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Abstract This paper aims to provide insight into the cur-
rent state-of-the-art literature available for investigating the
biomechanical properties of the femur bone. Furthermore,
this comprehensive review has addressed some challenges
when predicting femur bone biomechanical properties. This
review also includes an in-depth discussion on the essen-
tial biomechanical properties of femur bone obtained using
different imaging techniques, failure and loading criteria,
etc. Further, quantitative data on deviations in biomechani-
cal properties estimated using experimental and numerical
methods from the available literature have presented and
discussed. In addition, the study has demonstrated the non-
invasive and non-destructive computed tomography scan
technique to create a three-dimensional finite element model
for predicting the biomechanical properties. This paper will
help to understand the clinical issues and other challenges
related to estimating the biomechanical properties, such as
the effect of different bone inclinations, failure criteria and
related fracture risk.
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Introduction

Femur bone is a natural composite of hard tissues supporting
the soft muscles of the human body. On a weight basis, it
contains approximately 30% organic, 60% inorganic compo-
nents and 10% water [1]. Femur is the longest, largest and
strongest bone in the body as shown in Figurel [2]. Femur
bone is subjected to mechanical loads during physiologi-
cal activities that influence their biomechanical properties
[3]. Nowadays, image-based modelling technique is used to
predict the biomechanical behaviour of femur bone. How-
ever, accurate image-based finite element modelling is still
challenging [4, 5]. The femur bone has different mechani-
cal properties in the longitudinal and transverse directions
while loaded along the different directions [6]. Thus, the
subject-specific biomechanical properties of femur bone are
vital for developing new biomaterials for bone implants and
fixation. The biomechanical properties also depend on the
load acting at the hip joint during various human activities
such as sitting, staircase climbing, running, standing, ath-
letics activities, daily workout and accidental injuries [7].
According to the data presented on the number of hip frac-
tures occurring annually in the world, it will increase from
1.66 million in 1990 to 6.26 million in 2050 [8]. In 2010,
the European Union reported 620,000 hip fractures. Hence,
the economic burden of fracture incidents was estimated at
€37 billion. The expenditure is expected to increase by 25%
in 2025 [9]. In India, according to the report in 2004, the
estimated osteoporotic hip fracture incidences were 6,00,000
per year and are expected to increase significantly by 2026
[10].
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Fig. 1 Anatomy of the femur bone [2]

Biomechanical Properties

Bone is made up of a natural combination of composite
materials. Consequently, the studies and knowledge of its
mechanical properties are essential for understanding the
fracture mechanism and its patterns. It also assists in the
design and development of implants, prosthetics, fixation,
and the diagnosis of bone-related issues. Thus, this review
has discussed some critical biomechanical properties like
mass density, elastic modulus, stress-strain characteristics
and fracture load.

Mass Density

Mass density is an important biomechanical property of
femur bone. It will decide the percentage porosity/quality
of femur. Consequently, it predicts the condition of femur
bone such as osteoporosis, osteopenia or healthy. The femur
bone mass density varies with age, gender, birthhood con-
ditions, eating habits etc. In the available literature, mass
density is estimated by linear and power models in terms
of Hounsfield unit (HU) [11]. Adams et al. [12] estimated
mass density using computed tomography and the conven-
tional Archimedes technique. In some studies, the research-
ers used the available mathematical models to estimate the
density of femur bone [13, 14]. Ducheynet et al. [15] used
the conventional method, defined as the bonesample weight
divided by the total sample volume, to determine the mean
apparent mass density of intracondylar femur bone. Further,
it is used to estimate mechanical properties. Generally, in
stance and fall configuration, the fracture occurred in neck-
head region of femur bone. Therefore, it is required to focus
on evaluating density at this region [2]. It was also observed
that the lower mass density distributed in neck-head region
of femur bone. Moreover, Morgan et al. [16] have studied
the site dependent apparent mass density. The sites such as
the vertebra, tibia, greater trochanter and femoral neck were
selected. The obtained range of apparent mass density was
reported as 260-750 kg/m> at the femoral neck region [2,
16]. Some researchers used the linear relationship between
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Table 1 Various mathematical (linear/power) models to calculate
elastic modulus

Mathematical model  Equations Reference

Power model E = 6.850% p!49 Morgan et al. [16]
Power model E =18.920 % p! 83 Morgan et al. [16]
Linear model E=-3314+4.56p Rho et al. [30]
Power model E =0.58% p!30 Rho et al. [30]
Linear model E=-1343+14.261p Lotzetal. [41]
Power model E = 1904% p!-83 Wirtz et al. [42]

apparent mass density and Hounsfield unit (HU) for femoral
bone and determined the relative error as 18.3-44.9%. These
studies signify the need for further improvements to estimate
mass densities more accurately [17-19].

Elastic Modulus

It decides the bone quality in terms of elastic properties and
strength. In humans, if a bone is osteoporotic, the elastic
modulus is lower than the healthy bone. The healthy femur
has an elastic modulus ranging from 9 to 20 GPa [20-23]
and changes from region to region of the bone. Hence elas-
tic modulus of the femur bone is a heterogeneous and non-
linear [13, 24]. However, in the literature, many authors
considered linear elastic modulus [25-29]. It has limited
accuracy in predicting the other dependent biomechanical
properties using finite element analysis (FEA). Few studies
have reported various techniques such as ultrasonic [30],
nano-indentation [20, 31, 32], CT scan image-based [2, 33,
34], mathematical models (linear/power) [11, 35], electronic
speckle pattern interferometry (ESPI) [36] to estimate the
elastic properties. Whereas, Sitzer et al. [37] experimentally
determined Young’s modulus of femur bone by using a com-
pression test. Further, it was compared with Young’s modu-
lus calculated from density-elasticity relationship available
in the literature and found significant deviation. In addition,
Cyganik et al. [38] carried out experimental and numeri-
cal analyses of trabecular bone to estimate elastic modulus.
Niebur et al. [39] have also performed high-resolution finite
element analysis of bovine trabecular bone to estimate the
modulus of elasticity as 18.7 + 3.7 GPa. Wherein, Brennan
et al. [40] have calculated the average modulus of elasticity
as 20.78 +2.4 GPa by using nano-indentation test. Table 1
gives the various mathematical (linear/power) models to cal-
culate the elastic modulus of the femur bone.

Fracture Risk/Load
It is an essential biomechanical property of femur bone

which shows the mechanical ability to sustain the load
before fracture. The femur bone is subjected to compressive
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loading in stance configuration in various physiological
states such as jogging, slow/fast walking, athletics exercises
and sports. The femur bone loadings are static, quasi-static
or dynamic, depending on various types of hip joint move-
ment and its mechanics. In addition, the bone fracture load
magnitude is influenced by different displacement rates and
inclination angles during hip joint positions. In the available
literature, authors have used a wide range of displacement
rates as 0.1-42.33 mm/s [43—47] and inclination from 0° to
20°[13, 24, 25, 27, 29, 48-56] to determine biomechanical
properties of femur bone. The inclination angle is measured
between the mechanical and anatomical axis of femur bone
fixed at the distal end. Furthermore, some studies have also
been conducted to evaluate the biomechanical properties
of animal species. [2, 40, 57]. However there is a need to
focus on the accuracy and validation of the biomechanical
properties using advanced techniques. Yashibash et al. [58]
have discussed the FE model of only two femurs to predict
computed yield load. The authors used and compared four
different criteria: Drucker—Prager, Von-mises, maximum
principal stress and strain. Moreover, the isotropic and ani-
sotropic yield criterion-based FE model was compared with
experimental results. In a reported study, Miura et al. [59]
compared the fracture load on fresh frozen cadaver femurs
by using a CT-based FEA model and mechanical testing.
The purpose of Bessho et al. [60] study was to create the
simulation FE model to evaluate the strength of femur
bone. Moreover, Ota et al. [25] have worked on the frac-
ture simulation of the femur bone using FEA and compared
it with experimental results. Schileo et al. [61] determined
the femur bone strength from the computed tomography
(CT) based finite element (FE) model. FE predicted frac-
ture loads and locations correlated with experimental results
under stance and fall configurations. Schileo et al. [62] have
experimentally predicted the failure loads on femur, similar
loads applied to the FE models for computing the fracture
risks and compared to the experimental test results. Keyak
et al. [48] have studied in situ and in vitro CT scan-based FE
models for determining fracture loads in the human cadav-
eric femur bone. In FEA, the femur bone was inclined at
20° [60] with a loading axis under the stance configuration.
These methods have shown a deviation in fracture loads of
13.3% and 5.2% in each male and female cadaveric femur
bone, respectively. However, there is a scope for validation
on an experimental basis. Hambli et al. [13, 49] and Bet-
tamer et al. [50] have performed the FE and experimental
analysis on femur bone specimens to predict the failure loads
with their patterns. Besides, some studies have analysed the
femur bone under single-legged stance configuration within
the coronal plane [24, 25, 48, 50, 51, 63]. Whereas, Hambli
et al. [49] has applied a slow compressed load at 20 mm/
min, and Bettamer et al. [51] have applied at 2 mm/min on
the femur bone until fracture. Liebl et al. [52] predicted the

fracture load of femur bone under stance and fall configura-
tion. In this study, the multi-detector computed tomography
(MDCT) imaging method was used to create a 3D model
for FEA. After that, FE model was compared and validated
with the experimental method. In stance configuration, the
femur bone was placed with an inclined angle of 7° at 5 mm/
min. In addition, for fall, the femur bone was placed with
inclination angle of 30° to the horizontal plane, internally
rotated by 15° and loaded at 5 mm/min. However, Sas et al.
[24] have proposed the voxel-based FE model to assess the
strength of healthy and metastatic proximal femurs. Despite
several pieces of literature available on fracture analysis of
femur bone using FEA, there is still a scope to study the
advanced instrumentation for accurate prediction of femur
bone fracture load. Snyder, et al. [11] have performed exper-
imental analysis using three points bending at a displace-
ment rate of 5 mm/min, whereas Cyganik et al. [38] carried
out the experimental analysis of bone with a compressive
test at the displacement rate of 0.5 mm/min. The load range
was from 0 to 2000 N with every 100 N force of increment.
Keyak [64], Gilchrist, et al. [65], Zani, et al. [66] have stud-
ied the effect of load direction on fracture force and obtained
data on hip fracture risk. Cadaveric femurs were tested at
different loading angles such as 0°, 15° and 30°, representing
a fall on the hip to failure at a displacement rate of 100 mm/
sec. It was found that the failure load decreased by 24% as
the loading angle. In another study, experimental analysis
was carried out in quasi-static and dynamic loading condi-
tions [67]. In some studies, the authors have used different
techniques such as grid-based gauges, high-speed cameras
and strain gauges to analyse the fracture mechanisms and
estimate the fracture load (FL) and biomechanical behav-
iour [67-71]. Keyak et al. [72] have studied the femoral
fracture loads for two load configurations, such as during
single-limb stance and fall under impact loading. In some
studies, the femur bone specimens were tested at displace-
ment rates of 0.2 mm/sec and 2 mm/sec, respectively [47,
58, 61, 68, 73-76], and bone inclination from 0° to 20° [13,
24, 25, 48-53]. The inclination angle is measured between
the mechanical and anatomical axis of femur bone fixed at
the distal end. Table 2 shows the summary of femur bone
fracture under compressive loading.

Thus, a study should focus on the effect of different incli-
nation angles and displacement rates on fracture risk and
failure patterns of femur. Besides, fractures from traumatic
injuries are likely to cause disability and loss of work effi-
ciency. These critical health issues added, in general, to the
socio-economic burden. Hence, it is significant to address
the fracture load as an essential biomechanical property of
the femur bone. In orthopaedic biomechanics, an assessment
of the mechanical properties of femur bone is often done
using mechanical in vitro experimentation [78]. Mechanical
properties of the bones and implant devices are the area of
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Table 2 Summary of femur bone fracture under compression loading

Failure criteria Fracture load (N) Bone inclination Displacement rate Deviation (%) Reference

U E— @) (mm/s)

Expt. FEM
Simple principal stress 8400 2000 8 0.5 76.19 Ota et al. [25]
Max. principal stress 4743 5440 0.083 14.7 Liebl et al. [52]
Max. principal strain 4743 4968 0.083 4.7 Liebl et al. [52]
Drucker—Prager 3436 4520 20 0.083 31.56 Miura et al. [59]
Drucker—Prager 3800 4400 20 0.0083 15.78 Bessho et al. [60]
Max. principal strain 6894 6050 2 12.25 Schileo et al. [61]
Max. principal strain 9212 7752 20 15.85 Schileo et al. [61]
Max. principal strain 7375 6565 - 10.98 Larrainzar-Garijo et al. [77]

interest for clinicians and engineers in determining clinical
injury patterns and orthopaedic pathological conditions.

Stress—Strain Characteristics

In macroscopic structural analysis, the ultimate strength of
femur bone is decided by its stress-strain characteristics.
The femur bone material has anisotropic and heteroge-
neous behaviour. Due to this, it is challenging to predict
accurate stress-strain characteristics under different load-
ing and directions, including with the mechanics of the hip
bone. These biomechanical characteristics have been used
to design and develop subject-specific implants and fixa-
tions. Many authors have studied the stress-strain behav-
iour of hip bone under stance and fall configurations [48-56,
58-62]. Wherein researchers have considered experimental
and finite element methods, there is still a scope to focus on
the accuracy of the FE model to estimate stress-strain char-
acteristics. For this, Taddei et al. [79] proposed a material
mapping strategy to predict the strain accuracy of the femur
FE model and compared it with the experimental method.
The authors used Bonemat software to estimate Young’s
modulus in this study. Further, these moduli were used to
obtain the strain in FEM. The linear regression coefficient of
FE results was increased from 0.69 to 0.79. In addition, the
average error decreased from 45.1 to 31.3%, and the peak
error decreased from 228 to 134% of the maximum meas-
ured strain. Whereas, Lengsfeld et al. [80] have performed
the geometry-based and voxel-based FE analysis of femur
bone to estimate strain and stress. The obtained results were
compared with the experimental method. In this study, the
load was applied at 0.7 mm/min with a step load of 100 N till
2000 N was reached. The correlation coefficient ranged from
0.91 to 0.94. Further, Painkra et al. [53] showed a signifi-
cant deviation of 30-47% by using the isotropic and aniso-
tropic femur models, which calculated von-mises stress and
strain under different loading configurations at 0°, 15° and
20°, respectively. The study obtained the maximum stresses
between 29.649-49.823 MPa and 15.938-23.218 MPa for

@ Springer

the anisotropic and isotropic femur models. Similarly, the
maximum strains obtained were between 0.00237-0.00408
and 0.00133-0.00290 for the anisotropic and isotropic
models, respectively. A similar study by Kumar et al. [81,
82] was carried out on stress analysis using ANSYS 14.0.
The results of von-mises stresses were found in the range
of 28.85-62.22 MPa. In this, the authors considered the
behaviour of the femur bone under different physiological
activities such as standing, walking, jumping and running.
Chethan et al. [54] have determined the von-mises and maxi-
mum principal stresses in human long and short femur bone.
Similarly, Dey et al. [83] calculated von-mises stresses under
axial and bending load applications using a 3D scan-based
FE model. Fonseca et al. [26] have achieved the maximum
stress value of 22.60 MPa by using an isotropic and ortho-
tropic human femur material model. However, Reddy et al.
[84] obtained stresses in the range of 24.1-65.6 MPa, cor-
responding to the age of persons (n=10) between 27 and
84 years. Whereas another study has reported the peak stress
as 10.2 MPa using computed tomography (CT) scan-based
FE model [5]. Niebur et al. [39] have determined the stresses
as 20.62 + 1.06 MPa in bovine tibia specimens using FE
model. Besides, Antonio et al. [55] have used the isotropic
and orthotropic FE model of femur bone. The study obtained
the maximum stress values of 17.95 MPa and 17.49 MPa and
maximum strain values of 0.0020 and 0.0022 for the iso-
tropic and orthotropic material model approach, respectively.
The results showed the negligible influence of the different
material models regarding the maximum stress and strain
values [56, 85]. Some other studies also considered the lin-
ear and isotropic material properties of femur bone [25-29,
63]. Thus, the available literature does not incorporate the
different loading scenarios for the femur bone specimen. It
adds value to the biomechanical studies of femur bone. It
also investigates the influence of different bone inclinations
and displacement rates on the stress-strain state under com-
pressive stance loading configuration. Further, there is still a
need to validate the FE modelling technique with the golden
method to measure strain using an electrical resistance strain
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gauge (SG). Levadnyi et al. [27] have considered the wide
range of femur bone inclination (0°-20°) and loaded at
10 mm/min under compression. In this study, the authors
experimentally tested synthetic artificial femur bone to
obtain strain and stiffness and compared it with FEA. The
maximum strain and stiffness results were obtained as 0.003
and 1500 N/mm, respectively. Besides this, another study
on the 2D image-based FE model has been compared with
digital image correlation (DIC) based experimental analysis.
In addition, the authors incorporated the bone inclination at
20° in the coronal plane and a loading speed of 2 mm/min
to estimate the strain and fracture load of the femoral bone.
However, the strain value result showed a significant devia-
tion between FE and the experimental method [51]. Simi-
larly, Ota et al. [25] obtained a good correlation(r = 0.81)
between the experimental and the simulated strain values
at 0.5 mm/s till the complete failure of the femoral bone.
Polgar et al. [28] studied the distribution of maximum and
minimum principal strains (compression and tension). Aziz
et al. [29] have developed the reconstructed three-dimen-
sional (3D) finite element model of the femur bone. In this,
the estimated maximum linear strains at different locations
of the femur bone. Despite this, the CT scan-based 3D model
was used for FE simulation purposes, showing significant
deviations in the results. Further, Mathukumar et al. [86]
Schileo et al. [87] have determined the stress-strain proper-
ties on the inferior-superior and lateral-medial region of the
femur bone using the FE and experimental method. Never-
theless, the study of Mathukumar et al. [86] has not included
the other influencing parameters, such as bone inclination
and loading rate. In addition, FEM has used material proper-
ties of the femur bone from the available literature.

Image-Based Finite Element Analysis

Medical imaging is a well-known technique to create an
image-based model to diagnose clinical issues. It is also
used to generate a 3D FE model and evaluate the biome-
chanical properties of bone. It includes 2D and 3D imag-
ing techniques such as X-ray, dual-energy X-ray absorp-
tiometry (DEXA), ultrasound (US), magnetic resonance
imaging (MRI), positron emission tomography (PET)
and computed tomography (CT) scan. Nowadays, the CT
scan imaging technique is most widely used by doctors
and researchers compared to other techniques. The phrase
“Computed Tomography (CT)” refers to a computer-
based X-ray imaging technique in which an X-ray beam
is transferred to a human/animal body to produce signals
through a computer to reconstruct 2D images or slices.
These slices are called tomography and enclosed with
more detailed information about the internal organs than
the conventional X-ray method. Image slices can either
be displayed as a single or stacked together by computer

software to generate a 3D image of patient organs. Further,
an image scan constructing into a virtual 3D model that
can be processed through required specialized software
such as Simpleware scanlP, 3D doctor, materialise mim-
ics and 3D Slicer. These softwares were used to estimate
the CT scan image-based biomechanical properties from
the 3D femur model [2, 13, 25, 52, 58, 59, 61]. Figure 2
shows the steps to create FE model from CT scan images.
In step 1, CT scan image data is imported into the scanIP
software, and then step 2 is used to analyse and segment
the CT image data for converting into a 3D geometrical
model. Next, step 3 replaced the geometrical model by
the generation of finite element meshes, and in step 4 the
mass density and elastic modulus can be evaluated based
on the greyscale of CT scan image. Finally, in step 5, the
FE model is imported in the suitable analysis software, and
the necessary boundary conditions are assigned to predict
the biomechanical properties. It will give a noninvasive
and accurate FE analysis of femur bone with multiple load-
ing conditions.

In addition, Table 3 shows some studies on image-
based finite element analysis to predict the biomechani-
cal properties of femur bones. It incorporates detailed
classification such as the loading configuration, image
techniques, FE material model, bone inclination, failure
criteria and finally, obtained different biomechanical prop-
erties. In this, the researchers have used the most common
technique, CT scan imaging, to generate the 3D model.
It included the bone inclination between 0° and 20° to
investigate fracture load and stress-strain characteristics.
Despite this, there is further scope to validate biomechani-
cal properties using the image-based finite element method
[88].

(@) (b) © (d) (e)

Fig. 2 Steps to create three-dimensional FE femur bone model from
CT scan image: a CT scan image b 3D model ¢ meshing d material
model e FE model
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Table 3 Image-based FEA for predicting biomechanical properties of femur bone

Loading config. Image technique FE model

Bone tilting angles Failure criteria Biomechani- Reference

cal proper-
ties
Stance QCT scan Heterogeneous 20° - FL Hambliet al. [13]
Stance CT scan Nonlinear isotropic 0° - FL Sas et al. [24]
Stance CT scan Linear, isotropic 8° PS o, €, FL Ota et al. [25]
Stance CT scan Isotropic, orthotropic, linear - VM, PS c Fonseca et al. [26]
elastic
Stance CT scan Isotropic, homogeneous, linear 15°,8°,20° PSt e Levadnyi et al. [27]
elastic
Stance - Isotropic, homogeneous, linear — PSt e, d Polgar et al. [28]
elastic
Stance CT scan Isotropic, homogeneous, linear 0° MSt e Aziz et al. [29]
elastic
Stance CT scan Isotropic 20° DE FL Keyak et al. [48]
Stance CT scan Anisotropic, orthotropic 20° - FP,FL, d Hambli et al. [49]
Stance CT scan Isotropic, orthotropic 20° - FP Bettameret al. [50]
Stance CT scan Isotropic, inhomogeneous 20° VM e, FL,d Bettamer et al. [51]
Stance, Fall MDCT scan Isotropic, inhomogeneous 7° PS, PSt o, € Liebl et al. [52]
Stance CT scan Isotropic, anisotropic 0°,15°,20° VM o, € Painkra et al. [53]
Stance CT scan Isotropic 0° VM,PS o,d Chethan et al. [54]
Stance CT scan Isotropic, orthotropic 0° PS [ Antonioet al. [55]
Stance CT scan Isotropic, orthotropic 12° VM o,d Peng et al. [56]
Stance, Fall Laser scan Linear, isotropic 0° MS o, FL Mughal et al. [63]
Stance CT scan Isotropic 0° VM o,d Kumar et al. [81, 82]
Stance Laser scan Orthotropic 0°,90° VM o,e,d Dey et al. [83]
Stance CT scan - - VM o Reddy et al. [84]
Stance MDCT scan Isotropic 0° VM o, € Mathukumar et al. [86]
Stance CT scan Inhomogeneous 3¢, 8°,24° PSt € Schileoet al. [87]

PSt—Principal strain, PS—principal stress, MSt—maximum strain, VM—Von-mises, DE—distortion energy, MS—maximum stress, FL—frac-

ture load, FP—fracture patterns

o = Stress, € = Strain, d = Displacement

Comparison of Experimental and Numerical Model
to Predict Biomechanical Properties

It is necessary to compare the biomechanical properties
obtained from FEM and the experimental method for stand-
ardization and validation. However, the accurate image-
based finite element model can be a noninvasive, fast and
cost-effective method. The review represents some collective
studies of the available literature that mainly provide the data
on the errors/deviations (%) to investigate the biomechanical
properties. Therefore, available studies have been included
in determining stresses and strains using FEM and experi-
mental methods to validate the femur bone. However, a sig-
nificant deviation was observed in the range of 7-46.24% in
stresses [53, 86, 89] and — 127 to 120% in strains [43, 76,
86, 90-93].

On the other hand, another biomechanical characteristic,
a fracture load, shows deviations in the range of 4.7-76.19%
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[25, 52, 58,59, 61, 77, 94]. This significant difference may
be occurred due to some challenges in experimental analysis,
such as mounting and acquiring the data from strain gauges,
the accuracy of displacement rate, bone inclination and frac-
ture load. In addition, a few challenges are observed in finite
element analysis, such as constructing a geometrical model,
generating the mesh, and assigning material properties and
boundary conditions according to the loading application.
Thus, there is a need to focus on increasing the accuracy to
obtain the biomechanical properties of femur bone.

Conclusions

This paper has described in detail about biomechanical
properties of the femur bone under various physiological
conditions. In addition, the functionality of the image-based
FE model and its biomedical relevance has been discussed.
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Besides, this study emphasizes that the noninvasive FE
analysis of biomechanical properties will be increasingly
used in designing and developing orthopaedic implants/fixa-
tions of the femur bone. However, the study compared and
observed significant errors/deviations in the experimental
and FE model. Moreover, this review study summarizes
the different biomechanical properties by considering vari-
ous loading conditions and FE model. It has also demon-
strated more insights into biomechanical issues related to
the fracture of femur bone. However, further investigations
are needed to establish a standard procedure for femur bone
testing and validation of the procedure to improve the accu-
racy of biomechanical properties. In the future, it is neces-
sary to give more emphasis to the image-based FEM than the
experimental method due to its flexibility. This review study
also suggests using various advanced computing facilities
like Simpleware ScanlP, 3D Doctor, Materialise Mimics and
3D Slicer use for creating effective and accurate 3D models
from medical image scan data required for finite element
analysis. In addition, researchers can incorporate other dif-
ferent anatomical conditions, such as bone inclinations and
displacement rates, under different loading configurations.
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