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Abstract
Current clinical services are very struggling to assist the most favourable treatment for ankle and foot injuries. Therefore, this inspired researchers and engineering 
to investigate and explore the important of biomechanical behaviour of an external fixator. However, the understanding on biomechanical of the external fixator is 
important point as it can contribute to the success of injuries treatment. This review article discusses an overview of the external fixator for ankle and foot injuries 
management. First and foremost, this paper addresses general features of the external fixator that includes configurations, materials used and overall construct 
stability. In addition, we also reviewed the use of external fixator in clinical applications. In conclusion, this report suggests some recommendation for future 
biomechanical studies in order to provide valuable information for researchers and medical experts.
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Introduction
In clinical treatment, the main aims of ankle and foot injuries 

management are reconstruction and to accurate the anatomical 
conditions [1,2]. This includes minimally soft tissue invasive, early 
function and restoration, recreation of the joint surfaces and the most 
important is fast soft tissue healing [2-4]. To date, one of medical devices 
that normally used by surgeons is external fixator. In management 
of severe fractures among patients, the external fixator devices have 
contributed a significant role with extensive comminution or bone loss, 
limb lengthening, correction of osteotomies, ankle dislocation, non-
union treatment as well as correction of mal-alignment [5-13].

The use of external fixator for ankle and foot injuries is less 
invasive, can prevent complications and more favourable than 
internal fixator [3,14]. This is due to the fact that the internal fixation 
can cause excessive invasive, second surgery, plate infections and 
the system failed [5,15,16]. Moreover, the other advantages of using 
external fixator can decreases operative time as well as decreases the 
amount of soft tissue dissection [5,14,17,18]. To be noticed that the 
surgeon can avoid placement of the fixator in infected areas such as 
fractures [3]. The external fixator can provide neutralization and 
rigid stabilization which the advantages of adjustable amounts of 
distraction, compression, rotation and translation as necessary during 
the treatment [1,2,19,20]. In term of long term mobility of ankle joint, 
this ability is a significant advantage as compared than the internal 
fixator which the external fixation can provide the ability to bear weight 
without cast immobilization [3,21]. In addition, the management of 
severe injuries to the ankle and foot with external fixator is proven to 
be minimally invasive. This can further reducing devascularisation [22] 
and helps maintain alignment [3,23,24] and maintain stability of the 
ankle joint [2,25-27].

For treating ankle and foot injuries, the understanding of the 
biomechanics of external fixator in one of key points to success. 
When doctors often use the correct fundamental of biomechanics, it 
can reduce some complications during the treatment [1,28,29]. To be 
noted, the maintenance of the external fixator alignment with early soft 
tissue coverage and allows early bone healing [3,24]. Furthermore, the 
external fixator can provide stability, simple and also allow soft tissue 
management in good access, however the fundamental of position 
and pin placement should be understood well [2,25]. This is due to the 
fact that pin site infection is normally reported by previous literature 
to occur with the use of external fixation (37% of cases) [25,30,31]. 
Improper pins position on the bone can cause to infections or other 
complications. Nevertheless, the use of external fixator remain valuable 
for surgeons to manage ankle and foot injuries as the previous study by 
Nemec et al. [32] investigated 39 patient with war injuries of ankle and 
foot and found that the external fixator can prevent severe contractures 
as well as facilitated fracture healing. Although the external fixation 
may help maintain the position of the fracture and correct alignment 
of the ankle and foot, it should noticed that by understanding in 
biomechanics of external fixator can prevent worst scarring and 
subsequent contracture,
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In this review, we summarised the available data in previous 
published literature in terms of biomechanics of external fixator for 
ankle and foot injuries management. The aims of the review are as 
follows:

• To provide an overview of the external fixator used in treating 
ankle and foot injuries

• To identify the important of biomechanical strategy in terms of 
stability to prevent complications of external fixator.

• To supply recommendation for future research that is useful 
for providing addition information to surgeons relating the use 
of external fixator for treating ankle and foot injuries.

Methods
Literature search strategy

In this review, searches were conducted based on specific keywords 
and search engines, thus can optimize the time for reviewing period. 
Therefore, the following strategies were utilized in order to review 
current evidence from the literature:

Keywords used: the keywords included “external fixator” or 
“external fixation” and specific terms such as “stability”, “biomechanics”, 
“mechanical”, “finite element”, “configurations” and “complications”.

Search engines: Web of Science, ScienceDirect, PubMed/Medline 
and Google Scholar

Inclusion and exclusion criteria
This review was conducted followed by some inclusion and 

exclusion criteria. For the inclusion, the previous literature and studies 
were included if they met the following criteria: (1) Articles published 
in English only; (2) The literature included the biomechanical aspects; 
(3) The studies’ observation endpoint was the onset of the external 
fixator.

For the exclusion, these are based as follows: (1) The studies 
examined comparison between geography or country was not included; 
(2) The use of external fixator on animal experiments were exclude; (3) 
Duplicate publications.

General features of the external fixator
Configurations

The configurations of external fixator normally depend on the 
ankle injuries and surgeons’ expertise. Basically, frame design or 
construct requires a combination of wires, pins, rods, clamps and rings 
to ultimately assemble a stable construct [3,14,30]. The various pins 
including transfixion wire, tapered cortical half-pin, trocar-tip tapered 
half-pin, self-drilling tapered, self-drilling cylindrical and cancellous 
tapered [14,33-36]. To be noticed, pin insertion technique is important 
to be chosen by surgeons as it can improve the initial pin torque 
resistance in order to minimize pin loosening [37]. Another part of 
external fixator is clamps which link a pin or wire to a rod or ring. 
Usually, a simple clamp connects one pin to a rod, whereas modular 
clamps may connect multiple pins to rod [38-40].

There were numerous external fixation in the market and used in 
clinical setting including uniplanar, multiplanar, articulated or hinged, 
hybrid and Ilizarov frame [4,41-49]. For the uniplanar external fixator, 
this only involves one or two rods that constructed with some number 
of clamps and pins. From previous published literature, the unilateral 

frame often used in treating subtalar dislocation and pilon fractures 
[3,24]. Unlike the unilateral, multiplanar is a combination of two or more 
planar used in the construct [46,50,51]. This configuration generally 
applied with two rods, two pins, a multiple pin clamp and several pin-
to-bar clamps [51,52]. In treating ankle problems, multiplanar external 
fixator normally applied pins through tibia, calcaneus and at the first 
metatarsal bone [51]. For articulated or hinged external fixator, this is a 
frame with rods that can allow movements through an articulated hinge 
[33]. The position of pin placement normally at the tibia and calcaneus, 
nevertheless, the application of the articulated external fixator to the 
ankle joint should be in appropriate angles to avoid complications of 
valgus deformity. Hybrid frame, on the other hand, is a combination of 
periarticular tensioned fine wire attached to a ring with traditional distal 
metaphysic or diaphysis half pins. In this configuration, a transfixion 
pin passing through the calcaneal that serve the distal link of the hybrid 
configuration. Something similar with Hybrid frame, Ilizarov frame 
also use rings and fine wire but there is no traditional pins or rods in 
the construct [53,54]. The Ilizarov external fixator is ideally consists 
of two-level fixation in each segment of the fracture bone and would 
be made up of four connected rings where each rings secured to the 
bone with tensioned wires. The ring construct consisted additional 
multiplanar stability which allows for a multitude of fixation options. 
From this construction, it has difficutly to assemble intraoperatively 
due to the fact that the limb must be properly positioned within the 
fixator while wires are driven, fixated and tensioned from different 
angles at the bone [55]. 

Materials used

External fixator that consists of pins, rods, rings and clamps 
has different materials used. Normally the external fixator has been 
composed of stainless steel, titanium alloy, aluminium alloy or carbon 
fiber [14,56]. From biomechanical point of view, different material 
properties affect the stability of the external fixator construct. This was 
shown by previous published literature by Kowalski, et al. [57] who 
found that carbon fiber rods were able to sustain higher loads without 
failing when compared to stainless steel tubes. The study indicated 
that carbon fiber rods demonstrated 15% stiffer that the stainless steel, 
therefore the construct were enough to sustain more loads. However, 
the use of titanium pins is proven to reduce stiffness, but using a 
construct made of titanium can significantly decrease the weight of 
the external fixator without decreasing its stiffness [19]. In addition, 
the use of carbon rods as a temporary triangular transfixation is very 
recommended by medical surgeons in order to enable preoperative 
computed tomography (CT) scan after soft tissue recovery, due to the 
fact that less image noise as compared with titanium alloy and stainless 
steel [58]. Nevertherless, future research on biomechanical evaluation 
of different materials of the external fixator should be conducted in 
order to provide addition information in terms of stability and load 
transmission.

Overall construct stability
Stability of external fixator is one of factors that contribute to 

final outcome in clinical treatment. To be noted, the use of stable 
external fixator is another successful of ankle injuries treatment where 
it can reduce many complications such as mal-union, non-union and 
infections [18]. In addition, previous studies showed the healing time 
is affected by the stiffness of external fixator where the longest healing 
time was found at the lowest fixation stability [20,59]. 

The methods to increase stiffness of the external fixator include 
using stiffer components, increasing the distance between pins within 
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a bony fragment, increasing the pin diameter and pin number, pins 
should be spread, decreasing the distance of rod to bone, incorporating 
an additional rod, creating a bilateral system, decreasing the free 
bending length of the pins and aligning the plane of the pins with 
the major bending axis of the bone [19,20,29,60-62]. The stiffness 
of the external fixator in the axial and shear directions was found 
influenced by the stiffness of the pins, the fixator configuration and the 
connection clamps between them [63]. Increasing the number of pins 
can distributes the force and stress among the pins, therefore increases 
the stiffness of the overall frame. However, additional pins can increase 
the risk of damaging anatomic structure and provide more infection. 

For hybrid and Ilizarov configuration, the bone-pin or bone-wire 
interface is important in attaining a stable frame for fracture fixation, 
stability and healing [1,14]. This is because of increased stiffness could 
be achieved by increasing wire or pin diameter, increasing the distances 
between the wires or pins, increasing the wire tension, positioning the 
proper wire-crossing angle (90˚ is more stiff compared to 45˚) and 
decreasing the bone to ring or bone to rod distance [64]. We believe 
that biomechanical analysis of different external fixator is necessary for 
surgeons and medical experts to choose the best construct in treating 
ankle and foot injuries thus can prevent complications in the future 
[65,66].

It should be noticed that improper placement of the pins may 
interrupt muscles, tendons, and neurovascular structures [2,20]. The 
pin placement, configuration and material of the external fixator 
construct should be considered before any surgery can be conducted. 
This goal is to maintain and align hindfoot to leg relationship, and to 
properly fixed the ankle bone and stabilize the affected joints [3,24]. The 
faulty biomechanics that result have a significant role in osseous and 
ligamentous breakdown [5]. For the use of the hinged external fixator, 
it is important for surgeons and researchers to know that there is an 
optimal arrangement that will allow ankle motion while minimizing 
potentially disruptive forces at the calcaneal fracture interface. The 
study by Besch et al. [28] shows that optimal tibial screw placement for 
hinged external fixator was 70 mm proximal to the rotation axis of the 
upper ankle joint and optimal placement of screw was in the posterior 
surface of the calcaneus.

Clinical applications and results
In the ankle and foot injuries management, the external fixation 

can be used for a wide range of clinical applications such as to 
treat fractures, deformities and dislocations pathological problem 
[3,7,24,53]. However, some ankle fractures treatment involves initial 
closed reduction and stabilization of the injury by external fixation 
followed by delayed internal fixation [67,68]. The use of external 
fixation is favourable compared with internal fixation as it can allow for 
rigid fixation and maintenance of reduction in unstable injuries. In the 
treatment of intra-articular calcaneus fractures Besch, et al. [15] uses 
hinged external fixator to treat two hundred-fourteen patients between 
1993 and 1998. The results from their study suggested that the correct 
treatment of this pathology problem is using a hinged external fixator. 
For the seriously injury such as talar fracture, Ilizarov external fixator 
is recommended to manage the treatment [47]. Singh et al. [47] use 
Ilizarov frame to reduce talar fracture where two rings were applied to 
the lower leg and a foot plate was applied with wires were appropriated 
tensioned. The result showed that the patient was normal and his ankle 
healed in good alignment and anatomical position with good range of 
motion, without pain and with normal ambulation. The use of external 
fixator is also applicable for avascular necrosis in the talus management 

after the talar fracture. Janis et al. [49] use Orthofix external fixator in 
order to treat avascular necrosis of the talus and the results were good 
in maintaining the alignment of the ankle joint.

The challenge in clinical treatment for deformities problem also 
can be solved by using external fixator construct. Nishimura et al. [42] 
attempted to treat the Hallux valgus deformity with an Ilizarov external 
fixator for 10 patients in 20 feet. The basal metatarsal osteotomy is 
fixed by two Kirscher wires 1.8 mm in diameter followed by Illizarov 
consists of olive wires 1.5 mm in diameter, six wire-fixing bolts and 
weighs no more than about 200 g. All patients were able to walk 
without crutches within 1 week of operation and only three feet was 
observed in complications. Takata et al. [43] treated foot deformity 
with hexapod external fixator, Ortho-SUV frame (OSF) for 9 patients. 
The construct were removed with an average of 152 (range 22 to 286) 
days after the surgical procedure. The results found that all deformities 
problem were corrected and there were no pin-tract infection. 
However, disadvantages of hexapod fixator included their bulkiness 
and hemilaterally assembled construct could result in a slight bending 
of the frame. Nevertheless, the use of hexapod is favourable as it can 
make a correction of multiplanar deformities simultaneously but in 
Ilizarov remain difficult. Alkhooly et al. [4] made own external fixator 
to treat clubfoot deformity for 32 feet from Aug 1992 to Feb 2001 and 
the overall treatment time ranged from 10 to 12 weeks [4]. They found 
that twenty-three feet had excellent (71.9%), eight feet had good results 
(25%) with mild residual adduction because the side bar of the fixator 
was not fixed in the correct position early and one foot with a poor result 
(3.1%). Furthermore, the author claims that the problem is solved in 
advantages of permitting dressing of the wounds (good skin coverage 
and wound healing), maintenance of the correction, and observation 
of the circulation and prevention of neurovascular complications by 
gradual correction when needed.

Directions for future research
Despite the previous published literature provide valuable 

information on the use of external fixator, however, extensive future 
research work is still needed. This can provide prescriptive advice 
peculiarly for specific problems (i.e. subtalar dislocation and pilon 
fractures) for better understanding. Based on author’s knowledge and 
expertise, the following suggestions can be considered in advancing 
new research for the future:

A biomechanical study can be conducted by using finite element 
model in order to determine stress, forces, deformation on the ankle 
joints (Figure 1) [69]. These can predict the magnitude values inside 
the human body which is very difficult when conducting experimental 
using cadaveric specimen. For example, previous finite element 
analysis has been done in investigating the biomechanical features for 

 

Figure 1. Ankle and foot finite element model fixated with unilateral external fixator.
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treating subtalar dislocation and pilon fractures [66,70]. To be noted, 
the use of finite element analysis can provide engineering information 
in designing new implant or medical devices. Furthermore, finite 
element results of stress on bone (which is difficult to conduct using 
experiment) can provide an overview and understanding to prevent 
complications in treating ankle and foot injuries. To date, there is very 
little data available in the literature regarding the finite element results 
that can support the choices of external fixator for specific pathological 
problems. Therefore, we believe that finite element method is very 
useful to predict the outcome of external fixator used in terms of 
biomechanical aspect.

Undoubtedly, it is very difficult to secure cadaveric specimen for 
conducting biomechanical experiment to investigate the use of external 
fixator. To be noticed that in securing cadaveric require special medical 
ethics, storage, preparation and expertise to handle the specimen. 
Therefore, instead of using cadaveric, the experiment can be conducted 
by using polyurethane physical model as shown in Figure 2. As shown 
from previous literature, the use of polyurethane model is acceptable 
and more convenient compared with cadaveric specimen [28,71].

Limitation of this review
We have attempted to highlight the biomechanical features in the 

use of external fixator for the ankle and foot injuries management. We 
believe that this review provide a concise literature that aimed to better 
understanding the biomechanical aspect. Nevertheless, there are some 
limitations that need to be considered in this review. First and foremost, 
this review only include general features of external fixator especially 
for ankle and foot treatment in terms of configuration, materials used 
and stability of the construct. Secondly is the use of external fixator in 
clinical practices. Topics related to the external fixator outside of those 
described earlier were not discussed in this review. However, we believe 
that this review can assist future research to be conducted for better 
understanding on the external fixator used.

Conclusion
The choice of which external fixator to be used in treating ankle and 

foot injuries normally is depend on the clinical situation and medical 
experts. The treatment must best undertake at a tertiary care facility, 
especially before the surgery can be conducted. The understanding of 
the biomechanical behaviour of the external fixator during treatment 
is necessary to prevent complications. Future biomechanical study for 
an ankle external fixator should be investigated to provide addition 

information and understanding as well as can support the choices of 
the fixator construct.
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