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Chapter 6

6.1 Introduction

Several types of dynamic external fixators are available at the moment. As described in
Chapter 4, most of them are based on a mechanism with a ball joint located in the
device but outside the wrist.17,19,20 Little is known about the biomechanical properties of
the dynamic external fixators for the treatment of distal radial fractures.
Since the construction of the newly designed Flexafix dynamic external fixator is
basically different from types with a ball joint, it is of importance to see how the forces
acting on the wrist during the use of a dynamic fixator vary between these two types of
fixators. These forces could possibly cause dislocation of the fracture fragments. For
this reason, a biomechanical study with two types of dynamic external fixators was
performed.

J.C. Goslings, S.J. Ferguson, R.A. Perren, S. Tepic.
The Journal of Trauma 1999;46:407-412.
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During the study the following assumptions were made: 1) Every bone is a rigid body and
the carpal bones are linked together by ligaments as kinematic chains. 2)  Passive wrist
motion can be simulated by moving a pin rigidly fixed in the long axis of the third
metacarpal. 3) The kinematics of the carpal bones are essentially the same in fresh cadaver
specimens and normal living subjects.21 4) Any dynamic external fixation device which is
to span the wrist joint in order to allow for its movement during fracture healing, should
be kinematically compatible with the joint; i.e. when applied across an intact joint and
adjacent bone segments, it should allow for unconstrained movement of the wrist.
The aim of this study was to compare the forces generated between two different types
of dynamic external fixators and the distal radius during movement of an intact cadaver
wrist joint.

6.2 Materials and methods

During an experiment performed at the AO Research Institute in Davos (Switzerland)
the forces on the radius were assessed by measuring the bending load of a fixator pin in
the distal radius. This procedure was chosen because a given force on the radius will be
directly transmitted to the fixator pin, which is fixed in the bone. It gives the possibility
of a clear point for measuring, whereas it is difficult to measure forces on the concave
shaped articular surface of the distal radius. Any bending of the radius pin induced by
the wrist movements would indicate the presence of friction in the kinematic mechanism
of the fixator and, more importantly, kinematic incompatibility of the fixator and the
wrist. An ideal dynamic fixator should not in any way impede the movement of an
intact wrist; when applied to a fractured distal radius, this ideal device would not
threaten fracture reduction. Conversely, if a dynamic fixator applied to an intact joint
induces loading of the pin(s) during passive motion of the wrist, its application to a

Figure 38.
Schematic drawing of the
measuring pin.
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fractured radius would result in undesirable, potentially disruptive loading of the fracture.
For the purpose of the study, a fixator pin with two perpendicularly mounted strain
gauges. (CEA-06-125UN-120, Precision Strain Gauge, Measurements Group Inc.,
Raleigh N.C., U.S.A.) are composed of very small resistors (120 Ohm +/- 0.3% at
24°C, gauge factor 2.080), which change in length by mechanical deformation of the
pin. This change in resistance is converted into an electrical signal (Fig. 38). The
magnitude of the signal is a measure for the load of the pin and thus for the force on the
radius. Using this method, comparative measurements can be made with a high grade
of precision and reliability. Important factors are the quality and careful mounting of
the strain gauge.
A mechanical testing machine (model 4302, Instron, Canton, Massachusetts, U.S.A.)
was used for the calibration of the measuring pin. The magnitude of the electrical signal
was measured with a strain indicator (Model P-3500, Instruments Division, Raleigh,
North Carolina, U.S.A.). The measuring pin was fixed in the Instron testing machine
and subsequently loaded by the machine. Three series of measurements with increasing
loads were done for each strain gauge.
For the experiment, a fresh cadaver forearm with an intact distal radius was placed in a
holding device allowing unrestricted movement of the hand (Fig. 39). To be able to
perform passive movements of the hand, a Kirschner wire was drilled in the long axis of
the third metacarpal. Pronation and supination were blocked by a Steinmann pin through
the proximal part of the radius and ulna. The 3.0 millimetre threaded Kirschner wire
supplied with strain gauges was fixed in the radius approximately 5 centimetres proximal
from the distal articular surface. Using a single pin for fixation to the radius allowed
for direct, higher sensitivity estimation of the loads. Two 3.0 millimetre threaded
Kirschner wires were drilled in the second metacarpal in the usual way. The position of
the pins was checked by X-ray. To be able to compare the results of the measurements,

Figure 39.
Experiment set-up.
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the fixator pins were left in place during the tests with the respective fixators. Only the
fixator was changed and positioned in a way that the centre of rotation of the fixator was
the same as the centre of rotation of the wrist.
Two dynamic external fixators were tested. First the ‘Pennig dynamic wrist fixator’
(Orthofix, Verona, Italy) wrist fixator, a frequently used device at the time of the experiment
(1995). This fixator consists of two metal parts linked together by a double ball joint (Fig.
40). The fixator was mounted on the lateral side of the wrist as instructed in the operative
manual in such a way that the distal ball joint was in line with the centre of rotation of the
wrist, that is, the proximal part of the capitate bone.20

The second fixator tested was the Flexafix device, a modification of the small AO external
fixator (Fig. 41). Its properties are discussed in chapter 4. With the use of an aiming
device this fixator was also positioned in a way that the centre of rotation of the sliding
mechanism was located in the head of the capitate bone.
Using each dynamic fixator, flexion-extension as well as radio-ulnar deviation were tested.
At different angles of these movements the force on the pin, i.e. the bone, was measured.
The angles were measured with a bi-axial goniometer and angle display unit (M-series,
Penny and Giles Ltd., Blackwood, United Kingdom). The two parts of the goniometer were
fixed to the proximal and distal part respectively of the tested fixator.

Figure 41.
Flexafix device mounted on cadaver
forearm.

Figure 40.
The Pennig Dynamic Wrist Fixator.
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6.3 Results

Before the measurements on the cadaver wrist were started, the fixator pin with the
strain gauges was calibrated. It was loaded with a given force at a given distance from
the fixation point of the pin (expressed as bending moment). The resulting deformation
of the pin and thus of the strain gauges is expressed in microstrains (10-6 m/m). As
expected, a linear relationship between the force exerted on the pin and the measured
strain was found (Fig. 42). The data from the calibration were used to translate the measured
electrical signal (i.e. strain gauge deformation) during movement of the hand into a bending
moment of the pin. Summarised briefly, the bending moment of the pin is a measure for the
pin load and therefore also for the pressure on the articular surface of the distal radius.

Figure 42.
Calibration results of the
measuring pin.

6.3.1 Flexion and extension
With both fixators, three series of measurements during flexion and extension of the
hand were done. These measurements were done with increments of two degrees. The
pin load gradually showed to increase, especially near the maximal range of motion.
The pin load between approximately 30 degrees of flexion and 30 degrees of extension
was about constant for the Flexafix device and ranged between zero and 0.40 Nm. (Fig.
43). The Orthofix device showed a more gradual increase in loading of the pin, ranging
from zero to 0.35 Nm (Fig. 44) With both types of fixator extreme positions of the hand
resulted in high loads.

6.3.2 Radio-ulnar deviation
Although in their instruction manual Orthofix advises only to exercise flexion-extension,
in our opinion there is no guarantee that a patient will restrict movement to exactly one
single plane.20 Besides, the ball joint has a certain amount of play in itself. For this
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Figure 45.
Pin load during radio-ulnar
deviation with the Flexafix
device compared to the
Orthofix device. Each sphere or
triangle represents a single
measurement.

Figure 44.
Pin load during flexion and
extension with the Orthofix
device. Each sphere repre-
sents a single measurement.

Figure 43.
Pin load during flexion and
extension with the Flexafix
device. Each sphere repre-
sents a single measurement.
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reason radio-ulnar deviation was also tested with the Pennig wrist fixator. For the Flexafix
device there are no restrictions concerning the movements patients are allowed to make.
The Flexafix device allows a range of 20 degrees of combined radio-ulnar deviation.
There was no considerable pin load during these movements during each of the three
series of measurements that were done. In contrast, with the Orthofix device even very
small movements caused a high pin load (above 1 Nm);  with this device applied to a
forearm with a fractured distal radius, radio-ulnar deviation would produce high forces
on the fracture area (Fig. 45).

6.4 Discussion

The data from these experiments showed that during flexion and extension the force on
the distal radius was comparable with both tested devices. The measured pin loads
varied between zero and 0,40 Nm. This can be explained by the fact that with these
movements, the centre of rotation of the Orthofix device ( the ball joint) as well as the
centre of rotation of the Flexafix sliding mechanism is in line with the centre of rotation
of the wrist. However, in radio-ulnar deviation the centre of rotation with the Orthofix
device is again, by definition, located in the ball joint instead of in the wrist. If radio-
ulnar deviation occurs (with the ball joint on the lateral side of the wrist), even with
small angles, there is movement around an unnatural point of rotation. The
measurements show the resulting high loads of the pin. With the device applied to a
fractured distal radius, these forces may result in fracture dislocation. In contrast to
this, the centre of rotation of the Flexafix device is always located in the wrist when
properly positioned. This is due to the fact that the centre of rotation of the device is
not located in the device itself but at a point outside the device. In the prototype this
point lies 50 millimetres from the surface of the shell in the sliding mechanism.
Consequently, with the newly designed Flexafix device, there is no considerable pin
loading when radio-ulnar deviation is performed. This might decrease the risk of
dislocation during the period in which the fixator is dynamised.
Part of the interpretation of the results of this study is difficult because to our knowledge
no reference data are available from normal pin loads, especially with dynamic fixators.
Patterson performed a cadaver study to analyse the effect on wrist kinematics of two
dynamic external fixation devices (Clyburn and Orthofix) with a ball joint.167 It was
concluded that carpal motion with both fixators was abnormal and likely to cause abnormal
loading conditions in the wrist. This indicates that there is a risk of fracture dislocation
with these two types of dynamic external fixators.
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The amount of force that causes dislocation of the fracture fragments is not known;
neither is the amount of ‘accidental’ radio-ulnar deviation that occurs with the Orthofix
device when flexion and extension are exercised. However, from the measurements it
is clear that if the latter occurs, which from a biomechanical point of view is not unlikely,
it causes very high loads of the fracture area. The newly designed Flexafix device
clearly shows a better profile of pin loading.

6.5 Conclusion

The investigations show that the biomechanical properties of the Flexafix device for
the treatment of distal radial fractures provide a relatively favourable loading of the
radius and therefore the fracture area as compared to a device with an offset ball joint.
This could be a factor in the prevention of dislocation of the fracture fragments during
the period the fixator is dynamised.


