelength of 800 nm; at the same time, collagen fi bres 
are enhanced and appear as  red  fi laments circumscribing 
the nests       
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 By MPT/FLIM, keratinocytes may not be 
recognizable at the superfi cial layers of a MM. 
When present, they are infi ltrated by atypical 

 melanocytes [ 36 ]. When displaying images by 
a 0–2,000 ps fl uorescence lifetime range, MM 
cells appear orange to red, due to their short 

a b

  Fig. 9.8    On the  left  ( a ), pseudo-colour-coded fl uores-
cence lifetime image of  upper layers  in a nevus, where 
 small red- coloured   melanocytes, characterized by a short-
lifetime decay time, are well distinguishable from  large 
green-coloured  keratinocytes with a medium lifetime 

value. The pseudo-colour scale employed to represent this 
picture ranges from 500 to 2,000 ps. On the  right  ( b ), a 
dermal melanocyte cluster in a compound nevus;  blue  
elastin fi bres are visible in the dermis       

a b

  Fig. 9.9    Selective melanin imaging and enhancement of 
collagen fi bres by switching the excitation wavelength 
from 760 ( a ) to 800 nm ( b ). A nevus at a depth –60 m. 
Pseudo-colour scale: 0–2,100 ps. ( a ) By a 760-nm excita-
tion wavelength, dermal papillae ( white dots ) are sur-
rounded by  red  short-lifetime cells (melanin-containing 

cells), forming a junctional nest ( arrow ), whereas kerati-
nocytes ( white triangle ) appear  green . ( b ) By an excita-
tion wavelength of 800 nm, melanin-containing cells 
maintain their visibility, whereas keratinocytes disappear. 
Inside the papillae, collagen fi bres appear as  thick red  
(short-lifetime) fi laments       
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 fl uorescence decay time, and this immediately 
enables the determination of the melanocytic 
nature of the lesion (Fig.  9.3a ). To increase con-
trast for the distinction of image details, a 0–400 
scale is then applied (Fig.  9.3b ). At the super-
fi cial level, atypical MM cells appear as large 
short-lifetime cells with a nucleus with undefi ned 
contours and a nonhomogeneous cytoplasm with 
speckled melanin. A peripheral cytoplasmic halo 
is often observable due to variable lifetime values 
of different cell areas (Fig.  9.3 ). Deeper MM lay-
ers show atypical short-lifetime cells smaller in 
size with respect to those observable on the sur-
face; these are pleomorphic, variable in size and 
irregular in shape with a nonhomogeneous distri-
bution. At this level, atypical short-lifetime cells 
may form aggregates or nests and may infi ltrate 
dermal papillae and hair follicles. When dermal 
papillae are recognizable, these are not usually 
surrounded by a rim of regularly arranged mela-
nocytes; they are irregularly sized and shaped 
and are separated by interpapillary spaces of 
different thickness. An architectural disorder is 
always visible. In MM metastases, besides atypi-
cal short-lifetime cells, long-lifetime (lacking 
melanin) cell nests are intermingled with long- 
lifetime (collagen) fi bres (Fig.  9.10 ).

9.4        Advantages, Disadvantages 
and Future Objectives 
of MPT/FLIM 

 The morphology of MPT/FLIM images, acquired 
with a spatial resolution similar to that of histopa-
thology at high power magnifi cation, is extremely 
coherent with that of the histopathological analy-
sis, suggesting that this new technique, once fully 
developed, may replace histology [ 1 ,  10 ]. 

 Intensity images are visualized during the 
examination process in real time. FLIM images 
require a further elaboration to allow the opera-
tional system to develop a diagram of the fl uorescence 
decay time and to produce a pseudo-colour image 
[ 3 ,  22 ]. Not only does MPT/FLIM generate high 
resolution images providing highly informative 
morphologic details but it also enables the study 
of the kinetics of the fl uorescence decline and the 
calculation of the mean fl uorescence intensity and 
lifetime values for selected areas of interest such as 
the cytoplasm of single cells, providing numerical 
data for an objective assessment of physiologic and 
pathologic skin conditions [ 2 – 4 ,  22 ]. The subcellular 
spatial resolution study of tissue samples in three 
dimensions is made possible by the acquisition of 
a sequence of horizontal optical sections (stack). 

a b

  Fig. 9.10    Melanoma metastases. On the  left  ( a ), atypical melanocytes ( orange  short-lifetime cells) and collagen fi bres; on 
the  right  ( b ), nests of atypical long-lifetime cells (atypical melanocytes not producing melanin) intermingled with fi bres       
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Moreover, the nonlinear excitation produced by 
the NIR radiation allows a higher visualization of 
the deep dermis. The potential of this technique 
to provide an improvement in diagnostic accuracy 
is especially valuable for skin tumours, where an 
‘optical biopsy’ enabling a diagnosis on the basis 
of both architectural and cellular morphology and 
numerical parameters is immediately available. 

 Long-term studies of cutaneous affections can 
be performed by the repetition of the in vivo 
examination on the same explored skin site 
within short or long intervals, considering that 
this technique has proved noninvasive [ 9 ]. 

 On the other hand, the MPT/FLIM technique 
is at present unsuitable for continuous clinical 
use, since it presents some drawbacks consisting 
in a long acquisition/elaboration time of the 
images and the small fi eld of view. Thus, impor-
tant goals are both to reduce the acquisition time 
to avoid imaging deformities caused by voluntary 
and involuntary movements and to implement a 
device enabling the imaging of skin areas, large 
enough to be representative of the entire lesion.     
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