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THR PROBLEM OF THE DETBRMINATION OF SRCTION THICEKNRQS

[(Following is the translation of c German-language artiole
by S. Weissbaoh, Pathological Institute of Frankfurt/
Main University, published in Acta Histochemica, Ho. 9,
1980, pages 183-187.]

(Note: Investigatioca ocarried cut with the support of
the German Research Assooliation.)

For the exact determination of substance oconcentration and
volume as carriod .ut with miorosopeotrographic and miocroradiographis
quantitative methods, kmowledge of the absolute thickness of viologiocal
soctions is neocessary. Attempts have been made to solve thisg problem
in various ways by utilizimg the following me_.hods:

l. Foeusing on upper cnd lower face of objsot;

2. Welghing of section;

3. Direoct measuremsnt by means of the oocular miorometer;
4. Interference methods;

5., Refleotion of beta particles;

6. Digmond method;

7. Stereosoopic method;

8, Direct measwement with precision measuring instrument.

The foousing method was based on the Abbe and on the Berek
theory of depth of focus and used objeotives with high capability
of vertioal resolution, The vertical movemsant of the tube was
read from the miorometer screw of the mioroscope. However, it was
found that the raising and lowering of the tube (in earlier mioro-
soopes, the precision adjustment acted on the tube) was not a linear
funotion and made ysry exast work impossible. In 1954, Lance and
Bngstroem carried out measurement of thiokness of biologloal objects
by the foousing method with a very highly develioped mioroscope and
found errors of 10-13 per cent.



When wolghing the section, it is possible at most to determine
en aversge seotion whioh is not representative of the location
investigated. Moreover, by mathematical division of a paraffin
oubs in seotions of 5/u, no particular consideration is given to the
density of the tissue in individusl pari.s of the sections.

Wo ocarried out gome weighing of sections on paraffin cubes
without tissue. The cubss had been cooled for a certain length
of time and were cut with a miorotome adjusted to 6/u under
uniform external eonditions (refrigerated chamber). The weights
show a spread of 5 £, This figure indicates the reproducibility
of the miorotome under ideal conditions but iandicates unfortumately
nothing for absolute thicknese.

in 1957, Merriam bent a part of the ssction on an aluminum
foil upward at right angle, by adroit msnipulation, and soc made
the free edge accessible for direct measurement.

Various investigators (Davies, Wilkins, Mellors, Menzel and
Semidt, of. Hallen) utilized the interference microscope for ceter-
mination of thiskness. However, the refracticn index of the tissuse
must be knowvn for this type of determinetion. In some cases, the
method ieg difficult to apply because different object structures
frequently have a different refrasctlon index.

In electron-microscopios, Gotthardt developed the stereo-
soopie method. This enabled him to determine thiocknesses between
O0s1=1,0 o The method is unfortunately not simple for sections
of 65/u ahd therefore is not applicable to our cell-analytic investi-
gations, Baehr utilized, for determination of thickness, tie
impression of a Vickers or Knoop diamond which makes pogsibis
mathematical determination of thicikmess fram its lmown angles and
measured distances. Glimstedt and Hakansscn ocarried out direct
measurement by redusing the operating pressure of a *microkator"
(& presisicn measurement instr.ment of the type of the German
Miliimass, making possibie measurements of object with a thiskness
nf O.%/a) 43 230 mg snd so determined thickness dirsotly.

Odeblad (1957) attempted to molve this problem in a simple
manner by utilizing the reflestion of energy-poor beta partisles. As
emitcing substance, ha used labslad C1% and 895,

Zsilen flnelly returned Lo the fesusing methol. T:zatead of
the stasderd miocosscpe, he utlilizsed a top-illumination microssops
and messured the motlon ol the fine adjustment with a milorokator
and 2ot with a mioravetsr gorsw, In ordar to siroumveat the diffloul~
tiea in s determination c¢f the upper and lower [asa of “he jeotleon,
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he installed a wire of 30 or 100/u in plaoe of tha light-field diaphrame
in the Koehlsr lighting system oh is then projected ou the upper
avd lower face of the rection and wo sppreofably facllitates thedir
recognition, We here in the Institute mlso turned to the foousing
method and utiliszed a phase-contrast miorosoops instead of the
top~illumivation mioroscops. It is highly sultable for recagunition
of the boundary surfaces of the seotion and, with gome practice, 60
msasurements in the ssme location produce an error of 2.28 X, The
vertiocal movement of the object tsble with the misrometer sorew ig
transmitted to a Mikrokator which is rigidly attached to the mioro-
scope by a strong metal olamp. The entire aggregate of microsocpe,
Mikrokator and metal clemp are mounted on a stsel base enbedded in e
conorete table and so proteoted from mechanical influences. For the
msasurements, a binoocular drawtube with an coular magnificetion of
(1) 12.5, a phase~contrast objeotive with a magnification of (?)

40 (W,A. 0.65) and (1) 100 (N.A. 1.26) wae utiiized.

Thyroid oolloid, hyaline cartilage and liver tissue wama
utilized for the measurements. In order to control thes determination
of seotion thicknsss by the focusing method, we simultaneously
carried out comparative determination of seotion with the interference
mioroscope, If & sootion prepared with a miorotoxme edjusted to
24u was measured by the foousing method with an objective of N.A. 0.65

d with en objective of N.A. 1.26 et the same loocation, this produced
a difference of about 2.5~%3.0 . For example, a thiokness of 4.98
is measured with N,A. 0.65 and a thiolness of 7.39u with N,A, 1.26?
This difference was repeated through the entire serles of gectiouns,
was oorrespondingly smaller for seotions of 2 and 3, u but always
reourred with minor deviations. This discrepancy must therefore find
its origin in the optical system and not in the observer or the mese~
uring equipment.

A slmple trigonametrioc oonsideration will produce the sonoclusion
that the abgolute thickness of the messured image projeotion, multi-
plied by the quotient of the tangent of the angle of the inoident
reay to the perprendiculsr snd the tangent of the anglée of the refrectea
ray to the perpendicular, is expressed by the following formula

d=h-%§-§ =l(t8300t53)

Because the angles are relatively large, tan ocemmot be
equated here to sin. If we enter the oorrespondiang values in the
aperture formule A  nisin X, we then obtein an angle of 40.85°
for en cbjoctive of NeA. 0.85 and an angle of §6,6° for an objective
of N.A. 1.25. If we therefore want to determine tan & aund ocoten 3,
wo must go baok to the sperture {crwula and enter the valus of the
embolding mediwn or ths objest for the reaspesctive n,.




This results in the neocessity of determinliang tis refrastion
index of the obdjeot, For this we utilize liquids with a def!ned
refrectice index of 1,46-1,6/ wiik a graduation of C.0l, Thie puts
us in poaftion to soocurately detsrmine the refrastive index %c <he
sssond deoimal figure by spproximation; the third declimal figu-e
oxn then be found with relative scouracsy by interpolation. A mcre
cxact determination iz not easily possible and not necesaasy beceuse
gresater ascuraey excesedg the poszsibility of the foousiug methcd.

In messuremonts of refreotive indicos, we proceeded by utilising eome
soctior aksad o and some beyond the secticms tv he messured. 1Ia
doing ec, nc d.fference was shown even in the third decimal plase.

We then used tiis refractive index for our formula and alwe fcr tae
determizalics of thiokness with the Baker interference micrcascope.

In ascordance with the explanations above, we congidered the
N.A, of the objeotives and so found satisfactory sorsordance of the
values of both objeotives. The moasurement of the thiclmass of the
sestiou at the same location with the interferencs microszcpe alsc
showed satisfaotory concording values withinm 2 €. For the (1)
10C objeotlve with greeter depth of focus, the values are even botter.

I. resulte from these measurements that, in the detesminatiocr
of thiclkneas, wo absoclutely must also consider ths N.A, of the
cbjective and the refractive index of the tissus. Without thess
values, the findings obtained will always be inexacts The refractive
index may ooccasionally be rather difficult to determire, e.g. in the
liver, in whieh structures with another refractige index cccwrs

iscusslions
Pillers Ths soouracy of measurement of thickness of fosusiag on.
upper and lower face depsnds, smong other fastors, on the rmige

of depth of foous whioh is given im turm by the image ssale azd

the effective numericsl sperture. Moreover, the quality of the
image-forming optios plays a role. It is thereflcre preferadbie io
carry out tests and/or calibration measwrements in which the misrce
seope is moourately adjusted as later in practical work in sr-der
to contrel the diflerence of height betwoen ths adjuetwert ci the
upper face and that of the lower face by a Mikrckatcr.

Sohleners The determination of section thickness with the EBaier
Taterference micrcscope (Shearing system, fringe-field csulsi),
was carried out by us with the following equation:
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In this formula, (d) = average thiokness of seotion, A =
wave length of monochromatie light, (b, () n ) ® differsuce of
refractive indices of objeot and swrrocunding tediwe, (n) = number
of measuring points over the length of the band deflection investi-
gated, The interval of the bauds from esach other is (d,) &nd
(dg x n,) is the magnitude of deflection in whole band-interval
wnits. {D) detormines the interval of the deviation from the first
reference band and (i) defines that part of the equatiocn whioch is
to be gumated. This method of determination cac be carried out with
the Baker interferestica microzaops in the range free of double image.
With g 100-x objective, this range is limited on one side to 2?/u eand
with the 40-x objective to 160/u.

Casdersson: ] belisve that the problem of the determinatiou of
thickness represents a great difficulty. The Basu.r method was
developed in order to oirocumvent the unreliability of the determina-
tion of refractive indices. Biological problems should be formulated
as far as possible so that whole cells ocan be utilized (smsars) which
avoeld all these difficulties.

Sandritter: For rurely comparative measurewment, the problem ocan be

gener:iiy bypassed by bringing various objscts in one paraffin oubde.

Tr;;gi I regard as a disadvanfiage of these very excelileant mutually
confirmatory findinga that they are all depsndent on the determination
of refrastive index which brings on the cther hand & lack of relia-
bility in the final reasults which it 1s diffioult to ocontrol. I
should ilke to suggeat some attempts at eliminating the determinstion
of refraotive index, eege by transforming measurement of depths imio
messuremsnt of laberal extexzt.

Weisebaehs I ghould like to stress that the test objeots utilired in
my investigations have a very homogenous refractive index (thyroid
60lleid}., Purther investigation will be needed to oheok for the

amount of error whioh differences of refractice index within difrerent
strustures occurring ia the gsame tissue, introduce into the measurement
of thickness. f :
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