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Introduction

External fixation has a long history; it was first documented 

by Hippocrates when he used a splint for tibial fractures [1]. 

The development of external fixation devices that were directly 

attached to the bone started in the mid-19th century [2-6]. 

Langenbeck was the first to describe a technique that offered 

sufficient stability to the fracture site in 1851 [7,8]. At the turn 

of the century, the concept of unilateral external fixation was 

invented [7,9,10]. In 1928, the swiss surgeon Raoul Hoffmann 

introduced an external fixation system concept that was able 

to provide length, alignment and rotational control in a rigid 

construct [11-14].

Today we encounter many clinical scenarios, where external 

fixators are kept in place for a prolonged time, thus increasing 

the risk of local infection [15,16]. The extended use of external 

fixation is associated with specific complications, among which 

pin tract infection and pin loosening are key [17-19]. As most 

patients are converted to definitive stabilization during further 

clinical course, surgeons should be familiar with a standardized 

algorithm to prevent possible infection from spreading to 

definitive stabilization.

Due to its wide range of indications, such as peri-articular 

fractures (i.e. pilon fractures), articular dislocation (e.g. knee/

elbow) and polytrauma [20-25], external fixation stands out 

by its simplicity in regard to initial treatment [26] (Figure 1). 

Recently, an increasing rate of primary fracture treatment with 

spanning external fixation was observed [26] and was explained 

by changes in logistics, economic aspects, or an increased use of 

damage-control techniques [26].

For safety purposes, namely to avoid infections complications, 

our group developed a standardized Algorithm. Based on 

findings from the recent literature [27-33], the standardization 

of conversion from external fixation to definitive surgery was 

performed and the principles were summarized in an Algorithm 

(Figures 2 and 3)

This manuscript summarizes principles of temporary external 

fixation and focuses on minimizing the risk of infection. The 

standardized algorithm for converting from external fixation to 

definitive surgery was also examined for effectiveness.

Material and methods

A pilot study was performed to compare local and systemic 

clinical changes following the use of standardized algorithm 

for conversion of external fixation into definitive fracture 

stabilization.

Furthermore, a literature search was carried out on Medline, 

Embase, and Cochrane for studies on topics related to external 

fixation, material and design, biomechanics as well as infection 

and complications.
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A B S T R A C T

External fixation has become an important tool in orthopedic surgery. Technology has improved 

the design and material as well as the construct of the fixator. As most patients are converted from 

external fixation to definite stabilization during later clinical course, prevention of complications 

such as infection is of high importance. Based on the current literature, principles of temporary 

external fixation were summarized. We focused on minimizing the risk of infection and introduce a 

standardized algorithm how to proceed when converting from external to internal fixation, which also 

was examined for effectiveness.
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Inclusion criteria

• Age >18 years

• Acute fractures of the extremity and pelvis requiring 

stabilization

• Application of external fixation

Exclusion criteria

• Age <18 years

• Amputation after extremity fracture

• Patients not amenable to surgical fixation

• Patients not cleared for conversion to definitive fixation

Clinical documentation

Consecutive patients were documented from two different 

time periods.

All patients admitted to our department between the first 

of January 2009 and 31th of December 2009 that were treated 

with external fixation because of an acute injury were enrolled 

in this study. This group served as a historical control (group Pre-

Algorithm).

The second group consisted of all patients treated with 

external fixation because of an acute injury between 1.1.2014 and 

31.12.2014 (group Post-Algorithm).

Demographics and clinical data were drawn from the hospitals 

information system as follows:

• Age, gender, time of admission, surgical treatment and time of 

discharge

• Injury severity (Abbreviated Injury Scale (AIS) and Injury 

Severity Score (ISS))

• Pre-existing immunodeficiency (i.e. cancer, HIV) or 

medication that negatively influences the immune system (i.e. 

Methotrexate®)

• Pre-existing systemic or local infection

The following complications were analyzed:

• Pin tract infection

• Local complications (i.e. wound infection, pin loosening)

• Injury to nerves and vessels

• Impaired bone healing/fracture dislocation

• Systemic complications (i.e. sepsis)

• Major complications (i.e. thrombosis, amputation, death)

Statistics

Statistical evaluation was conducted using Microsoft EXCEL® 

(Version 14.0, Microsoft Corporation, Redmond/USA) and 

STEP I

• external fixation in situ
• sterile gloves and sterile draping
• complete surface disinfection including fixateur
• removal of external fixation

STEP II

• local excision of skin-pin interfaces
• currettage of soft tissue around pin track sites
• local disinfection and coverage of wounds and pin tract sites 

(Figures 4 and 5)

STEP III

• prepare for internal fixation 
• renew sterile gloves and sterile draping
• perform disinfection and surgical coverage in accordance to    

the planned operative technique WHILE LEAVING the former 
pin sites covered

• perform internal fixation as planned
• close all wounds before uncovering the former pin sites
• DO NOT surgically close former pin sites but cover with  

antibacterial dressing (e.g. Braunol®)   

Fig. 2. Aachen Algorithm “Triple A ex fix conversion“ for Acute Conversion of 

external fixators (Aa –A ex fix conversion).

STEP I

STEP II

STEP III

• fixator in situ
• sterile gloves and sterile draping
• complete surface disinfection (e.g. Braunol®) including fixator
• removal of fixator  

• local excision of skin-pin interfaces
• currettage of soft tissue around pin track sites
• local disinfection and coverage of wounds and pin tract sites  

(Figures 4 and 5)

• leave the former pin sites covered
• DO NOT surgically close former pin sites but cover with   

antibacterial dressing    
• apply a cast
• wait 3-7 days until soft tissue recovage prior to conversion  

Fig. 3. Aachen Algorithm for Staged Conversion of External fixators.

Fig. 1. Hoffmann® Fixator (Fa. Stryker) for spanning of a fracture dislocation of 

the ankle joint.
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