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Abstract 

Pig eyes were prepared, using a combination of Silicone S10 infiltration and polyethylene glycol impregnation. The vitreous body 
(corpus vitreum) was liquified, withdrawn and replaced by silicone S10. The wall of the eyeball (bulbus oculi) was then impregnated with 
polyethylene glycol. This first attempt to combine two chemically-different polymers for the plastination of teaching specimens success-
fully resulted in soft and life-like eyes. The specimens plastinated with this technique are safe for student handling and use during 
anatomical study. They are also unique for practising delicate surgery procedures. 

  

Introduction 

It is not always possible for the ophthalmology students' 
and post-graduate students' education to take place in real 
clinical settings (with live patients) because of the danger 
of injuring or even loosing eyesight as a result of the train-
ees' unskilful manipulations. Practicing on dead human or 
animal material is more complicated because of the irre-
versible postdeath changes in the organic components which 
occur under the influence of microorganisms and proteo-
lytic enzymes contained within the tissues. Thus there is a 
need for developing improved techniques for preparing eye 
specimens suitable for training of ophthalmology students. 

After several centuries of more or less successful at-
tempts to develop techniques for preserving the organic 
matter (reviewed by Kurz, 1993) the plastination technique 
(von Hagens et al., 1987) has been widely acclaimed for 
preparing anatomically-accurate teaching specimens from 
human or animal tissues, and represents a major step for-
ward over previous techniques. This technique involves 
solvent dehydration and subsequent impregnation of the 
actual animal tissue to be studied or manipulated. It largely 
preserves the anatomic integrity of the tissue. Polymers se-
lected for the impregnation vary according to desired physi- 

cal characteristics of the final product (Sivrev and Kayriakov, 
1995), and commonly include methyl methacrylate, 
polyethylene glycol, epoxy resins and silicone derivatives 
(Whalley, 1994). This is the first report in which two 
chemically-different polymers have been successfully used 
to plastinate tissue for teaching purposes. 

Materials and Methods 

Pig eyes (which are close in size and structure to hu-
man eyes) were selected for model development. Fixation 
was performed by immersion at room temperature.The fixa-
tive solution used (Formaldehyde 10%, Ethanol 40%, Wa-
ter 50%) (von Hagens, personal communication) preserved 
the specimen colour relatively similar to the natural one. 
The specimens were stored in fixative solution until ready 
for plastination. They can remain in this solution for unlim-
ited time. The experiments carried out with 5% formalde-
hyde solution; Kaiserling solution (Kaiserling, 1896); and 
the Plasdoform based embalming fluid (Dodge Chemical 
Co., Cambridge, Massachusetts, USA) led to greater dark-
ening of the specimen. 

Following fixation, eyes were washed in running tap 
water. Blood traces remaining on them were then removed 
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by the use of 0.5 - 3% solution of hydrogen peroxide. This 
procedure takes a few minutes. The whole process was con-
trolled visually and discontinued immediately after the dis-
appearance of the blood traces, so that a change in the tis-
sue colour was avoided (lower concentration of hydrogen 
peroxide and longer duration of exposition produced better 
results). Afterwards, the specimens were once again washed 
in tap water. They were ready to be cleaned of excess tis-
sues by dissection to levels suitable for intended practice 
surgery procedures. 

Hylase (Farma Dessau, Gbm, Germany) 300 UI was 
injected through the pars plana into the vitreous chambers 
to help liquification and removal of the vitreous body (fig-
ure 1). The specimens were incubated at 37°C for 2 hours. 
Dehydration was then performed using pure acetone (von 
Hagens, 1985). At this time, acetone was gently and repeat-
edly injected into, and then withdrawn from the vitreous 
chambers of eyes using a syringe and a broadlumen needle. 
Following several minutes of this procedure the acetone 
withdrawn from the vitreous chambers became clear, indi-
cating that the hylase-digested vitreous body had been re-
moved. If successful liquification had been achieved, only 
3 changes of acetone were generally sufficient. Excess ac-
etone was then drained from the vitreous chambers, after 
which Biodur S10/S3/S6 (100:1:0.7) silicone (von Hagens, 
1987 ) was injected into the chambers until they were full. 
Specimens were then placed in the polyethylene glycol 400 
(PEG 400) and stored at 5°C to permit the curing of the 
silicone. 

The silicone filled specimens were afterward impreg-
nated at room temperature under vacuum with the solution 
of PEG 400 (Steinmann, 1986) which impregnated the wall 
of the eyeball and associated structures (figure 2). The proc- 

 
Figure 1. Steps of liquification and removal of the vit-

reous body with Hylase; dehydration with acetone and in-
filtration with silicone S10 are all performed by injection 
through the pars plana. 

 
Figure 2. Impregnation is performed under vacuum at 

room temperature. A- vacuum chamber, B - Vacuum gauge, 
C - Adjustment tap, D - vacuum pump, E - impregnation 
container. 

ess lasted approximately 12 hours at a constant pressure of 
11.5 to 19 mm Hg inside the impregnation chamber. The 
disappearance of the bubbles indicated the end of the im-
pregnation process. After complete impregnation, the speci-
mens were removed from the vacuum chamber and dried 
for several weeks by placing them on filter paper in a room 
protected from direct sun light (figure 3). 

Results 

After drying, the specimens were soft, life-like and suit-
able to be used in the educational process. In addition, the 
reversibility of the PEG impregnation process permits the 
correction of the specimens that were not properly impreg-
nated. In these cases, there appeared shrinking of the speci-
mens. The eyes were then completely immersed in water at 

 
Figure 3. Curing is performed at room temperature, 

protected from direct sun light over a period of several 
weeks. 
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room temperature. PEG dissolved and the entire impregna-
tion process was repeated until we achieved satisfactory 
specimens (e.g. re-impregnation was performed). The ap-
pearance of the so-plastinated specimens is similar to their 
natural condition. In spite of a light darkening of the lens, 
these specimens proved to be excellent models for the 
ophthalmology-surgical educational process. Students and 
post-graduate students in ophthalmology may practise op-
erating techniques on these specimens until the techniques 
are mastered, without any danger of eyesight loss due to 
any mistakes by the trainees as could happen with living 
patients. 

Discussion 

The vitreous body is constructed of interlaced filaments, 
and the space between them is filled with liquid consisting 
of 99% water and 1% hyaluronic acid, as well as hydrophilic 
polysaccharides. This colourless and amorphous mucilagi-
nous mass was replaced by Biodur S10. The cured silicone 
protects internal structures, maintains the shape of the eye 
and prevents the retina from detaching when the eye is placed 
under vacuum during the subsequent phases of the impreg-
nation process. This makes the pig eye surgery models more 
representative of living human eyes. Eyes plastinated by 
this new technique are safe for student handling and use. 
They were prepared with a relative ease and limited expense, 
and are suitable for storage at room temperature in boxes 
lined with filter paper, rather than requiring submersion in 
formaldehyde-containing fixatives in glass jars. We found 
the combination of the two chemically different polymers 
(Silicone S10 and Polyethylene Glycol 400) an excellent 
method for the preparation of this new type of specimens. 
Eyes prepared by this new technique appear to represent 

improved specimens for teaching certain surgery procedures 
to ophthalmology students as compared to previously used 
eyes in our laboratory. Mastering of complicated techniques 
in the eye operations have been greatly improved in our 
laboratories by the use of these exceptional specimens. We 
are at the present time experimenting on the removal of the 
vitreous body by using the "pars plana-vitrectomy" method 
(Majdrakova et al., 1994). We expect it to be a more effi-
cient method for the extraction of the vitreous body. 
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