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LIST OF ABBREVIATIONS 

A I D S acquired immunodeficiency 
syndrome 

C C M computerized D N A cytometry 
C P M cytophotometry 
C V canonic variable 
FC flow cytometry 
F H P feature histogram percentage 
IA image analysis 
I C M interactive computerized 

morphometry 
I O D integrated optical density 
K A keratoacanthoma 
KS Kaposi's sarcoma 
L P lymphomatoid papulosis 
M A C s markedly atypical cells 
M F mycosis fungoides 
M L malignant lymphoma 
M M malignant melanoma 
M N melanocytic nevi 
P L pseudolymphoma 
s e c squamous cell carcinoma 
SD standard deviation 
2cDI 2c deviation index 
4c ER, be E R 4c and 5c exceeding rate 

Dermatology will be morphology or it will cease to 
exist. 

—Oscar Gans 

In dermatopathology it is important to recognize 
specific patterns that allow nosologic classification 
and discrimination between both benign and ma-

•This chapter is dedicated to Otto Braun-Falco on his seventieth 
birthday. 
2 Supported by the Deutsche Forschungsgemeinschaft (Sto 189/ 
1-1 and 1-2). 

lignant lesions as well as different grades of malig­
nancy. In tumors this naturally implies the quanti­
tative assessment of cellular features (size, shape, 
chromatin structure) and architectural features (tu­
mor thickness, invasiveness, inflammatory reaction 
of the host). It is therefore not surprising that the 
history of quantitative measurements in pathology 
had already started by 1851, when Lebert deter­
mined the diameters of cells and their nuclei and 
noted changes occurring in cancers. 1 Virchow also 
measured cancer cell dimensions and noted the 
pleomorphic nature of cancer cells and their nu­
clei. 2 In 1928, Cowdry 3 used the recently intro­
duced Feulgen reaction 4 to investigate the chroma­
tin content of normal and neoplastic cells, but his 
study was hampered by the lack of accurate instru­
mentation for quantitative measurements. 

Quantification in traditional pathology occurs 
mainly at subconscious levels and therefore many 
intra- and interobserver differences in the evalua­
tion of premalignant and malignant lesions have 
been reported. 5 , 6 The human eye-brain complex 
is highly optimized for the detection of edges or 
boundaries, which reflects the architectural constit­
uents of the perceptive fields of the retinal gan­
glion cells and occipital cortical neurons. However, 
there are striking deficiencies in the human system 
in the recognition of absolute size or density infor­
mation, very important in classifying histologic 
specimens. Moreover, we have problems in de­
tecting small differences in either size or density of 
objects, particularly i f they cannot be viewed close 
together so that a relative assessment can be made. 
Our visual system is also poor at recognizing higher-
order statistical relationships in an image, such 
as those that occur within the texture of nuclear 
chromatin. 7 In many situations, of course, the diag­
nosis rendered by the dermatopathologist based on 
years of accumulated experience is highly reliable. 
Nevertheless, objective methods for the quantita­
tive evaluation of cell and tissue features are re­
quired, especially i f the differences are only slight. 



Therefore, several techniques have been intro­
duced dur ing recent decades to assist in dermato-
pathologic decisions. These include morphometry, 
the measurement of one- and two-dimensional ge­
ometric features from structural elements or parti­
cles; 8 stereology, a mathematical method for the 
assessment of the third dimension using data from 
one- or two-dimensional measurements; 9 cytopho-
tometry; 1 0 and flow cytometry, 1 1 applying photom­
etry and laser technique. 

Because of the recent developments in com­
puter technology, morphometric and densitomet-
ric measurements can now also be performed by 
digital image processing. 1 2 Digital imaging systems 
encode and process the entire visual information 
provided by a video camera. Currently, the term 
image analysis (IA) is used for many different tech­
niques. In our opinion, the term IA should be re­
stricted to procedures measuring gray values, for 
example, quantitative analyses of Feulgen-stained 
D N A or surface markers stained with monoclonal 
ant ibodies , 1 3 - 1 5 or digital I A used for the enhance­
ment of original images prior to the calculation of 
one- and two-dimensional geometric features. If 
only morphometric measurements are performed, 
with the support of a computer, the term interactive 
computerized morphometry ( ICM) should be preferred 
in order to avoid misinterpretations. 1 6 

In this chapter we will first clarify the terms of 
quantitative dermatopathology and subsequently 
discuss major fields of applications. We will empha­
size studies improving the diagnosis and prognos­
tic evaluation of malignant melanoma and malig­
nant cutaneous non-Hodgkin's lymphoma on both 
the light microscopic and the ultrastructural levels. 
Further applications of image processing such as 
grain counting and three-dimensional reconstruc­
tion will also be discussed. 

T E C H N I Q U E S 

Morphometry 

Morphometry can be defined as the measurement 
of geometric features of any particles or cellular 
elements. 8 Thus this method can give an accurate, 
objective, and reproducible description of micro­
scopic or macroscopic objects. T h e main features 
used for characterization of objects are shape, size, 
and spatial distribution. 

Two morphometric techniques can be differen­
tiated: 

• Less expensive, nonautomatic routines using rul­
ers, ocular micrometers, or grids for point or in­
tercept counting. 8 

• Interactive computerized techniques using a dig­
itizing tablet for interactive segmentation of ob­
jects by the use of a cursor or a pen ( I C M ) . 1 6 

The selection of instrumentation strongly de­
pends on the question to be analyzed. Point count­
ing, the best-known technique in quantitative 
pathology, is appropriate for measurements of dis­
crete events, for instance, the counting of mitotic 
figures within a microscopic field.7 For accurate 
measurements of individual objects, I C M is re­
quired. 

Stereology 

Stereology is a special morphometric technique 
that applies mathematical formulas for the calcula­
tion of parameters in three dimensions. 9 A recent 
development in this field is the analysis of the vol­
ume-weighted mean nuclear volume, which is 
based on measurements of nuclear intercepts. 1 7 

Briefly, in randomly selected sections the length of 
nuclear intercepts is proportional to the volume-
weighted mean nuclear volume. 

Image Analysis 

Digital I A allows the most general approach to 
quantitative morphologic questions because of its 
unique capability to determine morphometric pa­
rameters, gray values, and color information simul­
taneously. 1 2 Thus computerized I A is very similar 
to human visual processing with the advantage of 
providing objective information and complex sta­
tistical evaluation. 1 8 In addition, the presence of 
microscopic images in a digital form enables stor­
age and retrieval of images indefinitely. A t present, 
the most frequent applications of I A in pathology 
concern studies for the improvement of diagnosis 
and prognostic evaluation of malignant tumors. 
The IA procedure consists of three major steps: 

1. Identification of the boundaries of an object 
2. Extraction of features 



3. Classification of objects and specimens into de­
fined categories 

DNA measurements using IA. Since I A systems also 
provide densitometric information, the assessment 
of nuclear D N A content, an important feature for 
diagnostic and prognostic evaluation, is possible. 
The nuclear D N A content became of major inter­
est in pathology in the 1950s with the discovery, 
by means of cytophotometry, of an increased D N A 
content in tumor tissues. 1 9 , 2 0 The prerequisite for 
cytophotometry is the application of a stoichiomet­
ric DNA-specific stain, which was first described by 
Feulgen and Rossenbeck in 1924. 4 Cytophotome­
try was first performed with difficult routines such 
as the plug method or the two-wavelength technique,21 

until scanning microscopes became available in the 
late 1960s. In the 1970s scanning cytophotometers 
were supplied with computers for control of scan­
ning, data acquisition, and processing, already sim­
ilar to video image analysis systems. 2 2 Because of 
the development of high-quality video cameras, cy­
tophotometers were gradually replaced by video 
image analysis systems. Already, by 1968, Wied et 
a l . 2 3 had introduced the novel /axonomic intracel­
lular analytic system (TICAS) . 

The first cytophotometric measurements in der-
matopathology were performed by Kin t on basal 
cell carcinoma and squamous cell carcinoma, dis­
closing aneuploid cells within the tumors. 2 4 This 
data was confirmed by Ehle rs 2 5 and Manocha . 2 6 

Aneuploid nuclei were also detected in reticulum 
cell sarcoma. 2 7 The first imprint specimens of mel­
anocyte lesions were analyzed by Ehlers and co­
workers, who detected highly aneuploid nuclei in 
malignant melanoma ( M M ) . 2 8 Bloch and Goodman 
demonstrated aneuploidy in virus papi l lomas. 2 0 , 2 9 

Simultaneous with the development of single-cell 
scanning cytophotometry, flow cytometry (FC) 
was developed beginning in the 1960s. 3 0 , 3 1 This 
method allows the measurement of large numbers 
of cells (>50,000) within a few minutes. A mono-
disperse suspension is prepared from fresh tissue 
or from paraffin blocks. The flow is arranged so 
that the cells singly pass the measuring stations. 
The measurements can be electronic, as in the 
Coulter counter, or optical, as in most flow cyto-
meters. Using flow cytometers, one can measure 
the expression of cellular antigens, proteins, and 
enzyme activities, as well as some morphometric 

features. For detailed principles and applications 
of F C , see references 11, 32, and 33. Barlogie and 
coworkers first described aneuploidies in M M us­
ing F C . 3 4 The major drawback of the method is 
that small fractions of cells, for example, cells ex­
ceeding a D N A content of be (a normal diploid 
nucleus has a D N A content of 2c) cannot be recog­
nized among a huge number of cells analyzed. In 
addition, the operator cannot visually control the 
object, and thus clumping of cells or stroma cells 
may disturb data analysis. 3 6 

D N A analysis by I A systems requires the seg­
mentation of stained nuclei and the calculation of 
the integrated optical density (IOD). The I O D is 
the product of the optical density (calculated from 
the gray values of object pixels) and the area (num­
ber of object pixels). Figure 11-1 demonstrates the 
steps of automatic segmentation of nuclei for D N A 
measurements on imprints of malignant lympho­
mas. In Feulgen-stained nuclei, the I O D is linearly 
correlated with the D N A content. 2 0 By comparing 
the actual I O D value of reference cells, for exam­
ple, chicken erythrocytes or normal human lym­
phocytes, a factor can be calculated that allows the 
determination of the relative D N A content from 
the I O D value measured in a cell. A normal diploid 
cell is characterized by a relative D N A value of 2.0, 
a euploid cell in G 2 phase contains D N A with a 
value of 4.0. Cells with values higher than 5.0 are 
definitely aneuploid, i f polyploidization can be 
ruled out. Examples of nuclei from a malignant 
lymphoma, measured by computerized D N A cy­
tometry (CCM)—this term should be used for D N A 
measurements by I A)—are shown in Figure 11-2. 

The number of cells analyzed by C C M is much 
lower (50 to 200) than in F C , but I A allows the 
visual control of the objects measured. Thus single 
aneuploid nuclei can also be identified with high 
precision. Clumped or destroyed cells can be re­
jected, and then only cells of interest are measured. 
If tissue sections are analyzed, measurements can 
be restricted to nuclei in regions of special interest 
such as intraepidermal nucle i . 1 3 

The major applications of C C M will be discussed 
below. 

Quantification of chromatin structure by'IA. I A is also 
well suited for the quantification of the amount of 
eu- and heterochromatin and for the assessment of 
other chromatin features such as heterogeneity or 
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Fig. 11-1 Automatic segmentation, (a) Original image, (b) Image after mapping the ac­
tual gray values into the full range (normalization of the gray-value histogram), (c) Im­
age after the application of an addition of the original with the difference between the 
original and the low-passed version of it. (d) Image after using a gray-value threshold 
of 130. Inaccurate segmentation could be rejected by giving the contour in the overlay 
of the original. Reprinted by permission of the Elsevier Science Publishing Co., Inc. 
from Stolz et a l . 1 0 7 Copyright 1990 by the Society for Investigative Dermatology, Inc. 

presence of dark aggregations. Suitable features 
for quantification of eu- and heterochromatin were 
described by Abmayr et a l . 3 7 as the so-called fea­
ture histogram percentage (FHP) features, applica­
ble also to electron microscopy. In Figures 11-3 
and 11-4 the way the FHP-features were calculated 
is illustrated in a nucleus of a melanocytic nevus 
(Fig. 11-3) and a nucleus of a malignant melanoma 
(Fig. 11-4). In the beginning a gray-value histo­
gram is determined in the difference image be­

tween the original and the median-filtered version 
of it. In these images gray values between 100 and 
157 can be found. In order to facilitate statistical 
evaluation, three gray-value channels were sum­
marized to one new gray value channel. The ratio 
of pixels within one gray-value channel to the total 
number of pixels within a nucleus is expressed as 
F H P . The original images are given in Figures 11-
3a and 11-4a, the median-filtered versions in fig­
ures 11-3b and 11-4b, and the difference image 



Fig. 11-2 Examples of nuclei with different relative DNA values measured by C C M . A 
normal diploid nucleus contains a relative D N A value of 2.0. Reprinted by permission 
of the Elsevier Science Publishing Co., Inc. from Stolz et a l . 1 0 7 Copyright 1990 by the 
Society for Investigative Dermatology, Inc. 

with an offset of 128 gray values in Figures 11-3c 
and 11-4c. In Figures 11-3d and 11-4d, hetero-
chromatin is represented by the channels F H P 100 
to F H P 121 and euchromatin by F H P 124 to F H P 
154. The calculation of the difference image is nec­
essary to get selective gray values for the chromatin 
particles and remove the nucleoli. Since nucleoli 
contain almost exclusively R N A , they should not 
be included for the calculation of pure D N A fea­
tures such as hetero- and euchromatin. 3 8 For quan­
tification of chromatin heterogeneity, features 

extracted from the cooccurrence matrix were ap­
plied. Only a brief outline can be given here; a 
more detailed description and the exact formulas 
are shown elsewhere. 3 9 The basic idea of the cooc­
currence matrix is the transfer of the texture of 
any image to a mathematical square matrix. The 
elements of the matrix are proportional to the 
probability of finding pairs of data points in the 
image at given gray levels and specified spatial ar­
rangements. Generally, in an inhomogenous im­
age the probability of finding pairs outside the 



Fig. 11-3 Steps for calculation of FHP values demonstrated on a nucleus of a melano-
cytic nevus, (a) Normalized gray-level image, (b) Median-filtered (filter size 21 x 21 
pixels) version of (a), (c) Difference between (a) and (b) with addition of a constant 
gray value of 128 for all pixels, (d) Gray-value histogram of the nucleus in (c); on the 
abscissa the different channels between black (100) and white (154) and on the ordi­
nate the values of the FHPs for the various gray channels are given. Reprinted by per­
mission of the Elsevier Science Publishing Co., Inc. from Stolz W et al.y Invest Dermatol 
97:1-8, 1991. Copyright 1991 by the Society for Investigative Dermatology, Inc. 

diagonal is greater than in a homogeneous one. 
Several cooccurrence features as contrast, correla­
tion, variance, and entropy can be calculated. 

Evaluation of in situ hybridization by image analysis. 
In situ hybridization is a unique technique for the 
detection of m R N A within ce l l s . 4 0 , 4 1 Quantification 
of grain densities can be performed either by 

rough estimation or by exact counting of the 
grains. Wi th in the first procedure, only striking dif­
ferences can be detected; the latter is very time-
consuming, I A can also improve the assessment of 
in situ hybridization results. 4 2 

Figure 11-5 demonstrates some essential steps 
of image processing for automatic grain counting. 
Initially, the contour of the cell is determined in 


