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Abstract Complex fractures of the distal radius are
articular lesions and comminuted at the level of the
epiphysis and metaphysis. Their treatment is difficult and
in most cases surgical. Of all the different osteosynthesis
methods available, internal fixation with plate and screws is
the most commonly used. In particular, angular stability
plates are superior in terms of rigidity and stability to
conventional volar and dorsal plates. DVR plate has these
mechanical characteristics, and its low profile has reduced
frictions with surrounding soft tissues. For these reasons,
this device implanted through a single volar approach, can
stabilize the majority of volarly and dorsally displaced
unstable distal radius fractures. In this study, 48 patients,
affected by complex fractures of the distal radius treated
with DVR volar plates, were assessed by the Mayo modi-
fied wrist score, the Italian version of the disability of the
arm, shoulder and hand. The satisfactory results observed
confirm the efficacy of this device.
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Introduction

Articular fracture of the distal radius is one of the most
common lesions of the upper limb [1]. In particular,
complex fractures (Type C according to the AO classifi-
cation system) [2] in most cases are the result of high
energy trauma and affect mostly young adults. In elderly
patients, this type of injury may also occur following a
simple trauma with low energy forces. Type C fractures are
articular lesions and comminuted at the level of the
epiphysis and the metaphysis and, for this reason, are
considered difficult to treat. In order to accurately assess
the type of fracture and plan a correct treatment strategy, a
conventional radiograph usually has to be completed by
computerized tomography (CT), and in some cases a three-
dimensional (3D) reconstruction may be needed. The aim
of treatment is to restore anatomically the articular surface
and the proper height of the radius, its radial slope and
volar tilt via stable fixation [3], which is an essential
condition to allow early joint mobilization of the wrist and
avoid degenerative osteoarthritis. Of all the different
osteosynthesis methods available, the open reduction and
internal fixation (ORIF) is the most commonly used [4, 5].
In the past, the main difficulty with ORIF was related to
weak stability of the screws within the cancellous bone,
often osteoporotic and comminuted, and for this reason
early joint mobilization of the wrist was rarely performed
[6-10].

Angular stability fixation of the distal radius was intro-
duced by Kambouroglou [11] and Jupiter [12, 13] who first
developed in the 1990s volar and dorsal plates with angular
stability screws. Since then, this type of plate system has
significantly evolved and has proved superior in terms of
rigidity and stability to conventional volar and dorsal plates
[14-16]. In particular, the authors believe that the
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introduction on the market of low profile angular stability
plates has reduced the incidence of impingement between
soft tissue and plate, without losing its fixation stability
properties, which often occurs with older generation plates.

In the past, the surgical rationale was that volarly dis-
placed fractures should be treated with a volar approach,
and those with dorsal displacement should be treated with a
dorsal approach or with double access [8, 9]. Using this
type of volar implant allows to strongly stabilize also
dorsally dislocated fractures [14—16], thus avoiding
extensor tendon friction against the hardware and reducing
periosteous gapping. Also the volar approach at the wrist
provides little adverse effects to the flexor tendons, and
their contact with the plate can be avoided with the rein-
sertion of the pronator quadratum [17, 18]. Satisfactory
results with this device have been also reported in the lit-
erature for the treatment of complex wrist fractures, with
considerable comminuted fragments, despite the presence
of osteoporosis [19-22].

Materials and methods

Between January 2006 and December 2007, in the Ortho-
pedics and Traumatology Unit of the Department of Sur-
gical Sciences at the University of Parma, 48 complex
fractures of the distal radius (Type C fractures in the AO
classification) were treated surgically with distal volar
radius (DVR) plate (Hand Innovation®). This means of
synthesis used by the authors is a low-profile Titanium
anatomical plate, held in place with traditional screws for
diaphysis fixation and with a double row angular stability
screws (with or without threading) for epiphysis fixation.

At admission, each patient sustained a radiographic
investigation. In 35 cases a CT scan with 3D reconstruction
was done to better classify the type of fracture and to plan a
more effective surgery. For each patient, the following
parameters were analyzed: age at the time of trauma, type
of fracture, trauma mechanism, elapsed time until radio-
graphic (X-ray) consolidation of the fracture and post-
operative complications.

All patients were assessed before and after at least
1 year from surgery using the Italian version of the dis-
ability of the arm, shoulder and hand (DASH) question-
naire [23] which evaluates subjective functional capacity of
the upper limb for various activities of daily living (ADL),
and the Mayo modified wrist score (MMWS) [24, 25]
which allows for a more objective assessment of pain and
wrist function during the patients” ADL. Range of motion
(ROM) and grip strength (evaluated in percentage com-
pared to the contralateral side) were also measured using a
wrist goniometer and calibrated (January 2007) Jamar
dynamometer. The American Society of Hand Therapists’
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(ASHT) [26] standardized procedure was used to evaluate
ROM and grip strength.

Follow-up X-rays were analyzed after 1 year from sur-
gery to highlight any losses of fracture reduction, the
consolidation progress and any early complications. In
agreement with the Lidstrom scale [27], post-operative
X-rays and final X-rays were examined by measuring radius
height, radial slope angle and volar tilt angle of the radius
using standard contralateral wrist X-ray’s as a comparator
[28]. One-way analysis of variance (ANOVA-1) was used
to determine whether the plate maintained bone reduction in
complex fractures following early mobilization, consider-
ing a statistical significance at P < 0.05.

Results

Of 48 patients included in this study, 20 (41.6%) were
males and the mean age of the study group was 52.5 years
(range 25-82 years). Mean follow-up was 26 months
(range 12-36 months). According to the AO classification
(Fig. 1), fractures were divided as follows: 16 were Type
C1, 21 were Type C2 (Figs. 2, 3, 4) and 11 were Type C3.
Thirty-two (66.7%) patients sustained a fracture after a fall
on an outstretched hand and 16 (33.3%) patients were
involved in a road accident. In all cases a volar approach
osteosynthesis [17, 18] under X-ray control was done using
the DVR plate.

The final step of the surgery consisted of reinserting the
pronator quadratus which allowed to cover the plate. In no
case was the carpal tunnel released. In adjunct to DVR
plates in eight cases two Kirschner wires were used to
stabilize distal ulnar epiphysis fractures, and in one case
two cannulated screws were inserted in the radius
metaphysis to obtain fragment compression. Post-operative
immobilization was ensured through a volar univalve cast
held in place for 15 days before rehabilitation. Rehabili-
tation was done by a single therapist (ST) and consisted of
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Fig. 1 Fracture subdivision according to the AO classification
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Fig. 2 Type C2 fracture: a, b pre-operative radiographs; ¢, d post-
operative radiographs

Fig. 3 a, b Incision site; ¢ exposed fracture site; d fracture reduction;
e osteosynthesis with DVR plate; f plate coverage through pronator
quadratus muscle reinsertion

Fig. 4 Radiographs (a, b) and range of motion at follow-up (c, d
wrist flexion and extension; e, f supination and pronation)

unrestricted early active wrist motion in warm water, non-
resistive exercises for the hand and wrist, and functional
electrical stimulation (FES) for approximately 10—15 days
once bone callus formation was visible on X-ray. Self-
managed wrist passive stretchings were added after this
period, and strengthening exercises were added a week
after this step to reinforce finger and wrist muscles. Scar
massage began 24-48 h following suture removal or later
if patients were referred later. In general, 2-3 therapy
sessions per week were done for approximately 4-8 weeks
of rehabilitation from the time of rehabilitation admission.

All fractures healed following a mean time of
2.6 months from the surgery (range 1.8—4.2 months). Mean
DASH score was 43.5/100 (range 16/100-80/100) for the
first section of the questionnaire, 26.5/100 for the second
section (range 12.5/100-87.5/100) and 28.5/100 for the
third section (range 12.5/100-87.5/100). A general DASH
score was unavailable since some subjects omitted some
sections of the questionnaire. Mean MMWS score was 82.5
(range 25-100). Six cases (12.5%) scored poorly, 6
(12.5%) scored satisfactory, 12 (27%) scored good and 24
(50%) scored excellent (Fig. 5). Final mean ROM of the
wrist was 60.5° in flexion (range 40-90°), 62.5° in
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Mayo Modified Wrist Score

12,5%

@ Excellent @ Good O Acceptable B Poor

Fig. 5 Mayo modified wrist score results

extension (range 25-90°), 40° in radio-ulnar deviation
(range 25-55°). Final mean ROM of the forearm was 88° in
pronation (the range 70-90°) and 83° in supination (range
45-90°). Final mean grip strength of the affected hand was
14.9 kg (range 7-40 kg) and represented 85% of the con-
tralateral side.

The Lidstrom scale values assessed on X-rays after bone
consolidation were as follows: 2 (4.2%) poor results, 7
(14.6%) sufficient, 24 (50%) good and 15 (31.2%) excel-
lent (Fig. 6). Mean radius height was 8.8 £+ 3.7 mm (range
5-15 mm), mean radial slope was 22.4 £+ 5.4° (range 17—
30°) and mean volar tilt was 9.7 & 4.1° (range 6—13°). The
same measurements were made using post-operative X-
rays. Mean radius height was 9.2 &+ 3.4 mm (range 7-
15 mm), mean radial slope was 23.2 4+ 5.8° (range 19-
31°) and mean volar tilt was 10.3 £ 3.8° (range 8-15°). No
significant statistical differences (P > 0.05) were found for
any of the above parameters between post-operatively and
final follow-up values (Table 1).

Seven (14.6%) patients underwent a second surgery for
associated capsulo-ligamentous lesions undiagnosed at
the time of injury which averaged 11 months (range
4-15 months) from the first surgery. In four cases, there

Lidstrém Score

14,6%

4,2%

31,2%

A Excellent B Good O Sufficient 22 Poor

Fig. 6 Results according to the Lidstrom score
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Table 1 Non-significant variations
follow-up radiographic parameters

between pre-operative and

Mean radial Mean radial Mean

height slope volar tilt
Post-operative 9.2 mm 23.2° 10.3°
Final follow-up 8.8 mm 22.4° 9.7°
ANOVA-1 P =0.583 P =0.486 P =0.459

were central lesions of the triangular fibro-cartilaginous
complex (TFCC) (Type 1A according to the Palmer clas-
sification) [29]. These patients referred pain on the ulnar
side of the wrist despite no clinical signs of radio-ulnar
instability, and were treated with arthroscopic shaving. The
other three patients presented with Grade III scafo-lunate
dissociations according to the Geissler classification [30]
through post-operative X-ray observation. The lesions were
confirmed by contrast-enhanced magnetic resonance
imaging. In these patients a modified Brunelli open
reduction tenodesis [31, 32] was performed following
arthroscopy confirmation.

In only one single case, an excessively long DVR plate,
which extended beyond the radius diaphysis, was removed
in a Type C3 fracture at 1 year and 2 months from the
surgery. No symptoms were reported by the patient, but
removal was done as a precautionary measure since the
subject was a professional motorcyclist (Figs. 7, 8).

Discussion

The treatment of distal radius fractures has drastically
changed over the past 20 years. Abraham Colles’ [33]
statement about a casted wrist that “in some remote point
in time will regain once more its complete range of motion
and it will be completely free from pain” can no longer be
considered reliable. The same is true for the common belief
that the wrist is less inclined to develop osteoarthritis fol-
lowing trauma because of its non-weight bearing purpose.
As early as 1981, Brand [34] demonstrated that forearm
flexor muscles, upon activation, transfer approximately
500 kg at the radio-carpal joint of the wrist.

It is for these reasons that the authors have widened their
range of surgical treatments for distal radius fracture in
their clinical setting in order to ensure the reconstruction of
a congruent articular surface, a stable bone reduction and
the recovery of maximum ROM and function.

The occasional use of external fixators and Kirschner
wires did not prove to be sufficient in restoring and
maintaining radius height, radial slope and volar tilt for
complex distal radius fractures [35-37]. Instead, opting for
an ORIF approach for this type of fracture ensures a more
accurate reduction and a more stable and durable
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Fig. 7 Type C3 fractures: a, b pre-operatively radiographs; c
intraoperative view after DVR plate osteosynthesis; d, e post-
operative radiographs

osteosynthesis. Low-profile angular stability volar plates
tend to minimize soft tissue irritation (especially with
tendons), and allows for accurate alignment of the distal
radius and permits early mobilization of the wrist.

Dorsal or combined volar/dorsal accesses are less indi-
cated, even for complex fractures of the distal radius. Most

Fig. 8 Radiographs at consolidation (a, b) and following hardware
removal (c, d); e, f follow-up at 28 months

fractures can be managed through a single volar access
despite the presence of dorsal fragments and obtain
acceptable outcomes and good implant stability. Orbay and
Osada et al. [14-16] have shown that clinical results, in
terms of fracture healing, reduction preservation over time,
ROM and function of the wrist and hand in patients with
complex fractures of distal radius with dorsally displaced
fragment, following volar plate osteosynthesis, were simi-
lar to subjects operated with dorsal plates [16] and that the
volar hardware provided similar stability at the fracture site
as the dorsal plate hardware [14, 15].

The osteosynthesis technique described in this study
also represented a low-profile design which minimized
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shear forces against tendinous and vasculo-nervous struc-
tures, and resulted in 48 satisfactory cases following
complex fractures of the distal radius. The high tolerability
properties of this plate are confirmed by the fact that none
of the patients treated so far required hardware removal. In
one case an excessively long DVR plate, which extended
beyond the radius diaphysis, was removed in a Type C3
fracture at 1 year and 2 months from the surgery. No
symptoms were reported by the patient, but removal was
done as a precautionary measure since the subject was a
professional motorcyclist.

The DVR plate also owns biomechanical properties of
fixation that guarantee an excellent stability of the syn-
thesis, even in comminuted fractures and severe articular
fractures (Type C2 and C3 fractures of the AO classifica-
tion) [19, 20]. In fact, the analysis of this study’s results do
not show significant secondary losses of the radius with
respect to height, radial slope and volar tilt, which are
common complications in these types of fracture. The
surgical reduction remained the same over time, and the
differences between the X-ray parameters measured
immediately following surgery and at final follow-up were
not statistically significant.

The authors believe that the DVR plate holds specific
biomechanical properties of fixation due to its distal posi-
tioning of screws and pegs which lie over a subchondral
zone at the distal portion of the system. Distal locking can
be done with smooth pegs or with screws partially or
completely threaded inserted in a double row of holes. In
particular, the pegs serve the purpose of stabilizing the
subchondral bone while the threaded screws “capture” the
dorsal fragment and compress it against the radius. The
layout of screws/pegs fan out on a frontal plane. The two
rows of holes allow the screws and pegs from one row to
cross over the other row, thus forming a kind of 3D sub-
chondral meshed support for the distal articular surface.
The screws and pegs form a predetermined angle of 12°
with respect to the plate and their radial divergence allows
for the fixation of the radial styloid. From of a technical
point view, Drobetz [38] demonstrated that the precise
distal positioning of the pegs and screws within the radial
epiphysis in the subchondral zone significantly increases
the synthesis stability of the fracture in comparison to a
more proximal positioning. The results in the present study
also seem to confirm Drobetz’s findings. Radiograph
parameters changed considerably in six of the authors’
patients treated with pegs and screws that were positioned
too proximally.

There were little complications with this surgical device
and they were all due to technical mistakes. Although the
DVR plate fixation system has a low level of difficulty, a
learning curve is still warranted in correctly placing the
plate. Orbay [16] showed that the long-term results of this
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type of fracture depend on the quality of the reduction at
the time of surgery and the stability preserved over time. In
the authors’ experience, the worst outcomes were observed
in those patients who presented poor X-ray parameters
immediately following surgery (height, radial slope and
volar tilt).

It is well documented that prognosis and outcome of
intra-articular fractures of the distal radius depend also on
the presence of associated injuries such as capsular, liga-
mentous and cartilaginous lesions of the wrist [39-46]. The
literature reports 6-78% [31] of the cases have associated
partial or complete lesions of the TFCC, but most studies
report 30—40% of the cases [47-51]. Associated intra-car-
pal ligament lesions are just as frequent with varying
incidence, from 25 to 56% according to the different series
found in the literature [30, 48-50], with a clear prevalence
of partial or complete lesions of the scapho-lunate and
luno-triquetral ligaments. Unfortunately, complex wrist
fractures are difficult to evaluate in full detail through
imaging at the time of injury, and thus these ligamentous
lesions remain undiagnosed at the time of admission.
Arthroscopy could be of assistance in the diagnostic pro-
cess and for early treatment of these associated insidious
lesions, although this procedure is not a common practice
in treating acute complex fractures.

Conclusions

Angular stability volar plates are an excellent mean of
synthesis for comminuted and articular fractures of the
distal radius (Type C of the AO classification).

According to this study, the DVR plate ensures an
excellent stability for these comminuted fractures as ana-
tomical reduction is always warranted in order to obtain
good functional results. To reach this aim, arthroscopic
reduction may be of assistance.

This plate is well tolerated because of its low profile
anatomy which reduces soft tissue friction and the neces-
sity of hardware removal after bone consolidation.

Conflict of interest statement The authors declare that they have
no conflict of interest related to the publication of this manuscript.
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