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Corrosion Cast- Comparison of Different Techniques and Materials
Used in Corrosion Casting
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In medical terms, cast refers to the replica ole@iafter filling a luminal structure with resin teproduce its morphology. It can be
accomplished by removing the soft tissue aroundertned corrosion or maceration. Corrosion casts feery important material in
learning morphology of various structures like- atdar tree, tracheobronchial tree, luminal castsasfous organs. Vascular casts have
been studied using scanning electron microscopichwias contributed to understanding the biologicatesses. If the specimen is fixed
after resin injection, it can be used for surgitaining, medical teaching etc. In the presentewyithe authors have tried to analyse the
technical aspects of corrosion casting. We have adsled note on polyurethane foam cast of coromesgels, which was carried out in

our laboratory.
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Introduction

Casting refers to filling of anatomical or pathadlsg spaces
with extraneous material which results in the paiaun of a
three-dimensional replica of the said sp@cén corrosion
casting, the surrounding tissue of the casted Wwodipace is
removed. The cast thus obtained represents thieaeylthe
space of interest. Corrosion casts are useful icresaopic
as well as microscopic studies. Corrosion casts amby
replicate the gross architecture but also the fumainal
surface morphology of the system c@st.

From the time, corrosion cast has been introdudierent
materials and corroding agents have been triecciepntsts.
The media include- gelatine, latex, silicone, Atald
Plastoid, Methyl methacrylate, and recently Polthaee
foam (PU foam). Different casting media vary innterof
viscosity and polymerization times. The reagentsdufor
maceration includes- acids or alkalis. Hence thatgaols
for corrosion casting varies in literature. Henhe present
paper attempts to compare the various techniquested in
different studies. We would also add a note abduat t
technique adopted in our study using PU foam. Wiilisbe
beneficial to conduct similar studies in the future

The applications of corrosion cast are diverse. Mieed in
macroscopic studies, they help to know the morgholio
the normal and pathological specimen as well amtvans.

In the case of microscopic studies, Scanning Hectr
Microscope (SEM) has become an important tool in
research. Studies were done using SEM focus orereith

change during embryological development, in intetianal
studies for vascular changes and to detect anygelsam
pathological states.

The corrosion cast can be done to study vascularinial
morphology or cavities of organs. In the preseapgp,
vascular casts will be discussed.

The steps in corrosion casting include: preparatoryre-
casting, casting proper, curing (post casting)rasion, and
last being post-processing.

A. Pre-Treatment Of The Specimen Prior To Casting
(Pre-Casting/ Preparatory Phase):

Type of specimen:
Most studies consider fresh specimens to be albayer
for vascular corrosion. The biological specimerinbérest is
isolated and needs to be washed thoroughly. Orecertian
is taken out, blood clot begins to form and thesfimbty of
vasoconstriction due to neurogenic or metabolionutii
exists. Blood or clot in vascular system can affect
penetration of the casting mateffal. The final outcome
also depends on the age and condition of the sgecim

Clearing of the lumen of the structure of interest:

Heparin has been used in animal studies sinceeitepits
clotting and flushing the blood vessels was eadtehas
been added, prior to sacrificing the animal. THenessels
were flushed with saline or ringer lactate (RL) end
monitored pressufé. Makanya et al (2007) suggested that
vasculature needs to be irrigated with phosphaféeted
saline (PBS), and can be mixed with anti-coagulé
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heparin® But the effect of heparin on the outcome has not 5) Should not penetrate interstitial spaces of theués.

been described

Different studies mention the use of various sohsi for
washing and such solutions are alkaline in natdramples
include phosphate buffered saline (PBS), Tyrodelat®n,
Ringer lactate (RL). They can be injected manuatlyising

a perfusof® Prior treatment with formalin or any other
method, leads to retraction and hardening of tsslidis
may affect further steps in preparatfdn.

Whereas, Tompsett (1970) suggested the injectidissafes
with 4% formalin prior to casting. They stoppedfpsion at
least 24 hours before resin injection, to facitétte escape
of excess fluid” Use of hydrogen peroxide (1-2% H202)
has been suggested, to clean the lumen of clotdebris
(Important to wash after H202, otherwise H202 ftsehay
damage the tissué}.

Vascular prefixation:

Prefixation is an optional step, after the bloodseds are
cleared. This helps in preventing resin extravasaitito the
tissues, vascular wall resistance is increaseduce=d
expansion of blood vessels while injecting the rredihe
fixatives used include formaldehyde, glutaraldehydad
paraformaldehyde in differing concentrations. Tin®ds to
be avoided when studying embryos, or lower conedintr
fixative can be usel.

Alvernia et al (2010) mention the need to irrigatterial and
venous system separately, arterial first (since ousn
congestion can increase arterial resistance and $he
flow).®! Mishra et al, in their study on placental vessels,
flushed the vessels using saline, then water wasved
with a dehydrating agefi.

Krucker et al (2006) perfused the blood vesselsick and
rat with 4% formalin in PBS for SEM study! Mazur M
(2015) who studied fresh human hearts gave watshwad
subsequent wash with prewarmed salifleSordi N (2014),

6) Should have a viscosity as to allow its flow thrbug
smaller blood vessels.

7) It should be corrosion resistant.

But the commercially available media do not meéttrad

criteria mentioned above.

Classification of casting materials: as per Katehissget!

a) Aqueous solutions: India ink, Prussian blue

b) Flexible materials: gelatine, latex, silicone rubbe

c) Hard materials: polyesters, epoxy resin,
methacrylate (Mercox), polyurethanes.

Methyl

Casting materials and their application in reseaartd
teaching have been exhaustively reviewed by Kati
Haenssgen (2014). The cast material should betabésist
the critical steps like- during maceration, dedalation,
and final cleaning. These processes involve imroersif
cast in hot alkali (NaOH or KOH) and or acids (HCI,
Trichloroacetic acid, formic acid or Tetrachloricid).
These reagents should not cause damage to theewoifthe
castd?

The media used for casting vary in physicochemical
properties-  viscosity, replication quality, propest
corrosion resistance, thermostability. If the vigtpis high,
the media cannot enter capillary bed or smalleeriaies
and venules. Hence, they cannot be studied. Thmsity
can be adjusted as per the requirements and itistiac
manual can be referred for the same purffse.

The resins used for injection is said to consistpailymer,
plasticizer (softener), catalyst, accelerator ignitr). Resins
are highly volatile, hence need to be handled wdle. It
has been advised to work under a fume hood withreglo
hands. When handling ester compounds which arelyhigh
volatile- fume hood, ventilation at the workspag&ves,
protection for eyes are a mift.

describe that the specimens which cannot be predess B. INJECTION TECHNIQUE PROPER:

immediately can be refrigerated and injection candbne
when convenient. They washed the vessels with tagrw
then air dried them before the injection stépln our study,
we also refrigerated a few hearts and washed théenw
convenient.

Aultman et al (2003) who worked with silicone anil d
luminal casts, placed the specimens in running mia#th
overnight. If they cannot be processed immediately, %
formalin was added. Water left in the lumen was heds
with compressed air prior to injectif?. In case of Brain
specimen, immersion in 5% formalin for 3-5 days hasn

Preparation of media:

Some media like silicone and PU foam are availabhle
canisters and can be used directly. Some need taixed
with a solvent. After this, if any color is requikeit can be
added. The volume has to be determined prior sbthea
volume to be prepared is known.

Mixing time, injection duration and hardening tiroé the
media.

The injection mixture needs to be injected, sucht th
solidification doesn't start before the processoispleted. If
done too fast, can soak tissues and prevent aast $etting

recommended so that it becomes firm and easier to properly and making it fragile. Hence, the workilifg of

handle®*®!

Casting media:
Prior to the study, the technique needs standdidlizan

individual laboratories. Many casting media haverb&ied

and used. The properties of ideal casting matetti@shave

been describe@®! It should be:

1) Non-toxic

2) Physiologically inert.

3) Polymerize within an adjustable period of time.

4) Should not shrink or lead to morphological chaniges
the tissues during polymerization.
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the resin needs to be found out before the actialegs.
Working life has been defined as “the exact time tésin
takes to solidify after the accelerator is addéd”.

To improve the clarity, colors can be added to iinedia
before injecting. The established color codes fbe t
structures are- red-artery, blue-vein, white- ajrwgellow-
urinary ducts, green- biliary ducts syst€m Tompsett
suggests avoidance of pigment pastes in corrosasting,
as they are resistant to acids. Pigment powderseamsed
instead!!

Roberto JRE et al (2017) studied using acrylic xgpesin,
polyester resin, and RTV Silicon and compared ngxime



for the media, maximum injection time, hardeningef”
David Viggiano et al (2003) mention the hardeniimget for
PU foam to be 2 hours. PU foam is resistant to Nal@#ce
used in corrosion. The foam when allowed to expaeely,
it increases by 43% its volume. Whereas in a lumina
structure, it is more compalét!

Method of injection: Most studies have mentionesl tse of
the syringe for injection, but some prefer usingsifiee
pressure since it can be controlled. The syringkime
depends on the quantity to be injected. For snpatisnen,
20 mL; for large ones, 50 mL syringes will be cameat.
Low viscosity resins are easy to inject. Some kdiaising
silicone, mention use of Caulk gun.

Use of tube/cannula or syringe of appropriate skeberto
JRE studied minute ducts and stressed the impartahc
using the tube of the correct size and it shouldmite
injection of the polymer. They also suggestedhd proper
diameter tube is not available, a smaller diamatee is
better. If bigger one is available, the terminal €an be cut
in form of a wedgé’!

Perfusion pressure:

The process of perfusion helps to flush the citonia
system and removes any obstacles. For
corrosion casting simple syringe suffices for itie. But

for larger organs, or for SEM studies, injectioncahstant
pressure is essential. Hence, two types of penfusio
apparatus have been described- irrigators and sEeu
Irrigators are gravity based, which are fixed atedght to
allow the flow of resin. But perfusers are motoiven,
which can hold syringes of different sizes and atde
produce controllable flow rafé.

Hossler and Douglas (2001), who worked on bloodseiss
of small animals, mention the importance of momitgrthe
injection pressure. It varies as per the animal tioe
specimen. Hamster heart was found to require 80 mfH
pressure, whereas for hamster lung it was 15 mmHg.

Verli, et al (2007), opined that the pressure atictvh
injection and infusion are done to be properly thnt®
avoid incomplete filling or rupture of structuresnda
homogenous cast can be obtained. Manual injectfon i
commonly used. But if injection apparatus is usamhstant
pressure can be maintained and prevents air bifbble.

How to avoid spatial distortion:

Tompsett devised a standard apparatus for resactiof.
The pressure was applied onto the glass tube velp of
enema syringe. The specimen was placed in a watér, b
which preserves the anatorfy.

The specimen can get distorted during the varidegssof
casting as discussed by Aharinejad. They include- a
positioning of the specimen can compress alongsonace,
b) high injection pressure, c) too strong soluticuesed
during corrosion step or for a longer durationdd)ing air
drying by high surface tension when water evapstte

Suture material:

Appropriate materials for clamping or suturing reé¢d be
kept ready before the injection. Some blood vesabligh

can lead to leakage needs to be tied beforehartieloase
of larger vessels, silk thread is recommended Bseasy to
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macroscopicc)

handle. If the diameter of the lumen is same asitternal
diameter of the cannula, a simple ligature is sidfit. But
for smaller vessels, monofilament suture materégd heen
suggested’

It is important to secure the cannula within theadun of the
vessel/duct or any other tubular structure usingr@pmriate
suture material. Due to injection pressure, theist® every
possibility of extravasation of the resin.

Injection step:
Following end points have been mentioned acrosfiestiso

that further injection of media can be stopféd.

a) Once the media start appearing at the venous end.
b) Casting material shines through skin.

c) Resistance is felt while injecting.

Following is the list of tips suggested in articleswhich

can be helpful while casting:

a) While injection is about to get over, the medianiro
syringe should be pushed fully, as air bubbles lzan
introduced.

When the tissue is placed on a solid surface, dissu
damage can occur. Some studies have suggested using
tissue floatation baths to avoid this.

b)

When multiple vessels need to be injected
simultaneously, a four-way system of injection is
recommended.

d) In the case of partially blocked luminal structyrdee

use of negative pressure could be helftul.

C. POST-CASTING:

It should be left untouched for at least half ammhd@&ome
authors allow polymerization to be carried out irwater
bath to avoid spatial distortion. Verli et al, deélse
immersion of cast in warm water at 30-600C for aatlan
of 30 minutes to 24 hours to allow polymerizatiohtloe
resin® Some have used refrigeration so that the cast can
seti? Krucker et al. (2006) placed the specimen in vatuu
for 2-3 min to remove air inclusions in the refh.For
some media, the specimen needs are to be placea in
incubator to allow polymerizatiofl. In our study, the
specimen was refrigerated overnight at 40 C.

D. CORROSION:

Corrosion step is used to remove soft tissue arth@dast.

It can be carried out by biological or chemical hoets as

discussed by Kati Haenssgén.

a) Biological Corrosion Casting:

+ In unfixed specimens, tissue destruction occurghey
action of endogenous (Autolysis) and microbial
enzymes (Putrefaction). But it is not suitable.

+« Carrion insects.

% Enzymatic maceration.

The decay of organic material- by larvae and maggot

clears the soft tissue. Some use them for delicate

structures.

« Boiling in water.

E. Chemical methods:

< Avriel (detergent).
+ Enzymes- pancreatin, papain.
+ Strong alkalis- KOH (potassium hydroxide)



% Acids- HCI (Hydrochloric acid), H2SO4 (Sulphuric
acid).
In the following section, highlights of differentuslies in
relation to the injection technique part have bdisnussed:
Hossler and Douglas (2001) did SEM study on bloeskels
of animals using Mercox resin. Maceration was edriout
with 20% NaOH or 5-20% KOH alternated with hot wate
rinses. The casts were cleaned using formic acid an
distilled water, air dried and lyophilized beforerther
study!!
Mu et al (2001) worked with latex on placental wssand
cotyledons. The collected placentas were placedain
solution of saline and heparin. They allowed farr#gpneous
drainage of blood. Then they flushed the placewnésisels
till the effluent was clear. Then they were immerse a
12.5% glutaraldehyde solution for fixation. Finalled latex
was injected and left for polymerization. Macerativas
carried out with 35% HCI, for 3 to 4 weeks. Theylrt
mention regarding the need
frequently®
Aultman et al (2003) did study on tracheobronchiak,

cardiac vessels and brain ventricles. They used RTV

Silicone to which curing agent and coloring agerdrav
mixed. The injection apparatus consisted of vinybimng
with screw type syringe adapter fitted to one emde
oozing of media was prevented by clamps or waxedgst
Then it was allowed to harden at room temperator@4-48
hours. The corrosion was carried out with freshigpared
10% KOH. This required 5-7 days following which yhe
were placed in boiling water for 8-12 hours to cléae
tissues from the polymer. Then specimens were glace
5% hydrogen peroxide for about 2 hours for remaovial
residual tissues. Casts were then rinsed in runmatger
overnight*®!

David Viggiano et al (2005) studied Broncho vascutae
and vascular tree of kidney of animals by PU fodiey
used compressed air device with the PU foam reghiich
was held upside down for uniform injection pressure
Injection was stopped when the resin starts appgaoh
small vessels on the surface of the organ. Theutanmas
left for 20 minutes without disturbance, to allow
polymerization. Corrosion was done using 10% Na@ut]
the liquid was changed every day. Then it was wasirel
air dried™

Krucker et al (2006) worked using PU4ii (Polyuretbp
Mercox (Acrylic based), and Clear Flex (Urethansdaf on
mouse brain blood vessels. Polyurethane-based (i)
was found ideal for SEM since dense capillary Hédgell.
They used Ethyl methyl ketone (EMK) or dichloronsath
(DCM) as diluent at a concentration of 40%. Theunod of
the resin was five times the physiological bloodlmee. To
the resin/solvent mixture, hardener was added aiipette
(6:1 ratio) on a vortex mixer, then transferredatsyringe.
The mixing was carried out in glass or plastic .vighe
prepared resin mix was placed in vacuum for fewutds,
to remove air inclusions. The curing was carrietiauroom
temperature for 2 days (for polymerization). Tissue
maceration was carried out with 7.5% KOH for 24 fisoat
500C, then washed with water and freeze-dried.

Verli et al (2007), mention the use of detergeoingl with
NaOH and found that it enhances the process of ratoe.
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to change the solution

They also mention the use of other chemicals wimhld
be used prior to drying like- a) 5% Formic acid 5680 min,
or b) Collagenase with HCL or c) Increasing conigns
of alcohol™®

Nadia Sordi (2014) studied vasculature in animalagiPU
foam. The PU foam media was sprayed into a contane
mixed with acetone that prevents its expansiontoNityes
were added at this stage and mixed well. Then,eashe
volume of foam, a syringe was selected and meliiéal fin it
for injection. The authors described the ratio ofrh:
acetone and the time required to perform the iigecin
their article. The specimen was suspended in anesébm
position and stored overnight at 40 C. Finally,rosion was
done using either 30% H2SO4 solution or in a 10%Na
solution. Large specimen required fluid change gv&i7
days. They suggested use of foam cupboard fomstdrie
sample. After 24-48 hours, it was washed with {#tsvater
and then air driet’

Patel J et al (2014): the prepared specimen (plate
vessels) with Cellulose acetate butyrate granu@sBG).
CABG was mixed with acetone in the ratio of 1:2.eTh
injected specimens were transferred to a mixtur®rmhalin
and saline for 48 hours. Corrosion was carried witlh a
mild solution of KOH (5%) in a glass jar for therdtion of
24 hours. They traced the blood vessels of placendzr a
constant stream of running water which washed neimgi
parenchym&®!

Mazur M (2015): (worked with Duracryl Plus on coaon
venous system) after the cast is set, the speciwes
washed with warm distilled water, several timesrr@sion
was carried out with 10-15% solution of KOH which
required three weeks in case of heart. The solutias
replaced every day after a wash with distilled watéssue
fragments still remaining were cleaned with 3% filacic
acid solution. Then they were rinsed again in ltsti
water!'!

Mishra et al (2015)- They worked with Polyvinyl ohide
(PVC) on the placental vessels. PVC is a thermtiplas
polymer with 57% chlorine and 43% carbon used ie th
plastic industry. It is available as a colorlesscaus liquid
and diluted in a ratio of 1:1. The colored resinsvealded
and filled in the syringe. The injection was coogd till
resistance was felt, and mention that the procesdsito be
completed within one hour to prevent early polymation.
After the cast is set (overnight incubation at 80)) the
specimen was washed with tap water. Then immensed i
large glass container containing 50% hydrochlor@d a
(HCI), which corroded the parenchyma. Subsequeittiyas
washed and dissected clean with forcd@ps.

They found that PU foam was superior compared kerot
materials, in terms of replication, elasticity addrability,
doesn’t produce unnecessary extravasation. Isis @hsy to
store, convenient to use with larger specimensldd has
drawbacks which include- toxicity, short shelf lidéter the
storage container is opened, need for good ventiland
other universal precautioft§!

Roberto JRE et al (2017)- used Acrylic as the meQther
media used in the study were- epoxy resin, polyestsn,
RTV silicone, and polyurethane foam. The study nogst
the concentrations, uses, mixing and injection tforesach,
and characteristics of different injectable matsrialhe



study highlights method of dissecting ducts of dhgans to
be studied, and different type of sutures and sutaterials
so that cannula can be secured in place. Theizadil
positive pressure compressor for injection. Whemedo
manually, syringes of different sizes were usededdmg
upon the specimen. Once injection was completeaimu$
were placed to prevent reflux, and allow for polyization.
Then the specimen was placed in anatomical position
specimen was kept submerged in sodium chloridetisalu
or water. They suggested that time
polymerization could be altered by a catalyst. Theoding

agent used was NaOH. The precautions to be takele wh

working with NaOH include- steel containers to bsed
(iron or aluminium containers corrode with NaOHhe iheed
for neutralizing it with weak acid (like vinegar)etore
disposing®

In our study, we used glass beakers of appropcapacity
for mixing the media with solvent. (PU foam withet@ne
plus color). The PU foam (in grams) and acetonentl)
was mixed in the ratio of 4:1. For one heart, 15328ms of
PU foam is required for filling the coronary venause. It
has to be done just before injection,
polymerization begins. We used a modified endogath
tube with a syringe attached for cannulating theowary
sinus. The inflatable bulb of the ET tube prevdyaskflow
of the resin.

After casting, the specimen was placed in a refatpe at 2-
40C overnight. Then it was taken out and left foavting.
Corrosion was carried out with 10% NaOH (1.5-1.8vas
required for a heart specimen) for 3-5 days. Thetism
required a change after 48 hours. After macerai®n
complete, the specimen is washed with water. B tu
saponification, cast. This was overcome by immergime
cast in 800-1000mL of Triton-X 100 in an incubasr45-
500C for 24-48 hours. Then final washing is dond air
dried.

F. POST PROCESSING:

In relation to post-processing, not many articlesntion
difficulties encountered once the cast is readyd &me
methods to overcome it.

Tompsett has described techniques to handle ths attsr
they are prepared. The casts tend to break ifidyrittence
spectacles should be always worn while workindhet step
since flying fragments can be harmful.
fragments should be preserved, as they can be luigefu
repairs of the cast. Resin cement has been recodedenr
sticking fragments. They also suggest the use sgray of
Marco by which fragile cast is strengthened. Forthier
details, refer to Tompsett- Anatomical technigifes.

In the present study, if any fragment was brokeas fixed
using epoxy-based resin.

Conclusion

The technique of corrosion cast
opportunity to understand the vascular pattern ai as
morphology of organs with lumen. There are varicegns
available in the market which can be chosen astiper
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required for

otherwise,

Any broken

provides excellent

structure of interest and laboratory conditions.institutes
where facilities are available, scanning electraoroscopy
of vascular structures can be carried out.

In the present article, we have tried to presemnadgew of
the steps and difficulties encountered during o

casting. It is beneficial for researchers as weH a
academicians. We did casting with polyurethane faam
coronary blood vessels. The advantages of PU foantlze
ease of preparation, it is economical, can be exin small
laboratories and production of casts with fineradst The
disadvantages include- necessity of fresh speciamehthe
casts are little brittle, hence require carefuldieug.
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