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ABSTRACT

Background: Microsurgery is crucial in neurosurgery, requiring precise skills for interventions on delicate
structures. Effective training is essential for developing these skills. In Peru and Latin America, however, there
is a notable shortage of specialized training centers and high costs associated with foreign simulators, hindering
the development of neurosurgical skills. To address this issue, the NeuroZone3D Research Center has initiated a
project to create a national dataset on Peruvian craniometry and develop locally adapted training models.
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INTRODUCTION

Microsurgery plays a fundamental role in the field of neurosurgery, enabling precise and highly
delicate interventions on neuroanatomical structures, including the brain, blood vessels, and
cranial nerves.'! Neurosurgery is a clinical-surgical environment where manual dexterity and
precision are imperative, making continuous training essential for neurosurgeons.® In an era
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of globalization and international collaboration, continuous
education is conducted globally, whether through cadaveric
practice, biological models, or simulators.*! The primary
objective is to develop and maintain the muscle memory
necessary to perform neurosurgical procedures in the
operating room successfully.™

However, in the Peruvian context, there is a notable shortage
of appropriate models for microsurgery training. This lack
restricts the development of skills among local professionals
and, in turn, may affect the quality of medical care provided
in the country.

In an effort to address this issue, the NeuroZone3D Research
Center is leading an initiative to create a national dataset
on Peruvian craniometry."*'”! This project builds on recent
efforts to understand and document the specific anatomical
features of our population. By advancing our knowledge in
neurosurgery, we aim to establish a foundation for creating
training models and techniques that are specifically adapted
to the unique needs of our country.

In this context, we introduce the first simulation model
developed in Peru, the “NeuroCircle Microsurgery
Model,” which stands out for its pioneering role in training
neurosurgery residents and medical students. Through
two successful training sessions facilitated by simulation
and a cost-effective exoscope, participants significantly
improved their microsurgical skills. This article outlines the
development process of the model, from its conception to
the formal training provided at a high-reliability simulation
center, representing a significant advancement in Peruvian
neurosurgery by offering solutions tailored to local needs in
medical training.

MATERIALS AND METHODS
Phase 1: Platform creation

The “NeuroCircle Microsurgery Model” simulation platform
was designed to provide a realistic and effective environment
for microsurgery training [Figure 1]. Using a Genius Pro
Artillery 3D filament printer (Shenzhen Yite Technology
Company, China), two circular platforms were fabricated.
These platforms were arranged as overlapping single-level
rings and were designed to fit precisely into one another.
Although one platform had a larger diameter than the other,
their design allowed for a precise interlocking mechanism,
creating a single level. At the center of this structure,
a strategically designed circular space was left for the
placement of the brain mass model.

Phase 2: Creation of the biomodel

For the creation of the biomodel, advanced modeling
techniques were employed using the open-source software
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Figure 1: Neurocircle microsurgery model simulation platform.
(a) Circular filament model, composed of two circles. (b)
Perfectly fitted circles. (c) The final circular complex together
with the fragments of the brain, blood vessels, and dura mater.

Ultimaker Cura (Ultimaker Company, Netherlands). The
process began with the design of a negative filament model
to serve as a mold for the brain mass [Figure 2]. Next, a
polyurethane bicomponent system (Sika Corporation, Baar,
Switzerland) was used to produce the brain mass, ensuring a
precise mixture of 60% base component A and 40% catalyst
component B [Figure 3]. The dura mater was manufactured
using a similar mixture, with 70% base component A and
30% catalyst component B. Blood vessels were created using
cylindrical plastic molds and a polyurethane mixture with
50% base component A and 50% catalyst component B. This
approach ensured the appropriate consistency and physical
properties of each anatomical component of the biomodel,
achieving a faithful and realistic reproduction of cerebral and
vascular structures.

Once molded, the models underwent a curing process using
a special mixture of solid starch and cellulose components,
which removed residues from the filament-negative mold
and prepared the biomodels for assembly.

Phase 3: Assembly of the biomodel

The assembly of the biomodel was carried out with
precision to ensure its integrity and functionality during
the training sessions in the neurosurgery laboratory. An
acrylic adhesive in aerosol form (3M Company, Minnesota,
USA) was applied to the polyurethane brain mass models
to simulate the arachnoid layer in the biomodel. The
polyurethane models were then integrated into the circular
platform according to a carefully planned sequence. The
cured brain mass model was placed first on the smaller
diameter platform, followed by the blood vessels and the
dura mater. By overlaying the larger diameter circular
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Figure 2: Filament negative model. (a) The negative filament model
was used as a mold for the brain mass created using Ultimaker Cura
software. (b) Brain fragments are printed with a filament printer.

Figure 3: Polyurethane mixture for brain mass. (a) Negative brain
fragment model. (b) Polyurethane biocomponent brain fragment.
(c) Negative model plus polyurethane.

platform, the ideal tension of the dura mater was achieved
to keep the biomodels in place and simulate real operating
room conditions [Figure 4].

Phase 4: Use of the biomodel in the laboratory

To facilitate training in a simulated neurosurgery
environment, a wooden cube module with an opening on
one side was designed. The module measured 24 cm x 20 cm
x 23 cm, with a thickness of 2 c¢m, providing a stable and
adequate space for the placement of the biomodel during
training sessions [Figure 5].

To simulate a cost-effective exoscope, a webcam (Halion,
China) with an adjustable lens and image capture focus was
used. In addition, a circular LED light (LightTech, China)
with 18 W power and white light was implemented to ensure

optimal visibility during the neurosurgery training sessions
[Figure 6].

For microsurgery practice, various surgical instruments
were employed, including microsurgical scissors, Castroviejo
micro needle holders, Prolene 5-0 sutures, filament clips, and
malleable retractors. Furthermore, 35 mm x 40 mm filament
aneurysm clips were created to complement the available
tools for microsurgical practice.

This module design, along with the careful selection of tools
and equipment, provided a realistic and effective training
environment where participants could acquire and enhance
their microsurgical skills in a controlled and safe setting.

RESULTS
Workstation

The designed workstation effectively met the goal of
providing a stable environment for microsurgery practice.
The wooden training module provided a stable and accessible
structure, allowing participants to perform microsurgical
practices with increased comfort and confidence. The
opening on one side of the module facilitated access to the
biomodel, enabling effective and precise manipulation
of the simulated neuroanatomical structures. This setup
promoted an immersive and detailed learning experience,
essential for the development of advanced microsurgical
skills, and allowed each participant to take an active role in
their training.

Laboratory instruments

The surgical instruments selected for training were crucial in
creating a realistic and effective practice environment. The
toolset included microsurgical scissors, Castroviejo micro
needle holders, Prolene 5-0 sutures, filament clips, malleable
retractors, and 35 mm x 40 mm aneurysm clips. These
instruments were carefully chosen to replicate real surgical
conditions, providing participants with the opportunity to
become familiar with handling high-precision surgical tools.
The availability of these instruments enabled participants to
develop and refine their microsurgical skills in a controlled and
supervised environment, promoting safe and effective learning.

Implementation of laboratory training

The training in the laboratory was conducted using the
“NeuroCircle Microsurgery Model,? with two training
sessions involving neurosurgery residents and medical
students. During these sessions, participants practiced
various microsurgical techniques, including vascular
anastomosis, dura mater dissection, and manipulation of
delicate brain structures.
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Figure 4: Biomodel assembly. (a-d) Interhemispheric brain fragment assembly sequence. (e-h)
Assembly sequence of a brain fragment from the posterior cerebral fossa.

Figure 5: Training Module. (a and c¢) Design and measurements
before assembly of the wood-based module. (b and d) Complete
wooden module in front and side view.

Each training session began with a theoretical introduction
to the techniques to be practiced, followed by practical
demonstrations conducted by experienced instructors.
Participants then engaged in individual practice, applying
what they had learned under the supervision and guidance
of the instructors.

The participants’ feedback on the training was positive.
Residents and medical students appreciated the opportunity
to practice in a controlled and realistic environment,
which allowed them to become familiar with microsurgical
techniques in a safe setting. They expressed satisfaction with
the quality of the biomodel and the workstation, highlighting
the effectiveness of the simulator in replicating real surgical
conditions.
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Future publications will present detailed results of the
training, including quantitative and qualitative analyses of
the effectiveness of the “NeuroCircle Microsurgery Model” in
developing microsurgical skills in neurosurgery.

DISCUSSION

In Latin America, and specifically in Peru, there is a
notable lack of specialized microsurgery training centers.
This deficiency significantly limits continuous training
opportunities for local neurosurgeons, adversely affecting
the quality of neurosurgical care in the region. Unlike other
parts of the world where simulation and training centers are
well-established and accessible, such resources are scarce
and often unavailable in our region.®” The lack of adequate
infrastructure for advanced neurosurgical training is a
critical issue that requires urgent attention to equip Peruvian
neurosurgeons with the skills needed to address modern
surgical challenges.!”

One of the main obstacles to developing microsurgical skills
in our region is the high cost associated with acquiring
foreign models and simulators. Although effective, these
tools are financially out of reach for many institutions and
health-care professionals in Latin America.!'? This economic
barrier prevents local neurosurgeons from accessing essential
training resources, limiting their ability to improve their
skills and maintain competence in their field. The high cost
of these models also restricts the frequency and duration
of training, potentially affecting the learning curve and
acquisition of critical competencies.!"!"!

To overcome economic barriers and improve accessibility
to microsurgery training, it is imperative to develop low-
cost simulation models that can be replicated locally. These
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Figure 6: Exoscope simulation. (a-c) Simulation of a cost-effective exoscope using a webcam and
circular LED lighting. (d-f) Microsurgery was performed on circular models made from filament and

polyurethane.

models should be designed to allow personalized training,
adapting to the individual progress of each neurosurgeon.
The ability to manufacture these models in-house or at
local research and development centers would significantly
contribute to the continuous education of neurosurgeons,
enhancing their skills and, consequently, the quality of
medical care. In addition, these cost-effective models would
facilitate the implementation of broader and more frequent
training programs, allowing more neurosurgeons to access
high-quality education.

Creating simulation models that closely resemble real
microsurgical conditions is crucial for developing
neuromuscular memory in neurosurgeons. Neuromuscular
memory refers to the ability to replicate an action or
procedure with greater ease and precision as it is practiced
repeatedly.'  Using models that accurately simulate
neuroanatomical structures and surgical conditions,
neurosurgeons can develop this neuromuscular memory,
enabling them to perform complex procedures with greater
efficacy and safety in real-life settings. Realistic models also
help identify and correct errors during training, providing
valuable feedback that enhances surgical skills.

A fundamental aspect of microsurgery training is the
coordination of the eye, brain, and hand (EBH). This
coordination is essential for performing precise and delicate
procedures within milliseconds. Circular models, such as

the “NeuroCircle Microsurgery Model,” are particularly
useful for developing this coordination. Practicing with these
models helps neurosurgeons learn to see, process, and execute
movements with precision and speed. This capability is
crucial in microsurgery, where every movement must be exact
and calculated to avoid damaging delicate neuroanatomical
structures.”) EBH training not only improves technical
precision but also boosts the surgeon’s confidence in their
ability to handle complex situations under pressure.

CONCLUSION

The implementation of low-cost, high-fidelity simulation
models, such as the “NeuroCircle Microsurgery Model,
represents an innovative and necessary solution for
enhancing microsurgery training in Peru and Latin America.
The shortage of specialized training centers and the high
costs of foreign models have been significant obstacles to
developing advanced neurosurgical skills in our region.
However, by creating replicable and affordable models
that enable personalized and continuous training, we can
overcome these barriers and provide our neurosurgeons with
the essential tools to develop and refine their skills.

The “NeuroCircle Microsurgery Model” not only offers a
realistic environment that facilitates the development of
neuromuscular memory and eye-mind-hand coordination,
but it has also been positively received by participants in initial
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training trials. The ability to practice on a model that accurately
simulates real surgical conditions is crucial for training
competent neurosurgeons and building their confidence.

The local adoption and ongoing development of simulation
models like the “NeuroCircle Microsurgery Model” represent
a significant advancement for medical education in our
country. Continued efforts and future publication of results
will contribute to validating and refining these models,
ensuring their effectiveness and adaptability to the specific
needs of our health-care professionals.
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