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Abstract 

The western anatomical descriptions of the human cerebral meninges still available date back to the mid-fourteenth century. Since 
that time, numerous anatomists made more or less accurate descriptions of the human meninges and tried to understand their functions. 
Unfortunately, the belief in animal spirits led to esoteric interpretations which hindered the understanding of these structures up to the 
early eighteenth century. This paper summarizes the contributions of Antonio Pacchioni and Giovanni Fantoni to the anatomy and 
functions of the meninges, respectively. 

Introduction 

Though Galen probably outlined the anatomy of the 
meninges and its sinuses in the early first millennium 
(Dumont, 1894), the description of this part of neuroanatomy 
remained for a long time marked with esotericism (see Clarke 
and Dewurst, 1984 and Corsi, 1990 for review). One of the 
very first anatomical illustrations depicting the human 
meninges is to be found in Guido da Vigevano's manuscript 
"Liber notabilium" (1345): four plates show the chest of a 
trephined body and both dura and pia mater are outlined (Olry, 
1997). Subsequently, many anatomists tried to describe the 
structure of the meninges and to understand their functions. 
Johannes Dryander (1536, PI. 4) described two meningeal 
layers (probably the dura and pia mater). Some years later, 
Andreas Vesalius (1543) depicted the dura mater with its 
vessels (sinuses and middle meningeal artery) and the pia 
mater. In the mid-seventeenth century, Jean Riolan denied 
the existence of both layers of the cerebral dura mater 
(meningeal and endosteal, respectively), but their existence 
was confirmed by Isbrand van Diemerbroeck (1695) and 
Philippe Verheyen (1708). 

Antonio Pacchioni 

Antonio Pacchioni (1665-1726), a friend and pupil of 
Marcello Malpighi, was particularly concerned with the 
anatomy and function of the dura mater (Kemper, 1905; 

Norman, 1983; Eimas, 1990). In his 1701 treatise, he 
described in detail the tentorial incisure (Pacchionian 
foramen) and the structure of the falx cerebri, including its 
radiate fibres (figure 1). Unfortunately, he mistook them for 
muscle and tendon bundles which were supposed to contract 
the falx and therefore compress the cerebral cortex. According 
to Pacchioni, this compression was intended to make the 
cerebral glands secrete the animal spirits. The dura mater 
was therefore regarded as an "encephalic heart" (De Smet, 
1986), and a dozen years later, the medial and lateral 
longitudinal striae (Lancisi, 1713) were believed to be the 
marks of the regular impacts of the falx on the superior surface 
of the corpus callosum. 

In a later dissertation (1705), Pacchioni made the 
decription which made him find his place in the history of 
anatomy: he described the arachnoid granulations which are 
called "Pacchionian glands" since that time. These structures 
had been previously depicted by Andreas Vesalius (1543, 
Plates 7 and 66), but the author did not pay much attention to 
them. The first plate of Pacchioni's dissertation was drawn 
by D. Moratori and engraved by N. Oddi. It depicts the 
superior sagittal and transverse sinuses, and many arachnoid 
granulations are to be seen in the lumen of the superior sagittal 
sinus (figure 2). However, Pacchioni believed that the 
function of these granulations was to secrete the cerebrospinal 
fluid. 
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Antonio Pacchioni made therefore accurate anatomical 
descriptions, but misunderstood the functions of the dura 
mater and arachnoid granulations. 

Giovanni Fantoni 

Some decades later, Giovanni Fantoni (1675-1758) 
corrected both Pacchioni's mistakes: on the one hand, he 
showed that the dura mater does not contain any muscular 
bundles, and on the other hand he asserted that the arachnoid 
granulations are in charge of the reabsorption, and not 
secretion, of the cerebrospinal fluid: "The humoral flow is 
sent to the superior sagittal sinus rather than to the hemisphere 
convexity. This is more in line with the laws of nature, and 
the sinus itself, and not the meninges, is irrigated by this 
liquid, and the blood will therefore be diluted" (1738). 

Discussion 

Though he misunderstood the nature of the fibrous tracts 
in the falx cerebri and the real function of the arachnoid 
granulations, Antonio Pacchioni has to be regarded as a 
pivotal figure in the history of the anatomy of human 
meninges. He described the tentorial incisure and the 
arachnoid granulations which had only been mentioned by 
his predecessors, and his name rapidly appeared in the studies 
of his contemporaries (Heister, 1719). That is why Antonio 
Pacchioni became eponymous in the medical profession. 
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Figure 1. Plate 1 of Pacchioni's 1701 treatise. The radiate 
fibres of the falx cerebri were believed to be muscular 
bundles. 

Figure 2. Plate 1 of Pacchioni's 1705 dissertation. The 
superior sagittal and transverse sinuses are open, and many 
arachnoid granulations are depicted. 
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Abstract 

The subarachnoid space consists of a number of distinct compartments called subarachnoid cisterns. Knowledge of cisternal 
anatomy is very important not only for anatomists but also for clinicians, particularly neurosurgeons. This paper reports a technique 
which combines the traditional E12 sheet plastination method with several special treatments so that the subarachnoid space, transcisternal 
arteries and veins, cranial nerves and arachnoid trabeculae are preserved in a relatively natural state and shown with different colours. 
This technique should greatly facilitate cisternal anatomy studies and provide a new approach for examining structures in the subarachnoid 
space at both macroscopic and microscopic levels. 

Introduction 

Compartmentalisation of the subarachnoid space (SAS) 
into subarachnoid cisterns by arachnoid trabecular walls has 
been widely described (Yasargil et al., 1976; Matsuno et al., 
1988; Brasil and Schneider, 1993; Vinas et al., 1994,1996a,b). 
Most of the intracranial operations for intracranial aneurysms, 
brain tumours and disorders of cranial nerves are directed 
through the subarachnoid cisterns. These cisterns provide a 
natural pathway through which the major intracranial arteries, 
veins and cranial nerves can be approached. Thus cisternal 
anatomy (the anatomical relationship of arachnoid trabecular 
walls with vascular and neural elements) has significant 
importance not only to anatomists but also to clinicians, 
especially neurosurgeons. 

Current knowledge of cisternal anatomy mainly comes 
from two sources: anatomical dissection and clinical 
observation, such as radiological examination and intracranial 
operation. However, the fine and delicate arachnoid 
trabeculae are easily destroyed in anatomical dissection when 
brain is removed from its cranial cavity during preparation. 
Also, pathological changes in the brain may affect clinical 
observation. Thus, in order to obtain reliable information 
about cisternal anatomy, a method that can preserve the SAS 
and its contents in a natural state without above drawbacks 
is needed. 

Sheet plastination is a recently developed technique in 
which water and lipids of tissues are replaced by curable resin 
on a cellular level. The sheet plastination technique has been 
widely applied to human brain studies to demonstrate 
neuroanatomy (see Grondin and Olry, 1996 for review). 
However the subarachnoid cisterns and their contents can 
not be adequately demonstrated by this technique. In this 
study, we have modified the traditional techniques so that 
the SAS, arachnoid membranes, transcistemal arteries and 
veins can be preserved in a natural state and stained with 
different colours. Our modified technique should greatly 
facilitate further cisternal anatomy studies, and provide a new 
approach for examining structures in the arachnoid cisterns 
at both macroscopic and microscopic levels. 

Materials and Methods 

Materials 

Cadavers of three female humans aged from 75 to 85, 
and 8 sheep were used in this study. The experiments using 
sheep were approved by the University of Otago Committee 
on Ethics in the Care & Use of Laboratory Animals. 

Fixation 

The right femoral artery and vein of a cadaver were 
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cannulated and blood was washed out by saline. Ten percent 
formalin followed to fix the whole body. The body was then 
stored in the same solution until required. 

Pretreatment 

Arachnoid mater staining: 
In order to completely stain the whole arachnoid mater, 

ten burr holes of 0.5 mm in diameter were drilled into the 
skull. The locations of these holes are shown in figure 1. 
Catheters of 14 gauge were properly inserted into the SAS 
with the aid of a stylet with dura puncture. The burr holes 
were then sealed using epoxy glue. Each hole was perfused 
with 10 ml of Gill's haematoxylin No.2. The SAS was stained 
for 2-3 minutes and then irrigated using distilled water to 
wash out the staining solution. The staining was made blue 
with the Scott's tap water for 2-3 minutes, 40 ml for each 
hole. Then the SAS was irrigated with the same amount of 
distilled water. 

Vascular fillings: 
The internal jugular veins and internal carotid arteries 

were exposed and cannulated at both sides and perfused with 
blue and red coloured epoxy resin E20, respectively. 

SAS perfusion: 
After arachnoid mater staining and vascular filling, the 

SAS was perfused with 400ml of 10% gelatine solution, 40 
ml for each hole. The cadaver was left at room temperature 
for 24 hours to allow the gelatine to become solid. 

Variations for pretreatment 

In order to achieve optimal results for staining of 
arachnoid trabeculae and fillings of vessels and SAS, eight 
sheep heads were used in our preliminary experiments. Table 
1 and Table 2 summarise the materials which were used for 
the arachnoid mater staining (Table 1) and the SAS and vessel 
fillings (Table 2). 

E12 sheet plastination 

Slicing: 
The head of a cadaver was disarticulated at the second 

cervical vertebra level (C2), embedded in 20% gelatine 
solution and frozen at -30°C to make a gelatine block. Then 
the gelatine block was frozen at -80°C for 24 hours. The 
block was sectioned in a thickness of 2.5 mm by a butcher's 
bandsaw and the cutting surfaces of slices were cleaned with 
tap water. 

Dehydration: 
The slices were laid between mesh and stacked in a grid 

basket. The basket was immersed in ascending concentration 

 
Figure 1. A lateral view of the skull showing the location 

of the burr holes. On each side, two burr holes on the vault 
(1&2) cover the frontal and superior regions of the 
subarachnoid space (SAS) and two burr holes (3&4) above 
and one (5) below the nuchal line cover the superior and 
inferior tentorial regions of the SAS, respectively. 

of acetone (95% to 100%) at -30°C. The acetone was replaced 
every week with higher concentration. The dehydration was 
completed when the water content in the acetone was less 
than 1%. The dehydration process took 6 weeks. 

Degreasing: 
After dehydration, the specimens were left in final 

acetone bath for degreasing. The temperature of acetone bath 
was kept at 22-24°C. The degreasing was completed after 2 
weeks at which time the fat tissues appeared translucent. 

Forced impregnation: 
The degreased slices were immersed in a polymer 

mixture and placed in a vacuum container at 0°C for 36 hours 
(see "Plastination Workshop", 1997). The polymer mixture 
was Biodur E12/E1/AE10/AE30 (BIODUR; Rathausstrasse 
18, 69126 Heidelberg, Germany) in a ratio of 100:28:20:5 
pbw (parts by weight). 

Hardening: 
The impregnated slices were laid between 0.25mm 

A.P.E.T (Amorphous Polyethylene Terephthalate, Progressive 
Plastic Ltd, 31-37 Fraytt St, Dunedin, New Zealand) plastic 
sheets and cured at 32°C for one week and then placed in an 
oven at 45°C for another week. Then the oven was switched 
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Table 1. Different dyes used for the arachnoid mater staining 
 

Staining solution Stability of staining Results Comments 

0.1% cresyl violet not stable in acetone the resin becomes milky 
white due to acidity 

the SAS needs to be 
acidified by 10% acetic 
acid. 

1% toluidine blue not stable in acetone the staining fade away 
during dehydration 

 

Haematoxylin & eosin eosin staining is not 
stable in acetone. 

blue-stained tissue  

Haematoxylin Gill's No.3 stable in acetone black blue-stained tissue hard to control the 
incubation time as it was 
less than 1 minute 

Haematoxylin Gill's No.2 stable in acetone purple blue-stained tissue relatively easy to control 

off and allowed to cool down gradually before the slices were 
removed. 

Results 

Initial method 

The SAS is located between the arachnoid mater and 
pia mater and mainly contains cranial nerves, arachnoid 
trabeculae, transcisternal arteries and veins. Our initial 
method for preserving the SAS and its contents was based 
on E12 sheet plastination protocol (von Hagens et al.,1987; 
Cook, 1997). Figure 2a shows a specimen which was 
processed with a standard E12 sheet plastination technique 
after the arteries were perfused with red epoxy resin E20. 
The fine vascular structures were very well preserved in the 
brain tissue but the SAS and its contents were completely 
destroyed. It is impossible to distinguish the pia mater, 
arachnoid mater and arachnoid trabeculae from surrounding 
structures in the specimen which was processed using the 
standard sheet plastination technique. 

Modified method 

In order to overcome the above problems, 8 sheep heads 
were used in the preliminary experiments. Tables 1 and 2 
summarise the results and the recommended procedures have 
been described in the Methods section. With this modified 
E12 sheet plastination technique, the SAS (transparent with 
a few fine yellowish web-like lines), transcisternal arteries 
(red) and veins (blue), the cranial nerves and the arachnoid 

trabeculae (purple-blue) were well preserved in a relatively 
natural state and stained with different colours (figure 2b). 

Discussion 

In this study, for the first time, we provide a method for 
using E12 sheet plastination technique with several special 
treatments to preserve the SAS, transcisternal arteries and 
veins, the cranial nerves and the arachnoid trabeculae in a 
relatively natural state with different colours. Our method 
should greatly facilitate further cisternal anatomy studies and 
provide a new approach for examining structures in the SAS 
at both macroscopic and microscopic levels. 

The protocol that we have established is based on a 
combination of the traditional E12 sheet plastination 
technique (von Hagens et al. 1987; Cook, 1997) and a 
technique of SAS perfusion and staining (Brasil and 
Schneider, 1993). However, there were several limitations 
for a simple combination. For example, according to the 
Brasil and Schneider's method, the SAS needs to be acidified 
in order to stain SAS with cresyl violet. However, the 
acidification makes translucent epoxy resin become milky 
white after its injection. Thus the structures in the SAS can 
not be identified in this situation. Therefore, we first tried to 
find a suitable dye which would stain the arachnoid 
trabeculae, which would not need acidification of the SAS, 
and would not fade in acetone during the dehydration 
procedure. We found that haematoxylin Gill's No.2 or No.3 
stain was very stable in acetone. However, Gill's No.3 is such 
a strong staining solution that all the structures in the SAS 
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Table 2. The fillings of the subarachnoid space (SAS) and vessels 
 

Materials Advantage Disadvantage Comments 

epoxy resin E20 translucent and similar 
to E12 

becomes milky white when 
water and acid exist. 
high viscosity and needs to 
be diluted with acetone 

suitable for the vascular 
fillings, but not suitable for 
the SAS filling. 

20% gelatine soluble in water yellowish after dehydration not suitable for the SAS 
filling 

20% gelatine with 
5% Arabic gum 

soluble in water becomes a white mass after 
dehydration 

not suitable for the SAS 
filling. 

10% gelatine transparent and 
soluble in water 

a few web-like structures 
appear after dehydration 

suitable for the SAS filling 

5% gelatine transparent and 
soluble in water 

not solid at room 
temperature 

not suitable for the SAS 
filling 

were stained as dark blue in a very short incubation period 
(less than 1 minute). Thus the structures in the SAS became 
indistinguishable. Haematoxylin Gill's No.2 is optimal for 
the arachnoid trabeculae staining because its incubation time 
is easily controlled and it is stable during E12 sheet 
plastination procedures. 

Before plastination, it is also important to fill the SAS 
with a transparent material to hold the structures in a natural 
state and prevent any damage to these structures during the 
sheet plastination procedures. Epoxy resin E20 and 5,10 and 
20% gelatine solutions with or without Arabic gum have been 
tried in this study. Translucent epoxy resin E20 was supposed 
to be an ideal SAS filling material because red-coloured 
epoxy resin E20 was used to perfuse arteries in our initial 
trial and demonstrated a very good vascular filling (figure 
2a). However the viscosity of pure E20 is very high and needs 
to be diluted in acetone. The acetone diluted epoxy resin 
became milky white in the SAS when cured. This was caused 
by the residual water in the SAS and the water extracted by 
the acetone in the diluted epoxy resin. Moreover, it seems 
that the change of translucent epoxy resin is irreversible. The 
cured milky white resin in the SAS of the specimen still 
showed milky white after dehydration in acetone. A mixture 
of gelatine and Arabic gum recommended by Brasil and 
Schneider to fill the SAS lost its transparency after 
dehydration. Twenty percent gelatine solution could provide 
only a semitransparency after dehydration. Five percent 
gelatine solution offers an ideal transparency but it will not 
become solid at room temperature and, most importantly, 

cannot provide sufficient support for the contents of the SAS. 
Based on these findings, we found that 10% gelatine solution 
is the best selection for SAS filling. It can preserve the SAS 
in a relatively natural state, provide enough protection for 
the contents of the SAS during the plastination procedures 
and still show a satisfactory transparency after dehydration. 
Under a stereomicroscope, a few fine web-like structures can 
be seen in some regions of the SAS (figure 2b) and are 
presumably derived from the gelatine. However, these fine 
artifactual structures can be easily distinguished from the 
arachnoid trabeculae as they appear yellowish while the 
stained arachnoid trabeculae show purple-blue. 

The purpose of perfusing vessels with coloured filling 
materials was to distinguish the small transcisternal arteries 
and veins from the fine arachnoid trabeculae. As a result of 
our modification, the small arteries appear red, the small veins 
blue, and the arachnoid trabeculae purple-blue. These 
coloured structures are readily distinguishable under the 
stereomicroscope. It was found that colored epoxy resin E20 
is suitable for vascular filling. However, gelatine was found 
to be unsuitable: upon injection of gelatine into the vascular 
lumen, many small gaps occurred due to gelatine shrinkage 
and breakage after dehydration. This may explain why the 
small perforating vessels are not observable in brain tissue 
that has been perfused with colored gelatine. 

A minor technical point is perhaps worthy of note. Rather 
than washing out the venous blood prior to fixation, it may 
be preferable to leave the blood in the veins, so that after 
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plastination, the small transcisternal veins appear almost black 
and thus easily differentiated from fine arachnoid trabeculae 
and transcisternal arteries. 

We believe that the technique reported in this paper, 
which combines E12 sheet plastination with the special 
treatments described will greatly facilitate cisternal anatomy 
studies and provide a new approach for examining structures 
in the subarachnoid space at both macroscopic and 
microscopic levels. 
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Figure 2. Two plastinated slices prepared with the traditional E12 sheet plastination technique (a) and with the technique 
developed in this study (b). Bar =1 mm. 

(a) shows that the brain tissue shrank, the subarachnoid space (SAS) enlarged, and the vessels in the brain were preserved 
well (arrow) but the most SAS contents were destroyed. 

(b) demonstrates that the transcisternal arteries (arrow), veins (arrowhead), and the arachnoid trabeculae (double arrowheads) 
were held in their natural positions. The SAS was also well preserved in its natural size although an artifactual gap (asterisk) 
appeared underneath the pia mater due to the brain tissue shrinkage. 
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Abstract 

This paper documents use of the plastination E12 techique to analyze myocardial fiber arrangement and compare its pattern of 
distribution to magnetic resonance (MR) images. Human hearts were embed in a "plastic block" consisting of gelatin and polyethylene 
glycol and scanned using a General Electric Superconducting Magnet (Signa). After scanning the hearts were sectioned and processed for 
plastination. The E12 plastinated heart sections allowed visualization of the 3-dimensional details of the heart, vessels and myocardial 
bundles for comparison with the MR images. The myocardial fibers seen in the MR images showed similar gradient directions and details 
to the anatomical heart sections. 

Introduction 

The timing and adequacy of reperfusion of an infarcted-
related artery (Croisille et al., 1999) determine patient 
prognosis in acute myocardial infarction. To limit ischemic 
myocardial injury, it is important to differentiate viable from 
infarcted (non viable) myocardium. Assessment of viability 
is based on either stress echocardiography or trace techniques; 
however, those methods have limited spatial resolution. For 
a review on predicting myocardial viability by MRI see 
Higgins (1999). 

Magnetic Resonance Imaging (MRI) has the ability to 
quantify myocardial 3D deformation and strain precisely and 
non-invasively. In order to document that the MR (magnetic 
resonance) permit a true comparison between the generated 
images and the anatomy of the scanned organ, hearts were 
scanned and then sectioned so that anatomical details of each 
slice could be compared to the details in the image. The use 
of plastinated specimens seemed ideal for this purpose. The 
acquired transparency of the specimens as final result of the 
E12 technique permitted a 3D analysis and true comparison 
to the images generated by the MRI. Plastinated specimens 
can be stored for long-term use, and do not give off fixative 
fumes. Plastination is also a relatively simple and easier 
method to obtain clear specimens when compared to 
traditional methods such as Spaltholz (1924) and Tompsett 
(1956). 

Since the birth of plastination in the mid-80s, sever 
authors have successfully used plastinated specimens to 
correlate morphology with MRI in research, education and 
clinical medicine (McNiesh and von Hagens, 1988; Baptista 
et al., 1990; Ripani et al., 1993, 1996; Hussain et al. ,1996; 
Magiros et al. ,1996,1997; Cook, 1997; Entius et al., 1997). 

This paper introduces the E-12 technique as a tool for 
the comparative analysis of myocardial fiber distribution 
study using MRI. 

Materials and Methods 

Materials 

Several human hearts were used for this study. The hearts 
were removed from cadavers and washed in tap water to 
remove blood and blood clots from the chambers, coronary 
arteries and cardiac veins. After the blood was removed, the 
heart chambers were filled in with cotton to maintain the 
cavities in the dilated state. 

The coronary arteries were injected with a mixture of 
30% gelatin and 0.1ml (0.05mmol)/kg of gadopentetate 
dimeglumine (Magnevist® - Berlex Laboratories, Inc., 
Wayne, NJ 07470, USA). Eosin (Sigma-Aldrich, 3050 Spruce 
Street, St Louis, MO 53178, USA) was added to the mixture 
for color. 
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The hearts were then immersed in a 10% formalin 
solution for 24 hours. After fixation the hearts were prepared 
for MRI scanning. 

Preparation of the heart for scanning 

The hearts were immersed in a solution of gelatin (15 
gm/100ml) and polyethylene glycol 1000 (lOml/lOOml of 
gelatin solution) using the method described by McCormick 
(1961). This plastic/gelatin solution was transparent and after 
solidifying maintained the position of the heart during the 
MRI scan and during physical sectioning. 

Scanning 

MRI images were obtained using the General Electric 
Superconducting Magnet (Signa) operating at 1.5 Tesla with 
a corresponding resonance frequency for protons of 63.9 
MHz. 

The scan protocol is a balanced matrix spin echo gated 
acquisition, (TR=2000 msec, TE=20 and 60 msec) for 
oblique, sagittal and/or coronal short and long axis views of 
the myocardium. Two images were generated at each 
anatomic level: one was formed from the first spin-echo 
(TE=20 msec) and the other from the second echo (TE=60 
msec). The MR scan slice thickness was 3.0 mm with a skip 
distance of 3.0 mm. The images were archived to magnetic 
tape and transferred to the imaging workstation for analysis. 
Medical College of Ohio (MCO) software on the DEC 
microVax workstation allowed display, image processing and 
texture analysis of the images. 

Image processing and mathematical codes have been 
written on the DEC microVax Workstation to analyze texture 
on the intensity distributions of the tissues scanned in the 
MR scanner.The cardiac slices were preserved by plastinau'on 
for future study and permanent storage. 

Sectioning 

The "plastic block" (gelatin and polyethylene glycol) 
was sectioned using an electric circular meat slicer. Three 
millimeters (3 mm) sections were made parallel to the long 
axis of the left ventricle. Each slice was placed between 
plastic grids and immersed in cold acetone (-25°C) for 
dehydration. 

Dehydration 

Freeze substitution as described by von Hagens (1985) 
and von Hagens et al. (1987) was used for dehydration. Three 
changes of acetone were necessary, with each bath containing 
a volume of acetone 5-10 times the volume of the specimens. 

After dehydration, the heart sections were immersed in 
methylene chloride for defatting. Two weekly changes of 
methylene chloride were necessary. After defatting the 
sections were impregnated with epoxy. 

Impregnation 

Impregnation using an epoxy based reaction mixture 
(El2) technique was performed at room temperature. The 
epoxy reaction mixture was: E12/AT30/AT10/E1 (95:5:20:26 
pbw). 

The specimens were submerged in the reaction mixture 
and placed in a vacuum chamber, directly from the methylene 
chloride solution. Pressure was reduced rapidly to lOmmHg. 
The rapid boiling out of the methylene chloride caused the 
temperature of the mixture to be reduced drastically. This 
helped to control the exothermic reaction taking place (Weber 
and Henry, 1993). Impregnation was accomplished in 24 
hours. 

Casting 

The heart sections were cast between two sheets of 
tempered glass and a flexible gasket (Parker O-Ring - Zatkoff 
Seals & Packing, 8929 Airport HWY. Holland, Ohio 43528-
9604, USA) was used as spacer. The following mixture was 
used as the casting resin: E12/AT30/E1 (95:5:26 pbw). 

The specimens were placed between two glass plates, 
sealed and the molds filled with the casting mixture. After 
the molds were filled in they were placed inside a vacuum 
chamber to remove small bubbles present in the resin. This 
took place in 45 minutes to 1 hour. Larger bubbles were 
afterwards removed manually. After bubble removal, the 
mold was placed at horizontal 15° incline to assure correct 
positioning of the heart slice in the mold. When the polymer 
showed more viscosity and was tacky (2 to 3 days) the 
specimens were placed in an oven at 40°C for 10 days. 
Hardening was completed when "Newton" rings were seen 
in the casting molds. The glass plates were removed carefully 
and the sheets were cut and trimmed as desired. 

Cutting and sanding the molds 

A bend saw (Sears Roebuck and Co., 3333 Beverly Road, 
Hoffman Estate, IL 60179, USA) was used to cut and trim 
the plastic along the edges of the heart slices. Belt and disc 
sanders from Sears Roebuck and Co. were used to remove 
sharp edges from the plastic slices. 

Photographic images of the 3.0 mm anatomical sections 
and MR scan slices were compared. 
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Results 

In order to evaluate the quality of cardiac imaging of 
the GE MR scanner at the Medical College of Ohio, and to 
verify anatomical details on the MR images, several cadaver 
hearts were imaged and sectioned at 3 mm intervals. The 
heart images were processed using zoom, filters contour and 
cut modules. The maximum gradient images were then 
obtained and filtered. The gradient images were subtracted 
from the original images of the myocardium using an absolute 
subtraction method, to enhance the direction and structure 
of the muscle bundles in the myocardium. The heart sections 
processed by the E12 technique were correlated with the MR 
images showing that the myocardium can be identified in 
the computer-processed images. Maximum gradient 
processing emphasizes the direction of the muscle bundles 
and such images show similar gradient directions and details 
seen with the anatomical heart sections. Examples of the 
resulting anatomical slices and an intermediate scanned image 
are shown in figure 1. 

Discussion 

Magnevist® (that was injected in the coronary arteries 
mixed with gelatin and red dye) is a paramagnetic metal ion 
chelate used in clinical diagnostic procedures as an injectable 
enhancement agent to enhance signal intensity, and thus visual 
contrast, in magnetic resonance imaging. 

McCormick's method (1961) to obtain cross sections of 

fresh tissue was helpful to align and section the heart similar 
to the coordinates used for MR scanning. Positioning the heart 
in the mixture of gelatin and polyethylene glycol 1000 
ensured stability during the scan as well as during sectioning. 
Marking the MR scan lines on the container facilitated sawing 
the specimen in the same planes as the scans. The resultant 
images were closely related to the scan sections. 

Parker O-Ring from Zatkoff was an ideal locally 
available product to use for the gasket in the plastination mold. 
It is of a flexible base polymer, nitrile and is supplied in a 
variety of diameters (3 mm to 10 mm). In our case the 
thickness used was 3 mm. 

The El2 sheet specimens allowed visualization of the 
3-dimensional detail of the heart, vessels and myocardial 
bundles for comparison with the MR images. Maximum 
gradient processing emphasizes the direction of the muscle 
bundles and such images show similar gradient directions 
and details with the anatomical heart sections. 
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Figure 1: Photographs of plastinated heart sections (A, B) and an intermediate magnetic resonance image (C) showing the 
following structures: left atrium (LA); right atrium (RA); left ventricle (V) and myocardial bundles an fibers (arrows). 
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Abstract 
One human brain was used for this study. The brain was fixed in 5% formalin for two months, rinced and cut in two halves on the 

sagital plane. Both brain halves were sagitally sliced at a tickness of 4 mm. From each brain half we selected 8 slices and plastinated them 
with P40 using different immersion and impregnation conditions. Two points were marked on each slice and subsequently an imprint of 
the slices was drawn on transparency film. After dehydration in -25°C acetone, the slices of the left brain half were immersed at -25°C, 
for two days in P40 and then impregnated for 24 hours. The slices of the right brain half were immersed at +5°C for two days and 
impregnated at room temperature at+15°C for 24 hours. All impregnated slices were cured with UV light. The imprints of the fixed brain 
slices were scanned into a computer, as well as the plastinated slices. By using a Kontron KSA 400 v. 2.0 (ZEISS) software we calculated 
the area of the plastinated brain slices as well as the area of the scanned imprints. By comparing the obtained data we were able to 
determine the shrinkage rate of the slices. The slices processed at -25°C showed a shrinkage rate of 4.41%. In comparison the slices 
immersed at +5°C and impregnated at +15°C showed a shrinkage rate of 6.96%. 

Introduction 

Brain slices plastinated with the P40 technique (von 
Hagens, 1994) are shrinking and sometime this shrinkage is 
very annoying. In order to find out the shrinkage degree we 
used two different immersion and impregnation conditions. 
One set of slices was immersed and impregnated at -25°C 
and an other set of slices was immersed at +5°C and 
impregnated at room temperature (+15°C). These temperature 
conditions being both described (von Hagens, 1994; Barnett, 
1997), the purpose of this study was to find out the most 
suitable plastination conditions for brain slices. 

Materials and Methods 

Fixation and Sectioning 

A human brain was obtain at post-mortem from a 
cadaver. The brain was fixed in 5% formalin for two months. 
Before being serially sectioned the brain was washed in 
running tap water for two days. 

The brain was first cut in two halves. By using a meat 
slicer each half was sliced in 4 mm thick sagittal slices. 
Sixteen slices were selected for this study: 8 slices from the 
left brain half and 8 slices from the right brain half. As we 
intended to find out the shrinkage degree of the slices we 
placed in each slice two plastic markers, one anterior and 
one posterior (figure 1). The distance between the marker 
was measured and subsequently an imprint of each slice was 
drawn on transparency film. The imprints drawn from the 
fresh slices (figure 2) were scanned into the computer and 
the area was calculated by using a Kontron KSA 400 v.2.0 
(ZEISS) software. In a next step the plastinated brain slices 
were scanned into the computer and the area of the plastinated 
slices was determined by using the same Kontron KSA 400 
v.2.0 (ZEISS) software. The distance between "A" and "B" 
was necessary in order to calibrate the scanned images. From 
those brain slices where the cerebellum was not attached to 
the slice, imprints were made only from the cerebrum. The 
marker placed anterior was named "A" and the marker placed 
posterior was named "B". The obtained slices were placed 
into two grid baskets and into distilled water at +5°C 
overnight (von Hagens, 1994). 
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Dehydration 

Both sets of slices were placed into an acetone bath at 
-25°C (Barnett, 1997). After two days the grid baskets 
containing the slices were moved into an other acetone bath, 
also at -25°C. Dehydration was completed after one week. 

Immersion 

The slices of the left brain half were placed with the 
grid basket into the immersion bath of P40 at -25°C for 2 
days. The slices of the right brain half were placed with the 
grid basket into the immersion bath of P40, at +5°C, for 2 
days. 

Impregnation 
4 " 

The grid basket containing the left brain slices was taken 
from the immersion bath (-25°C) and placed in cold P40 at 
-25°C in the vacuum chamber. The vacuum chamber was 
then placed in a freezer at -25°C. Impregnation was 
undertaken for 12 hours and completed at a pressure of 2mm 
Hg (von Hagens, 1994). 

The grid basket containing the right brain slices was 
taken from the immersion bath (+5°C) and placed in an 
impregnation bath at +5°C. The impregnation bath was placed 
into a vacuum chamber at room temperature (Cook and 
Barnett, 1996). Impregnation was undertaken for 12 hours 
and completed at a pressure of 10mm Hg (von Hagens, 1994). 

Casting and Curing 

The casting and curing conditions were the same for both 
brain halves. All slices were casted in flat chambers and the 
chambers cured with UV lights for 3 hours. 

Results 

In order to calculate shrinkage, the distance between the 
marker "A" and "B" was measured on all slices before and 
after plastination. One dimensional shrinkage could be 
calculated by comparing the distance between "A" and "B" 
on fresh and plastinated slices. At -25°C the average shrinkage 
is 1.92% and at room temperature it is 2.60%. By comparing 
the area of the fresh and of the plastinated slices a two 
dimensional shrinkage was calculated. On slices impregnated 
at -25°C we found a shrinkage of 4.41% and on slices 
impregnated at room temperature the shrinkage was of 6.96%. 

Discussion 

The aim of the present study was to compare 2 conditions 
of immersion and impregnation. Although we all know that 

dehydration leads to shrinkage (Schwab and von Hagens, 
1981; Holladay, 1988; Tiedemann and Ivic-Matijas, 1988) 
we did not measure the shrinkage following dehydration for 
2 reasons. First all 16 slices were dehydrated in the same 
way and second we considered that taking the slices out of 
the acetone to measure them could have produce drying of 
the slices, increasing of the shrinkage and could have 
damaged them. 

The study suggests that immersion and impregnation of 
brain slices should occur at -25°C. Shrinkage can not be 
appreciated only by comparing linear distances. Precise 
appreciation of the degree of shrinkage can be obtained by 
area comparison or better by volumetric comparison. The 
shrinkage values determined in the present study represent 
only a two dimensional shrinkage. We all know that the total 
shrinkage of a specimen after plastination is three dimensional 
so the values for the real shrinkage will be greater than our 
findings. 

The finding that the degree of shrinkage is about 4.41 % 
after immersion and impregnation at -25°C is excellent. P40 
plastination is in our opinion the best method to preserve 
brain slices. Furthermore we think that the P40 technique is 
much better than the S10 standard technique for plastination 
of brain slices, where shrinkage can reach up to 10% 
(Suriyaprapadilok and Withyachumnarkul, 1997). 

Even if the degree of shrinkage is 6.96% at room 
temperature the method could be used if a -25°C impregnation 
is not possible. Both shrinkage values are acceptable as we 
know that unsaturated polyester resins can usually shrink 5 -
8% during the transition from the liquid to the solid state 
(Arpe et al., 1992; Kirk-Othmer, 1996). 
 

Table 1. Plastination conditions of the brain slices and 
corresponding percentage of shrinkage. 

 RIGHT HALF LEFT HALF 

DEHYDRATION -25°C, one week -25°C, one week

IMMERSION +5°C, 48 hours -25°C, 48 hours

IMPREGNATION +15°C, 24 hours -25°C, 24 hours

LINEAR 
SHRINKAGE 
(mm) 

2.60% 1.92% 

SURFACE 
SHRINKAGE 
(mm2) 

6.96% 4.41% 
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Figure 1. Fixed brain slice illustrating the markers (arrows) 
that were placed to measure the linear shrinking during the 
process. 

Figure 2. Scanned imprint from a brain slice used to 
calculate the surface of each slice before and after plastination 
in order to measure the shrinkage of the whole surface. 

  

 

Figure 3. P40 plastinated brain slice after immersion 
at -25°C and impregnation at -25°C. 

Figure 4. P40 plastinated brain slice after immersion at 
+5°C and impregnation at +15°C. 
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Abstract 

The Journal of the International Society for Plastination was founded twelve years ago by Harmon Bickley. The aim of this study was 
to assess its evolution through its first seventeen issues by analyzing different data of the full-length papers. 

Introduction 

The Journal of the International Society for Plastination 
(JISP) was founded in 1987 by Harmon Bickley. Since that 
date, it went through 13 volumes, for a total of 17 issues. 
Four editors have followed one another: Harmon Bickley, 
USA (Vols. 1-2), Robert W. Henry, USA (Vols. 3-7), Dale 
Ulmer, USA (Vols. 8-11), and Gilles Grondin, Canada (Vols. 
12 and following ones). Wayne Lyons, Canada, was assistant 
editor for vols. 9-11. 

Methodology 

This study intended assessing the first seventeen issues 
of the journal (Vol. 1, number 1 to Vol. 13, number 2), and 
bringing out some future prospects. In that aim, only the full-
length papers published in the JISP were taken into account. 
All other content was excluded from this study (editor's notes, 
presidential letters, minutes and abstracts of the biennial 
meetings or international conferences, editorials, 
annoucements, thesis reviews, exhibition reports, letters to 
the editor, short communictions). The data analyzed in each 
issue were the number of pages, the number of full-length 
papers, their average number of pages, of authors, of 
bibliographical references and the number of them taken from 
the JISP, and finally their geographical origin (continent and 
country). 

Results 

Owing to the variable number of issues per volume (2 
issues for vols. 1-2, and 12-13; one issue for all other 
volumes), the results of this study have been expressed per 
issue and not per volume. 

The average number of pages per issue is 39.6 (31-49). 
However, it has to be pointed out that the size of characters 
used by the editors changed as the years went. Moreover, the 
first issue of Vol. 1 was the only one to be printed in one 
column (all following issues were printed in two columns). 
These parameters explain the relative disparity from the 
average. 

The average number of full-length publications per issue 
is 6.7 (5-11). However, it was sometimes difficult to 
acknowledge some articles as full-length publications in some 
issues. Aside from Vol. 10, number one, the number of full-
length papers varies between 5 and 8. 

The average number of pages per publication is 4.1 (1.6-
7.4). As for the first section of the results, the size of characters 
may have influenced this parameter. 

The number of authors per publication is 2.2 on average 
(1.4-3.6). It becomes stabilized between 2 and 2.6 since Vol. 
11, number 1. 
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The average number of bibliographical references per 
publication is 5.8 (1.0-13.0), including 1.2 (0.0-3.8) 
references taken from previous issues of our journal (figure 
1). 

The geographical origin of the full-length papers is 
summarized on Table 1. The total number of publications in 
this table (128) is higher that the real total number of full-
length papers published in the journal (114) as some 
publications were written by two (or more) authors from 
different countries. However, it is much more interesting to 
analyze the chronology of the distribution (figure 2). From 
1987 to 1992 (Vol. 1, number 1 to Vol. 6, number 1), all the 
papers published were written by European or American 
authors. In 1993 (Vol. 7, number 1) was published the first 
article from Africa. In the following issues appeared the first 
publications of Oceanian and Asian origins, in 1994 (Vol. 8, 
number 1) and 1996 (Vol. 11, number 1), respectively. If we 
analyze the geographical origin of the last four issues of the 
JISP, we can see that about 50% of the publications were 
written by non-American non-European authors. 

Table 1. Geographical origins (continent and country) of 
the 114 full-length papers published in the JISP from 

Vol. 1, number 1 to Vol. 13, number 2. 

Discussion 

This paper aimed at analyzing the content (full-length 
papers) of the first seventeen issues of the JISP. 

The number of papers is scarcely sufficient to publish 
two issues a year. Each member of the society should plan at 
least one manuscript every two or three years (this is a 
standard for some other international journals). This would 
lead every one to take advantage of the experience of his 
(her) colleagues and relieve the stress of the editors. 

As can be seen on figure 1, the papers published since 
Vol. 12, number 1 are more well-documented in the general 
and specific literatures. This trend seems to be related to the 
publication of the Current Plastination Index in 1996. It is 
obvious that this bibliography on plastination, though rarely 
cited in the publications (3 times, including 1 editorial), 
proved very helpful to researchers. 

In conclusion, the Journal of the International Society 
for Plastination is establishing its pedigree slowly but surely. 
This trend is the fruit of the editors' labour, and has to be 
supported by each member of the society. 

 

Continent Country Number of 
publications 

Africa South Africa 9 

America Brasil 
Canada 
USA 

1 12 
40 

Asia China Iran 
Japan 
Malaysia 
Thailand 

3 
1 
2 
1 
2 

Europe Austria Bulgaria 
Germany Italy 
The Netherlands 
Norway Sweden 
Switzerland 

7 1 
19 6 
6 1 
1 1 

Oceania Australia New 
Zealand 

3 
8 
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Figure 1. Number of publications per continent in each issue of our journal. Internationalization of the articles is obvious in 
the last 6 issues. 

 
Figure 2. Evolution of the bibliographical references cited in the full-length papers: average number per publication (black 

squares) and average number of them taken from our journal (black disks). The Current Plastination Index was made available 
to plastinators between Vols. 11 and 12. 






















