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ABSTRACT

Ankle arthroplasty and total ankle arthroplasty are two important treatments for
end-stage degenerative ball. Its results on the biomechanics of the medial foot are
not sufficient to determine which is better. This study compared the
biomechanical parameters of feet treated with ankle arthrodesis, feet treated
with total ankle arthroplasty, and healthy feet using statistical analysis. A
validated tripod finite element model was designed to simulate the stance phase
of gait. The results showed that total ankle arthroplasty provides more stable
plantar pressure distribution than ankle arthrodesis. Among all replacements,
the mean scaphoid joint had the highest contact pressure of 3.17 MPa. Surgery
does not result in deep subscalar fusion. In both surgical models, an increase was
achieved in the maximum metatarsals, especially in the second and third
metatarsals. This study allows us to look at the internal biomechanics of foot
defects and feet treated with total ankle arthroplasty and ankle arthrodesis
during walking.
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Introduction

nkle arthrodesis and total ankle

arthroplasty (TAA) are two important

methods in the treatment of end-stage

degenerative ankle arthritis. Although

effective for most patients, both
methods can cause many problems. Considered
the gold standard of treatment, Ankle
Arthrodesis removes joints that can cause
fractures, slips, nonunions, degeneration of
adjacent joints, and foot pain [1-3]. TAA is
recommended as an alternative because it
protects the joints, but problems such as
fractures, implants, and intercourse often occur.
The study on gait analyses, cadaveric
experiments physical examination, radiological
examination, and pain/function scores
compared the functional outcomes and
complications of the two surgical treatments [4].

Computational models of the human foot and
ankle were used to explore the biomechanics of
surgery. A three-dimensional finite element (FE)
model of the ankle joint was developed to
compare the stability and stress of different
models in bone and joint [5-7]. FE models of
bone were created to evaluate the
biomechanical position of the bone and
intramedullary screws and to analyze the
pressure on the bone and nail during ankle
surgery [8]. A specific TAA model has been
developed to understand systolic pressure and
implant kinematics, the relationship between
prosthetic materials, failure of polyethylene
materials, bone healing process after TAA,
implant pressure and bone-bone stress. These
studies  provided information on the
biomechanical effects of TAA and ankle sprains,
but were performed separately, making it
difficult to directly compare the two procedures.

Since the model is also created to directly
represent the operation area, it is not possible to
evaluate the unilateral effect of these operations
on the entire foot [9-11]. Models with a better
understanding of foot anatomy will be able to
simulate more complex behaviors. The aim of
this study was to compare the biomechanical
effects of TAA and ankle sprains on the foot
using a unique design that represents most of
the foot and ankle parts of the body [12].
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Negative foot, TAA foot, and ankle fusion foot
were used to simulate the stance phase of
walking and the biomechanical parameters were
compared with our model [13-15]. It has been
found that the spread of fat in the feet causes all
joints to change, and the joints that cause
changes during walking cause stress pressure on
the bones, chest distribution and deformation of
the feet [16].

Material and Methods

A FE model of the entire foot joint was created
by reconstructing 0.625 mm resolution and 2
mm aperture MR images of the right side of the
foot of a 164 cm tall, 54 kg woman. Subjects had
no history of lower extremity musculoskeletal
injury or pathology [17-19]. The geometry of 28
bones and several encapsulated tissues was
reproduced in MIMICS (Materialise, Leuven,
Belgium). As shown in Figure 1, bone and tissue
together form a complete heel. ABAQUS in a
finite element package (Dassault Systéms
Simulia Corp., [20] Providence, RI, USA). The
plantar fascia and ligaments are simulated using
only tension lines connecting the bony
attachment points. There are nine extrinsic
muscle groups: Achilles tendon and triceps calf,
tibialis anterior, tibialis posterior, peroneus
longus, peroneus brevis, flexor hallucis longus,
flexor digitorum longus, extensor hallucis longus
and extensor digitorum longus. Each muscle
group is formed by connecting the endpoints of
the bones using axial connectors that allow the
use of the muscles [21-23]. The joints of the
bones are fixed to the friction surface, and
asymmetric contact is used to represent the
cartilage of the joints. Two layers of slabs are
built and bonded together in one of the
foundations, the top layer represents the ground
stone and the bottom layer is placed on a rigid
body to allow better blocking of the reaction in
the ground [24-26]. The soil consists of concrete
with Young's modulus (E) and Poisson's ratio (v)
of 17000MPa and 0.1, respectively. bone (E 7300
MPa, v 0.3), ligament (E 260 MPa, cross-sectional
area 0.3 mm2) and plantar fascia (E 350 MPa,
cross-sectional area 58.6 mmz2) are considered
homogeneous, isotropic and linear elastic
materials [27], while most soft tissue structures
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are non- linear and hyperelastic. The
hyperelastic behavior is represented by a
quadratic polynomial strain energy expression.

The perfect model of TAA Fused Ankle Foot is
obtained by replacing the joints of the entire foot
model [28-30]. A three-stage total ankle
arthroplasty (STAR, Scandinavian Total Ankle
Arthroplasty) (Figure 1) was implanted in the
model to simulate the TAA foot. According to the
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surgical procedure, the prosthesis has a tibial
plate, a talar component, and a movable bed,
each in its place, to change the ankle model.
Moving bearings are placed between the tibial
and talar components to allow them to slide
while connecting to the cross section of the tibia
and talus, respectively [31-33]. The contact
material is configured so that there is no
"surface to surface" friction [34].

Softtissue
Mesh: 4-node linear
tetrahedron element
Hyperelastic

Tendon/Muscle

Ligaments
Mesh: 2-nodelinear
3-Dtruss element
E: 260MPa;
Cross-section area:
18.4mm"2

Plantar fascia
Mesh: 2-node linear
3-D truss element
E: 350MPa;
Cross-section area:
58.6mm*"2

Figure 1. Finite element model of the foot and ankle with total ankle arthroplasty, and parameters

of material properties and mesh

The dimensions of the tibial plate and talus
components are small (30)mm) x 30 mm) and
very small (28 mm) x (29mm), respectively. The
thickness of the movable bearing is 6 mm.
Young's modulus and Poisson's ratio of cobalt-
chromium-molybdenum alloy tibial plate and
talar prosthesis were set as 116000 MPa and
0.32, respectively. live load is set to 810MPa and
0.46 represents the properties of UHMWPE. All
three elements are subdivided into 4-node
linear tetrahedral elements [35].

Ankle Arthrodesis is a surgery that removes the
cartilage from the joint and turns the talus and
tibia into a single bone without affecting other
bones or soft tissues. This surgery can be
performed with various surgical techniques
(open or arthroscopic) and reconstructive
techniques (internal or external), all with the
aim of limiting the same joint. To represent the
mechanism, the interaction of the heel in the FE
model was changed from a frictionless "surface-
to-surface" connection to a "spin" connection; in
ankle arthrodesis, all other bone and soft tissues,

including mesh and medical equipment is the
same as the whole foot model [36-38].

Obtain the parameters and loading of the
experimental game by analyzing the gait of the
same subject using a full-footed phantom. Gait
analysis was performed in a 10 m walking
biomechanics laboratory equipped with eight
cameras (Vicon, Oxford Metrics, Oxford, UK) and
two platforms (AMTI, Advanced Mechanical
Technology, Inc, Watertown, Massachusetts,
USA) [39]. To collect kinetic and kinematic data,
16 reflex marks were placed on the subject's
buttocks, identifying seven segments: stomach,
two thighs, two stomachs, and two feet. High
resolution scanning (F-Scan, TekScan Inc,
Boston, MA, USA) was used to measure the
scattering of plants during model validation.
Each sensor is trimmed to fit the size of the foot
and two tapes are used to connect the two
sensors together on the foot [40].

Subjects were asked to walk at their own pace,
with a different speed for each foot. It took ten
attempts to walk. During this procedure, the
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trajectory, ground reaction force, and plantar
pressure of each foot are recorded. Calculate the
angle of the abdomen to the floor by plotting the
trajectory of the calf. Data from these 10 trials
were resampled and sample sizes were based on
the average ground response and calf-to-ground
angle of the 10 trials. Figure 2 shows the average
ground response force curve for 10 brisk
walking trials and three accelerations. The
vertical curve of the support line shows two
peaks and a valley, the first peak appears at
17.5% of the supportlevel, 48% of the valley and
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support. Joint research now speaks of ground
response and curve in our time. Three simulated
periods, the first peak period, the middle period,
and the second period. Muscle Fi was estimated
from muscle tissue section (PCSA) and
electromyography (EMG) data from transport,
that is, EMG lines of force close to 25 N/cm2)
muscles increase gi. EMG data from studies were
normalized to remove the effect of individual
differences. Use ground angle, ground reaction,
and triple muscle gain as constraints and loads
for the model [41].
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Figure 2 Foot positions, plantar pressure distribution, and curves of ground reaction forces during

the stance phase

Bad foundation models are validated by
comparing finite element estimates and
experimental measurements. One comparison is
the liver implant between the estimated FE in
the walking test and the F-Scan measurement,
and the other comparison is the comparison
between the estimated FE in the cadaver test.

Results

Assess the biomechanical properties of the foot
and ankle during walking using a properly
designed phantom. Biomechanical parameters
such as bad foot, plantar pressure between TAA
foot and ankle, deep joint, deep strength,

metatarsal stress, wing and step change were
compared. in the province. Plantar pressure
distributions were compared between FE
estimates and F-scan measurements for the
three conditions, including equilibrium, first
peak, and second peak time. In balance, the mean
stresses in the forefoot and hindfoot for FE
estimation are 0.051>MPa and 0.168>MPa and
0.058>MPa and 0, respectively. 157 MPa in
experimental tests. At the rear leg of the first top
element these values are 0.3 MPa and 0.307 MPa
in FE  estimation and  experimental
measurement, respectively [42]. At the second
peak, the mean plantar pressure in the forefoot
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is 0. FE estimates and experimental values are
227 MPa and 0.223 MPa, respectively. To
compare the scaphoid articulation in the FE
model with that measured in the cadaver
experiment, the FE model and the cadaver foot
were subjected to the same area and load. The
mean pressure was estimated to be 0.25 MPa by
the finite element method and 0 by physical
measurement [43].

The triple plantar pressure blade of the tripod
model is shown in Figure 3. In the negative
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sample the maximum pressure is 0.332MPa,
0.683MPa and 0 respectively. For the TAA foot
sample, the pressure of the first peak of the
middle and second peaks is 683 MPa and 0,
respectively. 930MPa is 9%, 14% and 36%
higher than all samples. It should be noted that
there is a greater difference in maximum plantar
pressure in the ankle fusion foot than in the TAA
foot. The height of the TAA foot is not different
from the bad foot, and the heel fusion is three
degrees ahead, similar to the bad foot, by 15mm,
16mm and 5mm.

Ankle Arthrodesis

S, Mises (MPa)

Figure 3. CPPD and the location of COP among the IFMTAA model, and AAT model

During the first peak flow, the contact between
the subtalar joint (1), the calcaneocuboid joint
(3), and the fourth tarsal metatarsal joint (10) is
reduced relative to the working biped model.
Compared with the TAA and normal foot model,
there was a decrease in contact points of 10 of
11 normal joints, and a 21.7% increase in only
the 5th tarsal metatarsal joint. Compared with
the ankle joint of the whole foot model, there
was good contact in 8 of the 11 joints, including
the first talonavvicular joint (2), medial
navicular (4), medial navicular (5), lateral
navicular bone. (6). Tarsus metatarsal (7),

second tarsus metatarsal (8), third tarsus
metatarsal (9), fifth tarsus metatars (11), 50.
5%, 31. 1%, 41.6%, 80.3%, 21.9%, 49.7%, 62%.
8% and 13.8%, respectively. At the onset of the
peak, the maximum contact of all structures
takes place on the pair of talonavvicula, which is
1.

The contact of the working feet between the
subtalar (1), the calcaneocuboid (3) and the fifth
tarsal metatarsal joint (11) decreases in the mid-
term compared to the standard foot. Compared
with the TAA and normal foot model, 8 outof 11
joints decreased first contact except the
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navicular side (6), the third tarsal metatarsal
increased 44.3%, and early contact decreased
15.1% and 6.3% (9) (9) fourth metatarsals (10).
Compared with joint arthrodesis and full foot
models, talar navicular (2), medial navicular (4),
medial navicular (5), lateral navicular (6), 1st
tarsal metatarsal (7), second tarsal metatarsal
(8), and third tarsal metatarsal (9) increased
39.6%, 23.9%, 41.8%, 64%. 7% and 24%,
respectively. 4%, 309% and 51.4%,
respectively. In mid stance, the greatest contact
of all structures occurs on the No. 1 talar
navicular muscle. 59 MPa in the fused ankle
model.

During the second peak flow, the contact
between the subtalar joint (1) of the working
feet and the fifth tarsal metatarsal joint (11)
decreases compared to the standard foot. The
subtalar joint (1), the navicular joint (5), and the
fifth tarsal metatarsal joint (11) had less contact
than the TAA whole foot model. Tarsal navicular
(2), ankle navicular (3), medial cuneiform (4),
lateral cuneiform (6), first tarsal metatarsal (7),
second tarsal metatarsal (8), third tarsal
metatarsal (9), fourth tarsal metatarsal bones
(10), 20.5%, 4.1%, 67.4%, 3.6%, 44.0%, 15.6%,
14.7% and 37%. Compared with arthrodesis of
the 5% Whole foot model, the former showed
the talar navicular bone (2), medial muscle (4),
medial muscle (5), medial muscle (6), navicular
bone 1 tarsal metatarsal (7), respectively. ), 2nd
tarsal metatarsal bone (8), 3rd tarsal metatarsal
bone (9), 4th tarsal metatarsal bone (10), 6.8%,
3.9%, 7.3%, 11. 6%, 11.6%, 9.7%, 2.0% and 63%,
respectively. 1% respectively. In the second
period of the current period, the maximum
contact of each sample occurs at the joint (4) of
the TAA sample foot, which is 3.17 > MPa.

In our time, a comparison of the distribution of
body weight was made in our example. Force is
transmitted from the back to the midfoot via the
ankle and ankle. Power is 0.34.0. Body weight
was changed 33-fold and 0.58-fold by the
tanarroroid joint in the abnormal foot model,
TAA model, and ankle model. Also, strengths are
0.09, 0.08 and 0.In our model, 06 times the body
weight is spread on the wrist. Power is
transferred from the midfoot to the forefoot via
the five tarsal metatarsal joints. Middle to
outward, the first to third metatarsals are the
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midway, and the fourth to fifth metatarsals are
the way. The average value is 0.23, 0.19 and 0,
respectively. Our standard is 34 times body
weight, then changed to 0.11, 0.11 and 0.07
times body weight.

The weight of the tanarovoid joint from the
hindfoot to the midfoot was 0.48, 0.53 and 0.76
body weight, respectively, and the weight of the
calcaneocuboid joint was 0.12.0. In our example,
thisis 11 and 0.10 times the weight, respectively.
The mean fat distribution in the midfoot and
forefoot joints is 0.34.0.32i0, do it. Three
samples were 46 times body weight, 0.19, 0.17,
0.16 times body weight. In our model, between
the ankle and midfoot, the tanarovoid joints
carry 0.95,1.15, and 1.07 times the body weight,
respectively, and the calcaneocuboid joints carry
0.15.0 times the body weight. 15 and 0.14 times
the body weight load, respectively. The
distribution between the middle and lower
joints is 0.69, 0.77 and 0, respectively. At the first
peak, the maximum stress was 21.1 MPa, 20.4
MPa, and 21.1 MPa for the foot model, TAA
model, and ankle fusion model, respectively. The
TAA model has up to 3 more legs than the
standard model. 32% reduction with little
change in joints. The average maximum
pressure of the tripod sample is 25.5 MPa, 30.6
MPa and 31.4 MPa, respectively. Compared to
the whole foot model, the maximum is 20%
higher for the TAA model and 23.1% higher for
the ankle model. The maximum in the second
period is 42.1 > MPa, 55.3 > MPa and 51
respectively. Compared with the change of the
angle of the TAA foot, the ankle fusion foot, and
the negative forefoot between the first peak and
the mid-period, the change of the second peak is
different in three ways. The feet of all three
models are in the same position with a 30°
deviation from the vertical. The angle between
ground and axis along the first ray (medial
cuneiform, first metatarsal, and first phalanx) is
28° in the foot model, 35° in the TAA model, and
44° in the ankle fusion model.

Discussion
The ankle complex, a multifunctional
biomechanical structure, provides support,

thrust and alignment to the body. Surgery
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changes the components of the complex, which
causes deviations in the kinematics and
dynamics of the medial foot and plantar loads. In
this study, the biomechanical results of the
whole joint and joint were examined and
compared in terms of joint stiffness, body
pressure, bone tension and orientation.

Plantar pressure is an important measure of
clinical outcome and is used to improve
understanding of foot function and the
effectiveness of medical and surgical treatment
for the foot. Estimates based on the results of
this study support previous findings that TAA
does not increase or change height, while the
heel rises and pushes height forward. In the
middle of the first peak, the TAA foot makes the
heel the same as the bad foot, while the entire
heel and ankle fusion foot should be replaced
starting from the forefoot, adding to the ankle
dorsiflexion and tibial orientation during
walking. front. As seen in this study, this
equation positions the heel at half the height of
the other foot. herefore, the pressure peakin the
ankle fusion foot occurs at the first metatarsal
head of the forefoot rather than the heel region
as in the well and TAA foot. Increased plantar
pressure can cause discomfort during strenuous
activity and increase the risk of back pain. Most
patients adapt to the changes and minimize
adverse effects through physical therapy,
walking speed, and cadence.

While the correlation coefficient of the TAA foot
is close to the negative foot in the first peak and
mid-period, it changes rapidly in the second
peak. Ankle arthrodesis causes greater impact in
the first half of the stance phase, while providing
stable biomechanics in the second half. In the
first peak and middle period, the connection
between the ankle joint and the scaphoid joint is
weak and TAA is higher than the foot. A higher
prevalence indicates a higher risk of changes in
the joint after resection. The arthropathy
observed after the ankle as well as the talar
navicular, cuneiform and tarsal metatarsals in
this study was consistent with the prediction of
this study. The fact that neither TAA nor ankle
sprains are associated with an increase in
subtalar arthropathy supports the hypothesis
that subtalar arthropathy is the most common
cause of degeneration after ankle arthrodesis.
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The range of motion of the ankle is smaller in
TAA and ankle sprains than in the foot, and it is
minimal in arthrodesis in ankle sprains. This is
because a three-layer ankle prosthesis protects
part of the ankle, while total ankle arthrodesis
restricts the ankle. This finding is consistent
with kinematic studies of TAA and ankle
immobilized feet. In both foot surgery models,
the forefoot range of motion is greater than the
bad foot, and the most common side effects are
seen in the ankle. As predicted in this study,
during joint arthrodesis, the ankle first bends
the tibia, causing further deformation of the
forefoot. This will represent payment for
cooperation. The current configuration of our
joints theoretically allows some degree of
dorsiflexion and plantarflexion in the sagittal
plane, but completely limits valgus/varus
movement in the frontal plane. But the tilted axis
of the ankle indicates movement in three planes.
Gait development depends on the coordination
of the joints in the body, especially the feet and
ankles. Each room is tailored to the job situation
to protect feet and ankles at work. Limited range
of motion in the sagittal plane may be the result
of valgus/varus restriction. The results expected
to predict how foot biomechanics, particularly
the inside of the foot, are differently affected by
total ankle and ankle fusion surgery, are beyond
the limitations of the method. your foot. .in a real
Down state. to work. First, the computational
model is based on simplicity and logic. In the FE

model, the bone, cortical and trabecular
components are reconstructed without
separation and are characterized by
homogeneous, isotropic and linear elastic

properties. Second, the limitations and load
applied to the ankle sprain and TAA foot are
similar to the non-sensitive foot. For
comparison, patients should return to normal
after surgery, although some patients may
adjust to their comfort. Further research should
include ankle motion analysis and TAA patients
to improve outcomes. Third, the force and
spread from direct bone contact, which can be
improved using new visible material from the
subperiosteal region.

When character is represented using bone to
bone, the shape of the cartilage can be improved
using cartilage. In order to examine the true
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biomechanics of the inner foot in future studies,
the computational model will be modified to
include changes in subperiosteal and cartilage
structures and bone structure. Improvements in
the finite element model will continue in the
field. The method and validity of the model were
increased by using the contact area and
deformation in the cartilage. In addition, this
model was created by a woman in an effort to
represent the working behavior of the foot, so
individual differences were not taken into
account. For example, differences in foot weight,
weight, or gaitlead to changes in some outcomes
of foot biomechanics. In further research,
simulations will be performed to simulate
continuous data in triplicate, and the data will be
validated by comparison with non-three time
steps.

Conclusion

Neither TAA nor ankle arthrodesis fully protect
the trunk of the ankle, thus causing a deflection
of the ankle, which is compensated by a change
in the forefoot. The work of this segment is
related to communication and bone connection.
Comparing these parameters with normal foot
models and TAA ankle arthrodesis results in
better definition of hip and ankle joints in the
sagittal plane than ankle arthrodesis. The
greatest and greatest contact pressure
difference occurs at the medial navicular joint of
the TAA foot. The procedure does not add stress
to the subtalar joint.
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