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Intra-articular fractures of the distal radius represent a thera-
peutic challenge as compared with unstable extra-articular
fractures.1 Apart from being more difficult to reduce and stabi-
lize with internal fixation, these injuries frequently result in
malunion,2 which may result in a less satisfactory long-term
functional outcome, if not anatomically reduced.3 In the past,
these fractures were managed with external fixation or a

combination of limited open reduction, Kirschner wire
(K-wire) augmentation, and bone grafting.4 However, with the
recent development of specifically designed locking implants for
the distal radius, fragment-specific fixation has emerged as an
option.5Open reduction and internal fixation (ORIF) using volar
fixed-angle plates has also shown to be a valid treatment option
for unstable, dorsally displaced distal radial fractures.6,7
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Abstract Background Intra-articular fractures of the distal radius represent a therapeutic
challenge as compared with the unstable extra-articular fractures. With the recent
development of specifically designed internal fixation materials for the distal radius,
treatment of these fractures by fragment-specific implants using two or more incisions
has been advocated.
Purpose The purpose of this study was to investigate the efficacy of a fixed-angle
locking plate applied through a single volar approach in maintaining the radiographic
alignment of unstable intra-articular fractures as well as to report the clinical outcomes.
We only excluded those with massive comminution, as is discussed in greater detail in
the text.
Patients and Methods This is a multicentered, retrospective study involving three
hospitals situated in Spain, Switzerland, and the United States. In the period between
January 2000 and March 2006, 97 patients with 101 intra-articular distal radius
fractures, including 13 volarly displaced and 88 dorsally angulated fractures were
analyzed. Over 80% were C2/C3 fractures, based on the AO classification. 16 open
fractures were noted.
Results With an average follow-up of 28 months (range 24–70 months), the range of
movement of the wrist was very satisfactory, and themean grip strength was 81% of the
opposite wrist. The Disabilities of the Arm, Shoulder, and Hand (DASH) score was 8. The
complications rate was < 5%, including loss of reduction in two patients. All fractures
healed by 3 months postinjury.
Conclusions Irrespective of the direction and amount of initial displacement, a great
majority of intra-articular fractures of the distal radius can be managed with a fixed-
angle volar plate through a single volar approach.
Level IV retrospective case series
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The purpose of this study was to investigate the efficacy of
afixed angle locking plate applied through avolar approach in
maintaining the radiographic alignment of unstable simple
intra-articular fractures as well as to report the clinical
outcomes.

Patients and Methods

This is a multi-centered retrospective study, conducting in
three separate institutions, in three different cities, namely
Miami, Florida, USA; Berne, Switzerland; and Barcelona,
Spain. 100 patients with 103 intra-articular fractures of the
distal radius were treated with internal fixation using the
DVRplate (Biomet,Miami, Florida, USA) through avolar flexor
carpi radialis (FCR) approach between January 2000 and
March 2006. All of the patients gave informed consent for
surgical treatment. Three patients were lost to follow-up;
thus, we analyzed the remaining 97 patients with 101 distal
radius fractures. We excluded all distal radius fractures that
presented with (1) dorsal marginal shearing fractures (Bar-
ton’s fractures), (2) radiocarpal fracture dislocations, (3)
dorsal articular impacted fractures with intact or nondis-
placed volar cortex, (4) isolated radial styloid fractures, and
(5) massive intra-articular comminution and /or bone loss
(i.e., more than five intra-articular fragments), as we believed
that these could not be dealt with by volar plating alone.
There were 41 female and 56 male patients. The average age
was 50.3 years old (range, 18–76 years old). More than 50% of
the patients (n ¼ 50) sustained their injury after a simple fall
on an outstretched hand. The remaining were work-related
accidents, motor vehicle accidents, and sports injuries. Apart
from four patients who had bilateral fractures, the wrist
involvement for the remaining 93 patients was evenly dis-
tributed (46 dominant wrists versus 47 nondominant wrists).

The fractures were classified according to the Comprehen-
sive Classification of Long Bone Fractures.8 There were 15 C1,
44 C2, and 42 C3 fractures (►Table 1).8 Fracture displacement
was volar in 13 fractures and dorsal in 88 fractures. Out of the
16 open fractures, 10 were classified as Gustillo grade 1 (i.e.,
open fracturewith cleanwound < 1 cm in length) and 6were
Gustillo grade 2 fractures (i.e., open fracture with wound
between 1 and 10 cm in length without extensive soft tissue
damage). For radiographic evaluation, standard anteroposte-
rior (AP) and lateral X-ray images were taken of both wrists,
with the parameters measured by ruler in millimeters based
on Castaing.9 The preoperative radiographic evaluation
showed an average dorsal tilt of 22° (range, 35° volar tilt to
60° dorsal tilt), an average radial inclination of 9.7° (range, –

10° to 35°), and an average radial shortening of 4.3 mm
(range, 0 to 12 mm). Articular incongruity (step-off or gap
of the articular surface) averaged 4.0 mm (range, 1 to 10mm).

All fractures were treated by using a fixed-angle locking
plate (DVR, Biomet, Miami, Florida, USA) and a single volar
incision overlying the FCR tendon.6 From 2000 to 2004, the
original DVR plate used had a single distal row of 4 pegs (i.e.,
for 47 patients with 49 distal radius fractures). Then from
2005 onwards, for the remaining 50 patients with 52 frac-
tures, the plates used were the DVR Anatomic, which has a
double row of pegs (►Fig. 1a, b). Pronation of the proximal
radial shaft enabled an intrafocal reduction of the volar and
dorsal articular surfaces. The plate was applied to the proxi-
mal fragment first and then used as a template to reduce the
distal fragments and restore the contour of the volar surface
and volar tilt. The support pegs were applied as close as
possible to the subchondral bone to obtain optimal buttress-
ing of the articular surface. For the DVR Anatomic plate, the
proximal row was used to provide support of the distal and
dorsal fragmentswhile the distal rowwas used to support the
central fragments. The number of pegs used mainly correlat-
ed with the bone quality of the patients, judged intraoper-
atively by the surgeons. The entire distal row was filled for
patients with osteoporotic bones. Intraoperative fluoroscopy
was used to obtain a 20° elevated tangential lateral view10 to
confirm the absence of intraarticular screw penetration, and
the dorsal horizon view11 to confirm the absence of screws
emerging beyond the dorsal cortex. Ten patients were noted
to have a significant metaphyseal defect intraoperatively.
Bone grafting with autograft (six patients), crushed cancel-
lous allograft (two patients), and synthetic bone substitute
(two patients) were used. The time interval between the
injury and surgical fracture fixation was on average 6.1 days
(range, 0–12 days). Delayed open treatment was performed in
seven severely comminuted C3 fractures, whichwere initially
treated with temporary external fixation.

Distal radioulnar joint (DRUJ) instability was tested in all
cases intraoperatively after the fixation of the distal radius.
The distal end of the radius was grasped by the surgeon, with
the forearm in a neutral position. Then the distal end of the
ulna, grasped by the contralateral hand of the surgeon, was
moved in the dorsal and palmar direction with respect to the
radius. DRUJ instability was arbitrarily defined as an increase
in the anteroposterior translation of 5–10 mm as compared
with the uninjuredwrist and a soft endpoint12 (►Fig. 2a, b, c),
when tested after the plate fixation of the distal radius. Fifty-
two patients were noted to have an associated ulnar styloid
fracture (28 were basistyloid fractures and 24 were more

Table 1 The distribution of the severity of intra-articular fractures of distal radius based on AO classification8

AO type C classification
of distal radius

No of patients

C1 Simple intra-articular fracture with simple metaphyseal involvement 15

C2 Simple intra-articular fracture with multifragmentary metaphyseal configuration 44

C3 Multifragmentary intra-articular fracture 42

Source: Müller et al8
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distal fractures). Only six patients (of which two patients had
basistyloid fractures and four had more distal ulnar styloid
frctures) were detected to have an unstable DRUJ intraoper-
atively, as judged by the surgeons’ clinical appreciation. Two
patients underwent an open triangular fibrocartilage com-
plex (TFCC) repair, one underwent an open reduction and
tension band wiring of the base of the ulnar styloid fracture,
and two were conservatively treated with sugar tong splint
immobilization. The remaining patient with DRUJ instability
had a high-energy injury with an associated compartment
syndrome and was managed with internal fixation, fasciot-
omy, and temporary radioulnar K-wire transfixion (►Fig. 3a,

b, c, and d). Other associated injuries that required additional
surgical procedures included 2 ulnar neck fractures that were
internally fixed.

Postoperatively, the wrist was immobilized using a
(dorsal) splint for rest. Elevation, active finger motion,
and functional use of the hand were encouraged immedi-
ately after surgery. Except for patients with DRUJ instabili-
ty, active wrist motion was started at 1 to 2 weeks
postoperatively. For those with DRUJ instability, a sugar
tong splint (or a K-wire, in one patient) was used to restrict
forearm rotation for a total of 3 weeks postoperatively.
Outpatient physiotherapy was provided in all cases. Heavy
lifting was not allowed until signs of fracture healing were
radiographically confirmed (i.e., 6–8 weeks postoperative-
ly). The follow-up protocol was 1–2 weeks, 5–6 weeks,
3 months, 1 year, and 2 years. Clinical and radiographic
assessments were performed at every visit.

The clinical outcome was evaluated with the following
parameters: range of motion of the wrist and fingers, grip
strength, pain according to the Fernandez pain score
(►Table 2)13 and the Disabilities of the Arm, Shoulder, and
Hand (DASH) score. Digital motion was assessed by measur-
ing the distance from the fingertips to the distal palmar
crease; wrist and forearm motion was measured with a
goniometer. Grip strength was measured using a Jamar
dynamometer on the second position and compared with
the contralateral side in 93 patients; this was not possible in
the four patients with bilateral fractures.

As for the radiographic evaluation, standard plain X-ray
images of the wrist were obtained and the following param-
eters, according to Castaing,9weremeasured: volar tilt, radial
inclination, radial length and articular joint congruency. Pre-
and postoperative X ray images were compared to assess the
correction of the initial fragment displacement and to recog-
nize any postoperative loss of reduction. Bone healing was
defined as the presence of bridging bony trabeculae across
the fracture lines on both the AP and lateral views.

Results

The average follow-up period was 28 months (range, 24–70
months). For the majority of cases, full finger motion was
achieved at the end of thefirst week, and satisfactory forearm
rotation was achieved by 8 weeks postoperatively.

At 2 years’ follow-up all patients had achieved full finger
range of motion. Themeanwrist motionwas as follows: 55.2°
of extension (range, 38–85°), 53.4° of flexion (range, 40–80°),
23.6° of ulnar deviation (range, 14–40°), 15.8° of radial
deviation (range, 10–26°), 79° of pronation (range, 60–90°),
and 74.7° of supination (range, 30–90°). The average grip
strength was 81% compared with the patient’s unaffected
wrist at final evaluation (range, 51–110%) (►Fig. 4).

Seventy-four patients had no pain, 19 patients had mild
pain, and 4 patients had moderate pain according to the
Fernandez pain score.13 Of the 23 fractures that suffered with
some residual pain, all except one had a C2 or C3 fracture
pattern. Additional chondral damage or partial nonrecog-
nized carpal ligament injuries might explain the persistence
of discomfort, even though an anatomic or near-anatomic
reduction of the joint surface and normal carpal alignment
were achieved postoperatively. The average DASH disability/
symptom score for all patients was 8.

Out of the 53 patients who were employed at the time of
injury, 51 patients were able to return to work within
24 weeks of injury (depending on the nature of their work;
36 patients were manual workers and 15 had clerical jobs).
For the remaining 44 patients, 26 retired patients, over the
age of 65, and 4 studentswere able to return to their preinjury
daily activities.

Radiographically, all fractures healed uneventfully with an
average time to bone union of 15weeks (range, 12–16weeks).
At final follow-up, the average volar tilt was 6.7° (range, 2° of
dorsal tilt to 15° of volar tilt), radial inclination averaged 20.2°
(range, 12–28°), radial shortening averaged 0.7 mm (range,
0–2 mm), and articular congruity averaged 0.14 mm (range,

Fig. 1 (a) DVR plate, showing the subchondral support pegs that
buttress both the radial and intermediate columns of the affected
articular surface. Notice the fan-shaped distribution of the pegs to
conform to the anatomy of the subchondral plate. (b) DVR plate in situ
in a patient with intra-articular fracture of the distal radius, exposed
through a volar approach. Notice the position of the plate just proximal
to the watershed line.
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0–2mm). The position of the platewas noted to be on average
1.1 mm (range, 0–3.5 mm) proximal with respect to the
watershed line. The maintenance of reduction was noted in
all cases except two when follow-up X-ray images were
compared with immediate postoperative images. The ob-
served, relatively low percentage of settling in the follow-
up X-ray is probably due to the fact that the DVRplates feature
the spatial orientation of pegs that follow the anatomy of the
subchondral surface. This is in contrast to the other locking
plates that do not have this peg/screw arrangement. In the
first case, 2 mm of radial shortening was observed. In the
other case, a dorsoulnar fragment was found to be displaced
in the postoperative period. Revision surgery with a small
dorsal plate was subsequently performed at 10 days. In both
cases, the loss of reduction was directly related to the
surgeon’s failure in placing the plate in amore distal position,
allowing subsequent settling of the fracture.

Two cases of complex regional pain syndrome (CRPS) were
also observed. There was no case of infection or implant
failure. Late assessments of DRUJ stability revealed no case of
residual joint laxity. Eighty of the patients with ulnar styloid
fractures were noted to have fibrous union at the latest
follow-up. Twenty percent had osseous union. The six pa-
tients who underwent treatment for DRUJ instability had a
stable DRUJ at the latest follow-up.

Discussion

An anatomical reduction of the joint surface with rigid
fixation is the main goal in the treatment of intra-articular
fractures. It has been shown that residual intra-articular
incongruity leads to posttraumatic arthritis in the long
term,1,14,15 although this does not always correlate with
the DASH outcomes. The treatment strategies to achieve

Fig. 2 (a) X-ray images of a C3.1 intra-articular fracture with depressed lunate facet and dorsal displacement. Notice additional fracture at the
base of the ulnar styloid. (b) Post-operative X-ray image showing anatomical reduction of the joint surface and restoration of length following volar
fixed-angle plate fixation. (c) X-ray image at 1 year follow-up showing well-maintained joint surface and asymptomatic nonunion of the ulnar
styloid.
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anatomical reduction for these intra-articular fractures vary.
The study demonstrates that the extended FCR approachwith
DVR plating provides a successful modality in treating a
majority of intra-articular distal radius fractures.

The current trend of management for irreducible com-
pression fractures of the joint surface (C3 fractures, or pilon
fractures of the distal radius) has shifted from bridging
external fixation, pins, and bone grafting16–18 to open reduc-
tion and stable internal fixation and functional after-treat-
ment.6,7,19–22 Many studies show that the long-term
functional results are equivalent, but the earlier functional

results favor open reduction and internal fixation (ORIF) over
external fixation.23–25

Unlike the dorsal approach, by using the volar approach,
large volar fragments from the lunate fossa are reduced by
direct manipulation and stabilized with the plate’s buttress-
ing surface and pegs. While the use of threaded pegs for the
radial styloid and the ulnar corner of the proximal row is
mandatory, threaded or smooth pegs can be used for the
remaining screw holes, depending on the surgeon’s choice
intra-operatively. As for the small volar marginal fragments
from the lunate fossa rim, they must be either buttressed by

Fig. 3 (a) X-ray images showing a high-energy intra-articular fracture of the distal radius, C3.3/Fernandez 5. (b) Three-dimensional (3D)
computed tomography (CT) reconstruction revealing the extent of both the articular and metaphyseal comminution of the distal radius. Both the
radiocarpal and the sigmoid notch articular surfaces are involved. Notice severe displacement of the ulnar styloid fracture. (c) Following
anatomical reduction of the radius and the application of the DVR plate, the DRUJ was unstable and therefore was pinned to the radius (1.6 mm K-
wire). The pin was left in place for a period of 3.5 weeks.
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the plate or fixed with a separate screw, K-wires,26 or tension
bands if present.

The DVR plates used in this study feature the spatial
orientation of pegs that follow the anatomy of the subchon-
dral surface. It is important to insert the distal row pegs as
close as possible to the subchondral plate to prevent second-
ary fracture settling, as can be illustrated from the relatively
low percentage of settling in our series. This is especially true
for osteoporotic fractures; otherwise, the distal fragment will
settle until the subchondral plate comes into contact with the
buttressing pins.27,28 It is very important to select the proper
plate width to provide satisfactory subchondral support
across the entire articular surface as well as to capture volar
ulnar fragments with at least one threaded peg, which should
otherwise be stabilized with a separate dorsoulnar plate. It is
noted that if the volar ulnar fragment is large and can be

covered by the flange of the plate, stability of the fragment is
given by the buttressing effect of the plate. The peg across it
then provides additional stability to the fragment. Failure to
do so could result in fragment displacement, as shown in one
of our cases.

Use of a volar approach and plating avoids irritation of the
extensor tendons and late tendon rupture,29,30 provided that
threaded screws do not perforate the dorsal cortex.11,31,32

Plate position is important. An increase in the incidence of
flexor tendon irritation and/or ruptures has recently been
reported in distal plate application due to the prominence of
the distal edge of the volar plate, leading to direct contact
with the flexor tendons.23 Volar prominence of the plate is
often associated with an insufficient fracture reduction and
residual dorsal tilt of the dorsal fragment as well as with plate
application distal to the watershed line.31,33–38 We observed

Table 2 Degree of residual wrist pain, described by the patients

Degree of pain Description

None Absence of pain in carrying out all activities

Mild Presence of pain only at the extreme(s) of the active range of motion of the wrist
No physical or psychological disturbance was noted

Moderate Presence of pain during heavy manual labor.
Either physical or psychological disturbance or both was noted

Severe Presence of pain occurring during activities of daily living and even at rest

Source: Fernandez13

Fig. 3 (Continued) (d) X-ray images at 1.2 years following the operation, revealing a congruent radiocarpal joint and a slight widening of the
scapholunate interval. The DRUJ was noted to be well aligned, with persistent fibrous union of the ulnar styloid. Clinical photographs show almost
symmetrical flexion, extension, pronation, and supination of the affected right wrist.
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no flexor or extensor tendon irritation or ruptures in our
series. Except for one case in our series that was reduced and
fixed with an inadequately narrow plate, all other cases had
satisfactory restoration of the articular surface. Restoration of
the volar tilt, ulnar inclination, and radial length was also
highly satisfactory. Absence of settling, secondary fragment
displacement, and shortening appears to correlate with accu-
rate placement of the fixation pegs in the immediate sub-
chondral position on each articular fragment, as the ideal
position of the plate position is 0–2 mm proximal to the
watershed line. The final functional outcome of the patients
in our study compares favorably with other reported series of
open reduction, internal fixation, and functional after-treat-
ment of complex articular distal radial fractures.23–25,39,40

Instability of the DRUJ is recognized as a poor prognostic
factor in the management of distal radius fractures.41 How-
ever, recent studies42 have shown that if the distal radius
fractures are anatomically reduced and rigidly fixed with
locking plates, no significant difference is noted in the final
outcome between patients with and without ulnar styloid
fractures, despite the location of the fractures and the degree
of displacement. Even if the ulnar styloid fracture progresses
to nonunion, no significant clinical difference has been noted
when compared with patients with united ulnar styloid
fractures.43,44 It is postulated that with the introduction of
anatomical locking plates, the osteoarticular congruency of
the DRUJ has improved through anatomical restoration of the
position of the sigmoid notch and radial length. Thus, despite
the presence of “unstable“ lesions of the TFCCwith or without
ulnar styloid fracture, well-vascularized peripheral tears may
heal in a short period of time, rendering the joint stable with
or without postoperative immobilization as early as 3 weeks,
following surgery. We observed similar findings in our cases.
Although more than 50% of patients had associated ulnar
styloid fractures, only six patients were found to have DRUJ
instability intraoperatively, requiring temporary stabilization
of the DRUJ. These patients were noted to have stable DRUJ at
6 weeks, of which were also maintained at the latest follow-
up. No significant ulnar wrist pain has been noted at the final
assessment in these patients.

The shortcomings of the present study include the fact that
it is retrospective, which introduces bias. There was no
control group; hence, no conclusions can be made as to
comparison with other types of treatment methods. The
series was nonhomogeneous and included different cohorts
ranging from simple articular to complex intra-articular
fracture patterns, which were not analyzed separately. Simi-
larly, the patients with DRUJ instability or an ulnar neck
fracture represent a different cohort, which may confound
the results. Nevertheless, this study demonstrates that with
the execution of good surgical techniques, including proper
plate position, proper insertion of pegs and avoidance of past
pointing, and proper patient selection, a satisfactory func-
tional and radiological outcome can be obtained for a great
majority of patientswith complex intra-articular distal radius
fractures by using a volar approach and a single locking plate.
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