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Abstract

Background: There is an inadequacy of conventional means to assess the surgical outcomes of a bunion surgery. We
used the Finite Element Analysis for evaluating the typical Mitchell’s procedure outcomes with or without bio-absorbable
pins. Methods: We developed a 3D FE model based on the CT images of a female volunteer with hallux valgus. A typical
procedure was simulated on the foot model and two pins were virtually inserted for enhancing the fixation. We validated
our model by comparing the predicted pressure results with the plantar pressure measured by a specific platform. Results:
The comparison of the plantar pressure distribution revealed similar patterns. A greater displacement was observed on
the medial side of the osteotomy, but it was decreased after using pins. The maximum average pressure under the 1
metatarsal head was decreased after the osteotomy. The respective pressure under the 3™ and 5" metatarsal head was
decreased more after using pins, while, under the 2™ and 4" metatarsal head, an increase was developed. Conclusion: The
use of pins had no significant influence on the healing process but gave additional stability inside the osteotomy and could
be used in cases where enhancement is needed. The surgeon should be familiar with the expected stress rising to the other

metatarsal, considering the concomitant pathology or the additional interventions that should be performed.
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Introduction

The hallux valgus deformity is a common condition that
affects individuals of all ages. This condition can lead to
painful motion and difficulty wearing footwear. The treatment
of hallux valgus has been a topic often studied in the last
century, at least. The term hallux valgus defines a subluxation
of the first metatarsophalangeal (MTP) joint characterised by
lateral deviation and/or rotation of the great toe, and medial
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deviation of the first metatarsal, which is combined with a
prominence, with or without medial soft-tissue enlargement
of the first metatarsal head'2. It is not a single, but rather a
complex first ray deformity, whichis associated with abnormal
foot mechanics and is often accompanied by deformities and
symptoms in lesser toes®#.

More than 150 different surgical techniques have been
described and introduced for this deformity’s treatment.
Although it is considered an entity best treated surgically
by orthopaedic surgeons, many times patients prefer
using orthotic devices and modified footwear due to fear of
surgical complications, deformity relapse, long rehabilitation
periods and low patient satisfaction rates monitored with
all the surgical techniques’, which results in several specific
cases®>8, Surgeons widely believe in the inadequacy of
conventional means of assessment of surgical outcomes in
the case of bunion surgery®'°,

Reverdin first described the correction of this deformity
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by means of a distal osteotomy of the first metatarsal in
1881'"". However, it was Mitchell who popularised the bi-
planar metaphyseal osteotomy'?'3, The double step-cut
osteotomy through the first metatarsal’s neck, is known as
the Mitchell’s procedure. It was described by Hawkins et al. in
1945 and since then, many changes and modifications have
been proposed'4. Between these procedures, the use of bio-
absorbable materials has been studied and published's2°.

Therefore, it is mandatory for a technique that assesses
the load distribution post-surgery for bunion in a foot to
understand the change in the foot’s loading surfaces after
surgery. Recently, a widely-used method that assesses the
changes in weight bearing after bunion surgery is the finite
elements (FE) analysis?'2°. We used this method to assess
the outcomes of bunion surgery with the technique alone or
augmented using one and two bio-absorbable pins for the
osteotomy stabilisation.

The FE analysis can measure each component’s load
distribution and displacement and the internal stresses and
strains2é. Furthermore, this method can analyse the three-
dimensional (3D) motion of the bone and the soft tissue
deformation under specific conditions?’. Several 3D FE foot
models have been developed to study the biomechanical
effects of various normal and pathological conditions?8.

Our study’s objective was to assess the use of bio-
absorbable pins for augmenting the Mitchell’s procedure.
We evaluated the biomechanical parameters, such as
stress, strain and displacement that were developed in the
osteotomy site. We also tested whether there is accordance
between the biomechanical data and the clinical outcome, as
published in the literature. Eventually, this study’s purpose
was to assess the optimal treatment strateqy for the surgical
management of hallux valgus.

Methods

Finite element model development

A 3D finite element model of the foot was developed by
volumetric reconstruction of coronal computed tomography
(CT) images obtained from the left foot of a healthy female
volunteer (age 30, weight 60 kg, height 168 c¢cm). The CT
scan properties had a 0.45-mm resolution and 0.75-mm
slice spacing. The dataset was imported into MIMICS version
10 medical image processing software (Materialise, Leuven,
Belgium) to segment the CT images and obtain the boundaries
of the skeleton and the skin. The mesh-processor of the
program MIMICS is used for the discretization, providing
local treatment to the high curvature and the sharp sub-
domains of the bony and soft tissue structures of the model,
thus minimizing the need of adaptive refinement of the mesh.
FE analysis software ANSYS version 12.0 pre-processing
tool (ANSYS, Inc., Canonsburg, PA) was used to process the
meshed boundary surfaces and solid parts for each bone in
the foot, ankle and the entire external surface were formed.

Twenty-eight bony segments were modelled: talus, cuboid,
calcaneus, navicular, 3 cuneiforms, 5 metatarsals, the 14
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components of the phalanges, as well as the distal parts of
tibia and fibula?®. Sesamoids were considered fused with
the first metatarsal, making an enlarged first metatarsal
head. The surface-to-surface contact capability was used
to simulate the frictionless contact relationship between
articular surfaces. Moreover, fifty-three plantar and dorsal
ligaments, along with plantar fascia, were designed by
connecting the corresponding attachment points on the
bones?®. The origin and insertion sites of all ligaments were
based on their anatomical location according to an anatomy
atlas?®. All bony and ligamentous structures were embedded
in @ homogenous soft tissue mass that defined the foot’s
external surface. Furthermore, a horizontal plate was used to
simulate ground support, while a frictional contact interaction
was established between the plantar surface of the foot and
the ground. The coefficient of friction was equal to 0.63°.

Link tension-only elements were used to simulate the
tensile load bearing ligaments. Based on each ligament’s
individual shape and size, one or multiple link elements were
used for the simulation. Five tension-only link elements
were used to simulate the plantar fascia. A total of 210,000
ten-node tetrahedral solid elements were considered for the
discretisation of bones, cartilages and soft tissue (Figure 1).
A mesh sensitivity analysis was performed to ensure the
results’ independency from the mesh density and that no
further mesh refinement was necessary.

Regarding material properties, apart from the
encapsulated soft tissue, all parts were defined as
homogeneous, isotropic and linearly elastic. The selection
of the Young’s modulus and the Poisson’s ratio, of the
normal bony structures, was made by weighing cortical
and trabecular elasticity values (Young modulus 7300
MPa, Poisson ratio 0.3)%'. Literature mechanical properties
of cartilage (Young modulus 1 MPa, Poisson ratio 0.4)%2,
ligament (Young modulus 260 MPa, Cross-section 18.4
mm?)3* and plantar fascia (Young modulus 350 MPa, Cross-
section 290.7 mm?)*4 were also considered*. The ground
support was attributed a Young Modulus of 72000 MPa
and a Poisson ratio of 0.33. With respect to the soft tissue
properties, its nonlinear material behaviour was modelled
using an isotropic, nearly incompressible, hyper-elastic
polynomial formulation as follows:

2 2
u=‘Z1 c, (0, -3y d,- 3y’+2%u€1 - 1)
= = i

In this formulation, U is the strain energy potential, C,-,-
and D, are parameters of the material, /, and /, are the first
and second deviatoric strain invariants and J_ is the elastic
volume ratio. A nonlinear function, obtained from in vivo
ultrasonic measurements of the heel, described the stress-
strain dependence of the plantar soft-tissue and values for
coefficients C; and D, were taken from3s,

Operation simulation

A typical Mitchell's osteotomy was simulated on the
foot model with a distal smaller and a proximal osteotomy
of the entire metatarsal width (Figure 2). To consider the
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Figure 1. Finite element model consisted of the foot including bones, cartilages, ligaments, and soft tissue. (a) En-face view (b)
Profile view.
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A B

Figure 2. Finite element model of 15t metatarsal bone (a) before and (b) after the simulation of a typical Mitchell’s osteotomy.
N )

healing process, and not only the initial and final condition, third stage was the stiff mature bone formation. The time
three different stages were studied, assigning different between the surgery and each one of these stages has not
mechanical properties to the corresponding elements within been considered because temporal evolution investigation
the osteotomy?® (Table 1). The first stage represented the was not the current study’s objective. Two holes, one in the
initial connective tissue formation, the second stage was distal and the other in the proximal fragment, were drilled
the soft callus formation of immature (woven) bone and the and suture properties were given at the respective elements
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Table 1. Mechanical properties attributed to the material within the site of the osteotomy for different stages of healing process.

Initiative Connective Immature bone

Mature bone

tissue (Soft callus) (Stiff callus) Normal bone
Young’s modulus [MPal 2 1000 6000 7300
Poisson’s ratio (v) 0,167 0,3 0,3 0,3

4 I
Figure 3. Two holes, one in the distal and the other in the proximal fragment, were drilled and suture properties were given at the
respective elements to simulate the fixation method of the step-cut osteotomy.
N _J
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Figure 4. 3D free-body diagram depicting the boundary and loading conditions of the FE model.
N\
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Figure 5. (a) Finite element predicted plantar pressure distribution (MPa), and (b) plantar pressure distribution (MPa) measured with EPS

Platform, both for standing in the weight-bearing upright position.
N

J

to simulate the fixation method of the step-cut osteotomy
(Figure 3). The suture was considered as a biodegradable
polymeric biomaterial (Polyglactin 910, glycolide per
lactide=9/1) with a Young’s modulus of 8.6 GPa*¢ and cross-
section 0.196 mm?. Link tension-only element was used to
simulate the tensile load bearing suture. Tension changes to
the external and of the internal elements were addressed to
simulate the soft tissue release during the procedure and the
capsuloraphy at the end of the procedure with criterion of the
hallux valgus correction. Two pins, that were modeled with
their real geometry, were virtually inserted for enhancing
the osteotomy fixation. This study used OTPSTM pins with a
stiffness of 44 N/mm, length of 20 mm and radius of 1 mm.

Loading conditions

The constraints effects from proximal tissues were
simulated by fixing the model’'s proximal portion. Normal
weight bearing and normal gait were evaluated. The applied
force vectors to the foot were: the ground reaction force that
corresponds to half the body weight (300 N) and the Achilles
tendon reaction. The net ground force vector during normal
weight bearing was applied perpendicularly to the ground.
Ground reaction force was applied to the supporting plate’s
underside at the centre of the applied pressure on the plantar
surface of the foot. The applied pressure was determined
from foot pressure analysis measurements. Furthermore,
the ground force application point was constrained to allow
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movement only vertically.

A force of 150 N was applied, based on the assumption
that the Achilles tendon force is approximately 50% of the
applied force to the foot during balanced standing®”. This
force is defined by 5 equivalent force vectors, and is applied
at the posterior extreme of the calcaneus®®. A 3D free-body
diagram illustrates the loading and boundary conditions
(Figure 4).

Four 3D finite element models were created in ANSYS,
one concerning the pre-operative foot and three concerning
an operated foot with a Mitchell’'s osteotomy of the first
metatarsal bone. The 3 models differed in the number of
bio-absorbable pins used for augmenting the typical surgical
procedure (O, 1 and 2 respectively). A parametric analysis,
comparing the 4 different models developed, was carried
out in ANSYS to determine the different surgical operations
effects (only with suture, with suture and 1 pin and with
suture and 2 pins). The effects of the different stabilisation
of the same surgical procedure on the first and other
metatarsals’ ligaments and the effects of using pins on the
bones and the developed strains were evaluated. The average
displacements within the osteotomy were also examined.

The average peak principal strain of the osteotomy site
was recorded, excluding the region of holes due to the pins.
The clinical significance of the peak principal strain that is
developed during the healing process has been described
by Frost*°. According to his studies, bone remodelling is
promoted when the developed strain fluctuates between 50
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Table 2. Model Validation. Site-to-site comparison in 6 regions of interest between the measured plantar pressure distribution with the EPS

Platform and the FE-computed plantar pressure distribution.

Measured (A) Plantar Pressure

Region Of Interest

P ) [P L Difference ([B-Al/B X 100%)

Distribution (Mpa)

Pressure Distribution (Mpa)

First metatarsal head 0.136 0.143 49%

Second metatarsal head 0.055 0.058 5,2%

Third metatarsal head 0.039 0.042 71%

Fourth metatarsal head 0.038 0.042 9,5%

Fifth metatarsal head 0.026 0.028 7.1%

Calcaneus 0.112 0.120 6,7%
and 3000 mstrain. Strain values outside this zone do not Peak principal strain

promote fracture healing.

Foot plantar pressure measurement

Our model’s accuracy was secured by comparing the FE-
predicted pressure distribution on the plantar surface of the
foot to the corresponding distribution from the EPS Platform
(LorAn Engineering, Bologna, Italy) (Figure 5). A foot
pressure analysis was conducted on the same healthy female
volunteer. The volunteer stood upright and barefoot on the
platform, and the pressure between the ground and the
plantar surface of the foot was measured. Specific software
(Footchecker version 4.0; LorAn Engineering) recorded the
plantar pressure distribution, peak plantar pressure and
centre of pressure. Six clinically significant regions of interest
on the plantar surface of the foot were selected to compare
the FE-model computed and the foot-scanning measured
results. These are the 5 metatarsal heads (#1 to #5) and
calcaneal tuberosity (#6).

Results
Validity of the FE model

The measured plantar pressure distribution using the
EPS Platform, with the volunteer standing upright in weight
bearing, compared to the FE-model predicted distribution
revealed similar patterns (Figure 5). The maximum plantar
pressure was recorded under the 1t metatarsal head,
whether it was predicted by the FE model (0.143 MPa)
or measured by the foot scan analysis (0.136 MPa). In the
calcaneal region, the maximum plantar pressure, measured
by the plantar scan, was 0.112 MPa and 0.120 MPa predicted
by the FE model. A detailed comparison of the regions of
interest (Table 2) revealed that the maximum deviation
(9.5%) between the FE-computed values and experimental
data was located under the fourth metatarsal head. The
best match (difference: 4.9%) was displayed on the plantar
surface of the first metatarsal head. The numerical predicted
that plantar pressure was higher in all 6 selected regions
of interest, at an average difference of 6.8%, compared to
measurements.
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During the initial healing stage, when connective tissue
had been interposed within the osteotomy, the peak principal
strain was 5100 mstrain, decreasing at 380 mstrain when
a soft callus had been formed (second healing stage). The
value of the strain was further decreased to 150 mstrain at
the third healing phase of mature bone formation. When one
pin was added, the peak principal strain was 4900 mstrain,
240 mstrain, and 140 mstrain, respectively. When two pins
were inserted, the respective values were 4000 mstrain,
230 mstrain, and 140 mstrain, respectively (Figure 6).

Stability of the osteotomy

The stability of the osteotomy was examined by the distal
displacementinrelationtothe proximalpart. Twoneighboured
nodes of the plantar, dorsal and medial side were selected
and the displacement between them was predicted for each
one of the 3 post-operative models (Figure 7). The results are
depicted in Table 3. The greater displacement was observed
on the medial side in all the 3 models, but it was decreased by
7.5% when using one pin and by 14% when using two. On the
dorsal side of the osteotomy the displacement was decreased
by 5% when using one pin and by 33% when using two, while
the displacement on the plantar side was not influenced by
using pins. Due to the pattern of the osteotomy (step cut), we
didn’t consider the displacement on the lateral side.

Average max stress on the plantar side of the metatarsal
heads

The average maximum load on the plantar side of every
metatarsal head is depicted in Table 4. For calculating the
average maximum value, the ten maximum values of every
metatarsal head elements were used. The maximum average
pressure under the 1t metatarsal head was decreased after
the osteotomy with minimum changes, either with the use of
pins or not. The respective pressure under the 3™ and the
5% metatarsal head was decreased after the procedure and
decreased further after using pins. Under the 2" metatarsal
head, a significant increase was developed after performing
Mitchell’s osteotomy. Finally, the pressure under the 4%
metatarsal head was increased after the osteotomy and
stayed at the same levels after using pins.
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Table 3. The displacement within osteotomy measured as the distance of two neighboured nodes during weight bearing postoperatively.

Region of Interest Post-Operative Displacement Within Osteotomy (um)
15t Model 2" Model 3r"Model
Standard Mitchell’s Osteotomy | Standard Mitchell’s Osteotomy | Standard Mitchell’'s Osteotomy
(Stabilization With Suture) Augmented By 1 Pin Augmented By 2 Pins
Dorsal side of the osteotomy 0.64 0.61 0.43
Plantar side of the osteotomy 0.50 0.50 0.50
Medial side of the osteotomy 0.80 0.74 0.69
4 I

Stiff Callus B Two pins used
= One pin used
= No pin used
Soft Callus
Conective tissue 4900
R
||1l 5100
=i}
|
0 1000 2000 3000 4000 5000 6000

Peak Principal strain (mstrain)

Figure 6. Average peak principal strain within the osteotomy site (excluding the region of holes due to the pins) during the healing
process for 3 different models (only with suture, with suture and 1 pin, and with suture and 2 pins). The highlighted area depicts the bone
remodelling threshold*°.

N\ J

Figure 7. The stability of the osteotomy was examined by the distal displacement in relation to the proximal part. Two neighboured nodes
of the dorsal (A) of the plantar (B) and of the lateral (C) side were selected and the displacement between them was predicted for each
one of the 3 post-operative models.

N\ J
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Table 4. The average maximum load on the plantar side of every metatarsal head. For calculating the average maximum value, the ten
maximum values of every metatarsal head elements were used. Model 1: Foot with HV. Model 2: Correction of HV with Mitchel osteotomy,
stabilized with Nylon suture. Model 3: Correction of HV with Mitchel osteotomy, stabilized with Nylon suture and with one bio-absorbable pin.
Model 4: Correction of HV with Mitchel osteotomy, stabilized with Nylon suture and with two bio-absorbable pins.

Region O 0 »
Model 1 Model 2 Model 3 Model 4
First metatarsal head 15.6 15.0 15.3 15.4
Second metatarsal head 8.5 1.1 11.1 11.5
Third metatarsal head 8.8 7.2 6.9 6.8
Fourth metatarsal head 6.0 6.2 6.2 6.1
Fifth metatarsal head 9.6 9.1 8.7 8.6

Table 5. Von Misses stresses developed on the soft tissues which are inserted on the 15t metatarsal bone.

Developed stress (A)

PO G () Difference (B-A)/B x 100%

preoperatively (MPa)

postoperatively (MPa)

Dorsal 15t metatarsal ligament 16.5 16.8 2%
Dorsal ligament with o
2"metatarsal bone 16 > 68%
Dedep transverse ligament with 06 22 73%
2" metatarsal bone

Metatarsophalangeal joint 18 4.2 57%
capsule

Adductor hallucis muscle 1.7 1.7 -
Plantar aponeurosis 0.7 0.7 -

Stress on the soft tissues inserted on the 15t metatarsal bone

The average von Mises stress developed pre-operatively
on the foot suffering from HV and post-operatively, after
the correction with Mitchell’s osteotomy, stabilised with a
Nylon suture is depicted in Table 5. The dorsal 15 metatarsal
ligament developed the maximum stress with 16.5 MPa,
which was increased by 2% post-operation. The stress on the
dorsal ligament with the 2" metatarsal bone was increased
by 68% (from 1.6 to 5 MPa) after the operation and on the
deep transverse ligament with the 2" metatarsal bone by
73% (from 0.6 to 2.2 MPa). The joint capsule developed
57% more stress post-operatively (from 1.8 to 4.2 MPa),
while the adductor hallucis muscle and the plantar fascia
developed the same stress pre- and post-operatively.

Discussion

Since the 1980s, bio-absorbable materials have been
increasingly used in orthopaedic surgery, mainly for
fracture management as fixation devices, with satisfactory
outcomes“°, Moreover, their use can be expanded for fixation
after osteotomies without allowing full weight bearing during
the early post-operative period*. One main advantage of
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such devices is that their removal doesn’t require a second
procedure®?, The main reported disadvantage is the possible
early host immune reaction, which leads to the destruction
and aseptic inflammation of the surgical site“>. However,
the use of bio-absorbable materials is not connected with
bacterial infection and are generally considered safe“4.

Using bio-absorbable pins for a hallux valgus surgery
relates to a rational fixation for greater osteotomy stability
compared to that of a suture-only stabilised osteotomy.
Nevertheless, their use has not been established as the
gold standard until now. Additionally, the rigid fixation has
raised questions concerning the way they may affect the
15t metatarsal bone’s ligaments and the stress, which is
transferred on the neighbouring bones, as far as anatomic
and weight-bearing conditions are concerned'®.

Using a finite element analysis is considered as a sound
method and has been used for evaluating a body part’s 3D
model to explore the deviation from a normal anatomy and
stress model in the components attached. Therefore, its use
is justified to investigate the stress applied and to compare
models for deviations from a normal condition. Additionally,
it is a powerful and sensitive tool, which can be used to
compare surgery outcomes for anatomy alterations and
stress application in various bone and ligament sites'>2745,
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This study’s first outcome is that additionally using pins
has no any significant positive or negative influence on the
healing process. Moreover, additionally using pins (one or two)
does not change the need for an initial small period of non,
or partial weight bearing using special footwear. Calculating
this period would be very interesting, but our model is not
capable of this. However, using additional pins may increase
the fixation’s stability, thereby decreasing the displacement
measured inside the osteotomy. Clinically applying this
information could be useful in cases where the surgeon is
doubtful or not satisfied enough concerning the stability of
the procedure. This is an option that intra-operatively can
give him the chance to enhance the stability of the osteotomy
by augmenting the suture fixation with one or two pins.

In our study, we also observe that in the case of the
osteotomised 15 metatarsal bone with the Mitchell’s modified
technique, maximum stresses in the 3™ and 5™ metatarsal
bones are decreased compared to normal. Considering that
the ligaments are the main transport mean of the stress
to the 2" and other metatarsals, greater stresses are
developed due to ligaments strain and these differences
are compensated in the other metatarsal bones and joints.
Thus, it is obvious that a change in anatomy and stresses
compresses or decompresses the other metatarsals.
Moreover, in the case of the model with hallux valgus,
maximum stress is applied on the 5™ metatarsal bone
(excluding the 1t metatarsal), whereas in the osteotomised
model, maximum stress is applied on the 2" metatarsal bone
(excluding the 1t metatarsal).

Thus, depending the concomitant pathologies, the surgeon
can use or avoid the additional pins for adjusting the pressure
under the metatarsal heads. This can significantly improve
the outcome and immediate post-operative weight-bearing
stage of the foot, as far as correcting hammer toe, claw
toe or bunionette deformities are concerned. For example,
transferring maximum stress on the 2" metatarsal can help
in case of a simultaneously-performed osteotomy of the 3™
metatarsal to correct deformities in those bones (e.g. with
Helal or Weil osteotomies). In such cases, which are relatively
common, using pins and subsequently transferring the load is
usefulinthe weight bearing protection of the 3™ osteotomised
metatarsal. Moreover, such a decompression rationale can be
quite useful in cases where tenotomies are performed on the
extensor tendons to correct mild deformities of the 3™ toe. In
the case of the 5" metatarsal, additional decompression can
reduce the stress in the case of a simultaneous bunionette
deformity correction.

However, the present study has some limitations.
The operation was virtually simulated on the developed
model with hallux valgus based on the orthopedic surgeon
knowledge and experience. This method was selected,
because modelling based on the post-operative CT images
have some difficulties due to the trauma and its wrapping
(tight bandages), the artifacts from the metallic stiches and
the use of external splint and the soft tissue edema. This
study had not considered the capsule suturing and soft tissue
repair post-surgery due to the practical difficulty in modelling
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the above conditions. The developed models were static
and the centre of pressure was assumed to be unchanging.
However, it has a dynamic change during standing or walking.
Moreover, only standing and balanced loads were simulated.
However, the loads are not always balanced during bearing.
Furthermore, only the forces of the Achilles tendon and
peroneus muscles were simulated, but not of other intrinsic
and extrinsic muscles. The movement of the distal tibiofibular
syndesmosis was not considered because the surfaces over
the talus were fixed. Incorporating every soft tissue structure
(skin layers, fat pad, intrinsic and extrinsic muscles, the
ankle joint, and the distal parts of tibia and fibula) is needed
to design a more precise model. However, analysing such a
detailed model requires a lot of time and a huge amount of
computer memory.

Conclusions

Our study of the Mitchell’'s procedure, augmented with
bio-absorbable pins for the management of hallux valgus
with the method of finite elements, found that the use of
two bio-absorbable pins is more stable and secures the first
metatarsal bone osteotomy because the stress is divided
between the pins, although not equally, and a deformity
is less likely to compromise their structural integrity,
deform, translate or even crack them. Additionally, using
bio-absorbable pins, compared to sutures for fixating the
osteotomy, seems to transfer stress from the 3™ and 5"
metatarsal bones to the 2" one. Thus, it is very useful in cases
where osteotomies or tenotomies of the extensor tendons
are performed to correct deformities of the respective toes.
Inthese cases, the decompression of these metatarsals could
improve healing, securing the osteotomy in the short-term
results and reducing the recurrence rate in long-term results.
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