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ment of these components is therefore not possible.
The observer may then again interact with the
'light-pen', defining the structures of interest for
analysis. Finally, direct linear measurements on the
image such as crypt depth, mucosal thickness,
villous height, and enterocyte height may be made
simply by indicating the end points of the distances
required for measurement. The crypt depth is
measured as the distance between the open 'mouth'
of a crypt seen in a section through the centre of the
crypt to the basement membrane zone at the base of

the crypt. Definition of crypts is not usually difficult.6
The mucosal height is measured as the distance
between the upper border of the muscularis mucosae
and the tip of each villous structure seen in the slide.
Because of the random plane of section which cuts
through the slope more often than the true tip of the
villous the mean mucosal height measured is less
than figures obtained by measuring only villi seen in
complete section. The recording and measurement
process may be repeated on as many fields as
required while the computer accumulates the

Table I Measurements in 20 normal jejunal biopsies

No. Mean inucosal Meat, crypt A/B Mucosal Epithelial Lam/ina propria D/C% ElC%
height (A) (,u) dept/i (B) (,u) volume (C)* (nwi:t) volunte (D) (tinni3) volume (E) (nun)

1 520 181 2 87 0-492 0 265 0 226 54 46
2 368 119 3 09 0-342 0-188 0 136 60 40
3 335 83 4 04 0 309 0 173 0-138 56 44
4 437 89 491 0381 0202 0-194 51 49
5 390 80 4-88 0 469 0 254 0 214 54 46
6 431 8 1 5 32 0-763 0 413 0-350 54 46
7 482 102 4 73 0 360 0 195 0 166 54 46
8 410 95 4 32 0-367 0-184 0-183 50 50
9 553 9'1 608 0409 0237 0 173 58 42
10 387 120 323 0361 0218 0 149 61 39
I 1 5 17 98 5-28 0(489 0 255 0 234 52 48
1 2 464 128 3-63 0-438 0 229 0 210 52 48
1 3 507 83 6 11 0 370 0-229 0 142 62 38
14 371 78 476 0448 0261 0 187 58 42
15 342 109 3 14 0310 0 157 0 153 51 49
1 6 477 83 5 75 0-439 0-266 0 174 60 40
17 410 127 3-23 0 367 0 206 0 161 56 44
18 323 84 385 0353 0201 0 152 57 43
19 388 95 4 08 0 318 0 181 0-137 57 43
20 414 131 3 16 0303 0 159 0 145 52 48
Mean 426 4 103 4 3 0 405 0-224 0-181 55 45
Standard 65 25 1 0 0 1 0 05 0 04 3*5 3-0
deviation

*VoIlumes related to /mm2 of mUscularis mucosae.

Table 2 Measurements in 18 jejunal biopsies from untreated patients with coeliac disease

No. Mean mnucosal Mean crypt A/B Mucosal Epithelial Lamina propria D/C% ElC
height (A) (,u) depth (B) (,t) volume (C)* (Ontn3) volume (D) ( colu/ne (E) (0n11')

654 322 203 0445 0 174 0271 39 61
2 495 408 1 21 0523 0 199 0 324 38 62
3 334 304 1 10 0 368 0 124 0-243 34 66
4 350 318 1 10 0434 0 140 0-294 32 68
5 395 353 1 12 0417 0 151 0265 36 64
6 320 316 1 01 0329 0 118 0210 36 64
7 311 248 1 25 0274 0094 0 179 34 66
8 387 366 1 06 0'383 0 170 0-214 44 56
9 325 287 1 13 0318 0116 0202 37 63
10 308 297 1-03 0 327 0 121 0 206 37 63
1 1 387 335 1 16 0 700 0 209 0-489 30 70
12 600 455 1 32 0516 0 183 0321 35 65
13 310 257 1 21 0285 0(092 0 192 33 67
14 393 251 1 57 0410 0-155 0254 38 62
15 344 318 1 08 0286 0099 0 187 35 65
16 413 355 1-16 0495 0 211 0-284 43 57
1 7 530 473 1-12 0 675 0 208 0 466 30 70
18 474 433 1.09 0-428 0 178 0 250 42 58
Mean 409 325 1 3 0-418 0 154 0-254 37 63
Standard 102 76 0 4 0 11 0 03 0 08 4 5
deviation

*Volumes related to /mm2 of muscularis mucosae.
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measurements. When enough fields have been
measured the user asks the computer to evaluate the
quantities measured. This evaluation may be made
as simple values or in terms of ratios with various
denominators-lengths of muscularis mucosae, area
of mucosa, area of epithelium or stroma as may be
required by the investigation.
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Fig. 4 Cumulative mean values of areas measured in
jejunal mucosa for normal mucosa (A) and coeliac
mucosa (B).

Results

Results from normal jejunal biopsies and from
patients with coeliac disease are presented in Tables
1 and 2. Such measurements are obtained easily and
without observer fatigue. A single biopsy may be
analysed in about 10 minutes. The results are
consistently reproducible by single or multiple
observers. We have employed the method of
cumulative means'3 and after measurement of two
fields the epithelial and stromal area values are
constant (Fig. 4). The results obtained by the
technique are a direct measurement of tissue
component present in the tissue and are not an
inference based on statistical methods as in point-
counting techniques.

Discussion

Objective measurement is important in routine
diagnostic pathology and in the full assessment of
each biopsy so that comparisons can be made
between different biopsies in a single patient or
between biopsies in groups of patients. Much work
has been done using stereological techniques applied
to jejunal mucosal biopsies,45 but this approach is
limited because it involves point counting or intercept
techniques which are tedious and tiring for the
observer. Moreover, in many cases the tissue
elements are not randomly distributed but are
anisotropic, and the commonly used stereological
methods may be inappropriate. The use of computer-
aided microscopy offers a possible solution. It
permits rapid measurement of defined tissue
elements based on a simple graphical technique.
Moreover, by examing all the areas within a field,
this method yields direct measurements of complex
shapes rather than estimates inferred by statistical
estimation.
The analysis of a microscopic image by computer

is based on grey-level equivalents of the colour and
shades within the histological preparation. In the
past, commercially available image analysis systems
have relied on structural analysis performed by
examining independently grey levels at each point in
the image. While this has proved practical in many
fields such as geology and metallurgy, it is found
that the restrictions of the method make the sep-
aration of images into the structural components
difficult in complex biomedical applications.
Two approaches may be used to solve the problem.

Separation of the tissue element images may be made
easier by the use of selective staining, which empha-
sises tissue and cellular tonal contrasts. Thus
enterochromaffin cells and their precursors may be
effectively delineated by the argyrophil reaction.

.
i

259

c

 group.bmj.com on February 11, 2012 - Published by jcp.bmj.comDownloaded from 

http://jcp.bmj.com/
http://group.bmj.com/


260 Slavin, Sowter, Robertson, McDermott, and Paton

However, the selective stains may not be the usual
ones chosen for microscopy by the pathologist, and
this may require modification of his techniques. The
mucus content of a section is clearly shown by the
periodic acid-Schiff reaction when viewed down a
microscope; the magenta staining ofmucus, however,
produces poor grey-level contrasts and is unsuitable
for the definition of mucus content in automatic
image analysis. Use of an alternative periodic
acid-thionin-Schiff reaction, however, produces
dark blue staining of the mucus, giving excellent
grey-level contrast and discrimination. Selective
staining is an important manner of extending
structural analysis of the grey-level image but is
limited in its application.
The second generation of commercially available

image analysis systems, of which the Magiscan
Image Analysis system is one, offers a different
approach. In these, the analysis of the image may be
based on interactive definition of tissue elements by
the observer as well as by automatic methods. We
have found that automatic methods of image
analysis based solely on grey-level thresholding have
been unable to detect the components of jejunal
mucosal biopsies in a satisfactory manner. However,
the technique of interactive graphics permits
descriptions of the image components to be passed
to the computer, which then carries out direct
measurements of areas within defined curves and
lengths of curves. This system when applied to the
examination of jejunal biopsies is rapid and efficient
and gives easily reproduced results. Definition of the
epithelium and stroma is made by the 'light-pen',
and selective staining further aids the definition of
particular tissue elements. The values are recorded
in terms of measured values within the area of the
section such as mucosal thickness, crypt depth,
mucosal area, epithelial area, or stromal area rather
than in merely proportional terms as is usual in
grid counts. The method is now in routine use in
this laboratory and is applicable with simple
modification of the programme to other tissues
besides jejunum.
The results in Tables 1 and 2 show significant

differences in the values from normals and from
patients with untreated coeliac disease which allow
sharp separation of the two groups and provide
suitable parameters to follow sequentially as a
response to therapy. There is no significantdifference
in the mean mucosal heights between the groups but
the crypt depth in coeliac patients is greatly increased

and the ratio mean mucosal height
mean crypt depth

difference, as well as indicating the 'flatness' of the
mucosa in untreated coeliac patients.

The mucosal volume related to a standard 1 mm2
of muscularis mucosae is similar in the two groups
but the proportions of epithelium and lamina
propria show marked changes in coeliac patients.
There is a loss in the epithelial volume fraction, and
this is matched by an increase in the lamina propria.
This increase is greater than that observed by
Meinhardt et al.6 although their measurements were
in children.
Although large image analysis machines have

many potential applications it is evident that the
capital costs will restrict their use to teaching
hospitals or to laboratories partly supported by
research funds. Nevertheless the method of 'inter-
active graphics' described illustrates an approach
that can be developed for use in more restricted and
cheaper computer systems. These can be applied
more generally to other tissues in diagnostic histo-
pathology and allow measurement as a matter of
course in day-to-day work.
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Addendum

Since this paper was submitted the programme has
been modified with the help of Joyce Loebl so that
a contour tracing routine automatically delineates
the outer border of the epithelial cells, replacing the
need for manual tracing at this stage. Automatic

tracing of the epithelial cell-stromal interface is
more complex and has not yet been achieved.

Requests for reprints to: Dr G Slavin, Northwick Park
Hospital and Clinical Research Centre, Harrow, Middx,
UK.
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