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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
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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.


