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Abstract
Fracture of the distal radius is the type of fracture most commonly seen in emergency de-
partments. The understanding of nonsurgical and surgical care of distal radius fractures
is evolving with recently developed methods of fixation. It is worthwhile to review some
new methods of treatment, the role of bone grafting and synthetic substitutes, the princi-
ples of complex fracture management, and the treatment of common complications of
distal radius fractures.
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Fracture alignment and the age of
the patient are the most important
factors determining the recovery of
function after a distal radius frac-
ture. There is no definitive rule for
acceptable fracture alignment, but
studies of patients who had a less-
than-optimal outcome after healing
with malalignment have helped to
establish general guidelines. Mal-
alignment and poor outcome are
most highly correlated with an
intra-articular incongruity exceed-
ing 2 mm."™* Dorsal angulation of
more than 20° is associated with loss
of wrist flexion and function.">¢
Radial shortening of more than
4 mm is associated with loss of fore-
arm rotation, and radial shortening
of more than 5 mm is associated
with ulnar wrist pain.>’ The relative
risk of having a poor outcome was
found to be 50% for patients
younger than 65 years who had frac-
ture healing with dorsal angulation
of more than 10°, radial inclination
of less than 15°, or radial shortening
of more than 3 mm.® Therefore,
reasonable treatment goals for an
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Table 1

The Average Range of Motion 12 Months After Surgical Treatment of a Distal
Radius Fracture Using Purpose-Designed Threaded Pins

Table 2
The Advantages and Disadvantages of
Autologous Bone Graft

Motion Measurement Advantages

Flexion 54¢ Osteoinductivity and osteoconductivity
Extension 65° Osteogenesis

Flexion-extension arc 1197 (83% of the contralateral side) Cortical and cancellous forms
Pronation 83° Structural support

Supination 657 Biocompatibility

Pronation-supination arc

mon complications of external fixa-
tion include superficial radial nerve
injury and pin tract infection. Sutf-
ness and median nerve dystunction
can result from bridging external
fixation because of excessive distrac-
tion, although the widespread rec-
ognition of this complication has led
to greater diligence in avoiding it
The effectiveness of bridging exter-
nal fixation is somewhat limited bv
the viscoelastic behavior of liga-
ments. There 1s a gradual loss of the
initial distraction force applied
through stress relaxation. which
leads to some loss of initial fracture
reduction during the healing
phasc."’lj"

Formal open reduction and inter-
nal fixation requires surgical expo-
sure of the fracture components.
Plates specifically designed for com-
mon distal radius fracture patterns
are most usetul for fixing a displaced
intra-articular fracture.® although
they also arc commonly used for
unstable extra-articular fractures.
Plates can be applied on the volar,
dorsal, or radial cortices of the ra-
dius to maintain fracture reduction.
Some implants incorporate screws
that lock into the plate to enhance
fracture stability: these designs are
particularly useful for fractures with
metaphyscal comminution.” Ten-
don rupture from chronic irritation
over the plate or screws can occur
after internal fixation with plates, al-
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159° (949% of the contralateral side)

though this complication 1s less
likely to occur it a newer. low-
profile plate design is used.””>* Be-
cause of the risk of tendon rupture,
care must be taken when applying
distal radius plates to ensure that the
screws do not penctrate past the far
COTteX.

Bone Graft Substitutes

An extensive variety of bone graft
substitutes is available for use n fill-
ing voids and restoring structural in-
tegrity during fracture fixation.”” ™’
During the 1980s and 1990s. autog-
enous bone grafting was developed
for use in both external and internal
fixation of distal radius fractures,
and it now is an important adjunct
in the treatment of complex distal
radius fractures.** The benefits of
autogenous grafting include de-
creased time required for healing
and removal of external fixation, as
well as improvements in anatomic
and functional outcome. However,
autogenous grafting is associated
with donor-site morbidity and in-
creased surgical and hospital costs,
especially with graft harvesting from
the iliac crest* (Table 2). These dis-
advantages have influenced both
surgeons and entrepreneurs to seek
alternatives. Bone graft substitutes
have been developed and used
throughout the musculoskeletal sys-
tem, including metaphyseal voids
and¥ractures about the wrist.

Host site incorporation
Remodeling into normal bone

Disadvantages

Limited supply
Variable quality
Difficulty of harvesting

Harvest-related increases in surgical time,
hospital stay, and cost

Harvest-related blood loss, postoperative
pain, risk of infection, risk of fracture

Potential nidus for infection (avascular
bone)

The use of graft substitutes can
be considered for a comminuted
distal radius fracture with a substan-
tial metaphyseal void. In one re-
spect. choosing a bone graft substi-
tute 1s no different from choosing an
autogenous or allograft bone graft.
There is no absolute indication for
using graft in the fracture setting,
but it may be a useful adjunct.

Recommendations for

Fixation of the Wrist Using

Bone Graft Substitutes

It is difficult to compare bone graft
substitutes of similar composition.
These recommendations do not re-
flect the full range of available sub-
stitutes, and they do not constitute
an endorsement for using a substi-
tute rather than autogenous or al-
lograft bone. The recommended
methods for treating fractures,
malunions, and other defects of the
distal radius, including the use of
bone grafts, are listed in Table 3.
These recommendations for the
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Figure 1 A and B, Lateral radiographs showing two comminuted distal radius frac-

tures susceptible to redisplacement after closed treatment.

active person include a sustained re-
duction with less than 1 to 2 mm of
articular displacement, 10° of dorsal
angulation, and 2 to 3 mm of radial
shortening.”

The opumal evidence-based
treatment of distal radius fractures
has not yet been clearly defined."’ A
wide array of methods and tech-
niques is available for maintaining
fracture alignment, including cast or
splint immobilization, percutaneous
pinning with casting, bridging or
nonbridging external fixation. and
internal tixation. The clinician can
choose a treatment method based on
experience and published research
studies.

Pinning Techniques for the
Treatment of Extra-articular
Distal Radius Fractures

The factors that have been consid-
ered in developing procedures to
treat extra-articular distal radius
fractures include patient age. bone
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quality. ability to tolerate the proce-
dure, and fracture type.'' Treatment
modalities have progressed from
immobilization to
pinning. pins and plaster, external
fixation, and internal fixation. The
observed pitfalls of each technique
have driven the evolution of treat-
ment modalities. Fractures treated
in plaster have a tendency to become
redisplaced over time:'? Mackenney

percutaneous

and associates'” reported that 60%
of initally displaced fractures be-
came redisplaced to a position of
malunion when treated in a cast
Lafontaine and associates'® identi-
fied the risk factors for redisplace-
ment after an initial satisfactory re-
duction of a distal radius fracture as
dorsal angulation of more than 20°,
comminution, intra-articular
volvement. associated fracture of the
distal ulna, and patient age older

mn-

than 60 years; if three or more risk
factqgs were present, the likelihood
of fracture collapse was high (Fig-

ure 1). Dias and associates' found
that osteoporosis is a factor leading
to progression of deformity after
cast treatment.

The frequent failure of cast im-
mobilization treatment of a dis-
placed distal radius fracture led to
attempts at stabilization using hard-
ware fixation. The first widely used
method was percutancous pinning
of the reduced fracture, usually with
smooth straight wires and occasion-
ally with threaded wires. Most tech-
niques complement the use of pin-
ning with cast immobilization for a
period of 4 to 6 weeks. The reported
pinning techniques include two pins
placed through the radial styloid,
two crossed pins, three or four in-
tratocal pins within the fracture site,
transulnar oblique pinning with a
threaded wire, a radial styloid pin
with a second pin across the distal
radioulnar joint, and multiple trans-
ulnar to radius pins that included
the distal radioulnar joint.'®*

Several studies reported good
or excellent results after pin-
ning.*"?12>- Other studies report-
ed redisplacement rates of 25%
to 33% despite pinning and cast-
ing.'®'%*322% The limitations of
standard pinning techniques include
a risk of infection if pins are left out-
side the skin for an extended time,
irritation and skin breakdown if a
pin cuts beneath the skin, tendon
rupture if a pin is in close proximity
to extensor tendons, and the neces-
sity of a procedure to remove pins
cut beneath the skin.

A purpose-designed threaded pin
for distal radius fracture fixation
(T-Pin, Union Surgical, Philadel-
phia, PA) recently has been intro-
duced. This cannulated, threaded
pin is designed to hold fracture frag-
ments more securely than the com-
monly used smooth pins'' (Figure
2). The technique tb:"applying this
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Figure 2  Postfixation PA (A) and lateral (B) radiographs of a distal radius fracture
secured with two purpose-designed threaded pins inserted from the radial styloid.

Figure 3
designed pin being placed over guidewire,

Intraoperative photograph showing the tip of the cannulated purpose-

fixation device is similar to common

pinning techniques. A break-off

driver section allows the device to be

placed entirely within the distal ra-
dius, thereby eliminating the possi-
bility of tendon or skin irritation.
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The primary indication for using the
purpose-designed threaded pin is
the presence of an unstable, extra-
articular, dorsally displaced distal ra-
dius fracture.

The purpose-designed threaded
pin is placed over a guidewire
through a small incision exposing
the insertion site (Figure 3). In a
typical  fixation. purpose-
designed pins are inserted from the
radial styloid. Other fixation config-
urations also can be used. The
purpose-designed threaded pin cre-
ates a more secure purchase of the
fracture fragments than smooth
wires and thereby facilitates early
wrist range of motion and recovery
of function ' (Table 1).

External fixation and internal fix-
ation with plates are widely used al-
ternatives to pinning for an unstable
extra-articular distal radius frac-
wure.*” External fixation can bridge
the fracture by distal fixation in the
metacarpals. thereby indirectly re-
ducing the fracture through liga-
mentotaxis or by direct distal fixa-
tion in the fracture fragment.
Bridging external fixation is particu-
larly useful for the inital weatment
of an open fracture with soft-tissue
loss, as a temporary measure in a pa-
tient with polytrauma. and for a dis-
tal shear fracture in which the distal
fragment cannot be internally fixed.
The current trend is to prefer inter-
nal fixation over percutaneous and
external fixation.™

Nonbridging external fixation
has been successfully used for treat-
ing unstable extra-articular frac-
tures. At least 1 cm of intact volar
cortex is required for pin purchase.
In a comparison of bridging and
nonbridging external fixation, Mc-
Queen®' reported that nonbridging
fixation led ro better radiologic and
functional indices during both early
and late healing phases. The com-

TWo
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