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Abstract
Anatomical sciences education is currently at a crossroads.  Cadaver dissection is widely considered an essential part of an 
anatomical sciences curriculum.  However, facilities are often expensive, and with pressures to reduce cost and concentrate 
anatomy learning into fewer hours, there is a clear need for alternative teaching tools that preserve vital characteristics of 
cadaveric specimens.  We report here on a new method for the encapsulation and preservation of the central nervous system 
(CNS). The encapsulation material is a high performance, silicone dielectric gel adhesive that provides a stable environment 
without any signi!cant visual distortion.  This method is cheaper and simpler than plastination, can be repaired or changed after 
initial encapsulation, preserves !ne detail, and can clearly demonstrate anatomical variations. With the current need to balance 
the use of digital technologies with cadaveric specimens, these types of specimens can be a valuable addition to any anatomical 
sciences curriculum.
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Introduction
Historically, the classic method of teaching human anatomy 
has focused on hands-on learning through human cadaver 
dissection, often recognized as providing better outcomes in 
student learning than either prosected cadavers (Winkelmann 
et al. 2007) or models only (Anyanwu and Ugochukwu 2010, 
Wright 2012, Preece et al. 2013). However, many anatomy 
departments have greatly reduced the amount of time 
students spend in the lab, often in part due to the lack 
of support from educational administrators.  In general, 
cadaveric dissection has leveled o" and lab hours have 
decreased as medical schools and undergraduate institutions 
move towards digital teaching and other alternatives in 
this technologically advanced era (Sha"er 2004, Drake et al. 
2009).  In some cases, cadaver dissection has been completely 
phased out of medical schools as they transition to a 
curriculum with computer simulations, synthetic cadavers, 
and plastic models (McLachlan et al. 2004, Nguyen et al. 2012). 
The e"ects of this shift in medical and anatomical education 
are still not clear, though recent studies suggest that students 
learning with digital teaching tools do not perform as well as 
those directly interacting with cadavers (Biasutto et al. 2006, 
Saltarelli et al. 2014, Mathiowetz et al. 2016).  Some programs 
that discontinued anatomical dissection in favor of model-
based teaching have later re-adopted it as an integral part of 
their program in response to a drop in student performance 
(Rizzolo and Stewart 2006). Whether or not computer-based 

anatomical software is more bene!cial, or equal for student 
performance in traditional dissection courses remains a topic 
of considerable debate (Leung et al. 2006, Bergman et al. 2011, 
Johnson et al. 2012).

However, with the advent of more advanced computer 
imaging, synthetic models, and other alternatives, student 
interaction with real human tissue may begin to decline. 
With pressures on institutions to reduce cost, and often 
decrease the time-consuming hours dissecting (Sha"er 2004, 
Dissabandara et al. 2015), there is a clearly demonstrated need 
for alternative teaching tools that preserve as many qualities 
as possible of actual cadaveric specimens.  Synthetic, high 
!delity models are durable and give clear representation of 
three-dimensional relationships (Chan and Cheng 2011) but 
lack the detail of real tissue.  These models also demonstrate 
“normal” structures of the human body while overlooking 
variations or pathology, an important aspect for students 
pursuing a future in health sciences.  One solution to this 
problem is the use of plastinated cadaveric tissue, where 
water and fats are replaced by plastic, yielding specimens 
that retain more “lifelike” properties than a traditional model 
(Tamura et al. 2014, Stancu et al. 2015).

Plastination, invented by Gunther von Hagens in 1977, has 
produced spectacular models both for education and display 
(von Hagens and Tiedeman 1987, Baker et al. 2013, Stancu 
et al. 2015).  Often considered the gold standard in human 
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anatomical model creation from cadaveric tissue, plastinated 
models have been demonstrated as more bene!cial for 
student learning in anatomical sciences as compared to 
computer-based models (Fruhstorfer et al. 2011, Riederer 2014, 
Tamura et al. 2014).  While this technique produces high-
quality specimens, it is often a laborious, time consuming, 
and expensive process to perform, frequently requiring 
special lab facilities that may not be accessible or a"ordable 
(Cornwall 2011, Stancu et al. 2012, Riederer 2014).  While 
some specimens may last for many years, handling of these 
specimens can also lead to damage, making them potentially 
less cost e"ective.  Additionally, plastinated nervous tissue 
shrinks considerably and becomes more prone to breaking 
(Riederer 2014). 

In this paper, we present a material and novel method for 
the encapsulation and preservation of the central nervous 
system (CNS) of a single cadaveric specimen; an additional 
tool for teaching anatomy to a broad range of students from 
diverse backgrounds, including both undergraduate and 
post-graduate students. This method is cheaper and simpler 
than plastination, shows greater detail than plastic models, 
and provides students a physical object to view. Additionally, 
this method has great potential to reclaim and restore older 
specimens preserved in formaldehyde, as often this &uid 
darkens with age, and the teaching value of these specimens 
is diminished.

Materials and Methods
Body donation program

Northern Illinois University (NIU) o"ers a body donation 
program that supplies cadavers to courses at both the 
undergraduate and graduate levels.  This program works in 
conjunction with a local funeral home where initial cadaver 
preparation is completed. Cadavers are perfused with a 
solution of Dodge Chromatech Pink-21.5 index, Metasyn-20 
index, Meta&ow arterial conditioner, and Recti!ant pH 
stabilizer equaling 2.5-3 quarts of !nal solution.  Perfusion 
&uids are administered through a cannula in the right 

common carotid artery as a closed system.  Cadavers are 
then transported to NIU and again perfused for storage.  
The cannula from initial embalming is used to perfuse 
with a solution containing 4L phenol, 4L 95% ethanol, 1L 
formaldehyde.  This solution is introduced into the cadaver by 
a gravity-driven system and takes 1-2 days. 

Cadaver dissection

The CNS (brain and spinal cord) were removed from the 
cadaver as a single unit and transferred to a solution of 1:8 
formaldehyde:H2O.  It should be noted that the complete 
dissection and removal of an intact human CNS can be a 
complicated and time-consuming endeavor which should 
be undertaken by an experienced dissector.  As part of this 
project, a comprehensive digital atlas of the central nervous 
system and excision manual was compiled (Persino 2014).  
Storage of the nervous tissue consisted of six washings and 
re-!llings of the holding solution to ensure no additional 
particles or &uids would be introduced into the encapsulation. 

Materials used in the encapsulation

The encapsulant for this project was from Noelle Industries, 
Inc. Noelle 810-47 is a low viscosity, soft, transparent, two 
component (1:1 mixing ratio), high performance, silicone 
dielectric gel adhesive.  It was designed for use in applications 
that require a highly &exible, shock resistant material, to 
cushion coat sensitive or fragile components/!ne electrical 
wires.  The material has a speci!c gravity of 0.88 with an 
operating temperature of -45˚C to +150˚C. Working time for 
this material is 3 hours with a cure time of 16 hours at 25˚C, 
according to the manufacturer (Noelle Industries 2004).  This 
product was purchased directly from the manufacturer at a 
price of $25/lb. 

Encapsulation process

Prior to the encapsulating the !nished product, a test CNS 
specimen was used to determine the proper steps to be 
taken during the !nal encapsulation.  The vacuum apparatus 
and test specimen are diagrammed at the end of this section 
(Figure 1, Figure 2).

Figure 2: Test specimen 
completed one year before 
full-scale CNS encapsulation. 
Used to monitor system 
changes that may a"ect the 
full-scale completed system.

Figure 1: Encapsulation and vacuum apparatus for test specimen. 
Acrylic tubing and plexi-glass plates to hold test specimen were 
bonded with a two-part epoxy. This adhesion method was 
unable to withstand regular handling of the specimen. Notice 
the dissolution of gas from the encapsulant due to the pull of the 
vacuum (right). Note that this is a rudimentary, un!nished vessel 
that was not to be used for display purposes.
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Encapsulation was completed within a cast acrylic tube 
suitable in size to contain the entire CNS.  This tube was !rst 
closed o" at one end with machined sheet acrylic and sealed 
with adhesive to ensure no leak of encapsulation material.  A 
two-inch diameter circular hole was machined in the center 
of this piece for a cap and pressure-release system.  Three 
inches of encapsulant was then poured on this end with a 
temporary plug coated with a silicone cast releasing agent in 
the two-inch hole; it was then allowed to set for 25 minutes to 
act as a cushion for the CNS as it was lowered in. Immediately 
following the pour, a vacuum was pulled on the system for 
!ve minutes to encourage dissolution of any trapped air in the 
encapsulant.  The specimen was lowered in brain !rst with a 
clear mono!lament secured to the cauda equina to maintain 
the spinal cord in the central position of the display.  A second 
pour was done to cover the base of the brain up to the pons.  
At this point, a custom-designed acrylic-sheet support was 
lowered and secured at the new level of encapsulant. A second 
vacuum was then pulled on the system. Three !nal pours with 
subsequent vacuuming were then performed until the entire 
specimen was within the encapsulant (Figures 1 and 2).

Curing and "nishing

This system was allowed to settle for several months to 
observe changes before the !nal pour and sealing of the 
tube was complete.  The tube was then sealed at the end of 
the cauda equina with a machined acrylic sheet.  The entire 
specimen was then turned right-side up for a !nal !lling 
before sealing.  A steel cap with a hole (<1mm) was machined 
as a pressure release for the top of the encapsulation to 
replace the temporary plug used during the encapsulation 
procedure.  In the event the specimen was ever in a 
high temperature situation, this cap allows for pressure 
equilibration between the system and its surroundings.

Results
Upon completion, the encapsulation revealed a crystal-clear 
specimen without any distortion of structures, by gross visual 
inspection.  During the process, we also demonstrated that 
the material was repairable with freshly mixed encapsulant, 
allowing for the repair of any mistakes or gas inclusions.  
Repairs were easily accomplished with a Pasteur pipette 
and freshly mixed encapsulant.  It should also be noted that 
within the !rst week nearly all of the gas inclusions, which 
were unable to be removed, had vanished.  This was the case 
for nearly all of the inclusions under one centimeter.  A few 
larger inclusions remained in the encapsulation, but did not 
a"ect the overall quality and visibility of the specimen.  It is 
important to note that this material does not set solid, but 
rather to a stable gel-like consistency.  Though the working 
time of this material is listed as 3 hours at 25˚C, we found that 
for our application, the reasonable working time was only 
approximately 30-45 minutes.  However, though the working 
time was signi!cantly reduced, we found it to be more than 
adequate for this type of application.

This medium was found to be superior to both liquid systems 
and solid systems.  In our experience, liquid systems allow for 
too much di"usion and exchange between the specimen and 
its surroundings, which creates cloudiness and discoloration 
to the system.  On the other hand, solid systems (e.g., epoxy) 
have a signi!cant exothermic reaction, only allowing small 
pours to be done at a time; this allows any larger specimen 
to potentially desiccate before encapsulation is complete.  
Another issue with solid encapsulants in acrylic tubes 
is distortion, as structures cannot be visualized without 
distortion in a larger epoxy-based system.  While acrylics 
may be useful with smaller plastinated systems, it may not be 
feasible for larger specimens, as distortion produces a model 
that is not an accurate representation.  Noelle’s dielectric 
gel did not produce any signi!cant distortion in the display.  
Structures covered by several inches of encapsulant are 
still clear and non-distorted during visual inspection.  The 
equilibrium of the system, as compared to holding solution, 
does not allow for di"usion of discolored perfusion &uid 
beyond the con!nes of the tissue; unlike exclusively &uid 
systems.

Since the primary pour and encapsulation of this specimen, 
it has been over two years. There has been no observable 
change in either the specimen or surrounding encapsulant.  
While the total lifetime of the specimen cannot be determined 
at this point, the lack of change is a promising indicator that 
this method may produce a stable specimen for the long 
term.  However, as this is the !rst time that this material has 
ever been used for this speci!c application, it will be several 
years before the complete e#cacy of this dielectric gel as an 
encapsulant will be established.

Discussion
This method of CNS encapsulation is both simpler and cheaper 
than traditional plastination methods. The total cost of 
encapsulant for this application was < $700. Considering the 
large amount of encapsulant used to complete this project, 
it is still signi!cantly cheaper than plastination.  Fast pouring 
and setting of the two-component silicone based dielectric 
gel can prove to be a valuable addition to labs that do not 
have plastination capabilities.  As large anatomical sciences 
courses pose a barrier to students direct contact with cadaver 
dissection (Simpson 2014), or ideal prosected specimens, these 
types of models for both teaching and examination purposes 
may help eliminate the need of prosections that have a limited 
lifetime.  Older anatomical specimens in storage may also have 
renewed teaching value by removing them from darkened 
formaldehyde and encapsulating them.  Additionally, as body 
donation waxes and wanes at our institution, this method also 
o"ers labs a way to retain parts of cadavers in an easy, cost-
e"ective manner.  This may prove to be especially important in 
the preservation of pathologic features for teaching purposes 
in both undergraduate and medical institutions alike.
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One drawback of this method as compared to plastinated 
specimens is the lack of “direct” physical interaction with the 
specimen, as our method encapsulates the material in a cast 
acrylic tube; which may be a possible source of hindrance to 
student retention of information (Preece et al. 2013).  However, 
we argue that di"erent anatomical regions may be more or 
less suited for this type of model.  Our encapsulation of the 
entire CNS allowed for detailed examination of the super!cial 
surface of the brain, cranial nerves, and the spinal cord.  
However, the encapsulation of something very small (e.g., the 
middle ear) or something very complex (e.g., infratemporal 
fossa) may be challenging for this type of model without the 
bene!t of close “in-hand” inspection. 

Though it was not done for this project, these types of models 
can be tagged and labeled before encapsulation, allowing 
them to be used with guides to structures or as specimens for 
laboratory examination questions.  Additionally, the use of red 
laser pens for instruction could also be utilized to highlight 
untagged structures or to draw attention to larger areas of 
the encapsulated specimen.  Future work should experiment 
with other ways to maximize the potential of encapsulated 
specimens for student learning and assessment. 

The authors acknowledge that this encapsulation specimen 
and its precursors are the only of their kind, but recognize 
the potential of using this material as an encapsulant for a 
variety of anatomical specimens. The size and construction of 
this specimen is clearly not meant to be handled extensively 
by students, but is a starting-point for future encapsulations.  
More e#cient use of space within a display can dramatically 
decrease the cost, size and weight of the completed product; 
making it more maneuverable and convenient for students.  
This material should not be limited to CNS structures, but 
should be experimented with and tested on all tissues.  
Though the e#cacy of the silicone dielectric has not been 
tested with other anatomical specimens, it is our opinion that 
it will also provide highly detailed encapsulations of a variety 
of tissues. 

Conclusions
Anatomical sciences education has been moving away from 
costly and time-consuming cadaver dissection to cheaper 
and more technology-based approaches (Nguyen et al. 2012).  
When implemented properly, computer based models and 
other educational tools that do not require a wet laboratory 
can certainly be bene!cial to student learning (Wright 2012, 
Hochman et al. 2015).  However, it has been shown that three-
dimensional analysis of anatomical specimens is an advantage 
to learning outcomes of students, speci!cally those that retain 
qualities that make cadavers or high-!delity models unique 
and valuable learning tools (e.g., variation, pathologies; Preece 
et al. 2013).  Obtaining structurally detailed and long-lasting 
specimens is vital to the success of students’ structural 
understanding of the human body.

This new method of encapsulation is a cheaper and more 
accessible alternative to traditional plastination techniques, 

and may provide a longer-lasting teaching tool. Though this 
model required a great deal of encapsulant, its production 
was signi!cantly cheaper than that of traditional plastination 
methods.  Future encapsulations can maximize specimen 
space while minimizing the amount of encapsulant required.  
As the multimodal approach is demonstrated to enhance 
student learning (Drake and Pawlina 2014, Fasel et al. 2015), 
this technique o"ers an additional tool that, when combined 
with other methods (e.g., digital models, small-group learning, 
integration of clinical correlates) may help to enhance and 
enrich the student experience; though this investigation has 
yet to be initiated.  While encapsulated specimens lack the 
ease of handling and manipulation of in-hand models, we 
believe that with the current need to balance the use of digital 
technologies with cadaveric specimens in a cost-e"ective way, 
these types of specimens can be an important addition to 
any classroom or laboratory.  It is not the authors’ intention to 
replace any traditional or new tools for teaching anatomical 
sciences, but rather to introduce an adjunct to the lab or 
classroom to enhance student learning (Figure 3).

Figure 3: 
Encapsulated brain 
and spinal cord in 
the Northern Illinois 
University Human 
Gross Anatomy 
Laboratory. 
Specimen is 
mounted in a 
cast acrylic tube 
!lled with silicone 
dielectric gel (Noelle 
Industries; #810-47).
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