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General aspects of distal radial fractures

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

I II III IV

V VI VII VIII
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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.


