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1.1 The fractured distal radius

Distal radial fractures are among the most frequently encountered fractures in casualty
departments, accounting for approximately 10 to 15% of all fractures.1,2,3 Most distal
radial fractures are simple extra-articular fractures, often caused by a fall on the
outstretched hand or a fall from a height (Fig. 1).4 The classic method of treatment is
immobilisation in a plaster cast, if necessary preceded by closed reduction of the fracture.
For the majority of patients this treatment provides a satisfactory result.3,5,6,7

Figure 1.
Example of a ‘simple’ distal radial fracture.

Some distal radial fractures are intra-articular and/or comminuted (Fig. 2). For these
types of fractures, reduction and immobilisation in a plaster cast can prove insufficient.8

Although reduction may be easy to achieve, re-dislocation frequently occurs. Shortening
of the radius and reversion to the original deformity after a few days or weeks is a well-
known complication. The problem is related to instability of the fracture due to
comminution of the dorsal cortex of the radius and intra-articular components.9

For these fractures, various treatment possibilities have been described. Anatomic
reduction and internal fixation of the fracture fragments have been widely advised for
other intra-articular fractures of the extremities.10 This allows early mobilisation of the
affected joint, which is important for a proper recovery of its function. Internal fixation
of the wrist is often very difficult because of small fracture fragments combined with
the osteoporosis in elderly patients.8,11 External fixation has therefore become a popular
alternative method in recent years. The technique is based on the principle that the
reduction can be maintained by traction on the ligaments surrounding the wrist.12 The
fixation is obtained by the placement of metal pins proximal to the fracture in the radius
and distal to the fracture in the second metacarpal. These pins are connected by one or
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more crossbars. In this way, the wrist joint and thus the fracture fragments are
immobilised, usually for six to eight weeks.

1.2 Dynamic external fixation

The described method of external fixation does not allow any movement of the wrist
during the treatment. This could result in persistent stiffness and pain in the wrist joint
and post-traumatic arthrosis.13 The latter occurs in between 7 to 65% of cases, depending
on the length of follow-up.14,15,16 On the other hand, early active motion showed beneficial
effects on the healing and regeneration of articular cartilage as compared to
immobilisation.13 The search for a fixation method which allows early mobilisation of
the wrist joint during treatment of a distal radial fracture has led to the development of
several so-called ‘dynamic’ external fixation devices. The main feature of these types
of fixators is the presence of some sort of joint in the fixator. This gives the possibility
of movement of the hand during the period that the fixator is mounted on the wrist. In
other words, an early functional treatment.

1.3 The problem

In the past few years several types of dynamic external fixation devices for use on the
wrist have been developed and are currently in use.17,18,19,20 In most of them, the
articulating part consists of one or more ball joints.17,19,20 These ball joints allow freedom
of movement about all three axes while the centre of rotation of these movements is

Figure 2.
Example of a comminuted, intra-
articular distal radial fracture.
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located in the ball joint itself. However, the centre of rotation of the wrist is located in
the carpus (Fig. 3).21 During movement, therefore, the centre of rotation of a ball joint
can only be in accordance with the centre of rotation of the wrist in one axis. From a
biomechanical point of view this is not the optimal situation.
A mechanism which allows motion of the wrist around all three axes while keeping the
centre of rotation at one point would be a better solution. To obtain this, the centre of
rotation of the dynamic part should not be in the device itself but in a point outside the
device, i.e. the wrist.

Figure 3.
Dynamic external fixator with two
separate centres of rotation: one in the
ball joint and one in the wrist.

1.4 The Flexafix project

To enable mobilisation of the wrist during treatment of a distal radial fracture by means
of a dynamic external fixator with favourable biomechanical properties the Flexafix
project was initiated. In a combined research project of the Department of Surgery
(Traumatology) of the Academic Medical Centre in Amsterdam (the Netherlands) and
the Department of Biomechanics of the AO Research Institute in Davos (Switzerland) the
above mentioned problem was studied. The starting point of the project was the small
external fixator of the Swiss AO/ASIF (Arbeitsgemeinschaft für Osteosynthesefragen /
Association for the Study of Internal Fixation), developed in 1980 and widely used
since then.22
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1.5 Aim of the study

The aim of the study was the development of a dynamic external fixation device with
its centre of rotation coincident with the natural centre of wrist rotation around all three
axes while at the same time maintaining fracture alignment. Further goals were the
evaluation of the biomechanical, kinematic and clinical properties of the device in cadaver
models and patients.


