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Abstract: This narrative review focuses on biodegradable magnesium-based materials, emphasiz-
ing their biocompatibility, mechanical properties, and clinical potential for orthopedic applica-
tions. The aim of the study is to assess the suitability of magnesium alloys — particularly the ZX00 
alloy (Mg–0.45Zn–0.45Ca)—for the stabilization of the tibiofibular syndesmosis (syndesmosis 
tibiofibularis). The work summarizes recent advances in material science, alloy optimization, sur-
face modification, and additive manufacturing techniques that enhance the corrosion resistance 
and mechanical integrity of magnesium implants. It compares the biomechanical performance 
of magnesium alloys with conventional osteosynthetic materials such as stainless steel and tita-
nium, highlighting their bone-like elasticity and controlled bioresorption after fracture healing. 
Based on preclinical and early clinical data, biodegradable magnesium implants show promising 
outcomes in syndesmosis fixation and may reduce the need for secondary hardware removal. 
Although these factors could potentially lower overall treatment costs, further clinical and eco-
nomic studies are required to substantiate this benefit.
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1. Introduction

With longer life expectancy and increasingly active lifestyles, fractures and mus-
culoskeletal injuries are rising. Among these, injuries to the distal tibiofibular syndes-
mosis represent approximately 10–20% of ankle fractures and occur most frequently 
in young adults and athletes. Syndesmosis injuries often result from external rotation 
or hyperdorsiflexion trauma and, if not properly treated, can lead to chronic instability, 
pain, and post-traumatic arthrosis.

In clinical practice, fixation of the syndesmosis is most commonly performed using 
either rigid screw fixation or dynamic suture-button stabilization. Rigid metallic screws 
(usually stainless steel or titanium) ensure high mechanical stability but restrict physi-
ological micromotions between the tibia and fibula, often necessitating secondary re-
moval. Dynamic suture-button systems allow limited motion closer to the natural bio-
mechanics of the syndesmosis and may reduce the need for implant removal, though 
they are costlier and carry risks of overcompression or malreduction.

Recent research trends have focused on biodegradable magnesium-based materi-
als as a promising alternative. These materials combine sufficient mechanical strength 
with gradual bioresorption, eliminating the need for hardware removal while maintain-
ing physiological motion during healing. Magnesium’s elastic modulus is close to that 
of bone, reducing stress shielding, and its degradation products can promote osteo-
genesis.

The objective of the present review is to assess the potential of bioresorbable 
magnesium alloys —particularly ZX00 (Mg–0.45Zn–0.45Ca) — for syndesmosis stabi-
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lization. The study aims to propose an optimization 
framework linking implant degradation time, re-
quired load-bearing capacity, and syndesmosis bio-
mechanics to guide the design of next-generation 
bioresorbable fixation systems.

Furthermore, understanding implant–bone in-
teraction requires consideration of osseointegration 
mechanisms, which can be described by two main 
types of models: phenomenological models, focus-
ing on empirical relationships between bone in-
growth and implant surface properties, and mecha-
nobiological models, which simulate cellular and 
tissue-level responses to mechanical stimuli. These 
approaches provide valuable tools for predicting 
long-term integration of biodegradable implants 
within the evolving bone environment [1].

2. Materials and Methods
From a materials science perspective, biomate-

rials are divided into four main groups: polymers, 
ceramics, metals and composites. Polymeric bioma-
terials are widely used in tissue engineering because 
they allow for the variable fabrication of implants 
with complex geometries and their surface proper-
ties can be easily modified. The chemical and me-
chanical properties of polymers can be adjusted to 
some extent during the sterilization process. Despite 
these advantages, they exhibit limited mechanical 
strength, which limits their use in load-bearing im-
plants. In addition, some additives, such as plasticiz-
ers, stabilizers and antioxidants, can be released into 
body fluids and damage the surrounding tissue.

Ceramic materials, such as calcium phosphates, 
are most often used as implant surface layers. The 
main advantages of these materials are non-toxicity, 
good biocompatibility and the ability to promote 
bone tissue growth. However, their use is limited by 
their mechanical properties and high susceptibility 
to corrosion in acidic environments, making them 
unsuitable for applications in areas with higher 
loads [2,3].

Metallic implants are most used for the treat-
ment of fractures and bone defects. The most used 
include stainless steel, cobalt and titanium alloys, 
which are suitable for implants with long-term ap-
plication. Their high strength and toughness ensure 
resistance to implants damage during application. 
Metallic implants can be manufactured using vari-
ous technologies, such as casting, machining or 
powder metallurgy, which allows them to be tai-

lored to patient requirements [4].
Despite their excellent mechanical properties, 

the biocompatibility of metallic implants is affected 
by corrosion and wear. When the metal degrades, 
harmful ions can be released, which can cause in-
flammation, cell damage or other undesirable reac-
tions in the tissue. For example, chromium ions from 
Co-Cr alloys, as well as niobium, vanadium and nick-
el from titanium alloys, can cause negative biological 
reactions in the body when safe concentrations are 
exceeded [4]. To reduce these risks, composite bio-
materials have been developed that combine the 
advantages of ceramics, polymers and metals. They 
aim to improve the mechanical strength, biocom-
patibility and biological activity of implants, while 
eliminating their disadvantages. For example, poly-
mer-ceramic composites provide better bioactivity 
and higher strength, while metal-ceramic compos-
ites offer higher resistance to wear and corrosion [5]. 
Although good mechanical properties are crucial for 
implants, especially for orthopedic applications, the 
excessive stiffness of traditional metal implants can 
be detrimental to bone and tissue healing because 
it can lead to a stress shielding effect. This phenom-
enon occurs when the bone around the implant is 
not subjected to sufficient mechanical load due to 
the high stiffness of the implant. The stress shielding 
effect can result in bone loss near the implant, lead-
ing to loosening [6].

Similar load-dependent remodeling mecha-
nisms have been described in other anatomical 
contexts. Tomaszewska applied the Huiskes mecha-
nobiological model to analyse bone adaptation in 
the mandible after tooth extraction and demon-
strated that local remodeling intensity is directly 
correlated with changes in mechanical loading. This 
example illustrates the same principle relevant to 
the syndesmosis region, where altered stress distri-
bution around rigid implants may suppress natural 
bone remodeling and contribute to local osteope-
nia. Incorporating materials with an elastic modulus 
closer to bone, such as magnesium alloys, can there-
fore mitigate stress shielding by promoting more 
physiological load transfer [1].

The selection of a suitable biomaterial for bone 
implants depends on mechanical strength, bio-
compatibility, corrosion resistance, and the ability 
to promote bone growth. Metal implants are the 
most mechanically durable, ceramic implants sup-
port bone regeneration, and polymers allow flexible 
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manufacturing and surface treatment. New bioma-
terials, such as biodegradable materials, are con-
stantly being developed to help reduce patient re-
operations, thereby minimizing complications and 
increasing patient success.
2.1. Properties of magnesium alloys

Magnesium (Mg) is an essential mineral in the 
body, acting as a cofactor in over 300 enzyme sys-
tems that regulate various biochemical processes, 
including protein synthesis, muscle and nerve func-
tion, blood glucose control, and blood pressure 
regulation. Magnesium is essential for energy pro-
duction, oxidative phosphorylation, and glycolysis. 
It plays an important role in the development of 
bone structure and is involved in the synthesis of 
DNA, RNA, and the antioxidant glutathione. In addi-
tion, magnesium ions (Mg2+) are known to promote 
tissue healing. Excess Mg2+ ions do not cause cel-
lular toxicity. Mg is crucial for the active transport of 
calcium and potassium ions across cell membranes, 
which is essential for nerve transmission, muscle 
contraction, and maintenance of normal heart 
rhythm. The adult body contains approximately 25 
g of magnesium, with 50–60% stored in bones and 
most of the remainder in soft tissues [7].
2.1.1. Mechanical properties

Magnesium alloys have gained a place in re-
search as a new biodegradable material due to 
their unique degradation properties and excellent 
biocompatibility. Magnesium and its alloys are con-
sidered ideal candidates for orthopedic implants 
because they have a similar elastic modulus (41–45 
GPa) to human bone and at the same time exhibit 
good biocompatibility [8]. From Table 1 the density, 
elastic modulus and yield strength of magnesium 
alloys are closest to those of human bone. As a re-
sult, magnesium alloys can significantly reduce the 
negative phenomena associated with the stress 
shielding effect in orthopedic and cardiovascular 
implants. The mechanical properties of these alloys 
are particularly important for implants that with-
stand high mechanical loads.

2.1.2. Physical and chemical properties
The low density of magnesium alloys (approxi-

mately 1.74–2.0 g/cm3) makes them a lightweight 
material suitable for orthopedic implants, where 
weight minimization is key.

An ideal orthopedic implant should gradually 
lose its strength during tissue regeneration to allow 
bone growth. Magnesium, due to its biodegradabil-
ity, perfectly meets this requirement. Upon contact 
with an aqueous environment, magnesium under-
goes cathodic degradation (1) and (2), releasing 
large amounts of hydrogen (H₂) and forming mag-
nesium hydroxide Mg (OH)₂ (3) and (4). Research 
shows that Mg (OH)₂ can deposit on the implant 
surface, forming a protective layer that slows down 
magnesium corrosion. However, under physiologi-
cal conditions, the presence of chloride ions (Cl–) is a 
problem, as it causes the conversion of Mg (OH)₂ to 
MgCl₂ (4). Since MgCl₂ is highly soluble, it accelerates 
magnesium corrosion and causes a local increase in 
pH, which can affect the surrounding biological bal-
ance [9,10].

Characteristics Human bone Magnesium alloys Titanium alloys Cobalt-chrome alloys Stainless steel

Density (g/cm3) 1,8-2,1 1,74-2,0 4,4-4,5 8,3-9,2 7,9-8,1

Elasticity modulus (GPa) 3-20 41-45 110-117 230 189-205

Yield strength (MPa) 130-180 85-190 758-1117 450-1000 170-310

Table 1: Comparison of mechanical properties of metallic materials with human bone [6].
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2.2. Strategies to improve corrosion resistance and mechanical 
properties

The main problem with Mg implants is their 
rapid degradation in a complex physiological envi-
ronment. Biodegradable magnesium alloys disinte-
grate within four to six weeks, which is significantly 
shorter than the eight to twelve weeks required 
for natural bone regeneration [11]. According to 
research, the degradation rate of Mg alloys under 
laboratory conditions (in vitro) is usually one to four 
times higher than under real conditions in the body 
(in vivo), probably due to the lower concentration 
of chloride ions in the body. They are susceptible 
to microgalvanic corrosion due to their high elec-
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tronegativity value (-2.37 V). In addition, with in-
creasing corrosion potential, the corrosion rate and 
hydrogen release increase sharply. This can lead to 
serious complications such as blockage of blood 
vessels or tissue death due to the accumulation of 
hydrogen gas. Corrosion resistance studied in labo-
ratory conditions does not consider the influence of 
proteins and enzymes that are present in the body 
under real physiological conditions and can posi-
tively or negatively influence magnesium corrosion 
– this topic is still under discussion. Another expla-
nation for the differences between in vitro and in 
vivo degradation is the constantly changing physi-
ological conditions in the human body [12-14]. Dur-
ing the gradual degradation of the Mg implant, the 
strength of the healing bone increases at the same 
time. The mechanical integrity of the implant is de-
signed to be maintained throughout the healing 
process, with the implant only fully disintegrating 
after complete bone healing. This ensures continu-
ous support during regeneration [15]. To improve 
the mechanical properties and corrosion resistance 
of magnesium, various alloying elements are added 
to its structure. However, some of them, such as 
aluminium and rare earth elements, can impair the 
biocompatibility of the material in certain alloy for-
mulations. Due to the toxicity of some alloying ele-
ments, a conflict arises between optimizing the ma-
terial properties and minimizing the biological risk. 
Pure magnesium has low mechanical strength and 
ductility, which makes it unsuitable for load-bearing 
applications. Although alloying magnesium with el-
ements such as aluminium, zinc, and rare earth ele-
ments improves its mechanical properties, it is diffi-
cult to optimize strength, ductility, and degradation 
rate simultaneously [16-18]. Mg alloys (Table 2) mi-
cro alloyed with Zn, Zn–Ca, Sr, and Mn–Ca–Zn show 
safer biodegradation in the range of 0.2 to 0.5 mm/
year due to the formation of protective oxide lay-
ers. These layers serve as an effective barrier against 
corrosive ions present in the physiological environ-
ment [19-22]. This process remains a challenge due 

to the non-uniform distribution of alloying elements 
and the low solubility of magnesium. These factors 
lead to the formation of heterogeneous and coarse 
secondary phases that accelerate the degradation 
of Mg alloys by creating sites for micro galvanic cor-
rosion [23].

Surface treatment is a key strategy to improve 
the properties of Mg alloys. It can be divided into five 
main categories: mechanical, chemical, thermal, bio-
logical and electrical methods. The most used tech-
niques include shot peening, sol-gel coatings and 
electrodeposition, which allow the material surface 
to be tailored for specific biomedical applications. 
Among the various approaches, surface treatment 
represents a simpler and more effective alternative 
to control the degradation rate of Mg alloys [26]. 
Although previous studies have shown that surface 
treatments improve the mechanical properties of 
biodegradable Mg alloys, there is strong evidence 
that these treatments do not provide sufficient cor-
rosion protection under real-world conditions. In 
addition, residual stress generated during thermal 
or mechanical processing can negatively affect the 
corrosion resistance and mechanical properties of 
Mg alloys [24].
2.3. Mg alloy production processes

The manufacturing process directly influences 
the microstructure and subsequent properties, in-
cluding degradation rate, mechanical properties 
and bioactivity. The following chapter describes 
several processes used to manufacture Mg bone 
implants. These processes can be divided into tra-
ditional techniques such as casting and powder 
metallurgy and state-of-the-art approaches such as 
laser additive manufacturing [27].
2.3.1. Casting

The casting process involves heating the metal 
elements above their melting point (usually in the 
range of 700 to 800 °C depending on the alloy 
composition), pouring the liquid phase into the de-
signed mould, and solidifying the ingots of the de-
sired shape. A protective atmosphere, most often ar-

Alloy Degrading environment Degradation rate (mm/year) In vitro solution

Mg-Ca Body fluids 0,5 Hank solution

Mg-Zn Subcutaneous tissue 0,7 PBS

Mg-Sr Blood circulation 0,3 Hank solution/ simulated body fluids

Mg-Ca-Zn Bone 0,5 simulated body fluids

Table 2: In vivo and In vitro degradation of selected Mg alloys. [20,21,24,25]
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gon, is usually provided during casting [27]. Due to 
the high chemical reactivity of molten magnesium, 
the casting process must be carried out with strict 
safety precautions. Magnesium has a relatively low 
ignition temperature and can ignite spontaneously 
in the presence of oxygen or moisture. Therefore, 
maintaining a stable protective atmosphere, typi-
cally argon or other inert gas mixtures, is essential to 
prevent oxidation and combustion during melting 
and pouring.

Various elements are added to the Mg matrix to 
tailor the desired properties of the alloy. Cu and Ag 
are added to provide antibacterial properties. Sr is 
added to improve osteogenic properties [28-30]. It 
should be noted that Mg bone implants must have 
specific shapes to fulfil their biomedical function. 
Bone fixation devices typically require flat plates, 
nails, and screws. Bone substitutes, on the other 
hand, require a porous structure. Casting is not suit-
able for the direct production of these shapes with 
a porous structure but is suitable to produce a base 
material for subsequent forming techniques that 
can produce parts with the desired shape or struc-
ture [31].
2.3.2. Powder metallurgy method

The powder metallurgy method consists of 
pressing metal powder into the desired shape un-
der high pressure, followed by high-temperature 
sintering in a protective atmosphere furnace. Dur-
ing sintering, complex physicochemical processes 
such as diffusion, recrystallization, fusion welding 
and dissolution occur, leading to the achievement 
of high material density [27].

Magnesium (Mg)-based composite materials 
can be efficiently prepared by powder metallurgy. 
The sintering process is a key factor affecting the re-
sulting density and integrity of components manu-
factured by powder metallurgy. However, excessive 
sintering time is undesirable, as it promotes the 
growth of a coarse-grained microstructure, which 
leads to the degradation of the mechanical proper-
ties of the material [27].

The production of porous structures by the pow-
der metallurgy method is possible with the use of 
pore-forming agents. Seyedraoufi et al. synthesized 
a porous Mg-Zn-based material by this method. A 
powder mixture of magnesium, zinc and a pore-
forming agent was pressed under a pressure of 100 
MPa into a compact semi-finished product, which 
was subsequently sintered at 250 °C for 4 hours. 

Subsequent firing of the pore-forming agent at 580 
°C for 2 hours created a porous structure in the mag-
nesium matrix. However, it should be emphasized 
that it is difficult to achieve a homogeneous and 
interconnected porous network with this method. 
Moreover, residues of pore-forming agents may re-
main trapped in the magnesium matrix even after 
sintering. These contaminants can negatively influ-
ence the corrosion behaviour and biocompatibility 
of the material by introducing local inhomogene-
ities or releasing undesirable reaction products into 
the surrounding tissue [32].

One variation of powder metallurgy is the metal 
injection moulding (MIM) technology, which allows 
the economical production of implants with com-
plex geometries while maintaining a high degree 
of shape accuracy. Wolff et al. applied this method 
to the synthesis of a Mg-Ca alloy and analysed 
its mechanical properties. The resulting material 
reached almost full density, with mechanical prop-
erties including a tensile strength of 141 MPa, a yield 
strength of 73 MPa, an elongation at break of 7%, 
and a Young’s modulus of 38 GPa [33].

Spark Plasma Sintering (SPS) is an advanced 
powder metallurgy technique that is used to fabri-
cate degradable Mg-based composites. This tech-
nique utilizes the self-heating effect of the powder, 
allowing for high heating rates and minimizing 
sintering time, effectively reducing grain growth. 
Dutta et al. successfully prepared a bioactive glass-
reinforced Mg composite using SPS, achieving a 
homogeneous distribution of glass particles in the 
matrix. The results of the study indicated that the 
fabricated Mg composite with high elastic modulus 
is a promising material for applications in bone frac-
ture fixation [34].
2.3.3. Additive manufacturing

Laser additive manufacturing has proven to be 
particularly suitable for the fabrication of complex 
porous structures and personalized implants that 
meet specific patient needs. In recent years, several 
studies have been published on the use of this tech-
nology for the fabrication of magnesium scaffolds. 
Li et al. fabricated porous magnesium scaffolds with 
a diamond-shaped cellular structure. The result-
ing scaffolds provided adequate mechanical sup-
port, especially in terms of Young’s modulus, and 
showed satisfactory degradation properties with 
approximately 20% volume loss after 4 weeks of 
degradation in simulated body fluid [35]. Kopp et al. 
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fabricated WE43 alloy scaffolds with different pore 
sizes using this method. Scaffolds with smaller pores 
showed lower hydrogen release and less reduction 
in mechanical properties over time. Compared with 
other methods for the fabrication of porous struc-
tures, laser additive manufacturing allows for pre-
cise control of porosity. Combined with CAD and 
computed tomography, implants can be easily tai-
lored to individual patient needs or specific defect 
sites [36]. Despite its many advantages, laser addi-
tive manufacturing of magnesium implants is less 
developed compared to biometals such as titanium 
and iron alloys. The main obstacle is the physical and 
chemical properties of magnesium. Its low melting 
point (650 °C) is close to its boiling point (1091 °C), 
which complicates laser processing. Another chal-
lenge is the high volatility of magnesium during 
laser processing due to its low boiling point, low 
surface tension, and low density. In addition, mag-
nesium oxidizes easily, so it is essential to provide a 
protective atmosphere with a very low oxygen con-
tent (below 0.1 ppm) for laser additive manufactur-
ing of magnesium and its alloys [37].
2.4. Magnesium alloys and ankle fracture fixation

Bioresorbable magnesium-based alloys are alter-
native and innovative materials used for ankle frac-
ture fixation. Grün et al. proposed an alloy contain-
ing the essential nutritional elements Mg-0.45 wt% 
Ca-0.45 wt% Zn (designated ZX00). The alloy dem-
onstrated favorable biomechanical properties, bio-
compatibility, bioresorbability, and osteoconduc-
tivity in animal experiments [38]. In a “laboratory to 
clinical practice” approach, Holweg et al. conducted 
a pilot clinical study using ZX00 screws for fixation 
of medial malleolus fractures, not for syndesmosis 
stabilization. The results after 12 weeks showed suc-
cessful fracture healing without adverse events in 
all 20 patients [39]. Although the study focused on 
the medial malleolus, the positive clinical outcomes 
provide valuable insight into the mechanical and 
biological performance of ZX00 screws under con-
ditions comparable to syndesmosis fixation.

Similarly, Herber et al. evaluated the clinical, 
functional, and radiographic outcomes of ZX00 
compression screws in medial malleolus fracture 
fixation over 6- and 12-month follow-ups [40]. No 
complications such as infections, allergic reactions, 
or screw failures were reported, and the gradual 
resorption of the screw heads confirmed the ma-
terial’s bioresorbability. While these results do not 

directly concern syndesmosis injuries, the compa-
rable mechanical environment of the ankle region 
supports the potential applicability of ZX00 magne-
sium screws in syndesmosis stabilization.

3. Results and Discussion
Stainless steel and titanium alloys are standard 

materials used in syndesmosis surgery. Stainless 
steel (AISI 316L) is most often used in traumatology 
due to its high strength and good affordability. On 
the other hand, the fixation is rigid and may inhibit 
the natural dynamics of the syndesmosis. Titanium 
alloys (Ti-6Al-4V ELI – implant quality according to 
ASTM F136) have a lower density than steel, better 
biocompatibility and a lower elastic modulus., but 
it is still a rigid fixation. Biodegradable magnesium 
alloy (e.g. ZX00 – Mg-0.45Zn-0.45Ca) screws repre-
sent a promising alternative without the need for re-
moval. They are relatively new, less common yet, but 
with growing interest. For example, Mg vs. titanium 
in malleolar fixation shows similar therapeutic and 
radiological results. The main advantage is that Mg 
screws are gradually absorbed and usually do not 
need to be removed. Material mechanical proper-
ties are listed in Table 3.

Based on the mechanical and biological charac-
teristics summarized in Table 3, the ZX00 alloy ap-
pears to be a promising material for use in ankle and 
potentially syndesmosis fixation. Its elastic modulus 
is closer to that of cortical bone than that of stain-
less steel or titanium alloys, which could reduce the 
stress-shielding effect and allow for more physi-
ological load transfer between the tibia and fibula. 
The alloy contains only biogenic elements—mag-
nesium, zinc, and calcium—thereby minimizing 
risks of long-term toxicity or allergic reaction. Dur-
ing biodegradation, calcium- and phosphorus-rich 
apatite-like surface layer forms, promoting osteo-
conduction and gradual replacement of the im-
plant by bone tissue without chronic inflammatory 
response. Clinical and preclinical studies [41] have 
demonstrated favourable degradation behaviour 
and sufficient mechanical stability during the early 
healing phase, supporting the potential of ZX00 as 
a bioresorbable fixation material in the ankle region. 
Nevertheless, the current evidence remains limited, 
and the performance of ZX00 in syndesmosis sta-
bilization should be validated in direct compara-
tive studies with conventional titanium screws and 
modern suture-button systems to confirm its long-
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term biomechanical and functional equivalence. 
Until such data is available, ZX00 can be regarded as 
a potentially suitable alternative rather than a defini-
tively superior material.

4. Conclusions 
Complications of surgical treatment of ankle 

fractures remain a common and clinically significant 
problem in contemporary traumatology. Their man-
agement is influenced by many factors, including 
fracture morphology, soft-tissue condition, patient 
comorbidities, and surgeon experience. Appropri-
ate preoperative planning and the selection of an 
optimal osteosynthetic material are the first steps 
toward achieving a favourable therapeutic out-
come.

The growing diversity of available fixation mate-
rials and systems highlights the importance of indi-
vidualized material selection, choosing an implant 
whose mechanical behaviour, degradation profile, 

and biocompatibility correspond to the patient’s 
specific anatomical and biological conditions. Biore-
sorbable magnesium alloys such as ZX00 offer at-
tractive theoretical advantages, including bone-like 
elasticity and gradual resorption, but their clinical 
role in syndesmosis stabilization is still being de-
fined.

At present, no fixation method has demon-
strated proven superiority in the treatment of syn-
desmosis injuries. Consequently, there is a clear 
need for well-designed head-to-head comparative 
studies evaluating biodegradable magnesium al-
loys (e.g., ZX00) against established materials such 
as titanium and stainless-steel (AISI 316L) screws 
and dynamic suture-button systems. Such investi-
gations will be crucial for determining the optimal 
balance between mechanical stability, biological in-
tegration, and clinical outcomes.

Continued research integrating materials sci-
ence, biomechanics, and clinical evaluation will en-

Table 3: Comparison of mechanical properties of selected materials.
M

at
er

ia
l

Ela
st

ici
ty

 
m

od
ul

us
 E 

[G
Pa

]

Yi
el

d s
tre

ng
th

 R
p₀

,₂ 
[M

Pa
]

Te
ns

ile
 st

re
ng

th
 R

m
 

[M
Pa

]

Elo
ng

at
io

n 
[%

]

De
ns

ity
 [g

/c
m

³]

Ad
va

nt
ag

es

Di
sa

dv
an

ta
ge

s

Cl
in

ica
l  i

m
pl

ica
tio

ns
 

fo
r s

yn
de

sm
os

is 
st

ab
ili

za
tio

n

Stainless steel 
(AISI 316L)

190–210 170–300 500–1000 ≥ 40 ~7,9 High strength, 
long clinical 
history, low 
cost, fatigue 
resistance

High stiffness g 
stress shielding, 
rigid fixation, Ni 
allergy, requires 
removal

Provides rigid 
stabilization but 
limits physio-
logical micro-
motion of the 
syndesmosis and 
typically requires a 
second surgery for 
removal.

Titanium alloy 
(Ti-6Al-4V ELI)
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to physiological 
motion and avoid 
implant removal; 
long-term clinical 
validation is still 
required.

AMS _1-2026.indd   12AMS _1-2026.indd   12 16. 7. 2026   10:50:5816. 7. 2026   10:50:58



Acta Mechanica Slovaca
Journal published by Faculty of Mechanical Engineering - Technical University of Košice

13

able the development of next-generation fixation 
systems that minimize complications, reduce the 
need for reoperation, and better support functional 
recovery after ankle and syndesmosis injuries.
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