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Introduction
Patient-specific modelling (PSM) is a relatively

new technology and a fast-growing field of

research. Neal et al. define it as the “development

of computational models of human

pathophysiology that are individualised to

patient-specific data”.1 This is accomplished

through the use of detailed image data sets

specific to an individual patient, and the

subsequent creation of tissue and organ

dynamics, often in a 3D model format. In early

stages of research, PSM has shown promising

potential to improve diagnoses, treatment and

clinical outcomes.2 In present day medicine,

many therapeutic options for patients are based

on clinical trials of the overall population and a

limited amount are based on specific patient

data. PSM has the advantage of allowing more

individualised treatment options for patients – a

type of ‘tailored’ therapeutic management plan

for each patient. Thus PSM, as an alternative, has

the potential to optimise treatment and have a

huge role as a ‘theranostic’ tool (a portmanteau

of therapeutic and diagnostic).

On the whole, PSM has seen huge progress over

Development of a
three-dimensional
patient-specific brain model
with a pineal region tumour
and hydrocephalus for
neuroendoscopic simulation
and training
Abstract 
Patient-specific modeling (PSM) is a growing field of research into computational models
specific to patient data. It aims to develop both virtual computer models and, more recently,
physical 3D models of patient tissue and organ dynamics for a variety of medical training and
practice purposes. It has shown promising results in a number of areas such as the brain, blood
vessels and other internal organs (for example the liver and kidneys). The aim of PSM is to
improve diagnoses and clinical outcomes for the patient population. In the past, PSM projects
have seen the brain modelled for areas of research and clinical practice such as deep brain
stimulation, but to date a working 3D physical model of a paediatric brain with a pineal region
tumour has not been constructed. While previous neuromodulation and deep brain stimulation
models have focused on virtual models, PSM has commenced a movement towards a physical
3D model that can be used in an array of medical fields, whether training, neuroendoscopic
preparation or actual surgical practice. We attempted to construct that model using conjoint CT
and MRI images from a four-month-old male patient. We were able to successfully create a
realistic 3D model of a pineal gland tumour in a four-month-old male patient, which was
successfully used on a trial basis in neuroendoscopic training and simulation.
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the last 15 years. It is now used as a tool in the modelling of blood

vessels and blood flow, bones, the heart, the brain, skeletal muscle

and the modelling of tumours. We aimed to construct a 3D model of

a pineal region tumour in a four-month-old male patient pre

operatively. This patient was chosen by an experienced neurosurgeon

on the basis that the images the model would be based on displayed

a very typical picture for this type of condition. The patient had

hydrocephalus secondary to the tumour. This model will be used to

aid in simulation and training. In addition, it will be used as a tool for

evaluating surgical technique, with a specific focus on third

ventriculostomy. If successful, the model can be further used to

validate surgical robots and image-guided therapies. If this model

proves successful in aiding neuroendoscopic training techniques, it

will open the door for the discussion of creating these surgical

models prior to surgeries for residents to practice their surgical

technique on an exact model of the surgery they will be performing.

Production of the patient-specific model
Production of computational model from image data sets
The development of the brain model begins with obtaining the

patient MRI. The reason MRI is chosen is because it highlights the

inner brain structures more clearly than CT and is therefore more

accurate in the segmentation process. Once this is obtained, the

images can be converted for use with a specialised imaging software

program known as Mimics (Materialise NV; Leuven, Belgium). A

process of segmentation is then completed to create a surface model

of the organ of interest. In this specific case, the brain, ventricles and

pineal tumour were segmented separately. A CT image of the head

taken two days prior to the MRI was used for segmentation of the

skull. CT was used for the skull because there are pre-determined

threshold values to ease the segmentation of bone from an image.

Creation of 3D computational mould
Magics (Materialise NV; Leuven, Belgium), a data preparation

software package, was used to create a mould from the organ

surface file that was then fabricated using 3D printing technology

(Figure 1). The brain was positioned within a block approximately

5mm larger than the organ in all directions. The block was made

semi-transparent so that the organ surface could be visualised and

positioned within the block and an appropriate cut line could be

selected to create the proper sections of the mould. The cut line

undertook a developed process to ensure stability of the organ after

printing, ease of extraction and assembly of the mould pieces for

filling and curing. After a cut line was chosen, the program

underwent a Boolean operation, which subtracts the organ surface

from the block, leaving a space in each mould section. Later, this

space was filled with a silicone mix to create the organ.

The 3D printing and mould creation process
Finally, these mould files are saved in stereolithography (STL) format

and manufactured using our 3D printer (ZCorp Z510) with zp® 131

powder, which is a combination of plaster, vinyl, polymer,

carbohydrate and sulfate salt. The ventricles were printed in their

entirety so as to create the hollow space in the completed brain

mould. The tumour underwent a process similar to the brain, but

the completed mould was created with a different silicone mix ratio

so as to better reflect the density of the tumour compared to the

brain tissue.

We chose a platinum-cure silicone rubber (Dragon Skin 30;

Smooth-On Inc., Easton, PA) available as a liquid that is separated

into two components. When the components are mixed in a 1:1

ratio by weight or by volume, they undergo additional curing that

takes anywhere from two to three hours for a small part to 16 hours

for a large part, to form a flexible solid. Slacker additive, consisting

of polyorganosiloxanes, may be mixed into the silicone rubber

solution to modify the mechanical properties of the final product.

In the case of a brain phantom, a higher amount of slacker is added

to the silicone rubber when compared to other organs, such as a

kidney or liver. The higher the concentration of slacker additive

used, the softer the final product. We determined the concentration

of silicone rubber to slacker by volume. Because the final product in

a brain phantom requires more slacker, it is difficult to remove the

organ without tearing or losing its form. To overcome this obstacle,

we began by applying a thin layer to the outer sections of the

FIGURE 1: Pineal region tumour adjacent to the third
ventricle in Magics.®
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mould and let this layer cure. Afterwards, the high slacker mixture is

added and allowed to cure. The brain phantom was then more

structurally sound and removed with ease. Pigment may also be added

to the solution during mixing to give the product a desired colour,

which aids in the realism of the phantom. In this specific case, we

ensured that different pigments were used to better represent the

colour of the brain versus the tumour.

Once the appropriate amounts of silicone rubber and slacker additive

were thoroughly mixed, the solution was degassed using a vacuum

chamber and vacuum pump assembly to remove air bubbles. The

degassed solution was poured into the mould and allowed to cure.

The ventricles and tumour were suspended into the mould in

appropriate positioning to keep the proper negative spaces (Figure 2).

In order to achieve correct positioning of the ventricles, one half of

the mould was allowed to cure first with the ventricles in place.

Once the first half was fully cured, the second half was positioned

with the ventricles and first half of the mould on top, but suspended

2mm so the two sides would not cure together. Once the second

half was fully cured, the ventricles were removed from the brain

mould and the two halves were cured together with the tumour in

place. We did not need to apply any releasing agent to the mould.3

The final obstacle was creating the membrane at the base of the

third ventricle so that it would be a realistic model for neurosurgical

trainees to refine their neuroendoscopy skills. In order to do this,

special attention was paid to separately segment the third ventricle

from the basal cisterns (which lie beneath) and attempt to insert a

practical membrane in that space. Upon conclusion of the

moulding process, it was found that the full 3D ventricle model

caused a small membrane to remain, which sufficed as an

appropriate representation.

A full patient-specific brain, including ventricles and a pineal

tumour, along with the moulds used to make them are shown

(Figure 3). This model was inserted into the developed skull three

days after completion.

Outcome of the patient-specific model
A life-sized MRI-compatible brain model with a pineal region tumour

and resultant hydrocephalus was created. In addition to its use in

simulation and training, we were also able to image the brain model

using MRI (Figure 4). This illustrated the multi-faceted success of

PSM in the areas of medical imaging, diagnostics and therapeutics.

Following this project, the method was developed further. On the

secondary method, the process of the PSM design was reformed. A

cured mould of the ventricles was made first. This was then filled

with simple melted candle wax and allowed sufficient time to

harden. Once the moulded ventricles were complete, they were

placed into two uncured halves of the brain mould and left inside. A

small hole was left and the entire structure was boiled at 100oC. As

a result, the moulded ventricles melted, leaving the negative space

within the brain. This model was more successfully used for

neuroendoscopic training, in particular third ventriculostomy.

Discussion
Much of PSM with regard to the brain has to date been focused on

deep brain stimulation (DBS)4 for patients with Parkinson’s disease

and other movement disorders. Other areas of research have

included brain deformations as a result of craniotomy procedures,

needle–tissue brain interactions and intracranial pressure dynamics

in traumatic brain injury patients. This specific model represents a

successful attempt to model an intracranial tumour and to

subsequently practice a neuroendoscopic third ventriculostomy on

the model. This has the potential to be advantageous for surgery

residents in training and for experienced surgeons operating on

difficult and complex cases, as it opens the door for 3D brain

FIGURE 2: Suspension of ventricles in mould to create
negative space.
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modelling. Despite being case specific, we can be hopeful that this

technique will be beneficial across the board for similar patients.

Previous authors have stressed and focused on the need for more

accurate segmentation and registration methods for brain structures.

This includes being more precise with certain structures, including

white versus grey matter and the pia mater and meninges, as these

can be difficult to discern on current imaging techniques and may

represent a potential obstacle to PSM. This project has shed light on

potential opportunities available with brain modelling and advanced

this field of research. Being able to accurately segment a pineal

region tumour based on MRI images of a four month old opens the

door to other opportunities that can arise with brain modelling.

Specifically, the use of PSM in brain tumours could help surgical

trainees and aid in complex surgical cases in the future. Hopefully

the obstacles faced in this project, such as the difficulty in the

primary methodology with creating a suitable PSM for

neuroendoscopic training, can help to aid further advancements in

this field of research.

FIGURE 3: Completed brain mould with pineal region
tumour.
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FIGURE 4: Sagittal MRI of brain model with pineal region tumour.


