See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/285655895

Volar Plate Fixation
Chapter · December 2009
DOI: 10.1016/B978-1-4160-4083-5.00015-9

CITATION

READS

1

21

2 authors:
Alejandro Badia

Prakash Khanchandani

Badia Hand to Shoulder Center, Miami, FL USA

Sri Sathya Sai Institute of Higher Medical Sciences

47 PUBLICATIONS 608 CITATIONS

14 PUBLICATIONS 114 CITATIONS

SEE PROFILE

All in-text references underlined in blue are linked to publications on ResearchGate,
letting you access and read them immediately.

SEE PROFILE

Available from: Alejandro Badia
Retrieved on: 19 May 2016

Alejandro Badia, M.D., and Prakash Khanchandani, M.S.

F

ractures of the distal end of the radius have been estimated
to account for nearly 20% of all fractures seen routinely in an
emergency department.1 Despite this, until very recently the distal
radius fracture was not treated as aggressively as other less
common periarticular fractures. Perhaps Abraham Colles’ perception that this fracture had good outcomes no matter what was
done had permeated our thinking. The reality is that frequent
poor outcomes in wrist injury fueled a gradual, albeit delayed,
pursuit of a better treatment option.2
Distal radius fractures are usually sustained by elderly osteoporotic patients after a fall or by younger patients as a result of
high-energy trauma. Both of these fractures deserve stable internal ﬁxation: the former is due to osteoporotic bone that demands
sound ﬁxation principles, and the latter requires the ability to
reduce intra-articular comminuted fragments in a stable manner
that maintains the reduction and permits early mobilization.
Until the advent of volar ﬁxed-angle plating, no technique could
satisfy these requirements in a consistent manner.

Rationale and Basic Biomechanics
Although the concept of volar plating could be initially attributed
to Lanz and Kron3 back in 1976 for plate ﬁxation after osteotomy
of malunited distal radius fractures, the volar approach remained
restricted to ﬁxation of volar rim fractures in the acute setting
only.4 Volar plating was ﬁrst recommended for ﬁxation of both
typical and atypical distal radius fractures by Georquoulis and
associates in 1992.5 This was published in a little-known journal
and was not widely accepted for dorsally displaced fractures until
the landmark paper by Orbay and Fernandez in 2002.6 Volar
plating oﬀers many advantages when used in dorsally displaced
1 fractures (Fig. 13-1). The key to its success is to ensure that this
was a locking plate, hence creating a ﬁxed-angle device that would
maintain the reduction and eliminated screw toggle. Volar plating
also provides the opportunity to release the pronator quadratus
muscle, which is often trapped in the fracture and can be a cause
of pronation contracture. A nonlocking plate when used in buttress mode can resist only moderate axial and bending forces.
Thus, a simple nonlocking volar plate used in a dorsally displaced
fracture without any bony contact in the opposite cortex is subject
to much higher axial and bending loads, leading to failure. Therefore, a stable and strong volar ﬁxation of a dorsally displaced
fracture is only possible with a ﬁxed-angle locking plate that can
resist such high forces. Fixed-angle implants transfer load stress
from the ﬁxed distal fragment to the intact radial shaft, thus
enhancing peg/plate/bone construct stability (Fig. 13-2), unlike
rigid internal ﬁxation devices that rely mainly on the frictional
force between plate and bone to achieve ﬁxation.7
The ideal volar implant should have a design compatible with
the volar articular surface of the radius and should provide con-
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comitant angular and axial stability while stabilizing the dorsal
surface.8 The distal volar plate (DVR’ Hand Innovations, Depuy
Orthopedics) has two parallel rows, and the orientation planes 2
of their respective pegs speciﬁcally match the complex threedimensional shape of the radial articular surface. The primary row
pegs are directed obliquely from proximal to distal to support the
dorsal aspect of the articular surface. They are angled accurately to
provide support for the radial styloid and the dorsal ulnar fragment. These pegs are most eﬀective in supporting the dorsal aspect
of the subchondral plate and hence avoid the re-displacement of
the dorsally displaced fractures. Concurrently, their action induces
a volar force that tends to displace the fragments in a volar direction, an eﬀect that must be opposed by a properly conﬁgured volar
buttressing surface. To enhance fracture ﬁxation in cases of severe
comminution, volar instability, or osteoporosis, an additional row
of pegs originating from a more distal position on the plate and
having an opposite inclination to the proximal row was conceived.
The distal row is directed in a relatively proximal direction and
crosses the proximal row at its midline and is intended to support
the more volar and central part of the subchondral bone. It prevents the dorsal rotation of a volar marginal fragment and volar
rotation of severely osteoporotic or unstable distal fragments with
central articular comminution, thus neutralizing volar displacing
forces of the pegs in the proximal row.
Newer generation of volar plates have now introduced the
concept of variable-angle locking screws and/or pegs. This provides the distinct advantage of being able to vary the plate placement with the locking screws adjusting to the necessary angle to
be placed in the strongest subchondral bone. One of the newest
generation plates, APTUS (Medartis, Basel, Switzerland), utilizes a revolutionary multidirectional inﬁnitely variable locking
system facilitated by the Trilock concept—a spherical three-point
wedge locking mechanism. Other variable locking systems utilize
variable hardness of materials whereby the threaded peg literally
cuts its own thread. The biomechanical soundness of these newer
systems remains to be seen, and clinical studies are forthcoming.

Indications and Contraindications
Volar plating is indicated in nearly all unstable fractures of the
distal radius. It is used in young and active patients for optimal
reconstruction of the articular surface and restoration of bony
anatomy while allowing nearly immediate, but protected, active
range of motion. It is also ideally suited for polytraumatized
patients facing potential rehabilitation problems or elderly patients
who particularly beneﬁt from a quicker recovery. The inherent
biomechanical advantages previously mentioned lead us to
indicate this approach for virtually all cases.
An unstable distal radius fracture has been deﬁned as a fracture that, after an attempt at closed reduction, demonstrates
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FIGURE 13-1 Schematic diagram showing volar fixation maintaining the
anatomy of the radius but screw toggle leads to plate motion relative
to the shaft, which can lead to late failure.
FIGURE 13-3 Identifying the superficial radial artery in the distal Henry
approach between the flexor carpi radialis and radial artery proper. The
zigzag extension of the incision across the creases minimizes hypertrophic scarring and improves exposure for more distal fractures.

Surgical Technique

FIGURE 13-2 Schematic diagram showing fixed-angle implant transferring load stress from the fixed distal fragment to the proximal radial
shaft.

radiographic evidence of more than 15 degrees of angulation in
any plane, articular step-oﬀ of more than 2 mm, and/or radial
shortening of more than 2 mm.6 However, fractures with severe
comminution or pronounced initial articular displacement or that
are simply osteoporotic are also termed “unstable” despite possible
initial good alignment.
Malunions and the rare nonunions after distal radial fractures
can also be considered for this procedure with slight modiﬁcation
of technique.
The ideal timing for the surgery is within 1 week of injury,
although this implant can be used in a patient even after a malunion of the fracture after other forms of managements. There is
no time limit for the procedure as such, and volar plating can be
used even after consolidation for correction of the deformities.
The absolute contraindications for volar plating are severely
contaminated open injuries and compartment syndrome. The
relative contraindication is open distal radial epiphysis in which
smooth wires are preferable. The rare distal shear fracture is also
poorly suited for volar plate ﬁxation because the fragments may
not be substantial enough to permit purchase of the volarly placed
pegs. These severe comminuted fractures can be managed with
external ﬁxation maintaining relative wrist alignment, arthroscopic
reduction, and excision of small osteochondral fragments with
subchondral ﬁxation by K-wires supporting the reduction. Age or
medical status should not be a contraindication unless the patient
absolutely cannot undergo surgery of any type. In these scenarios,
one must accept the resultant malunion unless an attempt is made
to use simple K-wire ﬁxation utilizing local anesthesia.

P
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Unless the patient suﬀered polytrauma, or is medically unstable,
the internal ﬁxation procedure is performed in the outpatient
setting. Regional anesthesia, usually a three-nerve block at the
elbow level, is performed along with intravenous sedation to
control tourniquet discomfort. Axillary regional blocks are more
diﬃcult to perform and have occasional complications. Bier blocks
can have profound systemic complications and take longer to take
eﬀect. This is not as practical in the ambulatory setting of a busy
surgery center running two rooms sequentially.
The patient is placed in the supine position with the arm
extended on the hand table. A simple fracture less than 7 to 14
days old can be managed through a standard ﬂexor carpi radialis
(FCR) approach (distal Henry) (Fig. 13-3). On the other hand,
complex intra-articular fractures, nascent malunions, and 2 to 3
week old fractures require a more extensile exposure, facilitated
via the extended FCR approach.9 This approach allows an intrafocal reduction by using the fracture plane itself to reduce the articular major fragments. The radial shaft (proximal fragment) is
rotated into pronation (Fig. 13-4), allowing fracture reduction,
and the shaft is then supinated back into anatomic position. The
ﬁrst step is to release the sheath of FCR and identify the pronator
quadratus between the FCR sheath ﬂoor and radial artery, which
seats deep to the ﬂexor pollicis longus and ﬂexor digitorum superﬁcialis muscle bellies. An L-shaped incision is made in the fascia
of the pronator quadratus to allow proximal and ulnar reﬂection
to expose the fracture site and distal shaft of the radius. A more
thorough exposure of the volar surface of the radius, including the
volar rim of the lunate fossa, is then performed. At this point, the
brachioradialis must be released subperiosteally to improve exposure and allow reduction of the radial column. Speciﬁcally, the
sheath of the ﬁrst dorsal compartment is opened starting proximally, the abductor pollicis longus is retracted, and the insertion
of brachioradialis on the radial styloid is identiﬁed. A step-cut
tenotomy can alternatively be performed to facilitate later repair
if desired. Releasing this radial septum eliminates the major
deforming forces on the radial column, and reduction can be
achieved much more easily. Reduction of less complex fractures is
now done by longitudinal traction on the ﬁngers by the assistant
and volar ﬂexion of the wrist; the plate is applied manually once
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bony length and volar tilt is restored. Insertion of a Freer elevator
or narrow osteotome into the fracture site and levering the
metaphysis dorsally and distally may be helpful to restore length
and critical volar tilt (Fig. 13-5). The longitudinal slot in most
plates is used for the initial diaphyseal screw so that later plate
adjustment can be easily made if needed. While traction and wrist
ﬂexion is maintained, the distal locking screw/peg is now inserted.
With most fractures, this will suﬃce to hold the reduction transiently while plate placement/reduction is checked on ﬂuoroscopy. If this is satisfactory, the remainders of the locking screws
distally are placed, followed by the shaft ﬁxation for further
strength. Gross examination of the plate placement also is necessary to ensure there is not impingement of the distal radioulnar
joint or the radial soft tissues, which can cause postoperative dis-

comfort (Fig. 13-6). Fractures with die-punch components or
reduction diﬃculty due to early healing may require the extended
FCR approach. This requires that the proximal radius is mobilized, elevated, and pronated out of the ﬁeld to access the dorsal
and articular aspect of the fracture. This facilitates proper
débridement of the fracture hematoma or callus and hence reduction of the complex articular injuries. The dorsal periosteum and
any organized hematoma/early callus is then excised with a
rongeur. The same technique is used in cases of osteoporotic bone,
whereas malunions or nonunions require a modiﬁed technique
that incorporates a dorsal opening wedge osteotomy by a volar
approach. In these cases, it is imperative to use the extended FCR
approach to expose the dorsal aspect of the distal radius, allowing
release of the dorsal periosteum and soft tissues, achieving of the

FIGURE 13-4 The extended flexor carpi radialis approach is illustrated
by the pronation maneuver of the proximal shaft, which gives an intrafocal view of the fracture, enabling reduction.

FIGURE 13-5 Less complex fractures allow reduction using a lever and
external traction by the assistant. Once length is obtained, the volar tilt
is restored by flexion of the wrist via dorsal ligamentotaxis.

A

FIGURE 13-6 A, Placement of the Contour VPSTM plate (Orthofix). Any
soft tissue impingement is ruled out. B, Final fluoroscopy shows correct
plate placement maintaining anatomical reduction via adequate length
screws for fixation.
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FIGURE 13-7 Division of transverse carpal ligament by one portal
endoscopic technique. Note the transillumination of the skin where the
ligament has already been divided.

with high-energy injuries or the most severe fracture patterns
with articular comminution. The typical elderly patient is not
indicated for arthroscopy because underlying degenerative changes
are present and the wrist demands are not as great.
Once ﬁnal ﬂuoroscopy pictures are taken, the wound is closed
with several subcutaneous sutures followed by skin absorbable
horizontal mattress stitches. The pronator quadratus is usually
not closed over the plate because this would require tension on
that tissue that could increase postoperative discomfort and even
lead to contracture and limited pronosupination. Geissler reported
that, in fact, patients had slightly worse rotation after closure
of the pronator quadratus, as compared with allowing in-situ
scarring (data presented at American Association for Hand
Surgery annual meeting, Tucson, AZ, 1996).
A bulky dressing with gauze and cast padding over a nonadherent wound covering is applied followed by a volar plaster splint
with the wrist in slight dorsiﬂexion. Immediate ﬁnger range of
motion is encouraged as the regional block wears oﬀ. Light use of
the hand via simple activity of daily living exercises is encouraged
in the immediate postoperative phase of recovery.

Rehabilitation
required correction, and application of the cancellous autografts.
The ﬁxed-angle plate is ﬁxed ﬁrst to the proximal fragment and
the distal fragment is reduced to it with traction and direct
manipulation of the distal fragment to obtain the necessary volar
tilt. Our preferred strategy is to attach the plate to the distal fragment ﬁrst and then lever the distal fragment into correction by
relying on the variable angle peg ﬁxation. This allows restoration
of volar tilt in a much more controlled manner.
We believe that the median nerve should be decompressed due
to swelling from both the fracture itself and the operative procedure. Routine endoscopic carpal tunnel release using an Agee10
endoscopic blade is performed (Fig. 13-7). In grossly displaced
fractures, the carpal tunnel release is done after reduction of the
fracture so to normalize carpal anatomy and prevent iatrogenic
injury to the median nerve.11 However, the majority of endoscopic
releases in the fracture scenario are performed before reduction
to get the endoscopic equipment away from the ﬁeld. The concept
of releasing the carpal tunnel and decompressing the nerve has
two advantages: (1) the nerve release obviously helps relieve
current median nerve symptoms and prevent the development of
late post-traumatic carpal tunnel syndrome and (2) decompressing the carpal canal allows one to free the nine tendons
constrained within the tunnel, worse so because of trauma. Consequently, the ﬂexion/extension of the ﬁngers is much easier, and
less painful, in the immediate recovery phase. We are convinced
this helps minimize the development of sympathetic mediated
pain syndromes.
Volar plating can also be combined with arthroscopic
débridement to accurately assess the reduction and perhaps
improve on it. Die-punch fractures can be elevated and reduced
just before volar plate placement if necessary. The concept of
arthroscopic-assisted ﬁxation has been used by a few surgeons
and oﬀers the advantage of more accurate articular reduction and
improved joint débridement.12,13 An added beneﬁt is that concomitant soft tissue injuries, such as triangular ﬁbrocartilage
complex or intercarpal ligament injuries, can be diagnosed and
managed at the time of internal ﬁxation of distal radius. This
arthroscopic assistance is usually reserved for younger patients

P

main.indd 4

Active ﬁnger motion and forearm rotation are encouraged immediately after the surgery, and a short arm postoperative splint
dressing is used for an average of 7 days. After the ﬁrst postoperative visit a custom-made removable short arm splint is used for
an average of 3 additional weeks. Severe osteoporotic or comminuted fractures can be casted for a total of 4 weeks to allow early
bone consolidation. Rehabilitation is adjusted to the patient’s
clinical course. Patients are instructed to remove this splint three
times daily for active range of motion exercises in addition to their
regular therapy sessions. Functional use of the hand with light
daily exercises is encouraged, and a weight limit of 5 lbs is recommended for the injured hand until union is achieved. Patients are
expected to recover full digital motion by the ﬁrst postoperative
visit (1 week) and full forearm rotation at the second visit by the
end of the month. At 6 to 8 weeks, patients should have regained
most of their wrist motion. A more prolonged rehabilitation
program is used for patients with highly comminuted intraarticular injuries, fractures with associated injury to the distal
radioulnar joint, or ligament injuries that required pinning. These
are patients who typically underwent arthroscopy due to the fracture pattern, mechanism of injury, or younger age with greater
activity demands.

Results and Complications
Harness and colleagues14 noted that volar plating, however, was
unable to control a very distal volar lunate facet fragment, regardless of the type of implant. They reported on a cohort of patients
with a volar shearing fracture of the distal end of the radius in
whom the unique anatomy of the distal cortical rim of the radius
led to failure of support of a volar ulnar lunate facet fracture
fragment.

Brief Literature Review
Rozental and Blazar15 studied 41 patients with a mean age of 53
years with an average follow-up of 17 months. All fractures were
stabilized with volar locking plates. Radiographs in the immediate
postoperative period showed a mean radial height of 11 mm,
mean radial inclination of 21 degrees, and mean volar tilt of 4
degrees. At fracture healing the mean radial height was 11 mm,
mean radial inclination was 21 degrees, and mean volar tilt was 5
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degrees. The average score on the Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire was 14, and all patients
achieved excellent and good results on the Gartland and Werley
scoring system, indicating minimal impairment in activities of
daily living. Nine patients experienced postoperative complications. There were four instances of loss of reduction with fracture
collapse, 3 patients required hardware removal for tendon irritation, 1 patient developed a wound dehiscence, and 1 patient had
metacarpophalangeal joint stiﬀness.
Orbay and Fernandez,16 using a volar approach, treated a consecutive series of 29 patients with 31 dorsally displaced, unstable
distal radial fractures with a new ﬁxed-angle internal ﬁxation
device. At a minimal follow-up time of 12 months the fractures
had healed with highly satisfactory radiographic and functional
results. The ﬁnal volar tilt averaged 5 degrees; radial inclination,
21 degrees; radial shortening, 1 mm; and articular incongruity,
0 mm. Wrist motion at ﬁnal follow-up examination averaged 59
degrees of extension, 57 degrees of ﬂexion, 27 degrees of ulnar
deviation, 17 degrees of radial deviation, 80 degrees of pronation,
and 78 degrees of supination. Grip strength was 79% of the contralateral side. The overall outcome according to the Gartland and
Werley scales showed 19 excellent and 12 good results.6
In a later study, these authors reported their experience treating distal radius fractures in 23 patients older than 75 years using
a volar ﬁxed-angle plate with an average follow-up of 63 weeks.
Final volar tilt averaged 6 degrees and radial tilt 20 degrees, and
radial shortening averaged less than 1 mm. The average ﬁnal dorsiﬂexion was 58 degrees, with volar ﬂexion, 55 degrees; pronation,
80 degrees; and supination, 76 degrees. Grip strength was 77% of
the contralateral side. There were no plate failures or signiﬁcant
loss of reduction, although there was settling of the distal
fragment in three patients (1-3 mm). Orbay and Fernandez
found that this technique minimized morbidity in the elderly
population by successfully handling osteopenic bone, allowed

FIGURE 13-8 Preoperative radiographs showing a C2 type distal radius
fracture in a young female involved in a motor vehicle accident.
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early return to function, provided good ﬁnal results, and was
associated with a low complication rate.

Case Examples
Case 1
A C2 type fracture in a young female (Fig. 13-8) was managed 3
by volar plating (Fig. 13-9). The patient demonstrated excellent
range of motion at the ﬁnal follow-up visit (Fig. 13-10).

Case 2
A motorcycle injury in a young active individual resulted in grossly
comminuted fractures of the distal radius and ulna (Fig. 13-11).
The injury was treated by an external ﬁxator elsewhere (Fig. 1312). The external ﬁxator was removed and ﬁxation was achieved
using an extended ﬂexor carpi ulnaris approach and a DVR plate
(Fig. 13-13A). A good ﬁxation of the fracture was achieved, and
the distal end of ulna was excised (Figs. 13-13B, C). At ﬁnal
follow-up 2 years later, the fracture had healed well and the
patient had functional range of motion, despite not having been
compliant with the physical therapy. He returned to work as a
contractor but did not purchase a new motorcycle.

Summary
Improvement in the design of volar plates for the distal radius
fracture has allowed us to indicate this treatment methodology
for virtually all displaced fractures, regardless of the pattern. Volar
placement of a plate, assuming there is a locking mechanism,
on better-quality cortical bone allows for improved stability
and avoids soft tissue problems. Newer-generation plates with
variable angle locking allow even the occasional wrist surgeon
to obtain good ﬁxation that allows earlier return of function in
patients presenting with this common, and potentially disabling,
injury.

FIGURE 13-9 Postoperative radiographs of the patient in Figure 13-8
show rigid fixation of the fracture with the DVR plate. Because of the
high-energy injury and severe displacement, this young patient had an
arthroscopic confirmation of reduction with synovectomy at the time of
surgery.
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A

FIGURE 13-10 A to C, Range of motion of the patient in Figures 13-8
and 13-9 at final follow-up.

FIGURE 13-11 Radiograph showing open severely comminuted fractures of distal radius and ulna after a high-energy motorcycle injury.
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FIGURE 13-12 Radiograph of the fracture in Figure 13-11 managed by
an external fixator elsewhere. Note the deformity is not corrected nor
is the fracture reduced but the fixator did improve length and facilitate
later definitive surgery.
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