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I, INTRODUCTION

Microtomes are precision in.rrumenrs designed
ior curriry mareiials inro section' rhir en6ugh
Ior exarnlnatbn wlth a mrcroscope.

Successful sectioning requires:

l .Properly prepared mrtel ial.  Some specimen<
may be secrioned as they are foundr many re-
quire extensive pretreatment and embedding in
i supporLing medium. The supporLine medium
must marr h rhe physical character ofihe speci-
men and have properties suitable for the cut-
ting procedure to be ased,

2. A sharp knife. Poorly prepared materia.l can
sometimes be sectioned with a good knife, but
a poor knife may fail to cut, or ruin the best
materia.l.

3. The correct microtome. Different kinds of mi-
crotomes are available for different uses and
the choice should deoend on the aoolica-
tion. Wirh prop". "".'" AO Microtomei will
give many years of service, but abuse will ruin

precision instruments. Unless very old, dam-
aged, or mistreated, the microtome is rarely
the cause of poor sections.

4.A skilled operator. Most failures observed in
microtomy could have been avoided by an ex-
pcr ienced miLroromist.  Wirh perfe* marerjal ,
a sharp hnife.  and propedy idjustcd rnicro-
tomc. auromaric sect ioning wouJd be possible.
Otherwi_sc the operr(or must be able to rccog-
nize and correci  di f f iculr ies as they ar ise. N-o
techniciar should be expccted to secion im
properly prepared mater ial .  lor t rain,ng cour-
ses see Sreedman (1960).

The objectives of this manual are to provide
directions for the use and care of AO l.licto-
tomes. cal l  artenr ion ro somc of the specia.J pro
blems of microromy. to share our research and
experiencc on thc scct ioning process, and ro co-
ordinate and ourlinc thc bisii literature in this
field, Detailed instructions may be found in the
sepatate manuals for the microtomes.

I I .  CORRECTING DIT'FICULTIES
ENCOUNTERED IN SECTIONING

This check list should help the operator to over-
come many of the common difficulties. When
the suggested correcrion is not adequate, the
correrpondinq pat of thc manuaJ s|ould be
read ind. as;e;ded. or|er more complere sour
ces (Chapter VlI l) .

Do not return'rhe microtome to the factory un-
les< it  is damaged. or old and.obvioLrsly worir and
none or rnese suggestrons work.

A. DIFFICULTIES COMMON TO ALL
METHODS

lrregular secrions, skipped sections. or LIr ick and
rhin sections. are usualiy the rezulc of irsuff icienr
tilt (fig. 18) of the knife, thar compresses rhe
block on the return stroke, or of too much tilt
which scrapes off the section instead of cutting

4

i t .  Corrccc by turning t le kni fc holder ro eive
the proper cl iarance insle ( fre,  fgt ,  berw-een
the iucr ing facet of rhc [ni fe aid the specimen.

Scored, qrooved, smca-red and deformed secrion'
are oftei caused by a dull knife. Regular, length-
wise scr, tches. and spl i ts i r  secr ioni  are usu-al lano sPrrrs m secrrons are usuaxy
caused by ,  defecr in rhe kni fe edge. aJthough
they may rcsult from dirt or hard material in
rhe specimen. \4oving the (ni fe ro an unu"ed
area. or replacing.wirh a s\ ,rpe'  l .n i fe .nay re
srore gooct sectlonmg.

Sections that fall out of the matrlx or show a
dif feren( amounr of .o.nprersion than rhe em
beddhs medium frame - indica(e rhar rhe
\upport ing. embeddin€ medium is i rrdequare.
Mushy apperiry secr ions indicare insuf l lc icnr
dehyd,at ion or clear ing. Re-embed rhe .peci-
men in a morc suitable material for better
sectiors. (See Gray, 1958; Chapter VIII).



r ig .  l .  A .D i /g rm s} 'ow ing  c l ,  d ,n .e  dg le  Jnd inc , . . "c
u '  \ . . r ion  rq i . tnc  .  l rom cohpr .$ ion .  B .Wedds. i r .c r
whcn thqc h no cledoce mgle. C.Howto se;th; cl"d-

I}- DIFFICULTIES OF SPECIAL METHODS+

l. Paraffin Embedded i\4aterial
(See also Chapter lV F)

l.Ribbon fai ls to form.

a. Roon ls too cold of pataffin too hard.
(1) Use softer (lower melting polnt) p,raf

tln.
r  2 \ \  arm knife \r ighr ly by blowirg rhe

brearh or i r .  or immerse in wJJm (nol
hot) water.

'J Place_a desl lamp .o rhaL rhe l ighr and
heat fall on the knife and block

b. Tilt thc knife less.
c. Cut thinner sections.
d. Knife may be too du1l resharpen.

+see also steednan (1960)

e. Dip block into a softer paraflin and trim so
Lhar a r \ i l  layer of sofrer praff i r  remains
on r\e upper and lower cdge of rhe olock.

f .  Unrol l  rhi  secr ion and holdlr  l ighrt)  againsr
the knife with a camel's hair biusli. if the
first few sections can be held down, the rib
bon will often form and follow.

2. Crooked ribbons.

a. When sections are wedEe-shaped the sides of
the block are not trim;d D;rllel.

b. Edge of block not parallil to knife edge.
c. In" a.norher p,rr  of  ihe kni fe somerinie '

inegularities of the knife edge cause crooked

d, The panffins at one side of the block may
be softer than at thc other side, especially if
the mater iJ has been re-cmbedded in a par-
affin of different hardness - re+mbed thc
mater ial  and sr i r  rhe mclred paraff in.

e. Onc . ide of rhe block may bc "armer than
thc other, frorn a radiator, lamp or draft.
Ler the block cool rnd placc l l rc microlomc
where thc temperature w l be uniform.

3. Sections vary jn thickness or are skipped.

a. Knife not tilted enough ro clear facet or
be!el ,  or r i l red roo much, and r; .uc is Lom-
pressed until the inevitable expansion givcs
a thrck sccion.

b . S o r n c  o f  t h c  c l a m p i n q  s e l  s L r e w s  o n  r h c
bloc\ o '  Ini fe holder arc nor rrghr or knirc
holder block not clamped firmly.

c.  Microrome.worn through lacl  of  lubncarion.
or nor rn adlustment,

d. Very large blocks or blocks with hard re-
gions nay spr ing tni fe edge whi le secr io"
ing soak block in water to soften, use
other methods for softcning the material or
embed the celloidin. ThJblock will soak
more quickly if the paraffin is trirnmed off
o " e  " i d e  r o  e x p o ' e . i h e  r i . s u e .  V e r l  l i r r l e
w r t r r  r s , b \ o r E e d ,  b u r  r h t s  p r o c e s .  s o m e -
f lmes.make\ pos\ 'blc (urr ing hdrd o. rough

e. Paraffin is too soft - use higher melting
point paraffin, or cool blocL and knife.

4. Sections compressed, wrinlcled, and jammed
together.

a. Knife too dull.
b. Room too warm cool trimmed block and

knife in very cold, or ice water inmediately

t + l
t -
I

a b +  b

A

Knite Bock

Stro ght  Edse



f. Cuttins too rapidly
snoulo oe cut slowly.
ness.

- very thin sections
Increase section thick-

before sectioning, or by rubbing surfaces
with arr ice cube, or re-embed in harder
paraffin.

c. Knife tilt too slight, so facet bevel rubs over
block increase tilt.

d. xrrile edge gummed whh paraffin - wipe
borh srdes wrth ruger or cot(on morstened
with xylene.

e. Soak block, before cutttng, from an hour or
two to over night, in water, or 10% glycerin
n 60% alcohol (Baker, 1941). Lendrum
(1944) adds aniliae.

(3) Calcareous or silicious pa:rticles m ma-
terials - decalcify or desilicify.

7. Knife r ings on up "r .oLe and sect ions are
scratched.

a. Change knife tilt to greater or less degree -
tilt must be sufficient to clear facet bevel,
but not enough to scrape instead of cut.

b- Materirl is too hard.

(1) Soak in water to soften (Cl. 4e, 3d).
(z) clearing may be at fault (cf.4b).

c. A thicker or wedge-shaped knife may pre-
vent spinging of the edge when cuttiag.

d. Marerial may be too tough for paraffin
- .11 '  ^ .1  -  r - ,  . .11- iJ ; .

8. Sections lifted from knife on upstroke,

a. lncrease Lnife tilt.
b. Room too warm or paraffin too sofr - ry

harder paraffin - c6oler room; or cool
block. 

-(Cf. 
4b,)

c, Knife may be dull - resha.rpen,

9. Sections stick to knife. (Cf, also 4 and 5).

a. Knife edee dirry - (Cf. 4d.)
b. lncrease 

'knife 
tilt.

. T^, I .h..naf Lnifa

d. Kiife edgj f4cets rnay be corroded - re-
polish,

e, Llean. knife edge and rub a very lirde lighr
machhe orl on tacets.

l0,Undulations in the surface of the section,

a, Tighten a1l set screws on knife and blocl
holders and see that knife holder is clamped
fast to microtome base.

b. Lesscn excessive knife tilt to prevent vibra-
t ion. (Cf. 7c,3.)

11. Scratching noise during cutting.

a. Material may be too hard, or small regions of
material may be hard. (Ct 5c,d,6e.)

12. Sections fly and stick to parts of microtome or
other nea.rby objects because of static electri-
city formed from the friction of cutting. This
unially occurs only ia winter when thi air is
very dry.

a. lncrease humidity of room by boilmg warer
ln an open pan, or burn a Bunsen burner in

g. When the specmen and not the peraf{in is
compressed, infiltration is incomplete or the
specimen is softer than the paraf{in.

5. Sections crumble and specimen may tear out.

a. Material incompletelv dehv&ated or not
ptoperlv cleatei.

b. ivhin s6ft aad mushy, material incompletely
lnr tered - felrlt{te! and embec!. (salvage
rarely possible if material was incompletely
dehydrited, )
Alcohol not completely rcmoved by clearirg

d. Object too long in paraffin bath or paraffin
too not,

e. Subject hard and brittle because of cleariog
fluii. Trv toluene in place of xvlene or a
mixture o'f toluene and'cedar oil. 

'

f, \Mlen the specimen shatters aad falls out of
rhe wax, it-is too hard for the paraf{in. Use
a harder wax or wax mixture. 

'

e. Trv celloidin embeddins. or a rubber or a-r-' 
philr mlxrure with patiifin for fragile ma-
teria.l.

h.Try dioxan method for dehydrating.

6, Split ribbon or lengthwise scratches in ribbon.

a. Nicks iri lcnife use another part of knife or
rehsarpen knife,

b. Use less tilt ofknife so it will cut rather than

c. Knile edge ditty. (Cf. 4d.)
d. Object may 

,be coo large for paraffin method

e. Hard patticles in block may cause scratching.

Dirt in paraffin - filter or decant melted
pararnn.
Crystals from killirlq fluid (mercuric
chlo.ide) when washiirg was insufficient.

infiltered - reinfilter and embed. (Salvage

( 1 )

12)



b. Ground mictotomc to a water pipe with a
wne or a chain.

c.  lonize rhe ; i r  b) ar e ecrr ic.r l  me,hod, Cf.
Chapter IV, G).

2. Frozen Section Technic

Unenclosed Microtomes (Clinical or S1idhg)

Fresh rnaterial may be cut as soon as frozen, bnt
better sections may be obtained after the tissue
has been killed, washed, and so:J<ed in a gum
syrup. Tissue fragmcnts may be mounted in gela-
tin before cutting. Materi:l in alcohol should be
passed through tserics of alcohols to water, and
lixed tissues-should be washed before freezing.

Freeze with modcrate'v r ipid cOr eas f low. A
,mal l  elr*  tumbler * i t l i ,n bpeninq-aEout the d;*
mereiof rnc frcerrne herd m.r bi  hcld over r le
tissue while frcezin! to aid ii even hardening.

Tcst cutting conditions and, when thc tissue has
teached the rieht hardness, cut the rcquired num'
ber of sectioris quickly with an cvcn and slow
stroke. It may 6e convenient to freeze d1e ma-
terial harder and cut whcn it has thawed to the
right stage.

Thc kni ie rnusr be cooled ro prcvcnl r l ,e \ecr ious
stickins to it. Sections may be removed with a
.,- . l  i  h, i .  brush a' ,d plr . id ' "  disnl led uarer '
w h e "  u . : n s  "  c h ' " e l  d r " p c d  b l a d e .  L o l d  i r  a g a ' n s r
the chest or body to braie the arms and makc tJre
cut by swaying the body

Verv hard or densc tissue may not be cut at less
tha; 18 20pm. The average thickness is often
l5pm, Con' iderab'c ski l l  ' .  required for curr ing
dlinner scctions.

Al '  ,er s.rew. holdine rhe frcezine eq.r ipnent dnd
knifc mLr"r be ugl ' r  io avoid vib 'ar 'on w'ren cur-
ting frozen sections.

CRYOSTAT MICROTOMES

Sectioning is easier and thinner sections may be
obained 

-when 
the microtome and nssue are

maintained at the same temperaturc by refrigera-
r ion. For optrmal rcr ioning rhc cryo.rrr  ,hould
bc .cr ro rhe p'op.r  rempeia' , r 'e alJotrng suff ' '
cient tirne for iemperature to stabillze befoic use.

The microtome is used muchthe same as ar room
temperature. See section lV, lVB.

3. Celloidin Embedded Material

The knife should dice through the material with a
slant angle of about 10' - 35" to the direction of
the cut,-and the knife should be tilted more tharr
required for paraffin embedded material.

1. The chief difficulty comes from t.ying to cut
imoroperlv prepared marerial .  Adequate in-
p|-"gn,t :" i  " f  ,  i . rg.  "rgan ' i -kc a hemi"pl 'ere of
i  bram mrr rake a vea. lmproperlv hardened
blocks canirot bc .Jct ioned 

' ' " .1*.Ltty.  
r* ' -

surc methods involving heat speed up the pro-
cess and are available when warming will not
injurc the material.

2.  Lcng(rwise .cratc|e. or spl i ts in r Ie 'ecr ion
may be due to:

a. Nicks in thc knife - use a different part of
kni fe or resharpen.

b. Part ic lcs of hard rnater ial  in rhc blocl .

(1)Dust or dir t  in thc cel loidin stock solu'
tion - let stand and use only uppcr por-
tion after the perticles havc settled or
fiher the stock solution,

(2) Calcareous or siliciolls deposits in th€
matetial - decalcify or dlsilicify.

3. Specimen fa1ls out o{ scction, is mushy and

a. Dehydration was incomplete.
b.Infihation incomplete reinfiltcr,re-em-

bcd, and harden.
c. Harden block if too soft, in chloroform, or a

mixture of equal parts of 95% alcohol and
glycerine.

4, Variation in thickness of sections.

a. Loose scrcws on knife or block holdcrs
tlghtcn all set screws. Avoid strain on the
knifc frorn unequal tightness of the knife
holding screws.

b. Knife holder depressed or raised by thc hand
while sectioning - hold knife block so as not
to move it vertically while cuttins.

c. Knife not tilted enough to clear Iacet of cut
tinq bcvel,

d. t(mte too durL,
e. Microtome worn and out of adjustmenr.
f. Material not hatdened properly - cl 3c.
g. S EL, d./ ing of bloc( berween "ecr iop..



III. THE MICROTOME KNIFE

tions, will appear as a very fine discontinuous line
varying slightly ia width. Higher magnificationsveryins slishrly ia width. Higher maEnifications
of io-und-SOtix wiJl give thii edge ifinely ser-of around 500X will eive this edee a finelv ser-
rated appearance. von'Uohl l tASTy re"o-rirend-

tions, will a

ecl sharpenine the microtome knife until the two
pJanes of rhe cutting facers come together to givepianes oI tne cuttlng tacets come tosether to erve
iuch a miaimum refliction; his crireiion of shtp-

A. HISTORICAL

The cutting edge of an ideal microtome knife
would be the straight line formed bv the mrersec-
l ion of Ewo planes. rhe cunirg facers. The rngle
berreen the-planes is called th-e bevel angle arJis
greater than the wedqe anele between thi sides of
ihe [nife. Such ,n l-aed ide" is nor Dossible be
cause the inhomoseneous stricture ofihe steel re-
sults in a sJighrly rounded edse. The radrus of
curvature oflhi j  edge was meisured from paraf-
iin impressions of th-e knife by Kisser (1927), He
considered a ndius of curvature of 0.3 to 0.35pm
a good approach to geometrical sha-rpnes",2
Schmericz (1932) recommended rhat che radius
of curvature be between 0.1 and 1,0pm. Ardenne
(1939) would limit the radius of curvature to
0.1pm.

The cutrinq edge of r very sharp knife, when ex-
amined by reflected lighi _undir 100 magnific+

More critical tests utilize multiple beam interfer-
ence microscopy (Ciunrini  ar ld Edl inger,  1c54;
Hal len. le54r 

'6ul i .  
r9s8).  whiJe shariening the

knife, or at failure to section, examination o? the-
condition ofthe edge with a microscope may save
both tirne and mat"iial

The sDe and general  shape of de microrome
knjfe have become esrabl;shed by use, The stand
ard microtome knife has a -edee a@le of 15o to
l 8 o  a n d  t h e  b e \ e l  a n g l c  b e r i e e n " r h e  c u r r i n g
facets for hnives of Amirican manufacrure r,aries
between 27-32', The width of the two facers
which make the curr ing edge of the kni fe has
been recommended from O.t ro about 0.6 mi l l i -
mecer (Malone, 1922; Nageotre. l92bi Fran7.
1.929), 'fhe early double concave knife is rarely
used now, even for hand sectioninq, and th'e
modern microtome knife is either we-dge-shaped
wirh sliehtlv hollow eround srde or pla"o-con-
cave. T-he blarlo-conc-ave knife is used'prirnarily
for celloidiri seciioning. Aparhy \1,91,2. lSgi)
recommends facers be-of "niqual lingrh and his
recommcndarion is supported-by Ki iser t1926)
and Ldw {1932,,  Such'asymmeir ical  edges have
nor been required generallv nor entered commer-
cial prac[ice becau-se the'incrcase in cosr is not
justified, Tfie r.rser also obiecrs to the inconven-
ience of having to ser rhe" knife in accordance
with which sidi is toward the block.

The nature of the edge is i rnporranrt  for curt ine
hard, dense marerial ,  iuch as wood. a uerv smoori '
edge is required with no fine serrations 

'visible 
at

200 diamerers (Bai ley. 1937).  The edse depends,
of course. on rhe fineness of rhe abrasive miL.ri"l
used for forming it, Julian (1903) callcd atten-
r ion ro rhis l imicar ion of sharpenirg, and ir  war
e m p h a s i z e d  b y  F u n k  ( t 9 1 0 ) .  

- S i n c i  
t h e n  i r  h a s

been customary ro choose f i re erahed Loncs.r
abrasives separited bv decaaraliJn so as ro retain
only rhe f i rer s ized parr ic les for kni fe sharpenhg,

A glass plate seems to have had the longest and
most successful use as a surface on which to
.harpen the microtome knife (von Mohl.  1857J,
Bishop (1954) vibrates the glass plate with a mo-
tor as an aid ro sharoenins. Inscead of usine a
large plate Lendvai illoli recornmended thiee
pieces of plate glass about the size of an ordinary
hone for use with different grades of abrasives.

ness is still used. Most microtomists recommerid
a magnification of 100 diameters for this purpose.
Exact recommendations varv widelv from 40X
(Chamberlain, 1925) ro 7OO - 1000 drameters
(Funk, 1910). Jul ian (1903) recommended the
same criterion of sharpness, and pointed out fur-
rher rhat rhe actual cutr inq edge musr be rhinner
than the marerial ro be cui I frhe currirg edge i,
rhicker than the cells, for instance, rhey wil i  be
destroyed rather than sectioned. Ssobolew (1909)
emphasi.z ed rhe importance ofproper hardness of
rhe knife temper aird thar a f in'e eige could onJy
be obtained b! using fine honing maierial

The proof of a sharp knife, according to Apathy
(1912), was the ability to cut a pataffin ribbon at
2pm with no compres' ion. Thisir icerion deoends
on rhe paraffin a's well as rhe knife (Cf. Chiaprer
lV and V, sectionD). Bensley and Benslev
(1q38) also recommend polishing the edge unriJ
no rel l(ctron can be seen from rhe rclual (ut lrns
edge. They test with paraffin at 3pm and advisi
the ooerator not to trv the hnife on hair or skin
as thase rather diflicult t""t" -ry spoil the edge.

zonu -i"."-"t"" 1p-; = 0.001 nillimeier (fome'ly ca.lled nicon).

8



Apathy (1912) and Krause (1926)used glass with
Vrenna chalI  a* a pol ishing ogenr.  

-Nageorre

(1920 prefened r h or izon rai  roiaLinq elass lunu-
Ius ( l  revolut ion per second).  and F-r;nz ( lq2q)
developed a sharpening machine wirh a rorar ins
gla.s disc a-nd a clarnp io hold, o.ciJJ,{e, and rur;
rhe kqi fe.  A rert ica. l  rorr t ins slass wheel was rec-
ommended b1 Long 1a,d,, .  rhe method was de-
veloped turr l ier bl taJldnd /  leJ5,.  ( , rber  9J6l
and Hi l l ier (1951).  Hal len (1954) prefers a cast
i ron l rp and Bcl l  ,  rc58) a bron e lap i rnpreg-
nared wirh fine abrasive ro glass platei.

A water motor and, later, an electric moror were
used by Funl '  r  l9 l0r ro dr ive a reciprocaring mo-
tron ror mo\rng thc stone to and lrom rhe opera-
tor about 3 st;kes a minute to lighten the ivork
of sharpening the knife. Malone (1922) advo-
cated wide leather strops with specially preparcd
surfaces and used with incrcasiigly fi;e; e;aded
abrasives. Weller (1924), Chamb;l;in (192"5) and
Evenden (. l9J8) reporr havine u'ed Carborundum
rlones ror iowco Dy, l |ner galned hones or strop-
Plng on canvas or lcather,

Thcrc has been no agreement on the advisability
of using a strop. Many of rhe experrs protest a-
gainsr srropping whi le orhers rccommcnd thar.  i r
be done, Whcn the edse is honed rcal lv sharp no
gain wiJl  comc fro. us-ne a srrop. On'rhe oiher
hand. i f  rhc cdge consi:ni f  f ine *-rar rons. genrl .
stropping will bring the serrations into hne and
improve the cutting ability of thc knife, Cateless
us< of rhc .rrop will spoil chc best edee. fhe sur-
face of thc +rop mu.i  be frcc from dusr or orher
"brasive marcr ial  lareer rh.n "  micrometer ia dia-
mcter.  because larger parr ic les dc.(rov rhe .dse.
I t  is very impolrnr thar rhe stroo :r ie l f  be ,up-
porred ";  rh;r  i r  wiJl  not give, noi  th,r  rhe k ni le
i '  pushcd down inro rhc sirop, Ei ther pro. edure
rounds the curr i rg edge in 'r iad of shaipening ir
and quickl l  "poi l .  i r .  iurr ing,abtJ, i ry.  The *rop.
cvcn rr  rr  contatns rbrasrve embcdded In , t ,  cannot
replace the hone.

B. EXPERIMENTAL

The microtome koife must be made of a qood
grade of.rccl  of  proper hardnes,.  A .ofr  Ini te
lai ls ro hold an edge. loo hard a kni fe is br i rr le.
.o rhat t iny piece. of de edee are l i -kelv ro be
broken out 'dur ing rhe .ecr ionGg of hard mater ial

and when sharpening the knife. The composition
of rhe steel i l  rhe cJtt ,nq edqe is rerv rmporranr
and. unless r l ie r ighr blJn;e oI rhc di f ferent
phascs of sreel is obtained ir  rempc'rns, rhe kni ie
* i l l  ne'rher rale nor keep a good edge, AO
Mirro,ome Krive! Jre r inirhed io clo, ;e 

-rrni ts 
of

hardness and each knife is etched and examined
wirh ;  r l icro"cope befor.  F lal  sharpcning r.  rnake
s u r e  l h d t  r h e  c o m p o n e n | \  o l  ( i e  , r e e l  a r c  p r e s c n l
in proper proportions.

whi le pa.t  experience ha. raughr ccrtair  basic
pr inciples. i r  t  c lear l rom the "bove hLtor ica]
summaiq rhar rhere i r  no sbgle generJly ac
cepted procedure for rakins ca;e oT rh. ,"" ' "-
rohe knife.  "on Mohl 's 11"857; ear ly shrrpness
criterion, utilizing the light re{lected from the
cuttrng cdge. is onc of rhe besr.  Arcal ly smoorh,
*elJ-pol ishcd edge shou' oniv a ' l iehr ref lecr ion:
a narrow. " traigh1. and unbrolen Ur"gtrr  l ine. nny
imperfecr ions in rhc edge grve an ir iegular,  inrei-
mpr-ed l i re.  rnd unless ihc-knife is pr;pcr ly sharp-
ened to a true thin edge, a broad reflection ap
pears.

A convenicnr mcrhod for rour inc use is to place
rhc kni fe or .  block l i (e Frg. 2 and .rminare
with .r  l :mp, f ie,  lA. The pol is l ,  of  rhe racet c.r ,
bc cxamjnid * i ih the t<nife "n rhe B posir ion, or
rLe knj fe can be placed on t l re srage of r \c micro-
scope, Fig. 38. To see nicks, examinc the edge in
silhouette wherr illurninated from the miaoscope
mirrof (Ricbards 1950).

)
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A
REFLECTED L IGHT

B
TFANSMITTED L IGHT

As previously mentioned in this publication, the
elasi  plare technique h,s h,d 'he lonqesr rnd mos.
iucces' ful  use "s a su.Face on whi ih to sharpen
the microrome kni ie,  The more popular i r . rru-
ments in r.rse todav all use the glass plate or a
variation of that method. one-of tliese rs tne
A m < r  c a n  O o r i . r l  M o d e l  q 2 5 ,  a n d  w h i l e  . p e c i f r c
*C*' . .  * i l l  be made ro rhar i r  the f- t io* ing
paragraphs, the techniques will generaliy appiy to
other similar sharpeners.

In preparinq rhe knrfe for:harpenirs i t  shoLld bc
.*". i " .d J"d" '  rhe microscopi to derermine rne
e"tent of damage to the edge. Severc nicks may
r e q u r e  r h a r  r h i  k n ; f e  b e  r i t u r n e d  r o  r h c  m a n u -
fai turer for rccondrt ioning. The alrernatrve to
this is considcrably exten-ded sharpening r imes.
bL'r  expericncc wi lL enable rhc rcchnicic l  to de-
termini what action must be taker. The initial
sharpeninq of a new or reconditioned knife on
atrv shntoiner must follow the cornplete process
as oudded in the referencc manual for rhat
sharpener. lt is unlikely that the facet angles pro-
ducJd by f .crory merhods can bc exact ly dupl i -
cared. and ir  ls imDerarive rhat rhe aneles which
are ch$acteristic ol that sharpener be e-stablishcd
on the cdgc of the knife, This will-faciliute sub-
sequent sharpeninps
t ron.  and wt l l  makc

gs which will be of shorrer dura-
kc it oossible under certain con-it possiblc r:ndcr certain con-

lisli rhe curtine facet wirhoutditions to simply polisli the curting facet wirhour
going through the full process,

1 .

2 .

3.

PROCEDURE

Foliow setup instructions as described in the
refefence mAnuai to instali all necessary com-
ponents of the sharpener.

lnstal l  hone pLre in rhe posir ion as prescribed
tor the coafse honing proceclure.

A o p l v  a b r a s i v c  r o  r h e  h o n e  p l a r e  i n  a  q u a n r i r y
. u f f i i i " n ,  r o  e ' r e n d  b e y o n i  , h .  . " d ;  . r , h ;
k n i f e  w h i c t '  i s  r o  b e  s h a r p e n e d .  l f r h c a b r , . i v c
is oil based rather than a paste, it should be
first stirred or shaken until thoroughly ml-xed
t o  p r " r i d e  t h c  p ' o p e r  n i x r u - c  o t  l u b r i c a n r
and abrasive.

4. Install the knife into the knife holder follow-
ing the manufacturer's instructions in the
reference manual. Most will require that the
knife be centered as precisely as possible in
the knife holder to maintain balance.

Fig' 3'

A knife for usc in rhe averaqe biological or medi-
cal laborarory should be shaipcned intil rhe edge
appears flee llom sefiations ;t 100 diameters aid
tfii reflection from the edge shows only a narrow
and almost unbroken line.

C, SHARPENING

tn the modern laboratoty the practice of sharPen-
ins microlome lnives bv hand has been larselv
dis 'cornnucd. This is pi imarr ly due ro t \c Taci
that the technician's time is at a pr€mium, and
second'v because the rechnrque rs rapidly bccom-
ine a lo.r  a ' t .  l t  is ro lonqci Laushr in ' ihools of
midica'  re.hnology. ""d oni c. '  o" ly acquire pro-
f 'c iency in rhrs merhod urdcr thc direcr super
vision of a competent technician.

Most laboratories, rherefore, will either send their
knives to an outside firm for resharpening or if
the volume iustifies it, wili procure one of the
several automatic knife sharpening devices availa-
ble in todav's market. The maiority of these
instruments'have been designed to eliminare the
necessity for a $eat deal of technique on the part
of the technician, re<luning rather that the techni-
cian o- ly be :ble ro recognize. by micro.coprc
e r a m L n a i i o n .  r h e  p r o p e '  d e u e l o p - e n L  o f  t h e
sharpenmg process.

1 0



5 .

7 .

Set the timer for minimum of thirty minutes,
close the cover and turn the instrument on.
The sharpencr should never be operated with
the cover open, and in some nrstances will
have an interlock on the covet to prevent this.

At the end ofthirty minutes remove the knife
from the instrument, clean with xylere or
o r h e r  s u i r r L l e  a g c n t .  a - d  c r a m  n e  r n i c r o *  o p i c -
ally to determine the progrcss of the sharpen-
i n g .  l i g L - c .  5  a r ' d  o  s h u u  . h r  r y p i , : l
a p p e " r a n c c '  o f r l ' e  F r c t t  u n d e r  r h c  m i . r o s c o p e
when illuminated as illustrated nr F{, 3A. If
necessary continue coarse lroning afier clean,
i n g  t h e  h o n c  p l ; t c  a r d  a p p l y r n g  f r c . h  a b r a s i ' e .
As the abrasive discolors, indicating thc pres-
ence of metal it should be removcd snrcc the
metal particles could damagc the facer.

W h e n  i r  i s  d e r e r m r n e d  b y  r n : . r o . c o p r .  e r , r n ;
nation rhet rhe coarse sharpcning procedure
has been completed, rhe hone plate should
bc removcd from rhe instrument, thoroughly
cleaned of the coatse abrasive, and teinstalled
as orescr ibed bv rhe manuf.cturer for f rnc
honlJrg.

Afrc '  insralhng t \e horre plate apply an ;rmount
of rhe f ine .6rasrvc jn iuf frc ieiL '  quant i ty to
ertcnd bcvond rhe .nds o[ the kr i fc ro be

9. Install the knifc in the knife holder again fol'
lowing the manufacturer's instructions.

10. Set the timer for a minimum of fifree" -r"
utcs, close thc cover and start the instrument.

1 l. After fifteer minutes rcmovc thc knife, care'
fu11y clean with xylcne or other suitable agent
.  ' i  g  "  ' . f r  . l o r h  . o  o r e r e l t  d a r n a g e  r .  r l ' .
c d g c .  A l " : 1 '  u i p c  r o u a r d s  t l ' e  e d g e  r r r h " r
r h , - n  f o l l o "  i n g  r l ' c  I e n g r h  o i  r . r e  k n i . e .

12. The facct should show a high polis| and be
relatively cvcn for the full lengtli of the knife.
It is possible that rhe facets may be of differ-
ent widths on opposing sidcs of the knifc, and
rhis will be explrined Lrter in this texr.

|  3.  Fieurcs I  rhrouelr  '  2 .h ,w r he prosre* of rhe
d c i c l o p m e r t  " f i h e  p o h ' h c d  L . c t o n  r h c  " n i f c .

14. Examin€ thc knilc microscopically to deter-
minc rh;r  rLc faccr has l .cen prope. l1 deu. l"p
ed and po i .hed. rnd a..y f inr rr icks rcmair.  'g
aftcr coirsc honing have been removed.

15. l f  further f inc honine is necessary fol low the
stcp".s or.rrhned abo-ve a{rer f i rsr 'c)eaning rh*
honc plare ard applvirrs frc:h .brasrvc. The
pr.*n' . .  uf  , ,c.al 'p, i t rc ' ics i1 rhc f l rc h.ni-g
comoorrnd is nrorc crui .al  than durrng rhe
coarsc nonrng Proccoure.

8 .

Fig.5, Illusluted ab.vc is dn 'ntcmre_
diate riagc in the .oese honnrg cycle.

FB 4. AO 925 AulonaLlc Knifesndtencr Fig. 6, Coase noning comllote.
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Fig.9, Appedance of an AO knife edge aJter proper
codse honing Nole thll lhere is just a singl€ facet,
the surfae of which is evenly ground and unifoin in

Fig, lO. luusEared here h M mirial sbee in lhe tine
lLonins cy.le. fhc kcond otling iaFt is beginnrnglo
become eyid€nt near the cdse of ihe lnile

Fig. 11. The fine facei is now clearly appdentin this
''ad!rnce slage thotocrapn ln
honrns ,  lhe  fDe hon ine  rchon proceds  f lon  the  l ron t
edge of the knjt€ ro fte back.

Fig,12. Fi@ honing comlrlcte, Note the even eidth
oi the fine facet (from end to end oi knifc), SmaU
nicki I'a\c been ,arrfdcrorily rernovcd Mrcrorcopr
's - "n.ped ljner on rine lalet arc a no-ncl re.ulr of
pofisning action dnd do noi aliecl ctrtting qualities

The procedure for reconditioninE microtome
knivei is eenerally identical to the 6risinal manu'
fa ct  urrnq ;roce si  Repcatcd sh.rpcnlnq of thc
knife will iend to exrend the *rdth of tTre facet,
and also increase the facet angle appreciably.  As
srated elscwhcrc in tiris rcxt.-the faccr anglc on
lnives ofAmerican manufactr:re can vary beiween
27 and 32 degccs, To reestablish the reiation-
ship bctwecn ihe faccr ansle and wedee anele of
thi  kni fe.  the manufacrur ir  wi l l  gr ind'rhe icdge
anqle, drereby reducinq r l re rhickness of rhe kni lc
ar-the hecl. 'and also-decreasirrg dre dimensron
from the heel to the edge. Thc re-duction in thick-
ness of rhc knife at the heel on somc sharpcnets
will have thc effcct of presenting the knifc at a
r ' iehr lv di f ferent anqle ro rhe honinq plare. when
th-k oicurs a wider lacer wi l l  be oroiduced on one
side of the kni{e thau on the otfrer. This will in
n o  w a y  a f f c c r  r h e  c u r r i r g  q u a l ' r i c s  o f  r h c  k n i f e .
but s imply mears that so"re sr ighr adjustmert.
will h"vc ro bc madc wirh rhc lnifc in rhe mi.ro-
tomc knifc holderto establish the proper clearancc
angle for cuning. Some vendors will recondition
I n i v c s  b v  e r i n d j n e  o n  y  a  q u a y r r e r  r o  o n e  h a l F ' r c h
b,ck f- ; ;  rhe idgc. '  This is nor a gcneral ly
accepted practice, and causes problems in resharp-
ening knivcs. When sharpening metho.ls are
changed within a laboratory, it is generally rccom-
mended that the knivesbe reconditioned ro manu-
f a c r u r e r ' .  s p c c i f ; c a r i o n '  b e f o r e  a r r e m p r , n g  r o
sharpen on a different instrument. Repeated
reconditionings will reduce the dimensions ol the
knives eventually to the point where they can no
lonqer be reconditioned or resharpencd on many
instiuments. The manufacturei will generally

7 2

advise you of this fact when your knives are
are returned for .econditioning,

After using the knife it should be cleaned and
wioed drv bcfore beine pur away. ln many labo-
rar'ories tie knifc will iciv in eo6d condirion until
it is needed asair when it is 

-put 
back in rts oox

afrer rhoroug[ drying. ln'orhcr ]aborarories
wherc rhe armorpbere is more corrosive. i t  may
be necessary to oij the knife in order to prcvcnt
co osion, A good qrade ol lidtt, neutral oi
should be used.-Undei umrsual c6ndir ions ofhu-
midity or corrosive atmosphere some of $c regu-
lar antj+usring gteases may be requircd ro prorecr

Glass and diamond knives are used for ultrathin
.ecrioning and glass knives are u'ed for fine cur-
t ing on r6rary r i ictoco.e" rBehnke & Rosrgaard.
1963; Clevenger, 1964).

Marsh (1878) observed "Of not less importance
than the microtome is the section knife, to be
used in coniunction with it. How perfect soever
the former, and whatever the dexterity of the
operator, unless he be provided with a suitable,
well made knife, he will never succeed in obtain-
irg satisfacrory resulrs. '  l t  is poor economy ro
skimp on keepine a m;crorome [ni[e in good con-
dir ion. No lr- iu"t "f diecrion can-cal<c rhe
place of erperience ir sharpening a Inife. I I  is an
art rhar ca; be learned and if  lnives are to be
sharpened bv the operator it m,st be leatned.
thellternative is sending the knives to the manu-
facturer for proper sharpening.

Fig. 9 Fig. 10

Fig.



IV. METHODS
A. THEORY OF CUTTING

The 'harp Ini fe wir l  a nanor edge probably
wedges. rather than shears off  rhe secr ions.
Spl i rr ing i .  posible al though ir  probably does
nor occur with hord gelr ,  Tearing ma1 be a
rersonable erplanat ion for curr i ry.  Molccular
.pr i t r ing from r l 'e uedging of the recondary
valcnces and crushing on a fine scale may occur
with some materials, according to Bailey \1937),
who concludcs " . . . in colloida.l material lile
wood, the mechanism of cutting is sub-micro-
scopic tearing, crushing or a cornbination ofboth,
rather than of thc splitting of molecular scpara-
tron types." Bailey'founJ that wood secnoonq
requiriil a very sinooth knifc edgc, free froin
serrations and highly polishcd.

von Ardenne (1939) analyzed cutting and statcd
that the thinness of the scction was limited by
deform.rt ion rnd inner de"trucoon. Re. isrance
to cutting depends on 1) the adhcsion which
varies with temperatule and che cutting angle;
2) resistance to deformation and 3) shcaring
pressurc. The cocfficient of friction dependi
upon lr  the qual i ry of rhe object cut:  2;  the
o; igin,  qual i r f  o{ rhe f .cer sur lace of rhe kni fe
and 3) the pollution of the facet surface. Bv
combinins E; ler s formula for brcal ias srrensri ,
wjth a formul" for inerr ja he w, '  ablc io preJc'
that about lpm wi.li be the approximate limir
of thinness for ordinary sectioning,

The mechanism of separation ofthe section from
the block and the effect of thc embedding medi-
um will be different for various materials and
offcr many opportunities for further nvestl
gation.

B, POSTTIONING THE KNIFE IN THE
MTCROTOME

The actual cutting facets ofa knife are very small
in proportion to the knife as shown by a scale
d r " r  i n s .  F i g .  1 3 .  T h e a r r q l e b c r w e c n r h e r $ o c u L
r ing faci t .  r ic.rabl i"hed bi  rhe "h:rpening merhod.
When thc kni fc is set on the microtome i t  must
be tiltcd so that therc is clearance between the
cutting facet next to the block of tissue and the
surface of the block of tissue, Fig. 1A. If this
t i l r  is nor 3dcqua(e, as shown in Fje. lB, rhe
surface of the l lock L forced doun fro:n thc
wcdging cffcct of the cutt :ng facer and no sect ion
results. The next time that the knife passes over
the tissue this compression is incrcaseil and a par-
tial section or no siction may be obtained, Hbw-
cver the t issue is soon so compressed rhar l r  sud-
denJy expands "nd r le nexr sc.r ion is very
rhicl i .  S[ iDoine of a sect ion. or dre cLrrr ins of
al terrare rhick ind rhrn secr ion'  is usual ly 

-due

to insufficient or to excessive knife tilc. The tilt
can be obtained by trial and error.

Honins Bock

Kn i fe 0 I 2 3 4  5 n m

1/8 in.

Curi ing Focet

Fig. I 3. Knife dd honing back drawn to scale to show ertent ud fomatior of the curting bevet a facets.
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Not only is the clea.rance angle impotant but
also the angle between the outer facet and the
line perpendicular to thc block at the point of
cutting, This is called the rake anglc, F!. 14C.

The use of knives wich unequal cucring bevels.
wich djf lercnt and perhaps more aduarrageou.
rake angles, have beeo idvocated by apat\
(1912), Walsam (1916), Kisser (1926) aIL[ Litw
(1932J. The qain from these special edees. dc-
spire the extra-diff iculry of usniq rhem,las nor
bien enough ro brhq'rhem inio eeneral use.
The t i l t  angles ar sho-*n on Fiq. I?Cwhen un-
equal bevel-angles are used.

Sometimes because of sharpenine method or re-
condicioning, the facet on one side is ionger than
that on the-other. If tLis is true, as in Fig. 14A,
which shows the cross section of the edqi after
the knifehas been pushed into a piece of thin lead
and examined under the microscope, it is then
necessary ro rilt rhe knrfe for the proper clearance
angle in accordance wirh whjch side of rhe knife
is towa.rd the specimen, Fig. 14C.

The standard holders on rotary microtomes
maintain the edge of the knife at right aagles to
the direction of che cut. with sliding 

-micro-

tomes, it is possible ro set rhe edgc of tle knife
at an anglc io rhe direction of crir. Thc slicing
cut is advantageous for celloidin embedded and
for hard mateials. When the slice angle is small,
then the wedging of the knife in the tissue is less,
as shown rn Fig. 15. This smaller effective cut-
rirg angle is helpful when cucring tough and
brirr le materials. The proper serrinqs of the
knife for differenr spccir;neris wiJJ be-discussed
with the methods foi cutting them, Al1 adjust-
ments onthe hnife holder ani block adjustmeits
musr bc r ighrened by hand to preveni vibrarion
during cutring. Tooli  are not re{uired and should

Soft tissues car be sectioned with a knife having
a small included angle between the facets; harder
tissues require stronger edges. A uscful com-
promi<e is 28-J0" (Secrion V. Marengo. 1967).
Col l ins {1s69) has rediscovered Heard's (1q53)
sugg€stioo of etching the facets for smoother
secrronDg.

I 4

Fig. 14. A.lmp.ession nadc bv lnife currine edse show-
inc uieoual shdDenino. B. ileonet- "it "ii" .d,.irg unequal shdpening, B. Geonet.y
ddes. C R,Le md rilt usles for a clea'dd4. c.

B. ceometry of krife edee
uglm fo a clea;ance ansle of 5%

for proper plring of knlves;t}l unequJ f&ers,

C. TABLE MICROTOME

The table rnicrotome is a hand microtome with
a clamp for fasrenins i r  to rhc edee of a table.
Fresh ;arer ials are mounred in thi  rable micro,
rome in a manner simi lar ro a hand microrome
and are sectioncd in the same manner. Harder
materials are usually sectioned with a chisel

E

uo" /,'4 C,upper locet  onsle

Roke 90 ' -E
G=D+l- l
F = A + G . A + D + H
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58' 25'
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shaped knife. A plane bit sharpened to e kcen
edge is sat isfacrory wler very r l rrn 5ecrious arc
not required. ln cutting hard material the handle
o{ the knife is heJd against the hip and the cut
made by .waying rhe body. This
f i , -  hoid ,ni  f rozen sccr i6n, m"y 5e cur.  rhc
table mictorome, Fig. 16, is arranged to take thc
ordinary specimen holdcr and it is possiblc to
cut paraffin and cclloidin embedded material,
aldrough this is more difficult than with the
rargef mrcroromes,

D. FREEZING TECHNIC

Freczine rnd sccnonins r  r i ,suc is a "apid mcrhod
r l ' a r  a u J i d .  j r e r i n g  L l ' i  r i . , u e  b y  s o l v i n t , .  k i J l ' n g
and f i r  ng f lu id".  and distorr ion from embedd'"g
nedia. Boyle cur frozen eyes in 1603. SLi l l iqg
"ecLioned frozen .pinJ co'd in 1842. and Ruther
ford used the method in the 1870's. At first,
cool ing uas a.compl i .hed by ou'door i 'eezing
in cold wearher or *nh rolat i le chemicals such
as ether and rigolene. In this century carbon
dioxide ard Freon have replaced less efficient
m , r e  i J r  : . d  r h e r m o e l e c r r i c  r o o l i n g  ; r  n o w
coming into use in microtomy. The chief
advantages of freezing over embedding methods

Fig.  l5 .  A.Shosi ,F s i ice anslc  o r  for  .qree and rcctangula b locks,  B.Decrea'cd scdgihg wirh tmr l ls l icc rg ies.- 
C. rie rlari;" l;' **" ih"^ pl.*"d wiri pernis"io' from dar a of Prcs;ni 19 J3r.

arc rapidity (as needed when a tissue diagnosis
determincs an operarion in progress), lcss djs-
tortion and frecdom from the adverse affects of
heac and solvents on the tissue.

Fig. 16. Ao Table Mi6otomc.
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l � Unenclosed Miclotomes

Freezing chambers are usually mounted on
sliding, F{. 17, or shortstroke, Fig. 18 micro
tomes, Dry ice hoiders can als" be used for
freezing tissues (Smith, 1940).

Fresh tissue is frozen directly, or in a few
drop. of eum-"rrup,3 5% melred ,gar.  or
10% albu;en or ei lar in.  Ki l led and f ixed
t issucs should be *ashed choro.rghly befo'e
freezins and dehydrated specimen' should
b" ru""d"wn an icohol 'er ies ro 207o or le"s
alcohol before freezing.

Whi le no preparar ion is required For somc
tis.ues. in general ir is preferable to kill and

Fig. 17. AO 860 Sliding Midotone.

lcum sgr is prep*ed by dissolvinS in lO0 cc. of warer, lo0 srms cde
rhymol .  Agr  is  reconmended by Evenden md Schu$er ( .19J8) .

1 6

harden the material and wash it well before
freezirq. tJnless killbq fluids are wa'hed
our or-unle's aJcoholical iy dehydrated specr-
mens are brousht back io ab6ut 207, ilco-
hol, it is difficult to freeze them properly.

Tissue damage from ice cr1'rals formec
the cells may be reduced by embeddin inrne ce[s may De reouceo Dy emDeoamg m
gon wga;3,' 5% melted agai, ot loV' Jb.i-
men or gelatin. Spongy tissue should be
embedded before cutting.

The samole to be frozen on a standard freez-
ins cha;ber should be trirnmed to about
2 i 2 ccntimeters or less and 3-5 mm thick.

sg&, 35 gr@s of gun &&id, and 0.1 grm



Fig. 18. AO 888 Automalic Clinicrl Mic.otomes and 930
Freezing Attachmenx.

Place a few drops ofwater, or better, ofgum
sugar, on tlle fteezing chamber; place the
tissue or this and add iust enoueh fluid to
sunound it. Freeze tire tissue 

-slowly 
by

tuming on the CO2 for a moment or two
and turning it off. A series of successrve
jets freeze bcttcr and waste less gas than
runninq it conrinuouslv. The tissue should
be helJ flat against thJ chambcr until frcez-
ing begin5. 1f the freezing chamber i .  pro-
vided with a knife cooling attachment, the
knife should be moved so that it is in the
path of fie cooling gas and deflects the gas
onto the top of the block. This cools the
knile arrd also assists irr uniform cooling of
the block. Some technicians facilitate freez-
irg by Lolding an r- .vened,ned cine gl"ss
over rhe cpecrmen when a del 'ecrar r \  anr
available. Stagg and Tappen (1963) insulated
the holder from the microtome and used a
perforated paper cup to facilitate freezing.

when the block is about two-thirds froze.,
level off the top. of the section and then
complerc rhe i rcezirg. l t  is preferable to
freeze rhe block , lirtle hardci rh,n c,n bc
c11t, then as it warrns up aad rear:hes the
r$hr stage. make rhe required number of
secr ion. rrpidl l .  l f  the block is frozen too
hard, rhe secr ions crumble. l f  rhe block rs
too soft, the tissucs are injured and smeared
together.

A medium slicing stroke is desirable. The
knife should be tilted so that there is at
least 5 '  c learance angle. Cur rhe sect ion by
drawine rhe Ini fe s]owl ' ,  throush thc t is-
s.re, T"o cur t iozcn "ecr ions suciessf.r l ly i r
is necessary that the knife be very sharp and
the edge fiee from nicks and other impirfec-
t ions. As soon as lhe sect ion is cut,  i r
shouLd bc rcmo"ed from the kni fe by rhe r ip
of thc finger or with a camel's hair brush,
and sha[en into a dish of water or isotonic
salt solution, The latter reduces cytolysis of
the cells. On the other hand, with a cool
knifc and rapid cutting, three or four sec-
tions may be cut and tnnsferred at one
dme from the knife to the sroraEe dish.
Alginate gel is used for serial sections by
Lcwis & Shutc, 1963.

In attachine the tissue to the freezins charr
ber one sh"ould be careful not to lut too
much water around thc tissue as shown ar
B in Fig. 19. Watcr {brms hard ice which
is liable to deflect the knife, causing uneven
sections. Rather, keep thc ice lcvel below
the surface of the tissues as shown at A in
Fig. 19. I f  the t issue is spongy and is
embedded only in water, hollow spots, as
shown at C and D in Fis. 19, aie liable to
form hard ice crystals wiiich tcar the tissue

Fig. 19. Diagran lllustratins Difficultics with Freezing
Technique. cl texr.
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as the knifc qoes through it. With such tis-
sues it is mu-ch better io embed ir one of
the media advised, or at least to soak the
tissue for a time in gum sugar. The gum
susar will not freeze-hard and will leisen
this type of tissue damage.

Rapid methods have been developed for hos-
oitil use.a whoie anrnals can be scctioned
hozen with large microromes (Patschke,
1968). Me*odl lor staining, dehydrating
ard mounting frozen sections ate also cov-
ered in the siandard tcxtbooks. Bush aad
Hewen (1954) col lcct the sect ions on a
p r e s r a i n e d  f i l m  . , , i p .  C h a p t c r  l l  g r v p .  3
it'..t 1i"t "f comm;n difficilties wiih this
,nethod.

Skill and experience are requred to mahe
scct ions thinner rhan 15 pm with this

2. Cryostrt  Microtonly

Errclosing t le microtome in a constanr rcin-
pcraturc chamber holds the t issue and knife
at t l lc samc tcrnpcrat l rre,  w| ich avoids dis-
tortjorr frorn unc'vcn freczine ard rr*cs for
casicr recovcry of thc scction. I-indcrsrroni
L r r  g  J , d  l a o r g , n - o n  l q  l x ,  r c  r . , r l  v
( r c d r ( c d  o r  t L r 5  J d \ J r t r c  r r r  l r o z c n , u L t r o l -
1,1g tcchnnttrc.

' l \ '  r ' y o s r r r .  I i g .  ) n .  l , : r '  r  b u ' l r  r "  r u ' o
mairc retngcfallon unrt tllat cai be ser ro
r ' c  r c m p c r a l  r c  d r . i r c d .  f t e  n r i o o l o n c  i .
m a d e  o f  ' r " i n t c . .  . r c ,  I  . r  r o r r o . i o r  r c . : , r a n r
materials and is lubricated with an oil made
for cold use. Inside the cold charnber is a
heat sink bar for the tissue holders which
keeps them cold and aids freezinq tle tis
suc_ ro be cur. The cryostat sfiould be
turned on lone cnouqh bcfore it is to bc
used to reach ;he pr;per working tempcra-

Tissues can bc frozen quickly with a CO2
device or on cold holdets on the heat sink
in the cryosrat. Holding a cold nctal heat
e \ r ' r c r o ' o n  r o p  o f  t l ' e - ' i * . . r e . i d .  f " c . z r n g
: n d  g i v e s  ,  n r r e  r : - u (  . r r t a c c .  f \ e  . r r
face of the I'eat e'tractor in conra* with

Fig. 20- AO c,yocut

thc t issoc should bc sprayd, as nccclecl ,
with r  rc leasins compound to prcvcnt st ick
irrel'. The tis;c should bc triinmcd bcfo.e
moun6'g o" thc microtcmc. Tlc kni fe is
p o ' r r i o n c d  , n d  r  l r d  r o  p  o v i d c  r d . q u " r .
c l c r r a r c <  a n g l ,  ' r l l  J , ' d  l V . 1  A  J r s u
knife is requicd for good sections and the
g e l e r a  m a n r o u l " L i o , r  " i  '  ' c  r n i c r o ' "  n c  i '
rhe sanle as outside the cr losrat.  A r issue
l - i r r r . r r r - g J c ' i . r  a n L - r o  g u i d r  ' .  e r p "  "  1 . .
- o  -  "  \ ' . - ; r .  . d g . . , " J  ' .  . . ' , r .  l y  p o  i b l "  r o '
a ski l led opeLator to rnake nearly undistorred
, e . r '  ' n . . ' ,  r h  I ; .  )  ! ' n .  l h e . e . r  - , '  c , , , r  -

flat on the cold knife.

For histochemistry, the section can be
moved into lhe desired container, or onto a
cold slide. with a camel's hair brush. When
a wmm slide or cover glass (fron room
, ( f l p e , a r u r e  i s  b r o u q l ' r  c l o  c  r o  t h e . e c r i o "
o n  r \ c  k n ' i e .  L h e  v .  r  o -  u ' l l  r . r a J  y  1 u  n o
onto the glass, thaw and srick well enough

cradwohl and Krajid (19a0), Hjort dd Mollton (1931),acf. Bvenden ind schuster (1938), ceschickter et al (1931).
or  Manhal  (1940).

*E.g. Acrosol zinc Ste&ate Plastic Mold Spray, chicago, or similar releasing agent.
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for direct stajrring. When permanent mounts
"re r<quired r .mrl l  amount of an adhes;re
mrrer ial  should be placed on thc sl idc bc-
f o r e  p u r r ' r g  r h e  s e c r i o n  o n r o  r n e  s l i d e  o r
covcr glass Sections may be stored frozen.

Many tissues section easily ar -20'C, ^l-
though some sectioning is done at -95'C
(Agnew & Bullara, 1970). Soft tissues such
as brain, and fatty tissues cut better at cold-
er temperaturcs from 15'to ,35"(Pearse &
Bancroft, 1966). Fragmenrs of tissues (cur
ettings, small glands, etc,) can be held to-
g e r \ e r  u i t h  b l o o d  s c r u m  r n d  o f t e n , e c r i o n
better at about -5'C. Hardened, killed and
fixed tissues cut less easily than fresh tissues
and Jrould bc thorouehlr  warlred before
freezing. Blocks of S irrr cross section and
4-6 rnm thick arc good sizes for frozen ma-
cct l r l  ior cut l lng. 5kl l l  l )  nccded lor se, -
trolllng largc Pleces ot tlssue.

Various fixing aJld killing agents may be
usedr acctonc, acid-alcohol, Catnoy, 4"/o
ncr-rrLr l  lornr l in.  cr. . .  ro prc, cd< sir in ing.
or the sections mav be stained with toluidin
blue or other appr6priate srains for immedi-
ate stLdy. Foi ierhanent preparatio[s thc
s r a i r r n g  s h o u l d  6 (  f o l l o w c d  b y ' d c L ) d , , r i o n
and mounting. Ternporary rnounts can be
rn.dc w r\  .orn sy-r1. g 'yccr;nc. g yccr inc
j c l ' y .  c r c .  M o u n r i n g  n  n d i r  w l r i c h  a c c c p r  u n -
dcl 'ydnrcd ,ecr on, arc al 'o avr, lable. some
laboraror ie,  u\e one -ect)on rrnrn.dia'"  "
ard save anorler ior ulre u.ual "1.*. .  ! ; , , i
logical techniques.

txdrnind, ion ,"d dra,s"o" i '  can bc do".  in
very fcw rninutes whien thc Cryostat, dish
of stain and microscope are locatcd close
to the operating suites. Normal tissues arc
rarely kept, thus saving timc, materials and
\rorage space. VaJignrnr.  or doubriul  r i -
sues can be preserved in darnp or wct stor-
age, or processed into embedded blocks,
Cryostat sections can be good enough for
rour 4e Lse with considerable econornic
advantage. (Russell et'al 1961; Hanske
1963; Funkhauser et dl 1966).

Phl s iologcal inrcsrkar:on. are po*;ble wirh
ir  rhe Cryo.rar,  o,  adidcenr cold ctamber.
Clyde (1962) uses a carier sysrcm to take
the sections outside the Cryostat,

E. CELLOIDIN I\IETHOD

The celloidin method is preferable for large tis
s e. and organ. r ld fo '  i ,ard or de. ic.re rna,er i
als. The celloidia is often not removed from the
tissucs and holds the delicate struoures pcrna-
n e n r l y  t o g e t h e  .  T h e  m a t e r i a l  r o  b e  . L r r  i .  e m .
bedded in one of the commercial celloidins
(cellulosc nitrate); the slow burning kinds are
preferable. The disadvantagcs are- the longer
imbedding time, unless one oT the rapid mcthJds
is used; the fact that serial sections cannot be
cut, so that each section has to bc handled indi-
viduallvt and the fact that stains which do not
stain c;lloidin may be required, unless the cell-
oidin is remored from the mounted sccrron.

For materials not iniured by modcrate amounts
o f  h c a r .  r h e  r r p i d  p , o , e s  W a l l s .  1 0 J 2 r  I a . i l j -
tarcs rmpregnarron rnd PrePrahon or r l 'c r ' i .uc.
The slower, cold process takes morc timc and
does not damage the tissue. It may not be possi-
ble to cmbcd a hemisohere of a brain or a whole
lung and harden it sutficiently for curting in iess
than six months to one year,

The <hief drf f r .  ul t r  in ccl lordin sccr iorrrne a-r i 'cs
from tying to cut improperly prepared m'aterial.
J n a d c q r a r c ' y  l , a r d ,  " e d  b l o " L r  . a n n o r  b e  s e .  n o n
ed succcssfully. The blocks should bc dcnse
enolsh to cut at thc required thickness. Unless
,hc i lo.k is .uf f i r renr ly hardened. thc secr on"

and distorted. lf the block is too
hard, rrcgulant:es rre apr to occur.  I  he 'u ' lare
of rhe block ,nd rhe "uiGce oi  rhc k. i lc .hould
bc kept wet with 70% alcohol, and as soon as thc
sections are rernoved, they should be placcd into
alcohol or, the block may be lubricatcd with
cedar oil.

Thc sliding nicrotome is the instrument of choicc
for cutting celloidin materia.l, Fq. 17. A dice
anele of 10' to 40' is ordinarily used. The knife
shiuld be tilted a little more tha; for cutting with
pa-, f f  n.  r \ough the ". tu. l  rr l t  wJl  deDend upon
rhe hardnes of rhe r issue. l r  r 'conrcnicnrrolcr
large scctions roll up on the knifc. Thcy can then
be liftcd off of rhc knife and unrolled into 70%
rlcohol.  Anorner metl 'od for removing rhe sec
tions from the kniG is to 1ay a piece of filter
p a p c '  o n  r o p  o f  r h c  s e c t ' o n .  l r ; i l l  u . u a l l '  , d -
h e ' e  r o  , t e  f J 1 s .  p a p e r  a n d  L h c n  b o ' L  c a .  b e
placed in a Stendcr dish. If the filter papers are
numbered they may be kept ia order, Another
simple procedirre ii to stahp a number on the
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mareh of the section with a commercial num-
bering machine as each one is cut (Rasmussen,
1940).

The knife for celJoidin sectioning musi be very
.harp because any irregularities in the edge wiJJ
lere marks on the section. Li l<ewisc rhe sectton
and the materials for embedding must be kePt
free from dust, because dust partictes catching
on the edge of the knife spoil the section, particu-
larlv whei verv thin sec;ions af,e requirea. sili-
c"o,t" o. ".l"*"ous material must be iemoved be-
fore sectionias. The most common cause of ir-
regularit ies rn iutt ing is part iai drying oi r he sur-
tace. l t  i t  is nccessarv ro stop sectionrng for even
a short time the bldck sho;ld be covired with
absorbent cotton and saturated with alcohol or
else,removed and placed in alcohol or other stor-
age rqulo.

The annoyance of keepine the block and knife
wet wirh alcohol has led io the developmcnt of
rhe so-called dry process tWalls, l916). After rhe
tissue is embedd;d and hardened. the block is
soaked in an oil; e,g,, cedat oil, wirich lubricates
che block durine cutrine. The secrions as they
are removed frim the lnife are placed in the
same o . The oil soaked blocl mav be cur on a
rorarv microtome as no slicine cut is required.
The method has been found eiceprionally eood

, suci asro-r ma.Kmg secrlons or olrrrcurt organs
ot the entlre mdnmallan eve,

Soecial knife holders are available. so that the
knife can be turned to give a slicing stroke, and
mav be used for curtins-small celloidin blocks on
a r6tarv microtome. ihe oosition of the block
and knife is such. however. that it is difficult to
keep che s,rrfaces properly lubricared wirh alco-
hol so thaeAe rotarv inic;orome is nor v" 'v *,^-
farrory fovJhi. rypd of secrioning. l f  muih sec-
rionjng in cel loidin musr bc donc on a rotary mi
crorome, ir is advisable ro use the dry method.
which does not require a sl icing srrol ie

Celloidin blocks are sometimes embedded in par-
affm to hold them for secrionins. At 'ome midi
cal laboratories they are placed on the freezing
chamber and frozen before sectioninE. The size
of the section which mav be cut deoJnds on the
size of the microtome and knife and the skill of

rhe operaror,5 A brief check l isL of the common
difficulties found ia the use of rhe celloidin merh-
od will be found in Chapter ttB, Means for
counting a.rrd numbering the sections are available
(Duddy & Cunan 1962; }rody lr Tanski 1964).

F. PARAFFIN METHOD

Blocks of material ernbedded in pataffin may be
cut rapidly on a roLary m;crotome, and succes5ile
sections adhere to each other to form a ribbon
which facilitates harrdlirrg and mounting the sec-
tions. The obiections to the paraffin method in-
volve the limiiations due to th; nature of paraffin
itself and possible injury to delicate tis$e fromltseli ancl posslble lnluty to oelcate tlsn1e rrom
the e leva(ed temDerarure dur ine in t i i r rar ion.  Par-the elevatecl temperature durlng mtltlatlon. rar-
affin is a mlxturie of hydrocarLons which solidi-
fies into characteristic types of crystals, vatying
to some deree with the orooortion ofharder andto some de$ee with the proportion ofharder
softer hvdrocarbons present. The periplsofter hy
crystals are orienced with

prisent. The peripheral
rith resoect to the coolinscrvstals are orLentect wlth fespect to the coolhg

sulface. while the center of-the mass fofis ;
meshwork (Dempster, 1941, 1942ac), Different
samples of parafTin have differenr plastic points.
rhe plasric poinr being thc lowest temperature ar
*hici oermanent dlformation mav- be made
without- fracture, A pataffin with low,plastic
point appears morc translucent, ls less brrttlc,
Lut co-ojesses more in sectioning. The hardness
of pata{tin depcnds on its plasr-k point, which
Iies'a few, but variabie number of digrees, belo-
rhe meJting point.. ,  Consequently, 

- 
the plasric

oornt. or more roushlv. the meltrne pornt ot the
i,"'"fii" hu. ro be i'dairted to .he ririperaru'e of
ihe room in which thi sectionine is beine done.6
In warm rooms higher meltinf point laraffins
must be used than in colder laboratories, The aI-
ternative is to condition the oaraffin bv the addi-
tion of vaxious materials. Bayberry wix may be
added to paraffin to unprove its plasticity and
cutting qualities. Rubbeiis often added to laraf-
f in to improve it  (Hancc. 1963). Certain waxes
mav be added to oaraffin to harden it without ia-
creising i1e melrirg poinc lwarerman, l93g),
T\oioush inf i lrrarion is imporLant and s5ould bc
done iria vacuum to remove air from the speci-
men for cri t ical work with some tissues. Paraff in
blocks harden with time accordine to Steedman
(1960) and when thin sections are to be cut, the
blocks should be allowed to harderi at least over-
nisht.

5ror methods cf. the chapre. by wesbotrom in Bensley and Bensley (1938), Fol distortion cf. Dempster (1942t).

6Ca reher { r93al  e ives r  rerpt ra(urc rabh on p.  228.  lor  a 45 'C pual tu,  room .empefutures should be 70"ro sO'F f . '
section's &o- I 3 roi4 um : for52"C p*rfff n. 62ito ?5'F for 3 ro I J r; secrions.
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ln addition to matchingthe hardness of the paraf-
0 n  r o  r h e  r e m p e r a r u r e i .  w \ i c \  , r  .  r o  b e . c c r i o n
ed, it is necessary to match the hardness of the
paraffin to the hardness of the tissue. The hard-
ness ol the tissue.will depend upon the prepara-
tory treatment and its sttucture, A Penerromeier
was made, Fq. 21, ro study these variations. Thc
material to be tested is placed undcr the standard
( A . S . T . \ . a .  r . p h d l r j  n c c d l c  a n d  t h c  h e k h r  o f  r h e
inde\ read o; rhe mi l l imerer sc.rre. I  h-e orsronce
w h i c h  r h i . , t a r d a r d  n c c d l e  p o i r t  p e n e r r a r e s i s
proportional to the hardness.T

the tempcature was maiatained at the mehing
pont oi the wa-\.

The actual process of sectioning leads to distor
tion so that the sections will be a little bit thicker
and a little shorter than the block itself, This dis,
tortion results from the nature of rhe paraffin,
the tissue, and the action of rhe knifc. Large
crystals are sectioned or pushed aoarr bv tie
r.rcr lging of { l 'e Inj fe.  e.Dc. ial l \  - ,""  , t .  i ,* , f -j in is br i r le and.ha. a higl ,  pl"su. polnr.  Tl , is up-
\elrrng oi  cr)stalo glves rhe !el \et)  appedran(c ro

When the crystais are not of propcr size to fit
. l o s c l y  r o  r h e  r i . , u e .  L r ' e y  c r  . o r  , r p p o "  r n e  r , .
, r c  a d e , l u a t ' l y  o n d  l o c a l  d e f o r n r a n o n  w i l l  o . . u r .
giv ing a sect ion which cannot be completely f lar-
tened out. Small folds show when the rhin parts
were smaller than the size of the paraffin crystals
and comprcss lcss than e paraffin.

I  hc cry sr,Js show clearly in polarrz cd lQhr.  Pho
tomicrosraphs in bl& l ,  ;nd whitc do n-or record
a.ll the ;l;r differences and losc clearness. All
microtomists should examine a section from cach
brtch of paraffrrr  w'rh a.polanzing ,nicroscooe. '
A  r t l e r  . r \ 5 l d  t r n c  p r r . 1 , r n  g r ! c .  J d c q u . ' c  s u p
p o r ' .  W l , c -  r h e  .  r v . r : l  . . r u c r u r c  ; s  r o o  l a r g e  " n d
inhomogeneous, that barch should be repctcd.

Warm paraffin shrinks as it cools and compresses
the tissue in the block. Tissue that is harder than
the paraffin withstands rhis pressute, but soft or
spongy tissue may bc,:nder considerable strain,
WLen sccr ioncd t \e r ' .sL< re^d. ro erpard ro rhc
Jrape and " iu e iL h"d bcforc .ompres.ro".  and i f
conf incd bv rhe puaff in a'or-rnd i t ,  plear ins or
wrinkling results. 

- 
The wax mixture$ decreiscd

13 per cint in volurne and 2.4 per cent in a linear
djreition on cooling to room iemperature, Des-
p'-e rhe f :cr rhrr  r t renrron *a'  ca. l led Lo , l ' r 'nL
a g e  b y  K r a u . c  l c 2 o  a n d  K i s s e r  l q 2 7 t .  I r t t l e  a r -I

I
J

Fig.2I. Pen€troheter for measuring hudness of

A paraf{in uscd for some cxpcrimcntal work (Tis
suemal 56 ) gave a penetration of 1.7mm with a
1 0 0  g r a m  w c i q l , r .  A  ' r a r d e n c d  p a ' r i f i n 8  g a v e  :
re,di ;s of 2. f im. K rdney r i ,sui  i "orn ,  r lu in.a
pig wis used to find out ihc cffect of the-usual
procedurcs on the tissue. The fresh tissue failed
to support the weight of the needie and pan (2
g r r n r ' .  A { i e r  l a r d c n i r g  " ' <  r i . , u e  r r  B o u u r s
frr-r id the oe"errrr ion w,.  5.4,nn. Afrer de\ l -
drar ing in ab.olute dlcohol r . (  '00 gram werghr
o n l y  d r o v e  t h e  n e c d ' c  i n  2 . 2 m m r  a i r e r  c l e a r r n g  i n
xylene, 1.7rnm; and after embedding in wax 1.0
rm. Thr.  .how, q.c.r  h.rderins of rh< f 'e"h
r is.ue due ro rhe procedures of preparing ' r  for
r e l r i o n ' . g .  J r h o u g h  c a r c  w a ,  u , e d  r o  k e e p  L o  a
moderrte-y rrpid sc\ed.r le.  Drr ing inf ' lLrar ion

/ Hrdnes ud testirg nethods h ave not bcen extensively developed fot praffin cl wilims ( 1940). steedtuan ( 196 0) used

8F.on Wat"rnu (1939) Pdaffin (Pdowd) 80%, stefic &id 16%, sperm&erti 3%, baybeny 17o. Melring poinr 46'C,
9r:or turther details the teader is referred ro Denpsrer (1941, 1942a). I am sreairy indebted ro Professor oempster for a
preview ofhis excellert work ud for his friendll .;itici,. d,.i^s th" proses oiny .*pe.i-e"ts.
*A binoculr biobjective (creenough) Midoscope witl POLARoID dbove dd below the scction is suitable for this use.
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counc is given to ir in current public,r ions,l0
Srowell ( ls4 l) reporred rhar Parowar .hrinir.s jn
volume 14.3 per cent on cooling from 59' to
20'C, Shrinking can also vary #ith the attach-
ment to the slide and the drying temperature
(Smith 1962).

UnJess the hardness of rhe paraff in is rdapred Lo
the temperarure rt uhich r l ie currine js done rnd
the nature of the r i<sue, good section"s may not be
expected, regardless of ihe excellence ofthe mi-
crotome anil sectioniag knife. When the material
ha. been properly dehvdraced. j t  is possible ro re-
embed ir 'b ;noiher p;aff in should the f irsr not
prove sarrslaccon. Poorl,y preoared n.sue can
iarelr be "aluased. Several 'cl ianie" ofthc melred
p*"ffrn "t"utd be u'ed ro wasli  ouc rhe former
paraf{in.

The microtome knife should be set at 90' to the
direction of the cur (no sl ice angle) and l ihed to
as l irde clearance as wil l  gi le qoo=d sec(ions (2' ro
6' cf. V.41. rhe knife eige s."hould nor show any
pronounced serrations when examined at 100 dia-
meters, althouqh the edqe need nor be so smoorh
for_paraff-in as-for somiorher methods. Thc pos-
sibiJity of cutcing with only a fair edge prevenrs
many technicians from getring excellenr tect,ons,
beciuse they do nor keip rhe*microrome knife ln
th€ best co;dirion.

The block must be trimmed so that the edg€s
parallcl ro the knife are srraiqht and parallel-to
each other; orherwjse, the r-ibbon will nor bc
straQht and the disrortion will be increased. A
camels hair brush lpenciJ rype) is used ro
handle rhe ribbon. Ir-may be nicessary ro hold
the first few sections onto the knife with gentle
pressure of the brush until the ribbon forms.
Then the end ofthe ribbon is raised with a dissec-
ting needle and placed over the brush. This is
withdrawn from the knife as the ribbon lensthens
until it becomes too lonq to handle, The ;ibbon
lengths arc placed ln ordir on rmoorlr paper or in
a shallow box untiJ t l 'ey arc mounted on sl ide..
Some experience is necessary to cur serial secrions
without the loss of parts of the ribbon. Should
the brush be carelessly allowed in contact with
the knife, it will be spoiled rather than the knife.
The use of a disseccing needle in place ofa brush

would damage rhe Inife edqc wirh rhjs tvpe of
accidenr. Seiial secrions ma! be cur "n , ' i id;g
microtome but less convenientlv. as the hand suo-
portinq the end of the ribbon'must mou" ba&
;d fo-rth with the knife. (See page 2.)

Since the pataffin method is used more than any
other at theother at the present time, other problems of sec-
tioning will be considered in tlie next €hapter,
Temperature control methods will be discussed in
a followiqe section, A check list of the morea foilowing section, A check list of the more
common difficulties encountered with the paraf,
fn merhod is given ir  Chapter l l ,  wi th suqqesrions
for cheir  aro- idance. Adhesive tape 

-r iethods

/Couer.  & Mi l ler.  lqOl l  and orher.  rre proposed
to aid section arrangemenr (Sreedm; 1960),
Tiedemann, 1969).

Fig. 22. AO OLject clamp.

G. STATIC ELECTRICTTY ELIMINATION
One great inconvenience of pataffin sectioning,
prtti"-"lrrly in winter or at o$er times when th;
atmosphere is dry, is the flying of sections and
their sticking to parts ofthe microtome and other
nearby objects, due to the static electrical charee
gene. ired 

-by 
rhe fr iccion ofcurr ing. Rai" ing Li ie

humidlry by boiJing warer in the room or burnrng
a Bunsen burner near the microtome may allevi-
a r e  t h e  d i F f i c L r l t y . , S o m e t i m e s . g r o u n d i n g  t h e  m ;
croLome to a nea-rby water PrPe wrth r  wrre or
chain will carry the electricity away. A wet belt
is used by Church aad Kroeger (1970) to reduce
static charge on ribbons or sections.

l0Kbser (1927) gi'es fomxlae {or miting praftus md givtr the folowing figues for volume shri*age to 18'C room rem-
perarure: 36', a.8q., 40", ro.3E"; 45,;IO.6%t 50',fl.r%t 55.,1,2.6%t 60.,13.8%, See also S;id1 1962! Steedaa
(1960).
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H. TEMPERATURE CONTROL

An air conditioned room mairtained at the opti
murn..rcmperarLre woLld be ideal for secr ioni , ,g.
Pamff in .e. t ion. <an be cur ln r .  ryo,rar 1lV D2].
The traditional method is to immerse the block
and rhe knife in lce water, dry them, and cut be-
fore they warm unduly. Krause (1908) used li-
quid carbon dioxide in a Dewar flask for cooling
t h e  b t o c I s  u n r i ]  t h c y  w e r e  s e c r i o n e d .  l U n d u i
.hr i rkage f ,om o\cr cool ing should be avoided.)

Vapor jers \ave been used for cool ing rhc kni fc.
r o n  L e n d e n f e l d  r l e 0 l )  f o r t  e d  a i r  t h r o u g h  r
coiled tube in ice water and onto the block. The
conversc method of blowing steam onto a wood-
en block to soften it was used by Kisser (1926).
Tank carbon dioxide cooled the knife for Schultz-
Brauns (1931),  Crossmon (1935) cooled the air
by forcing it through pipes surrounded by a freez-
ing mixture before it was blown onto the knife.
S c h e . h r m a n  { 1 9 4 - )  u s e d  t a n k  C O 2  a r r a n g c d  s o
rhar i r  also f lo*cd ovcr and .ooled thc blo.k.

Jackets have bccn used to surround the knifc, and
either hot or cold marerial was forced through thc
jackets, It is not practical to drill holes in thc
knife because the dcakened knife is apt to crack

9"l l "g.  
,h: .  proce,,s of tempering. t iear ing rhc

Knrrc rn tnrs wrv bv stelm wrs proDosed by vln
Walsen (1894).- i"e-wate, -"" ciicJated thiough
a knifc jacket by Stoss (1891),  who also useda
cold air  jet  on the block. Held (1897) circulatcd
water rhroueh a iackcr ,urroundins the block
Iolder.  Separate 

" ' i^es 
ro che Ini fe"and ro rhc

b l o c k  h o l d e r  w e r e  u s e d  < r m i l . r l y  b y  L a n d  { t q 1 4 ) .
W a q e n e '  ( 1 9 6 7 ,  u . e d  C O >  c o o l i n e .  A  c o o l i n q
channel wa. buiJr inro a saTery razo"r blade holdei
b y  C r a r g  a n d  w i l s o n  I  l e l 5 ) .  D u f l i e l d  1 l e 4 l 7 l r a .
propo_sed -" bor to { i r  rh< kni fe clo,cly.  whiclr
may be 611ed with warm or cold water as re-
quired. A box surtoundins the knjfe was used to
iool the knife with dry ice by Huepcr (1933).

Since it is not always feasible to cool the knife or
the entire room, a cabinet can be used to cool the
microtome. Foot and Strobel (1905) bui l t  a box
complctcly around their microtome with hand
holes for manipulation and cooled by ice. Grave
and Glaser (1910) placed an ice tray over a hollow
truncated pyramid so that cold air flowed over
(he mrcroro'ne. A laree cardboard carron is
p l " c e d  o v e r  r \ e  m i c r o r o m c  b y  H a n c e  (  l q J T l  w i r h
a .onrai- t 'er ot  d11 icc orer a hole i r  rhe rop of rhe
carton. By adjusting the apertures betwlen thc

dry ice container and the ca.rton, to control the
amount of carbon dioxide passing into the box,
the temperature is regulated, The front end of
rhe bo:.-wa. lefr  open for access to rhc i r . rru.

Dry ice was used by Palmer and McDonald (i 963)
and Perkins (1963) used rubber balloons filled
with cold water for coollng the Lnife and block.
Freon, instead of CO2, was used by Batsakis
(1963) and thermoelectric methods are proposed
by okamoto & Mizuno (1 963),Ruthcford (1964)
and others.

I, RAZOR BLADE HOLDERS

The razor blade holder, Fis, 23, provides a means
for usins incxpcn. ive .af i rr  razor and . imi lar
blades in plac; of  a standard microrome knifc.
Li le sr,bsr i ture merhods eenera. l ly,  rr  i .  noL so
satLfacroty as a reguJar knrfe. bui  with carc :r  r .
possrbJe to make good sect ions. eren ar lum.
These are used in iarge bcginnj:rg cJasse. in rech
niquc to aloid damage ro microrome knives. ro
save rhe srudcnts r l )e cosr of knives, and ro cur
materia.ls where the edge is rapidly dcs*oyed.

F i g .  2 1 .  A O  R 3 / o ,  q l J d p . o  F o . .  y  M i . , .  o n ,  .

The thickcr types of flat safety razor biades are
.nore .ar isfa rory rh,n rhe *afer-th n type. lh.
blade .hould bc i r .erred so thar the cut,  ng facet
is just beyond the cdge ofthe holder.

As soon as the edge is wotn, a ncw blade should
be. used. l r , i .  rare'1 worrr .whi le ro rerharpen
sarct l  raz or blades.
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Disposable Microtome Blades are available which
use a spe, ial lv desgned holder replat ing rhe
srandard holder on rhe microtome {Fiq. 24).  The
holder clamps the blade in a manner'wfiictr rnsures
rigidity and eliminates vibration. Since the blade
is always clanped in the same position, and at the
proper cleararre arqle to the specimen, Ini fe t l l r
id jr isrment.  a.e noi neces"ar l .  rhe de.gn also
mikes ir  porsible ro chanec knives durins secrron
lng without the loss ofa sict ion.

J. SECTIONING OR SURF'ACING HARD
MATERIALS (METALS, PLASTICS, ETC.)

Soft metals. olastics and other matedals not hard-
er than abor;t 18 Brinnell may be sectioned or
sufaced with a microtome. The uooer limit de-
pends on the bntdeness or plasr ic i tv of the ma-
ierial. 

.].he 
chicltness of the "ecrion is lirnited br

rhe nature of the m;rer ia- l  and rhe size of thc
specimen. Som€times thinner 5llm sectrons can
be cut and with others thicker 15um sections
may cut better. The specimen should be no larger
than the area to be examined.

Some materials can be clamped in the holdcr and
seccjoned, Other specimcns require sorrre sup-
Dot(. One useful method is ro olace the m"r..i"l
bet*een t*o pieces of pith. Piper and fiim are
cut when only a mi l l imeier or so exrends beyond
a smoorh. iaw clamp. A slJding microtome is pre-
fetable foi sectionihg plastics-and a sljcing cur
may succeed when i  iguare cur fai ls.  Fig:. |7.

Plastics with glass or mineral
materials usually cannot be

fibers or other hard
sectioned with a mi-

Fig. 24. Disposable Bladc Holder

A elass knife holder (Fis. 25) allows rhe use of
glais knives in rhe rotaty"micotome, fhe holder
is clamped in the standard microrome knife
holder. It is recommended for use with the ultra
thin section adapter (829) on the AO Model S2O

Rubber is a diflicult material. Some rubbers can
be sectioned after freezing hard and allowing to
thaw enoueh for cuttinq, Some spongv and hard
rubbers cainot be secri6ned and 6nlvlhc surfacc
can be examined with a verticel illdminrr"t - .
fresh surface can sometimes be obtained by
breaking afrer freezing the specimen.

Lead alloys and other soft metals mav be surfaced
smooth enouqh for erching and micr6scopic srudv
with a microiorne more rioidlu rh"n b,, ih. '.'"'ril
grinding andpolishing merhod;. 12 Otfier meta.ls
may require only polishilg after surfacing.. Great
cate ls necessery wttn magnesium allovs and other
mcrals which surface harien by cold'workJng, ro
stop before rhe surface becomes so hard thir ir
suddenly destroys the knife edge.

Metals may be embedded in methacrylate, other
sofr plasri is or Bal<.el i te. I f  che Iarrer, i  pure resin
should be used rather than one rntued with asbes-
tos or other fib€rs that will unduly wear tLe knife
edge. SmalJ pieces may be clamped dnecdy i l
thi jaws of i t  .  t '" ta. i  Fig. 22. The currug
should be moderatelv slo- ind onlv one or rwo
microns removed at a trme. For siurfacing, the
large Rotary Microtome is preferable to a Sliding
Microtome because of the very solid construction
of the knife holder and the feed mechanisn.Fig 25. Glass Knife Holder

12cl.t tc.s lezt1
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Hard rubber, wa11 board, pressed wood, soldered
joints, horn, bone, and similar substances have
been sectioned with microtomes. The materials
embedded in hard paraffin, soft plastics, or cven
melted sulphur are lield in a clamp, When rhe sec,
tion is desired rarher than smoothing the surface,
r large Sl id ng Microtome, Fre. I  i .  prefcrred, A
s l i c r n s  \ , ' o k e  r ' . h  a . o n . i d e r r b l e  i l r . e , n e ' c  i .
often advantageous, Fig. 15. The resour'ceful
operator will soon find from experience thc best
m e a n s  o f  h r n d l i n g  a  g i v e n  m a r e r r a - .  P r e ' o a l i n g ' n
w a t e r  o r  o l  t a , d i t a t c ,  c u r r i n g  * L . e n . r . h  r r e a r
ment wjll not inrerfere with rhe subsequent use to
be made wirh the mat€rial (Lendrun, 1944).
l lood hrs been ' reamed during cuttrng by K.sscr
.  l c ) 2 0  .  l r  i .  L  , u a 1 l 1  e a . i e r  r o  c u r  t h i n  " e c r i o n "  o f
a hard matcrial; e.g. Harlow (1940) recornmends
that wood be cut at 3-5pm. Other speciJ meth-
ods are dcscribed in the tcchnical booirs listed in
the bibliography.

When a long slicing type of stroke is not rcquired,
rhc razor blade holder and thicker type of bladcs
ate uscd for sectioning various hard ind diffictlr
matcrials, because a few cuts can dLrll the knifc
and i t  may be nrorc economicai ro replacc blades
rhan to resharpcn a standard kui fc.  Thc AO
H.ldcr.  f r- .  , ,  { ,  is . rro,  s en"uqh ,o I .old z f l , r
t l . d ,  , l u r i - g  , \ .  | , r o c . r  i u L  ' c  r r r  r l , c  c d g r  o l
thc blade - i l l - l r l  . r ,n, t .  

-

Phi l l ips (1961) uses a diamond knifc when sec
tioning metals.

An ideal section would bc of thc thickness indi-
cated by thc microtome feed settinq and of the
same size and shape as the tissue in thc block.
This rarely occurs. The killing, fl\ing and embed-
dmg procc' ,  re.u'r .  i r  an averaee l ine"r shr inl ,ge
oi one-Llr  i rd,  romctimes r*o-r i  i rds 1Ambrosia". .
1955; Batrr ,  1955j Bah( et al ,  1957; Dempster,
1941; Mi les and Lindcr,  1952; and Ross, 1953).
The actualcutting causes distottion when the sup-
po.r i rg r"edium i .  inadequat< paraff in:  .ecr ior
lV, and Dcmpster,  1l9,+1).  Aumonier (1938) con-
clLrded from comparison of 5'15pm wnh 25pm-
sections that knife sharpness was the limiting fac-
tor in the distortion. Distortion can be a consr-

V. MINIMIZING DISTORTION
WITH SPECIAL REFERENCE TO THE PARAFFIN METHOD

K. THE RATE OF CUTTING

The rate at which the section is cut influences rrs
quality. Frozen sections cut better slowly. A
slow even cut is desirable whcn cutting celloidin
embedded material. Any hesistance during the
cut may leave knile marki on the seoion. Some
paraffin biocks of tissue must be cut slowly to ob-
tain the best section, while others give a better
ribbon ifthe microtome is run at a slightly greater
.p.eed, t  ndue speed inrarr"oly re 'ul is in sect ion.
or poor qualltv.

More time is saved by cutting slowly and carefully
rhan ru.hine rhroueh sevcrul  vard. of  se.r ions rn
rhe hope rh-a'  n goJd on"." ,r le found in rhe lor.

The motor drive tbr AO Rotary Microtomes
should not be run faster than si-xty cuts pcr

Each matcrial sectioned on the microtome has an
o p r i m L m  c ! r t i n s  ' p e e d  u h i c h  , h o u l d  b e  d e r e '
m r n e d  c x p c r i - e n r i l v ;  r '  ]  d e p e n d s  o n  t h e  n . r
, . , e  o f  t h c  m a , e , i . l .  i h e . " r ' r n g e d g c . ' h c . " g 1 "  o i
tnc kni fc "nd rnc rhicl 'ness of thc 'c.r ion. W'rh
further rcsear.h and control it may be possiblc ul-
t imarcly to predict  these rates rather than depend
on trlal irs at Present.
Oscillating or vibrating modifications oI rnicro-
tomes have been used for sectioning bonc, tecth
and nineralized rissucs (Southern & Thomas,
1962; Burgstedt 1964; Eschcnbrenner & Eggle-
ston, 1964). Baud a Morgenthaler used a rnodi-
{ied dentrl technique and rncthacrylate embed
ding proved useful for Siglitz (1964). see also
Brah, 1966.

derablc source of error in three dimensiona.i re'

A furrh<r di f f iculrv is the lacl  ofgood measL,r ing
means for the thic'kness ofthe seciions. The proi
blem is discussed by Clemmens (1950), cettner
and ornstein (1956) and Lange and Engstrcim
\  l q 5 / / .  l - r e r f e - e . r c c  r i .  r o r c o p y  l i n c l u d i n g  t h a n -
nel ,pect u,  of fe '  rh.  highe'r  precr. ion. Ri i ' .aro<
( 1 9  5 9 ) .

Some rnethod, and rn.rrumenr, were developed in
lgjq for rhe era]J,r ion of disro'r ion rn p"raff i r
embedded tissue and this work will now-be des-
cribed.



A. PRECISION OF THt MICROTOME
A secrion of rhickness di f ferenr from rhe sett ing
of the advance of the microtome would indicati
error in the microtome or distortion from the cut-
ting of the specimen.

Before makhg any expeiiments on actual cutting
with the microtome, the feed mechanrsm was
tested by fasten rg a dial gauge firmly and in-
flexibly to the frame of the microtome and read-
ing the movement of the specimen holder by the
dial  gauge. The gauge wa5 gradLrated in single mi-
crons and had been calibrated wich an inrerfero-
meter, The avenge eror of the microtome feed,
found with the microtomes used, was within
* 0.1trm.

The thickness ofsuccessive 1Opm sections ofheart
tissue cut on a No. 820 Precision Rotary Micro-
rohe at 27oC using a standard knife set to a
clearance anqlc of 6b eave r .randard deviarion
\o. of  0.3!r ;and rhe sei t ions were wirhin a ranqe
of l . I i - rm. Simi. lar ly.  usins a No. 852 Sl iding
Micro(ome. the range was O,6trm and rhe srandard
deviation was 0.2 .m. Consequently, the variation
m successlve sec ons ls due to tne cuttnq pro-
cess and the inhomogeneiry of the tissue, ialher
than the microlomes used in the experiments. As
these were in no way special  y chosen. simi lar
resulrs may be expected from orher AO rns(ru'
ments ot the sarne type,

testrag machines were unsatisfactory for meae
uriry the thickness of paraffilr sections, because
the pressure on the mea$ ng point deformed

Consequently, we turned to optical methods and
designed an ircerferomerer. A piece ofglass was
gro, ind 0"r opr icalJy and the secr ion 

-mounred

without fixative on one end of it. One end of a
special  cover glass alro havins an opricaJly l laL
"; . f , . .  **  pl i ,ed on the edei of  rhi  r i*uc dnd
the other end rested on the gl-ass base. When illu-
minared with monochromatic I ighr,  I  ie.  20, def i .
ni te dark and l isht band" r-re se;n. Fis.  27. The
nu mbcr of these-band", or f r inge:,  is co"unted wirh
the aid of a smalJ telescope-ard whcn sodium
lghc is used rnulciply ing ihis number by 0.29
gires Lhe r.rue thickness ir  micromerers. The me
thod is precise to onc fringe, or about 0.3 of a

Fig. 26. Interferoneter for
neasuring the thickde$ of

B. MEASURINC SECTION TTIICKNESS AND
CUTTING FORCE

The traditional method for measurement of sec-
tion thickness cuts a measured length (e.g., a milj.
meter) of the block and dlvides tlis length by
the number of sections obtained (Pusey, 1939),
Unles' a considerable amounr is cur the precision
of rhx merhod is low, and ir does not differen-
tiate errors in the specimen advancing mechanism
of the microtome 1'rom rhe discorrioi of cuning.

John (1929) used aa Optometer (2009 point pres-
surel rnd found r.hac secrion rhickness averaged
one-sixth grearer than the serrinR of the micro-
tome, depindilg on rhe mater'J sectioned alr ld
Lhe microromes-used. The available commercial

Fig. 27. rntcrference frinees seen
with th€ rnterferomcter ofFigure 26.

For srudyins var iar ions on rhc surfacc, a c.v<r
glass was use-d wirh rwo smal l  Lyperhemispherical
lense" of about tmm diameter atrached to one
end, and the third one attached to the center of
rhe other end, As rhir  is moved arross the cissue,
the sinsle contact follows the surface, the [umber
of frinles between fiducial matks changes accord-
ingly, and the interferometer serves as a profilo-
meter, The cover glass weighs only a fraction ofa
ffam: conseouentlv it is unlikelv that this forcegiam; conseq y it is unlikeJy that this force
causes any deformation of the tissue. The ody
disadvantage is that the method is slow, because
ody two sections (one at each end) can be meas-
ured at a time. and ir reouires time to mount the
section on the Elass and iare to avoid distoruon,

13rh. b.se piecc -.s of thick slus, 26 x 75mn, with tLe un&r side groud to avoid refiections from the non-flat surfae.
The 25 x 38;n cover g1*s wai ground -edge-sl.ped to avoid ioterfeirg reflectioos. A plece ofblak photographi. Ea!-
pingpaperwas placed urder the inrtrument. WiliMs (1930) dGcnbes the ur ofinterfarometers.



The resistance to cutting was determiaed by at-
taching a tuning fork beside a sliding microtome,
Fb. / ,8.  ," j  re.ordirg i t .  v ibrar ior.  on a..movirg
record surlice as a constant we&ht pulled the
knifc through the block. The diflerence in time
required ro puli the knife the length of thc block,
w h e r  r h e  i n . t r u m e n r  r a n  f r e e ,  r n d  w l e n  a , e . r i o n
was cul, is a direct measurc ofthe resistance to
cutting, or of the forcc required, since the force
equals the mass times thc accelcration. The force
gra'  L1 dr 'v ing weShr and t i re ma,,  rcmain con-

, t r n r . o  r h e  d e l a l  i r  r i m e  i '  "  m c a s u r e  o i r h c a c -
celeration. Permanent rccords were obtained by
fastening a platcn to tlre knife block of thc mrcro-
tome and rccording rhe runirg for l  rrccc on
wd\aa R.rr , , l ;nR 1' . tp{,  Record. $cre madc
with the microtome feed ser to 10pm. The posi
r i o n .  o f  t h c  b e g i n n i n g  a n d  c n d  o f  r h e  b l o c k  a r r d
of t rre r issuc cm-bedde-d in t l re block were morked
on the paper before it was removed from tbe cat,
r iage. Ihc runins for l  was adlu.red so {hJ( rhc
record ' rartcd crch t imc from the.a.e po' ' , 'on.
The rcsistantc of rhe parrf f rn and of rr 'e r i , ,uc
could bc determined separately from the records,
|  . B . 2 o A .  T h e  r i m e  i n r c n a L  \ 0 . 0 1  . e ( ,  w e r e
cornred with r l 'c , id oi  a low power srcrco)coprc
microscope, and the difference between the fice
run and - cuttins run was exoressed bv A . For
cach experimenr"thrc" to fiuJ sepa.atc'cuts wcrc
^ c u g c d - ,  d e p e n d i n q  o n  r h c  a m o u n r  o t  v r | l a n o n
sl . rwD. a Wirh go-od cu,r in" co-d;r , , rrr5 A wr5

small. When the knife was tilted too little or too
rru.h. r \e force u.ed u..rs i rsuf l .  cnr ro p' ; l  .  e
knife through the block. Bctween these exrremes
the.method gave intercsting and useful infot-

Fig. 28. Sliding Microtonc dranged for measuring the
fe$s.nce oi cu!fug.

C, MATERIAL

Dri ferent spccimcns vary i r  rheir  hornogeneir i .
(onseqJent ly in al l  of  rhcir  curr ine propeir ies. l r
i i  d ir f i . . , l r  io f .nd mare ' : l  .uf i ic" ienr ly consrant
for a reference standard. To obtain a reasonably
lomogeneous reference material, one of the hatd-
ened paraffins made accordine to Waterman s me
thodt was uscd. This was Tairly homogcreous
and satisfactory, but less dense than paraffin
blocks. Cutting was done with blocks trimmed to
15mn square, While results from this matcrla-lat
Lhe .ame rpmper.r tu,rc ucrc r  omparable from trmc
to. ti,ne, it nowise represented actua-i conditions
or cur.mg.

Thrce tissues were chosen for the experimental
{ork.  and larse block" prcparcd so rhar.  numbe,
of rcsrs couLd bc madc on rhc b ock. A typjcal
blocl  of  Luman lc4rr musclc wirh sone rr tcrro
sclerosis was obtained frora a locaJ hospital. This
was rrimmed to 15 x l Bmm with rhe actual tissuc
a r e a  o f  1 1 , 5  x  1 3 m m ,  T h e  P e n e i r o m c t e r  ( 1 0 0
gram weiglr7 |  ig.  . ' |  .  show.d rhar rhe r i : .ue was
much harder lhan rhe paraff in becau,e rhe peue-
trat ion into the t issue was only 0,4mm, whiG t |e
paraff in wa, l .smm. l t  was di f i iculr  ro ger f l . r r
secrron..  Lecau"e the paraff in frame. orevenrcd
expansion of the wrinkled secrions. Thc sccond
spccimcn was a piccc of cat testis, killcd by
eouin s fluid, dchydrated in dioxan, and cmbedl
ded in 55"C paraffln. A block was rrimmcd to
12 x 12mm and the tissue was an oval 9mm
in the direction of the cut and 10mm at rght
angles to thc direction ofthc cot. The hardness
of-the t issue was O.7mm and of the block 1.2
mm Penetration. The third section was ofhuman
'.rterus, killed in formalin, dehydrated in aicohol,
: n d  e n b e d d e d  ' "  6 0 '  p " r : f f i n .  T h e  b l o c l ,  " a .
rr i rnmed ro 14 x 21mm and th. rL 'uc wa, o x
I o . 5 m n .  I  h e  p c n . r r a n o n  o f  r h e  t . ' u e  w a '  0 . o
ard of r \c pai; f f rn O.omn. rhc.e 'pccirncn.
were used for the comparative work and others
were used from time to time for general study.

14the decten,. i. .ate of novement is duc to 1) the resistance to rupture ofthe naterial being sectioned, 2) the friction be
tween ihe knife and the paraffin and tissue and 3) rhe fri.rion bctw;cn rhc pans ofthe nicrotone. The larter are relatively
constant so tlat standar&ing againsr a free run Ms as satisfactory as a crr ofbloch contatuing ro rissuc.
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D. DISTORTIONS

Paraffin charges in size wjth temperature as des-
cribed in sect'ion F, Chapcer IV. 

- 
Consequently,

the thickness of the secti;ns cut depends Loth dn
the temperature of the block at which rhey were
cur and'the rhickness measured The interfero-
meter showed that the average section decreases
aooroximatelv 0.9mm jn thickness per 'C.(3

fiirses). Un[.ss a differenc temperarure is srated,
rhe?o[owing discussion is based on records at or
corrected t; ao average room temperature of
25'C. Sections were nirtened for mounting with
water at 45oCr and measurements made afrer
d.yi"g.

The section is usually compressed in the direction
of cuttine. so that iibecomes shorter and propor-
tionatelv";hicker while retainins the sam6 width
as rhe 6lock. Takins jnto accorinr che change in
proport ion, Fig. 298. the predicred thickness car
Le cornpured from the formula given. Thb is true
onJv foi t-o dimcnsional chanqi with the knife at
r ie(t .nsles to che direction oi cur. Whenaslice
.u-. l" 'i-rd", rhe section will be di*orted ir all
three dimensions (Dempster, 1947, 1942a.).
Mer$rem€nt of the thicliness with the interfero-
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meter usuallv demonstrated greater thickness
than this comouted value. whicliwill be ca-lled e*-
cess thicknesi in this report. With poor cutting
conditions this €xcess ;hickness mav brine thi
total thickness of the section 2ll tim;s the ihick-
ness to which the microtome feed was set. The
€xcess thickness was little influenced by tcmpera-
ture.

The increased thickness of the section, computed
from the distortion of the section. deoends on the
nature of the knife edee, the tilt of the kniG
(clearance and rake anglis), the tempefature, and
the material sectioned, The compression and
thickness distortion decrease as the knife is sharp-
ened with firer abrasives. L{htly stropping the
knife improved ir"  appearance under rhe micro
scope. but compression and di :rorr ion. part icu-
larly the excess thichness, was increased.

SecEioning dssue is quite di f ferenr from sect ion-
ine oaraf l -m blocks * i ih no r issue. The relat ion of
exi6ss thickness, A in Fig. 30, and the computed
increased thicLness, B in Fi,q. 10. from distortion
ate shown with .e"pect to th" tilt of the knife.
The tilt is expressed as the clearance ansle and
th.." r.sults were obtained with standatd lactorv.



sharpened knives. A11 sections were cut ar 10!m
onthe sliding microtome with no slice angle (knife
at 90o). With knife tilt up to 10o clcararce angle,
dle hearr lissue thickness was very close to ;he
r c _ r .  J  . e h i - g  o f  r l e  B  i n  I  g .  J 0 .  r t r e
o  L , e -  r i s 5  r e -  w c r c  L  i . ( r r  r r o r  r  r r "  q r i r r . r  c o m _
p - e  s i o  i n  l e - q r h ;  A  i n  F , q .  r 0 . . h o ; .  r n c  c r c e s ,
! h r c ( n " , s .  o r  i L e  d  f r . ' e  i c  L e r w e e r r  h .  r o t J
thickness measured with the inrerferorneter and
the thickness computed from compression. For
all three tissues, riris decreased rajtdly to clear,
ance angles of 4' s" and sho;ed a dei.inite
mlnllnum tot each t1sstrc.

The forces required for cutting, or conversely, the
resntance to curting as measured by thc differ_

en.e in r i rne des.r ibcd jn the prer ious secr ion,
;s i l lu. trzred by C on Fig. 30. Le,s re. i . rr-nce i ,
encountered as the clea.ance angle is increased to
aborr.4 '  .  .Lrnle fu '  rher cha-ge occurs up ro .  on-
s derable r i l r .  when rhe rc. i . ra:cc aga,.  , 'ncrea.e,,
The heart tissuc resisrancc to cutiing increased
r a p i d  y  a r  i 0 '  c l e a r a n c e  a n g l e .  - d -  " i r l ,  r : .
r learunrc angle skippirg oc.urred. prod.rcJng al-
ternarel l  thir  and rhick se, r ions. Ar lo{rhe mate-
r; .11 .o far inre.r$",ed suggesr.  thar l re oprimurn
tdr rngle r !nger bcrween J'  rnd 8. kni fe cle;r-
ance, Wrrhin rhi .  l imired range r l re re. i . rance
ro, Lutr ing i ,  mbim"l . ,nd rhe rneasured rhickne..
ot the sert ion. approrcher a value rerv clo.e ro
that calculated fr_om measurement of the desree
of section shortcning; this is considered is a
nccessarl  condir ion lor opt imal .ecr ionirg.

With the knife set at the optimum ciearance anqle
for r  given rrssue, i t  is posi ible ro studr rhe cf fJc r
of di f lerenr krnd. of_e;gc,.  A , l* ." , ( . , t , -p. ,"
stropped edgc Bave r] lc leasr rer jsranc. ro currrng
(  A=0.3  ro  1 ) .
Tl,e rcsrsrJnrc to curr ing dccreascs wirh lcmperJ
turc. and th. rarc ol  rhe det rcasc is cbour rhc
same as thc change in thickness of individua.l sec
tlons wrih temperaturc, Fig, 31. Thc forcc rc_

Fig,  J0.  Cur ins r .nrJn.c rd cohp,e$ion wi .h -espect
,o kni le  r i l - .  A. t \ .c*  rh ic ln. r , .  B.Thicknes. .oneared
for conprcssion. C. Resistancc to cuffing. Cl texr.

F ig.  31.  Ef fec,  of rempe%rue on LA) 'L ickn. .sorsecdon
dd on (B) tesisruce ro cnftins.
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quired. o. conversely. rhe resistance ro curt ing of
che t issue itself,  is about the same as ofthe encire
block and tissue. but the curve is slishdv c".c."..
These data were obtained with st;d;d factory-
sharpened knives and set to a dearance angle of
6' using the uterus tissue. A few scattered experi-
menrs  r i r h  rempera tu ,e  ga 'e  essen r ia l i y  rne  \ame
slope of curve tor Ini 'es.fdifferenr bevel. How-
ever,when the bevelwas reduced to 17' the curve
was much steeper. With such a knife it is difficuit
to cut in cool laboratories.

E. FLOATING OUT

Except under the most perfect conditions for cut-
ting, ihe ribbon is formid with some irregularity,
which musr be f lartened before the sections may
be attached hrmly arrd evenly to the slide. Two
general methods are in use, The ribbon may be
ir.rt into convenient lcngths. and pJaccd on the
slide. a fe* drops of water added to the slidc. and
the wholc gcntly -armed until the sections ex-
pand to their full size. The other mcthod is to
place the pieces of the ribbon onto warm water
and, afterixpansion, to recover rhem bv placine
a slide underneath the sections. n uery ihin layei
of albumen fi-xatives may be rubbed onto the
slide or included in the water used for floatias
out by the first merhod. The floatinq out should
be done at as low a temperature as-possible or
about five to s€ven degre;s less than the melting
point of the paraffin. 

-A 
small amount of one oT

ihe commercial wettinq agents added ao the warer
assisrs marerially in r;ducing the differences in
surface rension'and obtahjng a f larrer section
(croat, 1941; Medawax, 1941). Thc floating out
temperature must not be too waJm or the paraf-
fb irself may be disinregrared and che sec(ions
unduly stretched. Likewise they must not be
strerched wirh needles or by graricy from coo
great tilt of the slide as the water is poured off,
Some tis$res absorb more water than others and
become swollen even though cmbedded in paraf-
fin. Coarselv crvstallinc ;araffins do "". "".
round the tiss'ue ciosely and take up considerable
water by capillarity, With care, floating out does
not contribute to distortion, but ca.reless handling
may easily deform thc section, Lin and Collet
(1969) recornmend a xylene sgray for flattcning

F. RECONSTRUCTIONS

Earlier three dimensional reconstruction models
were made from serial sections with litde concern

for errors from distortion, or actual knowledge of
the true thickness of the sections. Recent work
gires due consideration to correcfion or minimiza-
tion of such errors; e.g, Dean and Magnum, 1945;
Elias etal,1951-71;Hennig, 1954, 1956; Mer-
rian, 1957 ; Shields and Dean, 1949; Wiistenfeld,
1957 .  He*d  ( l e5 l )  de .c lbes  a  phouograph ic
method for the rect;Ficarion of compression.

Lison (1937) and Pusey (1939) may be consulted
t^. ^-- -,- l --,L^,.1"

G. CONCLUSIONS

Distotion is any change in the form from the
rissue in rhe block, or in rhickness of the sccrion
different from the setting of the microtome feed,
Distortion has been shown to alise from the pre-
l iminary prcparation of rhe rissue, shrinkage, Lrn-
favorable crystal l inc or plastic properries 

-of 
rhe

embedding riredium, the-sharpnissbf rhc micro-
tome knife and its position in the holder, and the
temperature at which the cutting is done, The de-
formation may involve one. two or ail threc di'
mensrons ot the speclmen.

To reduce distortion, care should be used in the
Preparation of the tissue and in choosing an em-
Ledding medium. which should have rhe a-ppropri-
arc plas(ic properties for the temperature at
which the secrionine is to be done. The hardnesswhich the seitionine is to be done. The hardness
of the oaraffin. wh]en it is used. should corres-of the paraffin, n it is used, should corres-
pond with that of the tissue, The knife must be
sha.ro. with a smooth cdse and well-oolisheiarp, with a smooth cdge and well-polished

:ets. It should be placed in the holder to thefacets. I t  .hould be piaced ir rhe holder ro rhe
position (tilt and sliceingles) which gives thc bcst
sections. The edge should be kept clean durine
the cutting of th; block, especialy if serial seci
tions ar€ requiJed. The rate of cuttins should be
mainrJred at the besr rpeed for rhe rpecirnen.
and the rcmperarure 'hould be adjusted co mair-
tain the optimum relations between the above
factors, which control the excellence of the sec
tions. The mounting Drocedure must not add
distortion and should r!l;""" as much of the de-
formation due to cuttinq as possibl€. The abilitv
to do a.ll of this is lear"Jd fr"m study .nd "*pe.i
ence by the skillful technician.

For additional irformation see the recent work of
Steedman (1960) and for other aspects ofdistor-
t ions see: Gough, (1968);  Lehmann, (1969);
Tomasch, (1969).
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Microtomes are precision instruments and require
carc to kecp them in proper condition. To insure
oprimJ performarLe ,nd long l i ig of rhe i r ' rnr
ment, the slideways should bc cleaned with a soft
cloth when cutting is finished or at the end of the
day. A11 bearings should be ptoperly oiled. The
instrument must be kept clean, free from bns of
embcdding m.rtcr i . r l  Jnd. *hen nor in u'e.  i r
should be covered or placed in a cabinet to pre-
vent damage.

Unless the microtome knife is kept in excellent
, o n d i r r o n .  i t  i '  r o t  p o . s i b l e  t o  c u r  g o o d . e c r i o n . .
Delicarc and dense objects requlre the bcst,
smooth, well-polished edge. For the best possiblc
sections of a Biven specirren, the knife should bc
adjustcd to the proper tilt for the particular kind
o [ . p e c r m c n .  F o r  r n  a v c r a s c  ' p c ( r m e n  ' h i s  r i ] r
' h o u l d  b c  c n o u g h  L o  g i , c  i  . l . a r r n c e  m g l .  o r
3 ' - 8 "  .

whcn crnbcdding is ueccssary, a rnedium should
b c  c h o " c l  w ,  l '  r ' .  r i g r . ,  g r J i n  o r c ' y 5 , . , 1 1 i , , '  . r r u .
turc to support thc objcct properly. The hardness
of thc paraffin should bc adapted to the hardness

VI. CONCLUSIONS

VII. HISTORY'

of the specimen to prevent undue shrinkage, and
to the temperature of the room at which the sec-
tlonng 1s to De oone.

The typesof distortion commonly found in sec-
rion cutting have becn discussed and recommen-
dations frorn experimental work given, so that
these distortions may be minimized,

This rnanual has been written to cover the use of
the microtomc and to give you the benefit of thc
rxperien.c of orr  .*"  ,* . j "  h laborrrory. Sec
rion curt ing depend' on no 'bglc i rem. r l ,e lor
m u L  f o r  o b r a ; n i n g  < x , e l l c n t , c . r i o n s  i s  a  p r e c i
' ion -nr.rorome. "  ,hrrp knrfe. properl l  prepa,ed
\pecmcn5 rr  thc ' ign, iempcrat l rc.  and ;  . l iL l ful

Microtomy is an art which is learned mainly from
c r p c r i e n c . .  I  h r .  m r r u a l  . u m m a r u c .  t L e  e r J ' . r i -
c n c c  o r  o r h e r  l o r  y o u r  u ' e .  b u r  c c n n o '  ' c p l " , e
thc actual use of the materials. The beginner who
undcrstands and profits from mistakes is bonnd
to bccomc an cxpert  technician.

Microtomcs were callcd cutring engires r-rntil
1839, whcn Chevalier introduccd rhe word micro-
r o m . .  C u m m r n q  ,  r u , r i . s  c n e i r F ,  1 7 7 0 .  I ' c l d  r h .
. p c . i m . n  w ' r h r n  ,  . y l i n d c '  ; d  f o r c . d  r r  u p  i o r
sectionine by rneans of a fine screw. The knife
r. l ivorcd ibour r  f i r .d pivor.  HiJr prepaed cr '  el-
L " ,  " " " d  * - , , . " ,  r . r : r \  r h i .  b ' i r u m e r r .  P  i r -
c F a r d .  l b J 5 ,  f a . r e n . d  r h c  s p c . , m e n  c o n t a i n  r g
cylindcr and feed mcchanism to the edgc of the
rable with a clamp and used a separate two
handled knife for 

-cutting 
sections. Later thc

clanp was omi*ed. and the instrument was hcld
in on. l "nd uhi lc rhe ot |er rard cut the s(c( ions
with a heavy razor. The popularity of the hand
modei was due larecly to the work of Ranvier
about I880. BakerlLlndon) manufactured hand
and table microtomcs as early as 1840. A table
model with a danring top was developed by His in
1866 ard manufacturcd by rhe Societ6 Gencvois
in 1870.

Thc sliding rricrotomc with a vertical {ied screw
was developcd in 1798 by Ada,r's, who obtained
a slicing cui by the use of a knifc with a slanring
"dn". iu "t u". ?ast ettcd thc straieht ra.or ar an a"-
gie"in 1799 to atta.rn rhe same-result, Qreckett
pivoted the knife at one end and supported thc
other on a *ay in 1s48. The knife holder, adjust-
ab e fo.  borL. r i l r  and slrc.  angl<..  ra.  bcen arrr i -
buted to Schanze about the middle of the nine-
teenth century.

The sliding microtome whercin the specjmen ls
r. i ,cd by pu.hr"g rhe 'pc. incn holdcr up m in-
c  i r c  * r ,  d e v e l o p e d  b 1  C a p n e m o  m  1 8 4 8 .  R i -
vet's improved design was man0facturcd in wood
by Vcrick (Paris) in 1863, and in metal by Leyser-
Brandt (Leipsig) in 1870.

The rocking microtome was invented by Caldwell
and Trefa1l in 1881, and improved by Darwrn rn

1Cf.  lehrer .  " t ,1  (1889).  Gatenby ud Painter  (1937),  Minot  (1903),  Roneis (1932),  Sni th ( r915) ,  Cowles &Ric l&ds
(1947).
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Adm's Cutting Engine, 1798
The Filst Americu Microiome.

Pfeifer's Rotary Microtome.

1885. The disadvantaee of thjr design was the
currinq of a curved cyliirdricat block sirfare, and
led rolhe development of the f lar-cutcing typc of
rocking miootome in 1888,

Rotary microtomes were invented independendy
by Pfeifer at the John Hoplins Universiry in 1883
and bv Minot in 1886. Minot's model was manu-
f".tur'.d by Baltzer (Leipsig) in 1887. and by the
Franklin Educational co. {Boston) in 1895.

ln America. rhe sliding microrome wirh a triangu"
lar knife block was manufactured bv Bausch and
Lomb Oprical Company in 1882. arid an irnprov-
ed model three years later, Their ftsr rotary mi-
crotome was manufactured in 1901, and the hori-
zontal Minot Automatic Precision Microtome
wirh starionary knife and slidirg specimen holder
and feed in J909. Spencer Lens Company pro-
duced the Clinical Microtome in 1901, using the
unequal parallelogram knife movement ro glve a
slicing stroke. In 1910 the larg€ Spencer Rotaxy
Microtome first appeared, with increased preci-
sion of cutting obt-ained by separating the feiding
mechadsm from the driving mechanism (Ott,
I  s |  1). The Spencer Sliding Microtomes were de-
velooed durirs the middle of rhe nineteen twen-
ties. Other Li-nds of Spencer microromes are also
m"nufactured. Instead-of catalogirg very la-rge in-
struments it has been the practice of malufactur-
ers in the United States to make specially de-
signed instruments as required.

Many kinds of microtomes ha"e been designed
and tried. The more important types are summa-
rized in Table I. All the principles except those in
the circular and rhe peelirg microtome are in
commoo use at the present time. The peeling mi

TABLE t

I. With movable knife

A. Object feed vertica.l

1. Knife is held in hand - table and hand
models.

2. Knife moves around a vertica.l axrs at one
end, with the other end free or supported
by a slideway.

3. (nife holdei pivots on a parallelogram.
Two unequal supports provide a slicing
stroke.

4. Knife holder moves on a horzontal
track,

B. Objecr fecds up an incl iaed plane lCapa-
nema'Rivet modeL).

lI. With stationary knife

5. object moves alo_ng a vertical guide
lMinot Rotaiv modell.

6. obiect holdei moves-around a horrzontat
a-'r i i  tRoclire model). Sections are cut
From cyl indrriaJly .urfaced block

7, Similar to o wirh a parallelogram objecr
support Lo give f lar sict ions rf lr""rt i ;ng
Rockine Model).

8. Object 
"rotates 

around a horizontal axis
paiallel to knife (Peeling method).

D. Knife honzonta]

9. Object moves on hori/ontal way..
I0.Object rorares about a verrical axis.
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crotome ha" been adopted by che wood veneer in-
dustry. Circular, rotiting knives have been tried
with little success, It is not possible to keep the
blade sharp and ro mainrain the precision re-
quired for this work, although they are practical
for use in food stores. The last type (No. 10) is
no longer marketed. Krause (1926) also classifies
and descdbes early European microtomes,

The need for very thin sections(<0.1pm) for the
electton microscope has produced new ultrami-
crotomes (Richardi, 1956). An incline plane field
with less slope is available for sectioning less than
1pm with rhe AO Rotary Microtome.

Microtomes have been modified for cutting hard
materials by the addition of a motor arrd saw
(Roofe, 1949; Kwan, 1970),

About 1839 Valentine developed a double knife
with two parallel blades with ihich he rezulated
the thickriess of the section bv adiustinq i slide,
or in later ,models a screw, t; bring tli" blades
closer togetner.

The earlv cutting engines and the modern hand
microromes *ed-ee tf,e -ate.ial to be sectioned
into the feed cylinder of the microtome. Pith
may be used to hold leaves and other softer tis-
suci. This js a quick method useful for plant or-
gans. bur the zoologists found the merhod not

satisfactory for anirnal tissues. The latter could
be sectioned well only after they were e-b.dd.d
ln a suppor.mg mearum.

Paraffin embedding was established by Klebs,
1869, and Biitchli in 1881; gelatin by Klebs,
1869, and latet by Kaiser, 1880. Soap embedding
was initiated by Flemminq in 1873 ind has been
used spor"dici lv s;nce. 

- 
Duval oriejnated the

ce[oid;; method in rsz9.

The fundamental materials have been modified in
various ways to obtain more useful media. Paraf-
fins have been haldened with ceresin ard modi-
fied by the addition ofrubber, baylerry, or other
wa-xes. Harder mixtures without higher melting
points were prcpared by wa(erman (19J9). Hy-
i'"-"b"' *ii"i **e added to oaraffin bv Croacdrocarbon resi-ns were added to par !vgryi
(1941), The freezing method was used in 1871.
by Rutherford (1873); Berdeen (1901) attributes
the method to Stilling during 1846, and Boylc cutthe method to Stilling during 1846, and Boylc cut
sections of frozen eyes in 1663. An inteiestingsections of frozen eyes in 1663. An inteiesting
recent cornbination oftechniques is the cutting of
celloidin embedded tissues on the freezing micro-
rome. warer soluble waxes and polyehtylene gJy-
cols are useful when dehvdration should be avoid-
ed, and epoxys. methyf/methacrylate and other
plastics ari used in very thin sectjoning, (Fall and
hawson. 1955: Glaue;t el dl.  1956i eray.1954;
H.,le,1952t Lillie, 1954; Miles and Linder, 1952;
Steedman, 1957;1960).
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