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Abstract 
 
Magnesium alloys are currently highly researched for use in 
biodegradable implant applications. The challenge in this field of 
material development comprises the design of an alloy that 
provides adequate mechanical and corrosion properties combined 
with an excellent biocompatibility. While there are many 
approaches in current literature only one Mg-based application 
shows the potential to hit the market. 
MAGNEZIX® Compression Screws are the world’s first 
approved/CE-certified magnesium-based implants designed for use 
in biodegradable osteosyntheses applications in humans. Therefore 
this paper focusses on challenges and current clinical results 
achieved by means of degradable compression screws. Insights into 
the screws‘ process chain and approval processes are given. As 
these innovative screws have been on the market for two years 
already longterm results based on their use in surgery are discussed. 
 

Introduction 
 
Currently most implants in the field of osteosynthesis are made of 
non resorbabale materials which permanently remain in the human 
body or have to be removed in a second surgery [1, 2]. Non 
degradable metallic osteosynthesis implants, as utilized by 
physicians and veterinarians, are usually made of titanium or steel 
[3, 4]. These permanent implant materials, however, often result in 
stress shielding due to their high stiffness compared to bone tissue 
[5]. A stress shielding situation significantly hinders the desired 
fracture healing process as it results in an irritation of bony tissue 
and prohibits necessary bone remodeling [6].  
In general, implants that remain permanently in the human body 
can provoke inflammatory reactions and contact allergies at any 
time [7, 8]. Therefore temporary solutions are currently generally 
preferred and investigated. 
Current resorbable implants are usually based on co-polymers of 
polylactic acid (PLA) and polyglycolic acid (PGA) [9]. Although 
these biodegradable polymers are proven to possess adequate 
biocompatibility, adverse tissue reactions due to body intrusion by 
foreign materials are often of concern [10-12]. Local pH shifts and 
a negative tissue-debris interplay may impact adjacent tissue and 
are known as major side effects [13-15]. The formation of sterile 
fistulae and the occurrence of osteolyses 0.5 to 4 years post surgery 
are furthermore negatively affecting tissue healing [10-12, 16-19]. 
In a post surgery period up to 6 years some polymers may cause 
significant swelling of soft tissue [13]. By chance the 
biodegradation of polymers may freeze and result in permanent 
encapsulation of debris [13, 20]. 
The mechanical properties of current biodegradable polymers 
restrict their utilization to applications that are exposed to low 
tensile-, compressive- and shear loads only [13, 21].  

During the early 19th century magnesium was, for the first time, 
considered as a degradable implant material for the treatment of 
impaired tendons, nerves and muscles. At the same time 
magnesium wires were initially applied as degradable implant 
solutions in the fields of osteosynthesis, arthroplasty and vascular 
surgery [22-25]. These early attempts to successfully use a metal as 
degradable implant material also found magnesium to significantly 
lack in adequate ductility [24, 25]. In general, inadequate 
mechanical properties and unfavorable corrosion properties of 
magnesium and its alloys were considered as insuperable obstacles 
and later resulted in a lack of interest to further investigate 
magnesium for biomedical purposes [26, 27].  
In recent years the processing of magnesium alloys has 
significantly improved, clearing the way for Mg’s successful 
introduction as biodegradable metal [28, 29]. 
Magnesium is considered as a highly biocompatible material [30-
33]. Therefore biodegradable Mg implants could be an excellent 
source for the recommended daily Mg intake of 375 to 500 mg of 
humans [34, 35]. Within the human body magnesium is an essential 
constituent of various physiological processes and biochemical 
reactions [34-37]. Human bone acts as the main reservoir for 
magnesium as approximately 50 % of the overall physiologically 
available magnesium is stored in bony tissue [34]. 
At present, the combination of new processing technologies and 
highly innovative alloying systems allows the manufacture of 
potential Mg implants with yield strength properties up to 550 MPa 
(drawn wire, ZEK100) and elongation to failure values up to 30 % 
(extruded rod, Nd2) [38-40]. These mechanical properties would 
generally allow the use of magnesium implants in loaded tissue. 
Magnesium alloys furthermore possess a Young’s Modulus of 

45 GPa which is close to that of bone, preventing the occurrence of 
harmful stress shielding situations [39]. 
Biodegradation of magnesium alloys has broadly been studied 
using both in vitro and in vivo approaches [41, 42]. When 
magnesium degrades the release of hydrogen gas (H2) and the 
formation of magnesium hydroxide (Mg(OH)2) has to be expected 
according to Equation (1) [43, 44]. 
 

𝑀𝑔 + 2𝐻2𝑂 → 𝐻2 +𝑀𝑔(𝑂𝐻)2   (1) 
 
In vitro and in vivo studies revealed the formation of further 
degradation products in the case of Mg’s exposure to a 
physiological fluids or simulated body fluids (SBF): magnesium 
oxide (MgO), magnesium chloride (MgCl2), and apatites 
containing magnesium ((Ca1-x Mgx)10 (PO4)6 OH2) [43-47]. 
Currently investigated Mg alloys in different processing states 
show a wide range of corrosion rates. While pure Mg shows 
corrosion rates from 0.25 mm/year to 0.38 mm/year some alloys 
possess significantly increased corrosion rates up to 10 mm/year 
[41, 42, 48, 49]. 


