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Open reduction and internal fixation of displaced
intraarticular fractures of the distal radius

31 patients followed for 3-7 years

Leiv M Hovel, Per T Nilsen', Ove Furnes!, Hans E Oulie?, Eirik Solheim! and

Anders O Molster!

We have used open reduction and internal fixation
with a T-plate in 31 displaced, intraarticular fractures
of the distal radius which were judged irreducaible
or in which closed reduction failed. The mean follow-
up time was 4 (3-7) years. The dorsal angulation, the
radial length, the articular step-off and the intraartic-
ular gap between fragments were substantially im-
proved after surgery. 30 patients had excellent or

good extraarticular alignment, and only 1 patient
had a postoperative intraarticular step-off of 2 mm,
The function was excellent or good in 26 patients at
follow-up. Complications occurred in 6 patients: 1
compartment syndrome, 1 postoperative wound in-
fection, 2 ruptures of the extensor pollicis longus
tendon, and 2 patients had median nerve paresthe-
sias.
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Difficulties in achieving and maintaining a congruent
articular surface by closed means in distal radius frac-
tures may be an indication for open reduction (Mel-
one 1984, 1986, Knirk and Jupiter 1986, Bradway et
al. 1989, Fernandez and Geissler 1991). We assessed
the articular congruity, the extraarticular alignment,
and the functional end-results in 31 patients treated
with open reduction and internal fixation of intraartic-
ular fractures of the distal end of the radius.

Patients and methods

We studied 31 consecutive patients (10 women),
mean age 43 (15-69) years, operated between 1987
and 1991 because of displaced intraarticular fractures
of the distal radius. The indication for surgery was a
displaced intraarticular fracture with unsuccessful
closed reduction or fractures judged irreducible from
the primary radiographs. A persistent articular step-
off of 2 mm or more after closed reduction indicated
surgery. Elderly and severely osteoporotic patients
with reduced functional requirements of the wrist
were not operated on.

According to the classification by Older et al.
(1965) and the AO classification (Miiller et al. 1990),
20 patients had comminuted fractures (Older type 4;
AO types C2 and C3), 4 patients had multifragmen-
tary forms of chauffeur’s fracture (AO type B1.2), 6

patients had comminuted Smith’s fracture (AO types
C2 and C3), and 1 patient had a palmar articular lip
fracture with a large fragment (palmar Barton’s frac-
ture; AO type B3). All fractures were closed, and
there were no tendon or nerve lesions. 3 patients (2
women, 1 man) were initially treated with closed re-
duction and external fixation, but were reoperated on
next day with open reduction and internal fixation be-
cause of a persistent articular step-off. The mean time
interval from injury to operation was 5 (0-12) days,
and the mean follow-up time after injury was 4 (3-7)
years.

Technique

Regional anesthesia was used in most cases. 20 wrists
had primarily dorsal displacement and comminution
(comminuted Colles’ fractures, Older type 4; AO
types C2 and C3) and were approached through a dor-
sal, longitudinal incision, between the third and fourth
extensor compartments. The joint was opened along
the joint line, and reduction and visualization were
aided by distraction of the joint by manual traction.
The fragments were manipulated into correct position
with small elevators. Once a satisfactory reduction
had been achieved, a T-plate was fixed with small
fragment screws. In several patients, additional fixa-
tion of small fragments with fine Kirschner wires was
necessary, and in 4 cases (AO type B1.2) a large radi-
al styloid fragment was fixed with a lag screw
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A 46-year-old man with a fracture from a sports trauma.

through a small separate incision. Lister’s tubercle
was osteotomized to achieve optimal plate apposition
and was used as a small graft beneath the elevated
dorsoulnar (die-punch) fragment. In 2 patients with a
large metaphyseal bone loss that persisted after reduc-
tion, bone graft from the iliac crest was used. In most
cases the extensor retinaculum was split and inter-
posed between the plate and the external tendons.
For palmar displacement (comminuted Smith and
Barton’s fractures; AO types C2, C3, and B3), a pal-
mar approach was used (n 7). Carpal tunnel release,
mobilization of the median nerve, loosening of the pr-
onator quadratus muscle, and fixation of the fracture
fragments by a short T-plate was performed.

Postoperative treatment

A plaster splint was applied for 1-2 weeks; passive
and active range-of-motion exercises started during
the next 1-3 weeks, depending on the stability of the
fractures. The dorsal T-plates were removed after a
mean of 11 (6—16) months, the volar plates in only 2
cases.

Anatomical and functional assessments

The dorsal angulation, the radial length (Van der
Linden and Ericson 1981, Solgaard 1984, Metz and
Gilula 1993), the articular step-off (Knirk and Jupiter
1986), and the intraarticular gap between major frag-
ments (Trumble et al. 1994) were assessed before and
after reduction, at 2 and 6 weeks, 3, 6, and 12 months,
and at follow-up on anteroposterior and lateral radio-
graphs. The extraarticular alignment (Lidstrom 1959)
and the articular incongruity (Knirk and Jupiter 1986)
were graded, and arthrosis was classified by a radiol-
ogist at follow-up (Lidstrom 1959, Missakian et al.
1992).

At follow-up after a mean of 4 (3~7) years, the sub-

After open reduction and internal fixation. Excellent anatomical
and functionat result.

jective evaluation included a pain relief rating based
on a scale from 0 points (no pain) to 6 points (frequent
or constant pain). The objective evaluation included
the residual deformity, the degree of arthrosis, and
complications. The range of wrist motion and pro-/su-
pination was measured with a goniometer. Each vari-
able was compared with the value obtained from the
uninjured side. The subjective and objective data
were graded, using a modification of the demerit
point system of Gartland and Werley (1951) and
Sarmiento et al. (1975).

Statistics

The Wilcoxon matched-pairs signed-rank sum test
was used to compare pre- and postoperative dorsal
angulation, radial length, articular step-off, and the
intraarticular gap between fragments.

Results

The mean radial length improved from 2 (SD 8) mm
to 11 (3) mm (p < 0.0001), and the angulation from 18
(18) degrees dorsal to 5 (6) palmar degrees (p =
0.0001). The mean articular step-off improved from

Number of patients with articular step-off and intra-articular
gap before and after reduction {n 31)

01 12 23 >3

mm mm mm mm
Articular step-off, preoperative 7 6 9 9
postoperative 25 5 1 0
(p = 0.0001)
Intraarticular gap, preoperative 4 4 12 1
postoperative 22 7 2 0
(p < 0.0001)
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2.4 (2) mm to 0.3 (0.7) mm and the intraarticular gap
from 3.1 (3) mm to 0.4 (0.9) mm, leaving only 1 pa-
tient with a step-off and 2 patients with a gap of 2 mm
(Table). None of the patients had any loss of correc-
tion between the postoperative and follow-up radio-
graphs.

At follow-up, no radiographic sign of arthrosis was
found in 21 patients, moderate changes with narrow-
ing of the joint space were found in 10. No patient had
severe arthrosis.

16 patients had no pain, 9 had some discomfort in
activities, 3 felt occasional pain and weakness of the
wrist, and 3 patients had frequent pain. All patients
but 1 regained full finger flexion. The median Gart-
land and Werley’s demerit point score was 2, mean
4.0 (4) and the results were classified as excellent or
good in 26 patients, and fair in 5.

1 patient with a fracture from a traffic accident de-
veloped a severe postoperative wound infection, fol-
lowed by the acute carpal tunnel syndrome and under-
went carpal tunnel release. A few weeks later, he sus-
tained a rupture of the extensor pollicis longus tendon
which was successfully treated with an indicis propri-
us tendon transfer. The swelling persisted for several
weeks and at follow-up he had some permanent finger
stiffness and mild paresthesias from the superficial ra-
dial nerve.

Another patient who had rupture of the extensor
pollicis longus tendon 6 weeks after dorsal plating of
the fracture underwent an indicis proprius tendon
transfer. Mild paresthesias of the median nerve and
the superficial radial nerve distribution area were seen
in 2 patients. A compartment syndrome developed
during the first day after injury in one patient. She un-
derwent fasciotomy and function is now excellent.

Discussion

Our results indicate that the functional outcome is re-
lated to the quality of the reduction. Although our
study was not randomized, the results agree with the
increasing emphasis on restoring both articular con-
gruity and extraarticular alignment in comminuted in-
traarticular fractures of the distal radius (Bradway at
al. 1989, Jupiter and Lipton 1993, Amadio 1995).
Failure to achieve a proper orientation and length of
the distal radius relative to the carpus and the ulna can
result in the complications of pain and instability,
which may require corrective osteotomies (Jupiter
and Masem 1988, Fernandez 1993, Hove and Mglster
1994). Persistent articular incongruity may lead to
significant arthrosis and require arthrodesis (Knirk
and Jupiter 1986). It is generally accepted that a plas-

ter cast alone cannot maintain the reduced position in
the most comminuted fractures (Aro and Koivunen
1991, Ark and Jupiter 1993, Hove et al. 1994), and
rereduction and a new cast will not improve the final
radial length (McQueen et al. 1986, Hove et al. 1995).
The management of unstable fractures of the distal ra-
dius has been significantly improved by the use of ex-
ternal fixators (Howard et al. 1989, Schuind et al.
1989, Hertel and Jakob 1993). However, there are still
some articular fractures in which anatomic restoration
of the joint surface cannot be obtained by “ligamento-
taxis” through joint distraction alone.

In our material, 26/31 patients had a good or excel-
lent anatomical end-result regarding radial length and
angulation and articular congruity. This can be com-
pared with the series of Fernandez and Geissler
(1991) in which 37/40 had a residual articular incon-
gruity of 1 mm or less. 26 patients in our series had
good or excellent function, which is similar to other
operative series with 13/16 (Bradway et al. 1989) and
28/32 patients (Missakian et al. 1992) with compara-
ble values.

A long-term follow-up study of articular fractures
of the distal radius (Knirk and Jupiter 1986) showed a
high incidence of radiocarpal arthrosis in patients that
had healed with an articular step-off of 2-3 mm. In
our series, the articular congruity improved signifi-
cantly following surgery in all patients, and after 3-7
years most patients had no arthrosis. These findings
support the contention that restoration of accurate ar-
ticular congruency prevents posttraumatic wrist ar-
throsis (Axelrod and McMurtry 1990, Hastings and
Leibovic 1993).

The complication rate in different series varies be-
tween 7/40 patients (Fernandez and Geissler 1991)
and 30/50 (Hastings and Leibovic 1993). In our se-
ries, 6 patients had 8 complications, but only 2 of
these were major. In several studies, compression of
the median nerve is common (Cooney et al. 1980,
Stewart et al. 1985, Aro et al. 1988). In our series, all
patients with severe injuries and all with a palmar ap-
proach had the carpal tunnels opened. Other reports
routinely recommend carpal tunnel release in all oper-
ative cases (Axelrod and McMurtry 1990) which, to-
gether with the operative prevention of malunion,
may reduce the number of entrapments of the median
nerve (Aro et al. 1988, Hove 1995).

Attrition may cause tendon ruptures (Helal et al.
1982, Hirrasawa et al. 1990). 2 patients sustained rup-
ture of the extensor pollicis longus tendon 6-8 weeks
after their operations. More recently, we have per-
formed subtendinous interposition of the extensor ret-
inaculum to avoid attrition from the plate and
screws (Hove 1994, Amadio 1995).
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In fractures where reduction leaves a significant
bone defect, a cancellous bone graft can supply both
structural and osteogenetic supports (Cooney et al.
1979, Jupiter and Lipton 1993, Amadio 1995). In our
series, cancellous bone grafts from the iliac crest were
used in 2 patients where mechanical support was
judged necessary. In the remaining cases, the osteo-
synthesis was perioperatively considered to support
the articular restoration adequately. Several authors
recommend a bone graft, either local or from the iliac
crest, as an important part of the procedure in all pa-
tients with bony impaction after fracture reduction
(Amadio 1995, Leung and Leung 1995), while others
find this necessary only in certain cases with exces-
sive bone loss (Saffar 1995). Combinations of inter-
nal and extemnal fixation are also recommended in se-
vere metaphyseal comminution, where the external
fixator serves as a neutralization device to counteract
the strong forces of the extrinsic muscles, which tend
to shorten the radius (Cooney and Berger 1993, Hast-
ings and Leibovic 1993, Hertel and Jakob 1993), and
in intraarticular fractures when comminution is so ex-
treme that articular reduction cannot be maintained
without the addition of ligamentotaxis (Jupiter and
Lipton 1993, Amadio 1995).
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