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INTRODUCTION 

A method of producing magnified three dimensional models of microscopic 
specimens was described hy H o r n  in 1883. In essence, his method involved 
tracing of the j)artic:ular structures from serial microscopic sections onto 
wax plates, the thickness of wliicli was eqiial to  the thickness of the histo- 
logical section multiplied hy tlie desired magnification. The plates were then 
cut along the traced outlines ant1 placed on top of one another in the proper 
sequence. Such moclels, hy melting the plates together, represent magnified 
three dimensional reproductions of the original specimens. 

The method had many shortcomings and was subsequently iniprovetl 
(Born, 1888; Born & Peter, 1898; Pctcv ,  1906; Peter, 1927). A major prob- 
lem in wax recmnsiruction has heen to furiiish the sjiecimeri with reference 
points, in such a ~ a y  that the wax plates could be precisely orientated one 
to another. If placetl outside the tissues tlie reference points tended to he 
displaced (luring the laboratc.)ry processing arid placing them within the 
tissues often caused daniage to the structiires of interest. 

In recent studies of the three dimensional configuration of the epithelium- 
connective tissue lmunilary (Lije & Karring, 1967; 1969; Rarring & Lije, 
1970) the authors have improved the technique for the fabrication of wax 
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Fig. 1. Ernhedding chamhcr fnr thc production of paraffin blocks securing a proper relation- 
ship Iietwwn the refercnw points and the plane of sectioning. A right angled lmx is formed 
upon assrnrhly or the two acrylic I>-pieces (a) nn the bottom plate ( I ) ) .  Laterally they arc  
siipportc(l Iby two p r a l l c l  lists (c). Slits (arrow-s) at the short branches are closed h y  two 

pieces of acrylic ((1). The midlinc of the Iwttom plate is indicated hy a black line (e) .  

recoiistruc.tions, rnakirig it less time consuming arid also facilitating the 
production of proper reference points within the tissues in a controlled 
manner. 'This paper describes the essential features of the method. 

THE: METHOD 

Immediately after biopsy the surface of the tissue specimen which will later 
on be furnished with reference points, is painted M ith a slightly heated 
rtiixtiire of Indian ink arid 25 per cent gelatine sollition (1 :4). The painting 
is perforriled under a dissecting microscope and the specimen is inserted 
into the fixative where the mixture precipitates as a black surface coat. 
After fixation the sliecinien is matle sti1)ject 10 paraffin infiltration. 

To ensiire that, Mheri the M U  ldocl< is placed on the block holder of the 
niicrotonie, the angle hetw eeti the plane of sectioning and the reference 
points is exactly 90", paraffin emhetltling is performed in a special chamber 
(Fig. 1). This consists uf two L-shaped pieces of transparent acrylic: (a) urhidi 
upon asserribly on a liottom plnte (b) forms a right angled box (Fig. 1). The 
slits at the junction between tlir bottom plate and the short branches of the 
L-pieces (Fig. 1, arrobs) make it possiible to utilize the same arrangement 
for the production of reference points (sre later). During the emlueddiiig 
procedure, hov-ever, the slits are closet1 hy two pieces of acrylic of a size 
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Fig. 2. Notching appaiatus for 
with an adjustablc knife with 
against the knife, the paraffin 

the production of reference points. The metal talilc is equipp'ed 
thrce V-shaped cutting e c l g ~ s  (armw. insct). L\ hen brought 
hlock with thc L-pieccs is guided by the two Iiarallel lists (a). 

equal to that of the short lmnches ((1). The e inhedthg  chamber is s i ippr ted  
laterally by tM-o parallel lists (c) arid the midline of the hottoin plate is indi- 
cated by a black line at its sulwirface ( e ) .  

Prior to  the embedding of the specimen the walls antl floor of the cham- 
ber are painted with a mixture of glycerol ant1 absolute alcohol (1:l) and 
the apparatus is heated in the paraffin oveii for al)proxiniately 

The apparatus is next placed in a ~ l i a l low tlieh arid tlie entire chamber 
filled with paraffin. Orientated accortling to tlie desired plane of cutting, 
the specimen is placed at the hlack line in sncti a May that the surface of 
the tissue, into which the reference poirits are to be made, faces tlownu.ards. 
Cooling is proT4ded by ample amounts of ice water in the dish. The resulting 
slirinliage of the paraffin lilock is cornprncated for by keeping the surface 
of the paraffin melted 11y means of ;i hot spatiila during the cooling antl by 
adding molten paraffin until the chamber is completely filled. 

The production of wfwerI.w jjoirlts. After the paraffin has hardened the 
external acrylic pieces which closrcl tlie openings at the short ends of the 
embedding chamber (Fig. 1 (1) are remo~et l  arid the paraffin hlock, still 
sixrounded by  the L-pieces, is trariiferred to the notching apparatus for 
production of reference points. 

The notching apparatiis (Fig. 2) consists of a nietal table equipped with a 

hour. 
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/I Mi crot ome knife 

Fig. 3.  Diagram 5howing thr  paraffin blork, fornishrd with rrfercnce points (notches), pro- 
perly rnountrtl in thc microtome. 

knife with 3 \:-sha!)cd cutting cclges (Fig. 2, arrow, inset) which prior to  use 
are adjuste(1 at a level 1/4-1/2 nini ahove the tahle. Guided hy the two 
parallel lists (Fig. 2a) the wax I)lock, \\it11 the L-pieces, is hrought against 
the knife ant1 three ~ ~ x a l l e l  grooves arc 1)roilucetl in the lower surface of 
the way 1)loclr and the atljaccnt part of the sperinim. Since this surface 
of tlie tissiie was coated with lritliurr ink-gelatine it is possible to check in a 

dissecting microscoljc whrther or riot the knife has reached into the speci- 
men. The height of the knife is ailjustcd until grooves of appropriate depth 
are protluced in the specimen. 

The block is then rrrnoveil from the L-pieces ant1 the notched surface is 
covered with a layer of Ixiraffin 2-3 m n  thick (Fig. 3) .  Finally, the excess 
paraffin on tlie atljoining surfaces is rernoveil and tlic block is reatly for 
mounting on the block holtler. 

The mounting o f  the paraffin-block. To secure the proper orientation of 
the block the lime of the 1)loc:b holder is covered with a 3-4 mm thick layer 
of paraffin which, after setting, is levellrtl by tlic microtome knife. The 
block is then placed on the block holder with the notchetl surface of the 
specimen right arigletl t o  the cutting etlge of tlie knife (Fig. 3). A hot needlc 
is inserted at intervals along the interface between the hloclr and block holder. 
‘Ihis ensures that the fusion of the hlock to the block holder is attained with 
no tlistorsion of this relationship one to another. Finally, melted paraffin is 
added to the site of juriction hetween the block and the block holder. 
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Fig. 4. Histological section of gingiva furnished with refnence points (rp) in the-epithelium. 
The surface is covered by  a black coat of indian ink-gelatine. 

Thc production of p a p r  rcpliccls. The serial sections selected for repro- 
duction should he of good quality and have appropriate reference points 
(Fig. 4). The selected part of the tissue, including the reference points, is 
projected on to 1% hite paper at  the desired inagriification and the outlines are 
dram-n on the paper. In order to prevent inversion, the section is projected 
via a mirror at an angle of 45" 011 to the sheet of paper placed on a liorizontal 
glass plate (Fig. 5). 

Glass plate with a 
sheet of paper on 

M I c r o pr oj ec t or 

Fig. 5. Diagram illustrating thc projection of histological sections on to shects of paper placed 
on n horisnntal glass plate. 
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systems 
Fig. 6. Paper replica representing. a histological section of gingiva. Additional rc,frrence 
systems formed like handles have been placed adjacent to both epithelium and connective 

tissue. 

Whilst serving for accurate orientation of the serial paper replicas the 
reference points iriay soiiietimes Iireak the integrity of the structure to lie 
studied. In cases where the morphology of the tissue surface is simple, the 
broken out line ~)ro(lucf~tl  I)y tlie reference points may be redrawn without 
~iroducirig major artifacts. I t  may often be coriveriierit to eliminate the rc- 
ference points in this way arid replace tlieni hy an additional reference system 
produced outside the tissue. Similarly, atlclitional reference systems must 
lie prodricetl when srlmate rriotlels of more structiires Within the same speci- 
men are clesircd. Such rtfereiiee systems, which may liave the appearance 
of a handle (Fig. 6), arc drawn on the first I m p  replica in a proper relation- 
ship to the tissue. In a ricgatoscolie, tlie second rel’lica is tlieri siiperimposetl 
on the first according to the 1)rirniu-y reference Imints and by nieans of a 
cardboard (.)r acrylic template, the liaritlle is traced on to tlie second rcplica. 
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Fig. 7. The apparatus for wax plate casting consists of an clectrically heated aluminium tablr 
(a) and a rtrllcr (11) which are serially conncrted. ‘Thc tahle is shunted lip an electrical Iiuib 

(c) placed on the roller suppnrt. \T ooden lists (d) close the table at Imth cntls. 

This procedure is repeated for all rcplicas. In this way the atltlitiorial reference 
system can be trarisferred to any niimher of replicas. Subsequent to the 
fusion of the wax plates (see later) these markers are removed. 

l l i e  production of wax pZat(J,s. The way mixture for production of wax 
plates have the following composition. 

Yellow hees’ wax 5 parts 
Paraffin wax 1 part 
Crushed resin almut 10 g pcr 1 kg 

The ingredients are heated to approximately 110°C and melted together. 
The apparatus for plate casting (Fig. 7) consists of a n  electrically heated, 

polished alumiriium taljle and roller which are serially connected. The 
table is sliunteci by a resistance (electrical l~iilb) (Figs. 7 and 8). The roller’s 
support is provitleil with a switch N-hicli automatically switches off the current 
to the table arid coiinects the roller directly t o  the mains w-hen the roller is 
removed from the support. In this way, it is possible to increase the teni- 
perature of the roller and decrease that of the casting table. 

If the teni1)rrature of the tahle or roller is incorrect, then plate casting is 
difficult. I t  is, therefore, necessary to regulate the temperatiires during the 
production of the wax sheets, The temperature of the table should be low 
(approx. 4’0°C) and that of the roller high (a1)prox. 90°C). 

The sides of the table which arc adjustable, control the thickness of the 
wax plates. The  technical design for the apparatus is shown in Fig. 8. 
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ROLLER 
DIAGRAM 

Fig. 8. Design of the apparatus for wax plate casting. Thc dimensions are indicated in ac- 
cordance with the scale in the Lower left corner. 

Prior to the actual fabrication of a wax plate the table is covered by a sheet 
of tissue f)aper placed with its edge along one of the sides and moistened 
with turpentine. The tissue 1)aper is further adapted to the surface by a 

1)aper is ciit along tlie opposite side. Wootleri lists (Fig. 7) 
are placed at the ends of the casting t a l k  antl melted wax poiired evenly 
over the plate. As soon as a surfil(:e mernhrune has forrnetl, the lists are re- 
moved and excess wax eliniiiiated by  rolling over the siirface at an appro- 
priate speed. After having been allowed to set for 2 - 3  minutes, the soft was 
plate supported by the tissue paper cover is carefully rcmovetl from the 
casting table and allowed to set for a further 2 - 3  niinutes on a plane surface. 
The wax plates, interleaved with paper, niay be stacked and kept under 
pressure (a1q)rox. 15 kg) for 24 hours. Tlie load is then removed arid the 
plates left to dry for 2 - 3  (lays hefore use. 

Production of wax niotdels. Tlie siirfiicc of the wax plate, riot covered with 
tissiie paper, is rnoisiened with turpentine antl a paper replica is placed 
upon it. Air hiibbles between the replica arid the plate are removed by the 
u s e  of a rubber roller. The plate is allowed to dry for 2 - 3  days. 

After the wax plates have heen cut according to the outline of the paper 
replica, the plates are mounted on top of each other on a plane surface in 



Fig. 9. Wax plates represcnting gingival epithelium are mounted on top of rach othcr. The 
rrfrrrnce systcms (hantllcs) coinc:idr exactly. I’ins are inbcrtrd at  diffcrcmt locations (arrows). 

Fig. 10. A completed model (200 x ) of the gingival conncctive tissue. The model is produced 
froni 80 scrial scctions. 
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siicli a way tliat tlic referellce systeriis coi1ic:itie \zitli eac:h other exactly (Fig. 
9). To preveiit inversion of tlir inodel tlie plates have to 1)e piled in reverse 

tioii secltience. Tlie 1)lates are fiisetl together at their etlgw 
liy means of ail e1ec:tric:ul w a x  Itriifc iriatlc from a soldering iron (50 Watt, 
225 V). In ortler to olJtaiii :in aI)proliriate working tcniperatiirc, howewr, 
two of these have to lie serially connected. Strengtheiiing of the nioclel is 
ucconiplishecl by inserting a few pins at different locations for every fourth 
or fifth plate (Fig. 9, arrows). 

Althougli tlic itiotlcl can he consitleretl conil~lctetl at this stage, a smoother 
surface is oh&ne(l L J Y  gentle u s e  of the wax kiiife. ‘l’lw piper on both sitles 
of cocli wax Idate 1)reverifs tlir introduction of artifacts in the model. 

131 SC IJ 5 S I 0  N 

The production of three tlinic~nsioiial wax models is a va1ual)lte metliotl in 
microinor1)hologic studies of biological structures, provided the models 
accurately rel)ro(luce the original s1)ccirriens. Althoiigh great care is exercisetl 
(hiring the histological l)rocessiing, some shrinkage of the tissue w-ill occur 
(luring fixation and deliydration, and some tlistorsion of tlie sections (luring 
cutting is Imintl to take ~)luce.  Tlierefore, these factors Innst he talien into 
accoiint (luring the evaluation of thc final results. Variations in the tliickness 
of tlic sections may & J  iutrtrclucc :in error into tlie t h e e  tlirneiisiorial niotlel. 
111 cases uliere this error is s ~ p p ~ e d  to influence esseiitially the results, the 
correslroiitlt.nc:e between tht. triie tliic~ktiess of the tions and the reatling 
on the iriicrotorne scale should be testr(l ( I ’ I L s c ~ ,  1939). 

1he fact tliat the greatest oiillirie of the sections is always projected on t o  
the 1)aper replicas irnl)lics a slight eiilargcment of the final model. This is 
of little coiiiequence at low rriagnificalions (300-400x), Imt ciin he quite 
conspicuous at Iiiglier tii;igiiific.atioiis. The ~~rcrl~lerii niny lie alleviated h y  
focusing tliiring projcctioris a r i t l  hy cutting the edges of the wax 1)Iates a(.- 
(:or( 1 ingl y ( Pctcjr, 1942). 

In cascs d i m ?  the rcfcrencc points cannot he iriatle wit h o i i t .  iiiterferririg 
unacceptably M-itIi the structure to lie reprmliiced, the specimen can he 
embedded togctlicr with a I i l ~ i ~ k  Irairitetl (Indian iiik-gelatine) sheet of liver 
tissue (4’00- 500 p)  placal in close contact with tlie sl)eciinrw. ‘ h e  liver 
tissue then serves as a bet1 for tlie reference points. 

111 conlrnst lo prwioiis niellio(ls (Born, 1888; I’ctcr, 1906; P ~ t p r ,  1927), 
tlie I)ro(luctiori of wax plates is based on a casting technique. This t 
offers the possibility of producing plates of an acriirate and reproducible 
thickness untl has made thc production of wax models less time consuming. 

7 ,  
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l’he time needed for the fabric,itioii of three dirriensional iiio(lels obviously 
tieperids on tlie compleuit y ,i~i(l size of the specimen, hut generally, the 
cornpletion of inodel of the i i i q $ r d  gingiva (1.5 rrim) (Fig. 10) as h i e d  

on 80 sertions, will require apl)ro\imately 8 Iioiirs. 

Acknozc,Zedgements. ‘The authors want to exprrss thrir appreciation to Mi-. Hans ‘Thagaarti 
Jensen for his excellent assistance during the design and prodiiction of the technical equip- 
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s I! 331 M A R Y  

A n  irri1)rovecl tecliniqnc for the proihiction of magnified three-dimensional 
 ax models of microscoljic hio1ogic:al structures from histological 
is described in detail. 

The inil)rovcnients comL)rise the I)rodiiction of reference points of con- 
trolled depths in the tissue and the use of electrically heated eipiprnent 
for the casting of wax plates. ‘I’liis inalies the prodnc;tion of wax models less 
time consuming ant1 may facilitate tlie sti i t ly of t h e e  tiimensional niorpho- 
logy of biological structures. 

I ~ B S U M L  

AM6LIOHATION DE 1.h TEClINIQClE DE PKODUCTION DE M O D k L E S  EN CIRE DES 

STI<UCTUL{ES l i [ O l , O G I Q r E S  

Les auteurs ilkrivent en clCtail w i t ‘  tccliriiqiie aniC1iori.e pour la I)rotltiction 
tle motl+les tle cire h trois tlirnensions rel)rCsciitunt h line graiide Pchcllc lcs 
structures hiologicpes niicrctscoIiicIiies tle coulies liislologiqires. 

Ces arnCliorations coniIireniient 1’Ptul)lisscnient cle points tlr reference 
cle profontleiirs contrcilCcs tlaiis les tissiis et I’utilisation tl’une instriirncnta- 
tion h chauffage dec~trique ponr la m i i k  des plaques tle cire. f h s i  sc: 

trouve raccourcie la durke tle la prodiictioii tles inotli:les, t:ii r r i C n r e  tenips 
clue l’i.tutle tle la rnorpliologir ~ritliiiierisiorinelles tles structures 1)iologiqiirs 
petit &re fncilitbe. 

ZLISAJI 3IEKl’ASSL‘NC. 

WEITEHENTBICI(I.UNC DEH METIIODE Z C H  IiEHSTEI.I~LNC, V O K  T\ZACIIS\IODELLE 

BIOLOGISCIIEl< STlIUKTUl<EN 

Eine rerllesserte Tcclinik fiir clic I-lerstelliiiig vcrgrhster tlreitliiiiensionaler 
Wachsrriodelle miLrosl~o~~isclier Striilitureri von liistologischeri Scliiiitten 
wird in liGnzclIieiteri ljeschreihen. Die Verl~sscrungen iimfassen die IIer- 
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