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Forty patients (mean age, 37 years) with intraarticular C2 and C3 Colles fractures were treated by

open reduction, internal fixation and bone grafting. At a mean follow-up of 8 years radiocarpal and
midcarpal motion was evaluated, the depth of the articular surface of the distal radius in the
sagittal plane was measured and the presence of arthritis was noted. The fractures healed with a
mean palmar tilt of 61, a mean ulnar tilt of 181 and ulna variance within 1 mm of the contralateral
side. The depth of the articular surface of the distal radius was 1.3 mm greater than the uninvolved
side. Measurement of carpal bone angles relative to the radius in maximum flexion and extension
revealed lunate extension of 231, lunate flexion of 151, capitate extension of 621, capitate flexion of
401. There was a significant correlation between articular surface depth and radiocarpal motion.
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INTRODUCTION

Restoration of wrist motion, grip strength and painless
load bearing are the aims of treatment for distal
radius fractures. Several studies have demonstrated
that such function is more likely when the normal
anatomy of the distal radius is restored (Hastings
and Leibovic, 1993; McQueen and Caspers, 1988;
Trumble et al., 1994).

Whereas shortening of the radius impairs function at
the distal radioulnar joint, radiocarpal dysfunction
occurs if there is malunion of the radiocarpal articular
surface or a significant ligamentous injury (Baratz et al.,
1996; Kazuki et al., 1993; Short et al., 1995).

Extraarticular malunion with dorsal tilt and
intraarticular malunion with an articular step in the
lunate or scaphoid fossa disturb force transmission
at the wrist and alter carpal bone motion (Baratz
et al., 1996; Park et al., 2002; Short et al., 1987; Wagner
et al., 1996). In addition ligament injuries,
which frequently occur with distal radius fractures,
are known to change carpal kinematics (Short et al.,
1995). However their effect on carpal bone motion is
uncertain.

Previous investigations on distal radius malunion
have only studied extraarticular malunion or intraarti-
cular step offs in the frontal plane and their effect on
force transmittion and carpal kinematics. This report
studies another type of malunion, one which is
characterized by cavitation of the distal radius in the
sagittal plane. The influence of this altered shape, which
is a frequent sequel of complex intraarticular fractures,
on carpal kinematics and force transmission has never
been investigated.
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PATIENTS AND METHOD

Between 1988 and 1995, 67 patients with intraarticular
fractures of the distal radius underwent operative
treatment in our trauma department. Forty patients,
11 women and 29 men, were available for follow-up
examination. Their average age at the time of injury was
37 (range 18–50) years. Their fractures were classified
using the AO system (C2 ¼ 25, C3 ¼ 15), and all were
comminuted and displaced and had initially been treated
conservatively. Redislocation had occurred in all cases
such that there was more than 51 loss of palmar tilt,
shortening of more than 3mm or an articular step of
more than 2mm (Cooney et al., 1980; Knirk and
Jupiter, 1986; McQueen et al., 1996).
Operative technique

All patients were initially treated by closed reduction
under local anaesthetic and immobilization in a plaster
splint. After the reduction had been lost and pre-
operative planning, the fractures were managed by open
reduction and internal fixation with a special T-plate.
The articular cortex was reduced by indirect means,
without opening the joint capsule (Pechlaner, 1993).
Metaphyseal impaction defect zones on the dorsal side
were filled with corticocancellous bone blocks from the
iliac crest and supported the articular surface. Post-
operatively, a forearm plaster cast was worn for 3 weeks.
Restoration of the articular surface without step off or
dorsal tilt was a requirement for inclusion in the present
study.
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Fig 2 Measurement of the carpal bone angles in the sagittal plane.

Fig 1 Measurement of the articular cavity depth of the distal radius.
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Standard anteroposterior and lateral radiographs, as
well as lateral views in full flexion and extension, were
taken at an average follow-up of 8 years. The inclination
of the articular surface in the sagittal and frontal plane
and radial shortening, as defined by ulna variance, were
measured (Palmer et al., 1984). In addition, the depth of
the articular surface was determined by joining the
palmar and dorsal lips of the distal radius on the lateral
view and then drawing a perpendicular to the line at the
deepest point of the articular surface. The width of the
distal radius was also measured from the palmar to
the dorsal lip of the articular surface. Both the depth of
the articular cavity and the width of the distal radius were
compared to the uninvolved contralateral side (Fig. 1).

Relative motion between the distal radius and the
scaphoid, lunate and capitate was measured on the
lateral views taken in flexion and extension. This was
done by measuring the carpal and radial bone axes. The
axis of the radius was defined by a line running parallel
to the borders of the distal radius.

The axis of the lunate was determined by joining its
palmar and dorsal poles with a line and then drawing
a perpendicular to that line at its mid-point. The axis
of scaphoid was drawn by joining the mid-points of
the proximal and distal pole. The axis of the capitate
was determined by joining the mid point of its head
with the mid point of its base (Garcia-Elias et al., 1989)
(Fig. 2).

Radiocarpal motion was determined as flexion and
extension of the lunate. Midcarpal motion was defined
as motion between the lunate and capitate. Radiocarpal
arthritis was classified according to the Knirk and
Jupiter classification system (Knirk and Jupiter, 1986).
Statistical analysis

Results are reported as mean and standard deviations.
Correlation between articular cavity depth and carpal
kinematics was analysed using the Pearson correlation
coefficient. Differences between groups were assessed
using the Mann–Whitney U-test.
RESULTS

At follow-up the mean palmar tilt was 61 (SD, 4) the
mean ulnar tilt was 181 (SD, 4), and the ulna variance
was within 1mm (SD, 1) of the contralateral side. There
were no obvious step offs in the articular surface of the
distal radius.
The articular cavity depth of the distal radius

measured 5.1mm/(SD, 1) compared with 3.8mm (SD,
1) for the contralateral side. Thus the difference between
the sides was 1.3mm (SD, 1). Arthritis of the radio-
carpal joint was graded from 0 to 3 according to Knirk
and Jupiter: Stage 0: 2 patients; Stage 1: 25 patients;
Stage 2: 13 patients.
The range of movement of the various components of

the wrist relative to the radius was as follows: In full
wrist extension, the capitate extended 621 (SD, 13), the
lunate extended 231 (SD, 9) and the scaphoid was in 101
(SD, 14) flexion. In full wrist flexion, the capitate flexed
401 (SD, 14), the lunate 151 (SD, 8) and the scaphoid 781
(SD, 9). Radiocarpal motion was thus 231 (SD, 9)
extension and 151 (SD, 8) flexion. At the midcarpal joint
there was 401 (SD, 9) extension and 251 (SD, 11) flexion.
There was a significant correlation between the shape

of the distal radius and carpal bone motion with
radiocarpal and total wrist motion reducing with
increased articular cavity depth. A further decrease in
motion was observed at the midcarpal joint, but only
extension changed significantly (Figs. 3–5).
In wrists with an articular cavity depth which was less

than 1mm greater than the uninjured side the capitate
extended 711 (SD, 5), the lunate extended 281 (SD, 6)
and the scaphoid was in slight flexion of 21 (SD, 7)
relative to the radius. In this group of wrists, the capitate
flexed 481 (SD, 11), the lunate 201 (SD, 6) and the
scaphoid 831 (SD, 7). Thus, the radiocarpal joint,
extended 281 (SD, 6) and flexed 201 (SD, 6). At the
midcarpal level, extension was 421 (SD, 6) and flexion
was 281 (SD, 8) (Table 1).
In wrists with an articular cavity depth which was

more than 1mm greater than in the uninjured wrist,
extension of the capitate measured 541 (SD, 14), the
lunate extended 171 (SD, 8) and the scaphoid was in 171
(SD, 15) flexion. In full flexion, the capitate flexed 311
(SD, 13), the lunate flexed 101 (SD, 6) and the scaphoid
flexed 731 (SD, 8). Radiocarpal motion amounted to 171
(SD, 8) extension and 101 (SD, 6) flexion. At the
midcarpal joint, there was 371 (SD, 10) extension and
221 (SD, 13) flexion (Table 2).
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Fig 3 (a) Unstable AO C2 distal radius fracture; (b) radiograph following open reduction, internal fixation and bone grafting. The articular cavity

depth is increased on the lateral view; (c) the wrist in full flexion and extension: there is decreased radiolunate and total wrist motion.
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Fig 4 (a) Unstable AO C3 distal radius fracture; (b) radiograph following open reduction internal fixation and bone grafting: the articular surface

has been restored and there is no increase in its depth; (c) the wrist in full flexion and extension showing normal radiolunate and total wrist

motion.
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Fig 5 Correlation between central depression of the articular surface

in the sagittal plane and carpal bone motion (extension and

flexion).

Table 1—Range of movement (degrees) of the various components of the

wrist in groups 1 and 2

Group 1

(o1 mm side

difference of

articular depth)

Range of movement

relative to the radius

(degrees) Means (SD)

Group 2

(41mm side

difference of

articular depth)

Range of movement

relative to the radius

(degrees) Means (SD)

Scaphoid

extension

2 (8) 17 (15)

Scaphoid flexion 83 (7) 73 (8)

Lunate extension �28 (6) �17 (8)

Lunate flexion 20 (6) 10 (6)

Capitate

extension

�71 (5) �54 (14)

Capitate flexion 48 (11) 31 (13)

Table 2—Range of movement (degrees) at the radiocarpal and midcarpal

joints

Group 1

(o1 mm articular

depth)

Range of movement

relative to the radius

(degrees) Means

(SD)

Group 2

(41mm articular

depth) Range of

movement

relative to the radius

(degrees) Means

(SD)

Radiocarpal extension �28 (6) �17 (8)

Radiocarpal flexion 20 (6) 10 (6)

Midcarpal extension �42 (6) �37 (10)

Midcarpal flexion 28 (8) 22 (13)
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Statistical comparison of these two groups revealed a
significant difference in total wrist and radiocarpal, but
not in midcarpal, motion. A further evaluation revealed
a significant correlation between articular cavity depth
and width of the articular surface (r ¼ 0.469, P ¼ 0.002)
and a significant correlation between articular cavity
depth and the presence of arthritis (r ¼ 0:438;
P ¼ 0:001).
DISCUSSION

Extraarticular malunion with dorsal tilt causes changes
in pressure distribution and wrist kinematics. A
cineradiographic study by Kazuki et al. (1993) revealed
a slight decrease in sagittal wrist motion in patients with
dorsal tilt of less than 101. In contrast, malunion with
more than 201 of dorsal tilt restricted wrist flexion to 401
and extension 101. Dorsal angulation of the articular
surface also increases pressure concentration along the
dorsal aspect of the radioscaphoid joint and unloads the
radiolunate joint (Short et al., 1987).
Interest in intraarticular malunion has focused on the

significance of step-offs between the lunate and scaphoid
fossa and it is known that there are increased contact
stresses at the fracture site (Baratz et al., 1996 ; Wagner
et al., 1996). This is in accordance with Knirk and
Jupiter’s (1986) clinical observation that post-traumatic
arthritis occurred with radiocarpal incongruity of 2mm
in the frontal plane. Although altered wrist kinematics
due to intraarticular step off can be hypothesized, there
are no detailed studies on altered carpal bone motion.
Our investigation deals with intraarticular malunion

in the sagittal plane which occurs frequently after
complex intraarticular fractures of the distal radius. It
is due to central impaction of the palmar ulnar fragment
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which is difficult to reduce, even with open techniques,
and increases the depth and width of the distal radius
articular surface (Melone, 1993). This form of malunion
seems to restrict movement of the proximal row,
particularly flexion. Similar results have been reported
by Trumble et al.(1994) who observed worse function in
patients with articular gaps. Increased articular cavity
depth of the distal radius probably alters pressure
distribution as well as restricting motion of the proximal
carpal bones. This would be consistent with the
observation that post-traumatic arthritis develops in a
higher proportion of patients with central impaction.

Ours was a radiological study which could not assess
the impact of concomitant ligament injuries or articular
cartilage damage which may have also restricted wrist
motion. Injuries to these structures are known to occur,
especially in severe fractures, and may lead to intra
articular scar formation which restrict carpal bone
motion, despite accurate reduction of the articular
surface. However, restricted wrist motion also occurs
with less severe fractures which unite with an increased
articular depth. Thus, it is important to restore the
normal articular contour so as to allow rotation and
translation of the proximal carpal row on the distal
radius.
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