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An application of external fixator is a surgical method for the treatment of large bones fractures. This method has 
been proposed already a century ago, but despite the extensive development of science and technology, the fixator 
is often used in the original state of the proposal. [1] Therefore the patient and surgeons are dissatisfied with high 
weight and poor mobility of fixator during surgery and healing process. [2] Due to this fact it is necessary to apply 
new 3D technologies into this field of orthopedics and thus improve the current state of this tool. [3] In an account 
of this information, the 3D model of a new composite external fixator was created. In the research, the composite 
fixator was analyzed by the finite element method (FEM). Based on the results of FEM and the surgeon´s require-
ments, the composite fixator was further improved and the final results show that the composite fixator proposed 
by the FEM is able to transfer the applied load from a patient. Therefore the data indicates that the implementation 
of composite material will further improve patients comfort, the healing process and the precision of surgery. 
Based on this fact, the mold has already been manufactured and the process of completing the product has started. 
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 Introduction 

In the field of composite materials as well as in the 
field of bone tissue engineering large development can be 
mentioned [4, 5]. Also, in the design of external fixators, 
new materials, technologies, and innovations has been ap-
plied [6]. Generally, the external fixator (Fig. 1) is a sys-
tem of mechanical components used for large bone 
fractures treatment. The function of this device is to fir-
mly hold a broken bone during all the healing process. 
Another aim is providing appropriate adjustments of 
fracture fragments in order to successfully finish the hea-
ling process [7]. 

 

Fig. 1 Ilizarov external fixator of the tibia bone 
 
One of the most commonly used fixators in a healing 

process of long bones is Ilizarov external fixator (|Fig. 1). 
This device was established several decades ago [8]. Af-
ter many years of application, more specific problems 
with this device has been found. Such as high weight du-
ring the healing process, problems with surgery with me-
tal fixator under the X-ray (shown in Fig. 2)  and also 
problems with appearance [9].  

In accordance with these problems, design and mate-
rial changes are necessary. In case of material choice, we 
can see that the metal material of fixator can be in several 

components replaced by composite material as shown in 
previous research [10, 11]. 

 
Fig. 2 X-ray of Ilizarov external fixator after the surgery 

[12] 
 

Thus, the aim of this project is to finish the design of 
an external fixator with the application of carbon fiber 
and epoxy resin composite. The importance of utilization 
composites materials is the high stiffness at the same time 
with high strength and low density of this material. To 
improve the design of final composite fixator, individual 
versions of the product are analyzed by finite element me-
thod (FEM).  

 Methods and materials 

Design and FEM analysis of external fixator 

In this research, an innovative external fixator for he-
aling fractures of long bones was created (Fig. 3). During 
the design process, the shape and dimensions were ap-
plied from former metal fixator. These dimensions are 
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tested and approved. According to the knowledge about 
the fixator deficiencies, the material of supporting rings 
has been changed. As a construction material, the sort of 
composite materials DT806 was selected. Another impro-
vement was a new design of clamping components and 
replacement of the threaded rod for the composite rod. 
These improvements of connecting components further 
help with the simplification of surgery and adjustments 
during the whole healing process. 

 

Fig. 3 An external fixator of tibia - version 1 
 
In another step, this new design was evaluated by the 

FEM analysis (shown in Fig. 4). As can be seen in the 
Tab. 1, the material constants required for analysis were 
specified, appropriate load representing the patient 
weight (1300 N) was applied and the pushing the foot on 
the land was replaced by the fixation bond at the bottom 
part of the fixator. The analysis was calculated, and the 
results can be seen in Fig. 4.  

 

Fig. 4 FEM analysis of external fixator - version 1 

According to another evaluation of the fixator design 
with a surgeon, the requirement to use the fixator over the 
entire 360° range at any angle was raised. In the 1st 
version of the fixator, the possibility to use all the range 
was limited by the distance between the individual hole. 
Regarding this, the design of fixator was improved (Fig. 
5.). Most importantly, the holes in supporting rings were 
replaced by the grooves. This change provided the possi-
bility to use the full range of fixator. Thus, also the dia-
meter of fixator increased. 

 

Fig. 5 An external fixator of the tibia with grooves - 
version 2 

Tab. 1 Structural properties of carbon composite 
Structural properties of carbon 
composite 

Composite fix-
ator 

Young Modulus (GPa) 30 
Poisson Ratio (-) 0.3 
Density (kg/m3)  2200 

 

Fig. 6 FEM analysis of external fixator - version 2 
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After the completion of a new model, the FEM analy-
sis was applied. In this case, the constraints, forces and 
material parameters remained unchanged. The rod in the 
center of fixator represents the simplified model of the 
broken bone. The results of this analysis can be seen in 
the picture below (Fig. 6). These results are described in 
the result section. 

The design was modified, FEM analysis applied, and 
this second version was through roughly evaluated by the 
surgeon. The changes made are satisfactory, however, 
there were other possibilities of design modification in or-
der to improve an appearance of the final product. The 
grooves were created in different length, the composite 
rings are lightened, and the final shape of every ring is 
smoother and gradual as can be seen in Fig. 7. For re-
duction of a complexity of this product and improvement 
applicability of external fixator, the clamping compo-
nents are simplified as well. 

 

Fig. 7 An external fixator of the tibia with improved gro-
oves - version 3 

 
Final design as previous versions have been evaluated 

by the same method as the previous modifications and the 
results of this FEM analysis can be seen in a Fig. 8.  

One of the important requirements for the fixators is 
the compliance of the maximum value of displacement by 
2 mm. In order to finish the design of external fixator, it 
is important to evaluate if the value of displacement is 
lower than this maximum value of deformation. As can 
be seen in Fig. 9, improved fixator loaded by 1300 N re-
ached displacement 0.55mm. 

 

Fig. 8 FEM analysis of external fixator with improved 
grooves - version 3 

 

Fig. 9 FEM analysis of external fixator with improved 
grooves - version 3 - displacement 

 Results and Discussion 

FEM analysis 
The results of the finite element method analysis of 

the individual version of the external fixator are united in 
Tab. 2. The lowest Von Mises stress (18.6 MPa) is calcu-
lated in version 2, where the grooves into the design were 
applied and the external diameter of the fixator has incre-
ased. If we focus on the 1st version, we can see that the 
Von Mises stress reached the highest value (28 MPa) and 
together with the system of holes that do not allow the 
fixator use at any angle it is the least appropriate option. 
If the third version is compared, the results of FEM ana-
lysis are not as good as results of 2nd version. However, 
when the advantages as improved appearance, declined 
weight are included, then this last version of the compo-
site ring is the most appropriate solution. 

In order to verify a quality of the design, the displace-
ment test has been applied. As mentioned in Tab. 2. All 
the versions of external fixator reach the maximum dis-
placement below the predetermined limit. 
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Tab. 2 The comparison of different types of an external fixator 

Version of fixator 
Maximum Von Misses 
stress [MPa] 

Weight Displacement 

Version 1 28 690 0.95 

Version 2 18.6 870 0.34 

Version 3 22.3 810 0.55 

 Conclusion 

When it is necessary to solve the problems as high 
weight, visibility of fixator under the X-ray during the 
surgery and appearance of this product, the significant 
changes in material, design, and mounting of external fi-
xator has been done.  

 

Fig. 10 Design of the mold for the composite ring 

 

Fig. 11 Mold for the composite ring 
 
These results indicate that the metal can be changed 

by composite material and the connecting components 
can be improved. The research also further indicates, 
there is an important balance between weight, stiffness, 

and appearance. Results describe that the final design of 
external fixator has the average weight and the average 
calculated stress during the loading. This means that all 
of three version are very similar. All of 3 versions in term 
of maximum loading meet the material requirements of 
carbon fiber composite with tensile strength 2550 MPa. 

However, the visage and function of fixator in com-
parison with the 1st and 2nd version (an application of 
grooves) is much better in the 3rd version and thus this 
construction will be further chosen for manufacturing and 
implementation into the testing process. As we can see in 
Fig. 10 and Fig. 11, after this selection, the mold and pre-
preg material has already been manufactured. 

Nevertheless, more accurate details about the stiffness 
and loading of final external fixator can be measured after 
the stress test applied to the real product. And that is also 
the suggestion for another research of this external fixator 
to undergo a real product by the mechanical test. 

 

 

Fig. 12 Mould for the composite ring 
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