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INTRODUCTION

Preparation of anatomically precise
tracheobronchial casts with accompanying pulmonary
arteries and/or veins are valuable teaching aids. To
see the actual replica of the airway and the
pulmonary vasculature, clarifies many questions in
the student's mind. McLaughlin and co-workers
(1961) made similar casts from vinylite and latex
which are not as durable as silicone casts. The
manufacturers of the various polymers are numerous,
while the properties of these polymers are diverse.
Charts are available which list the properties of many
of the available polymers, thus generic polymers with
similar properties can be purchased. Four polymers
were used to make tracheobronchial casts with
accompanying casts of the pulmonary vasculature.

METHODS

Two silicone polymers were used to inject the
pulmonary vasculature of eight lungs (4 each).
1. Biodur - S/10/S3/S2 [Biodur Products, Dr. Gunther
von Hagens, Rathausstrasse 18, Heidelberg, D-6900
GERMANY]. 2. Rhone-Poulenc - Rhodorsil RTV Il -
# 1556 (red or clear) [Rhone-Poulenc, Inc., Specialty
Plastics Division, CN 5266, Princeton, NJ 08543-
5266, USA]. All components were combined and
mixed using the manufacturer's recommendations.
Biodur polymer ratio was 1:100 (S3:S10) but S2 was
varied from 0.5:100 to 1.5:100 (in 0.5 increments).
Since Biodur polymer is transparent, either red or
blue color additive [Biodur color paste: AC 50 (red)
or AC 52 (blue)] was used to give a color to the
vessels. The red Rhone-Poulenc polymer was used
as it came from the manufacturer, while the clear
was tinted. Rhone-Poulenc hardener/polymer ratio
was 1:10. Approximate quantity of polymer used
per vascular cast was .2 - .5 kg (20 to 50 cc) / 20
kg dog, 1-2 kg (120 - 200 cc) for adult pig, ox or
horse. For the airway casts, either the Rhone-
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Poulenc polymer # 1556 (clear) or the Dow Corning
polymer-Silastic E RTV (white) [Dow Corning Corp.,
Midland, Ml 48640-0994, USA] was used.

Fresh dog, pig and ox lungs were procured from
the necropsy area and from local abattoirs. The
lungs were cannulated and flushed several time to
remove the excess blood and secretions (Henry and
Butler, 1990). The pericardium was removed from
the heart. For a cast of the airway and pulmonary
arteries, the majority of the heart was removed
leaving the pulmonary trunk and aorta in situ. A
cannula was ligated in place in the pulmonary trunk
in preparation for injection of the polymer. The
appropriate polymer (Rhone-Poulenc or Biodur) was
mixed, tinted, drawn into 60 cc catheter tip syringes,
and injected into the pulmonary arteries via the
cannula in the pulmonary trunk. Injection proceeded
until the color could be seen near the lung surface or
until the resistance was notably increased. To aid
visualization of filling, a small tear was made in the
edge of a lung lobe. When polymer appeared at the
tear, injection was ceased. For a cast of the
pulmonary arteries and veins, a cannula was inserted
through the aorta, past the aortic valves, through the
left ventricle and A-V (mitral, bicuspid) valve, into the
left atrium and ligated at the aorta. The right
ventricle (conus arteriosus portion) was opened and a
cannula inserted into and ligated in the pulmonary
trunk. The selected polymer (Rhone-Poulenc or
Biodur) was mixed, tinted, placed into 60 cc catheter
tip syringes, and injected into the pulmonary arteries
via the cannula in the pulmonary trunk or the
pulmonary veins via the cannula in the aorta.
Injection proceeded until the colored polymer could
be seen near the lung surface or perimeter or until
the resistance was notably increased. After the
vessel injection was complete, the esophagus and
any other mediastinal tissue and fat were removed
from the lungs and tracheobronchial tree similar to
McKiernan and Kneller (1983). The lungs were
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inflated and dried using compressed laboratory air
directed into the trachea. Lungs were placed on their
dorsal (posterior) surface on a tray to contain the
extravasated fluid. The air flow was gradually
increased until the lungs were inflated and remained
inflated to near capacity. Air flow and inflation level
were maintained until the lungs were thoroughly
dried. After drying was complete, a selected polymer
(Rhone-Poulenc or Dow Corning) was mixed, using
the manufacturer's recommended ratio (1:10), and
was poured into the trachea aided by an appropriate
sized funnel. The quantity of polymer used per
airway was .2 to .5 kg/ 20 kg dog, 1-2 kg for adult
pig, horse or ox. In larger specimens before the
silicone hardened, a heavy galvanized wire was
placed into the lumen of the trachea to give support
to the silicone cast. The polymer mixes were
allowed to harden over night. The next morning, the
lung unit was placed in a vat of simmering to slowly
boiling water for several hours. The specimens were
checked in four to five hours to determine if most of
the lung and airway tissue had been macerated away
from the cast material. Occasionally, at this time, a
ligature was placed around the right and left primary
bronchi and the associated vasculature of the casts.
Following maceration, the cast was removed from
the hot water and sprayed with a high pressure hose
to remove remaining tissue. If tissue still remained,
the cast was submerged either in hot water or in a
10% sodium hydroxide solution until the remaining
tissue was released. The specimens were rinsed
with water and allowed to dry before use.

RESULTS

Both polymers produced representative casts of
the airways and pulmonary vasculature. More
viscous polymers did not flow into the finest bronchi,
alveoli and vessels (Fig. 1). The less viscous
polymers flowed freely into the capillary bed and the
small arteries (Fig. 2). The Biodur polymer
consistently was the least viscous and entered the
smallest vessels (Fig. 3). Ratios of 1.5:100 of Biodur
S2 usually hardened to quickly to fill the capillary bed
while casts of 0.5:100 ratios remained tacky.

DISCUSSION

Representative casts of the airways with their
pulmonary vasculature were produced with the
selected polymers. The desired cast type must be

determined before production. Low viscosity
polymers flow freely into the alveoli and fill the entire
airway and vessel. Whereas, more viscous polymer
mixtures, due to less polymer entering the distal
airways and vessels, present a more clear branching
pattern. The optimal polymerhardener ratio for the
Biodur product was 100:1:1. Viscosity of a polymer
mixture may be increased by increasing the time
interval between combining the polymer and hardener
and actually pouring the mixture into the lungs or by
increasing the quantity of hardener. Excess hardener
will cause the mixture to set up rapidly and be
difficult to flow into the smaller airways and vessels.
Therefore, filling of the smaller vessels can be
decreased or eliminated by waiting a few minutes
before filling the vessels. Thus a cast may be
produced which allows better visualization of
whatever structures are desired. Securing the
components of the cast with a string or wire helped
keep the vascular components of the cast in proper
orientation to the airways. When filling the
pulmonary venous system, if the cannula is in the left
ventricle instead of the left atrium, the A-V valve
may close and not allow the veins to fill. However,
this will produce a nice cast of the left ventricle,
aorta and coronary vessels. Polymer cost is similar,
$35.00/kg.

ACKNOWLEDGMENTS

A special thanks to Kreis Weigel and Dr. M.
McCracken for help with the photography. Thank
you to Emily Smathers for assistance with casting.

REFERENCES

HENRY RW, J Butler: Room-temperature "forced air"
impregnation of dried lungs with S10/S3-xylene
mix. J Int Soc Plastination 4:14-15,23, 1990.

MCKIERNAN BC, SK Kneller: A simple method for
the preparation of inflated air-dried specimens. Vet
Rad 24(2):58-62, 1983.

MCLAUGHLIN RF, WS Tyler, RO Canada: A study of
the subgross pulmonary anatomy in various
mammals. Am J Anat 108:149-165, 1961.



J Int Soc Plastination, Vol 6:41-44, 1992

Figure 1. Tracheobronchial-vascular cast from an ox. Airways of Silastic E RTV and the arteries (a) of Rhone-
Poulenc mixture (10:1). Note only the larger airways and arteries are filled.

Figure 2. Tracheobronchial-vascular cast from a pig. Airways of Silastic E RTV and the arteries (a) and
veins (v) of Rhone-Poulenc mixture (10:1). Note both large and small airways (arrowhead) are filled. Also, the
polymer reached the smaller venules (arrow) and small arteries.
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Figure 3. Tracheobronchial-vascular cast from a dog. Airways of Silastic E RTV and the arteries (a) of Biodur S10/S3/S2
mixture (100:1:1). Note only the larger airways are filled, however, the capillary bed (arrow) is complete.
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Application of plastination to forensic entomology. Yvette
D. LeGrande, William C. Rodriquez, and Paul S. Sledzik,
National Museum of Health & Medicine, Armed Forces
Institute of Pathology, Washington D. C. 20306-6000,
USA.

Forensic entomology is the study of insects and insect
larvae to aid medicolegal professionals in determining the
time elapsed since death in decomposing human remains.
The progression of insects and larvae on a corpse is fairly
consistent, allowing the forensic entomologist to estimate
the time since death. Currently, forensic entomologists use
insect and larval specimens fixed in a 50:50 isopropyl
alcohol/water solution to make comparisons with insects
and larvae recovered from remains. This paper will discuss
the application of plastination in preserving larval specimens
for use in teaching and study in forensic entomology. A
successful technique of plastinating larval specimens will be
presented.

Fixation - The key to good tissue preservation. Dale Ulmer,
Department of Pathology, College of Medicine, University of
South Alabama, Mobile, AL 36617, USA.

The foundation of all good tissue specimen preparations
is complete fixation. The primary function of tissue fixation
is to prevent putrefaction and autolysis. Faults in fixation
cannot be remedied at any later state, and the finished
product can only be as good as its initial fixation. Tissue
preservation and plastination is steadfastly becoming a
significant increment in the design and implementation of
pathology and anatomy museums, as well as, an effective
research tool for archaeologists, anthropologists, and
general medical historians. Fixation techniques and
procedures are expanding and developing at a notable pace,
The choice of fixative should be governed by the type of
investigation or specimen required, both immediately and in
the future. Rarely will one fixative be suitable for a variety
of methods. Simple modifications of the basic formalin
fixative method, to microwave fixation, to special fixation
for color preservation, to holograms from plastinated
specimens are being achieved and improved by universities,
museums, and other institutions around the world. Special
attention and emphasis to the process and development of
fixation methods and techniques will ensure the
advancement of good tissue specimens and the role of
plastination in the future.



