
CONCLUSION: The results are the first standardized 
metrical evaluation of the geometric properties of the 
parenchyma, inflammation, fibrosis, and alterations 
in liver tissue tectonics of the biopsy sections. The 
present study confirms that biopsies are still valuable, 
not only for diagnosing chronic hepatitis, but also for 
quantifying changes in the organization and order of 
liver tissue structure.
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INTRODUCTION
The main purpose of  this paper is to describe a rigor-
ous method based on the fundamentals of  measurement 
theory[1], which metrically defines the changes in magni-
tude of  liver tissue prime basic structural elements that 
occurring during the course of  chronic hepatitis B and C.

Each available score to evaluate hepatic lesions is 
characterized by some methodological inaccuracy[2-4]. In 
fact, transient elastography (Fibro-Scan)[5,6] is limited by 
the skill of  the operator and because liver stiffness is not 
only dependent from fibrosis, and serological assays not 
directly involved in tissue evolution, but in patient diagno-
sis[7-11]. In addition to the inherent risks of  excising a liver 
specimen[12], current morphometric analyses[13-17] are time-
consuming, depend on subjective choices of  the regions 
of  interest, involve the interactive elimination of  Glisson’s  
capsule and staining artefacts, and use the International 
System (IS), which is unsuitable for measuring the irregu-
lar shapes found in histology[18-21].

The study concerning the status of  the liver tissue af-
fected by chronic viral hepatitis was suggested by three 
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Abstract
AIM: To describe a quantitative analysis method for 
liver biopsy sections with a machine that we have 
named “Dioguardi Histological Metriser” which au-
tomatically measures the residual hepatocyte mass 
(including hepatocytes vacuolization), inflammation, 
fibrosis and the loss of liver tissue tectonics.
METHODS: We analysed digitized images of liver bi-
opsy sections taken from 398 patients. The analysis 
with Dioguardi Histological Metriser was validated by 
comparison with semi-quantitative scoring system.
RESULTS: The method provides: (1) the metrical ex-
tension in two-dimensions (the plane) of the residual 
hepatocellular set, including the area of vacuoles 
pertinent to abnormal lipid accumulation; (2) the geo-
metric measure of the inflammation basin, which dis-
tinguishes intra-basin space and extra-basin dispersed 
parenchymal leukocytes; (3) the magnitude of collagen 
islets, (which were considered truncated fractals and 
classified into three degrees of magnitude); and (4) 
the tectonic index that quantifies alterations (disorders) 
in the organization of liver tissue. Dioguardi Histologi-
cal Metriser machine allows to work at a speed of 	
0.1 mm2/s, scanning a whole section in 6-8 min.

Metrically measuring liver biopsy: A chronic hepatitis B and 
C computer-aided morphologic description
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main needs. The first was ethical because methodological 
accuracy and repeatability are essential. The second was 
clinical because many problems remain unsolved in hepa-
tology, such as non-responders to therapy[3], and regression 
of  cirrhosis[2]. The third need was economic, as the price 
of  the metrical data supplied by the “Dioguardi Histologi-
cal Metriser” analysis is relatively low, and the repeatable 
biopsy interpretation is obtained with a few minutes.

The lack of  an appropriate geometry had prevented 
the real measurement of  irregular liver structures, until 
Mandelbrot’s fractal geometry[22] (also called the geometry 
of  irregularity) offered a correct approach for obtaining 
reproducible and closer to reality metrical measurements 
of  hepatocellular mass, inflammation, and fibrosis, and 
also provided a quantitative index for evaluating the 
organization of  liver tissue tectonics. In order to apply 
these new measurements, we constructed a practical and 
fully-automated machine that we called the “Dioguardi 
Histological Metriser”, which is capable of  measuring 10 
parameters to describe the status of  the residual hepato-
cyte mass (including hepatocyte vacuolization), inflamma-
tion, fibrosis, and the loss of  liver tissue tectonics in liver 
biopsy sections, at a speed of  0.1 mm2/s. Hepatitis B and 
C virus infections do not usually affect the biliary system. 

The study concerning the status of  the liver tissue af-
fected by chronic viral hepatitis B and C, was suggested 
by three main needs: (1) Ethical: methodological accuracy 
and reproducibility are essential; (2) Clinical: because 
many questions remain unsolved in hepatology, such as 
non-responders patients to therapy[3], and regression of  
cirrhosis[2]; (3) Economical: metrical data analysis supplied 
by the “Dioguardi Histological Metriser” is  not expensive 
reproducible and is obtained within a few minutes.

MATERIALS AND METHODS
Case list
We studied 398 patients randomly collected (250 male) 
aged 52 ± 12 years with chronic hepatitis B or C, who 
were admitted to the hepatology departments of  the 
Istituto Clinico Humanitas (ICH) IRCCS, Rozzano, and 
the University of  Milan Department of  Gastroenterolo-
gy, Ospedale Maggiore IRCCS, Milan, Italy. The biopsies 
were performed in accordance with the guidelines of  
the Ethics Committees of  ICH and Ospedale Maggiore 
IRCCS. All of  the liver specimens were approximately 
17 ± 12 mm2.

The logarithmic curve of  the ordered set according 
to the fibrosis data magnitude obtained from the 398 
patients, can be interpreted as the trajectory (from α to 
ω)of  the ideal dynamics of  collagen deposition during 
the course of  chronic hepatitis (Figure 1).

Histological methods
Three consecutive 2 μm thick sections were cut from 
formalin-fixed, paraffin-embedded biopsy specimens: 
the first was stained with hematoxylin and eosin for di-
agnostic purposes; the second was treated to identify in-
flammatory cells by using monoclonal antibodies raised 
against leukocyte common antigen (LCA: Dako, Milan, 

Italy) and a standardized immunoperoxidase method[23], 
and hepatocellular lipids vacuoles; and the third was 
stained with Sirius red to visualize fibrosis.

Semi-quantitative analyses 
Expert hepatopathologists graded and staged the biopsy 
sections using the Knodell[24], Sheuer[25], Ishak[26], and 
METAVIR[27] semi-quantitative scoring systems.

Example of liver tissue geometric analysis
A specific example of  the set of  metrical parameters 
obtained by quantitatively evaluating liver residual 
parenchyma, inflammation, fibrosis, and disordered liver 
tissue tectonics is shown in Figure 2.

Methodology validations
Variations in the water bath temperatures used to dis-
tend the histological sections were tested at 41, 43, 45 
and 47℃, (which accounted for 12% of  the variations 
in fibrosis). Variations in paraffin section thickness were 
tested using five sequential thicknesses from 2-6 μm, 
(which accounted for 20% of  the variations in fibrosis). 
Variations in staining times (tested using nine sequential 
sections stained with a freshly-made Sirius red solution 
for 15-135 min), (which accounted for 13% of  the vari-
ations in fibrosis). Intra-sample variability in the tissue 
area covered with Sirius-red-stained collagen was as-
sessed using three series of  thirty 2 μm-thick sections 
obtained from three biopsies, two series of  fifteen 4 μm-
thick sections obtained from two further biopsies, and 
one series of  ten 6 μm-thick sections obtained from a 
sixth biopsy. The results showed wide intra-sample vari-
ability, because of  the highly irregular distribution of  
the collagen matrix. Also the loss of  the thinner matrix 
components because of  histological section processing 
might have play played a role in this result.

Statistical analysis
The results were analyzed using Statistica software 
(StatSoft Inc., Tulsa, OK, USA). Variability was evaluated 
using the coefficient of  variation (CV) given by the 
formula CV = (SD/mean) × 100%. P values of  less than 
0.05 were considered statistically significant.
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Figure 1  Markovian logarithmic curve obtained with the fibrosis content 
in each single biopsy section from 398 patients, ordered by increasing 
severity. AF = area of fibrosis.
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The model and its pathological transformation
Our model for measuring the state of  liver tissue is 
based on two canonical points: the choice of  the prime 
structural elements of  the tissue, and the most general 
kind of  tissue organization[1].

Prime structural elements (determine property of  the 
system) and are the most representative structural ele-
ments of  an organ tissue insofar as they have the prop-
erty of  changing their shape and size over time, without 
losing their individuality. 

Prime liver structural elements were considered: (1) 
the parenchyma (i.e. the substantia jecuris), which consists 
of  the hepatocytic mass that, in this phase of  the research, 
includes regenerative nodular hepatocytes; (2) the dis-
persed set of  topical immunological cells; (3) the collagen 
scaffold that consists collagen fibers and included the por-
tal spaces; and (4) the tectonic, defined by the Malpighi-
Kiernan lobular organization of  the liver. All of  these 
elements were taken in their strictly structural form.

The most general kind of  organization[1] of  an organ 
tissue is the state of  its prime structural elements defined 
by quantitative relationships. It determines tissue tecton-
ics and the reference for every structural change in organ 
architecture which, in the case of  the liver, is the lobular 
structure. 

Pathological events occurring during the course of  
chronic viral hepatitis transform the shape and size of  
these prime physical structures, and consequently alter 
the most general organization of  the liver system.

The main events altering the natural physical state 
of  the prime structural elements and tectonics of  liver 

tissue, are enlargement, reduction and “vacuolization”. 
The pathological transformations determined by these 
events during the course of  chronic viral hepatitis, can 
be interpreted as follows: (1) necrosis reduces lipid 
hepatocyte determines vacuolization increases the size 
of  the parenchyma; (2) Increase in the number of  dis-
persed cells generated by the topical general immune 
system determine inflammatory cell clusters; (3) Growth 
of  septa that evolve into porto-portal or porto-central 
fibrotic bridges results in expansion of  the collagen sup-
port network (which appears as Sirius-red-stained islets 
in a histological section). Taken together these individual 
transformations (in shape and size) generate a loss of  
the natural harmony in the inter-relationship of  the 
prime elements. This loss of  order is also measurable.

The Dioguardi Histological Metriser
We designed and built our own user-friendly Liver Tissue 
Geometric Analyser (LTGA or Dioguardi Histological Me-
triser; patent pending), which automatically ensures correct 
microscope focusing, metrically evaluates the image of  an 
entire digitalized histological slide, and defines the areas 
covered by the residual parenchymal mass (including lipid 
vacuolization), inflammation and fibrosis; it also disregards 
any unfilled spaces (vascular and biliary cavities or sinusoi-
dal spaces) and artifactual tissue-free spaces.

The Dioguardi Histological Metriser consists of  
two parts: a “client” (or dedicated microscope system) 
that captures and digitizes the images of  the specifically 
stained histological section, and a central “server” that re-
ceives the images, automatically measures the parameters 

Figure 2  An example of LTGA. The machine completes the analysis by providing a common language description of the histological pattern and diagnosis.
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Residual Parenchyma  98.91%

Extension of the 
inflammatory basin       0.06%

Fibrosis      1.04%

Tectonic index      0.27

Section area: 31.20 mm2

Section area: 29.20 mm2

Slide N.: 49699

Rozzano, 06/03/2007
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Parenchyma analysis    V.N. Min-Max
Survival parenchyma surface   98.91 (%) 98.00 61-100

Inflammation analysis
Inflammatory basin (BI)     0.06 (%)   0.30   0-39.83
(Tissue covered by the agglomerates of inflammatory cells)

"Pure" inflammatory intra-basin space (BIP)    0.02 (%)   0.10   0-21.03
(Surface covered by inflammatory cells belonging to the agglomerates)

Coefficient of inflammatory activity (IC)     0.43   0.00   0-4.68
(The coefficient expresses the density of the inflammation and therefore the activity of the process)

Extra-basin inflammation space (PC)     0.03 (%)   0.05   0-2.07
(Areas of the remaining isolated inflammatory cells migrating in the hepatic tissue)

Fibrosis analysis
The fractal dimension of the examined fibrosis: (D)    1.27   1.30   1-1.78
(This parameter is used to correct the measurement made using the linear meter)

Area of the sample covered by fibrosis: (AF)    1.04 (%)   2.00   0-32

Wrinkledness of fibrosis (W)                             295.59                   400   0.1666

Tectonic index (TCI)      0.27   0.30   0-0.78

Size classes of the islets of fibrotic tissue
   Islets with an area of 10-103	μm2   73.28 (%)
   Islets with an area of 103-104	μm2   20.09 (%)
   Islets with an area of 104-106	μm2     6.62 (%)

Stadging of fibrosis in histological section    3.26 (%)   6.25   0-100

The method automatically eliminates the capsule of Glisson, if present
(Marked in black in catalogue image)

Analysis of the histological section:
Inflammation is low
The fibrosis is present in low quantity and consists mainly of small islets (thin fibres)
Residual liver tissue is normal. Tectonic order is normal

Automatic diagnosis:
Chronic hepatitis with prevalent fibrotic component present in low quantity, with 
normal structural order
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listed in Table 1, and sends the results back to the client.
In this study, the microscope system consisted of  a 

Leica DMLA microscope (Leica, Milan, Italy) equipped 
with an X-Y translator table, a digital camera (QICam, 
QImaging, Surrey, Canada), and an Intel Pentium 4, 2.60 
GHz computer. We used ad hoc built-in image analysis 
software that automatically filtered, selected, and marked 
the outlines of  the images of  interest using color thresh-
olds based on the levels of  red, green and blue. All of  the 
measurements were made at 10 × objective magnification. 
The Dioguardi Histological Metriser automatically selected 
and excluded Glisson’s capsule from the computation of  
fibrosis by means of  an appropriate algorithm (Figure 3).

The minimum and maximum scalars obtained empir-
ically on the basis of  the Dioguardi Histological Metriser 
measurements of  398 biopsies are shown in Table 1.

Measuring the pathological structures
We took as a reference for the following measurements 
the physical transformation average of  the areas of  the 
studied histological section.

Residual parenchymal mass: We consider the surviving 
hepatocellular set that remains after necrotic viral destruc-
tion, together with the nodular regenerated hepatocytes. 

This surviving part of  the hepatocellular set (residual 
mass) is expressed as a percentage of  the reference area 
using the formula:

HS = 100% - AI - AF

Where HS is the area of  the residual hepatocellular set, 
AI the sum of  the area of  the inflammation basin, and AF 
the area covered by fibrosis. Vacuolization is due to the ac-
cumulation of  lipids within hepatocytes (Figure 4). In this 
phase of  the research we included lipid vacuoles in the 

residual parenchyma. The extension of  these cytoplasmic 
enclaves was measured separately, to define the steatosis 
grade. 

Inflammation basin: We called the inflammation basin 
(Figure 5A) the classic liver tissue pattern characterized 
by various sets of  spatial immune-cell aggregates[23]. We 
consider three components. (1) Inflammatory cell clusters 

A B
Figure 3  Liver fibrosis. A: Proto-
typical examples of multifarious Sirius-
red-stained collagen islets making-
up the liver collagen network; B: the 
Metriser automatically selected and 
excluded Glisson’s capsule (black 
islets) from the computation of fibrosis 
by means of an appropriate algorithm.

Table 1  Quantitative parameters automatically obtained with 
the Metriser

Parameter min      max

Residual hepatocellular set
   Residual hepatocellular set (%)   67.97     99.59
Inflammation
   Inflammatory cell cluster space (%) 0       8.71
   Pure inflammatory cell cluster space (%) 0       3.67
   Extra-basin inflammatory space (%) 0       1.14

Fibrosis
   Area of Sample covered by fibrosis (%) 0     32

Islets magnitude
   10-103 (%)   8.9   100
   103-104 (%) 0     58.15
   > 104 (%) 0     87.4
Wrinkledness 0 1666

Tectonic Index
   Liver tissue 0       0.78
   Low or no disorder 0       0.4
   Middle disorder   0.4       0.6
   High disorder   0.6       1

Data are expressed as percentage of true liver surface. The value 0 is 
obtained when no cell clusters were recognized. Quantitative evaluation 
of steatosis. At this phase of the research this quantitative parameter is still 
obtained with an ad hoc software.
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(Figure 5B). The boundaries of  this dot-like pathological 

structure are arbitrarily fixed using Delaunay’s triangula-
tion (Figure 5C), which defines their edges, as a continu-
ous line, connecting the centers of  the outermost cells 
(with a maximum distance of  20 μm)[23]. This line sepa-
rates the intra-cluster inflammatory cells, from the immu-
nologically evidenced parenchymal leukocytes throughout 
the tissue[23]. (2) Intra-cluster inflammatory space (Figure 
5D), which is intra-cluster area covered by resident inflam-
matory cell bodies micro-areas[23]. (3) Extra-cluster inflam-
matory space, which is the sum of  micro-areas covered 
by individual inflammatory cells that remain outside the 
clusters, within the liver tissue interstitium (Figure 6)[23].

Fibrosis: The fibrotic framework appears as a multifari-
ous set of  collagen islets (Figure 3). Three classes of  
collagen islets were arbitrarily identified on the basis of  
their area the first one included islets with an area of  be-
tween 10 and 103 μm2, the second are those with an area 
of  between 103 and 104 μm2, and the third are those with 
an area of  > 104 μm2[21] (Figure 7).

The wrinkledness of  collagen islets is calculated 
using the formula:

R
A

PW −=
p2

Where wrinkledness (W) is expressed as the ratio be-
tween the perimeter and area of  an object[21], P is the frac-

Figure 6  Liver inflammation (× 10). A: Extra-cluster inflammatory space, 
which is the sum of micro-areas covered by individual inflammatory cells 
represented by the nodes of the Delaunay’ triangulation network; B: irregular 
outline (black line) in which lies the outermost cells distant each other no more 
than 20-μm; C: the irregular outline divided outermost cells from the inside 
resident cluster cells. The immunological staining was performed treating the 
sections with monoclonal antibodies raised against LCA.

A

B

C

A B

C

D

Figure 5  Liver inflammation (× 10). A: Morphological picture showing the 
inflammatory cell’ clusters forming the inflammation basin; B: inflammatory cell 
cluster; C: discrimination of the cluster outline (black line) using the Delaunay’ 
triangulation; D: pure intra-cluster inflammatory space covered by the inflammation 
cell bodies (green surface). The immunological staining was performed by treating 
the sections with monoclonal antibodies raised against LCA.

Figure 4  Computer-aided recognition of vacuolization, due to the accu-
mulation of lipid vacuoles within hepatocytes. The image represents only a 
limited exemplificative area taken from the whole histological section (× 10).
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tal-corrected perimeter of  the collagen area, A the fractal-
corrected collagen area, and R the roundness coefficient 
of  the collagen islets[21].

Liver tectonics: Natural liver tectonics defines the or-
ganization of  the intersecting elements of  liver tissue. 
The tectonic order was quantitatively described by the 
Tectonic Index (TCI, which ranges from 0 to 1) obtained 
using the Euclidean and fractal dimensions and TCI was 
obtained from H using the conversion formula:

TCI = 1 - H
Where H = Dγ + 1 - D, in which D is the fractal 

dimension and Dγ the Euclidean dimension. 
TCI describes the loss of  tissue organization or any 

deviation from natural order: a high TCI indicates a high 
degree of  tissue disorder, and a low TCI indicates a low 
degree of  tissue disorder. It can therefore be written:

TCI = 1 - H = D - Dγ

Fractal dimension correction of the IS meter
The irregularity of  collagen islets makes it impossible to 
measure them using IS linear units unless these units are 
corrected by means of  fractal dimension[20,21]. This correc-
tion makes it possible to include details of  shape that es-
cape (or do not interact with) linear unit measurements at 
any given scale[20,21]. We derived the fractal dimension us-
ing the box-counting method[20,21,28,29]. Since the biological 
objects has been classified as “truncated fractals”[20,21,30] we 
used the fractal dimension to correct the reference units 
as a dilation factor[20,21].

Table 2 shows the differences between the uncorrected 
and fractal dimension-corrected IS measurements.

RESULTS
Dioguardi Histological Metriser resolution power
The Dioguardi Histological Metriser resolution was as-

sessed by computing the surface area of  liver fibrosis in 
13 tissue sections, and repeating the measurements 10 
times in order to define the instrument error. Two ob-
jects were considered distinct if, and only if, their values 
and 95% confidence intervals (twice the standard devia-
tion of  the experimental values) did not overlap. The 
Dioguardi Histological Metriser distinguished 68 differ-
ent categories, as against the six of  Ishak, the five of  the 
METAVIR scoring system, and the four of  Knodell’s or 
Sheuer’s methods. The mean distance between the data 
with no overlap was 0.786% (range: 0.056%-2.216%).

The selective power of  the metrical quantifications 
defines the capacity of  the method to distinguish small 
differences in magnitude.

Comparison of metrical and semi-quantitative data
A study a part, was performed to define differences of  
the metrical date concerning residual hepatocytic mass 
inflammation, fibrosis and liver tissue tectonics on the 
same patient. The digital images of  61 pairs of  histological 
biopsies from patients with hepatitis C virus-dependent 
disease. The first measurement was made 4-15 years after 
of  the interval (after the antiviral treatment). The aim was 
to study the date differences after a long and irregular time.

For each pair of  biopsies, we studied: (1) the difference 

Figure 7  Liver collagen islets mag-
nitude (× 10). A: The Histological 
Metriser Dioguardi distinguish and 
highlight with different colours three 
classes of Sirius-red stained collagen 
islets; B: islets with magnitudes 
arbitrarily fixed at 10-103 μm2 (colored 
in blue); C: islets with magnitudes 
f ixed at 103-104 μm2 (colored in 
green); D: islets with magnitudes fixed 
at and > 104 μm2 (coloured in pink).

A

B C D

Table 2  Differences between the uncorrected and fractal-
corrected IS measurements of fibrosis surface extension

n Uncorrected 
fibrosis extension 

range (%)

Mean increase of fibrosis 
extension after IS meter 

correction (%)

min 
(%)

max 
(%)

193 0-3 25 0 65
156   3-10 10 5 18
49 10-40   4 2   6

n: Number of liver biopsy.
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(Δ) between the scalar measurements performed with 
Dioguardi Histological Metriser; and (2) the changes of  
the semiquantitative evaluation with the four most widely 
used semi-quantitative methods (Knodell, Sheuer, Ishak, 
METAVIR).

Juxtaposing the quantitative variations in the metrical 
measurements with the time to the same parameters stud-
ied by means of  the semi-quantitative methods in order 
to collate the results of  the two scores, we found the fol-
lowing. (1) The metrical measurements of  residual paren-
chyma gave, in comparison to semi-quantitative results, 
fewer indications of  no change and more indications of  
decreases (Table 3). (2) The metrical measurements of  in-
flammation gave more indications of  increases, and fewer 
indications of  no change than the semi-quantitative re-
sults (Table 4). (3) The metrical measurements of  fibrosis 
gave more indications of  increases and fewer indications 
of  no change than the semi-quantitative results (Table 5). 
(4) The quantitative evaluations of  the tectonic index of  
liver architecture gave more indications of  increased dis-
order, and fewer indications of  no change than the semi-
quantitative results (Table 6).

To compare the difference of  the metrical scalars, 
with the ordinally numbered categories is not possible, 
because metrical measurements are in continuum (and 
thus additive with successive points separated by Δ = 0), 
whereas semi-quantitative evaluations are discrete and 
not additive with intervals of  Δ ≠ 0.

Differences between the metrical and semi-quantitative 
results
On the straight line of  real numbers, we reported the 
value of  the cases grouped by each category recognized 
with the current semi quantitative scoring systems.

The collate of  the distribution of  the data reported 
on the state shows the overlapping of  the metrical meas-

urements that correspond to patients classified in differ-
ent semi quantitative categories (Knodell, Ishak, Sheuer, 
and METAVIR). This highlights the inadequacy of  all 
four semi-quantitative methods in discriminating differ-
ent states of  liver fibrosis (Figure 8).

Classes of magnitude of collagen islets
Our method distinguished three classes of  collagen islets 
with magnitudes arbitrarily fixed at 10-103 μm2, 103-104 
μm2, and > 104 μm2 (Figure 7). As the process of  fibro-
sis is a progressive deposition of  extracellular matrix 
that coalesces into islets that are subsequently thickened 
by matricial deposits, it can be speculated that thin islets 
indicate the initiation and persistence of  inflammation.

Stad-ging and grading
Stad-ging indicates the part of  the disease course already 
covered and the part that remains to be covered, before 
it reaches its end. It is established by placing the value 
of  fibrosis (expressed as a scalar) on the ideal trajectory 
that indicates the phase of  fibrosis, at the time of  
measurement (Figure 9)[21]. In brief, stad-ging indicates the 
tendency of  the process to evolve in both senses from 
one state to another. 

The staging and stad-ging of  fibrosis are different 
insofar as the former indicates the current fibrotic state, 
and the latter indicates the phase of  the process: i.e. the 
percentage of  the course before collagen deposition 
reaches its maximum level of  tolerance, which in our 
case, was empirically found to be 32% of  fibrosis. The 
magnitude of  inflammation defines the current status 
(grading) of  the disease process.

DISCUSSION
The aim of  this study was to test the means of  rapidly 

Table 3  Residual parenchyma metrical and semi-quantitative 
case numbers

D metrical measure Semi-quantitative evaluations

HAI Scheuer Ishak METAVIR Average

Increase 24 19 26 26 23 23.5
Stationarity   0 30 23 18 25 24.0
Decrease 37 12 12 17 13 13.5

Mean value of the four semi-quantitative scoring systems; Data  refer to 
the difference between two biopsies taken at different times.

Table 4  Inflammatory basin metrical and semi-quantitative 
case numbers

D metrical measure Semi-quantitative evaluations

HAI Scheuer Ishak METAVIR Average

Increase 35 16 16 23   7 15.5
Stationarity   1 25 22 19 36 25.5
Decrease 25 20 23 19 18 20.0

Mean value of the four semi-quantitative scoring systems; Data  refer to 
the difference between two biopsies taken at different times.

Table 5  Fibrosis metrical and semi-quantitative case numbers

Mean value of the four semi-quantitative scoring systems; Data  refer to 
the difference between two biopsies taken at different times.

Table 6  Tectonic Index metrical and semi-quantitative case 
numbers

Mean value of the four semi-quantitative scoring systems; Data  refer to 
the difference between two biopsies taken at different times.

D metrical measure Semi-quantitative evaluations

HAI Scheuer Ishak METAVIR Average

Increase 42 19 26 26 23 23.5
Stationarity   0 30 23 18 25 24.0
Decrease 19 12 12 17 13 13.5

D of loss of the natural 

liver tissue order

Semi-quantitative evaluations

HAI Scheuer Ishak METAVIR Average

Increase 46 19 26 26 23 23.5
Stationarity   3 30 23 18 25 24.0
Decrease 12 12 12 17 13 13.5
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structural organized matter; the fourth (tissue tectonics) 
was taken as an axiom because it defines the harmony that 
orders the natural conformation of  liver tissue. Recogniz-
ing these observables in their most strictly structural form 
makes it possible to define necrosis, the topical immune 
system, the collagen network and tissue tectonics in geo-
metrical terms: (1) necrosis of  the hepatocyte mass was 
considered a reduction, and steatosis an enlargement due 
to lipid deposition in the form of  intercellular vacuoles; (2) 
inflammation was considered an enlargement of  the topical 
immune cell system; (3) fibrosis an enlargement of  natural 
liver collagen formed by the deposition of  intercellular 
matrix; and (4) the transformations in liver tectonics as a 
reduction in the natural harmonic state of  liver tissue that 
caused disorder in the organ’s lobular structure.

This model allows the Dioguardi Histological Metriser 
to provide the following quantitative data: (1) the metrical 
extension of  the residual hepatocellular set including the 
area of  vacuoles pertinent to abnormal lipid accumulation; 
(2) the geometric measure of  the inflammation basin (i.e. 
that part of  the liver surface covered by inflammatory cell 
clusters), which distinguishes intra-basin space and extra-
basin dispersed parenchymal leukocytes; (3) the magnitude 
of  collagen islets, which were considered truncated or 
asymptotic planar fractals and classified into three degrees 
of  magnitude; and (4) the TCI that quantifies alterations 
(disorders) in the organization of  liver tissue.

To quantify these elements, the Dioguardi Histological 
Metriser uses three units of  measurement. The first are the 
traditional IS units, which are used to measure the outlines 
of  clusters and lipid vacuolization; the second are the tradi-
tional IS units corrected by the fractal dimension, which are 
used to measure irregular fractal collagen islets and the area 
of  the residual hepatocellular set; and the third is the TCI, 
which is based on the inter-relationships between the Eu-
clidean and fractal dimensions of  liver tissue, and provides 

making standardized and precise metrical measurements 
of  pathological elements in a liver biopsy histological 
section using the rules of  measurement theory.

The model used to make quantitative comparisons 
between the structural elements of  the natural liver system 
and the same elements in liver tissue affected by chronic 
viral inflammation was constructed on the basis of  a set of  
four observables, which were considered the prime struc-
tural elements of  the system. Three of  these (the hepato-
cyte sub-set, topical immune system and collagen support 
network) were taken as axioms for measuring the purely 

Figure 8  Comparison of the 
phase portraits obtained using 
the scalar values of fibrosis 
(%) calculated from each 
biopsy section, projected onto 
the state spaces. A: Knodell 
HAI ;  B :  Sheuer ;  C:  Ishak ; 
and D: METAVIR categories 
(staging). All graphs highlight a 
considerable overlap of scalar 
data that corresponds to different 
categories. Forty-six cases for 
HAI, 34 for Sheuer, 10 for Ishak 
and 29 for METAVIR resulted 
uncertain to be classified in a 
unique category of severity.
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Figure 9  Stad-ging indicates the part of the disease course already 
covered and the part that remains to be covered before it reaches its end, 
and is established by placing the value of fibrosis (expressed as a scalar) 
on the ideal trajectory that indicates the phase of fibrosis at the time of 
measurement. AF = fibrosis area (× 10).
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a quantitative estimate of  the loss of  natural tectonic order. 
On the basis of  our results, it is difficult not to con-

sider biopsies a rich source of  information regarding the 
course of  chronic liver inflammation, despite their unde-
niable limitations[31]. Our perseverance in studying biop-
sies should be seen in the light of  the risks[32-36] currently 
accepted in many fields of  medical practice[37-39] (Table 7). 
Quantifying liver lesions in a biopsy sample raises many 
questions concerning the status and organization of  
natural and pathological liver systems that do not seem 
to be merely subsidiary matters to be dealt with within 
the confines of  a specific investigation[1].

Why adopt a new measuring method in hepatology?
One fundamental question is whether hepatology re-
searchers or practitioners need to adopt a metrical method 
of  tissue analysis in order to confront the everyday prob-
lems they already solve in a less precise but what they still 
consider to be a satisfactory manner. Viral inflammation is 
a dynamic process influenced by a variety of  factors that 
generate changes in the shapes (wrinkledness) of  liver tis-
sue lesions. However, studying the evolution of  liver tissue 
status can use no more than one biopsy, which must there-
fore be examined in as much detail as possible, and this 
makes any attempt to improve precision crucial. It is clear 
that the status of  the organ cannot be defined quantita-
tively without an appropriate technology that is capable of: 
(1) discriminating the most representative observables; (2) 
eliminating imprecise identifications and measurements; (3) 
using a suitable metrical unit for measuring the irregularly 
shaped elements of  the tissue; (4) standardizing the meas-
urement of  previously unavailable histological elements; 
and (5) considering the smallest foci of  inflammation and 
fibrotic islets that cannot be observed through an optical 
microscope.

The problem of  the most representative observables 
was solved by the model, and that of  the linear IS unit 
was solved by correcting it by the fractal dimension of  
the measured object[20,21]. The problem of  standardizing 
the measurements was solved by constructing an innova-
tive and completely automatic instrument that excludes 
human error, provides objective and reproducible results, 
and eliminates the need for the tedious work of  light 
microscopic analysis (the automated analysis of  an entire 
histological section takes place at a speed of  0.1 mm2/s).

The problem of  the representativeness of  a biopsy 
fragment (which accounts for only 1/40 000-1/60 000 of  
the whole liver)[12] cannot be directly solved by our meth-

od which, however, can ensure objective and mathemati-
cal precision in measuring elements that may or may not 
be visible through a microscope.

At this point it has to be stressed that, although our 
metrical measures are rigorous and reproducible, their sca-
lars provide definitions of  magnitude and not interpreta-
tions, which remain the responsibility of  pathologists and 
clinicians.

However, our machine can already describe a histo-
logical picture in verbal and repeatable terms, and thus 
provide a strictly morphological diagnosis. We can also 
say that we have begun to consider it in terms that make 
it more comparable with an intelligent collaborator than 
a sophisticated desk computer. Finally, our data come 
from machine-made metrical measurements of  the path-
ological observables in a histological pattern, and are not 
hypotheses based on semi-quantitative methods that can 
only continue to generate new hypotheses.

This paper is closed with a dedication to Robert 
Rosen.
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