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Plastination of decalcified bone by a new resin technique
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Abstract Background: The scope of this study was to preserve whole detailed structure of dissected and decalcified

~ bones, taken from used cadavers, by a new plastination technique.
Materials and Methods: Specimens we used in this study were sheep femurs and human bones including
pelvis, femur, tibia, and fibula. Bones, at first, fixed with 5% formalin and were decalcified with 5% nitric
acid, and then were fixed again and washed under the tap water. The resulted flexible bones were
dehydrated in —25°C acetone and degreased them in +25°C acetone. Then, the experimental and control
specimen were placed in the vacuum chamber for forced impregnation with our new flexible unsaturated
polyester resin (UP,; method) and silicon resin (S, method), respectively. Finally, the strength and flexibility
of plastinated decalcified specimens were investigated by tensometer, and the weight diversity was measured
by digital balance.
Results: Plastinated bones prepared by this technique were found to be dried, non-fragile, durable,
odorless, non-greasy, and demonstrating all detailed structures of the bones. Tensile and weight tests
results indicated that plastinated decalcified femurs have owned higher flexibility and strength but lesser
weight than plastinated undecalcified femurs. The characteristics of both experimental and control groups
of plastinated decalcified specimens were found to have no significant difference.
Conclusions: Our synthesized resin found to be much more economical than conventional plastination
method. In more details, properties of these new products were the same as, S, method, from points of
strength, flexibility and weight, but, since the money cost for producing them was about one fifth that of
S,, method.
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INTRODUCTION
Access this article online Bone decalcification is an ongoing challenging aspect
Quick Response Code: of pathology and histology research laboratories. Due
Website: to the difficulties in sectioning undecalcified bone,
www.advbiores.net early investigators of a hundred years ago began
examining thin ground sections of acid-soaked bone.™
DoI: Over the years, strong mineral acids, weak organic
10.4103/2277-9175.124648 acids, ion exchange resins, electrolytic devices, and
chelators were used in decalcification methods.
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As originally published, many of these methods
are still used today.?? Albiin in 1991 described a
new technique, decalcification by perfusion, for the
softening of bony tissue. The perfusion technique
considerably reduced the time needed to decalcify the
tissue and preserved the morphology better than did
the immersion procedure.™ Our pilot study (Rabiei,
2012) proposed the new method of decalcification
of bones before plastination for human cadavers
because this method prepared bones of excellent
quality for teaching.®

Paraffin impregnation was introduced by Hochstetter
in 1925. Embedding of the organic tissue in plastic was
introduced in the 1949.% Plastination was introduced
by Von Hagense in 1978 who applied polymerizing
resins for replacement instead of intermediary
solvent.™ Plastination is a method of conservation of
anatomical specimens by curable polymers such as
silicone, epoxy, and polyester resins. Subsequently,
plastinated specimens are non-toxic, odorless, dry,
and durable over the time. Plastination is carried out
in many institutions worldwide and obtained great
acceptance particularly because of the durability and
the high teaching value of plastinated specimens.
Plastination preserves tissues and organs that have
been removed from the body of the deceased as well
as the entire body itself. Plastination was performed
in 5 steps of Fixation, Dehydration, Degreasing, Force
Impregnation, and Curing.® The purpose of this
study is to establish a new technique for decalcification
and plastination of bone specimens, as the teaching
anatomy tool and museum specimens, by our new
flexible unsaturated polyester resin UP,.

MATERIALS AND METHODS

Materials

Specimens we used in this study were sheep femurs
and some bones of a 65-years-old human who
had donated his body for education and research
affairs to the department of anatomy. The latter
bones included: Pelvis, femur, tibia, and fibula. Our
other material consists of: Silicon resin S, , S, and
S, hardener (BIODUR), and flexible unsaturated
polyester resin (UP,,), synthesized in plastination
laboratory in Anatomical Sciences and Molecular
Biology Department of Isfahan University of Medical
Sciences. The characteristics of synthesized resin
are shown in Table 1. MEK Peroxide, Acetone, Deep

freezer, acetonometer, heater, vacuum chamber,
vacuum pump (3 m3/min for 30 L. polymer mixture),
tensometer (Universal test machine- DARTEC), and
digital balance were used.

Methods

To evaluate this method, human bones including pelvis,
femur, tibia, and fibula and 12 sheep femur bones, all
approximately the same size, were used. All of human
bones and half of the sheep femur bones (number = 6)
were decalcified and plastinated with UP,, and S,
resins, and the other half (number = 6) were plastinated
without decalcification. At the end, we compared
decalcified and undecalcified plastinated specimens
with UP,, and S, resins by tensile test, compression
test, and weight test. Subsequently, we compared
efficiency of plastinated decalcified specimens versus
plastinated undecalcified specimens and also efficiency
of our new synthesized resin versus silicon resin. Our
protocol was as the following of eight steps:

Fixation: In order to avoid decomposition of the soft
tissue of bones over time, before performing other steps,
the samples were fixed with 5% formalin at 5°C.1?

Decalcification: For decalcification, 5% nitric acid was
used at 42°C."? The specimens had to be removed from
the decalcifying solution as soon as the decalcification
process was completed, otherwise the histologic
and cytologic detail might be harmed. Endpoint of
decalcification was measured by needle pinning and
ease of cutting. (The needle had to pass through
the bone without any force)."® Decalcification was
investigated by X-ray radiology for each bone after
decalcification as a standard method.™*'% In this step,
all of the human bones and half of the sheep femur
bones were decalcified.

Neutralizing: When the tissue was completely
decalcified with mineral acid techniques, the tissue
should be neutralized before washing by treatment
with alkali. For neutralizing the remained acid, the
specimens were put in 5% sodium sulfate solution for
24 hours.'*14

Washing: Bones were put in tap water to remove all
traces of alkali.['?

Re-fixation: Extended washings can create swelling
of the tissue, so the specimens were re-fixed in 5%

Table 1: Characteristics of synthesized flexible unsaturated polyester resin

Styrene content (%) Color Viscosity (C P) Acid number Module (M Pa) Elongation (%) Gel time Molecular weight (Mn)
(mgKOH/g) (Min)
30 Transparent- 325 45 18.73 22.84 18 1157
Light Yellow
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formalin at 5°C to obtain appropriate density before
plastination.?

Dehydration: Decalcified and non-decalcified
specimens were transferred to 95% acetone bath
at —25°C, and acetone purity was measured using
acetonometer every 2 days. After a week, the acetone
inside the stainless steel container was replaced with
pure acetone, and this process was repeated until
complete dehydration was achieved, i.e., when the
acetone percentage remained constant.™

Degreasing: The specimens were transferred to
acetone bath at 25°C. During degreasing, the acetone
was changed whenever it became visibly yellowish.
This step was stopped when the acetone no longer
became discolored.™”

Forced impregnation: In this step, half of the specimens
(3 decalcified sheep femurs, 3 undecalcified sheep
femurs, and 1 decalcified human hip, femur, tibia,
and fibula) were put into a container of S, resin and
the other half were placed in a container of UP resin
and 2% peroxide (MEKP) was added to resin. Then,
the containers were placed in the vacuum chamber
up to the pressure of 5 mm Hg."'%2% After 14 days and
replacing the acetone by resin, the samples were taken
out of the vacuum chamber. Impregnation was checked
by watching the bubble formation on the surface of the
resin and by means of a vacuum gauge. Bubbling will
be stopped usually within 2 weeks, which is the sign
of a full impregnation.™”

Curing: When forced impregnation was completed,
specimens were removed from the vacuum chamber
and excess polymer drained back into the chamber.
For curing of impregnated specimens by S, resin, we
used conventional gas curing method by S, hardener.
UP,, impregnated specimens were carried out in the
UV and heat cabinet to complete curing.”-2%

Mechanical tests and weight test

To compare our new plastination method (UP,,) with
that of the conventional one (S ) for undecalcified
and decalcified bones, we used tensile test (to show
strength of bones), compression test (to show flexibility
of bones), and weight test (to show difference between
decalcified and undecalcified plastinated bones weight)
for 4 groups (n = 3) of plastinated specimens consist
of group 1: Decalcified bones plastinated with UP
(D- UP,), group 2: Undecalcified bones plastinated

Table 2: Decalcification time for human bones by 5% nitric
acid at 42°C

Bone Pelvis Femur Tibia Fibula
Time (hours) 40 36 38 29

with UP,, (UD- UP,), group 3: Decalcified bones
plastinated with S, (D-S, ), and group 4: Undecalcified
bones plastinated with S, (UD- S, ). For weight test,
12 femur (n = 3 for each group) were weighed before
and after decalcification and after plastination. For
mechanical tests, 12 femur cutting in the same block
in size 5 x 1 x 1 cm were used (n = 3 for each group).
8151 Tn tensile test, for comparison of samples strength,
we determined maximum force to break the specimen
in constant speed (V = 5 mm/min) by tensometer. In
compression test, for comparison of samples flexibility,
we determined maximum deflection (mm) of the
specimen in constant force of 0.8 kN by tensometer.1.%

Statistical analysis

To compare the result of tensile test, compression
test, and weight test among the 4 groups (D- UP,),
(UD-UP,), (D-S, ), (UD-S, ) of plastinated specimens,
Mann-Whitney test was used. Differences with P <
0.05 were interpreted as significant.™1%

RESULTS

We found that the bones needed 20 days to be well-fixed.
Decalcification time by this method ranged from 29 to
40 hours for different human bones [Table 2]. After
decalcification, bones were X-rayed to show all the
calcium was removed. Specimens become rigid after
2 days (re-fixation). For dehydration, at least, 3 bathes
of —25°C acetone for 2-3 weeks are essential to remove
the water and ensure good dehydration. The specimens
were impregnated with UP,  and S, under the vacaum
for 2 weeks. Curing was complete after 4 months.

The plastinated bones prepared with both UP,, and
S,, methods were dry, clean, non-fragile, light, and
odorless, and all of them maintained their original
shape and natural look.

The results (mean + SD) of the compression test,
tensile test, and weight test for 4 groups of plastinated
specimens are shown in Table 3. Also, the result of
Mann-Whitney test for comparison of 4 groups of
plastinated specimens is shown in Table 4.

The comparison of the results of Mann-Whitney test
[Tables 4] for deflection, force, and weight indicated

Tables 3: The results (mean * SD) of compression test (F = 0.8
kN), tensile test (V = 5 mm/min), and weight test for 4 groups
(n = 3) of plastinated specimens

Deflection Force Weight
UD-UP,,  0.7063+0.0096 1.122120.219 300.3333£3.8816
ubD-S, 0.7459+0.0300 1.0148+0.0079 308.1667+1.6021
D-UP,, 2.5188+0.0079 2.7989+0.0181 200.6667+3.2660

D-S_ 2.1653+0.0904 2.8156+0.0229 199.3333+3.4448
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Tables 4: The result of Mann-Whitney test (P- value) for comparison of 4 groups of plastinated specimens one by one for compression

test, tensile test, and weight test

UD-UP,,and UD-S (1)

D-UP,,and D-S, (2)

UD-S and D-S,(3) _ UD-UP,,and D-UP,, (4)

(P-value) Deflection 0.09 0.07 0.004 0.004
(P-value) Force 0.05 0.07 0.004 0.006
(P-value) Weight 0.06 0.08 0.004 0.006

that there was no significant difference between
undecalcified bones plastinated by S, and UP,,
(group 1). Also indicated that there was no significant
difference between decalcified bones plastinated by S
and UP, (group 2). A comparison of results of Mann-
Whitney test [Tables 4] for deflection, force, and weight
indicated that there was significant difference between
decalcified and undecalcified bones plastinated by S
(group 3). Also indicated that there were significant
differences between decalcified and undecalcified
bones plastinated by UP (group 4).

DISCUSSION

According to Page et al. (1996), formic acid mixtures
are decalcifying agents used most often; it decalcifies
slowly enough for controlled decalcification and
does not need to be watched as carefully as other
acid decalcifying agents. Hydrochloric and nitric
acid mixtures are usually suggested for rapid
decalcification. They work very quickly and have
to be watched carefully.¥ Callis and Sterchi
(1998) emphasized that larger specimens would
show some damage to the tissue morphology from
certain acid decalcification. Unfortunately, this
cannot be avoided with the larger specimens.
Tissues should never remain in acid decalcifying
solution over a 48 to 72 hours weekend without
daily chemical or X-ray testing. They should be
removed from the decalcifying solution, rinsed,
and placed into 10% formalin.”® We checked the
endpoint of decalcification as measured by needle
pinning and ease of cutting, and the specimens
were removed from the decalcifying solution as
soon as the decalcification process was completed.
As Kiviranta et al. (1980) mentioned, the time
needed for decalcification of osseous structures
depends upon 2 factors: First, the minimum
diffusing distance of the specimen and second, the
density of the bone.? In the present study, it was
shown that a period of 29 to 40 hours is needed to
obtain a sufficient decalcification of human bones
when immersed in the 5% nitric acid. According
to Witter et al. (2000), decalcification is one of the
most time-consuming steps in the preparation of
tissue samples for histological purposes. There are
various techniques to accelerate this procedure,
such as putting specimens in a microwave oven,
which shows the accretion is an effect of high

4

temperature.™ In an attempt to obtain decalcified
specimens in shorter periods of time, we used the
high temperature up to 42°C.

Plastic embedding for preservation of tissues and
organs introduced in 1949 (Bennet et al., 1976). As
Wolfe state (1956), many of these polymers were
introduced to be used in electron microscopy or for
enzymatic histochemistry at the light microscopic
level.?2 Von Hagense in 1978 applied polymerizing
resins (such as silicon resin) for replacement instead
of intermediary solvent. In this study, we applied
UP,, technique for plastination to examine the
new synthesized resin instead of the silicon resin
in the conventional (S ) technique. The specimens
obtained by UP,, technique were found to show
acceptable appearance for teaching anatomy and
museum specimens. The specimens were odorless,
dry, and flexible compared to the specimens prepared
by the S, technique. Since the cost was observed to
be lower than the prepared plastinated specimens
by the S,  technique, the synthesized resin was
found to be much more appropriate and economical
for plastination of bones. The use of plastinated
prosections for teaching anatomy to medical
students and residents is well-known (Holladay and
Hudson, 1989).2% Baptista et al. (1989) argue that
the relationship between anatomical structures can
be examined, as well as the identification of different
tissue layers, nerves, and vessels.?* Our plastinated
bones were dry to touch, clean, non-fragile, non-
toxic, odorless and all of them maintained their
original shapes, and all parts of the bones (groove,
tubercle, cartilage, and ligament) were preserved.
They were easy to handle and had a very light
weight. Seibold R. et al. (1991) applied sectioning
technique, histological stains, and plastination
for both undecalcified and decalcified bones for
the preparation of transparent decalcified bone
sections.? In this study, we used decalcification
and bulk plastination for preparation of plastinated
bone prosections for teaching anatomy. Cannas
and Fuda (1991) utilized long-term fixed specimens
for plastination for purpose of both teaching and
observation.” Bones from old human cadavers by
period of time may result in deterioration occurring
in the different parts of the bones. So, we propose
this new method of decalcification of bones and
plastination for long-term fixed human cadavers.
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