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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.
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Chapter 2

2.1 Introduction

The wrist joint is situated between the forearm and the hand. The word wrist is derived
from the old teutonic word ‘wraestan’ which means ‘to twist’. Considering the wrist as
a functional unit, it allows motion in all three planes. These include flexion and extension
in the sagittal plane and radio-ulnar deviation in the frontal plane, both taking place in
the radiocarpal joint. In the transverse plane, pronation and supination are afforded by
the two-bone configuration of the forearm with the proximal and distal radio-ulnar
joints. Altogether the wrist is a stable but highly movable universal joint. This chapter
recapitulates the anatomy of the wrist in relation to distal radial fractures. It is based on
descriptions in standard clinical textbooks.23,24,25,26
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2.2 Bones and joints

The distal radius provides a large articular surface for the carpus. It has three concave
articular surfaces: the scaphoid fossa, the lunate fossa and the sigmoid notch. These
provide articulations with the scaphoid, the lunate and the ulnar head respectively (Fig.
4). On the dorsal side of the distal radius a longitudinal prominence named Lister’s
tubercle can be palpable. The metaphyseal part of the distal radius starts approximately
two centimetres from the articular surface. Here the cortex gets thinner and the amount
of cancellous bone increases.
The distal radio-ulnar joint provides the distal point for axial rotation of the forearm in
pronation and supination. With its approximately circular cross section the ulnar head
can rotate in the sigmoid notch of the radius through an arc of approximately 160°. The
distal articular surface of the ulna is covered by the triangular fibrocartilage. This
fibrocartilage attaches to the distal margin of the sigmoid notch and to the radial base of
the ulnar styloid (see below).
The proximal surface of the carpus articulates with the distal radial articular surface
and triangular fibrocartilage. The palmar aspect of the carpus at this point is concave
and establishes the floor and walls of the carpal tunnel. The carpal bones can be grouped
into rows or columns, each of variable composition. In one view, the proximal row
consists of the scaphoid, lunate, triquetrum and pisiforme; the distal row of the trapezium,
trapezoid, capitate and hamate bones. In this concept, the scaphoid can be regarded a

Figure 4. Bones of the wrist (dorsal view). Each
bone is indicated by the first letter(s) of its name.
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structural support of the carpal rows. The trapezium acts as a base for the independently
mobile and opposable thumb, whereas the capitate and the trapezoid support the second
and third metacarpals. The hamate supports the bases of the mobile fourth and fifth
metacarpals. Another concept was proposed by Navarro and divides the carpus into
three columns.27 The first is a ‘central or flexion-extension column’ formed by the lunate,
capitate and hamate. The second, a ‘lateral or mobile column’, is formed by the scaphoid,
trapezium and trapezoid, whereas the third, a ‘medial or rotation column’, is formed by
the triquetrum and pisiform bones. The division of the carpus into rows and columns
and their subsequent modifications have been used to describe and analyse the motion
of the separate bones comprising the wrist joint but do not fall within the scope of the
present study. Detailed descriptions of the carpus can be found elsewhere.23,25,26

2.3 Ligaments

The wrist joint has a fibrous capsule which is interlaced by strengthening ligaments.
There are many descriptions of these ligaments and new manuscripts that investigate
the ligaments of the wrist and their function are still being published.23,25,26,28,29 The
ligaments on the palmar side of the wrist are much stronger than those on the dorsal
side, which possibly is the result of the plantigrade and brachiate activities of our remote
ancestors in evolution.23 Two ligamentous systems can be distinguished: firstly, the
extrinsic ligaments which extend from the radius to the carpal bones (the radiocarpal
group) or from the carpal bones to the metacarpals (the carpo-metacarpal group); and
secondly, the intrinsic ligaments which run between the different carpal bones. On the
volar side of the distal radius, there are four radiocarpal ligaments: the radial collateral,
the radio-scapho-capitate, the radio-scapho-lunate and the radio-lunate. On the dorsal
side, the radiocarpal ligament is also strong. It originates at the dorsal rim of the radius
and inserts into the scaphoid, lunate and triquetrum. Three ligaments can be distinguished
here: the radio-scaphoid, the radio-lunate and the radio-triquetral (Fig. 5).
The intrinsic ligaments connect the carpal bones to each other. All adjacent carpal bones
have interosseous ligamentous connections except the lunate and capitate. The ligaments
are named by the two bones that are connected, in a proximal to distal or radial to ulnar
direction. The scapholunate ligament and lunotriquetral ligament are strong and resist the
distraction imposed by the distal carpal row during axial loading and rotatory motion.
Further, on the dorsal side the dorsal intercarpal ligament (DIC) conects the triquetrum
with the scaphoid and trapezoid. The interosseous ligaments of the proximal carpal row
are closely associated with the radiocarpal ligaments. Their strength and distribution are
of considerable importance in the kinematics of the joint. On the ulnar side the ulnocarpal
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complex or triangular fibrocartilage complex is situated. Much confusion exists about
the structures forming this complex. One of the reported compositions is a combination
of the triangular fibrocartilage, the ulnar collateral ligament, the ulno-lunate ligament,
the triangular fibrocartilage and the sheat of the extensor carpi  ulnaris tendon. The
distal radio-ulnar joint is supported by the dorsal and volar radio-ulnar ligaments.

2.4 Neurovascular supply

The nerve and blood supplies of the wrist are derived from the regional nerves and vessels.
Sensory and motor function come from the median, ulnar and radial nerves. The superficial
sensory branches of the median, ulnar and radial nerves are susceptible to damage by
lacerations and incisions. They are, however, easily visualised and should thus be protected.
The potential for a neuralgic pain syndrome is common to all of them. The sensory branch
of the radial nerve in particular is clinically important when external fixation is used at the
wrist. It emerges dorsally from underneath the brachioradialis tendon about five centimetres
proximal to the radial styloid (Fig. 6).
Circulation is provided by the two terminal branches of the brachial artery (the radial and
ulnar arteries) and by the anterior and posterior interosseous arteries. Several of these arteries

Figure 5. Ligaments of the wrist (a: volar side, b: dorsal side). The radiocarpal ligaments are indicated
according to their origin and insertion. See text for further explanation.

a b
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Figure 6. Course of the sensory branch of the radial nerve (RN). EPL: ext. pollicis brevis, APL: abd.
pollicis longus, ECRL: ext. capri rad. longus, BR: brachioradialis.

usually join to form a palmar arch. There is often concern about the maintenance of adequate
blood supply to the scaphoid and the lunate because both are susceptible to ischemic changes,
for example following trauma. Most of the blood supply of each bone enters the bone in the
distal half. The venous system of the wrist consists of both deep and superficial veins,
running together with the arteries.

2.5 Radiographic anatomy

Three radiographic measurements are most often used in the anatomical evaluation of the
distal end of the radius (Fig. 7).3,30,31 On the lateral radiograph, the dorsal angle (also
called dorsal tilt) of the distal end of the radius is the angle between a line perpendicular
to the long axis of the radius and a line drawn from the volar to the dorsal margin of the
distal radial articular surface. Normally there is a palmar angulation of 11 to 12 degrees
rather than a dorsal angulation. The radial angle (also called radial deviation) is measured
on the anteroposterior radiograph and is represented by the angle between a line
perpendicular to the long axis of the radius and a line drawn from the radial styloid to the
ulnar border of the distal radial articular surface. The average radial angle is 22 to 23
degrees. Radial length, also measured on the anteroposterior radiograph, is represented
by the distance from the tip of the radial styloid to a parallel line drawn at the distal
articular surface of the ulna. The normal length of the radius averages 11 to 12 millimetres.
Others have suggested that radial length should be measured from the distal radial to the
distal ulnar articular surfaces.32 A fourth radiographic measurement that might have
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prognostic value in assessing fractures is radial width or radial shift. This is the distance
between a line drawn through the longitudinal axis of the radius and the most lateral tip of
the radial styloid process. It is measured on the anteroposterior radiograph and compared
with the contralateral side.30

2.6 Kinematics

Wrist motions are complex because of the difficult relationship between the participating
bones and joints, the ligaments and the muscles around the joint. The wrist can move in
either a dorsal-palmar plane or a radio-ulnar plane and also allows circumduction, but
its natural motion is a composite of these with the preferred arc being from extension
and radial deviation to flexion and ulnar deviation.23 Dorsal extension of the wrist
averages 70° and palmar flexion averages 75°. This wide range also allows the actions
of the tendons of the fingers to be augmented. The range of motion is achieved by
synchronous motion at both the radiocarpal and intercarpal joints. Each joint accounts
for approximately half of the angular motion of the wrist. The proximal carpal row can
be seen as an intercalated articular segment and has no direct tendinous support to
guide its motion. Therefore, its synchronous motion with the distal row during flexion
and extension depends on the geometry and the ligamentous support afforded to the
joint. When the support is interrupted, the intercalated segment tends to undergo a
zigzag collapse under compressive stress. The scaphoid, lying in the sagittal plane
obliquely between the apparent centres of rotation of the proximal and distal carpal
rows, acts as a stabilising “crank” to prevent this collapse. The integrity of the scaphoid
bone and its ligamentous attachments are essential for this stability.23,33 In the radiocarpal
joint, 60% of the load is transmissitted by the scaphoid and 40% by the lunate. This has
been concluded from experiments with pressure-sensitive film.34

Figure 7. Radiographic measurements.
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Radial deviation is possible to approximately 15 to 25° and ulnar deviation is possible
to 30 to 60°, both taking place in the frontal plane. This motion occurs at both the
radiocarpal joint and the intercarpal joints, the respective amounts varying among
individuals. To achieve this motion, the proximal carpal row undergoes dorsiflexion
during ulnar deviation and palmar flexion during radial deviation. The arc of motion is
influenced by the radiocarpal extensors pulling in a dorsoradial direction during radial
deviation and by the ulnocarpal flexors pulling in a palmar-ulnar direction during ulnar
deviation.23

The individual motions of the carpal bones may be studied with the help of several
techniques. Uniplanar radiographs, light emitting diodes, three-space motion tracking,
biplanar stereoradiography cineradiography as well as other techniques have all been
used.28 Cineradiography is a popular technique because it offers a qualitative opportunity
to assess the relative motions. However, it is difficult to assign exact quantitative values
because of the difficulty of identifying three specific points on each bone in at least two
planes, a condition necessary for exact spatial differentiation.35

Controversy exists concerning the location of the normal centre of rotation for radial
and ulnar deviation of the wrist.36 Kapandji stated that this centre lies between the
lunate and the capitate, whereas MacConaill, Volz and Von Bonin said that it remains in
the head of the capitate.37,38,39,40 Wright believed that the centre is in the head of the
capitate for radial deviation.41 Linscheid and Dobyns stated that the centre remains in
the neck of the capitate, whereas Landsmeer located it in the body of the capitate.42,43

The centre of rotation for flexion and extension motion of the hand is also unclear. Fick
and Kapandji believed that there are two parallel and closely spaced axes of rotation
located in the radiocarpal and midcarpal joints.37,44 MacConaill and Volz stated that
there is a single axis of rotation that remains in the head of the capitate.38,39 Wright also
believed that the centre of rotation is located in the head of the capitate during flexion,
but stated that for extension the centre lies at the intercarpal joint.41

In an often cited experimental investigation, Youm et al studied the kinematics of the
wrist during radio-ulnar deviation and flexion-extension in several ways.21 In this study,
the forearms of six fresh cadaver wrists were fixed in full pronation and each motion
was constrained to one plane utilising a specially designed planar motion constraint
device. Two metal markers were placed in each of the metacarpals, as well as in the
radius and all of the carpal bones except the pisiform and trapezium. Radio-ulnar
deviation and flexion-extension movements in these wrist were studied
roentgenographically. In the wrists of six normal volunteers, a similar roentgeno-graphic
analysis was carried out and the trajectories of wrist motions were also studied using
light emitting diodes. Finally, roentgenographic measurements were made on 100 wrists
of normal subjects.
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In the analysis of wrist motion, three-dimensional kinematic characteristics were obtained
using the tracings of cineradiographs and of serial roentgenograms. The trajectory of
the hand during flexion-extension in a fixed plane was found to be circular, with the
rotation in each plane occurring about a fixed axis which is located within the head of
the capitate and not altered by the position of the hand in that plane. Despite variability
in the size and shape of the capitate and some inherent inaccuracy in the curve fitting
graphic method, the positions of the metal markers in the second and third metacarpals
of six cadaver hands studied described almost perfect arcs of circles during radio-ulnar
deviation and flexion-extension. From the analytical study it was found that the centre
of rotation for flexion-extension was slightly more proximal (nearer the lunate) than
the centre of rotation for radio-ulnar deviation. Youm et al concluded that during flexion-
extension as well as during radio-ulnar deviation, rotation occurs about a fixed axis
located within the head of the capitate (Fig. 8). The location of the axis is not changed
by the position of the hand in each plane.21,36

A study by Lanoy et al. localised the centres of rotation in 26 wrists in a very close
grouping on the centre of the concave surface of the lunate and in the neck of the capitate,
close to the centre of rotation found by Youm et al. In the frontal plane during radio-ulnar
deviation the two rows again angulate synchronously. The proximal carpal row flexes in

Figure 8. Centre of rotation of the wrist (a: radio-ulnar deviation, b: flexion-extension).
Reprinted with permission.21

ba
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radial deviation and extends in ulnar deviation. The centre of rotation for radio-ulnar
deviation lies near the capitate neck. According to Youm et al. it lies a few millimetres from
the centre of rotation in the sagittal plane. Lanoy et al., however, noted individual variations
of this centre of rotation in 26 clinical subjects.45

Bressina et al. studied wrist motion using CT (computed tomography) scans of the
wrist and an advanced electromagnetic tracker/digitizer system. A computer aided design
system was then used to evaluate human wrist kinematics based on the data obtained
from the measurements. The centre of rotation of the wrist was found to translate along
a curvilinear path close to the proximal part of the capitate for both radio-ulnar deviation
and flexion-extension.46

2.7 Functional wrist motion

Very little data exist in the literature regarding the wrist motion that is required for
activities of daily living (ADL).47 Although normal maximum motion of the wrist has
been previously documented with the use of standard hand goniometry, it was not until
recently that instrumentation was developed to assess normal wrist motion during
activities.48 Palmer et al. used a tri-axial goniometer to measure functional wrist motion.47

Wrist motion was evaluated in ten normal subjects who performed 52 standardised
tasks. Twenty-four standardised tasks that simulate personal hygiene, culinary skills
and miscellaneous ADLs were performed as wrist motion was simultaneously analysed
in three axes, i.e. flexion-extension, radio-ulnar deviation and rotation. Wrist motion
that is involved in performing the activities of a carpenter, a housekeeper, a mechanic,
a secretary and a surgeon was evaluated in a similar manner. The wrist joint was found
to have three degrees of freedom: flexion-extension, radio-ulnar deviation and rotation.
The normal functional range of wrist motion was found to be 5 degrees of flexion, 30°
of extension, 10° of radial deviation and 15° of ulnar deviation. Although some tasks
require a moderate amount of motion, the majority require a minimum of wrist motion.
Interestingly, 21of 24 tasks were mostly performed with the wrist in extension and 15
of 24 tasks with the wrist in ulnar deviation. In fact, of all groups of tasks or occupations
studied, only the activities of a surgeon consistently required flexion and ulnar deviation.
There was no group of tasks which required predominantly flexion and radial deviation.
Ryu et al. examined 40 normal subjects (20 women and 20 men) to determine the ideal
range of motion required to perform activities of daily living.48 The amount of wrist
flexion and extension, as well as radial and ulnar deviation, was measured simultaneously
by means of a bi-axial wrist electrogoniometer. The first category of tested activities
included seven ‘palm placement’ positions in which the subject was asked to touch the
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top of the head, back of the head, front of the neck, chest, waist, sacrum and right foot.
The second category involved personal care and hygiene; the third diet and food
preparation and the fourth important work functions (writing, driving, telephone use,
hammering, using a screwdriver and turning a key or doorknob). The entire battery of
evaluated tasks could be achieved with 60 degrees of extension, 54 degrees of flexion,
40 degrees of ulnar deviation and 17 degrees of radial deviation, which reflects the
maximum wrist motion required for daily activities. The majority of the hand placement
and range of motion tasks that were studied in this project could be accomplished with
70 percent of the maximal range of wrist motion. This converts to 40 degrees each of
wrist flexion and extension and 40 degrees of combined radio-ulnar deviation. Ulnar
deviation and extension were found to be the most important positions for wrist activities.
The range of wrist motion from this study is significantly larger than that reported by
Palmer.47 The difference between these studies may be related to different data reduction
methods and the difference in wrist goniometer design and application.
Recently, Nelson criticised the previous studies because they determined the range of
wrist motion that was used during certain activities.49 In his point of view, that is not the
same as the range of motion that is needed to perform these activities. Therefore, he
performed a study in which subjects had to wear a splint that limited wrist motion to
five degrees of flexion, six degrees of extension, seven degrees of radial deviation and
six degrees of ulnar deviation. All of the 123 selected ADLs could be performed
succesfully by the subjects with a minimal degree of difficulty or frustration.49

2.8 Conclusion

The wrist joint is a highly movable universal joint. It is formed by the distal radius and
the distal ulna which provide an articular surface for the proximal carpal row. The latter
consists of the lunate and triquetrum and is supported by the schaphoïd bone. The wrist
has a fibrous capsule which is interlaced by strong ligaments. Several of these ligaments
extend from the distal end of the radius to the carpal bones, which is of clinical importance
for the use of external fixation. The innervation of the wrist area comes from branches
of the ulnar, median and radial nerve. The sensory branch of the radial nerve is prone to
surgical damage when external fixation is used. Injuries to the distal radius are
radiographically evaluated by measurement of the dorsal angle, radial angle and radial
length.
Normal flexion and extension occur in the sagittal plane and average 75 and 70 degrees
respectively. Radial deviation takes place in the sagittal plane and is possible to
approximately 15 to 25°; ulnar deviation is possible to 30 to 60°. The normal range of
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wrist motion needed to perform activities of daily living (ADL) is approximately 35 to 40
degrees of combined flexion and extension and 25 to 40 degrees of combined radio-ulnar
deviation. Various studies to determine the centre of rotation of the wrist have been
performed. From these studies it can be concluded that the centre of rotation for flexion-
extension and for radio-ulnar deviation is located approximately in the head of the capitate
bone, with small variations which might be due to individual anatomical differences and
methods of analysing wrist motion.
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General aspects
of
distal radial fractures

Chapter 3

3.1 Introduction

Distal radial fractures are seen very frequently at casualty departments, usually by
doctors who are in the beginning of their specialist training. Although most of these
fractures are routinely treated by the application of a plaster cast there seems to be
more to say about this type of injury. The description of fractures of the distal radius
carries a long history, which goes back to the ancient times of Hippocrates. Many
experiments have been done to explain the mechanism of injury and about as many
classification systems have been developed. The literature shows a large number of
articles about treatment options and their results. This chapter will give an overview of
several of these general aspects concerning the distal radial fracture.
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3.2 History

From the time of Hippocrates to the eighteenth century, fractures of the distal end of the
radius were mistaken for dislocations of the wrist.50 It is interesting that the Greek
physicians of classical antiquity used procedures to reduce these “dislocations”, for
example by combined traction and manipulation, that are practised in almost exactly
the same manner today. The great French surgeons of the Middle Ages and Arabic
authors made detailed descriptions of wrist dislocations without mentioning the existence
of a fracture.50

In 1814 the Irish surgeon Abraham Colles (1773-1843) published his classical description
on the fracture that bears his name (Fig. 9).51 In a time period before the invention of X-
rays he wrote on the typical location of the fracture with its dorsal dislocation, the
diagnosis and the treatment. Colles recognised the importance of restoring anatomy
with a splint to prevent the distal radius being drawn backwards. If this failed the patient
was doomed to endure for many months considerable lameless and stiffness of the
limb, accompanied by severe pains on attempting to bend the hand and fingers. On the
other hand, he found that eventually most patients regained a good and pain-free wrist
function.51 In France, Claude Pouteau (1725-1775), chief surgeon in Lyon, also described
the fracture of the distal end of the radius with posterior tipping or displacement of the
distal fragment. His work was posthumously published in 1783.52 Since little attention
was paid to Pouteau’s work outside France, Colles was unaware of it when he published
his paper “On the fracture of the carpal extremity of the radius”.53

Figure 9.
Abraham Colles (1773-1843).
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Jean-Gaspar-Blaise Goyrand (1803-1866) clarified the anatomical features of these
common fractures. He found that in most cases the distal fragment was displaced dorsally,
but in some cases the fragment was displaced toward the palm.54,55 Robert William
Smith (1807-1783) also described this phenomenon of palmar dislocation and his name
was linked to this type of fracture.56 In the United States, John Rhea Barton (1794-
1871) described a subluxation of the wrist, consequent to a fracture through the articular
surface of the carpal extremity of the radius.57 The fracture could be either on the dorsal
or palmar side of the radius and the subluxation or dislocation could displace in either
direction. These descriptions have led to the term volar and dorsal Barton fracture.
Alfred Armand Velpeau (1795-1866) termed the usual deformity seen in fractures of
the distal end of the radius the ‘talon de fourchette’ which can be translated as ‘dinner-
fork deformity’.53

From this historical review it follows that it is improper to refer to all distal radial
fractures as Colles’ fractures. The fracture Abraham Colles described in 1814, was
extra-articular and showed dorsal displacement.51 Since only some of the fractures at
the distal end of the radius are of the type that Colles described, one could therefore
better refer to this type of fractures as distal radial fractures.

3.3 Mechanism of injury

Experiments to study the mechanism of injury were already done by Auguste Nelaton
(1807-1873).58 The forearms of fresh cadavers were disarticulated and the olecranon
removed. With the hand fixed in dorsal or palmar flexion and the forearm vertical, the
distal forearm was struck by a hammer. The resulting fractures of the radius were
dissected and it was found that the type of fracture correlated with the mechanism of
injury. After the discovery of X-rays in 1895 the extent and great variability of individual
fractures became clear. The results from Lilienfeldt’s study have increased our
understanding about the mechanism of wrist injuries.59,60 It was demonstrated that the
type of injury could be varied by manipulating two factors, namely the position of the
hand and the angle between the forearm and the surface of impact. His experimental
design was simple. The specimen was exarticulated at the shoulder and suspended in
such a way that the position of the hand and forearm could be adjusted. In each position
the investigator fell onto the arm with the weight of his body. Using this technique,
Lilienfeldt was able to produce fractures of the distal radius if the angle between the
forearm and the surface of impact was between 60° and 90°. The fracture ran through
the radial styloid process if the hand was in ulnar deviation; the ulnar styloid process
was fractured if the hand was in radial deviation. Lilienfeldt produced one fracture with
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volar displacement by a trauma directed against the back of the hand. The scaphoïd
bone fractured if the angle between the forearm and the surface of impact was more
than 90° with the hand in dorsal flexion and radial deviation. These experiments
demonstrated which type of wrist injury resulted from a traumatic force in a specific
direction.
Frykman also performed a biomechanical study to determine the amount of force needed
to produce distal radial fractures under static and dynamic loading.61 Clinical types of
distal radial fractures were produced with great regularity when the dorsal flexion of
the hand was between 40 and 90 degrees. Fractures of the proximal forearm occurred
when the dorsal flexion was less than 40 degrees; fractures of the carpal bones when it
was more than 90 degrees. A greater amount of force was required to produce distal
radial fracture in specimens from male individuals (mean 282 kNm-2) compared with
those of females (mean 195 kNm-2). The type of fracture produced depended on the
position of the wrist, the direction of the force and the magnitude of the force.
In fractures with dorsal displacement, the generally sharp fracture on the palmar aspect
of the radial metaphyseal area suggests that the radius may first fracture in the tension
area on its palmar surface, with the fracture propagating dorsally where bending moment
forces induce compression stress. This results in comminution of the dorsal cortex with
cancellous bone being compacted, further reducing dorsal stability.23 Smith reported
fractures with volar displacement to be the result of a fall on the back of the hand.56 A
fall with the forearm in supination followed by pronation around a fixed extended wrist
has been suggested as a more frequent mechanism of injury.62,63,64 The lunate, in particular,
can exert a compressive force on the distal radius, producing a so-called die-punch
fracture (Fig. 10).62,65 Porter used the term pilon fracture because of the resemblance
with pilon fractures of the distal tibia.66 Concomitant ulnar styloid fractures result from
a force transmitted through an intact triangular fibrocartilage complex, whereas radial
styloid fractures result from an avulsion force through the palmar radiocarpal ligaments.62

Figure 10.
Schematic drawing of a die-
punch fracture.
Reprinted with permission.65
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The fracture of the distal radius can be accompanied by ligamentous injury. Fontes
performed a systematic wrist arthrogram afer distal radial fractures and found that the
traingular fibrocartilage complex was torn in two thirds of all kinds of fractures. Extra-
articular radius fractures were associated with an intracarpal ligamentous tear in 25%.67

Richards used arthroscopy to assess the soft tissues in 118 patients with a distal radial
fracture. The triangular fibrocartilage complex was torn in 35% of intra-articular fractures
and in 53% of extra-articular fractures. Lunotriquetral ligament injuries were present
in 7% of intra-articular fractures and in 13% of extra-articular fractures. Scapholunate
ligament injuries were seen in 22% of intra-articular fractures and in 7% of extra-
articular fractures.68

There are three main theories as to the detailed fracture mechanism at the distal radius,
which are outlined below.6,61

1. Blow and counter-blow theory.
This theory suggests that the bodyweight generates a counter-blow from the surface of
impact and is thereby transmitted through the carpal bones directly to the distal radius.
The fracture produced is typically located in that portion of the bone where the cortex is
thinnest. This theory was first proposed by Dupuytren and later adopted by Nelaton and
Malgaigne and afterwards also by Bähr.58,69,70,71 Towards the end of the century Destot
and Gallois supported the theory with first röntgenologic data.72 They showed that when
the hand is in dorsiflexion, the carpal bones come up against the surface of impact at the
moment of fracture while the head of the radius is pressed against the humerus, thus
allowing the force to continue directly to the lower end of the radius.
2. Avulsion theory.
This theory was first proposed by Linhart and later analysed more closely by Lecomte,
who pointed out that the design of the olecranon gives the ulna much more intimate
contact than the radius with the humerus and that consequently the ulna is probably
alone in absorbing the impact of a fall on the hand.73,74 The force must be transmitted in
some way to the radius. According to Lecomte, this must occur via the interosseous
membrane and the ligaments, particularly the strong volar apparatus. The resultant
fracture is then produced by avulsion due to traction to the strong volar radio-carpal
ligament. Löbker and Bähr criticised this theory because if avulsion is the primary
mechanism, one would expect the fracture to run a volar-proximal to dorsal-distal course,
whereas in fact it generally does the opposite.71,75 This argument invalidated the theory
but Löbker also objected to the blow and counter-blow theory as the only explanation
of the fracture because, in that case, comminution of the joint surface of the radius
should be more common than it is. He therefore concluded that a combination of both
mechanisms was most likely.
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3. Bending fracture theory.
Meyer stated that the course of the fracture in the individual case is determined by three
factors: the position of the hand, the surface of impact and the magnitude of the force.76

If tension simultaneously occured in the ulnar collateral ligament, the radial fracture
would always be accompanied by a fracture in the ulnar styloid process. The bending
fracture theory was later supported by Lewis. After experiments with cadavers he
concluded that with a fall, kinetic energy causes the forward energy of the body to
continue, the wrist becomes hyperextended and the patient falls ‘over’ the hand. This
loads the volar ligament (which is not disrupted) and the radius is pressed against the
carpal articular surface, the force being stopped by the scaphoïd and lunate bones. It is
then transmitted to the radius, which fractures at its weakest point like a bow that is
loaded beyond the limit of its elasticity.77

3.4 Epidemiology

Fractures of the distal end of the radius are among the most commonly encountered fractures.
The frequency of report is about 10% to 15 of all fractures.2,3,78 Figures differ markedly
between various authors due to differences in composition of the patient population, in
particular age and sex distribution. Falck Larsen found an incidence of 27 per 10.000 per
year (males 16 per 10.000, females 37 per 10.000) in Denmark.79 The age- and sex-specific
incidence rates showed a clear rise in the incidence of the fracture in women after 50 years
of age (Fig. 11). Solgaard found an incidence of 35 per 10.000 in Danish women and 9 per

Figure 11.
Age- and sex-specific incidence rates of distal radial
fractures per 10.000 inhabitants.
Reprinted with permission.79
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10.000 in men.4 Bengnér reviewed 1914 fractures of the distal forearm in Sweden. He also
found a large increase in incidence in women after the age of 50; in men there was a smaller
increase after the age of 70.80 In Rochester, Minnesota, Owen reviewed 1235 distal radial
fractures. The overall incidence in males was 8 per 10.000 and in women 41 per 10.000.1 No
detailed data are available on the incidence of distal radial fractures in the Netherlands
because there is no protocol for the registration of these fractures.
The female to male ratio varies between 3:1 among the 35-44 year olds to about 7:1 for the
age groups above 70 years.1 There are considerable seasonal variations in incidence, with a
cumulation during the winter months.81 Apart from the age group 60 to 79 years, where left-
sided fractures dominate, there is no significant difference in fracture side.82

3.5 Risk factors

The development of post-menopausal osteoporosis has been mentioned as a critical
risk factor because the incidence of distal radial fractures is highest in elderly women.
This has been opposed by investigators who have suggested that women with distal
radial fractures had nearly the same mineral content of bone as age-matched controls
without fracture.83,84,85 Another explanation suggests that fracture incidence is related to
the pattern of falling in the ageing population. Postural instability or ‘sway’ could be
important factors in developing a distal radial fracture.85

Other studies on risk factors for distal radial fractures have shown that heavy alcohol
consumption and low relative weight increase women’s risk for wrist fractures. In men,
cigarette smoking, alcohol consumption, body height and relative weight were not
correlated to the risk of wrist fracture but left-handers had a relative risk for distal radial
fracture of 1.56 that of right-handers. Men who reported that they had been forced to
change from left-handed to right-handed had a relative risk 2.47 times higher than
right-handers.86

3.6 Trauma mechanism

The mechanism of injury is a fall on the ground in 87% of the female and 64% of the
male patients. The rest of the fractures are caused mainly by traffic accidents and falls
from a height.4 The first one usually occurs in the older women, whereas the latter two
(more violent accidents) more often occur in young adults.9 Lawson documented all the
sports-related distal radial fractures presenting to a trauma unit in Scotland over a five
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year period. There were 154 males (mean age 27 years) and 67 females (mean age 40
years) with 225 fractures. Football was the cause of almost 50% of the total number of
injuries. Other frequent causes were skiing (12%; artificial slope), rugby (7%) and ice
sports (6%). These figures are influenced by cultural and geographic factors as well as
local facilities available.87 With their increasing popularity, skeelers (four or five wheels
mounted in series on a frame attachted to a skating boot) might become a significant
cause of distal radial fractures in the near future. In a review of injuries due to in-line
skates, wrist injuries were the most common (32%); 25 percent of all injuries were
wrist fractures.88

3.7 Fracture classifications

Eponyms such as Colles, Smith or Barton fractures have been used to describe fractures
of the distal end of the radius and are still being used. This inaccurate method of
classification has at times resulted in conflicting data with regard to treatment
recommendations and expected outcome.3 Several classification systems have been
developed in the past to classify distal radial fractures. The use of different clinical factors
as a basis for these classifications has resulted in such a wide variety of classifications
that some authors have warned that this leads to confusion.61,89 The sometimes extremely
detailed nature of these classifications (one classification distinguished no less than 34
groups) is the reason that a lot of them appear to have been used in practice only by their
inventors. Factors upon which published classifications have been based are the following:
site of the fracture line, degree of joint involvement, direction and degree of displacement,
presence of injury to the distal radio-ulnar joint and mechanism of injury. A selection of
the classification systems will be discussed briefly.

3.7.1 Gartland and Werley
In their classic article from 1951, Gartland and Werley noted that distal radial fractures
were not always exact the same injury. Some were fractures outside the radiocarpal joint
(extra-articular, type I) whereas others were within the joint (intra-articular). They further
found that articular fractures could be undisplaced (type II) or displaced (type III) with
respect to the radiocarpal joint.5 Solgaard and Sarmiento added a fourth subdivision, the
non-displaced extra-articular fracture, to the original classification.90,91

3.7.2 Lidström
Lidström in 1959 described six fracture types based on the above mentioned factors
which determine the type of fracture. Type I: Fractures with no appreciable displacement.
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Type II-A: Fractures with merely dorsal angulation, not involving the joint space. Type
II-B: Fractures with merely dorsal angulation, involving the joint but without
comminution of the articular surface. Type II-C: Complete displacement, not involving
the joint surface. Type II-D: Complete displacement, involving the joint but without
comminution of the articular surface. Type II-E: Fractures with complete displacement
and comminution of the articular surface.6

3.7.3 Older
In 1965 Older published a classification system that not only graded dorsal angulation,
the presence and extent of comminution and the direction and extend of displacement,
but also identified the presence of shortening of the distal radial fragment in relation to
the ulna. Type I: Non-displaced. Type II: Displaced with minimal comminution. Type
III: Displaced with comminution of the distal radius. Type IV: Displaced with severe
comminution of the radial head.92

3.7.4 Frykman
Frykman introduced a comprehensive classification system in 1967 (Fig. 12).61 It is
based on the distinction between extra- and intra-articular fractures of the distal radius.
In addition, consideration is given to whether or not there is also a fracture of the distal
ulna, the reason for this being the deleterious effects which such fractures had on the
prognosis of the distal radius in his series. No attempt is made to ascertain the degree of
comminution or direction of initial displacement, although this is important. As other
authors have noted, radial displacement and dorsal angulation are the two principal
deformities, and the functional result is related to the reduction of both of them.30 The
classification introduced by Frykman is the most commonly used one in publications
about distal radial fractures. Table 1 describes the complete system of classification as
introduced by Frykman.
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Type
I : Extra-articular fracture without a fracture of the distal ulna.

II : Extra-articular fracture accompanied by a fracture of the distal ulna.
III : Intra-articular fracture involving the radiocarpal joint but without a fracture of the distal ulna.
IV : Intra-articular fracture involving the radiocarpal joint accompanied by a fracture of the distal ulna.
V : Intra-articular fracture involving the distal radio-ulnar joint but without a fracture of the distal ulna.

VI : Intra-articular fracture involving the distal radio-ulnar joint accompanied by a fracture of  the distal ulna.
VII : Intra-articular fracture involving both the radio-carpal and distal radio- ulnar joint but without a

  fracture of the distal ulna.
VIII : Intra-articular fracture involving both the radio-carpal and distal radio-ulnar joint accompanied by a

  fracture of the distal ulna.

Table 1. Fracture types distinguished by Frykman.

3.7.5 AO
Another frequently used classification system is that of the Swiss AO/ASIF-group
(Arbeitsgemeinschaft für Osteosynthesefragen / Association for the Study of Internal
Fixation).93 The fundamental principle of this classification is the division of all fractures
of a bone segment into three types and their further subdivision into three groups and
their subgroups (Fig. 13). With the AO-classification, the fracture types are arranged in
ascending order of severity according to the morphologic complexities of the fracture,
the difficulties inherent in their treatment and their prognosis. Type A1 indicates the
simplest fracture with the best prognosis and C3 the most difficult fracture with the
least favourable prognosis. The complete AO classification of distal radial and/or ulna
fractures is described in Table 2.

Figure 12.
Frykman fracture classification.
Reprinted with permission.96
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Figure 13.
AO fracture classification. The subgroup
illustrated is printed bold in Table 2.
Reprinted with permission.93Table 2. AO fracture classification.

A. Extra-articular fracture
A1 Extra-articular fracture of the ulna, radius intact

.1 styloid process

.2 metaphyseal simple

.3 metaphyseal multifragmentary

A2 Extra-articular fracture of the radius, simple and
impacted
.1 without any tilt
.2 with dorsal tilt
.3 with volar tilt

A3 Extra-articular fracture of the radius, multi-
fragmentary

.1 impacted with axial shortening

.2 with a wedge

.3 complex

B. Partial articular fracture
B1 Partial articular fracture of the radius, sagittal

.1 lateral simple

.2 lateral multifragmentary

.3 medial

B2 Partial articular fracture of the radius, dorsal    rim
.1 simple
.2 with lateral sagittal fracture
.3 with dorsal dislocation of the carpus

B3 Partial articular fracture of the radius, volar  rim
.1 simple, with a small fragment
.2 simple, with a large fragment
.3 multifragmentary

C. Complete articular fracture
C1 Complete articula r fracture of the radius, articular

simple, metaphyseal simple
.1 postero-medial articular fragment
.2 sagittal articular fracture line
.3 frontal articular fracture line

C2 Complete articular fracture of the radius, articular
simple, metaphyseal multifragmentary
.1 sagittal articular fracture line
.2 frontal articular fracture line
.3 extending into the diaphysis

C3 Complete articular fracture of the radius, multi-
fragmentary
.1 metaphyseal simple
.2 metaphyseal multifragmentary
.3 extending into the diaphysis
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3.7.6 Melone
Further refinement of the classification for intra-articular fractures was proposed by
Melone, who recognised that many intra-articular fractures not only had instability but
specific patterns of displacement.94 He identified that most intra-articular distal radial
fractures have four fracture components (shaft, radial styloid, dorsal medial, palmar
medial). In his classification, Melone proposed five subclassifications (Fig. 14). Type I:
Undisplaced fractures without comminution. Type II: ‘Die punch’ fractures - unstable
fractures with moderate or severe displacement of the medial complex as a unit and
comminution of both the anterior and posterior cortices of the radius. Type III: Spike
fractures - unstable fractures that demonstrate displacement of the medial complex as
well as displacement of an additional spike from the comminuted radial shaft. Type IV:
Split fractures. These are unstable fractures in which the medial complex is severely
compressed by the lunate, resulting in wide separation or rotation of the dorsal and
palmar medial fragments. The injury causes a major bi-articular disruption and is always
accompanied by serious soft tissue damage. Type V: Explosion fractures. These fractures
result from a severe force comprising both compression and crush that causes extensive
comminution, often extending from the articular surface to the diaphysis.

3.7.7 Fernandez
Fernandez subdivided fractures of the distal end of the radius based on the mechanism
of injury.95 Type I: Bending fractures - the metaphysis fails to tensile stress. Type II:
Compression fractures - a fracture of the joint surface with impaction of subchondral
and metaphyseal bone (die punch). Type III: Shearing fractures - fractures of the joint
surface. Type IV: Avulsion fractures - fractures of ligament attachments (ulnar styloid
and radial styloid).

Figure 14. Melone fracture classification.
Reprinted with permission.94
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3.7.8 Discussion
Any classification is of limited value, unless it provides guidelines to treatment or
prognosis.23 The classification systems descibed above have in common the fact that
the severity of the fracture increases with the presence of intra-articular fragments and/
or comminution but only sometimes it is linked to a treatment strategy. Most classification
systems distinguish three to five fracture types, which are further subdivided, with the
AO classification as the most detailed but also elaborate system.
Almost none of the described classification systems pays attention to accompanying
soft-tissue damage of the triangular fibrocartligae disc and the radiocarpal, ulnocarpal
and intercarpal ligaments, although they can be a cause of dissatisfactory subjective
and functional results in spite of good fracture healing. Demonstration of soft-tissue
damage is nevertheless difficult if not impossible in an emergency situation.96

Frykman's classification is particularly helpful by identifying intra-articular fractures
(type III to VIII), which are typically prone to complications. The more complex the
fracture, the higher the number and the more likely the complications of fracture healing.
The disadvantage is that the classification does not make a distinction between displaced
and non-displaced intra-articular fractures. The AO classification is more detailed in its
description of the fracture and part of a universal classification system for fractures.
Both the Frykman classification and the AO classifcation are well known and widely
used. For this reason these classification systems were used in this study.

3.8 Treatment options

The best treatment of distal radial fractures is controversial. Various options have been
described. This indicates that no method is completely satisfactory. Also, the method of
evaluation for the treatment result and the optimal length of follow-up are subject of
discussion. The two main criteria are the anatomic result and the (objective or subjective)
functional result. There is no unanimity about the relationship between these two. A
selection of treatment options is briefly discussed below.

3.8.1 Plaster of paris cast support
The classic method of treatment is closed reduction and plaster of paris cast support.23

This remains the accepted method for 75 to 80 per cent of fractures of the distal end of
the radius.3,5,6,7 Usually the wrist is held in mild flexion (10°-20°) and ulnar deviation
(15°).62 Immobilisation in both pronation and supination has been advocated, but
prospective trials comparing the two have not demonstrated any significant difference
in results.30,31 Although for most of the fractures of the distal radius closed reduction
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and plaster immobilisation offer satisfactory results, this form of treatment is insufficient
to maintain length and prevent secondary displacement in the so-called unstable
fractures.8 Therefore, only fractures with no or little displacement and/or comminution
are recommended to be treated with plaster immobilisation.62

3.8.2 Functional bracing
Functional bracing, as recommended by Sarmiento, provides a method of stabilisation
in which motion of the elbow and volar flexion are permitted while pronation and
supination as well as dorsal flexion are prevented.90 Sarmiento reported improved early
results in stable fractures with this method as compared to the literature.90,97 Others
have demonstrated no functional or anatomic advantage of this form of treatment.98 In
a prospective study performed by de Bruijn 196 patients were treated with a below-the-
elbow functional brace. This method of treatment offered little advantage over
conventional plaster of paris immobilisation as measured by the functional and
anatomical results.99

3.8.3 Pins and plaster
The use of pins and plaster was described by Böhler in 1929 as a treatment for those fractures
that cannot be held reduced by closed treatment methods.31,65,100,101,102 In this method proximal
and distal transverse pins are held in plaster in order to provide fixed traction and to prevent
shortening. While the length of the radius is reconstituted, often palmar tilt is not restored.
The alignment of displaced intra-articular fragments may be maintained, but many times an
acceptable position is not obtained.102 Pin complications are reported in nearly all series,
even leading to a re-operation rate as high as 16%.31,103 Other problems such as tie-down of
the muscle by distal pins, problems with the access to open wounds, complications with
circumferential plaster and difficulty of positioning the Kirschner wires in the plaster has
led to dissatisfaction with pins and plaster.31

3.8.4 Percutaneous K-wire fixation
Percutaneous pinning was reported by DePalma. This technique has been applied in
many ways with a variety of implants.104 It is limited to those fractures in which closed
anatomic reduction can be obtained and in which no more than two intra-articular
fragments are present.31 DePalma used a percutaneous pin technique in which the pins
were inserted obliquely through the distal ulna into the reduced fracture fragment of the
radius to maintain alignment. This approach was chosen to avoid injury to the sensory
branch of the radial nerve, as well as to provide stability for the pin by passing it through
both cortices of the ulna. At the end of the procedure the wrist was immobilised by a
plaster splint.
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3.8.5 Open reduction and internal fixation
Open reduction and rigid internal fixation with screws and/or a plate are appropriate for
less comminuted displaced intra-articular fractures.11 This method is not feasible in an
area of severe comminution, which is present in many intra-articular fractures.8

Furthermore, distal radial fractures often occur in elderly patients with osteoporosis,
which results in problems with reduction and stabilisation.18 It may be advisable to
perform open reduction and internal fixation for shear fractures with displacement of a
volar or dorsal intra-articular fragment (i.e. as described by Barton) because these
fractures are very unstable.3,57

3.8.6 Skeletal repair system™
Skeletal Repair System™, is an injectable, fast setting, high strength bone mineral
substitute for bone repair. Inorganic calcium and phosphate sources are combined to
form a paste that is surgically implanted by injection. Under physiological conditions,
the material hardens in minutes, providing support for fracture fragments. After 12
hours the strength is equal to bone. Animal studies provide evidence that the material is
remodelled and gradually replaced by human bone. Clinical invesigations with the new
biomaterial in extra-articular distal radial fractures suggest improved anatomical outcome
and hand function when compared to current standard methods of fracture fixation.105 A
possible complication could be the spill of paste into the soft tissue compartments
(particularly of the median nerve) or the joint space.106

3.8.7 External fixation
External fixation of distal radial fractures is a treatment method in which a distraction
force is applied to the carpus to align the fracture fragments. This principle is called
ligamentotaxis and was initially described by Vidal.12 The features of external fixation
are the subject of this study and will be discussed in the following chapters.

3.9 Complications

Abraham Colles stated: “One consolation only remains, that the limb will at some remote
period again enjoy perfect freedom in all its motions, and be completely exempt from
pain…”51 Despite this optimistic outlook, the management of distal radial fractures is
frequently accompanied by complications. In a large retrospective series of 565 fractures,
Cooney reported a complication rate of more than 31%.107 The complications included
dysfunction of the median nerve, malposition, arthritis of the radiocarpal or radio-ulnar
joint, stiffness of the fingers, rupture of a tendon, reflex sympathetic dystrophy and
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Volkmann ischemic contracture. Some of these complications were the sequelae of
treatment rather than of the original fracture. A number of studies have highlighted the
importance of the distal radio-ulnar joint in the functional outcome after distal radial
fracture.14,61,107 This joint can be involved both by diastasis due to direct injury and by
residual deformity of the distal end of the radius. The resulting pain, instability and loss
of rotation of the forearm can be disabling.61 Post-traumatic arthrosis is reported to
occur in 6 to 65% of cases, probably depending on definition criteria and length of
follow-up.5,6,14,107,108 It is mostly seen in intra-articular fractures and failure to achieve or
maintain congruity of the articular surface of the distal part of the radius at the time of
union of the fracture is the most important factor in the development of post-traumatic
arthrosis.14,107

Complications after fractures of the distal end of the radius can roughly be divided into
fracture related complications, soft tissue related complications and treatment related
complications (Table 3). Early and adequate reduction is thought to be the most effective
means of preventing complications.109

Fracture related complications:
- loss of reduction and secondary deformity
- depressed major articular fragments
- distal radio-ulnar (sub-) luxation
- (unrecognised) associated carpal injury
- non-union
- radiocarpal arthrosis

Soft tissue related complications:
- tendon damage or rupture
- median or ulnar nerve stretch, contusion or compression
- muscle weakness, stiff hand
- reflex sympathetic syndrome

Treatment related complications:
- post-reduction swelling, constrictive dressings, compartment syndrome
- errors in external or internal fixation
- nerve damage caused by operative procedure
- pin tract infection

Table 3. Potential complications following a  distal radial fracture.
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3.10 Conclusion

Descriptions of injuries of the wrist go back to ancient history. The recent history starts
in the nineteenth century with papers from Colles, Pouteau, Smith and Barton. The
type of injury to the wrist is determined by the direction of the traumatic force, with a
fall with the hand in 40 to 90 degrees of dorsal extension resulting in a fracture of the
distal radius. The incidence is highest in women above the age of 50, which is probably
related to osteoporosis and postural instability. In the majority of the patients a fall on
the ground or a fall from a height is the cause of the fracture.
The fracture of the distal end of the radius can be classified according to a range of
classification systems. Their common feature is an increasing severity in the presence
of intra-articular fragments and/or comminution but clear guidelines for the treatment
of the fracture can often not be related to the classification. Frykman’s classification is
simple, clearly structured and widely used. Other systems also may have good properties
but are more complicated or less frequently used. The optimal treatment of the distal
radius fracture is unclear. Plaster of paris is the simplest method with good results in
stable fractures. Additional or alternative fixation methods include the use of Kirchner
wires, plate osteosynthesis, bone substitues and external fixation. These techniques are
advised for more ‘complex’ fracture types but can be accompanied by several
complications like technical problems, infection and nerve damage. Other complications
of distal radial fractures include secondary deformity, loss of function and radiocarpal
arthrosis. Pain and stiffness can occur in up to 30% of the treated patients; post-traumatic
arthrosis can be seen in 6 to 65% of the patients, partly depending on the length of
follow-up.
In summary, the distal radial fracture is a common injury which usually can be treated by
simple methods with good results but is also a fracture with many possible pitfalls.
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External fixation
in
distal radial fractures

Chapter 4

4.1 Introduction

For unstable fractures of the distal radius that cannot be treated successfully in plaster,
external fixation is one of the possible alternatives. It is a method of treatment that
originally was used for other fractures but after its usefulness had been proved, external
fixators were also tried at the wrist. Since then a wide range of different types of fixators
have been developed. Although overall results of treatment are reported to be good, the
method also carries a considerable risk of serious complications. To prevent these and
to improve results the development of new external fixators is still going on. This chapter
will give an overview of the characteristics of external fixation for distal radial fractures.
At the end the principle of dynamic external fixation will be introduced and discussed.
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Figure 15.
External fixator developed by Lambotte.

4.2 History

The history of external fixation of fractures begins in the middle of the nineteenth
century with Malgaigne, who developed strapped-on metal points and claws to stabilise
displaced fractures.10,70 The first primitive form of external fixation was a clamp he
used for the treatment of patellar fractures. Around the turn of the century Lambotte
built the first clinically useful external fixator consisting of a simple unilateral frame
with pins penetrating only a single cortex (Fig. 15).110 The introduction in the 1930s of
transfixion pins, the concept of longitudinal distraction and compression mechanisms
led to the very sophisticated devices of Anderson, Stader and Hoffmann.111,112,113 The
Russian surgeon Ilizarov developed highly complex ring fixators for the correction of
limb length discrepancies, malalignments and segmental transport after corticotomy.114

As early as 1944 Anderson and O’Neil described a method for external fixation of distal
radial fractures.115 In this technique one Kirschner wire was inserted through the distal
third of the shaft of either the second or third metacarpal and two Kirschner wires were
inserted proximal to the fracture. Distraction was maintained by connecting the distal and
proximal wires to an outrigger.
Since the introduction of the Roger Anderson device in 1944 several other external fixators
for distal radial fractures have been developed. In 1980 the small AO external fixation
device was introduced (Fig. 16).22 Other devices include the Ace Colles’ external fixator,
the Hoffmann C-series (unilateral and bilateral) external fixator (Fig. 17), the Mini
Hoffmann external fixator, the small Wagner frame, the methylmethacrylate (bone cement)
external fixator and the Agee WristJack external fixator.11,61,113,116
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Figure 16.
The small AO external fixator.

Figure 17.
The Hoffmann Unilateral external
fixator.

4.3 Principle of technique

The management of distal radial fractures by means of external fixation is based on the
principle of ligamentotaxis.12 The term ligamentotaxis was introduced by Vidal and
refers to the principle of distraction of comminuted fractures of various joints like the
hip, the knee, the ankle and the wrist. He obtained the best results when it was used at
the wrist joint. When traction is applied across the wrist joint by distraction, the capsule
and ligaments of the wrist joint are placed under tension. These distracted soft tissues
then provide a compressive force on the adjacent bone fragments, hence they tend to
maintain the reduction of the distal radial fracture.
Since the fracture fragments are aligned by intact ligaments, the strength of these
ligaments is of obvious importance because their integrity permits successful use of
traction to maintain reduction.94 It was demonstrated experimentally that even with the
most severely comminuted fractures, the ligaments of the wrist remain intact.104 On the
other hand, as some authors have experienced during open reduction, injury to these
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soft tissues has commonly been noted.31,67 A study in which arthroscopy was performed
in patients with distal radial fractures showed tears in the ligaments of the wrist in 7 to
22% of the fractures.68

Theoretically ligamentotaxis across the wrist joint to maintain reduction could result in
a delayed return of motion by stretching or tightening of the wrist capsule. Rapid
restoration of function might be due to the fact that the distal fixator pins were placed in
the distal fracture fragment(s) instead of the second metacarpal in a small series published
by Forgon.117 However, this method of pin placement does not apply the principle of
ligamentotaxis and can be difficult in comminuted fractures. Also, at least one study
showed that the range of movement was not influenced by the fact whether the fixator
crossed the radiocarpal joint or not.118

4.4 Indications

Since external fixation has gained popularity in the treatment of distal radial fractures,
various indications have been suggested in the literature. Most authors agree that
external fixation is the treatment method of choice in a number of situations (Table
4).8,118,119,120,121,122,123,124

1. Unstable fractures.
A fracture is defined as unstable
- if there is an inability to maintain satisfactory fracture alignment at the time of reduction
- in the presence of severe comminution (i.e. Frykman type III-VII)
- in the presence of intra-articular fragments
- if there is severe displacement and difficulties are expected in maintaining fracture reduction by cast

support alone (more than 20° dorsal angulation and more than 10 mm radial shortening prior to
reduction).120

2. Loss of reduction following treatment by closed reduction and casting techniques.

3. Open fractures and fractures with associated nerve-, vessel- and muscle damage.
To provide a free approach to the wound in the post-operative period.

4. Bilateral fractures
For reasons of patient comfort.

Optional indications:
1. Fractures of the distal radius associated with a fracture-luxation of the carpal bones.
2. Distal radial fractures combined with proximal fractures of the forearm or elbow, or with combined

injuries to the hand (soft-tissue, bone).

Table 4. Indications for external fixation of distal radial fractures.8,118,119,120,121,122,123,124
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The period after which an initial treatment with plaster support can be converted to
external fixation varies between one day and three weeks, with an average of one
week.17,125,126 It is more difficult to reduce the fracture when the fixator is applied more
than a week after the trauma.
A relative contra-indication for the use of external fixation is the age of the patient.
Several authors exclude older patients (i.e. over 65 years) to avoid the problem of pin
loosening in osteoporotic bone.17,127 The use of external fixation requires optimum follow-
up and co-operation and therefore the technique should be restricted to co-operative
and well motivated patients.17,128

4.5 Operative technique for rigid external fixators

The surgical technique for application of an external fixator at the distal radius can be
subdivided into several standardised steps. International consensus is developing especially
for the critical parts such as the insertion of the fixator pins, which can cause iatrogenic
complications. In this paragraph the main features of the procedure for the application of
a conventional, rigid external fixator for the treatment of fractures of the distal end of the
radius are outlined. The description can be used as a general guideline but variations
according to a specific fracture and personal preferences can be added if required.

4.5.1 Pin placement
After gross re-alignment of the limb, landmarks such as the second metacarpal, the
radial shaft and the expected course of the sensory branch of the radial nerve are
determined and possibly drawn on the skin.129 The desired incisions for placement of
the fixator pins are determined with the forearm in neutral pro-supination. Usually two
proximal pins are placed in the radius and two distal pins in the second (possibly also
third) metacarpal. The diameter of these threaded Kirschner wires varies between 2.5
and 4.0 mm.17,22,120 A biomechanical study comparing distal pin placement in four, six
or eight cortices showed that the pull-out strength when six cortices are used is more
than twice as high as when four cortices are used.130 Four incisions of 1.5 to 2.0 centimetres
long are made. The pins in the second metacarpal are best inserted with a flexed metacarpo-
phalangeal joint to assure unrestricted flexion of the finger after the operation. In the
radius careful subcutaneous dissection is essential to protect the sensory branch of the
radial nerve. Recently, a ‘limited open surgical approach’ for the placement of the pins
was proposed.131 This technique allows direct visualisation of the bone to avoid injury to
the soft tissues and redrilling due to for example eccentric pin placement (Fig. 18).
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Insertion of the fixator pins requires predrilling because otherwise unexpectedly high
temperatures are generated, leading to bone necrosis which predisposes to infection
and pin loosening. The only technique which does not carry this risk is insertion of the
pins by hand force. It is, however, in this case difficult to drill an exact circular hole.
During drilling, drill sleeves should be used to protect the soft tissues. Correct axial
alignment of the pins is essential particularly when single bar constructions are planned.
Preloading or pretensioning of the pins does increase the stiffness of the construction
and may enhance the purchase in the bone, although too little is known about the amount
of stiffness really needed. Experimental studies have shown that pretension creates
extremely high pressures, cortical crush and necrosis which predisposes to infection
and loosening.132,133,134 Controlled preload also results from axial mismatch between the
hole and the pin, which, if correctly chosen, may be all that is needed. For example, a
2.5 mm pin is advised to be inserted in a 2.0 mm drill hole without further pretensioning
of the pin.129 To prevent pintract infection, the skin around the fixator pins should be
free of tension in every position of the forearm.

4.5.2 Reduction
Depending on the type of fixator, the reduction should be performed before or after
insertion of the fixator pins and assemblance of the frame. The current opinion is that
anatomical or near anatomical reduction of the articular surfaces is desirable, with
accepted maximum steps of 2 millimetres.14 Normal or near normal radial length, palmar
and radial angle are aimed for.129

Figure 18.
Limited open surgical
approach.
Reproduced by the kind
permission of Churchill
Livingstone.131
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If distraction and closed manipulation alone do not result in adequate reduction, Kirschner
wires can be used for supplemental fixation of the fracture fragments. Only in exceptional
cases it is necessary to add a cancellous bone graft to maintain the reduction in the
presence of a cortical defect or an unstable articular fragment.129,135 Recently, bone
grafting for every comminuted fracture of the distal radius was recommended to avoid
collapse of the fracture and to shorten the period of external fixation.136 After anatomical
reduction and sufficient stabilisation of the fracture fragments a near physiological
position of the wrist is sought.129

4.5.3 Post operative care
The fixation is generally stable enough to allow rehabilitation without any supportive
splinting.129 If the distal radio-ulnar joint is severely comminuted or if the distal ulna is
subluxated dorsally, a dorsal splint maintaining the forearm in supination may be needed
for additional immobilisation.62 Early, active motion of digits, elbow and shoulder are
important to reduce swelling and stiffness.23 Forearm pro-supination is generally not
advocated to allow healing of associated ulna-radial and ulna-carpal ligament injuries and
because movement is limited by the proximal fixator pin to soft tissue interface.129 Pin
tract infection most often occurs at the proximal pins, where soft tissue movement is at its
greatest. The patient is instructed to inspect and clean the pin sites at least once a day. A
variety of agents is reported for cleaning the pin sites, but manipulation of the pin-skin
interface to clean away the crust is probably more important than the agent being used.137

Weekly evaluations allow early detection of problems. Abnormal pain is an important
early symptom of reflex sympathetic dystrophy.129

Two or three weeks after surgery the distraction should be terminated by adjustment of
fixator parts. If distraction is maintained beyond this period a sympathetic dystrophy is
more likely to occur.138 Generally, the fixator can be removed six to eight weeks after
the operation without anaesthesia.120 Staged retrieval, for instance by removing the fixator
at six weeks and the percutaneous Kirschner wires at eight weeks is possible in cases
where additional K-wire fixation was used and allows earlier rehabilitation of the wrist.

4.6 Results of treatment in the literature

Over the last 12 years more than 50 studies on external fixation of distal radial fractures
have been published. It is difficult to compare the results of these (mainly retrospective)
studies because they differ in many aspects such as number of patients, the external
fixation device that was used, the fracture types included, the method of evaluation and
the length of follow-up.
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A frequent subject of discussion is the importance of the anatomical result. Still there is
no unanimity on whether the anatomical results are directly related to the functional
results. In Bacorn’s study of over 200 fractures, a direct relationship between residual
deformity and mean disability was found.139 This has been confirmed more recently by
different authors.90,102,120,140 Others have not found such a relationship.141,142 The majority
of authors, however, agree that the results of treatment correlate directly with restoration
of normal anatomy.31

Several systems to evaluate the result of treatment have been developed. For functional
results the system from Gartland and Werley is most often used, a point system which
takes into account the residual deformity, the subjective evaluation of the patient, the
objective findings and the complications arising directly from the fracture.5 The resulting
point ranges for an excellent, good fair or poor result provide a rigid, constant method
for evaluating a patient.

Author Cooney D’Anca Vaughan Schuind

Year 1979 1984 1985 1989

Number pat. 60 87 52 225

Female/ 53 67 38 149

male 7 20 14 76

Age (mean) 63 55   52 50

Device Roger Anderson Hoffmann C Roger Anderson Hoffmann C

Follow-up

(years, mean) 2 1.5 4 0.5

Fracture types 52% I-VI 27% I-VI 20% IV-VI 57% I-II

(Frykman) 48% VII-VIII 73% VII-VIII 80% VII-VIII 43% III-VIII

Results

Lidström (%)

  excellent 55 78 47 68

  good 33 16 47 19

  fair 12 6 3 3

  poor 0 0 3 0

Gartland (%)

  excellent 32 63 29 no data

  good 55 31 60

  fair 13 4 11

  poor 0 2 0

Table 5. Results of distal radial fractures treated with rigid external fixators.9,16,119,120,122,124,143,144
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For the evaluation of radiological results the Lidström classification is most often used.
This evaluation system provides an objective evaluation of cosmetic and anatomical end
results, loss of mobility, strength of grip, neurologic signs and symptoms at the distal
radio-ulnar joint.6 Of these, only the criteria for the anatomical end results are regularly
used. Depending on the degree of residual deformity found by measuring the follow-up
X-rays, the patients are divided into four groups: excellent, good, fair or poor.
To be able to compare the results of different studies, the results of eight studies have
been compiled in Table 5. These were chosen because in all of these frequently cited
studies the evaluation systems of Gartland and Werley and/or Lidström was used.
Although they use the same evaluation system they still differ in a number of the aspects
mentioned above. The results in Table 5 show that in general the treatment of distal
radial fractures by means of external fixation leads to excellent or good anatomical

Stein Horesh Sanders Steffen

1990 1991 1991 1992

40 40 34 32

no data 23 21 10

17 13 22

48 48 51 54

Small AO Small AO Ace Colles Small AO

3 3 2.5 11.6

all III-VIII 18% I-VI 20% I-VI 21% IV-VI

82% VII-VIII 80% VII-VIII 79% VII-VIII

83 90 29 no data

17 10 37

0 0 14

0 0 20

45 34 22

45 34 53

10 29 22

0 3 3

} 90

} 10
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results in 66 to 100% of the patients. Functional results are graded excellent or good in
68 to 94% of the patients. In the two studies with a follow-up of at least four years the
functional results were slightly worse than in those with a shorter follow-up, which
may be related to the late onset of post-traumatic arthrosis.9,16

Approximately 5 to 35% of the patients treated with a rigid external fixator have a fair
or poor result, either anatomically or functionally. This could be due to the type of
fracture and/or to the form of treatment and its possible complications. The complications
which can influence the outcome will be discussed below.

4.7 Complications specific for external fixation

Complications occurring during the treatment of distal radial fractures with external
fixation are reported to range from 15% to over 60%.145 There are procedure related
complications such as pin-tract infections and injury to the soft tissues and fracture-
type related problems like osteoporosis and post-traumatic arthrosis. The following
complications can be recognised:

4.7.1 Pin and pin-tract problems
These include pin-tract infection, pin loosening, pin breakage and pin site fracture and
occur in about 20% of the patients.9,118,122,126,146,147 Pin-tract infection is the most common
complication of this category. Reported percentages vary widely because the definition
of infection differs in the various studies. Horesh reported 5% pin-tract infections in 40
patients, Kongshom 6% in 69 patients, Riis 40 % in 20 patients and Jenkins 28% in 32
patients.119,126,146,147 Necrosis of soft tissues around the pin, excessive pressure at the pin-
bone interface and thermal damage to the bone during insertion are factors which are
likely to contribute to the development of pin-tract infections.137 Usually pin-tract infections
resolve with local wound care (antiseptics); occasionally antibiotics are warranted. In
most cases there is no need to remove the pins.145

4.7.2 Neuro(-vascular) injury
Due to its position, the dorsal sensory branch of the radial nerve is susceptible to injury.137

This temporary or even permanent complication is reported in 2 to 17% of the
patients.124,126,127,146,147,148,149 Others do not report this complication at all.122 This could
be related to the technique of proximal pin placement and to the method of registration
of complications. Carpal tunnel syndrome occurs in 0 to 4% but is probably not related
to the external fixator.118,146 No reports of vascular injury as a result of pin placement
have been found in the literature.
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4.7.3 Post-traumatic arthrosis
A reliable estimation of the incidence of post-traumatic arthosis is difficult to present
because it is influenced by the type of definition used and the length of follow-up.
Furthermore, radiological signs of arthrosis are not necessarily accompanied by
symptoms and vice versa.
In one study of 100 patients treated by external fixation, 3% had developed post-traumatic
arthrosis after a follow-up of less than two years.118 A more recent study reported arthrosis
in 7%.15 However, in order to observe the development of arthrosis, patients must be
followed for a longer period.31 After an average follow-up of 6.7 years, evidence of post-
traumatic arthrosis was found in 65% of the complete study group and in 91% of the
patients who showed an incongruity of the articular surface of the distal part of the radius
at the time of union.14 The occurrence of a die-punch fragment adversely affected the
outcome. A survey by Smaill noted that 10 of 41 patients had radiographic signs of arthrosis
five to six years after the fracture, but only three had symptoms.150 Over a seven-year
follow-up Overgaard found that 30 percent of 56 patients had radiographic evidence of
osteophytes and 14 percent had advanced radiographic changes.108 In his classic study
Frykman found a high rate (19%) of arthrosis of the distal radio-ulnar joint, which was
often symptomatic.61 A recent review by Steffen reported 59% of mild to severe post-
traumatic arthrosis after 12 years.16

4.7.4 Reflex sympathetic dystrophy
Many names have been given to this syndrome such as Sudeck’s dystrophy,
algodystrophy, shoulder-hand syndrome and others.151 Reflex sympathetic dystrophy
can be a major problem and can result in permanent loss of function.123,152 Potential
symptoms are pain, swelling, change in colour and edema. Also, a limited active range
of motion is most frequently reported in relation with trauma or surgery.151 The
pathogenesis has been associated with the sympathetic system but remains unclear.
Reflex sympathetic dystrophy is reported to occur more frequently if distraction by
means of external fixation is maintained for more than three weeks.138 In a retrospective
study of 26 patients, Kaempffe suggested that the functional outcome was significantly
adversely affected as the duration of distraction increased but the data were inconclusive
since only some parameters of outcome were significantly different.153 Various studies
have reported reflex sympathetic dystrophy to occur in 0%, 5% and up to 18% and it
seems obvious that the frequency depends on the definition.9,118,146,154

4.7.5 Osteoporosis
Several authors reported high percentages (up to 60%) of osteoporosis.2,122 Fractures
with a higher Frykman score (i.e. more intra-articular components) showed a more
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pronounced bone mineral loss.155 The osteoporosis usually resolves once motion is
regained and therefore it is not a true complication but rather a transient problem
associated with immobilisation in general.122,123

4.7.6 Other complications
Less common complications include loss of reduction, rupture of the extensor pollicis longus
tendon, irritation of the median or ulnar nerve and pinsite synostosis.120,122,123,145,147,156

Associated lesions of the triangular fibro-cartilage and the ulno-carpal ligament complex
leading to residual subluxation of the distal radio-ulnar joint, associated scapho-lunar
or lunato-triquetral dissociation and entrapment or laceration of tendons and nerves can
be reasons for complications and poor results.12,23,144,157

4.8 Recent developments: dynamic external fixation

To allow early functional recovery and to overcome some of the problems associated
with prolonged immobilisation, a new form of external fixation for the treatment of
distal radial fractures has recently been introduced.17 It is called ‘dynamic external
fixation’ because the external fixation device allows motion at the wrist during treatment
of the fracture. The early mobilisation of intra-articular fractures has been advised
extensively but is technically difficult at the wrist.8,10,11,13,158 Potential advantages of the
dynamic external fixators could be an earlier and improved functional outcome and the
reduction of pain and stiffness in the wrist. Also, the enhancement of circulation of synovial
fluid promotes the restoration of joint cartilage, which is an important factor in preventing
the development of post-traumatic arthrosis.13 Several devices have been developed over
the past decade and will be discussed below.

4.8.1 Clyburn dynamic external fixator
In 1987 Clyburn reported the first study using a dynamic external fixation device (the
Clyburn Dynamic External Fixator).17 The rationale for the design of the device was
based on a study of the kinematics of the wrist.21 The results of this study showed that
flexion-extension and radial-ulnar deviation occur about a fixed axis, located in the
head of the capitate. Using this information, an external fixator with ball joint at that
level was developed (Fig. 19). Flexion and extension could thus occur while the fracture
was held in anatomic position. To permit the ulnar deviation which occurs during normal
flexion, a pistoning device was added to the fixator.
Thirty patients with distal radial fractures (Frykman type VII-VIII) were treated with
this device and followed for two years. In the first fifteen patients, full flexion and
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extension was allowed immediately following the operation. The wrists of these patients
gradually lost volar tilt. For this reason, extension was allowed after four weeks in the
other 15 patients, while flexion was allowed immediately following the operative
procedure. This group had better functional and radiological results. One patient
developed a reflex sympathetic dystrophy. The device made it possible to maintain the
reduction of the fragments and allowed early return of a functional range of movement
of the wrist.
Lennox also reported the use of the Clyburn Dynamic Colles Fixator.159 Using Gartland
and Werley’s evaluation system for functional recovery (as modified by Sarmiento) 14
patients were graded excellent, 4 good, and 2 fair. There were no poor results. One
patient developed a reflex sympathetic dystrophy. No detailed data on the radiological
follow-up were available.
Merchan treated 35 patients, 20 to 45 years of age, with the Clyburn dynamic external
fixator and used a group of 35 patients treated in plaster as controls.160 All patients in
the study sustained comminuted fractures of types III to VIII according to Frykman. In
addition to the fixator, a dorsal splint was applied for the first three postoperative weeks.
Active flexion from neutral position was encouraged; however, extension was not
permitted until four weeks. The device was removed after seven weeks, at which there
was about 60° of motion of the wrist and normal motion of the digits. Functional results
in the fixator group were 18 excellent, 10 good, 6 fair and 1 poor; anatomical results
were 19 excellent, 12 good, 3 fair and 1 poor. The loss of radial angle after seven weeks
was 0.2 degrees, the loss of radial length 0.5 mm. Pin-tract infections occurred in three
patients, pin loosening in three patients. The external fixator generated significantly
better anatomical and functional results than the treatment with plaster.
Sommerkamp conducted a prospective, randomised study to compare the results of
dynamic external fixation (the Clyburn Dynamic External Fixator) with those of static
external fixation (AO small external fixator).161 In the dynamic fixator group mobilisation
of the wrist from neutral to 30 degrees of flexion was started at approximately two

Figure 19.
Clyburn Dynamic External Fixator.
Reproduced by the kind permission of Churchill
Livingstone.11
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Figure 20.
Asche Dynamic Hand Fixator.

weeks and ‘full motion’, allowing 30 degrees of extension was allowed at approximately
four weeks. The fixators were kept in place for 10 weeks. Motion in the dynamic fixator
group resulted in a significant loss of radial length compared with that of the static
fixator (4 mm vs. 1 mm). Mobilisation of the wrist in the dynamic fixator group provided
little gain in the mean motion of the wrist at one, six and twelve months follow-up.
Complications, especially pin site infections, were more frequent in the dynamic fixator
group. The study can be criticised because of the 73 patients entered in the study 25
were lost to follow-up or otherwise excluded. Five of the dynamic fixators had a
mechanical failure which might have attributed to the poor result.

4.8.2 Richards dynamic external fixator
Yen published the results of 87 patients treated with the Richards dynamic external
skeletal fixator.19 This device consists of two metal bars connected by a ball joint. The
latter was aligned with the level of the anatomical snuffbox during the procedure, which
on average was reported to take only 15 minutes. The ball joint was unlocked six weeks
postoperatively; two weeks later the fixator was removed. All fractures treated were
intra-articular fractures, 77% of which were displaced. At the end of the follow-up
period (6 to 24 months) the radial length had on average decreased by 9% as compared
to the uninjured side. Functional recovery was measured by comparing range of motion
and grip strength to the uninjured side. These were 85% and 52% at six months
respectively. The report does not provide details about the anatomical data and it is
debatable whether six weeks can be seen as early mobilisation.

4.8.3 Asche dynamic hand fixator
In 1990 Asche reported the use of the Dynamic Hand Fixator.18 This device used a
sliding mechanism instead of a ball joint. The semi-circular sliding mechanism allows
flexion and extension only (total range of motion 35°) and is used in combination with
the Hoffmann external fixator (Fig. 20). The pilot study reported six patients treated
with this device. It was found that swelling of the hand was less than in patients with a



External fixation in distal radial fractures

61

rigid external fixator but this can only be seen as an impression of the author regarding
the small series. After removal of the device motion was only slightly limited and
physiotherapy was necessary for a very short period. No movement of the fracture
fragments had occurred.
In a later prospective study, 102 patients were treated with this fixator and compared to
a historical control group.162 The fracture types were mostly comminuted and/or intra-
articular. Clinical results were graded excellent or good in 91% and moderate in 2%.
Radiological results were excellent or good in 98% and moderate in 2%. Radial
shortening was less than two millimetres in 92% of the patients. The sooner motion
was initiated, the better the results were during the follow-up. However, no data about
subgroups with different times of dynamisation were presented. All parameters such as
X-ray evaluation, clinical evaluation, pain, strength and motion improved when compared
to a static (non-dynamic) fixator when motion was allowed after two weeks. The
treatment time with this device was said to be reduced by two weeks compared to a
static fixator. In a study with 30 patients Dienst reported 6 excellent, 20 good and 4 fair
functional results. The radiological result was  excellent in 15 patients, good in 14 and
fair in 1 patient.163

4.8.4 Pennig dynamic wrist fixator
Pennig introduced a dynamic external fixation device with a double ball joint (the Pennig
Dynamic Wrist Fixator) in 1990.20 The centre piece of the fixator is a double ball joint
which connects the two metal fixator modules (Fig. 21). After the fixator is mounted at the
wrist, the fracture is reduced and the distal ball joint aligned with the centre of the anatomical
snuffbox. At the end of the procedure both ball joints are locked. After three weeks the distal
ball joint is unlocked and flexion and extension are initiated.20

Klein reported 38 patients with distal radial fractures treated by this fixator.164 Functional
results according to Gartland and Werley were 12 excellent, 15 good, 9 fair and 1 poor; for
one patient no data on function were available. Radiological results according to Lidström
were 16 excellent, 16 good, 3 fair and 3 poor.

Figure 21.
Pennig Dynamic Wrist Fixator.
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4.9 Conclusion

The technique of external fixation is based on the principle of ligamentotaxis, which
means that the reduction of the fracture fragments can be held by the distracted soft
tissues (i.e. ligaments). The main indications for the use of an external fixator are intra-
articular, comminuted and/or unstable fracture types. The functional and radiological
results are excellent or good in approximately 68 to 95% of patients. Complications
during treatment with external fixation are common and are often related to the use of
external fixation instead of the fracture itself. They can directly affect the clinical
outcome, leading to poor end results. It may be possible to reduce the rate of
complications by improving the pin insertion technique (for example the ‘limited open
surgical approach’), pin care and the external fixation devices themselves.
Dynamic external fixation offers the possibility of early functional treatment of fractures
of the distal end of the radius. The advantages could be the reduction of pain and
stiffness of the wrist after treatment and a positive effect of motion on the circulation of
synovial fluid and the restoration of joint cartilage. The latter is an important factor in
the development of post-traumatic arthrosis. Several devices have been developed and
tested, mostly in small studies. It is not yet clear what is the best time to allow for
mobilisation and whether there is an advantage compared to static fixators. The functional
and radiological results are influenced by the design of the device and can possibly be
improved.
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Chapter 5

5.1 Introduction

Rigid internal fixation of the fracture fragments, with early motion of the adjacent
joints, has been widely advocated for the treatment of intra-articular fractures.10

Prolonged immobilisation of synovial joints results in arthrosis, persistent stiffness and
pain.13 Often intensive and prolonged physical therapy is required.17,18,165 On the other
hand, early active motion showed beneficial effects on the healing and regeneration of
articular cartilage, as compared to immobilisation.6,10,13 It can be hypothesised that the
injured wrist joint in intra-articular fractures also would benefit from early mobilisation.20

The first surgeon who suggested a benefit of early motion after a fracture of the distal
radius was Championière. In 1867 he introduced early, passive motion in minimally
displaced fractures. He stated that in intra-articular fractures, early motion was necessary
to recover full function of the wrist.20,166

 J.C. Goslings, S. Tepic, A.H. Broekhuizen †, R.P. Jakob, S.M. Perren.
 Injury 1994;25(suppl. 4):85-89.
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At the wrist, however, when there is severe comminution of the distal radius, internal
fixation of the fracture fragments is difficult, if not impossible, to achieve.8,11 The intra-
articular fracture of the distal end of the radius is one of the few fractures commonly seen
for which no early motion can be achieved easily. Rigid immobilisation of the fracture
fragments for as long as ten weeks has been advocated. To prevent some of the
complications mentioned earlier, the need for a method of mobilising the wrist at an early
stage seems evident.102,141,146  The need for a way to mobilise the wrist during treatment
of a distal radial fracture has lead to the idea of modifying the small AO external fixation
device to provide a means of dynamic external fixation.

5.2 The development of a first prototype

In order to achieve this goal, a research project was initiated in a coöperative effort
between the department of Surgery of the Academic Medical Centre in Amsterdam and
the department of biomechanics of the AO Research Institute (former Laboratory for
Experimental Surgery) in Davos. The idea was discussed in a team formed by a
mechanical engineer, a senior trauma-surgeon and a medical student. The project was
named Flexafix.
It was felt that a mechanism which allows motion about all three axes, while keeping
the centre of rotation at one point, would be a good solution. A ball joint, as some other
dynamic external fixation devices have (see Chapter 4), does not meet with these criteria
because the centre of rotation of a ball joint can only be in accordance with another
centre of rotation (i.e. that of the wrist) about one axis. This means that in a device with
a ball joint only one type of movement (either flexion-extension or radial-ulnar deviation)
can be in accordance with the centre of rotation of the wrist. To overcome this
disadvantage, a design in which the centre of rotation could be located outside the
device (i.e. in the wrist) was developed. Detailed technical drawings of this idea were
made (Fig. 22), after which a first prototype, named the Flexafix device, was

Figure 22.
Technical drawing
of the design.
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manufactured (Fig. 23). It was made of stainless steel and machined by hand by the
workshop of the Product and Development Department of the AO/ASIF-group.
The prototype has the following features. The device consists of a kinematic pair. The
first part is a section of a spherical shell with a diameter of 100 millimetres. The section
of the shell is ring shaped with an outer diameter of 60 millimetres and an inner diameter
of 21 millimetres. A second part, consisting of two metal discs, linked together by a
screw through the hole in the section of the shell, is attached to the shell. This results in
a sliding mechanism with its centre of rotation in the centre of the sphere, that is, 50
millimetres from the surface of the shell (Fig. 24). To enhance sliding, the metal shell is
polished; Teflon rings were inserted in the discs. This sliding mechanism allows rotation
about all three axis without a change of the centre of rotation. Universal four millimetre
diameter rods of the small AO external fixation device are attached to both parts of the
sliding mechanism.

Figure 23. The first prototype of new dynamic external fixator.

Figure 24.
Drawing of first prototype of the new
dynamic external fixator showing the centre
of rotation of the wrist coincident with the
centre of rotation of the device.
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This device can be connected to the fixator pins penetrating the radius (2.5 mm threaded
Kirschner wires) and the second metacarpal by using the universal AO clamps. If the device
is mounted at the wrist with the surface of the shell at a distance of 50 millimetres from the
centre of rotation of the wrist (i.e. the head of the capitate)21, it provides a means of maintaining
fracture alignment, while allowing rotation of the wrist in all planes. When placed in a
lateral position relative to the wrist, the device allows free flexion and extension and 20
degrees of combined radio-ulnar deviation. If the sliding mechanism is tilted towards the
dorsum of the wrist, the range of flexion-extension will decrease, whereas the range of
radio-ulnar deviation will increase.

After the prototype was made, at first several simple, orientating tests were done. To
prove that the centre of rotation does not alter during movement, the prototype was
mounted on two wooden rods (Fig. 25). One end of each rod was sharpened; these
sharp ends pointed towards each other. When the prototype was mounted in the right
position, it was clearly visible that the sharp ends of the rods remained in contact with
each other during movement about all axes.
Subsequently, the device was mounted on a plastic model of the forearm and hand (Fig.
26). The fixator pins were placed as advised by Jakob for the small AO external fixator.22

The hand proved to be able to move without much resistance in a full range of motion. It
should be noted that the wrist of this model consists of plastic bones linked together by a
latex coating and thus is not fully representative of a human wrist.

Figure 25.
Prototype mounted on pointed rods, which remain
in contact irrespective of the type of movement.
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Encouraged by the positive results of these two tests the prototype was mounted on a
cadaver wrist (Fig 27). The device allowed free dorsal extension and palmar flexion
and 20 degrees of combined radio-ulnar deviation. It was also found that distraction
(ligamentotaxis), if applied, was not lost during movement of the hand. This was
confirmed by cineradiographic recordings. In Chapter 6 and 7 further biomechanical
and kinematic experiments with the new prototype of the modified small AO external
fixator will be presented.

Figure 26.
Prototype mounted on a plastic
model of a forearm.

Figure 27.
Prototype mounted on a cadaver
hand.
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5.3 First clinical experience

Following these in-vitro experiments, the new device was used in the clinic in one
patient. After a fall on the outstretched left hand a 35 year-old male sustained an
impression fracture (or pilon fracture) of the distal radius (Fig. 28).66 In this case, the
scaphoid bone was responsible for the impression of the distal radius (Fig. 29). Fracture
fragments like these are unlikely to be reduced by ligamentotaxis because they do not
have soft tissue attachments. Since an articular incongruence of more than two millimetres
strongly predisposes to the development of post-traumatic arthrosis, the treatment of
choice is anatomical reconstruction and cancellous bone grafting followed by a form of
fixation which allows a functional treatment.14 This could be one of the indications for the
new fixator.
Under general anaesthesia and tourniquet control, a dorsal incision was made over the
wrist. The depressed fragment was elevated and the resulting gap under the fragment was
filled with a cancellous bone graft from the iliac crest (Figs. 30 and 31).
The device was mounted with the usual 2.5 millimetre threaded Kirschner wires and
the universal AO clamps. The centre of rotation of the spherical shell was pointed towards
the capitate bone as the centre of rotation of the wrist. The distance between the shell
and the capitate was 50 millimetres. With the patient still under anaesthesia, flexion-

Figure 28.
Radiographs of the first patient with
a fracture of the distal radius.

Figure 29.
Complex motion tomogram with im-
pression of the articular surface of the
distal radius.
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extension and radio-ulnar deviation were tested through the full range of motion without
problems. The operative result was checked by image intensifier and showed normal
movement of the carpus without collapse of the fracture fragment. At the end of the
procedure, a second bar was mounted to create a temporary rigid fixation for the first
three post-operative weeks. With this extra bar the fixator was locked and the wrist
immobilised (Fig. 32).
The cross-bar was removed after three weeks and the patient was encouraged to move his
wrist again (Fig. 33). After one week of exercising with the fixator in place, dorsal extension

Figure 30.
Operative view. Articular surface
impressed (arrow) by the scaphoid
bone.

Figure 31.
Situation after elevation of the
fragment and cancellous bone
graft.

Figure 32.
Device mounted at the wrist and locked
by cross-bar.
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was found to be unrestricted but palmar flexion was not yet optimal. There was 20 degrees
of radio-ulnar deviation in total. Pronation and supination were slightly reduced (Fig. 34).
The patient was able to play his guitar again. After three weeks with a locked fixator an
another three weeks with a dynamised fixator, the device was removed. The end result
was a fully functional recovery.

Figure 33.  Patient playing his guitar with Flexafix in situ.

Figure 34.  Situation after one week of exercising (four weeks post-operatively). Left: Flexion and
exension. Right: Pronation and supination.
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5.4 Continued development

After evaluation of the first clinical case it was decided to continue the Flexafix project
and improve the design of the modified small AO external fixator. The first prototype of
the Flexafix had several inconveniences. Having been made by hand, its construction
was labour-intensive. The parts were made from stainless steel which is a relatively
heavy material. The sliding properties were not optimal, in spite of the inserted Teflon
rings. This could result in a form of resistance felt by the patient during exercising.
Further, the screw linking together the two discs could not be locked optimally. Therefore,
the discs were able to unlock and thus cause a mechanical failure of the device. The
standard AO four millimetre diameter rods were fixed by welding to the sliding
mechanism and could not be varied in length. Another important problem to be solved
was the elaborate positioning of the fixator due to the absence of an aiming device.
Furthermore, the sliding mechanism could only be locked by mounting a second crossbar
over the device.
Based on these experiences the design was adjusted. The parts were designed in such a
way that they could be produced by machine (Fig. 35). Instead of steel a choice was
made for aluminium because of its mechanical properties (i.e. stiffness and sliding
properties), weight, cost and ability to be machined. The parts were to be made on a
numerically controlled turning machine. This is a computer guided turning machine
which, after programming, automatically converts a chosen piece of aluminium into
the desired shape. To further enhance the sliding of the discs on the ring, the aluminium
parts were to undergo a special process called ‘ematalieren’. During this process the
aluminium surface is hardened and coated by anodising. After assembling the parts, the
screw linking together the disc would be locked with glue (Araldit epoxy AY 103,
hardener HY 951). The sliding mechanism was supplied with a hole in which standard
rods from the small AO external fixator set in any desired length could be fixed by
tightening a hexagonal allen screw.
To be able to lock the sliding mechanism, a small extra aluminium disc was added to
the device. It was placed between the upper disc and the middle part of the sliding
mechanism (that is, the ring-shaped section of a spherical shell). By adding two threaded
holes to the upper disc with a small allen screw in them, the sliding mechanism could
be locked by tightening the allen screws, which would press the extra aluminium disc
to the middle part. This gave the possibility of locking and unlocking the sliding
mechanism and improving the stability and strength of the fixator in the period in which
it was not dynamised.
On the edge of the upper disc a rim was made to be able to attach an aiming device to
the sliding mechanism. Finally, a hole with a diameter of one millimetre was made
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exactly in the middle of every part of the sliding mechanism. This hole has a role to play
during the positioning of the device at the operation (see below).

5.5 Patent

The design of the sliding mechanism, accompanied by explanation with drawings and
text, has been patented by the European Patent Office in Munich, Germany (pat. nr.
92917550.3-2305) and the United States Patent and Trade Mark Office in Washington,
D.C. (pat. nr. 5437666).

5.6 The development of an aiming device

For an optimal functioning of the dynamic fixator it is necessary that during the operation
the device is positioned in such a way that the centre of rotation of the sliding mechanism
is coincident with the head of the capitate bone as the centre of rotation of the wrist.
This means that this point has to be found in three planes. To accomplish this, an aiming
device was designed (Fig. 36). This device consists of a ring with a rectangular bar
attached to the side of it (Fig.37). In the outrigged bar, there is a one millimetre diameter
hole through which a Kirschner wire can be slid. This hole was made at exactly 50
millimetres from the surface of the shell in the sliding mechanism. Several versions in
various materials, including plastic and aluminium, were made by hand and by machine.
The aiming device is attached to the upper disc by clamping it over the rim on this disc.
Next, one Kirschner wire with a diameter of one millimetre is slid through the hole in
the side-bar of the aiming device and another Kirschner wire is slid through the hole in
the centre of the sliding mechanism. In this way, both Kirschner wires are pointing to

Figure 35. Modified parts of the Flexafix device.
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the centre of rotation of the dynamic fixator, irrespective of the position of the discs
relative to the shell. If both wires were pushed forward they would touch each other
exactly in the centre of rotation of the spherical shell.
During the actual operation the wires of the aiming device would not be pushed in so
far but only until they touch the skin. The imaginary point of intersection of the two
wires, however, is still located exactly in the centre of rotation of the device. Prior to the
exact positioning of the device, the anatomical snuffbox (tabatière anatomique) and the
long axis of the third metacarpal can be marked as a reference point for the location of
the capitate bone and thus for the direction of the wires. With the use of an image
intensifier, the two wires will be seen and the device can be manipulated until the
imaginary intersection of the wires is located in the head of the capitate bone. If the
fixator is mounted at the lateral side of the wrist and the image intensifier view is made
in the antero-posterior direction, the fixator will be in the right position in the frontal
and sagittal planes. The correct position in the transversal plane is then found by aiming
the wire through the centre of the sliding mechanism at the central part of the wrist as
seen from a lateral view. The procedure of aiming will be explained further in the
operative instructions for the Flexafix device (see Chapter 8).

Figure 37.
The aiming device.

Figure 36.
Technical drawing of design of
aiming device.
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5.7 Maintenance of the device

The sliding mechanism can be sterilised according to standard hospital procedures.
The aiming device may be sterilised up to a temperature of 120 degrees Celsius. Higher
temperatures could result in damage or breaking of the aiming device. When the fixator
is dynamised, it is advisable to apply a thin layer of silicone spray between the shell
and the discs of the sliding mechanism to improve the sliding properties.

5.8 Conclusion

The Flexafix project resulted in the development of an external fixation device with special
properties. The sliding mechanism provides three degrees of freedom of movement while
at the same time the centre of rotation of all these movements is located in one point. The
construction with the shells is the explanation for its main feature, this being a sliding
mechanism with its centre of rotation located outside the device itself. In this way there is
a possibility of combining the centre of rotation of the wrist and the centre of rotation of
the dynamic external fixator. If mounted correctly, this should result 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 an initial clinical test case,
the design was further improved and adjusted. In addition, an aiming device was
developed to facilitate the application of the fixator.
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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.



Kinematics of the wrist with the Flexafix device

85

Kinematics of
the wrist with the
Flexafix device

                       Submitted for publication.

Chapter 7

7.1 Introduction

As described in Chapter 2, various methods have been used in the past to describe the
motion of the radius, ulna, carpal and metacarpal bones in relation to each other. In
earlier days X-rays were used to study the angles between the bones in different
positions of the hand.168,169,170 This technique was also used to describe patterns of
carpal movement in cineradiographs of the wrist.171,172 However, these methods provided
indirect information about planar movements. In order to obtain more direct information
about the three-dimensional aspect of wrist motion, carpal bones have been implanted
with metal markers after which biplanar radiography was performed. 173,174,175 With
this technique the XYZ-coordinates and thus the position and orientation of the
respective bones could be determined. Others have used light emitting diodes or sonic
digitizers to analise the three-dimensional properties of the wrist. 21,176,177 The techniques
mentioned above were based on a sequential static analysis of motion, whereas the
dynamic aspect of wrist motion could not be addressed.
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At the University of Texas Medical Branch in Galveston (Texas, U.S.A.) a technique for
kinematic analysis of the wrist has been developed and validated.178,179,180 The technique
combines data acquired from high-speed video images and three-dimensional
reconstructions of CT-scans, which results in a visual animation of the actual motion
pattern. In this way, the motions of the carpal bones can be calculated in a dynamic
mode. This method has added to the knowledge of the normal kinematics of the wrist
and can be applied to help understand abnormal clinical conditions such as carpal
instabilities, degenerative diseases and distal radial fractures.
Until recently, most external fixators for the treatment of unstable distal radial fractures
did not allow motion at the wrist. The introduction of dynamic external fixators in
1987 has given the possibility of early functional treatment, i.e. movement of the wrist
during the period the fixator is mounted.17 Early motion of joints after fracture treatment
may facilitate the repair of articular cartilage and could possibly reduce the
complications of joint immobilisation.10,13 It is important to address attention to the
effect of this new treatment modality on the kinematics of the wrist. A dynamic external
fixation device for the treatment of distal radial fractures should be kinematically
compatible with the joint, allowing unconstrained movement of the wrist. However,
Patterson et al. have shown that several commercially available dynamic external
fixation devices for the treatment of distal radial fractures do not replicate the normal
kinematics.167 Any device that does alter normal kinematics brings the risk with it of
forcing the carpal bones into an abnormal pattern of movement or displacement of
fracture fragments.
Also, distal radial fractures can be accompanied by ligamentous injury. Richards
performed arthroscopy in 118 patiens with acute, intra- and extra-articular distal radial
fractures.68 A tear of the scapholunate ligament was present in 22% of intra-articular
fractures and in 7% of extra-articular fractures. Lunotriquetral ligament injuries were
seen in 7% of intra-articular fractures and in 13% of extra-articular fractures. Geissler
diagnosed scapholunate tears in 32% and lunotriquetral injuries in 15% of intra-articular
fractures in 60 patients.181 However, the effect on carpal kinematics of dynamic external
fixation in the case of a distal radial fracture accompanied by ligamentous injury has
not been studied.
While most available dynamic external fixation devices have an articulating part that
has its centre of rotation in the device itself (i.e. outside the wrist), the Flexafix dynamic
external fixator is a new device which permits motion in three planes while the centre of
rotation of all the movements is located at a point outside the device.17,19,20 During the
operation this centre of rotation of the device can be positioned within the anatomic
space of the wrist. The aim of this study was to analyse the effect of the Flexafix device
on wrist kinematics under various conditions.
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7.2 Materials and methods

7.2.1 Specimen preparation
Four fresh frozen cadaver upper extremities without visible or radiographically
identifiable abnormalities were used. All specimens (two left arms and two right
arms) were from men; the average age was 46 years (range 32 to 56 years). Under
image intensifier control triad pins were placed in the radius, scaphoid, lunate, capitate
and third metacarpal bones in a way that they would not touch each other during
movement of the wrist. Care was taken not to place the pins through tendons or other
soft tissues involved in wrist motion to avoid altering or otherwise influencing motion.
These rigid pins have three spheres of approximately 5 millimetres in diameter placed
in a cruciform arrangement on top. To enhance their reflective properties, the spheres
were coated with photoreflective paint.
The flexor carpi ulnaris, flexor carpi radialis, and extensor carpi ulnaris tendons were
then dissected and each of their end sutured to form a total of three loops. The extensor
carpi radialis longus and brevis were looped together to form the fourth loop. The
flexor and extensor tendon loops on the radial side of the wrist were then connected
by wires to a free-floating pulley; this procedure was repeated for the loops on the
ulnar side of the wrist. These two pulleys were both weighted by 5 lb. (2.27 kg) and
allowed the tendon pairs to move synergistically during motion while the weight
simulated muscle tone.167,180 The upper arm was placed into a jig with the elbow
flexed 90° and the forearm in neutral orientation while allowing free wrist motion.
With the help of an aiming device (pointing towards the centre of rotation of the
sliding mechanism) and 2.5 mm threaded Kirschner wires the Flexafix dynamic external
fixator was applied at the radial side of the wrist with the centre of rotation of the
device positioned in the proximal part of the capitate bone. Its position was checked
with an image intensifier.
After obtaining normal kinematic data was obtained in all four wrists, in two specimens
a scapholunate ligament (SL) injury was simulated. The dorsal capsule of the wrist
was opened, the scapholunate ligament was completely transected and the DIC
ligament was freed from the lunate (see Figure 5, p.20). After the SL tear was made
the dorsal capsule was repaired with a suture.

7.2.2 Three-dimensional carpal bone reconstruction
Transverse images of the wrist and triad pins were obtained with a CT scanner (GE
9800, General Electric Medical Systems, Milwaukee, Wisconsin, U.S.A.) generating
slices 1.5 millimetres thick. The 3-D shape of the bones was extracted using a software
program developed at UTMB running on a SunSparc 2 workstation (Sun Microsystems
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Inc., Mountain View, California, U.S.A.). In each CT slice, the boundaries of the bones
were digitally tracked in an interactive process. The data obtained from all the slices
were collected and grouped by the program, after which the boundaries of each bone
were assembled as a 3-D model using the Application Visualisation System (AVS Inc.,
Dallas, Texas, U.S.A.) running on a Graphic Workstation (Evans & Sutherland Corp.,
Salt Lake City, Utah, U.S.A.).167,179,180

7.2.3 Kinematic data collection
Each wrist was moved passively through several flexion-extension and radio-ulnar
deviation cycles by a Kirschner wire inserted in the third metacarpal bone. Four black
and white video cameras (High performance CCD cameras, Cohu Inc., San Diego,
California, U.S.A.), arranged around the wrist, tracked the triad pins’ reflective surfaces
throughout the motion cycles, creating motion path files. The three-dimensional paths
for the triad pins were determined by combining the video data, collected at 60 frames
per second (Expert Vision System, Motion Analysis Corp., Santa Rosa, California,
U.S.A.).167,180 The specimens were tested twice; once in the normal condition and
once with the Flexafix device mounted. Two specimen were tested four times: once
without the fixator, once with the Flexafix device mounted, once after transection of
the scapholunate ligament and once after application of the Flexafix device in the
presence of the ligament injury.

7.2.4 Animation
The three-dimensional geometric reconstructions and the kinematic path data were
combined to create an animation of the actual wrist motion. This provides a visual
check to validate the calculated motion of the bones, as well as a simple, understandable
way to display the data. From the kinematic analysis, measurements that were
hypothesised to characterise carpal bone motion were calculated. These included
global wrist angle and Euler angles between the bones.167,180 Global wrist angle describes
the global motion of the wrist and is measured as the angle between the long axis of
the third metacarpal and the long axis of the radius. Euler angles represent the angle
of one body to another body during motion in relation to a coordinate system. Of the
three resulting Euler angles, only the angles in the plane of the motion that was tested
were analyzed.
If mounted on the radial side of the wrist, due to its design the Flexafix device allows
more flexion extension than radio-ulnar deviation; in this position the latter is limited
to 20 degrees (see Chapter 5). Carpal motions (i.e. radiolunate, capitolunate and
scapholunate angles) were analysed between 40° of flexion, 40° of extension, 5° of
radial deviation and 15° of ulnar deviation. The data for each position of the hand of
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were for the wrists tested averaged (at one degree intervals) and the standard deviation
(SD) of these averages was calculated, including minimal and maximal SD. The
carpal angles were plotted relative to the position (i.e. global wrist angle) of the hand.

7.3 Results

7.3.1 Flexion-extension
Measurement of the radiolunate angle results in a negative value when the lunate is
flexed relative to the radius; a positive value corresponds to extension of the lunate. In
a movement of both 40 degrees of flexion and 40 degrees of extension, the radiolunate
angle in the normal wrist was -31.2° in wrist flexion and 21.3° in wrist extension
(mean SD 4.0°, range 2.0° - 5.8°). With the fixator, these values were -29.5° and 20.0°
respectively (mean SD 4.3°, range 3.1° - 6.2°). The difference in the position of the
curves was less than two degrees during the entire range of motion tested (Fig. 46).
When the capitate is flexed relative to the lunate, the capitolunate angle is expressed by
a positive value; extension of the capitate relative to the lunate results in a negative
value. The capitolunate angle was 12.6° in wrist flexion and -14.8° in wrist extension
(mean SD 7.5 range 6.4 - 8.4) in the normal wrist compared to 16.6° and -13.6° (mean
SD 6.5° range 5.1° - 8.2°) after application of the fixator. The curve diplaying the wrist
with the fixator was situated one to four degrees above the curve for the normal wrist
with the most close relation between neutral and 25° of flexion (Fig. 47).
In the normal wrist the scapholunate angle was 15.2° in wrist flexion and -2.9° in
wrist extension (mean SD 5.2°, range 4.2° - 6.4°) with a positive value representing
the scaphoid flexed relative to the lunate and a negative value with the scaphoid
extended relative to the lunate. In the wrist with the Flexafix device attached these

Figure 46.
Radiolunate angle during flexion and
extension.
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values were 14.8° and -3.1° (mean SD 7.8°, range 4.7° - 9.2°). The plotted curves
were closely together during the range of motion tested with a maximum difference in
position between the curves of two degrees (during extension) (Fig. 48).

Figure 47.
Capitolunate angle during flexion and
extension.

Figure 48.
Scapholunate angle during flexion and
extension.

Table 6 shows the three carpal joint angles in different positions of the hand and the
ranges of these angles during wrist motion between 40° of flexion and 40° of extension.
The ranges describe the shape of the carpal angle curves rather than the position of the
curves relative to each other as described above.

7.3.2 Radio-ulnar deviation
During movement of the hand from 15 degrees of ulnar deviation to 5 degrees of radial
deviation the radiolunate angle is negative with the lunate in ulnar deviation relative to
the radius and positive with the lunate in radial deviation. In the normal condition, the
radiolunate angle was -8.1° in ulnar deviation and 1.4° in radial deviation (mean SD
4.7°, range 3.6° to 7.1°), compared to -9.7° and -0.2° (mean SD 4.6, range 4.2 to 5.8)
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respectively after application of the fixator. The curve of the fixator was consistently
approximately three degrees below the normal curve (Fig. 49).
A positive value for the capitolunate angle represents ulnar deviation of the capitate
relative to the lunate, a negative value radial deviation relative to the lunate. The
capitolunate angle was 5.4° in ulnar deviation and -4.7° in radial deviation (mean SD
4.3°, range 4.0° to 5.5°) in the normal wrist versus 9.6° and -2.8° (mean SD 2.9, range

   radlun    caplun    scalun
n sln n sln n sln

normal flex -40 -31.2 -20.5 12.6 19.6 15.2 26.7
flex -20 -21.4 -14.1 4.7 6.0 9.7 22.7
neutral -6.2 -4.6 -1.5 -4.6 6.0 11.0
ext 20 10.2 9.0 -7.1 -11.0 1.1 0.4
ext 40 21.3 19.0 -14.8 -20.8 -2.9 -6.2

-40°/40° range 52.5 39.5 27.4 40.4 18.1 32.9

fix slfix fix slfix fix slfix

fixator flex -40 -29.5 -22.1 16.6 17.9 14.8 25.9
flex -20 -19.6 -12.4 6.4 7.5 9.7 24.1
neutral -5.7 -3.7 0.4 -4.1 6.4 11.7
ext 20 10.1 10.3 -3.8 -10.0 3.1 0
ext 40 20.0 19.4 -13.6 -20.5 -3.1 -5.5

-40°/40° range 49.5 41.5 30.2 38.4 17.9 31.4

delta normal-fixator 3.0 -2.0 -2.8 2.0 0.2 1.5

Table 6.
Range of carpal motion (in degrees) around X-axis (flexion-extension) during movement from -40° of
flexion to 40° of extension. Normal = uninjured wrist; fixator = wrist with Flexafix device applied; sln
= wrist with scapholunate ligament transected; slfix = Flexafix device applied to wrist with scapholunate
injury. Radlun= radiolunate angle, caplun= capitolunate angle, scalun= scapholunate angle.

Figure 49.
Radiolunate angle during radial deviation  and
ulnar deviation.
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1.3 to 5.1) respectively with the fixator (Fig 50). The difference in position between
the curves was less than two degrees except near maximum ulnar deviation tested
(four degrees).
The scapholunate angle was not determined during radio-ulnar deviation since out of
plane motions for this carpal angle were larger than the motions in the principal plane
of motion, caused by flexion-extension movements of the scaphoid.

7.3.3 Scapholunate ligament injury
After transection of the scapholunate ligament (SL) in two wrists, the mean radiolunate
angle in a flexion-extension movement (40°/40°) was -20.5° in wrist flexion and 19.0° in
wrist extension, which is less than before SL transection (Table 6). Application of the
fixator in presence of the SL injury resulted in a radiolunate angle from -22.1° in flexion
and 19.4° in extension (Fig. 51).
The mean capitolunate angle was 19.6° in flexion and -20.8° in extension without the
fixator; with the fixator the values were 17.9° and  -20.5° (Fig. 52). The mean scapholunate
angle after transection of the SL ligament was 26.7° in flexion and -6.2° in extension

Figure 51.
Radiolunate angle during flexion and
extension. Normal = uninjured wrist; fixator
= normal wrist with Flexafix device applied;
sl-normal = wrist with scapholunate ligament
transected; sl-fixator = Flexafix device applied
to wrist with scapholunate injury.

Figure 50.
Capitolunate angle during radial deviation
and ulnar deviation.
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without the fixator compared to 25.9° and -5.5° with the Flexafix device (Fig. 53). Both
the capitolunate and scapholunate angles were increased compared to the angles prior to
SL transection. The difference in the position of the curves for the two conditions (SL
injury only and SL injury in presence of the fixator) was less than two degrees for all three
angles measured during the entire range of motion tested.

7.4 Discussion

This study was designed to analyse the effect of a new dynamic external fixation
device developed for the treatment of distal radial fractures on wrist kinematics. It is
important to know these effects because any device which is kinematically incompatible
with the wrist could possibly lead to abnormal loading conditions. Of all the available
techniques to study kinematics a relatively new method was used because this technique
provides information about the dynamic aspect of the motion studied. Other radiographic
studies, such as standard X-rays, biplanar X-rays, CT-scans and MRI-scans are limited

Figure 53.
Scapholunate angle during flexion and
extension. Normal = uninjured wrist; fixator
= normal wrist with Flexafix device applied;
sl-normal = wrist with scapholunate ligament
transected; sl-fixator = Flexafix device applied
to wrist with scapholunate injury.

Figure 52.
Capitolunate angle during flexion and
extension. Normal = uninjured wrist; fixator
= normal wrist with Flexafix device applied;
sl-normal = wrist with scapholunate ligament
transected; sl-fixator = Flexafix device
applied to wrist with scapholunate injury.
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to the gross approximation of dynamic motion by repeated static positioning. The
present study used reflective triad pins rigidly fixed to the bones and high-speed
video data collection of wrist kinematics, combined with 3-D reconstructions of CT
images. The forearm was stabilised and the wrist was allowed to move freely. The
flexor and extensor tendons were loaded with weights, the wrist was moved passively.
Another method could have been to move the wrist by active tendon loading with
calibrated springs according to physiological cross-sectional area.174,182 Since the aim
of this study was to compare several conditions, this would probably not have changed
the outcome. The technique used in this study has its limitations; it is performed in
vitro and implantation of triad pins could potentially disturb normal motion, although
care was taken to avoid this.
The range of motion of the wrists tested was to some extend limited by the Flexafix
device. When applied to the radial side of the wrist, the device theoretically allows
free flexion and extension and 20 degrees of combined radio-ulnar deviation. The
mean range of motion with the device in the wrists tested was 121° (70° of flexion
and 51° of extension), which is close to the normal range of motion and more than
other dynamic external fixation devices tested previously which showed a ROM
varying between  94° and 107°.167 Also, this range provides most of the range of
motion needed to perform activities of daily living.47,48

The main aspect of the study was to determine the effect of the Flexafix dynamic
external fixator on carpal bone motion. A change, induced by the device, in the
normal angles between the individual bones could result in impingement and/or
distraction between the bones in parts of the range of motion. In addition, with the
device applied to a forearm with a fractured distal radius, the abnormal kinematics
may result in fracture dislocation. Further, abnormal loading conditions have been
related to the development of arthrosis. On the other hand, it seems unlikely that this
will develop during the four weeks that the fixator is used in the dynamic mode, since
most authors start the dynamisation two or three weeks after the operation.20,160,161,163

Nevertheless, a dynamic external fixator which is to be used in its dynamic mode
should allow unconstrained movement of the wrist.
There are several means to interpret the measured angles and the differences between
the curves in the conditions tested. The difference in the position of the curves can be
caused by the fixator altering the normal position and movement of the carpal bones.
The differences found during flexion-extension were generally small with a maximum
of 4 degrees. Other possible explanations for a higher of lower position of the curve
could be slightly different loading conditions between the normal wrist and after
application of the fixator. The fixator was mounted on the wrist in an unloaded state,
after which it was loaded for testing.
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The pattern of the movements displayed by the carpal bones that were studied was
comparable for both conditions as shown by the ranges of the carpal angles during
flexion-extension tested. In the limited flexion-extesion motion tested (40°/40°), the
range of the radiolunate angle was decreased by 3.0 degrees after application of the
fixator, whereas the range of the capitolunate angle increased with 2.8 degrees. This
phenomenon could be explained by the observation from recent studies that the centre
of rotation for flexion-extension migrated through the capitate, whereas the sliding
mechanism of the fixator has a fixed centre of rotation in the capitate.167 During radio-
ulnar deviation the differences were slightly more pronounced, especially near the
maximum range of radial and ulnar deviation allowed by the fixator. The interpretation
of the carpal angles during radio-ulnar deviation is partly impeded by the occurence
of out of plane motions, i.e. motion in the flexion-extension or pro- and supination
plane. In contrast, during flexion-extension the out of plane motions were minimal,
as was also noted by other authors.173,174,183

A comparison of the absolute figures with the results obtained with the Orthofix,
Clyburn and Agee Wrist Jack dynamic external fixators in a previous report is difficult
since the testing circumstances were different with respect to cadaver, loading, type
of motion and the range of motion tested.167 In general however, for flexion-extension
the results obtained in this study resemble those earlier results which showed carpal
angle differences up to 3 degrees. Radio-ulnar deviation with dynamic external fixators
has not been reported previously.
After transection of the scapholunate ligament the lunate tended to flex less during
flexion compared to normal, whereas during extension the change was small. The
40°/40° range was 39.5° after transection vs 52.5° in the normal wrist. The contribution
of the capitolunate angle to flexion increased as a compensation for the reduced
flexion of the lunate (27.4° normal vs 40.4° after transection of the SL ligament). The
gradual increase in scapholunate angle was also more pronounced in flexion while
the 40°/40° range increased from 18.1° in the normal wrist to 32.9° after SL transection.
From these results it seems that during flexion of the hand after transection of the
scapholunate ligament, the lunate remains in a relatively extended position while the
scaphoid flexes, thereby increasing the scapholunate angle. During extension, the
scaphoid comes back to the lunate and thus decreases the scapholunate angle to
(near) normal values.
The data obtained in the experiments confirm the results of the biomechanical
investigations with the Flexafix device described in Chapter 6 in which pin loads
were measured during motion with two different types of dynamic external fixators.
Apart from biomechanical considerations related to the offset centre of rotation in
devices with one or more ball joints, a possible advantage of the device tested in this
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study is that in addition to a considerable range of flexion-extension a small amount
of radio-ulnar deviation (20°) is also permitted by the device. This could allow for a
more normal wrist motion since active flexion and extension are accompanied by
radio-ulnar deviation respectively. Future studies could focus on the events occuring
in the fracture area at the distal end of the radius during movement of the hand in
presence of a dynamic external fixator. The theoretical advantage of early motion for
fracture treatment by means of dynamic external fixation can only be confirmed in
clinical studies. However, clinical results obtained with dynamic external fixators can
only be expected to be good if the design of the device that is used is sufficiently
compatible with the wrist.

7.5 Conclusion

In this cadaver study the kinematical properties of the Flexafix dynamic external
fixator designed for the treatment of distal radial fractures were studied. The device
influenced carpal kinematics to a limited extent. In presence of a scapholunate ligament
injury the altered kinematics were the same with and without the fixator applied to the
wrist. Compared to other types of dynamic external fixators the new device showed a
similar kinematic pattern. Additional research is needed to determine the effect of
dynamic external fixation with a simulated distal radial fracture. Clinical studies will
have to elucidate a presumed beneficial effect over other methods of treatment for
distal radial fractures.
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Chapter 8

8.1 Introduction

The newly developed external fixation device requires precise mounting on the wrist of
the patient in order to achieve correspondence of the two important centres of rotation,
that is, the centre of rotation of the wrist and the centre of rotation of the sliding
mechanism. This goal can be achieved by the use of the parts of the standard small AO
external fixator set in combination with the Flexafix device and the aiming device
designed for this purpose. Based on laboratory tests with plastic forearm models and
cadaver specimens an operative technique was developed especially for the application
of the new prototype. After the first case history the operative procedure was evaluated
and adjusted where necessary. The specific requirements for the application of the
Flexafix device are described.



Chapter 8

98

8.2 Required materials

The equipment that is used (in addition to standard operation facilities) for the operative
procedure is listed in Table 7.

* Flexafix device
* Aiming device with two guide wires (Kirschner wires, 1.0 mm diameter)
* Small AO external fixator set
* Drill equipment
* Allen key 1.5 mm
* Waterproof marking pen
* Image intensifier

Table 7. Required materials for the operative procedure.

8.3 Operative technique

The basic operative technique for the application of external fixators on the distal end
of the radius (as described in Chapter 4) is used. However, it should be noted that the
application of the sliding mechanism is a new and extra component. The operation is a
technical procedure which requires a good understanding of the biomechanical
background of the fixator and a careful preoperative planning. The placement of the
Flexafix device on the wrist determines two important factors. Firstly, the stability of
the fracture fragments which can be influenced by position and concordance of the
above mentioned centres of rotation. Secondly, the range of motion during the time the
fixator is dynamized. As described in Chapter 4, the device allows free flexion and
extension and 20 degrees of combined radio-ulnar deviation when placed in a lateral
position relative to the wrist. If the sliding mechanism is tilted towards the dorsum of
the wrist, the range of flexion-extension will decrease, whereas the range of radio-
ulnar deviation will increase. With regard to the functional wrist motion required for
standard tasks of daily living, we think that the patient will experience the greatest
benefit from a maximum range of flexion-extension and a relatively smaller range of
radio-ulnar deviation.
Below a step-by-step description of the application of the Flexfix device will be given.
The procedure has also been recorded on video tape at the AO Research Institute in
Davos, Switzerland (tape nr. 60060).
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Figure 54.
Anaesthesia, disinfection and
draping. A tourniquet may be
applied prior to disinfection.

Figure 55 a and b.
Modelling and manipulation of the
fracture region and subsequent
reduction.

55 b
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Figure 56 a and b.
Insertion of Kirschner wires in the
distal radius (one from styloid
process obliquely to proximal
medial cortex, if necessary another
from proximal to distal/medial
cortex)

Figure 57 a and b.
Control of the position of the
Kirschner wires with image inten-
sifier.

56 b
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Figure 58.
The Kirschner wires are cut and the
hand is placed in a neutral position.

Figure 59.
Marking of the anatomical snuff-
box (tabatière ana-tomique) with a
pencil.

57 b
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Figure 60.
From the anatomical snuff-box, a
line is drawn over the dorsal side
of the wrist.

Figure 61.
Marking of the long axis of the
third metacarpal.

Figure 62.
Fixator pin nr. 3 (2.5 mm diameter,
threaded) is drilled in metacarpal II
(1.5 cm distal to the palpable tuber-
culum to prevent that the pin later
interferes with the sliding mechanism
after dynamisation of the fixator) Pre-
drilling is advised. The pin is inserted
at an angle of ±20° from the frontal
plane. Id.: Pin nr 1 will be inserted
proximally in the radius; nr 4 distally
in metacarpal II.



103

Operative technique

Figure 63.
Determination of the location of pin
number 2 (±4 cm proximal of the
fracture). This pin is placed with a
limited open surgical approach (see
Chapter 4).

Figure 64.
Skin incision and blunt dissection of
the soft tissues. Special attention is
given to the sensory branch of the
radial nerve (see Figs. 6 and 18).

Figure 65.
Dissection is continued until the
cortex of the radius is visible.
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Figure 66.
After predrilling (2.0 mm), a fixator
pin (2.5 mm, threaded) is inserted
in the radius with the use of a tissue
protector sheath.

Figure 67.
The Flexafix is held along-side the
wrist and the length of the fixator
bars is deter-mined.

Figure 68.
A fixator bar (4.0 mm diameter) of
required length is inserted into the
hole.
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Figure 69.
The bar should not be inserted too
deeply, as this may impede optimal
movement at a later stage.

Figure 70.
A standard small AO screw driver
is used to tighten the bar.

Figure 71.
The Flexafix, with the discs
preferably fixed in a neutral position,
is attached to the fixator pins.
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Figure 72 a and b.
The aiming device is connected to
the upper disc of the sliding
mechanism.

Figure 73.
A guide wire (1.0 mm dia-meter) is
inserted through the central hole in
the fixator until it touches the skin at
the site of the anatomical snuff-box
marking.
Another guide wire (1.0 mm
diameter) is placed through the hole
at the distal end of the aiming device.

72 b
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Figure 74.
The fixator is manipulated until the
first (central) guide wire is at the
centre of the snuffbox and the
second wire in line with the long
axis of the third metacarpal
marking. In most cases, the fixator
is now positioned almost correctly.

Figure 75.
With a spanner wrench, the fixator
clamps are now somewhat
tightened, and the top allen screws
in the upper disc are fastened using
an allen key.

Figure 76.
The position of the sliding
mechanism is checked with an
image intensifier. The imaginary
intersection of the guide wires
should be within the centre of the
proximal pole of the capitate bone.
The position of the sliding
mechanism may be adjusted if
necessary. When the centre of
rotation is in the correct posistion
the clamps are definitively secured.
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Figure 77a  and  b.
Fixator pin nr. 1 (proximal into the
radius) is similarly inserted as pin
nr. 2 (limited open approach), and
con-nected with the rest of the fixator.

Figure 78.
Fixator pin nr. 4 is inserted distally
from pin nr. 3 in the second
metacarpal.

77 b
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Figure 79a  and  b.
Function testing of flexion and
extension may be performed after
loosening the allen screws.

79 b

Figure 80a  and  b.
Similarly, radial- and ulnar deviation
may be tested.
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Figure 81.
Two fixator bars (4.0 mm diameter)
of around 8 to 10 centimetres of
length are connected with a clamp
and placed over the fixator.

Figure 82.
The fixator pins are cut to required
length, after which the incisions are
dressed with gauze.

80 b
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8.4 Conclusion

The operative technique for the application of the Flexafix device can be divided in two
parts. The first steps are the standard preparations, reduction of the fracture and the
insertion of the fixator pins. Special care should be taken to choose the right point of
insertion for the two pins close to the fracture. Injury of the superficial branch of the
radial nerve should be prevented by the use of a half open technique.
The second part consists of the positioning of the sliding mechanism. For a proper
application of the Flexafix device a thorough understanding of its biomechanical
construction and at the same time knowledge of the aiming device are prerequisites.
The stepwise instructions presented in this chapter will help the surgeon to perform the
operation.



Chapter 8

112



The Flexafix device in clinical practice

113

The Flexafix device
in clinical practice

Chapter 9

9.1 Introduction

After the development of the first prototype, the successful application of the new dynamic
external fixator in one patient and the subsequent modifications of the prototype, a
clinical trial was initiated. This study should reveal the problems and positive events
associated with the use of the device. Problems with the device might be related to the
size, positioning and locking of the device. Potential post-operative problems could be
related to the maintenance of fracture reduction. Positive findings could be related to
the time interval between the operation and the time of maximum functional recovery,
and to the occurrence of post-operative complications. To achieve this goal, the clinical
and radiological outcome of distal radius fractures treated with the new dynamic external
fixator (Flexafix) were evaluated during a follow-up period of at least four months.

J.C. Goslings, A.H. Broekhuizen †, H. Boxma, E.J. Hauet, Y.E.A. van Riet,
J.N. Keeman.
Accepted for publication by Injury.
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9.2 Patients and methods

The study was designed as a prospective, non-comparative study. It started with a pilot
series at the department of surgery of the Academic Medical Centre in Amsterdam (the
Netherlands); hereafter at different time intervals the departments of surgery of the
Zuiderziekenhuis Rotterdam, the Academic Hospital at the University of Utrecht and the
Sint Lucas-Andreas Ziekenhuis in Amsterdam also participated in the study. Included in
the study were patients over 18 years of age, able to give informed consent and available
for a follow-up of at least four months. Fracture types which would otherwise be treated
by rigid external fixation were included in the study, i.e. unstable fractures (judged by the
degree of comminution, displacement and intra-articular fragments), re-dislocated fractures,
open fractures and bilateral fracutres.120 Fractures were classified according to Frykman.61

In addition to standard operative equipment, small AO external fixator sets, Flexafix devices,
and a dynamometer (Jamar Dynamometer, model 2a, Asimov Engineering, Santa Monica,
USA) were used. The fixator was applied in a standard configuration with two pins proximal
to the fracture in the radius (placed with a limited open surgical approach) and two pins in
the second metacarpal.131 The Flexafix device was positioned in a way that the centre of
rotation of the device was located in the centre of rotation of the wrist, i.e. the proximal
part of the capitate.21 Before a surgeon from a participating clinic started with the use of
the device an operating manual and instruction videotape were supplied. The first procedure
in each clinic was performed in attendance of the senior trauma-surgeon from the
development team and/or the author. After the operation a standard protocol for the post-
operative management was used. Patients were seen after one or two days, 14 days, six to
eight weeks, two weeks after removal of the fixator, after four months and at the time of
completion of follow-up. Two weeks after the operation the fixator was dynamised and
the patient encouraged to use the hand. Range of motion and complications were registered
at these visits.
Standard antero-posterior and lateral X-rays were made two weeks after the operation
(when the fixator was dynamised), after six to eight weeks, after four months and at the
end of follow up. The primary end points of the study were the functional result according
to the criteria described by Gartland and Werley (modified by Sarmiento), a grading system
which takes into account residual deformity, the subjective evaluation of the patient, the
objective findings and the complications directly arising from the fracture.5,90 This results
in an excellent, good, fair or poor score. The radiological result was classified according
to Lidström (modified by Sarmiento).6,97 Depending on the degree of residual deformity
found by measurement of dorsal angle, radial angle and radial length on the follow-up X-
rays the patients were divided into four groups: excellent, good, fair or poor (see Appendix
A). The clinical and radiological data were converted into median values and interquartile
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ranges. The interquartile range (IQR) is the difference between the 75th and 25th percentile
and indicates that 50% of the values are in this range. Differences in radiological resp.
clinical data during follow-up were analysed with Friedman's chi-square test.
The study protocol was approved by the medical ethical committees of the participating
clinics. Informed consent was obtained from each patient prior to inclusion in the study. A
detailed description of the protocol is presented in Appendix A.

9.3 Results

9.3.1 Patient and fracture characteristics
From April 1993 to March 1997 44 patients were included in the study. Of these, 21
(48%) were men and 23 (52%) were women. The average age was 45.8 yrs (range 28 -
66) and 57.7 yrs (range 35 - 77) respectively. The fracture was most often caused by a fall
on the hand (31 patients, 70%). A fall from a height was the cause of trauma in ten
patients (23%) and motorcycle accidents in three patients (7 %). The right hand was
fractured in 19 cases and the left hand in 25 cases.
Associated injuries were noted in eight patients. These were fractures of the maxilla (1x),
clavicle (1x), rib (1x), opposite wrist (1x), metacarpal (1x), lumbar vertebra (1x),
acetabulum (1x), tibia (1x) and calcaneus (2x). One patient sustained a cerebral contusion.
No associated cardiovascular, pulmonary or abdominal injuries were seen. Pre-existing
illnesses included epilepsy (1 pat.), migraine (1 pat.), psychiatric disease (1 pat.), deafness
(1 pat.), hypothyroidea (1 pat.), hypertension (3 pat.), chronic obstructive pulmonary
disease (2 pat.), diabetes mellitus (1 pat.) and carpo-metacarpal arthrosis (1 pat.). The
medication used by the patients in the study was related to the diseases mentioned.
The fractures were classified according to Frykman and AO (see Chapter 3). Most
fractures were classified AO type C (complete articular) or Frykman type VII-VIII
(intra-articular fractures of both the radiocarpal and distal radio-ulnar joint). Table 8
shows the distribution of the different fracture types in the study.

9.3.3 Operative procedure
The majority of the patients (77%) was initially treated with a plaster cast. Secondary
dislocation was the indication for external fixation in these patients. After informing
the patient about the procedure, informed consent was obtained. The operation was
done in an outpatient operation facility or during a short stay admittance, excluding the
patients with a secondary indication for prolonged hospitalisation. On average, the time
between the trauma and the operation was seven days (range 2 - 18) for patients who
were not treated primarily by external fixation.
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In 18 cases (41%), the operation was performed by a resident in co-operation with a
consultant and in 26 cases (59%) by a consultant. Length of application (defined as the
complete operative procedure described in Chapter 8) was between 30 and 135 minutes
(average 65 min.).
Additional fixation methods were used in 24 patients. Of these, 23 consisted of Kirschner
wires to stabilise the fracture fragments. In two patients a bone graft was performed
during the initial operation, one of them in combination with Kirschner wires. In six
cases, Kirschner wires were used during the operative procedure only to facilitate the
application of the fixator. At the end of the procedure the Kirschner wires were then
removed.
The operative result, as judged by the surgeon, was excellent or good in 38 patients and
fair or poor in six patients. Complications encountered during the operative procedure
consisted of the shells of the sliding mechanism being very close to the skin (three
cases) and suspicion of radial nerve damage (one case). The surgeons made remarks on
the difficulty of the reduction in four cases and the complex aiming procedure in four
cases.

9.3.4 Follow-up
Of the 44 patients included in the study two were lost to follow-up because trial forms
were not filled in or the patient went to another hospital for further treatment. One patient
dropped out of the study because she fell and re-fractured the wrist. Treatment was
continued in another hospital. Two patients were re-operated before the end of the four
months follow-up period. They will be described elsewhere in the chapter.
The results of the remaining 39 patients will be described below. After operation and
discharge the patients were seen after one or two days, after two weeks, after six to
eight weeks, two weeks after removal of the fixator and at four months. Most of the
patient cohort (92%) was also seen more at than four months after the operation. The
mean follow-up time was 19 months (range four months to four years).

Frykman nr. pat. AO-ASIF nr. pat.

I - II 2 A1 2
III - IV 1 A2 1
V - VI 2 C1 8
VII - VIII 39 C2 13

C3 20
Table 8.
Fracture types according to Frykman and AO.
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9.3.5 Functional results
Two weeks after the operation, the fixating cross-bar was removed and the sliding
mechanism was unlocked. The patient was then stimulated to use the hand again. Thirty-
two patients (82%) received physical therapy during the dynamised period or after
removal of the fixator.
Four weeks after dynamisation of the fixator, the median amount of flexion with the Flexafix
device still mounted was 30 degrees (IQR 14 to 40°) and the amount of extension 18° (IQR
9 to 30°). These values significantly increased to 40° (IQR 30 to 50°) and 40° (IQR 20 to
50°) resp. two weeks after removal of the fixator, 45° (IQR 40 to 55°) and 50° (IQR 40 to
60°) at four months follow-up and finally 60° of flexion (IQR 40 to 68°) and 60° of extension
(IQR 50 to 70°) at the time of end follow up (Fig. 83).
Four weeks after dynamisation the median radial deviation with the fixator on the wrist
was 0 degrees (IQR -4 to 5°); the median ulnar deviation was 20 degrees (IQR 10 to
20°). This progressed to 15° (IQR 6 to 20°) and 20° (IQR 11 to 35°) resp. two weeks
after removal of the fixator, 15° (IQR 10 to 25°) and 25° (IQR 20 to 30°) at four months,
and 20° (IQR 15 to 25°) and 40°(IQR 30 to 45°) at the time of end follow-up (Fig. 84).

Figure 83. Flexion and extension in relation to time-interval after the trauma.

The median amount of pronation four weeks after dynamisation was 50 degrees (IQR
32 to 70°) compared to 30° (IQR 10 to 45°) of supination. Two weeks after removal of
the fixator these values were 75° (IQR 58 to 90°) and 43° (IQR 20 to 66°) resp., at four
months 80° (IQR 70 to 90°) and 70° (IQR 55 to 80°) resp. and at the end of follow-up 90°
(IQR 78 to 90°) and 75° (IQR 63 to 80°) (Fig. 85).
The functional results according to the criteria described by Gartland and Werley (modified
by Sarmiento) showed 10 (28 %) excellent, 16 (46%) good, 8 (23%) fair and 1 (3 %)
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poor results at four months’ follow-up. No exact data regarding function were
available in four patients. At the end of follow-up (average 19 months), the functional
results had improved (Table 9). Detail data on function in two patients was lacking
for this time point.

Figure 85. Pronation and supination in relation to follow-up time.

Figure 84. Radial deviation and ulnar deviation in relation to follow-up time.

Functional result No. of patients (%)
Excellent 25 (68%)
Good 9 (24%)
Fair 3 (8%)
Poor 0

Table 9. Functional results at the end of follow-up.
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9.3.6 Radiological results
Since the sliding mechanism of the fixator was usually located on the lateral side of the
wrist, it was not possible to perform reliable measurements (e.g. dorsal angulation) on
the lateral X-rays until the fixator was removed. This problem was not seen on the
antero-posterior X-rays. Therefore radial length and radial angle could be measured on
all these X-rays.
Two weeks after the operation, the median radial length was 11 mm (IQR 9 to 13 mm),
compared to 2 mm (IQR 0 to 8 mm) directly after the trauma. During the period of
dynamisation, radial length remained the same with 11 (IQR 8 to 13 mm) at six weeks
(removal of the fixator). In the time following, radial length tended to decrease slightly to
a median of 10 mm (IQR 8 to 13 mm) after four months (not significant). At the end of
follow-up (average 19 months), the median radial length was 10 mm (IQR 8 to 13 mm)
(Fig. 86).

The median radial angle was 13 degrees (IQR 8 to 19°) at the time of fracture and 24
degrees (IQR 20 to 28°) after two weeks. Six weeks after the operation the median
radial angle was 26° (IQR 22 to 28°), after four months 26° (IQR 22 to 29°) and at the
time of end follow-up 24° (IQR 20 to 26°) (Fig. 87). Dorsal angulation, as explained
before, could only be measured at the time of trauma and after removal of the fixator.
The median dorsal angle after the trauma was 26 degrees (IQR 9 to 36°). At six weeks
the median dorsal angle was 2° (IQR -4 to 10°), at four months 4° (IQR -4 to 10°) and
at the time of end follow-up 0° (IQR -4 to 8°) (Fig. 88).
When classified according to Lidström, at four months the radiological result was
excellent in 11 cases (30%), good in 19 cases (51%), fair in two cases (5%) and poor in
five cases (14 %). For two patients no radiological data at this time point were available.

Figure 86. Progress in time of radial length.
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Table 10 shows the radiological result  at the end of  follow-up (average 19 months). For one
patient no X-ray data were available at that time point. To give an impression of the course
of treatment in individual patients in Appendix B four case histories are presented.

Figure 88. Progress in time of  dorsal angle.

Figure 87. Progress in time of radial angle.

9.3.7 Complications
At each visit the occurrence of complications was noted. These consisted of pin tract
infections (nine patients, 22%), nerve impairment (seven patients, 17%), symptoms of
reflex sympathetic dystrophy (four patients, 10%), mechanical problems (two patients,
5%), delayed union (one patient, 2%), re-operation (three patients, 7%, including the
two patients who dropped out of the study).

Radiological result no. of patients (%)
Excellent 12 (32%)
Good 19 (50%)
Fair   2 (5%)
Poor   5 (13%)

Table 10. Radiological results at the end of follow-up.
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The pin tract infections were all treated using conservative measures: moist bandages,
elevation, pin care instructions and antibiotics (eight patients). None of the fixator pins
had to be removed for reasons of infection but in one patient the Kirschner wires were
removed due to infective complications. Nerve complications were frequently seen and
occurred in the area of the superficial branch of the radial nerve. Most of the affected
patients complained of reduced sensibility of the thumb. The hypesthesia was temporary
in six patients and permanent in one patient. Mechanical problems consisted of decreased
sliding capacities of the fixator. None of the sliding mechanisms broke down but several
showed signs of wear during the period of dynamisation (Fig. 89).
Three patients were re-operated after the initial operation, two of them before they
reached the four months’ follow-up time and one five months after the initial operation.
Of these patients, one showed a persistent dorsal angulation of 22 degrees which was
not corrected at the time of fixator placement. This was the fifth patient who was included
in the trial. A correction osteotomy was performed and a plate was applied. Two patients
had severe pain in the distal radio-ulnar joint. Revision of the initial X-rays showed a
luxation of the ulna for which a resection of the distal ulna was performed.

Figure 89 Example of wear at the surface of the shells of the sliding mechanism (left: overview, right:
detail).

9.4 Discussion

The fracture of the distal radius can be a difficult fracture to treat, especially in the case
of comminution or a secondarily dislocated fracture which is operated on a week or
more after the trauma. The use of an external fixator is an accepted method to stabilise
unstable fractures and to maintain the length of the radius. This form of treatment has
become popular because of the versatility of the devices and the good results of treatment.
On the other hand, studies with a long-term follow-up show a high percentage of post-
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traumatic arthrosis, sometimes in excess of 50%.14,16 Others have pointed out the
importance of motion in a joint and the circulation of synovial fluid.13 A generally
accepted goal in the treatment of articular fractures is early mobilisation of the affected
joint. It is remarkable that this goal is often not reached in fractures involving a joint as
important as the wrist. The development of external fixators that provide a way of
stability for the fracture in combination with the possibility of early mobilisation is an
attempt to improve the recovery of an intra-articular and/or comminuted distal radial
fracture.
In this study a newly designed and developed dynamic external fixation device for the
treatment of severe distal radial fractures was used. The design of this dynamic external
fixation device tested differs significantly from other dynamic fixators in that it allows
three degrees of freedom while the centre of rotation of all these movements is in one
point, located outside the device. This centre of rotation of the device can be brought in
concordance with the assumed centre of rotation of the wrist. Previous devices had
either ball-joints as dynamic part of the fixator or a sliding mechanism with only one
degree of freedom.17,18,19,20 The main goals of the present study were to gain experience
with the Flexafix fixator and to reveal potential problems associated with its use.
The operative procedure took 65 minutes on average, which maybe somewhat longer
than needed for the application of a standard external fixation device. This is explained
by the part of the operation in which the sliding mechanism is positioned. The aiming
with the help of the aiming device and image-intensifier can be difficult since the
reduction has to be held while at the same time the wires of the aiming device are
pointed towards the capitate bone (i.e. the centre of rotation) and the bolts are tightened.
In six patients, the reduction was temporarily held by two Kirschner wires in the distal
radius, which were removed at the end of the operation. This facilitated the application of
the sliding mechanism. A certain disadvantage of the present aluminium construction of
the Flexafix device is the fact that lateral image-intensifier and X-ray views are largely
obstructed by the device. Therefore the operative result is sometimes hard to judge.
After the cross-bar was removed at the fourteenth day post-operatively, the patients
started to move the injured wrist. Although some of the patients were afraid to use their
hand or experienced pain, the majority were enthusiastic about the mobility of their
hand soon after the injury. To enhance the sliding silicon spray was applied between the
shells of the sliding mechanism when the fixator was dynamised. Several patients
reported successful use of sunflower oil at home in order to keep the sliding properties
good. It is not yet clear whether the moment chosen for dynamistion of the fixator (14
days post-operatively) is ideal. Pennig advised the Orthofix device to be released after
three weeks, whereas Asche advises to start with movements as early as the third post-
operative day.18,20 More research is needed to select the best moment.
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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 is approached. Palmer reported the
normal functional range of motion used to perform these activities of daily living to be
5° of flexion, 30° of extension, 10° of radial deviation and 15° of ulnar deviation.47 Ryu
found that the majority of the evaluated tasks could be performed with 40° of combined
flexion extension and 40° of combined radio-ulnar deviation.48

The functional result at the end of follow-up (average 19 months) of the patients in this
study was excellent or good in 92% and fair or poor in 8%. These results are comparable
to results published in reports using rigid external fixators.9,16,119,120,122,124,143,144 There were
eleven patients whose functional result at the last follow-up was better than at four
months follow-up, implicating that the function can still improve after four months.
From these data we cannot conclude that the dynamic fixator is superior to rigid external
fixators. However, only two weeks after removal of the fixator the median range of
motion was 40° of flexion, 40° of extension, 15° of radial deviation and 20° of ulnar
deviation, which seems a good result for a short period after removal of the fixator. In
comparison with other dynamic external fixators the results of the Flexafix device are
certainly not inferior. Functional results were graded as excellent or good in 92% of our
patients, compared to 73 to 90% in other studies (Table 11).159,160,161,162,163,164

The radiological results were excellent or good in 82% and fair or poor in 18%. These
results are also comparable to reports with other dynamic external fixators (Table
11).159,160,161,162,163,164 When the three radiological measurements in the course of follow-
up are evaluated it is seen that the radial angle in our study was restored from 13
degrees (median) at the time of fracture to 24 degrees after operation. This was not
significantly different at time of completion of follow-up. Average dorsal angulation
after the trauma was 20.5 degrees compared to 1.0° at the time of end follow-up. Radial
length was 2 mm (median) directly after the trauma and 11 mm at two weeks. During
dynamisation it decreased only minimally to 10 mm at the end of follow-up (not
significant). From these data we can conclude that in spite of the early mobilisation
with the fixator still on the wrist, reduction was maintained.
Sommerkamp et al. in their study with the Clyburn dynamic external fixator observed an
average radial length of 5 millimetres before the operation, 15 millimetres after application
and 11 millimetres at the time of removal.161 This means a loss of radial length of 4
millimetres between application and removal of the fixator. Dorsal angulation was 28
degrees before, 7° after the operation and 8° at the time of removal. Radial deviation was
7° before reduction, 23° after application of the fixator and 23° on removal of the fixator.

The radiological results obtained with the Flexafix device used in this study are hard to
review in part because the lateral X-rays are obstructed by the Flexafix device. Therefore,
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the dorsal angulation cannot be measured accurately until the fixator is removed. This
problem is not seen with the antero-posterior views. Theoretically, it is possible that a
sub-optimal radiological result was caused by a technical failure during the positioning
of the sliding mechanism. A close review of the X-rays of the patients with a fair or
poor radiological result revealed that in these cases the positioning of the device was
probably not optimal. One cannot expect a good radiological end result if the radiological
result (i.e. reduction) is not good at the time of operation. This means that conserted
efforts should be made to obtain a good reduction and to carefully position the device
during the operative procedure. Others have advised to achieve reduction with less than
20° of dorsal angulation, more than 10° of radial angulation and loss of radial length of less
than 6 mm.163 Additional Kirschner wire fixation of the fracture fragments could provide
more stability but in the present study the functional and radiological results of the patients
with and without additional K-wire fixation were equal. This could possibly be explained
by the severity of the fracture types that were treated with additional K-wires.
As Vaughan found in his study, the patient group can be split in a two groups: elderly
patients (above 55 years) who most often sustain a low-energy accident like a fall on the
hand, and a younger group (below 55 years) who often sustain a more violent accident
like motor vehicle accidents or falls at work from a height.9 Radiological results in the
present study were not substantially different between patients younger than 55 years and

Author Lennox Merchan Klein Sommerkamp Asche Dienst present study
Year 89 92 92 94 95 95 98
Number pat. 20 35 38 24 102 30 39
Female/ 65% 20% 40% 42% 69% 80% 52%
male 35% 80% 60% 58% 31% 20% 48%
Age (mean) 55 37 46 34 54 45 52
Device Clyburn Clyburn Pennig Clyburn Asche Asche Flexafix
Follow-up 16 12 20 12 7 6 19
(months,mean)
Fracture type all all 56% 75% 62% 63% 89%
(Frykman) VII - VIII III - VIII VII-VIII VII-VIII III-VIII III-VIII VII-VIII
Results (%)
Functional

excellent 70 51 32 32 20 68
good 20 29 41 44 67 24
fair 10 17 24 24 91 13 8
poor 0 3 3 0 0 0

Radiological
excellent no data 54 42 4 98 50 32
good 34 42 56 47 50
fair 9 8 12 2 3 5
poor 3 8 28 0 0 13

Table 11. Comparison of results with various dynamic external fixators. 159,160,161,162,163,164
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those above 55 years of age. The functional results were excellent or good in 96% of the
patients younger than 55 years compared with 81% in the group older than 55 years.
Complications were rather frequent in the present series. Pin-tract infections occurred
in 22% of the patients. The majority of these infections were at the site of the pins in the
radius. A possible explanation could be the interaction between the soft tissues and the
pin during the period of dynamisation. All infections were treated by pin care measures,
drainage and/or antibiotics. One patient had loosening of the pins with loss of reduction.
Other studies with dynamic external fixators reported varying percentages of infections,
possibly due to different classification. Klein found only three pin-tract infections in 56
patients; Merchan found four infections in 35 patients.160,164 In his series of 34 patients
Sommerkamp found a much higher rate with 13 of 24 patients showing signs of infection.161

Despite the use of a limited open surgical approach for pin placement, seven patients
had paresthesia of the superficial branch of the radial nerve. Of these, six resolved and
1 was persistent. This could mean that either the surgical technique was inadequate or
that mechanical irritation of the nerve occurred at the site of the pin. The rate of nerve
complications was comparable to other studies, in which incidences varied between 2
and 17% (see Chapter 4).124,126,127,146,147,148,149

Although the device use in this study was newly designed, there was only one case in
which the fixator could not be dynamised because of mechanical problems. Some fixators
had minor problems with the sliding properties. This can be explained by the metal
surfaces sliding over each other in the sliding mechanism or by the presence of blood in
the device. Klein encountered four dislocations of the ball joint in the Orthofix device
in 56 patients, after which the device was adjusted.164 Lennox reported one failure of
the Clyburn device in 20 patients.159

9.5 Conclusion

The present study reports experience with a new biomechanical concept of dynamic
external fixation of distal radial fractures. 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. Regarding the severity of the fracture types and the fact that a new
device was used this can be regarded as a positive conclusion. Also, it is important that
reduction was maintained in spite of the early dynamisation of the injured wrist.
A beneficial effect of the dynamic aspect of the fixator could not be demonstrated
clearly since the study was non-comparative. As mentioned before, the range of motion
two weeks after removal of the fixator seems relatively good. Also, the response with
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regard to this device was very positive in the majority of the patients though the effect
of dynamisation on the quality of life is a point for further research. To show a distinct
advantage of dynamic external fixation over static external fixation a prospective study
with a long-term follow-up would be needed because none of the present available
studies meets these criteria when critically reviewed. Only the long-term results can
possibly show a presumed decrease in the rate of post-traumatic athrosis and disuse
osteopenia explained by the advantage of early radiocarpal motion. Before we can
conclude that dynamic external fixation is either advantageous or unnecessary, the design
of the dynamic fixators needs to be be optimal.
The Flexafix dynamic external fixation device is a new acquisition in the range of
available dynamic external fixators for the treatment of distal radial fractures. The new
biomechanical construction and the first treatment results are encouraging. However,
the device needs further development, especially to allow lateral X-ray views. The use
of different materials or surface treatment methods could also further enhance the sliding
properties of the fixator.
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General discussion

General discussion



128



129

General discussion

This study describes the development of a new dynamic external fixation device for the
treatment of distal radial fractures. Fractures of the distal radius are commonly seen in
emergency departments and most often treated by means of closed reduction and
application of a plaster cast. Although this method of treatment is usually sufficient for
so-called stable fracture types the reduction is often not maintained in fractures with
intra-articular components and/or comminution. For these unstable fractures of the distal
radius several treatment options have been proposed in the past with external fixation
comprising one of the most frequently used methods.
One disadvantage of the use of external fixation on the wrist is the fact that with most of
the currently available devices the wrist is rigidly fixed without the possibility of
mobilisation. This might be a factor in the occurrence of prolonged pain and stiffness in
the wrist and later in the development of post-traumatic arthrosis. Reported incidences
of problems related to the immobilisation differ widely due to the length of follow-up,
criteria for definition and the fact that radiological signs of arthrosis do not necessarily
have to be accompanied by clinical symptoms. Recent long-term studies have shown
radiological signs of arthrosis in 59 to 91 percent of the patients, who were treated by
various methods.

Treatment consisting of anatomic reduction and internal fixation of intra-articular
fractures with early mobilisation of the adjacent joints has been widely advised for
many years. The circulation of synovial fluid by means of early motion of the joint has
been shown to have beneficial effects on the regeneration of articular cartilage as
compared to immobilisation. It is remarkable that in a fracture occurring so frequently,
it has up til now been so difficult to achieve early mobilisation, especially with intra-
articular fractures. This problem has resulted in the idea and subsequent development
of dynamic external fixators which have in common the presence of some sort of joint
in the fixator to allow motion at the wrist during treatment of the fracture. Several
devices have been developed since 1987, most often with one or more ball joints as the
articulating part. One dynamic fixator used a one-dimensional sliding mechanism with
its centre of rotation in the wrist. The development of the dynamic external fixators is
often based on studies which located the centre of rotation of the wrist in the proximal
part of the capitate bone. It can be argued that this is too much a simplification of the
complex wrist joint but for practical purposes it might be sufficient.

The problem leading to the present study was the fact that none of the available dynamic
external fixation devices allows motion around all three axes with the centre of rotation
of all these movements located in the wrist. A ball joint located in the fixator can only
correspond with the centre of rotation of the wrist during one type of movement (usually
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flexion-extension if mounted on the lateral side of the wrist). The purpose of the present
study was the development of a dynamic external fixation device which allows motion
in all three planes while the centre of rotation of all these movements was located in the
wrist instead of in the device. In a combined research project, clinically and
biomechanically oriented researchers have worked together on a solution to the problem.
This has resulted in the development of a sliding mechanism which meets all the above
mentioned criteria. This could be achieved by the use of a newly designed and patented
mechanism with spherical shells. With the fixator mounted properly, the centre of rotation
of the device, which is located 50 millimetres from the surface of the sliding mechanism,
corresponds with the centre of rotation of the wrist. The design of the sliding mechanism
has been patented.

The biomechanical properties of the new device, called Flexafix, have been tested in
comparison to a frequently used dynamic external fixator with a double ball joint as its
articulating part. The forces on the distal radius during movement of the hand, as
measured by the forces on a fixator pin, were about the same during flexion and extension.
During radio-ulnar deviation the fixator with ball joints showed a high pin load whereas
the Flexafix device showed no considerable pin load. An explanation for this is the fact
that with the ball joints, during radio-ulnar deviation the wrist is forced to rotate around
the ball joint, which is located approximately five centimetres away from the natural
centre of rotation of the wrist. Although its manufacturer advises to exercise flexion-
extension only, it is difficult for a patient to consciously restrict wrist motion to exactly
a single plane. Furthermore, the device has some play in the ball joints, allowing
movements in another plane. Due to its biomechanical construction, in the cadaver
model the newly designed Flexafix device displayed a relatively favourable load pattern,
thereby confirming the theoretical advantage.

Any dynamic external fixator which does not allow unconstrained movement of the
wrist will change the normal pattern of carpal movement, which could possibly result
in dislocation of fracture fragments if applied to a fractured distal radius. Therefore, a
second cadaver study was conducted in order to obtain more direct information about
the kinematic properties of the Flexafix device. Methods to study the motion of the
wrist that have been applied in the past used a sequential analysis of wrist motion to
describe a dynamic process. In the kinematic study described in this thesis, data acquired
from high-speed video images and three-dimensional reconstructions of CT-scans were
combined and reconstructed into a 3-dimensional visual animation of the actual motion
pattern. By calculating the range of motion and three carpal angles, a selection of possible
parameters was chosen to describe the kinematics of the wrist. The interpretation of



131

General discussion

motion data is complex and subject to confusion. Angles of carpal bones for example
can be described as an angle relative to a starting position or with respect to another
bone (as in this study).
The study was limited in several aspects: a relatively small number of specimens was
tested, the hand was moved passively (although the tendons were loaded) and a
comparison with other studies is difficult. The main goal however, was to test the
kinematic compatibility of the Flexafix device in an intact forearm using each wrist as
its own control. The study showed that between 40 degrees of flexion and 40 degrees of
extension no statistically significant changes in radiolunate, capitolunate or scapholunate
angles could be detected after application of the Flexafix device. The introduction of a
scapholunate ligament injury, which frequently accompanies intra-articular distal radial
fractures, influenced the carpal angles mostly during flexion. These altered kinematic
were not further deteriorated after application of the fixator. Since no reference data are
available as to which differences in kinematics are acceptable in order to benefit from
the early motion without impeding the reduction of the fracture fragments, more research
in needed on this subject.

After further development of the Flexafix device the properties were evaluated in a
clinical study. The functional and radiological results in the patients with mainly severe
fracture types were excellent or good in most patients and are certainly comparable to
those with rigid and other dynamic external fixators in the literature, although it is
difficult to compare the results of different studies using various criteria for evaluation
of the result. Considering that the clinical experience with the newly developed device
was limited, these results of treatment can be regarded as positive. The early mobilisation
of the unstable fractures was generally not followed by a loss of reduction, which may
be related to the sound biomechanical concept of the device. A good reduction of the
fracture at the time of operation and a correct positioning of the sliding mechanism
seem to be important factors determining the anatomical result. The positioning of the
device requires a good understanding of the kinematics of both the sliding mechanism
and the wrist.
The range of motion achieved with the dynamised fixator still on the wrist was close to
the range of motion needed to perform activities of daily living. Patients resumed their
activities with the dynamised fixator on the wrist and the subjective judgement of the
majority of the patients was enthusiastic. Although no special effort was made to quantify
the quality of life and the possibility to perform activities of daily living, the new device
made a very favourable impression. It seems an advantage that the patient is already on
the way regaining wrist mobility instead of having to start with a stiff wrist joint when
a rigid fixator is removed after six to eight weeks. The optimal moment for the
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dynamisation of the fixator is still subject to debate. Future studies and increasing
experience with dynamic external fixators will have to give an answer to this question.
Despite the early mobilisation some patients showed signs of reflex sympathetic
dystrophy but considering the relative small number of patients that was studied and the
fact that the criteria for the diagnosis of dystrophy were not defined clearly beforehand
no conclusions can be drawn from these data. It seems likely that part of the infective
complications observed in the study are due to the interaction between the soft tissues
and the proximal fixator pins during dynamisation. The aluminum construction of the
device proved sufficient but the fact that the present device is not radiolucent is a
disadvantage because the reduction of the fracture cannot be assessed clearly on the
late-ral image intensifier or X-ray views. This problem could possibly be solved by the
use of a carbon fibre construction but this may have consequences regarding the stiffness
and size of the device. To be able to show an advantage of dynamic external fixation
over static external fixation a prospective, randomised study with a long period of follow-
up would be necessary. Until then what we do have is a new device with favourable
biomechanical properties and the theoretical advantage of the possibility to allow early
mobilisation of the wrist during treatment of a severe distal radial fracture.
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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.
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In Hoofdstuk 1 wordt het doel van dit proefschrift besproken. Hoewel het grootste
deel van de eenvoudige, extra-articulaire distale radiusfracturen in gips behandeld kan
worden is deze behandelingsmethode vaak onvoldoende voor instabiele, intra-articulaire
fracturen. Externe fixatie is een alternatieve methode om de stabiliteit te vergroten
maar heeft het risico van langdurige pijn en stijfheid in de pols ten gevolge van de
immobilisatie. Dynamische externe fixatie geeft de mogelijkheid van een vroege,
functionele behandeling maar de constructie van de huidige dynamische externe fixateurs
kan mogelijk verbeterd worden.
In een samenwerkingsproject van het Academisch Medisch Centrum in Amsterdam en
het AO Research Institute in Davos werd naar een beter biomechanisch ontwerp gezocht
dat vervolgens werd getest.

Hoofdstuk 2 geeft een overzicht van de anatomie van de pols in relatie tot distale
radiusfracturen. De ossale componenten, de ligamenten, de neurovasculaire structuren
en de radiologische anatomie worden beschreven. Studies naar de functionele aspecten
van polsbewegingen hebben aangetoond dat voor activiteiten van het dagelijks leven
een beweeglijkheid van ongeveer 30 to 40 graden gecombineerde flexie-extensie en 25
tot 40 graden gecombineerde radio-ulnairdeviatie nodig is. De kinematische aspecten
van de pols worden besproken met speciale aandacht voor het draaipunt van de pols,
wat zich in het capitatum bevindt.

Hoofdstuk 3 beschrijft algemene aspecten van distale radiusfracturen. De geschiedenis
gaat terug tot de tijd van Hippocrates en het fractuurmechanisme is sinds die tijd
uitgebreid onderzocht. De incidentie bij vrouwen is ongeveer 35 per 10.000 en bij
mannen 10 tot 15 per 35.000 waarbij er een sterke stijging in de incidentie is bij vrouwen
boven de 50 jaar, waarschijnlijk gerelateerd aan osteoporose. De meest voorkomend
oorzaken van de fractuur zijn een val op de grond en een val van hoogte. Verschillende
classificatiesystemen worden besproken.
Er zijn vele behandelingsmogelijkheden waaronder gips, brace, percutane Kirschner-
draden, open osteosynthese en externe fixatie. Dit duidt erop dat er geen overeenstemming
over een standaardmethode is. Tot 30% van de behandelde patiënten krijgt complicaties
zoals pijn en stijfheid; post-traumatische arthrose kan bij 6 tot 65% van de patiënten
worden gezien, deels afhankelijk van de follow-up duur.

In Hoofdstuk 4 wordt de externe fixatie van distale radius fracturen besproken. De
techniek is gebaseerd op het principe van ligamentotaxis, waarbij de repositie van de
fractuurfragmenten d.m.v. tractie aan de ligamenten wordt behouden. De belangrijkste
indicaties zijn intra-articulaire, comminutieve en/of instabiele fracturen. Functionele
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en radiologische resultaten zijn goed tot uitstekend bij ongeveer 68 tot 95% van de
patiënten maar complicaties komen frequent voor.
Dynamische externe fixatie geeft de mogelijkheid van een vroege functionele
behandeling. De voordelen zouden kunnen liggen in een vermindering van pijn en
stijfheid van de pols en in een mogelijk positief effect op het herstel van het
gewrichtskraakbeen. Dit laatste is een belangrijke factor bij de ontwikkeling van post-
traumatische arthrose. Diverse typen dynamische externe fixateurs met kogelgewrichtjes
als scharnierpunt zijn ontwikkeld en getest, meestal in kleine studies. Het is nog niet
duidelijk wat het beste moment is om de fixateur te dynamiseren en of er een voordeel
is ten opzichte van statische fixateurs.

Hoofdstuk 5 beschrijft de ontwikkeling van een nieuwe dynamische externe fixateur.
Er werd een mechanisme met bewegingsmogelijkheden in 3 dimensies ontwikkeld.
Het draaipunt ligt bij alle bewegingen in één punt buiten het apparaat, in tegenstelling
tot dynamische fixateurs met een kogelgewricht waarbij het draaipunt in het apparaat
zelf ligt. Als het apparaat op de juiste wijze wordt gemonteerd komen het draaipunt van
de pols en dat van de dynamische fixateur met elkaar overeen. Zodoende ontstaat een
techniek die de mogelijkheid biedt de positie van de fractuurfragmenten te behouden
terwijl de pols in alle vlakken kan bewegen.
Na de succesvolle toepassing van het Flexafix protoype in een eerste klinische casus
werd het ontwerp verder verbeterd en aangepast. Er werd een patent op het ontwerp
verkregen en tevens werd er een richtapparaat ontwikkeld om de montage van de fixateur
te vereenvoudigen.

Hoofdstuk 6 toont de resultaten van een biomechanische cadaverstudie. De belasting
van de radius tijdens flexie-extensie en radio-ulnairdeviatie met de Flexafix werd
vergeleken met een dynamische externe fixateur met een kogelgewricht. Het onderzoek
liet zien dat de biomechanische eigenschappen van de Flexafix zorgden voor een relatief
gunstig belastingspatroon van de radius en dientengevolge van het fractuurgebied in
vergelijking met een apparaat met een kogelgewricht. Dit was met name duidelijk tijdens
radio-ulnairdeviatie. Deze eigenschappen zouden een rol kunnen spelen bij het
voorkómen van dislocatie van fractuurfragmenten tijdens de periode waarin de fixateur
is gedynamiseerd.

Hoofdstuk 7 beschrijft een analyse van de bewegingseigenschappen van de nieuwe
externe fixateur. Door gebruik te maken van een combinatie van CT-scan en high-speed
video data werd een 3-dimensionale reconstructie van bewegingen in de pols gemaakt.
De hoeken tussen respectievelijk radius en lunatum, capitatum en lunatum, en scaphoid
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en lunatum werden tijdens flexie-extensie en radio-ulnairdeviatie gemeten om het carpale
bewegingspatroon te beschrijven. Tijdens beide soorten bewegingen traden in beperkte
mate veranderingen op in het normale carpale bewegingspatroon hoewel de verschillen
niet significant waren. De resultaten voor flexie-extensie komen overeen met eerder
gepubliceerde studies waarin andere dynamische externe fixateurs werden getest. Doordat
met de Flexafix zowel flexie-extensie als radio-ulnairdeviatie mogelijk zijn, in
tegenstelling tot met andere dynamische externe fixateurs, kan de normale beweging
van de pols echter beter benaderd worden.

In Hoofdstuk 8 wordt een stapsgewijze operatietechniek voor het aanbrengen van de
Flexafix gepresenteerd. Na de standaard voorbereidingen en repositie van de fractuur
worden de fixateurpennen ingebracht. Beschadiging van de sensibele tak van de nervus
radialis kan daarbij voorkomen worden door gebruik te maken van een ‘half open’
operatietechniek. Daarna wordt de dynamische fixateur met behulp van het richtapparaat
gepositioneerd. Het bewegingsmechanisme wordt met behulp van inbusschroefjes en
een extra fixateurstaaf vastgezet.

Hoofdstuk 9 beschrijft de resultaten van een prospectieve studie die werd opgezet om
ervaring met de Flexafix op te doen. Vierenveertig patiënten met instabiele distale
radiusfracturen werden in de studie geïncludeerd. Gedurende de periode waarin de
fixateur was gedynamiseerd was de mediane flexie 30 graden, extensie 18 graden, radiair
deviatie 0 graden en ulnair deviatie 20 graden. Dit benadert de bewegingsmogelijkheden
die nodig zijn om activiteiten van het dagelijks leven uit te voeren. Ondanks de vroege
mobilisatie, die twee weken na de operatie werd gestart, werd de repositie behouden.
Het anatomische resultaat was uitstekend of goed in 82% van de patiënten en het
functionele resultaat was uitstekend of goed in 92% van de patiënten. Deze uitkomsten
zijn vergelijkbaar met die van andere dynamische en statische externe fixateurs. Een
voordelig effect van de dynamisatie kon niet duidelijk worden aangetoond; daarvoor is
een langere follow up nodig. Op grond van de opgedane ervaringen dient het apparaat
nog verder te worden verbeterd. Het gebruik van (Röntgen doorlaatbare) materialen en
fabricagemethoden zou de glij-eigenschappen van het bewegingsmechanisme kunnen
bevorderen.
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A. Participating hospitals
Academic Medical Centre Zuiderziekenhuis
Department of Surgery Department of Surgery
Amsterdam, the Netherlands Rotterdam, the Netherlands

Academic Hospital University of Utrecht Sint Lucas-Andreas Ziekenhuis
Department of Surgery Department of Surgery St. Lucas
Utrecht, the Netherlands Amsterdam, the Netherlands

B. Patient selection:
For the selection of patients the following criteria with regard to age, informed consent, fracture type and
availability for follow-up were used:

1. Inclusion criteria:
- Patients over 18 years of age.
- Patients able to give informed consent.
- Patients available for follow-up for at least four months post-operatively.
- The following fracture types (which would otherwise be treated with rigid external

fixation and percutaneous pinning) were included:
a. Unstable fractures. A fracture was defined as unstable in the following situations:
- if there was an inability to maintain satisfactory fracture alignment at the time of reduction
- in the presence of severe comminution (i.e. Frykman type III-VII)
- in the presence of intra-articular fragments
- if there was severe displacement and difficulties were expected in maintaining

fracture reduction by cast support alone (that is, more than 20° dorsal angulation
and more than 10 mm radial shortening prior to reduction).

b. Loss of reduction following treatment by closed reduction  and casting techniques.
c. Open fractures and fractures with associated nerve, vessel and muscle damage requiring a
free approach to the wound in the post-operative period.
d. Bilateral fractures

2. Exclusion criteria:
- Patients under 18 years of age.
- Patients unable to give informed consent.
- Patients not available for follow-up.
- Patients with a fracture-type other than described above.
- Patients with a pre-existing local infection at the time of operation.

C. Criteria to stop the protocol after enrolment in the study:
- Death of the patient.
- Implant failure.
- Removal of the fixator due to complications.

D. End points of the study:
- Functional result according to Gartland and Werley (modified by Sarmiento).
- Radiological result according to Lidström (modified by Sarmiento).

E. Materials:
In the study the following materials were used in addition to standard equipment:

1. Flexafix devices.
2. Small AO external fixator sets.
3. X-ray and image intensifier facilities.
4. Dynamometer (Jamar Dynamometer, model 2a, Asimov Engineering, Santa Monica, USA).
5. Case report forms.
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F. Pre-operative assessment
After a patient was entered in the study, a pre-operative assessment comprising the following
elements was carried out:
- Medical history.
- X-ray of the left and right forearm and hand (antero-posterior and lateral).
- Fracture classification according to AO and Frykman (see Chapter 3)
- Radiographic measurements (dorsal angle, radial angle and radial length; see Chapter 2)

G. Operative technique
The operative technique is described in Chapter 8. Before a participating clinic started with
the use of the device an operating manual and instruction videotape were supplied. The first procedure in each
hsopital was performed in attendance of the senior traumasurgeon from the development team and/or the author.

H. Post-operative evaluation and instructions
After the operation a standard protocol for the post-operative management was used.
At each evaluation, the data obtained as described below and possible complications or adverse
events were noted on the case report form.

1. Day 1-2:
- Wound and pin site inspection.
- Positioning of the hand (raised).
- Analgesics if necessary.
- Exercise of fingers, elbow and shoulder.
- Discharge from hospital if possible.

2. Day 14:
- X-ray (AP and lateral).
- Wound and pin site inspection.
- Dynamisation of the fixator.
- Encouragement of wrist movement (activities of daily living).
- Commencement of physical therapy if desired.

3. Week 6-8:
- X-ray (AP and lateral).
- Measurement of wrist function (with and without fixator).
- Removal of the fixator.
- Encouragement of wrist movement.

4. Two weeks after removal of the fixator:
- Measurement of wrist function.

5. Month 4:
- X-ray (AP and lateral).
- Clinical evaluation according to Gartland and Werley (mod. Sarmiento).
- Radiological evaluation according to Lidström (mod. Sarmiento).

6. End of follow up:
- X-ray (AP and lateral).
- Clinical evaluation according to Gartland and Werley (mod. Sarmiento).
- Radiological evaluation according to Lidström (mod. Sarmiento).
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I. Evaluation criteria for clinical result
For the evaluation of the clinical result the criteria described by Gartland and Werley, modified
by Sarmiento, was used. The complete evaluation system is as follows:

Result Points
Residual deformity

No residual deformity 0
Prominent ulnar styloid 1
Residual dorsal tilt 2
Radial deviation of hand 2 - 3

Subjective evaluation
Excellent. 0
(No pain, disability or limitation of motion).
Good. 2
(Occasional pain, slight limitation of motion, no disability).
Fair. 4
(Occasional pain, some limitation of motion, feeling of weakness
in the wrist, no particular disability if careful, activities slightly restricted)
Poor. 6
(Pain, limitation of motion, disability, activities more or less markedly restricted).

Objective evaluation
Normal function 0
Dorsal flexion less than 45° 5
Ulnar deviation less than 15° 3
Supination less than 50° 2
Palmar flexion less than 30° 1
Radial deviation less than 15° 1
Loss of circumduction 1
Pain in distal radio-ulnar joint 1
Grip strength 60% or less than opposite side 1
Loss of pronation 2

Complications
Arthritic change

Minimal 1
Minimal with pain 3
Moderate 2
Moderate with pain 4
Severe 3
Severe with pain 5

Nerve complications 1 - 3
Poor finger function 1 - 2

End result point ranges
Excellent 0 - 2
Good 3 - 8
Fair 9 - 20
Poor  ³ 21
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J. Evaluation criteria for radiological result
The anatomical result was evaluated according to the system proposed by Lidström and later
modified by Sarmiento. Depending on the degree of residual deformity found by measurements on the follow-
up X-rays (dorsal angle, radial angle and radial length, see Chapter 2), the  patients were divided into four
groups:

Excellent.
No or insignificant deformity:
- dorsal angulation not exceeding 0° (neutral),
- radial shortening less than 3 mm.
- loss of radial angle not exceeding 4°.

Good.
Slight deformity:
- dorsal angulation 1 - 10°,
- radial shortening 3 - 6 mm.
- loss of radial angle 5 - 9°.

Fair.
Moderate deformity:
- dorsal angulation 11 - 14°,
- radial shortening 7 - 11 mm.
- loss of radial angle 10 - 14°.

Poor.
Severe deformity:
- dorsal angulation exceeding 15°,
- radial shortening of at least 12 mm.
- loss of radial angle more than 15°.
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Case 1

A 62 year-old woman took a fall in her house while she was on in-line skates. She
suffered a Frykman type VI fracture of the distal end of the right radius (Fig. 1). After
secondary dislocation had occurred in a plaster cast, the Flexafix device was applied
during a short stay admittance ten days after the fall (Fig. 2). Post-operatively there
was a transient paresthesia of the thumb which completely resolved. Also, there was
an infection of the most proximal pin in the radius which was treated with pin care

Figure 1. Initial X-rays showing  a Frykman
type VI fracture.

Figure 2. Operative result.

measures and oral antibiotics. The patient herself was well motivated to use the hand
actively and during the dynamised period the range of motion was 40 degrees of
flexion and 40 degrees of extension (Fig. 3), 5 degrees of radial deviation, 15 degrees
of ulnar deviation (Fig. 4), 70 degrees of pronation and 30 degrees of supination. The
radiological result classified according to Lidström after four months and one year
was good (Fig. 5). The functional result according to Gartland and Werley was excellent.
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Figure 3. Flexion and extension six weeks post-
operatively.

Figure 4. Radial deviation and ulnar deviation six
weeks post-operatively.

Figure 5. Radiological result after 12
months.
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Case 2

This 48 year-old housewife fell from a horse, resulting in a Frykman type VII fracture
(Fig. 6). After re-dislocation in plaster the Flexafix was applied (Fig. 7). The post-
operative period was uneventful with 30 degrees of flexion, 40 degrees of extension,
10 degrees of radial deviation, 20 degrees of ulnar deviation, 45 degrees of pronation
and 10 degrees of supination after six weeks, with the fixator still on the wrist. After
removal of the fixator a persistent dorsal angulation was noted. The radiological
result according to Lidström after four months and one year was poor (Fig. 8); the
functional result according to Gartland and Werley was good.

Figure 6. Initial X-rays showing a Frykman type VII
fracture.

Figure 7. Operative result, suggesting
persis-tent dorsal angulation.

Figure 8. Radiological result after four months.
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Case 3

This patient was a 48 year-old female who fell on ice and sustained a Frykman type
VII fracture of the distal end of the left radius (Fig. 9). The fracture was initially
treated by closed reduction and plaster but re-dislocated. Twelve days after trauma
the Flexafix was mounted (Fig. 10).  A defect in the articular surface was accepted
during the operation.
With the fixator dynamised, the patient was able to return to her work as a goldsmith
(Fig. 11). The range of motion with the fixator in place was 40 degrees of flexion, 15
degrees of extension, zero degrees radial deviation, 20 degrees of ulnar deviation and 40
degrees of pronation and supination each. After  four months and one year follow-up
both the radiological result graded according to Lidström and the functional result
according to Gartland and Werley were excellent (Fig. 12).

Figure 9. Initial X-rays showing a Frykman type VII
fracture.

Figure 10. Operative result.
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Figure 12.  Radiological result after 12 months.

Figure 11. Patient during activities as a goldsmith.
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Case 4

A 43 year-old woman fell on the floor and sustained a Frykman type VIII fracture
(Fig. 13) A week after the trauma the Flexafix was applied with two additional Kirschner
wires (Fig. 14 ) The post-operative phase was complicated by an infection of the pin
tracts in the radius, which was treated by local measures and oral antibiotics.  The end
result was a full functional recovery and an excellent radiological result according to
Gartland and Werley and Lidström respectively (Fig. 15).

Figure 14. Operative result.

Figure 15. Radiological result after
12 months.

Figure 13. Initial X-rays showing Frykman
type VIII fracture.
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Introduction

In 1910, Robert Kienböck published his study ‘Traumatic malacia of the semilunar
bone’.9 Since his classic description, neither the cause nor a reliable treatment for
lunatomalacia has been established with certainty.2 Although the etiology of
lunatomalacia, also called osteonecrosis, is clearly related to avascular changes, as
Kienböck suspected, the actual cause leading to this vascular impairment has remained
unclear. The interruption of blood supply to the lunate has been attributed to primary
circulatory problems, to traumatic interference with circulation or ligament injury, or,
more frequently, to single or multiple fractures resulting in secondary vascular
impairment.2 Once the lunate is affected by avascular necrosis, continued loading
ultimately results in fragmentation, collapse of the lunate with altered carpal kinematics
and finally arthrosis.20
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The diagnosis is often suspected by the presence of pain and stiffness of the wrist, some
swelling and tenderness localised on the dorsal side of the lunate and a striking weakness
of grip. The diagnosis is confirmed by radiographs. Bone scintigraphy and computed
tomography can also provide diagnostic information.2 Magnetic resonance imaging has
showed a high specificity in early stages of the disease.15 Kienböck’s disease is commonly
staged according to Lichtman.10,11 Present available treatment options include
immobilisation, “joint-levelling” procedures (radial shortening or ulnar lengthening),
re-vascularisation procedures, various intracarpal arthrodeses, lunate excision with or
without replacement, wrist denervation and salvage procedures, including proximal
row carpectomy and wrist arthrodesis.2 Ruby treated patients with Lichtman stages I, II
and III Kienböck’s disease with a combination of cancellous bone grafting and external
fixation.20

Recently a new form of external fixation for the treatment of distal radial fractures has
been introduced. It is called “dynamic external fixation” because the external fixation
device allows motion at the wrist during treatment of the fracture. To permit early
functional treatment, the small AO external fixator has been supplemented by a joint
allowing three degrees of rotational freedom. The centre of rotation is located at a point
outside the device and lies approximately in the head of the capitate. Details of this new
device, which is also called Flexafix, have been described elsewhere.5 This case report
describes the combination of three dimensional dynamic external fixation and bone
grafting for the treatment of Kienböck’s disease.

Case report

A 62 year-old right-dominant man with a symbrachydactylia (a congenital defor-mation
in which the fingers are short and adherent) of the left hand presented with increasing
pain in his right wrist since one year. There had been no previous trauma to the right
wrist, nor was there a history of rheumatoid arthritis. The erythrocyte sedimentation
rate was normal; rheumatoid factors were not present. The range of motion was 50
degrees of flexion and 50 degrees of extension. Pain was elicited on palpation of the
lunate. Standard X-rays of the wrist showed a cyst in the lunate without collapse
(Lichtman stage II) (Fig. 1). An MRI scan showed an abnormal intensity of the signal
with a cyst in the lunate bone (Fig. 2). The T1 and T2 weighted images indicated the
presence of avascular necrosis in the lunate bone.
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During the operation under general anaesthesia the lunate was opened. The cyst was
excochleated and filled with cancellous bone from the iliac crest. To unload the lunate
postoperatively, the Flexafix dynamic external fixator was placed on the wrist (Fig. 3).
Two weeks later, the fixator was unlocked and the patient was encouraged to exercise
flexion and extension. The fixator was removed six weeks post-operatively. The X-ray
showed the onset of bone healing. At four months follow-up the patient was satisfied
and reported less pain than pre-operatively. The range of motion was 50 degrees of
flexion and 40 degrees of extension; radial deviation, ulnar deviation, pronation and
supination were the same as pre-operatively. The X-ray at this time showed an almost
complete bone healing of the defect with a remaining cortical interruption in the proximal
part of the lunate (Fig. 4).

Figure 1. Standard X-rays of the right wrist with a
cyst in the lunate.

Figure 2.  MRI showing cyst of the lunate.



170

Appendix C

Figure 3. Post-operative situation after
curettage, bone graft and dynamic external
fixation.

Figure 4. X-ray four months after the
operation.

Discussion
Kienböck’s disease is still a condition with an unclear etiology and no optimal treatment.
Joint-levelling procedures probably are most frequently performed at this time.20 Long-
term results show good pain relief but little, if any, change in the course of slowly
progressive lunate collapse.2,14,19 The main attraction of the levelling techniques is that
the carpus is left undisturbed. On the other hand, the carpus is the site of the problem.
Re-vascularisation procedures have been reported with good results.3,7 However, the
present re-vascularisation procedures are technically demanding and long-term follow-
up data are lacking.2,20 Partial carpal fusions have also been proposed for the treatment
of lunatomalacia but their effectiveness is unclear.1,2,6,17

Because of the lack of predictable results of the different procedures Ruby proposed
cancellous bone grafting in combination with a period of ‘lunate unloading’.20 This is
thought to result in re-vascularisation of the lunate. He considered this technique simpler
with more predictable results. In his point of view, possible advantages are the fact that
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it does not significantly limit the range of motion and that the technique does not change
carpal kinematics (as compared to joint-levelling procedures and arthrodeses). Further,
other procedures can still be performed afterwards. Satisfactory results were achieved
in 71% of 17 patients.20 However, a static external fixator was used for an average of
9.8 weeks.
The combination of cancellous bone grafting and external fixation seems logical because
the problem is treated at an important site, i.e. the lunate itself. However, in a person
who already has a disturbed wrist function it is unattractive to immobilise the wrist
joint for 6 to 10 weeks with the possible risk of increased pain and stiffness.  Since our
patient only had one functional wrist, it was imperative to maintain wrist function. At
the same time however, it is important to temporarily decrease the load of the lunate,
which normally transmits 40% of the axial load on the wrist, to admit regeneration of
the bone and the surrounding cartilage.18 Besides that has the beneficial effect of motion
on the regeneration of articular cartilage been known for a long time.12 Motion can
transform granulation tissue and fibrous cells into cartilage cells.13 Dynamic external
fixation could thus add a new advantage to the proposed treatment. The Flexafix device
provides a means of distraction while at the same allowing active use of the hand.
The patient in this case report had a good clinical and radiological result of the operation.
A minor disadvantage of the Flexafix device used in this case is the relative complexity
of the positioning during the operative procedure as compared to the application of a
rigid external fixator. The case presented is of special interest with respect to the fact
that the patient had a symbrachydactylia on the other side. Therefore, it was essential
that the integrity of the lunate was restored to prevent collapse and that he was able to
use the hand on the operated side as soon as possible. With the Flexafix device the
patient was able to use his hand two weeks post-operatively.

Conclusion

The combination of cancellous bone grafting and external fixation seems to be a new,
logical and attractive option in the treatment of Kienböck’s disease. In the case presented,
a patient with only one functional hand and a Lichtman stage II lunatomalacia benefited
from the dynamic aspect of the Flexafix device. The functional and radiological results
in this case were good. Further studies to evaluate the use of dynamic external fixation
in the treatment of Kienböck’s disease could provide more data but these are difficult to
conduct, considering the low incidence of this condition.
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Stellingen

1. De toepassing van dynamische externe fixateurs voor de behandeling van distale
radiusfracturen vereist een speciale aandacht van de operateur voor dergelijke
fracturen.

2. Gelet op de biomechanica en de kinematica hoort het draaipunt van een dynamische
externe fixateur in de pols te liggen en niet in de fixateur zelf.

3. Een Röntgen-doorlaatbare versie van de Flexafix zou de operatietechniek
eenvoudiger maken en de kans op een goed anatomisch resultaat vergroten.

4. Voordat een fixateurpen in de radius wordt geboord dient de cortex à vue te zijn.

5. De behandeling van een instabiele distale radiusfractuur met behulp van de Flexafix
dynamische externe fixateur leidt in het algemeen tot een goed functioneel en
anatomisch resultaat.

6. Het meest geschikte moment om een dynamische externe fixateur te dynamiseren
is nog onduidelijk.

7. Het functionele eindresultaat van de behandeling van patiënten met een distale
radiusfractuur is vier maanden na het trauma nog niet bereikt.

8. Voor de waarneming van eventuele gunstige effecten van dynamische externe fixatie
op het voorkomen van post-traumatische arthrose is een langdurige follow-up nodig.

9. Het nut van dynamische externe fixatie bij de behandeling van distale radiusfracturen
is nog niet onomstotelijk bewezen. Er dient daarom een prospectieve,
gerandomiseerde studie te komen waarin een biomechanisch goed ontworpen
dynamische externe fixateur wordt vergeleken met een statische externe fixateur.

10. De grote waarde die een hoogtestage bij de AO in Davos voor een onderzoek
heeft, zit hem mede in de sportieve mogelijkheden die de omgeving biedt.

11. Bij een patiënt met stamvaricosis berustend op insufficiëntie van de sapheno-
femorale overgang dient een crossectomie altijd vergezeld te gaan van een
zogenaamde ‘korte strip’.



12. De EMSB (Emergency Management of Severe Burns) is een noodzakelijke
aanvulling op de ATLS (Advanced Trauma Life Support) en dient te worden
geïmplementeerd als standaard voor de opvang van patiënten met ernstige
brandwonden.

13. De juiste positie van een repositieklem wordt gekenmerkt door het feit dat deze
precies op de plek staat waar men een plaat of schroef had willen aanbrengen.

14. Design artikelen zijn opvallend vaak duur en niet handig.

15. Als je een tweedehands auto koopt kun je toch iets nieuws krijgen.

Stellingen behorende bij het proefschrift “Flexafix. The development of a new dynamic
external fixation device for the treatment of distal radial fractures.”
Amsterdam, 21 mei 1999                                                                         J.C. Goslings
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