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Introduction
The human body can be affected by multiple ailments that cause 
discomfort or damage to the extremities due to external factors. In this 
case, the focus is on the wrist and specifically on the nerves located 
in the hand region. One of the most common ailments is carpal tunnel 
syndrome (CTS), which can be caused by compression of the hand. 
CTS is characterized by compression of the median nerve where the 
tendons of the arms pinch the nerve. This compression may not be 
constant, as many of the reported cases are of people who performed 
repetitive tasks for a prolonged period of time. The consequences 
of this discomfort can lead to a decrease in the capabilities of the 
associated structures due to lack of oxygenation.

This case study focuses on the development of a biomodel of the wrist, 
forearm bones, and carpal nerve to perform an analysis using the finite 
element method to determine the points where the effects occur.

Methodology
The biomodel developed for the wrist, radius, and ulna was 
constructed using the Materialise Mimics software, a specialized 
computer program that processes medical imaging data to generate 
anatomically accurate three-dimensional (3D) models (Figure 1). This 
software allows for the reconstruction of complex bone geometries 
from image-based datasets, enabling further biomechanical analysis. 
The modeling of the nerve was performed separately using the same 
methodology and later integrated with the bone structures once all 
geometries were finalized.

Figure 1 Segmentation and 3D model.

Following the segmentation and reconstruction processes, the 
surfaces of the anatomical structures were refined through smoothing 
techniques. This step is essential to reduce irregularities and improve 
the fidelity of the model, thereby enhancing the precision and 
reliability of subsequent simulations or analyses (Figure 2).

Figure 2 Smoothing of geometries.

The analyses to be performed consist of a load applied to the 
metacarpals. This load, when transmitted through the wrist, induces 
mechanical stress on the nerve, potentially leading to conditions such 
as nerve compression or inflammation—commonly associated with 
carpal tunnel syndrome. The magnitude of the applied load is based 
on the estimated maximum weight that an individual might typically 
carry during daily activities. To ensure consistent and realistic results, 
the hand is positioned horizontally during the simulation, allowing for 
a more accurate representation of how compressive forces impact the 
nerve structure under normal loading conditions.

Results
The bones of the wrist are where the effects of the load are most 
concentrated (Figure 3), reaching a maximum peak of 45,435 MPa. 
Meanwhile, in the nerve, the effects are reflected in the branching of 
the nerves that protrude from the carpal nerve. It can be seen that these 
reach a maximum of 3,179 KPa (Figure 4).
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Abstract

Understanding how the joints of the human body are affected has always been a topic 
of interest, and this has been reinforced by the arrival of new technologies that facilitate 
studies in this area, such as the implementation of the finite element method. The analysis of 
the human body from a mechanical perspective has been facilitated by the implementation 
of computer programs that allow the replication of body geometries and the simulation of 
how they can be affected by certain stresses or pressures. This paper presents the application 
of this method to the wrist joint and the nerve located in it (carpal nerve), together with the 
results that can be achieved when a load is applied.
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Figure 3 Posterior view results of Von Misses stress in wrist, radius, ulna and 
nerve.

Figure 4 Nerve results of Von Misses stress in nerve.

Conclusion
In conclusion, the development of an anatomically accurate biomodel 
using advanced imaging software such as Materialise Mimics 

enables detailed analysis of biomechanical interactions within the 
wrist structure. By applying physiologically relevant loads to the 
metacarpals, the model allows for the assessment of stress transmission 
through the wrist and its potential impact on the median nerve. This 
approach provides valuable insight into the mechanisms that may 
lead to nerve compression or inflammation, thereby contributing to 
a better understanding of conditions such as carpal tunnel syndrome 
and supporting the development of preventative or therapeutic 
strategies.1–6
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