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ABSTRACT

Medical implants are normally used in clinical practice to treat most orthopaedics situations involving bone frac-
tures, deformities, dislocation, and lengthening. It should be noted that specific measures regarding biomechanical
and biomaterial characteristics are required for a successful post-surgery procedure. Biomechanical evaluations on
the medical implants could be performed by utilising computer and engineering technology. One of them is in sil-
ico studies using finite element method that could be simulated in high-performance computer. However, various
assumptions are required in computer simulation, such as the constraints on data input and computer resources.
This review paper discusses current approaches of constructing a finite element model of human bone with specific
material properties for upper limb such as the shoulder joint, humerus, elbow joint, radius and wrist joint. Previous
related literatures were reviewed from selected keywords and search engines. To narrow the literature search in this
study, inclusion and exclusion criteria of the literature searching were applied. We looked at the current level of
knowledge in this field and offered recommendations for future study. In conclusion, studies from previous literature

have demonstrated several ways for developing mathematical models and simulating medical implants.
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INTRODUCTION

From a previous study, it is reported that upper limb
fractures is accounting for up to 51% of all over fractures
(1). Surprisingly, half of the total fracture cases have been
reported previously, therefore, deep attention is needed
due to the fact that the number of cases is huge. The
fractures could be the result of car accidents, ergonomic
issues, sport injuries, aging and falling from high altitudes
(2). It is known that the fractures are simply happen
whenever a force or stress in a specific area of bone is
higher than the ultimate strength of that particular bone
(3). Hence, an operation is needed by medical surgeons
to restore the function of the injured bone either by using
external or internal fixations. Based on the authors’ best

knowledge, there is no specific methods, standards
and procedures to choose suitable medical implants in
treating bone fractures. Medical surgeons are normally
performing surgery based on their expertise, knowledge
and experience. An interesting topic to highlight, is the
way to simulate the condition of human bones when the
medical implants are implanted inside. This way could
allow surgeons to justify their choices in treating fracture
bone for the sake of giving the best treatment to the
patients with promising results and low complications.
There should be more comprehension studies of the
biomechanical and biomaterial properties (strength,
stiffness, toughness) of the fixated implants in order to
provide a successful post-surgery process. Otherwise,
there will be problems pertaining to the biomechanical
characteristics of implants after several months of the
surgery (4, 5).

Surgical skill, along with technical expertise and
biomechanics experimental testing, has historically
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been used to create and evaluate orthopaedic implants
(6). Over the last decade, computational modelling
studies, especially finite element analysis (FEA), have
greatly shown as an aided biomechanical assessment
(7). In the 1970s, the finite-element method (FEM) was
initially used in orthopaedic biomechanics to measure
stresses and deformations in human bones during
functional loadings, as well as in the design and study
of implants (8). A number of biomechanical researches
have revealed the FEM to be a beneficial technique (9-
21) as well as becoming a powerful tool in assisting to
solve difficult and complicated questions (22). With the
use of FEM in providing qualitative results (stress, strain,
displacement, and relative movement of bone fracture)
to medical surgeons, this method would be a good
indicator for them to select and choose suitable medical
implants and configurations for treating bone fractures.
Undoubtedly, this method could provide promising
results that can potentially help the medical surgeons
to plan surgery ahead prior to entering the operation
theatre in the hospital.

In the computational FE method, the model will be
divided into several bodies (from the bigger rigid bodies
into small bodies) that could explain a problem into
smaller set of elements with finite dimensions (8, 22).
Afterwards, a process of merging these finite components
with be taking place with certain geometric form results
in the formation of mesh (6). From here, we could
develop an equilibrium system between the external
forces applied to the element and the corresponding
displacements or stresses at the element’s nodes by
integrating the element’s real geometry with its structural
and material parameters. Based on authors’ knowledge,
there is a limited number of literatures regarding the
FE modelling and analysis of the upper limb of human
body with medical implants consideration. Therefore,
we reviewed previous literatures by considering the
state-of-the-art in the related area and come out with
some recommendations. The methods for constructing
a patient-specific computational model using the FE
method, as well as area-specific models of the human
body’s upper limbs, are subjected and limited in this
review paper. In this review paper, the biomechanical
studies of implants and its conclusion are explained in
detail in the accessibility of orthopaedic applications,
together with the existing technologies and challenges
in FE model creation.

METHODS

Literature search strategy

Searches were conducted by utilising several keywords
from various reputable search engines for this review. To
examine existing evidence from the previous literatures,
the following search techniques were used:

Keywords used: the search terms included “finite
element” (all word combinations that start with the

term “computational”) and specific terms such as
“biomechanics”, “mechanics”, “implant”, “stability”,
“displacement”,  “stress”, “orthopaedics”, “bone”,
“prosthesis”, “internal fixation”, “external fixation”.

Search engines: Google Scholar, ScienceDirect, Web of
Science, PubMed/Medline, IEEE Explore and Research

Gate.

Inclusion and exclusion criteria

Our study and review were carried out in accordance
with a set of inclusion and exclusion rules. Previously
reported studies were only considered in this review
paper for inclusion if they met the following rules:
(1) Articles published in English only; (2) Research
published between July 1979 and July 2021; (3) All types
of implants were considered; (4) Biomechanical aspects
were included in the studies; (5) The studies’ observation
endpoint was the commencement of implant design.

On the other hand, literatures were excluded if they
satisfy the following: (1) Children’s biomechanical
reports; (2) Geographic or national comparative studies;
(3) Duplicate publications; (4) Animal experiments.

RESULTS AND DISCUSSION

Overview of the finite element

Finite Element Method (FEM) has been a popular
method in orthopaedics research during the previous
decade (23). The model of a complicated structure and
geometry such as human bone and other engineering
parts may be divided into a finite number of components
using the FEM. The models of the human body could be
created by combining two-dimensional (2D) and three-
dimensional (3D) data as shown in the previous literature
(4, 24). The 2D pictures can be acquired by using a
Computed Tomography (CT) scanner or a Magnetic
Resonance Imaging (MRI) system which are capable
in acquiring over 300 slices per scan (25, 26). Some
researchers employed patient-specific subjects (27, 28)
in the image collecting procedure, whereas others used
synthetic bone (29) to get 2D pictures from the scanner.
Commercial software such as Mimics and Amira can
be used to create the 3D model (30-32). When medical
implants are fixed on the bone, the force loading of the
human body could be evaluated using this simulated
model with partial and simpler structures (33, 34). All
of them are based on the case studies procedure and
patient-specific data and design.

Reconstruction of human tissue

The initial step in adopting the FE method to investigate
orthopaedics research is to create a 3D model of a human
bone. Currently, a 3D model has been developed from
a CT or MRI dataset of a subject-specific or synthetic
bone utilizing a segmentation process including a large
number of 2D pictures (35-37). To be clear, bone and
tissue in the human body have different attenuation
coefficients, which means they have different grey
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values. Based on these values, a bone can be created in
the segmentation process. Researchers can choose from
three programs: Simpleware (38), Scan IP (39) and Mimics
(4, 40) all of which offer segmentation techniques and
other methods for reducing 2D pictures’ noise impacts.
Apart from this commercial software, other softwares
such as Mechanical Finder, OsiriX as well as 3D Slicer
are also available for picture segmentation (41, 42).
The segmentation can be accomplished by a variety of
approaches, and there is no one procedure is favored
than the other.In some literature, a Hounsfield unit was
utilised to segment the human bone. For example, HU of
700, for instance, was used to differentiate cortical from
cancellous bones (Hu<700 indicates cancellous and
Hu>700 indicates cortical) (43). Furthermore, it is worth
noting that certain finite element models have been
assigned with grey data values in HU for each element
(36, 42, 44). Extrusion of soft tissue like cartilage from
its bone could be done through Mimics and 3-matic
software (45, 46). On the other hand, FE programs were
used to simulate the ligament (4, 45).

Modelling and meshing

There are several FE packages available from the market
that can help with segmenting the image for 3D model
meshingand FE analysis, including Abaqus, Marc Mentat,
NASRAN, ANSYS and Catia (47-52). Additionally, mesh
creation may be accomplished through the use of image
processing tools such as Mimics, U-GRAPH, and 3-Matic
software (47, 53). All software applications provide
automated mesh generators capable of meshing the
human bone correctly. Furthermore, these applications
offer manual mesh manipulation, allowing the user to
customize the element size and type (54). Nevertheless,
a mesh convergence study must be undertaken first to
confirm that any additional FE findings are independent
of any parameter before manually setting the element
size and type (55-57). Both the r-refinement (element
type) and the h-refinement (element size) (4) are
methods that can be used to conduct the convergence
investigation. Implants are made through SolidWorks
and Autodesk which are two of the most frequent
software when it comes to designing and meshing a
model of the body (58, 59). The type of element utilised
in the FE model is determined by the type of human
tissue being modelled. The majority of researchers
employed a triangular tetrahedral element for bone (60,
61) and a hexahedral element for soft tissue like skin
and meniscus (32). However, the triangular tetrahedral
element was employed for the analyses of a FE model of
implants (4). Lastly, it is beneficial to simulate ligaments
when doing finite element evaluations of implants
particularly in joint locations as it might enhance and
imitate the human body’s natural movement, allowing
for even load distribution.

Assigning materials properties
Young’s modulus values are the most frequent approach
for assigning material characteristics to bones and

implants (46, 49). Finite element program can be used
to set values for Young’s modulus, which has a relation
with both density and elasticity (38, 51). Orthopaedic
implants are simple because the material is homogenous
and linear isotropic (62-64). Nevertheless, neither of
these materials exist in the human tissue and bone. As
a result, several researchers reduced the model to be
linear isotropic only (55, 59). On the other hand, it was
determined that other tissues, like skin and cartilage had
hyper-elastic properties (45). Moreover, hyper-elastic
and Young’s modulus characteristics were discovered
through particular studies, whereas others were found
through research of prior publications (59). Alternatively,
grey scale data from computed tomography may also be
used as a way of assigning material characteristics (65).

Boundary and load condition

Relevant boundary and load conditions should be
used in finite element analysis in order to simulate the
true behavior of the human body. In the physiological
condition of healthy individuals, the load is imposed
where the reaction force or pressure is applied (66).
Joint force, weight-bearing force and muscle force are
all examples of what is known as force or pressure.
These forces can be calculated and derived from
electromyography data, or they can be determined by
motion analysis techniques such as inverse dynamics,
which more accurately simulate real-world loading
circumstances. It should be emphasized that the use
of boundary conditions is not the same as the use of
finite element models in general; nonetheless, it should
imitate a situation that is comparable to that of activities
of daily life, pathological situations, or rehabilitation
treatments. For instance, in shoulder model, Maurel
et al. (67, 68) studied the cemented fixation state in
these four places when loaded 500N: anterior scapula,
posterior scapula, anterior humerus and posterior
humerus, both with physiological loads equal to 0-1800
abduction and adduction motions without the use of
muscles. Meanwhile, Pomwenger et al. (69) simulated
a keeled versus pegged glenoid implant with a force of
650N for a flexion and abduction of 90° and the primary
involving muscles of the scapula are m. trapezius, m.
rhomboideus, m. deltoideus, m. serratus anterior and
inferior at their insertion points on the scapular surface.
It is similar happened in other parts such as the radius,
where Xu et al. (23) utilised two absorbable screws to
fix the fracture and preserve its stability, with a vertical
downward force of TOON at the stress point and seven
possible angles of the two screws ranging from Oo to
900. Based on these previous researches, the boundary
conditions were chosen based on patient’s condition
and the values of specific forces that would be used to
build the finite element model.

Validation of the finite element model

The validation of the finite element model is a critical
step in the computational analysis process, and it
should be carried out to determine the accuracy of the
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predictions (28, 31, 70, 71). Furthermore, it can give
evidence and suggestions for the enhancement and
adjustment of the model in order to better replicate
the real-world characteristics of human tissue. Many
researchers employed cadaveric specimens in their
study to evaluate their finite element model (70, 72). For
example, five fresh-frozen human cadaver radiuses were
used by Rogge et al. (73). They were loaded with up to
100N in the axial direction at two points: the scaphoid
and the lunate. The scaphoid fossa received 60% of
the total stress, whereas the lunate fossa received 40%.
It was necessary to completely thaw the specimens,
remove any soft tissues, and securely embed the
proximal end of the shaft. The projected bone stresses
and simulated fracture motion predicted by the model
were compared to the test results obtained under 100N
loads for the intact and defect situations. For comparison
with the FE model predictions, the average variation in
strain magnitudes was 7.1%. The average difference in
fracture motion, on the other hand, was 3.9%. Other
than that, Pistoia et al. (74) simulated the kind of fall that
generally results in a Colles’-type fracture in the radius
right above the wrist, even though the strain rate in the
experiment was considerably lower than in an actual
fall. A total of 54 embalmed cadaver arms were used
in the study, where the forearms with undamaged soft
tissues were compressed. For each arm, epoxy glue was
used to embed the proximal portion of the radius, which
was then secured to a bottom anvil of an automated
testing machine. An experiment simulating compression
testing was carried out with a TOOON stress applied to
the most proximal surface, whilst the most distal surface
was entirely restricted. To validate the computer model,
FE models were created, and biomechanical testing
was performed. Despite the benefits of utilising human
cadaveric specimens, commercially available synthetic
models such as Orthobone, Sawbones or Synbone have
attracted attention and appear to be an appropriate
technique for validating FE models (75, 76).

Area-specific finite element model

Shoulder joint

Treatment of musculoskeletal injuries of the shoulder
is still a complex job, and it is generally performed by
shoulder arthroplasty (69). Implant designs continue
to be a contentious topic (77). As the failure rates of
shoulder arthroplasty are significantly lower than those of
hip and knee arthroplasty, indicating that this treatment
is even more effective. The most essential joint in the
shoulder is the glenohumeral joint (78). It is formed by
two bones: the humerus and the scapula. In addition,
glenohumeral interaction happens when the humeral
head, which is more or less a spherical shape, makes
contact with the glenoid, a narrow shallow hollow on
the scapula. To analyse the activity of the glenohumeral
joint, a numerical model must contain the specific bone
geometry and the joint’s supporting muscles. Hence, the
stress distribution across each bone of the joint was then

assessed using models based on the deformable body
approach (79, 80). Where the most modern ones integrate
the two techniques by utilising the inverse dynamic
concept as well as the muscular forces to measure the
stress using a finite element (FE) model (78, 81, 82).
Shoulder arthroplasty is linked with some risks such as
Rotator cuff tears, glenohumeral instability, prosthetic
loosening, infection and periprosthetic fracture (69, 83,
84). Where the term instability is generally when the
humeral head comes into touch with the glenoid’s rim
during subluxation. Hence, instability sets in, and the
resulting force is just barely projecting into the glenoid
cavity. Although experimental investigations have
been conducted to investigate the influence of implant
constraint and conformity on subluxation loads and
intra-articular joint translations but the accompanying
materials and labor expenses are usually expensive (85,
86). On the other hand, researchers may save money
by using finite element techniques to avoid expensive
laboratory testing and they can also better comprehend
their findings theoretically (87). It is also feasible to
derive estimates of joint pressures, fixation stresses
and material deformation using finite element models
rather than doing laboratory testing, which is hard or
impossible. Additionally, the studies may be readily and
rapidly repeated for both little and large adjustments in
the design parameters, providing a better comprehension
of their respective impacts (88). Anglin et al. (86) and
Hopkins et al. (88) carried an experimental analysis to
validate the finite element method by testing different
glenoid models (figure 1) in order to determine their
ability to withstand dislocation using CAD data from
Zimmer GmbH. Moreover, they reported that the FE
models of the testing equipment for four distinct glenoid
designs revealed a high agreement with the experimental

C

Figure 1: The four modeled glenoid component designs using
finite element analysis as follows: pegged curved backed size
L (A), pegged flat backed size L (B), keeled conforming size XS
(C©), and keeled non-conforming size XS (D).
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subluxation force ratios. All estimated subluxation
forces and translations were within the experimental
study’s scope. The FEA has indicated that constraint and
conformity are two critical implant design features that
significantly influence dislocation stress and humeral
head movement, respectively.

Humerus bone

1-3% of all fractures are humeral shaft fractures, which
account for 20 percent of all humerus injuries (89, 90).
The fractures that occur in the lower and upper third of
the shaft make more than 80% of all incidences, with
60% of the fractures occurring in adults over 50 years old.
Whereas, the central third of the bone was impacted in
approximately 60% of the individuals, having fractures
of spiral and transverse shape (91, 92). It is more common
in older people who have been injured in a fall or torsion
trauma than in younger people who have been injured
in an accident with a great amount of energy (93). In
addition, a lot of fractures can be effectively managed
without surgery due to the extensive muscles and soft
tissues around the bone which may be utilised to fix
the fracture (89). In contrast, there are various forms of
fractures necessitate operations and internal implants.
Hence, going for plate fixation or intramedullary nails
(94) is based on the specific location of the fracture as
well as the decision of the surgeons. Moreover, the right
mechanical characteristics of the joint components must
be included into finite element (FE) models in order
to understand their mechanical behavior. This data
is extremely critical for the development of accurate
and precise fixations (95). Therefore, Masih et al. (96)
used CT scan to extract geometrical data of a 17-year-
old boy proximal humerus bone in the form of Digital
Imaging and Communications in Medicine (DICOM)
images. Furthermore, performance of this machine is
very accurate, where 1024x1024 are the resolutions
and 0.4 mm is the slice thickness. This procedure had
undergone five steps as follow:

A)  Importing of DICOM into MIMICS 10.01 software:
DICOM images are loaded and shown, then the
segmentation object is generated by applying a correct
threshold value, based on the Hounsfield Unit, which
is depicted as a colored mask that contains just those
important pixels of the images. MIMICS established a
bone (CT) threshold, allowing us to simply pick all bone
tissue; the green region represented bone tissue pixels,
which we specified as a mask. The humerus was chosen
based on the mask, (figure 2a) and it is tweaked until
perfection.

B) Using MIMICS 10.01 software to create a FE
model and a surface mesh: The bone’s 3D model was
constructed using the produced region mask. 2D photos
are converted into 3D models using 3D grey value
interpolation algorithms. It is a true 3D interpolation
approach that accounts for the Partial Volume effect,
making it more reliable. Surface mesh can be found by a
tool called “remeshing” which is utilised to enhance the

. Fixed Support
[B] Force: 19377N

Figure 2: The procedure starts by masking the Humerus bone
(A) followed with meshing of the bone surface (B), volumetric
mesh with material assignment (C), uploading the 3D Model
for analysis (D), and lastly loading and boundary condition
are applied using ANSYS (E).

effectiveness of the triangles so that an FEA package’s
preprocessor can form tetrahedron meshes out of them
(figure 2b).

C) Conversion of surface mesh to volumetric mesh
using ABAQUS 6.10: Tetrahedrons are formed from
triangles through the process of transferring the mesh to
ABAQUS since the results will be precise and real when
the mesh is denser.

D) Assigning material properties in the software of
MIMICS 10.01: In this stage, Mimics will compute grey
values for each element of the volumetric mesh before
applying materials to them. Besides, the default material
parameters of the CT given dataset are taken into
account. Afterwards, Humerus bone was transformed
into stereolithography files for FE Analysis using MIMICS
STL module (figure 2c).

E)  FEA with ANSYS 14: FEA meshes are built in FE
modelling process and then they are converted into static
structural, in which it is fully assessed under particular
boundary and loading conditions (figure 2d). Lastly, the
force was placed in tension axially at the distal half of the
humerus, while the humeral head remained stationary
(figure 2e).

Nevertheless, studies by Antoniac et al. (89) showed
several issues linked to the treatment of the humerus
fracture which might suppress the treatment such as
age, poor living habits as well as medical conditions that
affect the muscles and bones (97).

Elbow joint

Elbow is one of the rare areas in the body where two
bones interact with one another (96). It is one of the
most complicated joints in the human body, and it is
examined statically as part of a system (98). Total elbow
arthroplasty (TEA) has become a more popular and
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recognised technique (99). Particularly, in patients with
rheumatoid arthritis, osteoarthritis, or posttraumatic
arthritis (100, 101). The elbow’s primary role is to keep
the hand in place for bimanual tasks where flexion,
extension, pronation, and supination are the main
movements (102). In general, the flexion-extension
can extend for around 0 to 140 degrees (103-105).
However, only 30 to 130 degrees are required for our
daily movements. In contrast, the usual range is roughly
90 degrees of supination to 80 degrees of pronation, yet
so many tasks of daily life only need 50 degrees in each
direction (103, 105).

Previous research by Tarnita et al. (106) has studied a
spherical prosthesis-elbow for 4 different positions of
the implant such as Flexion-Extension and Supination-
Pronation using FEA as follows:

Flexion-extension

The testing of the implant was modelled by Solidworks
and analysed by Visual Nastran software and these are
the parameters:

-The flexion-extension cycle lasts 1 second in total.
-The applied force is TOON, which refers to lifting and
lowering a load by pure flexion-extension movement. In
addition, it has a persistent vertical action, and its site of
application is at the end of the ulnar stem.

-Other components are flexible or connected to stable
or moving pieces, with the exception of the humeral
stem, which is fixed.

-Between the two components constituting the spherical
joint, a constant angular speed of 1600 per second was
created.

The maximum stress values of the spherical prosthesis-
elbow joint were presented in the diagram (figure 3a) that
shows comparison of maximal flexion-extension stresses
in a healthy elbow vs a prosthetic elbow. The highest
values of the elbow joint in extension flexion motions
are recorded for the elbow in the 900 posture, when
the bending moment is the highest due to the maximum
force of the arm. Whereas, the force of the arm changes
to 0, the minimum forces are recorded in the maximum
extension condition. Moreover, when the force arm
turns very low, but not zero, tiny values will be recorded
in the maximum flexion position. In brief, the recorded
stress values of the maximum flexion-extension angle in
the proposed prosthesis-elbow are nearly 5 times better
and higher than a healthy elbow.

Pronation-Supination

As shown in (figure 3b) the maximum stress values for
pronation-supination in the situation of healthy and
spherical prosthesis elbows are compared in this study.
Parts of the bones or prosthesis are only subjected to a
vertical load of TOON in the vertical anatomical posture
of the arm and the values of the stress in the elbow joint
stay nearly constant throughout the analysis. It was
observed that spherical prosthesis-elbow has nearly 5
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Figure 3: Graphs of Comparing between the maximum
flexion-extension (A) and pronation-supination (B) (MPa) for
healthy and spherical prosthesis-elbow.

times significant difference in stress levels compared
to a healthy elbow. The findings were achieved after
some simplifications were made for instance, only the
implants and bones components were considered,
while the action of the muscles, tendons, and ligaments
was ignored so that a finite element analysis on such
a very complicated model can be conducted easily.
Consequently, Biometrics which are an advanced
acquisition system (107, 108) as well as a specialized
experimental bench (109) will be used to enhance the
study of the kinematics of prosthetic and healthy elbow
joints in the coming studies.

Other researches by Radakisnin et al. (110) have
performed a simple FEA using ANSYS WORKBENCH
15.0 software to measure von-Mises Stress and the
maximum principal stress on three different elbow
materials which are copper, stainless steel and titanium.
The vyielding of the material will happen as soon as
distortion surpasses the yield point as suggested by the
von-Mises stress. Whereas, a material will fail when
its maximum principal stress approaches its elastic
limit in simple tension and exceeds its maximum stress
according to the maximum principal stress. The results
of the analysis of von-Mises stress are

Titanium: 1.92MPa to 42.37MPa, Stainless Steel:
2.98MPa to 45.05MPa and Copper: 3.60MPa to
45.76MPa. On the other hand, the maximum principal
stress are; Titanium: 2.13MPa to 39.30MPa, Stainless
Steel: 3.28MPa to 40.42MPa and Copper: 4.00MPa to
41.62MPa. As a result, titanium is the lowest in both
stresses then followed by stainless steel and copper.
Hence, titanium is the safest and best of all analysed
materials for the development of the elbow implant
since it can tolerate stresses more than the others.
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Radius

The purpose of the radial head is to transmit stress and
stabilize the outside section of the elbow joint, which
is critical to preserving the elbow joint’s stability and
functionality (23). Additionally, its treatment has
advanced from nonsurgical to internal fixation, artificial
prosthesis replacement, and radial head removal.
Distal radius fractures are the most common injuries
encountered in orthopaedics, which was about 20%
before 2000 (111-116) and decreased to 17.5% (117-
120) in recent years. It is mostly treated by determining
the stability of the fracture form (121, 122) and pattern
(114, 123-125). A stable fracture can be handled
successfully with cast immobilization; however, an
unstable bone fracture may require a fixation surgery
(126, 127). External fixation (128, 129), plate fixation
(130) and percutaneous pinning (131) are among the
surgical procedures used to treat unstable distal radius
fractures. Aside from that, adjuncts like bone grafting
and bone substitutes are utilized to improve stability
and healing (116). A Study by Rogge et al. (73) studied
fracture pinning in a simulated distal radius fracture using
FE modelling (FEM), with a focus on assessing simulated
fracture stability and bone stresses. The main focus of
this study is to figure out the best stability technique on
the region of greatest changes in stress between intact
and pinned fractures which are situated 3mm above to
3mm below the fracture. The proximal end of the model
was restricted, and a 100N force was applied, where a
scaphoid fossa and lunate fossa each received 60% and
40% of the stress, respectively (132, 133). Therefore,
this study was divided into two sets of extra-articular,
unstable metaphyseal fractures:

- Set A: A cancellous bone in the volar one-third of the
radius was broke but remained in apposition.

- Set B: The cancellous bone contact at the broke area
was entirely missing.

Moreover, three pinning setups engaging the radius
styloid and proximal dorsal cortex were used to stabilize
the simulated fractures: A single pin, two parallel
pins and two crossed pins, one acting as same as the
previous ones while the second engaging the distal
ulnar corner and proximal volar cortex. The findings
show that fixation with a single steel pin resulted in
62% fracture collapse, from a 3mm gap to a 1.14mm
gap, for the simulated fractures in set A. The parallel
and crossing pin arrangements collapsed at a rate of
35% and 14%, sequentially. Whereas, Set B fractures
showed similar patterns: single pin 68%, parallel pins
39%, and crossing pins 18%. In the presence of pin
fixation, cancellous bone contact in the volar area of the
radius offered somewhat more stability. Fixation with
two pins resulted in a more typical stress distribution
in the bone at the fracture site, as well as enhanced
fracture stability. Two crossing pins implanted through
the radius styloid offered significantly more stability than
two parallel pins inserted through the radius styloid.
Despite crossing pinning was the most stable design and

decreased stress in the volar cortex, the cancellous bone
was still subjected to greater loads. In short, a crossing
arrangement with metal pins proved to be the most
effective pinning approach for resisting low to moderate
axial stresses. To date, various types of implants have
been utilised however, absorbable fixations are very
commonly used in orthopaedic operations (134-136).
Therefore, Xu et al. (23) have carried out an experiment
using FEM on two absorbable screws for the fixation of
the radial fracture with a vertical downward 100N load
at the stress site as well as, 7 different angles of 0o, 150,
300, 450, 600, 750, and 900. The results of the study
show that when the angle was increased from 0o to 450,
the stress between the screws progressively reduced,
however when the angle was extended from 450 to
900, the stress surged. The von-Mises stress and peak
displacements attained minimal values of 13.11MPa
and 0.15mm when the angle was 450. On the other
hand, they rose dramatically when the screw angle
was 900, up to 24.63MPa and 0.25mm for von-Mises
and displacement, respectively; these circumstances
potentially weaken the fracture block and enhance
stress concentration. The explanation for this behavior
is because when the angle between the screws rises,
the screws will pass through the radius, lowering the
effective fixed length, raising tension, and increasing
displacement. Besides, the highest screw displacement
was 0.25mm, which had a negligible effect on the
patient, demonstrating that the use of absorbable screws
to treat radial head fractures was safe. The tension was
limited and, as a result, the displacement was small
when the angle was 450, showing that this angle gave
the optimum stability and safety. Furthermore, screws
positioned at 450 on the bone surface revealed a
reduced stress distribution than screws positioned at
other angles, which is consistent with Shi et al. (137)
findings. In conclusion, in most cases, pin fixation is
insufficient in the clinical setting. Higher axial stresses,
as well as torque and bending, need the use of a cast or
external fixator (73).

Wrist and hand

Rheumatoid arthritis (RA) is among the most frequent
bone illnesses related to the wrist joint (138-140). It
tremendously affected the human wellbeing all around
the globe (141). The basic goals of wrist replacement
surgery are to alleviate discomfort and maintain a good
function of the wrist (142). Additionally, it can help to
keep or regain wrist motion and make it easier to carry
out daily tasks. There are three signs of RA which can
be observed in the wrist: ligamentous laxity, cartilage
degeneration and synovial proliferation (143). Total
wrist arthroplasty (TWA) is a prominent surgical option
for addressing severe deformities of the joint caused by
RA (144). Implant loosening and metacarpal perforation
have both been documented as adverse effects of
TWA usage (145). Hence, Intercarpal fusion was used
to prevent metacarpal perforation, and resurfacing
of the distal radius area was used to prevent implant
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loosening and displacement (146). For both treated and
rheumatic wrists, hand grip strength was a prevalent
sign of evaluation (145, 147, 148). Using FEM, Gislason
et al. (149) computed the loading static gripping force
of the wrist. The resultant compression pressure was
found as 7.33 MPa and distributed throughout the five
metacarpals (figure 4a) using the static gripping force
of the wrist. Moreover, to facilitate the convergence of
the solution, constraints were placed at the proximal
ends of the radius and ulna (figure 4b-d) (150). The
insertion of tendons and the carpometacarpal joint
were fixed to prohibit mobility in the x and y directions,
allowing all bones except the radius and ulna to move
in the direction of applied force (151). These constraints
were important because they kept the tendons in place
at their insertion points which helped in attaining the
convergence of the model (152). Bajuri et al. (139)
conducted a similar experiment in which they used
FEM to simulate three models: a healthy wrist, TWA,
and RA models. The contact pressure in the computed
RA model is about 10 times higher (3.9 MPa) than in
the healthy model (0.40 MPa). The large magnitude of
the RA model was decreased to roughly five times its
original value after TWA (0.75 MPa), which is practically
identical to the healthy model’s magnitude (47% bigger).
Furthermore, among the three simulated scenarios, the
RA model with 11 MPa revealed the trapezium (without
the consideration of resected scaphoid) to be the most
pressure-sensitive bone.

Thumb Index Long Ring Little

Cross-sectional Area (mm?) 12630 77.00 84.15 57.60 80.20
Load (N) 255.60 120.30 106.40 88.00 77.30

153 0.96

A Pressure (MPa) 202 156 126

¥ Pressure

Fixed displacement
for x-axis and y-axis

N X A Fixed displacement
for all axis

Figure 4: Pressures applied on the metacarpal bones (A), as
well as the building of a finite element model of the healthy
(B), RA (C), and TWA (D) models.

DIRECTIONS FOR FURTHER STUDY

Despite the fact that present review contains useful
data and knowledge, further research is required to
offer specific prescriptive recommendations on the use
of orthopaedic implants. It is preferable to construct a
model capable of simulating real-world conditions in

order to conduct a detailed analysis of bone fractures.
Additionally, getting the information necessary to
design the characteristics of bones and other supporting
structures continues to be a challenge. Various
characteristics of bone, such as Young’s modulus and
Poisson’s coefficient, can vary significantly between
various parts of the bone, which can have significant
impact on the results (153, 154, 155, 156, 157).
Moreover, while developing material models for
patients, their bone density should be considered. For
more realistic and accurate result, both elasticity and
plasticity should be incorporated in the analysis. As a
result, additional research should be conducted to offer
more knowledge about the characteristics of simulated
materials.

LIMITATIONS OF THIS REVIEW

Despite the fact that the present review contains useful
data and knowledge, further research is required to offer
specific prescriptive recommendations on the use of
orthopaedic implants. This compact paper might serve
as one of the helpful resources not only for engineers, but
also for medical professionals and scholars in this field.
In addition, there are also certain restrictions which have
been explored in this assessment. The other constraint is
that we only looked at finite element analysis of implants
for the human body’s upper limbs. Moreover, the review
concentrated on existing methodologies for developing
a computational model, which were discussed in detail.
This review does not cover any more aspects of the FE
approach than those mentioned previously.

CONCLUSION

This review paper concluded that the process of
developing a finite element model from previously
published studies was dependent on the specific
pathological disorders, homogeneous orinhomogeneous
as properties of the material, type of data either Magnetic
Resonance Imaging or Computed Tomography, as well as
the boundary conditions. Other than that, the validation
of FE models is based on researcher’s preferences, since
there is no specific method and standards that should be
followed.
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