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In Chapter 1 the aim of this thesis is outlined. Although most simple, extra-articular
distal radial fractures can be treated with a plaster cast, this form of treatment is often
insufficient for unstable, intra-articular fractures. External fixation is an alternative
method to provide stability for these fractures but has a risk of prolonged stiffness and
pain due to the immobilisation of the wrist joint. Dynamic external fixation provides
the possibility of early functional treatment. There are definite possibilities for improving
the construction of these fixators.
In a combined research project of the Academic Medical Centre in Amsterdam and the
AO Research Institute in Davos a better solution for the biomechanical design of a
dynamic external fixator was studied and subsequently evaluated.

Chapter 2 gives an overview of the anatomy of the wrist in relation to fractures of the
distal end of the radius. The bones and joints, their connecting ligaments, neurovascular
supply and the radiographic anatomy are described. Studies on functional wrist motion
have shown that the normal range of wrist motion needed to perform activities of daily
living is approximately 35 to 40 degrees of combined flexion and extension and 25 to
40 degrees of combined radio-ulnar deviation. The kinematics of the wrist joint are
discussed with special attention to the centre of rotation of the wrist joint, which is
located in the capitate bone.

Chapter 3 describes general aspects of distal radial fractures. The history goes back to
ancient times and the fracture mechanism has been studied extensively since then. The
incidence is about 35 per 10,000 for women and 10 to 15 per 10,000 for men with a rise
in the incidence in women after the age of 50, most probably related to osteoporosis. A
fall at flour level or a fall from a height is the cause of the fracture in the majority of
patients. Different fracture classification systems are discussed. Treatment options
include plaster of paris, bracing, percutaneous pinning, open osteosynthesis and external
fixation, indicating that an ideal standard treatment is still not found. Complications
like pain and stiffness can occur in up to 30% of treated patients. Post-traumatic arthrosis
can be seen in 6 to 65% of the patients, partly depending on the length of follow-up.

In Chapter 4 external fixation for the treatment of distal radial fractures is discussed.
The technique is based on the principle of ligamentotaxis, which means that the reduction
of the fracture fragments can be held by the distracted ligaments. The main indications
are intra-articular, comminuted and/or unstable fracture types. Functional and
radiological results are excellent or good in approximately 68 to 95% of patients but
complications are common.
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Dynamic external fixation gives the possibility of early functional treatment. The
advantages could be the reduction of pain and stiffness of the wrist and a positive effect
on the restoration of joint cartilage. The latter is an important factor in the development
of post-traumatic arthrosis. Several devices with a ball joint as the articulating part have
been developed and tested, mostly in small studies. It is not yet clear what the best time
is to allow for mobilisation and whether there is an advantage compared to static fixators.

Chapter 5 describes the development of a new dynamic external fixator. A sliding
mechanism with three degrees of freedom of movement was developed. The centre of
rotation of all these movements is located in one point outside the device, in contrast to
a ball joint with its centre of rotation in the device itself. If mounted correctly, the the
centre of rotation of the wrist and the centre of rotation of the dynamic external fixator
are the same. This results in a technique which provides a method of maintaining fracture
alignment, while permitting movement of the wrist in all planes.
After a successful application of the Flexafix prototype in a first clinical test case, the
design was further improved and adjusted. A patent was obtained and in addition an
aiming device was developed to facilitate the accurate application of the fixator.

Chapter 6 shows the results of a biomechanical cadaver study. The load of the radius
during flexion-extension and radio-ulnar deviation with the Flexafix device was compared
to a dynamic external fixator with a ball joint. The investigations showed that the
biomechanical properties of the Flexafix device provided a relatively favourable loading
of the radius and therefore the fracture area as compared to a device with an offset ball
joint, especially during radio-ulnar deviation. This could be a factor in the prevention of
dislocation of the fracture fragments during the period that the fixator is dynamised.

Chapter 7 describes the kinematic properties of the new dynamic external fixator.
Using a combination of data obtained from CT-scans and high-speed video images a 3-
dimensional reconstruction of carpal motion was made. In order to describe the carpal
motion, the radiolunate, capitolunate and scapholunate angles were measured during
flexion-extension and during radio-ulnar deviation. During both types of movements
the device changed normal carpal kinematics to a limited extend although the kinematic
pattern with the Flexafix device was not signifficantly different from normal. The results
for flexion-extension correspond with data from previously published studies with other
dynamic external fixators. However, since the new device allows both flexion-extension
and radio-ulnar deviation, in contrast to other dynamic external fixation devices, with
the Flexafix device the normal kinematics can be more closely approached.
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In Chapter 8 a stepwise operative technique for the application of the Flexafix device
is presented. After standard preparations and reduction of the fracture the of the fixator
pins are inserted. It is important to prevent injury to the superficial branch of the radial
nerve by the use of a limited open approach during placement of the fixator pins. Next,
the sliding mechanism is positioned with the help of the aiming device. The Flexafix
device is locked by allen screws in the sliding mechanism and a cross bar connecting
the fixator pins.

Chapter 9 describes the results of a prospective study initiated to gain experience with
the Flexafix device. Forty-four patients with unstable fractures of the distal radius were
included in the study. During the period of dynamisation, with a median flexion of 30
degrees, extension of 18 degrees, radial deviation of 0 degrees and ulnar deviation of 20
degrees the range of motion needed to perform activities of daily life was approached.
In spite of early mobilisation, started two weeks after the operation, reduction was
maintained. The radiological result was excellent or good in 82% of the patients and the
functional result was excellent or good in 92% of the cases. These figures are comparable
to the treatment results with other dynamic and static external fixation devices. A
beneficial effect of the dynamic aspect of the fixator was not demonstrated clearly; for
that a longer follow-up is necessary. Based on the experiences of the study the device
needs to be developed further. The use of different (radiolucent) materials and surface
treatment methods could further enhance the sliding properties of the fixator.


